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Nneja aHcambna metona

OcHosHa unaeja

@ "Hema becnnaTtHor pydka" - He nocToju anroputam Koju ce
Hajbosbe noHawa y ceum moryfinm cntyaumjama

@ KombuHoBsarbe ckyna mogena koju pewasajy (Mctu)
opurnHanHnm npobnem

@ Uwnn - gobujaree bosser rnobanvor mogena

@ Beha npeuusHocT n noysgaHocT npoueHe y ofHOCY Ha CBaku
nojeAnHaYHN MOLESN
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Axcambn meToga

@ "Aucambn" meToma - ckyn metoma Koje 3ajegHo "wacTtynajy"
na bn ce pobuo boswu pesyntat

@ Condorcet Teopema xupuja (nopore) (Marie Jean Antoine
Nicolas de Caritat, mapkus de Condorcet (1743-1794))

@ Heka rpyna sbyau He3aBUCHO jedaH o apyror bupa nsmely
ABe MOryhiHOCTM 0 KOjUX je CaMO jefHa UCMPABHA, N HeKa je
p BepoBaTHola ga cy nsabpanu ncnpasHy moryhiHOCT. HUX0BM
rnacoeu ce koMbuHyjy no npasuny eefinte, n Heka M
o3Ha4aBa BepoBaTHORy fa je sefinna Hanpasuna KopekTaH
usbop. Ako je p > 0.5 Ttaga M — 1 ako 6poj rnacarba Texu
Ka beckoHauHoCTM
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Axcambn meToga

@ lMocneguua Condorcet Teopeme: romnna je nameTHuja of,
nojeAuHua noj penaTueHo cnabum ycnosuma

@ Ceaku mojeguHay, Mopa Aa UcnpasHoO cyau ca BepoBaTHohom
p > 0.5 (HewTo mano bosme og cnyyajHor Harafharsa)

@ Ceakn nojegmHay, oanyKy AOHOCU HE3ABUCHO Of, OCTaNUX

@ Hepocraum: 6uHapHa knacudukaumja + He3aBUCHOCT
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Jakn n cnabwu knacndurkatopu

@ Jaku knacudpmkaTop: rpewka knacudmkaumje moxe ga byge
NPON3BOJbHO Mana

@ Cnabn knacucbukatop: kiacupukaTop Koju je HewTo boswu of
obuuHor cnyudajHor Harahara

@ knacuchukauymja aHcambnom metoga: ymecto Kopuwhersa
jeaHor jakor knacudpukaTopa opmMmpa ce BEJIMKM CKyN
cnabux knacudukaTopa 4nju ce usnasu KOMOUHyjy y jeaHo
(dbunanHo) pewerse

@ [pema Condorcet Teopemn, ako ce obesbene onrosapajyfin
ycnoeun nobuhie ce mogen umnja je rpewka knacudukaumje
NPOM3BO/LHO BNU3Y Hyne

@ [lopaTHn pasnor 3a kopuwhierse: nakwe je HanpaBuTh BULLE
cnabunjux knacudmkaTopa Hero jefaH jak
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[ pewika kog aHcambna metosa

© Heka aHcambn 4uHe 15 meToda Koje UMajy rpeLuky
knacudpmkauuje og € = 0.3

© Ancambn he HanpasuTu norpewHo npeasuiarse ako BuLe o4
NnosIoBMHE eneMeHaTa aHcambna uma norpewHo npeasubarse

© 3bor Tora, rpewka npegeubarba ancambna buhe
15 15 ) 5
€ansambl = Z < i )Sl(l _8) ~'=0.05
i=8

LUTO je 3HAaTHO Matbe Of, FPELLKE CBAKOr MOjeanHaAvHOT
knacudukaTopa
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Jlornyka cTpykTypa aHcambna meToaa

Original
D Training data

Step 1: Jy J ‘ *
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Data Sets
Step 2:

Build Ml.!ltlple o o e C,
Classifiers * ‘ ¢
Step 3:

Combine

Classifiers
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MeTone 3a KOHCTpyKLUMjy aHcambia

knacudukaTopa

@ [lpomeHOM CKyna 3a TPEHWHT

@ [lpomeHom ckyna ynasHux aTpubyTa

@ [lpoMeHOM cKymna o3Haka knaca

@ Memerem anroputma 3a knacudpmkauujy
Ancambn meToga bosbe paan ca HecTabunHum knacuumkaTopuma
(apBeTa oanyynBarba, HEYPOHCKE MPEXE, KAacudrkaTopu

3aCHOBaHW Ha NpaBMAMMA), Tj. K1acumKaTopuma Koju cy
OCEeT/bNBM Ha HE3HAaTHE MPOMEHE Y CKYNY 3@ TPEHWHT.
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[TpomeHa ckyna 3a TPEHWHT

@ dopmupa ce BuLE CKYNOBa 3@ TPEHUHT N3BOPOM 1 MOYETHOr
CKyrna nojaTka Ha OCHOBY HEKOF KpUTEpWjyMma.

