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ITpoemeéepyaaia debopevmy

* O UETAOYNUATIOUOG TWV OECGOUEVWY GE LOQYN
NATIAANATY] KAl ATOSOTNY VLo TNV eTtAeyYpevn (?) pneboodo
patinong

* 20VOAO TEYVACUATWY TOL EPAOUOLOVTAL LE KVOLO GTOYO
™V aLénon Tov Pabpod adlomotiog

e Kanoteg popeg AeLTOLEYOLY, UATOLES OYL, KL, LEYOL
OYLEQX, VUL OVGUOAO VA YVWELLEL KOVELG EX TWV
TROTEQWY TNV ATTOTEAECUATIUOTYTO TOVG

¢ Kabwg o mheov aklontotog 06myog eivat 1 pebodog
‘Dontpung & owarpatog’ (‘trial & error’), n yvworn no
UATAVONGY] TV TEYVACUATWY XLTWY €LVl EEXLOETIN
OV LAV TLN
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Teyvotpomnieg mposnegeQynoiog
Hedopevemy

* HEmhoyn yoapoantnpltotuwy (attributes)
* AlaxQLTOTOINGY] YOEUKTYOLOTILWY

* MetaoyUaTiopOS OEOOUEV®Y

* Kabuplopodg dedopevwy
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EmAoyn yoeoantyoloTinwy

* 2TIG TEQLOCOTERESG EPARILOVES, O XOLOUOC TWY YXOAKTNQLOTIUWY
elvot UTEQBOMMA UEYRAOG YLO TOV ATTOTEAECUATIO YELOLOO TOLG
oo Tor oYMt expadnomg

* Ta meEloo00TEQX YAQAATYOLOTIUA — GLYVX 7] GUVTOLTTINY)
TAELOYN Lo TOLG — ELVOLL ELXPLVWS [LY] CLOYETILOUEVA 7] TIEQLTTA.

¢ Koata ovveneia, mpemet Vo EMAEYEL LTOGLYVOLO TWY BEOOUEVWY TOOG
YeMom o1y otadnactio expabnong

* Ot pebodor enpdbnong ex Yooewg entteAody 7] Stadnacto

ETUAOYNG TWV UATHAAANAWY YAXQANTNOLOTIUWY %L ATOREUYNC TwY
LTOAOLTLWY

* (2071000 1 ATOSOTMOTNTA TOLG UTTOEEL OLY VA Vo Bedtiwbel peow
NG TROETLAOYTG
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AloxQITOTTIOGY] YAQUATYQLOTIHMVY

* ATOADTWG avoryrala 0TNY TEQLTTWGY] TOL UATOLY,
YOQOATNOLOTINA ELVOL ELOUNTING AN 7] ETUAEYILEVT]
uebooog expabnong pnoel va YeLpLoTEL LOVO ONTA
(categorical) yoapontnoloTina

* Axopa xat ot pebodol mov UToEOLY Vo YELOLGTOLY
o EOUNTIHA YEONTYOLOTINA TTOAAES POOES TTAOAYOLY
UAADTEQN ATIOTEAECLATA ] AELTOLRYOLY TAYLTEQX ALV TX
YOQANTNOLOTIUA EYOLY OlanpltoToLDel

* To avtiotpoywo TEORBANUK, GTO OTOLO HATYOOIUK
YOQOATYQLOTIUY LETATOETOVTAL O Q0N TIMA, TOOKVTITEL
ETLONG, AV UL ALYOTEQO CLY VX
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Metooynpatiopog s6opevmy

* H popyn twv dedopevav, ette 1 pbor Tov adyoplbpou
enpabinong, ouyva LTOOEUYDOLY BLIPOEOULG
UETAOY NUXTLOROLS TWV OEGOUEV®Y

*  Avoaynolot ylor TV avadetén LOLLTEQOTYTWY 7 KoL
OLULPOPETIHWY YWVLWY BEXOYC TOL GLVOAOL TV OEOOUEVLV

* [IinOog teyvinwy
— MoabOnpoatinol petaoynpatiopot
— Baowopevol ot yvwor mediov
— Aoywol petaoynuottopol
— AMayn doung / popyng dedopevwy
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KaOogltopog 6ebopevwy

* To axabopto dedopeva GLVIGTOLY GNUAVTIKO TEOBAN U
* H avoyrondmnto c€omelwons (ke T OEO0IEV EYEL O
LTooeLyOet:

— Koatavonon mepteyopevon yapautnolotinwy, ouiBacewy
NWOLOTIOLYGG, CNUAVTILOTNTAS AYVWOTWY 7] KoLl
emovodapBavopevewy ttpwv, BopbfBou petponong, Aabwv
NATOYOUPNG, CLOTNUXTIHWY AxD®Y

* Amkeg pebodol ontinonoinong ovyva Bonbody notee TOAD

* Avtopoatonompeveg prebodot nabaplopod dedopevemy,
EVTOTILOUOL TLLWY TROG EENLQEDY] NAL AVWUXALWY
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Emloyy] yooaxTnloTinmy

* O neptocotepot aiyoptbuot expabnong eyouy
OYEOLNOTEL WOTE VA ETUAEYOLY TX TAEOV UATAAATAX
YOQUANTNOLOTIUA VLA TY] OLULUOQPWCY] TWV ATOPAGEWY TOVLG

* H Omopén meplocoTepwy YaQOUTNOLOTIUWY ETOUEVNG
0oMYel — ot T Hewplo — 08 TEPLOCOTEQO ATOOOTIUN
EXTIULOELOY]

* Qotooo:

"Tlowa n drapopa usta&d Oswolas rar moaéng;
Aev vrdpyet otapopd
- ot Oswpla. AMa otnw mpaén vxdpyet.”

