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4
BCTYII

Meroro mpakTUYHOI dYacTHHH Kypcy '"lHTenekTyampHW aHaui3
JaHuX" € OTPUMaHHS MPAKTUYHUX HABHYOK 3 BUKOPUCTAHHS PO3TIISIHYTHX
Ha JICKIIsIX METO/IB aHaMi3y JUIsl BUPILICHHS MPaKTHYHHUX 3a/1a4.

WEKA (Waikato Environment for Knowledge Analysis) -
0i0yioTeka aNTOpPUTMIB MAIIMHHOTO HAaBYaHHS I BUPIIICHHS 3aBIaHb
IHTEJIEKTyalIbHOTO aHalizy naHux (data mining). Cuctema 103BOJISE
Oe3nmocepelHb0 3aCTOCOBYBATH AITOPUTMH J0 BHUOIPOK NaHUX, a TaKOX
BUKJIMKATH aJITOPUTMH 3 TIPOTPaM Ha MOBi Java.

WEKA — mpoaykr yHiBepcutery Yaiikato (HoBa 3enmanmis), sikuit
BIiepire OyB BHUITyIIEHUH B Horo cydacHoMy Buriani B 1997 pomi. WEKA
nomuproetbess mo Jinens3ii GNU General Public License (GPL). Lle
nporpaMHe 3a0e3leyYeHHs HamucaHo Ha MoBiI Java Ta 3abesmeuye
rpadiuHUi KOPUCTYBATBHUIIBKHH iHTEpdeiic 11t poOoTH 3 daitnamu JaHux
1 TeHeparii Bi3yallbHUX pe3yibTariB (y BUTISAL Tabmuipb i rpadikis). Kpim
TOTO € MOXKIHBICTh iHTerpyBaTd WEKA, sk 1 Oynp-sKy iHIIY 0i0Ii0TEKY, Y
CBOI BJIACHI JIOJIATKW, HANPUKJIaA, JUId aBTOMATH3allii aHaji3y JaHuUX Ha
CTOPOHI CepBepa, BUKOPUCTOBYIOUN CcTaHIapTHUH APL

izl mpoexTy — CTBOPUTH CydYacHE CEPEJOBHINE IS PO3POOKH
METO/IiB MAIIUHHOTO HABYaHHS Ta 3aCTOCYBaHHA iX /IO peajbHUX IAaHUX,
3pOOHTH METOIY MAIIMHHOTO HaBYaHHS JOCTYITHHMHU JUIS TOBCIOJHOTO
3actocyBaHHs. Ilepen0OadaeThes, MO 3a JOMOMOTOK JaHOTO CEPEIOBHIIA
(daxiBelnlb y TPHUKIAAHIA 007acTi 3MOXXE BHKOPHUCTOBYBATH METOIM
MAaIIMHHOTO HAaBYaHHS ]Il BUIyYeHHS KOPHCHUX 3HaHb 0€3M0cepe/iHbo 3
JaHUX [y’K€ BEIHKOTO 00CsATY.

Kopucrypauamu WEKA € nocnmigHukm B 007acTi MammHHOTO
HaBYaHHS 1 NPUKJIaJHUX HayK. BoHa TakoX HMIMPOKO BUKOPUCTOBYETHCS B
HaBYAJbHUX IIIJISIX.

TeopeTnyHi BiIOMOCTI, MPUCBSYECHI BUKOPUCTOBYBAHUM QJITOPUTMAM
IHTENIEKTYaIbHOTO aHaJli3y JIaHUX, MOKHA OTPHMATH 3 KOHCIIEKTY JIEKITii 3
JUCHUILTIHU «[HTEeNEKTyalbHUM aHajli3 JaHuX» ab0 3 PEeKOMEHIOBaHHX
mitepatypHux Jokepen. llpm BHKOHaHHI J1abopaTopHHX poOIT crixg
po3idpaTucs 3 KOJIOM peamizallii pO3TSIHYTHX alTOPUTMIB Y Mporpami
WEKA.
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JIABOPATOPHA POBOTA Ne 1
3HAMOMCTBO 3 IPOI'PAMOIO IHTEJIEKTYAJIBHOI'O
AHAJII3Y JAHUX WEKA TA IIIAI'OTOBKA JAHUX

MeTta poGoTn

O3HallOMHUTHUCS Ta OTPUMATH HAaBUYKU poOoTH 3 Oibmiorexoro data
mining anmroputmiB WEKA. Ha mpakTuimi BUBYMTH METOIM TMOMEPEIHBOT
00pOoOKY AaHUX JUIS 3a/1a4 IHTEICKTYaabHOI0 aHAITI3Y JaHUX.

OcHoBHIi TeopeTH4Hi BizoMocTi

Ocnosni moxmBocTi GUI inTepdeticy nporpamun WEKA HaBeneHo
B JIOJIaTKy A.

[Iporpama J03BOJISIE 3aBAHTAKUTH Ta POBECTHU MOTIEPEAHIO 0OPOOKY
nanux (Preprocess), Bupimmtd 3amady kiacubikamii abo perpecii
(Classify), xmactepuzariii (Cluster), moIIyKy acomiaTHBHHX MPABHII
(Associate), Bigbopy arpubOytie (Select Attributes) Tta Bisyamizarii
(Visualize).

Hani qns ananizy B WEKA MoxyTs OyTu 3aBaHTaxeHi 3 dailny, i3
BiJiIAJICHOTO JpKepesia, 3 0a3u JaHux abo JaHi MOXKHA 3reHepyBaTH 3a
JIOTIOMOT'OF0 MaTeMaTHYHOT MOJIEIT.

Dopmam ¢painie oanux ARFF

OcHoBHMil QopMaT ¢aiiniB aHUX, SKUH BUKOPHCTOBYETHCS B
WEKA, — ne ARFF. V karamosi data, sxuii 3HaXOAWTHLCS B KaTayo3l
BCTaHOBJICHOI MTPOTpaMH, MOKHA 3HAUTH MpUKIIaan arff-¢aiimis.

ARFF ¢aitn € ASCII texcroBuM aiijiom, SKHH ONUCYE CIHCOK
00'eKTiB 13 3aranbHUMHU 03HaKaMu (arpubytamu). CTPYKTYpHO Takuil ¢aiin
PO3MLISETHCS HA JIBl YaCTWHU: 3aTOJIOBOK 1 J1aHi.

Y 3aroioBKy OMHCYEThCA IM'S JaHWX Ta iX MeTajgaHi (iMeHa
aTpuOyTiB 1 X ). Hanpuknan,

% KOMEHTap
@RELATION myproblem
@ATTRIBUTE firstfeature REAL
@ATTRIBUTE class {A,B}
VY npyriit yacTuHi npexacTasieHi cami nani. Hanpuknan,
@ DATA
1.1,A

3arojoBoK MicTuTh iHpOpMaLio mpo iM's ¢aiury 1 MeTagadi mpo

npeAcTaBieH! Y HboMy JaHuX. IM's onucyeTbes B HacTynmHOMY (opmMari:



@relation <im’ s>

Imenem moke Oyt Oyap-sKa MOCIHIAOBHICTH CHMBOMIB. SIKIIO iM's

MIiCTHTB MPOO1STH, TO BOHO Ma€ OyTH B3ATO B Jlanku. Hanpuknan,
@relation weather
@relation ‘weather nominal’

MeramaHi ONHCYIOTh aTPUOYTH TpEACTaBICHUX y Qailili JaHuX.
Iadopmaris mpo KOKHUH aTpuUOYT 3alUCYETHCS B OKPEMOMY PSIKY 1
BKJIIO4ae iM'st aTpuOyTy 1 fioro tum. O4eBHIHO, IO BCi iMEeHa MOBUHHI OyTH
yHiKanpHIMA. [lopsaok iX omrcy moBHHEH 30iraTrcs 3 TOPSAKOM KOJIOHOK
B OIKCI caMUX JaHKX. 3aradbHuid (opMaT ONUCy aTpuOyTy HACTYITHHIA:

@Qattribute <im’a aTpmbyra> <Tun aTpudyTa>

Hanpuxnan,

@attribute temperature real

Im's arpulyTy Mae mourHaTHCS 3 CUMBOJIY (@. Y pasi SKIIO B iMeHi
MICTSITBCS POOLTH, BOHO Ma€ OYTH B3STO B JIAITKH.

ITone <tum> Mo’ke MaTH OJHE 3 TAKUX 3HAUEHB:

— real,

— integer;

— <Karteropis>;

— string;

— date [<dopmat naTi>].

Tumu real 1 integer € ynciaoBumu. KareropiaiabHi THIIM OMUCYIOTHCS
MepeNikoM KaTeropiii (MOXKIJIMBUX 3Ha4eHb). Hampukmnan:

@attribute outlook {sunny, overcast, rainy}

Hani npencraenstorees B ARFF dopMmaTti y BUIIs1 CIMCKY 3HAYECHD
aTpuOyTiB 00'ekTiB Ticis Tery (@ data. KoxxeH psitok CUCKy BiAmoBinae
OJTHOMY O00'€KTY, KOXXHa KOJIOHKa — aTpuOyTy, ONMMCAHOMY B 3aroJiOBKY.
Yacto B TepmiHoiorii data mining Taki psKyd Ha3WBAIOTh BEKTOPaMH.

JaHi MOXyTb MICTUTH NpUIyLIeHHs (HeBigomi) 3HaueHHs. Y ARFF
BOHH TIPEJICTABIISIOTHCSI CHMBOJIOM «?», Hanpukman:

@data
4.4,?2,1.5,?,Iris-setosa

CrpokoBi JaHi, Yy pa3i SKIO BOHM MICTUTH CHMBOJH, IIO
PO3IUISIOTE, TOBUHHI Opatucs B anku. Hanpukas,

@relation LCCvsLCSH
@attribute LCC string
@attribute LCSH string

@data
AS262, 'Science - Soviet Union - History.'
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Ilpu ommci matm MoOXKHAa BKazaTw (opmar, B SKOMY BOHA
3aMmucyeThes. JlaTh Takox MOBUHHI OpaTHCS B JIAIKH.
@relation Timestamps
@attribute timestamp DATE "yyyy-MM-dd HH:mm:ss"
@data
"2001-04-03 12:12:12"

Koxen Habip maHWx, SKWH BUKOPHCTOBYETHCS B JAOOPaTOPHUX
poborax, npencrasnenuii y ¢opmati ARFF. Ha mouatky koxxHoro c¢aiimy
MICTHTBCS BUYEpIHA iHpOpMALisl Ipo 3a7auy, IPeACTaBICHY UM HaOOpOM
JaHUX.

Ilonepeonsa oopooka oanux

Jani BOJNONIIOTH TakKUM TIapaMeTpoM SIK SKICTh, SIKE€ BKJIIOUYAE
HACTYITHI MMapaMeTpH: TOYHICTh, MOBHOTA, HECYNEPEUYHICTh, CBOEYACHICTD,
JIOCTOBIPHICTB Ta IHTEPIIPETOBAHICTb.

Jns mgBUMIEHHS SKOCTI NaHUX 1 MIATOTOBKH iX 10 OOpoOKH
METOIaMH  IHTENIEKTYalbHOTO  aHaji3y ICHye KiJbKa TEeXHOJOTiH
ToTiepeTHB01 0OpOOKH JaHUX.

Jlo ocCHOBHHX 3amad MOMepeaHbOi OOpPOOKM MaHUX BiTHOCATHCS
HACTYITHI.

3adaua ouuwenns Oauux, siKa BAKOPHCTOBYETHCS JUIS 3allOBHEHHS
NPOMYIIEHUX 3HAYEHb, BUAAJCHHS IIYMIB, BUJAICHHS CYNEPEWIUBOCTI,
ineHTHdiKarii Ta BUAAICHHS BUKHIIB.

3adaua inmeepayii danux i3 pisnux Oowcepen (0a3 maHux, KyOiB
JMaHuX, QaiiniB) B OgHEe y3ro/pkeHe cxoBumie. lls 3amaua mepenbadae
00'eTHaHHS TaHUX 1 yCYHEHHs HEY3TOPKEHOCTEH, TyOIiKaTiB, KOHDIIKTIB.

3aoaua npopiodcysanus ma CMUCHeHHs OaHUX BUKOPUCTOBYETHCS
JUIL 3MEHILIEHHS PO3Mipy JaHHX 3 MiHiMizamiero Brpatu iHpopmarii. Ls
3a/laya BKIIOYAE€ 3HWKEHHS PO3MIPHOCTI naHux (Bimbip aTpuOyTiB) i
yrcelbHE 3MEHIICHHS (IT00YA0Ba MaT. MOJIeNIeH s 3HaUeHb aTpUOYTIB).

3aoaua nepemeopenns oanux. Jlo Hei BITHOCATHCS HOpPMAaIi3allis,
OUCKpEeTH3allisl, KBAaHTYBaHHS, 3[VIQJDKYBaHHs,  arperauis  JaHHX,
BiOOpa)KEHHS JTAHUX 3a JOMOMOTOIO SIEPHUX (YHKITIH.

Takox 70 moHepefHbOi OOpOOKHM JaHMX MOXKHA BITHECTH

nepemeopPeHHsl 3a0adi MHONCUHHOI Kiacughikayii 6 OinapHy .

Biooip ampubymis

VY OiIbIIOCTI NPAaKTUYHUX CUTYyaliidl HAOOPH AaHUX MICTATH 3aHAATO
Oarato atpuOyTiB, IO 301UIbIIye Yac HABYaHHS alropuTMiB. [lpu mpomy
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JesIKi 3 aTpuOYTIB € HE3HAYYNIMMHM YM HAAMIpHUMH. TakuM YMHOM JaHi
MOBUHHI OYyTH TIOTNEPEAHBO OOpOOJICHI 3 METOK BiAOOpy JesKol
MIHIMAaIBHOT MiIMHOKWHU aTpUOYTIB JIJIsI HABYaHHS.

st BHGOpyY XOpOIIIOi MiAMHOXHHY aTPUOYTIB ICHYE 1B T AXOIH.

[Nepmuii 3 HUX 3aCHOBaHWH Ha HE3AJICHKHIM OIIHII CTATUCTUYHUX YU
SKHXOCh 1HIIMX XapaKTepUCTHKax HaOopy maHuX. BiH Ha3uBaeTbCs
(himpTpartiiero 1 BimOyBa€eThCS 10 MOYATKY OE3MOCEPETHHOTO aHAITIZY JaHUX.

Y npyromy migxomi BimOip MAMHOXUHH aTpHOYTIB BHUKOHYETHCS
BCEpEAMHI METOJIB IHTENEKTYIbHOTO aHami3y. Takuid MmiAxix Ha3MBa€ThCS
MeromoM oOroptku (wrapper method), ToOTO anropuT™M HaBYAHHS
«OOTOpHYTHI» B TIPOLIEAYPY BiAOOPY aTpHOyTIB.

Cami MeTOmM IHTENEKTYaJbHOTO aHaji3y TakKoX MOXYTh OyTh
BUKOpHUCTaHI Ans BijmOopy aTtpuOytiB. Hampukman, MokHa 3acTOCyBaTH
anropuT™M MOOYIOBH AEpeB PIllIeHb 0 MOBHOTO HA0OPY MaHWUX 1 IMOTIM
3aJIMIIATH B HA0OP1 TIJILKY Ti aTpUOYTH, SIKi BUKOPUCTaHI B ITOOY0BAaHOMY
nepesi. Crig 3ayBaKuTH, 110 JaHWUH BijOip arpuOyTiB HE AAaCTh HISKOTO
edexTy mpu moOyIOBI HOBOTO JepeBa, MPOTE BHUSBUTHCS KOPUCHHUM IIPH
BUKOPHCTaHHI 1HIIMX METO/IiB aHaIi3y. [HIIa MOXKIIUBICTS - II€ 3aCTOCYBaTH
IO JaHUX alrOpUTM, SKUM Oydye INiHIMHY Mozaenb (HANPUKIAL, METOX
OTIOPHHUX BEKTOPIB), 1 paHXyBaTh arTpuOyTH Ha TMiACTaBI BEIWYNH
KoedilieHTiB Monem. ATpUOyTH 3 HalMEHIIMMH KOe]illieHTaMH MOXYTh
OyTu BimkuHyTi. JlaHy mponenypy MOKHa TIOBTOPHTH KijibKa pasiB. Kpim
TOTO JUIsl BiIOOPY aTpuOyTIB MOXYTh OyTH 3aCTOCOBaHI METOAW aHAIi3y,
3aCHOBaHI Ha TIOpPIBHAHHI ONW3BKOCTI ek3eMIusIpiB BuOipku. Jlms
NOPIBHSIHHSL OepyThCS CYCiIHI NMPUMIPHUKM OJHAKOBHUX 1 PI3HMX KJIaCiB.
SKu1o y mpuMipHHKIB OJHOTO KJlacy 3HA4YeHHs TIEBHOI aTpHOYTH pi3Hi, TO
MO’KHA MPUITYCTUTH, 10 JAHUK aTpHOYT € He3HAYYIIOKO i 11 Bara NOBMHHA
OyTu 3MeHIIeHa. 3 iHIIOro OOKy, SKIIO y EK3eMIULIPiB Pi3HUX KIAaciB
aTpuOyT Mae pi3Hi 3HAYCHHs, TO JaHWW aTpuOyT 3HAYMMUIA 1 Horo Bara
noBruHHa OyTH 30inbieHa. [licns moBTopy AaHOi mpoLeaypHu KilbKa pasis,
BinOyBaeThcs BinOip arpuOyTiB 3 HailOinpmmMy Baramu. o HenomikiB
JTAHOTO METOJYy MOXKHa BiJTHECTH TOW (hakT, IO JIAHUH METOJ| HE 3MOXKE
BU3HAUUTH HAJJIUIIKOBI aTpUOyTH, TIOB'3aHI TICHUM KOPEJSIiHHIM
3B'I3KOM.

3a3BUyail MOLIYK B MPOCTOPi aTpuOyTiB BigOyBaeThCsl B OJHOMY 3
JIBOX HAIPSIMKIB: 3BEPXY BHHU3 (IOYMHAIOYH 3 TIOBHOTO HA0OpYy aTpuOyTiB i
BIIKHJIAI0YM HAa KOXKHOMY KpOIll HaWripmwmii 3 HUX) ab0 3HU3Y Bropy
(mourHarouu 3 MOPOXHHOT MHOKMHHU aTpHOYTiB 1 JOJAr0uM HalKpamuil 3
pemrtr) (Tabm. 1.1).



9

Ta6mmst 1.1 — [omryk B mpocTopi aTpuOyTiB

[psamuii BUGIp 3BopoTHe 3acTocyBaHHA AepeB pillleHb
(forward BUKJIIOYEHHS
selection) (backward
elimination)
ITouarkoBa muOkuHa aTpudyTiB {Al, A2, A3, A4, A5}
{} {Al, A2, A3, A4, A5} -
=> {Al} =>{Al, A2, A4, A5}
=> {Al, Ad} =>{Al, A4, A5}
=> {Al, A4, A5}

=>{Al, A4, A5}

VYV neskux BUNAAKax Ui TOMIMIIEHHS TOYHOCTI kiacuikarii Ta
KpaIIoro po3yMiHHS aTpuOYTIB JUIS BHPIIICHHS IMOCTABICHOTO 3aBIaHHA
MOXJIMBa 1Mo0Oy/I0Ba HOBOTO aTpuOyTy Ha OCHOBI icHyroumx. Hampuknan,
MOJKHa BBeCcTH HOBUH aTpuOyT «[lioma» Ha OCHOBI iCHYIOUMX aTpHOYTiB
«BUCOTa» 1 KIIUPUHA.

Ilponywieni 3nauennsa

[Tpu poboTi 3 JTaHUMMU, B SKUX € MPOMYIICHI 3HAUCHHS aTPUOYTIB IS
JESIKUX €K3eMILISIPiB, ICHYIOTh HACTYITHI CTpAaTeTii OBE/TiHKH.

1. BiAKMHYTH €K3eMIUIApH 3 MPONYIIEHUMH 3HAa4YeHHSAMH. Takuid
iJIXiJ] 32CTOCOBY€ETHCS HacaMIlepes1 ISl IaHHUX, Y SIKHX BiJICYTHE 3HAYCHHS
iJIbOBOTO aTpuOyTa (U1 3a7a4 Kiacudikarii).

2. 3arOBHUTY NPOIYIIECHI 3HAYCHHS BPYUYHY.

3. 3acTocyBaTu ri00aibHy KOHCTaHTY (Hampukia, «Unknowny).

4. BukopuctaT Jesike CTaTUCTUYHO PO3paxoBaHe MO Bcild BHOIipi
3Ha4YeHHs (cepeHe apudMeTHIHe, MeliaHy, MOJTY).

5. BukopucraTu  CTaTHCTHYHE 3HAYCHHS, pO3paxOBaHe IS
NPUMIPHUKIB, IO BIJIHOCATBCS N0 TOTO X Kiacy, SK 1 pO3TISIHYTHH
eK3eMILISIP.

6. BukopucraTtu HaiOinbil WMOBIpHE 3HAauYeHHS I aTpuOyTy. Lle
3HAa4YEeHHS MOXKe OyTH pO3paxoBaHe 3a JONOMOIOI0 Perpecii, zepesa pileHb
a00 IHIIMX MaTeMaTHYHUX iIXOIIB.

