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[epiingm

H napotoa Simhwyatiny epyacio Tapouctdlel tio GUVOTITIXT Xol ONOXANEWUEVT] UEAETT
e anotiunone dxaumudteny tpoaipeons, cuvdudlovtas Yewmpntind Veuéhio, aplduntixég
uedddouC xou eUTELEIXT| AVIAUGCT] BEBOUEVLY. Apyixd, TUPEYETAUL ELCAYWYT OTA YENUATO-
OLXOVOUXS TOEAY WYL, UE EUPACT) CTA DIXOUWUATA TROUPECTS, TOV OLXOVOUXO TOUS PONO
X0l TOL YOQUXTNELO TIXE TWY ATODOCEWDY TOUC. L TT) CUVEYELN, UVUTTUGOETAL TO Lo NUATING
unoBadpo Tou GToYACTIXOY hoYlopoU, Tapouatdleton to unddelypa Black-Scholes-Merton
xou e€etdlovTal emexTdoels OTwe Tar Buadixd BEvBpa, oL UEVOBOL TEMEPUTUEVLY BLopPOpDY
xau ot Tpocopotwoelc Monte Carlo, xodde xou oL evoucinoies twv Sixawudtwy npoaipeong
(Greeks).

ISwaitepn ugaon diveton ot woviehomoinot Tng HETABANTOTNTAC, AVaBELXVIOVTIS TOUG
Teploplouols g undteong otadephc LETUBANTOTNTAC Xt AvUADOVTOG EVOANIXTIXES TIRO-
oeyyloeig, 6mwg To TOTUXE XU GTOY oo TXd Lodelypata. Ta tnv eunepuer alohdynon,
vlomouinxe pla autopoatononuévn dladxacior culhoyhc dedopévev oe Python yua tny
avéxtnon xou enelepyacio SEBOUEVHV HETOXDV XU 0YOR(OY DIXUMOUETWY Tpodipeons, EmL-
TEEMOVTOG TN CUYXELTIXY A€LOAGYNOT) UTOBELYUATWY X0l TNV XATUGKEVY) ETUPAVELDY UTOVO-

oVUEVNG UeTABANTOTNTOG.

Téhoc, avantiyinxe wa epappoyn oe Python/Dash, n omolo napéyet éva dladpoo Ti-
%6 TepBdAlov yia Ty e&epedivnor Sedouévey, TNV OTTIXoToiNoY TNE UeTaBANToTNTAS, TN
peEAETN apuiuntxnic odyxAlong xou Ty omoYodpoUnNon CTRATYIXWY SIXAUWUATWY TEOU-

{peome.

Ltxeic-kleidi : Anotiunon Awowydtwy Ipoaipeone, Xenuatoowovouxd Iopdye-
va, Yroderyuo Black-Scholes-Merton, Y toyactixég Aoyioude, Kivnon Brown, Metof3in-
6Tt Yrovoolpevn Metofintdétnta, Ltoyaotxd YTrodelypata, Monte Carlo Ilpoco-
poldoels, Avoadixd Aévdpa, Ilenepaouéves Awagopéc, Evoanoinotec (Greeks), Apiduntixés
Mévodot, [Tocotxn Xenuatoouxovouxn
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Abstract

This thesis provides a comprehensive study of option pricing, combining theoretical
foundations, numerical methods, and empirical data analysis. It begins with a structured
introduction to financial derivatives, with particular emphasis on options, their economic
role, and their payo [characteristics. Building on this basis, the work develops the
mathematical framework of stochastic calculus, introduces the Black—Scholes—Merton
model, and examines extensions such as binomial trees, finite di Lerknces, and Monte
Carlo simulations, together with the role of option sensitivities (Greeks).

Further emphasis is placed on volatility modeling, addressing the limitations of
constant-volatility assumptions and analyzing alternative approaches such as local,
stochastic, and hybrid volatility models. To support empirical evaluation, a custom data
collection pipeline was implemented in Python, automating the retrieval and processing
of equity and option market data. These datasets enable the benchmarking of pricing
models and the construction of implied volatility surfaces.

Finally, a practical application was developed in Python/Dash, providing an interac-
tive environment for data exploration, volatility visualization, numerical convergence
studies, and backtesting of option strategies. The results highlight both the theoretical
coherence and the practical limitations of classical and modern pricing techniques,
o Lering insights into their applicability across di Lerent market contexts.

Keywords: Option Pricing, Black-Scholes—-Merton Model, Financial Derivatives, Eu-
ropean Options, American Options, Brownian Motion, Stochastic Calculus, Volatility
Modeling, Implied Volatility, Monte Carlo Simulation, Binomial Trees, Finite Di[erence
Methods, Option Greeks, Numerical Methods, Quantitative Finance

Andreas Chantzos

Athens, 2025
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Kef'laio 1

Eisagwgikec 'Ennoiec sta
Par gwga Qrhmatooikonomik™
Prodinta

1.1 Eisagwg

1.1.1 O riloc twn parag,gwn sth sOggronh grhmatooikonomik

H taqOtath an“ptuxh twn grhmatooikonomik,n agor,n éqei enisqOsei ton rilo kai th
shmasPa twn parag,gwn prodintwn stic sOgqgronec kefalaiagoréc. H an“gkh gia apo-
telesmatik diageBrish kindOnwn, h diark ¢ exélixh thc grhmatooikonomik ¢ tegnologbac
kai h poluplokithta twn ependutik n strathgik,n eqoun odhg sei sthn an”ptuxh exei-
dikeuménwn ergalebwn, ta opoPa kajistoOn dunat th diagePrish mellontik .n prosdoki_n
kai thn kefalaiopoPhsh se sOnjetec agorabec katast'seic.

Ta par'gwga prodinta ebnai grhmatooikonomik™ sumbilaia twn opobwn h axba e-
xart'tai api thn tim enic “llou periousiakoO stoigePou (tou legimenou upokePmenou
tbtlou) ipwc metogéc, debktec, epitikia, nomPsmata, emporeOmata omiloga.

1.1.2 Basikec kathgorbec parag,gwn
Oi basikec kathgorbec parag,gwn ebnai:
Forward contracts : Dimer mh tupopoihména sumbilaia me idiwtik sumfwnba.

Futures : Tupopoihmena sumbilaia me diapragm’teush se organwmeénec agorec.

Swaps: Antallagéc grhmatooikonomik,n ro n, sun jwc epitokbwn nomism™twn.

17



18 Kef'laio 1. Eisagwgikéc 'Ennoiec sta Par'gwga Qrhmatooikonomik™ Prodinta

Options : Sumbilaia me asOmmetrec upogre seic.

Shmantik jésh katéqoun ta dikai,mata proabreshc (ptions), ta opoba garakth-
rbzontai api thn asummetrDa upogre,sewn metaxO katiqou kai ekdith. O ktogoc égei
dikabwma (qwrbc upogréwsh) agor’c p.lhshc tou upokebmenou tbtlou se prokajo-
risménh tim (strike price), en, o ekdithc upogreoOtai na antapokrijeD se perbptwsh
“skhshc.

Sta epimena, esti"zoume staoptions, sta basik™ gnwrbsmat” touc kai stouc tripouc
gr shc.



19 Kef'laio 1. Eisagwgikéc 'Ennoiec sta Par"gwga Qrhmatooikonomik™ Prodinta

1.2 Qrsh kai Shmasba twn Parag ,gwn

Ta par'gwga égoun kajierwjeD wc jemeli,dh ergalePa sth sOggronh grhmatooi-
konomik , prosférontac dunatithtec diageBrishc kindOnou, apodotik ¢ timolighshc kai
beltistopobhshc kefalabou. H euelixba touc epitrépei se diaforetikoOc summetégontec
na prosarmizoun thn ékjes touc se krbsimec agorabec metablhtec, ipwc epitikia, su-
nallagmatikéc isotimbec timéc periousiak,n stoigebwn.

Istorik”, h pr,th susthmatik gr sh touc sundéetai me thn agor™ sunall"gmatoc
kai ta epitikia, ipou leitoOrghsan wc mhganismoP prostasPac énanti dusmen n metabo-
I.n. Sth sunégeia, h efarmog touc epekt’jhke se metogéc, debktec, emporeOmata kai
pistwtik” prodinta, dieurOnontac to pedDo gr sewn kai ependutik n strathgik,n.

1.2.0.1 Antistjmish KindOnou ( Hedging )

H antistjmish kindOnou apoteleD mBa api tic shmantikiterec kai pio diadedoménec
gr seic twn parag,gwn. Mésw kat'llhlwn sumbolabwn, ependutéc kai epigeir seic pe-
riorbzoun thn ékjes touc se dusmenebc diakum™nseic tim n, ipwc epitokiakéc metaboléc,
sunallagmatikéc isotimbec, timéc pr.twn ul.n metoqik,n deikt n. Stiqoc den ebnai h
apokimish kerdouc, all” h stajeropobhsh twn tameiak,n ro,n kai h mebwsh thc abe-
baiithtac. An kai h pl rhc ex’leiyh tou kindOnou den ebnai efikt , h orjologik gr sh
parag,gwn mporeb na metri"sei shmantik™ thn ékjesh.

Antist'jmish sunallagmatikoO kindOnou

Mia exagwgik epigebrhsh pou anaménei eisprxeic se dol'ridJSD) kinduneOei api
endegimenh upotbmhsh tou nomPsmatoc énanti tou eur,. H sOnayh projesmiakoO sumbo-
labou sunall"gmatoc (forward FX contract) epitrépei ton kajorismi stajer c isotimbac,
exasfalbzontac probleyimithta stic mellontikéc tameiakéc roéc.

Antist’jmish gartofulakbou metoqg,n

'‘Ena gartoful’kio mporeb na prostateujeb api pt,sh thc agor’c mésw agor’c di-
kaiwm’twn proaPreshc p,lhshc (put options) se eurQ grhmatisthriaki debkth (p.q. S&P
500). Se perbptwsh upog,rhshc twn tim_ n, ta kérdh api ta put options antistajmbzoun
meéroc kai to sOnolo twn apwlei.n tou gartofulakBou, leitourg, ntac we morf asfa-
listik ¢ k"luyhc.
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1.2.0.2 Kerdoskopba (  Speculation )

H kerdoskopik qr sh parag,gwn epitrépei th strathgik topojethsh sthn ago-
r" me stigo thn ekmet’lleush prosdok,menwn metabol ,n stic timéc twn upokebmenwn
stoigebwn. Mesw thc grhmatooikonomik ¢ migleushc pou prosféroun, ta par gwga
mporoOn na apod,soun shmantik™ kérdh me sgetik™ periorisméno arqiki keflaio, all”
sunep”gontai antbstoiga auxhméno ependutiki kbnduno.

Endeiktik qgr sh futures

H topojéthsh se sumbilaia mellontik ¢ ekpl rwshc ( futures) epb petrelabou pa-
régei ékjesh sthn agor™ tou emporeOmatoc qwrbc thn an"gkh katogq ¢ apoj keushc
tou fusikoO prodintoc. H aOxhsh thc tim ¢ mporeD na apoférei dusan’loga kérdh se
sqésh me to ependeduméno kef'laio, en, h antbjeth poreba odhgeb se an’logec zhmbec,
upogrammbzontac ton uyhli kbnduno thc kerdoskopik ¢ gr shc.

Kritik di"stash

H kerdoskopba apoteleb anapispasto stoigebo thc leitourgbac twn agor,n, all” se
uperboliki bajmi mporeb na enisqOsei th metablhtithta kai na sumb’lei sth dhmiourgba
susthmik,n kindOnwn. Endeiktik”, h grhmatopistwtik krBsh tou 2008 anédeixe tic epi-
pt.seic thc ektetaménhc gr shc sOnjetwn parag.gwn pou basbzontan se stegastik™
d"neia gamhl ¢ exasf’lishc ( subprime mortgage$, odhg,ntac se kat'rreush meg~lwn
grhmatopistwtik,n organism.n [ 1].

1.2.0.3 Apotelesmatikithta Qr shc Kefalabou ( Capital E ciency )

'Ena api ta kOria pleonekt mata twn parag,gwn ePnai h dunatithta paroq ¢ oikono-
mik ¢ ékjeshc se éna upokebmeno stoigebo me mikriterh argik kefalaiak desmeush. H
migleush pou enswmat, netai sta sumbilaia epitrépei ton élegqo megalOterwn jésewn,
aux'nontac th dunhtik apidosh an™ mon“da ependeduménou kefalabou. To qarakth-
ristiki auti ta kajist” idiabtera elkustik™ gia jesmikoOc ependutéc kai diageiristéc
gartofulakbwn, all” sunep”getai antbstoiga uyhli ependutiki kbnduno.

Endeiktik gr sh options

H apikthsh ekjeshc se mba metoq mporeb na epiteugjeb ebte mésw apeujebac agor'c
tou tbtlou ePte mésw agor™c dikaiwm™twn proabreshc agor”cd]l options). Sth deOterh
perbptwsh, o ependut ¢ katab’llei mino to asf’listro ( premium), to opobo antiprosw-
peQei kI"'sma thc axDac thc metoq c¢. E™n h tim thc metoq ¢ uperbeb thn tim ex"skhshc
(strike price), h axba touoption aux"netai analogik™ perissitero, prosferontac uyh-
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literh posostiaba apidosh se sqgésh me thn apeujePac katog thc metog c. AntDjeta,
an h tim paramebnei amet’blhth  kinhjeb ptwtik”, to dikabwma mporeb na | xei qwrbc
axba, periorbzontac to apotélesma se pl rh ap,leia tou katablhjentoc asfalbstrou.

1.2.0.4 Timolighsh kai Metafor” KindOnou

Ta par"gwga grhmatooikonomik™ prodinta epitrépoun th metafor™ kai katanom kin-
dOnou metaxO summeteqgintwn me diaforetik™ profbl anoq c. 'Etsi, ependutéc epi-
geir seic mporoOn na periorbsoun thn ékjes touc se kindOnouc ipwc o pistwtikic,

0 sunallagmatikic o epitokiakic, metabib”zont’c touc se “llouc forebc pou ebnai
diatejeiménoi na touc anal’boun énanti apozhmBPwshc. H diadikasba aut enisqQei th
reustithta kai sumb’llei sthn apotelesmatikiterh leitourgba twn agor, n.

Metafor™ pistwtikoO kindOnou mésw CDS

Ta Credit Default Swaps (CDS) grhsimopoioOntai gia thn antistjmish tou kindOnou
ajethshc upoqgre,sewn. Mésw enic tétoiou sumbolabou, 0 agorast ¢ katab’llei eéna
asf’listro kai o ekdithc analamb™nei thn upogréwsh apozhmbwshc se perbptwsh ajéth-
shc plhrwm, n. Me ton tripo auti, o pistwtikic kbndunoc metaféeretai api ton argiki
daneist se trbto méroc, mei nontac thn ékjesh tou pr,tou.

Par"gwga wc mhganismic apok’luyhc tim.n

Péran thc metafor™c kindOnou, ta par"gwga sumb’lloun kai sth diadikasPa anak’lu-
yhc tim.n. H uponooOmenh metablhtithta implied volatility ) pou prokOptei api thn
timolighsh twn options antikatoptrbzei tic prosdokbec thc agor™c gia mellontikéc dia-
kum’nseic kai grhsimopoiebtai euréwc we deBkthc antilambanimenou kindOnou. Sunep,c,
h agor™ parag,gwn leitourgeb igi mino wc mhganismic antist’jmishc kai metafor'c
kindOnou, all” kai we phg plhrofirhshc gia tic mellontikéc t'seic.

1.2.0.5 Armpitrz ( Arbitrage )

To arbitrage sunbstatai sthn tautigronh agor™ kai p,lhsh sugkrbsimwn grhma-
tooikonomik,n meswn me skopi thn ekmet’lleush timologiak,n apokibsewn. Apoteleb
jemeli,dh mhganismi twn agor,n, kaj,c h Oparxh tétoiwn eukairi,n odhgeD se “mesh
prosarmog twn tim n kai enbsqush thc apotelesmatikithtac thc agor™c.

Jewrhtik”, to armpitr"z den enegei kbnduno; sthn pr'xh, imwc, h ulopobhs tou mpo-
reb na ephreasteb api par"gontec ipwc to kistoc sunallag,n, h gronik kajustérhsh
ektéleshc kai h diajesimithta reustithtac.
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Par"deigma armpitr"z me futures

An h tim enic sumbolaboduture se debkth agor'c emfanisteb shmantik™ uyhliterh
api thn antbstoigh tim tou Bdiou tou debkth sthn agor™ metog,n, prokOptei dunatithta
armpitr'’z. Se mia tétoia perbptwsh, o ependut c mporeb na poul sei tuture kai
tautigrona na agor“sei tic metogéc tou debkth. Kaj,c plhsi“zei h | xh tou sumbolabou,
oi dOo timéc tebnoun na sugklPnoun, opite h strathgik apoférei kérdoc anex’rthta
api th mellontik poreba thc agor"c. Me ton tripo auti, to armpitr"z leitourgeb wc
mhganismic exisorriphshc pou periorbzei tic apokiDseic metaxO jewrhtik n kai agorabwn
tim,n.
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1.3 Basikec ennoiec

H katanihsh twn basik ,n paramétrwn pou prosdiorbzoun thn axba enic dikai,matoc
proabreshc ¢ption) apoteleb prodpijesh gia k'je apotimhtiki montelo. Treic ennoiec
idiabterhc shmasbac ebnai h eswterik axba, h qronik axba kaot®yness

1.3.1 Eswterik axba (  intrinsic value )

H eswterik axba enic option anaféretai sthn axba pou ja ebge to dikabwma en
exaskoOntan "mesa, qwrbc na lambnetai upiyh o grinoc pou apoménei mégri th | xh
opoiad pote mellontik abebaiithta. Prikeitai gia th {reustopoi simh} axba tou option
th dedoménh gronik stigm .

Gia éna dikabwma agor cal):
IVcar =max(0;S K) (1.1)

Gia éna dikabwma p,lhshq(t):

IVpu =max(0;K S) (1.2)
‘Opou:

~

S: h treqousa tim tou upokebmenou tbtlou,

K: htim ex"skhshc (strike price).

H eswterik axbBa den mporeb na ebnai arnhtik . An h ex"skhsh ¢qtion den apoferei
keérdoc, tite h IV ePnai mhdenik .

1.3.2 Qronik axba ( time value )

H gronik axba enicoption antikatoptrbzei thn prostijemenh axba péran thc eswte-
rik ¢, h opoba ofebletai:

ston grino pou apomeénei éwc th | xh (time to maturity ),

sth metablhtithta ( volatility ) tou upokeBmenou tbtlou.

Orbzetai wc:
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Time Value = Tim Option Eswterik Axba (1.3)

Kaj,c plhsi"zei h hmeromhnba | xhc, h gronik axba tebnei proc to mhdén (to fai-
nimenotime decay, theta sthn an’lush greeks. Epipléon, iso megalOterh ePnai h
metablhtithta, tiso megalOterh ePnai h pijanithta to  option na brejebin-the-money,
kai sunep,c h tim tou aux"netai ligw thc gronik ¢ axbac.

1.3.3 Moneyness

H énnoia toumoneynessapotup,nei th sgetik jésh thc tim ¢ ex"skhshc K wc proc
thn tréqousa tim thc agor'c S tou upokebmenou tbtlou. Prikeitai gia mba endeixh tou
kat™ pison ja tan kerdofira h ex"skhsh tou option.

Kathgoriopobhsh:
" In the Money (ITM) : To option éqgei jetik eswterik axba.
Call: S>K Put: S<K

" At the Money (ATM) S K. H eswterik axba ebnai mhdenik sqgedin
mhdenik , all” h gronik axba ebnai sun jwc megisth.

" Out of the Money (OTM) : To option egei mhdenik eswterik axba.
Call: S<K Put: S>K

H kathgoriopobhsh enicoption wc ITM , ATM  OTM ephre”zei:

thn pijanithta ex"skhshc ( exercise probability),
thn epilog strathgik ¢ antistjmishc kindOnou (  hedging),

tic prosdokbec touimplied volatility .
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1.4 Qarakthristik”™ twn Dikaiwm™twn Proabreshc

Ta dikai,mata proaPreshc options) apoteloOn par’gwga sumbilaia pou parégoun
ston k'togo to dikabwma agor"c (call) p,lhshc ( put) enic upokeBPmenou tbtlou (p.g.
metog ¢, debkth, nombsmatoc) se prokajorisménh tiratrike price, K). H ex"skhsh
mporeb na gbnetai mino sth | xfE(ropean-style) opoted pote ewc tite ( American-
style).

KOrio qarakthristiki touc ePbnai h asummetrba upogre sewn: o ktogoc apofasbzei
an ja ask sei, en, o ekdithc upogreoOtai na antapokrijeP. Gia thn apikthsh tou di-
kai,matoc, o agorast ¢ katab’llei ston pwiht to premium, to opobo apotup,nei thn
axba tou sumbolabou stic dedoménec sunj kec agor’c.

1.4.1 Par"gontec pou ephre“zoun thn axba enic Option

H agoraba tim enicoption (C gia call, P gia put) den ebnai stajer all” exart'tai
dunamik™ api mia seir” paramétrwn:

Tréqousa tim tou upokePmenou tbtlou (S) Underlying (Spot) Price:
'Oso uyhliterh h tim gia éna call option ( gamhliterh gia put), tiso megalOterh
h pijanithta kérdouc api ex"skhsh.

Tim ex"skhshc (K) Strike Price: Orbzei to shmebo energopobhshc tou di-
kai,matoc. H sgetik jéesh tou S wc proc to K kajorbzei th grhsimithta tou
option.

Upoleipimenoc grinoc méqri th | xh (T) Time to Maturity : Mega-
IOteroc grinoc enisqOei thn pijanithta eunodk ¢ metabol ¢ the tim ¢, aux nontac
thn axba touoption.

" Metablhtithta () Volatility : H prosdok, menh diakOmansh thc tim ¢ tou
upokebmenou tbtlou. Uyhliterh metablhtithta aux"nei thn pijanithta ex"skhshc
kai kat™ sunépeia thn axba towption.

Epitikio gqwrbc kbnduno (r) Risk-Free Interest Rate: Qrhsimopoiebtai gia
thn proexiflhsh thc tim ¢ ex"skhshc. Uyhlitero r tebnei na aux"nei thn axba twn
call options kai na mei,nei twnputs.

Anamenimena merbDsmata Expected Dividends (itan up’rgoun): Ta me-
rBDsmata mei, noun thn tim twrecall options kai aux"noun ekebnh twpouts.

Kajest,c tim ¢ se sqesh me thn ex"skhsh ( Moneyness ): H sgetik
jésh thc tim ¢ tou upokebmenouS) se sgésh me toK. Ta options pou ebnai dh
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in-the-money éqoun megalOterh eswterik axPa se sqésh me aut” pou eBrdhe-
money out-of-the-money.

1.4.2 Asummetrba Apodisewn

H apodotik dom enic option ebPnai endogen,c mh grammik. O Kk'togoc endall
option éqei aperiiristo jewrhtiki kérdoc se perbptwsh éntonhc anodik ¢ kbnhshc tou
upokebmenou tbtlou, me th mégisth zhmba tou na periorbzetai sto katablhjémium.
To antbstrofo isqOei gia put options.

Antijetwe, o pwlht ¢ ( writer) enic option antimetwpbzei éna anestrammeéno profbl
apidoshc: periorisméno kérdoc (topremium) kai dunhtik™ meglec zhmbec, eidik™ sthn
perbptwshuncovered options

Auti to garakthristiki kajist™ ta options idanik™ gia gr sh se strathgikec a-
ntist’jmishc ( hedging), kerdoskopbac paragwg c eisod matoc, analigwc thc jéshc
(long short).
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1.5 Jeseic Agor'c kai P, lhshc se Options

Oi jéseic se dikai,mata proabreshc organ nontai gOrw api dOo basikéc epilogéc:
agor” (long) p.lhsh ( short) enic option. To profbl apidoshc kai kindOnou exart tai
api ton tOpo tou dikai_matoc ( call/ put) kai th j@sh pou epilégetai.