o XMV mEA&Y, 1] TEOCHNUN PN OYETIUWY YAOOKTYOLOTINWY

oLyYVa ‘oLYYLLEL T GLOTYATH UNYAVIHNG aOnong
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EmAoyn yoeoantyoloTinwy

* Beltiom pebooog emhoyng: yetponivnty,
Baotopevr oe Babia natavonoy Tov TEORBANUATOC
NAL TV EXPOACOUEVOY ATO TU YUQAATNOLOTINA

* Avtopatonompeveg pebodol: entong yoNoLES

* H pelwon twv lotdoewy 1wV 000 UEV®Y
— BeAtiwvel my anodoomn twv aryoplOpwy extaldevong
— Iopeyet piot TEQLOGOTEQO GLUTOYY] HUL KATAVONTN
ATIELOVLOY] TNG AVTIAMPNC — OTOY OV, E0TLACOVTAG OTLG
CLVALPELG LETOBANTEG
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EmAoyn yoeoantyoloTinwy

* Abo pebodol enthoyng LTOGLVOAOL YXEAKTNOLOTILWY
— Mebodog dinbnong (filter): ave€dptnn anotiunoy, Bactomewn
OTO YEVIUX YUQUANTYOLOTIUY TV OEOOUEV®Y
— Mebodog evowpatwong (wrapper): TOOGUOAYGY| TNG
OLLOACLOG ETUAOYNG OTY] OLAOUXOLA EXTIULOELGNG ML
ATOTLLY)OY] TOL LTTOCLVOAOL Pe BAoY TNV TEMNY] ATOOOGY] TOL
adyopibpou expdbnong
* Agv LTAOYEL OMOVLUEVINA ATIOOENTO UETOO TG
OYETIUOTNTAS EVOG YAQOAKTNQOLOTIUOL, YEYOVOS oL nabioTd
TNV ETUAOYY| LTTOGLYOAOL OLOUOAY] OLXOIUATLA
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Mebodog 61mnong

* Ebgeon umoGLYOAOL YAEAATNEIOTHWY ETAEXOLG Yia: TO
OLALYWOLOO OAWY TWV LTOOELYUATWY

— Emkoyn meQO'ceru SLVATOL GLVOAOL YAQANTYQOLOTILWY TOL UAVOTOLEL TNV
amodton ot (Héow eaviAntung (exhaustive) avalntmong)
¢ Xopnon olpoEetinob alyoptbuou e%poc@ncmg (Ylor ToQAOELY U
C4.5, 1R) yio emhoyn yaQautnELoTinwy

— T mopdderypor, pmopet vo SLPO(Q[J.OO‘CSL evar aAyotBpog 8evopou omonpoccmg
01O GLYOAO BSSOpevwv UL OTY) GLVEYELX VX emkeyouv TOL YAQANTY|QLOTLINGL
EXELVO TTOL EVLTIARYOLY GTO GEVOO 1AL OVO ALTA.
* Mabnon ﬁocctopevn 0TI LTOOELYHATX YL XTTOO0CY] BouELTNTAG OTX
yapontnototina (Instance based Learning)

— Emnlong epappootpnr], wotoco aduvatel va LTOOEIEEL Tor TEQLTTA,
YAQAATNQLO TN
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Avalnnom 610 Y®EOo Twv
(LQUATY|QLOTIHMY

* ApBpog TwY LTOGLVOAWY YUQANTNQOLOTILWY
= exletinog wg TEOG ToV AELOUO TWV YAEANTNELOTINWY
= cavtAnTtinn avalntmon: pn npaxtny & xoctoopa
o uwOeig mpooeyyioelc: anAnotn (greedy) avalntnom
— Emhoyn npog 1o epnpog (forward selection)
— Amohoupn mpog ta iow (backward elimination)
* [leplocoTepO e€ehlyeveg OTOATNYIKEG:
—  Avalnmom duning notevboveng (bidirectional)
— ﬁvoc@]mcm nAADTEQOL TEWTOL (best-first): ddvaTaL Vo eVTOTLOEL 1) BEATIOT
bo
— Avo:]ChmGn deoung (beam): amhomoinon g avalNTromg *YAADTEQOL TEWTOL
— T'evetwrol akyoplBuor (genetic algorithms)
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IToepadstypa: Ymoodvoia
(OLQAARTY|QLOTIXWY (OsBopeva #otQOV)

f’
— ﬁw

outlook outlook

humidity windy

e

temperature
windy

outlook
temperature

outlook
temperature
humidity

outlook
humidity
windy

temperature
humidity
windy

outlook

temperature
humidity

windy
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Me0Oo60g evowpatwaong

* BEvowpdtwon g otadnactog emAoyNg otny expabnon

— Kotmplo anotipnong: anddooy| SLucTHLRWUEVNC ETUNVOWONG
(cross-validation)

* Aamavr YeOvou
— Amnot avalnton, £ YouEoxtnELloTing = &2 X Yeovog
— TTpOtepn natdtody YoEAATOLOTINWY == YOXUUINTY] GTO £
— Eéavtdintuun avalnton = 2% x time

o RaceSearch, Schemata

* RankSearch

* Tehnod npttn oLVLoTa T0 LYOS TOL CYAAUATOG OE VEX

OEOOUEVX
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= Awrprronoinom yogaxtnolotixmy B

MeQmon ockonLGpLOL rocEwopw]Gng N opocBonow]Gng XeLQLCovroa
pLovo OVOULAOTINX YXQANTYQLOTING HXL OEV LTOQOLY VI YELOLOTOLY
ooa Bolonovtot oe aplunTiny popym

