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PerÐlhyh

Mia endiafèrousa perioq  thc sÔgqronhc epist mhc eÐnai h prosèggish thc
DiaqeÐrishc IdiokthsÐac mèsw Upologistik c NohmosÔnhc. Ta oikonomik�
sust mata eÐnai mia kal  epilog  gia thn Mhqanik  M�jhsh na efarmosjeÐ
miac pou eÐnai exairetik� polÔploka kai h poluplokìthta eÐnai autì pou h
M�jhsh, jewrhtik�, tÐjetai na qeiristeÐ. Epiplèon, ektìc apì endiafèrousec
tètoiec efarmogèc eÐnai kai qr simec afoÔ to pìso kal� apodÐdoun metriètai
me thn pio reust  ènnoia thc apìdoshc ; ta qr mata. Se aut n thn ergasÐa
exet�zetai to empìrio sthn agor� sunall�gmatoc me qr sh enìc algìrij-
mou Mhqanik c M�jhshc, thc Anadromik c Enisqutik c M�jhshc. Met� thn
parousÐash tou autìc o algìrijmoc qrhsimopoieÐtai gia na diamorfwjeÐ mia
Upologistik  Emporik  Strathgik  sthn opoÐa gÐnetai rÔjmish paramètrwn
kai axiologeÐtai p�nw se pragmatik� dedomèna thc agor�c. Parajètontai ta
sumper�smata thc axiolìghshc kai idèec gia sqetik  mellontik  èreuna. Tè-
loc, gÐnetai anafor� sto prwtìkollo FIX to opoÐo eÐnai to kurÐarqa diade-
domèno prìtupo gia sunallagèc oikonomik c plhroforÐac mèsw hlektronik c
epikoinwnÐac, kai perigr�fetai h qr sh miac logismik c diepaf c pou ulopoieÐ
autì to prwtìkollo gia na enwjeÐ h Upologistik  Emporik  Strathgik  sthn
pragmatik  agor� sunall�gmatoc ètsi ¸ste na p�rei mèroc stic exelÐxeic tou
kìsmou twn sÔgqronwn agor¸n ; sthn �nodo twn mhqan¸n.

Lèxeic Kleidi� : diaqeÐrish idiokthsÐac, upologistik  nohmosÔnh, mhqanik 
m�jhsh, agor� sunall�gmatoc, anadromik  enisqutik  m�jhsh, upologistik 
emporik  strathgik , anadromika neurwnik� dÐktua, prwtìkollo FIX





Abstract

The Computational Intelligence approach to Asset Management is an in-
teresting area of modern science. Financial systems are a good option for
Machine Learning to be applied since they are uniquely complex and com-
plexity is what Learning is supposed in theory to be dealing with. Moreover,
such applications are of high utility, because the measurements of how good
they are doing are taken by the most liquid notion of performance ; money.
This diploma thesis is investigating the foreign exchange market trading via a
Machine Learning algorithm, Recurrent Reinforcement Learning. Following
its presentation, this algorithm is intergrated into a Computational Trading
Strategy which is fine-tuned and evaluated by real market data. Conclusions
of the evaluation and ideas for further research are pointed. Finally, a refer-
ence is made to protocol FIX, which is the widespread standard for financial
information exchange through electronic communication, and the use of a
software interface is described, targeting the coupling of the Computational
Trading Strategy with the real Forex Market so that it participates in the
progression of the modern markets’ world ; the rise of the machines.

KeyWords:asset management, computational intelligence, machine learn-
ing, forex market, recurrent reinforcement learning, computational trading
strategy, recurrent neural networks, protocol FIX
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Kef�laio 1

Eisagwg 

Sto sq ma 1.1 faÐnetai mia analogÐa an�mesa sta pedÐa thc Fusik c, thc
Epist mhc Upologist¸n kai thc OikonomÐac ètsi ¸ste ìtan eÐmaste ston kìs-
mo twn oikonomik¸n agor¸n na jewroÔme ta antikeÐmena idiokthsÐac (asset) wc
ta basik� antikeÐmena kai to empìrio (trading) wc to basikì sÔnolo kin sewn
pou mporeÐ na k�nei k�poioc gia na diaqeiristeÐ ta antikeÐmena tou. 'Etsi ìpwc
sthn Fusik  kai sthn Epist mh Upologist¸n pollèc erwt seic an�gontai
sto pwc na efarmosteÐ enèrgeia   mèjodoi ¸ste na èrqontai h Ôlh   oi domèc
dedomènwn se euq�ristec katast�seic, ètsi kai to basikì er¸thma sto kìsmo
twn oikonomik¸n agor¸n eÐnai pwc na efarmosteÐ empìrio ¸ste na fèrnoume
thn idiokthsÐa mac se euq�ristec katast�seic. H epist mh pou antimetwpÐzei
autì to er¸thma anafèretai wc DiaqeÐrish IdiokthsÐac (asset management).

