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Evyopiotieg

OloxAnpmvovtog TV tapovoo SuThouativn epyaoia, Yo el va euyaoLotnom Tov Ap.
Baoileio Bhdyo, Kadnynt tov Iavemomuiov Oecoahiog, yio Ty otadepn ovvepyaoio
OAAG xow yior TNV ovveyng xododnynon xad’ oln v SLIGExRELD TOV €0YOV QLUTOV.

Oo Ndeha exiong va evyopLOTNOM:

Tnv Mntépa pov zaw tov IMotépa pov yia v adidxromn otnoLEn Tov Hov TapEXouV, Yo
TNV VITTOUOVT] TOVGS, AAAD ®aL Lo TV U101 TTov Hov €600V UETA TLS TOOTTTUYLAXES OV
0moVdEC, £TOL MOTE VO WTOPECM VAL CUVEYIOM AALG %ol va avienmeEéAdm 0TI TPOrANoELg
TOV UETOTTUYLAXRDV OTTOVODV (o,
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Mepidnn

H avdmtuEn xou 1 mopeio LoAMOUOTIROV 00UEVELDV, PLOAOYIROV LDV Rt TOPOYOVOV TO-
yelog eEdmhmong Yempeitat £va armd ta o SVoroha TEAYUATA OGOV APOPd THV avAlvo,
™V TEOoPAreym alhd xow TV atotpom) Tovg. [ToAld emdnuoloynd UOvIELD €XOUV o-
vatuy el (e To TEPAOUO TOV YPOVOU, UE OROTO TNV AVIWETMILON TOV TPOPANUATOS TG
TPOPAEYMC TN Topeiag aAAd ®ot NG eEEMENG VOGS 1OV HE aVaIEVOUEVO OTTOTEAECUO. TNV
amtotpomn wog mavénuiog. To mepLocoTePO OUME OTTd OVTA TO LOVTELD, UWTTOPOVV VO €-
(POOUOCTOVV OV D O€ TTAOME OUOLOYEVT] CUVOAQL, TTOAYUO TO OTTOL0 SEV AVTIXATOTTTOLLEL
TNV TOOYUOTIXOTNTA TNG AVIPMITLVIG OVUTEQLPOPAS, OO0V apopd To TEua TS StkTOmong
ue arlhovg avdpwomovg. To mapdv €yypago mapovodiel to BVS, éva epyaleio evnohro
oTNV XONOoN TOoV, Tov oVVOVALEL Sidpopa povteha oo TV Oewpio Tov [odpov ue ovy-
yoova Emdnuoloyind Movtéla, ue oxomo vo TAPEYEL UL QOYLXT) EXTIUNOT] YLOL TO TTMG
Ya urwopovoe va eEehydel o polvopativy aodéveio oe Sidpopeg TPOTOLOYIES OL 0TTOlES
pooeyYilovv og peydlo Patuod Tig ®ovmvirég TOTOAOYiES TOV SMovEYOUV oL dvipmIoL
UeTaEV tovg. 'Evo onuoviind yapoxtnolotivd Tov goyoielov avtol eival OTL €Yl ®OTO-
OUEVAOTEL LE TOOTO TTOV ETLTOETEL TNV OLVALTTOQOY DY) OPLOUEVOV TTOOCOUOLDOEMV UE OTOYO
va. fonInoeL Toug XPNOTES VO OVYRPIVOUV SLAPOPETIXA OLTTOTEAECUOLTO TTOV ALPOPOVV TNV
eEEMEN oG nohvopatirig aodévelag.
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Ewsaymnyn

2.1 Opiwonog Emdnuioroyiog

Emdnuworoyia etval 1 pelétn tng xotovoung xow tg eEEMENS Stagpdpmv voonudtmy otov
ovdpdmvo TAnduoud (mteprypominy) emONUOAOYI) ®ot TV TAPAyOVTMV TOoU TIg SLo-
LOPPOVOUV 1] WTOPOVV VA, TIE ENTNEEACOVY (avalvTiny emdnuoroyia). O evepydg emdn-
WoAOYOg OV €pYAleTaL 08 Touelg M VeUOTONOYIOL TMV OTOLMV EXTEIVETOL OTTO TTPOXTIXA.
Inmuata, omomg M Stepevvnon ulog emdnuiag, pio tepParhoviny exdeon xou 1 oYy
vyeiag, Uyt o dempnTind, OTme 1 AVATTUEN OTATIOTIXMV, UOITNUATIXOV, PLAOCOPIXMYV,
Prohoywmv zat Ppuyoxovovirov dempidv. 'Etol, o emdnuordyor aoyorovvtor o€ uio
OELPA TUITTOV ETLOTNUOVIXNG UEAETNGS, OLTTO UEAETES TTOQATNONONG MG TELPOUOUTIRES UEAETEG,
UE OXOTO TOV TTPOCTOLOPLOUO OUEQOANTITOV OYECEMV UETAED exdéoewmy, Ommg 1 Stotpopr),
ot Blohoyrol TOPAYOVTESG, TO AYYOS, ROL TOV ATOTEAECUATOS, OTTMS TAPASELYLOTOG XAOLV
wioe aodévela, m vyelo xaw Aowtd. 2t ovyyeovn emdnuoloyic, xyonouorotovvial pédodol
naL TeYVRéEG oo v IIAnpogopuxrt| Tng Yyetag.

2.2 TIotopuxn Avadpoun

Emdnuworoyia elvar 1 perétn g xotovoung ot g eEEMENS SLapopmV VOoOUdTmVY %ol
LDV 0TOV EVPVTEPO TANTUOUO RO TOV TOPAYOVIOV TOV TS SLOUOPPDVOUYV 1] UWITOPOVV VA
g emmpedoovy. I[opd To yeyovog touv Ot 1 mhewoymepio Tov avdpmmmv dev €xel anov-
0Td ToV PO EMONWOLOYIOL XOL TO TL AVTLITPOOMITEVEL, 1 emtdnuoloyio dev eivar xdtL To
ravovpylo. Amo to 400 .y, o Immoxpdtng o 0Toilog eival YvmoToOg ®oL ¢ O TATEPOS TNG
LOATOLXNG RO TILOTEVETE OTL ELVAL O TOMTOG ETUONUOAOYOGC, ETTLYEIONOE VO OVAL{NTOEL AOYLX
omv avdpmmvn aodévelo. 'Etol houtdv é0eoe ta Jepéhia, YL avTtd TOU TOPO ATTORANOVUE
emdnuoroyia [1]. O peréteg tov Immoxpdtn vtedel&av ot oL 0pEmoTIES SNULOVPYOVVTAL
070 VJPMOITLVO OOUA OITTO TNV OVIOOPPOTIO. UETOED TEGOAPMV OTOLYELDV TO OTTOL0L ELVOLL T
oM YoM, 1 %ITOLVT XOAY), TO Qo %o To PAEYUQ, ®xodmg xow to ot 1 deparmeia Yo TNV
00U€VeELD TTOV TTPOERVTTTE TV VO TPOooTedel 1) vo apaipedel ®ATOoL0 OTd TO TOPATAVM
otoryela pe oxomo vo Srotnondel n Looppomia ueTa& Toug rau £Tol va emtevydel n TAnong
vyeia tov aodevr). Iepatépm, Svo amd tovg o ovvndouévoug 0povg g emdnuoloyiog
ot oroiot eivon M evénuio xow n emdnuio, emtvordnxrav eiong oo tov idto tov Imorpdn

[2].

2y emdnuoroyia, o polvoportiny aodévelo dempeital Ot elvor evonuxrt otav vt
VITAOYEL OF OUYREXPUEVO 0PLIUO avIPMITMV, CUYREXPLUEVES OUdOEC 1) SLaTnPElTE OVVEYMG
O€ L0 CUYAEXPLUEVT] YEDYOOLPLRY TTEQLOYT), Y 0PIS EEmTEPIMES TTapeufdoels. Amtd TV Al
uepLd, o, aodévera dempeital ot eivor emdnmuxy) OTav avTy| EEQTAMVETOL (e TTOAD UEYAAN
TOYVTNTA O€ €vav ueyaro aptdud avipmmwmyv, oe ToA) ovvtouo ypooviro didotnuo. IMopd
TO YEYOVOC TOU OTL ULat ETONULO WTTOPEL VO TTEQLOPLOTEL O ULOL CUYREXOLUEVT] YEMYOOPLLT)
TEPLOYY), WtoPEel emtiong va eEamhmiel o oe AAAES XDPES 1) ®OL NTTELPOVE EMNPedloVTOg
évav axdun peyohitepo aprdud avdpmmmv dtov TAEOV UTopel va 0pLovel xal mg tavonuio
(3] (4] [5]. Aot Aowwdv o Immoxpdtng xdpaée To LOVOTTdTL THE EONUOAOYIAG, O*ONO-
VUNoE o oA ONUAVTIXOVY AVArAAPEDV MG ®OL PEATLOOEMY OTOV TOUEN QUTOV.
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To 1676, o Thomas Sydenham, évog 'Ayyhog @uoixOg O OTOLOG ELVOL YVMOTOS RAL MG 1|
ayyMxr) éxdoon tov Inmoxpdtn, dnuoocievoe Tig TapatnENnoelg Tov o€ Eva BiAio pe Titho
Observationes Medicae. H tagivounoelg Tmv mupetdv mov pdotilav 1o Aovoivo Tig xooViEg
1660 uéypor 1670 ot tpelg natnyopleg (ouveyeig mupetol, Stoheimovoa TVPETO now EVAOYLA),
NTav éva amd ta o onuavid €pya tov Thomas Sydenham.

Katd mv Sudpxeia tov 1854, o John Snow o omoiog fjtav ekioov "Ayylog puondg %ol
Yempeitan évag oo Tovg PUTES TNG oUYYeoVvNe eTdnuoloyiag Eexivnoe o €pgvva xotd
™V Sudprelo g EEapong xorépag oty epLoyn Zoyo oto Aovdivo. Epguvmvtag Aowmov
TO WOTIROL TOV LWOAMIVOEDV TTOV TPOEPYOVTOAV aTtd TNV XOoAEpa, 0 John Snow xatéAnée oto
OVUTTEQOOUA TOV OTL 1) 0.0 VEVELD elye TTOM) ovyrerPLUEVO LOTIRo xow Ot petadidovtav HéEcm
TOV VEPOU TO OToto ixe NON €pVeL O et ®ow OCUVETMOG elye woAvvIEel amd avidpmdmovg
mov €maoyav Non amod yorépa. Ta evpnuota tov John Snow odynoav otnv evéuvdaumon
NG UEAETNG TTOV apopd TV avarodInoio otig emeufdoelg arld now o Sounég allayég o
ATTOYETEVTIRA %O 0POEVTIRA cvoThuoTa (6.

AVo deroetieg apyotepa, évag Bpetavdg xewpovpyog ol TpmTeQYATNg TS XONoNG o-
VTLONTTTLXOU %Ol ATTOAVUOLVONG OTO XEWOVPYEIDL TTOV ovoudLovtov Joseph Lister, é0eoe o€
eQAOUOYN TV LOEOAOYIO TOV ALTTOCTELPMUEVOU YXELPOVPYLXROU TTEQPAMNOVTOC RATMS EQYOL-
Cotav oto Baowhxo Iatpeio tg IMaoxopng. H yornon tov gawvirol o&éog yvmoto ra
¢ PALVOMXO OV YLOL TNV ATTOOTELDMON YELPOVOYIXMV EQYOUAEIMV OALND %Ol TTANYMV TOV
OMUOTOC, TTOTELEDE ULOL TTOOTOTTOPLAXT EEEMET 1] OTTOlOL 00N YN OE O TEQAOTLAL UEIDON TNG
dvnowomrag oo ofn ota yewovpyeia [7].

To 1882, o Robert Koch, évag I'eppuavog guotndg xat uxpofloldyog o omoiog Yempeitol
évag amd Tov WOPUTEG TNG OVYYO0VNG WXPOPLOAOYIOG, ROTAPEPE VO EVTOTIOEL TOVG OU-
YREXPUEVOUG OULTLOAOYIROVG TTOPAYOVIESG TNG PUUATIOONG, TNG XOAEQOS KOl TOV AVUIPOXAL.
Ze uerayeveéotepo otddlo, o Robert Koch é8woe emiong melpapoting vrootioEn yio v
€vvola TV pohvouatikmv o.odeveimv [8]).

'Eva oo ta faoird €pyo otnv emdnuoroyia eivol To auto tov tov Anderson Gray McKen-
drick »ou tov William Ogilvy Kermack tov dnuootetitnre 1o 1927. O McKendrick vjtov évog
2%0T0£L0¢ OTPATIMTIXOS YIATOOS %Ol ETLONUWOAOYOS TOV TOMTOOTATNOE TNV YONON WL
Inuotxdv pedodov oty emdnuoroyic. O Kermack Mtav évag Zxotoéfog Proynunog
0 omotog SteENyoaye nadnuotineég ueléteg oe emONUOAOYIRES EEATAMDOELS LOMIOUATIRDOV
aodevelmv xal xodEpmoe ouvOEoUOVS HETAED TEPIPAALOVIOMOYIXDV TOPOYOVTMOV ROl OU-
yrexoévov ootevelmv [9]. Mall pelétnoav €vo VIeTeEpMVIOTIXO ETONUOAOYLRO LOVTELO
ral Smuovpynoav wa ggicmon Yo To teMxrd emdnurd pueyedog, 1o omoio Sivel Eupaon
0€ €Va OPLOUEVO OPLO YL TNV TTURVOTNTA VoS TANYuouov. Meydleg emdnuieg umopet vo
EWPAVLOTOVV TAPATAV® OAAG Oyt ®dTtm ortd avtd 1o Opo [10]. IMTo cvyxexpwéva, o
McKendrick xaw o Kermack égpria&av éva Sopepopatind emdnuoloyinod wovtého Omou
éva 1) TEPLOOOTEPA LOAMVOUEVO ATOUO ELOGYOVTIOL OF (WO XOLVOTNTO. 1) OTTOoldL aroTehelTaL
artd drouo ta omoio eivor evtodn) oty ev Aoy aodévelo. H aolévela eEamhmveton amd
TOVG TPOOPERANUEVOUS OTOVE UN) ETNOEAOUEVOVS UECM (OLG WOAVOUOTIXNG ETTOpT|S. 'Emerta
1A0E HOAVOUEVO ATOUO SLATREYEL TNV TTOPEID TNG ALOVEVELAS TOV, KO TEMKA ALPOLOEITOL ALTTO
Tov aptdud Tov polvouévov TAnduouoy uéom avdappmwong N davdtov. Avtd to wovtého
ovoudCetar povtého SIR naw amotehel v fdon Ohwmv Tov VTOAOLTOV UOVIEA®V TTOV Ja
avagepPoUv oty evotnTa TV Stapeptopnatinmv wovtéhov [[L].
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Yyetuxd 'Epya

2T TTPOOOUOLDOELS WOAOUATIXMY O0TEVELMV YoNoLwoToovvtolr ouvidog uodnuotixd
HOVTEAD TTPOXEWEVOL Vo, extiundel n mdavotnta g AotumEng M 1 tayxvtnta eEdmhmong.
O 016%0¢ TMV TPOCOUOLMOEMYV CLUTMV ELVOL 1) OTTELXOVLOT TNG OUVOMXNG TTOPELOLS WOL LO-
Mopatixng aodévelog. Avty TNV OTLYW VITAPYOUV OOXETA EOYAAEID. TTOV UTOPOVV VoL
yonowomromdovv mpoxrelévor va uehetniel  eEEMEN wog polvopatinng aovEvelog xol
va yiver xotovont) 1 Suvouxy) Tov HoImUaTiXmV LOVTEADY TTOV YO01OLUOTTOLOVVTOL OTOV
Touga g emdnuoroyiog.

3.1 Epidemix

To Epidemix eivor o SLlodpaotiny) epaouoyn TOAATADY uoviehmv Yo, Stdaoxalio xol
omtixomoinon g uetddoong uohvouotirdv acveverdv [12]. To Epidemix avomtiydnxre
v vau gbvol Stad€olo nEom tov SLaduTiou Ue Eva TUTTIRO TPOYOOUUOL TTEQLYNONGS X W0EIg
™V eyrotdotact eldirov hoyiouxrov. To RStudio Shiny [13] emdéyInxre g to framework
Paowng avdmtuEng, To omoio emétpee T SNUOGiEVoN ®oL TNV YEN 0N LECMD TOV SLadnTVoU
radmg emiong xou v Suvatdtnta xeNong o€ ®atdotoon extdg ovvdeong (off-line mode).
To. podMUoTKd TOv HOVTELD UETAPOACTNHAY O ROOKO UE TNV YOENOT TNG YADOOS TPO-
voauuatiopov R. ‘Emerta #dde poviého ovumepthnginue oe ovvaptnoelg g yhowooog R
ran €yvav Stadéoleg néom tov Saxowot tg RStudio Shiny egpapuoyng. Ta v evep-
YOTTOIN 01 RATOLOG TEQOLTEQM AELTOUPYIXOTNTOG OAAG RO OTTTIXMV YOULOAXTIOLOTIXMV TOU
mvpnvo. Tov RStudio Shiny, o mnyaiog ®owduwag emextddnxre yonowomowwvrog JavaScript
nouw CSS.

3.2 GLEAMyiz

To GLEAMVviz eivan éva ovotnua Aoyoiuxrot dnuoota Stod€ouo, To 0Tolo TPOOOUOLMVEL
™V eEdmhmon Tov avaduopevov artd dvipmmo oe dvipmro aoldéveleg oe OMORANPO TOV
noouo. To GLEAMviz umopel va yonowomomder mg desktop eqpopouoyn ue tv omoio ot
yonoteg adniemidpovv ue tov Staxouoty GLEAM [[14]. Mapéyel évav amhd, Stowodntixd
%Ol OTTTIXO TPOTO YLaL T SNULOVPYLC TOOCOUOLMOEMY, TNV AVATTUEYN LOVTEADV LOAVOUATL-
1OV AoPeVELOV 1AL TNV AELOAGYNON ATTOTEAECUATOV TOOGOUOLMONG YONOUOTOLMVTLS ULOL
OO Y0P TOV, StaryoouudTov ahAd ol gpyoieinv avdivong dedouévov. O mupnvog
Tov elvar yoouuévog oe C++ xow o wrapper xmSixag Tov eivon yoauuévog pe Python.

3.3 EpiSimS

To EpiSimS eivaw o epapuoyr C++ mov 1pé€yel oe vmidv emddoemv ovotddeg VITOAO-
yvwotov. Eivor faociouévo oe otoyxaotind mapdyovra Sloxotto Hoviehov cupfavimy Tou
ovTITpoomtevel PNTd xdde dtouo oe wa O, xow xdde uéPog Te TOANG 0oV OMAN-
Aemdpovv ou dvipmmol. To wovtého EpiSimS avamtiydnue amd 1o Los Alamos National
Laboratory »ai ypnowomnolel tdvo and 18 exatopuuvpia cvvietind dtouo oe 15 meployég
tov Hvouévov Ioltewmv [15]. To povtého dpaotmoidtnrog ndde atopov mpogpyeTol
artd o TRANSIMS cvotmuoa mpooouoimong puetogopmv. To TRANSIMS eivar éva oho-
2ANOOUEVO OVVOLO EOYOAEIMV YLOL T1) SLEVEQYELOL AVOAVOEMV TEPLPEPELONMY CLVOTNUATOV
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uetagopdg. Baolletal og €vav TPOoooUoLmTY) QUTOUOTMV XVYPELOEWOMV ROl YONOLUOTTOLE-
ttow oo To Ymovpyeio Metagopmdv twv Hvouévov [MolMteimv Auepixng yioo avaluon g
ruxhogoploxng xivnong [16].

3.4 FluPhone

To FluPhone eivou puar epappoyn yuo xivntd tov yonowomotel Bluetooth, dedouéva ovvto-
viopuo GPS %ol auto-avopepOUevo CUUTTOUOTO YOITTNG 0ITO TO XONOTY], TTOOXEWEVOU VO,
EVTOTTIOEL AMAEG HOVTIVEG CUOKEVEC RO VO, OTEILEL OYETIRES TTANPOPOPIES TTHOW OTOV SLoxouL-
011). XPNOWOTOLDVTOE TIS TANEOQOoPieg Tov avaxTidnrav otov Staxouoty, To FluPhone
elvan emtiong og ¥€om va mpooouowmoel Ty €Eapon wog aodévelag. H »vpla Aettovpyia tou
FluPhone eivai éva amthd Aoylond mehdtn-OLoXoioT| TOV OTOTEAELTOL OLTTO (LOL EPOOUO-
YN ®VNTOV THAEQPMVOU 0TO THAEQVO ®al évav 8éxtn og PHP script otov Stoxowot). H
eQAOUOYN TOV TNAEQ®VOU eivor overttuyuévn oe Java (J2ME). O novog meploplopog mou
TPORVITTEL OITTO TLG TEYVOLOYIES TTOV YONOLUOTOLOVVTAL EVAL TO UEYLOTO PUOLKO EVPOC TTOU
vrootnpilel To Bluetooth [17].

3.5 Sispread

To Sispread eiva €va AOYLOUKRO TTOV YONOLWOITOLELTOL YLOL TV TTOOCOUOImoN Th¢ eEATAmong
wolvopotirmv aodeveidv ota dintva eragov. To Paord Tpdypoauua eival €€ ohoxANEOU
voouuévo oe C, nor Stavéuetal mg éva uxpo moxéto Aoylouxov. To Aoyiowxod Sispread
o eSLAOTNXE VIO TNV TEOOOUOIMOT TS EEEMENG TOV LOAVOUOTIXMV AOUEVELDV TTOV €EQL-
TADOVOVTOL 0TA SIXTVA ETTOPMV, OVEEGOTNTO ATTO TV TOTTOAOYIaL 0TV oTtola PaoileTot To
rnave Sixtvo. Amoteheital amd dvo wvpLa ovotatnd. To TEMTO AvolauPdveL TNV €yxo-
TAOTAON TOV SIXTVOU, POPTOVOVTOS VO VITAPYOV QOYEIO 1 PTLAYVOVTAG VO ALVOUPYLO.
To devtepo, Tpéyel Tig mpooouolmoelg emdnuiog [18]]. A&iler va onuewwdel 0t To Sispread
elval apretd mapopolo epyadeto ue To BVS xaw 6t non tor o ovvévafouv v demplio tov
YOApoV ue TV emdnuoloyio ue oxomo vo. TPoPAEPOVY TV TOPELD ULOLG WOAVOUOTIXNG
aoVEveLog.

€ YEVIREC YOOUUES, TO VITOLOYLOTIXA LOVTELD TTOLOVV Evary TTOAD ONUOVTIXO POAO OTNV
emdnuoloyia. AvTd TO HOVTEAD ETUXEVTOMVOVIUL OTO SLOUEQLOUOTIXG WOVTEAD, OTTOV O
AN Ivouog YmEIZETOL 08 OUYRERPIUEVA VITO-TUNUATA CVUPOVO UE TO SNUOYOAPIXA OTOL-
YELQL, TNV ROTAOTOON VYElOg TV ovIpdITmVY not 1 Suvory] Tng emdnuiag SLoop@mVveToL
oo Suagoprég eElomoelg [[1L1]. To BVS xAnpovouel ta vtohoylotind 1ooaxtnootind Tov
%ol aTto ToL ETONUOAO YLD SLOUEQLOUATIXG. LOVTELD AANG ®OL OITTO TAL TTLO YVOOTA LOVTEADL
™g Yemplog Tov yodemv. Me autdv ToV TpOTo TOoPLEYEL 0EL0mIoTOVE alyopiduoug oL omo-
(0L LITOPOVV V. XONOLUOTTONTOUV e OROTTO TNV AVAAVON TG TOPEI0G ULOG WOAMVOUOTLRYG
aoUEveLog.
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ALOUEPLOUATIXA WOVTEAQ

Amd to TpmTo axdun dopepLopatind povtého mov dnuovpyninxe to 1927, éyel uecoha-
ProeL apreT) ovATTUEN noL TPO0S0G. TTio ouyreRPUEVA, RATMG OL LOAMVOUOTIRES AOVEVELES
OUVVEYLOOQV VO, 0vadVOVTOL XOL VO UETOALAGCOVTAL, TO SLOUEQLOUATIXG AUTA LWOVTELD ETTOETTE
RATTOG VO AXOAOVTT|COVV TOV OYDVO AVTOV RO TTOOOAPUOCTOVV UE FA0T TNV CUUTTEQLPOOT.
TOV ACUEVELDV. ZUVETMG NTOV OVAUEVOUEVO, TO. VITAOYOVIN LOVTEAD VA TTPOOAPUOCTOVV
%aL oL SLopopInég Toug EELOMOELS VO ATTOXTIIOOVV APAETES TTOPAANAYES, TTOOREWEVOL VO,
OUVUUOPPMUTOVV pe TN SuVox TOV LOAOUATIXOV aobevelmy. AEILEL eTtiong va onueLmUEL,
OTL TEPQ OTTO TO VA TTPOCOPUOOTOVY VITAPYOVTO SLOUEOLOUOTIRG LOVTENDL, YOELAOTNAE VO
dnuovpyndov onoun TepLoooTepa Ta 0ToLa OAOL TOUE TPOEPYOVTOL Ao To woviéro SIR.

4.1 SIR

To pwovtého SIR mapovoldotnre apynd amd tov McKendrick o tov Kermack otig apyég
tov 200v awmva. Eivar éva amd ta mo amhd Stopeplopotind novtého xow ToAd dAlo
nAnpovouovv amo avto. To poviého SIR amoteheitan amd tplo Swapepiopato (groups ,
ouddeg). To mpwto group eival To group tov gvaiodntov hndvouov (Susceptible), dou
0€ OUTO OVIXOVV OOO0L PEIOHOVTIOL OTNV 0PYIXY TOVE EVAMMTN RATAOTAOT oL SEV €YoV
€p0eL oxoun 08 HOAVOUOLTLXT) ETTOLPT) UE £VOL LoAvoUOTLRO dtopo. ‘Otav to evdlmTo dTouo
OTTOXTOOVV TNV AOUEVELXL, LETAPEPOVTOL OTO Zroup avTMV oL £xovv uohuvidet (Infectious).
To group awto amoteleite amd HOAVOUEVO ATOUA TO OO0 £YOVV TV SUVATOTNTO TAEOV, VO
wolvouv dAla evdhmta dtoua. TELOog TO group aVTOV TOV £YOVV TEPAOEL TNV AOUEVELL
ooTeLElTE ATO dTOUO TO OO0 AoV UOAVVIN XAV, AVAPE®OOV amtd TNV aoUEvela 1
amnefiooav amd avty (Recovered / Removed) [11]. To povtého SIR umopel va meprypapet
OTTO TIC TOPOAXATM SLOLPOPLRES EELOMDOELS:

S B-I-S

dat N
dl _B-1-S

i i 4.1
dt N ¢
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Ewdva 4.1: BVS I N: 1000, 8: 0.2, v: 0.1, Initial Infected: 1, Days: 180

‘Omov:

* N givow 0 ouvolxog TAntuoudg.

e (3 elvaw 0 péoog aptduog eapdv xdde atopov, YVmoTog ®oL wg infection rate.
o 7y elvan 0 pLIUOE OVAPEWOONC.

