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Hepiinyn

"Eva a6 to peyoldtepo TPoPALOTO TOV KOAODVTOL VO OVTILETOTICOVV TC GVYYPOVOL
TANPOPOPLOKE GUGTAUOTO EVOL 1 OVIWETOTION VEOV Kol GYyVOOT®V OTENDV
evavtiov TG ac@aieldg tovg. Tlpoxertar cuvnBwg Yol TOPaAAAYES YVOOTOV TOTMV
amEN®V 7oL &ival OH®MG OVGKOAO VO OVOYVOPICTOLV ONO TOVG HUNYOVIGUOVG
acolreiong. H duokoAo avIWeT®RIONG GLVIoTATAL OTHV EAAEWYT] YVOONG Yol TO.
akpifn yapoktnpotikd tovg. H Teyymty Nompoovvn owbétel umyovicpovs mov
Exovv TN duvatdTTa oYt HOVO va. avayveopilovy Kot va TaEIVOUOVY TPOTVTO OTEIADY
OAAG Kol Vo YEVIKELOLV, AVTIETONILOVIOG £T01 TG OPOPES TAPOALAYEG TOV

vrdpyovv. Téroror unyovicpoi eivat ta Nevpmvikd Aiktoo.

XV epyocio avT HOVIEAOTOIEITAL 1) LY OVI] GVIADONG KOL OVOYVOPIOTG EMOEGEDV
evog Zvotnuatog Aviyvevorng Iapeioopiioewv and évo Eediktikd Nevpovikd
dikTvo, pe okomd va a&loAoynbet 1 KavoOTNTA TOL VO AVaYVOPIGEL VEEC KLPIMOE Kot
ayvwoteg emBéoelg o1o mepPaAlov evag diktvov. To E&gliktucd Nevpwvikd Alktvo
EKTOOEVETOL PE OEOOUEVH TTOV ypNoIpoTomdnkay otov debvi dyoviopnd KDD cup
‘99, ko afwloysiton pe Paon ta amoteAéopata tov Wdov dwywviouov. Ta
TEPANATO TOV TPy aTomomtnkay £dmoav 1Wdwitepo BeTIKA amoteAéopato oTNV

avayvapion kupiong emifécewv tomov DOS kot Probe.
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Yvotquato Aviyvevong Iopeioppnosov, Intrusion Detection Systems, NIDS,
Awtvokd Zvotipota  Aviyvevong Ilapsicopriocswv, Anomay detection,
Evtomiopog avopaov cvotmpartog, [Hapeicppnon, Avixvevon Ilapeicopnoewv,
Nevpovikd Aiktva, EEeliktikd Nevpovikd Aiktva, BeAtictonoion Nevpovikdv

AoV pe Zunvn Zopotdiov.



Evyaproticg

Oepuéc evyaplotieg otov Kadnynm Zokpdatn Kdartowo yo Tig moAdTUES
ovuPovAég kaB' OAn TN JldpkKeld dlepeEVYNONG TOL BEUATOC KOl EKTOVIIONG TNG

epyociag.

Evyapiotiec opeih® otov ovveéetaotég, tov Aéktopa Xpnoto Zevakmn Kol To
Aéxtopo lowavvn TMapafdvin yio v Pnbed tovg TNV OAOKANPOON TNG
epyoaciag.

¢l va gvyapiotnow emiong tov Emikovpo Kabnynt tov ATEI Koiopdtog
Evotpdtio 'ewpydmovro, yio tnv PfonBeid tov oyetikd pe ta Nevpovikd Aiktoa.
Evyapiotiec mpog tao modd pov Mopio kot d®OTN yioo v LAOUOVH TOVG,
waitepa Opmg mpog ™ ovluyd pov Aéomolva yioo T HEYAAN g otpién OAo

avtd TOV KOpod.
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1. T'ENIKH EIXAT'QI'H

H £xpnén tov d1001KTO0L TIC TEAELTOIES OVO OEKOETIEG ONUIOVPYNOE VEEG TPOOTTIKEG
0€ TOUEIG OTMG TO EUTOPLO, 1) OIKOVOLI, Ol UETAPOPES, M Propnyoavio Kot 1 vyeio.
Oupwg tavtoypova avénbnkav Kol ol omoITHOES Y10 TEPIGCOTEPT] OGPAAEIN OTIG
GUVOAAQYEG KO 6T OloKivion TV TPoIdVTOV Kot TV vnpeciov. H Bopnyavia g
TANPOPOPIKNG OVTOTOKPIONKE OTIS AMOUTNGELS OVTEG, ONUIOVPYDVTOG GUYYPOVO KOt
OOQOAY] AETOVPYIKA OCLOTAMOTA, oviukd zmpoypaupata, firewals, ocvotiuarta
aviyvevong mapeiocppnocmv KAT. Opwme, mop’ O6ho ovtd, KaOnuepwd yvoOuaoTE
péptopeg mopaPioong ACQPAAEING GLOTNUATOV, OIKTVOK®OV EMOECEWY, O1G000MG

KATOGTPOPIKDV 1DV, VTOKAOTMV TPOCOTIKMV dEGOUEVMV KAT.

H amdvinon oto 11 ovpPaivel pmopet va 600l pe ™ Ponbeta g wTptkng: mapd ta
HEYOAQ GALOTO TTOV £XOVV YIVEL OTNV WTPIKY, cuveyilovpe va appmotaivovpe. Avtd
vyl evOGm OMUIOVPYOVVTOL QAPHOKD, VEEG AGOEVEIEG EUPAVILOVTAL GUVEXMG, TOV
ovwn0wg eival Betiopéves ekdoyég modoiwv. Ta chyypova TANPOPOPIKA GUGTHLOTO,
avTeTonilovy akpPac owtd 0 TPOPANU: «éeg acbiveleg». Néeg amelég pe TV
nopon v, Trojan Horses, véeg e€ehypévec teyvikég amo intruders ko hackers, o
KATOAOYOG eival peydaog.

Yg YEVIKEG YPOUUES DVILAPYEL TEXVOAOYIKT] KAALYN-0G 1N EEYVALE KOl TOV TOPAyovTOL
GvOpwmo 6TV VIOBEST ACPALELNL- Y10l VO OVTIUETOTLGTOVV O1 SIAPOPES OMEILES OLPOV

EVTOMIGTOVV Kol 0voAvBovv, OUme T0TE GLVNOMG TO KAKO EYEL ON YiveL



Av dgytovpe 6t1 £xovv evtomiotel OAa To £10N amEIADY OV pmopel v, VITAPEOVV Kot
OTL kGBe vEo amel) givol TapaAloyn HOG TOAAS KOl 0@iGoVUE £E® TOV avOpaOIvo
mopdyovta oty vaodeon acedieio T0te N Avon Bo umopovoe givar 1 dnovpyia
eVOg £€ELTVOL PUNYOVIGUOV 7OV Vo UmOopel vo, evtomilel TPOTLTO 1) YEVIKEVOELG

OTENDV.

‘Exel ekdnAwbei peyddlo epeuvntikd evol0pEPOV TO. TEAELTAIO XPOVIO TPOS QLT TNV
katevOvvorn. Avalnrodvior TpOmOl £€TG1 BOTE TA  ZDOTHMATO  AViyveELOTG
[Mopeioppnoemv- ot Kat' eoyNv UNYOVIGHOT EVTOTIGUOD amel®V-Vva, eival o BEom va

avayvopilovy Tig VEeg ameNEC.

Méypt otryung éxovv avomtvybei 000 EIAOCOMIES MG TPOG TNV OVOYVAPICT OTEIADV .
H o aviyvevel 1ig anedég | v napafiocn g acedielog pe aueco tpoémo. Ta
GLOTHHOTO ACQUAEING EIVOL EQOOIACHEVE UE TANPOPOPIEG Y10 1O VIAPYOVCES Kot
YVOOTEG OMEINEG KOl OTAG aVATPEYOVV GE OUTEG Y10 VO ovayveopicovv v vropén
ToVG. Avtdg 0 TPOTOG GG £xel o goPopr advvapio. Evd sivor amotelecpoticog
OTNV OVTIHETOTION YVOOTOV AMEN®V, 0V UTOPEL VO ovoryvopicet véeg emBECELS Yo,

TIC 0moieg OgV VILAPYEL KA TPONYOVUEVT] TATPOPOPIL.

O dA\Aog Tpomo¢ ival va povteAomombei  KavoVviKY AEITovPYio TOL TANPOPOPLOKOD
oLOTNHOTOG.  £2¢  KOvovikn — Agttovpylo  Bewpeitor  omowdnmote  Agttovpyia
TPUYHOTOTOIEITAL 08 OmOADTOG eAeyXOUEVO TEPPAALOV OOV 1GYVOVV Ol TPELG
DepeEMDOEIC KAVOVEG OICPAAEING: OLKEPOLOTNTO, EUTIGTEVLTIKOTNTO Kol O100eG1HOTNTO.
‘Etol, ke «datapoyn» M <«wapéKkAon» omd ovty TNV KAVOVIKH Agrtovpyio

UTOpovUE Vo TNV ekAdPovpe w¢ mapafiocn g acedarelog. Avtdg sivarl Evag amod



TOVG TPOTOVG Va. dlamioTmbel Kamolo mopaficon e 0oPaAEiog EVOC GLGTAUOTOG: M
aviyvevorn TOPEKKAIONG Omd TNV Kavovikn Aewwovpyio. o mopddstypo, SKTLOKY
Kivnon pe acvviBioto pLOUO M TEPIEXOLEVO, Lo KATMG TEPiEPYN EYYPOPT| OE KATO10
apyeio KOTOYPOPNG TOL AETOVPYIKOV GLOTHUATOG 1| VOGS AoLVIBIGTOS GUVILAGUOG
KAMGE®Y GLOTAUOTOG ATOTEAOVV OSIYEVOTO TTEGTNPL OTL VINPEE 1| VIAPYEL OE

eEEMEN Kamolo Topafiaior AGPAAELNS TOV TANPOPOPLOKOD GUGTHLOTOG.

2TV €MOYN MOV TA TANPOPOPLOKE GUGTHHATO KOl 01 LTOHOTIGHOT e&gliooovTal e
paydaiovg pvBuovg, avtd mov €£yovue avaykn eivor M Tpootacio Oyl UOVO amd
YVOOTEG amd 10 MOPEAOOV amellég, OAAG Unyoviopovg oy vo gival oe Béon va

evtomilovv Kal vo avTIdpovV G€ VEOLG KIVOUVOUG KOl OTTENEC.
1.1 ZXxomog

O oxomdg avtg TG epyaciog elval 1 HEAET TOL TPOPANUATOS TG OVOYVAPIONG
OIKTVOK®MOV TOPEICOPNoE®V N EMBECEMVY Y10 T TANPOPOPLOKA cuoTriuato. [ Tnv
enitevén Tov GTOYOL YIVETOL OPYIKAL 10 LEAETT TOV GUOTNUAT®Y T, 0010 VITAPYOLVY
Y. TOV OKOTO 0vTtd, To YVOoTd ¢ Zvotnuato Avixvevong Ilopsicopioemv
(Intrusion Detection Systems IDS). Méco and PiPproypa@ikn avocKOTnon
TEPTYPAPETOL TO 1GTOPIKO TNG dMUIOVPYiag Tovg Kot N eEEMEN TOVG, Ol JAPOPES
OLPYLTEKTOVIKEG TTPOGEYYIGEIC TTOL £YOVV TPOTOOEL, T £10M TOV AMEIADV OV £XOVV VO
AVIETOTICOVY KOOMG Kol To TPOPAUOTA 7OV £XOVV TAPOLGLICTEL amd TN

Agrtovpyia Tovg.



211 GLVEYELWD KOl Y10 TV KOAVTEPT HEAETN TOV GLUGTIUATOV OQVTMOV VAOTOIOVUE £VOL
HOVTEAO pnyovig ovéAvong. H unyovi avaivong amoterel tunpa tov IDS oto onoio
Bpioketon 0 aAYOpIOUOC 7OV OVOAVEL KOl OVIYVEDEL TO OEOOUEVE UE OKOTO Vol
evromicel emBéoeig. Ta dedopéva avtd Pmopel va Tpogpyovtal amd TV Kivion o1o
dtkTvo N and kdmoto apyeio Kataypagns. To poviédo avtd viomoieital pe ™ Pondein
evog Nevpmvikod ATHoL T0 0T010 EKTOOEVETOL OO Evay eEEAKTIKO adydpBpo. Ta
O0€dOUEVO, TTOV  YPNOLULOTOIOVUE YIOL TNV EKTAIOEVOT] TOD TPOEPYOVIOL OO TOV
dwyoviopd KDD 99 cup, o6mov mopdPolo. GLUOTAUOTO  EKTOOELTNKAY KOt
alohoymOnKav pe okomd TV avAadelEn NG KOADTEPNG TEXVIKNG Y10 TOV EVIOTIGHO
nopeloppocmv. Ta O To omOTEAEGHOTO OVTO  YXPNOOTOWONKAV Yoo TNV
a&lohdynon g TPOTAoT|G OVTHG £0G TNG ePYaciog Kot Tapovcidlovtal oe EexmpioTo

KEPAANIO OTO TEAOG TNG EPYACLOG.

1.2 Aoun tns epyaciag

Y10 TPOTO KEQAAOO YIVETAL U0 YEVIKY €100y®YN v oto Bépo g epyociog,

OVOAVETOL O GKOTOG Y10, TOV 0Toio £xel Yivel Kot mapovstdleror n doun tng.

Y10 devtepo kePGAo0 yiveton o BPAOYpaQIKn EMIOKOMNON TOV ZUVOTHUATOV
Aviyvevong Tloapeisppnoewv. Ilapovcidlovtor o1 SOPOPETIKEG APYITEKTOVIKEG
TPOGEYYIGELS, T YOPUKTNPIOTIKA TOLS KO YIVETAL [ Kot yopromoinon Paoet autmv
TOV YOPOKTNPIOTIKOV. TN CLVEYEWL YIVETOL U0 TAPOLGINoT OAMV TOV YVOOTOV

TNV eMOECE®V, OTMOG OVTEG EXOVV EVIOMIOTEL KOl Katnyoplomombei otn debvn



BPAoypapioc — HOG KOl O HNYOVIGHOG OV OVOTTOGGETOL OmOTEAEl UEPOG €VAG
T€T0100 GvoTNHaTOG — KaBmg Kot Tov Egliktikdv Nevpovik®mv Aktomv, aAld Kot
Tov oAyopifuov Bektiotomoinong pe ZTpnvn Zopoatidiov o omoloc eKmodevel TO

Nevpwvikd Alktvo.

210 TPITO KEPAANO TEPTYPAPETOL O OPYLTEKTOVIKOG GYXEOLAGHOG ToL Nevpmvikon
Awtoov kou m pebodoroyio viomoinong tov. Emiong yivetar pwo meprypoen tov
Boacwdv Aettovpydv tov kabng Kot mepty pagr tov User interface. H mapovsioon tov
KOO0 Kabdc Kot 1 tekpunpioon tov, tepthappdvoviatl oto Hopaptipoata A kot B.
Y10 1010 KeQAAoo yivetor mepypaen tov owymvicpov KDD 99, mwog ko to
dedopéva yuo v ekmaidgvon Tov Nevpmvikod AkTdov Kadde Kot To. amoTEAEGUATA

TOV YPNOOTOOVVTIOL GTNV EPYAGIO OVTH MG KPITNPLo a&loA0YNoNG.

210 TETAPTO KEQOAOO EKTEAOVVTOL OPYIKA OOKIES HE oKOomd TNV €Vpecn TV
Bértiotov mopapéTpov tov EEelctikod Nevpwvikov Atktoov. Aol EVIOnIGTOVV 01
BéATioTEG TIEG, OMUIOLPYOLVTOL TO KOTAAANAO GOVOAO OedOoUévmV Yoo TNV
exmaidoevon Kot aEoAdYIoN ToL aAYopiBoL Kol TEAOG EKTEAOVVTOL TO TEWPALLLOTO KO

KATOYPAPOVTOL TO, TOTEAEGLLOTAL.

Y10 WEUMTO Kol TEAELTAO KEQOAOO yivetal pr avéivon Kol agloloynon Tov
TEPOUATIKOV OTOTEAEGUATOV KOOMOG Kol cOYKPIoT He GALEG TOPOUOLES TPOCTAOELES
pe okomd TV e€aymyn ypNoL®V cvunepacudTov. Télog mapovsialoviot OEpata yio

TEPOULTEP® LEAETT.



2. BIBAIOTPA®IKH EINIXKOITHXEH

21 Eweayoyn

To 2004 1 avTYeT®TIoN TS OMEIMIG TOV SAPOP®V 1OV KOoTIGE Tepinov 15 ekart.
Evpd poévo ot Meyddn Bpetavia. H dapkdg dtevpupévn cuvdsootnto petaly
TOV VIOAOYIOTMOV HEYOADVEL GLUVEXDS TO KOGTOG awTd. Elvol GuvET®S emTOKTIKN M
aVAYKN NG OVTIHETOTIONG TOV JAPOPOV 1OV OAAGL KOl YEVIKOTEPL TMV O1APO POV
amEN®OV acPdrelng. QoTOCO «1 ayopd SOMICTMVEL OTL TOL PETPA Y10 TNV OCPAAELN

TOV VITOAOYIOTIKOV GLOTNUATOV givat akopa averapkn» (BBC news, 2004).

Eivan yeyovog 0t véeg ameldég Yo TNV 00PAAELD TOV TANPOPOPIOKDOV GUOTNUATOV
dnuovpyovvtor kabnuepwd. Omwc avaeépetor amd v CERT/CC (Computer
Emergency Response Team/ Coordination Center), o oapiBpog tov enbécewv oe

ovotuata avéaveton ekBetikd (Eucova 1).
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Eikova 1. PUBUOG avamTuéng emiOEce®V KATAYEYPAUHEVOG ATTO TOV OPYAVIOUO
CERT/CC (CERT/CC, 2004)

Avto mov €xetl peyoddtepn onpacio gfval To yeyovog 6Tt 1 coPapdtnTo aALE Kot M
TOAMTAOKOTNTO TV eMBEGE®Y Exovy avéndel onuavtikd (Ewova 2). T'a mapdderypo
n enibeon pe to «okovAnKy Slammer/Sapphire vimpée 1 ypyopdtepa eEelocduevn
oV oTopia: amd TV oTiyun wov daddbnke oto internet simhacaldtav og péyebog
KéBe 8,5 seC pe amotéAecspa vo poAvvel meprocdtepovs amd 75.000 vroloyiotég
TPOKOADVTOG avuTOLOY1oTEG (Npies 0TS HETAPOPES (AKVPDCEIG TTHGEWMY), KOl GTNV
owovopio (dnpompacieg, ATM Brafeg). ro mapehbOv vpye N avaykn yur ToAD
KOAT YVOON TOV VIOAOYIGTAOV Kol TOV OKTO®V Yo Vo, Tpaypatorombel Kamowo
entdeon. Inuepa oxedov o KabEVaG, OmO10ONTOTE GTIYIY|, UTOPEL VO KAVEL ¥ prioT TV
EYYEVOV OQOLVOUIOV TOV cvuotuatev, € otiag kupiong g vmapéng mAndopag

epyolreiov mov umopei va Bpet e0KOA0 6TO S1001KTVO.
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Eikova 2. IloAvmhokéTnTa eMOECEMY MG TP OGS TIG TEYVIKES YVAIGELS TOV £loforémv (Incidents
Reported to Computer Emergency Response Team/Coordination Center (CERT/CC, 2004))

H ocvvnbiopévn mpoktikn yioo TV 00QAAEI0 VITOAOYIGTIK®V GUOTNUATOV €ivol 1M
xpron unyavioudv ommg ta firewals, ov unyovicpoi miotomoinong yprom
(authentication mechanisms) kat too VPN’'S. Ot pnyaviopoi owtoi dnpovpyodv pio
aonida Tpootaciog yopw and To cvothiuote. Ouwg gival apketd cuvnbouévo va
VIAPYOVV KEVH KOl OOLVOUIEG TOV OPOPOLV TNV ACPAAED OVTAOV TOV OOV TOV

UNYOVIGLLOV.

‘Eva. omd 1o mAéov ocvvnOopuéva mpoAnmiikd pHETpo mov umopel vol AdPel €vog
0pyavIGHOG M Mo emyeipnon y TN SwevAaln NG aCQAAEldS TG eivol To
Yvotipoto Aviyvevong [apsioppricewv (Intruson Detection Systems - IDS). ‘Eva

TETO10 GVOTNHO UTopel va VAomomBel ®G AOYIGHIKO 1| Vo OTOTEAEL [0, QVTOVOUN



ovokevn. O okomog TG Aettovpyiag Tov gival var avyvevel kdbe popen mopaficong
™G OOQOAEWG €VOG TANPOPOPIOKOD GLOTAUOTOS HE TPOTO  OMOTEAEGLOTIKO.
Amotelecpotikdg TpOTog Bempeital n ykapn avayvopion €foidy N enbécewmv
OKOUO KOl O TEPITTMOCELS TOV OVTEG OEV EYOLV OVOYVMPIOTEL TOTE GTO TALPELOOV.
Eniong Oa mpémet va givarl 660 to duvatd Aydtepeg N akOUO Kot LNOEVIKES 01 AAB0G

extyunoeic (false positive, false negative).

2.2 2vetijuara Aviyvevons Ilapeiocppijcewy (1 ntrusion Detection

Systems- IDYS)

To Nationa Institute of Standards and Technology (Base and Mdl) opiler v
OVIYVELOT] TOPEICPPNCEDV O «T1 OlOIKAGIo TopakoAovOnong kot oviivong
ocuuPévtov o€ VIOAOYIGTIKO OUOTHUA T OKTLO HE OKOTO TNV avVOyvOPLoN
KAKOBOVA®V TPOoTabEIDV TOV ®G GTOXO £YOLV TNV TapAPiocn TOV HUNYOVIoUDV

aoQaAEiOC».

O oxomog twv IDS eivar Bempntikd amAdg: vo aviyvebovuv TOPEIGPPNCELS. XTNV
TPAEN Op®G owTd €fvol SVOKOAO HIOG KOl GTNV TPOYHOTIKOTNTO 0VTO OV KAVOLV
etvar 11 GLALOYN «TekuMpiov» I «evoeifewv» gite 6tav avtég Ppiokovtol oe e£EMEN
elte ex TV votépwv. Otav o1 «evoei&elg» avtég mAnbaivouy eivar mbavo va mapovv
TETOL0L LOPOPT| TTOV Vo, puopel va eimmbel 0Tt exdnidveral Kamowo enifeon. Opwg, yo
va amogaocicel to IDS av mpdkertar yo enifeon, omapaitn npodndbeon eival va

VIAPYEL EMOPKNG TTANpoopia. ['or Tapddetypa, ov 1 KApepa ac@oAeiog oe &vol



KATAOTN A EIVOL GKOVIGUEVT], EVOEXOUEVOG OEV TAPEYEL ETOPKT TANPOPOPIN Y10, TO OV

TO TPOCWOTO TOL PpicKeToL OMEVAVTL EIVOL O WO10KTHTNG 1 KATO10G AAAOG.

Mo amoteAecpatikn aviyvevon mapelcpprioewv Bo Tpénel vo, vadpyovv SedouEvVa,
AP Kol £YKLpa oo TIS OpASTNPLOTNTEG TOV VIO TOPAKOAOVONGT] CLOTHLATOC.
Avto elvan €va apketd mepimhoko OEpa, eite TpdkeTal Yo £vo amAd VTOAOYIOTN gite
Yoo oAOKANpo diktvo. Ta meEPIoodTEPO AEITOVPYIKE GUOTIUOTO TPOCPEPOVV TN
duvaromto  dnuovpyiog apyeiov  kotaypoeng (log files) yw «kébe &idovg
dpactnprotnTo. Avtd Ta apyeio umopel vo mepropilovior povo oe BEpata acpoleiog
N Vo KOToypapovy T0 GUVOAO TV OPACTNPIOTHTMOV TOL XPNOTN 1 KAl TOL {310V TOL
ocvotuatog. Opota, dpoporoyntéc M ta firewalls éyovv tn dvvatdTTo KOTOy PaLPng
SAPOPWV SIKTLOKDV YEYOVOT®V, EITE OF OTAT) LOPPT OTTMG TO AVOLY O 1] TO KAEIGILO
KAmol0g cHVOEDTG E1TE GE AEMTOUEPT) LOPPT LE TNV KOTOY PPN TOV KAOE d1EpYOUEVOD
dwtvakoV makétov. To mpdPANpa oe avt) TV Tepintwon givar molo Bewpeitot mg
EMOPKNG TANPOQOPia, 0@OD Onuovpyeital eTPAPLVOT OTOL CLOTHUOTO HE TN
OLGOMPELOT OA®V aVTOV TV dedopévov. o mapddetypo, Eva TANPEG apyeio
KATOypoenG OIKTLOKNG Kiviong otn Sudpkelo Hog HEPOG UTOpel vo ypelooTel

ekatovtadec Gigabytes amoOnkevtikd ydpo.

Ot dupopot pnyoavicpol aceareiog oyxedlovior €161 dote va gpmodilovv ™ pun
eEovotlodotuévn mpdcPaor ota Spopo cvuoTiHaTa. diktvo KAT. IIpog 10 mOPOV
OLMOC M AmOAVTI TAPEUTOOIOT] TETOUWV TPOSTADEIDV gival HOAAOV avEQIKTY. AVTO
OV UTOPOVUE VO KAVOLpE glvarl vo yvopicovpe mote efelicoetal po TtéTolo

TPooTaOeln £TGL MOTE VO TNV OVTILETOTIGOVUE E OGO TO dLVOTO HKPOTEPO KOGTOG.
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To medio épevvog mov aoyoAeitar pe TiIc peBOSOVG EyKaupng avoyvmOPIoNG Kot
OVTETMTIONG TNG TOPAKOUYN S TNG AGPAAELNG EVOG CLOTHOTOC AEYETAL «AViyVvELON
[Mapeisppioswv» (Intrusion Detection). ®a propovoe va avapwtbei kaveis yuo v
avaykoldtTnTa VITOPENG EVOC TETO0V OVTIKEWWEVOL dedopEVOL OTL £xovv avamtuydet
7o Guecotl TPOTOL SGPAAIONG TNG AKEPALOTNTOG KOl TNG TPOcPaong oe dedopéva
omwc to avtukd, ta diagopa firewdls, to avaydpoto aceoleiog KAT. Tyetikd pe
avtv Vv mopatinpnon a&ilel vo Kataypdyovpe PeEPIKES TapaTPNoELS. Apyikd Ba
TPEMEL VO TOVUE OTL oTNV TPAEN elvan advvato va @TioyTel Eva amoADTOG AoPAUAES
ocvomua. H pedém tov Katsikas (Katsikas et al 1996) katadswkviel v 6o Kot
LEYOADTEPT GYECN TOV VIAPYEL OVAUEGO GTOV KIVOUVO Kol TI| GUVEYMG ALEAVOLEVT
OVTOHOTOTTOINON, TOGO OF EMMESD S1OIKAGIOV OGO Kol GE ENIMEd0 cvothudtmv. O
Miller (Miller et &, 2000) kdvel g Katoypoen OA®V TOV AOLVOULOY TOL £YOVV TO
oUYYPOVO GLOTNUATO OCQOAEioG aAAG Kol To UEYAAO TOKETO AOoyiopkov. Mia
mopoOpol Alota, oOAAG TO GUYXPOVI] Kol EVIUEPMUEVT), UTOPEL KOVEIG va Ppel ota
ddpopa response teams (CERTS), to omoia givar aveEaptntol Qopeic VL0 KPATIKY
EMOTTEID. TOV €YOVV G OKOMO TN TOPOYN YVMOONG OE YPNOTEG Kol OOYEIPLOTEG
cvoTNUdTeV og oyéom e advvapieg kot bugs mov vrdpyovv kabdg Kol TPOHTOVg
avieToniong. Dvowkd ovtd mov  khvel eviomwon elvalr 0 A0 TV
KOTOYEYPOUUEVOV adLVOUIOV. Apa Aomdv 1o va gykataoctadel Eva aviukd oe £val
AELTOVPYIKO GVOTNHO TOL £l TPOPANHOTO OCQOAEiNG O onuoivel Kol TOALY
npaypoto. H kpurtoypagio, £Eva onpovtikd OmAho yio TV 0GQAAELN TOV GUOTNUATOV,
EXEL TO ONUOVTIKO UELOVEKTNUO TG TOAVTAOKOTNTOG GTIV EQUPHUOYY|. ZE GUCTHUOTA

ne peydro Pabud aceodeiog mpog o ££m, VILAPYEL TAVIA O KivOLVOG €K TV £0W,
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onAodn amd kdmo €£0VG10d0TNUEVO XPNOTN OV TTpocmadel vor KAVEL KaTdypnomn

TV dkaopdtov Tov (privileges).

SOUQOVO LE TO TOPOTAV® HITOPOVUE VO, CUUTEPAVOVUE OTL OV VIAPYEL AVTN TNG
OTIYUN M0 GUVOAIKY KOl OTOALTN AVON Yo TNV OCQAOAEW TWV TATPOPOPIKOV
CLOTNUATOV ALY 1] S10LPOAEN TG TPpoUTOBETEL Lot Guveyn TtpooTdbsio pUAAENG Kot
TapoTpNong tv cvotnudtov. Evo 6mAo ce ovt v mpoondbewn eivarl ta

Yvotquota Aviyvevong [apsioppnoemv (Intrusion Detection Systems - IDS).

221 H apyprektoviki) Tov | D cvetypdtov

To wpmdTO HOVTELO Y1OL aViyveVoNn TopEcEPcemy viomombnke amd tnv Dorothy
Denning (D. Denning 1987) cto epyaotiipto tov Stanford (SRI Internationa). And
tote €)ovv mpotabel Eva TANBog amd vionomoelg IDS, t6c0 og gpeuvnTiKd 0G0 Kot
oe egumopwkd eminedo (CERIAS Intrusion Detection Resources 2004, Google

Directory, Meier. and Sobirey, Security TechNet.com 2005).
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Eikova 3. T'eviki apyrrektovikn avéivon evég | ntrusion Detection System (Lundin , Jonsson
,2004)

[Mopoétt o ovotnuato ovtd SwEEpovy  apketd peta&d Tovg, £€Yovv KOO
apyrrektovikd maaicto (Ewdva 3). Xt cuvéyeto yivetar avolvTikny Topovciocn tTomv

vITocLoTNUATOV £vOC Tumkov | DS (Lundin, Johnsson,2004).

- Ymoovotqua 2vidoyns Asoouévewv (Data collection Unit). Apywd vrdpyst to
VIOGLOTNHO, GLALOYTG dedopEVMY, OOV To chotua otdyog (target system) é€xet
EKEIVOVG TOVG LIYOVIGHOVG TTOV GITOLTOVVTOL Y10 T GLAAOYT TV dedoUEVAV, OTTMG
gtvar To, 6gdopéva Tov Kivovvtol oto diktvo (data capture), ta apyeio Kooy poPng
(log files) tov Aertovpywod cvotuatog Kot ta l0gs apyeia tov epappoydv. O
YEVVITOPOG GUUPAVTOV €ivol 0 Kot E0MV UNYOVIGHOG oL AapBAaver Ta dedopéva
amd To apyelo Kotoypaeng M to dedopéva amd TO OiKTLO. XTOV YEVVITOPO.

ocupfavtov pmopel vo yivetal Kol KOmoov €idovg mpoeneepyacio e GKOmO T
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LETOTPOTN 1] TO GIATPAPICUO TOV SESOUEVOV KO KOTOTV 1) 0B KeELoN ToVg Ko 1)

OTOGTOA] GTO VITOGVGTILLOL OVAAVOTG.

Yroovomua Aviyvevons (Analyss Engine). Xto vroocvomuo owtd viomoieitor o
alyopBuog aviyvevons. Awkpivovior V0 SPOPETIKEG PILOGOPIES OVOPOPIKA LE
ToV TpOTO oL Yiveton N aviyvevon: H mpdtn ypnoponoiet teqvikes «toipldGroTog
npotimwv» (pattern matching) eved ot Pproypaeio couyvé avaespetot pe tov 6po
misuse detection. Zougova pe T EULoGoPia oVTH, YL TOV EVIOTIOHO EMDEcEDV
avo{nteitol Kamow, yvwotn vmoypoen (Signature) ota dedopéva, it owTd
npoépyovtal amd Kivnon oto diktvo eite oo kdmow Log apygio. Avti n vroypaen
GULYKPIVETOL E VTTOYPOPES YVOOTOV TOMWY EMBEGEDV £T0L OOTE Vo TowTOTOM 0l 1)
emifeon. M ocvvnbiopuévn viomoinon efvor pe EUmeEPo GLOTHUOTO, TO. OO
WITOPOvV VoL avTamoKPlovV Kot Vo EVIOTICOVV 1010{TEPA TTOADTAOKEG VITOYPOLPES.
Kowd yopoakmmpiotikd autiic g Priocoeiag €ivol 1o yeyovog OTL Yoo vo givar
amoteAecHOTIKN 1) aviyvevon Ba mpémet To IDS va efvan evnuepopévo pe vty poapég
non yvootdv embécewv. H debtepn @rhocopior Kavel v mopadoyr 0Tt KOs
cbotnuo oL  mopakolovdeitar  Eyel SO  EBMV  CLUTEPIPOPES: IO TTOV
yapakmpiletar og kavovikn (horma) kot avtictoyel ot cvvnbiopévn ypnon tov
oLOTHUATOS (VITOAOYIGTY, OIKTVOL KAT) Kol o ©¢ ovopcin (anomaous) mov
avtiotoy el og pn cvvnbwouévn ypnon 1N dpaotmpotnta. To IDS dnuovpyel kKdmoto
TPOPIA ypoNg mov Umopel va. apopd To OikTvo, 1 TOV 010 TOV VIOAOYIOTH, TO
TPOYPAUUOTO TOL VIoAOYoT M xpnotes. Kdébe amdxiion and avtd to mpoeid

xpnong kpivetoan amd to IDS wg emibeon. Epyodeio viomoinong pmopet va. givon
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amAEG oTaTIoTIKEG PEB0SOL, «EEumva epyaieion Ommg To. Nevpwvikd Aiktoa, TeyViKég
efayoyng Oedouévov (Daa mining), vyeveTikdG TPOYPOUUATIONOC KOl M
omtwconomon. [ToAd cuyvd aTEC 01 TEYVIKEG EVIUEPDOVOLY OLTOUOTO TO TPOPIA
YPNONG Ko KATO1Eg AAAES eKTTONOEHOVTOL £TCGT MOTE VoL «UABOVV» 1010 TPOPIA givan
TO KOVOVIKO £T01 OOTE Vo, ovaryvapilovv Ty 0mota mopékkAtomn. H pnyoavi avaivong
pumopelt  vo ovvovdlel TEPIGOOTEPEG OmO WO - TERVIKEG Y0 UEYOAVTEPN
amoteleopotikotnta. H moAttikn aviyvevong sivat £va 6hHvoro Kavovmy mov €YeL 6T
d1abeon tov 1o Intrusion Detection System étol wote vo aviyvedel emBécec. Edd
Bpickovtal o1 VIOYPAPES TOV EMOEGEWMV, ToL S1APOPO, KATOPALN TOL GLUPOVAEVETAL
TO GUOTNUO Y10 VO TPOYLOTOTOW|GEL TV OVIXVEVLGT], TANPOPOPIES YL TO O
Bewpeitar pun cuvnOicpévn dpactnpdTiTe, OTmg Emiong Kot odnyies Yo To oo Ha
etvo n avtidpaot. Xto vroocHotua ovtd 1o IDS kpatd «tinpogopieg KatdoToonc»
Omw¢ etvar TAnpoeopieg Yo enibeon mov dev €xel ohokAnpwbel | M TPEYOLGA

KOTAGTAGT] TOV GUGTLOTOC.