1.5.1 Dikai,mata Agor'c ( Call Options )

‘Enacall option dbnei ston K'toqi tou to dikabwma na agor”sei ton upokebmeno tbtlo
se prokajorisménh tim ex"skhshc (K). O K'togoc call epwfelebtai itan h tim thc
agor’c ( S) uperbabnei testrike (S > K).

Long Call (jésh agor’c)

O ependut ¢ anaménei "nodo thc tim ¢ tou upokebmenou.

Kérdoc: S K premium, anS >K

~

Zhmbgremium, anS K

To kerdoc ebnai jewrhtik™ aperiiristo, en, h mégisth zhmba periorbzetai stgre-
mium.

Short Call + oudéterh/ptwtik prosdokba

Kérdoc: to asf’listro ( premium).

Zhmba: jewrhtik™ aperiiristh (an S auxhjeb shmantik”™).

H jésh ebnai uyhloO kindOnou, idbwc itan den kalOptetai api katoq tou upokePmenou
(uncovered cal).

Par'deigma  Long Call
Tim upokebmenhc metoq$,] 100

Strike (K) 105
Premium 3
Tim sth Ixh ( St) 115

'Ekbash: Mikti kerdoc 115 105 = 10. Kajari kérdoc 10 3 = 7.
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1.5.1.1 Dikai,mata P, lhshc ( Put Options )

'Enaput option dbnei ston ktoqo to dikabwma na poul sei ton upokebmeno tbtlo sthn
tim ex"skhshc (K). H jésh ebnai epwfel ¢ itan h tim thc agor"c upogwreb K'tw api
to K (S <K).
Long Put (jésh agoric)

O ependut ¢ prosdok™ pt,sh thc tim ¢ tou upokebmenou.

Kérdoc: K S premium, anS <K

Zhmbagoremium, anS K

To mégisto kérdoc ebnai periorismeno (ita® ! 0), en, h megisth zhmba ebnai to
premium.

Short Put  (jésh p,lhshc)

O writer tou put anameénei iti h tim ja diathrhjeb ja anébei.

Kérdoc: premium

© ZhmbaK S premium, anS <K

O pwiht ¢ upogreoOtai na agor’sei ton tbtlo se K, akimh ki an h agor® égei
upogwr sei shmantik™ ¢ ekjétont™c ton se dunhtik™ shmantik zhmba.

Par"deigma  Long Put

Tim upokebmenhc metoq$j 100

Strike (K) 95
Premium 2
Tim sth Ixh ( St) 85

'Ekbash:; Mikti kérdoc 95 85 = 10. Kajari kérdoc 10 2 = 8.

1.5.2 SOnoyh Apodisewn Basik,n Jésewn

Oi tesseric jemeli,deic strathgikec se grhmatooikonomik™ dikai,mata proabreshc
e Long Call, Short Call, Long Put, Short Pute parousi"zoun diaforetik™ profbl
kindOnou kai apidoshc, ta opoPa sunoybzontai arijmhtik™ ston PPnaka 1.1 kai grafik®
sto Sq ma 1.1.
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Jesh Megisto Kerdoc Megisth Zhmba Shmebo Isoskelishc ( Breakeven )
Long Call +1 premium K + premium
Short Call premium +1 K + premium
Long Put K premium premium K premium
Short Put premium K premium K premium

PPnakac 1.1: SOnoyh qgarakthristik,n apidoshc gia basikéc jéseic seoptions

Sqg ma 1.1: KampOlec apidoshc gia tic basikéc jéseic seoptions: Long/Short Call,
Long/Short Put . O “xonac S debqgnei thn tim tou upokeBmenou tbtlou kai o katakirufoc

thn kajar apidosh.

Epis mansh: Pabgnio MhdenikoO AjroBsmatoc

H diapragm’teush dikaiwm“twn proabreshc égei mhdenikoO ajrobsmatoc garakt ra,
kaj,c to kérdoc tou enic antisumballomeénou isoOtai me thn ap, leia tou “llou:

Kérdh Katigou Option = Zhmbec EkdithWriter ):

H idiithta aut upogrammbzei iti ta options den dhmiourgoOn kajar axPa sto sOsth-
ma, all” anadianémoun keérdh kai zhmbec metaxO twn summeteqintwn, gegonic pou kajist”
krBsimh th susthmatik diageBrish kindOnou.
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1.6 Diaforéc metaxO American kai European Options

Mba basik taxinimhsh twn dikaiwm™wn proabreshc afor” to groniki plabsio e-
x"skhshc. Ta European-style optionsaskoOntai apokleistik™ sth | xh, en, ta ~ American-
style mporoOn na askhjoOn opoted pote éwc tite. H euelixDa thc priwrhc ex skhshc
prosdbdei prisjeth axba sta American kai kajist™ thn apotbmhs touc pio apaithtik
se sgésh me taEuropean, gia ta opobPa sugn” up’rgqoun analutikéc I0seic.

PPnakac Sunoptik ¢ SOgkrishc

Qarakthristiki EurwpadkoO tOpou AmerikanikoO tOpou
Ex"skhsh Mino sth | xh Opoted pote ewc th | xh
Analutikéc meéjodoi Arljmht!kec mejod0|
Apotbmhsh ( Black Scholes) (binomial,
P-Q. Finite Di erences)
Dunatithta priwrhc 'Oqi Nai
ex"skhshc
(upi D dé)ézin' kec) P ntote tou P ntote tou
P ) amerikanikoO tOpou eurwpadkoO tOpou
DuskaDa A Sqetik™ apl Auxhmenh (ligw epipléon
upologismoO .
eleujerbac)

PPnakac 1.2: SOgkrish Eurwpadk_ n kai Amerikanik, @ptions

Praktik Shmasba

H dunatithta priwrhc ex"skhshc sta  American options epib’llei thn efarmog
arijmhtik,n mejidwn, ipwc:
" Déntra duadik ¢ an"lushc (Binomial Trees) gia proseggistik apotbmhsh
se diakriti grino,

Mejodoi peperasmeénwn diafor,n (Finite Dierences) gia epblush thc
antbstoighc diaforik ¢ exDswshc,

Prosomoi,seic Monte Carlo me Longsta Schwartz gia sOnjetec

path-dependent peript,seic.

AntDjeta, ta European options mporoOn sugn” na apotimhjoOn me analutikéc IOseic,
ipwc to upideigma Black Scholes Merton .
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Endeiktik Efarmog

'Ena American call se metoq pou anamenetai na katab’lei mérisma mporeb na askh-
jeb priwra, ste o k'togoc na apokt sei to dikabwma sto mérisma. Sthn perbptwsh
antbstoigou European call h ex"skhsh ebnai dunat mino sth | xh, akimh ki an aut
épetai thc hmeromhnbac apokopex{dividend date).






Kef'laio 2

Montela Apotbmhshc
Dikaiwm™twn Proabreshc

To parin kef'laio eis"gei ta kOria majhmatik” ergaleDa pou grhsimopoioOntai sthn a-
potbmhsh grhmatooikonomik,n dikaiwm™wn proabreshc. Xekin™ me tic basikec énnoiec
tou stogastikoO logismoQ, ipwc h kbnhshBrown kai oi stogastikéc diaforikéc exi-
s,seic, kai sunegbzei me jemeli,dh apotelésmata ipwc o tOpoc toutd kai h allag
meétrou mesw tou jewr matoc Girsanov. AkoloujeD h parousbash tou upodebgmatoc
Black Scholes Merton , kaj,c kai arijmhtikéc kai stoqastikeéc méjodoi apotbmhshc, en,
exet'zontai epbshc kai taGreeks

33
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2.1 Stogastikic Logismic kai Kbnhsh Brown

O stogastikic logismic apoteleP epéktash tou klasikoO diaforikoO logismoO gia
thn perigraf exeliktik,n fainomenwn pou perieqoun eggen abebaiithta. H basik idea
ebnai h eisagwg tugabwn stoigebwn (ipwc h kbrrstiwn) sto montélo dunamik ¢ enic
sust matoc. H an”ptuxh tou stogastikoO logismoO api ton Kiyoshi Itd apotélese
orishmo sthn an’lush grhmatooikonomik,n agor,n, epitrepontac thn kataskeu reali-
stik,n majhmatik,n upodeigm™wn gia tic timéc grhmatooikonomik,n prodintwn.

2.1.1 Tupik KBnhsh Brown (Wiener Process )

H Tupik KBbnhsh Brown Wiener Process ebnai mia jemeli,dhc énnoia thc stoga-
stik ¢ an”lushc kai thc majhmatik ¢ grhmatooikonomik c. Eis gjh api ton  Norbert
Wiener stic argéc tou 2000 ai,na kai grhsimopoiebtai euréwc gia th montelopobhsh thc
tugabac metabol ¢ grhmatooikonomik,n metablht n, ipwc oi timéc metog,n oi sunal-
lagmatikéc isotimbec.

Orismic

H tupik kBnhsh Brown ebnai mia stoqastik diadikasbaW;g; o, h opoba ikanopoieb
tic akiloujec idiithtec:

1. Argik Tim: Wy = 0 sgedin bebaia @lmost surely).

2. Kanonik Katanom AOxhshc: GiakKje 0 s<t, hmetabol W; W;s
akoloujeb kanonik katanom :

W Ws N (0;t )

3. Anexarthsba AOxhshc: Gia diadoqik™ gronik™ diast mata gwrbc epik’luyh, oi
aux seic ebnai anex’rthtec. Dhlad , anO<tg<t; < <t, tite ol metaboléc:

th Wto; Wt2 th; il th th 1
ebnai anex’rthtec tugabec metablhtéc.
4. Sgedin Bébaih Sunégeia: Oi diadromeéc thc diadikasbac ebnai suneqebc me

pijanithta 1, dhlad :

P(W; ebnai suneqc giailatat 0)=1



35 Kef'laio 2. Montéla Apotbmhshc Dikaiwmtwn Proabreshc

Wstiso, oi diadroméc den ebnai diaforbsimec se kanéna shmebo tou grinou ¢ K'ti
pou antanakl” th fusik™ akaninisth sumperifor™ twn tim n sthn agor”.

Idiithtec kai Riloc sth Qrhmatooikonomik

~

H kbnhsBrown ebnain“rtingkedl (martingale), dhlad :
E[WijFs]= Ws; gias<t

ipou Fs ebnai h plhroforba diajésimh éwc th gronik stigm s. H idiithta aut
ekfrzei iti, upi to kat'llhlo pijanotiki meétro, h kalOterh pribleyh gia th
mellontik tim thc diadikasbac ebnai h tréqousa tim  den up“rgei susthmatik
t"sh anidou kajidou.

'Eqgei stajer kai anex’rthth metablhtithta kai den enswmat nei t"seic proti-
m seic.

Sth montelopobhsh grhmatooikonomik,n parag,gwn, leitourgeD wc h stogastik
sunist,sa se montela apotbmhshc ipwc toBlack-Scholes-Merton

Sthn prixh, apoteleb th b“sh gia to leuki jirubo se stoqastikéc diaforikéc
exis,seic (bl. epimenh enithta).

2.1.2 Stoqastikec Diaforikec Exis,seic ( SDESs)

Oi Stogastikéc Diaforikéc Exis,seic  (Stochastic Di erential Equations SDES)
apoteloOn éna api ta shmantikitera ergalePa tou stogastikoO logismoO, kaj.c e-
pitrépoun th montelopobhsh exeliktik,n fainoménwn ta opoba ephre“zontai tiso api
probléyimec (deterministic) iso kai api apribleptec ( stochastic) sunist, sec.

Se antbjesh me tic klasikec diaforikéc exis,seic, oi opobec perigr-foun th dunami-
k enic sust matoc mésw nteterministik.n rujm_n metabol ¢, oi SDEsenswmat noun
abebaiithta sto montelo, epitrepontac étsi pio realistikéc anaparast™seic fainoménwn,
ipwc h sumperifor™ thc agor’c oi diakum™nseic epitokBwn.

Genik Morf SDE

H genik morf miac SDE ebnai:

dX; = (t;Xt) dt + (t;Xt) dwW; (21)

ipou:
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Xt: h stoqastik diadikasPa (p.g. tim metoq c, epitikio),

(t;X1): h sun“rthsh parasurmoO (drift), h opoba perigrifei thn aname-
nimenh kateOjunsh t'sh thc metablht c,

" (t;X4¢): hsun’rthsh di"qushc (di usion ), h opoba perigrifei to mégejoc
thc stogastik ¢ diakOmanshc,

dW;: éna stoigebo thc tupik ¢ kbnhshBrown (Wiener process3, to opobo eis"gei
tugaiithta.

Sth grhmatooikonomik , oi SDEs grhsimopoioOntai euréwc gia thn perigraf thc
exelixhc twn tim, n periousiak,n stoigeBwn, ipwc:

Sto Black-Scholes modelh tim miac metoq cS; akoloujeb miaSDE me stajeri
drift kai stajeri di usion :

dSi = Sidt+ SdW,

ipou ebnai 0 anamenimenoc rujmic apidoshc kah metablhtithta.

Ermhneba twn 'Orwn

O diaforikic iroc  dX; se miaSDE perigr-fei th sunolik metabol thc stogasti-
k ¢ diadikasPacX; kat™ th di'rkeia enic apeirost™ mikroO gronikoO diast matoc dt.
Apotelebtai api dOo kOriec sunist,sec:

Nteterministik sunist,sa . (t;X¢) dt, h opoba ekfr'zei th mesh proble-
pimenh metabol ¢ pabzei rilo parimoio me to f (t;x) se ODEs.

Stogastik sunist,sa : (t; Xt) dW;, h opoba enswmat, nei ton jirubo pou
prokOptei api thn abebaiithta thc agor’c. O iroc dW; den ePnai diaforbsimoc
kat™ th sumbatik énnoia, all" jewrebtai méesa api th jewrba twn stogastik,n
oloklhrwm™twn.

H stogastik fOsh thc dW; éqgei th sunépeia iti oi diadroméc touX; ePnai sqgedin
bébaia sunegebc all” mh diaforbsimec « gqarakthristiki pou antanakl!” thn ast’jeia kai
thn tuqaiithta twn tim_n sthn agor”.

Méjodoi Epblushc SDEs

Sthn pleioyhfba twn peript,sewn, oi SDEs den epilQontai analutik™. Ant autoQ,
grhsimopoioOntai arijmhtikéc meéjodoi gia thn prosomoPwsh diadrom n thc diadikasPac
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Xt.

Meéjodoc  Euler Maruyama

H pio apl kai diadedoménh meéjodoc arijmhtik ¢ proséggishc twnSDEs ebnai fEu-
ler Maruyama , stogastiki an"logo thc mejidou  Euler gia ODEs.

Dedomenou b matoc grinou t, h proséggish gr-fetai:

Xz 1= X¢+ (t,Xt) t+ (t,Xt) Wi (22)

‘Opou:

" W; N (0; t): kanonik tugaba metablht ,

t: to b ma metaxO diadogik,n gronik.n shmebwn.

H mejodoc epitrépei thnprosomobwsh proseggistik,n diadrom.n thc stogastik ¢
diadikasbad, kai ebnai jemeli,dhc giaMonte Carlo efarmogéc sthn apotbmhsh para-

g.gwn.

Pleonekt mata:

~ EOkolh sthn ulopobhsh,
Apotelesmatik gia mikr” b mata t,

Kat'llhlh gia meg lhc kibmakac upologistikec proseggbseic.

Meionekt mata:

Isqur t'xh sOgklishc 0:5 « apaiteD polO mikr™ b mata gia kal akrDbeia,

~

'Oqi kat’llhih gia "kamptec éntona mh grammikéc SDEs.
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2.2 TOpoc tou Itd

O TOpoc toultd epitrépei ton upologismi tou diaforikoQ miac sun’rthshc pou e-
xart'tai tiso api ton grino iso kai api mia stoqastik diadikasba, ipwc h kbnhsh
Brown.

Apoteleb ousiastik™ th stogastik ekdoq tou klasikoO kanina thc alusBdac ( chain
rule) gia sunart seic poll,n metablht.n, lamb“nontac upiyh tic idiaiterithtec twn
stoqastik, n diadikasi,n me sunegebc all” mh diaforbsimec trogiéc.

Prodpojéseic kai DiatOpwsh

'Estw mia stogastik diadikasba X; pou ikanopoieb th dunamik :

‘Opou:

® (t;X¢): h sun“rthsh parasurmoQ (drift),
" (t;X¢): hsun’rthsh diaspor’c metablhtithtac ( volatility ),

~

W;: h tupik kBnhshBrown (Wiener proces3.

'Estw t,ra mia sun’rthsh f (t; X{), h opoba ebnai:

- dOo foréc suneq,c paragwgbsimh wc proc (dhlad C? sto x), - mPa for” suneq,c
paragwgbsimh wc prot (dhlad C*! sto t).

Tite o tOpoc tou Ité dbnei:

&

) _ Of _ @f 1, ) @f
cr (t1Xt) - @t+ (tlxt) @X+ 2 (tlxt) @% dt+ (t,Xt) @det (24)
Ermhneba twn 'Orwn
O pr.toc iroc entic parenjésewc anaparist” to  aitiokratiki ( deterministic)

meéroc thc parag,gishc: exart™tai api ton qrino, to  drift kai tic pr,tec kai
deOterec parag,gouc thcf .

Oiroc % 2 % ebndiajar” stogastik ¢ proéleushc , kai den emfanbzetai

ston klasiki kanina thc alusbdac.
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O teleutaboc iroc %dwt ekfr'zei th stogastik sunist,sa, dhlad th sumbol
tou stogastikoO oloklhr,matoc mésw tou dW;.

H eidopoiic diafor” se sgesh me ton klasiki diaforiki logismi égkeitai sthn pa-
rousPa tou deQterou parag,gou irou. Auti sumbabnei epeid sto stogastiki logismi:

(dW;)? = dt (2.5)

dhlad , h diaforik tou stogastikoO irou  Brownian motion éqei tetragwnik su-
neisfor™ pr.thc t"™xhc, se antDjesh me ton klasiki logismi, ipou jewroOme  (dt)?> 0.

Autic o \an,maloc" garakt rac tou dW; odhgeb sthn tropopobhsh tou kanina thc
alusbdac * kai sunep_c sthn an"gkh tou tOpou tou Itd.

2.2.1 Par'deigma Efarmog c: Gewmetrik Kbnhsh Brown (Geo-
metric Brownian Motion )

'Ena api ta pio diadedoména upodebgmata gia th stogastik sumperifor™ twn tim n
metoq,n ePnai Bewmetrik Kbnhsh Brown (Geometric Brownian Motion GBM ).
H dunamik thc tim ¢ miac metoq &; perigr-fetai api thn ex c stoqastik diaforik
exbswsh:

dSi = Sidt+ SdW; (26)
‘Opou:

~

: to anamenimeno pososti apidoshc {rift ),

~

: h metablhtithta thc tim c ( volatility ),

~

W;: h tugaba kbnhdBrown (Wiener process.

Logrijmoc thc Tim ¢ Efarmog tou TOpou Ité

Gia na melet soume th sumperifor” thc S;, efarmizoume ton tOpo toultd sth su-
n'rthsh f (S) =In S;. Jumbzoume iti gid (S¢) = In S;, éqoume:

@f 1 @&f 1
@s s @8 s?

Epomeénwc, efarmizontac ton tOpo toutd sthn f (S;):
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1
dinS; = 5 St 5 2 252 o|t+§ S ¢ dW, (2.7)
1
= > 2 di+ dw, (2.8)
Oloklhr,nontac api 0 éwct:
1 2
INS; =In Sy + > t+ W (2.9)
Ara:
1 2
St = So exp > t+ W (2.10)

Logarijmik™ Kanonik Katanom

Api thn parap™nw sgésh prokOptei iti 0 In S; akoloujeD kanonik katanom me:

E[InS]=In So+ % 2t VarlnS]= %
Sunep,c, h bdia Is; akoloujeb logarijmik™ kanonik katanom (lognormal

distribution ). Ta basik™ garakthristik™ thc ebnai:

H katanom ePnai asOmmetrh, me dexi” our”.
Oi timéc thc S; ebnai p'nta jetikec G > 0).

~ Up“rgei mh mhdenik pijanithta gia akrabec aux seic « sumbati me tic idiithtec

twn tim,n metoq,n.

H an"ptuxh tou logismoO It6 kai h katanihsh twn idiot twn twn stogastik,n e-
xis,sewn pou basbzontai sthn kbnhsiBrown apoteloOn th b’sh gia thn kataskeu
upodeigm’twn apotbmhshc grhmatooikonomik, n parag,gwn.
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Sg ma 2.1: Tupik katanom logarijmik™ kanonik ¢ metablhtc S
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2.3 To Je,rhma tou Girsanov kai h Allag Pijano-
tikoO Métrou

H apotbmhsh grhmatooikonomik,n parag,gwn basbzetai se jewrhtik™ ergalebBa pou
epitrépoun ton kajorismi tim,n me tripo sunep proc thn apousba eukairi,n arbitrage.
Kentrik idéa se auti to plabsio ebnai h gr sh enic oudéterou wc proc ton kbn-
duno métrou Q, sto opoPo oi anamenimenec apodiseic twn tbtiwn isoOntai me to
epitikio qwrbc kBnduno kai oi timéc touc prokOptoun wc proexoflhménec anamenimenec
timéc. H met’bash api to fusiki métro P sto meétro Q perigr-fetai majhmatik™ mésw
tou Jewr matoc tou Girsanov .

2.3.1 Kbnhtro gia Allag Métrou

Sto fusiki metro P, h stogastik exelixh twn grhmatooikonomik,n megej,n anti-
katoptrbzei thn pragmatik (statistical) sumperifor” thc agor"c, perilamb™nontac to
prim kindOnoumarket price of risk) pou apaitoOn oi ependutéc. Wstiso, sthn apotbmhsh
parag,gwn mac endiaférei okajorismic dbkaihc tim ¢ b"sei apousbaa@rbitrage,
k'ti pou isqOei upi to métro Q, ipou oi anamenimenec apodiseic isoOntai me

2.3.2 DiatOpwsh tou Jewr matoc

'Estw pijani gwrDo ( ;F;P) me tupik kBPnhsBrown W; upi to P. JewroOme th
diadikasba

dX{= dt+ dW;: (2.11)
To Je,rhma tou Girsanov leei iti up’rgei métro Q, isodOnamo me B, tétoio
,ste

dX{=rdt+ dwW (2.12)
ipou zZ,

W;: = Wi + sds (2.13)

0
ebnai tupik kbnhsBrown upi Q kai

t = (2.14)
ePnai tim tou kindOnou agor’c (market price of risk).
H puknithta sto qroniki orbzonta T dbnetai api
z z !
dQ  _ T 1T 2 .
P exp . sdWs 3 , ds : (2.15)
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2.3.3 Efarmog sthn Apotbmhsh Parag,gwn
Sto upideigma Black Scholes, upi P:
dS; = Stdt+ S dWq:
Upi Q (me allag métrou kat™ Girsanov):
dS; = rSidt+ S dWy:
H tim parag,gou me katabol H(St) ebnai

h i
Vi = EQRe "M DH(Sr) Fy

2.3.4 Ennoiologik Shmebwsh: To Métro Allag ¢ kai to

(2.16)

(2.17)

(2.18)

BSM

Toje,rhmatou Girsanov apoteleb to jewrhtiki upibajro thc oudéterhc wc proc ton
kbnduno proseggishc, h opoba ebnai o pur nac tou upodebgBiatkcScholes Merton .
Mésw aut ¢ thc allag ¢, ta par'gwga mporoOn na apotimhjoOn wc proexoflhménec
anamenimenec timec ¢ apallagménec api thn abebaiithta twn prosdok, menwn apodise-

wn.

To BSM montélo, pou parousi“zetai sto epimeno kef'laio, basbzetai pl rwec sthn

upijesh aut c thc allag ¢ métrou.
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2.4 Upideigma Black Scholes Merton (BSM)

To upideigmaBlack Scholes Merton (BSM) , pou eis gjh to 1973 api touc Fischer
Black, Myron Scholeskai Robert Merton, apoteleb ton jemelio IDjo thc sOggronhc
jewrbac apotbmhshc grhmatooikonomik n parag,gwa]] [3]. Gia pr.th for" parebge
mia analutik kai majhmatik™ austhr proseggish gia thn apotbmhsh eurwpadk,n
dikaiwm™twn proabreshc , basisménh se stoqastikéc diergasbec kai sthn énnoia
twn anaparag,gimwn gartofulakbwn (replicating portfolios).

Par” tic aplousteutikec tou upojéseic, to BSM éqei odhg sei se plhj,ra jewrhti-
k.n kai praktik,n epekt’sewn kai paraménei basiki ergalebo sthn oikonomik an’lush.

2.4.1 Jemeli,deic Upojéseic tou Montelou

Gia na katal xei se kleist majhmatik morf, to upideigma BSM sthrbzetai se
orismeneddanikéc upojéseic

1. Kbnhsh thc Tim ¢ tou Upokebmenou ( S):
H tim S akoloujeb gewmetrik Brownian kbnhsh GBM):

dS= Sdt + SdW;

ipou ebnai o rujmic apidoshc, h metablhtithta kai W; Brownian motion.

2. Apousba kistouc sunallag,n firwn .
H agor” jewrebtai pl rwc apodotik kai frictionless.

3. Stajeri epitikio qwrbc kbnduno ( r):
To epitikio ebnai gnwsti kai stajeri kat”™ th di“rkeia zw ¢ tou option.

4. Apousba eukairi,n arbitrage :
Den up’rgei dunatithta exasf’lishc kerdouc qwrbc rbsko.

5. Sunéqgeia tim,n kai reustithta
Oi tbtloi diapragmateQontai suneq,c kai gwrbc periorismoOc posithtac.

6. EurwpadkoO tOpou sumbilaia
‘Askhsh tou option gbnetai mino sth | xh.

7. Stajer metablhtithta
H diakOmansh twn apodisewn tou upokePmenou den metab’lletai me ton grino.
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2.4.2 Majhmatik DiatOpwsh Kleist Morf Timolighshc

Sto plabsio tou montelou Black Scholes Merton, h tim enic eurwpadkoO grhmato-
oikonomikoO parag,gowV (S;t), me upokeDmeno tbtlo tinSdai grino t, ikanopoied thn
akiloujh merik diaforik exbswsh:

@v 1 282@v

@V _
@t > @3 rS@S rvV =0

H parap’nw PDE ebnai to shmebo ekkbnhshc; to pl @erivation dbnetai améswc
parak’tw mesw delta-hedging

Antist'jmish KindOnou ( Delta-Hedging )

Exet"zoume to gartoful"kio

@V

= V(S;t) S; @s

,ste na ebnai oudétero se mikréc metaboléc thc tim$.

Me efarmog tou tOpou tou Ité sth V(S;t) prok@ptei:

@V, | ,.,@V @V,
dv= —+ 325 S— dt+ S — dWq:
@ 2 @8 “@s ' ~@s
H metabol tou gartofulakbou ebnai
@V 12 2@V
= V = 5 t:
d=d dS @t 5 °S @s d

AfoO to gartoful’kio den periéqgei kBnduno, h apidos tou prépei na isoOtai me :

d= r(v S)dt

Exis,nontac touc irouc kai antikajist,ntac th , katal goume sth merik diafo-
rik exbswsh

@V, |, 2@V @V _n.
6t+2 S @S S@S rvV =0;

dhlad thn exbswshBlack Scholes.
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2.4.3 Analutik EpPlush thc Exbswshc Black Scholes

H exPswsHBlack Scholes ePnai mia parabolik merik diaforik exDswshRDE) dOo
metablht.n, h opoPa perigrfei thn exélixh thc tim ¢ enic eurwpadkoO grhmatooikono-
mikoO parag.gouV (S;t) wc proc ton grino kai thn tim tou upokePmenou tbtlows.
H epPlush thc exbswshc gbnetai sun jwc me for” proc ta pbsw ston grino (dhlad a-
pi th | xh proc to parin), grhsimopoi ,ntac wc argik sunj kh th gnwst tim tou
parag,gou sth | xh tou sumbolabou.

Oriak Sunj kh ( Terminal Condition )
H tim tou parag,gou th gronik stigm thclxhc T ebnai gnwst kai prosdiorbzetai
api to payo thc jéshc:
Call option: V(S;T)=max(S K; 0)
" Put option: V(S;T)=max(K S;0)

Autéc oi sunj kec leitourgoOn wc argik tim gia thn epPlush thc exDswshc proc ta
pBsw ston grino.

Allag Metablht,n ( Log-Transformation )

H exbswsHBlack Scholes ebnai pio eOkola epilOsimh an metasghmatisteb se gnwst
morf . Auti epitugg netai me kat'llhih allag metablht, n:

S
=T t x=In rak ulx; )=e** V(S;t)

Oi stajeréc  kai epilegontai etsi ,ste h exbswsh na aplopoiebtai. Me kat'llhlh
epilog aut,n, h exbswsh Black Scholes metasghmatbzetai se mia morf isodOnamh me
thn klasik exbswsh jermithtac:

au 1,6

@ 2 @%

H parap’nw exbswsh ebPnai gnwst sth fusik kai ta majhmatik™, kai diajétei kajie-
rwmeénec tegnikéc epblushc.

Genik LOsh thc ExPswshc Jermithtac

H exDBswsh jermithtac epilOetai mésw thc sungélixhc the argik ¢ sunj khc f (y) me
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ton pur na thc kanonik ¢ katanom c:

Zl
wm)=]_uweu y; )dy

ipou:

1 x?
G(x; )= pZ:exp >

ebnai o pur nac thc exbswshc jermithtacGaussian kerne), dhlad h puknithta thc
kanonik ¢ katanom ¢ me meso mhdén kai diaspor”™ Ermhneutik™, h tim u(x; ) anti-
stoigeP sto anamenimeno apotélesma tou argikdQy), efison h metablht x akoloujeP
kanonik diaspor” api to shmeboy met™ api grino

H gr sh thc sunélixhc epitrépei thn analutik epBlush thc exbswshc qwrbc arijmh-
tikéc mejidouc.

Efarmog : Timolighsh EurwpadkoO Call Option

Gia to eurwpadkicall option, h oriak sunj kh sto grino | xhc ebnai:

f(St)=max(Sy K;0)

Met™ thn allag metablht,n, to antbstoiqo  f (y) sth logarijmik klDmaka gbnetai:

f(y)=max(e 1,0)
H 10sh thc exbBswshc jermithtac dbnetai api:

Z, !
u(x; )= (¢ 1)91:exp (x_¥) dy
In(1) 2 2

Auti to olokl rwma, an kai den epilOetai stoigeiwd c, metatrépetai se ékfrash pou
perilamb™nei th swreutik sun’rthsh kanonik ¢ katanom ¢ N (). Epistrefontac stic
argikec metablhtéc, katal goume sthn telik morf thc tim c:

C=SN(d) Ke "N(dy)

ipou:
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In(S=K)+ r+31 2T p_
dy = pf ; dy=d; T

Oi par"metroi ermhneOontai wc:

S: h tréegousa tim tou upokebmenou tbtlou.
K: htim ex"skhshc tou dikai,matoc ( strike price).
T: o upoleipimenoc grinoc meqri th | xh.
r: to epitikio qwrbc kbnduno.
: h metablhtithta thc tim c tou tbtlou.

N (): h ajroistik sun’rthsh kanonik ¢ katanom c.

Oikonomik Ermhneba:

H posithta N (d1) mporeb na jewrhjeb supi kat'llhlec upojéseice wc h pijanith-
ta (upi to oudétero wc proc ton kbnduno metro) iti to option ja askhjeb. Antbstoiqga, h
N (dy) antistoigeDb sthn pijanithta to upokeBDmeno na brbsketai p'nw api t&K kat” th
| xh, lamb“nontac upiyh th metablhtithta kai to proexoflhtiki epitikio.

H morf thc exbswshc epitrépei ton "meso upologismi thc jewrhtik ¢ tim ¢ tou
option, dedoménwn twn parameéetrwn thc agor™c, kai apoteleb th b"sh gia pl joc epe-
kt"sewn kai proseggPsewn se pio polOplokec peript,seic.

LOsh gia Eurwpadki Put Option
Antbstoiga, h kleist morf gia thn tim enic eurwpadkoO dikai,matoc p lhshc ( put
option) ebnai:
P=Ke "N( d) SN( di)

H 10sh aut prokOptei api thn epPlush thc exDswshdlack Scholes me tic kat'llhlec
sunoriakéc sunj kec gia put, akolouj,ntac thn Bdia diadikasba me taall.

Enallaktik™, h tim tou put mporeb na exagjeb mésw thc sgéshc isotinpDacall
parity :

C P=S Ke T
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H parap™nw sqgésh diasfalbzei thn timologiak sunépeia metaxO tweall kai put op-
tions upi thn upijesh apousbac arbitrage, kai mporeb na grhsimopoihjeb gia upologismi
thc miac tim c api thn “llh.

2.4.4 Parathr seic, Pleonekt mata kai Periorismob tou Upo-
debgmatoc BSM

To upideigmaBlack Scholes Merton (BSM) apoteleb mia api tic shmantikiterec je-
wrhtikéc exelbxeic ston g,ro twn grhmatooikonomik, n parag,gwn. H suneisfor” tou
ebnai ditt, kaj,c sundu“zei majhmatik komyithta mepraktik grhsimith-
ta , en, parillihla jétei ta jemelia gia ektetaménh jewrhtik an“ptuxh.

Pleonekt mata tou Montélou

Majhmatik Komyithta:

H epPlush thc exbswsHglack Scholes axiopoieb tegnikéc api th fusik « idiabtera
api thn exDswsh jermithtac « enisqOontac th diagronik axPa thc majhmatik ¢
an’lushc kai thc diajematik ¢ proséggishc.

"~ Analutik LOsh kai Upologistik Apodotikithta:
To montélo prosférei kleist morf 10sewn gia  call kai put options, epitrépontac
gr gorh kai akrib apotbmhsh gwrbc thn an"gkh perbplokwn arijmhtik,n mejidwn
* idaniki gia efarmogéc se pragmatiki grino kai timolighsh meg“lhc kibmakac.

Jemelbwsh Jewrbac kai Anaparagwg c:

To BSM eis gage thn énnoia tou self- nancing qartofulakbou pou antigr-fei th

ro tou option, jemeli,nontac thn jewrba apotbmhshc parag,gwn kai uposth-
rbzontac mellontikéc epekt'seic (merbsmata, stoqastik metablhtithta, tugaba
epitikia).

" Eureba Qrhsimithta sthn Pr xh:
Par” tic aplousteOseic tou, grhsimopoiebtai wec shmebo anafor™c tiso stic qrh-
matooikonomikec agoréc iso kai sthn akadhmadk eéreuna.

Periorismob kai Kritik

Stajer Metablhtithta:
H paradoq stajer ¢ diakOmanshc agnoeP fainimena ipwc tovolatility smile kai
volatility skew .
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Adunamba Apotbmhshc  American Options
To montélo isqOei mino giaEuropean options mh mpor,ntac na kalOyei priwrh
ex"skhsh.

Agnihsh Merism™twn:
H basik ekdoq agnoeb plhrwméc merismtwn, ektic e’n prostejoOn tropopoih-
tikob par“gontec.

Idanikeéc Sunj kec Agor’c:

Upojétei pl rh reustithta, mhdenik™ kisth kai apousba arbitrage, k'ti pou den
isqQei realistik”.

Sunolik EktBmhsh

H analutik uperoq kai h jemeli,dhc suneisfor” tou upodebgmatoc
BSM to kajistoOn shmebo anafor’c gia k'je epimenh jewrhtik kai praktik proseég-
gish. H shmasba tou anagnwrbsthke kai me thn aponom ®uabebou Nimpel
Oikonombac stouc Scholeskai Merton.

2.45 Par"deigma UpologismoO Call Option

S=100; K =95; T=0:5 r=0:05 =0:20

Upologbzoume:

In(100=95) + 0:05+ 3 0:22 0:5 p__
1= o-zpﬁ 0:6102 db=d; 02 05 04688

Api pbnakec kanonik ¢ katanom c:

N(di) 0729%  N(dp) 0:6804

Tim call option:

C =100 0:7291 95 e %905 (:6804

Tim put option:
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P=95 e %0505 (1 0:6804) 100 (1 0:7291)

Eléggoume thn isodunamipat call parity :

C P 987 253=7:34

kai

S Ke T =100 95 %0505 7:35

opite h sgésh epibebai, netai.
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2.5 Greeks sthn Apotbmhsh Qrhmatooikonomik n Di-
kaiwm™twn Proabreshc

2.5.1 Eisagwg

Sthn apotbmhsh dikaiwm™twn proabreshc, oi posithtec pou ebnai gnwstédGreeks
grhsimopoioOntai gia na perigr'youn thn euaisjhsba thc tim ¢ enic parag,gou wc proc
basikéc metablhtéc thc agor™c, ipwc h tim tou upokebmenou tbtlou, h metablhtithta
o grinoc. O iroc proérgetai api ta ellhnik™ grrmmata pou grhsimopoioOntai gia thn
anapar’stash twn antbstoigwn parag,gwn.

Ta Greeksbasbzontai sth jewrDa twn parag,gwn sunart sewn kai antistoiqoOn se
merikéc olikec parag,gouc thc tim ¢ tou option wc proc metablhtéec ipwc:
h tim tou upokePmenou periousiakoO stoigeD8i (
0 upoleipimenoc grinoc (t),
" h metablhtithta (),
to epitikio gwrbc kbndunory,
H an’lus touc éqgei krbsimh shmasPa gia th dunamik antistjmish kindOnou, th

sOnjesh kai diagePrish gartofulakBwn, kaj.c kai th beltistopoPbhsh strathgik,n se
pragmatiki grino.

252 TaKOria Greeks

25.2.1 Delta ( ) Euaisjhsba sthn tim tou upokePBmenou

Orismic:
av
@S
Eidikéc peript,seic ( Black-Scholes ):
cal = N(dz)
put = N (d) 1

Ermhneba: Ekfr'zei th metabol thc tim c tou option gia K'je mon“da metabol ¢
sthn tim tou S. An =0 :6, tite mia aOxhsh 1 sto S aux'nei thn tim tou option
kat” perbpou 0.6.
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Idiithtec:

Kumabnetai metaf® 1] gia calls kai [ 1;0] gia puts.

~

Ekfr"zei kai thn pijanithta | xhc in-the-money upi sugkekriménec upojéseic.

2.5.2.2 Gamma ( ) Kampulithta thc tim ¢ wc proc S
Orismic:
_ @v
@9

Ermhneba: Metr” piso all’zei h  Delta kaj,c metab’lletai to  S.

Idiithtec:

P’nta jetik gia vanilla options.

Mégisth itan to option ePnalhTM kai kont™ sth | xh.

Qrsh: H Gamma debqgnei piso sugn” prépei na anaprosarmizetai mia strathgik
delta hedging Uyhl Gamma shmabnei auxhméenh metablhtithta stbelta kai an"gkh
gia sugni rebalancing

2523 Vega ( ) Euaisjhsba sth metablhtithta

Orismic:

@V
Vi = —
ega @

Eidik diatOpwsh ( Black-Scholes ):

Vega = Sp T (dy)

ipou (d;) ebnai h puknithta thc kanonik ¢ katanom c.

Ermhneba: Ekfr'zei piso all"zei h tim tou option gia k“je mon“da metabol ¢
sthn uponooOmenh metablhtithta .

Idiithtec:
P’nta jetik gia eurwpadk™ options.

Megisth itan to option ebnalhTM .

Qrsh: Idiabtera shmantik giavolatility traders kai strathgikéc ipwc straddles,
strangles kaj,c kai sthn apotbmhsh me b"shimplied volatility .
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2524 Theta ( ) Qronik aposOnjesh

Orismic:
@v
@t

Eidik diatOpwsh ( Black-Scholes call)

S
call = 4& rke TN (do)

2T
Ermhneba: Metr” thn epbdrash thc ro ¢ tou grinou sthn tim tou option.

Idiithtec:

Gialong jéseic, h Theta ebnai arnhtik (ime decay).

Giashort jéseic, h Theta ebnai jetik .

Qrsh:  Axiopoiebtai se strathgikéc calendar spreadskai short volatility gia ekme-
t’lleush thc gronik c fjor"c.

2.5.2.5 Rho ( ) Euaisjhsba sto epitikio gwrbc kbnduno

Orismic:
_av
= ar

Special casec (European optionc):

call = KTe "N (dp)
ot = KTe N( dp)

Ermhneba: Metr” piso ephre“zetai h tim tou option api metaboléc sto r.

Idiithtec:

Rho ebnai jetik gia calls kai arnhtik gia puts.

Shmantik se perib’llonta metaballimenwn epitokBwn.

Qrsh:  An kai sun jwc paragnwrbzetai, apokt™ axba se makrooikonomik™ eume-
t'blhta perib’llonta kai se interest rate derivatives.
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2.5.3 Sqgeéseic kai Allhlepidriseic twn Greeks

Ta difora Greeksden leitourgoOn autinoma; antDjeta, allhlepidroOn me mh gram-
mikoOc kai sugn” perBplokouc tripouc. H katanihsh aut,n twn allhlepidr'sewn ePnai
kabriac shmasbac gia thn apotelesmatik , dunamik kai poluparametrik diagebrish kin-
dOnou, idbwc se sOnjeta gartoful’kia parag,gwn.

2.5.4 Praktik Qrsh twn Greeks sth DiagePrish KindOnou

Sthn efarmosmeénh diagePrish kindOnou, oi timéc t@&reeks grhsimopoioOntai api
diageiristéc gartofulakbwn, ependutéc kai analutéc kindOnou gia thn apotbmhsh kai pa-
rakoloOjhsh thc euaisjhsbac grhmatooikonomik, n jésewn se basikéc parameétrouc thc
agor'c. H axiopobhs touc uposthrbzei th diamirfwsh strathgik, n antist’jmishc kai
thn posotikopobhsh thc ekjeshc se par"gontec ipwc h tim tou upokebBmenou, h meta-
blhtithta o grinoc éwc th | xh.

254.1 Delta Hedging
Skopic:  Exoudetérwsh tou kindOnou tim ¢ tou upokePmenou periousiakoO stoige-
Pou.

Proséggish: An énac ependut ¢ katégei éndong call option me =0 :6, mporeb
na dhmiourg sei eénadelta-neutral gartoful’kio agor’zontac pwl ,ntac 0.6 mon“dec
tou upokebmenou stoigebou.

Periorismic: Apaiteb sugn anaprosarmog (ebalancing), eidik™ itan h Gamma
ebnai uyhl .

2.5.4.2 Gamma Hedging

Skopic:  Antimet,pish tou kindOnou api metaboléc thcDelta.

Proséggish: H exisorriphsh thc Gamma pragmatopoiebtai mésw agor'c p,lh-
shc epipleon ATM options . Idanik strathgik se sunj kec uyhl ¢ metablhtithtac
gia sOnjeta prodinta me mh grammik™ garakthristik".

2.5.4.3 \ega Hedging

Skopic:  Prostasba api metaboléc sthnimplied volatility .

Proséggish: H kat'llhlh epilog options me jetik arnhtik  Vega epitrépei
th mebPwsh thc sunolik ¢ ékjeshc sth metablhtithta. Idiabtera qr simo gia volatility
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arbitrage strategies

2.5.4.4  Theta Strategies

Skopic:  Ekmetlleush thc apomebwshc thc axbac tvaptions ligw tou grinou.

Proséggish: Short jéseic se strathgikéc ipwc short straddle, short call spread

iron condor aposkopoOn sthn aporrifhsh tou kérdouc api th mePwsh thctime value.

Wstiso, apaitoOn austhr pribleyh gia periorisménh diakOmansh sthn tim tou upoke-
Pmenou.

2.5.4.5 Paradeigmatik An’lush:

'Estw iti énac ependut c¢ diathreb jésh long se call option me ta ex ¢ garakthristik™

=0 6

=0 :09

= 0:02
Vega = 0:15

Auti shmabnei iti:

H tim tou option aux'netai kat" 0.6 gia k'je 1 aOxhshc sto  S.
H Delta aux’netai kat” 0.09 mon“dec gia k'je mon“da metabol ¢ sto S.
H jésh g'nei 0.02 hmerhsbwc ligw gronik ¢ fjor"c.

H tim ephre“zetai kat™ 0.15 gia k’je mon“da aOxhshc thc uponooOmenhc meta-
blhtithtac.

An o ependut ¢ epijumeb na diathr sei aut th jésh qwrbc ékjesh sth metablhtithta,
mporeb na efarmisefega hedging dhmiourg,ntac antbrropec jéseic me arnhtik Vega

2.5.5 Kritik kai Periorismob twn Greeks

Par” th meg’lh grhsimitht” touc sthn an’lush kai diagePrish grhmatooikonomikoO
kindOnou, taGreekssunodeQontai api shmantikoOc periorismoOc, tiso jewrhtikoOc iso
kai praktikoOc. H katanihsh aut.n twn periorism,n ePnai aparabthth gia th swst
ermhneba kai efarmog touc.
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Ex"rthsh api Montelopoihtikéc Upojéseic

Oi upologismob twriGreeksbasbzontai se upojéseic sugkekriménwn montélwn, ipwc
to Black-Scholes oi opobec perilamb™noun:

Stajer metablhtithta,
Apousba kistouc sunallag,n,

Suneq ¢ diapragm™teush kai anaprosarmog .
Sthn pr'xh, oi sunj kec autéc sp™nia throOntai pl rwc.

Dunamik Sumperifor®

Oi timéc twn Greeks metab’llontai suneg,c me thn exelixh tou grinou kai twn
paramétrwn thc agor’c (S, t, ). Auti kajist” aparabthth thn suneq parakoloOjhsh
kai anaprosarmog twn strathgik, n antist’jmishc.

Upologistik Poluplokithta

Se sOnjeta par'gwga (p.q. barrier, Asian, lookback, path-dependent optiong oi
aplob tOpoi twnGreeks den ebnai efarmisimoi. ApaitoOntai arijmhtikéc meéjodoi ipwc
Monte Carlo simulation, nite di erence methods automatic di erentiation .

Adunamba se Akrabec Katast'seic Agorc

Ta Greeksden eparkoOn gia thn pribleyh apitomwn kai akrabwn gegonitwn, ipwc
gewpolitikéc krbseic, makrooikonomik™ sok aprosdikhtec anakoin seic. Se autéc
tic peript,seic apaitoOntai epekt’seic tou montélou ipwc stochastic volatility — jump-
di usion .



58 Kef'laio 2. Montéla Apotbmhshc Dikaiwmtwn Proabreshc

2.6 Stogastikec Mejodoi: Prosomoi seic Monte Carlo

H méjodocMonte Carlo apoteleb eéna euélikto arijmhtiki ergalebo gia thn apotbmhsh
grhmatooikonomik,n parag,gwn, idBwc se peript,seic ipou den ebnai diajésimh analutik
IOsh to priblhma perilamb™nei uyhl poluplokithta kai poludi“statec stogastikéc
metablhtéc.