Hopmanizayin oanux

OpvHuLl BHMIpY, 11O BHKOPHUCTOBYIOTBCS B JESIKOMY aTpuOyTi,
MOXYTh BIUTMHYTH Ha pe3yJIbTaTH aHamizy. Tak, Halpukial, IepeTBOPEHHS



10

OJIMHWIIF BUMIPIOBAHHS 3 METPIB B TIOWMH IS aTpUOYTy «BHUCOTa» abo
NEPEeTBOPEHHST 3 KiuorpamiB y (QyHTH IUIsl aTpuOyTy «Bara» MOXKYTh
HPU3BECTH 1O Pi3HUX PE3yJbTaTiB. Y 3araJbHOMY BHIIAIKY, BUPa3 JESKOI
aTpuOyTy B ApiOHIMMX OJUHHUIAX BUMIPY TPHUBEAE O OUIBII ITUPOKOTO
Jiama3oHy 3Ha4YeHb U IIbOTO aTpUOYTY, 10 MOXKE MPHU3BECTH 1O OiIBLIOT
3HaYyIIOCTi 200 X Bark JaHOTO aTpUOyTYy.

o6 yHUKHYTH 3aJIe)KHOCTI BiJl BHOOPY OIMHHIb BUMIPIOBAHHS Ta
HaJaTH BCiM aTpuOyTaM OJHAKOBY Bary JaHi MOBHHHI OyTH HOpMaTi30BaHi
abo HopmoBaHi. Hopmamizariis mepem0ayae MepeTBOPEHHS JAHUX TaKUM
YUHOM, MO0 [Aiarma3oH 3Ha4eHb, MPUHHATHX aTpUOyTOM, 3MEHIIHUBCA abo
ctaB piBauM [-1; 1] abo [0; 1]. Hopmarizarist HaitOibII KOPHEICHA B 3aa9aX
3 3aCTOCYBaHHAM HEHPOHHHX MeEpeX Ta 3ajaudax, ajJrOpPUTMHU SIKHX
3aCHOBaHI Ha OOYMCIICHHI BiJICTaHEH.

Icaye Oarato metoaiB HopMadizalii JaHux. Po3rissHeMo nesiki 3 HUX.

Hexaii y Hac € uucnoBuii aTpuOyT A 3 BUMIpSIHUMH 3HAUYCHHSIMU dj,
ay, ..., ap. -

Minimaxkcna nopmanizayis. Hexait min, — MiHIManbHE 3HAYCHHS
aTpuOyTy, Max, — MakcuMaibHe, [NeW_min,; New_max,] - HoBHii Jiana3oH
TSt aTpuOyTYy, TOAI:

C gy —ming

a8 =—— (New_max ;—new_min 5) +new_min , .
max , — min 4

Hopmanizayia 3 wuymwosum  cepeouiv. 3HaueHHs aTpuOyTy
HOPMAJI3yIOThCSl 32 JIONIOMOTOI0 MAaTeMaTU4HOIO OYiKyBaHHS a Ta
CTaH/JapTHOI'O BIAXUJIEHHS G, aTpUOyTYy:

IcHye Bapiallist HOpMaizailii 3 HyJJbOBUM CEpellHIM, B IKOMY 3aMiCTh
CTaHJAPTHOTO BIIXWICHHS aTpUOYTy BHKOPUCTOBYE CepelHE abCONIOTHE
3Ha4YeHHS aTpuOyTY:

_1 = = = )
Sa _ﬁ(]al —a|+|ap —a+...+]ap — 7]

Hopmanizayis 3a 0onomozoro 0ecsimko8oi wkanu.
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! ai
ai =,
10’

JIe j - HalMeHIIe 1iie Yyucio, Take mo (|ai))<1.

Juckpemusauyia uucnosux ampuoymis

Juckpernzariis 9uCIOBUX aTpUOYTIB € 000B'I3KOBOIO 1 HEOOXITHOIO
y pa3i 3acTOCyBaHHS alTOPUTMIB IHTENEKTYaJIbHOIO aHaji3y, IO
OpamioloTh TUIBKM 3 KareropiabHUMH artpuOyramu. Kpim  Toro,
QJITOPUTMH, IO MPALFOIOTH 3 YUCIOBUMH aTPUOyTaMH YacTo JAIOTh Kparii
pe3ysibTaTd ab0 K MpPAIOTh IIBUAIIE, SKIIO 3HAYCHHS AaTpUOyTIB
MOTIEPEIHBO MTPUBEJICHI 10 TUCKPETHOT OPMHU.

Metomu nuckpernsamnii MOXyTh OyTh Kiacu(ikoBaHI 3a JBOMa
napaMeTpamu:

— Y BHUKOPHCTOBYEThCS B HUX 1H(OpMamis Tpo Kiacu:
JTUCKpeTu3aiis 3 yuuteneM (supervised discretization) abo auckpeTH3ariis
0e3 Buntens (unsupervised discretization);

— B SIKOMY HaINpsIMKY BiIOyBa€ThCS TUCKPETH3AILiS:

O 3BEpXy-BHHM3 (IMCKpETH3allisi TOYMHAETHCS 3 OfAHiei abo
JEKUTBKOX TOYOK TOJUTY, a Jali OTpUMaHi iHTepBalu
PEKYPCHUBHO PO30MBAIOTHCS; METOJ] PO3OUTTS);

O 3HM3y-Bropy  (cmoyaTKy  BCi  3HAaYeHHs  aTpuOyTy
PO3TJISAAI0THCS SIK MOTCHIIIHHI TOYKH TOAUTY, a Jaji CyCiaHi
3HAYEHHS PEKYPCUBHO 00'€THYIOThCSI, YTBOPIOIOYH 1HTEPBAJIH;
00'eTHAHH).

Budéipka (sampling)

Bubipka 3acTOCOBYETBCS B SIKOCTI METOJTy 3MEHIIICHHS TOYaTKOBOTO
HAOOPYy JaHMUX 3 METOK NPEJCTABJICHHS BEJIMKOI BUXIJHOI MHOXHHH
€K3eMIUIIPiB BUOIpKH Ha0araTo MEHIIOK 32 PO3MIPOM IMiIMHOKHUHOIO.

[Ipumyctumo, mo Buxigauit HaOip ganux D mictuts N IpUMipHUKIB.
PosrnssHeMo HalOUIBII 3araibHI MUISXH 3MEHILIEHHS OO0 pO3MIpYy.

IIpocma sunaoxosa eubipxa 6e3 noseprenns: 3 BUxinHoro Hadbopy D
BUIIAJIKOBUM YHHOM BHOHMpaeTbcsi S npuMipHHUKiB (S<N), mpu upomy
HMOBIpHICTh BHOOPY KOXKHOTO MPUMIPHHKA PiBHOMMOBIpHA.

Ilpocma eunaokosa ubipka 3 no8epHeHHAM: CX0Xa Ha MONEPETHIO,
OHAK 3 TI€ BiAMiHHICTIO, IO Ticas BUOOpPY NpPUMIpHUKA, BiH
TIOBEPTAETHCSL Y BUXIJHY BUOIPKY 1 3T0JIOM 3HOBY MOKE OyTH BHOPaHHIA.

Knacmepna eubipka: sSxmo BuXigHa BUOIpKa 3rpyrnoBaHa B JEsKi



12

po3'eTHAHNM «KJIacTepw» (HANPHUKIIA, CTOPIiHKH 3 6a3u JaHWX a0o maHi 3
pi3HUX reorpadiuHuX JHKEpes), TO A0 KOXKHOTO 3 TaKUX KIIACTEPIB MOXKe
OyTH 3aCTOCOBaHA MTPOCTA BUITAJKOBA BHOIpKa.

Cmpamudgbixosana eubipka: SKIO BHXiTHA BHOIpKAa HECHMETPHYHA
1I0/I0 PO3MOJINY KJaciB i Moxke OyTH po3fIilieHa Ha CTpaTH, TO HpocTa
BUNIAJKOBA BHOIpKa 3aCTOCOBYETHCS 1O KOXXHOI CTpaTH OKpPEMO
(HampwkIan, SKIIO AaHi MPEACTaBISIOTH BIIOMOCTI MPO MOKYMIB Pi3HUX
BIKOBHX TPYyN 1 MPH I[bOMY KIJBKICTH IPEICTAaBHUKIB PI3HUX TPYyNm HE
OJIHAKOBA, TAKWUHW MiJIX1Jl TO3BOJUTh HE BTPATHUTH BIOMOCTI NP0 PiAKICHI
TPYIH ITOKYTIIIIB).

3aBaaHHs HA J1a00paTOpPHY PoOOTY

1. TloOynmyiite motik manux B Moy Knowledge flow sik ommcano
B JOJATKy A.
2. B momatky b o0epiTh BUOipKy A5 aHATi3Y.
3. BUKOpPHUCTOBYIOYH BKJIAIKH TOMNEpeAHbOI OOpOOKM aHWX Ta
Bi3yaui3arlii, MpoBe/iTh NEeTAILHUH OMUC BUOIPKU NaHWUX. BKaxiTh:
O sIKe MIPAKTUYHE 3aBAaHHS BUPILIYETHCS,
O CKIUTBKM NPUMIPHHKIB y BUOIpII;
o arpubyTH, SIKi XapakTepU3YIOThb EK3eMIULIPH BUOIpKH, IXHi
THUIIM Ta OIIHC,;
O UM € eK3eMIULSIPU 3 BIICYTHIMHU 3HAUYEHHSIMHU, YH € BUKHIN B
JAHHX;
O sKui aTpuOyT € LiTbOBUM, SKi 3HAYEHHS BiH NpUHMAE,
CKIJIBKH €K3eMIUIAPIB KOXKHOTO KJlacy B BUOipIi;
O TmojaiTe AaHi B rpadiYHOMY BHIIISII;
O HaBeAITb HepIlli S5 eK3eMIUIIpU BUOIpKH.
4. BcraHoBiTh nomaTkoBuii maker ScatterPlot3D rta Bisyaumisyiite
JaHi.

KonTposabHi nuTaHHSA

1. Illo Take iHTeNEKTyaNbHHUN aHATI3 JAHHUX?

2. Illo Take po3BiAyBalbHHUN aHAITI3?

3. Ins yoro BHUKOpHUCTOBYeThcst mnporpama WEKA, sxi i
MOJKITUBOCTI.

4. Slke mnpusHaueHHs woxyniB Explorer, Knowledge Flow,
Experimenter, Command-Line Interface?

5. Onwuwmite popmar arff daiiny.
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6. OnumniTe NpuU3HAaYCHHs BKIagAoK B mMoxyii Explorer: Preprocess
panel, Classify, Cluster, Associate, Select Attributes, Visualize.

7. lllo Take TeHepalbHA CYKymHICTH 1 BHOIpKa?  Sxumu
BJIACTUBOCTSAMHU TOBWHHI Bojomith pmani? Illo Take pernpe3eHTaTHBHA
BUOIpKa?

8. Illo po3ymitoTh min ¢inbrpariero B Weka? B yoMy pizHUIS Mix
¢binpTpaMu aTpuOyTiB Ta (iNBTPaMu ek3eMIUIIpiB? B oMy pi3HHIS Mix
unsupervised ta supervised ¢imsTpamu?

9. Illo Take sikicTh gaHux? Ska MeTa MiITOTOBKYU JIaHUX JI0 aHATi3y?
SIKi 3aBAaHHS BXOJSTD B MIITOTOBKY JAHHX?

10. SIkwif aTpuOyT AJaHWX HA3WBAIOTH LITHOBUM?

11.11lo Take 3HaumMmmii Ta HezHaummuid atpuOyT? Illo Take BimOip
aTpulyTiB?

12.3a gomomororo sfkux (QITETPIiB MOKHa BHUKOHATH HACTYITHI
3aBJIaHHs MiATOTOBKHU JaHUX:

O TEpeTBOPUTH THII aTpHOyTa;
HOpMaJTi3yBaTH 3HAYECHHS YHCIIOBOTO aTpHOyTa;
HAWTH Ta 3aMiHUTH BiJICYTHI 3HAYEeHHS B JIaHUX;
BUJAJMTH BCi EK3EMIUIIPU JaHUX 3 3aJaHUM 3HAYCHHSIM
atpulyTa;
CTBOPHUTHU HOBHH aTpUOYT;
BUKOHATH BiJI0Ip aTpUOYTIB;
3HAWTU BUKUM B JAHUX;
CTBOPUTH MiJIBUOIPKY JTaHUX.

o O O

O O O O

3mMicT 3BiTY

1. Tema i meTa poboTH.

2. 3aBnaHHs 10 poOOTH.

3. Pe3ynbpTaTi BUKOHAHHS 3aB/IaHb.

4. BinmoBiii Ha KOHTPOJIbHI 3alIUTaHHS.

5. BucHoBkH, 10 BiZOOpaKylOTh pe3yJlbTaTl BUKOHAHHSA POOOTH Ta
iX KpUTUYHUNA aHAaIi3.
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JABOPATOPHA POBOTA Ne 2
3AJTAYA KJTACUDIKAIIT

MeTta poGoTn

Ha npaktuni BUBUUTH poOOTY anropuTMiB kiacudikamii, HABYUTHCS
IHTepIpeTyBaTH pe3ynbTaTh poboTH KkiacudikaropiB 1 BubHparu
HaWKpaIyi METOJ IS BUPIIICHHS IIOCTaBJICHOTO 3aBIaHHS.

OcHoBHIi TeopeTH4Hi BizoMocTi

Y nmabopatopHiii poOOTI pO3TIAMAIOTBECS HACTYNHI  METOAH
knmacudikarii (y Ayxkax HaBeleHO Ha3By B mporpami WEKA, mpu mpomy
mepiie CJIOBO Tepel Kpalkol O3HAa4a€e THUI alNroputMmy kinacuikamii i
TaKOX BKa3y€ Ha3BY IAIKH, B SIKii 3HAXOAUTHCS METO):

— OR um Zero Rule xnacudikamisi, TOOTO MTPOrHO3yBaHHA
CepeIHbOro 3HAUCHHS ISl YHCIOBOTO KJIacy Ta MOJM JUIS KaTeropialbHOTO
(rules.ZeroR);

— wiacudikaris 3a ogauM npaBuioM 1R uu One Rule (rules.OneR);

— mnokpusatounii Mmeros PRISM (rules.Prism);

— mwaiBHa BaiiecoBa knmacudikariis (bayes.NaiveBayes);

— wmeroau noOymoBu zaepeB pimtenb CART (trees.simpleCart) ta
C4.5 (trees.J48);

— wmeroj onopHux BekTopis (functions.SMO);

— weron k Haitbmmkunx cycigis KNN (lazy.1BKk).

Hns nomaBanHs Hadnpocrimux MetoniB B WEKA HeoOXximHO
BcraHoBuTH nakeT simpleEducational LearningSchemes i simpleCART.

Hapamempu nanawmysanns anzopummis Knacugpicauii

PosrisiHeMo — mapameTpuM  HaNalITyBaHHS — ajlrOPUTMIB, IO
BUKOPUCTOBYIOTBCS B po0oTi (Tadu. 2.1).

JonatkoBy iH(popMalIlito Mpo aTOPUTMH, iX TTapaMeTpu i BUMOTH JI0
00poOIIOBaHKX JIaHMX MOXKHA OTPUMATH Y BiKHI HaNAIITYBaHb alrOPUTMIB
Ha naneini «About» B mporpami WEKA 1 B mxepenax [2-4].

Ilpu BuUKOHaHHI 3aBIaHb [0 KOXHOI 3 JA0OpaTOpPHUX pOOIT
HEOOXiZIHO JOCIHIJIUTH BIUIMB IapaMeTpiB HANAMITyBaHHS Ha PE3yJIbTaTH
poboTtu anropuT™miB.3

Juns anroputMmiB Prism, 1d3, ZeroR mapamerpiB, 110 HACTPOIOIOTHCS,
HEMae.
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Ta0muia 2.1 — I[NapaMmeTpu HaamTyBaHHs KiacuikaTopiB

MeTton

Ilapamerp

OneR

MinBucketSize — BHKOPHCTOBYETBCS JJIsl JAMCKpETH3aIli]]
MUCIIOBUX aTpHUOYTiB

NaiveBayes

displayModelInOldFormat — BimoOpaxeHHs 100YIOBaHO]
Mozenl y crapomy (opMmaTi, IO TiAXOMUTh, KOJU aTpuOyT
KJIacy TpuiimMae Oarato 3HaueHb. HoBuii dopmar kpaiie Y|
BUTIAAKY, KOJIM MEHIIIE KJ1aciB i 6araTo aTpuOyTiB.
useKernelEstimator — mist OIIHKKM 4YMCIIOBUX aTPUOYTIB
BUKOPUCTOBYBAaTH  OLIHOYHY (YHKLiI0O  BiAMIHHY  BiJ
HOPMAJIBHOTO PO3MOILTY.

useSupervisedDiscretization - BUKOPHCTOBYBATH
IMUCKPETH3allil0 3 YYUTENeM JJisl TEePETBOPEHHSI YUCIOBHX|
aTpuOyTiB y HOMiHAIIbHI

J48

binarySplits — BukopucToBYBaTH OiHapHHil TOALT HA|
KaTeropialbHUX aTpuOyTax Ijist o0y J0BU JIePEB.
confidenceFactor — noBipumii piBeHb, BUKOPUCTOBYETHCS IS
BiJICIKaHHS TUTOK (MaJTi 3HAYCHHS - CHJIBHIIIE BiICIKAHHS).
minNumODbj — MiHiMaTbHa KITBKICTh TIPUMIPHHUKIB Y JIHCTI.
reducedErrorPruning — sikuii ajaropuT™ BiACIKaHHS TiJIOK|
BUKOPHCTOBYBAaTH

savelnstanceData — uu 30epiraTei HaBYAIIBHY 1HPOPMAITIFO JIJ1s]
Bizyasizariii.

subtreeRaising — 4u BHKOPHCTOBYBAaTH OIIEPAIil0 MiIHATTS
MTiJIepeB MPH BiICIKaHHI TUTOK.

unpruned — 4u 3aJUIIATH AEPEBO MOBHHUM.

useLaplace — BukopucTOBYBaTH OIiHOUHY (hyHKIIif0 Jlamtaca
IS i ApaxyHKy MMOBIPHOCTEH B JIMCTKAX

SMO

buildLogisticModels — uu 3acTocoByBaTH JIOTICTHYHI MO
10 BUXO/IIB (JIJIs1 HAJIC)KHOT OI[IHKK MMOBIpHOCTEH).

C — napameTp ckiaanocti C.

kernel — ¢pynxuis sapa.

epsilon — mapameTp TOYHOCTI (HE 3MIHIOBATH).

filterType — un Oyne 3MiHeHa movaTkoBa iH(oOpMaIs 1 SIKHM
YMHOM (HOpMai3auis abo cTaHgapTH3aLlif).
toleranceParameter —  jgomyctume — BiaxwieHHs — (He
BMIHIOBATH).
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IIpomosxenHs Tadi.2.1.
MeTon Ilapamerp
IBk KNN — KijgbKiCTh CyCimiB.
crossValidate — 4u Oyne BHKOPHCTOBYBATHCS i BHOOPY)|
ONTUMATBHOI KIJTBKOCTI CYCifliB Kpoc-TiepeBipka hold-one-out.
distanceWeighting — metox Bubopy BaroBux Koeilli€HTiB Jis]
BiZICTaHEH.
meanSquared — yi BUKOPUCTOBYEThCS CEPEHbOKBAAPATHYHA|
NOMHJIKA, YW CEpelHs aOCOJIOTHA MOMHJIKA Uil KpocH
MEepeBipKH Mij Yac BUPILICHHs 3aBJaHHs perpecii.

nearestNeighbourSearchAlgorithm —  amropurm — momykyj
HAHOIMKIUX CYCIIiB.
windowSize — MakcuMalbHa  KUIBKICTh  NPHUMIPHHKIB,

IMO3BOJICHUX B HaBYAJIbHOMY TMyii. JloJaBaHHS JOJATKOBHX|
MPUMIPHUKIB MOHA]] ILOTO 3HAYCHHS MPU3BEJE 10 BUIAICHHS
CcTapux eKk3eMIUIIpiB. 3HaueHHs (0 03HAYa€ BIJACYTHICTh MEXKI

Memoou oyinku nomunok knacugixkauii

PosrnssaeMo mapameTpu OIiHKK OO0y J0BaHOT MOeNi Kiracuikarii.

Martpuns moMminok — 1e marpuns posmipy L x L, ge L - gmcmo
KJaciB, ij-i eneMeHT matpuii (i - psJIOK, j - CTOBIEIb) JOPIBHIOE YUCITY
o0'ekTiB 3 i-ro Kiacy, sKi Oymu BimHeceHi Jo j-ro. Yucimo BipHO
KIIaCU(iKOBaHUX OO'€KTIB JOPIBHIOE CyMi €IEMEHTIB, IO CTOSATh Ha
rOJIOBHIH AiaroHali.

Pesynbratn moOpe HaBueHOro kiacuikaTtopa MOKaKYTh MAaTPHIIO
MMOMHJIOK, B SIKii HaWOUTBII 3HAYEHHS CTOSATh HA JiaroHalli MaTpHII, a
HEBEJIMKI 3Ha4YeHHS (B ifiealti HyJI) - Ha 1HITUX TMO3UIISX.