H yonon twv aptbpntinwy yopoutnolotinwy tpovnobetel tnv
TPOMYOLUEVN ‘DLOUQLTOTOLYOY) TOLG OE EEYWOLOTA LTTOGLVOAX
TLLOV

Anopa nat ot adyoptfpor pLo'CGnm']g TIOL LTTOQOLY VX XeLQLGTOt')v
ocQLGpW]rmoc XO(QO(%’CY]QLG’CL%O( OLY VX AELTOLEYOLY TOAD TLO anonoc
OTAY YQ7|OLLOTIOLOLVTAL [LOVO UE OLAMQLTA Y AOAATY|OLOTIUA

Enopevwg, molog o BEATIOTOG TROTOG OLAXOLTOTONGNG TWY
aELOUNTIHOY YAEAATNOLOTIMWY TIELY T7] dtadtnaoia expabnong;
[N npaderypo, epappoyn alyoptbpov oe

— AlxQITOTOMUEVO G £ —TULEG YAQANTYOLOTIKO 1] OE

— £ —1 Suadind yoEanTNELOTIUA TOL UWOIUOTOLOLY TA CNIUELX TOUNG
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Awaxprtomoiney ywelg entBisdn

o AwplBwor SLaoTNUATWY YWELS YVWoY| T™NG TaENG oTny
OTLOLOL AUVYUEL TO DTTOOELY LA
— Movadwn Ao nata TV OpadoToinoN

* Abo mpooeyyloeLs:
— Awompato ataxbepob evpovg (equal-interval binning)

— Awotpota otabepng ovyvomntag (equal-frequency binning)
(mokettaot eniong ‘e€looppomnm o totoyeappatog’ (histogram
equalization))

* YTooeeotepnNg AElOTULOTING EVAVTL TWY TEYVIXWY E

eniBAedn oe epyaoteg tagvounong
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*  MebBodog evrporiag

*  Ocewpeltat WG N TAEOV anod0Tny & aELOTOT

¢  Kataoreurn 66v0p0L anoPaoTg Yo T OLAXOLTOTOLYGY] TOL YXQAKUTYOLOTIUOL
— Xpnon tov peyebong g evIpoTiag WG %ELTYELO S WOLOUOD TWY TLLMY TOL XY IUOD
OLVOAOD
—  Apy" ehaylotov pnuouvg mepuypapng (minimum description length (MDL)) wg npttpto
SLMOTNG

EMII MM BAEE 20006, T¢oo\Mg T'ehoytog 17



ITopdderypo: Ataxgltomoinen
YoLEAXTY|QLaTIX0L Osppoxpaaciog

Temperature 64 65 68 69 70 71 72 72 75 75 80 81 83 85

Play Yes No Yes Yes Yes No No Yes Yes Yes No Yes Yes No

¢ Temperature < 71,5 — StywElopnog Tov ebEoug oe
— 4yes & 2no / 5yes &3 no

* Metp0o #EE00LE TANEOYOELNS BACLGUEVO OTNV EVIQOTILY

info=—» p(i)log,(p(i))
I=1
— info([4,2]) = -(4/ (4+2))*log, ) — 2/ (4+2))* log,(2)

— info([4, 21,[5,3])=(6/14)*info([4, 2])+(8/14)* info([5, 3])=
0.939 bits
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ITopdderypo: Ataxgltomoinen

YoLEAXTY|QLaTIX0L Osppoxpaaciog

A= "x
___ 7
0.8 ——8—
8 v
B A
E
F
0.61
0.41
0.2 1
o+
65 70 75 80 85
yes no es yes yes no no yes no yes es no
y y yes yes y y
54 o5 58 o9 FO 71 T2 =] =250 a1 83 85
(als] Yes
yes (gls} yes yes yes N (als} yes yes no
yes Wes
F E (] C B il
66.5 T0.5 ¥3.5 T7.5 50.5 84
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2 E0m AEYNG EANYIOTOL
U1X0LG TIEQLYQUPNG

* T v egappoyn g apyne MDL :
— AapBavovtatl v’ gy
¢ Xnpeto topng (log,[IN — 1] bits)

* Koatavoun taéewv oe nabe vmoobvoro

— 20YXQLO?] ATALTODPEVOL [LNXOVG TEQLYQAPNG TOLY KAl PETX TNV TEoctHnKy
OY|UELOL TOUNG
* N vmodelypoto
— Apyo obvoro: £ takelg, evipomnio E
— Ilpwto vnoobvolo: £, taéetg, eviponia E,
— AebL1ep0 LTIOGUVOAO: £, Takelg, evtpoTia E,

log,(N-1) log, (3 — 2) - KE +k,E, +k,E,

N
* 2uvlotd T W) dtaxpltonolnoy g Depponpaaciog

Info >
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Awxgrtonoiney) pe emiiedn:
arreg pebodot
* AVIaTAoTAoY] OLUOMACLAG ATO TOVE® TROG T UATW
(top-down) pe TEOGEYYLOY ATO 1ATW TOOG TAL TAVE
(bottom-up)
o Avtataotaon aeyne MDL ue teot X?