Sto deÔtero misì tou 20oÔ ai¸na par�llhla me thn an�ptuxh twn up-
ologist¸n h montelopoÐhsh kai h prosomoÐwsh ègine basikìc trìpoc gia na
sumbeÐ o èlegqoc fusik¸n susthm�twn, anakal¸ntac ìmwc kai to pr¸to misì
tou rhtoÔ h OikonomÐa eÐnai ligìtero akrib c ap'tic Fusikèc episthmèc all�
perissìtero akrib c apì k�je �llh koinwnik  epist mh den sunèbh to Ðdio kai
gia oikonomik� sust mata. Tic dÔo teleutaÐec dekaetÐec wstìso, h jewrÐa
Mhqanik c M�jhshc anaptÔqjhke kai h m�jhsh me Opisjodi�dosh ananèwse
thn jewrÐa twn Neurwnik¸n DiktÔwn k�nontac ètsi dunatì ton sqediasmì
eufu¸n upologistik¸n susthm�twn pou ekteloÔn polÔplokec ergasÐec afoÔ
pr¸ta èqoun m�jei pwc na to k�noun. H anamon  oti h DiaqeÐrish Idiokth-
sÐac mporeÐ na gÐnei autìmata kai apodotik� mèsw upologist¸n èdwse plèon
thn jèsh thc sthn èreuna èrqontac na kalÔyei thn z thsh twn ependutik¸n
etairei¸n, hedge funds ktlp. DÔo ap'tic pr¸tec dhmosieÔseic Mhqanik c
M�jhshc gia oikonomik� sust mata eÐnai h [1] kai h [8].

Kat� thn ekkÐnhsh miac ergasÐac upologistik¸n teqnik¸n p�nw sthn Di-
aqeÐrish IdiokthsÐac eÐnai skìpimo na jewrhjeÐ mìno èna uposÔnolo tou suno-
likoÔ probl matoc kai autì epeid  eÐnai dÔskolo na mpeÐ ìlo to prìblhma
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se èna tupikì plaÐsio tètoio ¸ste tautìqrona na eÐnai kai upologistik� di-
aqeirÐsimo. H parèleush thc parap�nw duskolÐac eÐnai en polloÐc ènac ap'touc
stìqouc thc Oikonomik c Epist mhc. Gia par�deigma mporoÔme na jewr -
soume to empìrio mìno se mia sugkekrimènh agor� ìpwc h agor� omolìgwn,
metoq¸n, sunall�gmatoc   �llec me mia upologistik  strathgik  pou basÐze-
tai se k�poia apo tic di�forec peript¸seic thc Mhqanik c M�jhshc, ìpwc h
Epiblepìmenh M�jhsh   h Enisqutik  M�jhsh.

H Enisqutik  M�jhsh eÐnai èna genikì jewrhtikì plaÐsio ìpou to sÔsthma
pou majaÐnei brÐsketai mèsa se èna �gnwsto perib�llon kai prospajeÐ na m�jei
na sumperifèretai ètsi ¸ste na megistopoi sei èna dedomèno mètro apìdoshc.
Se autì to tupikì plaÐsio jètontai di�forec sunart seic oi opoÐec mporoÔn
na anaparastajoÔn me Neurwnik� DÐktua kaj¸c aut� eÐnai kajolikoÐ pros-
eggistèc sunart sewn. H lÔsh problhm�twn Enisqutik c M�jhshc qrhsi-
mopoi¸ntac Neurwnik� DÐktua eÐnai mia idèa Mhqanik c M�jhshc me èntonh
ereunhtik  dr�sh[25][26][30][31][32].

