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IIEPIAHYH

H emdnuoroyia cav kAadog towv Mabnuatikdv ovartiydnke Tov €1KooTd o1dva Pe TV
TOAPAAANAN avamTuén g TtexvoAoyiag kot Ttov Madnuatikov evvolidv. H agoipetikn
TPOGEYYION Kol LOVIEAOTOINOT 6€ éva avotnpd pobnuatikd miaicto (framework) odnynoe

TOV TOUEN TNG EMONUIOA0YIOG GE TOAAG KOl GNUOVTIKG TOTEAECULATOL.

To podnuoatikd epyoieio mov ¥PNOLOTOOVVTIOL €ival TOAAN, Omd TNV HEAETN SLVOUIKOV
cvotNudtev, TV €TAVOY GULGTAUOTOS OWPOPIKAV EEICAOCEMY, TNV UEAETN GLVEXDV
CLUVOPTNCEDV TOAADV UETARANTOV KO TOVG LETAUGYNUATICUOVS TOVG HEXPL TOL YPAUPTILOTOL KO

™V OePNTIKY TANPOPOPIKT).

H ocvveyng peiétn tov suvvatdv poviélov emifeong evog 100 (1 Kot TePLocOTEP®V) GE £val
TANOVOUO e OLUPOPETIKES 1O1OTNTEG OONYNOE GTNV EUTEPIGTATMOUEVT] LEAETN TOV EMLONLUDV.
Ouwc n eoaymyn ™g Bewpntikng TANPoeopikng and to péca tov 200V amva E6moe o
GAAN KatevBuvon, avg Tpog To dradiktvo. H enun umopel va avripetomiotel cov 10¢ Kot 1o
dwadiktvo cav o mAnBvouds ko va peietnoovpe ket Tic cvvOnkeg movonpiog. Opmg oia
oVTE KAAVTTOUV €va PIKPO GACUA omd TO GUYKEKPLUEVO EPELVNTIKO TOUEN, O OTO10G AOY®

NG XPNOMNG TOV KOWOVIKOV LECOV OIKTVMOGNG OVOTTOGGETAL porydaia.

Avtikeipevo g Topovoag SITA®UATIKNG etval 1 peAétn g eEAmAmong dV0 OVIUYMVIGTIKOV
v og évav opotoyevr] mAnBuoud. ITo cuykekpipéva, oKomdg Tng SIMAMUOTIKNG EPYACIOg
glval va amocoagnviotovv ot mbavég ekPdoelg oe €vov avtoyoviopd o000 1V Yo TV
KATAANY” €vog mAnBvopov. Mo v enitevén avtod ToL 6TOYOL pEAET®VTOL Ol POCIKEG
évvoleg g Emdnpioloyiog, o HOVIEAQ TOL XPNCLOTOIOVVTOL Kol To Pactkd padnuotikd

gpyoreia mov etvar amapaitnta yio vo povieromon 0oy ot facikéc oyéoels.

‘Eto1, apykd, mapovoidlovtal ov Pacikég Oewpieg g Emdnuoioyiag, pepikd and ta mo
ONUOVTIKA HOVTEAD TTOL YPTGLULOTOLOVVTOL GTOV TOMEN TNG EMONUoA0Ying, KaOMG Kat, TO

OLYKEKPIUEVO HOVTEAO TTOV EMAEEANE VO LEAETIIGOVLLE.

Ymv ovvéyeln, mopatifevior ot Pacikég podnuotikég €vvoleg kot To gpydAeio  ov
YPNOWOTOOVVTOL Y10, TNV HOVIEAOTOINGN Tov TpoPAnuatog. Emedr), ot punyoviopol twv
TAnBvoudv Kot ¢ eEdmAmong evoc 100 Pacilovtal oe MOAAEG peToPANTEG amouteiton M

xPNOoN TV duVOUIK®OV cvothudtov. o v poviedonoinor tov mpofAnuatog (VTOAOYIGUOG



™¢ ékPaong puog eEAmAmong dV0 AVTAY®VIGTIK®V 1OV 6€ Evav TANOVGHO) ¥p1NoILoTo0bVTOL
T BooiKA LoOnUaTIKA Kot To EMONUIOA0YIKO povtédo SIS. Me Bdorn avtd dnpovpyov e Tig

napadoyéc tov olyopifuov mov vroloyiler v ékPacn Tov VO OVTAYOVIGTIKGOV LWV.

Téhog, mpayuatonoteital n vAomoinon tov aiyopifuov pe Baon TIC TUPATAV® TAPAOOYEC.
Extelovvion dtdpopa cevdplo Kot 00N YOOUOOGTE GTO CLUUTEPAGLLO TS O 1oYLPOTEPOS 10¢ Oal
eCamlmbel pe peyaddtepn emttvyio otov TAnBvopd kot oe Bdbog ypodvov Ba kKataldafet av Oyt

60, TO PHEYOADTEPO TOGOGTO TOV TANOLGLOD.



ABSTRACT

The epidemiology was developed as a branch of mathematics in the twentieth century with
the parallel development of technology and mathematics concepts. The abstract approach and

modeling in a rigorous mathematical framework led epidemiology in many important results.

The mathematical tools used are many, from the study of dynamical systems, solving
differential equations, the study of continuous functions of several variables and their

transformations to the graphs and theoretical computer science.

Continuous study of possible models of a virus attack in a population with different
properties led to further study of epidemics. But the introduction of the theoretical
information from the mid-20th century gave another direction in epidemiology for the
internet. A trend can be treated like a virus and the Internet as the population to study with
pandemic conditions. This also applies and vice versa, studying viruses spread phenomena in
homogeneous populations using modeling resulting from an advertising model on the internet
and the spread of a trend or a product. But all the existing tools cover a small range of this
specific research sector, which due to the increasing use of social media is now growing

rapidly.

The object of this project is the theoretical and practical study of the spread two competing
viruses in a homogeneous population. The aim of this thesis is to clarify the possible
outcomes in a competition two viruses for the capture of a population. To achieve this
objective a study of the concepts of Epidemiology will be conducted and we will investigate
the models used and the basic mathematical tools that are necessary to model the key

relationships.

Based on the above we will initially present the basic theories of Epidemiology, some of the
most important models used in epidemiology and the particular model we have chosen to
study. There will be an explanation on how this model was chosen to cover the questions that
arise in case study of 2 viruses spreading in a population. Moreover through the study of
epidemiological models we can understand the variables that must be defined when we model

our problem.



After this we will proceed to the exposition of the mathematical tools and basic mathematical
concepts used to model the problem. Generally we will need dynamic systems because the
spread of a virus is identified within a dynamic environment. The mechanisms of the
populations and the spread of a virus are based on many variables. To study these variables
and rules we need dynamic systems. Additionally we will refer to graphs as a population in
computing can be modeled as a graph. Finally we indicate the points of stability because they

are used to finding the limits for the outbreak of an epidemic.

For the modeling of the problem the basic mathematics and epidemiological SIS model will
be used in order to build the frame which will to be used for calculating the results of the
outcome for the competing two viruses in a population. Based on these, we are led to
assumptions that must be in place to implement the algorithm which will calculate the

outcome of these two competing viruses.

Finally place the implementation of the algorithm is based on the above assumptions. Various
scenarios will be run to lead to conclusions. Ultimately we want to show how a powerful
virus (or rumor), will spread more successfully in the population and over time will occupy if

not all, the majority of the population.



1 BAZIKH OEQPIA ENIAHMIOAOTIAX

1.1 EIZATQrH

Apyikd, og éva onuoavtikd koppdtt g Proroyiag, Exovv eelybel pabnuotikd poviéla Kot
amoteAobV gpyoieian oL €QUPUOLETOL GE TOALA EMGTNUOVIKA TESIN Y10 TOV VTOAOYIGUO
dpopwv meputtdcemy. H poviedonmoinon tov acheveldv Kot ToV ETONUIOV VINPYOV £6M
Kot TOAAG ypovia, OAAL 1 aploY TOVG G€ 100G 6TO JSIKTVLO, GE PNUEG Kol GE EMIMEDO
marketing, e£6pvENG TANPoPopiag Kot SEOOUEVOV OE KATOVEUNUEVO, CUCTHLOTO. EIVOL OPKETA
KOvoTOpo. AVTO opeideTon v pépeL 610 YeYovog 0Tt to 1d10 To Internet oloéva eEedicoetan
Kol €V UEPEL EMEWDN Ol pNYOVIoHOl e£AMAMONG KOl 1| UGON TOV UEGOV €ivol SLOPOPETIKA.
Emopévoc, n povielomoinon emidnpidv o€ diKTuo LTOAOYIGTOV UTOPEl VO EKUETAALELTEL

TOAAG amd TV NON vIapyovca Bempio oTo PloAoYIKA LOVTELQ.

H povtehomoinon pog emonuiog €xer tpelc Pacwkodg otdoyovs. O mportog eivor va
Katavonfovv ot unyoavicpol S1adoong Kol TAC SPOPETIKEG TAPAUETPOL ennpedlovy TV
nopeia g emdnuiog. O devtepog o1dY0g eivan vo emtevyBel 1 duvatdTTa TPOPAEYNS TG
nopeiag g emonpiag oto péALOv, N omoia TepAapPavetl, LETAED GAA®YV, TO TeEAMKO HEYEBOg
g emonpiag Kot chykMong xpovo oty otabepn kotdotaon. Télog, o Tpitog 6TOY0G ivar
VO OPIGTOVUV Ol UNYOVIGHOL Yoo TNV OVTIUETOMION TG emMONUOg Kot vo omotpamel 1
nepotépw e€dmiwon ™c. o va onuovpyndet emopévog éva poviého emdnuiog eivorl
ONUOVTIKO va Tpaypotonombel va GOVOAO TapadoyES GYETIKG Le T UGN TOL TANBLGLOV

KOl TOVG UNXOVIGHOUS EEATAMONG TNG.

Ot unyaviocpoi diddoong opilovv to g akpPag Evag 10g eéamiavetat. ['a Tapdaderypa, o
Kamoteg achéveleg, N LOAVVoT pmopel vo LeTAdIdETOL e TOV 0€pa, G€ KAmoleg GAAeg pmopel

vo LeTadofel HEc® TOV OUOTOC Kol 6€ GALES HEC® TOV GAAOV.

Me Bdon g petdPaong petald kotaotdoewv oe pia vOGo, T mo LEAETUEVO LOVTEAD Elval
SI (Evmafng - MoAivopévog), SIS (Evmadng - MoAvouévog - Evmadng) kot SIR (Evmabrg -
MoAvcpéva - Avappopévog). Xto SI povtélo, ta dtopa mov eivor evaicnta oe AoUMDEEL,
Otov LoALVOOOV TOpaEVOVY GE aLTH TNV KATAGTACT Yo Tivta. Xt0 SIS poviéro, ta dtopa
dEpyovtol amd TPEic KaTaoTdoels, and vmadn To Omoio UETOTPEMOVTOL GE LOAVGUEVO KO

petd wédAr evmabn. H eEdmiwon tov Kotvod KpuoAoy\uHotog pmopel vo poviehomombel pe



ovtd TO MHOVTEAO. XtV mepimtwon evog SIR poviélov, a@od TEPAGEL KATOO YPOVIKO
oloTNUe. 68 HOALGUEVN Koatdotaom, €va dtopo mebaiver 1 yivetor avaKTNoN TOL
avOGOTOMTIKOD Kot 0ev umopet va eEamimbel mepartépw poéAvVVon. Me Alya Adywa £xovpe

TpelG Kataotdoelg yio to dtopo: Evrtabéc — Molvouévog — Avappopévog e avoaia.

Otav povrehomoteiton puo acBEvela oQeiAETOL VO VITAPYEL U0 GTEVI] TEPLYPOPT] TOV GLVOAOL
TOV OPOUKTNPIOTIK®OV TG dtadikaciog eEanimong Kot Tov TAnBvucpov, To devTtepo Prina elvar
vo emileyBel ovykekpuévn mpocéyyion pe padnuatikd povtéda. Ilapd to yeyovdg 6t
egdmlmon o acBévelag eivar ototiotiky] Swdwacic amd T OO NG, VTAPYOLV

VIETEPUIVIOTIKA LOVTEAQ OV YPTGLLOTOLOVVTOL GLYVA Yol TOV TPOGdopiopd s EKPaong

mege.

1.2 BAZXIKEX ENNOIEX

H gmdnpuioroyio £xel GUVIEAEGEL GTNV TOPAYOYT GNUOVTIKOD aPOHOD VIETEPUIVIGTIKOV KOl
OTOYOOTIKOV HOVTEA®V, KAO®MG Kol oYeTIKE empriuota Pe TV TpoOANyn Kot TV Tpopfieyn
TV emonuav. 'Eva and to tpdto poviéha emdnuiog eivar avtd tov Daniel Bernoulli to
1760, o onoiog amocaENVIGE HE VOV OmAO VIETEPLVIGTIKO TPOTO Asttovpyiog tnv e&animon
NG €VAOYLAC. XTI CLVEXEW, avamTLXONKAY 7O TOAVTAOKN VIETEPUVICTIKG povtéda. Ta

OTOYOOTIKA HoVTEAD eppavicTnKay apyodTepa katd tov 190 kat 200 cdva.

H gmdnpioroywn poviehonoinon achevelidv evog mAnbucpov Paciletor oto vopo dpdong
™¢ nalag, n omoia avagépet 61l 68 évav pIKTO TANBLGUS 0 PLOUOG emaP®V gival ovVAAOYOG
LLE TO YIVOUEVO TOL HOALGHEVOD Kat evmadn. AnAadn o puOudS TV emapav, Tov Tailel poOAO
otov puOud poéAvvong, Exetl dueor ox€on HE TO YWVOUEVO TOV HOAVGUEVOV OTOU®MV WE TO
evmadn otov 10. O vopoc g palag dpdong eivor o vrépbeon OAwV TV THAVOV
KOTOOTACEDV KOL TMOV EMUEPOVS YOPOKTNPIOTIKOV YOl TOV VTOAOYICUO TOV EMOPDOV
(noAvopéva pe vym dropa), KoL GE TEPIMTMON TOV VTAPYOLV TEPLGGOTEPES OmO Wia
dlepyaocieg mOL  EUMAEKOVTOL OMOTEAECUOTO VTOAOYIGHOV TOV EXAPOV OVTOV TOTE
TPooTifevTal 6TIG LETAPANTEG TOV GUOTNUATOG. ZVVETMS (VoL OTULOVTIKO VO KATOVOGOVLLE

TIG TOPOKAT® EVVOLES Y10 TNV EMONUOAOYICL.



Apykd €vo povtélo pmopet vor eivat 6TOYOGTIKO 1) VIETEPLUVIOTIKO. XTOYAOTIKO gival ekeivo
mov vroloyilovtal Ta mhava evdeyoueva Pdoel mbavotNTOV. e UIKPOLS TANBVoUODG pe
Myotepovg mapdyovteg vo mailovv poAo Yo To TEPPAALOV Kol OOV £XOVUE HKPOTEPES
mBovotnTeg va LEAPYoLV OoAAAYEG OmO  EEMTEPIKOVG TAPAYOVTIEG VO VLTOAOYICOVLUE
emA&yovpe ouvnBmg tétotov eidovg povtéda. To poviého mov Ba acyoAnbovue eueilc sivon
oTOY0oTIKO. NTeTepuivioTikd poviého elvarl ekeitvo mov ypnoywonotel avotepo padnuotiKd
yopiloviag tov mAnbvopodg oe pikpdTEPO HEPN Yo OKPPESTEPO AMOTEAECUATO KOL

vroloyilel dtdpopa 6Tado pag vocou [1].

[Mapaxdto mapabétovror kot pepikoi amd tovg cvvning cvuPoAGHOVS OV 1oYLOVY GTa

EMIMNUOAOYIKG LOVTELD KAOMG KOl 1] GNUAGTIN TOVG:

Ry . Baowdg puBuodg avamapoywyne.

S : Evéotot

E : Extebeipévor oty mepiodo endaong

e I :Molopévor

e R :Yyeig and avappmon pe avosio

. B [TBavéTTO ETOPNG

o H:Méocog 6pog OvnouotnTag

e M : Neoyva pe modnticr avoosio

« B :Méooc 6pog yevvioemv

. 1/ £ : Méon nepiodog emdaong

. 1/ - Méon nepiodog e kivouvo petddoong

e N : OhMkédg MnBvopoc

N E Mécog 6pog eEAetyng TG 0VOGTOG Yol ATOLO TTOV EXOVV OVOPPDGEL

e 0 : Méon nepiodog TpocopviC ovociog



Ext6c t0v Bacikav poviéhov SIR kar SIS  omn d1ebvn BiAloypaeio kataypdeovtor kot

EMEKTAGELS QVTAOV. Evdeiktikd pepikd amd avtd sivor:

e SIRS

e SEIS

e SEIR

e MSIR

e MSEIR
e MSEIRS

Avtd T povtéda AapPAavouy TEPIGCOTEPOVS TOPAYOVTIES VITOYT| LLE TOVG OTO10VG GTNV LEAETN
nepintoong oev Ba aoyoAnBovpe kabng dev kotackevdlovpe Evav oAYOpOLO GTOYXELOUEVO
o€ ovyKekplévo TAnBuopd (m.y. AOva) Kot dev Exovpe TV duvatdHTNTO UETPNONG TETOLOV

Tapayoviav [2].

Baowoc puOudc avamopory®yne

O Baowdg puOuodg avamapaymyng ypnopomoteitatl yioo vo. Tpocsdlopicel edv pio achévela
elvar duvatov vo Eeomdoel oe emonuio. Efvor évag poabnuoatikdg 6pog mov Ponbder va

KOTOVONCOLUE TOGO peTadoTikn givon pia acBévela ko supPoAiletan pe Ro.

I to Ro tpeig givan o mbavég kataotdoeig [3]:

1. Ro<1.Zg avt Vv mepintmon o 10G dev amoterel kKivouvo yla emonpia.
2. Ro=1. Oeopntd pévo 1 dropo pordvetor omd Evo LOAVGUEVO GTOLLO.
3. Ro> 1. Yrdpyet kivovvog emdnuiog yroti kébe €va poivcspévo dropo pmopet va

HOAVVEL TOPOATAVE® OO EVOL ATOLLA.

dvowd og o Tétotla mepintwon etvat Tpoeovig o kivouvog kabmg avEdvovion exeTiKd ot

mBavotnteg eEAmAmong Tov 100.