PosrisiHeMo MaTpHIIO MOMWIJIOK JJIsl JBOX KIIACIB «TaKk» Ta «HI»
(Tabm. 2.2).

Ha piaronani wmatpuimi 3HaxoJsTbCs ICTMHHO TO3WTHBHI (true
positive, TP) i ictuHHO HeraTtuBHi (true negative, TN) ek3eMIUIsIpH.
[MpumipHuKH, sIKI BIJHOCATBCS 1O KIACy «Tak», aje Oynu BiJHECEHI
kJacu(ikaTopoM A0 Kiacy «Hi» Ha3uBaroTbca XMOHO HeratuBHUMH (false
negative, FN). [lpumipHuky, siki BiZHOCATBCS A0 Kiacy «Hi», aie Oymnu
BigHeceHI kimacu(ikaTopoM JI0 KIAacy «Tak» Ha3HWBAIOThCS XHOHO
no3utuBHuMH (false positive, FP).
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Tabmmis 2.2 — Matpuiisg TOMIIIOK TSI TBOX KJIaciB

Ilependauenuii kiaac
Tak Hi
Tax ICTHHHO MO3UTHBHI xnOHo HeratuBHI  [P=TP+FN
PeasibHuUid (TP) (FN)
KJac Hi XHUOHO MTO3UTHBHI ictunno HeratuBHi  [N=FP+TN
(FP) (TN)
P’=TP+FP N’=FN+TN

PosrnsHemMo Bupasu Ads  poO3paxyHKYy HapamMeTpiB  TOYHOCTI
kimacudikamnii ;i KoxkHOro 3 kiaciB. s BunankiB xiacudikarii, B sSIKUX
KUTBKICTh KJIACIB OiNIbIIE JBOX, IUIS PO3paxyHKIB MPUHAMAEThCA, IO Kiac,
IO PO3MIISAJAETHCS, € KIaCOM «TaK», a BCl iHII Kjach 00’ €IHYIOThCS Ta
YTBOPIOIOTH KJIAC «HI».

[Tapamerp «TP rate» (uyramBicth, Sensitivity) a6o «recall»
(epeKTUBHICTH) PO3PaXOBYETHCS HACTYITHUM YHHOM:

mw TP
TP+FN P~

Jdnsa  knacy, [0 pO3IISNAEThCA, 3HAYEHHS IHOTO TapaMerpy
JIOPIBHIOE BiJICOTKY BipHO KJIacH(iKOBaHUX 00’ €KTIB KIIacy (OTPUMYETHCS
JUIEHHSIM J1iarOHAJILHOTO €JIEMEHTY MaTpHIll TOMHUIIOK HA CyMy €JIEMEHTIB
B Horo psnaky). [HmIMMu cioBamu, mapameTp 4YyTJIMBOCTI MOKa3ye JIOIIO
MO3UTHBHHUX €K3EMIUTSIPIB, SIKi OYJIH BipHO PO3Ii3HAHI.

IMapamerp «FP rate» po3paxoByeTbes 3a (HOPMYJIIOHO:

TP rate=recall =

P _FP

FP rate= =
P+TN N

Woro 3maueHus JIOPIBHIOE BIJICOTKY OO0’€KTiB IHIIMX KIACIB, fAKi
MOMWJIKOBO OYJIM 3aHECeHI B KJac, M0 PO3MISAAA€ThbCs (SKIIO 3 MaTpHUIl
BUKPECIWTH  PSJOK  KJIacy, IO  PO3TISJAaEThCs, TO  3HAYCHHS
JOPIBHIOBATUME CyMi €JIEMEHTIB CTOBIIS LIbOTO KJIAcy, MOAINIEHIH Ha CyMy
BCIX CJIEMCHTIB).

[Mapametp «TN rate» (cierudiunicTs, specificity) gopiBHIOE:

TN ratezizm.
TN+FP N

Ta MOKa3y€e YaCTHHY HETaTMBHUX E€K3EMILLPIB, 5IKi OyJIU BIpHO pO3Mi3HAaHI.
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ITapametp «precision» (TOYHICTH) PO3PAXOBYETHCS SIK:

TP

precision=—=—.
TP+FP P’

Moro 3HauyeHHs TOPiBHIOE BifICOTKY BipHO KiacH]ikoBaHHX 06’ €KTiB
i3 BCiX 00’€KTiB, BITHECEHWX AITOPUTMOM JO KJAacy, IO PO3TIIAIAETHCS
(BiTHOIICHHS [1arOHAILHOTO SJICMEHTA JI0 CYMHU SJICMEHTIB CTOBIIIIS ).

IMapamerp «F-measure» - 11e cepenne rapmoHniiiHe Precision i Recall:

precision* recall

F —measure=2* — .
precision+ recall

Ilapamerpm success rate (accuracy, recognition rate — dYacTka
YCHIMIHAX CIpo0, TOYHICTh, KOE]Ili€HT pO3IMi3HABaHHSA) Ta error rate
(misclassification — qacTka MOMHIIOK, MOMHJIKOBA KJIacH(iKarlis):

TP+TN
TP+TN+FP+FN .
FP+ FN
TP+TN +FP+FN

success rate =

error rate =1— success rate =

Takoxx OyBae Ba)JIMBO OIIIHUTH BTpatd 1 Burpamn (costs and
benefits), nop's3ani 3 kinacudikaniinoi mojmeiato. Brparu, nos'szani 3
XUOHO TIOBUTHBHUMHU TepefnOadeHHsMH (K  HAlpUKIa], HEBipHE
nepea0aueHHs, 10 XBOPHA MAI[iEHT € 3J0pPOBHMM), HabaraTo OUIbII, HiX
XUOHO HEraTWBHI TnepeAOadeHHs (3A0POBUM MAILIEHT BIJHECCHHH JI0
XBOpHX). B Takux BHIIAJKax MU MOXEMO BiJUIaTH MEPEBary OJAHOMY THITY
MOMWJIKM HaJl 1HIIMM IUISXOM TMPH3HAYCHHS 1M PI3HUX 3HAYCHb BTpAT,
OB’ I3aHMX 3 TIepEeHMEHYBaHHIM KJIaciB.

Hampuxan, posrisHeMo 3anadi BHaadi Kpeauty OaHkoM. Brpatu
Opyd BUAAYl KPEAWTY HEIUIATHUKY HabaraTo BHILIE, HIDX BTpaTH BiX
HEBUAUl KPEAUTY 0C00i, sika 3yMijia OW BUILUIATUTH CBii OOpT.

PosrnsiHemMo Tenep mpoOiieMy HEpiBHOMIPHOTO PO3MOJLTY KIAcCiB,
KOJIM BYKJIMBHH IS 33Jlavi KIlac € pigkicHuM B BUOipii. Lle o3nauae, mo
po3mojinn Habopy JdaHUX BigoOpakae 3HAYHY OUIBIICTh HETaTHMBHUX
NPUMIPHUKIB 1 MEHIIICTh MO3UTUBHUX MPUMIiPHHKIB.

Hampuxian, y 3agadi po3mi3HaBaHHs MIaXpaicTBa MiKaBUM JUIS HAC
KJ1acoM (TIO3UTHBHUM) € KJIAC «IIAXPatCTBOY», SKHH 3'IBISEThCS HA0Arato
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piamie, HDK HETaTHBHHUM KJIac «HE MIaXpaiicTBO». Y METWYHIN 3amadi 10
TAaKOrO pIJKICHOTO KjIacy MOXKE OYTH BiTHECCHHMH KJac <GIOsIKiCHA
MyXJIHAY.

[IpumycTrmMo, moO MH HaBYWIM Kiacu(ikatop Kiacu(ikyBaTh
MEIWYHUN Ha0lp AaHUX, B SKOMY LUJILOBUM arpuOyToM € aTpulyT
«GIOSIKICHA MMyXJIMHAY, SIKUM MOKE MPUUMATH 3HAUECHHSI «TaK» 1 «Hi».

ITapametp TodHOCTI success rate piBHuN 97% MoOXke MOKa3aTd, IO
KimacudikaTop qocuTh TouHUi. OmHAK SKIOIO Y BCi BHOIpI Oyno TITBKH
3% TPUMIPHUKIB, IO BiTHOCATHCS JIO 3JOSAKICHUX MyXJiuH? SICHO, 1m0 B
TaKOMy BHUIaJKy TOYHICTb po3mi3HaBaHHI B 97% He Moxe Oytu
OPUHHATHOIO. Y IbOMY BHIIQJKY KIacu(pikaTop MOXKe IPaBHUIBHO
pO3Mmi3HaBaTH OUIBIIICTh HEraTUBHHUX EK3eMIULIpiB (HE 3II0sIKicHA) 1
MOMHUJIKOBO KJacu(iKyBaTH BCi MO3UTHUBHI MPUMIPHHUKH (3JI0SIKICHA).

TakyuM 4MHOM HaM HEOOXiIHI iHINI MapaMeTpH, M0 JO3BOISIIOTH
OLIHWUTH HACKUIBKM J00pe KJIacu(ikaTop pO3Ii3HAE  TO3UTHBHI
OpuUMIipHUKK 1 HeraTwBHi. s wmiel 3amadi MOXyTh OyTH BHUKOpHUCTaHi
mapaMeTpH sensitivity Ta specificity.

Po3risineMo HacTyHMI MPUKIIAJ] HAaBYaHHS KilacH(pikaTopa.

Tabmurs 2.3 — [pukinan HapuaHHS KiacugikaTopa

Kiac Tak Hi Beroro PosmniznaBanns (%)
Tax 90 210 300 90/300=30,00 (sensitivity)
Hi 140 9560 9700 | 9560/9700=98,56 (specificity)
Bceroro 230 9770 10000 | 9650/10,000=96,50 (cepenHe)

MokHa OMITHUTH, 110 X04a KJacu(ikaTop [MoKa3as 3arajibHy BUCOKY
TOYHICTh Kiacudikamii, HOro MOXKIHNBOCTI TPAaBHIBHO pO3Ii3HABATH
NO3UTUBHHUN (PiIKICHMIA) KJac JyXe HH3bKI (10 BHUAHO 3 BEIMYMHU
napameTpa 4yTJIMBOCTI). Y TOH e yac mapameTp crenridHoCTi BUCOKHH,
II0 O3HAya€, IO KiIacu(ikaTop MOKE TOYHO pO3Mi3HABaTH HETaTHBHI
KJIacH.

[MapameTpu precision i recall TakoX IUPOKO BHKOPHCTOBYIOTHCS B
knacugikamii. Precision mMoxe OyTH pPO3MNISHYTHH $SK Mipa TOYHOCTI /
BIYYHOCTI (TOOTO SIKMH BiCOTOK IMPUMIPHHKIB BITHECEHUX JI0 TIO3UTHBHUX
TaKUMH 1 €), Tozi sik recall - e mipa MoBHOTH (SKUil BiICOTOK MO3UTHBHUX
NPUMIPHHUKIB BiIHECEHI A0 MO3UTHBHUX).

IO KOXKEH eK3eMIUIIp, SKUH KiacudikaTop BimHic go kiacy C,
Hacrpasli Hanexxuth kiaacy C. OmgHak, Iie HIY0ro He TOBOPHTH HaM IIPO
KUIBKICTh mpuMipHHKiB kimac C, ski  Kmacudikatop HENpaBHIBHO



20

kinacudikyBaB. IneanbHe 3HadeHHs mapamerpa recall B 1,0 mis kmacy C
03Hayae, II0 KoKeH ek3eMIursap kiacy C OyB BigHeceHUH Kiacu(ikaTopoM
mo kmacy C, anme me HIYOTO HE TOBOPUTH HaM TPO Te, CKUTBKH 1HIIAX
eK3eMIUTSIpiB OyJTM HETPaBIIIBHO Kiach(ikoBaHi Ta BimHeceHi 10 kiacy C.

IcHye TeHIeHWis 3BOPOTHOTO B3Aa€EMO3B'SI3KY MK IMapaMeTpamu
precision i recall, ToOTO iCHye MOMIJIMBICTD 301IBIINTH OJUH MapaMeTp 3a
paxyHOK 3MeHmeHHs iHmoro. IIpumipom, Ham MemuvyHAN KiacudikaTop
MOXKE JIOCSTTH BHCOKOTO 3HAYCHHs ITapaMeTpa precision BITHOCSYH BCi
eK3eMIUIIPH KJacy 3JI0SKICHUX MyXJHH A0 Kacy 3JOSIKICHHX, ajie IMpH
IOMY MO’K€ MaTH HU3bKE 3HaUeHHs mapameTpa recall BimHOCS UM 10 KIitacy
3IIOSIKICHUX TAaKOXX HEraTWBHI €K3eMIUIIpU. 3a3BUYail Ii JBa HapaMeTpu
PO3TISIAIOTHCSL CYMICHO.

ANbTEpHATHUBHAN WIISIX 3aCTOCYBaHHS LUX MapaMeTpiB - me ix
o0'ennanHs B oqHoMy mapametpi F-measure (F1 score ab6o F-score).

PosrnsHemMo 111e oauH mapaMeTp OLIHKH TOYHOCTI Kiacudikarii. Y
Ta0JI. 2.4 mpeACTaBICHUIA MPUKJIAJ MaTPUIl MOMIJIOK 3a/1adi Kiacudikarii
3 TPbOMa KJIaCaMH.

Tabmurs 2.4 — [puxman Nel MaTpui moMIIOK

Ilependauennii kaac
A B C Total
Peanbuuii A 88 10 2 100
KJac B 14 40 6 60
C 18 10 12 40
Total 120 60 20

Y npomy mnpuknaai TecroBa BuOipka MictuTh 200 MpHUMipHHUKIB
(cyma neB'stu enemeHTiB Matpuili). Kimacudikatop st TeCTOBOI BHOIpKH
nependaunB 120 exzemmuisipiB kinacy A, 60 - knacy B, 20 - knacy C, i npu
oMy 88 +40 +12 = 140 3 Hux npaBwiIbHO KiacudikoBaHi. BizcoTtok
MPABIIBLHO KIACU(IKOBaHUX 00'€KTIB IS IIBOTO MPUKIany nopiBHIOE 70%.

Illo sxOu Ha mik camiii BuUOIpI[ mpalfoBaB OW BUIIAJKOBHH
kinacugikaTtop, SKUH mependauuB OM TaKy >K KUIBKICTH HPUMIPHHUKIB
KOXKHOTO Ki1acy. Po3risiHemo Tabnuio 2.6.

VY nepiiomy psiaky 100 ex3eMIUIsipiB kjacy A po3aijicHi B Takid ke
npomnopii sik (120:60:20). ToyHo Tak camo po3JiieHi TPUMIPHUKH JpyToi i
TPETHOrO psijiKa. 3araibHi 3HAaYEeHHS B PAAKAX 1 CTOBILSAX HE 3MiHHIIHUCH, a
3MIHWJINCS] 3HAYEHHS MaTpuIli. TakuM YMHOM, BHIAJKOBUH Kiacudikatop
nae 60 +18 +4 = 82 npaBuibHO KiacH(PiKOBAaHUX MPUMIiPHHUKIB.
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Ilependauennii kjiac
A B C Total
Peaanunid A 60 30 10 100
KJac B 36 18 6 60
C 24 12 4 40
Total 120 60 20

[Mapamerp Kamma po3paxoBye Iie OYiKyBaHE 3HAYCHHS (BHBOJSYU
Horo 3 ycmimHOCTI Kimacudikatopa) 1 BHpaKae pe3yabTaT y BHUIVIAIL
BifHOWIEHHS: y 4ucenbHUKY 140-82 = 58 mpuMipHUKIB TMONIMIICHHS B
NOPIBHSIHHI 3 BWIIQJIKOBUM IPOTHO3YBAaHHSIM, a B 3HAMEHHHMKY — BCE
MoxuBe moiinmenHs 200-82 = 118. Jlnsg HaBeACHOTO BHUIIE MPUKIALY
napamerp Kanma nopiBHioe 49,2%. MakcumanpHe 3HaueHHS MapaMmeTpa
Kamnma 100% nnst imeanpHOro mepenbavyeHHs, a MiHiManpHe 0 - s
BUIIAJIKOBOTO. 3arajioM, MOKHAa CKa3aTH, L0 CTaTUCTUYHUU MapaMmeTp
Kanma BUKOpUCTOBYETBbCS MMl OIIHKM 3TOJM MiX IPOTHO30BaHOIO 1
CIIOCTEPEKYBAHOIO KATETOPU3AIli€l0 HAa0Opy NaHWX 3 IIONPaBKOIO Ha
BHII4IKOBICTb.

Kpumepii nopienaunsa po6omu knacughixamopie

Ha gomatox 10 mapamerpiB, 3aCHOBaHMX Ha  TOYHOCTI,
KIIACU(IKaTOPH MOXYTh OyTH TIOPIBHSHI 32 TaKUMH HACTYITHHUMH
napamMeTpamH.

Lsuoxicmv pobomu - THUIUMHU CIOBAaMH OOYHCITIOBAJIbHI BUTPATH,
MOB'sI3aH1 3 HABUAHHSM 1 3aCTOCYBaHHSM JaHOTO Kiacu(ikaropa.

Cmitikicms 00 nOMUnoK, pobacmuicms - MOKJIMBICTh KiIacH]ikaTopa
poOUTH TpaBUIIbHI Tepea0ayYeHHs] Ha 3allyMJICHUX JTaHUX a0o JaHuX 3
NPONYyIIEHUMH 3Ha4YeHHsAMH. JaHWil mapaMeTp 3a3BHuYail OLIHIOETHCS 32
JOMOMOrOI0 CHHTETHYHHX HAa0OpiB JaHUX i3 BHECEHMMH NIyMaMHu i
BTpayeHUMHU 3HAYCHHSIMH aTpPUOYTIB.

Macwmabosanicms -  MOXIUBICTH  OyAayBaTH  e(EKTHBHUU
kinacu(ikaTop Ha BeIMKHX BHOipkax. JaHWid mapameTp OLIHIOETHCS 32
JIOTIOMOTOX0 Ha0OPIB TaHUX, 1110 301IbIIYIOTHCS.

Iumepnpemosanicme - piBeHb PO3YMIHHS Ta  MOXIIUBOCTI
NPOHMKHYTHU B CYTh AaHUX, Kl Hajae kiacugikaTop. IHTepnpeToBaHicTs €
Cy0'€eKTUBHMM MapaMeTPOM 1 TOMy HOTo BaXKKO oLiHUTHU. [lepeBa pilieHs Ta
knacugikaliiiHi nmpaBuia MOXYTh OYTH JIETKO 1HTEpPIIPETOBaHi, MpoTe iX
IHTEpPIPETOBAHICTh 3MEHIIYETHCS 3 TX YCKIJIaJHEHHSIM.
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Inmepnpemauin pesynomamie knacughixayii 6 WEKA

Posrnsnemo  pesymbratm  pobotm  knmacupikatopie B WEKA
(Classifier output).

Cexitist «Run information» mictuts HacTynHy iHdopMmarrio:

— wMerox kinacudikaii (scheme);

— HazBa Habopy [JaHMX, Ha SKOMY MPOBOJWIOCS HaBUYAHHS
(relation);

— KIUJTBbKICTh IPUMIPHUKIB Y BUXiIHIN BHOipI (instances);

— arpubyTH, IO XapaKTepu3yIOTh 00'ekTH BUOiIpKH (attributes);

— BLZOMOCTI TIPO TECTOBY BHOIpKY (test mode).

Cekuist «Classifier model» wmictuts mapamMeTpu HaJIalITOBAHOTO
KiacudikaTopa i 4ac, 3aTpa4eHHd s MOOYAOBH MOZEIi. 3aliedHO Bif
TUIY KJIacudikaTopa naHa 00J1acTh Oyie MICTHTH Pi3HY iHMOpMAILito:

— JUId ajNropuTMiB, IO OyAyIOTH MpaBwia, OyAyTh BimoOpakeHi
OTpHMaHi MpaBuia;

— nmns OalieciBchbkux — KiacuikatopiB  OyayTh TepepaxoBaHi
po3paxoBaHi HMOBIpPHOCTI I BCIiX MOXIMBUX KOMOiHamii atpulyT-
3HAYEHHS-KJIac;

— g kinacudikaropiB, 3acHOBaHMX Ha TOOYIOBI  Jepes,
BiZIOOpaKAETHCSl TEKCTOBE MPEJCTABICHHS OTPHUMAHOTO JIePEeBa; B yKKax
HABIPOTH KOXHOTO JIMCTa BKa3aHa KiJIbKICTh MPUMIPHUKIB, SKi IO HHOTO
BiJIHECEHI; SKIIO B JIMCT TOTPAIUIAIOTh EK3EMIUIIPU JEKITbKOX KJIaciB,
yepe3 crnem Oyje BKa3aHa KiIbKICTh NMPUMIPHHKIB, SKi BIAHOCATHCS [0
JIOMIIIIOK;

— ansg QYHKIIOHAJIBHUX ~ METOMIB  BHBOJATHCS  3HAYCHHS
KoedilierTiB moOymoBaHoi (PYHKITIOHATHLHOT MOJIEN;

— s Merony kK  HAMOMMKYMX  CYCimiB  BiJOOpaXkaroThCs
HaJAITyBaHHs KiacudikaTopa.