Se aut n thn ergasÐa exet�zetai h dunatìthta gia kerdofìro empìrio sthn
Agor� Sunall�gmatoc mèsw Enisqutik c M�jhshc me Anadromik� Neurwnik�
DÐktua. Perilhptik�, oi basikoÐ tropoi me touc opoÐouc mporeÐ na sumbeÐ
kèrdoc faÐnontai sto sq ma 1.2 ìpou gÐnontai diadoqik� p¸lhsh kai agor�
ìtan h axÐa mei¸netai   agor� kai p¸lhsh ìtan h axÐa aux�netai. H Agor�
Sunall�gmatoc jewreÐtai h plèon prosodofìra epilog  gia upologistikèc
kai teqnikèc melètec epeid  eÐnai h pio reust  agor� tou kìsmou, o ìgkoc
thc eÐnai meg�loc kai oi par�gontec pou thn ephre�zoun eÐnai gewgrafik� kai
politik� apokentrwmènoi. 'Ola aut� sumb�lloun ¸ste h kat�stash thc na mhn
exart�tai èntona apì k�poiouc sugkekrimènouc kai lÐgouc par�gontec all�
perissìtero ap'thn legìmenh yuqologÐa thc agor�c (market psychology) h
opoÐa mporeÐ na eÐnai problèyimh. Sthn orologÐa twn agor¸n maÔroc kÔknoc
shmaÐnei èna meg�lhc klÐmakac gegonìc pou all�zei thn kat�stash thc agor�c
ètsi ¸ste na katarrÐptei tic problèyeic, opìte ja mporoÔse na pei kaneÐc
oti h Agor� Sunall�gmatoc sugkrinìmenh me �llec agorec, èqei ligìterouc
meg�louc kai perissìterouc mikroÔc maÔrouc kuknouc, ètsi ¸ste an k�poioc
koit�zei tic kin seic twn yari¸n prospaj¸ntac na yarèyei, na up�rqoun polÔ
ligìterec pijanìthtec na peripleÔsei k�poioc meg�loc kÔknoc kai na qal�sei
tic problèyeic tou.

Anaforik� me tic sqetikèc ergasiec, duo dhmosieÔseic pou sugkrÐnoun
trìpouc Enisqutik c M�jhshc gia empìrio eÐnai oi [7] kai [2]. H mèjodoc
Anadromik  Enisqutik  M�jhsh pou ja qrhsimopoihjeÐ kai se aut n thn er-
gasÐa basÐzetai sthn ergasÐa twn Moody et al [1][2][3]. H Ðdia mèjodoc ex-
et�zetai p�nw se di�forec agorèc sta [9][5] kai eidik� sthn agor� sunall�g-
matoc sta [4][10][6].
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Sq ma 1.1: DiaqeÐrish IdiokthsÐac

-Sto kef�laio 2 parousi�zontai ta Neurwnik� DÐktua wc sust mata m�jhshc
kai h mèjodoc Opisjodi�dosh (backpropagation) pou upologÐzei parag¸gouc
sÔnjetwn sunart sewn, kai sthn opoÐa basÐzontai polloÐ algìrijmoi m�jhshc
-sto kef�laio 3 eis�getai to genikì plaÐsio problhm�twn pou jètei h Enisquti-
k  M�jhsh kai sugkrÐnontai dÔo diaforetikoÐ trìpoi lÔshc tètoiwn problh-
m�twn
-sto kef�laio 4 dÐnontai k�poiec basikèc idèec twn oikonomik¸n agor¸n kai
eidik� thc Agor�c Sunall�gmatoc, ìpwc oi basikoÐ trìpoi sunallag¸n kai o
trìpoc upologismoÔ tou kèrdouc apì autèc
-sto kef�laio 5 gÐnetai anafor� se di�forec emporikèc strathgikèc pou
basÐzontai sthn Mhqanik  M�jhsh
-sto kef�laio 6 anaptÔssetai analutik�, h Anadromik  Enisqutik  M�jhsh,
h opoÐa eÐnai h basik  mèjodoc thc ergasÐac
-sto kef�laio 7 parousi�zetai h emporik  strathgik  pou ja qrhsimopoijeÐ,
h opoÐa perilamb�nei wc diadikasÐa m�jhshc thn Anadromik  Enisqutik  M�-
jhsh, kai ta apotelèsmata pou epitugq�nontai p�nw sto sÔnolo dedomènwn
HFDF − 96 thc etaireÐac Olsen.

