Meto-pabnon

Meta-learning
Ensemble learning

>uAAoyikn MaBnon



Meta-pabnon

* Anuwoupyia pac cuAAoync povteAwv (ensemble
of models) kot cuvbuaopocg Twv MpoPAEP WV
TOUC

* Mapadetypa: Anuovpyto 100 StapopeTikwy
devipwv amodpacewv amno dladopetikd dedoueva
ekntaldevonc kat emhoyn TS BEATIOTNG
TaELVOLINONC €VOC KallvoUpLlou mapadeilypatoc Ue

Pnodo.
e Kivntpo: Melwon tou opAAUATOC TAELVOUNONC

— O ouvbuaopocg moAAwv aveéaptnTwy amodpAcEWY
(0tav kABe pLot oo AUTEC lval TOUAQXLOTOV TILO
akpLBNC amo tuxaia emAoyr) akupwvel TToOAAQ AdBn
KOLL EVIOYUEL TIC OWOTEC ATTODACELC

— Molog B€AeL va yivel ekatoppuplovyoc; (Wnooc
Kowou)
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Awadopetika Asdopeva —1610¢
AAyoplOpuoc

Alaotavpwtikn AéloAoynon
Bootstrap Aggregating (Bagging)
Random Forests

Boosting



Alapopetika Asdopeva — 1dLo¢
aAyoplOpoc pabnonc

e AlootavpwTtikn aéloAoynon (cross validation)

Entire Original Training Data
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Figure 4. k-fold data splitting for generating different, but overlapping, training datasets.
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Alapopetika Asdopeva — 1dLoc

aAyoplOpoc pabnonc
* Bagging (Bootstrap Aggregating)

— Exmaidevon
* Eotw ot £xw N mapadeiypata ekmaidbeuonc

e Kavw tuyaia emavaAnmrkn deypatoAnyia K dopecg, omou kabe dpopa
StaAéyw N mapadeiypata pe aviikataotaon (emavatonobetnon)

* Anuwoupyw €tol K oet Sedopévwy ekTtatbevong amo Ta apyLKa
dedopeva ekmaidbeuvonc

e Exkmadew tov aAyoplBuo pabnong (base learner) K popég, kabe
dopa pe Eva o Ta O€T ekmadeuong

* Anuwoupyouvtal €tol K povteAa

— A&loAoynon
* Tpéxw KABe eva armo ta K povtéla og kaBe napadelypa aftohoynong
e Juvbualw tic K dtadopetikec e€odouc (ry pe mAetoPpnodikn Yndo)

e Je aotaBeic alyopiBpouc pabnong (mx devipa anmodaonc) mouv n
anodoon toug pmopel var aAldlel Spapatikd otav aAlalouv Alyo ta
debopeva  ekmaidbevoncg pmopel va pewwoet to Aabog tavopunong



Awadpopetika Aedopeva —16loc adyoplBuoc pnabnong
Bagging: O aAyoplOuoc

model generation

Let n be the number of instances in the training data.
For each of t iterations:
Sample n instances with replacement from training data.
Apply the learning algorithm to the sample.
Store the resulting model.

classification
For esach of the t models:

Predict class of instance using model.
Return class that has been predicted most often.

Figure 1.1 Algorithm for bagging.



Awadopetika Asbopeva —1610¢ alyoplBuoc pabnong

Random Forests
. Breiman. Random forests. Machine Learning, 45(1):5-32, 2001.

ErtiAéyw tov aplBuo K twv 6évipwy nou BeAw va
oxnuatiow

EMAEyw TOV apLlOO M TWV XAPOKTNPLOTIKWY TTou Ba
XpnotpornotnBouv ylo Tov oXNUOTLOMO TwV SEVTPWV

Ekntaiibevon

— T kdBe devtpo

¢ Kavw delypatoAnyia pe enavatonoBetnon N mapadelypdtwyv
ekmalibevong (omou N 0 GUVOALKOG aplBUOC MapadELy LATWY
eknaidevonc)

e Xe kaBekoupo pnotuonowo m tuyaia eMIAEYUEVA XOPOKTNPLOTLKA YLaL
va ripaypatonoiow tnv BEAtiotn StakAadwon