Yroovomua Avtiopaons (Response Unit). H pyoavn avilvong amoctédlel otnv
HOVAO0 OGvVTNONG TANPOPOPIEG Y10l YEYOVOTO. TTOL YopaKTnpilovtonl wg emOECELS.
Apov 1 povédo PePourwbel 0Tt mpdkewor yoo emifeorn, M av TPOKETOL Yo
Katovepnpévo IDS cvldéEel T0 oivolo NG TANpoeopiac, amavid Pacer TG
mpokafopiopévng molMtikng avtidpaong. H moMtikn ovtidpoong pmopel va
nepopBavel Tnv evnuépwaon tov administrator, to Kieioio cuvdéocewv 1 Ports, N
TIV EVIOAN] Y10. T1] GUAAOYN IO AETTOUEPOVG TANPOPOPING Le 6TOYO TNV EMPEPaicoon

g emifeong.
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2.2.2 Kotnyopisg Kot AELTOVPYIKA YOPOUKTPIGTIKAE

A18QOpEC KOTNYOPLOTOMGES GLGTNUAT®OV QVIXVELONG TOPEICPPNCEDY TOV EYOLV
Katd Kopovg mpotabel Pacilovtal ota S1apopa YoPUKTNPICTIKG TWV GUOTNUATOV
avtdv. Mia tétota Tpotaon ta&vounong, n onoia Eyel tpotadel and tovg (Lazarevic

et a, 2004), o piletar oto akdrovba mévte Pacikd yapaktipiotika (Eikova 4):

Tnv myn ™mg mnpogopiog (Information Source)
Tn otpatnywn avaivong (Analysis strategy)

Tn ypoviky didetoon (Time aspects)

Tnv apyrrektoviky (Architecture)

Tnv avtidpoaon (Response)

Host based |
Network based |
Application Logs |

Information
source

Wireless networks |
Sensor Alerts |

Analysis | Anomaly Detection
strategy
™| Misuse Detection ]
IDS
/,{Rcal—timc prediction)
Time Aspects _ _
™~ Off-line prediction |
/—l Centralized |
Architecture =
——I Distributed & heterogeneous|
Active response |
Response _ -
Passive reaction |

16



EIkOva 4. TuYKEVTP@TIKOG TTivakag Ta§ivounong IDS (Lazarevic, 2004) cOMP VA HE TA
XAPAKTNPICTIKA TOLG

To mpwto Kp1Tp1O, N TNYN TS TANPOPOpiag, dywpilel Ta IDS avdroya pe to and
OV WPOEPYETAL M TNYN TNG TANPOPOPING. AVTH UTOPEL VO TPOEPYETOL OO apyEio
KOTOYPOPNG TOV GUOTHUATOG, OO TO OIKTLOKA TOKETO, OO opyelon KOToypaeng
eQappoydv, oamd OKTvoKn Kivmom o acvppoto Jdiktvo N amd ousntpeg

KOTOVEUNUEVOVG GE KATO10 diKTLO.

H otpatnywn avaivong dwywpilet ta IDS avdloya pe TV TOATIKY aviyveLONC TOV
éxel emheyel. Edd vmdpyovv 800 Pocikég KaTnyopieg TOMTIKOV OvViYVELGNG: @) 1
aviyvevon Kokng ypnong (misuse detection) ocOpewve pe v omoia to IDS
TapoKolovbel Kot TOLTOTOED YEYOVOTO. GTO GUGTNUO-OTOYO TO. Omoio £Yovv
CULYKEKPIUEVT Hope1| Kot Touptalovv g 10N yvootéc embécelg kot B) n aviyvevon
avouoriog (anomaly detection) copewva pe v omoia to IDS mapakoiovdei yio va
EVTOMIGEL 0LV O10TN CLUTTEPIPOPA 1] KATOW GLUTEPLPOPE 1) oToi0 SLPEPEL O T

oLV OIGUEVT GUUTEPLPOPE TOV GVOTNUATOG TTOL TOPAKOAOVOETTAL.

To kpumpo ¢ ypovikng owdotaong Kotnyopromotel ta IDS pe PBaon 10 ypdvo
dpactnplomoinong tovg. Ta on-line IDS Aertovpyodv kot avTidpovv ce embécel; oe
TPayHoTIKO y¥pdvo. Avtibeto ta Off-line cvomuata mpodto omobnkedovv To

d€dOUEVD, TOL OTTOI0L GTT) GUVEYELN OVOADOVV Kol 0ELOAOYOVV.

Ta IDS emiong Odwkpivovior avaAOyo HE TN OPYITEKTOVIK] TOVG Oldtaln o€
ovykevipotikd (Centralized), ta omoio GuAAEYoLV dedopéva amd évo onpeio Ko o

Katoveunuéva, Ta omoio GLAAEYoLV dedopéva. amd ddpopeg Tyég. TEog, avdioya
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Le ToV TpOTO OV avTdpovv, To. IDS Swaywpilovior o€ dpactikd (active) to omoia ko
avtpovv Otav eviomiotel emibeon, KAelivoviag my Kdmolo POrtsS, kot to mobnTikd

(passive) ta omoio amhd EVILEPDVOLYV TO SLXEIPLOT.

Epnopwé IDS pmopel va  cvvovdlovv kamoww oamd To  mwpoovapepOEvTa
YapoKTplotikd. Idwitepn amymon oaivetar 6tt €xovv ta Network based IDS,
OedOUEVOL  OTL GUYKEVIPMVOLV WUI0L GEPE OmO TAEOVEKTIUOTO TO OTOl0L KO

ocvvoyilovtot og e&ng (Sans Institute, 2002):

1. XounAdtepo cuvolKd KOGTOG KTHong. e kdbe diktvo avtiotoryel éva IDS to
onoio givat g BEom va eléyyel OAN TV Kivnon, o avtifeon pe to host based ota

omoia avtiotoet éva IDS avd vroloyot).

2. Evkolotepa omnv gykatdotoot. Eivor evkolotepa dedopévou 6Tt eykabiotavrot
0€ VIAPYOLGO. OIKTLOKY VITOOO| YOPIC Vo omotovvtol OAAOYEC M GANEG
npoobnkeg. Emiong etvor ave&dpmta amd  SlopOPOTOMGEL, AELTOVPYIKADOV

GLOTNUATOV, EPAPUOYDV KAT

3. Mmopodv va aviyvedoouy dikTvakoy Ttoumov emifécelg dnmg ol tcp syn attack,
dedopévon 0Tt pmopobv va dwPalovv mAnpoopiec amd TV emKEPUAIdN TOL

TOKETOD.
4. Aviyvevon KOViad G€ TPoyLOTIKOVG XPOVOVS Kot dSuvaTOTNTA AUEONG OTAVTNOTG.

5. Aviyvevon kot omotuynpévev embéoemv. Avti n mAnpoeopia eivol Witepa

YPOUUN Y10 TEPAITEP® VOWIKT SEPEVVION, ALV YPELOCTEL.
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Avagopikd pe to kpunplo aSordynong ta IDS katmyopromoovvtor pe Baon v

AmOdOTIKOTNTOL, TNV TOYVTNTA KO T1 6TAOEPOTNTA TOVG.

Amddoon aviyvevons. T'a va gtvon amoteleopoticd €va IDS avagopid pe v
amodoon mpoPreyng Oa mpémel va kavomolel kdmolo kKprnpa: Ba wpémel va
umopel va avayvopilel cowotd Tic dpopes embécels kol dev Oo mpémer vo
avayvopilel kavovikn dpactnplotnta og enifeot. Tumikés povades péTpnong yio
v a&loAdynon amddoong eival To Tocootd aviyvevong (Detection rate) kot to
nocootd  AavOoopévev  ocuvvayepumv (False adam rate-False positives).
To mocootd aviyvevong opiletor @G o AOYOC TOL OpPBHOL TV COOTA
v veDoUOV EMOBEGEMV TPOG TOV GLVOAIKO apBUd TV emBEcewy. Qg TOCOGTO
AavBocpévav cuvayeppmv opiletor 0 AOYog TOL aplBod TOV  KOVOVIK®V
ouvdécewv ol omoieg Aavlacuéve &yovv afloloynbel g embécelg mpog tov
apOUd TOV KOVOVIKMY GUVOEGEMY. AVIIKEIEVIKA vl SVOKOAO Vo 0EI0A0YNOEL
KOVELG OVTEC TIC HETPNOEIS OEOOUEVOD OTL dEV VITAPYEL YVAOT] TOL GUVOAOL T®V
embécewv. H adloadynon IDS yivetor ypnoiplonoudvtog 10 HOVIEAD aVAALGNG
ROC (Receiver Operating Characteristics) (Provost, Fawcett 2001). Zopeova pe
TO HOVTEAD OUTO LILAPYEL EVO AVTICTAOUIOUO OVALESH GTO TOGOCTO AVIXVELONG

K01 6TO TOGOGTO AMaVOAGUEVOV GUVOYEPUOY OTMG dlopaiveTat Kot otnv Ewova 5.
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Ditferent ROC curves
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Eikova 5. ROC diaypappa yia a§iohoynon IDS (Lazarevic, 2004)

Onwg umopel vo mopatnpnost KOveig, n 10avIK) TepimTmon eival 1 KoUmTOAn
a&lohdynong va tepvd 660 TO dLVATO O KOVIA GTNV TAV® OPLOTEPT] YMOVIN TOL
dypdppatog, To omoio avtiotoryel o 0% false darms ko 100% detection rate.
H ypopur random prediction avadsikvoet To 6Tt ot KAAGELS gival d00: £vol TVYai0

detypa kivnong eite Ha eiva kovovikn kivnon gite emibeon.

Xpovikn amodoon. H ypovicy anddoon evog IDS eivar o ypodvog mov ypetdletan
Yoo va ovayvopicel por emifeorn. Ztov xpovo avtd mepapPaveTor o xpovog
ene&epyaciog Kot 0 ypdvog drddoons. O xpovog eneéepyaciog ivat o xpdvVog Tov
1o IDS enelepyaletor ta iyvn ovuPdvrov (Audit Events). Av o ypdvog avtog
etvan peydrog 10te mbavotata to IDS va givatl avanoteheopotikd, dedopévou Ot
n eniBeon Ba mpénetl va avayvopileTatl o€ ¥pOVOVS 660 TO dVVATO O KOVTE GTOV
TPOYHATIKO YpOVO TOV eKTLAIGGETOL kAol enifeon. O xpdvog dadoong gival o

YPOVOG Tov ypetdleTon Yo va Tdcoel 1 TAnpopopia and v emeepyacio 6To
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VTOGVOTNHO avAAVOTG. Xe KBe mepimTwon ot xpdvol avtol Ba wpémer vor efva

eEQPETIKA PiKpot.

- Avoyn o¢ opdiuare (fault tolerance). To id10 to IDS Oa wpéner va avesaptnro,
ot0fepd KoL Vo UTOpEl Vo avOKAPTTEL Ypryopa Yio vo. propel va cuveyilel va
TPocPEPEL TIC vmnpecieg acedAielag. Ta dw ta IDS eivar ocvyvd otdyog
EMOECEOV QLPOV TOPOKAUTTOVTAS TO YIVETOL EVKOAITEPO TO £pYO0 TNG d1EicdVoNG
vy tov emtifépevo. E&icov cuyvég eivarl ot katavepnuéveg DOS embécelg oe
IDS, e1dkd oe mepurtdoelg mov xovpe Software implemented IDS, g kot o
AELTOVPYIKA GLOTAHUATE TOV TO. PIAOEEVOLV €0V YVOGTEG advvopies. Télog ta
IDS 6o mpémet va. d1BETOVV 101HTEPOVS TPOTOVS AVIHETMTION G GEVOAPIOV OOV
0l EMTIOEUEVOL TPOKOAOVV TN ONHIOVPYIDt TOAADV YELODV 1| TOPOTAUVITIKMV

alarms.

[Mopd ™ peydin avantvén tov IDS vrdpyovv apketd onueio ota omoia Oo Tpémet
va BeATiobovv €Tl doTe v oamoTeA0VV aSIOMIoTO EPYOAED Y1O0 TV OGQPAAEID TMV
TANPOPOPLIOKDY cuoTnudtmv. Ta onueio avtd aeopodv TNV OIOTEAECUATIKOTITA
TOVG, KOl TNV 0tOd00N TOVG. ZUYKEKPLUEVO, OVOPOPIKH LE TNV OTTOTEAECUOTIKOTNTO
Ba pmopovce vo emmbel 0tL 0 Wavikdg otdyog Yo Eva IDS Ba frav 100% emrvyio
oV aviyvevon embécemv pe oyeddv 0% false alarms. Eipaote akopo mold pokpid
amd tov otdyo avtd. Avo amd To wo dwdedopéva IDS, to eletbepa dabécipo Snort
Kot to eumopikd ReadSecure, ypnolOTOI00V VIOYPOPEC Yo TNV Oviyvevom

enifécemv. AvTO oNUAIVEL AVAYKN Y10 GUVEYN EVIUEPWOT] Kol dpa e£ApTnoT amd Ta.
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TPOioVTO aLTA. AVTO OV ¥PELALOVTOL TO TANPOPOPLOKA GUGTHUATO EIVOL 1) LOVILN

duvarotnTo aviyvevong vémv enbécemv pe 660 to dvvatd Aydtepa false positives.

Ye oyxéon pe v anddoon Oo pmopovoe vo emwbel OTL M oviyvevon HOVO €VOG
nABovg embécewv dev apket. Ta cvyypova IDS Oa mpénel va eivar oe Béon va
OVTOTOKPIOOUV  OTIC OQULENUEVEG ORMOUTNOEL, TOV  GOYYPOVOV  TANPOPOPIKOV
ocvommudtov. To Gigabit Ethernet, ce cvvovacud pe o GOYYPOVE AEITOVPYIKG
GLGTHHOTO OV ONUIOVPYOVV YIMAdEG apyeio KaTaypoPrs, SNUIOLPYOLV HEYAAEG
mocoTNTES 0edopEveV Yo emefepyacio amd to IDS. EmmAéov vmdpyer mavia m

aVAYKN Y10l AviYVELGT TAPEICPPNGEDY GE TPAYLLATIKO Y POVO.

2.3 Katnyopieg emOécewv

H epevvnruen kowdtnta €xel aoyoAntel apketd pe v ta&vopnon tov d10popov
eWVOV embécemv. Oa mpenel va, avoeepbel 0 GoENG Ol ®MPICUOS OVAUESH GE
embéoelg (attacks) ka1 mapeiopprioeilg (intrusions): ot embécelg dev KOTOARYOLV
TOVTOTE O€ TOPEICOPNOELS OAAG eviote avtipetoniloviol amd v vrdpyovoa
vrodopun ac@oreiog evog diktvov. Emiong pmopel vo punv givoanr n mapeioppnon o
TEAKOG OKOTOG KAmowlG enifeong ahAd Ty N apynon KAmolog SIKTLOKNG VINPESIOG
(Denid of Service). I'evicd pmopovpe va mwovpe Ot o emifeon givan pua tpoomddeio
napeiocepnong evod M Topsicepnon elvar o emruynpévn -ev pépet iocwg- emifeon

(Powdll, Stroud, 2003).
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Figure 1: Incidents by Category

B 0i-Unauthorized Access 7.6%:

0 02-Denial of Service 0.2%

B 03-Malicious Code B.9%,

B 04-Improper Usage 10.3%

B 05-Scans/Probes/attempted Access 59.0%

06-Investigation 16.0%

Total; 100.0%
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Eikova 6. Kataypogn meplotatikdy To Televtaio dmdekdpunvo 1o tnv EAAnviki emikpdreia.

Yroyeio amé o CERT Tov Aktdov £peuvag ko Tegvoroyiag (hitp://cert.grnet.gr/, 2005)
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YETIKG UE TNV KOTNYOPlOTOiNoT, 1 MPOoTADEW EMIKEVIPOONKE G010 Sy PIGUO
BAcEl TOV TUTIKOV YOPOKTNPIOTIKOV TOV SQOp®V ETBECEMV, OTWOE Ol TEXVIKEG
Aemtouépeieg g enibeong (Bishop, 1990), n Aoy tev embécewv (Howard, 2000), o
okomog (Krsul, 2003), | emavoinmrikdémra kAn. Extevéatepn avagopd vdpyet otnv
épevva. Tov Lough (Lough, 2001). £t cuvéyein, M mpoomdbelo KoTnyoplomoinong
EMKEVTPMONKE TNV KaToypod| Kol TASIVOUNGT TOV TANPOPOPIK®Y GUOTUATOV LE
Bdon TG eyyeveis advvapieg acPAAEdS ToVg, Onmg 0 Kakdg oyedacudg (Attanasio,
1976) kat ot Aertovpykég advvapieg (Parker, 1975) yw va kataln&ovv telkd og d0Oo
Katnyopiec: mv Katmyopio Kakng xprong (Misuse) vroloyioTdy Kal TV Kotnyopio

un e&ovolodomuévng tpocPaong (unauthorized access).

211 ocvvéyelo TapovatdleTal po o oVyypovn katnyoploroinon (Abraham, 2001), n
omoia eivat £vog GUVOLOGUOS TOV TPONYOVUEV®V, 0V KOl COUTEPAAUPAVEL Kot KAmoto
véa €101 ame®v. Ta yopakInploTikd oto omoio otnpileTol aVTh 1 Kot yoptomoinon

etvau:
0 TOmoG NG enibeong
0 0p1OUOC TV HIKTLOKOV CLVOIEGEMV TTOV GLUUETEXOLY OTNV enifeon
n 7yt g enibeong
t0 tepdAdlov mov eEglicoetan 1 emifeon
10 EMUTEDO OTOUATIGUOV TNG eMiBeoNg

>T1 GUVEYELN OVATTOGOOVUE EVO-EVO OLVTEL TOL YOLPOKTPIOTIKA TV ETIOECEWDY.
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O tomog emibeong. Topewva pe ™ PPAoypaeio eivar to o cvvnbicuévo
kpunpo ta&vopnong embéoewv (Howard 1997, Kendall, 1998). Xdupwva e

avTd TO KPUNPL0 LILAPYOVV 01 EENG KAAGELS EMBEGEWDV:

- Embéoac dpvnong mapoyne vrenpeoiwv (Denial of Service - DoS-attacks).
Avtoh tov &eldovg or emBécelg €xouv ®G OTOXO TO KAEIGHO €VOg
VTOAOYIOTH N HOG OlEPYaciog 1| aKOUO TV GPvNon XPNong Tav mop®v
€VOG  LTOAOYIOTIKOD  GUOTHHOTOC G€  €E0VGI0J0TNUEVOVG  YPNOTES
(Marchette, 2001). Yndapyouvv 600 tomot DOS embécewv i) embéoeig ot
AETOVPYIKG GLOTNUOTO TO OO0 EYOVV CULYKEKPUEVEC GOLVOUIES TIg
omoieg axpifog experarievovtatl ot DOS embéoelg, evd tor mpoPAnpata
ouvfog embovtar pe Kamoto «umdiopo» (patch). ii) diktvakég embéceig
Ol omoieg eKHETOAAENOVTOL OOVVOUIEG VTOOOUMY KOl  OIKTLUOK®OV
npotokOAL®V. [Topddstypa DOS enibeong oe Aertovpykd cHoTna givaimn
emibeon “teardrop” pe v amootoAr fragmented mokétmv ta omoin To
GUOTNUO OEV UTOPETL VO XEPLOTEL, U ATOTELEGHO VO, KaTappeLoEL. Tumikd
napdostypo dwktvokne DoS enibeong ivar n “SYN flood” pe v omoia o
emrbépevoc  ekpetodredeton tnv three way handshake dwdwocio
oUvdeong otéAvovtag TOAMATAEG athoelg opic v ack dwdwacio, e
OTOTELEGHO TO GUOGTNUO VO KPATO OVOIKTEG GUVOEGEIS TEPIUEVOVTOS VOl
oAoKANPp®BovV Kot TeEAMKE vo Kotappéel. Mo o e&gdtypévn popen DoS
emibeong eivan n DDOS (Distributed Denid of Service) copgwvo pe v

omoia yivetal cuvdvacuévn enibeon omd TOAAOVG VITOAOYIGTES TAVTOYPOVL
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o€ KOmow vmoAoywoth-otoyo. H oavryweromon tov DOS embécemv
amotelel Eva avoytod gpevvnTikd medio (Mircovich et a 2001,2004) agon
Oo mPEMEL VO OVTIHETOTIOTOVY dVO Pacikd TPoPANHaTe @ 1 OVATTLEN
UNYOVIOU®OV ylo. TNV €ykoupn ovtidpaon o€ TETowL €100Vg emBécelg
(Cheng 2002, Gil 2001) kot 1 avamtoén unyaviopov avtidpaong oe DOS
embéoelg, €101 mote va pelwbel o avriktumog Tovg (Burch,2000, Snoeren

2001).

Embéoeic diepevvnong (Probing, survelllance, scanning). Avtov tov £i6ovg
ol embéoelg €xouv  ®G OTOYO TN «OPTOYPAPNON»  KATO0V
dKTVOL-BVOTOC. ZVVO®G OmOTEAOVY TO TPOTO GTASIO Yo [0, GAAOV
gldovg emifeon, pog kot mOAVOTOTO OTOKAAVTTOVY GTOV EMITIOEUEVO
aduvopieg otnVv ao@dleiol TOL GLOTHHOTOG-0TOYOVL. [Tapadeiypato avtov
Tov TUMOV emBEcewy sival 1 IPSweep enibeomn pe v omoia To dikTvO-
OTOY0C COPAOVETOL OO TOV EMWIOEUEVO GE GULYKEKPIUEVEG TOPTEG, M
enibeomn portsweep pe v omoio EMEYETAL GUYKEKPIUEVOS VITOAOYLIOTNG
KOl GOPAOVETOL Y10, Vo S1mioTmBel molo omd Tow POrtS -Kot dpo SIKTLOKEG
vmmpecieg- eivor dwbéoipeg amd Tov voloylotn, 1 emibeon pe to NMap
EPYOAEIO pe TO omoio yivetar Mapping mopwv evog diktoov. Ot embécelg
aVTOV TOV €I00VC €lvol GYETIKGL EVKOAO VO EVTOMIOTOOV 0amd €pyoArein
mopokorovnong dwtdmv, €& oariag Tov yeyovotog OTL TopoTNpEiTOL
peydAn evodlioyn avalntnong VLANPECIOV GE TOAD HIKPO  YPOVIKO

dtbotnua. Exel dpwg mov vrdpyet dvokoAio otov evtomioud eivorl oe
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Kamoleg moapoAlayés tov  embBéoswv  avtov. Ta  epyodein  mwov
YPNOYOTO0VVTOL OEV GAPDVOLV YPIYOPO. TOVG VITOAOYIGTEC-CTOYOVG OALG
KaBLoTEPOUV GKOTTIUN TN GAPMON, £TCL DOTE VO POIVETOL (MG KOVOVIKN 1|
OAN Aewtovpyion KOU Vo UMV EVEPYOTOlEiTON KAMOL VANPESIO  OTO
GLGTHUATO TTOPOKOAOVONGNG TV dKTO®V. AVToD TOL £idoVG O1 EMbBETELS
givar yvootéc pe to Ovopo Stedth. T v aviipetdnioy Tovg
xpPnoyonmoovvionl TEYVIKEG ol omoieg Pacilovial oe ocvAAoyn Kot
enefepyacio otatioTikdv otoryeimv (Jung et al 2004, Mazu Profiler 2003,

Robertson et a 2003).

Embéoeic wmov éxbeong (Compromise). Ot embécelg avtod Tov TOHTOL
YPNOWOTO0VV YVOOTEG adVVaLLES cuoTnudToOV, Omog sivar to buffer
overflows (CERT Advisory, 2003), pe okomd v Jl06TAGOVY TNV
AOQPAAELRL TOVG KO VO OTOKTHOO0VV dkaidpata tpdcPacnc. Me kpitnplo
TV TpoéAevon TV emBécewv, OnAadn av ot emBEGEIS TPpoEpyovTaL omd TO
eEotepkod M 10 e£MTEPIKO €VOG dIKTVLOV, 01 eMBEcelg ywpiloviarl e dvo

VITOKOTNYOPIES:

0 R2L (Remote to Local) emBéceis, pe tig omoieg 0 emtibépevoc Exetl
SVVOTOTNTO EMKOWVAOVIOG HE KATOW0 VTOAOYIOTH Kol KOTOUPEPVEL VO
OTOKTNHOEL OIKAIDOUATA YPNOTN 1 Ol0EPIOTH GTOV LITOAOYIOTH OVTO.
YTIC TEPIGCOTEPEG MEPMTMOGELG 1) €MiBEOT EKONADVETAL TAV®D OO TO

Internet. Tumikd mapadeiypoto tétoiwv enbécewmv givol to password
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guessing (guest ko dictionary attacks) kot n mpoonddeia TpocPacng

e ekpeTdddevon kevav aoeareiog (my phf attack).

0 UZ2R (User to Root) embéceig, katd tic omoieg o emtifépevog €xet om
éval evepyd Aoyoplocpd o€ KOTO0 GOOTNUO KOl O GTOY0G &ival vo
QITOKTNOEL dKadpoTo, dloyeplot. Avtibeta pe v Remote to Loca
enibeon, n onoio ekdnAdvetar amd o eEMTEPIKO TOL dikTOLOVL, 1| USer to
Root ekdnidvetor and 10 ecmTEPKO TOV. O1 MO YVOOTEG EMBESELS
avtod tov Ttomov eivar to buffer overflows 6mov o emtBépevog
EKUETAALEVETOL AGON TOL KOOWKO OTO AETOLPYIKO GVUOTHUO KOt
TPOPOJOTEL KATO10VG KATAXWPNTEG HE OEGOUEVA TEPIOGOTEPO, OO OGO
UTOPOVV VO YMOPEGOVY, LE OMOTEAEGUO VO KOTOGTPEPOVTOL “YEITOVIKG
d€d0UEVA” TTOV GLYVA EXOVV MG OMOTELECHLOL TNV ATTOS0CT] SIKOOUATMV
dwyelplot o€ Kamowv amhd ypiot. '’ avtov Tov €idovg TIg
embéaeig Exovv mpotabei kdmoeg Aoeig (C. Cowan et d, H. Fenget d
2003), evéd Ba mpémel va onuewwbei ot1 buffer overflows pmopei va
mpaypatoromBovv kot pe R2L embécerg pe mo tpdopoto mapdderypo
T1¢ embécelg oe VIOAOYIGTEC OV Ypnoionmoovoay MS Outlook g

email clients (CERT Advisory 2000).

- loil2ZxkovAikia [dodpeior Trmor (Viruses, Worms, Trojan Horses) sivat
TPOYPAUUOTO TOL OTOI0, OVOTALPAYOVIOL GE VTOAOYIGTEG-GTOYOVS KOl

d1didovtatl HECH SIKTOWV.
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ot loi (Viruses) sivar wmpoypdupoto wov owdidovior e v
EVOOUATOON o  GAA0  mpoypaupate  wov  wAEov - Bewpoldvron
poAvouéva. Mropei va gival omd Alyo £mg TEAEIDS KOTAOTPOPIKOT Y10
VTOAOYIGTIKG GuoTaT, OTOS Yo Tapadetypa o ¢ Michaelangelo, o
omoilog evepyomombnke o€ ocvykekpyévn muepopmvia. Ymapyovv
TOALEG KOTNYOPiEG 1V 01 00101 KOTYOPIOTO100VTOL OVOAOYQL LE TOV
aAyOpIOLO 1 TIC KATAGTPOPIKEG SVVUTOTNTES TOV £XOVV KOl OVAAOYOL |E

70 TL Kot TG poAvvovv (cknow.com 2003, Internet guide 2002).

To. ZkovAnkiwa (WOrms) givol mpoypapate Tov oVTOOVOTOPAYOVTOL
Kot dwdidovton ToyvTaTo oTe OiKTVO. YTAPYOUV OPKETEG KATYOPIES

(Kienzle and Elder 2003) ek tmv omoimv 01 710 GNUOVTIKES Eivait:

0 10 mapadooiakd okovinkie (my Slammer (CERT Advisory 2003))
7OV SO IdOVTAL TOAD YPRYOPQ GTO JTIKTLO YWPIC Kapio TopEuPacn
amd 1o YPNoTN

0 1o e-mal worms (my o Melissa (CERT Advisory 1999)) ta omoio

petadidovrot pe emall i pe 1ICQ

0 1o windows sharing worms (my explorerzip) to omoio

eKUETOAAELOVTOL TNV VI PEGia peer to peer tov Windows

0 1o VPBpWiKd worms, émwg sivar o Nimda (CERT Advisory 2001),
T Omolo.  EKMETOAAELOVTOL  OWPOPETIKEG  OOVVOIEG TV

cvoTNUATOV Yo va dadoBovv. Tlpdopata £xel eppavioTel Evag
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VEOG TUMOG WOIMm 7ov ypnotponoleital yoo va egamoivoel DOS
embéoelg (Houle 2001). TMopadeiypoto téToimv WOrms givot o
erkms kot o Code Red ot omoiot enutibevtal s cuyKekpyévn
dievbuvon, evd mo emikivovvo worm Oewpeitar o SoBig.F o
omoiog pmopet vo emtebel oe éva €bpog devbivoewy. Ymapyetl 1
TpoPAeym 0Tl oxeddv Olec ot DOS embicelg oto péAAov OBa

e€eliocovtat da pécov worm payload.

0 Aovpetot Tnmor (Trojan Horses). Eivat kakoBovdo AOYIGUIKO TTOV
®¢ otdyo £xel ™ OAOTACT TNG OCQPAAEWS €VOS GLOTHUOTOG
(Lo 2004). Xvvnbmg eykabictotol o KATO0 GVOTNO, €V OyVOia,
EVOC XpNOTN, €lte G UEPOG €VOC TOKETOV AOYIGHIKOV gite Oln
nécov avtodloyng apyeiov peer to peer. IMapadsiyporo Trojan

horses eivat to. SIIK Rope ko Saran Wrap.

0 oplOuUdS TV OIKTVOK®Y GOVOECEWY TOL cvuueTE oLy oty emibeon. Ot
embéoelg pmopovv va taStvounfovv avarloyo pe Tov aplipd ToV GUVIEGEDV

IOV GULUUETEYOVV otV €nifeom. Ydpyovv dvo kotnyopies:
eMBECELS OOV CLUUETEXOVV TTOAAEC cuVOEaels Ty DOS embéoeig

EMBESELS [LE Lol 1] TOAD TTEPOPIGUEVO OPIOUO SIKTLOK®DV GUVOEGEMV TTY

Buffer Overflow.

n Tnyn e exibeons. O1 embEcelg umopoHv vo EeKviicovy amd o amAr] B€on

(sngle source attacks) M amd  mOAAG  SwpopeTikd  onuein
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(distributed/coordinated attacks). Enutiéov ou distributed/coordinated semiféceic

UTOPOVV VoL GTOXEVOVV ElTE GE £val £iT€ 08 TOALOVS VTTOAOYIOTEC.

0 wepiforlov  mov  elelioocton  n  emibeon.  Avtég o1 embBéoelg

KOTIYOPLOTO100VTAL AVAA0YO LE TO TEPPAALOV TTOV EKTVAICGOVTOL:

emBéoelg og PEPOVOUEVOVG VITOAOYIoTEG. Ot emBéoeig avtég yivovtat
0€ GUYKEKPIUEVOLG VITOAOYIOTEG Kol GLVNOMG Kataypdpovtol 6To 1010
to ovomua (log files). Tw v aviyvevon térowv embécemv
ypnowomotobvrol gite avalvon tov log apyeiov gite avdivon Tov

EVTOADV GE EMIMEDO GLGTNLOTOC.

Embéceig oe diktva o omoiec cuvmbog Eexvovv amd to eE®TEPIKO
tovc. H aviyvevon tétoiwv smbécewv npodmobitel v avaivon g

JIKTLOKNG Kivnong

Enbéoeig og opdtipo (peer to peer) diktva. Amotelovv 1dwoitepn
Katnyopio dedopEvov 6Tt 6Tar dikTva avTd dgv 1) vEL TO KAaoo client
Server LovtéAo Kot emmA£ov dev vrdpyovv otabepéc IP dievbivoeic.
Avtd Kavel Wwitepo dOoKOAN TV aviyvevon embécewv oe TéTOO

nepBaiiovTa.