Mot 0TTO TLG IO ONUOVTIXES TTOPAUETOOVE TOV SLOUEQLOUATIXMOV LOVTELDV ElVaL O Paot-
70¢ optuog avamapaymyng (basic reproductive number) 1) adlwg Ry. To Ry eivor o péoog
0PLIUOC TMV OTOUMV TTOU HOAVVINUOY aTTd £VOL TEQLOTATIXG O€ VAV EVTEANS EVAAMTO TTAT-
Juoud pe Ty amovoio TapeUPAoEmY Ol 0TOlEG ATTOOROTOVV VO EAEYEOUV TNV TToPEla TG
uolvvong. ‘Ocov agopd to uoviého SIR,  podnuoting edépuovia tov Paotkot aprduo
avamapoymyig eivow Ry = 22, To R, eivon i8iaitepa onuavtind Stdt vrodewnviel to av Yo
mpoxrV el o emdnuio 1 oxt. Eav Ry > 1, tote Ya mpoxrver emdnuic, alhd eav Ry < 1
tote Sev Yo mporv el xapio emdnuio [19].
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4.1.1 Alyoprduog SIR

unit utlSIR_u;
{$mode objfpc}{$H+}
interface

uses
Classes, SysUtils,
{ Forms }
{ Classes 1}
{ Utilities }
utlTypes_u;

function SIRDE(y, extraArgs: ArrayOfDouble): ArrayOfDouble;

implementation
function SIRDE(y, extraArgs: Array0OfDouble): ArrayOfDouble;
var
N, beta, gamma: Double;
S, I: Double;
dSdt, dIdt, dRdt: Double;
begin
{

[ Description ]
[ ok ok ok ok ok ok ok ok ok ok K ok K oK K ok K ok o ok ok ok ok oK ok oK ok K ok K ok K oK K oK K oK K oK K oK o oK oK oK ok oK ok oK ok K ok K oK K oK K K K K K Kk

Calculate the SIR’s (Susceptible - Infectious - Recovered) model
differential equations given a y state.

[***************************************************************]

[ Parameters ]
[ % % sk ok ok 3 ok ok ok ok ok ok ok ok ok ok K ok ok ok ok ok ok ok ok 3 ok ok ok ok ok ok ok ok ok ok K ok ok ok ok K ok ok ok ok ok ok ok ok K ok ok ok 3 K ok ok ok ok |

Param y: Array of double containing the ’to be calculated’ S I R
states.

Param extraArgs: An array of double containing the extra
arguments that are needed in order to perform calculations. The
correct form of the array should be:

0 1 2
[N, beta, gamma]

[***************************************************************]

[ Variables ]
[ 5k sk 3k 3 3 ok ok ok ok ok ok ok ok sk sk ok ok ok ok ok ok ok ok ok ok 3k 3k 3 ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok 3k 3 ok ok o o ok ok ok ok ok k|

Var N: The total population.

Var beta: The average number of contacts per person per time.
(Infection rate)
Var gamma: The recovery rate.

Var S: Number of Susceptible individuals.
Var I: Number of Infected individuals.

Var dSdt: Calculated differential equation result for
Susceptibles.

Var dIdt: Calculated differential equation result for Infected.

Var dRdt: Calculated differential equation result for Recovered.
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67

68
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[***************************************************************]

Ir

S := ylo];

I := y[11;

N := extraArgs[0];

beta := extraArgs([1];

gamma := extralArgs[2];

dSdt := -(beta * S * I / N);

dIdt := (beta * S *x I / N) - (gamma * I);

dRdt := gamma * I;

Result := ArrayOfDouble.Create(dSdt, dIdt, dRdt);
end ;

end .

4.2 SIS

[Mopouowo pue to poviého SIR, to SIS amoteleitan amd tar Swapepiopata evaioInTov
(Susceptible) xor polvouévov (Infectious). H povn Siagopd petald tovg eivar otL otav
€va LoAuouévo dtouo Eemepdoel TNV aoUEVeELD, avTl vo uetaxivndel oto Stapuéploua omov
Boloxovtal avtol ou omoiol €yovv Eemepdoel v aodéveio (Recovered), petagpepetan yuo
AaMM wo popd. oTo group pe to evmtatn dropa (Susceptible). Auto umopel va ovpfel Aoym
TOV OTL OPLOUEVES LOAVOUOTIREG AOVEVELEG, OTTMG YO TTAPAOELYUO TO KOLVO ROVOAOYIUOL
ra M yoimn, dev mapéyovv paxpoyoovia ol dtapxn avoowo [20] [21]. To wovtého SIR
WITOPEL VO TTEQLYOAPEL OTTO TIG TTAPOXATM SLAPOPILRES EELODOELG:

S B-1-S

A

4.2)
al_B-1-5
a - N
‘Omov:
* N givow 0 ouvolxdg TAnduoudg.
* (3 elvor 0 péoog apLduog emapav xdde aTOUOV, YVMOTOS RO G infection rate.

* 7 elvar 0 pLIUOE OVAPEWOONC.
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4.2.1 Alyopriduog SIS

unit utlSIS_u;
{$mode objfpc}{$H+}
interface

uses
Classes, SysUtils,
{ Forms }
{ Classes 1}
{ Utilities }
utlTypes_u;

function SISDE(y, extraArgs: ArrayOfDouble): ArrayOfDouble;

implementation
function SISDE(y, extraArgs: Array0OfDouble): ArrayOfDouble;
var
N, beta, gamma: Double;
S, I: Double;
dSdt, dIdt: Double;
begin
{

[ Description ]
[ ok ok ok ok ok ok ok ok ok ok K ok K oK K ok K ok o ok ok ok ok oK ok oK ok K ok K ok K oK K oK K oK K oK K oK o oK oK oK ok oK ok oK ok K ok K oK K oK K K K K K Kk

Calculate the SIS’s (Susceptible - Infectious - Susceptible)
model differential equations given a y state.

[***************************************************************]

[ Parameters ]
[ % % sk ok ok 3 ok ok ok ok ok ok ok ok ok ok K ok ok ok ok ok ok ok ok 3 ok ok ok ok ok ok ok ok ok ok K ok ok ok ok K ok ok ok ok ok ok ok ok K ok ok ok 3 K ok ok ok ok |

Param y: Array of double containing the ’to be calculated’ S I
states.

Param extraArgs: An array of double containing the extra
arguments that are needed in order to perform calculations. The
correct form of the array should be:

0 1 2
[N, beta, gamma]

[***************************************************************]

[ Variables ]
[ 5k sk 3k 3 3 ok ok ok ok ok ok ok ok sk sk ok ok ok ok ok ok ok ok ok ok 3k 3k 3 ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok 3k 3 ok ok o o ok ok ok ok ok k|

Var N: The total population.

Var beta: The average number of contacts per person per time.
(Infection rate)
Var gamma: The recovery rate.

Var S: Number of Susceptible individuals.
Var I: Number of Infected individuals.

Var dSdt: Calculated differential equation result for
Susceptibles.
Var dIdt: Calculated differential equation result for Infected.

[***************************************************************]
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S := yl[0];

I := yl[1]1;

N := extraArgs[0];

beta := extraArgs[1];

gamma := extralArgs[2];

dSdt := -(beta * S *x I / N) + (gamma * I);

dIdt := (beta * S * I / N) - (gamma * I);

Result := ArrayOfDouble.Create(dSdt, dIdt);
end ;

end.

43 SIQ

Mia. oo TG o MpLueg 0ALG amoteheopuatirég uedddovg ue oromd Tov EAeYY0 TE eEATAM-
01N¢ TOV LOAOUATIXMV OLOUEVELDV ELVOL 1) ATTOUOVO T OPLOUEVIOV LOAVOUEVOV ATOUMYV TTOV
€yel ovvNI g Mg ATOTEAECUAL TV UEIMON TMV UETOOO0EMY ULALG LOAMIOUATIXNG OLOTEVELOG
ota evalmta dropa. H amoudvoon dempeital og n mpotn nédodog eréyyov uag nohv-
onatng aodévelong. H AEEn xopavtiva apynd avtiotoryovoe o wo ePiodo oapdvto
nuepmv, dMradn to xpovird Sidotnua ®aTd To 0mToio EPTovay Ta Aol TOV NTav VITOo-
JTTOL YLOL TTAVOURADL 1) WOAUVOT %o TTEPLOPIovTaY amtd T emagn ue Audvio the Mecoyeiov
tov 15-190 auddva. H AEEn napavtiva €xel, onuaivel ovayrooTiny amouovmon 1 Lo
oalMmremdpdoemv pue dhhovg [22]. To povtélo SIQ mpogpyetor amd to povrého SIR pe
wovn Stopopd Tov OTL AVTL VO AVOPPMVEL Eval ATOUo atd TV aodEvelo evam elval LOoAv-
OUEVO, VPLOTOTAL £V 0QLOUEVO YOOVIXO SLAOTNUC OE WO XOTAOTOON OTTOV BOIOROVTIOL O
ropavtiva. To dtoua ov aviixovv oto group xopavtivoag (Quarantined) eival evrelmg a-
sopovouéva xou Exouvv undevirég arhniemdpdoelg pe dhhovg [23]]. To povrého SIQ umopel
VoL TEPLYPOPEL ATt TLG TOPARATD SLoLPOPIKES EELOMOELS:

s _, p-1-5_

s S
di N a

Y (4 o4R) -1 (4.3)
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4.3.1 Alyopirdunog SIQ

unit utlSIQ_u;

{$mode objfpc}{$H+}

interface

uses

Classes,

SysUtils,

{ Forms }

{ Classes 1}

{ Utilities }
utlTypes_u;

function SIQDE(y, extraArgs: ArrayOfDouble): ArrayOfDouble;

implementation
function SIQDE(y, extraArgs: Array0OfDouble): ArrayOfDouble;

var

N, beta, mu, lambda, delta, kappa: Double;

S, I,

dsSdt ,
begin

{

Q: Double;
dIdt, dQdt: Double;

[ Description ]
[ ok ok ok ok ok ok ok ok ok ok K ok K oK K ok K ok o ok ok ok ok oK ok oK ok K ok K ok K oK K oK K oK K oK K oK o oK oK oK ok oK ok oK ok K ok K oK K oK K K K K K Kk

Calculate the SIQ’s (Susceptible - Infectious - Quarantined)
model differential equations given a y state.

[***************************************************************]

[ Parameters ]
[ % % sk ok ok 3 ok ok ok ok ok ok ok ok ok ok K ok ok ok ok ok ok ok ok 3 ok ok ok ok ok ok ok ok ok ok K ok ok ok ok K ok ok ok ok ok ok ok ok K ok ok ok 3 K ok ok ok ok |

Param y: Array of double containing the ’to be calculated’ S I Q

states

Param extraArgs: An array of double containing the extra
arguments that are needed in order to perform calculations. The
correct form of the array should be:

0 1 2 & 4 5
[N, beta, mu, lambda, delta, kappal

[***************************************************************]

[ Variables ]
[ 5k sk 3k 3 3 ok ok ok ok ok ok ok ok sk sk ok ok ok ok ok ok ok ok ok ok 3k 3k 3 ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok 3k 3 ok ok o o ok ok ok ok ok k|

Var

Var

Var
Var

Var
Var

N: The total population.

beta: The average number of contacts per person per time.
(Infection rate)

mu: Natural mortality rate.

lambda: Recruitment of the susceptible individuals (birth etc

delta: Disease mortality rate.
Kappa: The rate where the infected individuals become

quarantined.

Var
Var
Var

S: Number of Susceptible individuals.
I: Number of Infected individuals.
Q: Number of Quarantined individuals.
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54 Var dSdt: Calculated differential equation result for

Susceptibles.
55 Var dIdt: Calculated differential equation result for Infected.
56 Var dQdt: Calculated differential equation result for Quarantined
57
S8 [ 5k ok ok ok ok ok ok ok ok ok ok ok ok ko ok ok ok ok ok ok  k k ok ok ok ok %k % ok ok ok ok ok ok %k ok ok ok ok ok K %k % sk ok ok ok ok K K % % ok ok k|
59
60 }
61
62 S := yl[0];
63 I := y[1];
Q := yl[2];
65
66 N := extralArgs[0];
67 beta := extraArgs[1];
68 mu := extralArgs[2];
69 lambda := extralArgs[3];
70 delta := extralArgs[4];
71 kappa := extralArgs[5];
7
73 dSdt := lambda - (beta * S * I / N) - (mu * S);
74 dIdt := lambda + (beta * S * I / N) - ((mu + delta + kappa) * I);
75 dQdt := (kappa * I) - ((mu + delta) * Q);
76
77 Result := ArrayOfDouble.Create(dSdt, dIdt, dQdt);
78 end ;
79
s0 end .
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4.4 SIQS

To wovtého SIQS eivar ol mapduolo ue to SIQ, pe v wdvn Stopopd dmtov petd amd
LWoL OPLOUEVY TTEPTIOO0 RAPAVTIVOG, TO ATOUA ETTLOTOEPOVY OTNV RATAOTOOT OTTOV EIVOL KOL
AL ovd vo. TpooAndouy amo v actévela (Susceptible) [24] [25]. Mia arhomomueévn

Hoo N TV Stapoprdv eElomoemv Tov pnovrérou SIQS eltvoau:

S+ D+ (¢ Q)

Y1

'
' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' '

EDD_ ________________________________________________________________________
' | ] ' ] ' ' 1 ' 1 '
' ' ' ' ' ' ' ' ' '
'

O - SRR U S SO RN S S —
| S S

5004

400+
300
200+

100

0 50 100 150 200 250 300 350 400 450 500

Ewdva 4.4: BVS | N: 1000, 5: 0.3, v: 0.03, u: 0.0001, A: 0.01, §: 0.0001, 61: 0.001, ~: 0.05,

(: 0.005, Initial Infected: 1, Days: 500

'Omov:

e N givow 0 ovvolnog tanduoudg.

* (3 elvaw 0 uéoog aptIuog emapdv xdde aTOUOV, YVOOTOS ROl WG infection rate.
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* 7 elvar 0 pLIUOG OVAPEMOONC.
o 1 glvon 0 pUIUOE PuoLrtg YvnodtTnTog.

o A eivaw ) Tpdohm tv evtoddv atopmv (yevviioetg, Suvounrd uéyedog tAnduouo-
).

0 elvow 0 puIudg vnodTrog g aodévelag.

01 eivaw 0 puIuog YvnowdTnTag g 0ovévelag, Yo doovg Ppiorovtal 1én oe nopo-
vTiva.

* K elvar 0 PLIUAE OTTOV T LOAVOUEVO. GTOWOL TTEQVOVV OE ROQOAVTIVAL.

¢ etval o puIUOE Ue TOV 0TTO(0 TOL ATOUA TTOV BOIOROVTOL OE RAPOVTIVOL, ETLOTOEPOVV
0€ ROTAOTAOT OOV ElvaL %ot TTAM eVdAmTO 0TV AoVEVELQL.

4.4.1 Alyoprdnog SIQS

I unit utlSIQS_u;
3 {$mode objfpc}{$H+}
s interface

7 uses
8 Classes, SysUtils,
9 { Forms }

10 { Classes }

11 { Utilities }

12 utlTypes_u;

4 function SIQSDE(y, extraArgs: ArrayOfDouble): ArrayOfDouble;

o implementation
17 function SIQSDE(y, extraArgs: ArrayOfDouble): ArrayOfDouble;

18 var
19 N, beta, gamma, mu, lambda, delta, deltal, kappa, zeta: Double;
20 S, I, Q: Double;

21 dSdt, dIdt, dQdt: Double;
2 begin

23 {

24 [ Description ]

25 [ 5k 5k 3k 5k 3k % >k 3 3k 5k % 5k >k 3 >k 3k 3 >k 3 %k 5k 3k 5k >k 3k >k 3k 3k >k 3 %k > % 5k > % >k >k 3k > 3 %k > % >k > 3% > >k 3k > % %k % % >k * % %k *k k% |
26 Calculate the SIQ’s (Susceptible - Infectious - Quarantined -

Susceptible) model differential equations given a y state.

28 [***************************************************************]

30 [ Parameters 1
[***************************************************************]

32 Param y: Array of double containing the ’to be calculated’ S I Q
states.

33 Param extraArgs: An array of double containing the extra

arguments that are needed in order to perform calculations. The

correct form of the array should be:

35 0 1 2 3 4 5 6 7 8
36 [N, beta, gamma, mu, lambda, delta, deltal kappa, zetal
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38 [***************************************************************]

39

40 [ Variables ]

41 [k 5k 5k sk 5k sk 3k >k 3k 5k 5k %k ok >k %k 5k 3k %k 5k 3k K 5k 3k ok >k %k 5k 3k %k >k 3k %k 5k 3k 5k >k % 5k 3k %k >k 3k %k > % >k > % >k % %K >k % %k % % >k % % >k % k% |

42 Var N: The total population.

43

44 Var beta: The average number of contacts per person per time.

45 (Infection rate)

46 Var gamma: The recovery rate.

47 Var mu: Natural mortality rate.

48 Var lambda: Recruitment of the susceptible individuals (birth etc
)

49 Var delta: Disease mortality rate of infectious individuals.

50 Var deltal: Disease mortality rate of quarantined individuals.

51 Var Kappa: The rate where the infected individuals become
quarantined.

52 Var Zeta: The rate where quarantined individuals become

susceptible again.

53

54 Var S: Number of Susceptible individuals.

55 Var I: Number of Infected individuals.

56 Var Q: Number of Quarantined individuals.

57

58 Var dSdt: Calculated differential equation result for
Susceptibles.

59 Var dIdt: Calculated differential equation result for Infected.

60 Var dQdt: Calculated differential equation result for Quarantined

61

62 [***************************************************************]

63

64 }

65

66 S := yl[0];

67 I := y[l];

68 Q := y[2];

69

70 N := extraArgs[0];

71 beta := extraArgs[1];

7 gamma := extralArgs[2];

73 mu := extraArgs[3];

74 lambda := extralArgs [4];

75 delta := extralArgs[5];

76 deltal := extraArgs[6];

7 kappa := extralArgs([7];

78 zeta := extraArgs|[8];

79

80 dSdt := lambda - (beta * S * I / N) - (mu * S) + (gamma * I) + (
zeta * Q);

81 dIdt := (beta * S * I / N) - ((mu + delta + kappa + gamma) * I);

82 dQdt := (kappa * I) - ((mu + deltal + zeta) * Q);

83

84 Result := ArrayOfDouble.Create(dSdt, dIdt, dQdt);

85 end ;

86

87 end.
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4.5 SIQR

To povtého emdnuiog SIQR poidlel meproootepo ue to SIQS udvo mov 0to TENOG, AvTi Vo
vivouv Eavd to dtopo evalmTa 0TNV AOUEVELD, OVOTTTUC00UV OVOOLOL O€ QLUTNV KAl £TOL
UETAXLYOUVTOL OTO group Ue Ta dropa mov €xovv mepdoel Ty aodévela (Recovered) [26].
Mua amhomomuévn noppr) Tv dtagopnmv eElomoemy Tov povréhou SIQR eival:

ds B.-1-8
Qo A Pire .
dt N S
dl  B-1-8
it e e ]
o N (404 K+7)

(4.5)

dQ
dt—m-[—(u+51+§)-Q

dR

dtz(v-I)Jr(C-Q)—(u-R)
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Ewova 4.5: BVS | N: 1000, 8: 0.3, v: 0.03, x: 0.0001, A: 0.01, 4: 0.0001, 61: 0.001, ~: 0.05,

(: 0.005, Initial Infected: 1, Days: 500

‘Omov:

* N givow 0 ouvolxog TAnduoudg.

* (3 elvor 0 péoog apLtduog emapav xdde aTOUoV, YVMOTOS ROl (¢ infection rate.

o 7y elvar o pLIUOE OVAPEOONC.

o 1 glvor 0 pUIUOG PuoLrg YvnodTnTog.

* A eivan  TpoohYm tv evtoddv atopmv (yevvioetg, Suvouunrd uéyedog tAnduouo-

0).

* § elvan 0 puIuog YvnoodTTag T 0odEvelog.

* )1 eivaw 0 puIuog YvnowdTnTag g aovdévelag, Yo doovg Ppiorovtal 1én oe nopo-

vTiva.

= Susceptible
—|nfected
Cuarantined

w— Recovered

* Kk elvar 0 PLIUOE OTTOV T LOAVOUEVO. GTOWOL TTEQVOVV OE ROQOVTIVAL.

* ( elvor 0 puYUOG UE TOV OO0 TOL ATOUA TTOV BOIOROVTOL O RAPOVTIVOL, ETLOTOEPOVV

0€ ROTAOTAOT OOV Elval %ot TTAM eVdAmTO 0TV AoVEVELQL.
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4.5.1 Alyoprdnog SIQR

1 unit utlSIQR_u;
3 {$mode objfpc}{$H+}
s interface

7 uses
8 Classes, SysUtils,
9 { Forms }

10 { Classes 1}

11 { Utilities }

12 utlTypes_u;

4 function SIQRDE(y, extraArgs: ArrayOfDouble): ArrayOfDouble;

16 implementation
17 function SIQRDE(y, extraArgs: ArrayOfDouble): ArrayOfDouble;

8 var
19 N, beta, gamma, mu, lambda, delta, deltal, kappa, zeta: Double;

20 S, I, Q, R: Double;

21 dsSdt, dIdt, dQdt, dRdt: Double;

22 begin

23 {

24 [ Description ]

25 [ 5 sk s 5k % 5k % 5 % 5k % > % 5 %k * 5k % 5 % > % > 5 5k % * 5k % 5 % 5 % >k 5 * % * %k % 5% % > % >k 5 * %k * %k % %k % *k K k K *k Kk ¥ % % |
26 Calculate the SIQR’s (Susceptible - Infectious - Quarantined -

Recovered) model differential equations given a y state.

28 [ 3k sk sk sk sk sk ok ok ok ok ok ok ok sk sk sk sk sk sk ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok 3k sk sk sk sk ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok K K ok k k]

29

30 [ Parameters ]

31 [ 3k sk sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok K K K K K K K ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok K K K K K K K K K ok k k]

32 Param y: Array of double containing the ’to be calculated’ S I Q
R states.

33 Param extraArgs: An array of double containing the extra

arguments that are needed in order to perform calculations. The
correct form of the array should be:

34 0 1 2 3 4 5 6 7 8

35 [N, beta, gamma, mu, lambda, delta, deltal, kappa, zeta]

36

37 [ ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok

38

39 [ Variables ]

40 [ 3k sk ok 3k ok sk sk ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok sk sk ok ok sk ok ok ok ok sk sk ok ok ok ok ok ok ok sk sk ok ok ok ok ok ok ok sk sk ok ok ok ok K ok ok k ok ok k]

41 Var N: The total population.

42

43 Var beta: The average number of contacts per person per time.

44 (Infection rate)

45 Var gamma: The recovery rate.

46 Var mu: Natural mortality rate.

47 Var lambda: Recruitment of the susceptible individuals (birth etc
)

48 Var delta: Disease mortality rate of infectious individuals.

49 Var deltal: Disease mortality rate of quarantined individuals.

50 Var Kappa: The rate where the infected individuals become
quarantined.

51 Var Zeta: The rate where quarantined individuals become

susceptible again.
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53
54
55
56
57

58

59

60

63
64
65
66
67
68
69
70
71

73
74

76
77
78
79
80
81

83

84

86
87
88
89

90

Institutional Repository - Library & Information Centre - University of

Var
Var
Var
Var

Var

of
of
of
of

Number
Number
Number

o O H W

Number

dSdt: Calculated

Susceptibles.

}

S := yl[0];

I := yl[1]1;

Q := yl[2];

R := y[3];

N := extraArgs[0];

beta := extraArgs[1];

gamma := extralArgs[2];

mu := extraArgs[3];

lambda := extralArgs [4];

delta := extralArgs[5];

deltal := extraArgs[6];

kappa := extralArgs([7];

zeta := extraArgs|[8];

dSdt := lambda - (beta

dIdt := (beta * S *x I / N) -

dQdt := (kappa * I) -

dRdt := (gamma * I) + (zeta * Q) -

Result := ArrayOfDouble.Create(dSdt,
end ;

end .

Var
Var

Var

dIdt:
dQdt :

Calculated
Calculated

dRdt: Calculated

differential

differential
differential

differential

Susceptible individuals.
Infected individuals.
Quarantined individuals.
Recovered individuals.

equation result

equation result
equation result

equation result

for

for Infected.
for Quarantined

for Recovered.

[***************************************************************]

21/05/2022 08:48:52 EEST - 137.108.70.13

* S x I / N)

- (mu * 8S);

dIdt, dQdt,

Egessaw

((gamma + kappa + mu + delta) * I);
((zeta + mu + deltal) * Q);
(mu * R);

dRdt) ;



4.6 SIRD

To wovtého emdnuiog SIRD #dvel Stdxrpion HeTafd avtmv Tov €OoUV AVOQPMOEL OTTO TNV
aotéveln xou avtmv Tov amefimoav amd ovt [27]. Zxedov mopouola pe tig SLopopirég
eElomoelg Tov povréhov SIR, €tol xou o Stapopirég eElomoelg Tov poviehou SIRD, €xouvv
emeEepyootel eEhapEmdg ue oxomd vo. Aaufdvovv vitd oYy Tovg Tov puiduo dvnootntog
7tov odnyel oto group ue to dtouo ov amePfimoav amd v acdévela. To poviého SIRD
WITOPEL VO TTEPLYOAPEL OTTO TIG TTAPOXATM SLAPOPIRES EELOMDOELS:

S B-1-S

dt N

(4.6)

1| |==——Susceptible
E | nfected
: — Recovered

800,

i
1| |==Deceazed

800+ :
700+ ;
600 ;
500+ ;
400+ i

300

200+

100

0 10 20 30 40 50 ] 70 80 90 100

Ewdva 4.6: BVS | N: 1000, 8: 0.35, ~: 0.035, p: 0.01, Initial Infected: 1, Days: 100
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‘Orov:

* N givaw 0 ouvohxdg tAndvoude.

* (3 elvow 0 péoog aptduog emapdv xade aTOUOV, YVMOTOS ROl WG infection rate.
* 7 elvan 0 pLIUOG OVAPEOONC.

o 1 etvar 0 puiudg puortg dvnodTtog.

4.6.1 Alyoprduog SIRD

1 unit utlSIRD_u;
3 {$mode objfpc}{$H+}
s interface

7 uses

8 Classes, SysUtils,
9 { Forms }

10 { Classes 1}

11 { Utilities }

12 utlTypes_u;

4+ function SIRDDE(y, extraArgs: ArrayOfDouble): ArrayOfDouble;

16 implementation
17 function SIRDDE(y, extraArgs: ArrayOfDouble): ArrayOfDouble;

18 var

19 N, beta, gamma, mu: Double;

20 S, I: Double;

21 dSdt, dIdt, dRdt, dDdt: Double;

2 begin

23 {

24 [ Description ]

25 [ 5k sk sk ke ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok K K K K K K K ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok o ok K K K K K K K K ok k k]
26 Calculate the SIRD’s (Susceptible - Infectious - Recovered -

Deceased) model differential equations given a y state.

28 [ ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok

29

30 [ Parameters ]

31 [k ok ko ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ko K ok ok ok ok ok ok ok ok k]

32 Param y: Array of double containing the ’to be calculated’ S I R
D states.

3 Param extraArgs: An array of double containing the extra

arguments that are needed in order to perform calculations. The
correct form of the array should be:

34 0 1 2 3

35 [N, beta, gamma, mu]

36

37 [[ % 5k 5k % 5k sk % 5k s ok 5k % ok 5k % 5k 5k %k >k 5 %k 5k 5k 5k 5k 5 5k 5k %k >k 5k %k 5k % 5k >k 5k % 5k %k >k * % >k 5k >k > % % * %k > * % >k % * > % * * % % |

39 [ Variables 1]

40 [ ok ok ok sk ok ok sk ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok sk sk ok ok ok ok 3k ok ok ok sk ok ok ok ok 3k ok ok sk sk ok ok ok ok ok ok ok ok ok k k]
41 Var N: The total population.

42

43 Var beta: The average number of contacts per person per time.
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44
45
46
47
48
49
50

51

53
54

55

57
58
59

60

62
63
64
65
66
67
68
69
70
71
72
73
74
75

76
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Var
Var

Var
Var

Var

(Infection rate)
gamma: The recovery rate.
mu: Natural mortality rate.

S: Number of Susceptible individuals.
I: Number of Infected individuals.

dSdt: Calculated

Susceptibles.

}

S := yl[0];

I := yl[1]1;

N := extraArgs[0];

beta := extralArgs[1];

gamma := extralArgs[2];

mu := extraArgs[3];

dSdt := -(beta * S *x I / N);

dIdt := (beta * S * I / N)

dRdt := gamma * I;

dDdt := mu * I;

Result := Array0fDouble.Create(dSdt, dIdt, dRdt,
end ;

end .

Var
Var
Var

dIdt:
dRdt:
dDdt :

Calculated
Calculated
Calculated

differential

differential
differential
differential

equation

equation
equation
equation

result

result
result
result

for

for
for
for

Infected.
Recovered.
Deceased.

[***************************************************************]

- (gamma * I) -

Egessaly

(mu * I);

dDdt) ;



4.7 MSIR

[Mioe ToMEG AOoLUmDEELS, OUUTEQLIAAUPAVOUEVNE TOV A0, TO (WOPC TTOU YEVVIOUVTOL gV
avixovv oto evaiodnto group (Susceptible) ahAd €xovv avooia At TV AOUEVEL YLOL TOUG
TEMTOVE UNVES TS LONG AOY® TPOOTAOLOG ATt UNTEWXA AVTLIOMUOTE. AUTO OVOUALETOL
modnTxn avooio (passive immunity). Avti 1 TpooTtdEuevn AeTTOUEQELD. UTTOPEL VO EX-
poaotel ovumeplthaufdvoviag wa tdEn M, 1 0ol aVTLITPOOMITEVEL TV UNTOLRY| AVOTioL
(maternally derived immunity) xou fpoloxetal oty apyn Tov emtdnuoloyxov wovtéiou [28]).
To pwovtého MSIR umopet va meptypagel amd Tig Topardtm SLopopinés eELOMOELS:

dM

= A= (8 M) = (- M)

ds B-1-8
dt

= (5- M) - (- 9)

4.7)

1000 : Maternally
. E w— derived
900 imrnunity

; || [m—Susceptible
200 g ?
i | m—nfected

il E 1| |=—Recovered

500!

4001

Ewodva 4.7: BVS | N: 1000, 5: 0.4, v: 0.035, u: 0.005, A: 10.5, 6: 0.1, Maternally derived
immunity: 300, Initial Infected: 3, Days: 100
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34

38

‘Orov:

* N givaw 0 ouvohxdg tAndvoude.

* (3 elvow 0 péoog aptduog emapdv xade aTOUOV, YVMOTOS ROl WG infection rate.
* 7 elvan 0 pLIUOG OVAPEOONC.

* 1 glvor 0 pLIUOG Puorig YvnodTnTog.

o A eivaw m Tpdohm tv evtaddv atopmy (yevviioerg, Suvounrd uéyedog tAnduouo-
).

* 0 elvan 0 pLIUOE VvnodTTag TS 0oTEVELOG.

4.7.1 Alyoprdnog MSIR

unit utlMSIR_u;
{$mode objfpc}{$H+}
interface

uses

Classes, SysUtils,
{ Forms }

{ Classes 1}

{ Utilities }
utlTypes_u;

function MSIRDE(y, extraArgs: ArrayOfDouble): ArrayOfDouble;

implementation

function MSIRDE(y, extraArgs: ArrayOfDouble): ArrayOfDouble;
var
N, beta, gamma, mu, lambda, delta: Double;
M, S, I, R: Double;
dMdt , dSdt, dIdt, dRdt: Double;
begin
{
[ Description ]
[ 3k ok ok ok ok sk sk ok ok ok ok ok ok ok ok sk sk ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok sk sk ok ok ok ok 3k ok ok sk sk ok ok ok ok 3k ok ok sk sk ok ok ok ok ok ok ok ok ok k k]
Calculate the MSIR’s
(Maternally derived immunity - Susceptible - Infectious -
Recovered) model differential equations given a y state.

[***************************************************************]

[ Parameters ]
[***************************************************************]

Param y: Array of double containing the ’to be calculated’ M S I
R states.

Param extraArgs: An array of double containing the extra
arguments that are needed in order to perform calculations. The
correct form of the array should be:

0 1 2 3 4 5
[N, beta, gamma, mu, lambda, deltal]
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39
40
41 [ Variables ]

43 Var N: The total population.
44
45 Var beta:
(Infection rate)
gamma: The recovery rate.
mu: Natural mortality rate.

lambda:

46
47 Var
48 Var
49 Var

50 Var delta: Disease mortality rate.
51

of
of
of

of

Var Number

53 Var Number
Infected individuals.

Recovered individuals.

Var Number

Var

54

o H W=

55 Number
56

dMdt: Calculated differential
derived immunity.

Calculated differential

57 Var
58
Var dSdt:
Susceptibles.
Var dIdt:

Var dRdt:

59

Calculated differential
Calculated differential

60

65
66
y [0];
y[1];
y[2];
y [3];

67

68

69

o H W=

70
71
N :
beta
gamma
mu
lambda
delta

extralArgs [0];
extralArgs [1];
extralArgs [2];
extralArgs [3];
extralArgs [4];
extraArgs [5];

73

74

75

76

77

dMdt
dSdt
dIdt
dRdt

lambda (delta * M) (mu * M);
(delta * M) (beta * S * I / N)
(beta * S * I / N) (gamma * I)
(gamma * I) (mu * R);

83
Result
end ;

84 Array0OfDouble.Create (dMdt,
85
86

37 end .

4.8 SEIR

Recruitment of the susceptible individuals

equation
equation

equation
equation

dsdt,

[***************************************************************]

[***************************************************************]

The average number of contacts per person per time.

(birth etc

individuals with Maternally derived immunity.
Susceptible individuals.

result for Matermally

result for

Infected.
Recovered.

for
for

result
result

[***************************************************************]

(mu * S);
(mu * I);

dIdt, dRdt);

Tioe TOAAES ONUOVTIKES MOLUMDEELS, VTTAPYEL ONUovTKy TTepiodog emdaong (incubation pe-
riod) ®atd v omoia dtoua €xouvv wolvviel ahdd elvar Sev eivar oaxoun LWOAVOUOTLXOL.
Katd ) Sudpreia avtg g mteptddov 1o dtouo Ppioxretar oto group E, to omolo avti-
TPOCMTEVEL TAL EXTEVELUEVA dTOola. AV %ol TO ueyalitepo uépog tng Pproypapiog mou
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aoyohleltan pe emdnuoloynd ocvotnuoto dempel OTL 1) ETMOON TS VOOOU ElvVoL OUEANTEQ,
VIAEYOVV TOMEG ao¥éveleg OTME 0 LhaPdg, 000l 0EE0G avaTveEVOTIXOU OVVEPOUOL,
emiong Yvmoto xow g SARS xow ovtm nadeing, mov enmdlovtal EVTOg TV 0QYAVIOU®DV
yoL €val povird Stdotno ToTov artoxtNoovy TV duvatdtnta eEdmhmong g aodEévelog
[29]. To wovtého SEIR pmopet va meptypapel oo Tig Tapaxdto SLapopinés eELOMOELS:

ds B IS

o = (A N) = (p-5) N

dE  B-1-S
dt N

—(p+ao) E
(4.8)

CZ=(O¢~E)—(7+M)-I

— Susceptible
— i posed
— |nfected

— Recovered

' ] ' '
LT THres=qeeosqd jespeseoposaqpossqeonsqesssfosssroosqpasoqrosagessofpocospocag
' ' ' ' ' ' ' ' ' ' ' ' ' ' '

e o

1T ot o o S o o

600;

500

400-----4

0
Ewdva 4.8: BVS | N: 1000, 5: 0.25, v: 0.05, p: 0.06, A: 0.1, a: 0.7, Initial Infected: 1, Days:
300

'‘Omov:

* N givow 0 ouvolxog TAndvoudg.

* (3 elvow 0 péoog apLduog emapdv xdde aTOUOV, YVMOTOS RO G infection rate.
* 7y elvan 0 pUIUOG OVAPEMOONC.
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* 1 €lvor 0 pUIUOG Puor1g YvnodTnTog.

o A eivaw n mpdohm tv evtaddv atoumy (yevviioetrg, Suvouund uéyedog tAnduouo-
0).

* o elvow 1 péon mepiodog emdaong (a~t).

4.8.1 Alyoprduog SEIR

unit utlSEIR_u;
3 {$mode objfpc}{$H+}

s interface

7 uses
8 Classes, SysUtils,
9 { Forms }

10 { Classes }
T { Utilities }
12 utlTypes_u;

4+ function SEIRDE(y, extraArgs: Array0fDouble): ArrayOfDouble;

16 implementation
17 function SEIRDE(y, extraArgs: ArrayOfDouble): ArrayOfDouble;

18 var
19 N, beta, gamma, mu, lambda, alpha: Double;

20 S, E, I, R: Double;

21 dSdt, dEdt, dIdt, dRdt: Double;

2 begin

23 {

24 [ Description ]

25 [ 3k sk ok ok ok sk sk sk ok ok ok ok ok ok ok sk ok ok sk ok ok ok ok sk sk ok ok sk ok ok ok ok sk sk ok ok ok ok ok ok ok sk sk ok sk ok ok ok ok ok sk sk ok ok ok ok K ok ok k ok ok k]
26 Calculate the SEIR’s (Susceptible - Exposed - Infectious -

Recovered) model differential equations given a y state.

28 [ % 5k 5k % 5k sk %k ok s ok 5k % ok ok % ok 5k %k 5k % %k 5k %k ok 5k 5 5k 5k %k >k 5k %k 5k % 5k >k %k >k 5k %k >k k % 5k % >k >k %k % * %k > * % >k % % > % *k * % % |

30 [ Parameters ]

31 [ 3k sk sk sk ok sk ok ok ok ok ok ok ok sk sk sk sk sk sk ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok sk sk sk sk sk ok ok ok ok ok ok sk ok ok ok ok ok ok ok K K ok ok k k]

32 Param y: Array of double containing the ’to be calculated’ S E I
R states.

33 Param extraArgs: An array of double containing the extra

arguments that are needed in order to perform calculations. The
correct form of the array should be:

34 0 1 2 S 4 5

35 [N, beta, gamma, mu, lambda, alphal]

36

37 [ 3k sk ok ok ok sk sk ok ok ok ok ok ok ok ok sk ok ok sk ok ok ok ok sk sk ok ok sk ok ok ok ok sk sk ok sk ok ok ok ok ok sk sk ok sk ok ok 3k ok ok sk sk ok sk ok ok K ok ok ok ok ok k]
38

39 [ Variables ]

40 [ 5k sk sk 3k sk sk sk sk ok ok ok ok ok ok ok sk sk ok ok ok ok ok ok K sk ok ok ok ok ok %k K % ok ok ok ok ok ok %k % K sk ok ok ok ok K %k K % sk ok ok ok ok K % % %k ko ]
41 Var N: The total population.

4

43 Var beta: The average number of contacts per person per time.

44 (Infection rate)

45 Var gamma: The recovery rate.

46 Var mu: Natural mortality rate.
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47

48
49
50

51

53
54

55

56
57
58
59
60
61

62

64
65
66
67
68
69
70

71

76
77
78
79
80
81
82
83

84

Var lambda: Recruitment of the susceptible individuals (birth etc
Var alpha: Average incubation period.

Var Number of Susceptible individuals.
Number of Exposed individuals.

Number of Infected individuals.
Number of Recovered individuals.

Var
Var
Var

o H M wn

Var dSdt: Calculated differential equation result for

Susceptibles.

Var dEdt: Calculated differential equation result for Exposed.
Var dIdt: Calculated differential equation result for Infected.
Var dRdt: Calculated differential equation result for Recovered.

[***************************************************************]

:= y[0];
:= y[1];
= y[2];
:= y[3];

L H M W»n
I

N := extraArgs[0];

beta := extralArgs[1];
gamma := extralArgs[2];
mu := extralArgs[3];
lambda := extraArgs [4];
alpha := extralArgs[5];

dSdt
dEdt
dIdt
dRdt

(lambda * N) - (mu * S) - (beta * S *x I / N);
(beta * S * I / N) - ((mu + alpha) * E);
(alpha * E) - ((gamma + mu) * I);

(gamma * I) - (mu * R);

Result := Array0fDouble.Create(dSdt, dEdt, dIdt, dRdt);

end ;

end .

4.9

SEIS

To povtého emdnuiog SEIS eivar oav to povtého SEIR ue v Stagpopd ot oto téhog dev
TTAPEYETAL AVOOLaL. AVTi 0VTOV, TOL LOAVOUEVO. ATOUOL ETILOTPEPOVV O WO XA TAOTOON OTTOU
elvar xow wdd gvmadn otn vooo [30]. To wovtélo SEIS umopel va meprypoel amd Tig
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TOPARATO SLOPOPLXES EELOMOELS:

ds B-I-S
dt N

(4.9)

E = Susceptible

i| |[=—Exposed

900+ : : w— |nfected

800 E
700+ ;
600+ E
500+ ;

400!

2004
200!

1004:

0 50 100 150 200 250 300 350 400 450 500
Ewdva 4.9: BVS I N: 1000, 3: 0.12, ~v: 0.035, u: 0.001, A: 0, €: 0.25, Initial Infected: 1, Days:
500

'‘Ormov:

* N eivar o ovvolndg TAnduoudg.

* (3 elvaw 0 péoog aptduog emapdv xdde aTOpov, YVmoTog ®oL ¢ infection rate.
* 7y elvar 0 pLIUOG OVAPEOONC.

o 1 glvon 0 pLIUOE PuoLrtg YvnodtTnTog.

* A eivaw ) Tpdohm tv evtoddv atopmv (yevvioetg, Suvounrd uéyedog tAnduouo-
).
* € glval 0 PUIUOG OTTOV TO EXTEVELUEVA ATOUO LETOTOETOVIOL OE LWOAMVOUEVO ATOUQ.
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33

4
43
44
45
46
47

48

49

50

4.9.1 Alyoprduog SEIS

unit utlSEIS_u;
{$mode objfpc}{$H+}
interface

uses
Classes, SysUtils,
{ Forms }
{ Classes 1}
{ Utilities }
utlTypes_u;

function SEISDE(y, extraArgs: ArrayOfDouble): ArrayOfDouble;

implementation
function SEISDE(y, extraArgs: ArrayOfDouble): ArrayOfDouble;
var
N, beta, gamma, mu, lambda, epsilon: Double;
S, E, I: Double;
dSdt, dEdt, dIdt: Double;
begin
{

[ Description ]
[ ok ok ok ok ok ok ok ok ok ok K ok K oK K ok K ok o ok ok ok ok oK ok oK ok K ok K ok K oK K oK K oK K oK K oK o oK oK oK ok oK ok oK ok K ok K oK K oK K K K K K Kk

Calculate the SEIS’s (Susceptible - Exposed - Infectious -
Susceptible) model differential equations given a y state.

[***************************************************************]

[ Parameters ]
[ % % sk ok ok 3 ok ok ok ok ok ok ok ok ok ok K ok ok ok ok ok ok ok ok 3 ok ok ok ok ok ok ok ok ok ok K ok ok ok ok K ok ok ok ok ok ok ok ok K ok ok ok 3 K ok ok ok ok |

Param y: Array of double containing the ’to be calculated’ S E I
S states.

Param extraArgs: An array of double containing the extra
arguments that are needed in order to perform calculations. The
correct form of the array should be:

0 1 2 3 4 5
[N, beta, gamma, mu, lambda, epsilon]

[***************************************************************]

[ Variables ]
[ 5k sk 3k 3 3 ok ok ok ok ok ok ok ok sk sk ok ok ok ok ok ok ok ok ok ok 3k 3k 3 ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok 3k 3 ok ok o o ok ok ok ok ok k|

Var N: The total population.

Var beta: The average number of contacts per person per time.
(Infection rate)

Var gamma: The recovery rate.

Var mu: Natural mortality rate.

Var lambda: Recruitment of the susceptible individuals (birth etc

Var epsilon: The rate at which exposed individuals become
infectious.

Var S: Number of Susceptible individuals.
Var E: Number of Exposed individuals.
Var I: Number of Infected individuals.
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53
Var dSdt:

Susceptibles.
Var dEdt:
Var dIdt:

54

56
57
58

59

Calculated differential equation result for

Calculated differential equation result for Exposed.
Calculated differential equation result for Infected.

[***************************************************************]

- (mu * S) + (gamma * I);

dIidt);

60 }

61

62 S := yl[0];

63 E := y[1];

64 I := yl[2];

65

66 N := extralArgs[0];

67 beta := extraArgs([1];

68 gamma := extralArgs[2];

6 mu := extraArgs[3];

70 lambda := extralArgs[4];

71 epsilon := extralArgs[5];

72

73 dSdt := lambda - (beta * S * I / N)

74 dEdt := (beta * S * I / N) - ((epsilon + mu) * E);
75 dIdt := (epsilon * E) - ((gamma + mu) * I);
76

77 Result := ArrayOfDouble.Create(dSdt, dEdt,
78 end ;

79

so end .
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410 MSEIR

[ v TepimTmon wog aoYEvelog Le Topdyovteg TV Tadn Tk avooia (passive immunity)
oMaG naw TV Tepiodo emmaong (incubation period) vdpyel To povrého MSEIR. Avtd to
HOVTELO €lval IOaVIKO YIoL AOUEVELES TTOV TTPOOPEPOVV 0TO TEAOC SLOPUNC AVOTTOL OTTME YL
mopdderyua o thapdg, avepoproyid, eovdod N tapomtitda [31]. To povrého MSEIR pmopet
VoL TEPLYPOPEL ATt TLG TOPARATO SLoLPOPIKES EELOMOELS:

dM

2T A - M
o (0 + )

ds B.-I-8
N

D= (6 M) - ~ (- 8)

(4.10)

2004 E ; Maternally
! ! | —derived
750 immunity
700 : _

! y| |=—Susceptible
650
600! .
| | |=—Exposed
550!
5004 :

i i| [===Infected
4501

400+
i || | =—Fecovered

350+

30045
zso—?
2004
150—5
1004!
50-;

Ewdva 4.10: BVS | N: 1000, 5: 0.1, v: 0.02, p: 0.001, A: 0.5, §: 0.015, e: 0.1, Maternally
derived immunity: 300, Initial Infected: 1, Days: 500

'Omov:
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36

37

* N givow 0 ouvolxog TAntvoudg.

* (3 elvaw 0 péoog aptduog eapdv xdde atOpov, YVmoTog ®oL ¢ infection rate.
* 7y elvar o pLIUOS OVAPEOONC.

* 1 elvar 0 puiuog puorig dvnopdTnTog.

* A elvan m TpoohnYm tv evtoddv atopmv (yevvioetg, Suvounrd uéyedog tAntuouo-
).

0 elvar o puIudg YvnowdTTag T odéEvelog.

* € elval 0 PUIUOC OOV TO EXTEVELUEVA ATOUO LETOTPETOVIOL O€ LWOAMVIOUEVOL ATOUO.

4.10.1 Aklyoprduog MSEIR

unit utlMSEIR_u;
{$mode objfpc}{$H+}
interface

uses

Classes, SysUtils,
{ Forms }

{ Classes 1}

{ Utilities }
utlTypes_u;

function MSEIRDE(y, extraArgs: ArrayOfDouble): ArrayOfDouble;

implementation

function MSEIRDE(y, extraArgs: Array0fDouble): ArrayOfDouble;
var
N, beta, gamma, mu, lambda, delta, epsilon: Double;
M, S, E, I, R: Double;
dMdt , dSdt, dEdt, dIdt, dRdt: Double;
begin
{
[ Description ]
[ ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok k ko ok ok o ok ok ok ok ok k k]
Calculate the MSEIR’s (Maternally derived immunity - Susceptible
- Exposed - Infectious - Recovered) model differential equations
given a y state.

[***************************************************************]

[ Parameters ]
[***************************************************************]

Param y: Array of double containing the ’to be calculated’ M S E
I R states.

Param extraArgs: An array of double containing the extra
arguments that are needed in order to perform calculations. The
correct form of the array should be:

0 1 2 3 4 5 6
[N, beta, gamma, mu, lambda, delta, epsilon]
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39
40
41

43
44
45
46
47
48

49

50

60

61

63
64
65
66
67
68
69
70
71

73
74

76
71
78
79
80
81

85
86
87
88
89
90
91

92

[**

[ v
[**
Var

Var

Var
Var
Var

Var
Var
infect

Var
Var
Var
Var
Var

Var

Var

*************************************************************]

ariables 1]
*************************************************************]

N: The total population.

beta: The average number of contacts per person per time.
(Infection rate)

gamma: The recovery rate.

mu: Natural mortality rate.

lambda: Recruitment of the susceptible individuals (birth etc

delta: Disease mortality rate.
epsilon: The rate at which exposed individuals become
ious.

M: Number of individuals with Maternally derived immunity.
S: Number of Susceptible individuals.

E: Number of Exposed individuals.

I: Number of Infected individuals.

R: Number of Recovered individuals.

dMdt: Calculated differential equation result for Matermally
derived immunity.
dSdt: Calculated differential equation result for

Susceptibles.

Var
Var
Var

[**

w

o H W=
]

N :=

beta

gamma
mu :=
lambd
delta
epsil

dMdt
dSdt
dEdt
dIdt
dRdt

Resul

end ;

end.

dEdt: Calculated differential equation result for Exposed.
dIdt: Calculated differential equation result for Infected.
dRdt: Calculated differential equation result for Recovered.

*************************************************************]

y [0];
y[1]1;
y[2];
y [3];
y [4];

extralArgs [0];

:= extraArgs[1];
:= extralArgs [2];
extraArgs [3];

a := extraArgs[4];
:= extralArgs [5];

on := extralArgs[6];

:= lambda - (delta * M) - (mu * M);

:= (delta * M) - (beta * S *x I / N) - (mu * S);
:= (beta * S * I / N) - ((epsilon + mu) * E);
:= (epsilon * E) - ((gamma + mu) * I);

:= (gamma * I) - (mu * R);

t := Array0fDouble.Create (dMdt, dSdt, dEdt, dIdt, dRdt);

Institutional Repository - Library & Information Centre - University of EBessaly
21/05/2022 08:48:52 EEST - 137.108.70.13



To emdnuoroyrd HOVIELD €YOVV EPOOUOOTEL e TEQAOTIOL ETUTUYICL OTNV UEAETN Q-
retov aodevelinv ommg HIV/AIDS [32] [33], 'Eumohla [34] [35], T'oinn [36], Kapxivog [37],
Adryrero [38] [39], Ehovooia [40], wolvvon artd Zaiuovéha [41]], Zika [42] xow COVID-19
[43]. AEiCer va. onuetwdel motdo0o OTL Oheg oL SLopoPLrég EELOMOELS TV ETLONUOAOYLXMY
UWOVTELDV TTOU AVAPEOOVTUL TOPATAVM, TOOO0PILLOVTOL VO EPOOUOOTOVV O £Va. TELELO O-
noyevn meptPahhov. Avto onuaiver 0Tt xdde ATOUo Tou eival UEPOG WLAG TTOOCOUOIMONG
mov Pooiletal o8 avTd Tor LOVTELD TPETEL VO €)EL Evav CUVOEOUO ETTOPNG Ue OAOL TOL GAAQL
dtouo. AvTO TO YEYOVOS PUOLRA €V AVTIXATOTTOILEL TV TOAYUOTIXOTNTA KL Glyovpo.
dev TapLdleL ue T CVWITEPLPOPT. TMV aVIODITOV.
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APYLTEXLTOVIXI] AOYLOULXOV

To BVS eivon o desktop eqpoopoyn aglepmuévn ot welétn uohvouotinov aodeveimv. O
TUENVAG TNG EPaPUoYNG €xel avamTuydel uéyot otryung ue Object Pascal, ) omola elvan pwo
YADOOO TEOYOOUUATIONOV TOAD Youniov emumédov. Qg amotéheoua, to BVS eivan éva
epyalelo pe tepdotieg emdO0ELg axoun xal o xodnueptvolg virohoyotég. To ypagpurd
Tov TEPPRAALOV €xel avamTuydel uéyoL oTLyung YOMNOWOTOLmVTOS TO Aoylouxd Lazarus.
To Lazarus etvou éva Swpedv Aoyloxod xat ohoxinpowuévo mepidirlov avdamtvéng (IDE)
yLoL Taxelor avamtTuén epapuoymv (RAD) yonowomowmvtag tov uetayhottiot) Free Pascal.
'‘Ooov apopd Tov %Mo TOU €QYALEIOV QUTOV, €XEL YOOPTEL ne TOOTO MOTE VA eVl
EVAVAYVOOTOG OALD %0 EVROAN ETTEXTAOUOS AXOAOVTDVTOG KOLVEG OAAD HOAES TTOORTINES
OTTM¢ vty TG SLACTOONG UEYANDV QLOYELDV ROl CUVOPTNOEMVY 0 Wxpotepa/eg. H Soun
TOV PAxELDV YTIOTNHE LE TPOTTO 0 0TT0l0¢ eEioov Ponddel xou EVIoYVEL OTNV ATTAOIXOTTO
¢ Soung tou €pyov.

classes
forms
lib
utils
@ bws
'@ b=
E;"- bvs

(o) Apyog pdmelog Tov (B) Panehrog src
project

Jgit
sre
| | .gitignore
| | LICENSE
| README.md

DifferentialEquations
OdeSolvers
@ utlArray_u
main EE- utlconstants_u
@ utlEnum_u
[ utiFile_u
[ utiMisc @- frnsimulation_u
simulation # utiTypes_u | | frmsimulation_u.lrs

simulationChart [ utlvalidation_u [# frmsimulation_u

presimulation algorithms

settings

(y) ®dnelog forms (8) ®dmelog utils (e) ®dnehog forms ->
simulation

Ewdva 5.1: BVS | Aour| poxéhmv xou apyelmv Tov €pyou
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H avdmtuEn naw 1 Suarxeiplon tov ®ddwa €yLve pe Ty xenNor evog epyaleiov eAéyyou
exdooemv (Version Control System - VCS), to omoto ovoudletal git. To git Snuwovpyninxre
10 2005 amtd Ttov Linus Torvalds, pe oxomo v Stevrdhuvon g ovamtuéng Tov Tupnva Tov
Linux. Amo %eL no €merta, To git £YLve €val ato To ONUaVTIXOTEQO EQYOAELD VATTTVENG Ao-
YLIoW®oV radmg avTd moparorovdel ahhayég apyeinv, emtpémer commit rollbacks 1) axdun
ral TopdAANAa branches 1) ahhidg exd00eLg TOV ®DERA EVOC AOYLOUKROD, SLATNEMVTAS Vol
OOAETA 0PYOVOUEVO TTEQPAMAOV OTTME RO LOTOPLRO AROUN %Ol O€ TTOAD ueydia €pyo OTTov
0 ®MOMOG TOVE WITOPEL VO PTACEL OXOUT KoL UEQIXA ExATOUUOPLO Yoouueg. O xmdiwog
tov gpyaleiov BVS eivar Stadéoog oty wotooerida tov GitHub, 1 omoia mapéyel oe Evav
XONOTN €VO PLUMKO TTEPIPAALOV Yol TNV Loy EOLON TV EQYMV TTOV AVATTTUOOVTAL VTTO TV
emiPreym Tov gpyaieiov git.