* Agv KAaSgVw TO SEVTPO OV TIPOKUTITEL \H blapopa pe T-OV
A&Lohoynon Bagging
— Tp&xw KABe eva amod ta K devipa oto mapadetypa a&loAoynong
— Edapuolw mAetobnowkn bndo



Awadopetikd Aedopéva — 16L0¢ alyoplBuog pabnong

Boosting

Y. Freund and R. E. Schapire. A decision-theoretic generalization of on-
line learning and an application to boosting. Journal of Computer and
System Sciences, 55(1):119-139, 1997.

e Avtiyla detypatoAnyia Twyv mapadelypatwy, aAlace ta
Bapn ota napadeiypata!

* Avaykooe tov aAyoplOpo va eotldoesl o€ apodeilypota
1ov otnVv teAevtaia tagvopnon taélvoundnkav Aaboc



Atadopetikd Asdopeva —1610¢ alyoplOpoc pabnong
Boosting

Ekmaidevon

— Alvetol og kaBe mapadeypa Eva apxLlko Bapog, iblo o OAa Ta
napadelypata
— Xe KABe enavaAnyn

e Anuloupyeital éva deiypa amno ta napadeiypata eknaideuong mouv €xouv
Ta peyaAutepa Bapn

e Exmatdevetol Evac aAyoplBpoc pabnong He to mapamavw delypa

* To povtéAo Tou MPOKUTITEL EGAPUOLETOL OTO APXLKO TTANPEC OET
dedopevwy ekmaibevong

* Yrnoloyiletal to opaipa tafvounong €
e Av e=0n €>50%, oTOpMATAEL O OXNUOATIOMOC TIEPALTEPW UOVTEAWY
e Ta mapadelypata mou taévopouvrtal AdBocg Ba mapouv avénuévo Bapog
* Ta mapadelypata mou taévopolvtal cwotd Ba mMApouV LELWIEVO BAPOC
A&loAoynon
— Awoe o€ OAEC TIC TIHEC TNS KAAoNC Taévounong Bapoc O.

— Av €xouv nipaypatornolnBei t emavaAqPelc, yio kaBe eva armno ta t LovtEAd
npootiBetal -log (g/(1-g)) oto BApPOC TNS TN TNC KAAONC IOV TIPOPAETIEL TO
LLOVTEAO.

— H teAwkn Tiun Tng KAAonc talvopnong sivol autn pe to peyaAutepo Bapoc.



Boosting (ouvexewa)




model generaticn
Assign equal weight to each training instance.

For each of t iterations:
Apply learning algorithm to weighted dataset and store
resulting model.
Compute error e of model on weighted dataset and store error.
If e equal to zero, or e greater or egqual to 0.5:
Terminate model generation.
For each instance in dataset:
If instance classified correctly by model:
Multiply weight of instance by e / (1 - &).

Normalize weight of all instances.
classification

Assign weight of zero to all classes.
For each of the t (or less) models:
Add -logle / (1 - e)) to weight of class predicted by model.

Retumn class with highest weight.

Figure 7.8 Algorithm for boosting.



1610 Aedopeva — AtapopeTikol
aAyoplOuol pabnonc

e Stacking (Stacked Generalization)



16wa Aedopeva — Atadopetikol adyopBpol pabnong

Stacking

— OxL Yndodopia yia tnv emtdoyn TN amnodaong

— Xprion aAyopiBuov pabnonc yia tnv AnPn tng
arnodaonc

— Base learners: taélvountec enumedou 0

* Atadopetikol

e O kaBevac Byalel mpoPAePn yia 1o KABe apAadeLypa
e\EyYoU

— Meta-learner: taéwvopntnc smuedou 1

e KaBe mapadeypa EAEYXOU LETATPEMETAL OF
nopadslypa eLcodou yla tov meta-learner

e JOV XOPOKTNPLOTIKA EXEL TIC TPOPBAEYP ELC TV base
learners yLa To cuykekpLUEVO tapadetypa (TtoANEC
bOopEC UmopeL va cuprnephapBavovtal Ko T opy LKA
XOLPOKTNPLOTLKA)
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