Embéceig oe acvpuata diktva ep@aviCoviol avapesH G6€ VTOAOYIOTEG
mov glvar cuvdedepévol acvppato. O EVIOTIGUOG TOV EMBECEDV

yivetan d10 LEGOV TV aCCESS POINtS oG Kot avtoi givot ot Kopfot omod
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omov d¥pyetor n dktvokn Kivnon. Ot SIKTVOKEG AMENEG GE A.GVPHOTO

diktoa ywpilovio og:

a) Kpvpdrovouo. (eaves dropping). O emtifépevog povayoa

TopoKoAoLOEL por chvdeoT

b) Iapeioppnon. O emrBéuevoc mPOGTEAAVVEL 1| TPOTOTOLEL

dedopéva

C) Illeporzeio (hijacking). O embépevoc wataiapPdaver Eva
KOVOA ETKOVOVIOG KO TPOGTOIOVIEVOG OTL ATOTEAEL KATO10

onueio TpodcPacng CLAAEYEL dEdOEVQL.

d) Apvnon vmnpeoioc O6tav o emwiBépevog Topeumodilel M
OWKOTTEL TNV ETIKOWVOVIOL OVOUESH GE OVLOKELEC TOV

EMKOVOVODY AGVPLOTAL.

T0 EMITENO QVTOUOTIONOD TNG ETIBeonS. AVTOG O S OWPIGUOS TPOKVTTEL OO TO

EMINESO TOLAUTIGHOD OV £xel Lo emiBeon. Ot emBéoeig dakpivovton oe:

Avtouaromomuéves embéoeig. Ipaypatomolobvior cuvnbmg pe
Bonfelor mOAOTAOK®OV Kot 1Owitepo 1oYLPAOV EPYOAEi®V. AvTd TO
epyoreio KabioTavtol amoTEAEGUATIKA OKOUO KOl OTO ¥EPIOL apyapLmv

XPNOTAOV KOl amoteElohy Tov 7o ocvvnbicuévo Tpomo emibécewmv
oNUEPOL.

Huavrouaromomuéves embéoers. Tlpoxerrar ocuvnbog yoo KOIWKO 0

omoilog aviyvebel 6€ TPMTN QACT OOVVOUIEG TOV GTOYOV Kol OTN
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GUVEYEWL EVILEPMVEL TOV EMTIOEUEVO Y10l VO, ATTOPACIOTEL O TPOTOG TG

emibeong.

My ovroparomomuéves (Manual) embéoeigc. Avtd 1o €id0C TV
emBécemv mPoHToBETEL TOAD KOAN YVAOOT SIKTOWV OO HEPOLS TOV
emmifépevov. Qg ek TOLTOV €ival Kot Ol MO EMKIVOVVES, 0POV GTO

LEYOAVTEPO PEPOG TOVS VITAPYEL AVOPOTIVI) G LLUETOYT].

24 Aviyvevon IHapeiocppnoewy ue ypijon teyvoloyiamv Teyvntyg

Nonpocivvyg

Ot teyvoroyieg Texyvntig Nonpoohvic €xovv ypnotpomombel evpvtato 6To YMPO TNG
Aviyvevong [apeioppncewv. O1 pevvnTéc £YOVV ETIKEVIPOGEL TNV EPEVLVO KO TPOG
TIg 600 Kotnyopieg avatvong (Misuse ko anomay) evd ce mOALEG TEPITTAOCELG

YIVETOL GLUVOVAGUOC TEPIGCOTEPWOV TEXVOAOYIDV.

To IDES (Lunt et a, 1992) givar éva Tpaypatikod ypovov EUTEPO GUGTNLOL
aviyvevong mapeicpnoemv. H Aettovpyia tov omnpiletor ot ompuovpyio Tpoeii
xpong v kabe ypriotn. ‘Etol 6tov moapatnpeitar amdxkhon ond ™ cvvnbicpévn
KOLUTEPLPOPE>» KATOL0V YPNOTN, TO VST UTOpEl va. evtomticel mapeicepnon. [
™V avayvapion yvootov TOUTOV emOEcemV a&lomolel d1dpopovg KovOVeES e TN

LOPOT EWTTELPOV GLOTNHOTOG.

To MIDAS (Sebring et a, 1988) sivar éva éumelpo ovoTUo pE SUVOTOTNTO

ene&epyaciog evog peydiov aplfpuol cuumepocUaToAoYI®V Kot Bacileton oTic apyég
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tov poviédov Denning, nAadn oty avomTapaoTooT TNG GLUTEPIPOPAS TOV

YPNOTOV GE £VOL GLGTNLO LEGH GTATIGTIKAOV LETPTGEDV KOL KAVOVQV.

To SECURENET (Spyrakis. et a, 1994) éyet oyedwotel yioo v mpootacio
JKTVOKOD TEPIPAAAOVTOC, Kal TO PACIKO YOPAKTNPIOTIKO TOV £ivar 0Tl cuvOovAlet
dupopeg  peBodoroyieg, Ommg EUmEPO GLOTNUATO KOl VELPWVIKA Oiktva. To
SECURENET 0¢tel o¢ Paocikd okomd TV OAOKANPOUEVT) TPOCTOGI0 UECH TPLOV
ddikaoidv: TV aviyvevon g enifeong (detection of attack), tnv katnyoplomoinon
g emifeonc oe mpaypotikd ypovo (classification of attack) kot v emoyn kot
EQOPUOYT] TOV KOTAANA®V PETPOV KOTO TG €mifeong mov  EKOMAGMVETOL
(countermeasurs). 'Etol oto cbotnuo meplapfdvovior Ao To. TUNHOTE, omd TNV
napakolovnon tov diktvov (Monitoring), péxpt ™V TEMKN GLUPOVAY GTOV

JYEPIOTN ACPAAELNG TOV STKTVOV Y10 TV OVIIHETAOMIGT TOovoDH Kivdhvov.

Ta vevpovikd diktva, to fuzzy cvotiuota kot ot e&ghiktikol aAyopiOpot €yovv
ypnowomomBel apketd yw viomomoelg Awktvoakng Aviyvevong Ilapsicppricemv
(Network Intrusion Detection-NID). To vevpoviké SiKTuo ©G YVOGTO OTOTEAOVV
1G(VPOVG TaEvounTég Kol EMAOYELG YOPAKTNPIOTIKAOV (feature
selectors/dimensionality reducers). Nevpavikd diktvo pe back propagation alyopibpo
ekmaidevong €yet ypnoyonombei oto MAID cbomua (Li and Manikopoulos 2003),
v v avripetonion DOS embéoewv, evd 1 €16000¢ Yo TO VELPOVIKO dIKTLO NTOV
oTaTIOTIKG eneEepyacuéva dgdopéva and MIB tave andé SNMP npotokorro. Ot Ng
et a (Ng et a, 2003) éovv ypnowonomoer ctoxootikd Radial-Basis Function

veupmVIKd diKkTvo, Yo e€aymyn kot a&loddynon yopoxtnpiotikedv DOS eniBeong pe
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npotoyev oedopéva amd T Pdaon dedopévov DARPA. M amd tic wiov
ovvnOiopéveg viomomoelg NIDS eivar pe ™ yprion Support Vector Machines piog
Kol oo OTL Qaivetal €ivol TOLAGYIGTO TO 1010 OTOTEAECUOTIKO LE TO VELPOVIKA
diktva. Ot Liu et d (Liu et a. 2003) neptypdpovv 10 oyedlacpd Kot TV VAOTOiNnon
€VOG GLOTNUATOG Y10 OVIYVELGT] AVOUUAIDV GE TPOUYHATIKO YPOVO YPTGLUOTOUDVTOG
ART (Adaptive Resonance Theory) vevpovikd diktvo. O Valdes (Valdes, 2003)
YPNOWOTOEL VEVPOVIKG OikTval pe ekmaidevon yowpic emipieyn (Unsupervised
learning) pe oxomod vo dwaympioel dedopéva oe cvototyiec (clusters). Ta vevpmvikd
OlKTLO. OWTOL TOV TUTOL £YOVV TO YOPUKTNPICTIKO OTL Oev YPeldlovVIOol ETIKETEG
(labels) vy «kdbe gicodo dote va kKavovy t0 Sywplopd (emPremduevn pabnon),
aAAG €xOovV TNV KAVOTNTO TNG owTo-opydvoons. Etol dev vmdpyel avaykn Tov
WY ®PICHOL TOV OESOUEVAOV KOTA TNV EKMAIOELOT GE KOVOVIKO KOl OEO0UEVA,
enmibeong. O1 Sarasamma et a. (Sarasamma et al, 2005) mpoteivouv €va EpapykKd
novtédo vevpwvikod diktbov Kohonen. Teyvoloyieg Data Mining kot gidwdtepa o
Kavovag ovoyétiong éxovv ypnotpomombei (Barbara et al, 2001) pe oxomd v
e€evpeon «ovoOvov» oTo dedopéva, Tov cLAAEYovtat. Emiong £xovv ypnoiponomoOei
teyvikéc Fuzzy Logic (Dickerson et d, 2000) kabmhg kot GuVOLAGHOG TOVG UE
yevetikovg aAyopibuovg (Gomez et al, 2001).

Eivon yeyovog 0t 1 d1dotacn tov dedoUEVeV 16000V £ivot 0pKETA PEYAAN, LLOG KOt
coumepopBavel OAN oxedov TNV TANPOPOPIN. EVOG TOKETOV OO KATOW0 SIKTLOKO
TPOTOKOALO LLE ATOTELEC O O XPOVOGC EMEEEPYATIOG TMV OECOUEVDV Va. ETvorl LeYAAOG.

‘Etol 0e mOMEG TEPMTMOGELS Ol TEXVOAOYIEG TEYVNTAG VONUOCULVIG TG elval To
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VEVPOVIKG OIKTVOL 68 GUVOVOAGUO HE OTOTIOTIKEG PeBddovg oToYEVOVY OKPIBMG GTN

ueimon tng ddotoong avtg (Zanero et a 2004, Kayacic 2003).

2.5 Nevpavika Aiktoa

Ta Teyvntd Nevpovikd Aiktvo givor Po 10600 6T0 YHOPO TOV LIOAOYIGTAOV 1| 0Toio
Baciotnke ot povrelomoinon ¢ SOMNG Kol NG Aswovpyiog tov ovOpdTIVoL
eykepddov. H 1d6éa mpovmipye amd ) dekaetio Tov ‘40 aAld o1 oyeTIKd TPOGPITESG
e€elilelc g dexaetiog Tov 80 610 YDPO TS TANPOPOPIKNG E0WGAY VEN HBNGT oTNV

TEYVOLOYiO OLTY.

H dwapopd mov €xovv tar Nevpmvikd Aiktuo 6€ oyéomn He Ta KAOGIKE VITOAOYIoTIKA
GLGTHHOTO TPOEPYETOL OO TO YEYOVOG OTL OEV YPNGIUOTOIOVV TNV TPOGEYYIoT TNG
Jd0Y KNG EKTEAEONG EVIOADY Y1OL TV EMIALGT TOV TPOPANUATOV ALY, HEoa Ao
Mo dwdkacio exkmaidevong, «pabaivouv» kot mpooeyyilovv ) AVoN oKOU Kol oV

Ta dedopéva dev tvarl TANpM N TEPIEYOLVV «BOPLPO».

H exmaidevon mephappaver mv 1po@odocio Tov Nevpmvikoh diktvov Ue dedopévol
To omoio £X0VV GUYKEKPUEVT dopn. A@ov Ta dedopéva kplBovv emapkr|, TO OIKTLO
Dempeitat EKTOdEVIEVO Kot UTOPEl va EMADGEL TPOPA AT TAPOUOLD. FLE TO OLPYLKGL.
To poviéda tov Nevpovikdv AKTOGV givar aAyopiOpol yvooTIKOV SladIKocIHV

ommg M padnon xow M Pertictomoinom, to omoion Pacilovtar o €vvoleg TOV

aVTAOUVTOL 0O TN UEAETT) TG PVONG TOV EYKEPAAOV.
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Teywmtd Nevpovikd Ailktvo eivor éva  povtédo  emefepyaciog TANPOPOPLHV
EUMVELGUEVO OO TOV TPOTO TTOV TO PLOAOYIKE VELPIKA cuoTthpato enesepydlovion

TANPOPOPiEC.

e

Cell body

Mucleus

Dendritas

Eikova 7. To HOVTENO EVOG PLOIKOL vevpamva (SURPRISE 96 Journal, NEURAL NETWORKS

by Christos Stergiou and Dimitrios Siganos, 1996)

To Poaowd otoyeio ovT®V TOV GLOTHUATOV &ivor 1 doln enefepyociog
mAnpoeopidv. H dopn avty anoteheiton and peydio apbud otoyeiov enetepyaciog,
TOVG veupaveg (Neurons), ot omoiot cuvepyalovrot petal&d Toug e 6Komo v enilvon

KATO10V PO PAUOTOG.
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Cell body

Dendrites

L Thrashold
Y

afulls

Summation

Eikova 8. To HOVTENO €VOG TeXVNTOL VELPVA(SURPRISE 96 Journal, NEURAL NETWORKS

by Christos Stergiou and Dimitrios Siganos, 1996)

Ta Nevpovikd Aiktoo, 0nmg kot ot avOpmmot, pabaivouv Ue mopadsiyparta. o v
aVayvopon KAmoov wpotimov Oo mpémel mpdTa To dikTvo Vo TpoPodoTndel Ue
mopodeiypata, €161 MOTE UeTd amd Kamon mopadetypato vo Bewpeiton to OikTvO

EKTLOOEVUEVO.

To Nevpovikd Aiktoo givar TopadldayEg TG W0E0G TG TOPAAANANG KOTAVEUNUEVIG
eneEepyaoiog (Parallel Distributed Processing), n omoio mapovcidotnke to 1986 amod
toug Mc Clellend .and Rumelhart (Mc Clelland .and Rumelhart ,1986). Zopemvo pe
QT TV 1060, TEPOVGLACTNKE VO OAOKANPOUEVO HOVTELO VEVPOVIKOD SIKTVOV TOV

omoiov ta Pacikd otoyeia ivat:

éva ohvoro povadwv enetepyaciog (VeEvpmveg)
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Mo Kotdotaon evepyomoinong yio kdbe povada emefepyaciog, m omoin

1ooduvoel e TV ££000 NG LOVAdaLG

ovvdEaels Peta&d Tv povadwv. o kébe odvdeon opiletar amd £va Bapog To

onoio kabopilel To oNHa g povadog K Tpog ) povada i
éva kavova d1adoong (propagation rule)

M ovvaptnon evepyomoinong, m omoio kabopiler 10 Véo emimedo
gvepyomoinong, otnplopevn oty evepyr] €i0000 Kol OTNV  TPEYOLGH

KOTAOTOOT EVEPYOTTOINGNG
M gicodo molmonc (bias/offset ) yia kébe povada
Mo pébodo ekmaidevong

éva mepPaAlov oto omoio Oa mpémel va Aettovpyel Kot To omoio mapEyet Ta

onHaTo £16050V.

Kdabe vevpmvag ektelel v eEng epyacio: OEXETOL TIG €1G00VC TOV YETOVIKOV
VELPOVOV M TIG EEMTEPIKEG KOL TIG XPNOHOTOLEL Yio VoL VITOAOYiGEL TO oo £6J0V,

TO 07010 Ko HETAGIOEL OTOVG GALOVG VEVPDVECG.

O voroytopdg TG ££000V 0TOOVONTOTE VELPOVA TOV SIKTVLOL divETOL 0Td TOV TVHTO:

y, =t iwixi —1;
ie1
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Omov W givat o ovvdetikd Bapog, X o képuPog kot 0 to bias. H cuvaptnon f eivan
YVOOTH] ¢ cvvdptnon evepyomoinong. Mmopel va eivor Hio oA cuvaptnon
KatoeAiov, crypoedng 1 Gaussian. Yrdpyet 1 dSuvatdtnto 11 GUVAPTNGT GVTH Vol

etvan omotadnmote embountn HobnUoTIK) cuvaptnon.

R S

Eikova 9. TEoogpa amo Ta PACIKOTEPA €idN CLVAPTNOELWVY EVEQYOTTOINONG:
(a)Threshold, (b)Linear, (c)Sigmoid, (d) Gaussian

O xkdbe vevpmvog cvvdEeTonl Ue TOLS VITOAOWTOVS Kol O TPOTOG e TOV OmOio M
ovvdeon AapPaver yopo kobopiletar amd TNV OPYITEKTOVIK TOL NEVPWVIKOV
Awtvov. Eniong onpeio avagopdg amotedel o Tpdmog e TOV 0010 eKmadehovTal To
Nevpovikd Aiktoa. O xvpotepeg xatnyopieg Texvntov Nevpovikov ATOH®V

avaAoyo U TOV TPOTO EKTOIOEVLONG TOVG Paivovial otnv Ewova 10.
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TEXBHEA MEYIIN A

ATRTY A
[
| HR A AEYTOREN A | LTABEP A BAPH
T
[ ]
WE RITIRATYH | | suesEmRARTH |
VBT IL T LATHETTIETTE A ANTATRTZTTIEA ITOFFICLT: - I°TA
AT MOTTLAN
ALAL PR ALA IHE PILETY KL CYEATTICTIRTE B IDMET
TTARRTC VI
EACEFROFATATION DA RS Feli Al HTATH A RS
ECITTRTH RTTS

BRCOLILESTT HACE 1A TE

FROT AHATICN AL

LO~%EER

ELIE S0 R

[0 B R AP L R RN |

Eikova 10. AIapopeg Katnyopieg NELPGVIKOV AIKTOGV

"Eva. Nevpwvikd Aiktvo pmopel va Bempnbei og katenbuvopevog ypaeog Tov 0moiov
01 VEVPMVEG €ival 01 KOUPOL KOl 01 GUVIEGEIS HETAED TV VEVPOV®V €IVl 01 OKHEG
tov (Ewova 11). Ot vevpmdveg opo6omolohviot 6e emineda aviroyo He T Aettovpyio
ToVg 670 dikTvo. 'ETtol vrtdpysl 1o eninedo 1oddov (input layer), to kpveod eninedo
(hidden layer), to omoio Mmopel vo moapakewpbei - mov omoteleital amd €va 1
neplocoTEPa EMineda, - Kot o eminedo €E6dov (output layer) oto omoio €yovpe v

€£000 TOV JIKTVOV.
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®,

X,
X1,
X1,
X1,
X1,
X1,
X,

X,

X1,

output layer

X1, (active nodes)

Xl

Xy

input layer

(passive nodes)

Eikova 11. To yevIKO HOVTENO £vOC NeLPGVIKOD AIKTOOL £UTTPOOOIAg TPOPOSOTNONG
ue éva kpoo emimeso (The Scientist and Engineer's Guide to Digital Signal Processing
By Steven W. Smith)

Ynrdpyovv 600 Poacicés katnyopieg otig omoieg ympilovian ta Nevpovikd Aiktvo
avéAoyo HE TNV OpPYITEKTOVIKY] TOVG OOMN: Ta dikTva gUmpodchiag TpoPodOTHOoNG
(feed-forward) kot ta diktva avatpopodotnong (feedback v recurrent). H Paocwkn
TOVG OWPOPE EYKEITOL GTOV TPOTO He Tov omoio To ofpa HeTadideTol PUEGO GTO
dtkTvo. 10 gumpocbiag TpoPoddTNoNG dikTvo T0 oMM pETOdIdETOL Amd TNV €1G0d0
LOVO Tpog EUTPAC, EVA OTO, OTKTLO AVATPOPOSOTNONG HTopel va petadobel mpog ke

katevbvvon (Ewodva 12).
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EIKOva 12. MOVTEAQ VELPWVIKGOV SIKTOGV EUTTPOCOIAc TPOPodOTNONG KAl AvaSPoMIKA
(A.K.Jain,JMao, K.M. Mohiuddin, 1996)

[Tpénel va onuembel OTL S10LPOPETIKEG APYITEKTOVIKEG KOl O10LGVUVIEGELG 0O1YOUV GE
OPOPETIKY  cuumepipopd Tov  Nevpwvikov Awktoov. Ta diktva eumpdodiog
TPOPOSOTNONG EIVOL O OTATIKA, VIO TNV £vvold OTL 1] £€£000¢ 68 KABE VELPDVA, dEV
e€optatot and TV TOPOVGH KOTAGTUCT TOV, ondte O umopovoape vo movUe OTL deV
Eyovv UvnuUm kor M €5000¢ Ttoug eivor ave&dptnn amd Vv gicodo. Avtibeta, Ta
JKTVO OVATPOPOSOTN oG ivat duvapka Kot 1 ££000G Tovg e€apTtatat amd TV 16050
ToVG. Xe Kale mepinT®oT, Y10, SILPOPETIKN OPYITEKTOVIKI] TOL VEVPOVIKOD OIKTLOV

axolovOeiton dropopeTikdg ahydplOOg EKTOIOEVLOTC.
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251 H €Knaid€vo1 TOV VELPAOVIK®V KTV MV

H wavomrta ekpudbnong sivor éva omd To YopoKINPIOTIKA TNG VONHOGOVNG. X€
nepPdArov Nevpovikdv ATOHoV o¢ ekpuabnon Oesopeitor 1 petaforn tov
OUVOETIK®V Popdv £T61 OCTE TO OIKTLO VO UTOPEL VO EKTEAEGEL GUYKEKPUUEVT
Aertovpyia, eite TPOKELTAL Y10, AVAYVAPLOT TPOTVT®V €ite Yia Ta&vopmon. Tnv myn

g ekmalidevonc amotehovv To TPOTLTTO. kaidgvonc (training patterns).

Tpeig givar ot Paocikég erAocopiec ekmaidevong evog Nevpovikod Auctdov (Jain,

Mao, Mohiuddin, 1996):

Emplenopevn 1 Looyeti{opevy habnon (Supervised or associative learning).
SOUQOVO HE oVTO TOV TPOTO EKTOIOELONG TO OIKTVLO TpoYodoTeitan e
OLYKEKPIIEVEG €16000VG, Ol 0moiec ovykpivovial HE TG avopeVOUEVEG
e€odovg. To Cevyoc avtd £1600wv Ko €£0dmv glvan mov kabopiler tnv
exmaidoevon Tov diktHov. Mo oMHAVTIK VTOKATIYOPiot aVTOV TOV €100VG TG
ekmaidevong sivor 1 Evioyvpévn exmaidevon (Reinforcement learning). To
diktvo Aoppdavel Eva cuvolikd ofpa emiPBpdaPevong N TiHwpiag. Ta Bapn
HeTapdrlovial €161 doTE Vo avamTuEouy Ho. GUPTEPIPOPE £16030V-e£050V

€161 doTE Vo Peytotomoteital n mbavotta emPpapevong.
Mn  emplemouévy udbnon 1 ovro-opyavwon (Unsupervised learning).
ZOUewvo He T pebodoroyio avt Mo povada €£0d0v ekmoideveETOL VoL

OVTOTOKPIVETOL G€ OMASEG TPOTOTT®V TTOV divovtal otnv €ic6odo. Me avtd tov

TPOTO TO GVGTNHO AVOKOAVTTEL Y OAPOKTIPICTIKG TOV TPOTHT®V TMOV E1IGOOMV.
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Yppioikn exmoidevoy (Hybrid learning). Amotekei évo ocuvdvoacUd tov
nopondve mpoceyyicewv. 'Eva tUnHa tov Bopodv exmaidevetor Ue tn Hio

M€B0J0 Kot Ta vTOAOUTAL e TV GAAN.

Tpia etvor ta Pacwkd {nTApata ToL TPEREL VoL OVTILETOTIOEL 1) Bewpia TG HABnoNG.
Ikavoémra  (capacity), moAlvmiokdétnto Odewypdtov (sample complexity) kot
VTOAOY10TIKY ToAvmAokoTtnTo, (Computational complexity). H wavotnto agopd oto
OGO TPOTLTIOL TopEl Vo amoBnKevoeL To diKTLO Kot TOGH OpLa amdPacng Uropel vo
viomomoel. H molvmhokdtnta Setyudtwv oaeopd Tov opldpd TV TPOTLT®V
exmaidevong mov ypeldletor 10 SIKTLO Yol VO OMOKTAGEL TN MEyot KavotTTa,
yevikevong. Atyo tpdtumo 0dnyovv o€ vaepekmaiosvon (over-fitting), tnv nepintoon
ONAadON OV TO SIKTLO CLUTEPIPEPETUL LUEV KOAG 0T OedOUEVAL EKTTOHOEVON G, OUMG
mopovolalel Tyl amoteAécporo kotd T duwdpkelw ™G afoidynong. H
VTOAOYIOTIKY] TOALTAOKOTNTO 0@Oopd TO yYpdvo mov ypeldletal to OikTvo Vv

TPOGEYYIGEL o AVGT KOTA T1] SLUPKELD TNG EKTOHOEVLOTC.

Otov avopepouaote 68 KOvOveg Pdbnong, otnv ovcio. EVvoovue Tov TPOTO e Tov
omoio petafdiiovior to cvvomtikd Pdpn koTtéd TN OPKEW TNG EKTOIOEVONG.

Y ndpyovv 1€c0epIg Pacikég katnyopieg kavovov pabnong:

Kavovag peimong Adbovg (error-correction rules). Xpmowomotgitor  otnVv
EMOTTEVOLEVT eKTalidevot. Baowkr apyn tov kovova avtov givol m yprion Tov

ONUOTOG S1APOPEG E16030V-EMBLUN TG ££600V Y10 TN HETAPOAN TV Papdv.
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ekmaidevon Boltzmann. H exnaidevon Boltzmann eivar évog otoyaotikdc
KOVOVOG €KTTOIOEVONG O Omol0g TPOEPYETOL OmO TIS Oopyéc G Pempiog g

TANpoPopiag Kal TG BEPUOSVVAHIKNAG.

kavovag Hebbian. Eivat o mpdtog kavovag mov epapproéomke moté kot Pacileron

GE VEVPOPLGIOAOYIKES TOPUTTPCELS.

avTay®VIGTIKOL Kavoveg abnong (competitive learning rules). Ot kavovee avtoi
ompilovtor otnv apyn ™G avtayoviotikomrog Hetafd tov e£6dmv Y

dpactnplomoinom.

Ymv eikova 13 kaToypapeTol T0 GOVOAO TOV KOVOVOV EKTOIOEVONG GE GUVOIVOGUO
He apytekToviKEG Kot ahyoplOpovg eknaidevotg Kot TapovctdleTol Uio. GUVOAKY

EIKOVO TNG TPEYOVGAG KOTAGTACNG GTO Y(MPO TV VEVPOVIKDOV SIKTOMV.
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Eikova 13. Katnyopieg NevpVIKGOV AIKTO®V LiE BACN TA XAPAKTNPICTIKA TOLG

2.5.2 EEEMKTIKG vevpOVIKA dikTVL O

Ta E&ehiktikd Nevpovica Aiktva (Evolutionary Neural Networks, ENNS) ivat to
TPOIOV T1G OVYKAIONG dVO TEYVOALOYIOV TOV KOTA BACT TPOGOUOIOVOUY POAOYIKEG
Aertovpyieg, Tov Nevpovikov Aiktoov kot tov E&gliktikdv Alyopibpov (Evolution
Algorithms, EAS). Ta E&elktikd Nevpwvikd A{KTvo 0TOTEAOVV TO TEYVOAOYIKO
avTioToo ™G €EEMENG Kot TG avTdHaTNG TPOGsapHoyns. ‘Exovv tnv wovotnta va
pabaivouv, va BEATIOTOTOI0VVTOL KO VO TPOCSAPHOLOVTOL QLTOUOTO, OVOAOYO LE TO

TPOPANLA TOL £XOVV VOl ETADGOVV.
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To onueio ota omoia aAiniemidpovv to EEeActikd Nevpwvikd Aiktva kot ot
E&ehictucol AhyopiBuot eivar apketd. Xtnv ovcia oxeddv kabe maplueTpog evOg
Nevpovikod Awtvod pmopel va PeAtiotomombel. Opwg kdamowo onueion Eyovv
10witepo eVOPEPOV, LG KoL EXOVV dMGEL TOAD KOAG OMOTEAEGUOTO GE TEIPALOTO
Kol 0odEKVOOUY TV vaepoyn Tov E&ehktikmv Nevpovikov AKTomv Evavil Tomv

KAoowdv Nevpovikdv Aiktowv. To onpeio autd sivot:
* Ta cuvantikd Papn (Synaptic weights)
* H apyrrextovikn tov Nevpmvikov Aktdov
* O1 kavoveg ekmaidevong

H oaMnienidopoon ovApESH OTIC GLUVIGTOOEG TEYVOAOYIEC E€PUNVEVETAL OTO TO.
Koplapya yopaknpiotik@ tovg. Ta Edeglktucd Nevpovikd Aiktvo €govv v
KOVOTNTO. VO EKTOUOELOVTOL Kol vo  pobaivouv eved ovtifeta ot E&elkrtikol
AlyopiBpot givan woyvpd svpetikd epyareion oe peydiovg ympovg avalnmmong. ‘Etot
to. ENNS ypnolomoodv katd kdmowo tpomo tovg Ea&s, pe okomd avtol va
avalnmoouv Tig PEATIOTEC TOPAUETPOVS TOV KATH Kavovo odnyoldv katl og PEATIOTA
Nevpovikd Aiktva. Eva Pédtioro Nevpwvikd AikTvo givol Katd Kavova ToydTepo,
O GUVEKTIKO, HE HKPOTEPO KOGTOG VAOTOINGTG KOl KOAVTEPT TKOVOTITO, YEVIKELONG

amo Evo Un PérTioTo.
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2.6 Beltricromoineny ue Zunvy Zoupotidiov (Particle Swarm
Optimization)

H Beitictonoinon pe opnvn couatidiov (Particle Swarm Optimization PSO) eivou
[l oTOYOOoTIK) TeYVIKY Peitiotomoinong mov Pacileton oty avalntnon oe
TANBVoHOVG. AVIAKEL GTIV €VPVUTEPTN OIKOYEVEWL TOV EEEMKTIKMOV OAyopiOpmY Kot
TOPOVGLAGTNKE Yol TPOTN Qopd omd tovg Eberhart kot Kennedy to 1995 (Eberhart
kot Kennedy, 1995) ot omoiot Tov EUIVELGTNKAV O7IO TNV GUUTEPLPOPE TOV TOVAIDV

otav avalntodv Tpoen.

H teyvuen PSO éxet apretéc opodmreg pe eEEMKTIKEG TEXVIKEG OTMOG Ol YEVETIKOT
alyopiOpot. To cvotnuo apywomoleitol Katd tvyoio tpomo Kot avalntd Pértiota
onNUElD. OTO YMPO, EVIUEPDOVOVTOG TIC VEES YEVEEC TOL Omuovpyovvtal. Avtifeta
OUMG HE TOVG YEVETIKOVS aAyOpBovg, 1 teyviky PSO dev ypnoyomotel kaboAov
YEVETIKOVG TELECTEG OTMG 1) S10.6TOVP®OT KOt 1) LETAAAAEN AAAG O1 €V SUVALEL ADGELG
(particles) kvovvtal 6To YOPo TV AVGEMV aKOAOVOMVTOG TIG KOAVTEPES HEYXPL EKEIVT
™ ottyun Avoels. Kébe copotido amobnkedel v 61k tov BEon 610 Y®PO AVoE®V,
n omoia oystiCetar pe v kaAdtepn Avon (best fitness) mov éyel emurdyel to
couation péypl exeivn t otiyun (particle best). M dAn Ty pe v omoia
oyetiCeTon  Béon Tov copatidiov eival n kaAvTtePN Avon o €xel emtevy el amd TV
opade TV Yewovav oty omoio ovikel o copatido (loca best). To minbog tov
LEAWV NG OPAd0G avtng e&optdtal amd TV opyIKn ETIAOYN TOL £YEL YivEL Yoo TNV

APYLTEKTOVIKT OANG TG Opadoc kot pmopel vo givorl amd 2 €0g T0 6HVOAO TOV
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mAnBvopov. O okomdg TG TEYVIKNG aLTNG eival va 0dnynBel kdmoo cmpotidlo 6t
BéLTiotn Avon petafdArovtog v apyn Tov BEon katd péyebog mov eEaptdror amd

TNV ATOUIKT 0ALG Kot T GLAAOYIKY BEATIOTN AVOT).

O alyopiBpoc PSO &yetl amoderybel amoteleopaticog yuo 600 kupiog Adyovs. O évag
€xel va. KAvel Pe TO YeYovog OtL €ival OpKETE MO YPNYOPOS GE £va VPV QAGHO
EQUPLOYADV OE GUYKPION HE GAAOG €EEMKTIKOVG OAyopiBpovs. O dgvtepog £xel va
Kével pe 10 yeyovog OtTL eival MOAD amAdg, €V EYEl MOAD AMYEC TOPAUETPOVG

Aertovpyiog.

2.61 O aryéprOpog

O aiyopiBpog PSO mpocopoidverl Tn GOpmePpopd €VOG GUINVOVG TOLAMY OV
avalnTovv TPoPN: OTaV KATO10 O ToL TOVALYL EVIOTIGEL TPOPN TETE TPOG TO O UETID
ekeivo, Kot To vTOAOTa, VA 0ev EEpouV akpiPmg tn BEom T TPoPNg, akolovBovv
exeivo 1 exeiva mov PBpickovrot mo kovtd Tovg. Tehkd kdmolo and dAa o Bpet Tnv
tpoen (AMon). ' tov odydp1Buo, og kKabe PELOG TOL oUNVOVG avTIoTOLYKET tia Thavn
Adon. Zmv kabe Adon avtictorel kot évag Pabupog katodiniomrag (fitness) o
omoiog TAnpoopel Tov akyoplBpo Yo 10 OG0 koA eivor n Adon avth. O Pabuodg
aVTOC TPOKVATEL OO o cuvaptnon kotodiniomrtog (fitness function). H «kdbe
mBovn Aon petafdiletorl katd Evo péyebog mov ovopdaleton tayvtnta (velocity), n

omoio. opiletor g M petakivnon g mbavng Adong mpog Vv Kotevbuven g
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BEATIOTNG GLUVOMIKTG AVONG KOTA TPOTO TOPOUOI0 HE OVTOV TTOV HETOKIVOLVTAL TO

LEAT] TOV GUNVOLE TTPOG TO HEAOG ekETVO TTOV PpiokeTal TANGIEGTEPA GTI AVOT).