Ektìc ap'thn dunatìthta dhmiourgÐac miac Upologistik c Emporik c Strathgi-
k c, h exèlixh stic epikoinwnÐec, sthn teqnologÐa kai stic diadikasÐec pÐstwshc
kajistoÔn thn Agor� Sunall�gmatoc diajèsimh se opoiond pwte èqei mia
sÔndesh sto diadÐktuo. 'Eqontac anaptÔxei kaneÐc mia tètoia strathgik  to
epìmeno b ma eÐnai na mporèsei na thn efarmìsei mèsw k�poiou diadiktuakoÔ
stajmoÔ.
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Sq ma 1.2: Kèrdoc mèsw diadoqik¸n agoropwlhsi¸n

-sto kef�laio 8 gÐnetai anafor� sto prwtìkollo FIX (Financial Informat-
ion eXchange) to opoÐo dieujeteÐ tètoiec diadikasÐec kai eÐnai idiaÐtera qr -
simo gia algorijmikì Empìrio Uyhl c Suqnìthtac. Epiplèon gÐnetai anafor�
se diepafèc logismikoÔ (APIs) pou to ulopoioÔn kai parousi�zetai me lep-
tomèreiec h qr sh miac ap' aut¸n.
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Kef�laio 2

Neurwnik� DÐktua

Ta sust mata Mhqanik c M�jhshc perièqoun èna sÔnolo apì rujmÐsimec
paramètrouc kai wc m�jhsh ennooÔme thn exèlixh aut¸n twn paramètrwn ¸ste
èna mètro, h sun�rthsh m�jhshc, na beltistopoieÐtai. Met� thn m�jhsh,
to sÔsthma mpaÐnei se leitourgÐa elègqou kai axiologeÐtai me b�sh èna en
gènei �llo mètro apìdoshc, thn sun�rthsh apodoshc. O sqediasmìc enìc
sust matoc pou majaÐnei paÐrnei wc dedomèno thn sun�rthsh apìdoshc kai
perilamb�nei ton orismì thc sun�rthshc m�jhshc, thc dom c tou sust matoc
kai tou algìrijmou pou rujmÐzei tic paramètrouc [11][12][13][14].

Poll� probl mata m�jhshc prokÔptoun ap'ta trÐa parak�tw plaÐsia:
Epiblepìmenh M�jhsh: to sÔsthma paÐrnei èna sÔnolo apì paradeÐgma-

ta eisìdou-exìdou miac �gnwsthc sun�rthshc kai kaleÐtai na rujmÐsei tic
paramètrouc tou ètsi ¸ste na problèpei swst� thn èxodo gia entìc kai ektìc
paradeigm�twn eisìdouc

Mh-Epiblepìmenh M�jhsh: eÐnai diajèsimo èna meg�lo pl joc apì eisìdouc
kai o stìqoc eÐnai na brejeÐ k�poia kruf  dom  aut¸n twn dedomènwn

Enisqutik  M�jhsh: to sÔsthma brÐsketai se èna �gnwsto exelissìmeno
perib�llon, kai kaleÐtai na sumperifèretai me tètoion trìpo ¸ste na dèqetai
pollèc antamoibèc.

Anaforik� me ton sqediasmì enìc sust matoc pou majaÐnei, up�rqoun dÔo
antagwnistikèc t�seic se aut� pou qrei�zontai. An kai eÐnai kalì mèsw thc
m�jhshc na sullamb�nei polÔplokec sumperiforèc, prèpei tautìqrona h dom 
tou na exart�tai me aplì trìpo ap'tic rujmizìmenec paramètrouc ètsi ¸ste na
mporoÔn na anaptuqjoÔn apodotikoÐ algìrijmoi m�jhshc, jewr mata sÔgk-
lishc ktlp. Dhlad , kat� ènan trìpo, to sÔsthma prèpei na eÐnai sÔnjeto
all� na einai suntijemèno me aploÔc kanìnec. 'Enac trìpoc na gÐnei autì eÐnai
na oristeÐ h dom  tou mèsw enìc Graf matoc (graph), kai ètsi anakÔptei
mia meg�lh kl�sh susthm�twn m�jhshc, ta Grafik� Montèla (Graphical
Models).
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Sq ma 2.1: NN strwm�twn emprìsjiac trofodìthshc

Mia perