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VBopa

Ceakm nyT kaga Tpeba pelwinTn 3a4aTak KOjU YKIbYUyje NpaBsberbe
mMogena 3a knacudpmkauujy, Nnopes Kopaka Koju He CMejy Aa Ce Npecko4e
1 BE3aHM Cy 3a npunpemy nogataka, Hamehy ce cnegeha nutamsa:

@ Koju anropntam 3a knacudukaumnjy ogabpati 3a npassbere
mogena, Tj. Koju anropuTam je ‘npasu’ 3a npobnem Koju ce pewasa?

@ Koju napameTpun anroputma cy nocebHo BaxHu 3a npobnem Koju ce
pelaBa, OAHOCHO Ha KOje napameTtpe anroputma Tpeba nocebHo
obpaTuTtin naxkry?

@ V KOM OfHOCY MOAENUTMN NOJATKE 33 TPEHWUHT W TecT, u ga sin fie
OVTU HEKUX MPEAHOCTY aKO Ce MOAauM nogesie Ha Tpu gena: 3a
TPEHUHT, TECT 1 nposepy?

@ Kako npouenutn pesyntate knacudukaymje Koje je npoun3sseo
KOHCTPYUCAHN MOAEN N KAKO ynopeamTin pe3yntaTte ABa Nan BULLE
mopena n ogabpatu Haj6ossn?
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136op anroputma

He nocToju anroputam 3a koju MOXe fa ce Kaxke fa je 'Hajbosby’ y CBUM
cnyyajesuma. M36op anroputma 3aBucK 0f KOHKpeTHOr npobnema, BpcTe
nojaTaka, Of XXe/bEHOr HauYMHa NpUKasa pesynTtarta, uTh.

KaKO HNCY CBU aaroOpnTMm NpuMeEH/bNBN HA CBE TUMOBE NOAATAKa, |/|360p
anropuTMa je goCTa Y4ecTo AUKTUPAH TUMNOM MNojeauHux aTpubyTa
nopataka (Ha npumep, Aa M Cy NOJALUM CAMO KaTErOPMHKM, CaMO
HEMpPeKWAHM WM MELaHn), Aa Jin NOCTOje HEMO3HATe BPEAHOCTM, AA N
je moryhe nogatke nNpeTxogHO TPaHC(OPMUCATN Y XKesbeHr 0bnK
(mmnckpernsayujom, Gunapmsaunjom, ...), ntg.
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l13bop napameTtapa

3a n3bop napameTapa anropmMTmMa HEONXOAHO je Aa Ce JEeTasbHO MPoyyu
caMm anropmTtam un 3Haderbe nojeauHux onuwmja. [penopyka je ga ce npe
paja nornepajy ynyTcTeBa 3a KOPUCHMKE 1 ynyTCTBO npoussohaya
codpTeepa koju ce kopuctu. Y n3bopy napamertapa gomatHo Tpeba
obpaTnTu naktby Ha M300p Mepe Ha OCHOBY KOje CE padyHa pacTojarbe un
Mepe 3a NpOoLeHy KBaiMTeTa, ako Takee onuuje noctoje. Kopektan nsbop
OBUX MapaMeTapa y BEJMKOj] MEPU YTUYE U HA KOPEKTHOCT fobujeHumx
pe3ynTtara.
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[logena nogaTtaka

Mpun dbopmuparsy knacudukaumonor mogena moryhe cy ase Bpcre
nogene noaaTaka:

@ Ha ckynoBe 3a TpeHuHr (eHr. training) w Tect (eHr. test), nan

@ Ha CKynoBe 3a TpeHuHr, TecT u nposepy (eHr. validation, evaluation)

Mopen ce dopMmpa Ha OCHOBY CcKyna nogataka 3a TpeHuHur. Ckyn
nojaTaka 3a TECT Ce KOpUCTK 3a npoeepy bopMupaHor mMogena u
nofeLLaBare UHTEPHUX napaMeTapa (napameTapa Koje He NocTaBsba
KOpPUCHMK) paan gobujarba wTo npeunsHujer mogena. Ckyn nogaTtaka 3a
NpoBepy ce KOpMCTK 3a Aobujare nHdoOpMaumje Kako ce MOAEN NoHaWwa
Kafa Ce NPUMEHN HA MOTMYHO HEMO3HATE MOAATKE KOjU HUCY YHECTBOBAM
HUTK BUAKN NO3HATU NPU NPaB/bEHY MOMENA.