Cexuist «Predictions» 0yme BimobpakeHa, SKIIO B HAIAIITyBaHHSIX
TecTyBaHHS KiacugikaTtopa obpana onuist «Output predictions». Y Hill 1iis
BCIX MPHUMIPHUKIB TECTOBOi BHOIpKM OyayTh BiJOOpakeHi pe3ylbTaTtu
knacugikarii, OTpIMaHi 3a JJOMOMOTOI0 HABYEHOTO KiIacudikaTopa.

Cexkuist oninku moodymoBanoi moxenm «Evaluation» mictuts Kinbka
i ITYHKTIB.

«Summary» MIiCTHTb 3arajibHy CTATUCTHKY poOOTH Kilacudikaropa:

— KUIBKICTB ~ Ta  BIICOTOK  NOPaBWIBHO 1  HENPaBUIBHO
knacugikoBanux npumipHukiB (Correctly and Incorrectly Classified
Instances), 3aranbpHa KinbkictTs npumipaukiB (Total Number of Instances);
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— mapameTp Kamma (Kappa statistic);

— CTaTUCTHYHI TapaMeTpu NOMHIKH kiacudikariii (Mean absolute
error, Root mean squared error, Relative absolute error, Root relative
squared error).

«Detailed Accuracy By Class» MicTUTh HacTyIHI MapameTpu
TOYHOCTI Kiacudikamii mo koxkaomy 3 kiacis: TP Rate, FP Rate, Precision,
Recall, F-Measure, ROC Area.

«Confusion Matrix» MiCTUTE MATPHUIIO TTOMHJIOK.

3aBaaHHs Ha J1abopaTOPHY PodOTY

1. JIns iHOUBIAyanbHOTO 3aBAaHHs (momaTok b) BupimmTe 3amady
KIacuQikariii 3a JOMOMOTOI0 BCiX PO3TJISHYTHX B JabopaTopHili poOoTi
aNTOPUTMIB.

2. 3MiHIOIOUM TMapaMeTpy HaNAlITyBaHHS aJrOPUTMIB, CIPOOYyiiTe
JOCSTTH HAWTIIIIOT SKOCTI HaBYaHHS KIachu(iKaTopiB.

3. [lopiBHsAliTe oOTpUMaHi MOJeNi 3a JOINOMOTOK  MOIYIS
Experimenter.

4. B 3BiTi HajaiiTe pe3yabTaTH POOOTH KOXKHOTO aJITOPUTMY, HOTO
HaJIAIITyBaHHA, a TAKOXK PE3YJIbTATH MOPIBHIHHS

KonTpoabHi nuTanus

1.V dgomy momnsrae 3amada kiacudikarii? HaBemiTe mpaxTHIHUN
TIPHUKIIA].

2. OnuIiTh OJIUH 13 PO3MJISHYTUX METOJIIB KilacH(iKarrii.

3. lllo Take HaB4YaHHA 3 yuuteneMm i Oe3 yumrensa? Jlo sikoro Tty
HAJIeKUThH 3a/1a4a Kiacudikarii?

4. 3amava kmacudikaiii € ormMcoBor ado MPOTrHO3YIYOH0 1 YOMY?

5. Hagimo noTpiOHi ABi BUOIpKX: HaBYalIbHA 1 TecTOBA?

6. SIki iCHYIOTB TiIXOH JUISI TTOAUTY BUX1THOT BUOIPKH HA HABYAIBHY
1 TeCTOBY?

7. SIk OIIHUTH SAKICTh IOOYI0BAHOT MOJIEII Kiaacupikariii?

8. Ilo Take marpuis nomunok? Sk ii iHTepnperyBatu?

9. 1o o3HauarOTh MapaMETpH YYTIMBICTb, CHEUU(IYHICTS,
TouHicTh? SIK X po3paxyBaTu?

10. Ilo Take mapamerp Kanma? I1{o Bin moka3sye?

11. o Take anami3 BTpaTtu-Burpami? Hagimo BiH?

12. SIk mopiBHITH poOOTY NBOX KiacupikaTopis?

13. o Take ancamO:i kiacudikaTopis i agantuBHui OycTiHr? s
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YOTO0 BOHH 3aCTOCOBYIOTHCS?
3mMict 3BiTY

1. Tema i MmeTa poboTH.

2. 3aBnaHHs 10 poOOTH.

3. Pe3ynbpTaTi BUKOHAHHS 3aBaHb.

4. BiamoBiai Ha KOHTPOJIbHI 3aITUTaHHS.

5. BucHoBkH, 10 BiZOOpaKyloTh pe3yabTaTH BUKOHAHHS POOOTH Ta
iX KpUTHYHHN aHATi3.
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JIABOPATOPHA POBOTA Ne 3
MPOTHO3YBAHHS, 3AJTAYA PET'PECIT

MeTta poGoTn

Ha npaktuni BUBUMTH poOOTY aNrOpWTMIB, IO BHPIIIYIOTH 3a1ady
perpecii, i HABYUTHUCS IHTEPIPETYBATH PE3YIbTATH iX POOOTH.

OcHoBHi TeopeTu4Hi BizoMocTi

VY po6oTi po3risnalThes Taki MeToau (y Oy’KKaxX HaBeJACHO Ha3BY B
WEKA):

— miniitaa perpecis (functions.LinearRegression );

— perpeciiiti aepesa i MozenbHi aepesa (trees.M5P);

— METOJ OMOPHUX BEKTOPiB, MOAM(DIKOBAHUNA [T BUPIIIICHHS 3a/1a4
perpecii (functions.SMOreg);

— wMeroj Haitonmmwkuux cycinis (lazy.1BKk).

Hapamempu Halauwimyeanns aﬂzopummie

Posrasuemo napamMeTpu HaJIalITYBaHHA BUKOPHUCTOBYBaHUX
anroputMiB y WEKA (ta6m. 3.1).

Tabnus 3.1 — [NapameTpn HasamITyBaHHS METOJIB
MeTton Iapamerpu

LinearRegressionattributeSelectionMethod — meTox Bi6opy arpubyTiB.
eliminateColinearAttributes — BukmOYHTH KOJiHEApH]
aTpuOyTH.

ridge — mrrpad 3a Benuki 3HaUCHHS KOS(ili€HTIB perpeci]
(perynspuzanist TuxoHoBa).

M5P buildRegressionTree —perpeciiiie a60 Mo/ie/IbHE IEPERO.
minNumInstances — MmiHiMaibHa KUTBKICTh TPHUMIPHHUKIB]
Y JIUCTI.

savelnstances — 30epiraTu NpPUMIPHHUKH y By3Jax s
Bizyaizariii.

unpruned — 6yayBaru gepeBo 6e3 BifcikaHHSI
useUnsmoothed — He3rnapkeHe MPOrHO3yBaHHSI.

SMOreg OCHOBHI apaMeTpy MOKHa 3HalUTH B Ta0u. 2.1.
regOptimizer — anropuT™ HaBYAHHS.
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Memoou oyinku akocmi npo2Ho3y6anHsA

Hageneni B apyriit po6oTi mapaMeTpu OinblI KOPUCHI AJISi OIHCY
3amad kiacudikamii HDK I 3aBHaHb perpecii. Jms 3amaui perpecii
MTOMMJIIKY TIPOTHO3YBAHHS HE IPOCTO MPHUCYTHI a00 BIICYTHI, a MAOTh Pi3HI
YHUCIIOBI 3HA4eHHi. [ OLIHKM YCHIITHOCTI YMCIOBHUX MPOTHO3IB MOXYTh
OyTH BUKOPUCTAaHI albTePHATUBHI MipH, JIesKi 3 SIKMX HaBEJCHO B TabI. 3.2.

Tabnuns 3.2 — Mipu OLIHKY SIKOCTI BUpilIEHHS 3a7a4i perpecii

ITapamerp Dopmy.ia JJId pacyera

CepenHiii KBajpar IIOMWJIKH] 2 2
—ay)" +..+(p, —a
(mean-squared error) (P —2) (Pn ~2)
n
CepeTHbOKBapaTUIHA TIOMUJIKA| 2 2
(root mean-squared error) \/(pl —a)" +..+(Pn —an)
n

CepenHs abcoOTHA TMOMIIIKA (Mmean- |p1 - a1| 4.+ | Py — an|
absolute error)

n

(py _al)2 +...+(pn _an)z
(8 —a)% +..+(a, — )2

BigHOCHHMI KBaJIpaT MTOMHIJIKH|
(relative-squared error)*

Root relative-squared error* 2 2
a (p1—a1)" +...+(pp —2ay)

(3 —3)°% +...+ (a, - 7)°

oo *
Relative-absolute error |I01 — a1| + ___+|pn — an|
lag —a]+..+[a, — 3]
i(oe@iluieHT . ) Kopessanii  Spa
correlation coefficient)** '
\VSpSa
— - 2 2
> (pi — P)aj — @) 2. (pi—P) Y. (ai-a)
Spa = , Sp=—"———,Sp ="
n-1 n-1 n-1

Ie Pi, P2, ---» Pn— IPOTHO30BaHI 3HAYECHHS IS I[ITLOBOTO aTpHOyTa
TECTOBOI BUOIPKH;

a,ay, ..., 8y — peaNIbHI 3HAYCHHS IIbOBOTO aTpulyTa;

a-— cepenne apudmerudne (¥ — HaBYAIBLHOT BUOIPKH, ** — T€CTOBOI).
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3aBpaHHA Ha J1aOopaTOPHY PodOTY

1. OOGepith B Tabmuui b.2 nBa HaOopu maHux. Bukonaiite mis HUX
HACTYITHI 3aBJIaHHS.

2. 3aBaHTaXTe JaHi Ta 3a HEOOXIJHOCTI BHUKOHANTE MOICPEIHIO
00pOoOKy TaHUX.

3. BupimiTe 3aauy perpecii 3a JOIOMOT00 HACTYITHUX METO/IB!

o Linear regression;
o SMOreg;
o M5P (model trees and regression trees) 3 HacTymHUMH
napaMeTpaMy HaJIAIITyBaHHS:
e build regression tree: True, unpruned: True,
useUnsmoothed: True;
e build regression tree: True, unpruned: False,
useUnsmoothed: True;
e build regression tree: False, unpruned: True,
useUnsmoothed: True;
e build regression tree: False, unpruned: False,
useUnsmoothed: True;
o KNN.

4. 3amumiiTe OTpUMaHi MOJENi 1 MOpiBHSHTE iXHIO e(peKTUBHICTH
(TouHICTH MepedaueHHs).

5. HaBenite pe3yibTaTd TMPOTHO3YBaHHS JUII 5  JOBUIBHUX
EK3eMILISIPIB.

6. Slki 3 arpuOyTiB € HaWOUIBII 3HAYYIIUMHU JJIs Tepea0adeHHs
3Ha4YeHb IIILOBOTO aTPUOYTY, CyIsT4H 3 MOOynoBaHuX Mozenei? Yomy? Sk
3MIHUTBCA TOYHICTH IIepen0aueHHs, SKII0 3alWIIATH JIWIIe 3HAYyIIi
aTpubytu?

KonTposabHi nuTaHHSA

1.V domy mossrae 3amada perpecii? Hapenith mnpakTHaHHN
MpUKIIaz?

2. Yum 3agaya perpecii cxoxka 1 4MM BiApi3HSETbCS BiJ 3anadi
knacugikarii?

3. llo Take HaBuaHHA 3 yuuTenem i Oe3 yumtens? o sikoro tumy
HaJIS)KUTh 3aBIaHHs perpecii?

4. 3aymaya perpecii € onucoBo0 ad0 MPOTHO3YOYO0 1 YoMYy?

5. OnuiIiTe OAWH 3 PO3MIIIHYTUX METOJIB, IO BUPIMIYIOThH 3aBIAaHHS



28

perpecii.
6. SIk OIIHUTH SIKICTh TOOYTOBAHOT MOJISII JUIsl 3aBJIaHHS perpecii?

3mMicT 3BiTY

1. Tema i meTa poGoTH.

2. 3aBnaHHs 10 poOOTH.

3. Pe3ynpTaTi BUKOHAHHS 3aB/IaHb.

4. BinmoBiji Ha KOHTPOJIBHI 3alIMTaHHS.

5. BucHoBkH, 10 BiZOOpaKyloTh pe3yabTaTH BUKOHAHHS POOOTH Ta
iX KpUTHIHUH aHaIi3.
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JJABOPATOPHA POBOTA Ne 4
3AJAYA KJACTEPU3AIIIL

MeTta poGoTn

Ha nmpaktuni BuBYMTH  poOOTY airopuTMiB — KiacTepu3allii,
HABUMTHCS IHTEPIPETYBATH pe3yJbTaTH iX poOOTH 1 BUOMpATH HaNKpalui
METO/I JITIS1 pO3B'SI3yBaHOI MPHUKIIATHOT 3a/1a4i.

OcHoBHIi TeopeTH4Hi BizoMocTi

Y naboparopHii poOOTI PO3TISINAIOTBECS HACTYNHI  METOAH
kiacTepu3anii (y Ay’kkax HaBeZieHO Ha3By HAa WEKA):

— mominsrounit Meton kiaactepusariii K-cepenuix (SimpleKMeans);

— iepapxiunuii Mmeton knactepusaiii (HierarchicalClusterer)

— imMoBipHicHUiT MeTo Kiactepu3auii EM (EM)

— iepapxiunuii Mmetos kinacrepusaiii COBWEB (COBWEB)

— MeTOJi 3aCHOBaHMH Ha IIIIBHOCTI pO3TallyBaHHS 0O0'€KTiB
DBSCAN (DBScan).

Hns momanHs BigctyTHIX MetoniB B WEKA HeoOXimHO BCTaHOBUTH
maket optics_dbScan.

Ilapamempu nanawimyeannsa anzopummie

PosrisiHeMo — mapaMeTpu — HanamTyBaHHS — BHKOPHUCTOBYBaHHUX
anroputMmiB kiacrepusarii B WEKA (ta6a. 4.1).

Tabnuus 4.1 — [NapameTpn HaJaITyBaHHS KJIACTEPH3aTOPIB

MeTton ITapameTpsl

SimpleKMeans (displayStdDevs — BimoOpaxaTi 3Ha4YeHHsI CTaHIAPTHOTO|
BiIXVJICHHS U1l YHCJIOBUX aTpUOYTIB 1 MiApaxyHKH s
HOMIHAJILHUX aTPUOYTIB.

distanceFunction — ¢pyHkuis BixcTaHi.
dontReplaceMissingValues — ne 3amiHIOBaTH IpoIymIeHi
BHAYEHHS CepeIHIM 3HAYCeHHsIM a00 MOJIOK0.

maxlterations — MakcuMMaibHa ~KUTBKICTH  iTeparlii]
QIITOPUTMY.

numClusters — KiIbKiCTh Ki1acTepis.
preservelnstancesOrder - 30epiratu MOPSTIOK|

MPUMipPHUKIB y BUOIpIIi.
seed — BUMAIKOBHUH CUJT JIJIsl paHI0Mi3allil BUOIPKH.
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IIponoskenus Taor. 4.1.

MeTton

ITapameTpsl

Hierarchical
Clusterer

distanceFunction — ¢yHKIis BifcTaHi.
distancelsBranchLength — y menmporpami BucoTa iHii,
o 3B'A3ye Kiactepd, Oyne TOKa3yBaTH BIJCTaHb MiXK
HIMHU.

linkType — Tum 3B'S3Ky IS PO3paxyHKY BiICTaHI Mix
BOMa KJIaCTEpaMHu.

numClusters — KiTbKICTh KJIacTEPiB.

printNewick — BuBoauTu kinacrepu B popmari Newick.

EM

displayModelInOldFormat — BHKOpHUCTOBYBAaTH CTapHij
(opmaTr mpencraBieHHs Mozaeni (y BHIAAKAaX BEIUKO]
K1JIBKOCTI KJIACTEPIB).

maxliterations — MakcumanbHa KiJIBKICTH  iTeparlii]
aIropuT™Ma.

minStdDev — wMiHiManbHe 3HAYCHHS CTaHIAPTHOTO
BIIXUJIECHHS.

numcClusters — kijbpKicTh KiacTepiB (BCTAHOBUTH 3HAYEHD|
-1 st aBTOMATHYIHOTO BHOOPY KiNBKOCTI KIaCTEPIB).

seed — BUMTAJKOBHUH Cij1 JUTS paHIoMi3allii BHOIPKH.

DBSCAN

database_Type — BukopucToByBaHa 6a3a JaHHX.

database_distanceType — dyHkitis BigcTaHi.

epsilon — paziyc noyky.

minPoints — wmiHiManbHa KiTbKICTh 00'€KTIB ycepeauHi
ajaiyca.

COBWEB

acuity — miHiMaibHe 3HAYEHHS CTAHIAPTHOTO BiIXHIICHHS
IUIs1 YUCIIOBUX aTPHOYTIB.

cutoff - BcTaHOBHTH MOpIr 70 SKOTO BIACIKATH BY3IH|
nepesa.

savelnstanceData — 30epertu  iHbopMmario  1po
MPUMiPHUKH JIJTsI Bi3yautizaliii.

seed — BUMAIKOBUH CiJT JUTs paHIOMi3allii BHOIPKH.

Inmepnpemauyis pesynomamie knracmepuszauii ¢ WEKA

PosrnsHemo pesynbratd  poOoTH  KiactepuszaropiB B WEKA
(Clusterer output).

Cexuist «Clustering model» BinoOpasxae moOynoBaHy MOIEIb.

Huns anroputmy SimpleKMeans 1151 cekiist Oyae MICTHTH KUTBKICTb
iTepariiii alropuT™My, 3arajJbHy KBaApaTUIHY IMOMHIIKY JUIS BCiX KJIacTepiB
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Ta IEHTpoimu MoOyJaoBaHMX KiacTepiB. B HIii Takox Oyae BKa3zaHO
3aCTOCOBaHUH BHUJ 0OPOOKH MOPOXKHIX 3HAYCHb aTPHOYTiB Y 00’ €KTIB.

Hns anroputmy EM Oyzne Bkasana KibKICTh KIIaCTEpiB, Ha AKi Oyi0
po30UTO nmaHi, KITBKICTh iTepaliii aNropuTMy Ta IEHTPOiau M00yI0BaHUX
KJIaCTEpiB.

Hnsa anroputmy COBWEB Oyne BkazaHa KinbKicTh 00’€JHaHB Ta
pO3AUTIB  NMaHWX, KUIBKICTh MOOYyMIOBAaHMX KJIAacTEepPiB Ta TEKCTOBE
MIpeJICTaBICHHS TO0YI0BaHO1 iepapxii.

Hnsa anroputmy DBSCAN 15 cexuisi Oyze MiCTHTH HaJallTyBaHHS
aNrOpUTMY, KIUIBKICTh MOOYMIOBAaHMUX KIIACTEpPiB, BiAHECEHHS KOXKHOTO 3
00’ €KTiB BUOIPKH O KOHKPETHOTO KIIACTEPY YU IO BUKHIIB.

Cekmis  «Model and evaluation» wictute iHpopMarito mpo
KUIBKICHUH PO3MOALT €K3eMIUIIPIB 1o Kiactepax. [lpu 1pomy Oyze
BKa3aHO, CKUTbKH 00’ekTiB Oynmo kiacrepu3oBano (Clustered Instances), a
CKIJIBKH He yBifinum B sxoeH 3 kiaactepiB (Unclustered instances).

Sxmo Oyno obpano ommiro «Classes to clusters evaluationy
(TmOpiBHSHHS TOMEPETHBOI 3aJlaHUX KIACIB 3 KIIACTepaMH), TO IS CEKIisd
TakoX Oyne MICTUTH pe3yidbTaTH OIlHKM SKOCTI Kiactepm3amii. byne
BKa3aHO, SIKUH 3 MoOyIOBaHMX KIIACTEPIiB BiJMOBiJae SKOMY Kiacy, Oyze
moOyIoOBaHO MATPHIF0 TIOMWJIOK Ta BKa3aHa KIUIBKICTH HEBIPHO
KJIACTEPU30BAHUX EK3EMILLIPIB.

3aBaanHd Ha J1abopaTOPHY PodOTY

Yacmuna A

1. BukonaiiTe HacCTymHi 3aBAaHHs i1 Habopy naHux ‘bank.arff’.

2. 3amyctith anroput™ Kiactepusanii SimpleKMeans, 3anatroun
3HaueHHs mapamertpa K (kinpkicTh kimactepiB) Big 1 g0 12 .

3. 3amumiTe B TaOJMIIO 3HAYEHHS CYM KBQJIPATUYHUX TIOMHIIOK,
ollepKyBaHuX NpH pisHuX 3HadeHHsIX K. Illo o3nauae et mapamerp i sk
3MiHIOIOTHCS] HOTO 3HAYEHHS?

4. Jns 3HaueHHss K=5 ykaxiThb:

O CKUJIBbKH KJ1acTepiB 0yJI0 CTBOPEHO;

O CKUIBKM TPHUMIPHHMKIB HOTPAalMIO B KOXEH 3 KIAcTepiB
(BKa3aTH KiJIBKICTB 1 BIJICOTOK);

O CKUJIbKH iTepalliii 3Ha100MI0Cs IJIs KilacTepu3allii JaHHX;

O CKJIAJiTh TAOJUIIIO 3 XapaKTEPUCTUKAMH LIEHTPOIIB.

5. Hns 3nauenHs K=5 Bisyauisyiite pe3ynbraT Kiactepusauii (1o
oci adcuuc BiIKIACTH Ha3By (HOMEp) KiacTepa, IO OCi OpauHAT - HOMEp
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MPUMIpPHHUKA B KJIACTEP1) Ta JAWTE OIIHKY OTPUMAHUM PE3yJIbTaTaM:

O

O

Y € 3HaYHA BiJIMIHHICTh y 3HAUCHHSIX aTpUOYTY «Bik» (age)
MIDXK KJIacTepamMu?

y SKUX KlacTepax IOMIHYIOTh XiHkK (female), a B skux
4onoBiku (male)?

10 MO’KHA CKa3aTH MPO 3HAYCHHS aTpuOyTa «perion» (region)
y KOJKHOMY KJ1actepi?

0 MOXKHA CKa3aTH MPO PO3KHI 3HAUCHb aTpPHOYTY «IOXim»
(income) mix knacrepamu?

y SKHUX KJIacTepax JOMIHyIOTh ciMelHi mronu (married), a B
SKUX X0JIOCTI (unmarried)?

y AKii KJacTep NOTPaniiIo HalO1IbIIe JII0AeiH 3 MalTHHAMU?

y SKAX KJacTepax IIepeBaKalOThb JIIOAW 3 OIIAJHUMH
paxyHKamH (savings accounts)?

10 MOXKHA CKa3aTu PO PO3KUA 3HAYECHBb aTPHOYTY «ITOTOUHHIMA
0aHKiBCBKHI paxyHOK» (current account) Mixk Kiactepamu?
III0 MOXKHA CKa3aTH MO PO3KUI 3HAYCHBb aTPHOYTY «iIOTEKa»
(mortgage holdings) mix xmacrepamu?

AKI KJIACTepH B OCHOBHOMY CKJIaJarOThCs 3 JIOJEH, sIKi
npunbanu PEP (ocoOuctuii mmaH KymiBii akmii), 1 gki 3
JOJIeH, K1 He mpuadamy Horo?

6. 3amycTiTh anroput™ Kiactepusanii EM Ta olliHITh pe3yJbTaTH.

Yacmuna b

7. BukoHnaiiTe HacTyIHI 3aBAaHHsI Ui HaOopy AaHux ‘iris.arft’

8. BamycriTe anroputMm kimactepusauii SimpleKMeans 3 K=3 Tta
OIIHITh SAKICTh KJIACTEpW3allii, MOPIBHIOIOYN KJIAcTePH 3 TOMEPETHBO
3aJJaHIMH KJIaCaMH:

O

O

3aMUIIITh 3HAUYEHHA CYMHU KBAJPAaTHYHHUX IMOMUIOK, KUIBKICTh
00'eKTiB B KJIacTepax Ta XapakTEPUCTUKU KOXKHOTO LEHTPOIY;
MpPOaHANII3yHTe SK CIIBBIIHOCATBCS KJIacTepH Ta 3HAYCHHS
[UIBOBOTO aTpUOYTY, CKUIBKH €K3eMIULpiB Oylo BiIHECEHO
JI0 «HEBIPHHUX» KIJIACTEPIB, SIKUM KJIac BUSBUBCS «CKIIaIHUM»
JUUIST BUIITICHHS,

Bi3yalli3yiiTe pe3yiabTaTH, BUKOPUCTOBYIOUHM Pi3HI aTpuOyTH
uid oci opauHaT (IpH Bizyasizalii eK3eMIULSIpH, HO3HaueHi
KBaJpaTaMu OyJU BiTHECEH] 10 «HEBIPHOTO» KIIACTEPY);
BM3HAYTe, Ha IO BIUIMBAE mapamerp «seed» 1 4oMy BiH €
BOXIUBUM MPH KiIacTepus3auii MeTrogoM k-cepeanix; mms
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BOTO TPOBEMITh EKCIIEPUMEHTH 3 PI3HHMH 3HaYCHHSIMU
napaMeTpy 1 MOPiBHSIIMTE OTPUMaHI Pe3yIbTaTH.

Yacmuna B. Iepapxiuna kniacmepuzayis
9. 3aBanTaxxte HaOip manux ‘flagdata.arff. Lleii ¢aiin npencrasse
aTpuOyTH TParopiB IEsIKUX €BPOMEHCHKUX KpaiH. BukoHaiiTe HacTymHi
3aBJlaHHI:
o 3anycrite anroputm COBWEB 3 mapamerpamu C=0,4 (0,35),
savelnstanceData = True, cluster mode = Use training set;
O BI3yali3ydTe OTpHUMaHy JEHApPOTpaMy Ta 3aluiliTh Ii,
BKaXIiTb, 5IKi KpaiHU MMOTPAITWIIN B KU KJIacTep,
O YKaXiTh, IO CHIBHOTO Y MIPANoOpiB, 0 OMWHUINACSA B OTHOMY
KIacTepi.
10.3aBantaxkre HaOip nanmx ‘zoo.arff” 1 BuKOHalTe HacTyIHI
3aBJaHHS:
o 00epiTh 3 BUOIPKM YaCTHHY TBapHWH Ha BIIACHUI pPO3CYX
(Hampukiam, ccaBIliB);
o 3amyctith anroput™ Hierarchical Clusterer (Tun TBapuHHU He
BHUKOPHCTOBYBAaTH B KJIaCTEpHW3allii, a Ha3By 3a JOIIOMOTOIO
GbineTpy neperBopuTH Ha psakoBuii Tun — NominalToString);
O IPOEKCHEPUMEHTYHTE 3 HaJAlITYyBaHHSAM QJIICOPUTMYy Ta
Bi3yai3ylTe pe3yibTaTi Horo poOoTH;
O OUIHITh, YH € JIOTIYHUI1 CEHC B CTBOPIOBAHUX KJIaCTEpax.

Yacmuna I'. Ancopumm DBScan

11.]Ins BUKOpHICTaHHS aJrOPUTMY IMUIBHICTHOT KJacTepu3anii
3reHepyiTe Habop manux 3a jpomomororo anroputmy BIRCHCluster. B
HaOOPi 3reHepyiiTe Takox ¢uiar Kiacy.

12.3a gomomororo HamamrtyBanb Meronmy DBScan mocsrHiTh
HalKpaIoi Kiactepusarii JTaHuX.

13.Knactepusyiite Habip AaHUX 32 JOMNOMOIOIO iHIIUX AJITOPUTMIB.
SKuii 3 anropuTMiB BHSBUBCS HaHOUIbII ePEeKTUBHIM?

KoHnTpoabHi nuTaHHs

1. ¥ vomy monsirae 3agada kiactepusanii? HaBenmiTe mpakTHUHHHA
puKIan?

2. lllo Take HaBuaHHs 3 yuuTeneMm i Oe3 yuurens? Jlo sikoro tumy
HAJISKUTH 3a]a4a KJIacTepu3awii?

3. 3ajmava kacTepu3allii € OnmMCOBOK a00 MPOrHO3YIYOIO i YoMy?
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4. YnM BU3HAYAETHCS «CXOXKICTH» O0'€KTIB INPH BHPIMICHHI 3amadi
KJIacTepu3allii?

5. lllo Take omHOpiBHEBA 1 i€papXidHA KIIaCTepU3aIis?

6. I1lo Take giTKa i HEWITKA KIacTepu3aris’?

7. SIki € migxoau 10 PO3paxyHKyY BifcTaHi MiXk KiacTepamu?

8. Ilo Take anromepariBHa 1 AiBi3iMHa i€papXidyHa KJlacTepu3aiis’?

9. OnumIiTh OMWH 3 PO3TIAHYTHX METO/IB, IO BUPIMITYIOTH 3aBIaHHS
KJIacTepu3artii?

10. fx omiHUTH SKiCTh TOOYMOBAaHOI MOJENI I 3aBIaHHS
KJIacTepu3artii?

3micT 3BiTY

1. Tema i meTa poGoTH.

2. 3aBnmaHHS 10 pOOOTH.

3. Pesynbrat BUKOHAHHS 3aBJIaHb.

4. BinmoBiai Ha KOHTPOJIbHI 3alIMTaHHS.

5. BucHOBKH, 10 BiIOOPaXXyIOTh pe3yNbTaTH BUKOHAHHS POOOTH Ta
iX KpUTHYHUHA aHaTi3.
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JIABOPATOPHA POBOTA Ne §
MHOIIYK ACOINIATUBHUX ITPABUJI

MeTta poGoTn

Ha mpaktumi BUBYMTH POOOTY alrOpUTMIB MOUIYKY acOLiaTHBHUX
MPaBWJI i HABYMTHUCS IHTEPIIPETYBATH PE3YIBTATH iX POOOTH.

OcHoBHi TeopeTu4Hi BizoMocTi

Y naGopatopHiii poOOTI pPO3IISANAIOTHECA JIBA METOAM IOIIYKY
acoITiaTUBHUX TTPABHII:

— anroputm Apriori;

— amroputm FPGrowth.

Ilapamempu nanauwimyeanns anzopummie

PosrasiHeMo  mapaMeTpu — HaJamITYBaHHS  BHKOPHUCTOBYBAaHHX
AITOPHUTMIB MOIIYKY acoriatuBHUX npasui B WEKA (tabm. 5.1).

Tabmus 5.1 — [TapameTpu HanamTyBaHHS aITOPUTMIB
MeTon ITapamerpu

Apriori car — moIryK KJIacoBUX (31 3HAYEHHSIM IIJILOBOTO aTpuOyTa B
MpaBiii yacTrHi) 200 3BUYAHUX aCOIIATUBHUX MIPABHIL.
classindex — inagekc miboBOro arpudyTa. SIKIIO BCTAHOBJIEHO
3HaveHHS -1, Oynie oOpaHuii OCTaHHIN aTpuOyT.

delta — iTepaTHBHO 3MEHIITYBAaTH 3HAYCHHSI OPOTY i ATPHUMKH|
Ha JaHe 3HaueHHs. 3MEHIIeHHs Oy/e BiOyBaTHCs 0 THX IIip,
[MOKHU HE OyJie JOCATHYTO MiHIMAJIbHE 3HAYCHHS IiITPUMKH YU
He OyJie 3reHepOBaHO 3a/1aHy KiTBKICTh TPaBHIL.
lowerBoundMinSupport — HIKHS Meska MOPOTry MiITPUMKH.
metricType — BCTAQHOBIIIOE THUII METPHKH, 3a SIKOKO OyIyTh
pamxysatucs npaBuwna  (Confidence, Lift, Leverage,
Conviction).

minMetric — miHiMaTbHEe TpPaHWYHE 3HAUCHHS JUIS OOpaHO]]
METPHKH.

numRules — KiTBKICTh PaBHIIL, SKi HEOOXIHO 3HANTH.
outputltemSets — uyu BuBoaMTH YacTi HabopH.
removeAllMissingCols — npubupati uu KoJIOHKH (aTpuOyTH)
B SIKMX BCl 3HAUEHHS BIJICYTHI.
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IIpomosxenHs Tadi.5.1.

MeTon Ilapamerpu
significanceLevel — piBerp 3Hauymocti (TUIBKH IS
ITOCTOBIPHOCTI).
upperBoundMinSupport — BepxHS MeXa MiHIMAIBHO]
i ITPUMKH. ITepaTUBHE 3MEHIICHHS MiATPUMKH MOYHHAETHCS]
B IIbOTO 3HAYCHHSI.

FPGrowth (delta — iTepatiBHO 3MeHIITyBaTH 3HAYCHHS TIOPOTY MiATPUMKH

Ha JaHe 3HaueHHs. 3MEHIIEeHHs Oy/e BigOyBaTHCA 1O TUX Iip,
MOKH He OyJe NOCATHYTO MiHIManbHe 3HauYeHHS MiATPUMKH Y1
He Oy/ie 3reHepoBaHo 3aJaHy KiTbKICTh MTPaBHIL.
findAlIRulesForSupportLevel — 3maiiTé BCi TpaBmia, sKi
3aJ0BOJIGHSIOTh HWXKHIH MEXi MIHIMAaIbHOTO 3HAYCHHS
MATPUMKA ~ Ta  MIHIMaTbHOMY  3HAUY€HHIO  METPHKH.
BkITrOueHHST IIbOTO PEXHUMY CKacye BUKOHAHHS iT€pPaTUBHOTO
SBMEHIIICHHS I ITPUMKH JIJIsl 3HAXOPKEHHS 33JJaHOT0 KUIBKOCTI
MpaBuIL

lowerBoundMinSupport - HIKHS MeXa TOpOry MiATPUMKH SIK|
MaCTKa KUTBKOCTI IPUMipHHUKIB.

maxNumberOfltems — makcuManbHa KiTBKICTh MPUMIPHHUKIB Y|
"acToMy HaOOpi; 3HaUeHHs -1 o3Ha4ae O6e3 0OMEeKEeHb.
metricType — BCTaHOBIIOE THI METPHUKH, 3a SIKOIO OyAyTh
[paHKyBaTHCS TPaBUIIA.

minMetric — MiHiMabHE TPaHHYHE 3HAYEHHS TSI METPHKH.
numRulesToFind — kijbKicTh MpaBuII, SIKi HEOOXITHO 3HANUTH.
positivelndex — BcraHOBIIOE iHAEKC OiHApHOrO aTPHOYTY,
KU OyJie po3risgaTics K MO3UTHBHUM.

rulesMustContain — BuBOIMTH TpaBMIIa, SIKi MICTSTH 3aj1aHi
00'eKTH (CITUCOK 00'€KTIB, PO3AIIEHINX KOMOIO).
transactionsMustContain  — s po0OTH  AITOPUTMY
BUKOPUCTOBYBAaTH TpaH3aKUii (MPUMIPHUKH), SKI MICTSThH
BagaHi 00'€KTH.

upperBoundMinSupport — BepxHS MeXa MiHIMAIBHO]
MiATPUMKH. ITepaTHBHE 3MEHIIEHHS MiATPUMKH ITOYUHAETHCS
3 LOTO 3HAYEHHS.

useORForMustContainList — - BHKOpPHUCTOBYBAaTH JIOT14HHUH
BB'SI3KY «abo» 3aMiCTh «i» i1 CHHUCKIB OOOB'SI3KOBHX|

€JIEMEHTIB y TpaH3aKIisX i mpaBujax.
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Inmepnpemauia pe3ynomamie ROULYKY ACOUIGMUBHUX NPAGUT 6
WEKA

Cexkirist «Associator model» mictuts iHdopMarito mpo mobdyaoBaHy
MOJIEIb.

Hns anroputmy Apriori cekuiss MICTHTh 3HA4YEHHS MiHIMalbHOI
MIITPUMKH, MiHIMaabHE 3HAYeHHS OOpaHOi METpPHKH  (3a3BHYAi
JIOCTOBIPHICTB), KITBKICTh HUKIIIB anroputMy. Jani po3ramoBani 3HaieH]
4acTi HA0OPH AaHUX Ta 3HAKJIEH] MpaBuIa.

Hnsa amroputmy FPGrowth Oyne Bka3zaHa 3araibHa KUTBKICTB
3HAMICHUX MIPABWII TA 33a/1aHa KUTbKICTh HAMITIMIINX 3 HUX.

[MpeacraBumo acomiaTUBHE NpaBwIo y BUTIsiai X => Y.

Jns xoxxkHOro 3 mpaBuil OynyTh BigoOpaskeHI Jesiki YMCIIOBi
mapaMeTpH: YHCIO Tepel CTPUIKOK BKa3ye KINBKICTh €K3eMIDISAPIB
BUOIpKH, U SKUX JiiBa yMOBHa vactuHa mnpasmia BipHa (Nx), a gucio
MICIIsl CTPLIKK BKA3y€e KUTBKICTh €K3eMIUISIPiB BUOIPKH, AJIS SIKUX BipHA JIiBa
i mpaBa yactunu npasuia (Nxyy).

[TinTpumka (support) mpaBuia TOPiBHIOE:

sup(X =Y)=N, /N

Hocrogipaicts (confidence) npaBmiia — 1€ BiJHOIICHHS ITiITPUMKH
BCHOT'0 TIpaBUJIa JI0 MiAITPUMKA JIiBOT YACTUHH TPaBUIIA!
sup(X =Y) N,
sup(X) N,

conf(X =Y)=

[Mapamerp Lift BU3HaUa€eThCS AUICHHSM JOCTOBIPHOCTI Ha MiATPUMKY
IIpaBOi YaCTUHU IIPABUIIA:

sup(X =Y)  conf(X =Y)

M= = S =suptr) ~ sup(r)

a mapametp Conviction JIOpiBHIOE:

1-su
conv(X =Y) = _Losuptr)
1-conf(X =Y)

[Mapamerp Leverage — 1ie BiIHOIIEHHS IOJIATKOBUX €K3EMIUIAPIB, MO
NOKPUBAIOTHCS MPABWIIOM, /10 OYiKYBaHMX B TOMY BHIIAJIKY, KOJH JiBa i
npaBa YaCTHHU MpaBuia Oyyn OU CTaTUCTUYHO HE3aJICKHUMH.
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Hampukian, nexait Mu maemo 1000 exzemimisipiB B BuOipIii (N), mpu
pOMY JiiBa yacTuHa npaBuia nokpusae 200 3 Hux (NX), mpaBa okpemo
mokpuBae 100 (NY) i Bce mpaBmimo mokpuBae 50 (NXUY). Yacrtka
eK3eMIUIIPIB, IO TOKPHBAIOTHECA TPABWIOM (IMATPUMKA) JOPIBHIOE
50/1000=0,05. KinbkicTh eK3eMIUISIpiB, AKi Oyiau O MOKPUTI MPaBHIOM Y
BUMAJAKYy, KOJH JiBa 1 TpaBa 4YacTUHA MNpaBWIA HE3aJCKHI, JOPIBHIOE
200 * 100 / 1000 = 20. [MTapameTp leverage mist bOTO MPHUKIALY TOPIBHIOE
50-20=30, mo B mnpomopiii Bix 3araabHOi BHOIPKH JJIOPIBHIOE
30/1000=0,03.

3aBaaHHd Ha JIabopaTOPHY PodOTY

Yacmuna A

1. BukonaiiTe HacTymIHi 3aBHaHHS A Habopy maHux ‘vote.arff’.

2. 3armycTiTh aTOPUTM IOIIYKY acOliaTUBHUX mpaBui APriori.

3. Slke 3HaveHHs U1 TOPOTY MIATPHUMKH OYJIO BHKOPHUCTaHO B
noOynoBaHiii Monmeni? Slke 3HAYEHHS U1 MOPOTY JOCTOBIPHOCTI OYyIIO
BUKOPHUCTaHO?

4. 3anumite 10 Halikpammx 3HAHIEHWX TPaBWUJ, BKAXKITh TSI HUX
3HAYCHHS MiJTPUMKHU Ta JOCTOBIPHOCTI.

5. lllo mo3HavaroTh YHWCla JiBOPYY 1 TMpaBOpyd BiJ CTPIIKHA B
3HalIEHUX acOLlaTUBHUX MPaBUIAX?

6. 3amycTiTh aITOPUTM MOLIYKY acomiaTuBHUX rpasuii FPGrowth.

7. TlopiBHANTE CIWUCKH JECSATH HAWKpaIIUX TPaBUI, OTPHUMAaHUX
nBoMa anroputMami. [1osICHITE BiMIHHICTE B pOOOTI IBOX aJITOPUTMIB.

8. 3amycTiTh anroput™M Apriori 3a7aBIid 3HAYeHHs car = true. Ski
acoliatuBHi npaBuia Oynu orpumani? 11{o 3HaX0aUThCS B MpaBili YaCTHHI
3HAWIEHUX acOIlaTUBHUX TIPABHII?

9. BupimiTe 3amady NONIyKY acOIliaTUBHUX MpPaBHI IS OJHOTO 3
HaOopiB manux ‘bank-data.csv’, ‘marketbasket.arff’, ‘FoodMart.arff’.
[IpoananizyiiTe Ta NOSICHITH 3HANAEHI paBUIA.

10.Axy nonepenHio 0OpoOKy HE0OXiJHO MPOBECTH 3 HAOOPOM JaHUX
‘anduin_data.arff’, 4TOOBI HMETh BO3MOXXHOCTH TIPHUMEHUTH K HEMY
anroput™  Apriori? mo0 MaTH MOXJIHBICTh 3aCTOCYBaTH IO HBOTO
anroput™M Apriori? 3actocyliTe HeoOXimHi (GimbTpH 1 BUPIWITH 3amady
MOIIYKY acOIiaTUBHUX IpaBuil. IlpoaHanmizyiiTe 3HaiijeHi acolliaTHBHI
npaBuIa.

Yacmuna b
11.CnpoOyiiTe Bigmykatd y BIIACHOMY iHIMBiAyaJbHOMY 3aBAaHHI
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HOBI T1a00HM (acOIaTHBHI MPaBHWiia) 3a ITOTMOMOIOI0 TBOX PO3TIISHYTHX
anropuTMiB. 3reHepyHTe TakoK MpaBWia, B NpaBiid 4acTUHI sSKHUX Oyxe
3HAXOJIUTHCS BaIll IITHOBUIA aTPHOYT.

KouTpoabhi mnuTaHus

1. YV yoMy monsirae 3aja4a MoIIyKy acoiaTuBHUX npasui? Hasexnite
MPaKTUIHUHN TPUKIIaz?

2. lllo Take yactuii HaOip?

3. lllo Take cuibHE acOIliaTUBHE MTPABUIIO?

4. 3 sKuX IBOX KPOKIB CKIIAAETHCS TOUTYK aCOIIaTUBHUX MTPABHII?