I'evikdtepa avtoi etvar o1 o onpovtikol mopdyovies mov Tpémetl va Aapufdvovpe vedyn otav

vroroyiCovpe Tov apBpud avto:



H poivouotikn mepiodoc

O mapdyoviag avtd opiletoan kvpiwg otnv dbvoun Tov 1O vo eéamidvetor. Mepikég
ac0éveleg etvar To PETOOOTIKES amd AAAES KOl Yl SLOPOPETIKE YpoviKA dtoothpato. Emxiong
oNUOVTIKO pOro Tailel kot 0 TANOLVGUOC oV emwdlel 0 10¢. ' mapdaderypa n ypinn pmwopet
Vo KpATNoeL PEYPL 8 HEPEG MEPIMOV GTOVG EVNAIKEG €V OTO OO PTAVEL PEXPL KOl 2
efdopddes. Emopévmg 6tav o 16¢ g ypinng eykatactadel oe éva moudi givor mo mbavo va

HLOAVVEL KOl TEPLOCOTEPOL (ATOLLOL.

IT0avétnto Enaenc

Ovclaotikd etvon n péon mbavotnta mov VIdpyEL va £pBel e emaen vag LOAVGUEVOG HE Eva
VY1Eg dtopo. e Tov Adyo avtd TPOKEWEVOL Vo amoPeLyBodv ot emdnpieg Tpémnet va pévouy

ot ac0evelg o€ TEPLOPIGUEVOLS YDPOVC.

Mécov Metddoonc

To péoov eivar o tpoOTOG e TOV 0moio petadidetal o 100G amd €va dtopuo o€ €va GAro. Ot
acBéveleg mov petadidoviar ypnyopotepa ivor oTEG TOL TAEWOELOVY GTOV AEPA, OTMG O 10G
™me ypimng. H ovowmn emapn dev eivonr omapaitntn kot €ror avEdvovtal ekbetucd ot
mhavotTeG PETAdOONG 0TOV TANOBLGHS. AcBEveleC TOV amoUTOOV PLGIKN EMAPT OTMG O 10¢

HIV egivat oyxed6v aniBavo va 0dnyncovv ce emonpio.



1.3 MONTEAOMNOIHZH EMMAHMIOAOI'TAXZ

Y10 SiKTLO, VTTOAOYIGTMV, M HOVIEAOTOINGN oG emdnuiog ePapuoleTol 6e TPES TOUELS.
[Ipota am '60Aa, Yo TOov LEOAOYIOUO €EAmMA®ONG €vOG 100 vmoAoylot®v [4]. Agvtepov,
YPNOOTOlEiTOL 08 aAyOplOUoVS VTOAOYIGUAOV Yoo v €£0pvén  TANPOEOPIOV CE
Kataveunuéva diktva [5], [6]. Téhog, m od1ddoon d1dpopOv GNUOV HOVTEAOTOLEITOL
ypnoonolwvtag Bewpio amd emdnpioroywkd poviéda. ‘Eva tétoto mapadeiypata givol to
¢pyo tov Coffman et al. [7], o onoioc perénoe ta poviéla vrepyeiMong amotvyiag tng BGP
0€ [0 TANPOC GUVOESEUEVT] TOTOAOYIO. TPOGOHETOVTOG TIC TAPAUETPOVS Yo TNV dladIKaGin

yévvnong kot Bavartov.

Ot aryopBpor Emdnpiog yo m duddoom minpogopidv cuoyetiloviar AUeECH EmioNng pe v
dwadoon pog euns. Tétotot akyopBpot emdnpiog elvar amdol 6TV TOPALETPOTOINGT| Kot TO!
padnuotikd epyadieion mov mpocepEpovy sivar oe BEon va TpofAéyovy T cuumEPLPOPA TOV
CLOTAHOTOG Yoo PNUES. Xvvnbwg, eite n TAnpogopia petadidetor o€ peYOAO UEPOS TOL
mAnBucpov, o6nmg opilet To SI poviého 1 ke kOPPog d1adidet TIg TANpOPOpPieg Yoo KATOLO
dtbotnuo kot petd otapatd, akolovBwvtag to poviédo SIR [5]. Ta diktva mov

YPNOUOTOOVV OAYOPIOOVS IOV PTopohV va povieAomoinfovv pe to SIS povtédo.

Ot 101 voAoylot®V opiletal OC KPE TPOYPAUUOTO TOL UTOPOVV Vo avaropoyfovv Kot vo
avtypdyouvv tov gavtd toug o€ AL cvotiuata 1 apyeia. To «okovAnKwy, mov eivol
TaPOUOL0 LE 10 dKTOOVL, dev ypetaletar Tapépfacn Tov xpnot yia vo eEomiwbel, aAld avt
'0To0 YPNCIUOTOLEL TO TPMOTOKOALO KOl TO AOYIGHKO ac@aieiog. Apyikd, mpv To dikTvo
VTOAOYIOT®V €£0mA®BOVV, 01 101 TOAUTANGIOLOVTOVGAY HEG® TWV OPOLPOVUEVOV HECHV,
omwg ot d1okétec. O TPMTOG 106G VITOAOYIGT OVOLALOTAV «EYKEPAAOG» KOl OVOTTUYTNKE O
dvo adérpla oto Tlakiotav to 1986 [8]. To mpdypappa sixe opywd oyedootel yuoo tnv
TPOGTAGIO TOV TVEVUATIK®OV OIKOI®OUATOV £VOG AOYIGUIKOV. X1 dgkoeTio Tov '90, ot 101 Tov

EKUETAALEDOVTOL LOKPOEVTOAES £ytvay Kowvoi [9].

O1 101 LOKPOEVTOADV ELVOL TTPOYPAUUATA YPOUUEVO OE YADGGEG TOTTOL javascript cuvimg. Ot
1ol avtol egamhdvovtor poidvovtag Eva apyeio to omoio kdbe @opd mov 1o avoiyel évag
YPNOTNG, EKTEAEiITE TO GEVAPLO TOL 100. 'Eva amd to mpdta péoa yio v e£animon 1oV Tov
ypnowonomdnkav oto Internet frav to e-mail. ‘Evag 16¢ d10d6100tav 610 JiKTLO ©C

cuvnuUuévo og e-mail, 1| eKPETOAAEVOUEVOG AAAO AOYICUIKO Y10 VAL TOVG EKTEAECEL GE €vav



vroAoyloth. O 10¢ KaAvntdtay péca o€ GAAO PAIVOUEVIKA TT0 af®dO AOYIGHIKO TO 0Toio OTOV
eKTELOVVTIOV gvepyomolovoe Tov 10. Avti 1 Toktiky ovopdletor Aovpelog Tnmog (Trojan).
‘Eva. amd ta mo yvootd ovakoivednke yio mpdtn @opd to 2000. Avtdc o 16¢ Eyeipe
avnovyieg o€ TOYKOGUIO EMIMEDO OYETIKA HE TA TPOPANUA OCPOAEING TOL VIAPYOLV CE
TETO1EG YAMDOGEG HaKpoevTOA®V. Ta vedtepa €idn ypnoyomolovy cross-site scripting - éva
KOUUATL KOOIKA EYYEETOL OTNV 10TOCEAMON TOV EKTEAEITE GTNV TAEVPE TOV TEANTY Kot Eval

Ao AapPdaver ko emeEepydletar o e&umnpene, Omwg Kot oe oevapia Java (Web

EQUPLOYDV).

1.4 MONTEAOIOIHIH AXOENEIQN

H pobnuotkn povtelomoinom mov ypnoomoteitan yio puo acOéveio pmopel va coppfariet
oV TPOPAEYN TGS TPOOSOV piag VOGoL Kat va dgi&etl Ty mhavn ékPaon tng e&aniwong .
Emiong BonBovv yia va AngBovv ot anopdoelg otig dtdpopeg mapepPdoelg mov pmopel vo
YPEWGTOVY Yoo TNV dnuocta vyeio. To povréda avutd exkpetoddevovtal opiopéves Paotkég
TAPASOYES YL VO, OPLGTOVV Ol SLAPOPES TOPAUETPOL TOV ACHEVELDV TOL HEAETMVTOL. AVTEG O
TOPAUETPOL EIVOL ATOPOITNTES Y10l TOV DTOAOYICUO TMV EMITTOCEDV TOV S0POPOV THOVAOV
exBacewv Kol amoQAcE®V Y10 ol EMKIVOLV acBEVELD, OTTMG Y10 TAPAGELYLOL EVOL TPOYPOLLLLLOL

polucot epportacpod.

‘Eva 1é€1010 povtédo amaitel mapadoyés yio v viomoinfel. Oco Mo 6TeVES KOl TPOCEKTIK
OPLoUEVES efvar 01 TaPad0YES AVTEG, TOGO O KOVTA GTO TPAYHATIKO omotédecspa Ba lvor Ko
N pdPAeym. Av ot Tapadoyés 0ev Pacilovion 6e TPAYUATIKEG TEPOAUATIKEG LETPNOELS TOTE N

npoPAeym Ba améyel and 10 TPAYUATIKO ATOTELEG L.

Ievikotepa, €vag amd TOVE GNUOVTIKOTEPOVS TAPAYOVTES TOV TPEMEL VO VITOAOYIOTEL OE pia
acBévela eivar To Ro, dnAaon o Pacikoc puBuog avarapaywyns. Mia acBéveln pe Ro ico pe
éva onuaivel Tog Pploketotl e evonuikd otdoo, oniadn ovte mebaivel tedeiwg aALd ovTE
etvat apketd 1oyvpn yia va eEamlmbel. Av givar pkpdtepo and Eva cuvnBmg e€aieipetar, Kot
av givor peyohdtepo amd éva 10te LIAPYEL Kivovvog eEdmAmong. Oco mo peydro givar o Ro
and 10 éva 1060 peYaALTEPOC €lval o Kivouvog avtdc. IMa mapddetypo pio amd T mo

poivopotikég actéveteg etvan n Iwopd pe Ro petago 12-18.



IMa va yivel emopévog ocmotn povtelomoinon pwog acHévelog amonteiton vo yivel TpaTo
omOTH £PEVLVA Y10 TOVG TOPAYOVTEG TOV Bol GLVTEAOVV 0TV €EAMA®OT TS, AVTO TTPEMEL VoL

emPeforwbet pe mepopatikd anoteAéopata. Ot Tapdyovteg avtol eival:

e O pvOudc petadoong e achévelag.

e O pvBudg iaong g acbévelag.

e To diktvo ToLV TANOLGOV TOV AVAPEPOLOUCTE.

e To péoo petddoong tov 100.

e H egmpovn Tov 100 o€ £vav opyavicuo.

e Ilown 6pyava tov opyavicpov gival mo edkoAo va kataAdfet o 106.

o Jlwg, moTe Ko av givor @kt N avooio.

o Tnv e&éMén ko v eméktaon g avooiag otov TAnBuoud. Me avtd €vvoolle TG
av Ol YEITOVIKOL KOUPOL Tov £xel £V LOAVGUEVO (TOLO, £XOVV OvVOGia TOTE 0 10¢ dev
pmopel vo Bpet £dapog yio eEamiwon, dnAadr| dev umopel va €pbel o emapn e
evmafég dtopo kot va eEamAmbel. [popavdg aAlng Ba eEamiwbel £vag 10¢ oe pa
QTN avepforiiaotn Kowvwvia Kot aAA®G o€ o evmopn Tov epfortdleTat.

o To yevetkd YapakTnPoTIKA ToV TANOLGHOV. AVTO ¥PNGLEDEL Yo TV TPOPAEYN TV
avVTIOTAcE®V M TOV umafeldv mov umopel vo €xer o mAnBvopdg kobdg Ko To
TPOGPOPO £00POG TTOL £XEL O 10G Yo vaL eEamAmOet.

e Tr perétn tov cuykekplEVOL €idovg Tov 10V (Strain of a virus) tng acbévelac.

e Tnv mbovotnta avtryovikng petatomiong (antigenic shift). Aniadn dvo €idn evog 100
oLVOLALoVTOL Y10 VO GYNUATIGOVY £VO VEO TOTO TTOL £XEL EVOL YL TOV ETPOVELNKDV

AVILYOVOV TOV APYLIKOV LOV.

Ooco meprocotepotl mapdyovie AneBohv voOY”N Katd TV HOVIEAOTOINGT T0G0 Mo aKkpIP1g
Ba elvar ko n TpOPAeYN TOL TPOGPEPEL TO povTéro. [a va yivel avtd Aomdv dAotl awToi ot
napdyovteg Aapfavovior  vmoéyn Kot OG0  TMEPIGGOTEPO.  GTATIOTIKG Kol  Oedopéva
oLykevTpwBoHv 1650 Mo akpPng Ba eivar kKot o akydpiBuog e&aniwonc. Ta epyaieio avtd
TNV ONUEPIVN €MOYN TTPEMEL VO AAUPAVOLY VITOYN HEYAAD OEGOUEVA DOTE VO, SLOYEIPLOTOVY

OAoV aVTOV TOV OYKO TNG TANPOPOPING.



2 BAZXIKA EMIAHMIOAOTTKA MONTEAA

2.1 EIZATQrd

H onuwovpyio ko 1 e&dmhwon poAvopatikdv acbeveiwv elval €vo oOvOeTo
QOVOLEVO LE OAPOPOVE TTOPBAYOVTEG OTMC TO TEPIPAALOV 6TO 0moio T0 Taboydvo kat mbavol
oékteg Ppiokovrar, o mANBvopdg mov ektiBeton o avtd, KABDG Kol Ol SVVAIKEG TOV
mAnbvcpod mov peietdral. O polog TV paONUOTIKOV oty emdnuoioyio givar vo
LOVTELOTOMGEL TNV dnuovpyia kot v eEAmAmon evog 100. Mo kupiopyn pnébodog yio va
yiver avto, givarl va yopiotel 0 mAnBLoHOG 6 LIKPOTEPES OUADES VIO OPIGUEVES TTAPAUDOYES,
Ol OTOIEG OVTUTPOCMMTEHOLY TNV EVTAOELL TOVG £VAVTL GTOV 10 TOL PPICKETOL GTO GVGTNLLO.
Tétowov €idovg povtéda KOAOHVTAL SIOWPLIGTIKAE LOVTELN GTOV TOUEN TNG EMONIIOAOYING Kot

YPNOLLEDOVV Y10 TNV KATAVONOT] TMV GUGTNUATMV KOl TOV SLVOUIK®V 7oL dpa. o 10g [10].

2V ovykekpluévn epyocio Bo acyoAnbovue ekTeEVESTEPO UE TO EMONUIOAOYIKO HOVTELO
SIS. To povtého awtd emAéydnke kabmg OEhovpe va peletnoovpe Tig mbaveg exPdaoeig 600
AVIOYOVIGTIKOV 1OV TPOGOUOIOVOVTAG TOVS OGTE VAL UNV £(OVV TOV TAPAYOVIOL voGiag 1
Bvnowomroc. [a va yiver avtd dev NTav ypnoipo vo peretnoovpe to. povréda tomov SIR
OV EUTAEKOLV TOV TTopayovTa BvnoldtnTog 1 avaktnong pe avooia. Avtd 010t éva drtopo
otov oTapatd va givol LVIEP vOC TPOIOVTOG OVTE AVATTUGGEL OVOGTO GE OVTO, OVTE VLITAPYEL
kivovvog Bvnopdmrag. Enopévag nrov anapaimro évo poviélo 6mov petd v poivven to

dropo (kopPoc) Ba emavepydTOV GTNV OPYLIKT TOV KOTAGTOON.

210 mopdv ke@aioto mapovctdlovion ta emdnpuoroyikd poviéda SIR kot SIS dote va yivel
KOTOVONTH M OPopd TOVG. TNV HEAETN TEPIMTOONG AGYOAOVUAGTE UE Evav TANOVGUO pe
Vo yopakmnplotikd. Tovg poivouévoug pe tov 10 1 ko pe tov 16 2. T Tov avtoyoviopo
000 SPOPETIKAV 1OV TPETEL VAL LITAPYEL AVOGio Tov £vOG 100 atov dAlo. EmmAéov mpémel va
mpeitoan 1 cuvONKN TOG Eva vrokeipevo Tov £xel TpooPAndel amd Tov Evav dev umopel va
npocPAndel and tov GAAo 10. MOvo €161 pmopolpe vo KoTatdEove VoV avToyovioHo 000

v og évav mAnbovoud [11].



2.1 MONTEAO Sl

To povtédo SI givar éva and ta factkd poviéda emdnuoroyiog. 1o HovtéAo autd ot Koot
umopovv vo, petagepfodv omd TNV KOTACTOON TOL EMIPPEN] OTNV KOTAGTOCT TOL
HoALGEVOD. OVC1O0TIKA EIVOL TO TO OTAOTOMNUEVO EMONUOAOYIKO HOVTELO Kot 1) fdon Yo

T povtéda Tov Ba avapepbolv oTIg ETOUEVEG EVOTNTEC.

To povtédo avtd meprypdpetor and T1g ENG oYE0ELS:

dS_ aSI
dt N
dI_ aSI
dt N

Enedn oto poviého avtd or mbavég katactdcelg eivar 6vo, (Evmadng — Moivouévog)
Exovpe dVO JPOPIKEG EELGMGELS TOV TEPLYPAPOVY TNV KAOE YPOVIKY GTIYUN 010G Eival O
aplfpuog TV atop®V mov eivor poAvcopéva kot wota vyw. H dwotepodtrta Tov poviéAov

avTov givorl Tmg qv LoAvvOel £vag KOUPOG, TapaEVEL Y10 TAVTO LOAVGUEVOG.

Y10 povtéda avtd évag TAnBuouog Eexkva pe éva TocooTtd POAVCUEVOV KOUP®V Kol otV
ocuvéyew peretavton mwooa Pripota ypetdlovial €mg 6tov va poivvhel 6Aog o minbvoude.
AoV dev vrtdpyel mhavoTTO 1o TETOW LOVTEAN YPNGLOTOLOVVTOL GE AcBEVELES OTIMG O
HIV 1 6tv TANpo@oploky| Yio TEPUTTOCELS OTTOL 1| TANpoYopia apod petadobel dev yaveTat
moté (A.X. €vog 10¢ eEamhveTat 6€ va OTIKTVO KOl KOTOGTPEPEL TOV OIGKO TOV UNYAVIHLOTOC

OV KATAOUPAVEL).