PesynTtaT knacudumkayuje
o] ]

[logena nogaTtaka

Hekn og anroputama mory ga kopucrte yHakpcHy nposepy (eHr. cross
validation). VY Tom cny4ajy Huje HEONXOZHO Aa NOCTOjM CKyn nogaTaka 3a
TecTmparbe, ain Huje Hy 3abparbeHo.

Mogena ckyna nogaTaka: y ciiyyajy fa ce CKyn nogaTtaka gefnm Ha ABa
fena, AocTa 4ecT CNyyaj je aa ce nogena spwum y ogHocy 70:30 nnm
2/3:1/3, maga je moryha u nogena y ogHocy 50:50, noroTosy ako je
CKyn NMofAaTaka JOBOJbHO BENMKUW. LUTO Ce TW4Ye CKyna 3a rnpoBsepy,
najuewfhie ce yauma pa je on jegnak 10% og bpoja cnorosa y matepujany.

HanomeHa 1: Ako je ckyn nogataka penaTUBHO Manu, Taga ce JOBOAW Y
nuTarbe KOPEKTHOCT pe3ysiTaTa Koja ce fobuja HeroBom MOAeNoM Ha
TPEHWHI, TECT M CKYMN 3a NpoBepy

Hanomena 2: YV nntepatypun ce 4eCTO 3Ha4€He TEPMUHA TPEHUHI CKYyr W
CKyn 3a nposepy anTepHupa.
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[IpoLieHa KBannMTeTa Mogena

nOCTOjI/I BULUE PA3ZINHNTUX HAYNHA Oa Ce NMPOUEHN KBANNTET MOAENA
knacudukauuje. Ja 6u ce nobuno kopekTHO nopeherse ycnoeu
dopmuparsa Mogena koju ce nopeae Tpeba ga Oyay KOpekTHU 1
npunarofjeHn npegycnosuMa 3a NpUMeHy TUX mMogena.

Ha npumep, HEKOPEKTHO je nopeanTy pPasinymTe aaropuTMe yKOJIMKO
nojaum Cafpxe Hermo3HaTe BPEJHOCTYN Mpu YeMy jefaH Of anroputama
nojp)<aBa paj ca HEMO3HATUM BPefHOCTMMA a Apyru He. Takobe,
CKYMOBU MoAaTKa Ha kojuma ce dhopmupajy u TecTupajy mogenu tpeba aa
Oyay naeHTuynn, nta. detassHujn onuc metoaa 3a nopeherse
knacudukaTopa aat je y kwusu An Introduction to Data Mining, 2nd ed.
- Tan, Steinbach, Karpatne, Kumar
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POL kpuBga

Mopen mepa o Kojuma je oo caga 6uno peyu, 3a NpoBepy KBaiuTeTa
Mogesia Npeko pa3MaTparba OfHOCA Opoja MO3NTUBHUX UHCTAHUW KOje Cy
tayHo (TTP) n nerauno (PIP) knacudukosane kopuctu ce POL|
kpuea. POLL (enr. Receiver Operating Characteristic) npegcrasmba
BU3YeNn3auunjy OBOr OAHOCA NMPU YEMY Ce Y KOOPLMHATHOM CUCTEMY Ha X
ocu npukasyje PP a Ha y ocu TIIP.