* X707 OLVAUIKOL TOOYOLUATIGILOL YL TNV EDEECM
BeATIoTOL Ol WELCILOL O A-OlOTNUXTA (e Bao
OOGUEVO KOLTNOLO

— Ynoloyiotind ©6670¢ e #oLtneLo evipomiag = IN? X ypOvog
— YTOAOYLOTINO #OGTOG e AOLTNELO OYAAUATOC => N X y0OVOG
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2 QOLAMAOL 7] EVTQOTILOL;

* Epwmon: Eivat duvatov, vnobetovtag Beltiom
OLAAQOLTOTIOLY|OY], OVO YELTOVINX OLXCTYLATH VO TEQLEYOLY
LTOOELY AT TTOL AVNUOLY KATA TAELOPT)Plo GTNV LOLX

taén?
* Tlpoyavng anavinon: Oyt. Tatt, edv va,
— 2UYYWVELGY| TWY OLO
— Amelevbepwaon evog StaoTNUoTog
— X107 T0L AAAOD
(mpod€yyion owaxpitomoinong ue Bdon xpitrpto opdluarog)
* Xwot anavtnon: Nat.
(1 OLaxQITOTOINON UE HOITNPIO EVTPOTIAS UTTOPEL va TO VAOTIOOEL)
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* [lpoBinpo
OLO TaEEWY,

OLO YOEOATY)-

OLOTINWY

Adn0sg
HLOVTEAO az

A
0.4- .o .. A AA
BéAtiom * o Aa pa
@

4
OLAXQITOTIOMNGY] |
Ty al, a2 bo

H pebodog evipomniog evromnilet
netaBorEG oV nUTAVOPN TV O 0.2 0.4
Taéewv al

EMTIT MM BAEE 2006, T Tebgyio 23



AvtioTopo TEoLAnpa

611 QLTOTIOMONG

>

* Metatpomy) OVORXOTINWY TLUWY O ‘aPtOUNTIKES
1. Xapantnptotno — deiutrg (indicator)
* Aev xavel Y0107 TANEOYOELNG TEQL UATATAENS
2. Kwowmonoinoyn ovopacTinon YopouTNOleTnol UECW
AATATHENG O OLAOUA YXOAKTY|OLO TN

e Abvartat va yonotponownbet ano nabe Sratetarypévo
YOQOATNOLOTINO

* [Tpotpuntea evavtt UETATROTNG O aneEALO (N OTOlX
npovrobeter Babpovounon

* ['evind: uwOWOTOLGY] LTOGLVOAOL TWV
YOLOUATYOLOTINWY WG OLAOLUA
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EMII MM BAEE 20006, T¢oo\Mg T'ehoytog

Metaoynpotiopog 6edopevmwy

Eva npoBinua e€dpuéng yvwong and dedopeva omavia
TEQLOPILETAL GTYV ATAY] EQAOUOYY] EVOG akyoptbou oe eva GOVOAO
OEOOUEVQY

Mebodol petaoyNUaTIGOL TV OEOOUEV®Y, OTIWG Ol TEQ!
SLanpLlTomoinoNg, LTTaEYoLY dtabeotpot oe peyaro TAnbog uo
YOMOLULOTOLOLYTAL OYedOV oe nabe mepintwon

Kabe npofinua eivot Stopoetino
—  Amauteltotl ®atavonor Twv 0eSOUEVRY
— Emnlong e€etaom toug anod Srapopetineg ywvieg Beaong pe dnptovpyno
T00TO WoTe Vo YhAoeL ®UVEIG TNV HATAAANAY] OTTTINY
O peTAoYNIATIOUOG OE OLAPOPES LOPYES OLILBAAAEL TOOG AVLTY] TNV

natevbuvon

25



I'svind meQl PeTUaYNUATICUWY

* 2LYVA 1] YLON TWY OEOOUEVHY DTTOOEVLEL LabnpoTinong
UETAOY NUXTLOUOVG
— T Tepaderypo, apalpeEG NUEQOUNVIWY Yo EDEEGT] NAKING

* Metaoynpoatiopol mbava vo vTodemvbovTaLl ENLONS ATO
YVWOTES OLOTNTES TOL ahyopibpou expabdnong
— T mepaderypor, novovinonoinon yo Bertiwor anddoorg

* Aev elvor amapaltnta pobnpotinol, pnogody yia
TOEAOELYLO VO ATTOTLTIWYOLY TYV HOLYN AOYIUN ] T
YVWGT TEOLO
— T Tepaderypo, NILEQOUNVIES AEYL®Y, ATOWUNOLl xEtOpol

YN LLWY GTOLYELWY
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Eib67 petaoynuaTiohoL

*  2ZUYYWVELCT] OVOUAOTINWY YUQUNTY|OLOTIAWY

* TlpocOnun vewv yapantnototinwy

* Ilpoobnun BopdBov ota dedopevar (Yoo TUEADELYUX Yo EAEYYO
a€LomLoTLoG)

*  MetaAloryy| CLYAEKQLUEVOL TOGOGTOD

o 20yyvom dsdopevey (obfuscate)

* Tuyaonolnon oelpag, TUEUYwWYY| TUYXLOL LTTOGLVOAOL

*  ATOPA%QELVGY] LTOOELYUATWY (JLE ELOUA YUQAUTYOLOTIN 1] OYL)

*  Amopoupuvorn TLpwv 1eog eéotpea| (outliers)

* Metatponn apatwy (sparse) OSOOUEVWY O 1] XOXLA U
AV TLOTQOPWS

* Metaoynpatiopol netpevov & YpOVOGELQ®WY
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Avaivorn Kdgiwv Xovvietwowy
(Principal Components Analysis)
* 20OVOAO OESOUEVWY Ue £ aptunTnd YopanTnELoTINS

— 'Eva vepog ornpelwy oe eva Yweo A-OlaoTACEWY — T XGTEQLX
OTOV OLEAVO, EVAL GUNYVOS EALOCWY GTO YWQEO, EVO OLALYQO LY
OLLOTOEAS GTO YTl Tt YUQAKTNOLOTING AVTITQOCWTEVOLY TLG