6. Y oMy mossirae npuHIAI Apriori?

7. Sk hopMyIOThCSI TIpaBUIIa 31 3HAWJCHUX YacTUX HAOOPiB?

8. Onumrite anroputM Apriori

9. o o3nauatoTh mapamerpu support, confidence, lift, conviction,
IO 3aCTOCOBYIOTBCSI B ITOPUTMI Apriori?

10. Onurite anroputm ECLAT.

11. Onmumrite anroput™ FPGrowth.

3micT 3BiTY

1. Tema i meTa poboTH.

2. 3aBnaHHs 10 poOOTH.

3. Pe3ynbpTaTi BUKOHAHHS 3aB/IaHb.

4. BinmoBimi Ha KOHTPOJIBHI 3alIUTaHHS.

5. BucHOBKH, 110 BiTOOpaXXyIOTh pe3yibTaTH BUKOHAHHA POOOTH Ta
X KpUTHYHHIN aHATI3.



40
HEPEJIIK IOCHJIAHb

1. bapcersa A.A. Texnomormm ananm3a maHHbIX: Data Mining,
Visual Mining, Text Mining, OLAP / A.A. bapcersn, M.C. KynpusiHos,
B.B. Crenanenko, U.1. Xomox. — CII6.: BXB-Ilerepoypr, 2007. — 384 c.

2. UyOykoBa U.A. Data Mining: yd4eOHoe mocoOme /
N.A. YyOGykoBa. — M.: UHTepHeT-yHHBEpCUTET WHPOPMALUOHHBIX
texnonoruii: BUHOM: JlabopaTopus 3Hanui, 2006. — 382 c.

3. Witten, I.H. Data mining: practical machine learning tools and
techniques.—3rd ed. / lan H. Witten, Frank Eibe, Mark A. Hall. — Morgan
Kaufmann Publishers, 2011. — 629 p.

4. HanJ. Data Mining: Concepts and Techniques (Second Edition)
/J. Han, M. Kamber — Morgan Kaufmann Publishers, 2006. — 800 p.

5. Weka 3: Data Mining Software in Java [Enexrponnuii pecypc]
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HonaTtok A
Intepeiic nporpamu WEKA

Posrnsaemo moxmuBocti GUI intepdeiicy nmporpamu WEKA.
I'onoBHe BikHO mMporpamu

OcnoBHe BikHO mporpamu — He Weka GUI Chooser (puc. A.l).
OmnuiiemMo OUTBII JIOKJIAJIHO TPH3HAYCHHS KEPYIOUUX EJIEMEHTIB JaHOTO
BiKHA.

] Weka GUI Chooser = B

Program Visualization Tools Help

,3“ Applications
'WEKA =~
o

The University Experimenter
of Waikato

KnowledgeFlow

Waiksto Environment for Knowledge Anslysis
Version 3.E0 Workbench
(<) 1555 - 2016

The University of Waikato

Hamitton, Mew Zealand Simple CLT

Pucynok A.l — I'onmosre BikHO iporpamu WEKA

OCHOBHE BIKHO TPOrpaMu HaAa€ JOCTYH JO YOTHPHbOX MOJYIIB
NpOrpamMu:

— Explorer — cepenosuiiie ajst JOCTIKEHHS JaHUX;

— Experimenter — cepenoBuiie Ui MPOBEACHHS MOPIBHLIBHOIO
aHaJi3y poOOTH PI3HUX AJITOPUTMIB IIpu 00pOOIIi HAOOPIB TaHUX;

— KnowledgeFlow — cepenoBuiiie, 10 MATPEUMYE TaKy K
(dynakionanpHicTh, K 1 Explorer, ame i3 3actocyBaHHsM rpadigHOTO
NPE/ICTABICHHS MOTOKIB TaHUX;

— Workbench — cepenosuiie, sike 00'e1Hy€ BCi TP HaBEAEH] BHIIE
CepeIoBUIIA B OJIHE 3 MOXKIIMBICTIO IIEPEMUKAHHS TTOJIAHHS,

— SimpleCLI - xomammuuii iHTepdeiic aas Oe3mocepeaTHbOTO
BUKOHaHHS koMaug WEKA.

T'onoBHE MeHIO POTrpaMu CKIATAETHCS 3 YOTUPHOX ITYHKTIB.

1. Program:

— LogWindow - BigkpuBae BIKHO JIOTiB, sike 30epirae BCIO
iHopMmaliito, BUBeACHY B moToku stdout ado stderr;

— Memory usage — BUKOpUCTaHHS MaM'sTi;

— Settings — nanamryBanHs iHTEpdEiicy;

— Exit — Buxin.
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2. Tools:

— Package manager — BCTaHOBJCHHS JOJATKOBHX TIAKETiB, IO
MICTSITh JIOIATKOBI aJITOPUTMHU, 3aCO0M Bi3yaiizallii TOIIo;

— ArffViewer — pemakrop arff-paiinis;

— SqlViewer — momynb neperisiay 6a3 qaHux;

— Bayes net editor — momynp aisi peraryBaHHs, Bizyamizaiii Ta
HaB4aHHA baiiecoBu mepex (Bayes nets).

3. Visualization — 3aco6wu Bizyamizarii nannx WEKA.

— Plot — Bino6paxenns 2D-rpadika Habopy naHuX;

— ROC - Bino6paxae panime 36epexeny ROC-kpusy;
TreeVisualizer — BimobGpaxkae crpsimoBani rpadu, TOOTO JAepeBa

pilieHs;

— GraphVisualizer — Bizyaunisye rpadiky s baiiecoBux mepex;

— BoundaryVisualizer — no3Bossie BizyanizyBaTu TpaHUIli PillICHb
KJacu(ikaTopiB y TBOX BHMipax.

4. Help — po3ain 10BinkoBo1 iHpOpMAIIii.

— Weka homepage — nomarns cropinka npoektry WEKA,;

— HOWTOs, code snippets, etc. — mpuKIagd, MO CTOCYIOTHCS
po3po0Oku Ta BukopuctanHsi WEKA;

— Weka on Sourceforge — cropinka mnpoekty WEKA Ha
Sourceforge.net;

— SystemInfo — 3HayeHHs JAEAKUX 3MIHHHX  CepeIOBHINA
Java/WEKA.

Moayas Explorer

Ile oCHOBHMII MOJyNb MPOTPAMH, SIKHH J03BOJISE 3aBAHTAKUTH 1
noriepelHb0  00poOuTH maHi (BKiamka Preprocess), BUPIINTH 3aady
kinacudikariii abo perpecii (Classify), kmacrepuzamii (Cluster), mormryky
acoriaTuBHUX mpaBui (Associate), Bimoopy arpudytis (Select Attributes) i
Bizyamizauii (Visualize).

Koxna 3amaya mMae CBOIO BKJIAAKy B 3arajJbHOMy BikHI. CHoyarky
JIOCTYIHA TUIbKH BKJaaKa Preprocess, oCKuIbKM ISl BUKOHAHHS 1HIIMX
3aBJIaHb MOTPIOHI JaHi. 3a3HAYUMO, IO MTOCIIiAOBHICTh BKIIAJ0K HE 3aBXKU
BIJINIOBi/Ia€ eTarnaM BUpilieHHs 3afadi. Hanmpuknan, micis 3aBaHTaXeHHS
JAHUX MOYKHA MEepeiTH 10 BiIOOPY aTpuOyTiB.

BHm3y KOXHOI BKJIAgKK BigoOpaxkaeTbcs psAAok crarycy. Kirik
MPaBOIO0 KHOIIKOK) MHIII HA PSIJIKY CTaTyCy BUIa€ KOHTEKCTHE MEHIO:

— Memory information — KiIbKiCTh TOCTYITHOT TaM'sITi;
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— Run garbage collector — samyck 36mpaua cmitTs Java, 110
ouutrae o0racTi mam'sTi, ki OibIIe HE BUKOPUCTOBYIOTHCS, TO3BOIISIOUN
3BUIBHUTH TIAM'ATh JJI1 HOBHX 3aBJIaHb.

Kuonka «LOG» no3BoJ1sie moGavnTH JIOT MOJIH 110 BiOYIIUCS 32 Yac
pobotn WEKA.

VY mpaBiii 4acTUHI CTAaTyCHOTO psjKa 300pakKeHa NTalika Yeka.
Slkio BoHA pyXaeThes, TO MporpaMa poOUTH OOYMCICHHS, SKIO CUIHMTH
HEPYXOMO, TO MPOTpaMa 3HaXOJUTHCS B pexkuMi odikyBanHA. [licist 3Hauka
«X» BimoOpaxaeThCs KITBKICTh 3aMyIIEHUX MPOIIECIB.

3aBanTaxkeHHs i monepenns od6podka nanux (Preprocess)

Crovatky Ha mepimiid BKiammi «Preprocess» Bropi BikHa aKTHBHI
YOTHPH KHOIIKH, SIKi JJO3BOJIAIOTEH 3aBaHTAXHUTH AaHi 3 ¢aiiay (Open file), 3
Bignanenoro mkepena (Open URL), 3 6a3su ganux (Open DB) a6o
3reHepyBaTH MojenbHi qani (Generate).

[Ticns 3aBanTaXeHHs (aily Ha TMaHeNi MoNepeIHbOT 0OpPOOKH JaHMX
3'IBIIIETHCS iH(pOpMalis Tpo naHi (puc. A.2).

o Weka Explorer = B
Preprocess | Classify | Cluster | Associate | Select attributes | Visualize | Parallel Coordinates Plot | Visualize 30 | Forecast
Open file... Open URL... Open DB... Generate... Undo Edit... Save...
Filter
Choose | None Apply
Current relation Selected attribute
Relation: iris Attributes: 5 Name: sepallength Type: Numeric
Instances: 150 Sum of weights: 150 Missing: 0 (0%) Distinct: 35 Unique: 9 (5%)
Attributes Statistic Value
Al None Invert Pattern Minimum 4.3
Maximurm 7.9
Mean 5.843
i ies StdDev 0.328
1 [l sepallength
2| Jsepalwidth
3|_|petallength
4| Jpetalwidth
=

class

Class: class (Mom) w | Visualize Al

il
Status

oK Log W x0

Pucynok A.2 — Bxiiajgka 3aBaHTa)kK@HHS Ta MMOTIEPEAHB0T 00pOOKH JaHUX
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Hatuckanns Ha kaonky «Edity mo3Boinse peparysatu BuxinHi gaHi y
TaOnuyHiit hopmi (3'ABISIETHCS BIKHO «ViEWery).

IManens «Current relation» mictute 3 3HaueHHS:

— Relation — na3Ba BimHomIeHHs (3amaui), sika Oyjga 3a3HAYeHA y
(haiimi (3acTocyBaHHS (PiTFTPiB MOXKE 3MIHIOBATH ITI0 HAa3BY);

— Instances — kifbKicTh ex3eMIUIIpiB (00’ €KTIB);

— Attributes — xinbpkicTh 03HaK (aTpUOYTIB).

Hwxk4e 3HaxomuTbes maHenb «Attributesy (arpuOytn um iHIIMMEU
CIIOBaMH O3HaKH 00’ €KTiB BHOipkM maHux). Ha Hilf 3HaxoAsTbCs 4OTHPHU
KHOTIKM 1 CIUCOK aTpuOyTiB. ATpHOYTH pO3TalioBaHi B TOMY TOPSAKY, B
SKOMY BOHHU BH3Ha4eHi B Qaiiii nanux. CUCOK MICTUTh TPH KOJIOHKH:

— No — "Homep, 1o ineHTH(DIKY€E aTPUOYT Ta BUKOPUCTOBYETHCS IS
BKa3iBKH Ha aTpuOyT B (inbTpax (attributelndex);

— Selection tick boxes - mos3Bomsie BuOpaTH aTpuUOyTH IS
MOJANBIIUX OTIepalliil (K MPaBwIIO IS BUJAIICHHS);

— Name — iM's aTpulOyTy, 110 BU3HAYEHO Y (il JaHuX.

ITpu BubGOPi omHOTO 3 aTpUOYTIB, HOTO 1M’ MIICBIYY€ETHCS B CIIHCKY
cuHiM KonbopoM. [Ipu npoMy 3MiHIOETBCS BMICT mpaBoi maneni «Selected
attributex:

— Name — iMm's aTpubyTy;

— Type — tun atpudyty, Hanpukiag, Nominal abo Numeric;

— Missing — KiIBKICTh 1 BiICOTOK MPHUMIPHUKIB, IS IKUX 3HAYCHHS
OTO aTPHOYTy BTpadeHO (HE BU3HAYECHO);

— Distinct — kizbKicTh pi3HUX 3HAYCHB ATPUOYTY;

— Unique — KiJbKicTh 1 BiZICOTOK NPUMIPHHUKIB, JJIsI SIKUX 3HAYCHHS
aTpuOyTy Ma€ yHiKajdbHE 3HaueHHs (TaKOro 3HA4YEeHHS HEMa€ Y JKOJIHOTO
IHIIIOTO €K3eMILISpA).

Hmxde 1iel cratuctuku BigoOpakaerbes —iHpoOpMaIis 1po
3HAUCHHSAX JAaHOro arpuOyta. Skmo arpubyr wmae tum nominal
(HomiHaBHUH 200 KaTeropialbHUM, 3HAYEHHS 3 TIEBHOT MHOYHHH), CITUCOK
MICTHTh yCi MOXJIMBI 3HAu€HHs aTpuOYTy 3 KUIBKICTIO iX MOsiBH. SIKIIO
aTpuOyT BIZIHOCUTBHCS A0 NUMENIC (YMCIIOBUIT), TO CIIMCOK HAJa€ HACTYIHY
CTaTUCTHYHY 1H(OpMAIIiF0: MiHIMYM, MAKCUMYM, MaTeMaTHYHE OYiKyBaHHS
1 CTaHIapPTHE BiAXWUJICHHS.

Hwxue npeacrasieHa Koab0poBa ricTorpaMa 3HaueHb aTpudyTy, sSKa
3aJIe)KHO BiJl aTpUOYTy, 00paHOrO B SIKOCTI I[1JIbOBOTO (1[0 BU3HAYAE KJIac),
MOKa3ye pO3MOJMIN 3HaYeHb aTrpuOyTy. MoKHA TIOJMBHUTHUCS TiCTOTpaMH
BCiX arpuOyTiB HaTHCKaHHAM KHomku «Visualize all».
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Bumie cimcky Beix aTpuOyTIB 3HAXOAATHCS KHOIIKH, IO JO3BOJISTIOTH
BUOMpaTH arpuOyTH (3a IOMOMOTOr 4YekOOkciB). OOpaHi TakMM YHWHOM
aTpuOyTH MOXKHA BHJIAITH KHOMKOIO «Removey.

Bxnagka momepenHroi 0OpOOKH MaHWX MO3BOJISE 3a JTOMIOMOTOIO
¢binpTpiB BiniOpaTH i TpancopMyBaTH NaHi B HeoOXigHUN Gopmart. 3miBa
Ha nmanenm «Filtery 3Haxoauthes kHomka BHOOPY (inbrpa «Choosey. [Ticis
BHOOpY (idbTpa 3 i€papXidHOTO CIUCKY WOTO Ha3Ba 3'IBUTHCA MPaBOPYH
Bix kHomku «Choose». Knamnysmu mo Hasei (iabTpa, BHKIHKAETHCS
JiaroroBe BIKHO HaNalITyBaHHS mapameTpiB ¢inmbTpa. Bel mons manoro
BIKHa MalOTh CIUIMBaKO4i migkasku. Take >k [iasorope  BIKHO
BUKOPHCTOBYETHCS TIPHU HAJAMITYBaHHI iHIMX 00'ekTiB mporpamun WEKA
(nampuknan, kiacugikaTopis). BHU3y BikHa HamamTyBaHb 3HAXOAATHCS 4
kHomku. [lepmi nBi, «Open..» Tta «Save..», I03BOJSIIOTH 30epertu
HaNamTyBaHHS o0O0'ekta I MaiOyTHROTO BUKOpHCTaHHSA. KHomka
«Cancel» no3Bonse noBepHyTHCS 0e3 30epekeHHs MPOBEeACHUX 3MiH. [1o
HaTUCKaHHIO KHOMKM «OK» 3MiHM 30epiraroThCs, 1 KOPUCTYyBad
noBepTaeThes B «Explorer windows.

[To HaTMckaHHIO Ha KHONKY «Apply» y mpaBiii yacTuHI maHem
«Filter» BinOyBaeTbcst inmbTparis (monepenHs oOpoOKa) BUXITHUX AaHHX
BiAMOBiAHO 10 oOpanoro anroputMy. Knomka «Undo» npusnauena st
CKacyBaHHs MPOBEACHUX HAJI JaHUMHU orepaliid. Bei 3MmiHi, 0 BHOCATHCS B
JlaHi B MpOTpami, BAKOHYIOTBCS B OTEPaTHBHINA MaM’sTi Ta HE BIUIMBAIOTh
Ha TIOYaTKOBUI Gaiin. (s 30epekeHHs] 3MiHEHUX JaHUX B HOBWH (haiini
NpU3HAaYeHa KHOIKA «Savey.

3eepnimb  ysacy, 1m0 Jgesaki QUIBTPU TiJ Yac CBO€EI poOOTH
NpUAMaroTh B SKOCTI MapaMeTpy aTpuOyT Kiacy, IO 3aJaeTbes 3a
JIOTIOMOTOF0  BHIIQJIAFOYOTO CIUCKY Haj Tictorpamoro. Tak, Hampukiai,
«supervised filters» Bumararots, 11106 Ki1ac OyB 3a1aHui, B TOH 4ac, KOJIU
«unsupervised attribute filters» ne npuiimaroTh TaHuUii TapaMeTp 10 yBar.

Kaacundikanis (Classify)

Braaka «Classify» nos3sonse Bupinrysaru 3amady Kinacudikarii st
3aBaHTa)XeHOro Habopy manux (puc. A.3). Bropi BKJIaAKH 3HAXOAUTHCS
nanens BUOopy kiacudikaropa «Classifiery, nanamryBanHs napameTpiB
SKOTO 1Mo/1i0Ha BUOOpy (BinbTpa mornepeHpoi 00poOKH JaHUX.

Ha manem «Test options» Bu3HAYAETBCS METOA TECTYBAHHS
HaBYEHOT'0 KinacudikaTopa:

— Ha HaBYaIbHIM BUOIpI (USe training set);

— Ha TecToBii BuOIipui 3 okpemoro aitmy (supplied test set);
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— 1o 6irokax (cross-validation);
— 32 JOMOMOTOIO BiJICOTKOBOTO PO3IOJITY MMOYATKOBOI BHOIPKH Ha
HaBYaHHA Ta KOHTPOJb (percentage split).

(] Weka Explorer

Preprocess | Classify | Cluster | Assodate | Select attributes | Wisualize

Classifier

Test options Classifier output

() Use training set Relation: weather. sywbolic s

(7 Supplied test set Instances: 14

Attributes: 5
(®) Cross-validation  Folds |10 outlook
O Percentage split TENPEYATUYE
= 7 humidicy
[ ore options. .. ] windy
play

(Nom) play % | | Teat node:10-fold cross-walidation
=== Classifier model (full training set) ===

Ias

Reesult list, {right-click For options)

outlook = sunmy

| humidity = high: no

| humidity = normal: yes

outlook = overcast: yes

outlook = rainy

| windy = TRUE: no

| windy = FALZE: wes "
< »

Status

. -

Pucynok A.3 — Bxianka pimeHHs 3ama4i kracudikarii

ITpu BubGopi «cross-validation» TpebGa BkaszaTH, Ha CKiJbKH OJIOKIB
(bonuis, ckmamox) poszdouBaru BuOiIpKy. Hampukmanm, sixkmo Bkazatu 10
(dounpais, To BuOipka Oynme posaisieHa Ha 10 piBHUX YacCTHH, MOTIM 9 YacTHH
Oyse BHUKOpHCTaHO JUisi HaB4YaHHS i | myis TectyBaHHs. [Ipouec Oyxe
noBropernii 10 pasziB, a pe3ynpTaTH ycepemHeHi. Leave-one-out — te
CrelialbHUI BUTAJIOK KPOC-TIEPEBIPKH, TIPU SKOMY KUIBKICTh (OB
JIOPIBHIOE KUTBKOCTI MPUMIPHUKIB y BHOIpIi. TakuM 4WHOM, KOXKEH pa3
TIJIBKH OJTUH MPHUMIPHUK BUCTYIIAE B IKOCTI TECTOBOT BUOIPKH.