2.2 MONTEAO SIR

Yy emdnuoroyia to povtédo SIR ypnoyomoleitan mo cuyvé o¢ To mo PEOMOTIKO LOVTELOD
vy v petddoong piag vocov. To SIR povtédo mapovstalel por copmePpopd aviloyo e
opa. Me dAha Aoy, €Gv ot TopdueTpol emdnuioag £xovv kdmola Kpicwyn T, o 10¢ 610
diktvo pe N kopPovg mebaivel mpv 10 peyaAVLTEPO HEPOG TOL TANOBLGLOV TPOAGPeL va
poAvvlel. Edv ov mapdperpor avtol givor maveo and 10 6pro, n emdnuio o pTdcel oto
HeyoADTEPO PéEPOG Tov TANBLoNoV. 10 [12], ot Kermack ko McKendrick (KM) opilovv to

VIETEPUIVIOTIKO HovTELO emdnpiag pe otabepd mAnOuopud N atOpOV Kol TPES KOTOGTAGELS



(SIR). Oewpeiton Pacikd HOVTELO KOOMS TOL OTOTEAECUOTO TOL Eivol Eva ONUEID avOPOPAC
v v emonuoroyio. H eméktaon tov Kot n €10aymyn VEOV TOUPAUETPMOV 00NYNCE GTNV
onpovpyia dStedpwv, mo cOyypovev Hoviédmv emdnpiag. Koplo arotélespo toug sivor 1
avTipeTonon pog emdnpiog. Opifoviot to kpicya onueio mov dywpilovy v emdnpio

amd po amAn poéAvvon).

To povtého avtod €xet Ta eENG YOPUKTNPIOTIKA:

1) O minbvoudc Bewpeiton otabepdc kar dropepileton og Tpict VLOGVVOLQ.

2) To ovvolo TV avOpdTmV mov gival emppemneig pe v acbévela ko cupPBorileton pe
S 1 S(t) av Béhovpe va deiEovpe 6t e€aptdral  TANOOPIKOTNTA TOL GLVOLOL AT
TOV YPOVO.

3) To ovvodro tov acbevav I i I(t) ko

4) Kat 10 6UvoA0 TeV VY10V avOpdrov, Tov cvpporilovue pe R f R(t).

To Bedpnpa opilet 0t

Ozopnpo 1. I'o 1o vieteppuviotikd poviédo SIR pe S n cvvapmon evmabov atdU®V GTOV
xpovo, I n ocuvdpmnon tev poivcsuévev kot R 1 cuvéptnon tov anopokpiveemy nmopoe

va opicovpie TIg £ICMGELS:

dS_ aSI
dt N

dI_ / aS
dR_ ;
a7

Omnov S(0) + 1(0) + R(0) = N, | aAMdc 1 apyikn Katdotaon Tov unaddv, LOAGUEVOV Kol
avappopévov etvar ton pe tov TAnbuopd. Eniong, a eivar o puBuog poivvong, kot y eivat o
pécog puiuog toewv/Bovatmv. Edd elval onpoavtikd va Kévovue v topatipnon ot oty

TPOYUATIKOTNTO 6€ éval TANOLGHO Ogv €xouv OAol TNV dto TBAVOTNTA VO KOAANGOLV Lid



acBéveln Kot avtd to KataraPaivovpe yoti mailovv poro Tapdyovieg Onwg To TEPPAALOV, O
euPoiacuodg k.o. Av éva dropo €xel poAvvOel tote pmopet va petadmoetl v acbévela og B
10 TAN00G amd dTopa TV Bt YPOVIKT GTIYU| OVOAIY®G TIG EMAPEG TOV EYEL LE LYW OAAL

emppem dtopa. Avtd cuvendyetal 0Tt 0 achevig etvat tKavog va TpoKaAEcEL

a
—NC = aC

10 TAN00G amd HOAVVGELS, emiomng KAOe ypovikn| otypn, pe C v mbavotnta enoeng.

To ebv Oa Eeomboetl emonpia eaptdrol amd TNV apyIKy KOTAGTAGN, ONANON TO TOGOGTO TOL
minBucpov mov eivon gumabéc (susceptibles) xatd v évapén g emdnuiog. Avtiy 1
e€apmon g eEamimong oty apykn Kotdotaon eivar Waitepo YOPAKINPIGTIKO TOL

povtéiov SIR.

Eniong ywo v devtepn ko tpitn oyéon , mov dev ivar Timota GAAO Ao i TOPEY®YOS MG
TPOg To XpOvo, N vdbeon epyaciog ivar 60Tt To TANB0G TOV ATOU®V TOL PEVYOLV amd TO
obvoro S mhve 010 GOVoAO I, OT®WG PITOPOVIE KOL VO OVOTOPUCTCOVUE HE TO TOPUKAT®

oXMuaL :

SIR S I R

To mapamdve oynua ivol To S1dypappo KOTAGTACE®Y Yo TO emdNUoAoykd poviédo SIR,
OmoL 1M TOPAUETPOG A~ eKPPALEL TNV GLYVOTNTA TOV KPOLCUAT®V KOl 1) TOPAUETPOS

ovpPoAilel 1o T0G06TO TV 0GBEVAOV TOV BEPaTELOVTAL CVA YPOVIKT] GTUYUN.

EmumAéov etvar a&loonpeimto 0t 1o cHGTHA S10POPIKAOV EEICHGEMV TOV TAPOVGLAGOLE TLO
Tavo yio to povtého SIR dev sivar ypappukd kat dpo dev EXEL GIyovpO LI OVOAVTIK AV —
TO YPOUUIKE GUOTHUOTO OUPOPIKMY EIGMCEMV AVVOVTOL OPKETO EVKOAN KOl OVOALTIKE

OAAG Kot opnOUNTIKAE — KO 0C €K TOVTOL TPENEL VO, avalnTHOOVUE AVGELS e BAAOVS TPOTOVG.



H vmobeon epyacioc mov kavape mpv Ba pog 0dnynoel otnv Ao, onAadn 6Tt 0 GLVOAIKOG

TANBvo UG Topapével oTtabepdg.

"Etot &povpe:

dS dl

SO+IO+RO=N= T+ -+

dt

Awpavrag pe v Tpitn katd péAn Exovpe :

B Ret)-r(0)
S(t) = S(0)e”

Amd avt Vv e&lcmon TPOKVTTEL Kot 1) oYEoN:

LR, -R(0)
R, =1-S(0)e

&R _,

P

Omov 1 oyéon avt pog AEet 0Tt Yevikd 610 TEAOG i emdNUiog — avTd dNAMVEL TO dmepo —

ot dev Ba Exovv avappdoel 6Aot ot aobeveic. [13] Avtd cuvendyetar 0Tl 6TO0 TEAOG HLOG

EMON UG VTLAPYEL TTOON TOV LOAVGUEVOV (ac0evadVv) oAb Oyt 1 kaBolkn EAAElyT gvTtaddv

aTOL®V.

To enduevo Prjna eivar va dovpe 0TL 1 GYECT Yo TOL LOAVGUEVA ATOWO YPAPETOL:

di
E=|(ﬂ3—7)

Ao, In(1(©) = B, S(2)d -1t

Kot apa



t
- S(x)d
1) =e B s

Apa av:

aC> 1
14 S *(0)

t6te 1'(0) >0 mAadn 6Tt Ba vrdpéel éva emdnuoloyikd E€omacpo Pe pio avénor tov
A0V TOV 0GOEVOV KOl G GUVETELD OA®V QVTMOV AVTIAOUBOVOLAGTE TNV CHUOVTIKOTNTO

, a
OV AOYOL ;C .

2.3 MONTEAA SIS
To povtéro SIS exppaletl kotd kdmolo Adyo v eumepia pog 0Tl 68 HePIKES acBEéveleg Tal
dropa dev amoktoOV peYdAo ypdvo avociog HETd TV acBévela kot dpo yivovtor apéowmg

evmodn petd v iaomn. [14]

g ot TV TEPITTMON TO SLAYPOULL POTG EIVAL TO TAPAKATO:

15

S [

g

|
Y

e autd T0 HOVTEAD AOTOV 0 GLVOAIKOGS TANBLuGdc N drapepiletor o€ 600 HOVO VTOGHVOAL

ta S kot [, To ovvoro tov evmaddv Kot To Guvoro TV acbevav. [15, 16, 17]

Kot 6e avtd 10 poviédo 1oyvel n vdbeon epyasiog yw to SIR povtédo, dnAadn ott o
mAnBuopdg eivor otabepdc kot OAa o dtopa £yovv TV da mbavotta B vo tposfinbovv

amd v aobévern. [9] Eniong éva drtopo umopel vo petaddoel v aobéveln o€ B to mAnbog



dropo kot m ovaroyion acBevadv — VYOV aTOR®V givol N dpa kéOe dropo elvon dvvatov va

npokarécet SN N = S HOAIVGELS Kot 0VTO GUVETAYETOL OTL TO, TOLO TTOV ivor acOeveig

I to mM0og propovv va mpokarésovv dAleg | A4S to mTAnBog amd poAivveels. [18]

To cvotua S10QPoPIKAOV EEIGMGEMY TOV TEPLYPAPEL OVTO TO LOVTELO EIVOL TO TOPAKATO:

ds

— =-4SI |

o PSl +a

di

— =Sl —al

gt P
S(t)+|(t):N—>d—|+dS—0

dt dt

Ko épo %=(ﬂN—y)l - pBI?

TO ocvykekpyévo oot eEIGOCEWV EYEL EMIAVON UE OVOAVLTIKO TPOTTO apkel vor KAVOLUE

1
Tov petaoynuatiopd | = g 101€ pokvmtet: [19, 20]

y'(t)
yi(t)

“(IN-9) - pL apa
y y

YO =BN-NYyO)-B=y'1O) =F-NAyO -,

H dwagpopikn e&icwon avtn €xel cov Adon

V() =Ce" 4 p



1

Ap(l I (t) = Ce(y,ng)t +ﬁ



3 MAGHMATIKA EPTAAEIA

3.1 EIZArQrH

210 KePAAOO 0VTO TTEPLYpapovTal Ta factkd pobnpatikd epyaieio mov Ba ypnoipomomdovv
v vo, emitevyel n ebpeomn TV oxEcE®V TOL TPEMEL VO, IGYHOLY Yo TNV eEATAMOT €VOG 100.
Me v pEAET TOV HOOMUOTIKOV HOVIEA®V OUTMOV UTOPOVUE VO TPOYWPNCOLUE GTHV
eMIAVOT TOV GYECEDV Y10 TIG OOPOPETIKEG TEPMTMOGELS e€AmAmang oG emdnuioc. Méow
OUTOV UTOPOVUE V. OpioOoLHE TIC TOPAOOYES MOV  YPEWLOUOOTE TPOKEUEVOL VO
viomomoovpe ™V peAémn mepintoong. Ev 1éAn eivon ta Pfocikd pobnuoatikd epyaieio mov
YPNOLOTOIOVUE TPOKEWEVOD Vo KATAANEOVE OTIS PACIKES TOPASOYES TOV HOVTEAOL LOG.
Me Bdon 11 mapadoyés ovTéG UTOPOVUE VO OPICOVUE TIS OLOKPITEG TEPMTMOEIS KOl VO

TPOYWPNGOVLE GTNV LOVTEAOTOINGN TNG LEAETNG TEPIMTMONG GE OlyOpOpLO.

Ta duvapkd cLGTAATA YPNCYLOTOLOVVTOL YOl VO TEPLYPAYOVY TO TEPIPAALOV TTOV dpa Evag

10¢. BonBovv oy katavonon tov oy£ocemv Tov TPEREL VO IGYVOLV Yo TV EATAMGT] TOVL.

H ypappin dryeppa givar amapaitmtn kabodg o mAnbucpdc mapopordleton pe Eva ypaeno.
Ot oyéoelg mov £xovv HETOED TOVG TOL ATOWO TOL TANOLGHOV GuUPdALoVY Kol 6TOoV PLOUS pe
tov omoio e&amimvetol o 10G. Ovolaotikd ot KOpPol evdg yYpaenuatog TonTilovol He Ta
dropa tov TANBvouov. ‘Evag kopfoc pmopel vor LOADVEL TOVG YEITOVIKOVG TOV KOUBOLG Kot

€101 aVTd £xel onpacia ywo v EnAmon pog vOGou.

Ta onpeia evotdbetog Exovv aia yati 0tav Evag 10G eivar apketd 1oyvpdg onUaivel TG dev
eCareipetar evkora. Emopévag edv o mAinBuopdcg dev éxer epPoliactel kot n meplodog
avociog LeTd TV avappwon etvor pukpr| 1ote givor modd mbavod pia vocog va eEamiwbel pe
KATAOTPOPIKES cvveéneleg. Emouévag ta onueia avtd Bonbodv oty kotavonon tov pvipov

eEAmAwong Tov 100.

3.2 AYNAMIKA YYITHMATA

[No v mapovcioon kot TV Katavomon e OWMAMUATIKNG €ivol TOAD onuavtikd va
OVOPEPOVIE OPKETE AETTOUEPMOG TNV £VVOlD TOV SLVOUIK®OV CLOTNUATOV. Av Kot gival
OPKETA TEYVIKO 0VTO TO omoio Ba mapovsidcovpe gival TOAD onuovTikd Yo v opfdTnTa

VTGOV TOV 0ToimV Bo KAVOLLE TOPUKAT®.



H povtehomoinon d014popwv QLUGIKOV Kot HOONUATIKOV GUCTNUATOV LG 00MYel TOAAEG
QOpEC oV KaTaokeLn €vOg ovotnuatog [21] dwapopikdv eélodoemv, Yo mapdderyua to

TOPOKATO GCVOTNLLO SLOPOPIKDV EEICMOCEDV

%—x+y
dt

dy

2 =2X—
dt y

Mmropei va OewpnBei Eva dSuvapkd oG, 0 AVCTNPOS OPIGLHS TOL EIVOL O TOPAKATO:

Kdabe cvotnpa g popong

d

d_)il: £ (X, X im,...,m,),
dx

d_t2: f,(X,..., X ;m,...,m),
dx,

. f (X, Xy My, eenym,)

Aéyetar duvopikd cdotnua, Omov ot X .. X, kaAoOviol SLVapKEG HETOPANTEG eV Ot

nopdapetpor My,..., M kakovvton TAPAUETPOL TOL GLGTAUATOG.

Ta dvvapkd cvotiuate v yével umopobv vo, meptypdpovy e&eMoclpeveg d1001K0GIES LE
Kamoleg cuykeKpéveg W10TNTEC. [evikd pog evilapépel N clyovpn amo@acioTikdTnTo M
OAMODG VIETEPUIVIOTIKY] ONAadN KATA OGO TO «TapeABOVY aAAG Kot TO «UEAAOV » TOL
OLOTNUHOTOG TPOGOOPILovTal amd TNV KATAGTACT TOL PBPIGKETOL TO CUGTNUO TOV TOPOVIQ

xPOVo (elvar moAd cuvnBeg va avaeepdpoote otnv aveEaptnt petofant t cav xpoévoc.)

Emiong elvar moAd onuoviikd yioo v e€milvon pog ot SUVOKEG HETOPANTEG va elvan
TMEMEPACUEVEG, €UELG MOVO pHe oavTth| TNV 7epintoon Oa  acyoinbodue oA kot 1
SLLPOPICILOTNTO TWV CLVUPTNCEMYV, ONANOT Ol GUVUPTNCELS TOL TEPLYPAPOLY Vo gfvat

JSLpopicILEC.

Yvveyilovpe pe KATO10VG OmapaiT)TOVS OPIGLOVG.



Opropoég — Xtatiké Xnpueio

2totkd onpeiov evog duvapkod cuoTNUATog givar éva onpeio (dtdvocua) (Xl, ooy Xn) TETOL0

oote f(x,...X,)=0.
Avtd onpaivet yio v e&icwon pog 0Tt 1 AVon HoG eV HETARAAAETOL KATE TV TAPOSO TOV

ypovov. Ta otoatikd onueio ovopdlovior emiong kot onueio €votdbelog M OTOTIKEG

KOTAOTAGELS TOV GLGTNLOTOC.

T onpaivel dpmg evotdbeto:

Opopog — Evetddewa (kata Lyapunov)

H Mon x(t) koAeitar evotadng av yuo kdbe ¢ >0 vrdpyet & t€t010 OOoTE Yoo KAOE GAAN
Mon y(t) pe | X(t,) - Y(t,) |< O cvverdyeton ot | X(t) — y(t) |< ¢ Yo k6Oet >t .

Avto meptypdpet 0Tt av ol Avon elvar gvotabng tote ot dAleg Avoelc mov Ppickovral

apketd Kovid 6to X(t) yia éva cvykekpipévo ypovo Ba cuveyicovv vo Bpickovtan Kovtd Kot

Yl TOV VTOAOUTO YPOVO.

®o ovveyicovue to amopaitnta podnupatikd epyoieion mapovoidloviag v £vvola TG
YPOUUIKNG ovaAvong evotdletag. o avtd Opwg 10 okond mpdta Ho TopoLVGIAGOVE KATOLES

Baocikég Evvoleg Ko Eva TopaoEtyLaL.
Ao v Besopio g Madnuatikng Avédivong yvopilovpe 6Tt av pa cvvaptnon f(X) eivon
dmelpeg QopEg mOPAy®YIioUN o010 MEdio oplopod G TOTE pmopel va ypagtel cav celpd

Taylor yopw o6 éva onpeio X,

0= 1)+ £ )1+ O 5 OO0 R)

2! = n!



Xwpig va erektafovpe dwoitepo KATL TapOUol0 pUropetl va GuUPEl Kot LLE TIG GLVOPTNGELS OVO

HETOPANTOV apkel va elval dmelpo Topay®yioleg Kot yio Tig 000 petafPAntéc. Av copPaivet

oVt TOTE
3 of(ab) o@b),
f(x,y)_f(a,b)+—ax (x a)+—ay (y—b)+
N 0%t (a,b) (x—a)? N o°f (a,b) (y—b)? N o°f(a,b) 2(x—a)(y—b) L
ox’ 2! oy? 2! OXoy 2!