@ [wncTtpubyunja n nsbop enemenata MoXe fa ce Mersa npw
cBakoMm usbopy

@ KnacudmkaTop ce popmmupa npumeHom (ucTor) anroputma
Knacudmkaumje Ha CBakN 0, CKYnoBa 3a TPEHUHT.

@ [peacTaBHULM: anropuTMM Ca AOAATHUM MojavaBatbeM (EHT.
boosting) n nakosarem (eHr. bagging)
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[TpomeHa ckyna ynasHux aTpubyTta

@ 3a cBaKu CKyn nojaTtaka 3a TPeHuHr bupa ce nofcKyn ynasHor
cKyna aTpubyra.

@ l1300p moxe buTu ciyyajaH, annm Ha OCHOBY AaTWX GUPEKTMBA

@ [lokasaHo je ga npucTtyn pagu jako aobpo y cnaydajy aa
YNa3HU CKYN CagpXu pefyHAaHTHE NOJATKE.

@ [lpeacTaBHULM: HacymnyHa wyma (eHr. Random forest)
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[TpomeHa ckyna o3Haka kJjaca

@ Kopuctm ce kafa je ckyn kjaca AOBOJbHO BEJINKU

@ TpeHuHr ckyn ce TpaHcdopmuwe y buHapHu npobnem (0/1)
CNYYajHUM FPYNUCareM KNaca y ABa OUCJYHKTHa CKyna

@ V3acTonHuM rpynucarbumMa nocTuxe ce edekart aHcamba;
Npu TECTUPaky ako KnacubukaTop Npeasnamn kaacy , Taga
ceu knacudpykaTopy y rpynu Kojoj npuanaga pnobujajy jepa
rnac n obpaTHo.

@ Knaca koja gobuje HajBuLLe r1acoBa ce fogesbyje TecT
npumepy

@ [lpumep: Kogupatbe U3nasa ca OTkIakbarbeM rpeLuaka
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[TpomeHa anropuTma 3a Kaacudukalmnjy

@ Heku knacncpnkaumonmn anroputmu aajy pasandumTe Mogene y
NPUMEHN Ha UCTe NogaTke (HNP. HEYPOHCKE MpPEXe Yy Cy4ajy
NpPOMEHE TOMONOrMje UM MOYETHNX TEXMHA 33 Be3e usmeby
HeypoHa

@ Ha npumep, aHcambn meTopa ca ApBeTUMA OfJlyHUBatba
MOXE [a Cé KOHCTPYWLUE TaKO LUTO Ce YK/bYYU CIYHajHOCT Y
npouenypy pacta gpserta (ymecto buparba Hajbosber atpnbyra
3a NOAeNy y CBaKOM 4YBOPY, C/yYajHO MOXe fa ce bupa jegaH
o Hajbosbnx n aTpmbyTa 3a nogeny.
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[TakoBarbe

MakoBarse (Bagging, Bootstrap AGGregatING) je TexHuka koja
chopmunpa nopaTke 3a TECT y3aCTOMHUM y30pKoBarsem (ca
NOHAB/bAHbEM) NOAATAKA M3 NOYETHOr CKyna y CKjiagy ca
yHpopMHOM gucTpubyumnjom seposaTHoha

@ Csaku op Tako dopmupanux uxnumjanuux (eHr.bootstrap) ckynosa
Ma UCTY KapAWHAJHOCT Kao W OPUFMHAMHU CKYnN

@ 306or n3bopa ca NOHaB/baHEM HEKMN CJIOrOBUM MOTYy Aa Ce jaBe BluLUe
nyTa, AOK HEKN MOry U [ja Ce He NojaBJbyjy

@ V npoceky y30pKoBaHUX CKynoBa cagpxu 63% nouetHor ckyna
nogaTaka jep je cBakm y3opak bupaH ca seposatHohiom
1—(1-1/N)N. Ako je N gosossHo Bennko BeposaTHofa
koHBeprupa ka 1 —1/e a2 0.632
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Makosarse (anroputam)

Neka je D skup ulaznih podataka i
k broj inicijalnih skupova

for i=1 to k do
formiraj inicijalni uzorak Di velicine N
Trenirati osnovni klasifikator Ci na skupu Di
end for
Cx(x)=klasa koja je dobila najveci broj glasova



MakoBatbe 1 nojadvaBarse
[e]e] le]e}

[lakoBake - nMpumMep

Heka cy gati nogaum 3a TpeHMHr Hag Kojuma je aobujeH cnepehn
pesynTaT knacudukauumje

x [01 02 03 04 05 06 07 08 09 1
y | 1 1 1 -1 -1 -1 -1 1 1 1

Ha ocHoBy oBux pesyntata nogena cnora moxe 6utu Ha x < 0.35
nanm Ha x < 0.75 wTo fgaje npeynsHoct knacucpukaymnje 70%.

MprumeHom meTope nakoBarba ywsb je Hahu ckyn og 10 jegHoCTaBHMX
(cnabux) knacudpukaTtopa koju y aHcambny kopekTHO knacudukyjy oBaj
ckyn. Ceaku cnabu knacucpukatop 3a x < K ogpebyje knacy +1 unnn —1
Yy 3aBUCHOCTU Of TOra Koja BPeAHOCT Aaje HajMakby rpeuky, rae je K

onpehjeHO MUHMMM3aLMjOM eHTponnje
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[lakoBake - nMpumMep

x [ 01 02 02 03 04 04 05 06 09 10 | x<=035==>y=1 |
y | 1 1 1 1 -1 -1 -1 -1 1 1 | x>035==>y=-1 |
x [ 01 02 03 04 05 08 09 1 1 1 [ x<=0.65==>y=1 |
y | 1 1 1 -1 -1 1 1 1 1 1 [ x>065==>y=1 |
x [ 01 02 03 04 04 05 07 07 08 09 | x<=035==>y=1 |
y | 1 1 1 -1 -1 -1 -1 -1 1 1 | x>035==>y=-1 |
x [ 01 01 02 04 04 05 05 07 08 09 | x<=03==>y=1 |
y | 1 1 1 -1 -1 -1 -1 -1 1 1 [ x>03==>y=-1 |
x [ 01 01 02 05 06 06 0.6 1 1 1 [ x<=0.35==>y=1 |
y | 1 1 1 -1 -1 -1 -1 1 1 1 | x>036==>y=1 |
x [ 02 04 05 06 07 07 07 08 09 1 [ x<=0.75==>y=-1 |
y | 1 -1 -1 -1 -1 -1 -1 1 1 1 | x>0.756==>y=1 |
x [ 01 04 04 06 07 08 09 09 09 1 | x<=0.75==>y=-1 |
y | 1 -1 -1 -1 -1 1 1 1 1 1 | x>075==>y=1 |
x | 01 02 05 05 05 07 07 08 0.9 1 x<=0.75==>y=-1

y 1 1 -1 -1 -1 -1 -1 1 1 1 x>0.75==>y=1

x | 01 03 04 04 06 07 07 038 1 1 x<=0.75==>y=-1

y 1 1 -1 -1 -1 -1 -1 1 1 1 x>0.75==>y=1

x [ 01 01 01 01 03 03 08 08 09 09 [ x<=0.05==>y=-1 |
y | 1 1 1 1 1 1 1 1 1 1 [ x>005==>y=1 |
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[TojavyaBamse

MojauaBarse (Boosting) je TexHnka afanTuBHE NPOMEHE
AUCTpnbyumnje TPEHUHT NOAATaKa y 3aBUCHOCTU Of NPETXOGHUX
rpelwaka kiacudukauuje

@ WHuuwmjanHo, ceakom og N cnoroea ce Aoaenn jefHaka TEXMHA

@ TexuHa ce merba Ha Kpajy CBAKOM LIMKIYCA - TEXMHA CIOrOBa Koju
Cy norpewHo KaacudurkoBaHn ce nosehaBa, a Ta4HMX CMmatbyje

@ QDuHanHu knacudunkaTop KOMOMHYje rnacose CBUX kiacudurkaTopa

y umkiycy

Jepan og HajnonynapHmnjux anroputama je AdaBoost
(Adaptive Boost). Bugetu SPSS modeler Algorithm Guide
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HacymnyHa wyma

MocebHo koHCTpyMcaHa MeTona 3a aHCaMbn ApBETa 04JyYuMBatba
@ KoHCTpyuLle ce BULLE ApBeTa
@ Axcambn HenmoTKpecaHux ApPBETA OAJy4MBatba

@ Ceaky OCHOBHU KNacM@UKATOP KOHCTPYUMLIE HOBM BEKTOP aTpubyTa
N3 OpUTMHAHAX MoJaTaka

@ CBako ApBO KOPUCTMN Cy4YajHU BEKTOP reHepucaH ca PUKCHOM
anctpubyuumjom pacnogene

@ KonauaH pesyntar ce gobuja rnacarsem (npeko CBux gpeera y

wymn)
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HacymnyHa wyma

CnyyajHu BekTOp MOXE fa ce hOpMUpa HA BHLLIE HAYMHA

@ CayuyajHo ce bupa F ynasHux KapaKTepMCTIKA 33 NOAENY Y CBaKOM
usopy apeeta (ForestRI - Random Input selection)

@ V cBakoM 4BOpy hopmMmMpa Ce HOBM aTpMbYT Ha OCHOBY C/Iy4ajHO
n3abparux J1 atpubyra. HoBu atpubyt je nuHeapHa kombuHauuja
n3abpanux aTpubyTa ca koedpuLUMjEHTIMA FEHEPUCAHNM
yHudopmuom anctpubyumnjom y nntesany [—1,1]. 3atum ce y
CBaKOM YBOpY reHepuiie F TakBUX Cay4ajHO KOMOMHOBaHMX
aTpubyTa, o kojux ce Hajbosbu OGupa 3a nogeny y usopy (ForestRC)

@ V cBakoM 4BOpYy Hajbosba nogena ce gobmuja cayyajHum n3dopom
nsmely F Hajbossux atpubyTa ymecto usmely ceux atpubyTta
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