H apykomoinon tov aAyopiBpov mepthapfdvel T cuykpoOTNON UIOG UPYIKNG OUAOOG
amo tuyaio copotidl ta omoio avalnTodV ETAVOANTTIKE KATOW0 PEATIOTO GTO Y MOPO
TV Woewv. Xg Kabe emavdAnyn, kdbe copotioo evnuepmvel ) 0éom tov pe Pdon
TV TpoNyoO eV O1KN TOV KoAvTEPN BEom Kat T cuvoMKd kaAvtepn Béon. H oyéon

Baon g omoiag evnuepdveTal 1 ToyvTNTO KAOE GOLaTId0L elvat:

uuuuu uuuuuuu uuuuu uuuuuuul

V= v +cl* rand() * (pbest - present) + c2 *rand() * (gbest - present) (1)

eV M Véa ToL BEoM 6TO YOPO TOV AVCE®V diveTon oo TN GYEom:

uuuuuuu uuuuvuuu 1

present = present+ v (2)

0oV

- n etvoun taydmTa T0LV cCORATIOOV,

uuuuuuu

- present eivoum tpéyovca BEom Tov cOUATOOV

uuuuu

- phest ghest eivar n peypt todpa BEom mov avtictoyel oto kaivtepo fitness tov

oOUOTIO0

uuuuu

- gbest givarm Béon mov avtiotoyel oto kakdtepo fitness GAov Tov cuvorov 1

NG OHAdaG OTTOV OVIKEL TO COUATION0

- rand () eivon évag Toyaiog apBpog avapeoa oto 0 kot oto 1
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- Cl, c2 eivar moapdyovteg pLdbnong mov TumKa Toipvouy TIHEG iGov pe 2
O yevdokmd1Kag Tov alyopiBpov eivat o akdAovbog:

FOR EACH particle
initialize particle
END
DO
FOR EACH particle
calculate fitness value
IF fitness best in history current value=pBest
END
SET gBest=best(pBest) for each particle
FOR EACH particle
calculate newV elocity
calculate newPosition
END
WHILE termination creteriais met

Eikova 14. O akyopiBpog Particle Swarm Optimization

Ye KOmOlEG MEPMMTMOOELS 1 TOYOTNTA TOIpVEL UEYOAEG TIMES, HE OMOTEAEGUO O
alyopiOpog vo [ ouvykAivel oe Pértiotm Avon. T tov Adyo avtd ouyvd
ypnowonoitat &va opo M péytom toyxvmto (MaxVelocity), pe to omoio

nepopileton n péEyom petakivion Towv copatidiov og kabopiopéva peyEo.

[Tpwv ™ ypnowomoinon tov adyopiBuov PSO mponyovvrot dvo Prpata. To Eva eivor
N EMAOYN TNG OVOTOPACTOONG TNG ADONG KOl TO GAAO 1 €MAOYY| TNG GLVAPTNONG
kataadnlomrog (fitness function). Xe oyéon pe v avomoapdctaon g Adong, o

aryopOpog PSO pmopei va dovAéyel €£i60v KOAQ Kol [E TPOYLOTIKOVS aplOpovg
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oAAG Ko pe dvadikn avamopdotaon. ¢ cuvApTNoN KATOAANAOTNTOG UTOPEL va,
emheyel omoladnmote ovvdptmomn, ovveyng M Oxl, U SWPOPOTOGIN,
nolvmopapetpikry (multiobjective). Avtd dAlwote givol kot amd To HEYUAVTEPO
TAEOVEKTNUOTO, TTOV £XEL O OAYOPOLOC OTNV EQAPLOYN] EKTAIOEVLONG VELPOVIK®OV

JKTO®V.

Onwg €idape kot oy meptypoaen tov aAdyopibuov, vrdpyel évog apBuog manbog
TOPOUETPOV TOV TPEMEL VO KAOOPIOTEL.

AxoAiovBel pio AMota pe TUTIKES TOPAUETPOVS TOV aAyOp1dlov, o1 omoieg eaptdvTat

Koplog amo 10 €ldog TOV TPOG emiloon PO AN HaTog

(http://www.swarmintel ligence.orq).

O oapiBuos twv ocouoatidiov. To tomkd €bpog eivar 20 g 40. TMa ta
nepLocotepa TpoPAnpata éva wAnbog and 10 copatidio etvor cuyvd apketod.
Mo mo dvokora wpoPiruota pmopel to mAnBog va avénbei ota 100 1 200
copotidla. Etvat mpogavég 0Tt avénon tov copatidiov GUVETAYETOL PEimON
NG TOYVTNTAG TOL aAyopiBLov.

H Aidoraon twv ocouatidiov. Kabopiletar and 1o €100¢ ToL TPOoPAUOTOS
OTMC KAl TO EVPOC TILADV.

H uéyporn toyonra VMax. Opilel 1o €0pog tng pEYIoTNG petakivnong mov
umopei v Kavel £va copotidlo oe kabe emavdinyn. To edpog e&aptdror kot

0o TN OLVAPTNON KATEAANAOTNTOG KOl OO TO TPOPANUO KOl OVTO 7OV

EMTVYYAVETAL EIVOIL O TTEPLOPICUAG TNG oval|TNONG GE LIKPOTEPES TEPLOYEG.
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http://www.swarmintelligence.org)

O1 mopayovres exuabnons cl c2. Tlaipvovv cuviBwg v T €l=c2=2. ¢

KGOe TepinT®O, TO EVPOC TOVE KLUaiveTal 6To ddotnua (0,4).

H ovvbnkn oloxinpwons tov aiyopiGuov. Ymépyovv 600 TPOTOL Yo TOV
TEPHATIOUO TOV ahyopiBupov. O évag eivatl vo. oAoKANpmBel 0 PEY16TOG APtOpOg
EMOVOANYE®Y, 0 0TT010G GLVIBWS Yo LETPLOG SVGKOATOG TPoArpaTa eivat ot
1000 emovornyelg. O dAAog etvor o Pabudg kKataAnAoTNTag | N HETOPOAN
TOL vo QTdoel e KAmowo mpokabopiopévo emimedo. H dgvtepn emidoyn

YPNOWOTOIEITAL GUVIHOWOE GTNV EKTOIOEVON VELPOVIKOV SIKTOMV.

Apyirextovikn global 7 local. Ot 600 avtég exdoyéc e&aptdvtal omd 1o av TV
TAnpopopia Yoo oAkd PBEATIOTO TO KAOe cwpatid Ba v maipvel amd TO
obvoro tov copotdiov (global) 7 and éva pépog avtav (local 7
neighborhood). H globa emloyn mpoceépst taydrepn oOykhon Tov
alyopifuov, Opmg vrapyel o Kivouvog Yo mayidevon tov oiyopibpov oe

TOTIKO aKPOHTATO.

2.7 EE&één Nevpwvikaov Aiktowy ue Zunvy opuatidiov

To 0@éA amd TV eCEMEN YOPAKTNPICTIKGOV TV Nevpovik®v AKTO®V gival apKeTA.

Ta moAverinmeda perceptrons éyovv amoderytel wavoi mpooeyylotég (Universal

approximators), odedouévov OTL  pmopodV Vo TPOGEYYIGOLV  OMOTEAEGUOTIKG

OTO100TTOTE GLVAPTNON, OG0 TOAVTAOKN Kot av gival avthy. Mo and TG TPOTES

epappoyég PSO Ntav 1 e£€MEN TV cuvorTiKdv Bapdv TV NevpoviKov AKTO®OV
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avtiKoboTdVTag £T01 KAGIKOUS aAyopibuovg ekmaidevong ommg o back propagation
(Eberhart, Simpson, and Dobbins 1996). Eniong o PSO ypnoomombnke kot yio Ty
e€evpeon G PEATIOTNG apTEKTOVIKNG TV NeVpoVIKGOV AKTO®V, £va TpOBANIa Yo,
TO 0TO{0 0 HOVOG TPOTOG EMIAVGNG OV LANPYE NTov 1 dokun-kot-Adbog (trial and
error), Kobmg emioNG KoL TNV KOVOVIKOTOINoT Kot TV KAMUAK®oN TOV dES0UEVOV

£16000v.

H exmaidevon Nevpovikov Awtoov pe tov PSO cuvictatal oty gopeon tov
KATOAMNMA®V oLVOETIKOV Popdv tov Nevpwvikod Aktdiov €tol ®ote t0 Méco
Tetpayovikd Zedipo EE6dov (Mean Square Error — MSE) vy 10 oOvoro tv

JeJOUEVDV EKTTAIOEVOTG VO TAPEL 0L EAGYIGTY TLUN.

pat(t)a’nsouct)put )
a a (output -target, ).
k=0 i=0

mse= —
training patterns

IvvapTtnon Méoou TeTpaywVIKoL IPAAUATOS YIA TO COVOAO TGV TTPOTOTIV
eKTTaiSevong

Otov 10 MSE mhper g apketd pKpn Tn, 10 vevpwvikd Oiktvo Bewpeiton
exmadsvpuévo kol pmopel va aohoynBel pe Pdon to cvvoeTikd Papn OV

avTioTor 0V 610 EAd)1oTO Méco Tetpaymvikd Zeaipo mov £xel avevpedet.
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3. ANAIITYEH EZEAIKTIKOY NEYPQNIKOY
AIKTYOY I'TA THN ANTIMETQIIIXH AIKTYAKQN

EINIGEXEQN

Onwg mpoavaeépbnke, o okomdg TG epyaciog ovtng eivor 1 UEAET] Kot 1
allohdynon  evog  Unyoviopold avdAvong embécewv. Xto  mapdV  KEQAAOLO
napovcstdlovior To PNUHOTO TOV GYESIOGHOL KOL TNg VAOTOMONG aLTOL TOL
pUNYoVIcpoH Kabdg kat ta dedopéva mov ypnoyoroiinkay yio mv agoidynon. O
OYEOOGHOC EYIVE UE TNV OVTIKEWEVOOSTPAQY TPOGEYYION Kol 1 avamtuén o€

nepiPaiiov Java.

3.1 Apyitextovikog cyediacuos

Mo v Kotaokevn g pMyovig avaivong eriEydnke n amd TV TPOS To KATW
TPOGEYYIOT, UE TN ONLoVPYic apy K VOGS YEVIKOD HOVTEAOD TOL UNYOVIGLOV, OV
anewovietat oty ewdva 15. Iephopfavel dvo avtdvoueg ovidTNTES: TNV OVTOTITA
NG EKTOOELOTS Kol TNV oviotTnTa TG a&loAdynong. H ovtdétta g ekmaidevong
(Training Module) mepopfdver tov olyopiBuo Pertictomoinong PSO kot 1o
VELPOVIKO OiKTVLO eUmTPOGOG TPOoPodOToNG evd 1 ovtotnta agloldynong (Testing
module) meplopfdver o EKTOUBELUEVO  VELPOVIKO  OikTvo  EumPOSOlg
TPoPodOTHOoNG. Ot 800 HOVAdEC cuLVOLovVTaLl HE KOWO VTOGUGTNUN TPOPOOOGING

dedopEvv.
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IDS Analysis Engine

Training Testing

Optimization Entity

g Evaluation Global Best 'Il'\:alnecli
WeOT ] Weights <
{\{@ Network
N’\(Ia?\lljvgirlk Evolution

KDD 99 DataSet

Eikova 15. Fevikd apXITEKTOVIKO HOVTENO TNG UNXAVAS avaivong

211 GUVEXELWD EYOVLE TNV OVAAVGT THG UNYOVIG OTO EMMEDO TAKETMV KOl KAAGEWV.

IDS analysis engine

Ulpackage
datapackage nnpackage particlepackage

Eikova 16. Ta packets mov amapTiovy Thv ¢pappoyn
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@ Datapackage. To mokéto avtd meprapfavet po kKhdon, ™ dataclassn omoia
elvon 1 KAdon dioyeipiong tov dedopévav. H dwyeipion nepihapBavel o) tnv
npoeneéepyacio. Ta Odgopa dedopéva yo TNV ekmaidsvon Kot Ty
a&loAdYMNoN TOV VEVPOVIK®V JIKTO®V O0gV PBpickovtol mhvio otV emBLUNT)
popon. e to Adyo owtd vmokewvtor o mpoemetepyusioo Ue OKOmO va
dlevkoAvvlel TO vELPVIKO SIKTVLO OTN JWdIKAoIo TG EKMOIGELOTC.
[Topaderypo mpoemeepyaciog SedOUEVOV EIVOL 1] LETOTPOT U OLPIOUNTIKGOV
XOPOKTNPIOTIK®OV (Y KoTnyopldv), og apuntikd. Exiong dAlio mopddetypa
npoemeiepyaciog €tval 1 KOvOVIKOTOMoN aplOunTIK®V OES0UEVOV  GTO
dtdotnuo  (0,1). Avtd vyiveton omv mEpimTOON TOL KAmOW Omd TO
YOPOKTNPIOTIKA £YOVV UEYAAEG GIOKAICELS MG TPOG TO EVPOG TIUMV TOL
umopovv va. mapovv oto traning set. Ta vevpwvikd diktvo a&loloyovv

KOAADTEPOL TIG LEYAAES TIUES, OYVOMVTOG TIG MKPOTEPEG,.

]

datapackage

Data.class

Eikova 17. To makéro datapackage mepigxel Tnv kKAaon data.class
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@ Ulpackage. To mokéto ovtd mepthapPavel Tpelg KAAOES, Ol 0Omoigg

oyetiCovton pe To user interface g unyavng avaivong (Ewodva 18).

—

Ulpackage

MainForm.class Parameters.class Chart.class

Eikova 18. O1 k\aoeig Tov Ulpackage

- MainFormclass. YAomotei t @opua péco and v omoin etiéyovral

01 BacIKEG TOPAUETPOL TNG UNYOVIG.
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Evolutionary Neural Network for IDS

Data | Neural Network parameters || PSO parameters || Trainning | Evaluation 2

r1.Data Settings

I
Inpuk Dimension: i41

Target Dimension: : 1

Trainning File name: trainningSetl.csv

Select Trainning Set

Trainning patterns: 14904
Testing File name; ALL_TEStING.csv types Select Testing Set
Testing patterns: 311029
NEW ATTACKS
Normal: 60593
Probe: 4082
DoS: 229957
Remote to Local: 16327
User to Remate: 70
new attacks: 18754

Eikova 19. ®OpUa EICAY®YNG TV S§E60EVEV Yia ThV eKTTaiS§cvon Kal a§loAdynaon Tov

alyopifuov

Méoo and to data tab (Ewova 19) emdéyovrar ta apyeio dedopévov.
Amo ta apyeio avtd dnpovpyeiton to Training Set pe ta dedopéva
EKTTAIOEVONG, APOV TPAOTO YIVEL KOVOVIKOTOINGT T®V dedOUEVOV Kot
to Testing set pe ta dedopéva yoo v a&loAdynoemn Tov VEVPOVIKOD

OKTVLOV.

60



Evolutionary Neural Network for 1D5

| Data | Neural Network parameters | pso parameters | Trainning || Evaluatio b

r2. Neural Networlk: Parameters

Hidden Layers:

2 J Layer 1 Neurans: 10 | Layer 2 Neurons: |£ |
1 2
Type of weights: Type of activation Function:
| Integer weights v | |Logistic v

Eikova 20. ®OpUa €10aywyns MApapETP@V NELPGVIKOD AIKTOOL

Méaoa and to NeuralNetwork parameters tab (Ewova 20) enthéyovion

TOPAUETPOL TOV 0PpopoLV TO0 Nevpwvikd Atktvo. Avtég elvor:

a O apBpog Tov Kpueov emmédmv. Zuvnmg yio amid TpoPAnpata
1N %pNon €vOg HOVO KpLEovy emmédov gival apketn. To dgvtepo
eninedo etvor amopoitnto otV mePinT®on mov Ta dedouéEval
OVTIGTOLYOVV GE OGVVEYELG XDPOLC.

b. o apBudg TV vevpmdvav. Aev vadpyet kavovag mov va opilel Tov
axpin apBpo tev veupmvev Yo kébe tpofinua. Ed® vrdpyovv
ot e€Ng emAoyéc: i pe v dwdikacia trial and error dokydlovran

popes TEG e okomd vo Bpebel avty mov divel To HIKPOTEPO
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oQaAlpo €E0d0V M omNPlOHOCTE G JAPOPOVS EUTEIPIKONG
Kavoveg kot T PiProypagio yioo mopduoln mpofAnuaTe M
avafétovge TNV €VPECN TOL 1B0VIKOD 0plOUOD VELPOVOV CE
Kamoo eEeAkTikO aAyopiOuo. H televtaio, av kot etvon
OTOTELECUATIKT EMAOYN, &tvor eoupeticd ypovoPopa. Apyikd
vmp&e N okéyn pall pe v EKTAIOEVGT) TOV VELPOVIKOD OIKTVOV
0o oaAyopiBpuog PSO va avalntel wou tov Béitioto apOud
vevpovov. H 10éa 6pmg eykataleipmre yati Bo omattovoe oA
ueydAo ypdvo ekmaidevons €& ortiog kot Tov peydiov training set.
I'evikd 0 TOAD piKpdG aptOpoOC vEvpdVmV ETIPEPEL pkp| amddoo,
EVD 0 TOAD peydlog emeépel to mpoPAnua tov over fitting,
ONAodn TNV TPOCOUPUOYT) TOL VEVP®VIKOD OIKTHOL HOVO OTol
OedopEVO  EXTTOIOEVONG, UE OMOTEAEGHO VO UV pUmopel vo

YEVIKEVGEL KUA.

0 TUTOG SESOUEVODV TV GUVOETIK®V PBapdv. Mmopel va emideyei o
tomog dedopévav double 1 o tomog Integer. H emloyn avt €xst
Wwitepn onuocio. 6tav Kamowg 0ékel vo mepapotiotel pe
Nevpovikd Aiktva pe aképato cuvoetikd Papn. To vevpwvikd
OIKTVO AVTA EXOVV UEPTKES OIOTEPOTNTEG LE CUAVTIKOTEPT CLTN

TOV OTL givorl KatdAANAa Yo vAoTomoglg og hardware.

. 10 €id0g NG ouvvaptnong evepyomoinong. Mmopel va emileyel n

YPOLUIIKT, 1 PNUOTIKN 1] ] AOYIGTIKT GUVAPTNGT EVEPYOTOINONG.
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Evolutionary Neural Network for 1D5

| Data | Meural Netwark parameters | PSO parameters | Trainning || Evaluation

r3. Particle Swarm Optimization

particle parameters:

Inertia: EU.? |Cognitive Parameter: I1.5 | Social Parameter: |1.5 |

Max Velocity: :2_0 | Min Velocity: i—E.b

Algorithm parameters:

Particles: EEU Max Iterations: !1000 |

Eikova 21. DOpUa 8I0AY®YNS TAPAHETP®V EEENIKTIKOL AAyopiOuou

Y10 PSO parameters tab (Ewova 21) giodyovtatl ot mopdpeTpot Tov
apopovv tov PSO alyopBuo. H mopdpetpog Inertia, o péyiotog
aplfpog  smavoaAnyewmv, Tto mAN0og TV ocopotwiov KAm.. H
nopapeTpog inertia Tpootébnke oe vedtepn €kdoon tov odyopifuov
(Shi and Eberhard 19983, 1998b) kat 0 polog NG €ival Vo 160poTNGEL

tov aAyoplbpo ovdiveoo oe oAwn (globa) kot tomwn (local)
avalrnon.
- Parameters.class H k\don avty givatl Bonntiky yio o T€pacuo Tov

napapéTpov and tny MankForm eoppa otig d1dgopeg kAdoelg. H
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onuovpyia kpidnke amapaitntn Adyov Tov TAO0VG TOV TAPAUETP®V.

[Tepiéyetl povo dedopéva LETaPANTOV KAACTG.

B F 1T M AT

fitness graph
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Eikova 22. H qpOpHa ammekoviong ToL YpagnuaTog fitness kata tnv S1dpkeia g
ekTIaidgLong ToLv NELPWVIKOL AIKTOOL

Graph.class. YAomowi ™ @dpuo péoa amd v omoia amswovileton n petaforn tov

Boabpod KataAANAOTNTOG GE L0 OTAY] YPAPIKT TOPAGTOON.
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@ Nnpackage. To mokéto avtd mePEYEL TIC KAUOES 7OV VLAOTOOVV TO

vevpwvikd diktva (Ewdva 23).

- NeuralNetwork.class. H «Adon ovt vlomoiei 10 molveminedo

perceptron mov ypnoyonoteitot yut TV eknaidevon.

—

nnpackage

NeuralNetwork.class nnTesting.class

Eikova 23. O1 KAAo g ToL TTakETov nnpackage

- nnTesting.class. 1 KAdon avti vAomoiel To Tolveminedo perceptron yio
v a&loloynon. v ovcia ivol To 010 [E TO TPOTYOVUEVO LE TNV

TPOcHNKT HEPIKDOV HEBOI®V Y10 GTATIGTIKOVG AOYOVG.

@ Particlepackage. To maxéto avtd (Ewdva 24) nepiéyet 600 kKAAGELG
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]

particlepackage

Particle.class Pso.class

Eikova 24. O1 KAAOEIG TOL TTAKETOL particlepackage

Particle.class. H kidon avt) vAomotel £va copotidlo mov mpokeital
HEGO Ao TNV J1a0KOGT0 EKTEAEGTC TOL OAYOPIBOL VO ATOdMGEL TN
BéATioTn AvoT. XNV TMEPINTTOON TNG EKTMAIOEVONG TOL VELPOVIKOL
OIKTVOV aVTIoTOEL GTO GLUVORTIKG Tov Pdpn. Xe kdbe copartidn
alohoyeitar pe PBdon tov Pabpd katoAAnAdmrag, o omoiog 060
HIKPATEPOG £ival TOCO T10 KOVTA Ppicketal To copatiolo ot PEATIO
Avom. O Babpog KaTtoAANAOGTNTAG Y10, TO VEVPOVIKO O1KTVO OVTIGTOLYET
O0TO EGO TETPAYWOVIKO GEOOAUN  YlO. TO GOVOAO T®V OEOOUEVOV

EKTTOIOEVOTG.

Pso.class. H «\don avty vAomotei tov aiyopibuo Particle Swarm
Optimization. Moig  olokAnpwbel o  oplOuodg  emovaiyewmy
amoOnkevel ) Péhtiotn Adon mov €xel Ppet (cuvdeTikd Papn mov
avtiotoyobv otov HKpoTEPo Pabud katarinAdmroc). Ta cuvdeTikd
Bapn ypnoyomoodvtol amd to instance g kAdong nNnTesting.class

v v a&loAdynon Tov aiyopidpov.
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3.2 0 alyopibuog exkmaiocvong

O oakyopiBpog ekmaidevong eivar pio mopoAiiayn Tov  Pocikov  aAiyopidpov
Beltiotonoinong pe Tuivn Lopotiov (Ewova 14). T cuvéysia meptypdeovot to

Brnoto extéleonc:

INITIALIZE particles
WHILE(NOT maxIteration)
FOREACH particle
EVALUATE(particle)
SAVE localBest
SAVE gloabalBest
COMPUTE newPosition

END WHILE

Eikova 25. O ahyopiOpog ekmraisevong Tov NevpVIKOD AIKTOOL

1 cuvéyeln kataypaeovtot ta fripato tov adkyopiduov (Ewdva 25) avorvtikd:

INITIALIZE particle. Zto Pripa avtd apywomoovvtar ta particles. "Eyovue 1on dst
Ko TPV OTL TOL COUOTIOW Yot TOV 0AyOPIOHo EKTOIOEVOTG TOV VELPOVIKOD SIKTOHOL
OVTIGTOL(OUV GTO. GUVOETIKA Papn. ApyKomoinon AOUTOV T®V GLVOETIKOV Papidv

KATO OTOAVTMG TUYAI0 TPOTO KO TOPAAANAN OPYIKOTOINGT TNG OPYIKNG TOYVTNTOG
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(velocity) tov copatidiov. Eriong maipvouv Tig apykés puéyioteg tiuég o Pabuog
KATOANAOTTAG TOL KGO ocouaTdiov Kot O GUVOMKG KOAVTEPOG Pabpog
KATOAANAOTNTOG.

WHILE...END WHILE. Anote)ei to x0pro pépog tov odyopibpov. O Bpodyog avtodg
EKTEAEITOL EMOVOANTTIKA YL OCEC (QOPEG TOV OPIGOVUE OTIG TOPUUETPOVS TOV
alyopifuov. Evaridiaktikd Oo pmopovoe va ektedeotel émc otov to globalFitness
eTdoet péypt pio TpokaBopIoUEVN TIUN.

FOREACH particle..SAVE globalBest. Kafe copatidwo, dniadn kabe mbavy Adon

a&lohoyeital. H aloldynon mepilapfavet ta dwd tng fryportas

Tnv apyKomoinor Tov VELPOVIKOD SIKTHOV BACT) TV TAPUUETPOV TOV EYOVV

Nnon do0el.
To mépaoua tov copatidiov (cuvoetikd Pdpn) 6to VELPOVIKO diKTVLO.

Avorypa tov training set. Kade pattern dwtpéyet 1o vevpovikd kot otny €060

vroroyileton to MSE.

Ynoloyileton 0 pEGO TETPAY®VIKO QAL Yoo 6A0 Tto Training Set. Avto

avtieToryel 6Tov Pabpd KoTaAANAOTNTOG TOL COUOTIOIOL.

Me avto tov Tpomo aglohoyeital 1o kdbe copatidlo, dMNAadn ta cuvdeTKd Papn Tov

Nevpovikod Awtdov.

SAVE local..SAVE global. YmoAoyilovtatl ta localBest yio kdbe coparido kot 1o

globalBest yio 6A0 t0 oufvog.
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COMPUTE newPosition. O alyopiBuog PSO vroloyilet tn véa toyvmra Kot T véa
0éon cOUE®VO PE TOLG TOTOLG OV TEPLYPAPNKOV GE TPONYOVUEVO KEQPAANIO Y10l

K&0e copationo, yio vo akoAovdnoel a&lohdyn o K VEOL.

To amotéleopa TG ektéAeons Tov odyopiBpov yio to vevpmvikd diktvo eivar £va
BEATIOTO GVUVOLO GUVIETIKAOV Papdv OV EANYIGTOTTOLEL TO GPAALO EEOOOV Yol OAO TO
training set. uven®c, pe avtd To GUVOETIKA PApN TO VELP®VIKO OikTVO Bsmpeiton
EKTTOOEVUEVO KOl UmOpel Vo OOKIUOOTEL MG TPOG TNV OTOTEAECUOTIKOTNTO TOV

dNAadn| va ta&vopei cwotd To dedopéva tov testing set.
3.3 Adedouéva kar alroloynon

H LAoyum tov eyyelpiuotog avuthg g pyaciog GuVOYileTal 6TO VO KEKTAIOEVCOVUEN
Hio pmyovn oote va avoyvepilel THmovg embEcewmy, TPOPOSOTMVTAG TN HE dEOUEVA,
ovppwva pe to TU givon emiBeon kot TU givol koavovikd dedopéva. Metd tnv
OAOKAN PO TNG EKTOUGEVON G OVALUEVOVUE OTd TN UXovh vty va, avayvopiletl Kot
va taivopel 6otd dedopEVa PE TTOPOUOIN YOPOKTNPICTIKA. AvTi 1 101010
ovopdletor yevikevon. Onwmg €xet mpoovoeepbei, M unyovy oviilvong mov
TPOTEIVETOL UE T1] GUYKEKPIUEVT EpYyacia yproyomotel To povtédo anomaly detection
Y0 TNV OVOyVAOPLOT TOPECPPNCEMY G SIKTVOKO TTEPPAAAOV. AVTO onpaivel 6Tt Ha
TpEMEL Vo TPpoPodotnOel pe Oedopévo EKTOUOEVONG £TCL MOTE VO UTOPECEL VOl
avayvopicel Tig d1popeg enbéoeis. H e€evpeon dedopévov givar apketd dVoKOAN

dwdikacio dedopéEvov Ot
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a  Av ypnowonombel kamowog punyavicpds AMymg dedouévav (data capturing)
arn’ gvbeiog amd to dikTVO 0 OYKOG oL Ba mpokvyel Bo etvar e&opeTiicd

HEYOAOG Ko

b. Eivot o0 dvckolo va yivel avaAvon o€ Tp@Toyevn SS0UEVEL SIKTVOV YioTl
O mpémer va avaivbel to kabe makéto ywprotd, va kabopiotel o mO0
dKTvoKO SeSsion avikel, kot va Koboplotel eav mpokettal Yo enibeon M
KOVOVIKT] Kivnon €16l dote Vo ToV 0modofel 1 avAAoyn «ETIKETO» YyloL TNV
exmaidevon e EMPAETOUEVT] LAONGN TOV OTOUTEITOL Y10 TOV TOTTO VEVPOVIKOD

JIKTVOV OV EYEL EMAEYEL.

To mpdPAnua Yo 6Aovg Tov gpevvntéc IDS oe oyéon pe ta dedopéva mov Ba mpémet
va ypnoyomombovv £xel Avbel pe v vobeTon Tov cuvorov dedopévav KDD 99
cup (International Knowledge Discovery and Data Mining Tools Competition,

http://www.sigkdd.org) ow¢ onueiov avoaeopds. Ta dedopéva ovtd Kabmg kot To

OTOTELEGULATO TOV OOy OVIGHOD £xouV dgxOel apKeT) KPUTKn, Topdia ovtd givat ta
povodikd dafécipa dedopéva TNV EPELVNTIKA Koot Ta Yo agoAdynon véwv 1D

GLOTNUATOV 1 0AYOPIOU®V.

O alyopiBuoc ta&vopunong yo to E&ehktikd Nevpmvikd 6iktvo givot apketd amiog
Kol €Qappoletal otnv €000 TOV VEVPOVIKOD OIKTVOV KOTA TN OPKELN EKTEAECTG
tov testing set. Xt cuvvéyewa divetar 0 YeLSOKMOIKG Yo TOV OAYOPOHO TOL
ta&wopel to amoteAéopata tov testing set avaioya pe v Tun g €660V TOL

Nevpovikoh AKTOOV Kot TNG ETIKETAS TOL SEIYLLOTOG OV TOSIVOLETL.
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Mivakag 1. AAyop18uog pe Tov omoio diaxwpilovral Ta §e5opéva e£660L aTo
E§eAIKTIKO NeLP@VIKO AiKTLO

CASE OF(output=target=1)
rightNormal ++
CASE OF (output=target=0)
rightAttack++
IF(newTypeOfAttack) newAttacks++;
IF (attack type= Probe) rightProbe++;
IF (attack type= DoS) rightdDoS++;
IF (attack type= U2R) rightU2R++;
IF (attack type= R2L) rightR2L ++;
CASE OF (output=0,target=1)
False alarm++
CASE OF (output=1,target=0)
Wrong classification

END
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34 Awaywvieuos KDD "99 cup

Agdopévng G oNUAGCIOG KOl TOV YEVIKOTEPOL EVOLLPEPOVTIOC Yio. THV Oviyvevon
napelcepnoswyv, 10 gpyaotiplo Lincoln tov apepwavikov mavemiotnuiov MIT
aocyolnke pe ™ dnuovpyio evog cuvorov dedopuévov (DARPA 1998 dataset) to
omoio Ba ypnoomoovviay kuping Yo v a&oidynon ID cvotnudtomv mov giyav
ypnuotodotOel amd to B0 to dpvpa. Kot eméktroon, 6o pmopovoe va
ypPnoomom el g onueio avapopds Yo TOVG EPEVVITES TTOV OVETTVGGAY GLGTNLLOTOL
aVIYVEVOTG TOPEIGPPNCEDY KOl OAYOPIOOLS e dtapopeTikég pebodoroyies. T o
AOyo avtd, to 1998 oyedidotnke éva HiKTLO VIOAOYIGTOV G6TO omoio Bo vrpyov
eELTINPETNTEG-OTOYOL SLULPOPETIKMOV AETOVPYIKMOY GLOTNUATOV GTOVG O0moiove Ba
£TpEYOV O1APOPEG SIKTLOKEG VIINPESIES. ZTO dIKTLO BoL LINPY AV EMTAEOV VITOAOYIOTEG
Yoo T ONUIoVPYio. ECMTEPIKNG OALE KOl EKOVIKNG £EMTEPIKNG Kivnong kol TELOG
vmoAoywotng sniffer yia mv kataypaen g kivnong tov diktvov e TCP dump
popon. To diktvo Aertovpynce yio entd ROOUAdES pe SKTLOKN Kivmon M omoia
OVTIOTOLY0VoE ©E OVOUEVOUEV Kivnon Tov OKTOOL Kot €MBEGES Ol Omoieg
AVTIGTOLYOVV GE TEGOEPELS fOGTKOVG TUTTOVG -

Apvnon mapoyng vinpecwov (Denial of Service). O emurBépevog mpoomadei

VoL OTTOTPEYEL TOVG YPNOTESG AmO TNV (PN OT) LVINPECLOY TOV SIKTVLOV.

[MpooPaon ywpic eovoiodotnon (Remote to Local). O emrtiBéuevog

npoonabel va cuvdebel G€ KATO10 VITOAOYIGTI-GTOYO EVMD deV £XEL OKAiLLL.
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[MpoondBeion mpocPaonc pe Soyepiotikd dwoudpoto (User to Root). O

emTifépevog TPooTadEl VoL ATOKTNGEL TEPIGGOTEPO SIKALDUATO OTO OLVTA TOV

TOV £X0VV eKY®pPN Oel.