Ha POLL kpuBu noctoje KapakTepucTuyHe Tauke

@ TMNP=0, ®MNP=0 - Tauka Ha npaBoj y = x ca koopguHatama (0,0)
- mogen npeasuha ga CBe MHCTaHUE NPUNagajy HeraTUBHO] Kiacu

@ TMNP=1, ®MNP=1 - tayka Ha npaBoj y = x ca koopauHatama (1,1)
- Mogen npepsubha fa cBe MHCTaHUE NpuUNagajy NO3UTUBHO) Knacu

@ TIMP=1, ®MP=0 - Ta4yka Ha npaeoj x = 0 ca koopguHaTama (0,1) -
mogen npeaeuba nosntueny knacy ca taunowhy 100% - cse
MO3NTUBHE NHCTAHLE Cy KOPEKTHO npeasubjeHe
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POL kpuBga

1
&
3
[r—— [ n—“—"
Borl
i
PP Rate (1. Specificity) N PP Rate (1. Speciicity) B

CLASS - "<-50K"

smotass

sroLsss



PesynTtaT knacudumkayuje
[o]e] lele]e]

POL kpuBga

Ha ocHoey usrnega POL kpue mMoxe ga ce npoueHun KBanuTeT mMogena.
LITO je KpuBa BJiMXKe roprem JIEBOM Yy AMjarpama To je Mogen
npeun3Hnju.

Kpuea mogena koju npeansha pesyntat Ha OCHOBY ciy4dajHor usbopa ce
Hanasu Ha rnasHoj aujaroHanu (npaea y = x). Heka ckyn nogaTtaka
CappXXn N MHCTAHUU, Of, KOjUX je Ny MO3UTWBHUX W N_ HEraTUBHWX, U
Heka mogen (caydajHum n3bopom) knacugukyje MHCTaHUE Kao
nosutueHe ca BeposaTHohiom p. Tapa fie BT KOPEKTHO KnacnnKOBaHO
PNy NHCTaHLM 1 HEKOPEKTHO KIAaCU(UKOBAHO pri_ HEraTUBHUX WHCTAHLM.
Opatne je TMP=(pny)/ny = p, a Takohe ®MP=(pn_)/n_ = p, opakne
cnegn ga POLU kpuea y cnyyajy knacudmkatopa koju npegsuba knacy
MEeTOLOM CilydajHor u3bopa fexu Ha NpaBoj y = x
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AVLL

Kao gopatHu kpuTepmjym 3a npoueHy KBaJiMTeTa MOZesa MOXe fa
MOCYXU 1 BeNMYMHA KOjy 3ay3auma npoctop ucnog POLL kpuse - AUC
(enr. Area Under Curve). wto je noeplunta seha (6avxa 1) To mogen
6osbe npepsubha ogroeapajyhy knacy. Ako je nosplmHa ucnog POL,
kpuse jeaHaka 0.5 To 3Haum ga mopen npeggubha knace meToaom
cnyyajHor nsbopa.

Hanomena 1: POL, kpuBa ce mMoxe npukasatn camo 3a buHapHe
KnacudukaTope, JOK gpyre BpcTe Kpusux omoryhyjy npukas u 3a
BULLEK/IAaCHe C/lyYajeBe

Hanomena 2: [la 6u ce nobnna KOpekTHa CAMKa NPELM3HOCTH
knacudukaTopa noTpebHo je npukazatu POL, kpuee 3a cBaky knacy -
mogen moxe aa byne Takae ga ce jegHa knaca ogsinyHo npegsuba, ook
3a Apyry pe3ynTaTti HucCy 3afoBosbaBajyhin
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Kpuse - moryhu kputepunjymu

V paznuuntum anatuma nopeg POL, ogHocHo AVLL nocToje n gpyru
kputepujymn (ca rpachmykoM MHTEPNPETALNjOM) KOju MOTY Aa ce
KopucTe 3a npoueHy kBanuteta. Ha cnegefium cnukama cy npukasavu
moryhu nsbop tuna kpuse y SPSS modeler V18.3 u gobujern
rpacpukoHmn 3a uzabpany onumnjy gobut (gains)
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Kpnea nHdopmaumnoHe gobutu