<> Code Issues Pull requests Actions Projects Security insights Settings

¥ dev~ ¥ 3branches ©o0tags Go tofile Add file + About @

Biological Virus Simulator
@ Theosikia Disable shape rendering feature abab1od 22 days ago {80 commits
O Readme
src Disable shape rendering feature 22 days ago S GPL-3.0 License
O gitignore Initial SIR simulation algorithm & Initial Settings functionality 3 months ago

O ucense Initial commit 6 months ago Releases

[ README.md Update Documentation #19 3 months ago

README.md 4

BVS

Biological Virus Simulator

Languages

Available Epidemic Models for Differential Equations calculation: Here pascal 100.0%

. SR
. Sls

. sIQ

. SIQs
« SIQR
« SIRD
. MSIR
. SER
. SEIS

Ewmdva 5.2: Aemagr) oot g totooehidog tov GitHub

O oyedroopog g yoagpurng dieagng xonotn tov BVS mpooépel éva moh) ohoxrin-
OOUEVO 1AL ROTOVONTO TEQPAMMOV Yo OAOVG TOVg YPNoteg Tov. [lo ovyxexpéva 1
EQPAOUOYN WITOPEL VOL XONOLUOTTONIEL OLTTO ETLOTHUOVES, YL VO EXOVV LD, 0O XY AVAAVOT)
LG LOAMUOUOTIXN G AlOTEVELOG HOL TS UTTOPEL Vo elvar 1 topeta tg. To gpyalelo wro-
oel emiong va yonowomomdetl amd nadntég zal Toug xadnmueptvoig avdpmmovg e oxomd
™V ®oTovonon tov Jeuehmdov evvolmv g emdNWoloYiog ®ot TV SLOULUEOLOUOTIXDV
wovtéhwv. ‘Ocov agopd ta Stoueptopatird poviéla, to BVS vrootnpiler eni tov ma-
OOVTOG OMOL TOL LOVTELD TTOV OVOQEQUMNUAY 0TV EVOTNTA TOV SLOUEQLOUATIXMDV WOVTEADV
Ol TTOOOPEPEL LLOL ETTEENYNUATLRY] YOOLPIXY] TOPAOTOON Yo TO XOOEVa E€YmMOLOTA.
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Graphical User Interface

¥

. . Calculate
Configure Settings Differential Equations

Perform Simulation

I -

View Differential Equation Chart View Simulation Chart

Ewmodva 5.3: Apyttentoviry) Tov gpyaleiov BVS

Q01600, 0TS AVaPEQINHE TEONYOVUEVMG, OL SLapoPLKES EELOMOELS TMV SLAUEQLOUL-
TMV LOVTEAWDV, UTTOPOVV VA EPAPUOOTOVY UOVO 0 opoloyeveg teptfdhhovta. Erouévmg,
to BVS vmootnpilel emiong TpooouoLmoelg Tov YONoWOTOL0VV TEPLPAMOVTA, TOV eVl
TEQLOOOTEPO PEQAOTIXG XOL TLO XOVIA OTNV TOAYUATIXY] CUWTEQLPOOC TOV OVIOMITOYV.
Avtd to TeplBAdALoVTa UTOPOVV VO AVOTOPA0TOTOUV (Mg YOOPUATO OTTOV €vag ROUPOG
OVTLITPOOMITEVEL £VOL UELOVMUEVO ATOUO RO ULCL XU LETAED OLTOUMV OVTIXOTOTTTOLLEL ULoL
emag Tov wropel va ovuPel petaly tovg. To o ®owvd PovTéda Yoo pnUaT®mY JTOU YoN-
OLWOITOLOVVTUL UE OXOTIO VO AVTIXATOTTTOICOVV €Val SIXTVO ETOPMV TOOYUATIXMV OTOUMDV
elval To Tuyolo yoopnuoto xoL ta yoopnuata ehevdepong xhinaxrag [44].

Apnetd Polnd, éva epyaleio ue to ovoua GRATIS wmopel va yonowwomomdel yio
™ dnuovpyia tétolwv yoagpnudtov. To GRATIS eivou emiong wa desktop epapuoyr xou
wWtopel va yonotporoudel yia ovdlvon, orrtinomoinon 1ty dnuovpyio evog yoogiuatog.
H evotnra dnuovpyiag tov GRATIS emitpémel oe €vav oMot vo SnuovpynoeL Evo oA
TPOOAPUOOUEVO YOAPNUA, TOOOPEPOVTOS ETOL TNV XAVOTNTO SNULOVPYIOS TOTTOAOYLOV
oL ormoleg elvar mo “CovTaveg” kot mTo ®ovtd o avtég tov avipomov. To GRATIS
VITOOTNPEICEL SVO HOPPES YoaPNUOTOg MG ££080 Ol AVTES elval Mg TTIVaxrag YeLTvioong 1) og
Mota yerrviaong [44]]. TTpoymodVTog TEQALTEQM, UE TOV OXOTTO TS TTOOCOUOIMONG OE ULoL
W] OUOLOYEVT) TOTTOAOYILO, €VOL 0OYELD TTOV TTEPLEYEL EVOL YOAPNUA 0TV RATAAANAT HOOPT)
npémel vo eloayVel oto gpyadeto BVS. Extl tov mapdvrog, to BVS vrootnpilel apyeio oe
OO 1] TTUVOXOL YELTVIAONS OAAD ®OL MOTO YELTVIOONG.
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YAomoinon

'‘Ontog mpoavageépUnre ot oty evotnta g apyttextovixng (Evdtnra 5), og meptpdihov
avamtuéng g epapuoyng BVS yonowomou)dnxe to Lazarus IDE. Eneid howtdv to Lazarus
elval QTIOYUEVO YIO. TaElO. OVATTTUEY EQOPUOYDV, Tapéyel 0Tovg exdotote developers
OP%ETA gpYalelon naL Aettovpyieg, ravdtotovrog v avamntuén desktop epapuoymv uio
EVYAOLOTY ROl 0PXETA otAoix Stadwaoio. [Topadeiynotog xdowv, To Yoopno mepidilov
tov Lazarus vitootnpifel Tov oyedloopo tmv oeMdOmV 1 0AAMMS POPUMY WOG EQOOUOYNS UE
™v uédodo drag and drop, yeyovdog TO 000 UELDVEL TOV YOOVO OVATTVENS %o SOV
TOVG, MG ®aL TVYOV AAOTM oe nmdra ov €xel yoagtel amd évav developer. EmumAéov,
to Lazarus Siver v Suvototnta Snuovpyiog eEXTELECLUMV AOYELDV ULAS EQOOUOYNG VIO
TOPATAVO OTTO VA AELTOVPYIRA CUOTHUOTO (Cross compilation) povdy o Ue TNV TPOoaPUOYTY)
AMyov pvduioemv xol To TaTHUo vOg ®ovumov. Avtd to Yeyovog eivar VPLoTng onuociog
10O TAEOV OL YONOTES NAEXTOOVIXMV VITOAOYLOTMV E(VAL TTEQLOOOTEPO EEOLLELOUEVOL KALL
OUVETOROAOV T YO OLOTTOLOVV TTOLXIALES AELTOVOYIXMY OCUOTNUATOV OTTMC VL0 TTOLOASELY LA
(Windows, Linux, MacOs) xou Aoutd, mpdyuo to omoio eEaheiper TNV VmopEr) rdmwolov
HOVOTTMALOV TTOU 0poPd TO. AeLToVPYd cvotuota. [epottépm, akilel va avagepdel no
éva oxeTd onuavtird petovextnuo te Pplodniung ovotatixmv 1 alhog widgets tou
Lazarus yvoot »xou wg Lazarus component library (LCL), to omoio eivar 6t m fiflodnxn
etvor Sounuevn pe TpdTo MOTE VO UNV VITOOTNEILETOL 1] AETTTOUEPNC ETTEEEQYOLOLOL YO DUATOC
ra styling Tov aviuelpuévov (widgets) tng xdde @opuag. Avt avtov 1 plodnun mTapéyel
opltouéva themes to 0TOLAL TOOOPEPOVV QVOTNPEA ovYreXPLEVO look and feel otig pdpueg
®alL 0To ovTixeipevo. (widgets) Tovg, To 0Toi0l YPNOWOTOLOVVTAL Ue AT TO AOYLOWHXO TTOU

YOMNOLLOTTOLELTOL Y10, TO TOEELUO TNG EQOOUOYNG.

W Lazarus IDE v2.0.10 r63526 - bvs
File Edit Search View Source Project Run Package Tools Window Help
OBld-ER 2 Standard  Additional Commen Controls Dislogs Data Contrels DataAccess System SOLdb Misc  SynEdit LazControls RTN  IPre  Chart  Pasc

Sg-r-nmpeg b FHExmEFEY o BE="EE _EE

+ Default ‘ m O

Win32 =
Compone; ey %
2] forrrowmomepommmecdon: TLz A

. [5] edtProbability Ofinfection: TE

(5] IblSesd: TLabel TOIETLNE

+[2] edtSeed: TEdit

.[2] ckbUseSystemSeed: TCheckB =

+-[5] btnCancel: TButton v
< >

Properties Events Favorites Rel * | "

File

cbxAvailablel

Cancel

Action -

Align alNone
Anchors [akTop,akLeft]
AutoSize [ (False)
BidiMode bdLeftToRight

BorderS, trolBorders .
orderSpacing | (FontrolBorder Initial Maternally Derived Immunity (M) - l:l

Cancel [ (False)
Inifial Infected (1) - l:l

Caption Cancel

™

Calor clBackgroun |11iiilill
- u e Use System Seed
Constraints (TSizeConstraints |+ - - -« ..

Cor oot 1 Seedi | ]

Default [ (False)

Ewmodva 6.1: TTeplpdrhov avdamtuéng epapuoymv Lazarus
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H yA®d0o0oo TpOoypouuaTiopoy Tou ¥oNouoTomInxe Yo TV ovAaTTuEn TS EQaoUoyNg
BVS o¢ ovvdvaouod pe to Lazarus IDE, dev fitov dAln amd v Object Pascal. H Object
Pascal eivoul o aviepuevootpog) eméxtaon g Pascal mov avamtivydnre amo v Apple
yiow Tt @opd to 1986. Kdmowa amd ta mo onuavtind mheovextnuata tmg Object
Pascal elval 0tL €xeL TOM) €VXOAO CUVTOXTIXO, KOTIOTOVTOS TV Wa TTOAY xodopn oo
Ao avayvmong ®mno YADooo TPOYOOUUATIOUOV, YONOUOTTOLEL TTOAY ALy tviun %ol
elvat vrtepolnd yonyopn o oNuelo OOV OVTOY®VICETOL TG YAMOOES TOOYOQOLUUATIOUOU
C nau C++, o1 omoieg YempovvTal oL Yo yopotepeg YAmooeg tpoypauuatiopov. Télog, €xel
v StadeodtnTa, eldind oe ouvdvooud pe tov uetayrwottioty Free pascal (FPC), mou
€yeL m¢ amotéheona TV SuvatdTNTa PNONG 08 TOMES TAATPOPUES KOL OLOYLTEXTOVIXES
OVOTNUATOV.

H egoppoyn mov avortiydnxe ota mlaiowo Tg Topovong SUTAOUOTINGG E0YOOL0G
TTOPEYEL YLOL TNV PO SVO APHETA ONUAVTIXEG AetTovpYieg oToV Yo1oTh. H mpmtn Aettovpyio
elvai 0 VITOAOYLOUOE TV SLAPOPLRMYV EELOMOEMY TTOV VITAQYOVY OTO OVOTHUO 08 oVVOVAoUO
UE TNV TOQAYMYN WG AVOAVTIRIG YOOPIXNG TTAPAOTOONG 1) OTTOL0L TTEQLYQALPEL TNV TTOPELN
WOLS LOAIOUATIXN G ALOVEVELOLS YLOL TNV XPOVIXT) TTEPLI0S0 TOV 0piloTnxre amtd Tov yonoty. [a
Vo 0ELOTTONOEL AOLTTOV cuTNV TV Aettovpyia, €vag xonotng dev €xel Tapd uovo vo emAEEEL
TO WOVTELO SLaPOPIRMV eELOMOEMV TTOV EMLIVUEL, VO CUUTANPMOEL Ta ®aTAMANAa Tedio
OV OVTLOTOLOVV 0T0 ®dde poviého o vo motnoel to tAnxtpo ENTER evad Pploreton
uéoa oe v oo outd ta wedia (Enueimon: Ta wedlo Use System Seed, Seed »au Probability
Of Infection dev apopoVV TOV VTOAOYLOUO TMV SLOPOPIRDV EELOMOEMV).

@ s - o X |@
File
™~
SIR <
e
N:[ | pays: ,/
Y .
o v .
u K
A 4
5 81 /
Initial Maternally Derived Immunity (M) - N
Initial Infected (1) - =
e
[] Use System Seed 74 N
Seed |:| Probability Of\nfecmn:l:l e \\\
1 0 4 100 110 120 130 140 150 160

Ewdva 6.2: Ymoloyiouog Stogpopiung e&iomong
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H 8evtepn Aettovpyia agpopd TV TOOOOUOLmOoT TG TOPEI0S WOS WOAMIOUATIXNG O
oUévelag pue Paon wo ovyxrexpyévy tomoroyio (Fpdgo). T v a&lomoinon avtng g
Aettovpyiog, Evag xeNoTNG TEETEL VO, ELOAYEL OTO OVOTNUO VO OOYEIO TTOV TTEQLEYEL TNV
raTAMNAN Tooloyio otV oot wop| [44], matmvtag To xovuri Tov pevov file”, xal
emAéyovtag Ty Aettovpyia “Open”, €10l MOTE Vo AVOiEEL O ROTAAAAOG ROATANOYOS %O
va eTAEEEL TO 0pYelo TNg Tomoroyiag. Emetta, agov to apyeio elooydel oto ovotnua ue
emTvyla da mpémer Yoo andun wio popd va emkey el To LOVIELO TOV OO0V O TPOOCO-
LOOUEVOS alyOpLtduog Yo EQOPUOOTEL 0TIV EXACTOTE TOTTOAOYIOL ®OL VO CUUWTANO VOV Ta
nediol TOV AVTLOTOLKOVV OTO UOVTIELD TTOV emAEXINre naddg emiong xouw to edio medio
Use System Seed 1 Seed »xouw Probability Of Infection. Téhog Ua mpémel vo motroeL To vovusi
Simulate xou vo TtepuéveL va ohoxhnomUel 1) TOOOOUOLMOT PE OROTO VO, TOP Y VEL oL VEQL
YOOPLKY] TOPAOTOON TOV 0pOoPd TNV EEMEN NG UETASOO0MNG OGS LOAMIOUATIXNG ALOVEVELOS
OTNV TOTTOAOYIO TTOV ELONYUNUE TOONYOVUEVME OTO CVOTNUCL.

® @ Simulation (SIR) - o x

N ‘—fu:,iphb\i

|
\ // |—Recovered

N
B
Simulate v
u
A
5

Initial Maternally Derived Immunity (M) \
Initial Infected () AN
Use System Seed N A

A
Seed 26676502 Probability Of Infection |I| /f//M o \._._,

0 20 0 A kL 100 110 120 130 140 150

[/

Ewdva 6.3: TIpooouoimon polvopatinng aodéveiog
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ITpocapuoouevor adyopriuot

[Tpog t0 MOV vdpyovv dvo mpooapuoouévor alyoptduor emdnuiag oto BVS. Evog
YLOL TV TEOCOUOIMON oG wolvouatiung aodévelog oe un ouotoyevy meplfailovia, o
omolog Paoiletor og SLdpopa YoPARTNOLOTIXA TOV emONUWOAOYIXOV novtéhov SIR xat Tig
Srapopunég eElomoelg Tov xat €vog ylo To povteho SIS aviiotorya. Avtol ou akydprduol
®ANOOVOUOUV TA YOOAXTNELOTIXG TOVE OTtO UETAPANTEG TTOV VITAPYOUVV OTIS SLoLpOPIHES
eElomoelg Ommg yia mapdderyuo to B tov pwovtéhou SIR, TO 0TOIO AVTLITPOOMITEVEL TOV
UECO 0PLIUO OOV RAVE ATOUOV. ZVVETHS, CVVOVALOVTOE OQUTA TA Y AOAXTNOLOTIXA KOl
ATTOLOL AOYLKY], XOTOANYOUUE OTOVS 0xOAovYoug ahyopLduovg:

7.1 SIR

O mpooapuoouévog arlydprduog emdnuiog SIR wov vTdpyeL el TOV TOPAVTOE 0TO EQYOAELD
BVS, amoteleiton amd ta axodlovda fruato:

* Apywomouion Tov Aotmv evdiwmtov (Susceptible), uohvouévov (Infectious) xaw ov-
TV oV €YovV avappmoel (Recovered).

* Metatpom) OAmV TV ®OUPoVv (ATOUMVY) 08 EVAMOTOVS KoL TOTOVETNOY AVTOV OTO
group TV evdahotov (Susceptible).

o Apywn HOAUVON EVOC 1) TEPLOCOTEPWV KOUPOV.

* Kade puépa tng mpooopoimong xot yio xade xoufo emléyeton £vog Tuyaiog aptduog
YELTOVOV TOV ®0UPmV avtmv xot wolvvovror ue mdavomta pos. 'Omov yeitoveg
elvar (0o pe: optdudg yertdvmv tov evog »oufov * 3.

* Edv mavomomdel o puéyiotog aptduog xoufov mov uwopov vo poAvvdoiv oe o
uépa, yiverow SLtoxromn eAEYYOU TV VITOAOLTOV ROUPOV KoL UETAPAOT 0TV ETOUEVT|
uéoal.

* 210 téhog NG ®nAde MUEPAC TEOCOUOIMONG OVAPOMOVOVY a0 TNV aodévelo v * [
HWOAVOUEVOL HOUPOL RO UETOPEPOVTOL OTO Eroup GUTMV TOV OVAQPMOUY ATTO THV
aovévewa (Recovered).
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7.1.1 IInyaiog xodxag SIR

i unit Al1gSIR_u;
3 {$mode objfpcr{$H+}
s interface

7 uses

8 Classes, SysUtils,
9 { Classes }

10 clNode_u,

1 utlTypes_u,

12 utlMisc;

4 procedure SIRALG(days, NumberOfInitialInfectedNodes: Word;
15 beta, gamma: Double;

16 ProbabilityOfInfection: Byte;

17 var SamplingResult: TArrayOfArrayOfWord) ;

19 implementation

20 uses

21 { Forms }

2 frmMain_u,

23 frmSimulation_u,

24 frmSettings_u;

% procedure SIRALG(days, NumberOfInitialInfectedNodes: Word;

27 beta, gamma: Double;

28 ProbabilityOfInfection: Byte;

29 var SamplingResult: TArrayOfArrayOfWord) ;
30 var

31 i, j, k, day: Word;
32 pos: Integer;
33 exitedWhileSimulating: Boolean;

35 InitialInfectedNodes , Neighbors, Susceptible, Infected, Recovered:
TWordList;

37 TestingNode, NodeToBeRecovered, NodesInfectedByNodePerDay,
38 NumberOfNodesInfectedPerDay, NumOfMaxNeighborsToTest,
NumOfMaxNodesPerDay: Word;

40 begin

41 {

0 {>========c========c=c========c=c=s======s=s============<>
43 I Il
4 [ Simulation algorithm for the SIR epidemic model. |
45 | | I I
46 {>======================================================<>
47

48 [ Algorithm ]

[*******************************************************************]

50 The algorithm is constructed with the following steps:
51 1) Initialize the Susceptible, Infected and Recovered lists.
53 2) Make all nodes Susceptible add them to the Susceptible list.
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55
56

57

58

59

60
61

63

64
65
66

67
68
69
70
71

73
74

75
76
77
78

83
84

85

86

87

88

89
90

91

93

94
95
96

3) Initial infect of one or more random node/s.

4) For each day of the simulation, for each node pick a random
number of neighbors and infect them with probability pos. Where
neighbors is equal to: number of neighbors of each node * beta.

5) If the maximum number of nodes that can be infected in one day
is reached, go to the next day.

6) At the end of each day make sure that gamma*I nodes recover
from the decease.

[*******************************************************************]

[ Variables 1]

[*******************************************************************]
i, J 3 k, day: Counters.

days: Number of days that the simulation lasts.
firstInfected: Index of the first infected node.
TestingNode: Index of node to be tested.
NodeToBeRecovered: Index of node to be recovered.

ProbabilityOfInfection: The probability of infection specified
by the user.
pos: Probability of Infection.

Neighbors: List with the contact indexes of each node.

Susceptible: List that holds the indexes of the susceptible
nodes .

Infected: List that holds the indexes of the infected nodes.

Recovered: List that holds the indexes of the recovered nodes.

SamplingResult: List that holds the samplings taken from the
Susceptible, Infected, Recovered lists, at the end of each day.

beta: The average number of contacts per person per time. (
Infection rate)
gamma: The recovery rate.

NodesInfectedByNodePerDay: Number of nodes that were infected
by a node in one day.
NumberOfNodesInfectedPerDay: Number of nodes that were infected
in one day.

NumOfMaxNeighborsToTest: Number of maximum neighbors to be
tested for each node.

NumOfMaxNodesPerDay: Number of maximum nodes that is allowed to
be infected per day.

[*******************************************************************]

frmSimulation.frmSmlInvoker.Enabled := False;
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97 exitedWhileSimulating := False;
98

99 { Initialize Variable Lists 1}

100 InitialInfectedNodes := TWordList.Create;
101 Neighbors := TWordList.Create;

102 Susceptible := TWordList.Create;

103 Infected := TWordList.Create;

104 Recovered := TWordList.Create;

105
106 { Append all nodes to initial Susceptible state }

107 for i := 0 to frmMain.Nodes.Count - 1 do begin

108 frmMain.Nodes [i].MakeSusceptible;

109 Susceptible.Add (i) ;

110 end ;

111

12 InitialInfectedNodes := frmSimulation.InfectRandomNodes (

NumberOfInitialInfectedNodes) ;

114 for i := 0 to NumberOfInitialInfectedNodes - 1 do begin
115 Susceptible.Remove (InitialInfectedNodes [i]) ;

116 Infected.Add(InitialInfectedNodes[i]) ;

117 end ;

19 { Take an initial sampling }
120 SamplingResult.Add (Array0fWord.Create (Susceptible.Count, Infected.
Count, Recovered.Count));

122 for Day := 0 to Days do begin

123

124 if not (Susceptible.Count = 0) and not (Infected.Count = 0) then
begin

125 NumberOfNodesInfectedPerDay := O0;

126

127 //writeln(’Day: ’> + IntToStr(Day)); { Debug }

128

129 for i := 0 to frmMain.Nodes.Count - 1 do begin

130 NodesInfectedByNodePerDay := O0;

131 Neighbors := frmMain.Nodes[i].Neighbors;

132

133 if Neighbors.Count > O then begin

134 NumOfMaxNodesPerDay := Random(Round(Neighbors.Count * beta));

135 NumOfMaxNeighborsToTest := NumOfMaxNodesPerDay;

136 if NumOfMaxNeighborsToTest = O then NumOfMaxNeighborsToTest
= 1;

137

138 //writeln (’Number of neighbors to be tested by node ’ +

IntToStr(i) + ’ at day ’ + IntToStr(day) + ’ are ’ + IntToStr(
NumOfMaxNeighborsToTest)); { Debug 1}

139

140 for j := 0 to NumOfMaxNeighborsToTest do begin

141 pos := Random (100) ;

142 if pos <= ProbabilityOfInfection then begin

143 { Pick a random Neighbor 3}

144 TestingNode := Neighbors[Random(Neighbors.Count)];
145

146 if not frmMain.Nodes[TestingNode].IsInfected and
147 not frmMain.Nodes[TestingNode].IsRecovered and
148 frmMain.Nodes[i].IsInfected then begin

149

150 frmSimulation.InfectNode (frmMain.Nodes [TestingNode],
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frmMain.Nodes [i].Id);

152 Susceptible.Remove (TestingNode) ;

153 Infected.Add(TestingNode) ;

154

155 Inc (NodesInfectedByNodePerDay) ;

156 //writeln(’Node ’ + IntToStr (frmMain.Nodes[TestingNode

1].Id) + ’° has been infected by node ’ + IntToStr (frmMain.Nodes[i].Id
)); { Debug }

157 end ;

158 end;

159 end; { End j 1}

160

161 //{ In case the simulation was forced closed before finishing
set the

162 // exitedWhileSimulating flag to true. 1}

163 //if not frmSimulation.Showing then begin

164 // exitedWhileSimulating := True;

165 // Dbreak;

166 //end;

167

168 { If there are no infected nodes stop the simulation. }

169 if Infected.Count = 0 then break;
170

171 NumberOfNodesInfectedPerDay += NodesInfectedByNodePerDay;

172 //writeln(’Node: ’ + IntToStr(i) + °’ infected: ’ + IntToStr(
NodesInfectedByNodePerDay) + ’ nodes, at day: ’ + IntToStr(day)); {
Debug }

173

174 if NumberOfNodesInfectedPerDay >= NumOfMaxNodesPerDay then
break;

175

176 end;

177

178 end; { End i }

179

180 end ;

181

182 //writeln(’At Day: ’ + IntToStr(day) + ’, { ’> + IntToStr(

NumberOfNodesInfectedPerDay) + ’ } where infected.’); { Debug }

184 { Recover FIFO (First In First Out) Style

185 for k := 0 to Round(Infected.Count * gamma) do begin
186 if (Infected.Count > 0) then begin

187 NodeToBeRecovered := Infected[0];

188 frmMain.Nodes [NodeToBeRecovered].Recover;

189
190 Infected.Remove (NodeToBeRecovered) ;
191 Recovered.Add (NodeToBeRecovered) ;

192 end
193 else break;
194 end ;

195

196 SamplingResult.Add (Array0OfWord.Create(Susceptible.Count, Infected.
Count, Recovered.Count)) ;

197

198 if frmMain.CancelTriggered then break;

199

200 end; { End Day }

201
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202

203

204
205
206
207
208
209

210

224
225
226
227
228
229

230

{

Repeat the simulation if needed 1}

if (Recovered.Count < StrToInt(frmSettings.

edtReSimulateMinRecoveredNodeCount.Text)) and
frmMain.ckbUseSystemSeed.Checked and
frmSettings.cbxReSimulate.Checked and
not frmMain.CancelTriggered then begin

SamplingResult.Clear;

frmSimulation.RestoreNodes; // Restore the Nodes

RandomizeSystem; // Randomize System

SIRALG (days, NumberOfInitialInfectedNodes, beta, gamma,
ProbabilityOfInfection, SamplingResult); // Repeat the simulation

end
else if not frmMain.CancelTriggered then begin

{ Take missing samplings }
for i := 0 to days - SamplingResult.Count do

SamplingResult.Add (Array0fWord.Create (Susceptible.Count, Infected
.Count, Recovered.Count)) ;

{ Take a final sampling }
SamplingResult.Add (Array0fWord.Create(Susceptible.Count, Infected.
Count, Recovered.Count)) ;

//{ If the exitedWhileSimulating is set to true invoke the
FormClose action. 1}
//if exitedWhileSimulating then self.FormClose(self);

{ Print the samples } { Debug }
//for i:=0 to SamplingResult.Count - 1 do begin

// write(IntToStr (i) + ’: ?);

// for j := 0 to 3 - 1 do begin

// write (SamplingResult[1i][j]:2);
// write(’, ?);

// end;

// writeln();

//end;

SamplingResult.DeleteRange (days + 2, SamplingResult.Count - 1);

end ;

end ;

’

end.
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7.2 SIS

O mpooapuroouévog ohyoprduog emdnuiag SIS tov vdpyeL £l TOV TOPOVTOC OTO EPYOAAELD
BVS, amoteleiton amd ta axodlovda pruato:

* Apyomoujon Tmv Motmv evdimtov (Susceptible) xow poAvouévov (Infectious).