H basik idea thc mejidou sthrbzetai sth deigmatolhyba tugabwn diadro-
m.n thc upokeBPmenhc stoqgastik ¢ diadikasbac kai ston upologismi tou anamenimenou
apotelésmatoc mésw mesou irou p"nw se polléc anex’rthtec prosomoi, seic.

Oi Monte Carlo prosomoi,seic ebnai idiabtera gr simec gia thn apotbmhsh parag,gwn
pou exart,ntai api thn poreba thc tim ¢ tou upokeBmenowpdth-dependent options,
kaj,c kai se probl mata me pollec phgéc abebaiithtac se uyhléc diast’seic ipou
“llec méjodoi duskoleOontai na efarmostoOn.

2.6.1 Jewrhtik Jemelbwsh
2.6.1.1 Stoqgastiki Upideigma gia thn Tim tou UpokePmenou
H upijesh iti h tim thc metogc S; akoloujeb gewmetrik kbnhstiBrown (GBM)
shmabnei iti upakoOei sthn exDswsh:
dS = rSydt+ Sdw,
ipou:
r ebnai to suneqgéc epitikio gwrbc kbnduriskéfree rate),

ebnai h ast’jeia (volatility ),

W; ebnai mba monodi“stath kbriBigiwn ( Wiener process.

H parap™nw stogastik diaforik exDswsh ( SDE) epilOetai mésw toulLogismoO
It6 , odhg,ntac se:

1,

Si=Sy exp r t+ Wy

NI

Aut h 10sh ebPnai h b"sh gia th dhmiourgba tugabwn diadrom,n ®use éna diakriti
plegma grinou me b ma t.
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2.6.1.2 Diakritopobhsh & Prosomobwsh
Sto plabsio twn Monte Carlo prosomoi,sewn, h exélixh thc tim ¢ tou upokeBmenou

tbtlou S; proseggbzetai diakrit™ ston grino. Upojétoume iti o grinoc méqrithIxh T
diairebtai seN bsa diast mata m kouc t = T=N.

H suneq ¢ dunamik thc tim ¢, sOmfwna me th gewmetrilBrownian motion:
dS = rSidt + S (dW;
proseggbzetai me diakrit anapar’stash mésw thc parak™tw anadromik ¢ sgéshc:

p—
2 t+ t Zy

NI =

St+ t=S exp r

ipou:

Zi N (0;1) ebnai anex’rthtec tugabec metablhtéc me kanonik katanom (leukic
jiruboc),

r ebnai to epitikio qwrbc kbnduno,

ebnai h metablhtithta tou upokebmenou tbtlou.
Oiroc r 3 2 tprokOptei api thn efarmog tou logismoO Itd ston ekjetiki
metasghmatismi thc stogastik ¢ exbswshc, ste na lamb™netai upiyh h mésh apiklish
ligw thc kurtithtac thc ekjetik ¢ sun’rthshc (correction term).

K"je prosomoiwmeénh diadromS[(i) kataskeu“zetai epanalhptik"gia t=0; t2 t;:::;T
me anex rthta debgmai . Epanalamb™nontac th diadikasba gil sunolikéc diadroméc,

O upologismic thc tim ¢ tou parag,gou sthrbzetai ston ektim,meno méso iro thc
apoplhrwm c f (St), proexoflhmenoc me to epitikio qwrBc kbnduno. Sugkekrimeéna:

T 1 X (i)
M f(St7)

i=1

Vo=e ™ E[f(Sr)] e

ipou:

~

f (St) ebnai h sun’rthsh apoplhrwm c tou parag,gou (p.g. max(St K; 0) gia
call),

M ebnai o sunolikic arijmic twn prosomoiwmenwn diadrom,n.
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H proseggish aut pargei énan ektimht thc pragmatik ¢ tim ¢ me sflma pou
mei,netai kaj,c aux'netai o arijmic twn prosomoi,sewn. Sugkekriména, to tupiki
sf’Ima sugklbnei me rujmi t"xhc:

1
O p—
M

pou ebnai garakthristiki thc klasik ¢ statistik ¢ ektbmhshc mésw mésou irou ane-
X“rthtwn deigm™twn.

H mejodoc ePnai eOkolh sthn efarmog kai genik™ euglikth, an kai apaiteD meg’lo
arijmi deigm™twn gia akrib ektbmhsh, eidik® se probl mata uyhl ¢ di"stashc me
asjenebc apoplhrwmeaoo(it-of-the-money options).

2.6.2 Upologistik Ulopobhsh

H upologistik ulopobhsh thc mejidou Monte Carlo gia thn apotbmhsh grhmatooi-
konomik,n parag,gwn perilamb~nei ta akilouja diakrit™ kai saf b mata:

B ma 1: Orismic Parametrwn kai Argik,n Sunjhk n

Kajorbzontai oi par'metroi thc agor’c kai tou parag,gou:

Argik tim tou upokePmenou periousiakoO stoigePo8;
Tim ex"skhshc: K

Et sio epitikio qwrbc kbnduno:r

Metablhtithta:

Qronikic orbzontac: T

Arijmic prosomoi,sewn: M

Arijmic diakrit,n gronik,n bhm“wn: N ) t= T=N

B ma 2: Dhmiourgba Stogastik,n Diadrom n ( Path Generation )

DhmiourgoOntai tugabec diadrorrté,@ giai=1;2;:::;M me gr sh thc diakrito-
poihménhc gewmetrik Brownian motion:

st =5l exp r 2 t+ t z

NI -

" 'Opou Zt(i) N (0;1) ebnai anex’rthta, kanonik™ katanemhména tugaba megéjh.
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B ma 3: Upologismic Apoplhrwm c se k'je Diadrom

Se k’je prosomoiwmeénh diadrom , upologbzetai h apoplhrwni (S%i)). Gia pa-
r"deigma, giaEuropean Call Option:

f(s?)=max(s’ K;0)

B ma 4: Ektbmhsh thc Tim ¢ tou Parag,gou

Upologbzetai o arijmhtikic mésoc iroc twn apoplhrwm n:

1 (i)
f—m_lf(ST)

i=
H shmerin (proexoflhmeénh) axba tou parag,gou dbnetai api:

V():erT f

B ma 5: Upologismic Sflmatoc Ektbmhshc kai Empisteutik,n Dia-
sthm™twn

~

H diakOmansh twn apoplhrwm,n upologbDzetai wc ex c:

g 1+ % fsty f°
Mol

To empisteutiki di'sthma me epPpedo empistosOdhc  100% ePnai:
Cl=Vy z., P
0 = 2 m

ipou z- , ebnai h krbsimh tim api thn tupik kanonik katanom (p.gzg.g25 = 1:96
gia 95% empisteutiki di"sthma).

Aut” ta b mata sunjetoun thn oloklhrwmeénh upologistik diadikasba Monte Carlo,
exasfalbzontac thn axiopistba kai akrbbeia twn apotelesm™twn thc apotbmhshc grhma-
tooikonomik n parag,gwn.

2.6.3 Par"deigma: European Call Option
Dedomena:

Sp=100; K =100; r =5%=0:05 =20%=0:20, T=1
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M =100;000 prosomoi,seic

sV =100 exp 0:05 05 0:22 +0:2 Z;

H apoplhrwm ebnai:
t(sV)=max(s{’ 100 0)

O meésoc iroc twn apoplhrwm, n proexoflebtai wc ex c:

. 1M i
Vo= e 0051 0 f(st) [1038
=1

i=
2.6.4 Epéktash se  American Options : Least Squares Monte Carlo

H timolighsh American options ePnai pio apaithtik se sqgésh me t&uropean options
kaj,c prosféroun ston ktogo th dunatithta priwrhc “skhshc se opoiod pote groniki
shmebo ewc th | xh.

H idiaiterithta aut metatrépei to priblhma se z thma diagronik ¢ apifashc ,
ipou h epilog thc béltisthc stigm ¢ “skhshc sun jwc antimetwpbzetai me mejidouc
backward induction.

H klasik proséggish Monte Carlo, pou basbzetai se qronik™ prowjhméenh proso-
mobwshf@rward simulation), den ebnai api minh thc kat'llhlh gia thn ektbmhsh thc
béltisthc strathgik ¢ pr.imhc “skhshc, kaj,c den uposthrbzei thn antbstrofh anlu-
sh pou apaitebtai.

2.6.4.1 H Proseggish twn Longsta kai Schwartz (2001)

H mejodocLeast Squares Monte Carlo (LSM) pou prot’jhke api touc Longsta kai
Schwartz to 2001, sundu”zei th stogastik prosomobwsh me palindrimhsh, prokeiménou
na ektim sei th legimenhtim sunegishc (continuation value) se k'je groniki b ma.

Basik Idea thc Mejidou LSM

H kentrik idea ebnai o upologismic thc tim ¢ sunéqgishc mésw palindrimhshc ela-
gbstwn tetrag,nwn, grhsimopoi ntac dedoména api tic prosomoiwmenec diadroméc thc
tim ¢ tou upokebmenou tbtlou:
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h i xd
Ee' Wiu t & g (St)

j=0
ipou:
Vi+ t. proexoflhménh mellontik plhrwm,

j - sunart seic b’shc (p.q. polu,numa Legendre Hermite),

~

;. ektim, menoi suntelestec palindrimhshc.
B ma proc B ma: Algirijmoc LSM

Prosomobwsh Tim,n

DhmiourgoOntaiM prosomoiwména monop tia thc tim & apito t =0 éwc to T,
dS; = Sidt+ S{dW;

Opisjodrimhsh ( Backward Induction )
Gia k’je groniki b ma api ty 1 éwcty:
Epilegontai ta in-the-money paths (p.g. gia put: K > S ).
Upologbzetai h proexoflnomeénh mellontik plhrwm .

H plhrwm proseggbzetai wc sunrthsh tou S; mésw palindrimhshc, ,ste na
ektimhjeb h tim sunéqish€(S,).

Apifash ‘Askhshc
Se Kk'je gronik stigm  t; kai gia K'je in-the-money path:
E"n: ImmediateP ayoff > EstimatedContinuationV alue ) gbnetai “skhsh.

Diaforetik™, h diakr'thsh sunegbzetai.

Upologismic Telik c Tim ¢
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H telik tim tou option dbnetai api:

1 ¥
Vo= — e Payoff;

Mg

ipou i ebnai h gronik stigm “skhshc sto antbstoigo monop™ti.

Pleonekt mata

Euelixba se path-dependent kai exwtik™ optionc:

Oi Monte Carlo méjodoi mporoOn na geiristoOn peript,seic ipou h apoplhrwm
exart'tai api thn plrh poreba thc timc, ipwc ta  Asian, barrier lookback
options.

Efarmog se poludi'stata montéla:
Uposthrbzoun tautigronh prosomobwsh poll,n paragintwn (p.q. basket options
stogastik™ epitikia, metablhtithta).

Enswm’twsh empeirik,n dedoménwn:
MporoOn na basistoOn se istorik® mh parametrik® dedoména, qwrbc austhréc
upojéseic gia th dunamik .

Sumbatithta me par’llhlh epexergasba:
H anexarthsba twn diadrom n epitrépei apotelesmatik parallhlopobhsh se polu-
pOrhna GPU perib’llonta.

Periorismob

Rujmic sOgklishc: )
H akrbbeia aux™netai me ruymD(1= M), opite apaitePtai megloc arijmic pro-
somoi,sewn gia mebwsh tou sf’Imatoc.

Tegnikéc mePwshc diakOmanshc:
H swst epilog mejidwn (p.q. antithetic variates, control variates, importance
sampling) mporeb na ebnai apaithtik , idBwc se uyhléc diast’seic.
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2.7 Arijmhtikec Méjodoi Apotbmhshc

H apotbmhsh grhmatooikonomik n dikaiwm™wn proabreshc mporeb na epiteugjeb me th
gr sh diakrit,n arijmhtik,n mejidwn, oi opobec prosferoun euelixba kai prosarmosti-
kithta. An"mesa stic pio diadedoménec sugkatalégetai to diwnumiki montéloBinomial
Tree) kai oi méjodoi peperasménwn diafor,n Finite Di erences). Oi proseggbseic au-
téc kajbstantai idiaitérwc qr simec se peript seic ipou den ufbstantai kleistéc 10seic,
ipwc se amerikanikoO tOpou dikai,mata se montéla me mh grammikéc paradogéc.

2.7.1 Diwnumiki Montélo ( Binomial Tree Model )

To diwnumiki montélo eis gjh api touc Cox, Rosskai Rubinstein kai basbzetai sth
diakritopobhsh thc porebac thc tim ¢ tou upokePmenou tbtlou se diadoqik™ gronik™ b mata
(time steps). H basik paradoq ePnai iti h tim akoloujeD stogastik diadikasPa tOpou
random walk, ipou se k'je groniki st'dio mporeb ebte na auxhjeb ebte na meiwjeb me
gnwstec pijanithtec.

H apotbmhsh pragmatopoiebtai sto plabsio thc oudeterithtac wc proc ton kbnduno
(risk-neutral valuation), epitrépontac thn proexiflhsh twn anamenimenwn apodisewn
gwrbc na apaitebtai upokeimenik ektbmhsh twn ependut,n gia ton kbnduno.

2.7.1.1 Duadiki Montélo Enic B matoc

Gia thn apotPmhsh enic eurwpadkedll option, upojétoume éna sunjetiki gartofu-
I"kio apoteloOmeno api:

mia jésh se  metogéc tou upokebmenou tbtlou

~

mba antbjeth jésh (p,lhsh) se enacall option.

Skopic ebnai h ex’leiyh tou kindOnou metabol ¢ thc tim ¢ tou upokePmenou, dhlad
h dhmiourgbhedged portfolio.

'Estw Sp h paroOsa tim thc metoq c. To montélo upojétei iti met”™ api éna groniki
bmaT, htim mporeb na gbiSgu Spd, meu > 1 kai 0<d < 1. Oi antbstoigec timec
tou option ebnaf, kai f 4.

H tim tou option f basbzetai sthn apousba armpitr"z. H axba tou gartofulakbou
stic dOo peript seic ebnai:
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Vu = Sou f u

Gia na ebnai to qartoful’kio akbnduno, apaitebtai:

Sou fu = Sod fd; (219)
pou odhgeb se:
fu fd
_— 2.20
S 9 (220

H tim tou option dbnetai api thn proexoflhménh anamenimenh axba:

f=e™(pfu+(@ pfa); (2.21)

ipou r ebnai to epitikio qwrbc kbnduno kai

(2.22)

h oudéterh wc proc ton kbnduno pijanithta anidou.

Sqg ma 2.2: Diwnumiki sq ma exélixhc thc tim ¢ thc metog ¢ se éna groniki b ma.

To diwnumiki montélo basbzetai sthn arq iti, se k'je groniki b ma, h tim tou
upokebmenou ebte aux'netai kat'ebte mei netai kat"d. H apotbmhsh den sthrbze-
tai stic pragmatikéc pijanithtec, all” se oudéterec wc proc ton kbnduno pijanithtec
(risk-neutral probabilities), oi opobec enswmat, noun to epitikio qwrbc kbnduno kai dia-
sfalbzoun thn apousba eukairi,n armpitr"z. 'Etsi, h tim tou option upologbzetai wc h
proexoflhménh anamenimenh tim twn mellontik.n apoplhrwm_n tou.

H mejodologba aut prosdbdei sto montélo jewrhtik sunépeia kai to kajist™ gr si-
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mo tiso se didaktiki iso kai se upologistiki plabsio. Epipléon, me n qronik™ b mata
to montélo dhmiourgeb éna diakriti plegma pijan,n exelbxewn pou, gia megtio pro-
seggbzei th suneq morf tou upodebgmatd@lack Scholes.

2.7.2 Duadiki Montélo Pollapl,n Epipédwn

Sthn prxh, to diwnumiki montélo enic  dOo gronik,n bhm™wn den ePnai eparkéc
gia thn apotbmhsh grhmatooikonomik,n parag,gwn, kaj,c den paréqei ikanopoihtik
akrbbeia sthn proséggish thc stogastik ¢ sumperifor’c thc tim ¢ thc metoq c. Gia ton
ligo auti, stic pragmatikec efarmogéc grhsimopoiebtai éna diwnumiki montelo polla-
pl,n bhm™twn, sun jwc me 30 perissitera qronik™ epbpeda.

Sq ma 2.3: Diwnumiki déntro pollapl,n epipédwn gia apotbmhsh dikaiwm“twn proabre-
shc.

To Sq ma 2.3 apeikonDzei th genikeuménh morf enic diwnumikoO déntrou, ipwc qrhsi-
mopoiebtai sthn apotbmhsh dikaiwm™wn. Sto groniki b mauprqoun i +1 diaforetikéc
pijanec timéc thc metoq ¢, oi opobec dbnontai api:

Sij = Sou'd J; ipou j =0;1;:::;i (2.23)

H sqésh u = % efarmizetai sugn™ gia ligouc summetrbac ston upologismi twn

tim,n se K'je kimbo tou déntrou.



68 Kef'laio 2. Montéla Apotbmhshc Dikaiwmtwn Proabreshc

Algebrik 'Ekfrash thc Diwnumik ¢ Proséggishc
H diwnumik proséggish Ginomial model) ebnai mia arijmhtik méjodoc apotbmhshc

parag.gwn, h opoba basPzetai sth diakritopoPhsh tou gronikoO orbzontaleb mata

di‘rkeiac t = % H méjodoc ebnai idiabtera diadedomenh gia thn apotbmhsh grhmato-

oikonomik n dikaiwm™twn (ipwc call kai put options), kaj,c prosférei euelixba sthn
enswm’twsh parametrwn ipwc h priwrh “skhsh (se Amerikanik™ options) kai h katabol
merism”twn.

Tim tou dikai,matoc ston kimbo | xhc

Gia éna eurwpadki dikabwma p,lhshc qwrbc priwrh “skhsh, h tim sto teliki epbpedo
i = N dbnetai api:

fng =max(K Sy ;0) (2.24)
AntDstoiga, gia éna eurwpadki call option isqQei:
fnj =max(Sn;  K; 0) (2.25)

2.7.2.1 Anadromik apotbmhsh ( backward induction)

H tim tou option stouc upiloipouc kimbouc (i;j ) upologbzetai anadromik™ me b“sh
thn exbswsh oudéterhc kindunithtac risk-neutral valuation):

fiy =€ "[pfisrja +@  pPficiy] (2.26)
ipou:
et d
p= 0 d (2.27)

ebnai h pijanithta oudéterhc kindunithtac.

Gia thn perbptwsh AmerikanikoO option, h apotbmhsh tropopoiebtai wc ex c:

fi; =max immediateexercisepayo; e " pfis g1+ (@ Pyl (2.28)
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Par"deigma (

European Call Option )

H diadikasba apotbmhshc enic eurwpadéalDoption akoloujeb ta ex ¢ b mata:

1. Kataskeu tou déntrou tim n thc metoq ¢ , me:

3. Apotbmhsh sthn telik gronik perbodo:

Vizn; =max(0;Si=n; K)

4. Anadromik epagwg ( backward induction ):

Vij = e " [PVi+rj+1 + (1 P)Visrj]

Par"deigma efarmog c:

'‘Estw iti @goume ta ex ¢ dedomeéna:

Par"metroc Tim
So (Trégousa tim metoqg c¢) 100
K (Tim ex"skhshc) 100
r (Epitikio qwrbc kbnduno) 5%
(Metablhtithta) 20%
T (Di'rkeia) 1 étoc
N (Arijmic bhm~twn) 3

Upologbzoume tic basikéc paramétrouc tou montélou:

T_ 1
t= N3 0.323
u=e '=¢" B 11224
d= % 0:8909
t 0:05 1=3 .
oo & d_e 0:8909 0

u d 1:1224 0:8909
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Me b"sh tic parap™nw timéc, kataskeu“zetai diadoqik™ to diwnumiki déntro tim n
thc metoq ¢ kai sth sunégeia, mésw anadrom c, h apotbmhsh tou eurwpadei®@ption.

Pbnakac 2.1: Diwnumiki déntro tim n gia tacall option (N = 3)

Kimboc t=0 t=1 t=2 t=3
j=0 11:0439| 3:5007 | 0:0000 | 0:0000
j=1 17:7139| 6:5459 | 0:0000
j=2 27.:6312 | 12:2401
j=3 41:3982

H telik tim tou dikai,matoc, upologisménh sth rbza tou dentrou ( Vo.0), ebnai:

Vo;o 11:04

2.7.3 Mejodoi Peperasmenwn Diafor,n

Genik™, oi méjodoi peperasménwn diafor .n grhsimopoioOntai gia thn apotbmhsh grh-
matooikonomik,n parag,gwn mésw proseéggishc thc (suneqoOc grinou) diaforik ¢ e-
xPswshc pou perigrfei thn exélixh thc tim ¢ tou option me éna sOsthma (diakritoO
grinou) diaforik,n exis,sewn.

Jewrhtiki Upibajro

H mejodoc twn peperasménwn diafor,n Finite Di erence Methods) efarmizetai
sthn arijmhtik epblush thc parabolik ¢ merik ¢ diaforik ¢ exbswshc Black Scholes, h
opoba prokOptei api sunduasmi thc stogastik ¢ an’lushc kai thc arq ¢ thc apousPac
arbitrage:

@t 2

@V, 1 ,,,@V , @V

——= +IS—

@3 @S rv =0;

(2.29)

ipou:

~

V = V(S;t): htim tou dikai,matoc wc sun’rthsh thc tim c thc metogc S kai
tou grinou t,

: h metablhtithta thc metoq c,

r: to epitikio qwrbc kbnduno.

H exbswsh (2.29) ebnai an“logh me thn exbswsh jermithtac me suntelestéc metablh-
toOc we procS. H basik idéa ePnai na proseggistoOn oi parag,goi mésw diafor,n se
diakriti plegma (S;;t;), ipou:
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giai=0;1:::;M kaij =0;1;:::;N.
Diakritopobhsh thc Exbswshc

H diakritopobhsh thc exbswshc (2.29) gbnetai me antikat"stash twn parag,gwn api
peperasménec diaforéc. Ta pio koin™ sq mata ebnai:

Explicit Scheme (FTCS) Forward-Time Central-Space
vittoovlo L vl vl vl v, vl -
St g 252t ( é)z L1y rsii“’2 SI v =0
Implicit Scheme (BTCS) Backward-Time Central-Space
. _ 1 1 1 1 1
W W, LoV T eV Ve VT
t 2 7 ( S)2 ' 2'S P

Crank Nicolson  (mésoc iroc twn dOo):

Meésoc iroc twn prohgouménwn dOo sghm™twn an” pargonta.

Api th diakritopobhsh prokOptei éna sOsthma thc morf c:

AVI*l = BVI + b (2.30)

ipou oi pbnaked@ kai B exart ntai api ta sq mata qronik,n kai qwrik n diafor n,
kai to di"'nusmab perilamb™nei tic oriakéc sunj kec.

Oriakéc kai Telikéc Sunj kec

Telik sunj kh: Sto grino I xhc T, h tim tou dikai,matoc gia call option
ebnai:

V(S;T)=max(S K;O0)
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Oriakéc sunj kec:

V(O0:;t)=0; V(Smax;t)= Smax Ke (T 1Y

Par"deigma efarmog ¢ ( Crank Nicolson , Eurwpadki  Call)

'Estw to ex ¢ sOnolo parameétrwn:

Par"metroc Tim
So (Tim metoq ¢ s mera) 100
K (Tim ex"skhshc) 100
r (Epitikio qwrbc kbnduno) | 5%
(Metablhtithta) 20%
T (Wrimithta) 1 etoc
M (Diakrit™ shmeba sto S) 100
N (Qronik™ b mata) 100

H diakritopobhsh tou g,rou tim .n gbnetai me bma S = S"“Tax kai orbzetai wcS; =
i  Sgiai=0;1:::;M. Epilégetai Smax = 3K, ,ste na diasfalisteD iti to eOroc
tou plégmatoc kalOptei timéc thc metoq ¢ ipou h tim tou call option proseggbzei thn
asumptwtik sumperifor V! S Kitan S!1

Antbstoiga, o grinoc diakritopoiebtai seN b mata, me t = % kai tj = | t gia
j=0;1;:::;N.