Embéoeig digpevvnong (Probe). O emitifépevoc mpoonabei vo eviomicel

A OVVOUIEG TMV VTTOAOYIGTMV GTOYWV.
Y10 ypovikd ovtd Sotnua, ta ID cvotiuata mov empokeElto va a&oAoynbodv
KEKTTOUOELOVTOV» OO TOL OEOOUEVA TOV OIKTLOL GE KOVOVIKT KIvnom kol emBEcELS.
21 CLVEXELWD, Y10 TIC EMOUEVEG OVO EROOUAOES, 6TO 1010 €IKOVIKO diKTLO TOL €lYE
omoei, £ywve n aoAdynon tov cvotnuatev pe v 0o dwdikacio. Ta dedopéva
OT®G Ko T amoTeEAEopato amd OAN avti] T dadkacio ywvov dbéoiua o GAla
WOPLUOTO KOl EPEVVNTEG OO OOV OUMG TPOEKLYAYV OPKETEG EVOTAGEIS GYETIKA LE
mv aflomotio TV dedopévev kol Tov amotelecpdtov. Etor n dadikacio
emavolednke o 1999 pe v mpochnkn kot véwv vroloyiotdv otoywv (Windows
NT), véov emBécewv tomov Stealth kot v vAomoinon kdmog TOMTIKNG oPAAELOG
Yo T0 OiKTVO, €161 MGTE TO OAO GEVAPLO Vo Yivel To peaioTikd. TTapdia avtd, ot
evotaoelg ka1 kprrikn mapépewvay (McHugh., 2001) kot cuvoyilovtatl og eENg:

H xivmon mov onuovpyndnke oto diktvo dev eival peoMoTikh. XTnVv

TPOY HATIKOTNTO VIAPYOVV 6TO SadiKTVO TEPIGTOTEPA €101 TOKETWOV, TOAAY

amd T0. omoio &ivol adlEVKPivioTo (KOKOGYESIWGUEVH TPMTOKOAAN, VEEC

VTN PEGIES KATT).

Mo mpooektikr] patid ota headers tov maxkétov katédeile OTL vanpye

dwapoponoinon oto medio TTL (126 yio kavovikr kivnon, 127 yw embéceig),
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Tpayuo. Tov Bo EKove €OkoAn TN dtdKkpion Yo TS ddpopeg ID viomomaeig

(Malhony and Chan, 2003).

Amo ™ dwdkacio g afwAdynone élewyav tedeimg Signature based

ovotipota, To ool Oo pmopovoav v EREOVICOVV KOADTEPO TEMKE

amoteréopata (Brugger, Chow, 2005).
Opwg, mopd v xprtiky ywo to. DARPA dedopéva kol omoteAéouaTo, OoVTA
TOPOUEVOLY TO, poOva a&lOToTo TOVv €YEl OUTN TN oTyun otn owdbeon g M
EPEVVITIKN KowoTNTa Y10, TNV a&loddynon ID cvotudtov.
[Tepartépo enelepyacio tov DARPA dedopévav, 0TmG cuVEVOOT TOKETWV UE 1O1EG
IP devBbvoelg amootoAén Kot AT, TOL KvROnKav og TpokaBopiouéva ypoviKa
dwotnuato e To 1010 TP®MTOKOAAD Kabmg Kot dedopéva amd to Log apyeio tov
VTOAOYIOT®V OTOY®WV amotéhecav to dataset yw tov dwwyoviepd KDD 99 cup
(Knowledge Discovery and Data Mining Tools Competition). ApiOuntikd, oto
obvoro TV dedopévav tov KDD 99 cup 1o 94% (mepimov 5.000.000 otiypidtuna)
avikel oto DARPA 1998 dataset kot 10 6% (mepimov 310.000 otiypdtuna) oto
DARPA 1999. H «d&be pio amd ovtég TG «ovvdécelg» mepilapPaver 41
yapoktmplotikd (features) mov £yovv opadomombel wg eENg:

Baowca  yopaxtypiotikg. To Pacikd  yopoaKTNPOTIKG omoTeAOOVTOL OO

TANPOPOpiec oV Ppickoviat Lovo 6Ti¢ emkeParides v Tokétav ([Tivaxag 2).
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Mivakag 2. Baoikd XxapaktnpIioTika TCP ouvééoewV

duration dlaprela TG oOVOEDTG OE deVLTEPOAETTOL Zuvexng
protocol_type TOTOG TPOTOKOAAOV Y tCp, udp Awcprog
service v peoia, e.g., http, telnet, etc. Aloxpirdg
src_bytes apBude bytes and v myn Tpog Tov 6TdY0 Zoveyng
dst_bytes apBude bytes and tov 6tdY0 TPOC TNV TN Zvoveyng
flag KotdoTtoon ovuvogong (Kavovikn 1 pe Adon) Awkprrdg
land 1 av 1 ovvdeom a@opd Tov 100 6T0Y0; O dloPopetikd |  Atokpirdg
wrong_fragment  apBudg Aavboaouévav tunudatov (fragments) Zoveync
urgent apOpoc Takétwv pe Evoeign urgent Zovexng

Xapaxtnpiotikd, mepisyousvov. IIAnpoopieg mov Ppickovtor oto payload tov

naxétov ([Tivakag 3).
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Mivakag 3. XapakTnpIoTIKA TTEPIEXOMEVOL

Ovoua , .
XOPOKTHPLOTIKOD Hepupapn K
hot apBudc dewtav pe mv évoeiEn ‘hot” Yoveyne
num_failed logins apBudg amotuoymuévov tpocnadeidv cOveeong Zoveyne

1 av n obvdeon givar emruymuévn; O

logged in SLpOPETIKG Awoxprog

num_compromised | oplOpoG SIOTIGTOUEV®V ALSVVAULDY Xoveng

root_shell Z8L av £xel sn,wsvxest obvvoeon o€ kKEAVQog root; O Ataxpiroc

0LPOPETIKEL

su_attempted 1av éxgL yivey neocmoc@swc Vo, s]qskscra n Ataxprroc
€VToAn  suU root’; O drapopeTikd

num_root apBpoS cuvdEcEmV MG oot Yoveyng

num_file creations apOudg eviolmv onpovpyiog apyeiov Zoveyne

num_shells aplBuoc GLVOECEMV GE KEAMDPOG Yoveyne

num_access files  apOudg tpooreldoewv og apysio EAEYXOL Zoveyne

num_outbound_cmds apBpdg eviodlwv Ge ohvoeon ftp Yoveyne

is_hot_login 1,0wn. ovvdeon nsptrkauﬁowswt ot hot Ataxpiroc
Mota; 0 dapopeTikd

is_guest_login 1 av 1 cOvdeon Eyet yivel pe Tov Aoyapiopo Awakprtéc

"guest” 0 drpopeTiKd

Xopaxtnpiotika poctouéva oto ypovo. [epthapfdvoviot xopoKTnpIoTIKA TOV
Exovv oloxAnpwbel oe ypovikd mapdbvpo 2 devteporémtov. [Tapaderypo o
aPOUOC TOV GUVOEGEMV LE TOV 1010 VITOAOYIGTH] GE YPOVIKO dlUoTNH 2 SEC

(Mivokac 4).
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Mivakag 4.XapakTnpIoTIKA BACICHEVA OTO XPOVO

Ovoua , :
T Leprypogn Torog
count aplOUOC TV GLVOESEMV Ta TEAEVTOIN VO OEVTEPOLETTA 2 VVEYNG
serror_rate % tov cuvdécemv oL Exovv AGON thmov T SYN" 2ovexmg
rerror_rate % tov cuvdécemv Tov Exovv AGON tomov — REJ' Yoveyng
same _srv_rate % tov cuvoEGE®MY GTNV 1010 VTN PEGTaL Yoveyng
diff_srv_rate % TV CLVOEGEMV GE JLOLPOPETIKN VAN PEGTQL Xovveyne
srv_count Ap1O Hog Tov GDV5808?)V otV B vanpecia Ta Soveric

TereLTOi0 SVO OEVTEPOAETTAL
% tv cuvdécemv Tov Exovv AGbN tHmov  SYN" kait .
Srv_serror_rate . . . Zoveyng
TPOEPYOVTAL LT TOV GTOYO
% tv cuvdécemv oL Exovv AGON thmov T REJ" ka1 .
SIV_rerror_rate . ) A Zovexng
TPOEPYOVTAL LT TOV GTOYO
srv_diff_host_rate % tov cuvdécemv Tpog S10POPETIKOVG GTOYOVG Xoveyne

Xopaktnplotikd Paciopévo ce HOSES. Opowo pe 10 TponyovUEVO, HOVO TOV
aeopd mapdBvpo 100 cuvdécewv avti yu xpovo, Yo TOV {010 LTOAOYIGTH
(Mivaxag 5).

Mivakag 5. XapaktnpIoTIKa Baciouéva ot host

Ovoua yopoxtnpioticod Leprypapn Tomog
dst_host_count Yovveyne
dst_host_srv_count Yoveyne
dst_host_same srv_rate Yoveyng
dst_host_diff_srv_rate Yoveyne
dst_host same src_port_rate Yoveyne
dst_host_srv_diff _host rate Yovveyne
dst_host_serror_rate Yoveyne
dst_host_srv_serror_rate Yoveyne
dst_host_rerror_rate Yovveyne
dst_host_srv_rerror_rate Yoveyne

To KDD 99 dataset £yl yopiotel og tpia vrocvvola dedopévav (ITivaxag 6).
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Mivakag 6. Mepigxopeva Tov KDD 99 dataset

DataSet DoS Probe U2R R2L Normal
10% KDD 391458 4107 52 1126 97227
Corrected KDD | 229853 4166 70 16347 60593
Whole KDD 3883370 41102 52 1126 979780

To “10% KDD” dnovpyndnke yio va amotedécetl to Training dataset. Iepiéyel 22
tonovg embécemv (ITivakoag 7) kot givar pia wo cvvektikn popoen tov “Whole KDD”.
Onog @aivetal, TePEyel MEPIGGOTEPES EYYPOQPEC €MBECEDMV OMO OTL KOVOVIKNG
Kivnong kot emmAéov — AOy® Kot TG evong ¢ enifeong — mepiocdtepeg DOS
embéoeic. To “Corrected KDD” (ITivakac 8) mepiéyel S10pOPETIKEG GTOTIOTIKEG
KOTOVOLEG Y1 TIG EMOECELG AALG 1 KDPOTEPT S0POPA EXEL VO, KAVEL E TO YEYOVOG
ot mepi€yet 14 véeg embéoelg ot omoieg dev vrapyovv oto “ 10% KDD”. Etot, avtod
T0 oUVOAO dedopévev KabloToTol 100VIKY TEPITT®ON ®G GUVOAO OdOUEV®V
afloroynong (Testing set) pog kor m mpotewdpevn pebodoroyio pmopei va

a&lohoynBel mg mpog TV IKAVOHTNTA TNG VO AVIXVEVEL Ay VOOTEG EMBEGELS.
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Mivakag 7. Avalvon Selyudatev £miOgong Kal Kavovikng Kivnong yia 1o “10% KDD”

dataset
Ernifeon Eyypogpés KaomoRg
enifeons
smurf 280790 dos
neptune 107201 dos
back 2203 Dos
teardrop 979 dos
pod 264 Dos
land 21 dos
normal 97277 Normal
satan 1589 probe
ipsweep 1247 probe
portsweep 1040 Probe
nmap 231 probe
warezclient 1020 r2l
guess_passwd 53 r2l
warezmaster 20 r2l
imap 12 r2l
ftp_write 8 r2l
multihop 7 r2l
phf 4 r2l
Y 2 r2l
buffer overflow 30 uz2r
rootkit. 10 u2r
loadmodule 9 uz2r
perl 3 uzr

To amoteléopata amnd tov doyovicpd KDD 99 ypnowomowdvior g onueio

avaQopdc yoo KGbe VEQ TPOGEYYION TOL YPNOWOTOIEL To dESOUEVE OO OVTO TO

Sy OVIGUO.
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Mivakag 8. H karavopn Tev §sdopivayv oTo "Corrected” dataset

Ynapyxetoto | Tomog
Eyypagég % Training Set
apache2. 794 3 OXI DoS
back. 1098 4 DoS
buffer_overflow. 22 0 OXI UZ2R
ftp_write. 3 ,0 OXI R2L
guess passwd. 4367 14 R2L
httptunnel. 158 1 OXI R2L
imap. 1 ,0 R2L
ipsweep. 306 1 Probe
land. 9 0 DoS
loadmodule. 2 ,0 UZ2R
mailbomb.| 5000 1,6 OXI DoS
mscan.| 1053 3 OXI Probe
multihop. 18 ,0 DoS
named. 17 0 OXI R2L
neptune.| 58001 18,6 DoS
nmap. 84 ,0 DoS
normal. 60593 195 Norma
perl. 2 ,0 U2R
phi. 2 ,0 R2L
pod. 87 ,0 DoS
portsweep. 354 1 Probe
processtable. 759 2 OXI DoS
ps. 16 0 OXI U2R
rootkit. 13 ,0 U2Z2R
sant. 736 2 OXI Probe
satan.| 1633 5 Probe
sendmail. 17 0 OXI R2L
smurf.| 164091 52,8 DoS
snmpgetattack. 7741 25 OXI R2L
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SIMpPQUESS. 2406 8 OXI R2L
sglattack. 2 ,0 OXI U2R
teardrop. 12 ,0 DoS
udpstorm. 2 ,0 OXI DoS
warezmaster. 1602 5 R2L
worm. 2 0 OXI DoS
xlock. 9 0 OX1I R2L
XShoop. 4 ,0 OXI R2L
xterm. 13 0 OXI U2R

Total| 311029 100,0

Kotd tov 010 1pomo Oa a&loroynOel kot 1 Tpooéyylon avtng g £pYacioc. XTov
SYOVIOUO avTO GLpUETElYaY 24 £peuVNTIKEG TPOTAGELS KOL TO, OMOTEAEGUATO TOV

viknt eaivovtat otov [Mivoxa 9.

Mivakag 9. AmoTteAéopara ToL VIKNTA otov KDD 99 8IaywVIouo

Ilocooto
oVOYVOPLONG
Normal 99.5%
Probe 83.3%
Denial of
0
Service 97.1%
User to o
Root 13.2%
Remote 8.4%
to Local
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Amd to amoteAéouoTo TOPATPOVUE OPKETA UEYGAD TOGOGTH AVOYVMPIOTG Y10, TNV
KOVOVIKT Kivior kot Tig enbécelg tomov Probe kot DoS. EnmAéov mapatmpovpe 61t
oto, €101 embéoemv Remote to Local kot User to Root vrdpyovy younid mocootd
EMTLYOVG ovayvaplone. Mia gpunveia mov umopei va 600el ivar 611 1 mapovcio
aVTOL TOL £id0Vg emBécewv oto Training set NToav Kot ToAD HKPOTEPT| GE GYEOT LE

v mapovecio tav derypdtov Normal, Probe kot DoS.
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4. TIEIPAMATIKH E®APMOI'H TOY EZEEAIKTIKOY

NEYPQNIKOY AIKTYOY

4.1 Ilpocmelepyacia dedouévawv

Ta dedopéva mov Ba ypnoonomBovv yo TNy eknaidevon Kot Ty a&AdYNoT TOV
E&ehictucov Nevpwvikov Aktdov gival avtd ypnoylomombnkay 6tov dloy®vicuo
KDD 99. [TopoAn ™ HeyaAn oKoadNUoik omodoy] Kol epeuvnTikn ypion  £xovv
EVTOMIOTEL KATO10L TPOPANATA GE GYEOT] LE TNV KOTOVOUY TV OG0 UEVOV AVTOV, TO,

onolo sivat

H katavoun 610 cvvoro tov dedopévav dev etvan peodotikn. To 80% twv
dedopévov  elvan  dedopévo  emibeorg, kdtt mov Ogv  ocvuPaivel otnv
npoy otk To. To TpoPAn e TpokvmTet £ autiog Tov YeYovOTog OTL KATO1Eg
emBEcel; dev OMOLPYOVV TTANPELS GUVOEGES OAAG €ival Yoo Topdadetypo
embéoeic exmopnng (broadcasted). Tétowo mapadetypo givar 1 enibeon smurf,
7ov eved eivan icmp broadcast kot dev amattel mnpn cdvdeon, kabe mokETo

KataAoBaver pa £yypaen oto dataset.

H kotavopn tov embécewv péoa oto dataset dev eivol peaAoTiKy piog Kot
Kuplapyovv Kupimg dedopéva omd DOS embéoeic, evd dev avtimpocmmedovral

emapK®g embéaelg Tumov remote to local 1 user to remote.

Avti] ) vion Katavour Ba 00nyovoe To VELP®VIKO SIKTVO VO avayvopicel KaADTEPO
TIG eMBECELS Y10 TIC OTOlEG lye KaAVTEPN TANPOPOpia, €1C PApog owTOV TOV EYOoVV

Hikpotepn mopovoio oto dataset. ‘Evo dAlo mpofinua givar to peydro péyebog tov
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dataset. o NTov mWPOKTIKA advvoTo Vo ypnowomombel 0An avty M mOGOTHTA

dedoUEVOV Y1 TNV eKaidgLon ToL Nevpvikoh AKTOOV.

Mo yv@oti TpoKTIKN €ivatl 1 peimon -péca amd OTUTIOTIKEG d10d1KATIES- KATOIWY
yapokmplotikov (feature extraction). Yzmdapyst pio oyetikn epevvntiky SovAeld M
omoio. omnpiletor otn Oewpia TANpoopiog Kot oyetilel kdbe YaUPUKTNPIOTIKO
(feature) pe kabe popoer emiBeomc, avdioya pe TNV TANPOEOPIC TOL TEPIEYEL TO
YOPOKTNPLOTIKO. AAAN TPOKTIKY OV Y pNCHOTOoLEiTOL Efvat 1) dnpovpyio pe amdivto
Toxaio TPOmo €vOg WIKPOTEPOL deiypatog Yo onpovpyndel to training set.
Amapaitntn npodndOeon eivar 610 delypa ovTo VoL TEPIEYETOL TANPOPOPIL V1oL OAOL TO

elon embécewmv.

Me ©10%0 TNV TMOPAKAUYT OVTOV TOV TPOPANUATOV TOv avagépinkav, otnv
POV, gpyacio. akoAovdeitor puo  dwdiKacio. TOPOUOl. HE OVTR 1M omoin

npoteivetot kat amd tovg Lascov et a (Lascov et d, 2004). H dadikacio avt) pmopet
va epypopet ¢ EENG:
1. Emdoyn amd 10 obvoro dedopévov “10% KDD” dhwv tov eyypaodv Kot

S ®PIoHOE € dVO VTOCHVOAX: TO €val pHE OedOpEVO LOVO OO KOVOVIKY

Kivynomn Kot 10 GALO povo pe dedopéva EMBEGEWV.

2. To vmoobvolo pe oedopéva UOVO KOVOVIKNG Kivnong mepiéyel 97.277
eYYPuQéG ol omoieg ywpilovioan oe dvo vmoohvora. To €va vwoovvolo
KOVOVIKTG Kivnong mov mepiéyet povo v vampeoia http pe 61.000 eyypapéc
Kol 70 GAA0 vtoovvoro pe mepimov 36.000 eyypapég mov mEPIEYEL OAEG TIG

GAAeg vampeoiec. [vetar doympiopdg onAadn pe Pdon v vanpecio yuw
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KGOe OJetypo TV JedOpEVOV NG KOVOVIKNG kivnong. Amd t0 TPpdTO
VTOGLVOAO, HE OmOAVTO TVYOMO TPOTMO Kol EMAOYR OA®V TOV TOTMV
vanpeciov, emiéyetal to 10% kat and to devTEPO VWOGHVOALO EMIAEYETAL TO
1%. ITpoxvmtet £T61 v GUVOLO OEIYUATMY KOVOVIKNG Kivong mov TeEPLEXEL

4.152 gyypagéc.

3. To vmootHvoro pe Ta dedopéva Tmv embBécemv mepiEyetl 396.744 eyypagég e
dedopéva embéoewv. Avtd 10 VITOGLVOLD Y®PIleTar o €va VITOGVLVOLO LE
dedopéva emibeong smurf pe 280.790 eyypagés, éva cOvolo pe dedopéva
eniBeong Neptune pe 107.201 eyypageg kor OAa ta vorowma €ion pe 8.753
eyypagéc. To tedevtaio vTOcHVOLD emAEYETAL OAOKANPO, EVD OO T AL
ovo emréyovron and 1.000 eyypagég ue amdivta toyaio tpdémo. [lpokvmtet
£tol éva ovvoro pe 10.753 eyypapég, mov mepthapPaver eyypaeéc omd OAa Ta

€lon TV embéoemv.
4. Ta oV0 ocOVOAO KOVOVIKNG Kivnong kot emBEceEmV evadvoviol oe £€va,
oynuatiCovrag to training set pe 14.905 gyypoeéc.

5. To testing set amotedeiton amd 6ro to “Corrected KDD” onAaadn 311.029
gyypogéc (mivakoag 8). Xto testing set mepihapfavovtat 6Aeg ot emfécelg Tov
vIapyovy oto training set kabmg kot véeg dyvmoteg embécelg (mivakag 11)

Kot emBéaelg Tomov stealth.

Ytov mivaka 10 mapovcidleton o akpPng apBudg and kdbe eidog emibeong mov

VIapYEL 6TO training set.
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Mivakag 10. Karavoun §cdopévev yia To trainingSet

Eyypaopég % % aBporoTicd
back.] 2203 14,8 14,8
buffer_ove 30 2 15,0
ftp_write. 8 1 150
guess_pass 53 4 154
imap. 12 1 155
ipsweep.| 1247 84 238
land. 21 1 24,0
loadmodule 9 1 24,0
multihop. 7 ,0 24,1
neptune., 1000 6,7 30,8
nmap. 231 15 324
normal 4152 279 60,2
perl. 3 ,0 60,2
phf. 4 ,0 60,3
pod. 264 1,8 62,0
portsweep. 1040 7,0 69,0
rootkit. 10 1 69,1
satan., 1589 10,7 79,7
smurf.| 1000 6,7 86,4
y. 2 ,0 86,5
teardrop. 979 6,6 93,0
warezclien| 1020 6,8 99,9
warezmaste 20 1 100,0
Total| 14905 100,0
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Ytov mivaka 11 mapovoidletar o akpiPng aptBudg TV £yypopOV TOV VIAPYOVY GTO
testing set yia k@0 tOmo enifeonc kabmg Kot 0 apBUOG dEYUATOV TTOV dEV VITAPYOLY

oto training set.

Mivakag 111. H katavoun oto correct KDD 99 cOVOAO §£50HEVEV TTAAAI®V KAl VEQDV
«AYVGOTV» EMOETEDV.

Tomog emiBeong
norma | probe dos RemRQ ™ >Hvoro
local remote
Eyypagéc and
TOTOVG
emBécewv mov | 60.593 | 2.293 | 223.400 5.972 17 292.275
VILAPYOLV GTO
training set
Eyypagéc and
EMOECELS TTOV
JEV VILAPYOVV 0 1.789 6.557 10.355 53 18.754
oto training
set
oVVOAO 60.593 | 4.082 |229.957| 16.327 70 311.029

H dadkacio ¢ dnpovpyiag Tov training set kot tov testing set akolovbeitar and
T Sladkacio TG KOKOToinomg Kot TG Kovovikomoinong tov dedouévov. Kdamoo
amod TO YUPOKINPIOTIKA OTMG TO £YOVHE TEPYPAYEL Oev elvarl aplOuNTIKA, OAAG
QOTEAOVV  KOTNYOPIES, OMMG TO YopaKTPlotikd protocol pe Tig Katnyopieg
npotokdMov TCP, UDP ICMP, kot 0o wpénet vo kmdukomombovv. Avtd yiverot
aviikahotovrag v kabe Ty pe aképoto apud Eekwvavioag and 10 1 €wg To
nAbog tov dpopetikdv katnyopuwv. 'Etot, yuoo mapddetypo, 10 yopoKTNPIOTIKO

protocol yiverat yio icmp = 1 yw tcp 2 kAn. Emiong 0o mpénel va kodikomomOei 1
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¢€odoc. o t0 AOyo avtd dmuovpyeiton por véo oTNAN, oty omoio yio kébe
label="norma’ divovue v tyn 1 eved og kdbe aAAN mepintmon v Ty 0. Andadn
01 €YYPOPEG KOVOVIKNG Kivnomng etvan 1 kot o1 eyypapég embécewv eivan 0. H emthoyn
avtn emPaiietarl kot €€ aitiog ™G AOYIoTIKNG cuvaptnong €660V, oL divel TEG

oto oot ua (0,1).

Mo GAAn tpomomoinon oto testing set eivor 1 kwdkonoinon twv emibéceny yio
oTOTIOTIKOVG AOYOVG. Ot emBEcELg KMIKOTO0VVTOL (G OKEPOLOL aLplOpOl, EEKIVOVTOG
a6 to 1 yio DOS 2 yia Probe kdm. Avtd yivetal yuo va evTomiotel 6To TELOG Y10 oL,
elon embécewv mopovoldlel KaAOTEPEG EMOOGELS TO VELPWVIKO diktvo. Emiong
KOSIKOTO1EITOL TO OV TO £id0¢ TG emifeong vdpyetl oo training set (maipvel v Ty

0) 1 av dev Bpicketon oto training set (raipver v Ty 1)

Télog, yio 10 oVVOAO TV Oedopévey ekmaidevong kot agloAdynong yiverot
Kavovikonoinon oto ddotua (0,1). Avtd yivetal Yo vo UTopel T0 VEVPOVIKO SiKTLO
Vo GUYKAMVEL EVKOAOTEPD, OEDOUEVOL OTL KATOW OO TO XOPOKTNPIOTIKE 0TS TOl
src_bytes kot dst_bytes éxovv peydieg omokAicelg 6TIC AVOTEPES KL KATOTEPEG TYEG

oL A pPEvouy.
4.2 Emiloyn mopouétpwv

H gniioyn tov d1dpopmv TopapéTpmv Tov eEEAMKTIKOD alyopiBuov gival pio apkeTd
oLVOeT d100KOGia, OESOUEVOD OTL OV LITAPYEL KATO0G YEVIKOG KAVOVOS OV VO,
kaBopilel T1g emAoyég TV mapapéTpov avesdpmra and 1o TpoOPAnua. Yrdpyouvv

OLULPOPOL EUTEIPIKOT KOVOVEG GYETIKE [LE apYITEKTOVIKT TOL Nevpmvikov Aktdov kot
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oV aAyopibpov PSO, odhd onv epyacio avt) spappootnke 1 teyvikn tria and
error, dnAadn ot cvveyelg dokueEg pe oAhayéc, pe okomd vo Ppebel to PéATIGTO
ovvolo mapopétpav. Emiong, Oa mpénet va onueiwbei 011 0vte oty BifAioypagio
EVTOMIOTNKE TOPOUOL0, EPELVA Y10 TO GUYKEKPIUEVO TTPOPANUHa Ty ID cuotnudtov,

£TGL OOTE VOl YIVEL AP ON TOV TOPUUETPOV TOV YPNCIUOTOM ONKOV EKEL.

Ot teMkég emnoyég mov €ywvav mapovotdlovrar otov IMivaxa 12. o npénel dOpwg va
dgyTovpe 0Tl T0 GHVOAO QVLTO Umopel va unv givol To PédTioro. Mo Tpoomdbeia
gVPECNC TOL PEATIOTOL GLVOLAGHOD TAPOUUETP®Y Yo TNV EKTOUdEVON  €VOG
Eéehictucov  Nevpovikod Awtdov 0o Umopolce vo  amoTeAECEL  OVTIKEILEVO

HEALOVTIKNG £PELVOG.
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Mivakag 12. Nivakag rapapétpev Tov EEEAIKTIKOD NevpVvIKoD AIKTOOUL yia Tr
EKTEAEOT TV TTEIPAUATOOV

[Tapduetpor Nevpmvikod AiktHov

Architecture Awctbov Eunp6c6io tpo@odoTnon

Hidden layers 2
nodes 10-3
Activation function AoyloTiKn

Fithess | Méoo tetpaymvikd opaiua

[Moapaperpor PSO alyopifuov

Architecture Global
Inertia 0,7
Cognitive parameter 15
Social Parameter 15
Max Veocity 0,5
Min Velocity -0,5
Particles 20
Max lterations 600

4.3 Ilepauoatind anoteiécuata,

Me o16y0 avénpévn a&lomotioo ToV TEPAUATOVY, Kol dEO0UEVOD OTL O OAYOPIOLOG
PSO eivor otoyaotikdg, 1o meipoapa exktedéornke 30 @opéc. T'o kdbe meipapoa

KatopeTprionke:
0 TEAKOG PaBUOC KaTaAANAOTNTOG

TO TMOGOGTO TMV OMOTO OVAYVOPICUEVOV Oslypdtov  (embéosmv Kot

KOVOVIKNG Kiviong)

TO TOGOOTO TV COOTH TOEIWVOUNUEVOVY ETBECEDV VAL £100G

90



70 Tocooto Tov false darms.

>m ovvéxewn, amd Tig 30 avTég SOKEG PyNKav Ol GTOTIOTIKOL HEGOL OPOl, OTMG

napovctdfovtol otov mivako 13.

Mivakag 13. ILVOTITIKOG TTIVAKAG ATOTEAEOUATWV

average | median |Sid deviation
fitness 0,018886| 0,018887 | 0,001898

YVVOAIKO TOGOGTO COOTA
TaEvounpEVEV deryudTmv

92,80% | 92,91% 0,27%

[To600T6 6GTA AVayVOPIGUEVDV

g 91,81% | 91,87% 0,32%
emOécemV

YvvoAwo [Tocootd AdBog

. . 7,20% 7,09% 0,27%
TAEIVOUNUEVOV OETYUATOV

2VVOMKO TOGOGTO CWOTH,
avayvopopévev véav entdécsmv
[Tocoot6 6roTA TOSIVOUNUEVEOY
“normal” deryudtmv

19,23% | 19,04% 1,01%

96,88% | 96,86% 0,37%

[Tocoot6 crwoTd TaEvoUnIEVEOY

0, 0, 0
“Probe” derypdraov 92,20% | 92,76% 1,71%

[Tocoot6 crwotd Ta&vounUEveoy

0 0 0
“DoRBey oV 97,74% | 97,74% 0,06%

[Tocoot6 crwotd Ta&vounuéveoy

0 0 0
“Remoteto Local” derypdtov 8,30% | 9,35% 4,06%

[Tocootd cwotd taSvounuévey “User|

, . 52,86% | 53,57% 5,59%
to remote’ derypdtov

ITocootd fase alarmg 0,61% 0,61% 0,07%

H péon ypovikny ddpkela exkmaidevong tov E&gliktikov Nevpovikoh Awktvov frov
nepimov 32 Aentd. H mpdn ypopu mopovctdlel 10 HEGO Opo, 1 deVTEPN TOV HEGO

KoL TPITN TNV TUTIKN OTOKALOT] Y10 TIC TPIVTO ETAVOAYELS TOV £YVAV.
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To amoteAécpota owTd GuYKpivovTon He To OmoTeEAEGHATO TOV daywvicpov KDD 99,
amo 6mov TPOKVTTEL 0 Tivakag 14. Oa wpémet va avapepbel 6T Ta amotelEopata TOV
SY®OVIGHOD awToh 0POpOovV TNV KaADTEPN £midoon and dAeg 6ceg Tpav pépog. Ta

OTTOTEAEGILOITO, OVOADOVTOL TTEPOITEP® GTO EMOUEVO KEPOAOLO.

Mivakag 14. ILYKPITIKOG MVAKAG amOTEALCHATMV AVAPECT OTA ATTOTEAECHATA TOL
KDD 99 8iaywviopob kal oTo EEEAIKTIKO NevpVIKO AIKTLO TNG epyaciag

KDD 99 Classifier Evolutionary Neura
Learning Contest Network
Normal 99,5% 96,88%
Probe 83,3% 92,20%
DoS 97,1% 97,74%
User to Root 13,2% 52,86%
Remote to Local 8,4% 8,30%

92



5. AIIOTEAEXMATA

Ao TV TPOGEKTIKN UEAETN TOV OMOTEAECUATOV Kot £101KOTEPO, otd Tov [livaka 14
pumopovv vo e€ayBovv YpNOE GUUTEPAGUOTE Y10 TNV OTOTEAEGUOTIKOTITO TOV

E&ehictucov Nevpaovikov Aktoov g punyovi avaivong evog IDS.

Kartapynv, n cuvolikn ewodva kpivetat evBappoviikn. Ta mocootd extvyiog oe Tpio €10
emBécewv etval kKahvtepa amd avtd tov dtorywvicpov KDD 99,. eiducotepa og 611 apopd
embéoeig Probe, Dos ko User to Root. Mdlota, 6TV IpdTn Kol 6TV TPith TEPInTmon

EMTLYYAVOVTOL OPKETA KAADTEPO TOGOOTA CLVOLYVAOPIGT|G OO OLUTA TOV S0ty VIGHOD.

To amoteléopata kpivovial og evOoppuvTIKA Y10 500 akdpa Adyovs. O Tpmtog eivat
otL oV mepintwon tov DOS tomov emibeong, AOyw TOL TPOMOL dETyHOTOANYiNG,
guewve éva peydio péPog extoc training set, aeov ol embéoeic smurf kot Neptune
ocvppeteiyav pe Myotepo and 1% oto tedkd cuvoro. Av dnAadn ot dVvo avtoi THTOL
EMOECEDV ELYOV TEPIGGOTEPES EYYPAPEG 0T dLdIKOGIa TG EKTTaidgvong, mhavoTata

TO OMOTEAEGUA VO NTOV AKOUOL KAADTEPO Yo TNV avayvopion Tov DOS embécewv.

‘Eva. axopo 0etikd GLUMEPOGHO OV TPOKVMTEL €ival 1M OTOJESETYUEVA KON
dvvatdmra yevikevong Tov Nevpmvikoh AKTVOV. AVTO ATOSEIKVVETOL EVKOAM, OO
TN HEYAAN TOoOTIKT| dlopopd training kou testing set. To training set wepieiye mepinov
14000 eyypagés, eved to testing set mepinov 311000. Eniong vanpyav €yypagés 6to
testing set yw ta omoio To Nevpovikd diktvo dgv eiye exmadevtei kKabolov. Avtd
amoterel Eva TOAD EVOOPPUVTIKO OTOTEAECHO GE GYEON LE TOV OPYIKO GTOXO NG

€PYOciog TOL NTAV £VAG UNXOVIGHOG OVAADGNG IOV Vo, UTopel va evTomilel akoOpo Kot
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embécel; v TIc omoieg dev €xel KAmow mponyovuevn yvoon. To mocootd
VoY VOPIoNG Y10 0TEG TIG emBEaelg eivat pikpd oyetikd (19,23%) oA Oo Tpémet va
ToVUE OTL £va TOAD PEYAAO HEPOG aVTAOV ToV embécewy éxel stealth yapaktnplotikd
KOl YEVIKA €ival apKeTd OVGKOAO VO OVIYVELTOVV OKOUO KO OTO TO 7O TPOTYUEVOL

GUOTNLOTAL.