$SBEST-CLASS
—SRCLASS
_ o
M
arf
o
2 o EY 100 @ . o 10
Percentile percentie
Training
Parttion
CLASS = "<=50K"
——$BEST-CLASS
——SR-CLASS
/ /
g
M /
o
2o/ /'
] B @ o £ 100 & e 10
Percentile Percentile
Testing

Training
Partition
CLASS = ">50K"



PesynTtaT knacudumkayuje
00000

[Tpumepu nopehersa mogena

Kao nnyctpaumnja npuMeHe pasanymTnx anroputama Ha UCTU CKyn

nogaTaka u nopehersa gobujernx pesyntata buhie gatn pesyntaTtu

NpUMeHe anropuTama Koju Cy o capa obpaheHu Ha npepaBarbumMa.
Anroputmu hie butu npumersern na nogatke ns ADULT ckyna, ca
npeasuharsem (buHaphor) atpubyta CLASS. Kopuwhenn naketn un
anropuTMu cy

@ V nakety SPSS Modeler: C&RT, C5.0, CHAID, QUEST, Naivni
Bajes, KNN, C5.0 Rules

@ V naketry Weka: JRIP (RIPPER), OneR (1R), J48, JCHAIDStar,
NaiveBayes, IBk (KNN)

@ V nakety IBM Intelligent Miner: SPRINT, Naivni Bajes

V cKyn npumepa HUCY ykibydeHu anroputmu u3 Python anarta nowTo ce
oHuM getasbHuje obpalhyjy Ha Bexxbama
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[Tpumepu nopehersa mogena

@ Ckyn nopataka ADULT (48842 nHcTaHum) je nogesbeH Ha A0 32 TPEHUHT
(34070 nuctanuym) n peo 3a Tect(14772 uHcTaHue).

@ U3 maTtepujana je ncksmwyyen atpubyT ID (npeHTuchbukaumja ocobe) nowTo je oH
HeBaXkaH 3a knacudmkauujy

@ [pu knacudbmkaumjn Hucy kopuwhene gogathe moryhiHocTn (Hnp. 3agasarbe
LeHe knacndprkaymje no knacama)

@ Pesyntatu anroputama Cy CMELUTEHUN Y NOCEOHUM QUPEKTOPUjYMUMA 1
obyxBaTajy Npeun3HOCT NOAATAKa Ha TPEHUHT 1 TECT CKyny, u rae je moryhe
maTpuyy koHdyauje, ROC/GAINS nnn ogrosapajyhiy kpusy, aobujein mogen,
N BaXKHOCT aTpubyTa y knacudukaumju.

@ 3a mopene pahene y CMNCC Mopgenep nakety je gaT MOZen v NpUApPYXeHn

NMOTOK NogaTtaka ofakne Mory 4a ce VISByKy CBWN HaBEAEHN pe3yJ1TaT|/|
(IOMARW 3AJATAK!)
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[Tpumepu nopehersa mogena

@ Cen grpekTopujymu ca pesyntaTuma Ce Hasla3e y apxmBuN KOja je pacrnoJsioxuBsa
Ha cajTy npeaMeTa AUPEKTHO Y3 OBaj TeKCT

@ Ako ce nocmaTpa NpeumsHOCT knacudpukaumje Ha TPEHVIHT 1 TECT CKyny ynaga
y oun Besqinka pasnnka y caydajy KHH anropntma nmnnementupanor y Wekn
3a K=1. Kog rbera je npeuynsHocT Ha TpeHuHr ckyny 99.99%, a Ha TecT ckyny
79.48% wTo roeopu 0 o4MrneaHoj npenpunaroheHocTn mogena.