H méjodocCrank Nicolson efarmizei méso iro metaxO touexplicit kai tou implicit
sq matoc, kai odhgeD se tridiag,nio sOsthma exis,sewn gia k’je groniki b maj, thc
morf c:

AVItl = Bvi;
ipou VI ebnai to di'nusma twn tim,n tou option gia to groniki epbpedg (ektic

oriak,n tim n), kai A, B ebnai tridiag,nioi pbnaked 1 M 1 pou kajorbzontai api
touc ex ¢ suntelestéc:

Oi pbnaked& kai B domoOntai wc ex c:
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O pbnakaé\ eqei kentrik diag,nio 1 j, upodiag,nio  ; kai uperdiag,nio ;.

O pbnaka® egei kentrik diag,nio 1+ i, upodiag,nio ; kai uperdiag,nio ;.
H telik sunjkh (se t= T) efarmizetai wc:
VN =max(S; K;0); giai=0;:::;M

kai oi oriakéc sunj kec ebnai:

Vi =0; V), =Snax Ke "T %) giakije j:

Se k’je groniki b ma epilOetai to sOsthma me th méjodoThomas gia tridiag,nia
sust mata me apl aposOnjesh LU. H tim tou option sto So = 100 kai t = 0 (rbza
tou plégmatoc) prosdiorbzetai me parembol metaxO @ pou perikleBoun thn tim 100.
To teliki apotélesma ebnai:

V(100,0) 1045
pou apoteleD thn proseggistik tim tou eurwpadkoCeall option, me auxhménh akrbbeia

ligw tou arijmoO diakrit,n bhm™twn kai thc deOterhc t'xhc gronik ¢ akrBbeiac tou
sg matoc Crank Nicolson.

2.7.4 Sugkritik Axiolighsh

PPnakac 2.2: SOgkrish MejidwnBinomial Tree kai Finite Di erences

Qarakthristiki Binomial Tree Finite Di erences
Efarmog se American Options Nai Nai

Akrbbeia Auxanimenh mbl | Uyhl (idbwc meCrank Nicolson)
Stajerithta PolO Kal Exarttai api to sq ma
Upologistiki Kistoc Métrio Uyhli

Poluplokithta Ulopobhshc Qamhl Métria Uyhl
Genbkeush se exwtikdptions Periorismenh Isqur

Sumperasmatik”:

H méjodoc twn peperasménwn diafor ,n prosférei uyhl akrbbeia, stajerithta kai
euelixba, eidik™ gia sOnjeta par"gwga (ipwc barrier options, parameétrouc me gronik
ex’rthsh, k.”.). To diwnumiki montélo paraménei wstiso idiabtera qr simo gia gr gorh
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kai euelikth apotbmhsh apl.n epilog,n, idiabtera se perib“llonta periorisménwn upolo-
gistik,n pirwn.
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2.8 To Fainimeno  Volatility Smile

2.8.1 Eisagwg

H klasik apotbmhsh dikaiwm™twn proabreshc me to upideigBiack Scholes Merton
(BSM) sthrbzetai sthn paradoq iti h uponooOmenh metablhtithta (implied volatility )
thc tim ¢ tou upokebmenou parameénei stajer se ilh th di‘rkeia zw ¢ tou sumbolabou.
Oi empeirikéc parathr seic stic agoréc parag,gwn, wstiso, debgnoun iti h upijesh
aut den antapokrbnetai epark.c sthn pragmatikithta. H uponooOmenh metablhtithta
diaforopoiebtai susthmatik™ an“loga me thn tim ex"skhshc kai ton grino meqri th | xh,
apokalOptontac thn aneprkeia thc upijeshc stajer ¢ diakOmanshc.

'Ena garakthristiki par"deigma apoteleb to fainimeno tou volatility smile , dhlad
h kampOlh thc uponooOmenhc metablhtithtac wc proc thn tim ex"skhshstfike price)
pou emfanbzei sq ma {gamigelou}. To fainimeno égei pléon anagnwristeb wc stajer
empeirik parat rhsh me shmantikéc epipt,seic sthn apotbmhsh, thn antist’jmish kai th
diagebrish kindOnou.

2.8.2 Orismic kai Grafik Anapar'stash

O iroc volatility smile perigrfei to empeiriki eOrhma iti ta out-of-the-money kai
in-the-money options emfanBzoun uyhliterh uponooOmenh metablhtithta se sOgkrish
me taat-the-money. H uponooOmenh metablhtithta upologbDzetai me anastrof tou
upodebgmatd8SM, ste h parathroOmenh tim agor™c tou option na exhgebtai api thn
tim thc metablhtithtac.

Sq ma 2.4: Endeiktik kampOlhvolatility smile se sun’rthsh me to strike price.

'Opwc fabnetai sto Sq ma 2.4, h uponooOmenh metablhtithta eBnai gamhliterh kont™
sto ATM strike kai aux'netai proc tic timec ITM kai OTM. To pritupo auti den
mporeb na dikaiologhjeb api thn upijesh kanonikithtac twn apodisewn pou uiojeteb to
upideigmaBSM.
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2.8.3 Aitbec Emf'nishc Smile

H emf nish tou volatility smile apodBdetai se polloOc par"gontec pou antanakloOn
tiso statistikec idiithtec twn agor,n iso kai jesmikec sunj kec:

Skédash thc katanom c apodisewn: Oi apodiseic akoloujoOn sugn®
katanoméc me paqOterec ourdat(tails) kai arnhtik asummetrba ifegative skew-
nesy, antbjeta me thn kanonik katanom pou upojétei toBSM.

Kbndunoc akrabwn gegonitwn ( jump risk ): H pijanithta sp™niwn all®
shmantik,n metabol, n enisqOei th z thsh gia OTM puts, aux™nontac thn upono-
oOmenh metablhtitht” touc.

Anisorropba prosfor’c kai z thshc: H isqur zthsh gia sumbilaia
prostasbac (p.g. portfolio insurance) ephre”zei sugkekrimenastrikes, odhg, ntac
se uyhlitera premiums.

Periorismob tou upodebgmatoc BSM : H paradoqg stajer ¢ metablhtith-
tac den epitrépei sto montélo na enswmat,sei tic dunamikéc prosarmogéc thc a-
gorc.

2.8.4 \olatility Skew kai Smirk

To volatility smile den ebnai p“ntote summetriki. Se polléc agoréc parathrebtai
asummetrba, gnwst weolatility skew smirk. Eidikitera:

Reverse skew : Sugni se metogéc kai dePktec, ipou h uponooOmenh metablhtithta
ePnai uyhliterh gia OTM puts , antanakl_ntac thn an"gkh antist jmishc kindOnou
pt,shc.

Forward skew : Sugni se agoréc emporeum’™twn, ipou oi anodikéc kin seic tim,n
sunodeQontai api uyhliterh uponooOmenh metablhtithta ligw kindOnwn élleiyhc
diataraq,n sthn prosfor”.

H morf thc klBshc grhsimopoiebtai sugn™ api touc market makers gia thn exagwg
plhrofori,n sqetik™ me tic prosdokbec thc agor’c.

2.8.5 Sunépeiec sthn Apotbmhsh kai thn Antist’jmish

H Oparxhvolatility smile égei shmantikéc sunépeiec tiso sthn apotbmhsh iso kai
sth diageBrish kindOnou:
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H gr sh stajer ¢ metablhtithtac odhgeb se susthmatikéc apoklbseic api tic a-
gorabec timec, idbwc se akrabikes.

Oi strathgikéc antist’jmishc pou basbzontai sto BSM den lamb™noun upiyh thn
ex’rthsh thc metablhtithtac api thn tim ex"skhshc kai ton grino, me apotelesma
meiwmeénh apotelesmatikithta.

O upologismic twn GreeksapaiteD prosarmogeéc, kaj,c h metablhtithta den ebnai
exwgen c all” endogen,c sundedeménh me ta garakthristik™ tou sumbolabou.

2.8.6 Sumper‘smata

To fainimeno volatility smile anadeiknOei touc periorismoOc twn pr,twn upodeig-
m’twn kai thn an"gkh pio sOnjetwn proseggbsewn pou na apotup,noun th dunamik thc
agor’c. H katanihsh kai enswm™tws tou ebnai krbsimh tiso se ereunhtiki iso kai
se praktiki epbpedo. Sto epimeno kef'laio exet’zontai montéla metablhtithtac pou
stogeOoun sthn anaparagwg tou parathroOmenosmile/skew kai sth beltbwsh thc
akrbbeiac sthn apotbmhsh.






Kef'laio 3

Montela Metablhtithtac

3.1 KbBnhtro kai Jewrhtiki Plabsio

'Opwec suzht jhke sthn Enithta 2.8, h upijesh stajer ¢ metablhtithtac tou BSM
apotugq’nei na apod,sei to smile/skew pou parathrebtai stic agorec.

To empeiriki smile/skew kajist™ anagkaba montéla ipou h metablhtithta exart tai
api K;T /kai akoloujeb stogastik dunamik .

Sto parin kef’laio esti"zoume se treic oikogéneiec: topik , stogastik kai ubridik
metablhtithta, me émfash se Dupire, Heston kai SABR.

79
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3.2 Topik™ Montéla Metablhtithtac ( Local Volatility
Models )

Jemeli.dhc Idea

Se antbjesh me to upideigmBlack Scholes, ipou h metablhtithta jewrebtai stajer ,
ta topik™ montela metablhtithtac epitrépoun sthn par"metro na exart’tai ntetermi-
nistik™ api to epBpedo thc tim ¢ tou upokebmenou tbtlou kai api ton grino, dhlad :

= (S1)

Aut h proséggish dbnei th dunatithta sto montélo na apotup nei tic parathroOme-
nec anwmalbec sthn agor”, ipwc taolatility smile , epitrépontac thn pl rh prosarmog
thc metablhtithtac sthn epif'neia twn uponooOmenwn tim n {mplied volatility surface ).

To Montelo tou Dupire

To topiki montélo metablhtithtac tou  Dupire, to opobo prot'jhke to 1994 sthn
ergasbaPricing with a Smile [4], eis"gei mia enallaktik perigraf thc dunamik c tou
upokebmenou tbtlds;, sthn opoba h metablhtithta exarttai nteterministik™ api thn
tim tou upokebmenou kai ton grino:

dS; = rSydt+ (Si;t) S dW, (3.1)

H parap”nw exbswsh apoteleb tropopobhsh thc klasik ¢ dunamik ¢ tdlack Scholes,
me th diafor” iti h den ebnai stajer”, all” sun"rthsh twn S; kai t. H proséggish
aut epitrépei th montelopobhsh metablhtithtac pou all"zei an"loga me to epbpedo thc
tim ¢ tou tbtlou kai ton grino, ,ste na anaparagjeb to fainimeno tou volatility smile .

H antDstoigh exBswsh merik,n parag,gwn pou ikanopoieD h tim enic eurwpadkoO
dikai,matoc tOpou call C = C(K;T), me tim ex“skhshcK kai grino wrbmanshcT,
ebnai gnwst wc exbDswdbupire kai dbnetai api:

@C_1, , @C @cC
== 2 K T)KZ== K —+ 2
et 2 KDK'Ge Kak'™© (3.2)
H exbswsh aut prokOptei api thn arq thc oudeterithtac wc proc ton kbnduno kai
thn upijesh itito C exart’tai mino api K kai T, en, h metablhtithta  (K; T ) mporeb

na exagjeb apeujebac api thn agor”.
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Proéleush thc exbswshc H basik idéa ebnai h ex c:
- Api thn oudéterh we proc ton kBnduno meéjodo apotbmhshc, h tim enic eurwpadkoO
call option isoOtai me thn anamenimenh proexoflhménh apoplhrwm :

h i
C(K;T)=¢e TE? (ST K)*

- Jewr,ntac iti h St akoloujeb th stogastik exbPswsh (3.1), h sun’rthsh kata-
nom cf (St) exart™tai api th morf thc (S;t). - Antb na proseggbsoume tH{St) me
exomoPwsh, mporoOme na parag”goume mia exDswsh pou perigr-fei th metabd toci
procto K kaito T.

Mésw efarmog ¢ tou logismoO twn pijan,n métrwn (change of measurgkai me-
jidwn thc jewrbac parag,gwn, katal goume sthn exbswsh (3.2), h opoba apoteleb thn
antbstrofh proseéggish:

> An gnwrbzoume tic tim&(K;T) gia k'je K kai T, mporoOme na ex’goume th
(K;T) pou tic exhgeb.

Arijmhtikic Upologismic thc Topik ¢ Metablhtithtac Api thn e-
xPswsh (3.2), prokOptei mia praktik morf gia ton upologismi thc topik ¢ metablh-
tithtac wc ex c:

Q@C rk

2 T gk 1C
oo(KiT) = & le%c
2 @K

(3.3)

‘Opou:

- %% h euaisjhsba thc tim ¢ wc proc ton qrino (time decay). - ggz h pr.th

par"gwgoc wc proc thn tim ex"skhshc (sgetbzetai mealelta). - %CZ: h kampulithta thc
tim ¢ wc proc K (sqetbzetai mgamma).

Gia na efarmosteb sthn prixh:

1. Kataskeu"zoume éna pléegméK; T ) api timéc agor"c. 2. Efarmizoume exom”lun-
sh (p.g. spline topik palindrimhsh) ,ste na mporoOme na upologBsoume parag,gouc.
3. Eis"goume touc arijmhtikoOc upologismoOc sthn exBswsh (3.3).

3.2.0.0.1 Grafik Apeikinish H efarmog tou upologismoO seiloto (K;T)
parégei th legimenh epif'neia topik ¢ metablhtithtac ( local volatility surface), h opoba
mporeb na grhsimopoihjeb wc ebsodoc se sq rmtiie Di erences Monte Carlo.
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Sg ma 3.1: Endeiktik epif'neia topik ¢ metablhtithtac loc(K; T)

Idiithtec kai Qarakthristik”

Ta topik™ montela diajétoun ta ex ¢ garakthristik™

~

Akrib ¢ prosarmog se epif'neia metablhtithtac : H topik meta-
bihtithta epilégetai ste na anapar"gei akrib c tic parathroOmenec timéc twn
vanilla options.

Nteterministik fOsh : Den up’rgei stogastikic iroc gia thn Bdia th meta-
blhtithta « exelbssetai apiluta probléyima.

Upokat'stash pragmatik ¢ dunamik c : An kai to montélo prosarmize-
tai sta dedomeéna, den antiproswpeQei aparabthta thn alhjin réal-world) stoga-
stik diadikasba tou upokebmenou tbtlou.
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Pleonekt mata kai Periorismob

Pbnakac 3.1: Pleonekt mata kai Adunambec Topik,n Montélwn

Pleoneékthma

Perigraf

Akrib ¢ bajmonimhsh

Anapar"gei pl rwc tic timéc twn para-
throOmenwwanilla options

Upologistik apotelesmatikithta

Mporeb na enswmatwjeb se sq mata
nite di erence Monte Carlo

Apousbaarbitrage H topik metablhtithta ebnai sumbat
me thn arg mh Oparxhc eukairi.n ar-
mpitr"z

Periorismic Perigraf

'Elleiyh stogastik ¢ dunamik ¢

Den sullamb”nei metaboléc sthn meta-
blhtithta me thn p“rodo tou grinou

Kak pribleyh out-of-sample

H efarmog tou se exwtik®™ mh liquid
strikes odhgeb se anakrbbeiec

Duskolba stajer ¢ ektbmhshc

H arijmhtik exagwg thc topik ¢ me-
tablhtithtac api dedoména enéqei euai-
sjhsba se jirubo
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3.3 Stogastik™ Montéla Metablhtithtac: To Mo-
ntelo Heston

Eisagwg

Ta topik™ montéla metablhtithtac, ipwc tou Dupire, parégoun euelixba sthn pro-
sarmog thc timolighshc stic parathroOmenec timéc twn dikaiwm’twn. Wstiso, h basik
touc adunamba ebnai h apousba stogastik ¢ dunamik ¢ thc metablhtithtac. Antijétwc,
ta stogastik™ montéla metablhtithtac epitrépoun sth metablhtithta na exelbssetai wc
anex’rthth stogastik diadikasba, antanakl ntac pio realistik™ thn ast’jeia kai thn
abebaiithta twn agor,n.

To pio euréwc grhsimopoioOmeno upideigma aut ¢ thc kathgorbac ePnéieston
model, to opobo eis gjh api ton Steven Hestonto 1993 [5]. To montelo égei th
dunatithta na anapar"gei émmesa tovolatility smile/skew qwrbc thn an“gkhad hoc
prosarmog,n.

Dunamik tou Upodebgmatoc

To monteélo tou Heston perigr-fetai api to akiloujo sOsthma stogastik, n diafo-
rik,n exis,sewn ( SDES) upi to oudétero wc proc ton kbnduno meétr®:

dS = rScdt+ P v s dw® (3.4)
dvi= ( v)dt+ Pvdw® (3.5)
meth(l) th(z) = dt, dhlad ta dOo Brownian motions ePnai susgetisména me

suntelest

Par"metroi tou montélou

r: epitikio gwrbc kbnduno

v;: stigmiaba stogastik diakOmansh thc tim S,
: tagOthta epanafor’c thc diakOmanshc proc th mésh tim
: makroprijesmh mésh tim diakOmanshtofg-run mean)
: metablhtithta thc diakOmanshc olatility of volatility )

. suntelest ¢ susqgétishc metaxO thc tim ¢ tou tbtlou kai thc diakOmanshc
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Qarakthristik Sun“rthsh kai Kleist LOsh

'Ena api ta shmantikitera pleonekt mata tou upodePgmatodHeston ebnai h Oparxh
hmi-analutik ¢ IOshc gia thn tim eurwpadk, n dikaiwm™twn proaPreshc. Sugkekriména,
h tim enic eurwpadko@all option dPnetai api:

C(So;K;T)= SoP1 Ke P, (3.6)

ipou oi iroi Py kai P, ebnai pijanithtec upi to oudétero métro, pou upologbzontai
meésw thc garakthristik ¢ sun“rthshc  (u) tou log(Srt):
7 R #
1 1 Re e iu Iog';K i (u)
0 u

Pi=5+ du; j=1;2

NI =

Oi garakthristikec sunart seic  j (u) ePnai gnwstec se kleist morf kai exart,ntai
api tic paramétrouc tou montélou kai th gronik di‘rkeia T.

Auti epitrépei thn apotelesmatik arijmhtik ulopobhsh mésw mejidwn ipwc to
FFT (Carr Madan formula) to Gauss Laguerre quadrature

Pleonekt mata kai Periorismob

Pbnakac 3.2: Pleonekt mata kai Adunambec tou Montéleieston

Pleonékthma Perigraf

Anapar"gei volatility smile ProkOptei endogen,c méesw thc stoga-
stik ¢ dunamik ¢

Kleist 10sh gia eurwpadk™ optionc | Epitrepei taqO kai akrib upologismi
Oikonomik ermhneba paramétrwn | Oi par'metroi sgetbzontai me ana+
menimenh metablhtithta kai mean

reversion

Periorismic Perigraf

Poluplokithta bajmonimhshc ApaiteD beltistopobhsh mh grammik,
parametrwn

Periorismenh euelixba sextreme smiles Den prosarmizetai plrwc se polO
entonaskeweddedomena

Upojétei suneq agor” kai “rtia agor™ b"shc 'Opwc kai to BSM, parablépei market
microstructure e ects
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Qr sh sthn pr'xh

To upideigmaHeston prosférei énan realistiki sumbibasmi metaxO analutikithtac
kai eukamybac. Apoteleb basiki ergalebo se agoréc me metaballimenh metablhtithta,
ipwc oi agoréc metoq,n kai sunall"gmatoc. Qrhsimopoiebtai kurbwc gia thn apotbmh-
sh eurwpadk,n dikaiwvm’twn kai thn paragwg volatility surfaces, en, uposthrbzei kai
epekt'seic gia exwtik™ par’gwga mésw arijmhtik,n mejidwn. H Oparxh hmi-analutik ¢
IOshc kajist™ to montelo upologistik™ apodotiki, gegonic pou to kajist™ kat'llhlo
tiso gia bajmonimhsh iso kai gia gr gorec efarmogéc se pragmatiki grino.
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3.4 Ubridik™ Montela Metablhtithtac: To Montélo
SABR

Eisagwg

To montélo SABR (Stochastic Alpha Beta Rho) apoteleD mba euélikth proséggish
gia th montelopobhsh metablhtithtac pou sundu’zei qarakthristik™ stogastik ¢ kai
topik ¢ dunamik c. Eis gjh api touc Hagan, Kumar, Lesniewski Woodwardto 2002 [6]
me skopi thn apotbmhsh parag,gwn epb epitokbwn, kai grhsimopoiebtai euréwc se prodinta
ipwc swaptions, caplets kai commodity options.

To montélo SABR apodbdei me akrbbeia thn parathroOmenh sumperifor™ thc uponoo-
Omenhc metablhtithtac, anapar"gontacvolatility skew kai smile se eureDa kiPmaka tim_n
ex"skhshc.

Dunamik tou Upodebgmatoc

To montélo perigrfetai api to ex ¢ sOsthma stogastik n diaforik,n exis,sewn
(SDEg), gia mia projesmiak tim F; (p.q. forward swap rate future price):

dF = (F, dw{® (3.7)
d= tth(Z) (38)

meth(l) th(Z) = dt, dhlad ta dOo Brownian motions ePnai susgetisména.

Par"metroi tou montélou

: argik metablhtithta, dhl. 0=

2 [0; 1]: ekjéthc topik ¢ metablhtithtac « eleggei th sgésh thc metablhtith-
tac me to epbpedo tim ¢

: metablhtithta thc metablhtithtac ( vol of vol)

: suntelest ¢ susgétishc metaxO F; kai ¢

Htim tou kajorbzei th morf tou montélou:

- =0: proséggish tOpounormal - = 1: proséggish tOpoulognormal (ipwc sto
BSM) - 0< < 1: endi"mesec peript,seic makew
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Proseggistik LOsh: Hagan Formula

An kai den up’rgei kleist morf gia thn katanom tou Fr, oi Hagan et al. parebgan
mia proseggistik exPswsh gia thn uponooOmenh metablhtithtagsy (K ) pou mporeb na
grhsimopoihjeb se tOp@lack Scholes

( " 2

Bsm (K) (FK)@ =2 1+

prosarmosmeno me diorj,seic pou perilamb™noun ta, kai T (gronik di‘rkeia).
H exbswsh apodbdei exairetik™ thn empeirik epif'neia metablhtithtac me gamhli upolo-
gistiki kistoc.

Pleonekt mata kai Periorismob

Pbnakac 3.3: Pleonekt mata kai Adunambec tou MontelSABR

Pleonékthma Perigraf
Akrib ¢ prosarmog se skew smile To kai epitrépoun eleggimenh klbsh
kai kampulithta
Qamhli upologistiki kistoc Proseggistik 10sh me qr sh tOpou
Black
Eureba efarmog se epitikia kai emporeOmataldaniki gia long-dated kai low-rate de-
rivativec
Periorismic Perigraf
Apousba kleistoO tOpou timolighshc | Apaiteb proseggbseic exomoi,seic
Euaisjhsba se paramétrouc H kak ektbmhshtwn, odhgeb se lan;
jasmeno skew
Den epektebnetai eOkola se exoticc | H grsh tou periorbzetai kurbwc se
vanilla options

Qr sh sthn Pr'xh

To montelo SABR grhsimopoiebtai ekten,c sthn agor™ parag,gwn epb epitokbwn,
kai eidikitera sthn apotbmhsh kai bajmonimhsh dikaiwm"twn tOpawaption. Qrh sthn
eukamyba tou, epitrépei thn prosarmog thc metablhtithtac stic parathroOmenec timéc
thc agor'c gia k’je gronik | xh ( expiry) kai gia diaforetik™ epbpeda tim_ n ex"skhshc
(strike).

Sthn prxh, gia k’je sunduasmi di‘rkeiac kai | xhc ( tenor expiry pair ), gbnetai
xeqgwrist ektbmhsh ( calibration) twn paramétrwn tou montélou, ,ste na apodojeb
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me akrbbeia h antbstoigh kampOlh uponooOmenhc metablhtithtac. H pl rhc epif'neia
metablhtithtac pou apaiteBtai gia thn apotbmhsh kai diageBrish kindOnou pargetai sth
sunégeia meésw kat’llhlhc parembol c (interpolation) epb enic plégmatostrike tenor .
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3.5 'Allec Proseggbseic: Jump Diusion kai GARCH

Ektic api ta topik™, stogastik™ kai ubridik™ montéla metablhtithtac, éqoun prota-
jeb kai “llec enallaktikéc proseggPseic pou aposkopoOn sthn apotOpwsh pio sOnjetwn
garakthristik,n thc agor™c, ipwc oi apitomec metaboléc tim n kai h eteroskedasti-
kithta stic apodiseic.

3.5.1  Jump Di usion Models

Ta upodebgmatdump Di usion , ipwc to montélo tou Merton [7], epektebBnoun th
stoqastik exbswsh thc tim ¢ tou upokePmenou prosjétontac éna stogastiki iro pou
anaparist” tugaba “Imata sthn tim :

ds; = ( )Stdt + S (dW + SidJy

'‘Opou:

- Ji: kajorbzei thn emf nish “Imatoc méswPoisson process : éntash twn alm™twn
(anamenimena “Imata an”™ mon“da grinou) -: mésh sqetik metabol thc tim ¢ kat” to
“Ima

Ta montela aut™ epitrepoun thn apotbmhsh parag,gwn me garakthristik™ aposu-
négeiac kai ebnai kat'llhla gia agorec me uyhl pijanithta aifnbdiwn gegonitwn (p.qg.
earnings announcementsgewpolitikec krbseic).

3.5.2 GARCH Models

Ta upodebgmata ARCH (Generalized Autoregressive Conditional Heteroskedastic-
ity ), ipwc tou Bollerslev (1986)[3], grhsimopoioOntai kurBwc sth statistik montelopo-
Bhsh apodisewn. AntD na upojétoun metablhtithta ek twn protérwn, thn upologbzoun
endogen,c b'sei palaiiterwn apodisewn kai diakum™nsewn:

2
t

En, arqik™ den sgedi“sthkan gia timolighsh  options, mporoOn na enswmatwjoOn se
apotimhtik™ plabsia (GARCH option pricing ) kai exngoOn fainimena ipwelustering thc
metablhtithtac kai makroprijesmh mn mh.

Ta GARCH -tOpou montéla ePnai gr sima giaacktesting strathgik, n kai gia oiko-
nomikoOc upologismoOc kindOnou (MaR), an kai den grhsimopoioOntai ekten,c sthn
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timolighsh exeidikeuménwn parag,gwn ligw thc élleiyhc dunamik ¢ prosomobwshc thc
agor'c.






Kef'laio 4

Sullog kai Epexergasba
Dedomenwn

Sta prohgoOmena kef'laia parousisthkan ta jewrhtik™ jemélia thc apotbmhshc para-
g.gwn: to montélo Black Scholes Merton, oi mhganismob timolighshc kai ta montéla
metablhtithtac pou epitrépoun thn anaparagwg tou volatility smile . Api auti to shme-
Po kai epeita, h ergasba stréfetai sthn ulopobhsh: sth sullog pragmatik.n dedoménwn
agor’c, sthn kataskeu upologistik ¢ upodom c kai sthn efarmog twn montélwn se
perib’llon backtesting.

H posotik an’lush kai apotbmhsh grhmatooikonomik n dikaiwm™twn proabreshc a-
paiteD thn Oparxh axiipistwn, leptomer,n kai gronik™ eujugrammisménwn dedoménwn.
Wstiso, se antbjesh me ta dedomena tim.n metog,n pou ebnai euréwc diajésima, ta
dedoména gia thn agordptions ebnai sugn” ellip , asuneq prosb“sima mino mésw e-
mporik,n parigwn. Gia thn k’luyh aut ¢ thc an"gkhc, anaptOgjhke mia prosarmosménh
diadikasba sullog ¢ dedoménwn, basisménh Bgthon.
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4.1 Arqitektonik kai Ulopobhsh Sullog c Dedomenwn

4.1.1 Arqitektonik kai Automatopobhsh

H diadikasba sullog ¢ dedoménwn ulopoiebtai me qr sh thc biblioj khcy nance,
h opoba epitrépei programmatistik prisbash stic timéc metog,n kai dikaiwm™twn pro-
abreshc @ptions) pou ebnai diajésimec sthn platfirma Yahoo Finance H sullog
pragmatopoiebtai gia éna sOnolo epilegménwn metog,n kai perilambnei:

~

L yh twn istorik,n hmer siwn tim.n ( end-of-day) gia kje metoq .

~

An“kthsh ilwn twn diajésimwn seir.n call kai put gia k'je hmeromhnba | xhc.

~

Apoj keush twn dedomenwn se arqebP@sV, organwména kat™ metoq kai hmero-
mhnba | yhc.

H ektélesh thc parap™nw diadikasPac égei automatopoihjeD mésw mhganismoO sune-
qoOc programmatisménhc ektéleshc, me th gr SBitHub Actions . Sugkekriména, grh-
simopoiebtai énascheduled work ow, 0 opoboc energopoiebtai kajhmerin®™ me gronismi
cron, prosarmosmeno sth grhmatisthriak drasthriithta twn Hnwménwn Politei,n.

Kat™ thn ektelesh, to antbstoigo Python script anakt”™ ta dedomena api toy nance,
ekteleb basiki élegqo plhrithtac, kai ta apojhkeOei se ierarghménh dom kataligwn an”
ticker kai hmeromhnba. Ta dedoména twn optionc gwrbzontaligecsv  kai puts.csv
kai apojhkeOontai entic kataligou me b*sh thn hmeromhnba ektéleshc, p.q.
data/ MSFT/options/2025-07-15/ .

Sto téloc thc diadikasbac, to perieqimeno tou apojethrbou enhmer netai me qr sh
git commit/push , diathr ntac étsi argePo twn dedoménwn an™ hméra kai enisqOontac th
dunatithta epan’lhyhc thc an’lushc.

H epilog aut c thc proseéggishc aposkopeb sthn axiipisth kai susthmatik kata-
graf dedomenwn, me emfash sthn eukolPa diagebrishc kai sthn elagistopobhsh geiro-
kbnhthc parembashc. Epipléon, h enswm“twsh thc diadikasbPac sullog ¢ sto perib“llon
tou GitHub dieukolOnei thn parakoloOjhsh thc ro ¢ kai thn tekmhrbwsh twn epimérouc
bhm™twn.

4.1.2 Epilog Tbtlwn kai Dom Dedomenwn

To sOnolo twn metog, n epilégjhke ste na perilamb’nei uyhl ¢ reustithtac tBtlouc
api diaforetikoOc tomeBc thc oikonomPac, ipwc parousi“zetai ston PPnaka 4.1.
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Ticker Etaireba
AAPL Apple Inc.
AMZN Amazon.com Inc.
BRK.B | Berkshire Hathaway Inc. (Class B)
DIS The Walt Disney Company
GOOGL | Alphabet Inc. (Class A)
JNJ Johnson & Johnson
JPM JPMorgan Chase & Co.
META Meta Platforms Inc.
MSFT | Microsoft Corporation
NVDA | NVIDIA Corporation
PG Procter & Gamble Co.
SPY SPDR S&P 500 ETF Trust
TSLA Tesla Inc.
UNH UnitedHealth Group Inc.
vV Visa Inc.
XOM Exxon Mobil Corporation

Pbnakac 4.1: Epilegmeénoi tbtloi gia sullog dedoménwn

4.1.3 Ulopobhsh K. dika
O k.,dikac ebnai gramménoc Bgthon kai organwmeénoc ,ste na ekteleb:
An“kthsh ilwn twn diajésimwn | xewn sumbolabwn.

L yh kai sugq,neush twn dedoménwncalls kai puts.

Apoj keush se ierarghménh dom fakélwn an™ hmeromhnba kai tbtlo.

To basiki tm ma tou k,dika sunoybzetai wc ex c:

Sg ma 4.1: An"kthsh kai apoj keush dedoménwroptions

ticker = yf.Ticker("AAPL")

for expiry in ticker.options:
chain = ticker.option_chain(expiry)
calls = chain.calls.copy()
puts = chain.puts.copy()

calls["expiration"] = expiry
puts['expiration"] = expiry

calls.to_csv(f"data/AAPL/options/{expiry}/calls.csv")
puts.to_csv(f"data/AAPL/options/{expiry}/puts.csv")

Parllhla, sullégontai kai ta istorik™ hmer sia dedoména gia th metoq :
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Sqg ma 4.2: Apoj keush istorik, n tim ,n metoq ¢

hist = ticker.history(period="max", interval="1d")
hist.to_csv("data/AAPL/historical_prices.csv")

4.1.4 Poiithta kai Periorismob

Pariti h Yahoo Finance apoteleD mia euréwc grhsimopoioOmenh phg dedoménwn,
entopbzontai orisménoi periorismob:

Adunamba | yhc istorik,n dedoménwaptions gia prohngoOmenec hmérec (mino stig-
miaba dedomeéna).

~

H kajustérhsh sthn enhmerwsh mporeb na ephre”sei th gronoseir”.

Gia ton metriasmi aut,n twn periorism,n, h sullog gbnetai kajhmerin®  ste na
exasfalisteD h meégisth dunat plhrithta se metagenésterh an”lush.
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4.2 Diajesimithta kai Kistoc Dedoménwn Options

Se antbjesh me ta dedoména tim ,n metog,n, ta opoba ePnai eOkola kai dwre™n diajésima
api polléc phgéc, ta dedoména giaptions chainsebnai sun jwc pio dOskolo na brejoOn
kai sugn” parégontai mino api emporikoOc parigouc me uyhli kistoc. Auti apoteleP
shmantiki empidio gia dokimec kai peir'mata se akadhmadki ereunhtiki plabsio.

Gia skopoOdacktesting, diatDjetai el qgisto uliki dwre™n. 'Ena api ta pio gr sima
datasetsebnai to:

" SPY Daily EOD Options Quotes (2020 2023) diajésimo sto Kaggle, me
hmer sia dedoména gia tic alusBdec dikaiwm™twn proaPreshc$®Y ETF .1

To dataset auti ePnai periorisméno, kaj,c kalOptei mino to SPY ETF kai mino gia
thn perbodo 2020 2023, all” apoteleb mia kal afethrba gia dokiméc.

Par’llhla, sto plabsio thc paroOsac ergasbac anaptOssetai éna diki macdataset
mésw thc diadikasPac sullog ¢ dedoménwn pou parousisthke sthn prongoOmenh enith-
ta. Me autin ton tripo dhmiourgebtai mia pio oloklhrvménh b"sh dedoménwn pou ka-
IOptei perissiterouc tbtlouc kai sto meéllon, gia megalOtero groniki orbzonta.

H upodom aut uposthrbzei thn efarmog pou anaptOgjhke sto plabsio thc erga-
sbac. Sto epimeno kef'laio parousi“zetai p,c ta dedomena enswmat,nontai sta epi-
meéroucmodules sto perib’llon ulopobhshc kai sth diadrastik axiopobhsh twn para-
p"nw datasets

Ihttps://mvww.kaggle.com/datasets/kylegraupe/spy-daily-eod-options-quotes-2020-2022/
data






Kef'laio 5

Argitektonik kal Ulopobhsh
Sust matoc

To kef'laio auti parousi“zei thn argitektonik kai thn tegnik ulopobhsh tou su-
st matoc axiolighshc strathgik,n parag,gwn. Perigr-ifontai ta basik™ domik™ stoi-
geba logismikoO, oi sqediastikéc apofseic, kai h org"nwsh twrmodulespou ulopoioOn
montéla metablhtithtac, timolighshc kai opisjodrimhshc. 'Emfash dbnetai sthn epe-
ktasimithta, thn axiopistDa kai ton kajari diagwrismi eujun,n metaxO twn epipédwn
tou sust matoc.
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5.1 Ulopobhsh Basik,n Modules

Sto parin tm ma parousi’zoume ta kOria domik™ stoigePa logismikoO pou apoteloOn
thn efarmog . H logik éqgei organwjeb se anex’rthtec enithtec ( module§ me kajar”
orisménainterfaces  ste na diasfalbzetai epanagrhsimopobhsh kai epektasimithta.

5.1.1 Montela Metablhtithtac ( Volatility Models )

H epilog montélwn metablhtithtac basbsthke kurbwc sthn ikanitht™ touc na dia-
geirbzontai thnaraiithta kai thn anomoiomorfba twn hmer siwn dedomémob. Pro-
tim jhkan meéjodoi pou diathroOn arijmhtik stajerithta kai kataskeu"zoun axiipistec
epif'neiec metablhtithtac akimh kai itan to diajesimo plegma strike expiry ebnai pe-
riorisméno me ellebyeic. Auti mei nei ton kbnduno uperefarmog c kai kajist”™ ta
apotelesmata kat'llhla gia realistik timolighsh kai opisjodrimhsh se pragmatik”
dedomeéna agor’c.

Qarakthristik™ twn Dedomenwn ( EoD) Ta dedoména ebnai hmer sing-of-
Day) kai proérgontai api istorik® option chains kai spot timéc. Auti shmabnei iti to
plegmastrike expiry ebnai peperasmeno, anomoiimorfo kai me jirubo, en, oi par"gwgoi
wc proc K kai T ebnai arijmhtik™ astajebc. Gia ton ligo auti protim_ntai montéla pou
leitourgoOn axiipista me arai” dedoména.

Montéla pou Qrhsimopoi jhkan

" Fixed Volatility Model . grhsimopoiebtai wbaselinegia elegqo orjithtac kai
sugkrbseic. Apli sthn efarmog , epitrépei eleggimena peir'mata kai benchmark-
ing “llwn mejidwn strathgik,n.

" Istorik Metablhtithta . upologbzei thn pragmatopoihjebsa metablhtithta
api gronoseirec spot, mesw kuliimenhc tupik ¢ apiklishc logarijmik,n apodise-
wn. Prosférei éna métro {ek twn ustérwn} thc abebaiithtac thc agor"c kai
grhsimopoiebtai kurbwc gimcktesting kai sOgkrish me thn uponooOmenh metablh-
tithta.

~ UponooOmenh Metablhtithta ( Implied IV ): ex"getai api tic timéc a-
gorc twn options mésw antistrof ¢ tou tOpou Black Scholes. ApoteleDb debkth
prosdok,menhc metablhtithtac pou enswmat nei tic prosdokbec thc agor™c
an” strike kai | xh. Oi timéc thc sugkrotoOn tic epif'neiec IV surfaces basiki
ergalebo gia an’lush (smile, skew) kai backtesting strathgik,n. '‘Opou apousi“zei
to akribéc strike, efarmizetai parembol gia sunéqgeia.
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SABR : parametriki montelo pou epitrépei omal prosarmog tou smile/ skewse
K'je | xh, akimh kai me arai” dedomeéna. Qrhsimopoiebtai kurbwc kont™ stdTM ,
ipou h agor” ePnai pio reust , ste na paréqei stajeréc kai omaléc kampQOleclV,
kat'llhlec gia diadrastik optikopobhsh kai timolighsh.

Montéla pou Den Qrhsimopoi jhkan

Dupire Local Volatility : apaiteb pukn kai omal epifneia, K'ti mh realistiki
meEoD dedomeéna.

Heston : dOskolh bajmonimhsh paramétrwn me hmer sia dedoména, upologistik™
barQ gia diadrastikithta.

~ Ubridik” local-stochastic  kai GARCH : apaitoOn puknitera dedoména
apeujOnontai perissitero se realized dynamicspar™ se IV surfaces

Sunépeiec SgediasmoO H epilog IV/SABR exasfalbzei isorropba an"mesa se
stajerithta, taqOthta kai epark pistithta. H estBash kont™ sto ATM belti,nei thn
axiopistBa, en, h gr sh historical volatility parégei shmebo anafor™c gia th sOgkrish me
tic prosdokbec thc agorc.

Ulopobhsh Montélwn Metablhtithtac Sth sunégeia paratbjentai endeikti-
k™ aposp”smata k,dika pou deBgnoun ton tripo me ton opobo ulopoi jhkan ta parap™nw
montéla. O stigoc ePnai na anadeigjeb tiso h athrhmenh doninterface) pou epib’l-
lei omoiomorfba, iso kai h praktik efarmog mésw parametrik,n montélwn, ipwc to
SABR. Gia to teleutabo, axiopoi jnke h bibliojkh QuantLib, h opoba perilambnei
etoimec kl"seic kai sunart seic gia grhmatooikonomik montelopobhsh kai parembol
kampul,n metablhtithtac.

Sqg ma 5.1: Afhrhménh kiI'sh VolatilityModel

class VolatilityModel(ABC):

@abstractmethod
def get_vol(self, strike: float, T: float, day: str, expiry: str) -> float:

Compute the volatility for a given option contract.

Parameters:
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strike (float): Option strike price

T (float): Time to maturity in years

- day (str): Evaluation date (as a string or timestamp)
expiry (str): Expiry date of the option

Returns:
- float: Volatility value

H sugkekriménh ulopoBhsh grhsimopoieBching gia thn apofug epanupologismoO
twn paramétrwn SABR se kje kl sh. H bajmonimhsh gbnetai mPa for~ an™ zeOgoc
hmeromhnPac-I xhc kai apojhkeOetai sabr_cache. gia stajeriterh prosarmog .

Sq ma 5.2: UlopobhshSABRVolatilityModel me qr sh QuantLib

class SABRVolatilityModel(VolatilityModel):

A faster SABR volatility model with calibration caching.

def __init__ (self, market_data, beta: float = 0.5):
self.calls_df = market_data.calls_df
self.spot_lookup = market_data.spot
self.beta = beta
self.sabr_cache = {} # cache for fitted SABR interpolators

de

-+

get_vol(self, strike: float, T: float, day: str, expiry: str) -> float:
expiry_date = pd.to_datetime(expiry).normalize().date()
day_date = pd.to_datetime(day).normalize().date()

cache_key = (day_date, expiry_date)

# Use cached SABR interpolation if available
if cache_key in self.sabr_cache:
sabr = self.sabr_cache[cache_key]
return float(sabr(strike, allowExtrapolation=True))

# Filter relevant option data
df = self.calls_dff

self.calls_df["expiration"] == pd.Timestamp(expiry_date)
l.copy()
df = df.dropna(subset=["impliedVolatility"])
if df.empty:

return 0.2

# Get spot price
spot = self.spot_lookup.get(day_date, None)
if spot is None:

return 0.2

# Filter for near-the-money strikes
df"moneyness"] = abs(df["strike"] - spot) / spot
df = df[df["moneyness"] < 0.02]
if len(df) < 5:

return 0.2
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# Prepare SABR inputs
strikes = tuple(np.round(df["strike"].values.astype(float), 4))
ivs = tuple(
np.round(

pd.to_numeric(df["impliedVolatility"], errors="coerce")

fillna(0.0)

.values,

6,

# Set QuantLib dates and maturity

gl_expiry = Date(expiry_date.day, expiry_date.month, expiry_date.year)
gl_eval = Date(day_date.day, day_date.month, day_date.year)
Settings.instance().evaluationDate = ql_eval

T = Actual365Fixed().yearFraction(gl_eval, gl_expiry)

if T <=0:
return 0.2

# Fit SABR interpolation
sabr = SABRInterpolation(
list(strikes),
list(ivs),
T,
spot,
alpha=0.2,
beta=self.beta,
nu=0.5,
rho=0.0,
alphalsFixed=False,
betalsFixed=True,
nulsFixed=False,
rholsFixed=False,

self.sabr_cache[cache_key] = sabr

return float(sabr(strike, allowExtrapolation=True))

5.1.2 Montela Timolighshc ( Pricing Models )

H efarmog perilamb™nei diaforetikéc mejidouc timolighshc gia eurwpadk™ dikai,mata,
me skopi thn sOgkrish thc akrBbeiac kai thc upologistik ¢ poluplokithtac. K’je
montélo ulopoiebtai wc anex’rthth kI"sh pou epektebnei éna koininterface, epitrépontac
thn eOkolh enallag mejidwn sto Bdio perib’llion.

Montéla pou Ulopoi jhkan

Black Scholes : analutikic tOpoc gia options.

Monte Carlo Simulation  : stogastik prosomoBwsh me dunatithta upologismoO
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diasthm™twn empistosOnhc.
Binomial Tree : diakriti montélo pou uposthrbzei kai amerikanik™ optionc.

Finite Di erence (Crank Nicolson) . arijmhtik epblush tou Black Scholes
PDE gia megalOterh euelixDa.

'Ola ta parap™nw axiopoioOn thn koin afhrhménh kI’sh PricingModel, h opoba exa-
sfalbzei eniabdnterface gia thn timolighsh, me paramétrouc ipwc tim upokebmenou,
strike, | xh kai tOpoc option. Endeiktik™ paratDjentai parak™tw h afhrhmeénh kI"sh

kai h ulopobhsh touBlack Scholes.

Sq ma 5.3: Athrhménh kI"'sh PricingModel

class PricingModel(ABC):
def __init_ (
self,
volatility_model: VolatilityModel = FixedVolatilityModel(0.2),
rate_provider: Optional[callable] = None,

self.volatility_model = volatility_model
self.rate_provider = (
rate_provider if rate_provider is not None else get risk_free_rate

@abstractmethod

def price_option(
self,
spot: float,
strike: float,
expiry: datetime,
option_type: str,
day: datetime,

) -> float: ...

Sg ma 5.4: UlopobhshBlackScholesMaodel

class BlackScholesModel(PricingModel):
def price_option(

self,
spot: float,
strike: float,

expiry: datetime,
option_type: str,
day: datetime,

) -> float:
# Get risk-free rate
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risk_free_rate = self.rate_provider(day)

# Time to maturity
T = (expiry - day).days / 365.0
if T <= 0:

return 0.0

# Volatility
vol = self.volatility_model.get_vol(strike, T, day, expiry)
if vol <= 0:

return 0.0

# Black-Scholes formula

dl = (log(spot / strike) + (risk_free _rate + 0.5 * vol**2) * T) / (vol
* sqrt(T))

d2 = d1 - vol * sqrt(T)

if option_type == "call"
return spot * norm.cdf(dl) - strike * exp(-risk_free_rate * T) *
norm.cdf(d2)
elif option_type == "put"
return strike * exp(-risk_free_rate * T) * norm.cdf(-d2) - spot *
norm.cdf(-d1)
else:
raise ValueError("Unknown option type")

5.1.3 Ulopobhsh Mhgan ¢ Opisjodrimhshc ( Backtesting Engine )

H mhgan opisjodrimhshc apoteleb ton pur na tou sust matoc axiolighshc strathgi-
k.n options. Sgedi"sthke me b"sh thn epektasimithta, thn akrbbeia twn upologism_ n
kai th diaf"neia thc logik ¢, epitrépontac th susthmatik sOgkrish diaforetik,.n pro-
seggbsewn se istorik™ dedoména agor’c.