Emiong, 6o mpénet va toviotel 0Tl T0 vELPOVIKO SIKTLO, EVM EKTOUOEVTNKE OO TOV
alyopBpo PSO, dev ftav 1o BEATIOTO apytekTovicd. Apa propovue va Bemprcovpe Ot

VIApYovV TEPBDPIL TEPAUTEP® PEATimoNG TOV aAyopiBuov.

OeTikd Kpiveton emiong to yeyovog ot ta false darms yevikd fitov o youmio eninedo:
0,61% ot0 obvoro TtV derypdtov. Omwg €xst avapepbei, to fase drms sivon éva
ONUAVTIKO TPOPAN U0 TTOV YEVIKA TToLpOVGIALETOL GTO GLOTIHHATO TTOV £YOLV TIV anomay

detection mg eULocoEia aviyVELOT|C TUPEIGOPTICEDV.

210, OpVNTIKA GUUTEPACUOTO WITOPOVUE VO, KOTOYPAWOULUE TOV UEYOAO YpOVO
exmaidevong —mepimov 32 Aemtd y1o. TNV EKMOIOELGT- TOL OUMG ATOTEAEL EVOL YVOOTO
npofinua ota E&saktikd Nevpovikd Alktva. To TOAD piKpd TOGOGTO avixveLong
v remote to local emBéoeig eivon TpdPANpa, oA O Tpémel vo mapatnproovpe 0Tt
dvo otig Tpelg eyypagég remote to loca oto testing set amotelovvtay amd embécelg

Y10l T1G OO IEG TO VEVP®VIKO SIKTVLO dEV £lye EKTAOEVTEL.
5.1 Ipotaceis yia mepoutépw uelétny

To amoteléopata g epyociog avESEIEoV TV OMOTEAEGUOTIKOTNTO OV UTOPEl va.

Exovv ta Nevpwvikd Aiktoo 610 TS0 TNG ACPAAELNG TANPOPOPLOKDOV GLOTIUATOV
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Kot E101KOTEPO, GTNV aviyvevon mapeicpprioewv. [Taporo dpmg mTov To amoTeEAEGHATO
Kpivovtol yevikd ¢ 0eTikd, VLRAPYOUV TOAAL TOL UTOPOVV Vo YIVOLV GTHV
katevOovvon g emitevéng tov 6TdXOV, TOL eivar v eTacovpe oto 100% 1tng

amoteleopatikoTrag tTov IDS.

Evdweépov Oa pmopovce va €xel, méPA omd TNV EKMAIOELOY, Kot 1] €DPECT TOL
KATOAANAGTEPOL OO aPYITEKTOVIKNG dmoyng Nevpovikod AIKTOOU, UG KO OGS
Eyovpe mer o aAyopBpog PSO éxet avtn ™ dvvarotnta.. H taydmmra exknaidevong
Tov Nevpovikov Aktoov Bo pmopovoe vo PeAtiwbel apiketd pe ™ Ponben evog
napdAiniov odyopiBpuov PSO, 6mov 10 kdbe Nevpwvikd Aiktvo/Ymoyneo Avon
e€edlooeton mopdAAnia. Emiong dwitepo evoweépov o eixe vo eetaotel m
epappoyn E&elwtikdv Nevpovikdv Aktiov pe axépoto. ocvuvoetikd Papn. Ta
Nevpovikd Atktvoo pe aképaio Bépn €Xovv TO YOPOKTNPIOTIKO TNG KOTUAANAOTNTOG
v vAomomoels Nevpovikdv Aktowv og hardware, viomowogig Tov givot KoTd oAy
YPNYOPOTEPES KOl BoL LITOPODGAV VO, YPNGILOTOINOOVV Y10 AV VEVGELS GE TPOLYUATIKO

xPOVO.

Téhog, amotehespnotikd Bo pmopovce va gival £va VPPOIKO GVGTNHO aviyvevong e
ocuvdvaopd E&shkticdv Nevpovikdv diktoov yioo network detection kot kdmotog

signature based teyvikng ywo host detection.
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IHTAPAPTHMA A —O kwdikag

package Ulpackage;

import datapackage.Data;

import javaawt.BorderLayout;
import javaio.File;

import javautil ArrayList;

import javautil.lterator;

import javax.swing.JButton;
import javax.swing.JFrame;

import javax.swing.JList;

import javax.swing.LookAndFes!;
import javax.swing.SwingUtilities,
import javax.swing.UIManager;
import javax.swing.UnsupportedL ook AndFeel Exception;
import nnpackage.NeuralNetwork;
import nnpackage.nnTesting;

import particlepackage.Pso;

public class MainForm extends javax.swing.JFrame {

Data data;

Ps0 pso;

nnTesting testNeurd;
double ()() winningWeights;
private Monitor mon;

private Charts chart;

public MainForm() {
LookAndFed If = UIManager.getLookAndFeel();

103



try {

UlManager.setLook AndFeel ("com.sun.java.swing.plaf.windows.WindowsL ook AndFeel );
} catch (InstantiationException €) {
} catch (ClassNotFoundException €) {
} catch (UnsupportedL ook AndFed Exception €) {
} catch (I1legal AccessException €) {
}
initComponents();
this.setLocationRelativeTo(null);

/I <editor-fold  defaultstate="collapsed”  desc="  Generated Code  ">//GEN-
BEGIN:initComponents

private void initComponents() {
jTabbedPanel = new javax.swing.JT abbedPane();
jPand5 = new javax.swing.JPanel();
jLabe2 = new javax.swing.JLabel();
jTextFieldl = new javax.swing.JT extField();
jLabe 3 = new javax.swing.JLabel();
jTextField2 = new javax.swing.JTextField();
jButtonl = new javax.swing.JButton();
jSeparatorl = new javax.swing.JSeparator();
jLabe4 = new javax.swing.JLabel();
jLabe6 = new javax.swing.JLabel();
jLabe7 = new javax.swing.JLabel();
jButton2 = new javax.swing.JButton();
jLabe8 = new javax.swing.JLabel();
jLabel 10 = new javax.swing.JLabe ();
jButton5 = new javax.swing.JButton();
jLabel = new javax.swing.JLabel();
jCheckBox1 = new javax.swing.JCheckBox();
jLabel27 = new javax.swing.JLabe ();
jLabel28 = new javax.swing.JLabe ();
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jLabe29 = new javax.swing.JLabe ();
jLabe 30 = new javax.swing.JLabe ();
jLabe 31 = new javax.swing.JLabe ();
jLabe 32 = new javax.swing.JLabe ();
jLabe 33 = new javax.swing.JLabe ();
jLabe 34 = new javax.swing.JLabe ();
jLabe 35 = new javax.swing.JLabe ();
jLabe 36 = new javax.swing.JLabe ();
jLabe 37 = new javax.swing.JLabe ();
jLabe 38 = new javax.swing.JLabe ();
jPanel6 = new javax.swing.JPanel();
jSliderl = new javax.swing.JSlider();
jLabel11 = new javax.swing.JLabe ();
jLabe12 = new javax.swing.JLabe ();
jTextField3 = new javax.swing.JTextField();
jLabel13 = new javax.swing.JLabe ();
jTextFieldd = new javax.swing.JTextField();
jComboBox2 = new javax.swing.JComboBox();
jLabel14 = new javax.swing.JLabel();
jComboBox3 = new javax.swing.JComboBox();
jLabe 15 = new javax.swing.JLabe ();
jPand7 = new javax.swing.JPanel();
jLabel16 = new javax.swing.JLabe ();
jTextField5 = new javax.swing.JTextField();
jLabel17 = new javax.swing.JLabe ();
jTextField6 = new javax.swing.JTextField();
jLabel18 = new javax.swing.JLabe ();
jTextField7 = new javax.swing.JTextField();
jLabel19 = new javax.swing.JLabe ();
jTextField8 = new javax.swing.JTextField();
jLabe 20 = new javax.swing.JLabe ();
jTextField9 = new javax.swing.JTextField();
jLabel21 = new javax.swing.JLabe ();
jTextField10 = new javax.swing.JTextFied();
jLabe22 = new javax.swing.JLabe ();
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jTextField11 = new javax.swing.JTextFied();
jSeparator2 = new javax.swing.JSeparator();
jLabel24 = new javax.swing.JLabé ();
jLabe 25 = new javax.swing.JLabe ();

jPandl3 = new javax.swing.JPanel();

jButton4 = new javax.swing.JButton();
jScrollPanel = new javax.swing.JScroll Pane();
jTextAreal = new javax.swing.JT extArea();
jProgressBarl = new javax.swing.JProgressBar();
jLabe5 = new javax.swing.JLabel();

jLabe9 = new javax.swing.JLabel();
jScrollPane2 = new javax.swing.JScroll Pane();
jTextArea2 = new javax.swing.JT extArea();
jLabe23 = new javax.swing.JLabe ();

jPandl4 = new javax.swing.JPanel();

jButton3 = new javax.swing.JButton();
jScrollPane3 = new javax.swing.JScroll Pane();
jTextArea3 = new javax.swing.JT extArea();
jLabel26 = new javax.swing.JLabel();

setDefaultCloseOperation(j avax.swing.WindowConstants.EXIT_ON_CLOSE);
setTitle("Evolutionary Neural Network for IDS");

jPanel5.setBorder (javax.swing.BorderFactory.createTitledBorder(javax.swing.BorderFactory.createl i
neBorder(new java.awvt.Color(0, 0, 0)), "1.Data Settings"));

jLabe2.setText("Input Dimension:");

jTextFieldL setText("41");

jLabe 3.setText("Target Dimension:™);

jTextField2.setText("1");

jButtonl.setText("Select Trainning Set”);

jButtonl.addMouseL istener(new java.awt.event. MouseAdapter() {
public void mouseClicked(javaawt.event. MouseEvent evt) {
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jButton1MouseClicked(evt);

s

jLabe4.setText("Trainning patterns: *);

jLabe6.setText("Testing File name:");

jLabel7.setText("Trainning File name:");

jButton2.setText("Create data");

jButton2.addM ouseL istener(new java.awt.event.MouseAdapter() {

public void mouseClicked(javaawt.event. MouseEvent evt) {
jButton2M ouseClicked(evt);

b
jButton5.setText("Select Testing Set");
jButton5.addMouseL istener(new java.awt.event. MouseAdapter() {

public void mouseClicked(javaawt.event. MouseEvent evt) {
jButton5M ouseClicked(evt);

b

jCheckBox1.setSel ected(true);

jCheckBox1.setText("types");
jCheckBox1.setBorder(javax.swing.BorderFactory.createEmptyBorder(0, O, 0, 0));
jCheckBox1.setMargin(new java.awt.Inset5(0, 0, 0, 0));

jLabe27.setText("Testing patterns.™);

jLabe29.setText("Norma:");

jLabe 30.setText("Probe:™);
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jLabel31.setText("DoS:");

jLabel 32.setText("Remoteto Local:");

jLabe 33.setText("User to Remote:");

javax.swing.GroupLayout jPanel5Layout = new javax.swing.GroupLayout(jPanel5);
jPanel5.setLayout(j Panel 5Layout);
jPane 5L ayout.setHorizontal Group(

jPanel5Layout.createPard lel Group(javax.swing.GroupLayout.Alignment. LEADING)
.addGroup(jPanel5Layout.createSequential Group()

.addGroup(jPanel 5Layout.createParal lel Group(javax.swing.GroupLayout. Alignment. LEADING)
.addGroup(jPand5Layout.createSequential Group()
.addGap(11, 11, 11)
.addComponent(jLabel2)

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addComponent(j TextFieldl,
javax.swing.GroupLayout. PREFERRED_SIZE, 28, javax.swing.GroupLayout.PREFERRED_SIZE)

.addGep(31, 31, 31)
.addComponent(jLabel3)

.addPreferredGap(javax.swing.LayoutStyle.ComponentPlacement. RELATED)

.addComponent(jTextField2,
javax.swing.Grouplayout. PREFERRED_SIZE, 23, javax.swing.GroupLayout. PREFERRED_SIZE))

.addGroup(jPand 5L ayout.createSequential Group()
.addContainerGap()

.addComponent(jSeparatorl,
javax.swing.Grouplayout. PREFERRED_SIZE, 306, javax.swing.GroupLayout. PREFERRED_SIZE))

.addGroup(jPand 5L ayout.createSequential Group()
.addContainerGap()
.addComponent(jLabel4)

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addComponent(jLabel 10,
javax.swing.GroupLayout. PREFERRED_SIZE, 102, javax.swing.GroupLayout. PREFERRED_SIZE))
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.addGroup(jPand 5L ayout.createSequential Group()
.addContainerGap()

.addGroup(jPanel 5Layout.createParal lel Group(javax.swing.GroupLayout. A lignment. LEADING,
false)

.addGroup(jPanel 5Layout.createSequential Group()
.addComponent(jLabel 7)

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addComponent(jLabel 8,
javax.swing.GroupLayout. PREFERRED_SIZE, 192, javax.swing.GroupLayout. PREFERRED_SIZE))

.addGroup(jPanel 5Layout.createSequential Group()
.addComponent(jLabel6)

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED,
javax.swing.GroupLayout. DEFAULT_SIZE, Short MAX_VALUE)

.eddComponent(jLabel1,
javax.swing.GroupLayout. PREFERRED_SIZE, 132, javax.swing.GroupLayout. PREFERRED_SIZE)

.addGap(16, 16, 16)
.addComponent(jCheckBox1)))
.addGap(28, 28, 28)

.addGroup(jPanel 5Layout.creeteParal lel Group(javax.swing.GroupLayout. Alignment. LEADING)
.addComponent(jButton5)
.addComponent(jButtonl)))
.addGroup(jPand 5L ayout.createSequential Group()
.addContainerGap()
.addComponent(jLabel27)

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addComponent(jLabel 28,
javax.swing.GroupLayout. PREFERRED_SIZE, 63, javax.swing.GroupLayout. PREFERRED_SIZE)))

.addContainerGap(303, Short. MAX_VALUE))

.addGroup(javax.swing.GroupLayout.Alignment. TRAILING,
jPanel5Layout.createSequential Group()

.addContainerGap(347, Short MAX_VALUE)
.addComponent(jButton2)
.addGap(324, 324, 324))
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.addGroup(jPanel5Layout.createSequential Group()
.addContainerGap()

.addGroup(jPanel 5Layout.createParallel Group(javax.swing.GroupLayout. Alignment. TRAILING)

.addGroup(javax.swing.GroupLayout. Alignment.LEADING,
jPanel5Layout.createSequential Group()

.addComponent(jLabel 33)
.addGap(22, 22, 22)

.addComponent(jLabel 38,
javax.swing.GroupLayout. DEFAULT_SIZE, 67, Short MAX_VALUE))

.addGroup(javax.swing.GroupLayout.Alignment.LEADING,
jPanel5Layout.createSequential Group()

.addGroup(jPanel 5Layout.createParal lel Group(javax.swing.GroupLayout. Alignment. LEADING)
.addComponent(jLabe 29)
.addComponent(jLabe 30)
.addComponent(jLabe 31)
.addComponent(jLabe 32))
.addGap(20, 20, 20)

.addGroup(jPanel 5Layout.createParal lel Group(javax.swing.GroupLayout. Alignment. LEADING,
false)

.addComponent(jLabe 37,
javax.swing.GroupLayout. DEFAULT _SIZE, javax.swing.GroupLayout. DEFAULT_SIZE,
Short. MAX_VALUE)

.addComponent(jLabe 36,
javax.swing.GroupLayout. DEFAULT_SIZE, javax.swing.GroupLayout. DEFAULT_SIZE,
Short. MAX_VALUE)

.addComponent(jLabe 35,
javax.swing.GroupLayout. DEFAULT_SIZE, javax.swing.GroupLayout. DEFAULT_SIZE,
Short. MAX_VALUE)

.addComponent(jLabe 34,

javax.swing.GroupLayout. DEFAULT_SIZE, 67, Short. MAX_VALUE))))
.addContainerGap(584, javax.swing.GroupLayout. PREFERRED_SIZE))
);
jPanel5L ayout.setV ertical Group(

JPanel5Layout.createPard lel Group(javax.swing.GroupLayout. Alignment. LEADING)
.addGroup(jPanel 5Layout.createSequential Group()
.addGap(28, 28, 28)
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.addGroup(jPanel 5Layout.createParal lel Group(javax.swing.GroupLayout.Alignment. BASELINE)

.addComponent(j TextFieldl,
javax.swing.GroupLayout. PREFERRED_SIZE, javax.swing.GroupLayout. DEFAULT_SIZE,
javax.swing.GroupLayout. PREFERRED_SIZE)

.addComponent(j Label 2)
.addComponent(j Label 3)

.addComponent(j TextField2,
javax.swing.GrouplLayout. PREFERRED_SIZE, javax.swing.GroupLayout. DEFAULT_SIZE,
javax.swing.GroupLayout. PREFERRED_SIZE))

.addGap(17, 17, 17)

.addComponent(jSeparatorl,
javax.swing.GroupLayout. PREFERRED_SIZE, 10, javax.swing.GroupLayout.PREFERRED_SIZE)

.addGap(18, 18, 18)

.addGroup(jPanel 5Layout.createParal lel Group(javax.swing.GroupLayout.Alignment. BASELINE)
.addComponent(j Label 7)

.addComponent(jLabel 8,
javax.swing.GroupLayout. PREFERRED_SIZE, 14, javax.swing.GroupLayout.PREFERRED_SIZE)

.addComponent(jButtonl))
.addGap(16, 16, 16)

.addGroup(jPanel 5Layout.createParal lel Group(javax.swing.GroupLayout.Alignment. BASELINE)
.addComponent(jLabel 4)

.addComponent(jLabel 10,
javax.swing.GroupLayout. PREFERRED_SIZE, 14, javax.swing.GroupLayout. PREFERRED_SIZE))

.addGap(18, 18, 18)

.addGroup(jPanel 5Layout.createParal lel Group(javax.swing.GroupLayout.Alignment. BASELINE)
.addComponent(j Label 6)
.addComponent(jLabel 1)
.addComponent(jCheckBox1)
.addComponent(jButton5))

.addPreferredGap(javax.swing.LayoutStyle.ComponentPlacement. RELATED)

.addGroup(j Panel 5Layout.createParal lel Group(javax.swing.GroupLayout.Alignment. BASELINE)
.addComponent(j Label 27)

.addComponent(jLabel 28,
javax.swing.GroupLayout. PREFERRED_SIZE, 14, javax.swing.GroupLayout. PREFERRED_SIZE))
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.addGap(43, 43, 43)

.addGroup(jPanel 5Layout.createParal el Group(javax.swing.GroupLayout.Alignment. BASELINE)
.addComponent(j Label 29)
.addComponent(j Label 34))

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addGroup(jPanel 5Layout.createParal lel Group(javax.swing.GroupLayout.A lignment. BASELINE)
.addComponent(j Label 30)
.addComponent(j Label 35))

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addGroup(jPanel 5Layout.createParal el Group(javax.swing.GroupLayout.Alignment. BASELINE)
.addComponent(j Label 31)
.addComponent(j Label 36))

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addGroup(jPanel 5Layout.createParal lel Group(javax.swing.GroupLayout.Alignment. BASELINE)
.addComponent(jLabel 32)
.addComponent(j Label 37))

.addGroup(jPanel 5Layout.createParal lel Group(javax.swing.GroupLayout. Alignment. LEADING)
.addGroup(jPand 5L ayout.createSequential Group()
.addGap(23, 23, 23)
.addComponent(jButton2))
.addGroup(jPand 5L ayout.createSequential Group()

.addPreferredGap(javax.swing.LayoutStyle.ComponentPlacement. RELATED)

.addGroup(jPanel 5Layout.createParal lel Group(javax.swing.GroupLayout.Alignment. BASELINE)
.addComponent(jLabe 33)
.addComponent(jLabel 38))))
.addContainerGap(38, Short. MAX_VALUE))
);
jTabbedPanel.addTab("Data", jPanel5);
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jPanel 6.setBorder (javax.swing.BorderFactory.createTitledBorder(javax.swing.BorderFactory.createl i
neBorder(new java.awt.Color(0, 0, 0)), "2. Neural Network Parameters’));

jSliderl.setMajorTickSpacing(1);

jSliderl.setMaximum(2);

jSliderl.setMinimum(1);

jSliderl.setMinor TickSpacing(1);

jSliderl.setPaintLabels(true);

jSliderl.setPaintTicks(true);

jSliderl.setSnapToTicks(true);

jSliderl.addMouseL istener(new java.awt.event.M ouseAdapter() {
public void mouseClicked(javaawt.event. MouseEvent evt) {

jSliderlMouseClicked(evt);

s

jSlider1.addChangeListener(new javax.swing.event.Changel istener() {

public void stateChanged(javax.swing.event.ChangeEvent evt) {

jSlider1StateChanged(evt);

s

jLabel11.setText("Hidden Layers:");

jLabel 12 seiText("Layer 1 Neurons:");

jTextField3.se(Text("10");

jLabel13.setText("Layer 2 Neurons:");

jTextFieldd.setText("3");

jComboBox2.setModel(new  javax.swing.DefaultComboBoxModd (new  String()  {
“Integer weights®, "Real weights" }));

jLabe 14 setText("Type of weights");
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jComboBox3.setModel(new  javax.swing.DefaultComboBoxModd (new  String()  {
"Logistic", "Linear", "Threshold" }));

jLabe 15.setText("Type of activation Function:™);

javax.swing.GroupLayout jPanel6Layout = new javax.swing.GroupLayout(jPanel6);
jPanel6.setLayout(j Panel 6Layout);
jPanel 6L ayout.setHorizontal Group(

jPanel6Layout.createPara lel Group(javax.swing.GroupLayout. Alignment. LEADING)
.addGroup(jPanel6Layout.createSequential Group()
.addContainerGap()

.addGroup(jPanel 6Layout.createParal lel Group(javax.swing.GroupLayout. Alignment. LEADING)
.addComponent(jLabel11)

.addGroup(javax.swing.GroupLayout.Alignment. TRAILING,
jPanel 6L ayout.createSequential Group()

.addGroup(jPanel 6Layout.createParallel Group(javax.swing.GroupLayout. Alignment. TRAILING)
.addComponent(jSlider1,
javax.swing.GroupLayout. PREFERRED_SIZE, 158, javax.swing.GroupLayout. PREFERRED_SIZE)

.addGroup(jPanel 6Layout.createParal lel Group(javax.swing.GroupLayout. Alignment. LEADING)

.addComponent(jLabel 14)
.addComponent(jComboBox2,
javax.swing.GroupLayout.PREFERRED_SIZE, 139,
javax.swing.GroupLayout. PREFERRED_SIZE)))
.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED, 71,

Short. MAX_VALUE)

.addGroup(j Panel6Layout.createParal lel Group(javax.swing.GroupLayout. Alignment. LEADING)

.addGroup(javax.swing.GroupLayout. Alignment. TRAILING, jPanel 6L ayout.createSequential Group()
.addComponent(jLabel 12)
.addGap(21, 21, 21)

.addComponent(j TextField3,
javax.swing.GroupLayout. PREFERRED_SIZE, 28, javax.swing.GroupLayout.PREFERRED_SIZE)

.addGap(74, 74, 74)
.addComponent(jLabel 13)
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.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addComponent(j TextField4,
javax.swing.GroupLayout. PREFERRED_SIZE, 28, javax.swing.GroupLayout. PREFERRED_SIZE)

.addGap(198, 198, 198))

.addGroup(javax.swing.GroupLayout.Alignment. TRAILING, jPanel 6L ayout.createSequential Group()

.addGroup(j Panel 6Layout.createParal lel Group(javax.swing.GroupLayout.Alignment. LEADING)
.addComponent(jLabel 15)

.addComponent(jComboBox3,
javax.swing.GroupLayout. PREFERRED_SIZE, 163, javax.swing.GroupLayout. PREFERRED_SIZE))

.addGap(360, 360, 360))))))
);
jPanel6L ayout.setV ertical Group(

jPanel6Layout.createPard lel Group(javax.swing.GroupLayout. Alignment. LEADING)
.addGroup(jPanel6Layout.createSequential Group()
.addGap(74, 74, 74)
.addComponent(jLabel11)

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addGroup(jPanel 6Layout.createParal lel Group(javax.swing.GroupLayout. Alignment. LEADING)

.addGroup(jPanel 6Layout.createParal lel Group(javax.swing.GroupLayout.Alignment. TRAILING)

.addGroup(jPanel 6Layout.createParal lel Group(javax.swing.GroupLayout.Alignment. BASELINE)

.addComponent(j TextField3,
javax.swing.GroupLayout. PREFERRED_SIZE, javax.swing.GroupLayout. DEFAULT_SIZE,
javax.swing.GroupLayout. PREFERRED_SIZE)

.addComponent(jLabel 13)

.addComponent(j TextField4,
javax.swing.GroupLayout. PREFERRED_SIZE, javax.swing.GroupLayout. DEFAULT_SIZE,
javax.swing.GroupLayout. PREFERRED_SIZE))

.addComponent(jLabel12))
.addComponent(j Slider1,
javax.swing.GroupLayout. PREFERRED_SIZE, javax.swing.GroupLayout. DEFAULT_SIZE,

javax.swing.GroupLayout. PREFERRED_SIZE))
.addGap(26, 26, 26)
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.addGroup(jPanel 6Layout.createParal lel Group(javax.swing.GroupLayout.Alignment. BASELINE)
.addComponent(jLabel 14)
.addComponent(j Label 15))
.addGap(4, 4, 4)

.addGroup(jPanel 6L ayout.createParal lel Group(javax.swing.GroupLayout.Alignment. BASELINE)

.addComponent(jComboBox2,
javax.swing.GroupLayout. PREFERRED_SIZE, 20, javax.swing.Grouplayout. PREFERRED_SIZE)

.addComponent(jComboBox3,
javax.swing.GroupLayout. PREFERRED_SIZE, 20, javax.swing.GroupLayout. PREFERRED_SIZE))

.addContainerGap(203, Short MAX_VALUE))
);
jTabbedPanel.addTab("Neural Network parameters’, jPanel6);

jPanel 7.setBorder (javax.swing.BorderFactory.createTitledBorder(javax.swing.BorderFactory.createl i
neBorder(new java.awt.Color(0, 0, 0)), "3. Particle Swarm Optimization"));

jLabe16.setText("Particles:");

jTextFieldS.sefText("20");

jLabe17.setText("Max |terations:");

jTextField6 setText("600");

jLabel18.setText("Inertia");

jTextField7 setText("0.7"):;

jLane 19.setText(" Cognitive Parameter:");

j TextField8.setText("1.5");

jLabel20.setText("Socia Parameter:");

jTextField9.setText("1.5");
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jLabe21.setText("Max Ve ocity:");

jTextField10.setText("0.5");

jLabel22.setText("Min Veocity:");

jTextField11.setText("-0.5");

jLabel 24 setText("particle parameters:™);

jLabel 25.setText("Algorithm parameters:™);

javax.swing.GroupLayout jPanel 7Layout = new javax.swing.GroupLayout(jPanel 7);
jPand7.setLayout(jPanel 7Layourt);
jPand 7L ayout.setHorizontal Group(

jPanel 7Layout.createPara lel Group(javax.swing.GroupLayout. Alignment. LEADING)
.addGroup(jPanel 7Layout.createSequential Group()

.addGroup(jPanel 7Layout.createParal lel Group(javax.swing.GroupLayout. Alignment. LEADING)
.eddGroup(jPand 7Layout.createSequential Group()
.addGep(73, 73, 73)

.addGroup(jPanel 7Layout.createParal lel Group(javax.swing.GroupLayout.Alignment. TRAILING)
.addComponent(jLabel 18)
.addComponent(jLabel 24)
.addComponent(jLabel 21))

.addPreferredGap(j avax.swing.LayoutStyle. ComponentPlacement. RELATED)
.addGroup(j Panel 7Layout.createParal lel Group(javax.swing.GroupLayout. Alignment. LEADING,

false)

.addComponent(j TextField10,
javax.swing.GroupLayout. DEFAULT_SIZE, 39, Short MAX_VALUE)
.addComponent(j TextField7))

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)
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.addGroup(jPanel 7Layout.createParal lel Group(javax.swing.GroupLayout. Alignment. TRAILING)
.addComponent(jLabel 19)
.addComponent(jLabe 22))

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addGroup(jPanel 7Layout.createParal lel Group(javax.swing.GroupLayout. A lignment. LEADING)

.addGroup(jPanel 7Layout.createSequential Group()

.addComponent(j TextField8,
javax.swing.GroupLayout. PREFERRED_SIZE, 45, javax.swing.GroupLayout.PREFERRED_SIZE)

.addGap(34, 34, 34)
.addComponent(jLabel 20)

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addComponent(j TextFi eld9,
javax.swing.GroupLayout. PREFERRED_SIZE, 39, javax.swing.GroupLayout. PREFERRED_SIZE))

.addComponent(jTextField11,
javax.swing.GroupLayout. PREFERRED_SIZE, 57, javax.swing.GroupLayout. PREFERRED_SIZE)))

.addGroup(jPand 7Layout.createSequential Group()
.addGap(67, 67, 67)

.addGroup(jPanel 7Layout.createParal lel Group(javax.swing.GroupLayout. Alignment. TRAILING)
.addComponent(jLabe 25)

.addGroup(jPanel 7Layout.createSequential Group()
.addComponent(jLabel 16)

.addPreferredGap(javax.swing.LayoutStyle.ComponentPlacement. RELATED)

.addComponent(j TextField5,
javax.swing.GroupLayout. PREFERRED_SIZE, 31, javax.swing.GroupLayout. PREFERRED_SIZE)))

.addGap(53, 53, 53)
.addComponent(jLabel17)

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addComponent(j TextField6,
javax.swing.GroupLayout. PREFERRED_SIZE, 41, javax.swing.GroupLayout. PREFERRED_SIZE))

.addGroup(jPand 7Layout.createSequential Group()
.addGap(59, 59, 59)
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.addComponent(j Separator2,
javax.swing.GroupLayout. PREFERRED_SIZE, 551,
javax.swing.GroupLayout. PREFERRED_SIZE)))

.addContainerGap(152, Short MAX_VALUE))
);
jPand 7L ayout.setV ertical Group(

jPanel 7Layout.createPara lel Group(javax.swing.GroupLayout. Alignment. LEADING)
.addGroup(jPanel 7Layout.createSequential Group()
.addGap(30, 30, 30)
.addComponent(jLabel 24)
.addGap(24, 24, 24)

.addGroup(jPanel 7Layout.createParal lel Group(javax.swing.GroupLayout.Alignment. BASELINE)

.addComponent(j TextField7,
javax.swing.GrouplLayout. PREFERRED_SIZE, javax.swing.GroupLayout. DEFAULT_SIZE,
javax.swing.GroupLayout. PREFERRED_SIZE)

.addComponenti(j Label 18)

.addComponent(j TextFields,
javax.swing.GroupLayout. PREFERRED_SIZE, javax.swing.GroupLayout. DEFAULT_SIZE,
javax.swing.GroupLayout. PREFERRED_SIZE)

.addComponent(jLabel 19)
.addComponent(j Label 20)

.eddComponent(j TextField9,
javax.swing.GrouplLayout. PREFERRED_SIZE, javax.swing.GroupLayout. DEFAULT_SIZE,
javax.swing.GroupLayout. PREFERRED_SIZE))

.addPreferredGap(javax.swing.LayoutStyle.ComponentPlacement. RELATED)

.addGroup(jPanel 7Layout.createParal lel Group(javax.swing.GroupLayout.Alignment. BASELINE)

.addComponent(j TextField10,
javax.swing.GrouplLayout. PREFERRED_SIZE, javax.swing.GroupLayout. DEFAULT_SIZE,
javax.swing.GroupLayout. PREFERRED_SIZE)

.addComponent(j Label 22)
.addComponent(j Label 21)

.addComponent(j TextField11,
javax.swing.GroupLayout. PREFERRED_SIZE, javax.swing.GroupLayout. DEFAULT_SIZE,
javax.swing.GroupLayout. PREFERRED_SIZE))

.addGap(63, 63, 63)

.addComponent(jSeparator2,
javax.swing.GroupLayout. PREFERRED_SIZE, 10, javax.swing.GroupLayout.PREFERRED_SIZE)
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.addGap(42, 42, 42)
.addComponent(jLabe 25)
.addGap(15, 15, 15)

.addGroup(jPanel 7Layout.createParal lel Group(javax.swing.GroupLayout.Alignment. BASELINE)

.addComponent(j TextField5,
javax.swing.GroupLayout. PREFERRED_SIZE, javax.swing.GroupLayout. DEFAULT_SIZE,
javax.swing.GroupLayout. PREFERRED_SIZE)

.addComponent(jLabel 16)
.addComponent(jLabel 17)

.addComponent(j TextField6,
javax.swing.GrouplLayout. PREFERRED_SIZE, javax.swing.GroupLayout. DEFAULT_SIZE,
javax.swing.GroupLayout. PREFERRED_SIZE))

.addContainerGap(130, Short MAX_VALUE))
);
jTabbedPanel.addTab("PSO parameters”, jPanel7);

jButtond.setText("Start trainning™);
jButtond.addM ouseL istener(new java.awt.event. MouseAdapter() {

public void mouseClicked(java.awt.event. MouseEvent evt) {
jButton4M ouseClicked(evt);

b

jTextAreal.setColumng(20);

jTextAreal.setFont(new java.awt.Font("Arial", 0, 12));
jTextAreal.setRows(5);
jScrollPanel.setViewportView(j TextAreal);
jProgressBar1.setMaximum(1000);
jLabd5.setText("Fitness:");

jLabe9.setText("Progress.”);

jTextArea2.setColumns(20);
jTextArea2.setRows(5);
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jScrollPane2.setViewportView(j TextArea2);

jLabel23.setText("winning weights:™);

javax.swing.GroupLayout jPanel 3Layout = new javax.swing.GroupLayout(jPanel3);
jPanel 3.setLayout(j Panel SLayourt);
jPane 3L ayout.setHorizontal Group(

jPanel3Layout.createPara lel Group(javax.swing.GroupLayout. Alignment. LEADING)
.addGroup(jPanel 3Layout.createSequential Group()