Av16 Opwg yoti to gpealdpoote; Av S00UE TO OPYIKO Log TPOPAN L

d

= 0 XM )
dx

d_t2= f,(%, .., X my,...,m,),
dx,

st R NCTPT WD

To omoio umopovpe vo 10 yphyovue oty mo copmayn popen X' = f(X) to omoio £xet éva
ototikd onueio , X , dniadnq f(X)=0 1OTE Y100 VO KOTOPEPOLLE VO TPOGOLOPIGOVUE TNV
gvotdbeln o ekeivo to onueio avordovpe v f oav Taylor. dvowd n cvvéptnon pog

pmopei va punv etvat 800 HETAPANTOV 0ALY TEPIGGOTEPMV.

INo owtd 0 Adyo Ba glcdyovpe Tov Tivaka,

of, (X) of,(X)
0%, OX,,
D, f(xX)=| : :
of, (X) of, (X)
x ox.

Kot 6a ypdyovpe:



.00 ] [ ] (6(x) of, (%)
f,00| | f,(X) X X,
: =|: + [x—X]+
: : of, (X) of, (X)
00| 0] Lo o,

Kot o€ mo coumayn popoen:

f(x) = f(X)+D, f (X)(X—X)+..

AVt TO KOVOLUE YlOL VO TETVYOVUE Kol VO KOTOANEOVUE GTO €ENG YPOUUIKO OLVOLIKO

cLOTN O
x'=D, f (X)X

Avtd onpaiver 0Tt 1 guotdbela Tov oTaTiKoL onpeiov kabopiletar amd TG WOOTWES TOV
nivaxo Df (X), 0 wivaxkag avtd ommv eAlnvikn Bipioypagio kodeiton loakoprovog mivakag
TOV GUOTHLOTOG KOl OPKETEC POPES UTOPOVUE VO SOVUE TNV TPONYOOUEV GYECT YPUUUET

oav:

X'=J(X)X.

3.3 XTOIXEIA ATIO 'PAMMIKH AATEBPA KAI AYNAMIKA XYXTHMATA
[Ipwv cvveyicovpe Ba avapépovpe kdmowa Bacikd mpdyuata ond Ipappkn Alyeppo mov Oa

pog xpnotpedcovy otnv cuvéyela. 'Eva ypoppkod cvotnuo g Lopengs:

axX +aX +...ax =h

CX +C,X, +...C. X, =b,



10 Yphpovpe oTNV Lopen mvakov AX =Db, pdiota av o wivakog etvor ovTieTpEYog tote n
Mon eivar g popenc X = Ab. 'Hén umopovue vo kotardPovpe TV avoloyio tov

YPOUUIKOD GLGTHIATOG IE VAL YPOUUKO SLUVOUIKO GUGTNILO TG LOPPNG X' = AX.

Opropog — Idwtipég Mivaka

'‘Eoto évag tetpaywvikdg wivakog A tdte opilovpe cav 1010TIEG TOV Tivake Tovg aplBpods
A Y10 TOVG OTTOIOVG VITAPYEL U1 UNOEVIKO SIAVUGHE. X Y10 TO OTOT0 10YVEL

AX = AX

Mo kéOe 10T A T0 SLOVOGLOTA TOV TKOVOTTOLOUV TO {NTOVUEVO KOAOVVTOL 1O10310VOGLLOTOL
¢ Wotne. H yeopetpkn epunveio tov 1810Tipdv Kot wiodvocpdtov stvor 1 e€ng: Mag

Aéve moteg «evbeiegy mapapévouv avarrolmteg KAT® and v dpdon tov mivaka A.

[Ma v €dpeomn TV WB0TIHAOVY 1) O KAT® TPATAGT £IVOL 1] TTLO GNUOVTIKY

[Ipdtaon

‘Eoto évag mivakag A tote o1 dotipég tov givor ot pileg Tov molvwvopov det(A—Al) og

TPOG A.

Towg 10 mo onuavtikdé Osopnuo eivar To TOPAKATE.

Osopnuo — Kavovikn Mopen ITivaxa

Kdé&Be tetpaymvikog nivaxag A etvar Opotog pe évay mivoako J tg Lopeng
J, ... 0

J=| : .

0 - J

Omnov J, sivor évag Saydviog mivakag pe Stydvia otoyeia 4, 4,,..., 4, ko




Omov ot 4; eivar 1810TipEg Tov Tivako A 6yt OAeg Srapopeticég petadd Tovg.

Yy nepintoon mov o wivakag A £xel N to TA00G Slokpitég W10TéS TOTE YPAPETAL GaV

A=PDP"6mov D sivar o Staydvioc mivaxog pe ta otoryeia e Staymviov va givor ot

1010TIHEG TOV Tivaka. (TOTE 0 TivaKag AEYETOL S10LYOVOTOUGLOG. )

INorti dpmg ta ypealdpacte 6 o ovtd, o Tpocmadncovpe va to kKotaAdfovpe péca and Eva

YEVIKO TopaoEtyLaL.

"Eocto to ypoppkd dvvopikod chotua :

X', =ax, +bx,
X', = Cx +0dX,

Téte and to Bedpno KAVOVIKNG LOPPTS LITAPYEL Tivakag Oldotacng 2 o omoiog givat OLLo10g

pe Tov mivaka A G€ KOVOVIKT] LOPON.

(1) Av n xavovikn popen Tov mivako gival (SNAadt SVO TPOUYUATIKES SLOKPLTES IOIOTIUES )

tote

40
0 4
Me A4 A, > 016te anodeikvieton 6Tt av givar kar ot dvo Beticoi N apyf oV a&ovmv

mov givol otatikd onueio givor aotabng kOpPog evd av givar apvntkol voTabng

Koupog.

(2) Av o mivakag £xet po Tpoypoatikn 1610ty (SUTAn) TOTE 1| KAVOVIKT TOV Hopen £ivat

A1
o )
KoL oodekvOETOL OTL av 1) 10T €ival apvnTikn TOTE 1 Abon pag eivar gvotadng
aKovOvVioTog KOUPoc evd oty GAAN mepimtwon koAsitor aoTtabng oKavOVIGTOG
KOuPoc.

(3) XtV mepintmon mov ot W10TIES €Vl SVO TPAYLOTIKEG LE ETEPOSNUO TPOGNLUO TOTE

1 AVon pog kaAeitol coypoatikd onueio.






3.4 EYZITAGEIA KAITPAMMIKOTHTA
[TAéov eipaote o€ BEOT VoL LEAETIGOVIE TA YPOLLUIKG SVVOAUIKGE GUGTHUATO YPNCULOTOIDVTOG
OAo To. Tponyovueva pe v Pondeta evoc mapadetypatog, oAl TP amd avtd TPEMEL Vo

dMOOVLE dVO KOUPIKOVG OPIGHOVS Y10, TNV GUVEYELD TG EPYOCTOG LLOG.

Opiopog — YrepPoAiikad otatikd onueio

‘Eva otatikd onpeio X kadeiton vrepPfoikd av xopio amd T1g 1010TéEG tov lakmprovov

nivaxa D, f(X) Sev etvon undév 1 pavtootikdg aptOuoc

[Mapdderypa

Av Be@pn|GOVUE TO TOPAKAT® PLGIKO GUGTILLOL

<k

*‘i—Fg
m

/11177

_— .
T —

X

Figure 1: Auvdueic og €va cvotnua

To omoio pag Sndvet o pélo 1 omoia Kiveiton vd v dpdon wag Shvapne F, =K (x> —X)
kot g Tpng F, avéroyng g taydnrog , ot T0 cVGTHUA PTOpPEL Vo TEPLYPOUPTEL Ao TIG

TOPUKATO eElonoelg:

y'=x-x*—ay

Kot owtd oot



Y F=R+F=my

Omnov vy etvan 1 emtéryvvon, dpa KAVOVTOS OVTIKATAGTOGT] TPOKVMTEL

my +cu+k(x*~x)=0
A ] 1 C k 7
Kat Bétoviog y =x",u=x",a=— ko1 N =— TPOKVATEL:
m m

x"+ax'+n(x*—x)=0

[N yépn evkoAiog vroBétovpe 6TL N=1 ko Bétovtag Yy = X' mpokvmTel | {nrovevn

X'=y
y'=x-x'—ay

Ta otatikd g onueia etvor Tpia to TANO0g

(%, %) =(0,0)
(sz Y2) = (11 0)
(X3, ys) = (_L 0)

[Tov etvan 01 AVGELG TOV CLGTNUATOG

y=0
x—x*—ay =0

To endpevo Prjna eivar va vmoroyicovpe tov lakwPiavd mivaka:

ot * W :[ 0 1]
X of,(x) of,(x) | \1-3x* -a
OX oy

Apa TO XOPUKTNPIGTIKO TOL ToAVdVLLO givar 0 ¥, (A1) = A(a+A)+3%x* —1 10 omoio &gt

dkpivovoo A = »\faz +4(1-3x%) ko dpa o1 110TIHES TOV Eivor Ot :



a 1l
= -2+ Ja? +41-3x?
A 255 ( )

Kot dpa:

"o to onpeio (0,0) ot 1610tipég givon 4, , = —% i%x/ a’+4 ko givar TévTo TporypaTiKol

apfpol Ko péoto 1oyVEL 0Tt
a 1 /3
A :—E+E\/a +4>0
&

A :—%—%\/a2+4<0

dpa o képuPog pag etvor actadnc.

(1) I'o o onueio (1,0) ot 1WoTIpég elvan 4, , = —%i% a’—8 dpa yia o PKpOTEPO Amd

\/g 0110TIHES fvon pryaducol apBuol eved yo a > \/g €yovpe OTL

4=—E+%x/a2—8<o
&
a 1 /=
-2 ~Ja-8<o0
52=7577%

dpa o k6épPo givar evotabng. Opoimg kot yio o Tpito onpueio.



4 MAOHMATIKH MONTEAOIOIHXH EZATIAQXIHX AYO IQN XE

ENAN ITAHOYXEMO

4.1 EIZArQrdH

Y10V mapov Keediowo Bo peretnBovv ot oy€cEC mOL 1GoYHOLY GE £vol GUOTNUO HE OVO
OVTOY®VICTIKOVG 100¢. XKOTOG €ivol vo, HoVTEAOTONO0VV Ol GUVTIEAEGSTEG A0 OLAPOPOVE
TOPAYOVTEG TPOKELUEVOL Vo BpeBovv o1 YevikoTepes mMBAVEG EKPACELS Y10 TNV KATAKTNGN TOV
TANBvcpov and Toug 0o aVTOHE VG AVTd Aowdv To omoio Ba kKdvovue gival vTobBécovpe
o6tt otov mAnBuopd pag vmdpyovv 0600 10l pE  OPOPETIKEG 1010TNTEG KOU VL
LLOVTEAOTOMGOVE TO PLGIKO TPOPANUA AVTO OOTE VO UTOPECOVIE VO KAVOLULE O18POPES
VTOOE0ELG OTNV HEAETN TEPIMTMONG 0pYOTEPA KOl VO, KATOANEOVUE OTIG OVVATEC TEPUTTAOCELG

OVTEG LECH TOV TPOUKTIKOD AAYOpiBHov Kot VoL SOTIGTAOGOVUE TG 1GYVOVV.

To povtého mov Ba Paciotovpe yuo va exepdcoovpe o omoteréopata Oa givor to SIS. Ot
dpopeg HeTaPfAnTég Tov TPOPANLATOG pag eivat, ot puBuol petafoAng g laong ahid Kot ot

pvOuoi petaforng g porvveng (LeTapopds g acbivelog, avtioToly o a1 Kot o).

O pvBudc petafoing g iaong ot dvo katnyopieg Oa tov cvpPoAilovue pe f1 Ko f2
avtiotorya. Tt onuaivel Opwg avtd; Avtd T0 0moio cuvvemdyetal gival OTav £vag AvOp®TOC
HOAVVETOL, O OTOLTOVIEVOG XPOvoG toone axorovBel exBetik] kotavop avaioyo G€ moln
katnyopia avikel. Oco mo peyddn eivor m Ty tov fi 1660 Mo ypnyopa Oepamevetar o
acBevig. Avtd emontikd avtavakAid Bo Aéyope Kot TG SPOPES GTOLG WU OUOLOYEVELQ
TANOLGLOVG OVALOYO LLE TO KOWVOVIKO KOl OIKOVOUIKO Tovg YiyveoHat. Aniaodn eivatl moid wo
Aoywd évoc 'EAANvog moAitng pe péco otkovoukd €icoomuo vor €xel peyolvtepo puiuo
petafoing ioaong Ady®m KOADTEPNG LOTPOPOPLOKEVTIKNG (PPOVTIONG GE OYEom He Evav
owovoukd acBevéotepo EAAnva omoiog oev pmopel va avtégel 10 Papog pog TANPovg

OVTILETOTIONG TG acOévetag.

Metd elvar o puBudc petafoing g poAvvong avé Katnyopio @ kol &, avtictowyo. Edd ot
pvBuol petafoing g poivvong ekepalovv Tig mBavéEg avtoxég TV TANOLGUOV GTNV
acBéveln. Kot avtd 10 pépog emomtikd pHeTappaletal 610 YEYOVOG OTL avAAoyo HE TO
KOWOVIKO TEPIPAALOV 01 TANOLGHOD €xovV SoPOoPeTIKEG avToyES oty acBévela. Edd elval

Kol £va Tapadogo evod Ba mepipévape 6Tt 01 0IKOYEVELEG TOL £XOVV £va, KAAO PloTikd eminedo



VoL EYOVV UEYOADTEPT OVTOYY| OTIS SLAPOPES 0GOEVELES 1) dNUIovPYia EVOG KIVILOTOG KATH TV

euPoMmv plyvel oNUAVTIKG AVTEG TIG AVTOYES.

4.2 H MONTEAOIIOIHIH

Koatapydg mpémel vo KataoKeLAGOVUE £VOL SUVAUIKO GUGTNLLOL.

d

d—)il: fl(X1a~-'1Xn;ml""’mk)’
dx

d_t2: fy (X X My, M),
dx

dtn =f, (X, X my,...,m,)

To omoio Ba meptypdeet 10 TPOPANUL HOg .

To devtepo otddo ™G poviehomoinong ivar va Bpodue ta onueia woppomiog (otabepd

onueio - fixed points) oto omoia 0 duvopkd cHotnua Bpicketor o€ woppomio Kol dgV

aAralel, apa to evotadn onueia woppomiog. [22]

Kot 10 tpito givar va peketioovpe g cuvOnNKes evoTABELG TOV TPEMEL VAL 1GYVOVV DCTE TAL
onueio woppomiog vo givar evotadn. [23] Avtd ovvemdyetal OTL Hid OTOLONTOTE LIKPY|

TapéKKAon amd o onueio wwoppomiag Oa emavapépel o cvotua. [24, 25]
Ot eputtdoelg mov Ba drakpivovpe etvar Tpeis.

(1) H mpd mepintmon sivor va éxel 0 mANOLGUOC Hog avtoyr Kot oTic 000 achéveleg
[17].

(2) H devtepn mepintmon givarl 6tav o TANOLGHOG givar vAA®TOG Gg évav omd Tovg 600
Kol 6Tov GALO Oxt. Edd Ba pmopodoape va modpe 6Tt vdpyovy 600 VITOTEPIMTMCELG
avaioya pe to Told acbéveta ivar o woyvpn. [17]

(3) Kot n tpitn mepintmon eivar 6tav Kot ot 600 acbéveleg givarl oyvpég VOVl TOL

mAnOvopov. [17]

4.3 H MAGHMATIKH MONTEAOIIOTHEH
"Exovpe Aoudv 600 100¢ otov mAnBuopd pog, Tov Tpdto Kot tov devtepo. To {tnua sivar va

Kévoupe Kamoleg VToBECELS Epyaciag Yo TOVG pLOLOVG peTABOANC.



Av ovpporicovpe pe I, xou 1, 10 TAbog TV aobevav tote [26] 0 pubudg petaforng Tov
aTOL®V oL 0c0evoVV gival i60¢ e 10 TANB0C TV VEWV aTOH®Y oV acbevolv Kot amd TG

d00 KOTNYOPIES APUIPOVTOS TOVS aVOPOTOVE TOL £Y0VV 0lGOEVIGEL Kal 01 00101 YiTpeHOVTOL
ue mhavomta B Apo 10 SUVOUIKO GUGTNIN TOV TEPTYPAPEL O TO TPONYOVUEVH EfvaL TO

nopakdto: [27]

dl

d_tl:al(N - Il)(|1+ IZ)_ﬂlll :al(Nll_ |12_ I:z|1+|\”2)_ﬂ1|1
%:az(N —1L,)( +1,) =Bl =, (NI, = 1,1, + |22+ NI,) - £l,

To mo whveo Jvvopikd ovotnue €xst cav  lokoPoavd  wivako ToV  TOPAKATO

] = al(N_le_IZ)_ﬂl ai(N_Il)
L a(N-1) a,(N-21,-1,)-5,

Epeig 0¢hovpe va Bpovpe povo ta onueio 1coppomiog ta omoia eivor vrepPoiukd, ot Bacikég

TEPTMGELS TOL Oo BN e va pedetiioovpie givar ot mapakdto: [28,29]

(1) 1,=1,=0 dnradn o1 acbéveieg (16¢ 1 & 2) anodeipovtot pe v mGpodo Tov ypdvov
Kot oo OAov Tov TANBuGuO.

(2 1,=0 kau I,=N 5 I, =Nxor I,=0 dnhadf poévo n pa xornyopia mpocPirietal
TANPOS Kot 1 GAAN KaBOAov.

@) I,=MN xau I,=1-F)N nradf 10 cOomnua Ppioketon oe Kdmoov &idovg
160pPOTiaL OOV 0 1GYVPATEPOG 106 emKpatel Ko 0 acbevéotepog 10¢ emlel oe pkpd

T0C00TO.

4.3.1 Tepintoon ntpoOT

a(N)-4  a(N) }
a,(N) a,(N) -5,

Mo v wepintwon 6mov |, =1, =0 tote 0 mivaxag yiverar J :{

Me 10 yopaktnpLoTikd ToL ToAvdVLLO Vo gival to [30]:
N)-B -1 N
% (A) =detd :[al( )= b (N) }:
a,(N) a,(N)—-p,-4
=A° +(:Bl +5,-N( +a2))/1+,31,82 ~N(Bo - Bia,)



I[Tpwv cuveyicovpe kat yopic PAEPN g yevikdTnTag propovpe va vrobécovue ot S, > .