Argitektonik kai Sqediastik™ Pritupa To sOsthma akoloujeb thn arq

tou diagwrismoQ eujun,n me xeqwrist modules gia k’je leitourgikithta. H qr sh
sgediastik,n protOpwn ( Strategy, Registry, Policy Pattern) epitrépei thn prosj kh
néwn strathgik,n qwrbBc tropopobhsh toucore engineg thn anex’rthth antikat"stash
politik,n upologismoO ( margin, assignmen) kai thn epéktash me néec metrikéc kindOnou.
To di"gramma ki"sewn (Sq ma 5.5) apeikonbzei ta kOrmomponents
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Sqg ma 5.5: Di"gramma argitektonik ¢ sust matoc opisjodrimhshc

SOsthma Diagebrishc Paramétrwn To sOsthma diagePrishc paramétrwn epi-
trépei thn tupopoihménh d lwsh, validation kai tekmhrbwsh twn paramétrwn k’je stra-
thgik c. K'je par'metroc orbzetai mésw thc kI'shc ParameterSpec, h opoba perilam-
b nei inoma, tOpo dedoménwn, proepilegmeénh tim , iria tim n kai perigraf . H méjodoc
validate()  ekteleb autimata elegqo tOpou kai eOrouc, epistréfontac thn epikurwmeénh
tim pet,ntac exception se perbptwsh sfllmatoc.

To sOsthma exasfalbzei:

Tupik asf’leia . autimath metatrop kai eéleggoc tOpwn (FLOAT INT,
PERCENTAGHp.)

'Eleggo orBwn : autimath apirriyh tim n ektic epitreptoO eOrouc
Proepilegménec timéc . K'je par"metroc eqgei asfal proepilog

~

Tekmhrbwsh : k'je par'metroc sunodeOetai api perigraf

Sq ma 5.6: SOsthmavalidation paramétrwn

@dataclass
class ParameterSpec:
name: str
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param_type: ParameterType # FLOAT, INT, PERCENTAGE, etc.
default: Any

min_value: Any = None

max_value: Any = None

description: str = ™"

required: bool = False

def validate(self, value: Any) -> Any:

if value is None:
return self.default

# Type conversion (float, int, bool, etc.)
# Range validation (min_value, max_value)
# Return validated value or raise ValueError

Afhrhmenh KlI'sh Strathgik,n 'Olec oi strathgikéc klhronomoOn api thn
BaseStrategy , h opoba orbzei to basikinterface:

Sg ma 5.7: Afhrhménh kI"sh BaseStrategy

class BaseStrategy(ABC):
def __init__(self, name: str, description: str = ",
pricing_model=None, **parameters):
self.name = name
self.description = description
self.pricing_model = pricing_model
self.config = StrategyConfig()
self.state = {} # Internal state for tracking

# Setup parameter specifications
self._setup_parameters()

# Validate and set parameters
self.config.validate_and_set(**parameters)

@abstractmethod

def generate_orders(self, market_data: MarketData,
day: datetime, expiry: datetime,
**kwargs) -> list{Order]:

Generate orders for a given day and expiry""

def on_trade_close(self, trade_result: dict[str, Any]):

H kI"sh paregei mejidouc gia validation entol n, élegqo diplitupwn jesewn an™  expiry,
parakoloOjhsh metrik,n apidoshc kai diagePrish kat"stashc metaxOtrades.

Par"deigma Ulopobhshc: ATM Straddle Strategy H strathgik ATM Strad-
dle apoteleb endeiktiki par"deigma thc pl rouc enswm™twshc ilwn twn parap™nw mh-
ganism,n. H ulopobhsh perilamb™nei orismi paramétrwn, élegqo timolighshc kai para-
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108 Kef'laio 5. Argitektonik kai Ulopobhsh Sust matoc

gwg entol n.

Sqg ma 5.8: UlopobhshATM Straddle < Orismic Paramétrwn

@register_strategy("ATMStraddle")
class ATMStraddleStrategy(BaseStrategy):
def __init__ (self, name="ATMStraddle", **parameters):
super().__init__(
name=name,
description="Long straddle with size scaled to spot price",
**parameters

def _setup_parameters(self):

............

super()._setup_parameters() # Get common parameters

self.config.add_parameter_spec(ParameterSpec(
name="size_factor",
param_type=ParameterType.POSITIVE_FLOAT,
default=0.01,
min_value=0.001,
max_value=1.0,
description="Size as percentage of spot (0.01 = 1% of spot)"

)

self.config.add_parameter_spec(ParameterSpec(
name="days_before_expiry",
param_type=ParameterType.POSITIVE_INT,
default=5,
min_value=1,
max_value=30,
description="Days before expiry to enter trade"

)

self.config.add_parameter_spec(ParameterSpec(
name="max_price_ratio",
param_type=ParameterType.POSITIVE_FLOAT,
default=1.25,
min_value=1.0,
max_value=3.0,
description="Max ratio of market price to theoretical

)

H mejodoc_setup_parameters() kalebtai autimata kat™ thn argikopobhsh kai orbzei
tic prodiagraféc paramétrwn. To sOsthmavalidation exasfalDzei iti oi timéc pou pa-

regontai api to Ul scripts ebnai égkurec prin api thn ektélesh.

Sg ma 5.9: UlopobhshATM Straddle ¢ Paragwg Entol,n

def generate_orders(self, market_data: MarketData,
day: datetime, expiry: datetime,
**kwargs) -> list[Order]:
""Generate ATM straddle orders™"
spot = market_data.get_spot(day)
if spot is None:
return []
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# Check for duplicate expiry
if self._should_skip_expiry(expiry):
return []

# Calculate position size based on spot
size = max(1, int(spot * self.config.get("size_factor")))

# Get option chains
calls = market_data.get_option_chain(day, expiry, kind="call")
puts = market_data.get_option_chain(day, expiry, kind="put")
if calls.empty or puts.empty:

return []

# Find ATM strikes
call = market_data.pick_atm(calls, spot)
put = market_data.pick_atm(puts, spot)
if call.,empty or put.empty:

return []

call_row, put_row = call.iloc[0], put.iloc[0]
call_mid = (call_row["bid"] + call_row["ask"]) / 2
put_mid = (put_row["bid"] + put_row["'ask"]) / 2

# Pricing evaluation (uses pricing_model if available)
if not self._evaluate_pricing(spot, call_row, put_row,
call_mid, put_mid, expiry, day):
return []

# Create orders
orders = [

Order(symbol=call_row["contractSymbol"],
order_type=OrderType.CALL, side=OrderSide.BUY,
size=size, price=call_mid,
strike=call_row(["strike"], expiry=expiry,
timestamp=day, strategy_id=self.name),

Order(symbol=put_row["contractSymbol"],
order_type=OrderType.PUT, side=OrderSide.BUY,
size=size, price=put_mid,
strike=put_row(["strike"], expiry=expiry,
timestamp=day, strategy_id=self.name)

# Mark expiry as active
if orders:
self._mark_expiry_active(expiry)

return self.validate_orders(orders)

Kef'laio 5. Argitektonik kai Ulopobhsh Sust matoc

H parap™nw ulopoBbhsh anadeiknQOei ta basik™ garakthristik™ tou sust matoc: prisbash
se paramétrouc meéswself.config.get() , elegqo diplitupwn expiries, upologismi
jésewn b’sei spot, eOreshATM strikes , proairetiki elegqo timolighshc kai dhmiourgba
epikurwménwn entol n.
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Ulopoihménec Strathgikéc To sOsthma perilamb’nei treic klasikéc strathgi-
kéc me diaforetik™ profBl kindOnou-apidoshc. 'Olec ulopoioOrpricing Iters gia apirri-
yh upotimhménwn upertimhménwn jésewn, kaj,c kai logik diagebrishassignmentkai
rolling positions. Oi treic strathgikéc sunoybzontai ston PPbnaka 5.1 kai eggr fontai
autimata meésw tou@register_strategy  decorator, epitrépontac th dunamik firtws
touc api to Ul scripts.

PBnakac 5.1: Qarakthristik™ ulopoihmenwn strathgik,n

Strathgik Jéseic Profbl
Covered Call Long stock, short call Paragwg eisod matoc, metria a-
pidosh
ATM Straddle | Long call, long put (ATM ) Long volatility , summetrik
Strangle Long call, long put (OTM) Qamhli Kistoc, meg’lo
breakeven
5.1.3.1 Mhgan UpologismoO P&L (PnLEngine )

To PnLEngine ebnai upeOjuno gia ton akrib upologismi kerd,n kai zhmi n sth | xh,
lamb™nontac upiyh polOplokec katast’seic ipwc covered positions assignment kai
liquidation . Oi basikec upojéeseic tou montelou ebnai:

A~

Snapshot model : Apotbmhsh se mba tispot kat™ th | xh
European settlement : Den up’rqgei priwrh “skhsh

Assignment-rst  : Ta ITM short calls prokaloOn assignmentprin opoiad pote
liquidation

Covered logic : Ta covered short callsden apaitoOmargin

Position tracking : Oi jéseic mporoOn na diathrhjoOnffold) na reustopoihjoOn
(liquidate)

H dom tou engine basbzetai se enall’ximec politikec pluggable policie. Oi treic
basikéc politikéc pou grhsimopoioOntai ePnai: (a) tharginModel gia ton upologismi
apaitoOmenou kefalabou, (b) téssignmentPolicy gia th logik an’jeshc jésewn,
kai (g) to UnderlyingResolver gia ton entopismi tou upokeBmenou tbtlou k’je jéshc.
Aut h argitektonik epitrépei thn eOkolh prosarmog tou sust matoc se diaforetik”
prodinta agorec.

Sqg ma 5.10: Dom tou PnLEngine

@dataclass
class PnLEngine:
""" Portfolio P&L calculator with swappable policies™"
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111 Kef'laio 5. Argitektonik kai Ulopobhsh Sust matoc

margin_model: MarginModel = field(default_factory=DefaultMarginModel)

assignment_policy: AssignmentPolicy = field(
default_factory=DefaultAssignmentPolicy)

underlying_resolver: UnderlyingResolver = field(
default_factory=SimpleUnderlyingResolver)

def calculate(self, positions: list[Position],
spot_expiry: float,
force_liquidation: bool = False
) -> tuple[float, float, dict]:

Compute total P&L, capital used, and breakdown per position.

Returns:

(total_pnl, total_capital, breakdown_by_position_id)
# Group by underlying
# Process options (calculate payoffs, check coverage)
# Process stocks (check assignment, liquidation)
# Return aggregated results

To engineqwrbzei th logik se dOo exeidikeuménouc upologistéc:

OptionCalculator : Upologbzeipayo , P&L kai margin gia options. Eléggei an
enashort call ebnatoveredapi long stock

StockCalculator : Diageirbzetai th reustopobhsh metoqg,n, ebte méassignment
(an up’rqgei ITM short call ), ebte sthn agor™ (forced liquidation  short covering).

Gia k'je jesh, to breakdown perilamb”nei:
~ TOpo jéshc (buy/ sell, call/ put/ stock)
P&L kai mégejoc

Premium, payo , entry/ exit timéc

Status (assigned liquidated, hold)

An tan covered

5.1.3.2 Metrikéc KindOnou ( RiskMetrics )

H kI'sh RiskMetrics upologbzei éna sOnolo metrik,n apidoshc kai kindOnou gia thn
axiolighsh twn strathgik,n. Oi metrikéc perilamb”noun:

Metrikéc Apidoshc
" Total P&L : Sunolik™ kerdh/zhmbec se apiluta nombsmata

Win Rate : Pososti kerdofirwn trades
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Prot Factor

. Ligoc kerd,n proc zhmbec

Total Return % : Sunolik apidosh wc pososti tou kefalabou

Average Return % : Mésh apidosh an” trade

Metrikec KindOnou

Sharpe Ratio

. Prosarmosmeénh ston kbnduno apidoslexXcess return/ volatility )

Value at Risk (VaR) : Megisth zhmba se 95% kai 99%on dence levels

~ Conditional VaR (CVaR) : Anamenimenh zhmba péranVaiR (tail risk)

Maximum Drawdown : Megisth pt,sh api topiki megisto

Standard Deviation : Metablhtithta twn apodisewn

H meéjodoc summarize() déqgetai ena DataFrame me trades kai epistréfei éna
RiskMetrics dataclass instanceme ilec tic parap™nw metrikec. Auti epitrepei:

SOgkrish strathgik,n se eniaba b"sh

An’lush apidoshc an™ expiry

Sugkentrwtik axiolighsh se ilo to backtest

5.1.3.3 Mhqgan Ektéleshc ( BacktestEngine )

To BacktestEngine

suntonbzei ila ta parap nw componentskai ekteleb tic strathgikéc

se istorik” dedoména. H ro ektéleshc gia k'je expiry ebnai:

1. Proetoimasba

: Firtwsh option chains gia to expiry, eOresh diajésimwn hme-

romhni,n sunallag,n

2. Trading Calendar : Filtrrisma se pragmatikéc hmérec sunallag,n ( NYSE

calendan kai epilog entry day b"sei days_before_expiry

. Order Generation : Kl sh thc strathgik c gia paragwg entol.n
. Position Opening : Metatrop entol,n se jéseic me entry prices
. Upologismic P&L : Upologismic kerd,n/zhmi.n sth | xh me to PnLEngine

. Enhmeéerwsh kat"stashc : Enhmeérwshstrategy state kai parakoloOjhsh a-

noiqt,n jesewn

. Katagraf metrik,n . Apoj keush apotelesm™twn kai upologismic Risk-

Metrics
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To engineuposthrbzei:

meéna
Rolling positions
Forced liquidation

Progress tracking

Pollaplec strathgikéc . Ektélesh par’lihlwn strathgik,n sta Bdia dedo-

: Diat rhsh jésewn metaxO expiries (gia Covered Call)
. Telik reustopobhsh ilwn twn anoigt,n jésewn

: Callbacks gia enhmérwsliUl kat™ thn ektélesh

To apotelesma epistréfetai wc BacktestResult dataclasspou periegei:

summary : Metrikéc kindOnou an“expiry

trades : An’lush an” sunallag

total_summary

Sugkentrwtik™ apotelesmata

Sg ma 5.11: Par"deigma ekteleshcbacktesting

# Initialize engine with market data
engine = BacktestEngine(market_data, calendar=TradingCalendar("NYSE"))

# Create strategy with parameters
strategy = ATMStraddleStrategy(

name="MyStraddle",

pricing_model=BlackScholesModel(volatility_model=sabr),

size_factor=0.01,
max_price_ratio=1.25,
days_before_expiry=5

# Run backtest across expiries

result = engine.run_strategy(
strategy=strategy,
expiries=expiry_dates,
force_liquidate=True,

progress_callback=update_progress

# Access results

print(f"Total P&L: ${result.total_pnl:,.2f}")
print(f"Sharpe Ratio: {result.total_summary['sharpe_ratio".iloc[0]:.2f}")
print(f"Win Rate: {result.total_summary['win_rate".iloc[0]:.1%]}")

5.1.3.4 Qarakthristik™ Argitektonik ¢

H arqitektonik tou sust matoc prosférei ta ex ¢ garakthristik™

Epektasimithta

Testability : K'je

. Néec strathgikéc prostbjentai me 50-100 grammeéc k dika

componentmporeb na dokimasteb anex’rthta
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Diaf'neia  : Analutiki breakdown gia K'je jésh kai sunallag
Euelixba : Enall"ximec politikéc gia diaforetikeéc agoréc prodinta

Axiopistba : Immutable results kai validation se k’je st"dio

5.1.3.5 Upojéseic kai Periorismob Montélou

H mhgan opisjodrimhshc basDBzetai se éna sOnolo aplopoi sewn pou dieukolOnoun thn
ulopobhsh kai thn ermhneba twn apotelesm™wn. Oi kuriiterec upojéseic ebnai:

Ektélesh kai Kisth Sunallag,n

A~

Ektélesh sth mesh tim ( mid-price ): Oi entoléc ekteloOntai sthn pa-
regimenh tim (sun jwc to meéso iro bid/ask) qwrbcslippage merik ektélesh
kajusterhsh

Mhdenik™ kisth sunallag,n : Den upologbzontai prom jeiec, télh, firoi
“lla kisth
Aperiiristh reustithta : Opoiod pote megejoc jéshc mporeb na ektelesteb

sthn epijumht tim qwrbc epbdrash sthn agor” harket impact)

Aplopoihménoc pollaplasiast ¢ . Ta options antimetwpbzontai wc mo-
n"dec 1:1 me to upokePmeno @00 ipwc sthn pragmatikithta)

Qronismic kai Timolighsh

~

Snapshot backtesting : K'je sunallag axiologebtai se dOo gronik™ shmebasmba
hmeromhnba eisidou kai mba hmeromhnba exidou (I xh). Den up’rgei ex'rthsh api
thn porePa thc tim ¢ metaxO eisidou kai exidou

Eurwpadk™ options : Ta dikai,mata askoOntai mino sth | xh, qwrBc dunatithta
priwrhc “skhshc ( American-style)

Assignment sth Ixh : H an’jesh (‘assignmen) twn short calls sumbabnei
autimata sth | xh an ebnaiin-the-money, gwrbc endi"mesa gegonita

Hmeroligio sunallag,n : Qrhsimopoiebtai to hmeroligio touNYSE gia ton
prosdiorismi twn hmer,n sunallag,n

Strathgik kai Kef'laio

Monadik ebsodoc an” | xh : Gia K'je hmeromhnba | xh, h strathgik gen-
n~ entolec mino sthn prth epiléximh hméra sunallag,n, gwrbc epaneisidouc
endi"mesec prosarmogéc
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Aplopoihméno  margin : Ta covered short callsapaitoOn mhdenikinargin, en,
gia ta uncovered short callsto apaitoOmeno perij.rio upologbzetai wc

max (20% spot size; 10% premium  size)

AgnooOntai merBsmata kai qgrhmatodithsh : Den upologbzontai merbsma-
ta tou upokePmenou, kisth daneismoO gleort jéseic, tikoi se tameiak™ upiloipa

Exanagkasmeénh reustopobhsh . Sto téloc thc opisjodrimhshc, ilec oi
anoiqtéc jéseic metog,n reustopoioOntai sthn tim spot qwrBcslippage

Upologismic P&L kai Metrik,n

~

Snapshot P&L : Ta kérdh/zhmBec upologbzontai sth | xh wc diafor” metaxO
payo kai premium gia options, kai wc diafor” tim_n gia metogéc pou pwloOntai

Seir” epexergasbac : Ta options epexerg“zontai prin tic metogéc, ,ste na
prosdioristeb swst™ h K'luyh ( coverage twn short calls

Sharpe Ratio : Upologbzetai api th seir” twn P&L (igi apodisewn), upojéto-
ntac 252 hmerec sunallag,n kai epitikio 2% ethsbwc

" VaR/CVaR : Upologbzontai api thn empeirik katanom twnP&L twn sunalla-
g,n, qwrbc upijesh sugkekriménhc jewrhtik ¢ katanom c

Sunépeiec kai Periorismob Oi parap™nw aplopoi seic epitrépoun thn tageba u-
lopoPhsh kai thn eOkolh ermhneba twn apotelesm™twn, all” epib-lloun kai periorismoOc:

Ta apotelesmata ebnaaisiidoxa  ligw thc apousbac kost,n sunallag,n kai
slippage

H aplopobhsh tou pollaplasiast (1:1 antD 0100) ephrezei ta apiluta megéjh
kerd,n all” igi tic sgetikec apodiseic

H mh upost rixh priwrhc “skhshc mporeb na upoektim sei ton kbndussignment
gia baji” in-the-money jéseic

H agnihsh merism™twn ephre“zei kurbwc strathgikéc me makrogriniec metogikéc
jéseic (p.q. Covered Call

Par” touc periorismoQOc, to montélo ePnai kat'llhlo gia thn ekpaideutik katanih-

sh twn strathgik,n kai thn  sugkritik axiolighsh diaforetik,n paramétrwn se
stajeri perib’lion.

To sOsthma grhsimopoi jhke gia thn axiolighsh twn tri,n strathgik,n se istorik™
dedomeéna to@PY api to 2020 ewc 2023, pargontac qili"dec sunallagéc kai anaforéc
apidoshc pou parousi“zontai sthn efarmog .
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5.2 Argitektonik Sust matoc

To sOsthma akoloujeD mia kajar argitektonik diagwrismoO eujun,n, me trDa kOria
epbpeda pou epikoinwnoOn metaxO touc:

5.2.1 Epbpedo Parousbashc

To epPpedo parousPashc ebnai upeQjuno gia th diepaf me ton gr sth kai thn optiko-
pobhsh apotelesm™wn. Apoteleb lepti strma pou metasghmatbzei ta dedoména api
to epbpedo logik ¢ se kat'llhlec morféc gia probol (graf mata, pbnakec, anaforéc).

H ulopobhs tou kai oi leptoméreiec thc diadrastik ¢ efarmog ¢ parousi"zontai sto
epimeno kef’laio.

5.2.2 Epbpedo Logik c Tomea

To epPpedo logik ¢ perilamb™nei tic kOriec kl'seic kai sunart seic pou ulopoioOn th
grhmatooikonomik logik :

~

Diagebrish dedoménwn agor’c . firtwsh kai epexergasba dedoménwop-
tions, filtr'risma me b"sh igko kai poiithta, anaz thsh ~ ATM options kai diage-
Prish istorik,n tim,n.

Montéla timolighshc : ulopobhshBlack-Scholes prosomobwsMonte Carlo,
binomial trees kai nite di erence methods gia timolighsh options.

An”lush metablhtithtac : upologismic uponooOmenhc metablhtithtac kai
dhmiourgba epifanei,n metablhtithtac.

Opisjodrimhsh . ulopobhsh strathgik,n options kai upologismic metrik,n
apidoshc.

5.2.3 Epbpedo Dedomenwn

Ta dedoména organ, nontai ierargik™ me K'jeticker na egei diki tou f’kelo, periégontac
istorikec timéc kai option chains an™ hmeromhnba. H kI"sh diagebrishc dedoménwn paregei
eniaba diepaf prisbashc anex'rthta api thn upokeBmenh org"nwsh, uposthrbzontac
leitourgbec ipwec filtr'risma b sei gronikoO eOrouc, anaz thsh sugkekriménwn | xewn

kai caching gia beltistopobhsh apidoshc.
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5.3 Tegnologiki Perib’llon

To sOsthma anaptOgjhke grhsimopoi ntac sOggronec tegnologbPd®ython pou sundu-
~zoun episthmonikoOc upologismoOc me dunatithtec an“lushc kai optikopoBhshc:

5.3.1 KOriec TegnologbPec

Python : epilégjhke wc kOria gl,ssa programmatismoO ligw tou ploOsiou oiko-
sust matoc bibliojhk n gia episthmonikoOc upologismoOc kai grhmatooikonomik
an’lush. H uyhloO epipédou sOntaxh epitrépei th gr gorh prwtotupopobhsh kai
sunt rhsh polOplokwn algorbjmwn.

Object-Oriented Design  : h argitektonik basbzetai se afhrhménec kl'seic kai
interfaces epitréepontac epektasimithta mesw klhronomikithtac kai polumorfismo-
O. Ta sgediastik” pritupa Strategy kai Registry dieukolOnoun thn prosj kh néwn
montélwn kai strathgik,n qwrbc tropopobhsh tou pur na.

Type Annotations : gr sh tOpwn gia autimato élegqgo orjithtac kai kalOterh
tekmhrbwsh tou k, dika.

5.3.2 Episthmonikec Biblioj kec
To sOsthma axiopoieD éna isquri sOnolo bibliojhk, n gia episthmonikoOc upologismoOc:

~

NumPy kai SciPy : jemeli deic biblioj kec gia arijmhtikoOc upologismoQc,
statistikéc sunart seic kai arijmhtik an’lush. QrhsimopoioOntai ekten c gia
upologismoOc metablhtithtac, katanom n kai VaR/CVaR .