.addGroup(jPanel 3Layout.createParallel Group(javax.swing.GroupLayout.Alignment. LEADING)
.addGroup(jPand 3Layout.createSequential Group()
.addGap(308, 308, 308)
.addComponent(jButton4))
.addGroup(jPand 3Layout.createSequential Group()
.addGap(27, 27, 27)

.addGroup(jPanel 3Layout.createParal lel Group(javax.swing.GroupLayout. Alignment. LEADING)
.addComponent(jLabel5)

.addComponent(jScrollPanel,
javax.swing.GroupLayout. PREFERRED_SIZE, 267, javax.swing.GroupLayout. PREFERRED_SIZE))

.addGroup(jPanel 3Layout.createParal lel Group(javax.swing.GroupLayout. Alignment. LEADING)

.addGroup(jPanel 3Layout.createSequential Group()
.addGap(158, 158, 158)

.addGroup(jPanel 3Layout.createParal lel Group(javax.swing.GroupLayout. Alignment. LEADING)
.addComponent(jLabel9)

.addComponent(jProgressBarl,
javax.swing.GroupLayout. PREFERRED_SIZE, 218,
javax.swing.GroupLayout. PREFERRED_SIZE)))

.addGroup(jPanel 3Layout.createSequential Group()
.addGap(40, 40, 40)

.addGroup(jPanel 3Layout.createParal lel Group(javax.swing.GroupLayout. Alignment. LEADING)
.addComponent(j Label 23)
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.addComponent(j ScrollPane2,
javax.swing.GroupLayout. DEFAULT_SIZE, 336, Short MAX_VALUE))))))

.addContainerGap(102, Short. MAX_VALUE))
);
jPanel 3L ayout.setV ertical Group(

jPanel 3Layout.createPard lel Group(javax.swing.GroupLayout. Alignment. LEADING)
.addGroup(jPanel 3Layout.createSequential Group()

.addGroup(jPanel 3Layout.createParal lel Group(javax.swing.GroupLayout.Alignment. LEADING,
false)

.addGroup(jPand 3Layout.createSequential Group()
.addGeap(53, 53, 53)
.addComponent(jLabel5)

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addComponent(jScrollPanel,
javax.swing.GroupLayout. PREFERRED_SIZE, 251, javax.swing.GroupLayout. PREFERRED_SIZE))

.addGroup(jPand 3Layout.createSequential Group()
.addGap(43, 43, 43)
.addComponent(jLabel9)

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addComponent(jProgressBarl,
javax.swing.GroupLayout. PREFERRED_SIZE, javax.swing.GroupLayout. DEFAULT_SIZE,
javax.swing.GroupLayout. PREFERRED_SIZE)

.addGep(16, 16, 16)
.addComponent(jLabel23)

.addPreferredGap(javax.swing.LayoutStyle.ComponentPlacement. RELATED)
.addComponent(j ScrollPane2)))

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED, 60,
Short. MAX_ VALUE)

.addComponent(jButton4)
.addGap(25, 25, 25))

);

jTabbedPanel.addTab("Trainning", jPanel3);
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jButton3.setText("Evaluate");
jButton3.addM ouseL istener(new java.awt.event. MouseAdapter() {
public void mouseClicked(javaawt.event. MouseEvent evt) {
jButton3M ouseClicked(evt);

s

jTextArea3.setColumns(20);

jTextArea3.setFont(new java.awt.Font("Arial", 0, 12));
jTextArea3.setRows(5);
jScrollPane3.setViewportView(j TextArea3);

jLabel 26.setText("results:");

javax.swing.GroupLayout jPanel4Layout = new javax.swing.GroupLayout(jPanel4);
jPanel4.setlayout(jPanel 4Layout);
jPand4L ayout.setHorizontal Group(

jPanel4Layout.createPard lel Group(javax.swing.GroupLayout. Alignment. LEADING)
.addGroup(jPanel4Layout.createSequential Group()

.addGroup(jPanel4Layout.createParal lel Group(javax.swing.GroupLayout. Alignment. LEADING)
.addGroup(jPand 4L ayout.createSequential Group()
.addGap(297, 297, 297)
.addComponent(jButton3))
.addGroup(jPand 4L ayout.createSequential Group()
.addGap(28, 28, 28)

.addGroup(j Panel4Layout.createParal lel Group(javax.swing.GroupLayout.Alignment. LEADING)
.addComponent(jLabel 26)

.addComponent(jScrollPane3,
javax.swing.GroupLayout. PREFERRED_SIZE, 469,
javax.swing.GroupLayout. PREFERRED_SIZE))))

.addContainerGap(275, Short MAX_VALUE))
);
jPandl4L ayout.setV ertical Group(
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jPanel4Layout.createPard lel Group(javax.swing.GroupLayout. Alignment. LEADING)

.addGroup(javax.swing.GroupLayout.Alignment. TRAILING,
jPanel4L ayout.createSequential Group()

.addGap(26, 26, 26)
.addComponent(jLabel 26)

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED)

.addComponent(jScrollPane3,
javax.swing.GroupLayout. PREFERRED_SIZE, 244, javax.swing.GroupLayout. PREFERRED_SIZE)

.addPreferredGap(javax.swing.LayoutStyle. ComponentPlacement. RELATED, 64,
Short. MAX_VALUE)

.addComponent(jButton3)
.addGap(55, 55, 55))

);

jTabbedPanel.addTab("Evauation”, jPanel4);

javax.swing.GroupLayout layout = new javax.swing.GroupL ayout(getContentPane());
getContentPane().setLayout(layout);
layout.setHorizontal Group(

layout.createParall el Group(javax.swing.GroupLayout.Alignment.LEADING)

.addComponent(j TabbedPanel,  javax.swing.GroupLayout. DEFAULT_SIZE,
777, Short. MAX_VALUE)

);
layout.setV ertical Group(
layout.createParall el Group(javax.swing.GroupLayout.Alignment.LEADING)

.addComponent(jTabbedPanel,  javax.swing.GroupLayout. DEFAULT_SIZE,
460, Short. MAX_VALUE)

pack();
HI </editor-fold>//GEN-END:initComponents

private void jButton5M ouseClicked(java awt.event. MouseEvent evt) {/IGEN-
FIRST:event_jButton5SMouseClicked

openTestingSet();
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}/IGEN-LAST :event_jButton5MouseClicked

private

void jButton3M ouseClicked(java.awt.event.MouseEvent evt) { /IGEN-

FIRST:event_jButton3MouseClicked

gartEvduation();
jTextArea3.append("Right classify:

"+100* (double)(nnTegting.rightNormal+nnTesting.rightA ttack)/nnTesting.tota Data+" %6\n");

jTextArea3.append("Misclasified:

"+100* (double)(nnTesting.missClassified)/nnTesting.total Datat" %6\n™);

%\n");

%\n");

%\n");

jTextArea3.append(" \n™);
jTextArea3.append("Normad: "+100* (double)nnT esting.rightNormal/data.normal +"

jTextArea3.append("Probe; "+100* (double)nnTesting.rightProbe/data.probet™ %6\n™);
jTextArea3.append("DoS: "+100* (double)nnTeging.rightDos/data.dos+" %6\n");
jTextArea3.append("Remote to Loca : "+100*(double)nnTegting.rightR2L/data.r21+"

jTextArea3.qppend("User to Remote: "+100* (double)nnT esting.rightU2R/data.u2r+"

jTextArea3.append(” \n");
jTextArea3.append("False darms:

"+100* (double)nnTesting.falseAlarms/nnTesting.totalDatat" %\n");

}/GEN-LAST :event_jButton3MouseClicked

private

void jButton4M ouseClicked(java.awt.event.MouseEvent evt) {//IGEN-

FIRST:event_jButton4MouseClicked

Parameters.activationFunctionSel ection=jComboBox3.getSel ectedI ndex();
Parameters.inputDimension=Integer.parselnt((j TextField1.getText()));
Parameters.targetDimension=Integer.parsel nt(j TextField2.getText());
Parameters.hiddenL ayersCounter=jSlider1.getV alue();
Parameters.hiddenLayer INodes=Integer.parsel nt(j TextFiel d3.getText());
[l if(Parameters.hiddenLayersCounter==2){
Parameters.hiddenLayer2Nodes=Integer.parselnt(j TextField4.getText());
I}

/lelse Parameters.hiddenLayersCounter=0;
Parameters.inertia=Double.parseDouble(j TextField7.getText());
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Parameters.cognitiveParameter=D ouble.parseDoubl ej TextFie d8.get Text());
Parameters.socia Parameter=Double.parseDouble(j TextField9.getText());
Parameters.maxV e ocity=Double.parseD ouble(j T extFi e d10.getText());
Parameters.minV elocity=Double.parseDouble(j TextField11.getText());
Parameters.parti cles=Integer.parselnt(j TextFiel d5.getText());
Parameters.max|terations=Integer.parselnt(j T extField6.getText());

winningWeights=new double(Parameters.hiddenL ayersCounter+1)();

winningWeights(0)=new
doubl e(Parameters.inputDimension* Parameters.hiddenLayer 1N odes);

winningWeights(1)=new
double(Parameters.hiddenLayerlNodes* Parameters.hiddenL ayer2Nodes);

winningWeights(2)=new
double(Parameters.hiddenLayer2Nodes* Parameters.targetDimension);

sartTrainning();

}/GEN-LAST :event_jButtondMouseClicked

private  void  jSliderlStateChanged(javax.swing.event.ChangeEvent evt) {//GEN-
FIRST:event_jSlider1StateChanged

}//GEN-LAST:event_jSlider1StateChanged

private void jSlideriMouseClicked(java awt.event.MouseEvent evt
FIRST:event_jSlider1MouseClicked

/ TODO add your handling code here:
if(jSliderl.getVaue()==1){
jTextField4.setVisible(fal se);
} elsejTextField4.setVisble(true);
}//GEN-LAST:event_jSlider1IMouseClicked

~—

{ /IGEN-

privaie void jButton2M ouseCli cked(java.awt.event.MouseEvent evt) {/IGEN-
FIRST:event_jButton2MouseClicked
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data=new Dat&();
data.setFilename("data/"+jLabel 8.getText());

if(jCheckBox1.isSelected() {

Parameters.types=1,;
} else{

Parameters.types=0;
}
data.setInputDimension(Integer.parselnt(j TextField1.getText()));
datasetTargetDimension(Integer.parselnt(j TextField2.getText()));
data.createTrainningSet();
data.setTestingSetFile("datal" +j Label 1.getText());
data.createTestingSet();
jLabd 10.setText(String.va ueOf(datagetPaiterns()));
jLabel28.setText(""+data.get TestingPatterns());

jLabd34.setText(""+data.normal);
jLabd 35.setText(""+data.probe);
jLabe36.setText(""+data.dos);
jLabd37.setText(""+datar2l);
jLabel38.setText(""+data.u2r);

}HIGEN-LAST :event_jButton2MouseClicked

privaie void jButton1M ouseCli cked(java.awt.event.MouseEvent evt) {/IGEN-
FIRST:event_jButton1MouseClicked

openDataset();
}HIGEN-LAST :event_jButton1lMouseClicked

public static void main(String args()) {
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javaawt.EventQueue.invokel ater(new Runnable() {
public void run() {
new MainForm().setVisible(true);

s

/I Variables declaration - do not modify//GEN-BEGIN:variables
private javax.swing.JButton jButtonl;

private javax.swing.JButton jButton2;

private javax.swing.JButton jButton3;

private javax.swing.JButton jButton4;

private javax.swing.JButton jButton5;

private javax.swing.JCheckBox jCheckBox1;
private javax.swing.JComboBox jComboBox2;
private javax.swing.JComboBox jComboBox3;
private javax.swing.JLabel jLabel1;

private javax.swing.JLabel jLabe 10;

private javax.swing.JLabel jLabel11;

private javax.swing.JLabd jLabe 12;

private javax.swing.JLabel jLabe13;

private javax.swing.JLabel jLabel14;

private javax.swing.JLabel jLabe 15;

private javax.swing.JLabel jLabe 16;

private javax.swing.JLabel jLabel17;

private javax.swing.JLabel jLabel18;

private javax.swing.JLabel jLabe 19;

privaie javax.swing.JLabel jLabe 2;

private javax.swing.JLabel jLabe 20;

private javax.swing.JLabe jLabel21;

private javax.swing.JLabel jLabel 22;

private javax.swing.JLabel jLabe 23;

private javax.swing.JLabel jLabel 24;

private javax.swing.JLabel jLabe 25;

private javax.swing.JLabel jLabe 26;
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private javax.swing.JLabel jLabe 27;

private javax.swing.JLabel jLabe 28;

private javax.swing.JLabel jLabe 29;

private javax.swing.JLabel jLabe 3;

private javax.swing.JLabel jLabe 30;

private javax.swing.JLabel jLabel31;

private javax.swing.JLabel jLabe 32;

private javax.swing.JLabel jLabe 33;

private javax.swing.JLabel jLabel 34;

private javax.swing.JLabel jLabe 35;

private javax.swing.JLabel jLabe 36;

private javax.swing.JLabel jLabe 37;

private javax.swing.JLabel jLabe 38;

private javax.swing.JLabel jLabel4;

private javax.swing.JLabel jLabe5;

private javax.swing.JLabel jLabe 6;

private javax.swing.JLabel jLabe 7;

private javax.swing.JLabel jLabe 8;

private javax.swing.JLabel jLabe 9;

private javax.swing.JPanel jPanel3;

private javax.swing.JPanel jPanel4;

private javax.swing.JPanel jPanel5;

private javax.swing.JPanel jPanel6;

private javax.swing.JPanel jPanel7;

private javax.swing.JProgressBar jProgressBarl;
private javax.swing.JScrollPane jScrol [Panel,;
private javax.swing.JScrollPane jScrol [Pane2;
private javax.swing.JScrollPane jScrol |Pane3;
private javax.swing.JSeparator jSeparatorl;
private javax.swing.JSeparator jSeparator2;
private javax.swing.JSlider jSliderl;

private javax.swing.JT abbedPane j TabbedPanel,;
private javax.swing.JTextAreajTextAreal;
private javax.swing.JTextAreajTextArea2;
private javax.swing.JTextAreajTextArea3;
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private javax.swing.JTextField jTextFieldl,;
private javax.swing.JTextField jTextField10;
private javax.swing.JTextField jTextField11,
private javax.swing.JTextField jTextField2;
private javax.swing.JTextField j TextField3;
private javax.swing.JTextField j TextField4;
private javax.swing.JTextField j TextField5;
private javax.swing.JTextField j TextField6;
private javax.swing.JTextField jTextField7;
private javax.swing.JTextField j TextFieldS;
private javax.swing.JTextField j TextField9;
/I End of variables declaration//GEN-END:variables
private JFrame frame;

private JList list;
private JList list2;

public String openDataset() {
String filename = null;

String title = "DataSet File Chooser";
frame = new JFrame(title);
frame.setLocationRelativeTo(null);
Filedir=new File("data");

String () result=dir.list();

list=new JList();

JButton ok=new JButton("select");

ok.addMouseL istener(new java.awt.event.MouseA dapter() {
public void mouseClicked(java awt.event. MouseEvent evt) {

okMouseClicked(evt);

s

list.setListData(result);
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frame.getContentPane() .add(list, BorderLayout. CENTER);
frame.getContentPane() .add(ok,BorderLayout. SOUTH);
int width = 300;

int height = 300;

frame.setSize(width, height);

frame.setVisible(true);

return filename;

public String openT estingSet() {
String filename = null;

String title = "TestingSet File Chooser";
frame = new JFrame(title);
frame.setLocationRelativeTo(null);
Filedir=new File("data");

String () result=dir.list();

list2=new JList();

JButton ok 1=new JButton("select");

okl.addMouseListener(new java.awt.event.MouseAdapter() {
public void mouseClicked(java awt.event. MouseEvent evt) {
ok1MouseClicked(evt);

s

list2.setListData(result);

frame.getContentPane() .add(list2, BorderLayout. CENTER);
frame.getContentPane() .add(ok1,BorderLayout. SOUTH);
int width = 300;

int height = 300;

frame.setSize(width, height);

frame.setVisible(true);

return filename;
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[rx

*10 event yio. To KOLpTi ¢ pOPHOG ETIAOYNG apyEiOL

*/

private void okMouseClicked(java awt.event.MouseEvent evt){
String selection=(String)list.getSel ectedV aue();
jLabel8.setText(sel ection);
frame.dispose();

private void ok1MouseClicked(java.awt.event.MouseEvent evt){
String selection=(String)list2.getSelectedV alue();
jLabel1.setText(sel ection);
frame.dispose();

private void startTrainning() {

mon=new Monitor();

pso=new Pso(data,mon);

pso.runAlgorithm();

winningWeights=pso.geiGloba Best();

for (inti = 0; i < pso.getFitnessStore().length; i++) {

jTextAreal.append(" "+pso.getFitnessStore()(i)+"\n");

for (inti = 0; i <winningWeights.length; i++) {
for (int j = 0; j < winningWeights(i).length; j++) {
jTextArea2.append(” "+winningWeights(i)(j));
}
jTextArea2.append("\n");
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Chartsl chart=new Chartsl(pso.getFitnessStore(),"FITNESS CHART");
chart.pack();

chart.setPreferredSize(new java.awt.Dimension(600,800));
chart.setVisible(true);

private void startEva uation() {

ps0.getGloba Best();

testNeurad=new nnTesting();

testNeurd .constructNN();

testNeurd .setTestingSet(data.get TestingSet());

double temp=testNeural .runNN(winningWeights);

package Ulpackage;

import javautil ArrayList;

public class Parameters {

public static String filename; //6vopo apygiov dedopévav

public static int inputDimension; //ot atyAec TV dedopévmv el0ddov

public static int targetDimension;//ot ctAeg TV dedopévav 6Td oL

public static int patterns;//o cuvolikdg apBudS TV TPOTOHTMV

public static double()() trainningSet; //o wivakog pe o dedopéva Yo EKTOIdELOT
public static double()() testingSet; //o mivakag pe to dedopéva yio Te6T

public static int wholelnput; // o cuvolikég otnieg Tov apyeiov dedopévav

public static int methodOfValidation; //emtloyn Ttov tpdémov mov Ba yive M emhoy TV
dedopévav
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public static int hiddenLayersCounter;
public static int hiddenLayer1Nodes;

public static int hiddenLayer2Nodes;

public static int activationFunctionSel ection;

public static double cognitiveParameter;
public static double social Parameter;
public static double inertia;

public static double maxV e ocity;
public static double minV elocity;

public static int particles;
public static int maxIterations;
public static int types;

public Parameters() {
}

package Ulpackage;

import javax.swing.JFrame;

import org.jfree.chart.ChartFactory;

import org.jfree.chart.ChartPand;

import org.jfree.chart.JFreeChart;

import org.jfree.chart.plot.PlotOrientation;
import org.jfreedataxy. XY Dataset;

import org.jfree.dataxy. XY Series,

import org.jfree.dataxy.XY SeriesCollection;

/**

* 1 KAGoM aVTH VAOTOLEL TNV dMLovpYio YPOPN LOTOG Y10 TNV OVOTAPAoTOoT

* tov fitness tov alyopiBuov
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*/

public class Chartsl extends JFrame{

public Chartsl(double() d, String title) {
super(title);
XY Dataset dataset=createDataset(d);
JFreeChart chart=createChart(dataset);
ChartPand chartpane=new ChartPanel(chart);
chartpanel .setPreferredSize(new java.awt.Dimension(600,800));
setContentPane(chartpand);

private XY Dataset createDataset(double() d) {
XY Series series=new XY Series("fithess");
for (inti = 0; i <d.length; i++) {
series.add(i,d(i));
}
XY SeriesCollection dataset=new XY SeriesCollection();
dataset.addSeries(series);
return dataset;

private JFreeChart createChart(X'Y Dataset dataset) {
JFreeChart chart=ChartFactory.createXY LineChart(
"fitness graph”,
"iterations”,
"Fitness"',
dataset,
PlotOrientation.VERTICAL,
true,
true,
false
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);

return chart;

package datapackage;

import Ulpackage Parameters;
import javaawt.BorderLayout;
import javaio.BufferedReader;
import javaio.File;

import javaio.FileNotFoundException;
import javaio.FileReader;
import javaio.lOException;
import javautil ArrayList;
import javautil.lterator;

import javautil.List;

import javautil.Random;

import javax.swing.JButton;
import javax.swing.JFrame;
import javax.swing.JList;

import javax.swing.JOptionPane;

/**

* 1 Khdon avt) vAoTolEl Tov xepilopd tov dedopusvav. Atofalet to training set kot o testing set o
uvium

* g TIVOKES KO EKEL TAL SOUOPPAOVEL £TCL MOTE VA Yivouv KatdAAnAa yio €16060 610 Nevpwvikd

d1KkTLO.
*/
public cless Data {

private String trainningSetFile; //6vopo apygiov dedopévav
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private String testingSetFile;

private int inputDimension; //ot oThAec TV dedopévmy e10Od0V
private int targetDimension;//ol otiieg v dedopévav 6TdXO0L

private int patterns;//o cuvolikdg apbpog TV TpoTHRmY

private int testingPetterns,

private double()() trainningSet; //o mwivakoag pe to dedopéva Yo EKTaidgvoT
private double()() testingSet; //o mivaxag pe ta dedopéva yio TeoT

private int input; // o cuvoAiikég oTHAES TOV OPYEiOV dESOLEVDV

public int normal;
public int probe;
public int dos;
publicint r2l;
public int u2r;

/**

* O constructor
*/

public Data() {
}

/**

* H pébodog avt daPdalel o dedopéva amo 0 apyeio mov €xel VILOdEIEEL 0 YPNOTNG O
MainForm ko dnpovpyel £va mivaka 300 d106TAcEMY

* 10 training set. Ta dedopéva kovovikorolobvtal 6o didotnua (0,1).
*/

public void createT rainningSet() {

BufferedReader reader = null;
String ling;
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1

int lineCounter=0;
int anountOfT estPeatterns;
ArrayList <String> dataBuffer=new ArrayList<String>();

setInput(getinputDimension() + getTargetDimension());

try {
reader = new BufferedReader(new FileReader(getTrainningSetFile()));

} catch (FileNotFoundException ex) {
new JOptionPane().showMessageDial og(null," Agv Bpédnke 1o apyeio™);
}

try {
while((line=reader.readLine())!=null){

dataBuffer.add(line);

lineCounter++;

}
} catch (IOException ex) {
new JOptionPane().showMessageDial og(null, " TIpdpAnua avéyvoong apysiov™);

setPatterns(lineCounter);

setTrainningSet(new double(getPatterns())(getinput()));

String() temp=new String(getInput());

int index;

int length=0;

for (inti = 0; i < getTrainningSet().length; i++) {
temp=dataBuffer.get(i).split(";");
for (intj = 0; j < temp.length; j++) {
if(temp(j).compareTo("")==0) System.out.printin("line "+j);

138



)
)

)
)
)
)
)
1

System.out.printin(temp(j));
}

for (intj = 0; ] <targetDimension+inputDimension; j++) {

getTrainningSet()(i)(j)=(Double.parseDouble(temp())));

double ()maxColumns=new double&(inputDimension);
double tempMax=0;
for (inti = 0; i <inputDimension; i++) {
for (intj = 0; j < trainningSet.length; j++) {
if(trainningSet(j) (i)>tempMax) tempMax=trainningSet(j)(i);
}
max Columns(i)=tempMax;
tempMax=0;

for (inti = 0; i < trainningSet.length; i++) {
for (intj = 0; ] < inputDimension; j++) {
if(trainningSet(i)(j)==0) trainningSet(i)(j)=0;
else trainningSet(i) (j)=trainningSet(i) (j)/maxColumns(j);

for (inti = 0; i < trainningSet.length; i++) {
for (intj = 0; j < trainningSet(i).length; j++) {
System.out.print(" "+trainningSet(i)(j));
}
System.out.printin("");

/**
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* 1 uébodog avtr dnpovpyel to testing set. emiong koatopetpd o delypata £tct GoTE VO
TOPOVGIACEL TIG KAAGELS

* y10 va YiVOuV GTOTIGTIKEG GLYKPIGELC.
*/
public void createT estingSet(){

BufferedReader reader = null;
String ling;

int types=Parameters.types;

int lineCounter=0;

ArrayList <String> dataBuffer=new ArrayList<String>();

try {
reader = new BufferedReader(new FileReader(this.getT estingSetFil()));

} catch (FileNotFoundException ex) {
new JOptionPane().showMessageDial og(null," Agv Bpédnke 1o apyeio™);
}
try {
while((line=reader.readLine())!=null){
dataBuffer.add(line);

lineCounter++;

}
} caich (10Exception ex) {

new JOptionPane().showMessageDial og(null, " TIpdpAnua avéyvoong apysiov™);
}
setTestingPatterns(lineCounter);
setTestingSet(new double(lineCounter)(getInput()+types));

String() temp=new String(getInput()+types);

/I System.out.printin("testingSet "+ getTestingSet()(1).length+"temp "+temp.length);
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int index;

int length=0;

for (inti = 0; i < getTestingSet().length; i++) {
temp=dataBuffer.get(i).split(";");
for (intj = 0; ] <temp.length; j++) {
getTestingSet()(i)(j)=(Double.parseDouble(temp(j)));

double ()maxColumns=new double&(inputDimension);

double tempMax=0;

for (inti = 0; i <inputDimension; i++) {
for (intj = 0; j < testingSet.length; j++) {
if(testingSet(j) (i)>tempMax) tempM ax=testingSet(j)(i);
}
max Columns(i)=tempMax;
tempMax=0;

for (inti = 0; i < testingSet.length; i++) {
for (intj = 0; j <inputDimension; j++) {
if(testingSet(i)(j)==0) testingSet(i)(j)=0;
else testingSet(i) (j)=testingSet(i) (j)/maxColumns(j);

}
intt;

for (inti = 0; i < testingSet.length; i++) {
t= (int)testingSet(i)(testingSet(i).length-1);
if(t==1) norma++;
if(t==2) probet+;
if(t==3) dos++;
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)
)
)
)
)
)

if(t==4)r2l++;
if(t==5)u2r++;
}

for (inti = 0; i < testingSet.length; i++) {

for (intj = 0; j < testingSet(i).length; j++) {
System.out.print(" "+testingSet(i)(j));

}
System.out.printin("");

public String getFilename() {
return getTrainningSetFile();

public void setFilename(String filename) {
this.setTrainningSetFile(filename);

public int getinputDimension() {

return inputDimension;

public void setinputDimension(int inputDimension) {

this.inputDimension = inputDimension;

public int getTargetDimension() {

return targetDimension;

public void setTargetDimension(int targetDimension) {
this.targetDimension = targetDimension;
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public int getPatterns() {
return patterns;

public void setPatterns(int patterns) {
this.patterns = patterns;

public double()() getTrainningSet() {

return trainningSet;

public void setTrainningSet(double()() trainningSet) {
this.trainningSet = trainningSet;

public double()() getTestingSet() {
return testingSet;

public void setTestingSet(double()() testingSet) {
this.testingSet = testingSet;

public int getlnput() {

return input;

public void setinput(int input) {
this.input = input;
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public String getTrainningSetFile() {
return trainningSetFile;

public void setTrainningSetFil e(String trainningSetFile) {
this.trainningSetFile = trainningSetFile;

public String getTestingSetFile() {
return testingSetFile;

public void setTestingSetFile(String testingSetFile) {
this.testingSetFile = testingSetFile;

public int getT estingPatterns() {
return testingPatterns;

public void setTestingPeatterns(int testingPatterns) {
this.testingPatterns = testingPatterns;

peckage nnpackage;

import Ulpackage Parameters;
import javautil ArrayList;

144



import javautil.lterator;

/* *

* H «kAdon avt viorotel Eva Nevpwvikd Aiktvo
*/

public class NeuraNetwork {

private int inputNodes;

private int outputNodes,
private int hiddenLayersCounter;
private int hiddenLayer1Nodes;
private int hiddenLayer2Nodes;
private double() hiddenLayerl;
private double() hiddenLayer2;
private double() inputLayer;
private double() outputLayer;
private double()() trainningSet;
private double()() testingSet;

private int activationFunctionSe ection;

/**

* o condructor g kAdong apyikonolel ta media Tov meNAopfdavovy tov apldpd T KOpPwv
£16000v,

* tov apBud tov kOpPov €£6d0v, T0 TAN00G TOV KPLE®V ETMESWDV, Kol TOVG KOUPOLG TOL
TPOTOV

* KpLEOV ETTEIOL Kot TOV SEVTEPOV KPLPOV eMméSOL. TeAog apytkomolel kol To mEdio

* eMLOYNG TG GUVEPTNONG EVEPYOTOINOTG.
*/

public NeuralNetwork() {
inputNodes=Parameters.inputDimension;
outputN odes=Parameters.targetDimension;

hiddenL ayersCounter=Parameters.hiddenL ayersCounter;
hiddenLayer1Nodes=Parameters.hiddenLayer1Nodes;
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hiddenLayer2Nodes=Parameters.hiddenLayer2Nodes;
activationFunctionSd ection=Parameters.activationFunctionSe ection,;

/* *

*H pébodog dnpovpyel tig dopés dedopévav Tov Nevpmvikov S1KTOOU.
*/

public void constructNN() {

inputLayer=new double(inputNodes);
outputLayer=new double(outputN odes);
hiddenLayer1=new double(hiddenLayer1Nodes);

if (hiddenLayersCounter==2){
hiddenLayer2=new double(hiddenLayer2N odes);

/**

* n pébodog avt viomotel 0 wepaoua omo 10 Nevpwviko Aiktvo 6Aov tov trainnig Set.
EmiAéyetl 10 apBpd tov Kpuemv emmedmv

* avAAOYO LLE TV ETIAOYT] TOV YPNOTN.
* @param double()() Aéyeton wg TapaueTpo Eva Tivaka pe o cLVIETIKA Bapn
* @return double Emotpépetl To mean square error yia 6do o training set
*/
public double runNN(double()() weightsy{
double error = 0;

switch(hiddenLayersCounter){
case 1: error=runWithOneHiddenL ayer(weights);

break;
case 2: error=runWithTwoHiddenL ayers(weights);
break;

}

return error;
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public int getHiddenLayersCounter() {
return hiddenLayersCounter;

public void setHiddenLayersCounter(int hiddenL ayersCounter) {
this.hiddenLayersCounter = hiddenL ayersCounter;

public int getHiddenLayer1Nodes() {
return hiddenLayer1Nodes,

public double()() getTrainningSet() {
return trainningSet;

public void setTrainningSet(double()() trainningSet) {
this.trainningSet = trainningSe;

public double()() getTestingSet() {
return testingSet;

public void setTestingSet(double()() testingSet) {
this.testingSet = testingSet;

/* *

* Yhonotel v emidoyn tov Nevpovikov AKtHov pe évo Kpu@o eninedo
*/

private double runWithOneHiddenL ayer(double()() weights) {

int counter=0;
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int k=0;
double sum=0;
double error=0;

inti;

double () target=new double(outputNodes);
double mse=0;

for (i =0; i < trainningSet.length; i++) {
for (int j = 0; j < inputLayer.length; j++) {
inputLayer(j)=trainningSet(i)(j);

while(k<hiddenLayer1.length){
for (int m = 0; m < weights(0).length; m++) {
for (int n = 0; n < inputL ayer.length; n++) {

sum=(inputLayer(n)*weights(0)(m))+sum;

}
hiddenL ayer1(k)=this.activationFunction(sum);
System.out.print(" "+hiddenLayer1(k));
k++;
}
sum=0;
k=0;

while(k<outputL ayer.length){
for (int m = 0; m < weights(1).length; m++) {
for (int n = 0; n < hiddenLayer1.length; n++) {
sum=(hiddenLayer1(n)* weights(1)(m))+sum;

}
outputLayer(Kk)=this.activationFunction(sum);

k++;
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for (intj = 0; ] < target.length; j++) {
target(j)=trainningSet(i)(inputN odestj);

mse=mse(outputLayer,target);

error=mseterror,

return error;

/**

* Yionotel v emiloyn tov Nevpmvikov AKtHov pe d00 kpued enuredo

*/
private double runWithTwoHiddenLayers(double()() weights) {

int counter=0;
int k=0;

double sum=0;
double error=0;
inti;

int m=0;

double () target=new double(outputNodes);

double mse=0;

for (i =0; i < trainningSet.length; i++) {

for (int j = 0; j < inputLayer.length; j++) {
inputLayer(j)=trainningSet(i)(j);
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while(k<hiddenLayer1.length){
for (int n = 0; ((n < inputLayer.length)& & (m<weights(0).length)); n++) {
sum=(inputLayer(n)* weights(0)(m))+sum;

m++;

}
hiddenL ayer1(k)=this.activationFunction(sum);
k++;

sum=0;

while(k<hiddenLayer2.length){
for (int n=0; ((n < hiddenLayer1.length)& & (m<weights(1).length)); n++) {
sum=(hiddenLayer1(n)* weights(1)(m))+sum;

m++;

}
hiddenL ayer2(k)=this.activationFunction(sum);
k++;
sum=0;
¥
sum=0;
k=0;

m=0;

while(k<outputL ayer.length){
for (int n = 0;((n < hiddenLayer2.length)& & (m<weights(2).length)); n++) {
sum=(hiddenLayer2(n)* weights(2)(m))+sum;

m++;
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outputLayer(Kk)=this.activationFunction(sum);
k++;

sum=0;

for (intj = 0; ] < target.length; j++) {
target(j)=trainningSet(i)(inputN odes+j);

mse=mse(outputLayer,target);

error+=mse;

return error/i;

}
/* *
* YmoAoyilel To mse yio évo mpdtuTo

* @param double() double() Aéystor 6vo mivakeg moOvL aviloTOLOLY OTNV €000 KOl GTO
S1avoopo 6tdyo