H dwaxpivovsa tov moAvmvipov avtov givar n [31]

A=(B+ B~ N +a,)) HBS, ~N (B, — i) =
= (ﬂz _ﬂl) -N (al +0{2)2 +4N0€1(ﬂ2 _ﬂl)

Kot Aoym ¢ vobeonc n dakpivovsa pog eivor mhvta Oetikn kot ot pileg Tov moAvwvouov,

dNAad” ot WroTuég pag eivar ot [32]

21 _ N(a1+a2)—(ﬁ2 +ﬁ1)+\j(ﬁ2 _ﬂl)_ N(O!1+062)2 +4N0{1(ﬂ2 _ﬁl)
2

22 _ N(al +a2)_(ﬂ2 +ﬁ1)_\j(ﬂ2 _ﬂl) B N(al +0£2)2 +4Na1(ﬂ2 _ﬂl)
2

Emedn pog evolopépetl 1o onpeio wwoppomiag va etvar vepPoAiikd avutd cuvemdyetol 0Tt dgv
TPEMEL O WOTWEG pag va etvar undév, aeod eivar mpaypatikés. Eniong Adym evotdbetog

AOLTOVUE KOt 01 dVO 1010TIHES Vo, givar apvnTikéS. [33]

Mia onuavtiky mapoatipnon etvor 6t 0> 4 >4, dpa apkei va eléyEovue ™y aviedTnTa

A <0 dnhadn

N(e, + ;)= (B, +ﬂ1)+\/(ﬂ2 -p)—(N( +052))2 +4Nay (B, - B) <0

=
2

N(e, +a,) = (B, + B) < _\/(ﬂz _ﬂl)_(N(al+a2))2 +4Noy (B, - B) <
(N(al +0{2)—(ﬂ2 +181))2 > (ﬂz _131)_ N(al +a2)2 +4Na1(132 _ﬂl) S
NS, + N, B < B,

AnAadn| Oo tpénet [34]

N < BB
By + B,



4.3.2 Agbtepn lepintmon
Eneon oe avt) v mepintwon BEAovpe va 000UE TIG GUVONKES 1GOPPOTIX V1o TV TEPITTMON
Tov éyovpe 166TNTA, Oa 0 Yevikevoovpe kot Oa Béoovpe |, = CN ko |, = CN . Ondte oty

TEPIMTMOOT LG OTTALTOVUE

d, _
dt
a0, _,
dt
Apa [35]
dl
d_'[l:al(N = 1), +1,)-41,=0
dl
d—t2=a2(N —1L)(I,+1,)=5,1,=0
Apa TPOKVOTTTEL OTL
Q= A Ko @, = P
2N(1-c) 2N(1-c)

Ta TponyodueVe amoTeEAEGLOTO, LLOG 001 YOUV oToV Tapakdto lakwpBlavo wivaka [36]

, @-3c)yN - f3, @d-c)yN
{ @d—c)y,N (1—30)a2N—ﬂj

Ond1e 10 YOPAKTNPIGTIKO TOAVADOVLLO TOL TTivaKe aVTov givort

1-3c),N - B -1 (1-c)N
(1-c)yN 1-3c)a,N - 3, —J

V4 (ﬂ) :{
Anlodn Kavovtog Tig TPAEELS KOTAAYOVLLE GTO

X (A)= A%+ (Bo+ B, +(Bc—)N(e, + ;) A+

+[ BB, +4c(2c-Daya,N* +(3c-)N (B, + a0, 3,)) ))

To omoio ywa va Bpodpe Tig pileg Tov, dNAadN 1§ WOTEG TOV TivaKa £pYalOHOCTE OTMG Kol

Py ko Bpickovpe TV dtakpivovoa 1 onoia ivor 1 ToPAKAT®:



A=(B+ B, +(Bc-D)N(a, +a,)) —48,8, ~12cN B,a, +
+4N e, B, +4a, B, — 3262 B, B,N? +16¢3,8,N?

Kot agpod
oo D
2N(1-c)
Ko
oL
2N(1-c)
"Exovpe 611 [37]

(ﬂ1+ﬂ2+(3c 1)[131+ﬂ2j] 4,61ﬂ2 12Cﬂ1ﬁ2+4ﬂ1ﬂ2 8c? ﬂlﬂz +4c ﬂlﬂz

2(1-c) -c  1-c (1-c)? (1-c)®

4(1 o BB BB 2B 2B p0 ~dcpp | =

4(1_ 5 —= [ (B+B,)A+c) —4cBpB, |

Kot ot drotipég givon ot mapokato [38]:

~(C+1)(B,+ B,) £\ (B, + B,)*(A+C)* —4cf. 3,
4(1—c)

21,2 =

[Ma va pedemoovpe v dwakpivovco Oa TPEMeL va OVOKAAEGOVUE YVAGELS OO AMEPOCTIKO

AOYIGpO TOAAGV petafintov. [39]

‘Etor Qétovue T(X,y)=(X+ y)?(L+C)* —4cxy  autd CUVETAYETOL OTL Ol TPDTEG UEPIKES

TapAymyot eivar ot

=2X(1+c)* +2y(l+c)* —4cy

=2X(1+¢)? +2y(1+c)* —4cx

2R

Ko ot devtepeg pepikég mapdywyot givat ot



o’ f

—=2(c+1)?
o (c+1)
o* f

—=2(c+1)°
o’ f

=2(c+1)*-4c
OXoy

Avvovtog To cueTo

=2X(1+¢)*+2y(l+c)*—4cy =0

=2X(1+c)* +2y(l+c)* —4cx=0

IR

[Tpokbmtel 0TI X=Y KOl KAVOVTOG OVTIKOTAGTOON OTN Mol omd TG dvo €yovpe OTL

X(4c* +4c+4) =0 ko emedy 10 molvdvopo CX+c+1l &gl apvnTikh Stakpivovsa

ovvendyetot 6Tt givar mhvta Oetikd dpo x=0=y =0. [40]

Apa €povpe poévo éva onueio tomkov okpotatov 1o (0,0) yio 10 omoio 1oyvel Ot

o°f o*t [ o°f 20
B > 2(c+1)* —4c dpa to onpeio ivon

X2 oy’ 8X8y) =4(c+1)°(c+1) —(2(C+1) —4(;)

TOTIKO MG 16T0. MAAMoTa givan Kot olkd ghdyioto. [41]

N-4

. , 1 . . .
Eniong mpoxdmrel 611 = < ¢ <1 egmedn oy, o, <1 émeron 611 € < N

4.3.3 Tpit nepintoon
Tmv endpevn mepimtwon &uovpe 6t I, > (@-C)N,I, >cN dpo Eovaxévovrag v

TPONYOVLEVT SLOOIKOGIO KOl AVTIKOTAGTOGT TPOKVITEL OTL

1_
o <500
Nc
Kot
B,c

o, =————
N(l-c)



Avto gival éva onpeio 16oppomiog

To endpevo Prpa sivor e€etdoovpe OAeG TIG cLVONKEG MGTE TO onpeio 16oppomiog va gival

otafepo. [16]

O lokoProvoc Tivakog Tov cLGTAUATOS ivat

j - (c-DoyN-p cayN
_{ (1-c)a,N _(azN+:Bz):|

Me yoapoktnplotikd Tolvmvopo to [42]

% (A)==((c-DyN - B - A)(a,N + B, — 1) —cayN(1-c)a,N

Anhodn x; (4) = A2+ (B + B, +ca,N+(Q-Cc)oyN)A+ S5, + 1-C)y, /N +C BN

Onwg xor mpwv mpémer vo. €EETACOVIE TO TOALAOVLHO MG KOL TO ONUEi0 160ppomiog
ATOLTOVUE VO tvat VITEPPOAKS Kot Apa KOG oo TIC WOI0TIES TOV TVOKO LLOG OEV TPEMEL VOl

&yl undeviko M Oetikd mpaypatikd puépog [25]. Avaroya epyalopevorl Kot €36 EYovpe OTL:
A=(f,+ B, +Ca,N+(1-c)yN)* —4( BB, + L-C)a SN +C e, N)

ﬂ1( — ) — ﬁzc

Kévovtag avtikatdotaon tov o, = Kot &,

Nc N(l-c)

TPOKVITEL OTL

c —c+1 c?-2c+1
(1_ ) (Cﬂz+(1 C)ﬂl) 4Wﬂ1ﬂ2

Me d1otipég

c? : c? — c?—2c+1
(C(l ) (132"'(1 C)ﬂl)j —J (1 ) (ﬂ2+(1 C)ﬂl) 4ﬂﬂ1ﬂ2

/11,2 = 2

, , , . x> —x+1
o va yAMtdoovpe Tig Tpaéelg kdvoope v ypoeikh mapdotacn g f(X)=——— pem

X(1—x)
xpnomn tov Aoyicpukov Geogebra. [43]



Kot BAémovpe 611 oto ddotnua [0,1] givon mhvto Betikn dp(x (1 0 (Cﬂ2 (1-¢)p)>0

Kol Gdpo av 1M JSwkpivovoo elval opynTikn TOTE TO TPOYUOTIKO HUEPOG TAOV OIOTIUDV

2
C , . . . ,
( (C[)’2 +(1-c) ﬂl)J glvol TAVTO apVNTIKO, GTNV TEPIMTTMON TOL 1) JlKPIvOLCO,

c(l-c)

givan OgTikn tote Eyovpe OTL [44]

c’—c+1 ¢’ —c+1 2¢*-2c+1
[c(l— S (cB,+ (- C)ﬂl)J —J T (cB, + (1—c),61)—4w,31,32 S0
c’—-c+1 —-c+1 ¢’ -2c+1
( (1_ ) (ﬂ2+(1 C)ﬂl)J (1_ ) (ﬂz"’(l C)ﬁl) 4Wﬂ1ﬂ2©
2¢° -2c+1
_4Wﬂ1ﬂ2<0

TO OTO10 1oYVEL TAVTAL.

AoV eEetdioape QVTEC TIC TEPIMTAOGELG TO EXOUEVO PriHal LOG €Vl VoL LOVTEAOTO|GOVUE TO

HOVTELO Y1 Eva Yphonua. o akoAovONGoLHE TNV HOVTEAOTOINGT TOV TPOPANLOTOG.



‘Eotw A o mivakag yetrvioong tov ypaehuotog kar P;; 1 mbavotnta o kopfog i va aviket
otnv xotnyopia |, kot avtictoyya p,, N mbavoTTa 0 KOPPOG VO avikel otnv katnyopia 1,

TOTE TO SVVOAUIKO GVOTNUA TOV TEPTYPAPEL TO LOVTEAO LOG EvaL TO TOPOKAT®. [45]

dp;, _
dt

AP tad-p, - pi,z)z (AL)

dp; , __
dt

Bopi, o, (L—p, - pi,Z)Z (A] 1j,2)



5 MEAETH NEPIIITQIHX

5.1 EIZATQra

O pvBudg eEdmiwong evdg aviikelévov mave o€ €va mEPACUEVO OIKTLO Omd
OLYKEKPIUEVOL LTOKEILEVO Elval €va EPAOTNO TOV OTOCYOAEL 1010{TEPA TOV EMGTNUOVIKO
KAIOO NG TANpoopikng ofuepa. o mapddetypa, n e£AnAwon evog TpoidvTog VIEp evog
GAlov, gvog “trend”, pwag AEEnc, €voc 100 LTOAOYIGTAOV. AVTO GYVEL KOL GTOV TOWMEN TNG
Yyeiog kabm¢ £vag 16¢ eEAmMADVETOL KO KATAKTE LEYAAO HLEPOG OYL LOVO TOV OPYOVIGLOV TOV
Katolopfdaver oAAd kot tov mANOvopod mov mpoocropPdver. To a&roonueimto moOv
napatnpeital e OAEg NG MOPOTAVEO TEPMTMOELS €ivor TS ouvnBmg T0 16YVPIHTEPO
avTIKEipeVo eEAmAmong Oyt novo vmepvikd to. LIOAOUTA TOVL €100VE TOV GAAL GLVIOMC
Katalopfaver 6Aov tov TAnBvod eEdmAmong, yopic va agnvel otov aviimalo mepdmpia.
Yrapktd mopadetypota givar n Coca Cola avti Pepsi, to iPhone evavtiov Android, Face
book évavtt MySpace, o 16¢ g ypinmng évavtt tov 100 TOV TVOV K.o. Ev oAlyolc o
1oYLPOTEPO avTIKEINEVO KEPSILEL TO TAVTO Kol O avTimaddg Tov eEaleipete Tedeimg (M Katd
&vav eVILTIOGLOKO TOGOGTO TOVAYIoTOV). Edv 0 avtimadog dev eEaleiptel evielmg, kot Eval
TOAD PIKPO TOGOGTH KaTaPEPEL va eMPLOGEL, TOTE Kotd Thoa mhovotnTa Bo Katapépel va

VILAPYEL TYESOV Y10 TAVTAL.

Mo v w1 pog perétn mepintmong avoaeepdpocte oe 600 100G 01 0moiol EATADVOVTOL G
évav mAnBuopud kot BEAovpe va Tapatnpricovpe TG0 ypryopa kot av Oa eEamAwBovy vid Tig
exaotote mpovimobécels. Oa daywploTovy o1 mBaveg mepmtOcels Kot Ha damotmbodv Ta

TPOKTIKA OTTOTEAEGLOLTAL.

To povtého SIS 10 emiégape kaBmg otV dtKN pog tepintwon BELaE Vo LEAETNCOV UE TTLO
OLYKEKPILEVO TOV OVTOY®OVICUO GE OVO 100G TOV dEV UTOPOVV VAL EIGRAAAOLY TOVTOYPOVO TOV
1010 opyaviopno. Aniaodn av to dropo mpocsPAndel and tov Evav 10 dev umopel vo mpocPAndel
a6 Tov dAro. To dtopo mov €xet mpooPAndel pe Tov évav 10 pmopel vo Tov LETAOMCEL GE
dAlovg Bewpavrag Tog givan emppenng (susceptible) va mpooPAnbovv eite amd tov vav M
and tov Ao 10. Otav avoappdcoovy Bewpolie Twg ETOTPEPOVY GTO APYIKO GTASI0 Kot
EMOUEVMG £€TOL emAEYTNKE TO HovTELD SIS ®¢ 10 KaTaAANAGTEPO YlOL TNV VAOTOINGT TOL

alyopifuov.

Mo va 10 emtdyel avtd o aAyoplBuog ovolaotikd Aopupdvel tovg pvOuovg mov mailovv

oNUOVTIKO pOAO o€ pia emdnpio, dniaodn Tov puOuod ioong kat Tov puOud poivvong. Avtoli ot



apBpol mnydlovv amd peAéteg oV €KAOTOTE A0HEVEID OAAG LGIKO UTOPOVV VO £YOLV
EQOPUOYN Kol o€ o vroTfEuEV eNuN 1 TV €£AMAmOon evOC TPOIOVTOG. LTV GLVEXELD LE
Baon 11 TapadoyEc mov Ba £xovv opiotel o€ peTaYEVESTEPO KEPAANLO Oa AapfdvovTal ovTég
ot TopdpeTpot Kot o aAyoppog o vroroyilel mBavég ekPacelg Tov TANOLG OV, dNAAOT v
Kataeepov ot 10t va eEamAmbodv Kol oG amd Tovg VO KOTAPEPE Vo, KATOAdPel TO
UEYOADTEPO UEPOC TOV TANOVGLOY. Oa yiveTal EAeYYOC Y10 TIG ATOOEKTEC TIUEG TOV divovTol

OTNV EPAPLOYN KOl TO, ATOTEAECLATO TOV HETPHGEMVY Ba Tapovs1alovTal GE YPAap L.

Ymv mepintmon avt o Kavovpe Kamoleg voBEcELS Kot Bol S1OTICTOCOVLE TEIPAUATIKG 0LV
To amoteléopato mov Aappdvovpe 6viwg coppadilovv pe TV apylkn KOG TPOcOOoKia.
AnAodn, 0 16YVPOTEPOC 1OG VO VITEPVIKA TOV OVTITOAO pE PeYOAO TOG0oTd Gg BAboc ypovov.
Ovclootikd OAN avtn 1 HEAETN UIOpEl VO TOPOLOLNGTEL GOV TO YEVIKOTEPO TPOPANUA TNG
VIaPENG KOl GUUTEPLPOPAS dVO AVTAYOVICTIKOV TPOIOVI®OV GE £val d1KTLO. AELE YEVIKOTEPO
TpoPAnua ywri to 1010 mpdPAnpa umopet vo €xel d1dpopeg epunveieg, amd TO KOWOVIKA

dikTvO Kot TOV TayKOGUL0 16TO (WWW) péEYPL TOVG avOpmdmvovg TANBuGovg.

5.2 TIAPAAOXEZX THX IEPHITQIHZ

5.2.1 Tevikég mapadoyés

Ev ovveyeio mopadétovton kdmotleg mapadoyés kot opiletor to povtéo mov Ba viomonbel o
alyopiOpog. Ev oAiyoig mpémer va AneBel vdyn o611 oty mepintwon pog vmobéTovpe mmg
avaQePOLOOTE 0PEVOC o€ dV0 acBéveleg mov €xovv ioeg mBavoTNTEG VO TPOSANPOHOVV amd
OAEG T1G opddeg TANBLGLOL akpPmg To 1010 (N KABE (a Yo ToV €00 TO TNG) Ko APETEPOL OTL

0 TANBuoudg avToS £xel TV 1010 cuUTEPLPOPE OTIG acBEVELEC.

Evdewktikd kdmoleg mapauetpolr mov Oa Empeme vo Aappdvoviar vtoyn o€ Eva O YEVIKO

povtéAo elvat:

1. O mnBuouog mov €xel mabntikn avooia.

2. Tlocootd mAnBuopod mov givar EVAAMTO ([e TOPAUETPOLS OTWS Ol NAKIES, O YDPOG
EPYNGIOG, Ol ETAPES TOV ATOL®V K.0L.).
O ypdvoc endaong ¢ acévelag Kot 0 xpoOvog Kivddvov PETAO0ONG.