Pandas : diagebrish kai an"lush dedoménwn, idiabtera gr simh gia gronoseiréc kai
option chains. Oi domedataFrame epitrépoun apodotik epexergasba meg’lwn
sunilwn dedoménwn.

" QuantLib-Python : prohgmeénh biblioj kh grhmatooikonomik ¢ montelopobhshc
pou grhsimopoiebtai gia thn ulopobhsh toBABR montélou metablhtithtac, pa-
régontac étoimec sunart seic parembol ¢ kai bajmonimhshc.

y nance : biblioj kh gia thn an"kthsh dedomenwn api Yahoo Finance grhsimo-
poiebtai gia th sullog istorik,n tim n kai  option chains.






Kef'laio 6

Diadrastik Efarmog Kkal
Apotelesmata

H diadrastik efarmog pou anaptOgjhke sto plabsio thc paroOsac ergasbac apoteleD
mia oloklhrwmeénh platfirma gia th diereOnhsh kai axiolighsh strathgik.n dikaiw-
m’“twn proabreshc. H efarmog sundu“zei ta jewrhtik™ montéla pou parousi“sthkan
sta prohgoOmena kef’laia me pragmatik™ dedoména agor™c, parégontac éna perib’lion
gia thn exagwg praktik,n sumperasm™twn.

H platfirma ulopoi jhke me gr sh tou  Dash framework kai parégei pente jematikéc
kartélec pou kalOptoun diaforetikéc ptugéc thc an“lushc options: api thn optikopobh-
sh istorik,n tim, n kai epifanei,n metablhtithtac, éwc thn prosomobwsh Monte Carlo
kai thn opisjodrimhsh strathgik,n se pragmatik™ dedomeéna.
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6.1 Ojinh Tim c Metoq c

H pr.th kartela thc efarmog ¢ paréqei diepaf gia thn exereOnhsh istorik.n tim.n
metoq,n kai leitourgeD wc shmebo ekkbnhshc gia thn katanihsh thc sumperifor"c enic
upokebmenou tbtlou prin api thn an’lush twn antbstoiqwn parag,gwn tou.
KOria garakthristik™:

Epilog api IDsta diajésimwn tickers kai kajorismic gronikoO eOrouc

Dunatithta enallag ¢ metaxO® grammik c kai logarijmik ¢ kiPmakac

H kartéla aut dieukolOnei thn argik apotbmhsh thc metablhtithtac kai twn t"sewn tou
upokebmenou tbtlou, plhroforbec pou ebnai krbsimec gia thn katanihsh thc sumperifor'c
twn antbstoigwnoptions.

Sg ma 6.1: Stock price
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6.2 Epif'neia Metablhtithtac ( Volatility Surface )

H deOterh kartéla esti"zei se éna api ta pio shmantik™ kai polOploka jémata sth
jewrba twn parag,gwn: thn uponooOmenh metablhtithta implied volatility ). H epi-
f'neia metablhtithtac apoteleb krbsimo ergalebo gia thn katanihsh twn prosdoki,n
thc agor’c.

KOria garakthristik™:

" Trisdi"stath optikopobhsh thc IV wc sun’rthsh tou moneynesskai grinou | xhc
Dunatithta filtrarDsmatoc sugkekriménwn eOrwn moneynesskai | xewn
Tomeéc thc epif'neiac pou apokalOptoun to fainimenovolatility smile/skew

Jermikic q°rthc gia eukoliterh an"gnwsh twn tim, n

'Opwc faPnetai stic toméc thc epif'neiac (Sq ma 6.3), anadOetai kajar” to fainimeno
tou volatility smile . H kampulithta ebnai pio éntonh gia braquprijesmec | xeic, gegonic
pou antanakl™ thn auxhménh abebaiithta kai euaisjhsba thc agor"c se braquprijesmo
orbzonta.

Sq ma 6.2: Volatility Surface
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Sq ma 6.3: Volatility Surface with smile and volume
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6.3 Prosomobwsh Monte Carlo

H trbth kartela parousi“zei tic stogastikec mejidouc timolighshc mésw diadrastik ¢
efarmog ¢ thc mejidou Monte Carlo, anadeiknOontac th statistik fOsh twn grhmato-
oikonomik,n agor,n.

KOria garakthristik™:

Parametrikic éleggoc ilwn twn paramétrwn tou montélou Black-Scholes
(S;Kir;T)
ROjmish arijmod prosomoiwménwn diadrom.n kai bhm™twn gia exisorriphsh a-
krDbeiac kai tagOthtac
"~ Autimatoc upologismic diasthm™twn empistosOnhc kai sf'lmatoc ektbmhshc
Optikopoi seic:
Grafik apeikinish debgmatoc prosomoiwménwn diadrom.n tim c
Istigramma katanom c twn telik,n tim,n kai twn apodisewn tou option

~ SOgkrish me analutik 10sh Black-Scholes

Sg ma 6.4: Monte Carlo GBM Paths
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6.4 SOgklish Upologistik n  Mejidwn ( Conver-
gence)

H tétarth kartéla égei sqgediasteb gia na exet’sei thn akrbbeia kai axiopistba twn arij-
mhtik.n mejidwn timolighshc. ApoteleD ergalePo poiotikoO elégqou pou dieukolOnei
thn katanihsh twn periorism n kai twn dunatot twn twn diaforetik,n upologistik,.n
proseggbsewn.

6.4.1 Mejodoi UpologismoO

Gia thn an’lush sOgklishc ulopoi jhkan treic arijmhtikéc méjodoi timolighshc  Euro-
pean call options oi opoPec sugkrbnontai me thn analutik 1QsBlack-Scholes

Monte Carlo Simulation H méjodoc grhsimopoieb stoqastikéc prosomoi,seic me
thn tegnik antithetic variates  gia mebPwsh diaspor™c, ipou gia kK'je tugabo monopti
Z dhmiourgebtai to antbjeto Z. To tupiki sflma mei netai me rumi O(1= M),
ipou M o arijmic prosomoi,sewn, kai upologDzontai diast mata empistosOnhc 95%
pou apeikonbzontai wc skiasménh perioq .

Binomial Tree Diakritopoieb th gronik exélixh se N b mata me anodik kai kajodik
kbnhsh se k'je kimbo. Hp anadromik apotbmhsh kinebtai api th | xh proc ta pPsw, me
jewrhtik sOgklish O(1= N) kai grammiki upologistiki kistoc.

Finite Di erence Method (Crank-Nicolson) EpilOei thn exDswstBlack-Scholes
PDE mésw diakritopobhshc g,rou kai grinou. To sq maCrank-Nicolson ( = 0:5)
epitugq nei stajerithta qwrbc periorismoQOc kai t'xh sOgklishc O( t2)+ O( x?). Gia
N gronik™ b mata orBzontaiN, =3 N qwrik™ shmeba.

6.4.2 Peiramatik Diadikasba kai Apotelesmata

H an’lush pragmatopoiebtai se 20 logarijmik® katanemhmeéna epPpeda an’lushc api
Nmin = 10 éwc Nmax = 10;000, upologbzontac thn tim tou dikai,matoc, to poso-
stiabo sflma enanti Black-Scholes kai ton grino ektéleshc. H efarmog prosferei
optikopobPhsh sOgkrishc tim n, an’lushc sfimatoc, kai métrhshc apidoshc.

To Sq ma 6.5 apeikonBzei th sumperifor” sOgklishc: Monte Carlo emfanbzei stogasti-
kéc diakum™nseic me stadiak sténwsh twn diasthm™twn empistosOnhc, epibebai nontac
th jewrhtik pribleyh O(1=p M). To Binomial Tree parousi'zei tagOterh argik
sOgklish kai monitonh proséggish, epitugg nontac kal akrbbeia api N 100b mata.

H FDM Crank-Nicolson epideiknOei exairetik sumperifor” me uyhl akrbbeia se gamh-
litera epbpeda diakritopobhshc, sugklbnontac pl rwc giaN > 500 ligw thc deutérou
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bajmoO sOgklishc. H orizintia diakekomménh grammlack-Scholesapoteleb tobench-
mark sOgklishc, epitrépontac thn axiolighsh thc sgéshc upologistikoO kistouc kai
akrbbeiac.

Sq ma 6.5: SOgklish arijmhtik_n mejidwn timolighshc proc thn analutik 10sh  Black-
Scholes Apeikonbzontai oi timécall options se logarijmik klbmaka diakritopobhshc. H
skiasménh perioq gOrw api th Monte Carlo antiproswpeOei to di’sthma empistosOnhc
95%.
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6.5 Opisjodrimhsh Strathgik,n ( Backtesting )

H pémpth kartéla sunduzei ta prongoOmena stoigePa se praktik efarmog : thn axio-
lighsh strathgik,.n  options se istorik® dedomena. H sugkekriménh leitourgba gefu-
r,nei th jewrhtik gn,sh me posotik,c axiolog sima apotelésmata.

Pbnakac Rujmbsewn O pbnakac ruymbsewn perilamb”nei ilec tic paramétrouc pou
apaitoOntai gia thn ektélesh miac opisjodrimhshc:

A~

Epilog strathgik ¢ . Covered Call, ATM Straddle , Selective OTM Buyer

Par"metroi strathgik c . Kje strathgik parousi’zei dunamik™ tic dikéc
thc parametrouc me diadrastik™sliders kai tooltips

Qroniki eOroc  : epilog argik ¢ kai telik c hmeromhnbac, hmérec prin th | xh
gia "noigma jésewn

Epilog | xewn : filtrrisma  weekly/ monthly | xewn

Montélo metablhtithtac : Fixed, Historical, Implied 1V, SABR me rujmi-
Zzimenec parameétrouc

~  Montélo timolighshc . Black-Scholes Monte Carlo, Binomial Tree, Finite
Di erence
Periog Apotelesm™twn H kentrik periog emfanbzei ta apoteléesmata me di-

“forec morfec:

'‘Endeixh proidou : kat” thn ektélesh, progress barmereal-time enhmer,seic
kai dunatithta akOrwshc

Grthma apidoshc . diadrastik kampOlh susswreutikoO P&L me shmeba su-
nallag,n kai dunatithta hover gia leptoméreiec

PBbnakac metrik,n . sunoptikic pPbnakac me metrikéc apidoshddtal P&L |,
Win Rate, Prot Factor , Sharpe Ratio) kai kindOnou iax Drawdown, VaR
95%/99%, CVaR, Standard Deviation)

Tegnik™ Qarakthristik™ H ulopobhsh perilamb’nei:

~

Profirtwsh dedomenwn : ta dedoména agorc fort,nontai mba for™ kai a-
pojhkeOontai se cache

AsOggronh ektélesh . h opisjodrimhsh ektelebtai se xeqwristi thread me
thread-safe progress tracker
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Dunamik diepaf . 0i par'metroi prosarmizontai autimata me b"sh thn epi-
legménh strathgik kai montéla

H oloklhrwménh aut proséggish dieukolOnei th susthmatik diereOnhsh thc sgéshc
metaxO parameétrwn strathgik ¢, montélwn timolighshc kai telik ¢ apidoshc, upi prag-
matikéc sunj kec agor’c.

Epilogec Filtrarbsmatoc L xewn To sOsthma epitrépei filtr'risma metaxO
ebdomadiabwn (K'je Paraskeu ) kai mhniabwn | xewn (trbth Paraskeu m na). Ta ebdo-
madiaba dikai,mata prosferoun gamhlitero kistoc premium kai suqgniterec eukairbec
eisidou, all” me taqOterh gronik fjor" kai uyhliterh euaisjhsba se braquprije-

smec diakum™nseic. Ta mhniaBa paréqoun megalOterh reustithta, stenitespreadskai
perissitero grino gia an”ptuxh jesewn, me ant’llagma uyhlitero arqiki kistoc.
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6.6 Strathgikec Dikaiwm™twn Proabreshc

Gia thn axiolighsh tou sust matoc opisjodrimhshc, epilegjhkan treic antiproswpeu-
tikéc strathgikéc options pou kalOptoun diaforetik™ profbl kindOnou kai diaforetikéc
prosdokbec agor'c. K’je strathgik ekmetalleOQetai sugkekriména garakthristik™ twn
dikaiwm™twn proabreshc kai apaiteb diaforetikec sunj kec gia na apod,sei apotelesma-
tik™.

6.6.1 Covered Call : Paragwg Eisod matoc

H strathgik Covered Call apoteleb mba api tic pio dhmofileBc sunthrhtikéc strathgikéc
options. Perilamb™nei thn katog metog,n tou upokebmenou tbtlou kai thn tautigronh
p.lhsh call options me analogba 1 proc 1 (dhlad , éna call per mPa metoq ) gia skopoOc
aplopobhshc.

Mhqganik thc Strathgik ¢ Gia K'je metoq tou upokebmenou tbtlou, pwlebtai
énacall option me tim ex’"skhshc sun jwc uyhliterh api thn tréqousa tim thc metoq c
(out-of-the-money). To premium pou eispr'ttetai api thn p,lhsh tou dikai,matoc
paréegei:

‘Ameso eisidhma anex’rthta api thn kbnhsh thc metoq ¢
Merik prostasPa api pt,sh thc tim ¢ thc metoq ¢ (éwc to Oyoc tou  premium)

Periorismi tou anodikoO dunamikoO sthn tim ex"skhshc towcall

Par"metroi kai Beltistopobhsh Oi kOriec par"metroi thc strathgik ¢ ePnai:

~

Call OTM percentage : H apistash thc tim ¢ ex"skhshc api thn trégousa
tim. MegalOterec apostseic prosféroun megalOtero anodiki dunamiki all®
gamhlitero premium.

Minimum premium : El'gisto apodekti premium wc pososti thc tim ¢ meto-
g c, gia apofug p.lhshc as manta timhmenwn dikaiwm™twn.

Pricing lter : SOgkrish thc tim ¢ agor’c me jewrhtik tim gia apofug p,Ih-
shc upotimhmeénwn dikaiwm™twn.

H strathgik ebnai idanik gia oudéterec proc elafr,c anodikéc agoréc kai paréqgei
stajeri eisidhma me periorisménh metablhtithta apotelesm™wn.

6.6.2 ATM Straddle : Ekmet’lleush Metablhtithtac

H strathgik ATM Straddle ekmetalleOetai meg’lec kin seic tim ¢ anex’rthta api
kateOjunsh, mésw thc agor’c eniccall kai enic put me thn Bdia tim ex"skhshc kont®
sthn tréqousa tim (  at-the-money).
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Mhganik thc Strathgik c H tautigronh agor™ call kai put dhmiourgeb sum-
metriki profbl kérdouc-zhmbac:

Kérdoc api meg’lh anodik kbnhsh mésw togall
Kérdoc api meg’lh kajodik kbnhsh mésw touput
Megisth zhmbPa an h tim paramebnei stajer (Oyoc sunolikg@emium)

A~

Shmeba nekroO: tim ex"skhshc sunoliki premium

Par"metroi kai Beltistopobhsh Oi krbsimoi par"gontec gia thn apidosh pe-
rilamb”noun:
Epilog | xhc : MakrOterec | xeic parégoun perissitero qgrino all” me uyh-
litero kistoc
Maximum price ratio  : 'Orio p"nw api to opoBo ta options jewroOntai uperti-

mhmeéna kai h jésh den anobgei

Mégejoc jéshc . Sun jwc kajorbzetai wc pososti thc trégousac tim ¢ gia
stajeri profbl kindOnou

H strathgik apodbdei kalOtera se perib’llonta uyhl ¢ metablhtithtac  prin api
anamenimena gegonita (anakoin seic kerd,n, rujmistikéc apof seic).

6.6.3 Selective OTM Buyer : Peijarghmenh Agor~ Axbac

H strathgik  Selective OTM Buyer eis"gei mia posotik™ peijarghménh proseggish sthn
agor” dikaiwm™twn, sundu“zontac an’lush axbac me susthmatik axiopobhsh anapotele-
smatikot twn timolighshc.

Mhganik thc Strathgik ¢ H strathgik leitourgeD wc éna sOsthma filtra-
rbsmatoc se trba st'dia:

1. Orismic eOrouc : Kajorbzetai éna eOromut-of-the-money (p.q. 2 5%) gia
thn anaz thsh upoy fiwn dikaiwm™wn. To eOroc auti exisorropeD metaxO thc
pijanithtac kérdouc (gamhliterh gia megalOtero OTM ) kai tou kistouc premium.

2. Upologismic jewrhtik ¢ axbac . Gia kK'je dikabwma entic tou eOrouc, u-
pologbzetai h jewrhtik axbPa qrhsimopoi,ntac to epilegméno montelo timolighshc
(p.g. Black-ScholesmeSABR metablhtithta).

3. Kritrio agor'c . Agorzetai to dikabwma pou parousi'zei th megalOterh
ekptwsh (jewrhtik - tim agor™c), upi ton periorismi iti h tim agor"c ebnai
K'tw api éna irio (p.g. 95%) thc jewrhtik ¢ axbac.
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Par metroi kai Beltistopo-hsh O xipiec nopduetpol nou ennpedlovy v o-

Téd00o:

= E roc OTM (2-5%): Kadopilet tov ydpo avalftnone. Ltevotepa lpn euvoolv

ducandpota pe vhnAdteen mdavotnTa x€pdoug ahhd ueYahlTERO XGGTOC.

= 'Orio tim c (max price ratio): Koadopilet tnv emhextixdtnro. Xounhdtepa dpia
("1.0) onuaivouy ayopd UOVo o€ EXTTWOT), UELDOVOVTAS TOV apldud cUVIAAAYEY GANS

BEATIOVOVTAS TNV TOLOTNTA.

= T poc dikai,matoc: H emnhoyr petald calls, puts, 7 xa twv 800, xodopilel
v xatevuvtr evehéio. H emhoyn «xon ta 800y emitpénel yeyohdtepn npocoe-

HOCTIXOTNTA OF DLUPOPETIXEG CUVITXES oY 0pRdS.

= Monttlo timol ghshc: H axpifeio tou povtéhou etvon xpiown. Iponyuéva
wovtéha petafintétnrag (6nwe SABR) tautonoody oflomoto Tic TeayoTixés eu-
xouplec o&log.

Qarakthristik kai Periorismo- H otpotnywur Swoxpivetan yia:

= Epilektik thta: Ilopaleinel teptédoUE OTOU Tol BXOUMOUATO EVAL UTERTIUNUEVA,

HELWOVOVTAS TN CUYVOTNTA GAAS BEATUOVOVTOC TNV TOLOTNTU GUVAAAXY WY

= Kateujuntik oudeter thta: H duvatétnta ayopdg calls v puts npoogépet

cveh&la

= Periorismtnh tkjesh: To xepdhao mou Sxvduveletar neptoplleton 6TO X0
TafBAndév premium

Qot600, N oTEATNYXY) AVTWETOTILEL CUYXEXPWEVES TEOXATOELS:
= Anoutel onpavtixéc xwvhoelg Tung yia xepdogoplo Aoyw e @bong twv OTM options
= Eloptdran xplowa amd Ty axpeifeio Tou povtélou ToréYNong
= e anodoTixég ayoeES UE YoUnAY| LETUBANTOTNTA, oL euxaupieg umopel va elvan omdvieg

= H tayeio ypovixn gpdopd twv OTM options auvidvel tov xivBuvo Thpous anmAelag
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6.7 Apoteltsmata Opisjodr mhshc

To clotnua yenoworotinxe yior TNV a€lOAGYNOT TWV TELOV CTRATNYIXWY OF LGTOPIXA
oedouéva Tou SPY and 1o 2020 €w¢ to 2023, tepiodo nou tepthopdvel tdco TNy xpioT Tou
COVID-19 6060 xou tnv emaxdrovdn avixoudn. H emdoy autic tng neplddou emitpénel
Vv o€LOAOYNON TWV CTRATNYLXWY LTS Toxieg cuviixeg ayopdc: LPMAY uetoAntoTna,

anéToues dlopdmoelg, xon otadlaxt otaeponolnom.

6.7.1 Mejodolog-a Axiol ghshc

o xdde otpatnywe extehéotnray TOMATAL TEWHUATA UE BLUPOPETIXOVE CUVOVACUOUG

TOROUETEWV:

= Monttla metablht thtac: cUyxpion petall Fixed, Historical, Implied 1V,
xou SABR

= Monttla timol ghshc: yeron Black-Scholes w¢ x0piou povtéhou, ue emihe-
x| enolfevon uéow Monte Carlo

= Epilog 1 xewn: weekly xou monthly yio Siapopetind ypovixd npogil

= Par metroi strathgik c: cvotnuotiny Siepedivnorn tou yheou TapaéTemY

yior xqe oTEUTNYIXN

Shme-wsh gia Metriktc Ap doshc O petpixéc mou mapoucidlovton (Total
P&L, Sharpe Ratio, Max Drawdown xt\.) UTOXEWVTOL OE OPLOUEVOUS TEPLOPLOKOVS U-
mohoytopol mou elvon onuavtixd va Angdolv unddr. Ewbixd yia otpatnyixéc options,
o unohoylopog tou Sharpe Ratio eivar nepimhoxog xodedc 10 xe@dhato xwvdOvou dapépel
avéroya ye ) otpatnywr: 1 Covered Call anoutel mhrien xatoyn Tou unoxeiyevou tithov,
eved ol long options ctpatnyxéc (Straddle, OTM Buyer) nepiopilouv tnv éxdeon oto
xatoBAnvév premium. Emmiéov, 7 etnolomoinon twv anoddcewy v Véoeic Peayeiog
dudpxetag xou 1 emhoyt) Tou risk-free rate emnpedlouv ta anoteréopata. O avoapepdyue-
VOL OEIXTEC YENOLLOTOVOVTOL WS TEPLYPAUPLXA HETEA Yiot TN oLYXELTXY a&lOAOYNOT TWV

CTRATNYLXWY, OYl WS ATONUTEC HETENOELS XVOLYVOU-ATHBOOTC.

6.7.2 Sugkritik Parous-ash Apotelesm twn

[ Ty TANEES TERT XATAVONOT) TWV ATOTEAECUATLY OTLoH0dEOUNONS, ToEOVCLALoVTaL OTN
GUVEYELXL T CUYXEVTPOTIXY AMOTEAECUATA TV XVPLOY CTEATNYLXWY UTO BLAPORETINES Ta-
popetponotfoelg. Ta ypagphuata EMTEETOLY TNV JUEST) GUYXELON TNG CUUTERLPORES TWV

CTEATNAYXWY 0NV (Bl ypovixn Teplodo xou uTd Ti¢ (Bleg cUVUHAXES oy opdC.
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6.7.2.1 Strathgik ATM Straddle

H otpatnywry ATM Straddle nopousiace uvdmir) evaicdnoia otic cuviixeg petoBAntotn-

TAS, UE OpAUTIXES Blapopég amddoong avaioya e TNy e&etalouevr neplodo.

Per-odoc Kr-shc COVID-19 (2020 2021) Kotd v nepiodo PeBpovapiou 2020
éwe PePpouapiou 2021 (BA. y. 6.6), n otpatnywxh xatéypale eZouupetinf) anédoon: cu-
vohx6 xépdoc $420.32, anddoon 8.7% enl tou xeparaiov oe 196 cuvahhayéc, ue Sharpe
Ratio 1.45. H andtoun adénon e mpayuoatonomieicas petoBAntotnrag tov Mdptio 2020
Topryaye ToAamhég xepdopopee Véoele, emPBelaidvovtog T Yewpntnr TedfBiedn 6Tl 1
long straddle enwgeleiton onuavtd and xoes o LPNAAC yetaBintotntoag. To yeden-
o Oetyvel Ty andtoun dvodo xatd TNy xplon, axohovdoluevn and ctadeponolnor xadog

1 YeTtoBAnToTNnTYL UToY WEE.
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