OLVTETHYUEVEG.
* H emhoyn a€Ovewy — 10 GLOTNUX GLYTETAYIEVY — ELVOL
avbalpetn
— H amewodvion tov opnvoug etvart e€loov noan yox nabe emthoyn
xEOVWV

o 2V e€0PLEY YVWOTC ATO OEOOWUEVA, CUYVA VTAQYE!
TQOTLUWUEVO GUGTNX CLYTETAYUEV®WY

— Kaboptletat oyt and namota e€wtepinn nupudoyn aAld amo To
1Ol T OEOOUEVX
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Avaivorn Kdgiwv Xovvietwowy

* T #&Oe emAOYY CLOTNUATOG CLVTETAYUEVWV: TO VEYOS TWY
OYUELWY YXEAUTYEICETAL ATIO CLYXENQLUEVY] OLAXLUAVGY| (Variance)
oe nabe natedOuvon

— OMAWVEL T OLLOTIORA YLEW XTO TN KECN TLUY O aLTY TNV natevbuvor

Y7o 1 ouvOnun 0Tt TO0 GLGTNUA CUVTETAYUEVWY elval gploywvio, 1)
OLVOAMXUY] OLaKLILVET elvart oTablep).

* PCA: enéheée 10 0LOTNPA CLVTETAYUEVWY WG EENG

— Tonobemoe tov npwto d€ova oty natedbuvor peyoTg StandUOVETG

— Emnekele tov 6edtepo dfova nabeta oTov TEWTO, PEYIOTOTOLWYTAG THAL T7)
OLAVULOLVOT)

* Me pabnpotinn dwtdhnwon: Beeg ta todaviguara 1ov dtaywvoromuEvov rivaxa
oUVOLaXDUAVONS ETIL TV XOYIXWY CUVTETXYUEV®Y. AVTH XTOTEAOLY TOL GEOVES TOVL

UETOOYNUATIOUEVOL YWOOL Nl OL LOL0TIUEG ATIOOIOOLY T1) SLAUUDUXVCT] AT
UNUOG TV a€OVwV.

EMII MM BAEE 20006, T¢oo\Mg T'ehoytog

29



APOMHBEYS 4
AVPFOrD

N

Avaivon Koptwy Xovvietwony
ITopdderypo

T
60?: -]
Al Yariance Curnulative
1 61.2% 61.2% g 20% 7
2 18.0% T9.2% 8
3 4.7 % 23.9% 2 40% A
4 4.0% B7.9% B
5 3.2% 21.1% %
& 2.9% G4 0% = 30%
7 2.0%, 95.0% ﬂ
8 1.7 % 97.7% 3 o
9 1 4% 09.1% 20% 7
10 0.9% 100%
10% -
0% T I T I I T I .I —=
1 2 3 4 =] o] 7 a | 10

Componant num bver
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Avaivorn Kdgiwv Xovvietwowy

H Swodpavon ave aéova (ouviotwoa / component) exppdletot wg
% emt Tou (otablepon) auvolou
— T Topadetypoar, 1 TEWTY CLVLETWON EPUNVEDEL TO Y0 TG CUVOMNTG
OLUOTOQAG
Mmnoget navelg vo emtheet mQEOS XQ”]GYI TG O oNPoVTIES (nOpLeg /
principal) cuviotwoeg —uat LOVO XVTEG- KoL VO ATORBIANEL TIG
LDTTOAOLTIEG

H pebodog ypnotponoteltot cuyva oLy TNy EQAOUOYY| TWY
ahyotOpwy emroaBeum]g YLt TOV %oc@ocQLGpLo TWY OEOOUEVWY AL
TNV AVATOQAYWYY] TWV YXQXUTYOLOTIUWY

2NUELWOT): 1] UAMUOAA TWY YXQUAKTNQLOTIUWY ETYEEXLEL TO
anoteleopn g PCA

— Kown mpoantiny] anotelel 1) #vovixoToleN OAWY TWV YXOOUTYOLOTIUWY
(neom s 0, Tomnn anoxion: 1) motv v epappoyn g pebodou
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Toyoteg Toofoleg

* Yrnoloyotind nootog PCA = (Hdiotaoewy)’ X yoOvOg

* ATAOLOTEQY] EVAANANTINY: TUYOL TEOBOAN TWV
OedopeEVWY e LToYwEO Tpoxaboptopevou aEtbpod
OLULOTACEWY

* 'Onwg elvol AVXPLEVOEVO, OL TUYXLEG TOOBOAES EYOLY
Yauniotepn anodoon g PCA

* (207000, TELQAUATIUY ATOTEAECUATO DTOOEILVDOLY TG N

ATTONALGY] OEV EIVAL TTOAD LEYRAN noL TELVEL Vo etwbel
nabwg o wpBpog Twv dtaotdoewy avavetot
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MetotQony| #EIPUEVOL GE
(LQAAXTY|QLOTING

¢ XapaxTtnELoTUA TOL TEPLEYOLY OLILBOAOGELRES (StrINgS) ELUEVOD
— 2UYVA& Ol TLUEG TOLG ATOTEAOLY OAOUANQO 1ELUEVO
— Iwc avtipetwnilovral;
* AmooLvOeon TOL KELUEVOL GE YUQAKTNELOTIMA GLILBOAOGELRWY
— TOEAYQAYOLS, TOOTACELS, YOATELS 1] — ouvNBwg — Aekelg
* H petarpony oe Aé€eig (fokenization) eivar moluohHvlet
— Aptbpot, avvtakn, otién, dtaywerotg mediov (delimeter), yAwootneg
ovpfBaoelg, ouyVveg 1 un AEEelg, ...
* Ot ovyvotnteg fj ™G AEENG 7 0TO eyygoctpo ] LTOQOLY Vo
UETOOYMIATIOTOOY e SLIPOQOLS TOOTOVG
— log (1 + /7).
— TF x IDF “term frequency times inverse document frequency.”