4. O 1pomog petddoong g achévelog (a€pag, odAo, Toipmnuo ard Kovvovmt KAT).

5. O ypdvoc avooiog evog acBev apécmg LETA TNV 1oom.



dvokd, avTol 01 TaPAYOVTEG LETPLOVVTOL AVAAOY®S TOV 100 TOV UEAETATOL EKAGTOTE KOl OEV
elvail duvatov vo vapyovv otabepd vIoAoyiGHEVOL. MOVO HE GTOTIOTIKEG LETPNOELS Y10 TO
KaOe avtikeipevo peAég etval QIktd va TpocdloptoTovV Kol €V GUVEXEID VO TPOYMPNOEL M
vAomoinon evog povtédov. Kot akdun kot oty mepintwon avty 1o povtédo Ba woyvoet yo
TOV GLYKEKPWEVO TANOBLGUO mov AapPdver ydpa T0 ovtikeipevo pedétng (my. 1
povtelonoinon 2 dwupopetikmv acbeveidv AIDS kar ypinn oty ABnva). Tlpocdiopilovtog
v okppn tomobecio pmopoldpe vo EEXMPIGOLUE TOLG TOPATAVED TOPAYOVIEG KOl VO
StoréEovpe éva akpiPég Lovtéro yia va tpoPAe@tel pia mlovh emdnpio. Avtd onuaivel Twg
TO GUYKEKPEVO LOVTEAD Bo Lmopooe vo epaprocTeL Yia pio opotoyevi opdda TAnBuGHoY
Kol omorteiton emEKTAoT e KOvoOpYleg TAPOUETPOVS OTOV OVOPEPOUOCTE GE UEYOADTEPES

OpLdoEG.

I[No tovg mapoamdve Adyovg Yoo vo vmoroyicovpe ta mBavd evoeyxdpeva eEAmAmoNg
vrobétovpe Ot [16]:

A) épovpe éva povtédo egdmimong SIS (kavévag kopPog dev €xel avooia, obTe PETA TNV
foom)

B) évac xopPog éxer povo Evav amd tovg 600 100¢

I') 6hot o1 kO6pPor etvar cuvdedepévor petald toug (dNAadn o 10¢ umopet va PTacel omd kdbe
KOUPo og évav AAL0).

A) 6hot ot k6pPot £xovv ioeg mBavOTNTES VO LOAVVOOVV amd ToV KAOE 10.

To povtélo d1ddoonc mov akolovBovpe yio 500 1006 o€ Evav TANBLGUO givar ovtd THmov SIS
oALG emekteivovtog TOo pE évav mopomdve 10 (] 0AMGOG Mo TOPATOVEO  OLPOPETIKY

Katdotoon). Avto onuaivel 0Tt to povtédo gival o S-11-12-S, to omolo €xet Tig KataoTdoels:

e Yryieic — Susceptible (=Evmabeic pe Paon 115 vrobécelc vopitepa).
e TIpocPePAnuévog and tov 16 1 — Infected by virus 1.

e TIpocPePAnuévog and tov 16 2 — Infected by virus 2.



Susceptible

Infected
by Virus 1

Infected
by Virus 2

Figure 2: MBavéc Kataotdoeig [3]

Omov b o pvbude eCaniwong tov 100 ko d 0 poludc iaong.

PuOuog e€dmimong tov 100: O pubuog e&amhmong b eivar 1 taydTTa TOVL PETASIETAL O 10G

OTOVG YELTOVIKOVG TOL KOpPove. @swpovpe bl tov pubud eEdmiwong tov v 1 kot b2
avtiotorya Yo Tov 10 2. H taydmra £xel onpacio Kabdg o 10g Tov LOAVVEL TTLO YPIYOPOL TOVG
yettovég Tov Ba €xel Ko v mo peydAn mboavotnto vo VIEPITYVCEL EVOVTL TOV OVTITAAOV.
[No tov A0yo avtd ailer va onueliwbel mog vrobétovpe 6Tt 0 KABe KOUPOg pmopel va

poAvvoet pe tov évav 1 e tov Ao 16 Kat Oyl Ko LE Toug 2.

PvOudc Taong: Oewpodue mmg kdbe 10¢ €xel Tov 0Kd 0V pLOUO 1aong. O pvOUOS 1aomg

Aappdver yopo 6tav évag kopPog sivor poAvopévog pe tov 10 1 1 2. Avtictorya Aowtdv
&yovpe d1 tov puOuod iaong yuo Tov 16 1 ko d2 Tov puOud ioong yia tov 16 2. Oco mo vynin
elval ot N mopdpetpog 1660 Mo gvkora o 10¢ e€aleipetal. Oco mo yapunAn eivot, o 10¢

EMUEVEL Kot 0 KOUPOG TapapéEVEL LOAVGUEVOG.

Emniéov Bempovpe g to diktvo twv kOpPov (1 o mAnbuouodg) €xel ioeg mbavotnTeg
TPOSANYNG (Yo Tov KéBe 10) o€ OO TO PAGLO. XE TPOYUOTIKES CLVONKES MGTOCO, 1) WOUVIKT
povtedomoinon Ba AdpPove vroym g SEOPETIKEG opddeg TANOBVGHOD Yo TIC OTOieg

OLYKEKPIUEVA EVag 10¢ N éva TPo1dV Ba avapepOTaV.



Yxomdg péoa amd avtég TIG VIoBEselg eltval va amodelytel TG o Eva VITOOETIKO HOVTELO 2

AVIOYOVICTIKOV 1OV VTApYovV Tpeig mbaveég KataAngels:

1. Ot dvo i va unv eivon apketd dvvartol Kot va teddvouy.
2. O mo dvvatog 10¢ va Katarapel OA0 Tov TAnBuoud kot o advvapog vo eEacbevicet
Teheimg.

3. O mo advvapog 10g vo KoTapépel va ePLOGEL 6g £va TOAD KPS TOGOGTO.

Ev oLiyoig BéAovpe va amodeiytel TG 0 Mo 16YvVPOG 10¢ Ba KaTaAdPel To peyoldTEPO HEPOG
TOV JIKTVOV TV KOUPwV, cg PdBog xpdvov, aKOUN Kot €0V VIAPYEL KATO0G avTImaAOg 10G

(Bewpnrikd mo adHVOLOG TOL TPMTOV).
INoa va amodei&ovpe Ta maparave Prpate akolovbovue v €Ng pebodoroyia:

e Kotaokevn duVOUKOD GUGTHUOTOS TOV VO AVTUTPOCHOTEVEL TV €EATAMOT TOV 100
Baciopévo 6Tig Tapamive VToBECELS.

o Anddeidn vmapéng povo tpuov onueiov otabepottag. Kot ota tpia avtd onueia o
évag 10¢ mpénet vo eEahelptel enl Tov mAeloTOV.

e FEvpeon tov ocuvOnkadv mov mpémel va 1oxbovy dcTE TO cOOTNUA avTd Vo givor

ot0fepo.

Apyicd, o kivovvog yio v eEdmAmon oG emdnpiog agoloysiton pe tov deiktn Ro
(Reproductive Ratio). Edv o dgiktng owtdg eival peyoldtepog tov 1 yio to yopoKTnploTIKa
evog 100 tOTE aVTOHG 0 10¢ Yapaktnpileton g emkivovvog mpog emonuio. o kdbe poviédo
OV  YPNOWOTOLEITAL, O O€lKTNG aVTOG VTOAOYILETOL OLOPOPETIKA. XTNV  TPOKEUEVN

nePInT®oN OULMG TO LOVTEAO TTOV akoAoVBOVLE gtvarl TOTTOL SIS.

Omov b éotw 0 poludc eéariwong, d o ppOudg iaonc kol N o TAnBvoudS.
I'a to Sl1l2S Aowdv Ba Bewpnoovpe Rox ya tov 16 1 ko Roz yuo tov 16 2.
Enopévmg 0o mépovpe tpia evoeydpeva yia Tig THES TOV deikTN oL TOD.

o Ilepintoon 1: Ro1 <1 & Roz <1 (kdtm tov opiov kot ot dvo 10).
o [lepimtwon 2: Ror > 1 & Ro2 < 1 (dve ToVL 0piov 0 duvatdtepog 10¢ Lovo).

o [lepintwon 3: Ror1 > 1 & Ro2 > 1 (dve ToVL 0piov kat ot dVO 101).

370 HOVTEAO TOL YPMNOLUOTOOVUE O Pacikog aplfudg ovamopaymyns, N oAldg to Ro,

vroAoyileTon pe Tov €ENG TPOTO:



Méoo petadoong Ba opicovpe 6Tovg 100¢ TOV HEAETAUE TOV 0Epa KaBMG avtoi cuvnBmg elval

K0l 01 7o emKivovvot 101 yro eEAmAmon Lo emdnuiog.
[Tepiodog petadoong ivar o xpoOvog Tov Eva ATONO UTOPEL VO LETOOMCEL TOV 10!

1
pvBuoe laong

[MBavotnTa emaeng sivor n whovotnTa TOL £)YEL €va poAvouévo dropo va Ppebet pe éva
vY1€c. YmoBétovpe mmg éva ATopo Y100 TOLg GLYKEKPLUEVOLS 100G Ba £pBel 6e emapr] TO TOAD

o€ déka GAla dTopa o vo LeTaddoet 10 o pio pépa (Step). Eropévag

Emopévoc yuoo v 0wk pog mepimtwon kot pe Pdon to Osopntikd vmofabpo mwov

nePrypayoLe 6to kedloto 2 to Rovroroyiletan og e€ng:

Ry = pvOBudg uéAvvang = [lepiodoc acBéveiag = C, 0<C<10

Omnov C givor 1 emaen pe gomabég dropo (Méoog aptbuog 5).

Ko n mepiodog acbéverag elvar ion pe o ¥povikd dSdoTno avappmong Tov amotteiTol.

5.2.2 Mapadoyég tAnbvopov

Ot mapadoyéc oty mTapodoa epyacia, 06OV aPopd Tov TANOLGUO, AvKOUY OTIS aKOAOVOEC

Kotnyopieg [25]:

o Tevikn doun tov TAnBvcpov. O TANBLVoHOG pmopet var eivol Opo10YEVIG - MOTE KAOE
dtopo va avtdpd otn poAvvon to 1010 ®ate Kot 1 eEdmAmon g Aoipméng va yivetot
pe tov mapopolo puoud. Xe kavovikée cuvOnkeg elval mBavd vo vdpyovV TOAAEG
pOPETIKEG OpoloYeVElC ouddeg 1 «stratas» [46] mov aAAniemdpodv 1 akoun va
EYOLLLE KO EVIEAMG avopoloyeEv ) TANBLGHO (Kot va avTidpd dtapopeTikd kdbe dtopo
otV acBévela.

e Avvopikn tAnfucpdv. To chvoro TV atdpmv Tov umopet va eivat KAEIGTA 1] avolKTd
(va petapépovv kol va emmpedlovtol amd v achévela). 1o KAEWGTO GHVOLO TNG
HEAETNG MO, O aplBudg TV atoumv dgv aAlAlel ™MV Tapodo Tov ypOVov, Ogv

VILAPYOLV VEEC YEVVINOELS, OAvaTOol, HETOVOGTEVGELS 1 LETOVOOTEVGELS.



o Kotaotdoelg evog atopov oto O6iktvo. Ymdpyovv TOAAEG MOAVEG KATAGTACELS GTOL
povtéla emonuioc. ‘Eva dtopo pmopel va etvan gvaicnro oe poéAvvon, va givon oe
@aon emmoong, vo givol Qopag YOPiG COUMTOUNTO 1 UE CLUTTOUATH, AOY®
OVOGOTONTIKOD 1 OVTIGTOONG TOL OTOHOL VO €YEL OVOGiQ, 1 OTNV YEWPOTEPN

nepintwon 1o dropo va aparpedel (0avatoc).

5.3 TEXNOAOTIIEX IOY EOAPMOZTHKAN
Mo v vAomoinon Tov TPOYPUUUATICTIKOD TUNUATOS TOV aAyopifumv € yio v de&aywyn
TOV TEPAPdTOV amattnOnkKoy cLYKEKPLLEVES TeVoAoYies. Ot teyvoroyieg avtes eivan kupiog

10 Eclipse SE ko 1 Java xaOd¢ ko to Jfreechart API.
5.3.1 O aryoprOpog

O alydpiBuog mov viomomOnke vroAoyilel Ta mBava evoeydueva dVo 1OV 6€ €va dIKTLO.
Apywd amouteiton n €looywyn tov TANOLoHOL Kot To Prjpata emavainymc. Ta Prpoto
emovaANYNGg etvar mooeg péPeg €xel 0 10¢ otV ddbeom tov va eEomiwBel. Lty cuvéyeln
amouteiTon 1 E160YOYN TOV GTolXEl®V Yo Tov puOud poéAvvong kot tov pvud iaong. Avtd
Bempntikd sivon vwoAoyiopéva Yoo Tov ekdotote 10 péoa amd Epevveg Kot peAétec. MOALG
00000V ta oToyeia avTd 0 aAyOp1BOg VITOAOYILEL YPNCYLOTOIDOVTOG TV EVOEYOUEVA., TOLOL
etvar n éxPaomn tov dvo WV avtdv. OvcoloTikd, av Tpodvtal ot cuvOnkeg, B ovue va
enaAnfevovtal To Oe@PNTIKE ATOTEAEGLOTO TTOV £XOVV OPIGTEL TOPATAVE® Y10 TOLANYIGTOV TO
90% tov mepumrtdcemy. O alyopBpoc mapovcstdlel To AMOTEAEGUOTA YPOATTA Yot TO KAOE
Ppo oAhd kou o ypagikn mopdotacn. EmmAiéov pe tic idieg petafintéc ivar dvvatdv va

Eavatpééel To 1010 oeVAP1o Yo LEYOADTEPT OKPIPELN TOV OMOTELEGUATWOV.

SVYKEKPIUEVO, TOVG OAYOPIOLOVG TOVE LAOTOMGAE e TV BonOelo TG AVTIKELEVOSTPAPNS
yYAdooag mpoypappaticpov Java. ‘Eva and ta facikd mheovektiuota g Java évavtt tov
TEPLOCOTEPOV GAL®Y YA®GoV gival 1n ove€opoio Tov AEITOVPYIKOD GULOTHUOTOS KOl
mAateoppas. Ta mpoypdupato mov eivar ypaupéva oe Java tpéyovve akpifdg to 1010 og
Windows, Linux, Unix kot Macintosh (cOvtopa 0a tpéyovv kot o Playstation kabmg Kot 6€
GAAeC KOVOOAEG TaYVIOLDV) Ywpic va ypelaotel va Eavayivel petayAdttion (compiling) v va
aALGEEL 0 TTryaiog KMOKOS Yo KAOE d1apopeTikd Aertovpyikd cvotnuo. o va emrevybel
Opmg avtd ypealldtay KAmolog TpOTog £T61 OCTE TOL TPOYPAUUATA YPOUUEVO o€ Java va

Umopovv va glvol «Katovonta» amd kdbe vmoAoyiomy aveaptnrta tov €idovg enelepyaotn



(Intel x86, IBM, Sun SPARC, Motorola) aAlAd kol Aettovpyitkov cvothiuatog (Windows,
Unix, Linux, BSD, MacOS). O Adyog givor 0Tt kaBe KeVIPIKN povada ene&epyaciog KOTovoEel

SaPOPeTIKO KMOdIKa pnyovng. [47]

[Tapoéro mov 1 EKOVIKY pnyovi] TPOsPEPEL Oha ovTA (Kot Oyl LOVO) TO. TAEOVEKTNUOTO, T
Java apykd tav mo apyn o€ oxéon pe GALEC TPOYPOUUOTIOTIKES YADGGES VYNAOD EMTESOV
(high-level) 6mwc 1 C ko 1 C++. Epnepikég petpnioetg oto mopeldov giyav dei&et 6t C++
UTOpOoVGE Vo elval apKETEG POPES YpMYopOTEPN amd TV Java. Qotdco yivovion Tpoondbeieg
and T Sun Yy TN PeATioTOMOINGCT NG EKOVIKNG UNYXOVNG, EVA VLIAPYOVV Kol GAAEC
VAOTOMGELS TNG ard drapopeg eTaupieg (0mmwg g IBM), ot onoieg umopet oe kdmowa onpeio
Vo TPOGPEPOVY KOADTEPA Ko 6€ KAmola dALa yepdtepa amoteAéopata. Emmiéov pe v
kafipwon tov petaylottiotev JIT (Just In Time), ot onoiot petatpémovv Tov kKoK byte
angvbeiog oe YA®GGO Unyovng, n opopd toyvntos omd T CH+ €yt pukpHvel KoTd TOAD.

[47]

Ot tehevtaieg €kd0GELS TOL javac pe T xpnon g texvoroyiog Hot Spot éyovv katapépet
a&1ohoyeg emdooelg mov TANcldlovv N kol Eemepvodv o HEPIKEG TEPUTTAGELS TOV EYYEVT|

Kooko. [47]

To mepBdArov 610 0mol0 YPAWALE TOV KMOOKO KOl OVGLOGTIKA OOUNCAUE TOV AAYOp1OLo pHog
emAé€ape vo givar n mhatedppo tov  Eclipse. e mpoypoppoatiopds mMAEKTpOVIKGOV
vroAoylot®v, to Eclipse eivar éva ohoxAnpopévo mepifairov avantuéng (IDE). Tlepiéyet
pwoe Baon epyaciog kot €va €MEKTAGUYLO ovoTNUO plug-in yoo TV TPOGOPUOYN TOL
nepPdAirovtog. To Eclipse givat ypappévo xupimg og Java kot 1 kbpla ypnon tov givor yio
™V avantuén epappoyov Java, aAld pmopel emiong va ypnoyoromdel yio v avamtuén
EQUPUOYDV O OGALEC YADGGEC TPOYPOUUOTIGHOD HE TN YPNON TV 7TpocHitmv, mov
neptiappaver: Ada, ABAP, C, C ++, COBOL, Fortran, Haskell , JavaScript, Lua, Perl, PHP,
Prolog, Python, R, Ruby (ocvumepilopfavopéveov towv Ruby on Rails mAiaicio), XxdAoa,
Clojure, Groovy, Xyédwo kot Erlang. Mmopei emiong va ypnowomomBet yioo v avamtoén
TOKETOV Yoo T0 Aoywopkd Mathematica. Avantoén mepipdriovia meptiapfdvovy ta
epyareia avantuEng Eclipse Java (JDT) yw Java ko ™ Xxdha, to Eclipse CDT yw v C /
C++ xon Eclipse PDT yia tnv PHP, peta&b dAlmv.

H opywmn codebase mponAbe amd tv IBM VisualAge. [48] H éxhewym kit avamtoéng
Aoyopkov (SDK), 1 omoia mepthapfavel ta epyaieio avdmroéng g Java, mpoopiletar yio

npoypappatiotég Java. Ou ypnoteg Umopodv va €MEKTEIVOLV TIC WKOVOTNTEG TOV UE TNV



eykatdotaon plug-ins mov ypaetnke yio v mloteopua Eclipse, émwg eivar n avémroén
EPYOAEL®OV Y10 BALES YADGGEC TPOYPOLLOTIGLOV, KOl UTOPEL VoL YpAWEL Kot vo. GUUPBAAETE pe
T1G O1KéG TOVG povadeg plug-in.