@ 3hauajumja pasnuka (oko 5.5%) noctoju n kog KNN anroputma y Wekn 3a
K=5, n kog KNN y SPSS Modeleru (HewTo mano npeko 5%) wro rosopu ga
anroputam KHH He paje nobpe pesyntaTe Hag oBuM mogauuma

@ Bapujauuja ocTanux mMofena je y rpaHnLaMa Kafia He MOXXe eKCMIULMTHO Aa ce
TBPAU Ja je 6uno koju of X npenpunarohex.
@ Op octanux anroputama Habossu npoueHat uma C5.0, fok cy HajcTabunHuju

(ca Hajmarsom pasnnkom namely pesyntata Ha TpeHuHr n TecT ckyny) C&RT,
QUEST, 1R, ...
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[TpeunsHocT nopeheHux mogena

Paket Algoritam Trening Test
SPSS Modeler C&RT 83.75 83.87
C5.0 88.1 86.63
CHAID 83.23 82.41
QUEST 80.24 80.31
Naivni Bajes 77.06 76.46
KNN 80.99 75.77
C5.0 Rules 87.83 86.46
Weka JRIP 85.21 84.49
1R 81.19 80.82
Naivni Bajes 83.56 82.84
IBK (za K=1) 99.99 79.48
IBK (za K=5) 87.71 82.31
J48 87.90 85.91
JCAHIDStar 85.94 84.53
IBM Intelligent miner | SPRINT 85.0 82.6
Naivni Bajes 79.2 78.7
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[pyru kputepnjym nopehersa

V npetxogum anropuTMuMa NoapasyMeBaHo je Aa cy nogaun obpaljeHun y npouecy
npenpouecnpatsa, anm y OBOM KOHKPETHOM Chy4ajy HuCy obaBrbeHe CBe aeTasbHe
aHanuse y casm npenpouecupara. Tako HNp. Huje ypahieHo ncnutueare Kopenauuje
n3mehy aTpubyTa, a Takole je npeTnocTaB/bLEHO Aa CBM aTpubyTn cagpke camo
nosHarte BpegHoCcTN. AKO ce OBe npoMeHe yamy y 0b3up, gobujeHn pesyntatum ce mory
aHanusmnpaTtn nocMmaTpajyhn ux ca apyrux acnekaTa.

@ 360r HebanaHcmpanocTn knaca (76% maTepmjana YmHe MHCTaHLE Ca KNACOM
<=50K u 26% maTepmnjana nHcTaHue ca knacom >50K), ykonuko je notpebHo
Hahin anropnTtam koju wTo je moryhie TadyHmje NpenosHaje NHCTaHUE y Marbe
6pojHoj knacu, pegocnen mogena he 6utn npomersen. OapegnTn Kojun
anroputam Hajbosbe knacudukyje nHcTaHue y knacy >50K.

@ Tllposeputu Aa nu cy Hekn aTpubyTi y KOPENaLNjn N KaKO OHM yTUHY Ha
nponssefeHe pesynTtate (NpPOBEpPY BPLUMTY NPEKO PEAOCNEAA BAXKHOCTM
aTpubyTa 3a KOHKPETaH KN1acuprKaUNoOHn MOAEN).

@ T[lposepunTn Koju aTpnbyTn cappke HEMO3HATE BPEJHOCTN M KAO OHM YTUYY Ha
pesysiTaTe NojeAuHNX anaropuTamMa, OGHOCHO Aa SN Cy TM aTpndyTu yKIbyYeHn y
npae/betby MOgena NnomMoly anropmtama Koju He MOAPXKaBajy pag ca
HegocTajyfinm BpegHoCTIMA

@ VicnuTaTn Ja n HEKM OA anropuTama MOAP>KABAjy CaMO KATEropryKe NOJATKE
N 4@ M TO MEeHa NPETXOAHN pefocsen KBannTeTa moaena
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