* Metatpom) OAmV TV ®OUPov (ATOUmY) 08 EVAMDTOVS ROl TOTOTETNOT AVTOV OTO
group TV evahotov (Susceptible).

o Apyn1] HOAV VO EVOG 1] TTEQLOCOTEPMV XOUPMV.

» Kdde pépa g mpooopoimong xot yio xdde ®oupo emhéyeton Evag tuyaiog aptdudg
VELTOVOV TV ROUPOV AvTdv ®oL poAvvovial ue movotnta pos. ‘Omov yeitoveg
elvan (oo pe: aprduog YELTOvmv Tov evog xoufov * f.

* Edv mavomomdel o puéylotog aptduog xoupov mov uropovv vo poAvvdovv o o
uépa, yivetor Staxo) EAEYY OV TOV VITOAOITMV ROUPOV ®oL UETAPOON OTNV ETTOUEVT
uépal.

e 210 TéhOg TG nA¥e MUEPOS TTPOOOUOLOONG AVOPEMVOUV artd TNV aodévelo v * [
LOAVOUEVOL ®OUPOL ROl UETOPEPOVTOL EOVA OTO group avTdV OV €lval EVAAMTOL
otV aodévelo (Susceptible).

7.2.1 IInyaiog xmSuxag SIS

i unit AlgSIS_u;
; {$mode objfpc}{$H+}
5 interface

7 uses
8 Classes, SysUtils,
9 { Classes 1}

10 clNode_u,

11 utlTypes_u,

12 utlMisc;

4 procedure SISALG(days, NumberOfInitialInfectedNodes: Word;

15 beta, gamma: Double;
16 ProbabilityOfInfection: Byte;
17 var SamplingResult: TArrayOfArrayOfWord) ;

19 implementation

20 uses

21 { Forms }

2 frmMain_u,

23 frmSimulation_u,
2 frmSettings_u;

% procedure SISALG(days, NumberOfInitialInfectedNodes: Word;
27 beta, gamma: Double;

28 ProbabilityOfInfection: Byte;

29 var SamplingResult: TArrayOfArrayOfWord) ;
30 var

31 i, j, k, day: Word;
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44
45
46
47
48

50

51

53
54
55
56
57

58

63

64

65

66
67
68
69
70
71

73

74

75

76

77

78

pos: Integer;
exitedWhileSimulating: Boolean;

InitialInfectedNodes, Neighbors, Susceptible, Infected: TWordList;
NodesInfectedByNodePerDay , NumberOfNodesInfectedPerDay,

NumOfMaxNeighborsToTest , NumOfMaxNodesPerDay, TestingNode,
NodesToBecomeSusceptible, NodeToBecomeSusceptible: Word;

begin

{

[ Algorithm ]

[ 3k 5k sk 5k 5k 3k 5k 3k %k >k 3k 5k >k 3 5k 5k % >k 3k % 5k 3k %k >k 3 5k 5k % 5k 3k % 5k 3k 5k >k 3k >k 3k 3% >k 3k 3 > 3% 5k > % >k 3k % >k 3 % > % >k >* % >k % % > % % % % Xk |

The algorithm is constructed with the following steps:
1) Initialize the Susceptible and Infected lists.

2) Make all nodes Susceptible add them to the Susceptible list.
3) Initial infect of one or more random node/s.

4) For each day of the simulation, for each node pick a random
number of neighbors and infect them with probability pos. Where
neighbors is equal to: number of neighbors of each node * beta.

5) If the maximum number of nodes that can be infected in one day
is reached, go to the next day.

6) At the end of each day make sure that gamma*I nodes recover
from the decease and become susceptible once again.

[*******************************************************************]

[ Variables 1]

[ sk sk sk sk sk sk sk sk sk ok ok ok ok ok ok ok ok ok ok sk ok sk s sk sk ok sk sk ok ok ok ok ok K ok 3 ok 3 sk o sk o sk ok ok sk ok sk ok ok ok ok ok ok K ok K ok ok sk ok ok ok ok ok ok ok |
i, j, k, day: Counters.

days: Number of days that the simulation lasts.

firstInfected: Index of the first infected node.

TestingNode: Index of node to be tested.

NodeToBecomeSusceptible: Index of node to be made susceptible
again.

ProbabilityOfInfection: The probability of infection specified
by the user.
pos: Probability of Infection.

Neighbors: List with the contact indexes of each node.

Susceptible: List that holds the indexes of the susceptible
nodes.

Infected: List that holds the indexes of the infected nodes.
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79

80 SamplingResult: List that holds the samplings taken from the
Susceptible, Infected lists, at the end of each day.

81

82 beta: The average number of contacts per person per time. (
Infection rate)

83 gamma: The recovery rate.

84

85 NodesInfectedByNodePerDay: Number of nodes that were infected
by a node in one day.

86 NumberOfNodesInfectedPerDay: Number of nodes that were infected

in one day.
87

88 NumOfMaxNeighborsToTest: Number of maximum neighbors to be
tested for each node.
89 NumOfMaxNodesPerDay: Number of maximum nodes that is allowed to

be infected per day.
90
[k ok ok ok ok ok ok ok sk sk ok ok sk sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk sk sk sk ok ok ok ok ok sk ok ok ok ok ok ok ok K ok ok ok ok ok sk sk sk sk ok ok ok ok k k |

91 }

92

93 frmSimulation.frmSmlInvoker .Enabled := False;
94 exitedWhileSimulating := False;

95

9% { Initialize Variable Lists }

97 Susceptible := TWordList.Create;

98 Infected := TWordList.Create;

99
100 { Append all nodes to initial Susceptible state }

101 for i := 0 to frmMain.Nodes.Count - 1 do begin

102 frmMain.Nodes [i].MakeSusceptible;

103 Susceptible.Add (i) ;

104 end ;

105

106 InitialInfectedNodes := frmSimulation.InfectRandomNodes (

NumberOfInitialInfectedNodes) ;
107
108 for i := 0 to NumberOfInitialInfectedNodes - 1 do begin
109 Susceptible.Remove(InitialInfectedNodes[i]) ;
110 Infected.Add(InitialInfectedNodes[i]) ;
111 end ;

13 { Take an initial sampling }
114 SamplingResult .Add (Array0OfWord.Create (Susceptible.Count, Infected.

Count)) ;

115

116 for Day := 0 to Days do begin

117

118 if not (Susceptible.Count = 0) and not (Infected.Count = 0) then
begin

19 NumberOfNodesInfectedPerDay := O0O;

120

121 //writeln(’Day: ’ + IntToStr(Day)); { Debug 1}

122

123 for i := 0 to frmMain.Nodes.Count - 1 do begin

124 NodesInfectedByNodePerDay := O0;

125

126 Neighbors := frmMain.Nodes[i].Neighbors;
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128
129

130

140

142

146
147
148
149
150

151

152
153

154

156

157
158
159
160
161
162
163

164

165

166

167
168
169

170

if Neighbors.Count > O then begin
NumOfMaxNodesPerDay := Random(Round(Neighbors.Count * beta));
NumOfMaxNeighborsToTest := NumOfMaxNodesPerDay;
if NumOfMaxNeighborsToTest = O then NumOfMaxNeighborsToTest
= 1;

//writeln (’Number of neighbors to be tested by node ’ +
IntToStr(i) + ’ at day ’ + IntToStr(day) + ’ are ’ + IntToStr(
NumOfMaxNeighborsToTest)); { Debug }

for j 0 to NumOfMaxNeighborsToTest do begin
pos Random (100) ;
if pos <= ProbabilityOfInfection then begin
{ Pick a random Neighbor 3}
TestingNode := Neighbors[Random(Neighbors.Count)];

if (not frmMain.Nodes[TestingNode].IsInfected and
frmMain.Nodes [TestingNode].IsSusceptible) and
frmMain.Nodes[i].IsInfected then begin

frmSimulation.InfectNode (frmMain.Nodes[TestingNodel],
frmMain.Nodes [i].Id);

Susceptible.Remove (TestingNode) ;
Infected.Add(TestingNode) ;

Inc (NodesInfectedByNodePerDay) ;
//writeln(’Node ’ + IntToStr (frmMain.Nodes[TestingNode
1.Id) + ’° has been infected by node ’ + IntToStr (frmMain.Nodes[il].Id
)); { Debug 7
end ;
end;
end; { End j 1}

//{ In case the simulation was forced closed before finishing
set the

// exitedWhileSimulating flag to true. }

//if not frmSimulation.Showing then begin

// exitedWhileSimulating := True;
// break;
//end;

NumberOfNodesInfectedPerDay += NodesInfectedByNodePerDay;

//writeln(’Node: ’ + IntToStr(i) + ’ infected: ’ + IntToStr(
NodesInfectedByNodePerDay) + ’ nodes, at day: ’ + IntToStr(day)); {
Debug }

if NumberOfNodesInfectedPerDay >= NumOfMaxNodesPerDay then
break;

end ;

end; { End i }
end ;

//writeln(’At Day: ’ + IntToStr(day) + ’, { ° + IntToStr(
NumberOfNodesInfectedPerDay) + ’ } where infected.’);

{ Turn Nodes into Susceptible again 1}
NodesToBecomeSusceptible := Round(Infected.Count * gamma) ;
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177 if (NodesToBecomeSusceptible > 1) then begin

178 for k := 0 to NodesToBecomeSusceptible do begin

179 if (Infected.Count > 0) then begin

180 NodeToBecomeSusceptible := Infected[0];

181 frmMain.Nodes [NodeToBecomeSusceptible].MakeSusceptible;

182

183 Infected.Remove (NodeToBecomeSusceptible) ;

184 Susceptible.Add (NodeToBecomeSusceptible) ;

185 end ;

186 end ;

187 end ;

188

189 SamplingResult.Add (Array0fWord.Create (Susceptible.Count, Infected.
Count)) ;

190

191 if frmMain.CancelTriggered then break;

192

193 end; { End Day }

194

195 { Repeat the simulation if needed }

196 if (Susceptible.Count >= frmMain.Nodes.Count - 1) and
197 frmMain.ckbUseSystemSeed.Checked and

198 frmSettings.cbxReSimulate.Checked and

199 not frmMain.CancelTriggered then begin

200

201 SamplingResult.Clear;

202 frmSimulation.RestoreNodes; // Restore the Nodes

203 RandomizeSystem; // Randomize System

204 SISALG(days, NumberOfInitialInfectedNodes, beta, gamma,
ProbabilityOfInfection, SamplingResult); // Repeat the simulation

205 end

206 else if not frmMain.CancelTriggered then begin

207 { Take missing samplings 1}

208 for i := 0 to days - SamplingResult.Count do

209 SamplingResult.Add (Array0fWord.Create (Susceptible.Count, Infected
.Count));

210

211 { Take a final sampling }

212 SamplingResult.Add (Array0fWord.Create (Susceptible.Count, Infected.
Count)) ;

213

214 //{ If the exitedWhileSimulating is set to true invoke the
FormClose action. 1}

215 //if exitedWhileSimulating then self.FormClose(self);

216

217 { Print the samples } { Debug }

218 //for i:=0 to SamplingResult.Count - 1 do begin

219 // write(IntToStr(i) + ’: ’);

220 // for j := 0 to 3 - 1 do begin

221 // write (SamplingResult[i][j]:2);

2 // write(’, ’);

223 // end ;

24 // writeln();

225 //end;

226

227 SamplingResult.DeleteRange (days + 2, SamplingResult.Count - 1);

228 end ;

229 end ;

230

231 end.
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TN vo eleyydel edv avtol oL Tpocoapuoouévor alydptduol eivar Eyrvpol, TEETEL Vo
EQPAOUOOTOVV O €Va OUOLOYEVES TTEQLPAMMOV RAL 0T CUVEYELD VO, OUYXOLIOUV UE T O-
VTIOTOLY O OTTOTELEOUOTO TV SLAPOPLRMV EELCMOEMV TOV AVIIXOVV 0T YVMOOTA SLaUEQL-
onotnd wovtéha. 'Oco o Ouoteg ivat oL Vo YOaPIKES TAPAOTACELS, TOOO TTILO £YUVOOG
etvan évag mpooapuoouévog alyoprduog. [11] [45] [46]
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Ewdva 7.1: BVS | SIR Custom Algorithm validity check, N: 1000, 8: 0.2, v: 0.1, Initial
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7.3 IIpooouoimon € TUYOLO %L EAEVIEPNC HALNAXOS YO PO
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Ewdva 7.3: BVS | SIR - ER Graph Simulation, N: 10000, 3: 0.05, v: 0.05, Initial Infected: 1,
Days: 90, Probability of Infection: 70%

[Mopatnpeitor Aowtdv, xadmg TpocouotmVel 1 eEATAMOT LWOG LOAVOUOTIXYG AOVEVELOLS
0€ €vav TUYolo YOdgo 0 0Tol0¢ TAEOV aVTLXATOTTOILEL HOAITEQX TIS ETTAPES TTOV WITOPEL
VoL VITAPYOVV OE £VOL CUVOAO ATOUMV, OTL TEQALV TNE TOTOAOYIOG, 1] TUVAVOTNTA TOV YOAPOU
mailel évav onuovtird polo oto edv Yo eEamhmdel pa aoctévela ot oto av Yo TpoxvPeL
rnaolo emdnuio.
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Y UWTEPATUATO

O minyaiog nmdirnag tov epyareiov BVS eivar Stadéoyog oto GitHub (https://github.com/TheoSikla/BVS)
VIO TV AdELa VoL TOU RMOLKA, 1) OTTOLC ETTLTOETEL TEQOUUTEQ® PEATLOOELS RO TTOOOVINHEC.

H apyrtextoviny] xou 1 Soun tov xmEno Tov, EMLTOETEL TV EVOOUATMON GAL®V Stoie-
OLOUOTIXMDV WOVTEA®DV 1] TNV TEOTOTONOo TV 1dN vropyovtmyv. To ido toyel rat yio

TOVG TTPOCOPUOOUEVOVS ETLONUOAOYIXOVE alydptduovg. Ta SV0 avTd Y oparTNOLOTIXA TNG
0EYLTEXTOVIXYS TOV gpyaAelov BVS nalmg nal dlleg texvinég PelTicroels, amoteAovV to

VeUEMO TOV UEAAOVTIXMDV ETTEXTAOEMV TNG EPOOUOYNG.

AV ®au M VITOOTNPLEN TNG ROLVATNTOG TNG YADOOoag Tpoypouuatiopov Pascal éxel ovppt-
wvodel Oha QUTA TA XOOVLAL, VITAEYEL OROUO £VOL VYLEG TTOCOOTO ATOUMV TTOV Elval Tpoduuo
va fonInoouv %ol vo HolpaoTtovV Tig YVoong Tovg. To o onuoviird TAEOVEXTNUO TNG
Object Pascal eivor 1 TepdoTior ETTAYVVON TOV TEOOPEPEL AMOYM TOV YEYOVOTOS OTL Elvall
wot TTOA) YounAov emutédou YAHOooo TPOYOOUUOTIOUOV.

ZTIC UEPES HOLG OL VITOAOYLOTES TTOV VTTAPYOVV %L elvar StadEool oty ayopd, elvou
OPAETA LOYVPOL ETOL MOTE VAL LTTOPOVV VO, VTTOOTNPIEOUV UE OYETIXY] EVROMIO TTOOOGOUOLDOELG
OL OTTOLES WITOPOVV VO ALVATTOPOLOTIIOOVY OMOXRANPES TTOLELS 0Tt drtoYr TAnFuopov. O Tiuég
TOV VITOAOYLOTMOV QUTMV VAL TTOM) TTLO TPOOLTES OTTO OTL NTAV OTO. TTAMOTEQO YOOVLCL.
To mopamdvm yeyovog ammotelel ua onuovxy €vOelEn, Tov 0Tl TAEOV €vog HAAOOIROG
OLXLAXOC VITOMOYLOTHS UTTOPEL XAAMOTO VO XONOWOTTOUEL YI0L VO TOEEEL QORETA UEYALEC
o€ ®AUaro TPOOOUOLDOELG.

To BVS éyeL oyediaotel e onomo Tov eWTAOVTIONO TOV YVHOOEMV EVOS OTOUOV OTOV
Touéa g emdnuoroyiag. Mmopel extiong vo fondfoer Tovg ETOTHUOVES VA RAVOUV O
0EYRY) AVAAVOT (UOG LOAVOUATIXNG AOVEVELOG KOL VO TTOOOTTAUNOOVV VA TPOPAEPOLVV TNV
mopeta e, Eivar eEapetind onuavtind, évo gpyoleio agepmuévo oty emdnuoloyio
ommg to BVS, va Pploxetor oe ovveyn avdmtvEn xal fertioon xadog Yo avEnoer v
eVaLoINTOTOIN O TOV KOLVOU OYETIRA [LE TO TTOCO EVXOAO UWTTOPEL VAL EVOLL YLOL (Lot LETAGOTLRY)
aovévelo va yiver emdnuia.

Kheivovtag, to BVS da fondnoel to 1atpind mpoommind TmV VOGOXOUEIDY VO, ROTO-
VONOEL XOAVTEQA TNV SUVAIULXY) OVATTTUEY Wag ETLONUIOG ROL CUVETTMS VO TTOOETOLWOLOTEL
EYRALOA ROL UE TOV ROTAMNAO TOOTO YO TNV OVTILUETOTLON TNS (EVioYVOT amotéuatog
OVTLONTITIRMOV TEOIOVIMV KL VYLELWVNG, SLOPYAVMOT TTEQUYWOV %Al TPOWmPEN Snuovpyio
ntepVyonv MLE.O.), nadmg emiong ®oL TOUg E0EVVNTES VO OLTTOXTHOOUVY LKL TTOMTY) WALTLA THG
eEEMENC wag polvopotinng aodEveLog naL (0mg £T0L VO LTTOPECOVY VO, OTTOTEEPOVY TNV
Suadoon tg.
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Iopaptnua - I[Inyaiog Koduxag

H evomta vt To00ovotdieL To o onuovTind ArooTdouoto %Mo Tov oo Ttilovy v
epapuoyn BVS.

A.1 KAhao1n Tov avVILTPOGMITEVEL EVAY XOUPO KL TA YAO-
ATNPLOTLXA TOV

1 unit clNode_u;

5

3 {$mode objfpcr{$H+2

4

s interface

6

7 uses

8 Classes, SysUtils, ExtCtrls, Graphics, fgl;

9

10 type
1 Array0fWord = Array of Word;
12 Ptr0fTShape = "“TShape;

13 TWordList = specialize TFPGList<Word>;

14

15 type

16 TNode = class(TObject)

17 private

18 FId: Word;

19 FIsSusceptible: Boolean;

20 FIsInfected: Boolean;

21 FIsRecovered: Boolean;

22 FInfectedByNode: Word;

23 FNeighbors: TWordList;

24 FPtrShape: Ptr0fTShape;

25 protected

26 { protected declarations here }

27 public

28 constructor Create(

29 ATId: Word;

30 ANeighbors: TWordList = Nil;

31 AIsSusceptible: Boolean = false;

kY) AIsInfected: Boolean = false;
AIsRecovered: Boolean = false);

35 destructor Destroy; override;

37 property Id: Word read FId write FId;

38 property IsSusceptible: Boolean read FIsSusceptible write
FIsSusceptible;

39 property IsInfected: Boolean read FIsInfected write FIsInfected;

40 property IsRecovered: Boolean read FIsRecovered write
FIsRecovered;

41 property InfectedByNode: Word read FInfectedByNode write

FInfectedByNode;
4 property Neighbors: TWordList read FNeighbors;
4 property PtrShape: PtrOfTShape read FPtrShape write FPtrShape;

44
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45 function GetNumberOfNeighbors(): Word;

46

47 procedure MakeSusceptible;

48 procedure Infect(InfectorNode: Word);
49 procedure Recover;

50 procedure Restore;

51

52 published

53 { published declarations here }

54 end ;

55

sc implementation

57 constructor TNode.Create (
58 AId: Word;
59 ANeighbors: TWordList = Nil;

60 AlsSusceptible: Boolean = false;
61 AlIsInfected: Boolean = false;

62 AIsRecovered: Boolean = false);
63 begin

64 Fid := AId;

65 FIsSusceptible := AIsSusceptible;
66 FIsInfected := AlsInfected;

67 FIsRecovered := AIsRecovered;
68 FNeighbors := TWordList.Create;
69 FNeighbors := ANeighbors;

70 FIsSusceptible := False;

71 FIsInfected := False;

72 FIsRecovered := False;

73 end ;

75 destructor TNode.Destroy;

76 begin
77 inherited; // Also call parent class destroyer
78 end ;

80 function TNode.GetNumberOfNeighbors(): Word;

81 begin
82 Result := self.Neighbors.Count;
83 end;

85 procedure TNode.MakeSusceptible;

86 begin

87 self . IsSusceptible := True;
88 self.IsInfected := False;

89 self .IsRecovered := False;
90 end ;

91
92 procedure TNode.Infect(InfectorNode: Word);

93 begin

94 self . IsSusceptible := False;

95 self .IsInfected := True;

96 self.IsRecovered := False;

97

98 self . InfectedByNode := InfectorNode;
99 self .PtrShape”™.Brush.Color := clRed;
100 end ;

101

102 procedure TNode.Recover;

103 begin

104 self . IsSusceptible := False;
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105 self.IsInfected := False;
106 self.IsRecovered := True;
107 end ;

108

109 procedure TNode.Restore;

110 begin

111 self . IsSusceptible := True;

112 self.IsInfected := False;

113 self.IsRecovered := False;

114

115 self . InfectedByNode := O0;

116 self .PtrShape”™.Brush.Color := clMedGray;
117 end ;

118

119 end .

A2 Emivtig dregopixmv eEiomoemy ue ugdodo Forward
Euler

I unit utlEuler_u;
; {$mode objfpc}r{$H+}

s interface

7 uses
8 Classes, SysUtils,
9 { Forms }

10 { Classes }
11 { Utilities }
12 utlTypes_u,
13 utlEnum_u,
14 utlSIR_u,

15 utlSIS _u,

16 utlSIQ_u,

17 utlSIQS _u,
18 utlSIQR_u,
19 utlSIRD u,
20 utlMSIR _u,
21 utlSEIR_u,
2 utlSEIS_u,
23 utlMSEIR _u;

»s function odeEuler (model: String; t, yO: ArrayOfDouble; extraArgs:
Array0fDouble): ArrayOfArrayOfDouble;

27 implementation
28 function odeEuler (model: String; t, yO: ArrayOfDouble; extralArgs:
Array0fDouble): ArrayOfArrayOfDouble;

29 var
30 i, j: Integer;

31 DiffEquations: ArrayOfArrayOfDouble;
32 dXdts, x: ArrayO0fDouble;

k begin

34 {

36
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37
38

39

40
41
42
43
44
45
46
47

48
49
50

51

53

54

55

56

57

59
60
61
62
63
64
65
66
67
68
69
70
71

73
74
75

76

71
78
79
80
81

83
84

86
87
88

[ Description ]

[ ok o ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok kK ko ok ok ok ok ok ok ok ok ok k]

Euler method (also called forward Euler method) a first-order
numerical procedure for solving ordinary differential equations (
ODEs) with a given initial value.

[**************************************************************]

[ Parameters ]

[**************************************************************]

Param t: An array of a specified duration with equal parts.

Param yO: The initial system state.

Param extraArgs: Array of double containing the appropriate
parameters needed in order to calculate the target differential
equations.

[**************************************************************]

[ Variables ]

[ 5k sk sk kK ok ok ok ok ok ok ok ok ok ok ok oK ok ok ok ok ok ok ok o kK K K K K K oK oK oK ok oK ok ok ok ok ok 5k 3k ok 3 K K K K K K K K K K ok k]

Var i, j: Counters.

Var DiffEquations: Array of Arrays containing double numbers that
holds the whole system’s state.

Var dXdts: Calculated differential equation result returned from
a differential equation calculating function.

Var x: Temporary array that holds the next system’s state to be
calculated.

[**************************************************************]

}

SetLength (DiffEquations, Length(y0));
SetLength(x, Length(y0));

for i := 0 to Length(DiffEquations) - 1 do begin
SetLength(DiffEquations[i], Length(t));
DiffEquations [i][0] := yO[il];

end ;

for i := 0 to Length(t) - 1 do begin
for j := 0 to Length(DiffEquations) - 1 do begin

x[j] := DiffEquations[j][i];

end ;

{ Invoke the appropriate differential equation calculator
function 1}
case model of

SIR: dXdts := SIRDE(x, extraArgs);
SIS: dXdts := SISDE(x, extraArgs);
SIQ: dXdts := SIQDE(x, extraArgs);
SIQS: dXdts := SIQSDE(x, extraArgs);
SIQR: dXdts := SIQRDE(x, extraArgs);
SIRD: dXdts := SIRDDE(x, extralArgs);
MSIR: dXdts := MSIRDE(x, extraArgs);
SEIR: dXdts := SEIRDE(x, extraArgs);
SEIS: dXdts := SEISDE(x, extraArgs);
MSEIR: dXdts := MSEIRDE(x, extraArgs);
end ;
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89

90 for j := 0 to Length(dXdts) - 1 do begin

91 DiffEquations[j]l[i + 1] := DiffEquations[j]l[i] + dXdts[j]l * (t[
i+ 11 - tlil);

92 end ;

93 end;

94

95 { Print the calculated differential equations }

9 //for i:=0 to Length(DiffEquations) - 1 do begin

97 // for j := 0 to Length(t) - 1 do begin

o8 // write (DiffEquations[i][j]:0:2);

% // write(’, ’);

100 // end;

101 // writeln();

102 //end;

103

104 Result := DiffEquations;

105 end;

106 end .

A3 Kodwog dvoyeiptong apyelmv

I unit utlFile_u;

3 {$mode objfpc}r{$H+1}
s interface

7 uses

8 Classes, SysUtils, RegExpr, Dialogs, fpjson, jsonparser,
9 clNode_u, utlArray_u, utlTypes_u, utlConstants_u;

1 type
12 TAppenderType = specialize TAppender <TNode>;

13 Array0fTNodeType = Array of TNode;

15 TFileHandler = class(TObject)

16 public

17 function IsAdjacencyMaxtrixOrListFile(filename, Atype: String):
Boolean;

18 function LoadAdjacencyMaxtrix(filename: String): TListOfTNode;

19 function LoadAdjacencylist(filename: String): TListOfTNode;
20 procedure WriteStringToFile(filename: string; data: String);

21 procedure WriteToJsonFile(filename: string; data: TJSONData) ;
2 function LoadJsonFile(filename: string): TJSONData;

23

24

25 end;

26

27 var

28 FileHandler: TFileHandler;
29
;0 implementation
31 uses
32 { Forms }
frmMain_u;

Institutional Repository - Library & Information Centre - University of ;;Bessaly
21/05/2022 08:48:52 EEST - 137.108.70.13



55 function TFileHandler.IsAdjacencyMaxtrixOrListFile(filename, Atype:
String): Boolean;

36 var

37 tfIn: TextFile;

38 s: String;

39 Regex0bj: TRegExpr;

40 begin

41 Result := False;

42 AssignFile(tfIn, filename);

43 Regex0Obj := TRegExpr.Create;

14 if Atype = ’matrix’ then begin

45 Regex0Obj .Expression := ADJACENCY_MATRIX_REGEX;
46 end

47 else

48 Regex0Obj.Expression := ADJACENCY_LIST_REGEX;

49

50 try

51 try

52 reset (tfIn);

53 if not eof (tfImn) then

54 begin

55 readln(tfIn, s);

56 if RegexObj.Exec(s) then Result := True;
57 end ;

58 except

59 on E: EInOutError do

60 writeln(’File handling error occurred. Details: ’, E.Message);
61 end;

62

63 finally

64 CloseFile(tfIn);
65 Regex0bj.Free;
66 end;

.

63 end ;

69

70 function TFileHandler.LoadAdjacencyMaxtrix(filename: String):
TListO0fTNode;

71 var

72 tfIn: TextFile;

73 s: String;

74 i: Integer;

75 lineLength: Integer;

76 Regex0bj: TRegExpr;

77 Nodes: TListOfTNode;

78 appender: TAppenderType;

79 obj: TNode;

80 Neighbors: TWordList;

81 c: char;
82 RowIndex, ColumnIndex: Word;
83 begin

84 // Set the name of the file that will be read
85 AssignFile(tfIn, filename);

86

87 // Create a regex to validate file structure

88 Regex0bj := TRegExpr.Create;

89 Regex0Obj.Expression := ADJACENCY_MATRIX_REGEX;

90

91 Nodes := TListO0fTNode.Create; // Initialize list

9 appender := TAppenderType.Create; // Initialize instance
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94 frmMain.NumberOfEdges := O0;

95 frmMain.AvgNumberOfNeighbors := 0;

96 i := 0; RowIndex := 0; ColumnIndex := O;
97 try

98 {

99 Embed the file handling in a try/except block to handle
100 errors gracefully

101 }

102 try

103 // Open the file for reading

104 reset (tfIn) ;

105

106 // Grab the first line s length

107 if not eof (tfIn) then

108 begin

109 readln(tfIn, s);

10 lineLength := Length(s);

111

12 Neighbors := TWordList.Create;

113

114 for ¢ in s do begin

115 if ¢ = ’1’ then

116 begin

17 Neighbors.Add (ColumnIndex) ;

18 if (ColumnIndex > RowIndex) then Inc(frmMain.
NumberOfEdges) ;

19 end;

120 Inc(ColumnIndex) ;

121 end ;

122 ColumnIndex := 0;

123 Inc (RowIndex) ;

124

125 frmMain.AvgNumberOfNeighbors += Neighbors.Count;

126

127 obj := TNode.Create(i, Neighbors);

128 Inc(i);

129 Nodes .Add (obj) ;

130 end;

131

132 // Keep reading lines until the end of the file is reached

133 while not eof (tfIn) do

134 begin

135 readln (tfIn, s);

136

137 // Validate each line of the file

138 if not RegexObj.Exec(s) or (Length(s) <> linelength) then

139 begin

140 MessageDlg (’Error’, ’Invalid file format’, mtError, [mbOK
1, 0);

141 Break; // Jump to the ’finally’ block

142 end ;

143

144 Neighbors := TWordList.Create;

145

146 for ¢ in s do begin

147 if ¢ = ’1’ then

148 begin

149 Neighbors.Add (ColumnIndex) ;

150 if (ColumnIndex > RowIndex) then Inc(frmMain.
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NumberOfEdges) ;

151 end ;

152 Inc(ColumnIndex) ;

153 end ;

154 ColumnIndex := 0;

155 Inc (RowIndex) ;

156

157 frmMain. AvgNumberOfNeighbors += Neighbors.Count;
158

159 obj := TNode.Create(i, Neighbors);

160 Inc(i);
161 Nodes .Add (obj) ;

162 //writeln(’Node: ’ + IntToStr(i) + ’ has {’
Neighbors.Count) + ’} neighbors’); { Debug }

163 end ;

164

165 frmMain.AvgNumberOfNeighbors :=

Nodes .Count;

166 //writeln(’Average number of neighbors: ’
{ Debug 1}

AvgNumberOfNeighbors)) ;
167
168 except

169 on E: EInOutError do

170 writeln(’File handling error occurred.

171 end ;

173 finally

174 CloseFile (tfIn); //
175 Regex0bj .Free; //
176 FreeAndNil (appender); //
178 result := Nodes;
179 end ;

180

181 end ;

182

153 function TFileHandler.LoadAdjacencylList(filename:

>

184 var
185 tfIn: TextFile;

186 s, neighbor: String;

187 Regex0Obj: TRegExpr;

188 Nodes: TList0fTNode;

189 obj: TNode;

190 Neighbors: TWordList;
191 colonSplit, commaSplit:
192 begin

193 AssignFile (tfIn,
194

195 Regex0bj :=
196 Regex0Obj .Expression :=

197

filename) ;

TRegExpr .Create;

198 Nodes := TList0fTNode.Create;
199

200 frmMain.NumberOfEdges := O0;
201 frmMain.AvgNumberOfNeighbors
202 try

203 try

204 reset (tfIn) ;

205

Details:

Close the file
Free the regex object
Free the generic appender instance

TStringArray;

ADJACENCY_LIST_REGEX;

:= 0;
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206 while not eof (tfIn) do

207 begin

208 readln(tfIn, s);

209

210 // Validate each line of the file

211 if not Regex0bj.Exec(s) then

212 begin

213 MessageDlg (’Error’, ’Invalid file format’, mtError, [mbOK
1, 0);

214 Break; // Jump to the ’finally’ block

215 end ;

216

217 Neighbors := TWordList.Create;

218

219 colonSplit := s.Split(’:’);

220 commaSplit := colonSplit[1].Split(’,’);

21 if not (commaSplit[0] = ’’) then begin

222 for neighbor in commaSplit do begin

223 Neighbors.Add (StrToInt (neighbor)) ;

224 end ;

225 end ;

226

227 frmMain. AvgNumberOfNeighbors += Neighbors.Count;

228

229 obj := TNode.Create(StrToInt(colonSplit[0]), Neighbors);

230 Nodes . Add (obj) ;

231 //writeln(’Node: ’ + colonSplit[0] + ’> has {’ + IntToStr(
Neighbors.Count) + ’} neighbors’); { Debug }

232 end ;

233

234 frmMain.AvgNumberOfNeighbors := frmMain.AvgNumberOfNeighbors div

Nodes.Count;

)
S

AvgNumberOfNeighbors)); { Debug }

//writeln (’Average number of neighbors: ’ + IntToStr (frmMain.

237 except

238 on E: EInOutError do

239 writeln(’File handling error occurred. Details: °’, E.Message);
240 end;

242 finally

243 CloseFile(tfIn); // Close the file

244 Regex0bj.Free; // Free the regex object
245

246 result := Nodes;

247 end ;

248

249 end ;

250

51 procedure TFileHandler.WriteStringToFile(filename:

);
252 var
253 tf0ut: TextFile;
254 begin
255 try
256 AssignFile (tfOut, filename) ;
257 Rewrite (tf0Out) ;
258 writeln (tfOut, data);
259 closefile (tf0ut) ;
260 except
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261 on E:Exception do

262 end ;

203 end ;

264

265 procedure TFileHandler.WriteToJsonFile(filename: string; data:
TJSONData) ;

266 begin

267 self .WriteStringToFile(filename, data.FormatJSON) ;

208 end ;

20 function TFileHandler.LoadJsonFile(filename: string): TJSONData;
271 var

272 tfIn: TextFile;

273 s, JsonString: String;

274 begin

275 s = 77

276 JsonString := ’’;

277

278 try

279 try

280 AssignFile(tfIn, filename);
281 reset (tfIn) ;

282

283 while not eof (tfIn) do begin
284 readln(tfIn, s);

285 JsonString += s;

286 end;

287

288 Result := GetJSON(JsonString) ;
289 except

290 on E: EInOutError do

291 writeln(’File handling error occurred. Details: ’, E.Message);
292 end ;

293 finally

294 CloseFile(tfIn);

295 end ;

296

297 end ;

298

299 end .

A4 Awoyeiplon pUIRIGEOY EQAPUOYIG

r unit frmSettings_u;
3 {$mode objfpc}{$H+}

s interface

7 uses
8 Classes, SysUtils, Forms, Controls, Graphics, Dialogs, StdCtrls,
fpjson,

9 { Utilities %}

10 utlFile_u,

11 utlConstants_u,
12 utlValidation_u;

14 type
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16 { TfrmSettings }

s TfrmSettings = class(TForm)
19 btnCancel: TButton;

20 btnApply: TButton;

21 cbxReSimulate: TCheckBox;

22 edtReSimulateMinRecoveredNodeCount: TEdit;

23 1blMinRecoveredSIR: TLabel;

24 1blSimulation: TLabel;

26 procedure btnCancelClick (Sender: TObject);

27 procedure btnApplyClick(Sender: TObject);

28 procedure cbxReSimulateChange (Sender: TObject);

29 procedure edtReSimulateMinRecoveredNodeCountKeyPress (Sender:
TObject; var Key: char);

30 procedure FormClose (Sender: TObject) ;

31 procedure FormCreate(Sender: TObject);

32 procedure LoadSettings;
private

34

35 public

36

37 end;

38

9 var

10 frmSettings: TfrmSettings;
#2 implementation

4 procedure TfrmSettings.LoadSettings;

45 var

46 i, j: Integer;

47 JsonData: TJSONData;

48 JsonObject, settings: TJSONObject;

49 begin

50 { Generate default settings if they do not exist }

51 if not FileExists (SETTINGS_FILE_NAME) then FileHandler.
WriteToJsonFile (SETTINGS_FILE_NAME, GetJSON(DEFAULT_SETTINGS)) ;

52 { Load the settings 1}

53 try

54 JsonData := FileHandler.LoadJsonFile(SETTINGS_FILE_NAME) ;

55 JsonObject := TJSONObject (JsonData) ;

56 settings := JsonObject.Find (SETTINGS_NAME) as TJSONObject;

57 for i := 0 to settings.Count - 1 do begin

58 for j := 0 to self.ComponentCount - 1 do begin

59 if self.Components[j].name = settings.Names[i] then begin

60 if self.Components[j] is TCheckBox then (self.Components/[j]
as TCheckbox).Checked := settings.FindPath(TJSONObject(settings).

Names [i]) . AsBoolean
61 else if self.Components[j] is TEdit then (self.Components[j]

as TEdit) .Text := settings.FindPath(TJSONObject (settings).Names[i]).
AsString;

62 end;

63 end ;

64 end;

65 except on E:Exception do begin end;

66 end ;

67 end ;

68
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96

97

98

99

100

101

102

103

104

105

106

107

108

109

120

121

procedure TfrmSettings.FormCreate(Sender: TObject);
begin

inherited;

self .LoadSettings; // Load Application Settings

if self.cbxReSimulate.Checked then self.

edtReSimulateMinRecoveredNodeCount .Enabled := True

else self.edtReSimulateMinRecoveredNodeCount.Enabled := False;

end ;

procedure TfrmSettings.FormClose (Sender: TObject);
begin

self .LoadSettings;

inherited;
end ;

: procedure TfrmSettings.btnCancelClick(Sender: TObject);

begin
self .Close;
end ;

procedure TfrmSettings.btnApplyClick(Sender: TObject);
var
JsonObject, settings: TJSONObject;
begin
{ Load the default settings }
JsonObject := TJSONObject (GetJSON(DEFAULT_SETTINGS)) ;

{ Get the new settings }

settings := JsonObject.Find (SETTINGS_NAME) as TJSONObject;

settings.Booleans [RE_SIMULATE_SETTING_NAME] := self.cbxReSimulate.
Checked;

if self.edtReSimulateMinRecoveredNodeCount.Text <> ’’ then settings.
Strings [RE_SIMULATE_MINIMUM_RECOVERED_NODE_COUNT_SETTING_NAME] :=
self.edtReSimulateMinRecoveredNodeCount . Text

else settings.Stringsl|[
RE_SIMULATE_MINIMUM_RECOVERED_NODE_COUNT_SETTING_NAME] := ’0°;

{ Write the new settings 1}
FileHandler.WriteToJsonFile (SETTINGS_FILE_NAME, TJSONData(JsonObject)

)

self.LoadSettings; // Load Application Settings
end;

procedure TfrmSettings.cbxReSimulateChange (Sender: TObject);

begin
if self.cbxReSimulate.Checked then begin
self.edtReSimulateMinRecoveredNodeCount .Enabled := True;
end
else self.edtReSimulateMinRecoveredNodeCount.Enabled := False;
3 end ;

s procedure TfrmSettings.edtReSimulateMinRecoveredNodeCountKeyPress(

Sender: TObject; var Key: char
);
begin
ValidateInteger (Sender, Key);
end ;

{$R *.1fm}
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122

23 end.

A5 Xroadepeg netofinreg epappuoyng

1 unit utlConstants_u;
3 {$mode objfpc}{$H+}
s interface

7 uses
8 Classes, SysUtils;

10 const
1 sLineBreak = {$IFDEF LINUX} AnsiChar (#10) {$ENDIF}
{$IFDEF MSWINDOWS} AnsiString (#13#10) {$ENDIF};

4 { Filenames }
15 SETTINGS_FILE_NAME = ’settings. json’;

7 { Settings }

s SETTINGS_NAME = ’settings’;

19 RE_SIMULATE_SETTING_NAME = ’cbxReSimulate’;

20 RE_SIMULATE_MINIMUM_RECOVERED_NODE_COUNT_SETTING_NAME = °
edtReSimulateMinRecoveredNodeCount’;

o1 DEFAULT_SETTINGS = °{’ + sLineBreak +
2 > "> 4+ SETTINGS_NAME + ’": {’ + sLineBreak +
23 ) "> + RE_SIMULATE SETTING _NAME + ’": False,’ +
24 2 0o
RE_SIMULATE MINIMUM RECOVERED NODE COUNT_SETTING_NAME + °’": 0’ +
25 > }’ + slineBreak +
26 2}
27
23 { Regex }
20 ADJACENCY MATRIX REGEX = >~ [0-1]%$°;
50 ADJACENCY_LIST_REGEX = > ("\d+:\d+(,\d+)*$) [ ("\d+:8$);

52 implementation

34 end.

A.6 dopueg

A.6.1 Apyxn

unit frmMain_u;

)

{$mode objfpc}{$H+}

s interface

7 uses
8 Classes, SysUtils, Forms, Controls, Graphics, Dialogs, StdCtrls,

ExtCtrls,
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9 Menus , TAGraph, typinfo, fpjson,
10 { Forms }

11 frmSettings_u,

12 { Utilities }

13 utlFile_u,

14 utlValidation_u,

15 utlEnum_u,

16 utlTypes_u,

17 utlMisc,

18 { Epidemic Algorithms 1}

19 AlgSIR_u,

20 AlgSIS_u;

21

2 type

24 { TfrmMain }

26 TfrmMain = class(TForm)

27 btnImportDialog: TOpenDialog;
28 btnSimulate: TButton;

29 btnCancel: TButton;

30 cbxAvailableModels: TComboBox;
31 ckbUseSystemSeed: TCheckBox;

32 edtSeed: TEdit;

33 edtProbabilityOfInfection: TEdit;
34 edtN: TEdit;

35 edtDeltal: TEdit;

36 edtEpsilon: TEdit;
37 edtDays: TEdit;

38 edtBeta: TEdit;

39 edtAlpha: TEdit;

10 edtZeta: TEdit;

41 edtKappa: TEdit;

42 edtGamma: TEdit;

43 edtInitialInfected: TEdit;

44 edtMaternallyDerivedImmunity: TEdit;
15 edtMu: TEdit;

16 edtLambda: TEdit;

47 edtDelta: TEdit;

48 frmTimer: TTimer;

49 1blSeed: TLabel;

50 1blProbabilityOfInfection: TLabel;
51 1blN: TLabel,;

52 1blDeltal: TLabel;

53 1blEpsilon: TLabel;

54 1blDays: TLabel;

55 1blBeta: TLabel;

56 1blAlpha: TLabel;

57 1blZeta: TLabel;

58 lblKappa: TLabel;

59 1blGamma: TLabel;

60 lblMaternallyDerivedImmunity: TLabel;

61 1blMu: TLabel;

62 1blInitialInfected: TLabel;
63 lblLambda: TLabel;

64 1blDelta: TLabel;

65 mnuSettings: TMenultem;

66 mnuFileClose: TMenultem;

67 mnuMainMenu: TMainMenu;
68 mnuFileOpen: TMenultem;
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69 mnuFile: TMenultem;

71 procedure btnCancelClick(Sender: TObject);

72 procedure ckbUseSystemSeedChange (Sender: TObject);

73 procedure cbxAvailableModelsChange (Sender: TObject);

74 procedure mnuFileCloseClick(Sender: TObject);

75 procedure mnuSettingsClick(Sender: TObject);

76 procedure RefreshGUI;

77 procedure FormCreate(Sender: TObject);

78 procedure btnSimulateClick (Sender: TObject);

79 procedure mnuFileOpenClick(Sender: TObject);

80 procedure edtFloatKeyPress(Sender: TObject; var Key: char);

81 procedure edtIntegerKeyPress (Sender: TObject; var Key: char);

82 procedure edtKeyUpEnter (Sender: TObject; var Key: char);

83 procedure preparePreSimulationChart;

84 procedure prepareSimulationChart (SamplingResult:
TArray0fArray0fWord) ;

85 procedure registerAvailableModels;

86 procedure AvailableSimulationCheck;

87 function validateSimulationFields: Boolean;

88 procedure InitiateSimulation(Sender: TObject);

89 function getN: Integer;

90 private

91

92 public

93 Nodes: TListOfTNode;

94 NumberOfEdges: Longword;

95 AvgNumberOfNeighbors: Longword;

96 CancelTriggered: Boolean;
97

98 end ;

99

100 var

101 frmMain: TfrmMain;

102

103 implementation

104

105 uses
106 { Forms }

107 frmSimulation_u,

108 frmSimulationChart_u,

109 frmPreSimulationChart_u;
110

im {$R *.1fm}

113 { TfrmMain 3}

115 procedure TfrmMain.mnuFileOpenClick(Sender: TObject);

116 var
117 filename: string;

s begin

119 self .btnSimulate.Enabled := False;

120

121 if btnImportDialog.Execute then

122 begin

123 filename := btnImportDialog.Filename;

124 end ;

125

126 if filename <> ’’ then begin

127 if self.Nodes.Count > O then frmSimulation.ResetShapes;
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128 if FileHandler.IsAdjacencyMaxtrixOrListFile(filename, ’matrix’)
then begin

129 Nodes := FileHandler.LoadAdjacencyMaxtrix(filename) ;

130 end

131 else if FileHandler.IsAdjacencyMaxtrixOrListFile(filename, ’list’)
then begin

132 Nodes := FileHandler.LoadAdjacencyList(filename) ;

133 end

134 else MessageDlg(’Error’, ’Unsupported file type’, mtError, [mbOK],
0);

136 if self.Nodes.Count > O then begin

137 //frmSimulation.RenderShapes;

138 self.edtN.Enabled := False;

139 self .mnuFileClose.Enabled := True;

140 end ;

141

142 if self.validateSimulationFields then self.
preparePreSimulationChart;

143 end ;

144
145 self.cbxAvailableModelsChange (self) ;

146

147 end ;

148

140 procedure TfrmMain.btnSimulateClick(Sender: TObject);

150 begin

151 if self.validateSimulationFields and

152 (self.edtProbabilityOfInfection.Text <> ’’) then begin

153 self .btnSimulate.Enabled := False;

154 self.btnSimulate.Visible := False;

155 self.btnCancel.Enabled := True;

156 self .btnCancel .Visible := True;

157 self .CancelTriggered := False;

158

159 { Do not allow the close file function to be invokable while
simulating 7}

160 self .mnuFileClose.Enabled := False;

161 //if self.btnSimulate.IsEnabled then begin

162 // frmSimulation.Show;

163 //end;

164

165 { Randomize System }

166 RandomizeSystem;

167

168 frmSimulation.frmSmlInvoker .OnTimer := @self.InitiateSimulation;

169 frmSimulation.frmSmlInvoker.Enabled := True;

170

171 end ;

172 end ;

174 procedure TfrmMain.InitiateSimulation(Sender: TObject);

175 var

176 SamplingResult: TArrayOfArrayOfWord;

177 begin

178 SamplingResult := TArrayOfArrayOfWord.Create;

179 case self.cbxAvailableModels.Items[self.cbxAvailableModels.ItemIndex]
of

180 SIR: begin

181 SIRALG (

Institutional Repository - Library & Information Centre - University of éﬂiessaly
21/05/2022 08:48:52 EEST - 137.108.70.13



182 StrToInt (frmMain.edtDays.Text),

183 StrToInt (frmMain.edtInitialInfected.Text),
184 StrToFloat (frmMain.edtBeta.Text),

185 StrToFloat (frmMain.edtGamma.Text) ,

186 StrToInt (frmMain.edtProbabilityO0fInfection.Text),
187 SamplingResult

188 )

189 end ;

190

191 SIS: begin

192 SISALG(

193 StrToInt (frmMain.edtDays.Text),

194 StrToInt (frmMain.edtInitialInfected.Text),
195 StrToFloat (frmMain.edtBeta.Text),

196 StrToFloat (frmMain.edtGamma.Text) ,
197 StrToInt (frmMain.edtProbabilityO0fInfection.Text),

198 SamplingResult

199 )

200 end ;

201 end ;

202

203 if self.CancelTriggered then begin

204 self .CancelTriggered := False;

205 end

206 else begin

207 { Prepare Charts }

208 frmMain.preparePreSimulationChart;

209 frmMain.prepareSimulationChart (SamplingResult) ;
210 end ;

211

212 frmSimulation.RestoreNodes; // Restore the Nodes

214 { Enable Simulate Button - Disable Cancel Button 1}

215 self .btnCancel . Enabled := False;

216 self .btnCancel .Visible := False;

217 self.btnSimulate.Enabled := True;

218 self.btnSimulate.Visible := True;

219 { Enable the file close functionality 7
220 frmMain.mnuFileClose.Enabled := True;
21 end;

23 procedure TfrmMain.FormCreate (Sender: TObject);

24 begin

225 Nodes := TList0OfTNode.Create;
226 self .registerAvailableModels;
27 end;

29 procedure TfrmMain.RefreshGUI;

230 begin
231 self .Update;
232 end;

234 procedure TfrmMain.cbxAvailableModelsChange (Sender: TObject);

235 begin

236 case self.cbxAvailableModels.Items[self.cbxAvailableModels.ItemIndex]
of

237 SIR: begin

238 self.edtGamma.Enabled := True;

239

240 self.edtMu.Enabled := False;
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241
242
243
244
245
246
247
248
249

250

260
261
262
263
264
265
266

267

287
288
289
290
291
292
293
294
295
296
297
298
299

300

self .edtLambda.Enabled := False;
self.edtDelta.Enabled := False;
self .edtMaternallyDerivedImmunity.Enabled
self.edtAlpha.Enabled := False;
self .edtEpsilon.Enabled := False;
self .edtKappa.Enabled := False;
self .edtDeltal.Enabled := False;
self.edtZeta.Enabled := False;

end ;

SIS: begin
self.edtGamma.Enabled := True;
self.edtMu.Enabled := False;
self.edtLambda.Enabled := False;
self .edtDelta.Enabled := False;
self .edtMaternallyDerivedImmunity.Enabled
self .edtAlpha.Enabled := False;
self .edtEpsilon.Enabled := False;
self .edtKappa.Enabled := False;
self .edtDeltal.Enabled := False;
self .edtZeta.Enabled := False;

end ;

SIQ: begin
self.edtMu.Enabled := True;
self.edtLambda.Enabled := True;
self .edtDelta.Enabled := True;
self .edtKappa.Enabled := True;
self.edtGamma.Enabled := False;
self .edtMaternallyDerivedImmunity.Enabled
self .edtAlpha.Enabled := False;
self .edtEpsilon.Enabled := False;
self .edtDeltal.Enabled := False;
self.edtZeta.Enabled := False;

end ;

SIQS, SIQR: begin

self

self.
self.
self.
self.
self.
self.

self

self.
self.

end ;

.edtGamma.Enabled := True;
edtMu.Enabled := True;
edtLambda.Enabled := True;
edtDelta.Enabled := True;
edtDeltal.Enabled := True;
edtKappa.Enabled := True;
edtZeta.Enabled := True;

.edtMaternallyDerivedImmunity.Enabled
edtAlpha.Enabled := False;
edtEpsilon.Enabled := False;

SIRD: begin

self
self

self.
self.
self.
self.