— number of documents
1'J ll:n-_i

number of documents that include word i
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MetotQonY| YQOVOOGELQMY

G YULQAXTY|QLOTIN

* 2 OEOOMUEVA YOOVOTELQWY
— ndbe LTOBELYUX AVTITPOCWTEVEL OLUPORETINY] YOOVINY] CTLYIY]
— O YUQUAKTNOLOTIHA OLOOLY TULES GLOYETICOMEVES e AVTO TO OTYULOTUTIO
— yto txpadetypx T1eoRAedn nopon, Teoliedn Tuwy neToyNg
* TloAb ocuynOng elval N AVTIHATAOTHGTY] TWV TULWY evég
Xocgommgmrmou ue 17 Stoepopa (A) TOLG e AVTEG EVOS YOOI
TPOTYOLIEVOL LTOOELYUATOG

* 2l ATOLEG MEQIMTWOELG, T LTOOELYHATA O AapBavovtot
TEQLOOKA, YU ALTO KAL GUVOOEDOVTAL ATO YUQAXTYOLOTINO EVOELENG
YQOVOU (Zimestamp)

— H dtpopa twv timestamps anoTeAel TO YQOVIXO BYUX TOL LTODEIYUATOG

* 2 aAAEC TEQINMTWOELS, nabe YopanTnELoTINO POEd SLUPOPETINO
OTLYULOTLTIO, OTIOTE 7] YQPOVOCELQX OLOLACTIUX TEOGOLOPICETHL ATLO
TO EVO TROG TO AAAO YXQAKTNOLOTINO KL OYL LTOOELYUX
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Avtopoatonompevog
nooglopog debopevmy

* H yopnin motdmto twv 6edopevey aroteiel cofapo TEOBANU
yloe TV e€0ELEN YVWOoTS ATTO AVTA
— To AaBrn oe peyadeg Baoelg SedoPEVWY ATOTEAODY TEQLOGOTEQO HAVOVA T
e€alpeo
— Ot TIHEG TWV YUEANTNOLOTINWY, TOAAES POOES AUOUX HAL TWV TAEEWY, Elval
ovyva avorpLPels, avaélomioteg not andbapteg
o 2opfatny petodog avTUETOTILONG: TEOCEXTINOG EAEYY OGS TWY
OEOOUEV®Y
— 2NV EXTAON TWV TEORBAUATWY TOL TEAYUXTELOVTAL, [OWG XSVVATOG
* Avtopatonompeveg pebodot:
— EBEvtomopog Sixtopoywv
— 2uvovaopog adyoplbpwy pabnongs...
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BeAtiworn 6evépwy amopuong

* TN ™ Beltiwon evog 6EVOQ0L ATOYACTG:
— Ideat Aon: eheyyog AavOaopevo TaEVOUTUEVWY DTTOOELYUATWY ATTO
EUTIELQOYVWUOVAL
— Tlpooeyyon pnyovinn pabnong oto mpoBAnua: anopaxpuven Aavbaoueva
TUELVOUTULEVWY DTTOOELY ATV HXL ETAVEXTIALOEVOT)
* ®opvfog yaportnolotnwy xat Bopvfog tagewy
— O 00pvBOoC Ot YHEANTNOLOTING TOETEL VX THOAUUEVEL AVETULPOS GTO GUVOAO
dedopevwy (mpocoyr: oy sxraidevon o ‘xabapd’ ovvoro xar EAsyyos o€ ‘un
nabapo’ avvolo)

— Zuompmog GoQuﬁog oY taén (yo nocroSSLproc AV TIUXTAOTAOY| LA TAENG
UE lo GAAT)): TOETEL ETOYG VO TUQUUELVEL OTAL OEOOUEVA EUTIULOELONG

— Mn ovompinog Goguﬁog TaENG: ATOPANQLVGY] TOL ATO TO GLVOAO
EXTIALOELONG, AV ALTO ELVAL BLVATO
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AvOsxtinn ntoalvéoopmon

o AvBentinn (robus?) otationnn pebodog = emiopBaveton
TOL TEOPRANUATOS TV TLUWY TEOG katpean (outliers)
* Tt v avBentinotnTar ™G TOALVOQOUNONG (regression):
— BAoytotomoinoy 1ou anoldTon Gapatog, oYL TOL
TETOAYWVIXOD CYIAUATOG
— Amopaxguvor outliers (o mapaderypa 10% twv onpetwy mov
ALTIEYOLY TEQLOCOTEQO ATO TNV ETLPAVELX TAALVOQOWUYOTS)

— Elaylotonoinoy g peoatag TtuNg (median) nat Oyt TOL REGOU
(mean) Twv tetpaywvwy (yia outliers otov x xat y d€ova)

* AapPavet v’ OPLv TO0 NPULOL T TEPLOGOTEQRO CLVAPT], GE OQEOLG
ATOOTAONG, OEOOUEV

* Y{nAo vtoroytoTud 10GTOG

EMTIT MM BAEE 2006, T Tebgyio 37



ITapadstypmo avBextinng
ToeAMvOQouToNS

25.
A
°
220
& ®
© °
15]

% ®
= o® Least squares
910/
©
&)
2

5. .
o Least median
o of squares

0 . , . .