Télog to api 1o onoio ypnoipomoooue frav to JFreeCharts api. To Jfreechart givar éva

TAQICLO0 OVOIKTOD KMOKO Yo TN YADGGO Tpoypouuaticpod Java, n omoio emtpémetl

dnupovpyia pog evpeiog TokiAog TOG0o Yia S10dpacTIKd Kot oTadepd ypaenuaTa.

To Jfreechart vrootpilel o cepd amd SAEOPA YPUPNLOTO, GLUTEPIAAUPBAVOUEVOV TOV

GLUVOLOCUEVAOV LY POUUATOV:

* X-Y dwypappoto (Ypopupés, Kot dStuomopds). Xpovikdg aZovag etvot eQiktoc.
* I'papnuota witog
* I'pagpnpoto Gantt

* Iotoypdppata (opiloviie wor KaBeta). Emiong, mapéyetor evoopatopévo

LOTOYPOULLO OTOTOTTMOTG.

e Auwpopa €0IKA Oaypappoto  (Odypappo  avEHOL, ONUOYPAPIKA, QUCUAIDES
Spop®V peyedav, KAT).

Eivor duvatdv va tomoBetnBohv dtdpopot deikteg Kot oxOALa 6TO EMimEDO.

H Jfreechart cuvepydletan eniong pe 1o GNU Classpath, dmpedv Aoyiopuikd epappoyn e
pdTLTNG PPA0ON KNG KaTyopiag Yo TN YADGGO TPOYPAULATIGHOV Java.

To API avtiel avtdpata tic KAipakeg otov a&ova ko eneEnynoeic. Ta ypaenuota oto GUI
yivovtal autépoto Kol wopéyetal 1 dvvatotrto yio peyébuvon. Ta vradpyovta ypaenuoato

umopet ebkoro va evnuepmbovy pécwm listeners mov mapéyovion oo library.

5.4 TIEIPAMATA
H Oswpio emainbeveton ota mepdpato kabmdg yuoo TG TAPOKAT® OLAPOPEG TIUEG TOV
doxpalovtat etvar eovepd mwg o 1oYLPOTEPOS 10¢ glte €£0A0BpeLEL TOV avTiTAAd TOL €ite

GUVVLTLAPYOVV LE TOV UEYOADTEPO TOGOGTO VO OVI|KEL GTOV VIKNTY.



5.4.1 Ileipapo [IpoTo

Apykd ovT6 TOL TPOCTAONCAUE VO VAOTOCOLE lvar 1 dnpiovpyia vOg adyopiBuov mov
va poPAénet v eEdmimon pog acBévelog petd amd N frpata (1 aAag pépeg). Ev apyng
{nrovvtat: o TAnBuGuAC, ot 101, To PHATO ETAVOANYE®Y, £VO GOVOAO OPYLIKOV LOAVCUEVOV
Kol 01 avTioTotyol pvOpot iaong kot poAvvone. Me Baon tic petafAntég avtéc vmoloyilovtal
oe KGO Prnuo mBavoétnteg poéAvvong kol ioong tov mAnBvcopov. ‘Eyxovue éva apyikod
mAnBuopd kot facel mBavoTTwV Tpootabovpe va dovpe TG0t Ba eivar o1 LoAvGpéEVOL HeTd

a6 TV ThavoTNTA LOAVVOT|S.

54.1.1 NEPINTQXH 1

Kot otovg 800 100¢ divovtar peyaieg Typég otov pubud iaonc. [opdtt n woydovoa mepintwon
Oa énpene va emainBeder v Bewpla Ko va g&aieipovtar kot ot Vo 10i, eaiveTor mwg
avtifeta katorapupdvovv 6Aov Tov mAnBucod oe akpiPag ioa pépn kot pdiioto pdévo amd tnv
devtepn puépa. Avtd givar Wwaitepa pun peaAoTikd KobMG o€ Kapio mepintmon dev yivetat va
&xouv akplpadc 6o pépog Tov TANBLGHOY Katl ot dVo 10l Kot pdAloTo TNV devTEPT MUEPOL.

Enopévog avtilappavopacte toc mbavotata o adyoplBpog va el Kdmoto Aoyikd Adbog.

Starting infection of Population...

Enter the number of population:

1560

Enter the start range for the node infection (1-10)
1

Enter the end range for the node infection (0-10)

Enter the steps for the simulation
10

Enter healing rate of Virus 1:
0.92

Enter healing rate of Virus 2:
0.93

Enter infection rate for Virus 1:
0.11

Enter infection rate for Virus 2:

0.09



The number of
Virus 1: 83
Virus 2: 73

The number of
Virus 1: 780
Virus 2: 780

The number of
Virus 1: 780
Virus 2: 780

The number of
Virus 1: 780
Virus 2: 780

The number of
Virus 1: 780
Virus 2: 780

The number of
Virus 1: 780
Virus 2: 780

The number of
Virus 1: 780
Virus 2: 780

The number of
Virus 1: 780
Virus 2: 780
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infected

infected

infected

infected

nodes

nodes

nodes

nodes

nodes

nodes

nodes

nodes

this

this

this

this

this

this

this

this

turn

turn

turn

turn

turn

turn

turn

turn
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is

is

is

is

is

is

is
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1560

1560

1560

1560

1560

1560

1560



The number of infected nodes this turn is 1560
Virus 1: 780
Virus 2: 780

The number of infected nodes this turn is 1560
Virus 1: 780
Virus 2: 780

The number of infected nodes this turn is 1560
Virus 1: 780
Virus 2: 780

5.4.1.2 NEPIITQXH 2

[Ipoywpdpe oty dedTepT MEPinT®OON TPOKEWEVOL va. gilocTte Giyovpot Yo to AovOacspéva
OTOTEAEGULATO. ZTNV OOKIUT aTY| O SDGOVLLE TO TPOPASIGLO GTOV TPMTO 10 LEIDMVOVTOS TNV
avtiotoon Tov TANBvopoy oe avtdv puovo. Kot og ot v mepintmon ®ot0c0 Tapatnpeite

1N 010 akpPmdg svumeprpopd.

Starting infection of Population...

Enter the number of population:

2345

Enter the start range for the node infection (1-10)
1

Enter the end range for the node infection (0-10)

Enter the steps for the simulation
10

Enter healing rate of Virus 1:
0.63

Enter healing rate of Virus 2:
0.93

Enter infection rate for Virus 1:

0.11



Enter infection rate for Virus 2:

0.09

The number of
Virus 1: 455
Virus 2: 364

The number of
Virus 1: 1172
Virus 2: 1172

The number of
Virus 1: 1172
Virus 2: 1172

The number of
Virus 1: 1172
Virus 2: 1172

The number of
Virus 1: 1172
Virus 2: 1172

The number of
Virus 1: 1172
Virus 2: 1172

The number of
Virus 1: 1172
Virus 2: 1172
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nodes
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819
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2344

2344

2344



54.1.3 MNEPIITQXH 3

Ia v Tpitm opilovpe pikpn avtictaon ko ot 2 acbéveleg. Onwg qaivetor ®GTO60
Eyovpe akpPdg TV 1010 GLUTEPIPOPA KOl ETOUEVMOG O OAYOPIOOG €ival Glyovpo TTmg €xel
AoYKO AGOOG. LTV CLVEXELD TPEMEL VAL AVAOT|LLLOVPYNCOVUE TNV AOYIKY TOL aiyopifuov

TPOKEEVOL va, Topldlel oty Bewpio TOL ATOSEIKVOOVLLE.

Starting infection of Population...

Enter the number of population:

2430

Enter the start range for the node infection (1-10)
1

Enter the end range for the node infection (0-10)

Enter the steps for the simulation
10

Enter healing rate of Virus 1:
0.62

Enter healing rate of Virus 2:
0.66

Enter infection rate for Virus 1:
0.12

Enter infection rate for Virus 2:

0.11

The number of infected nodes this turn is 923
Virus 1: 487
Virus 2: 436

The number of infected nodes this turn is 2430
Virus 1: 1215
Virus 2: 1215

The number of infected nodes this turn is 2430

Virus 1: 1215



Virus 2: 1215

The number of
Virus 1: 1215
Virus 2: 1215

The number of
Virus 1: 1215
Virus 2: 1215

The number of
Virus 1: 1215
Virus 2: 1215

The number of
Virus 1: 1215
Virus 2: 1215

The number of
Virus 1: 1215
Virus 2: 1215

The number of
Virus 1: 1215
Virus 2: 1215

The number of
Virus 1: 1215
Virus 2: 1215

The number of
Virus 1: 1215
Virus 2: 1215
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AVT6 OV OVOCTIKA OVTIAAUPOVOUACTE EIVOL TMG 6TO LOVTELO 0VTO dev £xel AneOel vOYN
n mBovotnta. emaeng HOALGHEVOL pe gumabég atopo. o va dopbwbel avtd 10 Adbog
YPapKE VEOS aAyOp1Bog 0 omoiog duwe Aappdvel vtdyn tov avth ™V petapint. Eniong
o€ ovTO T0 onueio avakoAVEONKE TOC elval amapaitnTn N TOPASOYN Yo TO OPlO EMAPDOV

d00nKke vopitepa.



5.4.2 Ileipapo Agdtepo

Epbécov and 10 mpdTo mElpapo mapatnpnoape mwg o pubuog polvvong nrav daitepa
YPNYOPOG Kot deV TPOGEYYILE TNV TPAYUOTIKY KaTdoTaon. EmmAéov damotdoaue mwg o€
KG0e mepintwon vapye 0plo 6Tov TANOLGUO TOL PUTOPOVGE VO EMNPEAGOLY Ol OCHEVELEC.
‘Hrtov avaykaio vo dnpovpyndel ek véov €vag vEog alydplOpnog £Tol dGTE va. AelTovpyel |e
axpifela avaroykd pe to Bedpnua mov BEAovpe va akolovBncovpe. ' v de&aymyn Tov
de0TEPOV TEPANOTOS VAOTOMONKE 0AYOP1OIOGC 0 omoiog ekpeTOAAeVETAL TIG EENG TAPAUSOYES

ot omoieg etvan Paciopéveg oto Ke@Aiato 1 yio TNV povieAomoinon piog emdnpiog:

e O mnBvopog mov peketdue eivol OHOWOYEVIC KOU OVTIOPA TOPOUOLD  GTOV
kaBopiopévo puhuod iaong kot poivveong g kébe acOéveiag.

e Agv vmbpyovv dropa pe avocio kot 0 TANOLGUOC elvar KAEWGTOG (Oev VLTLAPYOLV
anpOPLETTOL TAPAYOVTEG OTMOG YEVVIGELS, LETAVAGTEVGELG 1) Odvatot)

o 'Eyovpe 1peig kataotdoels, Yo toug kOppovs: Yyig (1 aAl®g Un EnMpeacuévos and
tov 10 1/2), Molvopévog and tov 16 1, Molvcopévog amd tov 16 2.

¢ 'Ecto 611 01 eméc TV poAvopévev (aTdv Tov petadidovy toug 1vg 1 1 2) stvar 1o
ToAD O0éka og €va Pua (Ze éva eKooteTpdwpo €va dTopo oto dikTvo pmopet vo

HOAVVEL Y10l TOV £vaV 1] TOV GAAO 10 amtd Undév £mg €K ATopL).

‘Eocto mog éyovpe 600 100G ot omoiol TaEdebovy 6To dIKTLO pPE TOVg PLOUOVG laomg Kot
poéAvvong mov opifovpe oe kdbe mepintwon. Xkomdg eivar or mepopoTiKeéS eEehielg va

oLUE®VOVV LE TNV Bempia Tov aKolovOncae 610 KePAAoo 4.

Enopévog extedécaple T1g omapaitnTes SOKIUEG e GKOTO VO OLAMIGTAOCOVE TNV €YKLPOTN T

TOV OTOTEAECUATOV TOV aAyopiBuov Bdom tov Bemprpatog mov BELov e va amodeiEovpie.

H Bswpio emrainbevete ota mepdpato KabdS Yo S1AQOPES TIC TOPUKAT® dAPOPES TIUEG TTOV
dokpdlovtar givar @avepd oG 0 16YVPITEPOG 10¢ gite eEoAoBpedel Tov avtimald tov &ite

GUVLTIAPYOVV LE TOV HEYOADTEPO TOGOGTO VO OVIIKEL GTOV VIKNTY).



5.4.2.1 NEPIITQXH 1

O ITAHOY2ZMOX EXEI MEI'AAH ANTIXTAXH KAI XTIX 2 AX®ENEIEX

OpiCovpe peydro puOud ioong yio va dniAmdcovpe mmg o mAnducudg Exel peydAn avrtiotoon

oT1G 000évelec. AvTd onuaivel TG o1 aeOEVeELES OV Elval APKETA 1OYVPES Y10 VO OLVOLLDOCOVY

kot vo e&amlwBovv. To avapevopevo amotédespa eivar vo e&aherpboldv teleing kot va unv

OLVIGTOVV Kivouvo emidnpiag.

54211 Aoxq1:

Onwg sivar @avepd, kot ot 000 10l dev KoTapépvouy va e&amimBodv kabmg o 16yxVPdS 160G

KATaPEPVEL VO EMPLOCEL € €vol UIKPO TOGOGTO eV 0 0e0TEPOC eEoleipeTon TeAeimg. Xe

neplocoTEPO Prinota To mBavdTepo glval va eEarelpoToy TEelS Kol 0 TP®TOG 10C.

|4 Competing Viruses

Number of Nodes (N): (30-10000): 9543
Number of Steps (Days): (20-1000): 30

HH ion for Virus 1:

Healing Rate [Statistical Percent (1-99)]: 83
Infection Rate [Statistical Percent (1-99)]: 16

i ion for Virus 2:
Healing Rate [Statistical Percent (1-99)]: 85
Infection Rate [Statistical Percent (1-99)]: ‘1 5 ‘ | Calculate

*Please note that both viruses start on equal terms (10 Nodes infected)
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Figure 3: Zuyuiotuno Epapuoyng, Aokiun A1

Day 1 results:
Complete population: 9543

Population infected by Virus 1 on this turn: 8

Population infected by Virus 2 on this turn: 12

Healthy population on this turn: 9523

Day 2 results:




Complete population: 9543
Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9525

Day 3 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9529

Day 4 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9534

Day 5 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9534

Day 6 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9538

Day 7 results:
Complete population: 9543
Population infected by Virus 1 on this

Population infected by Virus 2 on this

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

10



Healthy population on this turn: 9539

Day 8 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9539

Day 9 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9542

Day 10 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9541

Day 11 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9542

Day 12 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9543

Day 13 results:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:



Complete population: 9543
Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9543

Day 14 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9543

Day 15 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9543

Day 16 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9543

Day 17 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9543

Day 18 results:
Complete population: 9543
Population infected by Virus 1 on this

Population infected by Virus 2 on this

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:



Healthy population on this turn: 9543

Day 19 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9543

Day 20 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9543

Day 21 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9543

Day 22 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9543

Day 23 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9543

Day 24 results:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:



Complete population: 9543
Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9543

Day 25 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9543

Day 26 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9543

Day 27 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9543

Day 28 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9543

Day 29 results:
Complete population: 9543
Population infected by Virus 1 on this

Population infected by Virus 2 on this

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:



Healthy population on this turn: 9543

Day 30 results:

Complete population: 9543

Population infected by Virus 1 on this turn: ©
Population infected by Virus 2 on this turn: ©

Healthy population on this turn: 9543



5.4.2.12 Aoxin 2:

Kot ot 2 101 e&adeipnioav Kot o€ avtn TNV TEPINTTOO.

Number of Nodes (N}: (30-10000): 3542 Resu |tS
Number of Steps (Days): (20-1000): 21
8.000
H#Hi# ion for Virus 1:
7.000
l Healing Rate [Statistical Percent (1-99)]: 70
I 6,000
Infection Rate [Statistical Percent (1-99)}: 15
I #HiH for Virus 2: 5000
| Healing Rate [Statistical Percent (1-09)]: 90 4,000
| Infection Rate [Statistical Percent (1-99]]: ‘15 \ ‘ Calculate ‘ 3.000
*Please note that both viruses start on equal terms (10 Nodes infected) 2,000
1,000
0 = — = —
01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Time
Virus 1 — Virus 2 — Healthy

Figure 4: Zuyuiotuno Epappoyng, Aokiun A2

Day 1 results:

Complete population: 8542

Population infected by Virus 1 on this turn: 9
Population infected by Virus 2 on this turn: 8

Healthy population on this turn: 8525

Day 2 results:

Complete population: 8542

Population infected by Virus 1 on this turn: 10
Population infected by Virus 2 on this turn: 7

Healthy population on this turn: 8525

Day 3 results:
Complete population: 8542
Population infected by Virus 1 on this turn: 12



Population infected by Virus 2 on this

Healthy population on this turn: 8520

Day 4 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8521

Day 5 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8525

Day 6 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8529

Day 7 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8534

Day 8 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8531

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

10

12

10



Day 9 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8535

Day 10 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8533

Day 11 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8530

Day 12 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8535

Day 13 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8533

Day 14 results:
Complete population: 8542

Population infected by Virus 1 on this

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:



Population infected by Virus 2 on this

Healthy population on this turn: 8536

Day 15 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8536

Day 16 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8539

Day 17 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8539

Day 18 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8541

Day 19 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8542

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:



Day 20 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8542

Day 21 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8542

turn:

turn:

turn:

turn:



5.4.2.2 TIEPIHITQZXH 2

O ITAHOY2ZMOX EXEI MIKPH ANTIZTAXH XTHN AXOENEIA 1

5.4.2.2.1 Aoxun 1:

KoateBdlovpe tov pubuod ioong oto 72 and 83 yw tov 16 1. Emopéveg €11, 1 avtictaon tov

mAnBucpov petdverat yio v acbéveia 1. Eivar povepd tmg 610 614010 TV frpdtov o 10g 1

veployvel évavtt tov 100 2 kot apyilel va KatalapPdver o PEYOADTEPO WEPOG TOV

mAnBvopov. ‘Eneita tig dékatng pépag o 16¢g 600 doev aviéyel kaBoiov mAéov Kot e€areipeTon

evtedmg. O 16¢ 1 pe to mépag g dékaTNG TEUTTNG HEPOS apyilel kKo Katalapfavel tereimg

T0 peyalvtepo PEPOG ToL TANBVooVD. Eival povepd mmg éxel Eeombost emdnuia.