Knormka «More options» mo3Boisic BUOpaTu BHJ 3BITY PO HABYAHHS
knacugikaropa. Po3risiHeMo mapaMeTpu, sSKi MOKHA 33]IaTH:

— Output model — BimoOpaxkeHHs TOOYIOBaHOI MOIEII;

— Output  per-class stats —  BigoOpaKeHHS  CTaTUCTUKHU
TOYHICTB/€(EKTHUBHICTh TA ICTUHA/HENpPaBAa AJIsl KOXKHOTO KJacy,

— Output entropy evaluation measures — BigoOpa)XeHHS OLIHKU
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SHTPOITIi Ha KPUTEPIAX;

— Output confusion matrix — BimoOpakeHHS MaTPUIll HETOYHOCTEH
nepeaoaueHHs Kiacudikaropa;

— Store predictions for visualization - mepenOadenHs
KiacudikaTopa 3TpyNoBaHI TakKMM YHHOM, 100 71X MoxkHa Oyio
MIPEJICTABUTH B TpadiqHOMY BUTIISII;

— Output predictions — BigoOpaxkeHHs TmepeAdaYeHHX 3HAYCHb
KJIACiB JIJISl TECTOBOI BUOIPKH;

— Output additional attributes — BUKOpPHCTOBYETBCS Y pa3i SKIIO
pazoM 3 TiepeA0aYCHMMM 3HAYCHHSMHU KIACIB  HEOOXIJHO BHBECTH
JOJTATKOB1 aTpuOyT 00’€KTiB (HAMpPUKIAA, SKIIO HeoOXigHo BuBecTH 1D
aTpuOyTy U BU3HAUCHHS HETPaBIIBLHO KIACU(IKOBaHUX 00'€KTIB);

— Cost-sensitive evaluation — nomuska kiacudikaiii BU3HAYa€ThCS
3 ypaxyBaHHsIM MaTpHIIi [[IHHOCTI;

— Random seed for xval/% Split — BusHauae Bunankoswuii cix (seed),
KU BUKOPUCTOBYETHCS TIPHU paHIOMi3aii (IepeTacyBaHHl) JaHUX TEpen
1X IIOI1JIOM;

— Preserve order for % Split — ckacoBye pammoMmizarliio JaHHX
nepes iX MoJIiIoM Ha HaBYaIbHY 1 TECTOBY BHOIpKY;

— Output source code — BuBiA MOOYIOBaHOT MOJENi y BHIJISI
BUXIIHOT'O KOJIy MOBOIO Java, SIKIIIO 1€ MOXKJIMBO.

Y WEKA knacu¢ikaTopu CIpOEKTOBaHI Ha IPOTHO3YBAHHS €JUHOTO
«KIacy», SIKUM € MiTbOBUM aTpuOyTOM B 3ajaui kiacudikamii. Jeski
kinacu(pikaTopy MOXYTh OyTH HaBueHi JUisl mepeadadeHHs KaTeropialbHUX
(nominal) xmaciB (kracughikayis), iHIII MOXKYTh OyTH HaBUEHI TUTBKH IS
nepea0aueHHs YUCIOBUX KIIaCiB (3adaua pezepecii), a € KIacu(pikaTopH, 110
BUPILIYIOTh OOW/BA THMHU 3a/a4. 3a 3aMOBUYBAHHSM Y SIKOCTI LiJTBOBOT'O
oOupaeTbcsl octaHHI aTpuOyT y crmcky. Ilpu HeEoOXigHOCTI WiNMbOBUIT
aTpuOyT MOXKHA 3MIHUTH Ha maHesi «Test optionsy.

[Iporniec HaB4YaHHS KiacudikaTopa MMOYMHAETHCS HATHCKAHHSIM Ha
kHOTKY «Starty. IMoku knacudikaTop 3aliHATHI HaBYAHHSM, MaJeHbKa
NTallKa B pAAKY CTaTycy pyxaerbes. [Ipoliec HaBYaHHS MOXKHA 3yIIMHUTH B
Oy;b-sIKUii MOMEHT HaTUCKaHHSM KHONKH «Stop». Konm mporiec HaByaHHs
3akiHueHud, mnpaBopy4d Ha maHenmi «Classifier outputy 3'sBiserscs
iHpopmaLiss 3 pe3yabTaTaMH HaBYaHHS 1 TECTyBaHHSA, a TaKOX
3alOBHIOEThCS MaHenb «Result list».

Tekcr na naneni «Classifier outputy mictuts iHdopMartito, po3ouTy
Ha JeKiTbKa cekiiil. PosrmsHemy koxkHy 3 HuX. Cekiis «Run informationy
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MICTHTh TIQpaMETPHU CXEMH HaBYaHHS, IM'S BIJHOIICHHS, EK3eMIISIPH,
aTpubyTtu i mapamerpu tecryBanns. Cekiis «Classifier model (full training
set)» MICTHTB TEKCTOBE IIPEACTABICHHS MOJEN Kiacupikariii, oTpuMaHoi B
xo/li HaBuaHHS. PesymbraTéi oOpaHOi crTparterii HaB4aHHA pPO30WTI Ha
HACTYIHI CEKIIii:

— Summary — cratuctu4Ha iH(opMalis, Mo MiABOAUTH MiACYMOK
TOYHOCTI Kiacuikawii 11t NepeBipoYHUX TPUMIPHHKIB,;

— Detailed Accuracy By Class — 6inbir getamsHa iH(GOpMAILS 110
KOKHOMY KJ1acy;

— Confusion Matrix — MaTpuis TOMHIOK MOETI, €IeMEHTH SKOT
MOKa3YIOTh KUIbKICTh TECTOBUX €K3EMIUISIPIB, UMM ICTHHHUM KJIac € PSAAKOM
1 unii mepeadavyeHuit Kiac € KOJIOHKOIO.

[Ticast HaBYaHHs IeKiTbKOX KiacupikaTopiB manenb «Result List»
MICTHTUME KilbKa 3amuciB. Kk JiBOIO KHONKOK MHUII Ha 3ammci
JIO3BOJISIE TIEPEMIIIIATHCS MK pe3ysibTaTaMu aHamizy. [IpaBe kiamanHs Ha
3aMUci BUKIIMKAa€ KOHTEKCTHE MEHIO HACTYITHOTO 3MICTY:

— View in main window — mokasatu pe3y/ibTaTd B TOJOBHOMY BiKHi
(piBHOIIIHHO KJIIKY JIIBOFO KHOITKOIO MWUIIIi);

— View in separate window — BigkpuBae He3aJeKHE BIKHO 3
pe3ynbTaTamu;

— Save result buffer — BuBoaMTL miagOroBe BIKHO, IO JO3BOJISE
30eperTH pe3ybTaTH B TEKCTOBOMY (haii;

— Load model — 3aBaHTaxkye momepeHbO HABYCHY MOJETb 3
OinapHoro (ariny;

— Save model — 36epirac HaBYeHy Mojenb B OiHapHHE ¢ailn y
BUIISA/II Cepiai3ipoBaHOro java 00'exra,;

— Re-evaluate model on current test set — tecrye edexTHBHICTH
HaBUYEHOI MO/ielli Ha HAOOpi JaHUX, 3aBAHTAKCHOMY 32 JIOTIOMOT OO0 ITYHKTY
«Set» na manesni «Test optiony;

— Visualize classifier errors — BuBomuTH BiKHO 3 TpadikoM, IO
Bisyallizye pe3ynbTaTd Kiacuikauii: BIpHO KIACH(IKOBaHI MPHUMipHUKU
MO3HAYAIOTHCS] XPECTHKAMH, & HEBIPHO KJIACHU(IKOBaHI — KBaIpaTHKaMU;

— Visualize tree / graph — wnamae rpadiuHe mpenCTaBIEHHS
CTPYKTYpH Kiacu(iKamiifHOT MO, SKIIO TaKe MOXJIHMBO (HAIPHUKIA],
JUISL I€pEeB PILLCHb);

— Visualize margin curve — remepye rpadik, SKHH ITHOCTPYE
rpaHulli nepeadaueHHs;

— Visualize threshold curve — renepye rpadik, skuii iI0CTpye pisHy
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e(heKTUBHICTH TIepeI0aYCHHS, OTPUMAaHy IIITXOM BapitOBaHHS ITOPOT'OBOTO
3HAYEHHS MapaMeTpa Kiacupikaii;

— Visualize cost curve — renepye rpadik, sIKuii 1a€ sIBHE YSIBICHHS
PO OYiKyBaHi BUTPATH.

Omnii HeaKTHBHI, SKIIO BOHH 3apa3 HE MOXKYTh OYTH 3aCTOCOBaHi.
Kaacrepusauist (Cluster)

Brknamka «Clustery wmicTuTh CcxeMy HaBYaHHS KiacTepizaTopiB
(puc. A.4). Bubip ¢yHkuii knacrepu3ailii Ta HajlamTyBaHHs 11 mapameTpiB
BiOyBalOTBCS TaKUM >K€ YUHOM, SIK 1 JUIS PO3TISHYTOI BHIIE 3ajadi
KIacuQikarii.

) Weka Explorer

Freprocess | Classify | Clustet | Associate | Select attributes | Visualize
Clusterer
[ choose JEM-1100-h-1 -1 1,066 -5 100
Cluster mode Clusterer oukput
() Use training set windy L
(0 Supplied test set TRIE ?
FALSE
() Percentage split [total] 16
(%) Classes to clusters evaluation play
yes 10
i I
(o) play v no p
Store clusters Far visualization [total] 16
[ Ignore attributes ]
Time taken to build model (full training data) @ 0.33 seconds
=== Model and evaluation on training set ===
Result list (right-click For options)
H48:04:20 - EM Clustered Instances
[t} 14 (100%)
Log likelihood: -4.20178
v
< *
Skatus
: -

Pucynok A.4 — Bknazika pileHHs 3a/1a4i KjlacTepu3arii

[Manens «Cluster mode» BHKOPUCTOBYETbCS IJISi TOTO, IOO
BU3HAYMTH, 110 KJIACTEPU3YBATH i SK OLIHIOBATH pe3yibraTh. [lepmi Tpu
omIii Taki K, AK 1 s 3amadi kmacuikamii: Use training set, Supplied test
set u Percentage split (mpu 1BOMY [aHI BHKOPHCTOBYIOTHCS IS
BiJHECEHHS /A0 KJacTepy, a He Uil IependaueHHs IIEBHOTO KJiacy).
Yersepruit meron «Classes to clusters evaluation» ortiHioe HacKiTBKH
no0pe OyB 0OpaHUi KilacTep, MOPIBHIOKOYM HOI0 3 MOMNEPEAHBO 33aHUM
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KJIacoM B faHuX. JlomaTkoBa OIIfis y BUIIIsAAi dekOokca «Store clusters for
visualization» Bu3Hauae, Yn MOXKIMBO Oyje Bi3yami3yBaTH KJIACTEpH IO
3aKiHYeHHI HaB4YaHHA. [lpm BHpIIEHHI 3aBHaHb 3 MyX€ BEITUKUMHU
o0csramMul TaHUX CIi/ BIAKITIOYUTH JIaHy OMIO, 00 YHUKHYTH MPOOIIEM 3
Hecrauero mam'sti. Knomka «lgnoring Attributes» mo3Bossie BU3HAUUTH, SIKi
aTpuOyTH CIijl IrHOPYBATH MPH MPOBEACHHI KilacTepu3allii.

Bxnagka Kimacrepuzamii Takox sk 1 BKIaaka kiacudikarlii MiCTHTh
KHOTIKH «Start/Stopy, manenb pe3ynbTatiB i cEcoK pe3yabraTis. Kirananns
NPaBOI0 KHOMKOIO MHIII Ha 3alKCy y CIHCKY PE3YIbTaTiB Ja€ KOHTEKCTHE
MEHIO 3 JIBOMa ONIisIMH Bisyamizamii: Visualize cluster assignments u
Visualize tree.

AcouiaTuBHi npaBua (Associate)

Brkiamka «Associate» MICTUTh CXeMy HaBYaHHS acOMiaTHBHHX
npaBua  (puc. A.5). AJropuTMH TONIYKY  acOLIaTHMBHUX  MpPaBHJI
00MParOThCsI, HAAIITOBYIOTHCS 1| BAKOHYIOTBCSI TaK, SIK OIIMUCAHO BHUIIIE.

eka Explorer

Preprocess || Classify | Cluster | Associate | Select attributes | Wisualize
Associator
Aprinri—N 10-T0-C0.9-D0.05U1.0-M0.1-5-1.0-c-1
Assodiator output
R R . -~
Result list (right-click for Size of set of large itemsets L{l): 12
Size of set of large itemsets Li(Z): 47
Gize of set of large itemsets L(3): 39
Size of set of large itemsets Lidj: 6
Best rules found:
1. outlook=owercast 4 ==> play=yes 4 conf:(l)
2. temperature=cool 4 ==> humidity=normal 4 conf: (1)
3. hunidity=normal windy=FALSE 4 ==> play=yes 4 conf: (1)
4. outlook=sunny play=no 3 ==> humidity=high 3 conf:(l)
5. oatlook=sunny humidity=high 3 ==> play=no 3 conf: (1)
6. outlook=rainy play=yes 3 == windy=FALSE 3 conf:(l)
7. oatlook=rainy windy=FALSE 3 == play=yes 3 conf:(l)
8. temperature=cool play=yes 3 ==> humidity=normal 3 conf: (1)
9. outlook=sunny temperature=hot 2 ==* humidity=high 2 conf: (1}
10. temperature=hot play=no 2 ==> outlook=sunny 2 conf: (1)
w
< >
Status
: pg

Pucynok A.5 — Bknazgka Al MOImyKy acoliaTUBHUX MPABUI
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Bino6ip aTpudyris (Selecting attributes)

Binbip arpubyTiB BkItouae mepebip BCIX MOXIHMBHHA KOMOIHAIiH
aTpuOyTiB AaHUX [Js1 TOUIYKY WiIAMHOXHHU aTpuOyTiB, IO Jar0Th
Halikpamuil pe3ynbrat nepeadadenss (puc. A.6). i 1poro moBuHHI OyTH
HaJamTOBaHI JBa OO'€KTH: OIHIOBaY aTpHOyTiB 1 METOJ TOIIYKY.
OuinroBau (Atribute Evaluator) BusHauae sikuii METO/ BUKOPHCTOBYETHCS
JUTSL TIPU3HAYCHHS 3HAYYIIOCTI KOXKHOI IiIMHOXKUHHM aTpuOyTiB, a METO]
nomryky (Search Method) Busnauae cTiITb MOMIYKY ITi IMHOKHH.

@‘ Weka Explorer

Preprocess | Classify | Cluster | Assoriate | Select attributes | visualize

Attribute Evaluator
CfsSubsetEval

Search Method

BestFirst -0 115

Attribute Selection Mods Attribute selection oukpuk

(®) Use full training set
=== Attribute Selection on all input data ===

() Cross-validation
Search Method:
Best firsr.
dtart set: no attributes

(Mom)  play ~
Hearch direction: forward

Stale search after § node expansions
Total nuwber of subsets evaluated: 11

Result list {right-click For options) Merit of best subset Found: 0.247

Attribute 3ubset Evaluator (supervised, Class (nominal): 5 play):
CF3 Subset Evaluator
Including locally predictive actributes
aelected attributes: 1,3 @ 2
outlook

buamidity

-

Status
. oy

PucyHnok A.6 — Bkrnaka BupilieHHs 3aj1a4i Biioopy aTpuOyTiB

IManens «Attribute Selection Modey» mae nBa napameTpu:

— Use full training set — 3HayMMicTh MiAMHOXWHH aTPUOYTIB
BU3HAYAETHCS JUIS IOBHOTO HA0OPY HABYAJIBHUX JIAHUX;

— Cross-validation (koB3HMIT KOHTpOJb, KpOC-TIepeBipKa) —
3HAYUMICTh MiIMHOKMHU aTpUOYTiB BU3HAYAETHCS 3a JIOMIOMOTOI0 KpOC-
nepepipku. IToxss Fold i Seed BusnauaroTh KinbkicTh OnokiB (folds) i
BUIAAKOBHI cuJ (Seed), BUKOPHCTOBYBAaHHH IPH TIepETacyBaHHS JaHHX.

Hwxue 3HaXOIUTBCA CIMCOK, SIKMH 3a/1a€ LUIBOBUNA aTpUOYT, SIKUHA
Oy/le BUKOPHCTOBYBATHCS B SIKOCTI KJ1acy.
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ITo HaTHCKaHHIO HA KHOIKY «Start» 3amyckaerbcs mporec Biabopy
arpubytiB. Konu mporiec 3aKiHYeHO, pe3ysbTaTH BHUBOAATHCS HA MAaHEIb
pesynbTatiB  «Attribute selection output» Ta momarOTHCS O CIHCKY
pesyibrariB. HaTuckaHHs mpaBoi KHONKM MHINI Ha Pe3yJbTaTH BHIAE
KOHTeKcTHE MeHIo. [lepii Tpu myHkTH 1boro Mento (View in main window,
View in separate window Ta Save result buffer) Taki x six i s BrIaaky
knacudikamii. Jomatkosumu € Visualize reduced data, a6o skmo OyB
obpannit meTox Principal-Components, To Visualize transformed data.

Bizyadizamis (Visualizing)

Bxmanmka Bizyamizamii T0O3BOJISIE TIPENCTAaBUTH BUXINHI JaHI B
rpadiunomy Burisiai (puc. A.7). Ha Hiit BigoOpaxaeTbcs Tiarpama po3KuLy
JAHUX I BCIX aTpuOYTIB 3 KOIBOPOBUM KOJYBaHHAM 3TiTHO OOpaHOTO
kiacy. Po3Mipu KoxHOi 3 miarpaM MOXYTb OyTH 3MiHEHi, MOXYTh OyTH
3MiHEHi po3Mipu TOUOK. Y JaHi MOKHA JojaTH 1yM (jitter) mwis BusiBIeHHs
cnabkux Touok. KoxeH rpadik Takox MOXKHa BIIKPUTH B OKpPEMOMY BiKHi
HATHUCKAaHHAM Ha HBOTO. /I 3aCTOCYBaHHS BHECEHUX 3MIiH Ta OHOBIICHHS
iHdopmMartii Ha rpadikax HeoOXiaHO HATHCHYTH KHOIIKY «Updatey.

#) Weka Explorer,

Preprocess | Classify | Cluster | Assodate || Select attributes | Visualize

Plot Matrix outlook temperature humidity windy play

play

windy

PlotSize: [120] j
Paintsize: [4] j T
Jitter: j Select Attributes

P
[colaur: play (rom) ¥ SubSample % :

Class Colour
Fes no

Status
Ok Log w x0

Pucynok A.7 — Briiagka Bizyauizamii BUXiJHHX JaHUX



53

Ha koxxHOMYy rpadiky MOKHA BUOpATH OKPEMIi TOYKH 3a JOIMOMOIOI0
BHTIaar040ro crucky «Select Instancey i 36epertu ix B okpemuii daii.

Monayas Experimenter

Ie#i Moy JO3BOJISIE MPOBOAUTH SKCIICPUMEHTH: 3aITyCKaTH KiJlbKa
ITOPUTMIB Ha JICKIJIBKOX 3a/1a4aX i OTPUMYBATH 3BSJICHUH 3BIT.

Ha Brmammi «Setup» (puc. A.8) croyatky akTHBHI JBI KHOIKH:
«Openy (Bimkputu Qaiin excnepuMmeHTy) i «Newy» (CTBOPUTH HOBHIA
EKCIICPUMEHT), a TaKOX JBI OMINi CIUCKYy NapaMeTpiB EKCIICPUMEHTY:
«Simplex» (mpoctuit), «Advancedy (ckmamnuii).

(#) Weka Experiment Environment

Setup ‘Run Analyse

Experiment Configuration Mode: (®) Simple () Advanced

[ OpEn... ] [ Save, ., ] [ Mew ]

Results Destination

|ARFF file ~ | Filename: |C:\Dﬂcuments and SettingsiadminiPatoqni cTonlresults, arff ‘ [ Browse. .. ]

Experiment Type Ikeration Cantral

MNumber of repetitions: |10 |

Train percentage: |66.0 @ Data sets first

(@ Classification () Regression () Algorithms First
Datasets Algarithms

[ Use relative paths

ZeroR

(C:hProgram FilesiWeka-3-6\dat aliris, arff ek - 6
J43-C025-M2

Motes I

Pucynok A.8 — YcraHoBka mapameTpiB eKCIIEPUMEHTY

CrBOpUMO HOBHUI eKcriepUMeHT. [Ipy HaTUCKaHHI Ha KHOTIKY «Newy
aKTHBYIOThCA Bel omuii. Ha maneni «Result Destination» HeoOxinHO oOpatn
¢daiin mus 3amucy 3BiTY. 3a 3aMoBUyBaHHSIM (aill pe3ynbTaTiB Mae
po3mupenHs arff, ToMy He 3aTpiTh (ainu BUXiTHUX JTaHHX.

Ha nanemni «Experiment Type» o0Upa€eThest THUIT €KCTIEPUMEHTY:

— Cross-validation (default) — mpoBoauTi Bepudikaiito MeTOIOM
KOHTPOJIIO 1O OJIOKaX;
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— Train/Test Percentage Split (data randomized) — BimcorkoBmit
MOAUI BUOIPKM Ha KOHTPOJIh Ta HABYAHHS 3 BHUITAJKOBHM ITOPSIIKOM
MPOXOJKEHHS MPUMipHHKIB;

— Train/Test Percentage Split (order preserved) — BimcorkoBmit
nmoin BUOIPKK i3 30epekeHHSIM TOPSIKY (HAMPHUKIAT, KOJIH B OJHOMY
(haifiti 30epiraeTscs i HaBYAIbHA 1 TECTOBA BHOIpKa).

Ha maneni «lteration Control» o0upaerbcss umcno itepamiit
(moBTOpeHs ekcnepumeHTiB). [lpu moBTOpeHHSX BiAOyBalOTHCS HOBI
po30UTTS BHUOIPKM HA HABYaHHA 1 KOHTPOJb. TakoX TYT BKa3yeThCS
MOPSIOK MPOBEACHHS EKCIIEPUMEHTY IepeOrpaTH CIOYaTKy Bci 3a7adi abo
Bci anroputmu. Ha manenm «Datasets» moxHa oOpatu Habopu JaHMX, Ha
naneni  «Algorithms» — amroputvMu (mapameTpu iX BHOHPAOTHCS
AHAJIOTIYHO TOMY, SIK 11e poOHIOCs B Moy «Explorery).