19 1960 1965 1970 1975

Year
-5 1
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Eoopuoyr oto weka
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Amnotipnon & smhoyy
(LQUATY|QLOTIHMY

*  Avaln™non 61O YWEO TWY LTOCGLVOAWY YUQAKTY|OLOTINWY UL
aTOTIYOY] TOL nobevog

* To mepBarlov epyaciog moupeyetl
— 4 pebodoug amoTiumNomG LTOGLYOAOD YXEAUTYOLOTIUWY
— 7 uebodoug avalnnong oe LTOGLVOAX YXEAAUTYOLOTIUWY
— (apa na 2401 cvvdvaopodc toug!)
* Mia torydtepn ahha Ayotepo anplBng pnebodog etvar 7
— amotiunon nabe yupanTnELoTINOL YWELOTA
— tadvopnor uot anoEELdy] OGWY OEV IXAVOTIOLOLY OQLGIEVY] TLLY| TO
1ELTNELOL
* To nepifaiiov epynoiag TouEEyeL
— 8 pebddoug anoTipnong LOVASLAIOL YXOAAUTYOLOTIXOD
— uebodo natataéng
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" npomuBEY S
3‘-5'
AVPFOrD

Select attributes

&
=
Preprocess || Classify | Cluster | Assocate | Select attributes | visualize

Akkribuke Evaluatar

CfssubsetEval
Search Method

RandomSearch -F 0.0025

1|~ Attribute Selection Made
(%) Use Full training set

(") Cross-validation

(Mom) class |»

|

|
Result list (right-click for options)

[16:35:38 - RandomSearch + CFsSubsetEval

|16:38:23 - RandomSearch + CFsSubsetEval |
116:39:28 - Random3earch + CFsSubsetEval |

Status
0k

& weka.gui. GenericObjectEditor =Joks
weka,attributeSelection. CfsSubsetEval
About
Attribute selecti|  CTSSuURSELEVal:
Evaluates the worth of a subset of attributes by considering i
the individual predictive ability of each feature along with the
degree of redundancy hetween therm,
=== Aftrih
dearch Metyl localyPredictive |False ¥
Ran -
ar: missing3eperate  |False w |
Hug
Me Open.. l I SavE.. ] [ OF ] | Cancel |
Attribute Subset Evaluator [(superwvised, Class (nominal): 5 class):
CF3 Subset Ewvaluator
Selected attributes: 2,3,4 : 3
zepalwidth
petallength
petalwidth
|5

Log ﬂ'& %0

EMII MM BAEE 20006, T¢oo\Mg T'ehoytog

e Select attributes sheet

1

— Choose & format
Attribute Evaluator &
Search Method

—  Attribute Selection Mode
(full training set /
cross-validation)

— Select attribute

— Start / stop

—  Attribute selection ontput
—  Result list
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AToTipn oy bTOGLVOAOL
(LQUATY|QLOTIHMY

Mebodot dinbnong (filter methods)

* CfsSubsetEval Consider the predictive value of each
subset evaluator attribute individually, along with the
degree of redundancy among them

* ConsistencySubsetEval Project training set onto attribute
set and measure consistency in class values

Mebodot evowpatwong (wrapper methods)

* ClassifierSubsetEval Use a classifier to evaluate attribute
set

o WrapperSubsetEval Use a classifier plus cross-validation

EMII MM BAEE 20006, T¢oo\Mg T'ehoytog
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Mebodot avalnnong

* BestFirst Greedy hill-climbing with backtracking
* ExhaustiveSearch Search exhaustively
*  GeneticSearch Search using a simple genetic algorithm

*  GreedyStepwise Greedy hill-climbing without backtracking;
optionally generate ranked list of attributes

* RaceSearch Use race search methodology
*  RandomSearch Search randomly

* RankSearch Sort the attributes and rank promising subsets using
an attribute subset evaluator

Mebodog natataéng

* Ranker Rank individual attributes (not subsets) according to their
evaluation
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ATnotipnon povaslaion
(LQAAXTY|QLOTIXOD

o ChiSquaredAttributeEval Compute the chi-squared statistic of each attribute
with respect to the class

*  GainRatioAttributeEval Evaluate attribute based on gain ratio

* InfoGainAttributeEval Evaluate attribute based on information gain

*  OneRA#tributeEval Use OneR’s methodology to evaluate attributes

*  PrincipalComponents Perform principal components analysis and transformation
*  ReliefEAtributeEval Instance-based attribute evaluator

o  SVMA#ributeEval Use a linear support vector machine to determine the value
of attributes

o SymmetricalUncertAttributeEval Evaluate attribute based on symmetric
uncertainty
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NPOMHBEYS

N

AVPFOrD

Filter

< Weka Explorer

M X

Preprocess | Classify | Cluster | Associate | Select attributes | Visudlize|

* Preprocess
= Open file. . ] [ Open URL... ] [ Cpen DE. .. ] [ Lindo ] [ Edt... ] [ Save... ] Sheet

| ks [ apely .
N=E | filters | -_ FZ/ZLer
'] =] supervised Selected attribute

=] attribute
- AttributeSelection
- ClassOrder
- Discretize
@ MominalToBinary
=] instance
g Resample
----- # Spreadiubsample
L@ StratfiedRemaveFalds

(=] unsupervised

3 pirite]

| -

[#+ ] instance

Name: sepallength

Type: Mumeric

Missing: 0 {0%) Distinct: 35 Unique: 9 (£%)
| Statistic Value
[Minimum 4.3
et [Mazimum 7.9
~ Mean 5.843
|StdDev 0,523

Skatus
oK

| Class: class (Mom)

= |
|| Misualize &l ||
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— Choose

(supervised

/ unsupervised,
attribute

/ instance)

— Apply

45



DIATEU YAQAXTYQLOTIH®Y Y WOIG

entiBAedy] (Unsupervised attribute filters)