Number of Nodes (N): (30-10000): 0543
Number of Steps (Days): (20-1000): 30

#i# Information for Virus 1:

Healing Rate [Statistical Percent (1-99)]: 72
Infection Rate [Statistical Percent (1-99)]: 20

### Information for Virus 2:

Healing Rate [Statistical Percent (1-99)]: 35

Infection Rate [Statistical Percent (1-89)]: ‘15

*Please note that both viruses start on equal terms (10 Nodes infected)

Figure 5: Suyuiotuno Epapuoyng, Aokiun B1

Day 1 results:
Complete population: 9543

Calculate

10,000
9,000
8,000
7,000
5,000
5,000
4,000
3,000
2,000

1,000

Results

012345

Population infected by Virus 1 on this turn: 9

Population infected by Virus 2 on this turn: 10

Healthy population on this turn: 9524

Day 2 results:
Complete population: 9543

Population infected by Virus 1 on this turn: 17

6 7

3

9 1011121314 1516 17 1813 2021 22 23 24 25 2 27 2829
Time

Virus 1 — Vius 2~ Hedthy




Population infected by Virus 2 on this

Healthy population on this turn: 9519

Day 3 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9519

Day 4 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9512

Day 5 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9502

Day 6 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9494

Day 7 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9490

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

20

28

40

48

52



Day 8 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9468

Day 9 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9467

Day 10 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9447

Day 11 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9416

Day 12 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9363

Day 13 results:
Complete population: 9543

Population infected by Virus 1 on this

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

74

75

96

127

180

196



Population infected by Virus 2 on this

Healthy population on this turn: 9347

Day 14 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9299

Day 15 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9222

Day 16 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9161

Day 17 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9081

Day 18 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8976

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

244

321

382

462

567



Day 19 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8772

Day 20 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8558

Day 21 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8339

Day 22 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8054

Day 23 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 7757

Day 24 results:
Complete population: 9543

Population infected by Virus 1 on this

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

771

985

1204

1489

1786

2066



Population infected by Virus 2 on this

Healthy population on this turn: 7477

Day 25 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 6941

Day 26 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 6375

Day 27 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 5625

Day 28 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 4802

Day 29 results:

Complete population: 9543

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 3838

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

2602

3168

3918

4741

5705



Day 30 results:

Complete population: 9543

Population infected by Virus 1 on this turn: 6847
Population infected by Virus 2 on this turn: ©

Healthy population on this turn: 2696



5.4.2.2.2 Aoxiun 2:

Oewpdvtog g ya Tov 10 1 &xovpe pubuod ioong 80% kot pubud poéAvvong 50%, evad yo tov

10 2 €yovpe pohud iaong 50% kot puOud poéivvong 12% tote

IMa minBoopd 8542 oe mepiodo 20 nuepdv mapovcidlovior to akdiovdo amoteAéouaTa:

. ——

Humber of Nodes (N): (30-10000): 8542

Results

Number of Steps (Days}: (20-1000): 20

8,000
### Information for Virus 1:

7,000
Healing Rate [Statistical Percent (1-99)]: 70

6,000
Infection Rate [Statistical Percent (1-89)]: 23
### Information for Virus 2: 5000
Healing Rate [Statistical Percent {1-99)J: 70 4.000
Infection Rate [Statistical Percent {1-99: \12 \ ‘ Calculate | 3,000
*Please note that both viruses start on equal terms (10 Nodes infected) 2,000

1,000

0

01 2 3 4 5

6 7 8 9 10 11 12
Time

Virus 1 — Virus 2~ Healthy

131415 16 17 18 19

Figure 6: Zuyuiotuno Epappoync, Aokiun B2

Day 1 results:
Complete population: 8542

Population infected by Virus 1 on this turn:

Population infected by Virus 2 on this turn:

Healthy population on this turn: 8510

Day 2 results:
Complete population: 8542

Population infected by Virus 1 on this turn:

Population infected by Virus 2 on this turn:

Healthy population on this turn: 8495

Day 3 results:
Complete population: 8542

Population infected by Virus 1 on this turn:

24

41

43



Population infected by Virus 2 on this

Healthy population on this turn: 8492

Day 4 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8473

Day 5 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8445

Day 6 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8427

Day 7 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8336

Day 8 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8255

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

65

94

113

204

286



Day 9 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8106

Day 10 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 7927

Day 11 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 7574

Day 12 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 7034

Day 13 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 6242

Day 14 results:
Complete population: 8542

Population infected by Virus 1 on this

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

435

615

968

1508

2300

3588



Population infected by Virus 2 on this

Healthy population on this turn: 4954

Day 15 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 3268

Day 16 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 557

Day 17 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 6

Day 18 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 7

Day 19 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 4

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

5274

7985

8536

8535

8538



Day 20 results:

Complete population: 8542

Population infected by Virus 1 on this turn: 8531
Population infected by Virus 2 on this turn: ©

Healthy population on this turn: 11

Anhadn emedn o 10¢ 1 NTav moAD 16YLVPOTEPOG TOL 10V 2 Katdpepe va Tov ££0A0BpevceL
evteds. ‘Exoope 11 vym dropo o 8531 poivopéva amd tov mpd@to 10 Ko 0 amd tov

devTEPO 0 omoiog e€areipOnie Teheimg apov dvtese uéypt v 9 pépa.



5.4.2.3 TIEPIHITQXH 3
O ITAHOY2ZMOX EXEI MIKPH ANTIZTAXH KAI XTIX 2 AXOENEIEX

5.4.2.3.1 Aoxun 1:

Onwg elvar gavepod o o tétola mepintmon eivat ToAd mhavo va Eecmdoet emdnpio Kot yio
ToV¢ 000 100¢. AnAadn kot ot 600 acBéveleg KatapEPVouy vo eMPLUOCOVY UE TO HEPISIo TOV
mAnBvopov mov tovg avtiotorel. H mbavotepn exdoyn eivar avty mov mapovcialeran,
ONAadN QLT TOV 0 TPMTOG 1OG VILEPITYVEL TOL OEVTEPOL, Kot 0VTO S10TL £YOVILE OPICEL Y10 TOV
TPMOTO MEPLGGOTEPA pLOUG pOAvvong. Ev Téhn, emedn kot o de0TEPOg 10G KATAPEPVEL VL
eCamlmbel, onuacio yoo v vrepoyn tov Tp®TOoL Tailel N peYaAvTEPT duvaTOHTNTO TOL VAL
eCamlmbel, omAadr, o pvBudg poéAvvVoNc. AvTO @aivetar kaBDOG OTIS TMEPLGGOTEPES
TEPWTAOCELS KATOAAUPAVEL TO peyardtepo pEPOG Tov TANBuspov. Téhog 10 cuoTNUA PaiveTal
va @tével og €va Oplo 1ooppomiag, kabmg Kot ot dVo 1ol €ovv katoAdpel €va pepidio

mAnBucpov o Kabévog kat dev cuveyilovv va eEamAdvovtal Yopig KOS va xdvouy £50¢poc.

@
Number of Nodes (N): (30-10000): 9432 Results
Number of Steps (Days): {20-1000): 30 RS
9,000
### Information for Virus 1: .
8,000
Healing Rate [Statistical Percent (1-99]]: 59 o
7,000
Infection Rate [Statistical Percent (1-99)]: 19 600
#4# Information for Virus 2: 5000
Healing Rate [Statistical Percent (1-99]]: 59 2000 /
Infection Rate [Statistical Percent (1-99)]: |18 Calculate 2000 /
a o
*Please note that both viruses start on equal terms (10 Nodes infected) 2,000 /
1,000 =
R _I__‘,_,_.-—-'“‘"y/
0
012345678 91011121314151617181920212223242526272829
Time

Vius 1 — Vius 2 — Healthy

Figure 7: Zuyuiotuno E@appoyng, Aokiun C1

Day 1 results:
Complete population: 9432

Population infected by Virus 1 on this turn: 7



Population infected by Virus 2 on this

Healthy population on this turn: 9408

Day 2 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9405

Day 3 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9399

Day 4 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9392

Day 5 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9386

Day 6 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9377

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:
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20
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34



Day 7 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9355

Day 8 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9340

Day 9 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9314

Day 10 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9224

Day 11 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9168

Day 12 results:
Complete population: 9432

Population infected by Virus 1 on this

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

20
57

27
65

41
77

75
133

110
154

143



Population infected by Virus 2 on this

Healthy population on this turn: 9086

Day 13 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8997

Day 14 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8854

Day 15 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8663

Day 16 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8432

Day 17 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8124

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

203

193
242

284
294

404
365

541
459

697
611



Day 18 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 7632

Day 19 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 6882

Day 20 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 5973

Day 21 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 4767

Day 22 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 3146

Day 23 results:
Complete population: 9432

Population infected by Virus 1 on this

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

1025
775

1535
1015

2140
1319

3006
1659

4116
2170

5681



Population infected by Virus 2 on this

Healthy population on this turn: 954

Day 24 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8

Day 25 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 7

Day 26 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 9

Day 27 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 3

Day 28 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 11

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

2797

6631
2793

6630
2795

6631
2792

6631
2798

6626
2795



Day 29 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8

Day 30 results:

Complete population: 9432

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 6

turn:

turn:

turn:

turn:

6632
2792

6634
2792



5.4.2.3.2 Aoxiun 2:

Oewpdvtog g ya Tov 10 1 &xovpe puOuod iaong 65% kot puOud poéAvvong 21%, evad yo tov

10 2 &govpe puOuod ioong 65% xar puOud poéAVVong 17% téte yio tAinbvopd 8542 oe mepiodo

25 nuepadv mapotnpeital AL TS 0 1oxLPOHTEPOG 100G (0 106 1 Kabdg £xel Tov peyaAdTepo

pLOUO HOAVVONG) VITEPVIKE TOV aVTITOAO TOL APNVOVTOG HOVO £vo [UKPO TOGOGTO Yo TNV

vmapén Tov.:

Humber of Nodes (H): (30-10000); 8542 Results
Humber of Steps (Days): (20-1000): 25
8.000
i ion for Virus 1:
7.000
Healing Rate [Statistical Percent (1-99]]: 65
6,000
Infection Rate [Statistical Percent (1-99]]: 21
5,000
i ion for Virus 2: ?
Healing Rate [Statistical Percent {1-99]]: 55 4,000
Infection Rate [Statistical Percent (1-09)]: |17 Calculate 3,000
/
*Please note that both viruses start on equal terms (10 Hodes infected) 2,000 //
1,000 -
— e ————

0

012345678 9101112131415161718192021222324

Time

Vius 1 — Virus 2 -~ Heatthy

Figure 8: Zuyuiotuno Epapuoyng, Aokiun C2

Day 1 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8519

Day 2 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8520

turn:

turn:

turn:

turn:

10
13

17



Day 3 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8518

Day 4 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8514

Day 5 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8509

Day 6 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8490

Day 7 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8474

Day 8 results:
Complete population: 8542

Population infected by Virus 1 on this

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

19

25

30

15
37

16
52

26



Population infected by Virus 2 on this

Healthy population on this turn: 8438

Day 9 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8416

Day 10 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8405

Day 11 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8364

Day 12 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8312

Day 13 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8272

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

78

40
86

43
94

59
119

89
141

131
139



Day 14 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8146

Day 15 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 8026

Day 16 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 7899

Day 17 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 7734

Day 18 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 7433

Day 19 results:
Complete population: 8542

Population infected by Virus 1 on this

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

219
177

319
197

423
220

552
256

826
283

1216



Population infected by Virus 2 on this

Healthy population on this turn: 6996

Day 20 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 6564

Day 21 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 5810

Day 22 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 4627

Day 23 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 3429

Day 24 results:

Complete population: 8542

Population infected by Virus 1 on this
Population infected by Virus 2 on this

Healthy population on this turn: 1307

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

turn:

330

1586
392

2308
424

3436
479

4602
511

6691
544



Day 25 results:

Complete population: 8542

Population infected by Virus 1 on this turn: 7992
Population infected by Virus 2 on this turn: 536
Healthy population on this turn: 14



6 XYMIIEPAXMATA

Onwg etvar govepd, to emONUMOAOYIKA HOVTEAD €XOVV TOAAEG €QAPUOYEG YLOL TNV UEAETN
SPOPOV ENUAV, dtadtkTvaK®V 1OV, trend, e£6pvénc mAnpopopidv Kot Kuping mTpoPAieyng

™G KaTELOLVONG OA®V TOV TOPATAVE®.

Soumepaivove AOUOV, TG 1 EMONUOAOYIN Elval 1] EMGTNUOVIKT LEAETN TOV TOPAYOVTI®V
oV €MNPEALOVY TNV GLYVOTNTA ELPAVIONG TNG VYELNG Kol TV acBeveldv og Evav TANBvGO,
HEC® TNG EPAPLOYNG TNG OTATICTIKNG OTNV WTpikn. Amotelel ovslaoTikd Vv Pdon kot tnv
Aoy tov mapepPlocwv pe evolopipov ya t Anpocta Yyeio. Ocsmpeitar g pebodoroyia

arUnG oty épevva mov givor oyeTkn pe ™ Anpoota Yyeia.

"Eva dtopo mov acyoAeiton pe v emONMOAOYI0 OVCLAGTIKA 00 OAEITAL LE TPOKTIKE OEpaTa,
omwg M Oepedivnon piog emonpiog, N akdpa Kot pe o Beopntikd BEpato Onmg 1 avanTuén
OTOTIOTIKAOV, LAONUATIKOV, PIAOGOPIKOV, BLOAOYIKOV Kol YuyoKowovikeav Bempuov. 'Etot,
Ol EMONUIOAOYOL aoYOAOVVTOL GE pio GEPE TOTOV EMGTNUOVIKNG HEAETNG —OmO UEAETEC
TOPUTNPNONG £MG TEPAUATIKEG UEAETES. Ot EMOMNMOAOYIKEG UEAETEG KOTNYOPLOTOLOVVTOL
YEVIKA GE TEPLYPAPIKES, AVUAVTIKEG (TTOL £0VV G GKOTO T dEPEVVNGT CLGYETIGE®V, GLYVA

OLTIOTOV GYECEMV) KOl GE TEWPAUATIKES (Y100 TOPBAOEY L0 KAIVIKES OOKIUES).

21 ovyypovn emdnuoroyia, ypnoiporoovvral pEBodot Kat texvikég amd v IIAnpopopun
™m¢ Yyelog Tic omoieg mpooeyyicape Kot viAomomoape PECH omd UEAETN] KOl EQOPLOYN
TEPONATOV otV Tapovoa  gpyacio. Ovclaotikd mpoomadrcape vo ociovpe péco amd
TPOKTIKN EPOPUOYN TOS OTOV £YOLUE 0VO AVTITOAOVLS 100G, O 1GYVPATEPOS, Elval AVTOS TOV
Oyt amAd Ba emkpotoel, oAAd oe PaBog ypoévov Ba eEadelyetl Tov aviaymviopd. Apkel ot

oLVONKEG TOV £MKPATOVV 6TO TTEPPAAAOV Vo vITofondncovy oty e£ATA®GN TOV.

To npdto TElpapa, OIS PavNKe amétvye, Kabbg 0 kdOKaG elxe kdmolo Aoyikd Adbog. '
oV A0Y0 avTtd dnpiovpyndnke avd M €@apuoyr omd v apyn. XTto Oe0TEPO TMElpAO, T

amoTeEAESHATO ETOANOEVOVTOL KOl ETOUEVAS EIVOIL ATOOEKTO.

Onwg gaiveton 6to 0e0TEPO TEIpAA GTNV TPAOTN TEPIMTOON, Yoo Ro kdt®w TOoL Oplov Ko
GTOVG 000 100¢, €0V £vog TANOLGHOG EYEl LEYOAN QVTIGTOOT) Kol GTOVG OVO OVTOY®VIGTIKOVG

1006 TOTE oTAdAKA Kot 01 600 Ba eEacheviicovy kat Oa E0AEIPTOVY EVTEAWDG,.



Ymv 0ebtepn mepinT®o™ Tov 1010V TEWPARATOS, Yoo Ro dve tov opiov otov 10 1 kot kdTm
OTOV 10 2, STICTOVETUL TG O 1oYLVPOTEPOG Ba Kataldpel mavtote Tov TANOBvord oe Pabog

YPOVOvL.

Xmv 1tpit mepintwon 6mov 10 Ro givor dve tov opiov kat yior Tovg dVo 100g, TOTE TAAL
SpaiveTol TMe 0 10¢ oL £xel TNV Mydtepn avtioTaon 0o kepdicel Kot TV UKpOTEPN HEPTdN

mAnBvcpov, To onoio og fabog xpovov Ba kaTaAnEe Kot oty eEAAELYT TOV.

Mo «éBe mepimtwon onpiovpynoope 600 SOKIUEC TPOKEWEVOL VO €lval Glyovpo TG
emoAnOevovtior ta mopamdve. Emopéveg Paon tov mepopdtov  pog  pmopodue  va

MO TMOGOLLE TT™G 1) Oempia emainBevetar.

AVTd TOV TOPATNPOVVTOL LLE TOVG TAPATAVE® 100G UTOPOVV VO ETOANBELTOVY Kot 1e d1dpopa
TPOAKTIKA Tapadeiypata 6nmg av avtietotyicovpe tov 101 pe to Facebook kot tov 16 2 pe to
Twitter oe avtictoyn épevva [49], | oty épevva [50] ya Tov o dnpoeiréstepo browser
Google Chrome/Internet explorer, | akoua kot otv épevva. [51] yia to Android/iPhone.
YxedOV TAVTOTE O VIKNTNPL0G «106» KataAlapuPdvel 1o peyoddtepo uépog tov mAnbucuod ce

GUVIPINTIKO TOGOGTO.

Ye mepoutép® emMEKTACT, TOL 0AyopiBuov Ba umopovoaue va modue TG €6V elyope
capéotepes  LMOBESES Yoo TEPLOCOTEPOVS  TOPAyovTeG, TOTE O pmopovoope  va

KOTOGKEVAGOLLE VOV 0KPPBEGTEPO TPOGOUOLMTT Yo TNV €EEMEN TIG Topeiag 6VO0 1DV.
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