* @return double to mse
*/
public double mse(double() output, double() target) {

double result=0;

double temp=0;

inti;

for (1=0;i < output.length; i++) {

temp=Math.pow((target(i)-output(i)),2)+temp;

result=templ/i;

return result;
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public int getA ctivationFunctionSel ection() {
return activationFunctionSelection;

public void setActivationFunctionSelection(int activationFunctionSel ection) {
this.activationFunctionSelection = activationFunctionSel ection;

ek
* H pébodog avtr emAEYEL TV GUVAPTNOT EVEPYOTOINGNG TOV £XEL OPLOTEL GTO
* user interface
*/
public double activationFunction(double va ue) {

doublev;

int selection=getA ctivationFunctionSelection();

double result=0;

v=value;
switch(selection){
case(0):result=logistic(v);
break;
case(1):result=vaue
break;
}
return result;
}
Jrx

*H pébodog anti vAOTOEL TV AOYIGTIKN GLVAPTNOT EVEPYOTOINONG
* @param double
*return double
*/
public doublelogistic(doublev) {
double result=0;
result=1/(1+Math.pow((Math.E),(-v)));
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return result;

package nnpackage;

import Ulpackage Parameters;

public class nnTesting {

private int inputNodes,

private int outputN odes;

private int hiddenL ayersCounter;
private int hiddenLayer1Nodes,
private int hiddenLayer2Nodes,
private double() hiddenLayerl;
private double() hiddenLayer2;
private double() inputLayer;
private double() outputLayer;
private double()() testingSet;
private double() target;

private int activationFunctionSel ection;

public static int rightClassified;
public static intrc;

public static int c;

public static int rightNormal=0;
public static int missClassified=0;
public static int rightAttack=0;
public static int falseAlarms=0;
public static int rightDos=0;
public static int rightProbe=0;
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public static int rightR2L=0;
public static int rightU2R=0;
public static int tota Data=0;

public nnTesting() {
inputN odes=Parameters.inputDimension;
outputNodes=Parameters.targetDimension;
hiddenLayersCounter=Parameters.hiddenL ayersCounter;
hiddenLayer1Nodes=Parameters.hiddenLayerINodes;
hiddenLayer2N odes=Parameters.hiddenLayer2Nodes;
activationFunctionSel ection=Parameters.activationFunctionSel ection;

public void constructNN() {

inputL ayer=new double(inputN odes);
outputLayer=new doubl e(outputN odes);
hiddenLayer1=new double(hiddenLayer1Nodes);
target=new double(outputNodest+1);
if (hiddenLayersCounter==2){

hiddenL ayer2=new double(hiddenLayer2Nodes);

public double runNN (double()() weights){
double error = 0;

switch(hiddenLayersCounter){
case L:error=runWithOneHiddenLayer(weights);
bresk;
case 2: error=runWithTwoHiddenL ayers(weights);
bresk;
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return 0.0;

private double runWithOneHiddenL ayer(double()() weights) {
int counter=0;
int k=0;
double sum=0;
double error=0;

inti;

double () target=new double(outputNodes);
double mse=0;

for (i =0; i < testingSet.length; i++) {
for (intj = 0; j < inputLayer.length; j++) {
inputLayer(j)=testingSet(i)(j);

while(k<hiddenL ayer1.length){
for (int m = 0; m < weights(0).length; m++) {
for (int n = 0; n < inputLayer.length; n++) {

sum=(inputLayer(n)* weights(0)(m))+sum;

}
hiddenL ayer1(k)=this.activationFunction(sum);
System.out.print(" "+hiddenLayer1(k));
k++;
}
sum=0;
k=0;

while(k<outputLayer.length){
for (int m = 0; m < weights(1).length; m++) {

155



for (int n = 0; n < hiddenLayer1.length; n++) {
sum=(hiddenLayer1(n)* weights(1)(m))+sum;

}
outputLayer(k)=this.activationFunction(sum);

k++;

for (intj = 0; ] <target.length; j++) {
target(j)=testingSet(i) (inputN odes+tj);

for (intj = 0; j < target.length; j++) {
System.out.print(" "+outputLayer(j)+" "+target(j)+"");

}
System.out.printin(*");
}
return 0.0;

private double runWithTwoHiddenL ayers(double()() weights) {

int rightClassified=0;
int counter=0;

int k=0;

double sum=0;
double error=0;

inti;

int m=0;

double mse=0;

for (i =0; i < testingSet.length; i++) {

156



for (intj = 0; j < inputLayer.length; j++) {
inputLayer(j)=testingSet(i)(j);

while(k<hiddenLayer1.length){
for (int n = O; ((n < inputLayer.length)& & (m<weights(0).length)); n++)

{
sum=(inputLayer(n)*weights(0)(m))+sum;
m++;
}
hiddenL ayer1(k)=this.activationFunction(sum);
k++;
sum=0;
}
sum=0;
k=0;
m=0;
while(k<hiddenL ayer2.length){
Y for (int n = 0; ((n < hiddenLayerl.length)& & (m<weights(1).length));
n++

sum=(hiddenLayer1(n)* weights(1)(m))+sum;

m++;
}
hiddenL ayer2(k)=this.activationFunction(sum);
k++;
sum=0;
}
sum=0;
k=0;
m=0;

while(k<outputLayer.length){
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for (int n = O;((n < hiddenLayer2.length)& & (m<weights(2).length));
n++) {
sum=(hiddenLayer2(n)* weights(2)(m))+sum;
m++;

}
outputLayer(k)=this.activationFunction(sum);
k++;

sum=0;

for (intj = 0; j < outputLayer.length; j++) {
if(outputLayer(j)>0.5) outputLayer(j)=1.0;
else outputL ayer(j)=0.0;

}

for (intj = 0; ] <target.length; j++) {
target(j)=testingSet(i) (inputN odestj);

computeStatisti cs(target,outputLayer);

}
total D ata=testingSet.|ength;
c—=testingSet.length;

return 0.0;

public double()() getTestingSet() {
return testingSet;

public void setTestingSet(double()() testingSet) {
this.testingSet = testingSet;

private int checkResult(doublg() target, double() outputLayer) {
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int temp=0;
for (inti = 0; i < outputLayer.length; i++) {
if(outputLayer(i)==target(i)) temp++;
}
if(temp==outputL ayer.length)
return 1;

elsereturn O;

private void computeStati stics(doubl &) target, double() outputLayer) {
double Target=target(0);
double Output=outputLayer(0);
int Type=(int)target(1);

if((Terget==1)& & (Output==1)) {
rightNormal++;
}
if((Target==0)& & (Output==0)) {
rightAttack++;
switch(Type){
case 2: rightProbet+;
break;
case 3: rightDos++,
bresk;
case 4:rightR2L++;
break;
case 5:rightU2R++;
break;

}
if((Target==0)& & (Output==1)) missClassified++;
if((Target==1)& & (Output==0)) {
missClassified++;
falseAlarmst+;
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public double activationFunction(double value) {
doublev;
int selection=this.activationFunctionSe ection;
double result=0;
v=vaue,
switch(selection){
case(0):result=logistic(v);

break;
case(1):result=value;
break;

}

return result;

public doublelogistic(doublev) {
double result=0;
result=1/(1+Math.pow((Math.E),(-v)));

return result;

package particlepackage;
import Ulpackage.Monitor;

import Ulpackage Parameters;
import datapackage.Data;
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import javautil ArrayList;
import javautil.lterator;
import nnpackage.NeuralNetwork;

/* *

* 1 Khdon avty viorotel Tov particle swarm optimization aiyopiOpo.
*/

public class Pso {

private int particles,

private ArrayList <Particle> swarm;
private int iterations=0;

private int max|terations,

private double ()() globalBest;
private double&()() trainningData;
private Monitor m;

private double meanFitness=0;
private double global Fitness=10000;
private double() fitnessStore;

/* *

* o constructor g KAdong apyikomotel Tig Sopég dedopévav Tov Oa YPNOIOTOGEL
* 0 aAyopOpOG.

*/

public Pso(Data data,Monitor monitor) {

particles=Parameters.particles,

swarm=new ArrayList<Particle>(particles);
max|terations=Parameters.max|terations,
trainningData=data.getTrainningSet();

globaBest=new double(Parameters.hiddenL ayersCounter+1)();

globaBest(0)=new double(Parameters.inputDimension* Parameters.hiddenLayer INodes);

globaBest(1)=new
double(Parameters.hiddenLayerlNodes* Parameters.hiddenL ayer2Nodes);
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globaBest(2)=new double(Parameters.hiddenLayer2Nodes* Parameters.targetDimension);

m=monitor;

/* *

* 1 péBodog ot vAomolEl TNV enaVOANTTIKN dladikacio yio Ty eE€vupeot) g Abong
*/

public void runAlgorithm(){

NeuralNetwork neural=new NeuralNetwork();
neura .constructNN();

neurd .setTrainningSet(trainningDeata);
setFitnessStore(new double(max|terations));

for (inti =0; i < particles; i++) {
swarm.add(i,new Particle());

for (Iterator it = swarm.iterator(); it.nasNext();) {
Particle elem = (Particle) it.next();
elem.initidizeParticlg);

whil(iterations<max|terations){
int counter=0;
for (Iterator it = swarm.iterator(); it.nasNext();) {
Particle dem = (Particle) it.next();
elem.setFitness(neural.runNN(elem.getPosition()));

findGlobaBest();

for (Iterator it = swarm.iterator(); it.nasNext();) {
Particle dem = (Particle) it.next();

162



elem.setGlobal BestPosition(getGlobalBest());
elem.computeNewPosition();

}

getFitnessStore() (i terations)=getGlobd Fitness();

iterationst++;

public double()() getGlobalBest() {
return globalBest;

public void setGloba Best(double()() globdBest) {
this.globalBest = globalBest;

/**

* 1 péBodog avt Ppiokel kat amodnicevert PEATIGT AVOT 0O TO GUVOAO
* tov particles mov cuppetéyovy ooV aAyopOpo
*/
public void findGlobal Best() {
for (Iterator it = swarm.iterator(); it.nasNext();) {
Particle elem = (Particle) it.next();
if(getGlobal Fitness()>elem.getFitness()){
setGlobal Fitness(el em.getFitness());
saveGlobal Best(elem.getPosition());

/**

* 1 péBodog avth vAomolel TV amobnkevon g PEATIOTNC Avong

* 670 TEL0G KAOE EmavIANYNG TOVL aAyopidpov
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*/
public void saveGlobal Best(double()() d) {
for (inti =0; i < globalBest.length; i++) {
for (intj = 0; j < globaBest(i).length; j++) {
globalBest(i)(j)=d(i)(i);

public double() getFitnessStore() {
return fitnessStore;

public void setFitnessStore(double() fitnessStore) {
this.fitnessStore = fitnessStore;

public synchronized double getGloba Fitness() {
return globalFitness;

public synchronized void setGlobal Fitness(double globalFitness) {
this.globalFitness = global Fitness;

package particlepackage;

import Ulpackage Parameters;
import javautil.Random;

/**
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* 1 Khdon ovt) viorotel Eva particle dniadn po vroyelo Ao 1o To TPOBANUa.
* TNV TEPIMTOON EKTAOELONG EVOG VEVPOVIKOD SIKTOOV UTOPEL VOL OVTIGTOLYEL OTOL
* guvdetikd Tov Bdpn.

*/

public class Particle {

private double()() position;
private double()() velocity;

private double fitness=10000.0;
private double()() bestPositionEver;
private double bestL ocal Fithess=10000.0;

private double cognitiveParameter;
private double socialParameter;
private double inertia;

private double maxV elocity;,
private double minVelocity;

private double()() globaBestPosition;

/* *

* o constructor apyucomotel Tig dopég dedopévmv Tov o ypPNOYOTOGEL 1] KAXGT
*/

public Particle() {

cognitiveParameter=Parameters.cognitiveParameter;
soci al Parameter=Parameters.social Parameter;
inertia=Parameters.inertia;

maxV elocity=Parameters.maxV e ocity;

minV elocity=Parameters.minV e ocity;

setPosition(new double(Parameters.hiddenLayersCounter+1)());
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getPosition()(0)=new
doubl e(Parameters.inputDimension* Parameters.hiddenLayer INodes);

getPosition()(1)=new
double(Parameters.hiddenLayerlNodes* Parameters.hiddenL ayer2Nodes);

getPosition()(2)=new
double(Parameters.hiddenLayer2Nodes* Parameters.targetDimension);

setV docity(new double(position.length)());
for (inti =0; i < position.length; i++) {
getVeocity()(i)=new double(getPosition()(i).length);

bestPositionEver=new double(getPosition().length)();
for (inti = 0; i < getPogition().length; i++) {
bestPositionEver(i)=new double(getPosition()(i).length);

globa BestPosition=new double(getPosition().length)();
for (inti = 0; i < getPogition().length; i++) {
globalBestPosition(i)=new double(getPosition()(i).length);

/**

* 1 péBodog outn viomoel TV apykomoinon Tewv copatwdiov(particles). H apyikommong
OVTIGTOLYEL
* og apyikn B<on (positon) kat apykn tayd o (Velocity) kato amdAvTte Tvyeio TpoTo.
*/
public void initializeParticle(){
Random rand=new Random();

for (inti =0; i < getPogition().length; i++) {

for (int j = 0; j < getPosition()(i).length; j++) {
getPosition()(i)(j)=rand.nextDoubl &);
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for (inti =0; i < getVelocity().length; i++) {
for (intj = 0; j < getVelocity()(i).length; j++) {
getVelocity()(i)(j)=rand.nextDoubl &);

public double getFitness() {

return fitness;

public void setFitness(doublefit) {
1 System.out.printin(""+fit);
if(fit<bestLocal Fitness){
bestL oca Fitness=fit;
upadateBestPosition(getPosition());
}

this.fitness = fit;

/**

* 1 péBodog ot vAomoiel Tov vToAoyioud TG véag B€om Tov copatidiov cOUP®VE e
* 1oV aAyopidpo.
*/
public void computeNewPosition() {
double temp1,;
double temp2;
double temp3;
double temp4;
Random rand=new Random();

for (inti =0; i < velocity.length; i++) {
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for (int j = 0; j < velocity(i).length; j++) {

templ=(velocity(i)(j)*inertia);

temp2=((rand.nextDouble()* cognitiveParameter)* (bestPositionEver(i)(j)-
position(i)(j)));

temp3=rand.nextDoubl &()* social Parameter* (getGloba BestPosition()(i)(j)-
position(i)(j));

temp4=templ+temp2+temp3;

if(temp4>Parameters.maxV e ocity) velocity(i)(j)=Parameters.maxV elocity;

else if (temp4<Parameters.minV e ocity)
velocity(i)(j)=Parameters.minV elocity;

else velocity(i)(j)=temp4;

for (inti =0; i < position.length; i++) {
for (intj = 0; j < pogition(i).length; j++) {
position(i)(j)=position(i)(j)+velocity(i)(j);

public double()() getGlobalBestPosition() {
return globalBestPosition;

ok
*1n péBodoc av amobnkevel 6to KGOe particle to cuvolikd kalvtepn Abon oe
*KkaOe emvadnyn.

* @param double()() napauetpogn globa best Avon.

*/

public void setGloba BestPosition(double()() g) {

for (inti = 0; i < globaBestPosition.length; i++) {
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for (int j = 0; j < globaBestPosition(i).length; j++) {
this.global BestPosition(i)(j)=g(i)(j);

public double()() getPosition() {

return position;

public void setPosition(double()() position) {
this.position = position;

public double()() getV docity() {
return velocity;

public void setV el ocity(double()() velocity) {
this.velocity = velocity;

o
* 1 péBodog avtr| amodniedel NV PEATIGTN AVON Y10 TO GLYKEKPILEVO COUATIOO OV QTN
* glvort KOAOTEPT) OO TNVITPONYOULLEVT|
* @param double()() Topapetpog e peboddov eivar ) véa ADon yio, 0 cOUATIO
*/
public void upadateBestPosition(double()() d) {
for (inti = 0; i < bestPositionEver.length; i++) {
for (int j = 0; j < bestPositionEver(i).length; j++) {
bestPositionEver(i)(j)=d(i)(j);
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ITAPAPTHMA B -H texunpiwon Tov kwdixa

nnpackage
Class NeuralNetwork
j ava. | ang. Obj ect

nnpackage. Neur al Net wor k

public class Neural Net wor kext ends java. |l ang. (hj ect

H «Adon avt viomotet éva Nevpwovikd Aiktvo

Constructor Summary

NeuralNetwork()

O constructor TNG KAGONG ApXIKOTTOIEl Ta TTESIa TTOL
TTEQAAAUPBAVOLY TOV APIBUO TG KOUPWV 100650V, TOV APIOUO TWY
KOUPWV €060V, TO TTANOBOC TWV KOLPWV ETTITTESWY, KAI TOLS KOUPBOLG
TOL TTPWTOL KPLPOL ETITIESOL KAl TOL SEVLTELOL KPLPOL ETTITTESOV.

Method Summary

doubl e gctivationFunction( doubl e val ue)
H puEBodog auTh eTmAEyel TNV CLVAPTNON EVEQYOTTOINONG
TTOL €XEl OPIOTEl OTO user interface

voi d| constructNN()
H peBodog dnuiovpyei TIg Souég Sedopévayv ToL NELPGWVIKOL
SIKTOLOVL.

i nt | getActivationFunctionSelection()

int | getHiddenLayerliNodes()
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int | getHiddenLayersCounter()

doubl e() () getTestingSet()

doubl e() () |getTrainningSet()

doubl e |ogistic(doubl e v)

H pueBodog avTr) LAOTTOE TNV AQYICTIKI ) CLVAPTNON

EVEQYOTTOINONG

doubl € ' mse(doubl e() output, double() target)
YmoAoyilel TO mse yida £va TTPOTLTTO

doubl e runNN( doubl e() () wei ghts)

N WEBOSOC LT LAOTTOIE TO TTEPACUA ATTO TO NEeLPWVIKO

AIKTLO OAOL TOUL trainnig set.

voi d setActivationFunctionSelection(i nt acti vat i onFuncti onSel ect i on)

voi d|setHiddenLayersCounter(int hi ddenLayer sCount er)

voi d | setTestingSet( doubl e() () testingSet)

voi d |setTrainningSet( doubl e() () trai nni ngSet)

Methods inherited from class java.lang.Object

cl one, equals, finalize, getd ass, hashCode, notify, notifyAll
toString, wait, wait, wait

Constructor Detall

NeuralNetwork

publ i c Neural Net wor k()
O constructor TNG KAOoNG ApxIKOTTOIEl Ta TTESia TTOL

TTENAQPPAVOLY TOV APIBUO TW KOUPWYV 10060V, TOV APIOUO TWV

KOUPRWV €050V, TO TTANBOC TGV KOLPWYV ETTITTESWYV, KAl TOLG

KOUPBOLG TOL TTPWTOL KPLPOUL ETTITTESOL KAI TOL SELTEPOL KPLPOL
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eMTTESOL. TEAOG QPXIKOTTOIEN KAl TO TTESIO ETTIAOYNG TNG
OLVAPTNONG EVEQYOTTOINONG.

Method Detalil

activationFunction

publ i c doubl e activati onFuncti on(doubl e val ue)
H peBodog avTn emmAEYEl TNV CLYVAPTNON EVEQYOTTIOINCNG TTOL EXEl
oploTel oTo user interface

constructNN

public void construct NN()
H peBodog Snuiovpyei TIG SOUES SeS0UEVY TOL NELPWVIKOL
SIKTOLOVL.

getActivationFunctionSelection
public int getActivationFunctionSel ection()

getHiddenLayer1Nodes
public int getH ddenLayer 1Nodes()

getHiddenLayersCounter
public int getH ddenLayer sCounter()

getTestingSet
public double()() getTestingSet()

getTrainningSet
public double()() getTrai nni ngSet ()

logistic

public doubl e | ogistic(double v)
H peBodog avtr LAOTTOE TNV AOYICTIKN) CLVAPTNON
EVEQPYOTTOINONG
Parameters:
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mse

doubl e - return double

publ i c doubl e nmse(doubl e() output,

doubl e() target)
YtmroAoyilel ToO mse yia éva TTPOTLTTO
Parameters:
doubl e() - double() AéxeTal VO TVAKES TTOL AVTICTOIXOLY OTNV
€€0b0 kal oTo SIAVLOUA OTOXO
Returns:
double To mse

runNN
public doubl e runNN(doubl e() () wei ghts)

N HEBOSOG ALTA LAOTTOIEI TO TTEQACA ATTO TO NeLPWVIKO AIKTLO
OAOUL TOL trainnig set. ETALyel TO apIBPO TV KOLPWYV ETTITTES WV
avaAoya Je TNV ETTIAOYN TOL XPNOTN.

Parameters:

doubl e() () - AEXETAI WG TTAPAPETOO £VA TTIVAKA UE TA CLVEETIKG
papn

Returns:

double EmoTpépe TO mean square error yia OAo TO training set

setActivationFunctionSelection

public void
set Acti vati onFuncti onSel ecti on(int activati onFuncti onSel ecti on)

setHiddenLayersCounter
public voi d set H ddenLayer sCounter (i nt hi ddenLayersCounter)

setTestingSet
public voi d set TestingSet (doubl e()() testingSet)

setTrainningSet
public void setTrai nni ngSet (doubl e() () trainni ngSet)
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nnpackage
Class nnTesting
j ava. |l ang. Qbj ect

nnpackage. nnTest i ng

public class nnTestingextends java.lang. Qbj ect

Field Summary

static int ¢

static int fglseAlarms

static int missClassified

static int (e

static int rightAttack

static int rightClassified

static int rightDos
static int rightNormal
static int rightProbe
static int rightR2L

static int rightU2R
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static int totalData

Constructor Summary
nnTesting()

Method Summary

doubl e | activationFunction(doubl e val ue)

voi d| constructNN()

doubl e() () getTestingSet()

doubl e |ogistic(doubl e v)
doubl e rUNNN( doubl e() () wei ghts)

voi d |setTestingSet( doubl e() () testingSet)

Methods inherited from class java.lang.Object

cl one, equals, finalize, getd ass, hashCode, notify, notifyAl,
toString, wait, wait, wait

Field Detalil

C
public static int c

falseAlarms
public static int falseA arns
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missClassified

public static

rc
public static

rightAttack

public static

i nt

i nt

i nt

rightClassified

public static

rightDos
public static

rightNormal
public static

rightProbe
public static

rightR2L

public static

rightu2r

public static

totaiData
public static

i nt

i nt

i nt

i nt

i nt

i nt

i nt

m ssC assi fi ed

rc

right Attack

rightd assified

ri ght Dos

ri ght Nor mal

right Pr obe

right R2L

ri ght U2R

total Data

Constructor Detall
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nnTesting
public nnTesting()

Method Detalil

activationFunction
publ i c doubl e activati onFuncti on(doubl e val ue)

constructNN
public void construct NN()

getTestingSet
public double()() getTestingSet ()

logistic
public doubl e | ogistic(double v)

runNN
public doubl e runNN(doubl e() () weights)

setTestingSet
public void setTestingSet (double()() testingSet)

datapackage
Class Data
j ava. | ang. Obj ect

dat apackage. Dat a

public class Dat aextends java.l ang. bj ect
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1 KAGGTM 0T VAOTOEL TOV YXEPIoUd TmV dedopévav. Atopalet To training set kat to
testing set ot uviAun cg TivaKeg Kot EKEL TA SILUOPPAOVEL ETGL DGTE VoL YIVOLV
KatOAAN A0 Y10 €16000 6T0 Nevpvikod diKTvo.

Field Summary

I nt dos
int normal
int \probe
i nt 2l

i nt

c
N
=

Constructor Summary

Data()
O constructor

Method Summary

voi d createTestingSet()
n uEBoSog avtn dnuiovpyei To testing set. mmiong
KATAPETOA TA SeiyUATA £TO1 WOTE VA TTAPOLOIATE! TIG
KAQOEIC YIO VA YiVOLV OTATIOTIKEG CLYKPICEIC.

voi d  createTrainningSet()
H pueBodog avt silapadlel Ta dedoueva atro To
ApPXEio TTOL &xel LTTOSEIEEI O XPNOTNG OTN MainForm Kal
Snuiovpyei Eva Tivaka 6Lo SIacTACEWY TO training set.

java.lang. String getFilename()

int 'getlnput()
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int | getlnputDimension()

int getPatterns()

int | getTargetDimension()

int | getTestingPatterns()

doubl e() () getTestingSet()

java.lang. String getTestingSetFile()

doubl e() () |getTrainningSet()

java.lang. String getTrainningSetFile()

voi d setFilename(j ava. | ang. String fil enane)

voi d setinput(int i nput)

voi d |setinputDimension(i nt i nput Di nensi on)

voi d|setPatterns(int patterns)

void | setTargetDimension(i nt tar get Di nensi on)

voi d |setTestingPatterns(i nt testingPatterns)

voi d setTestingSet( doubl e() () testingSet)

voi d |setTestingSetFile(j ava. | ang. String testingSetFil e)

voi d | setTrainningSet(doubl e() () trai nni ngSet)
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voi d |setTrainningSetFile(j ava. | ang. String trai nni ngSet Fi | e)

Methods inherited from class java.lang.Object

cl one, equals, finalize, getd ass, hashCode, notify, notifyAll
toString, wait, wait, wait

Field Detall

dos
public int dos

normal
public int normal

probe
public int probe

ra2l
public int r2l

uzr
public int u2r

Constructor Detall

Data
public Data()
O constructor

Method Detalil

create TestingSet
public void createTestingSet ()
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N pEBOSOG avTh Snuiovpyei To testing set. eTiong KaTaueTpA Ta
SeiyuaTa ETC1 OTE VA TTAPOLOIACE! TIG KAACEIG YIA VA YiVOLV
OTATIOTIKEG CLYKPIOEIG.

create TrainningSet

public void createTrai nni ngSet ()
H peBobdog avtn diapadel Ta Sedopéva aTTo TO APKEIO TTIOL EXEl
LTTO&EIEEI O XPNOTNG 0TN MainForm kai Snuiovpyei Eva TTivaka §VO
SlacTacewy TO training set. Ta 6ebopeva KavovIKOTIOIoLVTAl OTO
Siaotnua (0,1).

getFilename
public java.lang. String getFil enanme()

getinput
public int getlnput()

getlnputDimension
public int getlnputD nmension()

getPatterns
public int getPatterns()

getTargetDimension
public int getTargetD nension()

getTestingPatterns
public int getTestingPatterns()

getTestingSet
public double()() getTestingSet ()
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getTestingSetFile
public java.lang. String get TestingSetFile()

getTrainningSet
public double()() getTrai nni ngSet ()

getTrainningSetFile
public java.lang. String getTrai nni ngSetFil e()

setFilename
public void setFilenanme(java.lang. String filenane)

setlnput
public void setlnput(int input)

setinputDimension
public void setlnputD nension(int inputDi nension)

setPatterns
public void setPatterns(int patterns)

setTargetDimension
public voi d setTarget Di nensi on(int targetD mension)

setTestingPatterns
public void set TestingPatterns(int testingPatterns)

setTestingSet
public void setTestingSet (double()() testingSet)

setTestingSetFile
public void setTestingSetFile(java.lang. String testingSetFile)
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setTrainningSet
public void setTrai nni ngSet (doubl e() () trainni ngSet)

setTrainningSetFile
public void setTrai nni ngSet Fi |l e(java.lang.String trainningSetFile)

particlepackage
Class Pso
j ava. | ang. Qbj ect

particl epackage. Pso

public class Psoextends java.lang. Qbj ect

1 KAGon ot vAoTolel Tov particle swarm optimization alyopiBuo.

Constructor Summary

Pso( dat apackage. Dat a data, Ul package. Monitor nonitor)
O constructor TNG KAGONG APXIKOTTOIE TIG SOPEG SeSOUEVV TTOL
Ba xpNOoIUOTIOINCEl O AAYOPIOUOG.

Method Summary

voi d findGlobalBest()
N uEBOSOC avTr PpioKel KAl ATTOONKELEITN REATIOTN
AOON ATTO TO CLVOAO TWV particles TToOL CLUPETEXOLY OTOV
aAyopIOuo

doubl e() |getFitnessStore()

doubl e() () 'getGlobalBest()

184



doubl e getGlobalFitness()

voi d | runAlgorithm()
N PEBOSOC ALTA LAOTTOIEI TNV ETTAVAANTITIKN
Siadikacia yia Tnv e€evpecn TNG Abong

voi d sgveGlobalBest( doubl e() () d)
N WEBOSOC avT LAOTTOIE TNV ATTOBNKELON TNC
BEATIOTNG ALDONG OTO TEAOG KABE £TAVAANWNG TOL
aAyopiBuou

voi d | setFitnessStore( doubl e() fitnessStore)

voi d | setGlobalBest(doubl e() () gl obal Best)

voi d | setGlobalFitness( doubl e gl obal Fi t ness)

Methods inherited from class java.lang.Object

clone, equals, finalize, getd ass, hashCode, notify, notifyAl,
toString, wait, wait, wait

Constructor Detal!

Pso

publ i c Pso(datapackage. Dat a dat a,
U package. Moni tor mnonitor)

0 constructor TNG KAOONG APXIKOTTOIE TIG SOUES SedopEVY TTOL
Ba xPNOIUOTTOINCEl O AAYOPIOUOG.

Method Detalil

findGlobalBest
public void findd obal Best ()
N HEBOSOG aLT PPICKEI KAl ATTOBNKELEITN REATIOTN ALCN ATTO TO
OLVOAO TV particles TToL CUUUETEXOLY OTOV AAYOPIBUO

getFitnessStore
public doubl e() getFitnessStore()
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getGlobalBest
public double()() getd obal Best ()

getGlobalFitness
publ i c doubl e getd obal Fi t ness()

runAlgorithm
public void runAl gorithn()
N HEBOSOG ALTA LAOTIOIEI TNV ETAVAANTITIKA Siadikaagia yia TNV
e€évpeon TNG AboNng

saveGlobalBest
public voi d saved obal Best (doubl e() () d)
N MEBOSOG ALTA LAOTIOIEI TNV ATTOBNKELON TNG REATIOTNG ALONG
OTO TENOG KABE £TTAVAANWNG TOL AAYOPIBUOL

setFitnessStore
public void setFitnessStore(double() fitnessStore)

setGlobalBest
public voi d set d obal Best (doubl e() () gl obal Best)

setGlobalFitness
public voi d setd obal Fitness(doubl e gl obal Fi t ness)

particlepackage
Class Particle
j ava. | ang. Obj ect
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particl epackage. Particle

public class Particl eextends java.l ang. Obj ect

1 KAdon ot vAomolel Eva particle dniadr| o veoynea AVoT Yo To TPOPAN L.
OTNV TEPIMTOOT EKTAOEVLONG EVOG VELPOVIKOD OIKTVOV UTOPEL VOL AVTIGTO(EL OTOL
GULVOETIKA TOV Papn.

Constructor Summary

Particle()

O constructor apxIKOTToIE TIGC SouEC Sedouévay TToL Ba
XPNOILUOTTOINCEI N KAAoN

Method Summary

voi d

doubl e

doubl e() ()

doubl e() ()

doubl e() ()

voi d

voi d

voi d

voi d

computeNewPosition()
N PEBOSOC ALTH LAOTTOIEI TOV LTTOAOYICUO TNG VEQG
BEon TOL CWPATIS oL TLUPWVA UE TOV AAYOPIOUO.

getFitness()

getGlobalBestPosition()

getPosition()

getVelocity()

initializeParticle()
N HEBOSOC ALTH LAOTTOEI TNV APXIKOTIOINCON TV
owuaTnsicv(particles).

setFitness(doubl e fit)

setGlobalBestPosition(doubl e() () g)
N pEBoSog avtr amobnkevel OTO KABE particle To
OLVOAIKA KAALTEPN AODON € KABE eTTVAANWN.

setPosition(doubl e() () position)
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voi d |setVelocity( doubl e() () vel ocity)

voi d \ypadateBestPosition( doubl e() () d)
N pEBOSOC ALt ATTOBNKELE TNV PEATIOTN ALON YIA TO
OLYKEKPIPEVO OWUATIOO av AuTA gival KAALTEPN ATTO
TNVITOONYOULUEVN

Methods inherited from class java.lang.Object

clone, equals, finalize, getd ass, hashCode, notify, notifyAll
toString, wait, wait, wait

Constructor Detall

Particle
public Particle()
O constructor apxIKOTToIEl TIG 60pEG Sedouévay TToL Ba
XPNOILOTIOINCEl N KAQON

Method Detalil

computeNewPosition
public voi d conput eNewPosi tion()
N MEBOSOG ALTA LAOTIOIEI TOV LTTOAOYICHO TNG VEAG BECN TOL
oWUaTISioL COPMWVA UE TOV AAYOPIOUO.

getFitness
public double getFitness()

getGlobalBestPosition
public doubl e()() getd obal Best Position()

getPosition
public double()() getPosition()
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getVelocity
public double()() getVelocity()

initializeParticle
public void initializeParticle()
N HEBOSOG aLTA LAOTTIOEI TNV APXIKOTTOINCN TWV.
owuandicv(particles). H apxikotnong avTiIoTOIXEl O QPXIKA BEon
(positon) kal apxikn TaxLTNTa (Velocity) kata amoAvTa TLXAIo
TPOTTO.

setFitness
public void setFitness(double fit)

setGlobalBestPosition
public void setd obal Best Positi on(double()() g)
N HEBOSOG aLTH ATToBNKELEI OTO KUBE particle To GLVOAIKA
KAALTEPN ALON o€ KABE eTTVAANWN.
Parameters:
doubl e() () - TTapaueTPOc N global best Abon.

setPosition
public void setPosition(double()() position)

setVelocity
public void setVel ocity(double()() velocity)

upadateBestPosition
public voi d upadat eBest Posi ti on(doubl e() () d)

N HEBOSOG aLTH ATTOBNKELEI TNV BEATIOTN ALON YIA TO
OLYKEKPIMEVO OWUATIOO av AuTh ival KAALTEPN ATTO
TNVITOONYOLUEVN
Parameters:
doubl e() () - MapAUETPOG TNG peBOSOL gival N vea ALON YIa TO
owuarTidio
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