Ha Bxmamii «Runy mpucyTHs e€nuHa kHOmKa «Starty, mo 3amyckae
EKCIIEpUMEHT Ha BUKOHAHHS.

Brkuamka «Analyze» (puc. A.9) m03BoJIsle aHAi3yBaTH pe3yJIbTaTH
exkcnepuMeHTiB. Ha manemi «Source» oOupaerbes, SIKUM EKCIIEPUMEHT
aHaJi3yBaTH (TUTBKHU 10 MPOBEICHHI Y1 3aIUCAHUN y (aiiii).

(#) Weka Experiment Environment

Setup | Run | Analyse

Source

Got 30resulks [ File,.. ][ Database.., ][ Experiment ]
Canfigure kest Test output
Testing with | Paired T-Tester {correc.,, s Tester: weka. experimnent. PairedCorrectedTTester
Analysing: Percent_correct
Resultsets: 3
Column Confidence: 0.05 (two tailed]
Sorted by: -
Comparison figld | Percent_correct ~ Date: 24.09,12 20:20
Significance |0.05
Sorting (asc.) by | <default v Dataset {1} rules.Ze | (Z) rules (3] trees
Test base iris [10)  33.33 | 94.3l v 94.90 v
Displayed Columns /T L) (LA0s0)

Show std. devistions [
Eev:

Cutput Format (1) rules.ZeroR '' 48055541465867954
{2) rules.OneR '-B &' -2459427002147851445
[ Ferform oot ;|[ Save output ] {3) trees.J46 '-C 0.25 -M 2' -217733168393644444

Result list

20:20:41 - Awailable resultsets
21 ct - 1

rect

Pucynok A.9 — OriHka pe3yJbTariB eKCIIEPUMEHTY
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Ha mameni «Configure test» BusHaua€ThCs BHA CTATUCTHKH IS
a”amizy. Knomka «Rowy» no3Bosnsie BUOpaTH JaHi, o OyAyTh 3amucaHi 1o
psAAKax BUBEACHO! MaTpHIll (I TPUKIAAy BHOEpPEeMO 3 BHUIAJAa0U0rO
ciiucky Dataset), a kaomka «Columny — mio Oye 3amiucaHo 3a CTOBIISIMA
(Bubepemo Scheme). V moni «Comparison field» BuOupaerscst Tun nanux,
skuMu Oyne 3amoBHeHa TaOimns (BuOip Percent_correct 3abesmeuye
3aIMmoOBHEHHS BiCOTKaMu BipHOI1 kiacuikarii). [lopiBHSIHHS pe3yibTaTiB
poOOTH aNTOPUTMIB BUKOHYETHCS 3a AOMOMOTOr0 Kpurepito CTeroaenTa (t-
test, Student's tt est). s renepauii 3BiTy HaTHCHiITH KHOUKY «Perform
test».

Ha puc. A.9. nokazana cratuctuka poOOTH TPHOX aJNTOPUTMIB Ha
3aja4i «iris». Y KOJIOHKax CTaTUCTHKHM BKa3aHi MeToau Kiacuikariii, a B
psnkax — HaOopu nanux (3amadi). 3HadeHHs «(10)» Ha MOYATKy pAIKA, IO
BIANOBia€ HA0OpPY [HaHUX «iriS», BU3HAYA€ KIJTBKICTh 3aIyCKiB
ekcriepuMeHTy (iTepalliii, HaBuaHHS 1 TecTyBaHHs). [1i1 yac eKCIIEpUMEHTIB
BUOIpKa po30uBaacs y CIiBBiTHOIICHHI 66% MPUMIPHUKIB JIsI HABYaHHS 1
34% — st TecTyBaHHS.

BincoTok BipHO Kimacu(ikoBaHWX MPHUMIPHHUKIB IS TPHOX METOJIB
MOKa3aHu# y psIKYy, 110 BiAMOBinae Habopy nanux iris: 33,33% mns ZeroR,
94,31% nmnsa OneR 1 94,90% nns J48. BigMiTka «v» ab0 «*» o3Hayae, 110
JAHUH pe3yNbTaT CTATUCTUYHO Kpame (v) abo ripme (*), HX anroputM
obpanuit B sikocTi Gasosoro (baseline scheme, B maHoMmy BHMaaKy Iie
ZeroR) mpu 3a3HadeHoMy piBHI 3Hadymiocti (Significance, B manomy
Bunanaky 0,05). Pesympratn nsox amroputmiB OneR i1 J48 cratmctiuHO
Kpaile, HiXk pe3ylbTatu 0a30BOro anroputmy ZeroR.

BHM3Y KOXHOI KOJIOHKHM 3HaXOJMUThCS 3HauUeHHS (XX / yy / zz), sike
MOKa3y€e KUTBKICTh Pa3iB (32 KIIBKICTIO PAAKIB) Y SKHX PE3yIbTaTH pOOOTH
ANTOPUTMY, IO 3HAXOAWTHCS Y Ha3Bi CTOBMIA, Oymu Kpamie (XX), Taki K
(yy) abo ripiie (zz), HiXX pe3ysibTaTH 0a30BOr0 ajiropuTMy Ha Habopax
JaHHX, 110 BUKOPHUCTOBYBAJIMCS B €KCIIEPUMEHTI.

VY nanomy mpukiaai OyB TinbKH oauH Habip naHux i OneR onuH pa3
OyB kpaie HiX ZeroR i Hikonm ripmie abo ekBiBasieHTHUH Homy (1/0/0);
J48 Takox onuH pa3 OyB kpamum, Hix ZeroR.

Bubupatoun «Number correct» B SIKOCTi 3HaY€HHs AJIS1 TOPIBHSHHA
(comparison field), B craTHCTUIII OTPUMYEMO CEpPEAHIO KiIBKICTH BIpHO
PO3II3HAHUX TMPHUMIPHHUKIB JJs TecToBoi BHOipkm (3 50 TecToBUX
NPUMIpHUKIB, 0 € 33% Bix 3aranpHOI KiIbKOCTI B 150 ex3eMmsapiB is
Ha0Opy AaHUX «irisy).

bazoBuii ajaroput™ s TOPIBHSHHS MOXXe OyTH 3MiHEHHH 3a
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JIOTIOMOTOF0 KHOTIKU «Test basey.
BubpaBmm omnmito «Summary» B SKOCTI 0a3u Uil TOPIBHAHHS,
OTPUMAEMO HACTYTIHY iH(pOpMAIIifO.
a b ¢ (No. of datasets where [col] >> [row])

-1 (1) 1 (1) | a = (1) rules.ZeroR
0 (0) =1 (0) | b= (2) rules.OneR
0 (0) 0 (0) = | ¢ = (3) trees.J4s8

VY maHoMmy ekcriepuMeHTi mepiuid psaaok (- 1 1) mokasye, mo MeTos
y xonoHi b (OneR) kpame, Hix Meron B psaaky a (ZeroR) i mertox y
kooHMi ¢ (J48) Takok Kpaimie MeTomy B PSAAKY a. Y TyXKKax BKa3aHO
KUTBKICTh CTaTUCTHYHO 3HAYYIIMX MEPEMOT KOJOHKH II0 BiIHOMIEHHIO IO
psnka. 3HadeHHs ( Toka3ye, IO BIJIMOBIAHUN CTOBIEIL HE OYyB
CTaTUCTHYHO KPAIIUM 32 PSIOK.
BubpaBmm ommito «Ranking» B skocTi 0asu ans TOpIBHSHHS,
OTPUMAaEMO HACTYIHY iH(opMaIlito:
>-< > < Resultset
11 0 trees.J4s8
1 1 0 rules.OneR
-2 0 2 rules.ZeroR
JaHumii TecT pamKye METOIM 3a 3araJlbHOI0 KiNBKICTIO 3HAUYIIUX
nepemor (>) i mopasok (<) mpoTu iHmmx MeToaiB. Ilepmia konoHka (> - <)
MIOKA3y€e PI3HUIIIO0 MK KiJIbKICTh IEPEMOT 1 TIOPa30oK.

Moayas Knowledge flow

Iatepdeiic KnowledgeFlow BimoOpaxkae KOHIEMIIO HOTOKIB JaHUX
(puc. A.10).

CriouatKy 3 NMPUMITHBIB Pi3HUX BHUIIB OyAYe€ThCS BECh LUIAX, SIKHUM
MaloTh IPOWTH MdaHi, BiA JUKepen 10 BUXOMIB. 3a3BMYail BiH TaKWii:
mkepeno manux (DataSources) — dinetp (Filter) (ueoGos'si3koBuit) —
po30UTTS Ha HaBUYalbHY 1 TecToBy MHOXHHY (Evaluation) — kmacudikarop
(Classifiers) un xnacrepizatop (Clusterers) un acouiarop (Associators)) —
ouinka (Evaluation) — suBenenust nanux (DataSinks). ITpaktudno g0 Oyab-
SIKOTO eTaIy MOYKHa TpreaHaTu Bimoopaxkenns (Visualization).

[IpuMiTHBH mEpeTATYIOThCA B poOoUe MoJie 3 BiAMOBIIHMX BKJIAJ0K
(KK Ha TPUMITHB — KIIIK Ha poOoye mone). Bxoan i BUXOIU MPUMITHBIB
3'€IHYIOThCS 3BSI3KAMH, NPHUYOMY HE MOXKHA 3'€HATH PI3HOTHITHI 32
JAaHUMH BHUXOIOM 1 BXOAHW. Y MNPHUMITHBY MOXe OyTH KiJlbKa BHXOIIB 3
pi3HUMH AaHUMH. 3B'SI3KM TeX OyBalOTh Pi3Hi, 3aJ€XKHO BiJ TOTrO, SIKi JaHi
M0 HHUX TepemarThcs (3 AKOro BUXOAY BOHU WAYThH). 3B'SI3yIOTHCS
NPUMITHBH LUIIXOM BHOOPY B KOHTEKCTHOMY MEHIO, IO 3'SIBISIETHCS MpPU
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HATUCKAaHHI TIPAaBOI0 KHOIKOIO MUIN Ha MPHUMITHBI B poOOYOMY IIOMi, Y
nianyHkTi MeHro CONNection meBHOro BHXOAY MPUMITHBY i HACTYITHOTO
KIIIKy Ha TPHUMITHUB, 3 SKAM CIJiJl BCTAHOBUTH 3B'SI30K. Bci mpuMiTHBH,

JIOCTYTIHI JUIS 3B'SI3KY, IPH [IbOMY BUILISIOTHCS.

(%) Weka KnowledgeFlow Environment FEx

D\ﬁ Datasources | Datasinks | Fiters | Classifiers || Clusterers | Associations | Evaluation | Visualization ‘?‘

B wisualization

sl @l a]la]la | &a]lalal]ld s
Tta Gerte Fdbite ] Cost et Tart G D

Meualzer Platharic Summarizer Perfemanse Chart Selyziz ensr e Chan
>
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Faldniaker

:
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Status | Log
Time Status
015116 [welcome to the Weka Knowledge Flow
- Firished,
Firished.

Component Parameters

1
rfflLoader

CrossvalidatiorFoidMiaker
8 -Coz5 M2 - Finished.
ClasifierPerformanceEvaluator Finished.

Pucynok A.10 — Moayns Knowledge flow

[Micns nmpoknmamky NUIIXY 3a  JONOMOTOK  JDKepena  JIaHHX
3aBaHTaXKYIOTh JIaHi, | BOHM aBTOMaTHYHO MPOXO/SATh NOOYAOBAaHHUHN IILISX.

PosristHemo npukiian moOynoBu noToky naHux Ha A.10.

1. Binkpuiite Bkimanky mxepen manmx «DataSources» o6epith
3aBaHTaxyBau gaHux «ArfflLoadery i po3mictiTh ioro Ha po6oYOMY TOJII.

2. BubGepitp arff daiin mns 3aBantaxkeHHs. s 1pOro KIIKHITH
MPaBOI0 KHONKOK MHIINI HA 3aBaHTaXyBadi, pO3MIIIEHOMY Ha TMOMi, i
BUOEPITH 31 ciucky B cekiii «Edity mynkt «Configurey.

3. Bimkpuiite Bkmaaky «Evaluation», BubepiTh KOMITOHEHT
«ClassAssignery (mo3Boiisic BUOpaTH, KU 3 aTpUOYTIB € IJILOBUM) i

PO3MICTITh HOTO Ha TIOJII.
4. Tenep HeoOXigHO 3’egHaTH KoMmIoHeHTH «ArfflLoader» Ta

«ClassAssigner». Jlms 1mporo KIIKHITH TPaBOIO KHOMKOK MHIN Ha
3aBaHTaxyBadi «ArffLoader» i BHOEpiTh 3 BUIIAJAI0OYOTO CITUCKY B CEKIIil
«Connections» myHkt «dataSet». 3’sBUTbCS CHHS JIiHIS, SIKY HEOOXiIHO
miBECTH 10 iKOHKHM KoMmoHeHTy «ClassAssignery Ha mojii Ta KIKHYTH Ha
HbOMY JiBOIO KHONKOIO MUIIi. 3’SIBUTHCS KpacHa JIiHIS MOTOKY JIaHHUX 3

mignucom «dataSety, 1o 3’€JHye Ba KOMIIOHCHTH.
5. Buknnute HamamrtyBanHs KommoneHta «ClassAssigner» i
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BHOEPITH IUTHOBHM aTprOyT (KiIac).

6. 3 BKJIAJIKA «Evaluation» BUOEPITH KOMIIOHEHT
«CrossValidationFoldMaker» i posmictite #oro Ha poOOYOMY TIOJI.
3'ennaiite  «ClassAssigner» 1 «CrossValidationFoldMaker» 3B's3xom
«dataSet».

7. 3 Brmagku «Classifiersy B cexiii «Treesy» BHOEpiTH KOMIIOHEHT
«J48» 1 posmicTith #Woro Ha  pobouoMy mom. 3'emHaiiTe
«CrossValidationFoldMaker» i «J48» nBoma 3B's3kamm: «trainingSet» i
«testSety.

8. 3 BKJIAIKA «Evaluationy BHOEPITH KOMIIOHEHT
«ClassifierPerformanceEvaluator» i po3wmicriTe #oro Ha pobodoMy MoJIi.
3'eqHaitte «J48» 3 M KoMmItoHeHTOM 3B'a3k0M «batchClassifiery.

9. 3 Brmaaku «Visualization» BuGepiTh KoMmoneHT «TextViewery i
PO3MICTITh foro Ha pobodomy TTOJTI. 3'eqHaiite
«ClassifierPerformanceEvaluator» 3 uum KOMIIOHEHTOM 3B'SI3KOM «Texty.

10.3anyctiTh 00poOKY MOTOKY JaHUX 3a IOTIOMOTOIO MyHKTY «Start
loading» y BumamarouoMy crimcky 3aBaHTaxcyBauda «ArffLoader». 3anexno
BiJl pPO3Mipy JaHUX i 4acy BUKOHAHHS Kpoc-TiepeBipku Oyne BimoOpaskeHa
aHiMaIls IesKux 3 KOMIIOHEHTIB B poOouil obmacti. KpiM Toro, 3'SIBUTHCS
iH(hopMartis B HIDKHIH 9acTHHI BikHa «Statusy/«Log.

11.Tlo 3akiHueHHI O0OpPOOKM JaHUX TMEPETISTHbTE pPE3yJbTATH,
BUKJIMKABIIH MYHKT «Show results» kommonenty «TextViewery.

12.KpimM TOro, MOKHa MiJKIFOYUTH KOMIOHEHT «TextViewer» Ta /
abo «GraphViewer» mo «J48» mis Toro, mobd modavyuTH MpeaCcTaBICHHS
JepeB, NOOyAOBaHMX Ha KOXHOMY 3 (ongiB kpoc-mepeBipku. Taka
MOXJIMBICTh HE TiepeadadeHa B Moyl Explorer.
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Honatoxk b
BapianTu inuBinyaJbHUX 3aBAaHb

Ob6paru 3 Tabnmui 3a HoMepom Bapianty (N) 3 KypHayry Habop
JaHUX JJIsl OCHipKeHHs . JIOCIiAnTH MOCTaBJeHy 3a1a4y, XapaKTepUCTUKU
Habopy manHux (arpuOyTH), 3a HEOOXITHOCTI MPOBECTH IOIEPETHIO
00poOKy JaHUX Ta 3MEHIIMTH KiIbKICTh OO0'€KTIB y BHOIpLi, BUAUTUTH
aHoMmalnii Ta BUKWAM, OOpaTu cTpareriro pobotm 3 ob'ekTamu 3
IPOITyCKaMH, BH3HAYHUTH CTPATETil0 TECTYBAaHHS HABYCHUX AITOPUTMIB.
Js KOXXHOTO 3 aJNrOpUTMIB TPOBECTH MOCITIDKEHHS iX poOoTm Ha
NIOCTaBJICHIH 3a/1a4i, 3MiHIOIOUH MTapaMETPH HAJIAIITYBAHHS AJITOPUTMY.

Tabmurs b.1 — Habopu garux m1s 3amayi knacudikanii

1 | adult.arff 9 wine.arff

2 | bank-data.arff 10 | credit.arff

3 | breast-cancer.arff 11 | vote.arff

4 | breast-w.arff 12 | spambase.arff

5 | labor.arff 13 | zoo.arff

6 | postoperative.arff 14 | tic-tac-toe.arff
7 | heart-statlog.arff 15 | mushroom.arff
8 | diabetes.arff 16 | vehicle.arff

st BupilieHHs 3a7a4i perpecii o0paTH OAHY 3ajJadyy 32 HOMEPOM
Bapianty (N mod 7)+1. Iumny 3agauy oOpaTH Ha BJIaCHUHN CMaK.

Tabmuis b.2 — Habopu nanux 1uist 3amadi perpecii

1 | cpu.arff’ 5 | housing.arff
2 | auto_mpg.arff 6 | bodyfat.arff
3 | winequality-red.csv 7 | fishcatch.arff
4 | autoprice.arff 8 | auto93.arff
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Honatok B.
KonTpoasHa podoTa 1u1s1 3a09HHKIB

1) JIP Nel. BuOpatu iHmuBigyanbHe 3aBaaHHs (HaOip JaHHX) 1 B
3BIT BCTaBUTH IOBHHUH ONKC JaHUX: K€ 3aBAAHHS BUPILIYETHCS, CKUIBKH
MPUMIPHUKIB Y BHUOIPII, CKUTPKA aTpuOyTIB, iX THUOM 1 3HAYEHHS, KU
aTpuOyT MOKa3ye Kiac eK3eMIULIpa, CKUIbKA B BHOIpLiI 00'€KTIB KOKHOTO
KJIacy TOIIO.

Bubipky B 3BiT BctaBmsati HE notpidHo!

Slkmo BuOipka HE BIIAMITOBYE, MOXKHA OOpaTH BIIACHY BHOIPKY
JaHHX.

2) JIP Ne2. Bupimutu 3amady Kiacupikaiiii i iHIHBIyaaIbHOTO
HabOpy JTaHUX.

Meroau nanst BukopuctanHsa: 1R , mokpuBarouumii meton PRISM,
HaiBHa baifecoBa knacudikairis, Merox moOynoBu nepeB pimeHs C4.5,
METO/T OTIOPHUX BEKTOPiB, MeTO | k HAOIIKYMX CYCIIiB.

B 3BiTIi Hajgatm pe3ynbTaTH 3a KOXHHM 3 METOJIB (3MICT BikHa
Pe3yJIbTaTIB) Ta MOSICHUTH 1X.

Skmo Momenp Oyke BeNMKa, 1i MOXKHA CKOpoTuTH. s aepes
pimenp mpuBecTH rpadiuHe TpeAcTaBIeHHS JepeBa  (TEKCTOBE
MIPEJICTABJICHHS HE MOTPIOHO!).

3) JIP Ned. Meron knactepusaiiii K-cepemnix 3actocyBaTH st
IHIUBiAyanbHOTO HAOOpy JmaHuX. lIpm [BOMY KiJBKICTh NIYKaHUX
KJIaCTEpiB JIOPIBHIOE KiJBKOCTI KiaciB. [TOpiBHSATH 3HaiileHi kiactepu Ta
KJIaCH.

4) HaBecTd TEOpPETHYHI BIiZOMOCTI 3 OJHOTO 3 METOJIB
KIacudikarii Ta Kiactepusallii. BU3HAYNTH OCHOBHY i/1€l0, IO JIS)KHUTH B
OCHOBI METO/ly, T2 OCHOBHHMI MaTeMaTHYHHUH arapar.

5) Tlpu 3axucTi poOOTH 3HATH, IO TaKe IHTEIEKTYaIbHUN aHai3
JTAHUX, OCHOBHI OIIIHUTH MOTpeOwn. Bu3HaueHHs 3aBmaHb Kiacudikarii,
perpecii, KiacTepu3ailii, TONIYKY acolliaTHBHUX mpaBwi. [IpuBectn
npukianu. [ToscHUTH pe3ynbTaT MPOBEJCHOTO aHAalli3y JaHUX.