.edtGamma . Enabled := True;
.edtMu.Enabled := True;

edtLambda .Enabled := False;
edtDelta.Enabled := False;
edtMaternallyDerivedImmunity.Enabled
edtAlpha.Enabled := False;
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301
302

303

304

344
345
346
347
348
349
350
351

352

360

self.
self.
self.
self.

end ;

edtEpsilon.Enabled := False;
edtKappa.Enabled := False;
edtDeltal .Enabled := False;
edtZeta.Enabled := False;

MSIR: begin

self

self.
self.
self.
self.

self.
self.
self.
self.
self.

end ;

.edtGamma.Enabled := True;
edtMu.Enabled := True;
edtLambda.Enabled := True;
edtDelta.Enabled := True;
edtMaternallyDerivedImmunity.Enabled
edtAlpha.Enabled := False;
edtEpsilon.Enabled := False;
edtKappa.Enabled := False;
edtDeltal.Enabled := False;
edtZeta.Enabled := False;

SEIR: begin

self .edtGamma.Enabled := True;
self.edtMu.Enabled := True;
self .edtLambda.Enabled := True;
self.edtAlpha.Enabled := True;
self.edtDelta.Enabled := False;
self .edtMaternallyDerivedImmunity.Enabled
self .edtEpsilon.Enabled := False;
self.edtKappa.Enabled := False;
self.edtDeltal.Enabled := False;
self .edtZeta.Enabled := False;

end ;

SEIS: begin
self.edtGamma.Enabled := True;
self .edtMu.Enabled := True;
self.edtLambda.Enabled := True;
self .edtEpsilon.Enabled := True;
self.edtDelta.Enabled := False;
self.edtMaternallyDerivedImmunity.Enabled
self .edtAlpha.Enabled := False;
self .edtKappa.Enabled := False;
self .edtDeltal.Enabled := False;
self.edtZeta.Enabled := False;

end ;

MSEIR: begin
self.edtGamma.Enabled := True;
self.edtMu.Enabled := True;
self.edtLambda.Enabled := True;
self .edtEpsilon.Enabled := True;
self .edtDelta.Enabled := True;
self .edtMaternallyDerivedImmunity.Enabled
self.edtAlpha.Enabled := False;
self . edtKappa.Enabled := False;
self .edtDeltal.Enabled := False;
self.edtZeta.Enabled := False;
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361
362
363

364

366

1

&

369

386
387
388
389
390
391

392

394
395

396

398
399
400
401

102
403
404
405
406
407
408

409

end ;
end ;

self.AvailableSimulationCheck;

365 end ;

procedure TfrmMain.AvailableSimulationCheck;
begin
if self.Nodes.Count > O then begin
case self.cbxAvailableModels.Items[self.cbxAvailableModels.
ItemIndex] of

SIR: self.btnSimulate.Enabled := True;
SIS: self.btnSimulate.Enabled := True;
else
self.btnSimulate.Enabled := False;
end ;
end
else
self .btnSimulate.Enabled := False;

end ;

procedure TfrmMain.mnuFileCloseClick(Sender: TObject);
begin
if frmSimulation.Visible then frmSimulation.Close;
if Nodes.Count > O then frmSimulation.ResetShapes;

self.edtN.Enabled := True;

self .mnuFileClose.Enabled := False;

self .btnSimulate.Enabled := False;
end ;

procedure TfrmMain.mnuSettingsClick(Sender: TObject);
begin
frmSettings.Show;

393 end ;

procedure TfrmMain.ckbUseSystemSeedChange (Sender: TObject);
begin
if self.ckbUseSystemSeed.Checked then begin

self .edtSeed.Enabled := False;
end
else self.edtSeed.Enabled := True;

end ;

procedure TfrmMain.btnCancelClick(Sender: TObject);
begin

self.CancelTriggered := True;
end ;

procedure TfrmMain.preparePreSimulationChart;

begin
frmPreSimulationChart.Caption := ’Differential Equations (’ + self.

cbxAvailableModels.Items [self.cbxAvailableModels.ItemIndex] + ’)’;

frmPreSimulationChart.ClearPreSimulationChart;
frmPreSimulationChart.CalculatePreSimulation;
frmPreSimulationChart.Show;

end;

procedure TfrmMain.prepareSimulationChart(SamplingResult:
TArray0fArray0fWord) ;
begin
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418

420

424
425
426

127
428
429

430

432
433
434

435

437
438
439
440
441

442

444
445
446
447
448
449

450

452
453

454

456
457
458

159
460
461
462
463
464
465
466

467

468

469

470

frmSimulationChart.Caption := ’Simulation (’ + self.

cbxAvailableModels.Items [self.cbxAvailableModels.ItemIndex] + ’)’;
frmSimulationChart.ClearSimulationChart;
frmSimulationChart.CalculateSimulation(SamplingResult);
frmSimulationChart.Show;

2> end;

procedure TfrmMain.registerAvailableModels;

var
i: Integer;

begin
for i := Low(AvailableModels) to High(AvailableModels) do

self.cbxAvailableModels.Items.Add(AvailableModels[i]) ;

self .cbxAvailableModels.ItemIndex := O;

self.cbxAvailableModelsChange (self);

self .cbxAvailableModels.Style := csDropDownList;
end;

procedure TfrmMain.edtIntegerKeyPress(Sender: TObject; var Key: char);
begin

ValidateInteger (Sender, Key);
end ;

procedure TfrmMain.edtFloatKeyPress(Sender: TObject; var Key: char);
begin

ValidateFloat (Sender, Key);
end ;

procedure TfrmMain.edtKeyUpEnter (Sender: TObject; var Key: char);
begin
{ Prepare the pre simulation chart if all conditions are met. }
{ Key #13 represents the Enter key }
if (Key = #13) AND self.validateSimulationFields then
self .preparePreSimulationChart;
end ;

function TfrmMain.getN: Integer;

s begin

Result := 0;

if self.edtN.Text <> ’’ then Result

if self.Nodes.Count > O then Result
end;

StrToInt (self.edtN.Text);
self .Nodes.Count;

function TfrmMain.validateSimulationFields: Boolean;
begin
{ If all the required TEdits contain a value then return True. }
Result := False;
if self.getN <> 0.0 then
begin
case self.cbxAvailableModels.Items[self.cbxAvailableModels.
ItemIndex] of
SIR, SIS: begin
if (self.edtDays.Text <> ’’) AND (self.edtBeta.Text <> ’’)
AND
(self.edtGamma.Text <> ’’) AND (self.edtInitiallInfected.
Text <> ’7)
then Result := True;
end ;
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474 SIQ: begin

475 if (self.edtDays.Text <> ’’) AND (self.edtBeta.Text <> ’7)
AND

476 (self.edtMu.Text <> ’’) AND (self.edtLambda.Text <> ’’)
AND

477 (self.edtDelta.Text <> ’’) AND (self.edtKappa.Text <> ’’)
AND

478 (self.edtInitialInfected.Text <> ’7)

479 then Result := True;

480 end ;

181

482 SIQS, SIQR: begin

483 if (self.edtDays.Text <> ’’) AND (self.edtBeta.Text <> ’’)
AND

484 (self.edtGamma.Text <> ’’) AND (self.edtMu.Text <> ’’)
AND

485 (self.edtLambda.Text <> ’’) AND (self.edtDelta.Text <> ’°
) AND

486 (self.edtDeltal.Text <> ’’) AND (self.edtKappa.Text <> 7’
) AND

487 (self.edtZeta.Text <> ’’) AND (self.edtInitiallInfected.
Text <> 77)

488 then Result := True;

489 end ;

490

491 SIRD: begin

192 if (self.edtDays.Text <> ’’) AND (self.edtBeta.Text <> ’’)
AND

493 (self.edtGamma.Text <> ’’) AND (self.edtMu.Text <> ’7)

494 AND (self.edtInitialInfected.Text <> ’’)

495 then Result := True;

496 end;

497

498 MSIR: begin

499 if (self.edtDays.Text <> ’’) AND (self.edtBeta.Text <> ’’)
AND

500 (self.edtGamma.Text <> ’’) AND (self.edtMu.Text <> ’7)
AND

501 (self.edtLambda.Text <> ’’) AND (self.edtDelta.Text <> ’~’
) AND

502 (self.edtMaternallyDerivedImmunity.Text <> °’) AND

503 (self.edtInitialInfected.Text <> ’7)

504 then Result := True;

505 end;

506

507 SEIR: begin

508 if (self.edtDays.Text <> ’’) AND (self.edtBeta.Text <> ’7)
AND

500 (self.edtGamma.Text <> ’’) AND (self.edtMu.Text <> ’7)
AND

510 (self.edtLambda.Text <> ’’) AND (self.edtAlpha.Text <> 7’
) AND

511 (self.edtInitialInfected.Text <> ’?)

512 then Result := True;

513 end;

514

515 SEIS: begin

516 if (self.edtDays.Text <> ’’) AND (self.edtBeta.Text <> ’7)
AND

517 (self.edtGamma.Text <> ’’) AND (self.edtMu.Text <> ’7)
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AND

518 (self.edtLambda.Text <>
>2) AND
519 (self.edtInitialInfected.Text <>
520 then Result := True;
521 end ;
523 MSEIR: begin
524 if (self.edtDays.Text <>
AND
525 (self.edtGamma.Text <>
AND
526 (self.edtLambda.Text <>
>2) AND
527 (self.edtDelta.Text <> ’’) AND
528 (self.edtMaternallyDerivedImmunity.Text <>
529 (self.edtInitialInfected.Text <>
530 then Result := True;
531 end ;
533 end ;
534 end;
535 end ;
536
537 end .

A.6.2 Tpoguxn TepaoTte.on SLegpoptrmy eELOMOEMY

i unit frmPreSimulationChart_u;
» {$mode objfpc}r{$H+}
s interface

7 uses

8 Classes, SysUtils, Forms, Controls,

TASeries,
9 { Forms }
10 frmMain_u,
1 { Classes }
12 { Utilities }
13 utlArray_u,
14 utlTypes_u,
15 utlEuler_u,
16 utlEnum_u,
17 utlConstants_u;

19 type

21 { TfrmPreSimulationChart }

’>2) AND (self.edtBeta.Text <>

23 TfrmPreSimulationChart = class (TForm)
24 chtPreSimulation: TChart;

25 chtPreSimulationI: TLineSeries;

26 chtPreSimulationD: TLineSeries;

27 chtPreSimulationE: TLineSeries;

28 chtPreSimulationQ: TLineSeries;

29 chtPreSimulationM: TLineSeries;

30 chtPreSimulationR: TLineSeries;
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>7) AND (self.edtEpsilon.Text <>

>2) AND (self.edtMu.Text <>

>7) AND (self.edtEpsilon.Text <>

Graphics,



3 chtPreSimulationS: TLineSeries;

32 procedure CalculatePreSimulation;

3 procedure FormClose (Sender: TObject);

34 procedure ClearPreSimulationChart;

35 procedure PrepareSIR(var yO, extraArgs: ArrayOfDouble);
36 procedure PrepareSIS(var yO, extraArgs: ArrayOfDouble);
37 procedure PrepareSIQ(var yO, extraArgs: Array0OfDouble);

38 procedure PrepareSIQS(var yO, extraArgs: ArrayOfDouble);
39 procedure PrepareSIQR(var yO, extraArgs: ArrayOfDouble);
40 procedure PrepareSIRD(var yO, extraArgs: ArrayOfDouble) ;
4 procedure PrepareMSIR(var yO, extraArgs: ArrayOfDouble);
0 procedure PrepareSEIR(var yO, extraArgs: Array0OfDouble);
43 procedure PrepareSEIS(var yO, extraArgs: ArrayOfDouble);
44 procedure PrepareMSEIR(var yO, extraArgs: Array0fDouble);
45 private

46

47 public

48

49 end ;

50

51 var

52 frmPreSimulationChart: TfrmPreSimulationChart;

s+ implementation

sc procedure TfrmPreSimulationChart.CalculatePreSimulation;
57 var

58 OdeEulerResult: ArrayOfArrayOfDouble;

59 t, yO, extraArgs: ArrayOfDouble;

60 i, days: Integer;

61 model: String;

2 begin

63 SetLength (y0, 0);

64 SetLength (extraArgs, 0);

66 days := StrToInt(frmMain.edtDays.Text);
67 SetLength(t, days);
68 t := linspace (0, days, days);

70 model := frmMain.cbxAvailableModels.Items[frmMain.cbxAvailableModels.
ItemIndex];

7 { Initiate based on the model }

72 case model of

73 SIR: self.PrepareSIR(y0, extralArgs);
74 SIS: self.PrepareSIS(y0, extralArgs);
75 SIQ: self.PrepareSIQ(y0, extralArgs);

76 SIQS: self.PrepareSIQS(y0, extralArgs);
77 SIQR: self.PrepareSIQR(y0, extralArgs);

78 SIRD: self.PrepareSIRD(y0, extralArgs);
79 MSIR: self.PrepareMSIR(y0, extralArgs);

80 SEIR: self.PrepareSEIR(y0, extralArgs);

81 SEIS: self.PrepareSEIS(y0, extralArgs);
82 MSEIR: self.PrepareMSEIR(y0, extralArgs);
83 end ;

84

85 { Apply Euler to the model’s differential equations }
86 OdeEulerResult := odeEuler (model, t, yO, extralArgs);
87

88 { Fill data to the appropriate axes 1}

89 case model of
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91

92

94

95

96

98
99
100
101

102

103

104
105
106
107
108

109

124
125
126

127

129

131

SIR: begin
for i :=
begin

self.

self.

self.

end ;
end;

SIS: begin
for i :=
begin

self.

self.

end ;
end ;

SIQ, SIQS:
for i :=
begin

self.

self.

self.

end ;
end;

SIQR:
for i :=
begin

self.

self.

self.

self.

end ;
end ;

SIRD:
for i :=
begin

self.

self.

self.

self

end;

begin

begin

0 to days - 1 do
chtPreSimulation$S

chtPreSimulationlI

chtPreSimulationR

0 to days - 1 do

chtPreSimulationS.

chtPreSimulationI

begin

0 to days - 1 do

chtPreSimulationS.

chtPreSimulationlI

chtPreSimulationQ@.

0 to days - 1 do

chtPreSimulationS

chtPreSimulationI.

chtPreSimulationQ@.

chtPreSimulationR.

0 to days - 1 do

chtPreSimulationS.

chtPreSimulationI.

chtPreSimulationR

.chtPreSimulationD.

.AddXY (£ [i],
.AddXY (t[i],

.AddXY (¢t [i],

AddXY (t[i],

.AddXY (¢t [i],

AddXY (t[i],

.AddXY (t[i],

AddXxy (t[i],

.AddXY (t [i],

AddXY (t[i],
AddXY (t[i],

AddXY (t[i],

AddXY (t[i],

AddXY (t[i],

.AddXY (¢t [i],

AddXY (t[i],
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OdeEulerResult [0] [i]);
OdeEulerResult [1][i]);

OdeEulerResult [2] [i]);

OdeEulerResult [0] [i]) ;

OdeEulerResult [1][i]);

OdeEulerResult [0] [i]);
OdeEulerResult [1][i]);

OdeEulerResult [2][i]) ;

OdeEulerResult [0] [i]);
OdeEulerResult [1][i]);
OdeEulerResult [2][i]);

OdeEulerResult [3][i]);

OdeEulerResult [0][i]);
OdeEulerResult [1][i]);
OdeEulerResult [2] [i]);

OdeEulerResult [3][i]);

//
//

//

//

//
//

//

//

//

//

//

//

//

//

//



134 end ;

136 MSIR: begin

137 for i := 0 to days - 1 do

138 begin

139 self.chtPreSimulationM
M

140 self.chtPreSimulationS
S

141 self.chtPreSimulationlI
I

142 self.chtPreSimulationR.
R

143 end ;

144 end ;

145

146 SEIR: begin

147 for i := 0 to days - 1 do

148 begin

149 self.chtPreSimulationS.
S

150 self.chtPreSimulationE.
E

151 self.chtPreSimulationI.
I

52 self.chtPreSimulationR.
R

153 end;

154 end ;

155

156 SEIS: begin

157 for i := 0 to days - 1 do

158 begin

159 self.chtPreSimulationS.
S

160 self.chtPreSimulationE.
E

161 self.chtPreSimulationlI
I

162 end ;

163 end ;

164

165 MSEIR: begin

166 for i := 0 to days - 1 do

167 begin

168 self.chtPreSimulationM.
M

169 self.chtPreSimulationS.
S

170 self.chtPreSimulationE.
E

171 self.chtPreSimulationlI
I

172 self.chtPreSimulationR.
R

173 end ;

174 end ;

175

176 end ;

.AddXY (¢t [i],
.AddXY (¢t [i],

.AddXY (£ [i],

AddXY (t[i],

AddXY (t[i],
AddXY (t[i],
AddXY (t[i],

AddXY (t[i],

AddXY (¢ [i],

AddXY (t[i],

.AddXY (t [i],

AddXxy (t[i],
AddXY (t[i],

AddXY (¢ [i],

.AddXY (£ [i],

AddXY (t[i],
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OdeEulerResult [0] [i]);
OdeEulerResult [1][i]);
OdeEulerResult [2][i]);

OdeEulerResult [3][i]);

OdeEulerResult [0] [i]);
OdeEulerResult [1][i]);
OdeEulerResult [2] [i]);

OdeEulerResult [3][i]);

OdeEulerResult [0] [i]);
OdeEulerResult [1]1[i]);

OdeEulerResult [2][i]);

OdeEulerResult [0][i]);
OdeEulerResult [1] [i]);
OdeEulerResult [2][i]);
OdeEulerResult [3][i]);

OdeEulerResult [4][i]);

//

//

//

//

//

//

//

//

//

//

//

//

//

//

//

//



178
179
180
181

182

184
185
186
187
188
189

190

191
192
193
194

195

196
197
198
199
200
201
202
203
204

205

self.chtPreSimulation.Visible
end;

:= true;

procedure TfrmPreSimulationChart.ClearPreSimulationChart;

var
i: Integer;

begin
for i := 0 to self.chtPreSimulation.SeriesCount - 1 do
begin

if self.chtPreSimulation.Series[i] is TLineSeries then

begin

(self.chtPreSimulation.Series[i] as TLineSeries).Clear;
(self.chtPreSimulation.Series[i] as TLineSeries) .Active

False;
end ;
end ;
end;

procedure TfrmPreSimulationChart.PrepareSIR(var yO, extraArgs:

Array0fDouble) ;
begin
SetLength (y0, 3);

yO[1] := StrToFloat(frmMain.edtInitialInfected.Text); //
yo[2] := 0; //
yO[0] := frmMain.getN - yO[1] - yo0[2]; //
SetLength (extraArgs, 3);

extraArgs [0] := frmMain.getN; //
extraArgs [1] := StrToFloat (frmMain.edtBeta.Text); //
extraArgs [2] := StrToFloat (frmMain.edtGamma.Text); //
{ Arrange Line Series Color }
self.chtPreSimulationS.SeriesColor := clNavy;
self.chtPreSimulationI.SeriesColor := clMaroon;
self.chtPreSimulationR.SeriesColor := clGreen;

{ Define Line Series Titles }

self.chtPreSimulationS.Title := ’Susceptible’;

self.chtPreSimulationI.Title
self.chtPreSimulationR.Title

{ Activate Line Series }

self.chtPreSimulationS.Active

self.chtPreSimulationI.Active

self.chtPreSimulationR.Active
end ;

Array0fDouble) ;
begin
SetLength(y0, 2);

3 procedure TfrmPreSimulationChart.

’Infected’;
’Recovered’;

True;
True;
True;

PrepareSIS(var y0, extraArgs:

y0[1] := StrToFloat(frmMain.edtInitialInfected.Text); //

y0[0] := frmMain.getN - yO[1];

SetLength (extraArgs, 3);

//

extraArgs [0] := frmMain.getN; //
extraArgs [1] := StrToFloat(frmMain.edtBeta.Text); //
extraArgs [2] := StrToFloat (frmMain.edtGamma.Text); //

{ Arrange Line Series Color }
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=

Beta
Gamma

Beta
Gamma



self.chtPreSimulationS.SeriesColor := clNavy;
self.chtPreSimulationI.SeriesColor := clMaroon;
{ Define Line Series Titles 1}
self.chtPreSimulationS.Title := ’Susceptible’;
self.chtPreSimulationI.Title := ’Infected’;

{ Activate Line Series }
self.chtPreSimulationS.Active True;
self.chtPreSimulationI.Active := True;

245 end ;

258
259
260
261
262
263
264
265
266
267
268

269

279
280
281
282
283
284
285
286
288
289
290
291

292
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» procedure TfrmPreSimulationChart
Array0fDouble) ;

.PrepareSIQ(var yo,

extralArgs:

ggessaw

28 begin

SetLength (y0, 3);

yO[1] := StrToFloat (frmMain.edtInitialInfected.Text); // I

yo0 [2] 0; /7 Q

y0[0] := frmMain.getN - yO[1] - yO[2]; // 8

SetLength(extraArgs, 6) ;

extraArgs [0] frmMain.getN; // N

extraArgs [1] := StrToFloat (frmMain.edtBeta.Text); // Beta

extraArgs [2] := StrToFloat (frmMain.edtMu.Text) ; // Mu

extraArgs [3] := StrToFloat(frmMain.edtLambda.Text) ; // Lambda

extraArgs [4] := StrToFloat (frmMain.edtDelta.Text); // Delta

extraArgs [5] := StrToFloat (frmMain.edtKappa.Text); // Kappa

{ Arrange Line Series Color }

self.chtPreSimulationS.SeriesColor := clNavy;

self.chtPreSimulationI.SeriesColor := clMaroon;

self.chtPreSimulationQ.SeriesColor := TColor ($F59D81) ;

{ Define Line Series Titles }

self .chtPreSimulationS.Title := ’Susceptible’;

self.chtPreSimulationI.Title := ’Infected’;

self.chtPreSimulationQ.Title := ’Quarantined’;

{ Activate Line Series }

self.chtPreSimulationS.Active True;

self.chtPreSimulationI.Active := True;

self.chtPreSimulationQ.Active := True;

end;
27 procedure TfrmPreSimulationChart.PrepareSIQS(var yO, extralArgs:
Array0fDouble) ;
begin

SetLength (y0, 3);

yO[1] := StrToFloat (frmMain.edtInitialInfected.Text); // I

yo [2] 0; /7 Q

y0[0] := frmMain.getN - yO[1] - yO[2]; // 8

SetLength(eXtraArgs, 9);

extraArgs [0] := frmMain.getN; // N

extraArgs [1] := StrToFloat (frmMain.edtBeta.Text); // Beta

extraArgs [2] := StrToFloat (frmMain.edtGamma.Text) ; // Gamma

extraArgs [3] := StrToFloat (frmMain.edtMu.Text) ; // Mu

extraArgs [4] := StrToFloat (frmMain.edtLambda.Text) ; // Lambda

extraArgs [5] := StrToFloat (frmMain.edtDelta.Text); // Delta

extraArgs [6] := StrToFloat (frmMain.edtDeltal.Text); // Deltal



293
294
295
296
297
298
299
300
301

302

304
305

306

348

349

50 procedure TfrmPreSimulationChart.PrepareSIRD (var yo,
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procedure TfrmPreSimulationChart.

StrToFloat (frmMain
StrToFloat (frmMain

extraArgs [7]
extraArgs [8]

{ Arrange Line Series Color }

self.chtPreSimulationS.SeriesColor
self.chtPreSimulationI.SeriesColor
self.chtPreSimulationQ.SeriesColor

{ Define Line Series Titles 1}
self.chtPreSimulationS.Title
self.chtPreSimulationI.Title
self.chtPreSimulationQ.Title

{ Activate Line Series }

.edtKappa.Text) ;
.edtZeta.Text) ;

clNavy;
clMaroon;
TColor ($F59D81) ;

’>Susceptible’;
>’Infected’;
’Quarantined’;

self.chtPreSimulationS.Active := True;

self.chtPreSimulationI.Active
self.chtPreSimulationQ.Active

end;

Array0fDouble) ;

313 begin

SetLength(y0, 4);

PrepareSIQR(var yoO,

True;
True;

yO[1] := StrToFloat(frmMain.edtInitialInfected.Text);

yo[2] := 0;
y0[0] := frmMain.getN - yO[1] - yO
yo[3] := 0;

SetLength (extraArgs, 9);
extraArgs [0] := frmMain.getN;

extraArgs [1] := StrToFloat (frmMain.

extraArgs [2] := StrToFloat (frmMain
extraArgs [3] := StrToFloat (frmMain

extraArgs [6] := StrToFloat (frmMain

extraArgs [7] := StrToFloat (frmMain
extraArgs [8] := StrToFloat (frmMain

{ Arrange Line Series Color }

[2];

edtBeta.Text) ;

.edtGamma.Text) ;
.edtMu.Text) ;
extraArgs [4] := StrToFloat (frmMain.

edtLambda.Text) ;

.edtDelta.Text) ;
extraArgs [6] := StrToFloat (frmMain.

edtDeltal.Text);

.edtKappa.Text) ;
.edtZeta.Text) ;

self.chtPreSimulationS.SeriesColor := clNavy;
self.chtPreSimulationI.SeriesColor := clMaroon;
self.chtPreSimulationQ.SeriesColor := TColor ($F59D81) ;
self.chtPreSimulationR.SeriesColor := clGreen;

{ Define Line Series Titles 1}
self.chtPreSimulationS.Title := ’Susceptible’;

self.chtPreSimulationI.Title
self.chtPreSimulationQ.Title
self.chtPreSimulationR.Title

{ Activate Line Series }

’Infected’;
’Quarantined’;
’Recovered’;

self.chtPreSimulationS.Active := True;
self.chtPreSimulationI.Active := True;
self.chtPreSimulationQ.Active := True;
self.chtPreSimulationR.Active := True;

end ;

Array0fDouble) ;

5wssmy

// Kappa
// Zeta

extralArgs:

//
//
//
//

//
//
//
//
//
//
//
//
//

extralArgs:

o 0o H

N

Beta
Gamma
Mu
Lambda
Delta
Deltal
Kappa
Zeta



351 begin

358
359
360
361

362

364
365

366

378
379
380

381

&

388

389

390
391

392

394
395

396

398
399
400
401
402
403
404
405
406

407
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SetLength(y0, 4);

yO[1] := StrToFloat(frmMain.edtInitialInfected.Text); //
yo[2] := 0; //
yO[0] := frmMain.getN - yO[1] - yO[2]; //
yO[3] := 0; //
SetLength (extraArgs, 4);

extraArgs [0] := frmMain.getN; //
extraArgs [1] := StrToFloat(frmMain.edtBeta.Text); //
extraArgs [2] := StrToFloat (frmMain.edtGamma.Text); //
extraArgs [3] := StrToFloat (frmMain.edtMu.Text) ; //

{ Arrange Line Series Color }

self.chtPreSimulationS.SeriesColor := clNavy;
self.chtPreSimulationI.SeriesColor := clMaroon;
self.chtPreSimulationR.SeriesColor := clGreen;
self .chtPreSimulationD.SeriesColor := clDkGray;
{ Define Line Series Titles 1}
self.chtPreSimulationS.Title := ’Susceptible’;
self.chtPreSimulationI.Title := ’Infected’;
self.chtPreSimulationR.Title := ’Recovered’;
self.chtPreSimulationD.Title := ’Deceased’;

{ Activate Line Series }

self.chtPreSimulationS.Active := True;
self.chtPreSimulationI.Active True;
self.chtPreSimulationR.Active True;
self.chtPreSimulationD.Active := True;

end ;

SetLength(y0, 4);

;s procedure TfrmPreSimulationChart.PrepareMSIR (var yo,
Array0fDouble) ;
begin

extralArgs:

O n o H

Beta
Gamma

y0[0] := StrToFloat(frmMain.edtMaternallyDerivedImmunity.Text); // M
yO[2] := StrToFloat (frmMain.edtInitialInfected.Text); // I
yo[3] := 0; // R
{ Susceptible (yO0[1]) = N - Maternally derived immunity - Infected -
Recovered }
y0[1] := frmMain.getN - yO0[0] - yO[2] - yO[3]; // 8
SetLength (extraArgs, 6);
extraArgs [0] := frmMain.getN; // N
extralArgs [1] := StrToFloat (frmMain.edtBeta.Text); // Beta
extraArgs [2] := StrToFloat (frmMain.edtGamma.Text) ; // Gamma
extraArgs [3] := StrToFloat (frmMain.edtMu.Text); // Mu
extraArgs [4] := StrToFloat(frmMain.edtLambda.Text) ; // Lambda
extraArgs [6] := StrToFloat (frmMain.edtDelta.Text); // Delta

{ Arrange Line Series Color }

self.chtPreSimulationM.SeriesColor
self.chtPreSimulationS.SeriesColor
self.chtPreSimulationI.SeriesColor
self.chtPreSimulationR.SeriesColor

{ Define Line Series Titles 1}

self.chtPreSimulationM.Title :=
+ sLineBreak +

’immunity’;

’Maternally’

:= clFuchsia;

:= clNavy;
:= clMaroon;
:= clGreen;

ggessaw

+ sLineBreak +

’derived’



408

409

446

159

461
462
463

164

465
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self.chtPreSimulationS.
self.chtPreSimulationI.
self.chtPreSimulationR.