* Ilpoonun & anopanELVoY YHEAXTNOLOTINWY
— Add Add a new attribute, whose values are all
marked as wzssing
— Copy Copy a range of attributes in the dataset

— Remove Remove attributes

— RemoveType Remove attributes of a given type
(nominal, numeric, string, or date)

— RemoveUseless Remove constant attributes, along with
nominal attributes that vary too much

* Define attribute, eg. fir5t-3,5,9-last | except

EMTIT MM BAEE 2006, T Tebgyio 46



DIATEU YAQAXTYQLOTIH®Y Y WOIG
entiBAedy] (Unsupervised attribute filters)

—  AddCluster Add a new nominal attribute representing the cluster assigned
to each instance by a given clustering algorithm

— AddExpression Create a new attribute by applying a specified mathematical
function to existing attributes

—  ClusterMembership Use a clusterer to generate cluster membership values,
which then form the new attributes

— Normalize Scale all numeric values in the dataset to lie within the interval
[0,1]
— Standardize Standardize all numeric attributes to have zero mean and unit
variance
— NumericTransform Transform a numeric attribute using any Java function
* Operators +, -, *, /,
* functions /log/ exp, abs/ sqrt, floor/ ceil/ rint, sin/ cos/ tan
* Define attribute, eg. A7
* Expression eg. al”2*a5/log(a7*4.0)
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DIATEU YAQAXTYQLOTIH®Y Y WOIG
entiBAedy] (Unsupervised attribute filters)
*  AMOYT TLL®V

— Swaplalues Swap two values of an attribute

— MergeTwol alues Merge two values of a given attribute: Specify the index
of the two values to be merged

— ReplaceMissingl”alues Replace all missing values for nominal and numeric
attributes with the modes and means of the training data

* Touyoonoinon
— AddNoise Change a percentage of a given nominal attribute’s values

— Obfuscate Obtuscate the dataset by renaming the relation, all attribute
names, and nominal and string attribute values

— RandomProjection Project the data onto a lower-dimensional subspace using
a random matrix
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DIATEU YAQAXTYQLOTIH®Y Y WOIG
entiBAedy] (Unsupervised attribute filters)

* Metatpomeg

Discretize Convert numeric attributes to nominal: Specity which attributes,
number of bins, whether to optimize the number of bins, and output
binary attributes. Use equal-width (default) or equal-frequency binning

PKIDiscretize Discretize numeric attributes using equal-frequency binning,
where the number of bins 1s equal to the square root of the number of
values (excluding missing values)

Makelndicator Replace a nominal attribute with a Boolean attribute. Assign
value 1 to instances with a particular range of attribute values; otherwise,
assign 0. By default, the Boolean attribute 1s coded as numeric

NominalloBinary Change a nominal attribute to several binary ones, one
for each value

NumericToBinary Convert all numeric attributes into binary ones: Nonzero
values become 1

FirstOrder Apply a first-order differencing operator to a range of numeric
attributes
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DIATEU YAQAXTYQLOTIH®Y Y WOIG
entiBAedy] (Unsupervised attribute filters)

* Mertatponeg ovpBorooelpwy
— StringloNominal Convert a string attribute to nominal

— StringToWordl ector Convert a string attribute to a vector that
represents word occurrence frequencies; you can choose the
delimiter(s)—and there are many more options

* XQOVOGELPES

— TimeSeriesTransiate Replace attribute values in the current

instance with the equivalent value in some previous (or
future) instance

— TwmeSeriesDelta Replace attribute values in the current instance
with the difference between the current value and the value in
some previous (or future) instance
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DIATQO DTTOOSIYUATWY YWOLG x

(Unsupervised instance filters)

* Tuyoonoinon & derypatodndio LTOGLVOAOL

Randomize Randomize the order of instances in a dataset

Normalize Treat numeric attributes as a vector and normalize it to a given length
Resample Produce a random subsample of a dataset, sampling with replacement
RemoveFolds Output a specified cross-validation fold for the dataset
RemovePercentage Remove a given percentage of a dataset

RemoveRange Remove a given range of instances from a dataset

RemoveWith alues Filter out instances with certain attribute values

RemoveMisclassified Remove instances incorrectly classified according to a specified
classifier—useful for removing outliers

¢ Apaa Ymodelypota

NonSparseToSparse Convert all incoming instances to sparse format

SparseloNonSparse Convert all incoming sparse instances into nonsparse format
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Diitoo pe emifiedm
(Supervised Filters)

¢ Xopnlovv draitepng TpocoyNG, ®abwg 0Ty TEAYUATIHOTNTA B8V GLUVIGTOLY
AetTovEYieg TEOEMEEEQYAOLAG

* Ot dxpeploelg TV 6EO0UEVWY EAEYYOL ATTaLTELTAL Vor 1] AxpBdvouy uT” Oty Tig
TUUEG TV TAEEWY TWV LTOOELYUATWY EAEYY OV, nabrg avteg vtoTibeton TwWS etvot
XYVWOTEG.

*  DIATOA YXEOUTTOLOTIUWY

Discretize Convert numeric attributes to nominal

NominallToBinary Convert nominal attributes to binary, using a supervised method if
the class 1s numeric

ClassOrder Randomize, or otherwise alter, the ordering of class values

AttributeSelection Provides access to the same attribute selection methods as the Select
attributes panel

*  DIATEA LTOOELYUATWY

Resample Produce a random subsample of a dataset, sampling with replacement

SpreadSubsample Produce a random subsample with a given spread between class
trequencies, sampling with replacement

StratifiedRemoveFolds Output a specified stratified cross-validation fold for the dataset
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