Title
Title
Title

{ Activate Line Series }

self.
self.
self
self.

chtPreSimulationM.
chtPreSimulationS.
.chtPreSimulationI.
chtPreSimulationR.

Active
Active
Active
Active

:= True;

True;
True;

:= True;

7 end;

+ sLineBreak +
+ sLineBreak +
+ sLineBreak +

procedure TfrmPreSimulationChart.PrepareSEIR(var yoO,

Array0fDouble) ;
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5gssmy

>Susceptible’

’Infected’;
’Recovered’;

extralArgs:

begin

SetLength(y0, 4);

yo[3] := 0; //

yO[2] := StrToFloat(frmMain.edtInitialInfected.Text); //

yo[1] := 0; //

yO[0] := frmMain.getN - yO[1] - yo[2] - yO[3]; //

SetLength(extraArgs,

extraArgs [0] : frmMaln getN; //

extraArgs [1] := StrToFloat (frmMain.edtBeta.Text); //

extraArgs [2] := StrToFloat (frmMain.edtGamma.Text) ; //

extraArgs [3] := StrToFloat (frmMain.edtMu.Text) ; //

extraArgs [4] := StrToFloat (frmMain.edtLambda.Text) ; //

extraArgs [5] := StrToFloat (frmMain.edtAlpha.Text); //

{ Arrange Line Series Color }

self .chtPreSimulationS.SeriesColor clNavy;

self.chtPreSimulationE.SeriesColor clOlive;

self.chtPreSimulationI.SeriesColor clMaroon;

self.chtPreSimulationR.SeriesColor clGreen;

{ Define Line Series Titles }

self.chtPreSimulationS.Title := ’Susceptible’;

self.chtPreSimulationE.Title := ’Exposed’;

self.chtPreSimulationI.Title := ’Infected’;

self.chtPreSimulationR.Title := ’Recovered’;

{ Activate Line Series }

self.chtPreSimulationS.Active := True;

self.chtPreSimulationE.Active True;

self.chtPreSimulationI.Active True;

self.chtPreSimulationR.Active := True;

> end;
procedure TfrmPreSimulationChart.PrepareSEIS(var y0, extraArgs:
Array0fDouble) ;
55 begin

SetLength(y0, 3);

y0[2] := StrToFloat(frmMain.edtInitialInfected.Text); //

yo[1] := 0; //

yo[0] := frmMain.getN - yO[1] - yo0[2]; //

SetLength (extraArgs, 6);

extraArgs [0] := frmMain.getN; //

extralArgs [1] StrToFloat (frmMain.edtBeta.Text) ; //

extraArgs [2] := StrToFloat (frmMain.edtGamma.Text); //

extraArgs [3] := StrToFloat (frmMain.edtMu.Text) ; //

)

wnmMmH©

N

Beta
Gamma
Mu
Lambda
Alpha

m

Beta
Gamma



StrToFloat (frmMain
StrToFloat (frmMain

extraArgs [4]
extraArgs [5]
Epsilon

{ Arrange Line Series Color }

.edtLambda.Text) ;
.edtEpsilon.Text)

470 self.chtPreSimulationS.SeriesColor := clNavy;
471 self.chtPreSimulationE.SeriesColor := cl0live;
472 self.chtPreSimulationI.SeriesColor := clMaroon;
47:

474 { Define Line Series Titles 1}

75 self.chtPreSimulationS.Title := ’Susceptible’;
476 self . chtPreSimulationE.Title := ’Exposed’;

477 self.chtPreSimulationI.Title := ’Infected’;

478

479 { Activate Line Series }

48( self.chtPreSimulationS.Active := True;

481 self.chtPreSimulationE.Active True;

482 self.chtPreSimulationI.Active := True;

483 end ;

484
s procedure TfrmPreSimulationChart.
Array0fDouble) ;

4

%0

PrepareMSEIR (var yoO,

//
g //

extralArgs:

Lambda

436 begin

487 SetLength(y0, 5);

488 y0[0] := StrToFloat(frmMain.edtMaternallyDerivedImmunity.Text); // M

489 yo[4] := 0; // R

190 yO[3] := StrToFloat(frmMain.edtInitialInfected.Text); // I

491 yo[2] := 0; // E

492 { Susceptible (yO0[1]) = N - Maternally derived immunity - Exposed -
Infected - Recovered }

43 yO[1] := frmMain.getN - yO[0] - yO[2] - yO[3] - yOl[4]; // 8

494

495 SetLength (extralArgs, 7);

w6 extraArgs[0] := frmMain.getN; // N

497 extraArgs [1] := StrToFloat (frmMain.edtBeta.Text); // Beta

498 extraArgs [2] := StrToFloat (frmMain.edtGamma.Text) ; // Gamma

499 extraArgs [3] := StrToFloat (frmMain.edtMu.Text); // Mu

500 extraArgs [4] := StrToFloat (frmMain.edtLambda.Text) ; // Lambda

501 extraArgs [6] := StrToFloat (frmMain.edtDelta.Text); // Delta

502 extraArgs [6] := StrToFloat (frmMain.edtEpsilon.Text); //
Epsilon

503

504 { Arrange Line Series Color }

505 self.chtPreSimulationM.SeriesColor := clFuchsia;

506 self.chtPreSimulationS.SeriesColor := clNavy;

507 self .chtPreSimulationE.SeriesColor := cl0live;

508 self.chtPreSimulationI.SeriesColor := clMaroon;

509 self.chtPreSimulationR.SeriesColor := clGreen;

510

511 { Define Line Series Titles }

512 self.chtPreSimulationM.Title := ’Maternally’ + sLineBreak + ’derived’
+ slLineBreak + ’immunity’;

51 self.chtPreSimulationS.Title := ’ ’ + sLineBreak + ’Susceptible’;

514 self.chtPreSimulationE.Title := ’ ’ + sLineBreak + ’Exposed’;

515 self.chtPreSimulationI.Title := ’ ’ + sLineBreak + ’Infected’;

516 self.chtPreSimulationR.Title := ’ ’> + sLineBreak + ’Recovered’;

517

518 { Activate Line Series 1}

519 self.chtPreSimulationM.Active := True;

520 self.chtPreSimulationS.Active := True;
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521 self.chtPreSimulationE.Active := True;
522 self.chtPreSimulationI.Active := True;
523 self.chtPreSimulationR.Active := True;
524 end ;

520 procedure TfrmPreSimulationChart.FormClose (Sender:

527 begin
528 self.ClearPreSimulationChart;
520 end ;

31 {$R *.1fm}

533 end .

A.6.3 Tpagux] TOPACTACT] TPOCOUOLOONGS
, unit frmSimulationChart u;
s {$mode objfpct{$H+}
s interface

7 uses

TObject) ;

8 Classes, SysUtils, Forms, Controls, Graphics, Dialogs, TAGraph,

TASeries,
9 { Forms }
10 frmMain_u,
1 { Classes }
12 { Utilities }
13 utlArray_u,
14 utlTypes_u,
15 utlEnum_u,
16 utlConstants_u;

18 type

20 { TfrmSimulationChart 1%}

2 TfrmSimulationChart = class(TForm)
23 chtSimulation: TChart;

24 chtSimulationI: TLineSeries;

25 chtSimulationD: TLineSeries;

26 chtSimulationE: TLineSeries;

27 chtSimulationQ: TLineSeries;

28 chtSimulationM: TLineSeries;

29 chtSimulationR: TLineSeries;

30 chtSimulationS: TLineSeries;
31 procedure CalculateSimulation(SamplingResult:

2 procedure FormClose (Sender: TObject);
procedure ClearSimulationChart;

34 procedure FormResize (Sender: TObject);

35 procedure PrepareSIR;

36 procedure PrepareSIS;

37 procedure PrepareSIQ;

38 procedure PrepareSIQS;

39 procedure PrepareSIQR;
10 procedure PrepareSIRD;
41 procedure PrepareMSIR;
4 procedure PrepareSEIR;
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TArrayOfArray0fWord) ;



43 procedure PrepareSEIS;
44 procedure PrepareMSEIR;
45 private

47 public

48

49 end ;

50

51 var

52 frmSimulationChart: TfrmSimulationChart;

s+ implementation

so procedure TfrmSimulationChart.CalculateSimulation(SamplingResult:
TArrayO0fArrayOfWord) ;

57 var

58 t: Array0OfDouble;

59 i, days: Integer;

60 model: String;

61 begin

62 days := StrToInt(frmMain.edtDays.Text) + 2;

63 SetLength(t, days);

64 t := linspace (0, days, days);

66 model := frmMain.cbxAvailableModels.Items[frmMain.cbxAvailableModels.
ItemIndex];

67 { Initiate based on the model }

68 case model of

69 SIR: self.PrepareSIR;

70 SIS: self.PrepareSIS;

71 SIQ: self.PrepareSIQ;

72 SIQS: self.PrepareSIQS;
73 SIQR: self.PrepareSIQR;
74 SIRD: self.PrepareSIRD;
75 MSIR: self.PrepareMSIR;

76 SEIR: self.PrepareSEIR;
77 SEIS: self.PrepareSEIS;

78 MSEIR: self.PrepareMSEIR;

79 end;

80

81 { Fill data to the appropriate axes }

82 case model of

83 SIR: begin

84 for i := 0 to days - 1 do

85 begin

86 self.chtSimulationS.AddXY(t[i], SamplingResult[i][0]); // S
87 self.chtSimulationI.AddXY(t[i], SamplingResult[i][1]); // I
88 self.chtSimulationR.AddXY(t[i], SamplingResult[i][2]); // R
89 end;

90 end;

91

92 SIS: begin

93 for i := 0 to days - 1 do

94 begin

95 self.chtSimulationS.AddXY(t[i], SamplingResult[i][0]); // S
9 self.chtSimulationI.AddXY(t[i], SamplingResult([i][1]); // I
97 end ;

98 end ;

99

100 SIQ, SIQS: begin
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101

102

103

104

105

106

107

108

109

146

156

157

158

159

160

for i :=
begin

self.

self
self
end ;
end ;

SIQR:
for i :=
begin

self.
self.
self.
self.

end;
end;

SIRD:
for i :=
begin

self.
self.
self.
self.

end ;
end;

MSIR:
for i :=
begin

self.
self.
self.
self.

end ;
end ;

SEIR:
for i :=
begin

self.
self.
self.
self.

end ;
end ;

SEIS:
for i :=
begin
self
self
self

end;

end;

MSEIR:
for i :=
begin

0 to days - 1 do

chtSimulationS.AddXY (t[i],
.chtSimulationI.AddXY(t[i],
.chtSimulationQ.AddXY(t[i],

begin

0 to days -

chtSimulationl

begin

0 to days -

chtSimulationl

begin

0 to days -

chtSimulation$S

begin

0 to days -

chtSimulationE

begin

0 to days -

chtSimulationS.
.AddXY (t[i],
chtSimulationQ.
chtSimulationR.

chtSimulationS.
.AddXY (t[i],
chtSimulationR.
chtSimulationD.

chtSimulationM.
.AddXY (t[i],
chtSimulationI.
chtSimulationR.

chtSimulationS.
.AddXY (t[i],
chtSimulationI.
chtSimulationR.

1 do

AddXY (t[i],

AddxY (t[i],
AddXY (£ [i],

1 do

AddXY (t[i],

AddXY (t[i],
AddXY (£ [i],

1 do

AddXY (£ [i],

AddXY (t[i],
AddXY (t[i],

1 do

AddXY (¢ [i],

AddXY (t[i],
AddXY (t[i],

1 do

.chtSimulationS.AddXY(t[i],
.chtSimulationE.AddXY (t[i],
.chtSimulationI.AddXY(t[i],

begin

0 to days - 1 do
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SamplingResult [i][0]) ;
SamplingResult [i][1]);
SamplingResult [i][2]);

SamplingResult [i][0]) ;
SamplingResult [i][1]);
SamplingResult [i][2]);
SamplingResult [i][3]);

SamplingResult [i] [0]) ;
SamplingResult [i][1]);
SamplingResult [i][2]);
SamplingResult [i][3]1);

SamplingResult [i] [0]) ;
SamplingResult [i][1]);
SamplingResult [i][2]) ;
SamplingResult [i][3]1);

SamplingResult [i][0]) ;
SamplingResult [i][1]);
SamplingResult [i][2]);
SamplingResult [i][3]);

SamplingResult [i][0]) ;
SamplingResult [i][1]);
SamplingResult [i] [2]) ;

/7
/7
/7

//
//
//
//

//
//
//
//

//
//
//
//

//
//
//
//

/7
/7
//

o H M@ W»m o H W= O % H W oo H W\ —

=



161 self.chtSimulationM.AddXY(t[i], SamplingResult[i][0]); // M
162 self.chtSimulationS.AddXY(t[i], SamplingResult[i][1]); // S
163 self.chtSimulationE.AddXY(t[i], SamplingResult[i][2]); // E
164 self.chtSimulationI.AddXY(t[i], SamplingResult[i][3]); // I
165 self.chtSimulationR.AddXY(t[i], SamplingResult[i][4]); // R
166 end ;

167 end;

168

169 end ;

170

171 self.chtSimulation.Visible := true;

172 end ;

173

174 procedure TfrmSimulationChart.ClearSimulationChart;

175 var

176 i: Integer;

177 begin

178 for i := 0 to self.chtSimulation.SeriesCount - 1 do

179 begin

180 if self.chtSimulation.Series[i] is TLineSeries then

181 begin

182 (self.chtSimulation.Series[i] as TLineSeries).Clear;

183 (self.chtSimulation.Series[i] as TLineSeries) .Active := False;
184 end ;

185 end ;

186 end ;

187
iss procedure TfrmSimulationChart.FormResize (Sender: TObject);

189 begin

190 self.chtSimulation.Height := self.Height * 97 div 100;
191 self.chtSimulation.Width := self.Width * 99 div 100;
192 end ;

193

194 procedure TfrmSimulationChart.PrepareSIR;

195 begin

19 { Arrange Line Series Color }

197 self.chtSimulationS.SeriesColor := clNavy;
198 self.chtSimulationI.SeriesColor := clMaroon;
199 self.chtSimulationR.SeriesColor := clGreen;

200
201 { Define Line Series Titles 1}

202 self.chtSimulationS.Title := ’Susceptible’;
203 self.chtSimulationI.Title := ’Infected’;
204 self.chtSimulationR.Title := ’Recovered’;

206 { Activate Line Series }

207 self.chtSimulationS.Active := True;
208 self.chtSimulationI.Active := True;
209 self.chtSimulationR.Active := True;
210 end ;

20 procedure TfrmSimulationChart.PrepareSIS;

213 begin

214 { Arrange Line Series Color }

215 self.chtSimulationS.SeriesColor := clNavy;
216 self.chtSimulationI.SeriesColor := clMaroon;
217

218 { Define Line Series Titles }

219 self.chtSimulationS.Title := ’Susceptible’;
220 self.chtSimulationI.Title := ’Infected’;
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{ Activate Line Series }

begin

{ Arrange Line Series Color }
self.chtSimulationS.SeriesColor :=

self.chtSimulationI.SeriesColor
self.chtSimulationQ.SeriesColor

{ Define Line Series Titles 1}

self.chtSimulationS.Title
self.chtSimulationI.Title
self.chtSimulationQ.Title

{ Activate Line Series }

begin

{ Arrange Line Series Color }
self.chtSimulationS.SeriesColor

self.chtSimulationI.SeriesColor :=
self.chtSimulationQ.SeriesColor

{ Define Line Series Titles 1}

self.chtSimulationS.Title
self.chtSimulationI.Title
self.chtSimulationQ.Title

self.chtSimulationS.Active := True;
self.chtSimulationI.Active := True;
end ;
procedure TfrmSimulationChart.PrepareSIQ;

clNavy ;
clMaroon;
TColor ($F59D81) ;

’Susceptible’;
’Infected’;
’Quarantined’;

self.chtSimulationS.Active := True;
self.chtSimulationI.Active := True;
self.chtSimulationQ.Active := True;

end ;

procedure TfrmSimulationChart.PrepareSIQS;

clNavy;
clMaroon;
TColor ($F59D81) ;

’Susceptible’;
’Infected’;
’Quarantined’;

{ Activate Line Series }

self.chtSimulationS.Active := True;
self.chtSimulationI.Active := True;
self.chtSimulationQ.Active := True;

end ;

procedure TfrmSimulationChart.PrepareSIQR;

begin

{ Arrange Line Series Color }

self.
self.
self.
self.

chtSimulationS.SeriesColor
chtSimulationI.SeriesColor
chtSimulationQ.SeriesColor
chtSimulationR.SeriesColor

{ Define Line Series Titles 1}

self.
self
self.
self.

.chtSimulationI.Title

chtSimulationS.Title

chtSimulationQ.Title
chtSimulationR.Title

{ Activate Line Series }

self.chtSimulationS.Active := True;
self.chtSimulationI.Active := True;
self.chtSimulationQ.Active := True;
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281 self.chtSimulationR.Active := True;
282 end ;
283

24 procedure TfrmSimulationChart.PrepareSIRD;

285 begin

286 { Arrange Line Series Color }

287 self.chtSimulationS.SeriesColor := clNavy;
288 self.chtSimulationI.SeriesColor := cl0live;
289 self.chtSimulationR.SeriesColor := clGreen;
290 self.chtSimulationD.SeriesColor := clMaroon;
291

292 { Define Line Series Titles 1}

293 self.chtSimulationS.Title
294 self.chtSimulationI.Title ’Infected’;
295 self.chtSimulationR.Title ’Recovered’;
296 self.chtSimulationD.Title := ’Deceased’;

297

’Susceptible’;

298 { Activate Line Series }

299 self.chtSimulationS.Active := True;
300 self.chtSimulationI.Active := True;
301 self.chtSimulationR.Active := True;
302 self.chtSimulationD.Active := True;
303 end ;

304
305 procedure TfrmSimulationChart.PrepareMSIR;

300 begin

307 { Arrange Line Series Color }

308 self.chtSimulationM.SeriesColor := clFuchsia;
309 self .chtSimulationS.SeriesColor := clNavy;

310 self.chtSimulationI.SeriesColor := cl0live;
311 self.chtSimulationR.SeriesColor := clGreen;

313 { Define Line Series Titles 1}

314 self .chtSimulationM.Title := ’Maternally’ + sLineBreak + ’derived’ +
sLineBreak + ’immunity’;

315 self.chtSimulationS.Title := > ’ + sLineBreak + ’Susceptible’;

316 self.chtSimulationI.Title := ’ ’ + sLineBreak + ’Infected’;

317 self.chtSimulationR.Title := ’ ’ + sLineBreak + ’Recovered’;

319 { Activate Line Series }

320 self.chtSimulationM.Active := True;
321 self.chtSimulationS.Active := True;
322 self.chtSimulationI.Active := True;
323 self.chtSimulationR.Active := True;
324 end ;

326 procedure TfrmSimulationChart.PrepareSEIR;

27 begin

328 { Arrange Line Series Color }

329 self .chtSimulationS.SeriesColor := clNavy;
330 self.chtSimulationE.SeriesColor := cl0live;
331 self.chtSimulationI.SeriesColor := clMaroon;
332 self.chtSimulationR.SeriesColor := clGreen;
334 { Define Line Series Titles 1}

335 self.chtSimulationS.Title := ’Susceptible’;
336 self.chtSimulationE.Title := ’Exposed’;

337 self.chtSimulationI.Title := ’Infected’;

338 self.chtSimulationR.Title := ’Recovered’;
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{ Activate Line Series }

self.chtSimulationS.Active := True;
self.chtSimulationE.Active := True;
self.chtSimulationI.Active := True;
self.chtSimulationR.Active := True;

45 end ;

procedure TfrmSimulationChart.PrepareSEIS;

begin
{ Arrange Line Series Color }
self.chtSimulationS.SeriesColor
self.chtSimulationE.SeriesColor
self.chtSimulationI.SeriesColor

{ Define Line Series Titles 1}
self.chtSimulationS.Title

clNavy;

self.chtSimulationE.Title := ’Exposed’;
self.chtSimulationI.Title := ’Infected’;
{ Activate Line Series }
self.chtSimulationS.Active := True;
self.chtSimulationE.Active := True;
self.chtSimulationI.Active := True;

end ;

procedure TfrmSimulationChart.PrepareMSEIR;

begin
{ Arrange Line Series Color }
self.chtSimulationM.SeriesColor
self.chtSimulationS.SeriesColor
self.chtSimulationE.SeriesColor
self.chtSimulationI.SeriesColor
self.chtSimulationR.SeriesColor

{ Define Line Series Titles 1}

self.chtSimulationM.Title := ’Maternally’

sLineBreak + ’immunity’;

clOlive;
clMaroon;

’Susceptible’;

:= clFuchsia;
:= clNavy;
:= cl0live;
:= clMaroon;
:= clGreen;

+ sLineBreak +

’derived’

self.chtSimulationS.Title := ~’ + sLineBreak + ’Susceptible’;
self.chtSimulationE.Title := ° + sLineBreak + ’Exposed’;
self.chtSimulationI.Title := ° + sLineBreak + ’Infected’;
self.chtSimulationR.Title := + sLineBreak + ’Recovered’;

{ Activate Line Series }

self.chtSimulationM.Active := True;

self.chtSimulationS.Active := True;

self.chtSimulationE.Active := True;

self.chtSimulationI.Active := True;

self.chtSimulationR.Active := True;

end;

procedure TfrmSimulationChart.FormClose(Sender: TObject);

begin
self.ClearSimulationChart;
end;

{$R *.1fm}

end.
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A.6.4 Puduioeig epoapuoyng
unit frmSettings_u;

{$mode objfpc}{$H+}

interface

uses
Classes, SysUtils, Forms, Controls, Graphics, Dialogs, StdCtrls,
fpjson,
{ Utilities }
utlFile_u,
utlConstants_u,
utlValidation_u;

type
{ TfrmSettings }

TfrmSettings = class(TForm)
btnCancel: TButton;
btnApply: TButton;
cbxReSimulate: TCheckBox;
edtReSimulateMinRecoveredNodeCount: TEdit;
1blMinRecoveredSIR: TLabel;
1blSimulation: TLabel;

procedure btnCancelClick (Sender: TObject);
procedure btnApplyClick(Sender: TObject);
procedure cbxReSimulateChange (Sender: TObject) ;
procedure edtReSimulateMinRecoveredNodeCountKeyPress (Sender:
TObject; var Key: char);
procedure FormClose (Sender: TObject);
procedure FormCreate (Sender: TObject);
procedure LoadSettings;
private

public
end ;

var
frmSettings: TfrmSettings;

implementation

procedure TfrmSettings.LoadSettings;

5 var

i, j: Integer;
JsonData: TJSONData;
JsonObject, settings: TJSONObject;
begin
{ Generate default settings if they do not exist }
if not FileExists (SETTINGS_FILE_NAME) then FileHandler.
WriteToJsonFile (SETTINGS_FILE_NAME, GetJSON(DEFAULT_SETTINGS)) ;
{ Load the settings 1}

try
JsonData := FileHandler.LoadJsonFile (SETTINGS_FILE_NAME) ;
JsonObject := TJSONObject (JsonData) ;
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settings := JsonObject.Find (SETTINGS_NAME) as TJSONObject;
for i := 0 to settings.Count - 1 do begin
for j := 0 to self.ComponentCount - 1 do begin
if self.Components[j].name = settings.Names[i] then begin

if self.Components[j] is TCheckBox then (self.Components/[j]
as TCheckbox).Checked := settings.FindPath(TJSONObject (settings).
Names [i]) . AsBoolean

else if self.Components[j] is TEdit then (self.Componentsl[j]

as TEdit) .Text := settings.FindPath(TJSONObject (settings).Names[i]).
AsString;
end ;
end;
end ;
except on E:Exception do begin end;
end ;

7 end;

procedure TfrmSettings.FormCreate(Sender: TObject);
begin

inherited;

self .LoadSettings; // Load Application Settings

if self.cbxReSimulate.Checked then self.

edtReSimulateMinRecoveredNodeCount .Enabled := True

else self.edtReSimulateMinRecoveredNodeCount.Enabled := False;

end ;

procedure TfrmSettings.FormClose(Sender: TObject);

s begin

self .LoadSettings;
inherited;
end ;

;s procedure TfrmSettings.btnCancelClick (Sender: TObject) ;

begin
self .Close;
end ;

; procedure TfrmSettings.btnApplyClick(Sender: TObject);

var
JsonObject, settings: TJSONObject;

begin
{ Load the default settings 1}
JsonObject := TJSONObject (GetJSON(DEFAULT_SETTINGS)) ;

{ Get the new settings }

settings := JsonObject.Find (SETTINGS_NAME) as TJSONObject;

settings.Booleans [RE_SIMULATE_SETTING_NAME] := self.cbxReSimulate.
Checked;

if self.edtReSimulateMinRecoveredNodeCount.Text <> ’’ then settings.
Strings [RE_SIMULATE_MINIMUM_RECOVERED_NODE_COUNT_SETTING_NAME] :=
self.edtReSimulateMinRecoveredNodeCount . Text

else settings.Strings|[
RE_SIMULATE_MINIMUM_RECOVERED_NODE_COUNT_SETTING_NAME] := °0°’;

{ Write the new settings 1}

FileHandler .WriteToJsonFile (SETTINGS_FILE_NAME, TJSONData(JsonObject)

)

self.LoadSettings; // Load Application Settings
end;
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procedure TfrmSettings.cbxReSimulateChange (Sender: TObject);

begin
if self.cbxReSimulate.Checked then begin
self.edtReSimulateMinRecoveredNodeCount .Enabled := True;
end
else self.edtReSimulateMinRecoveredNodeCount.Enabled := False;
3 end ;

s procedure TfrmSettings.edtReSimulateMinRecoveredNodeCountKeyPress (

Sender: TObject; var Key: char
);
begin
ValidateInteger (Sender, Key);
end ;

{$R *.1fm}

3 end.
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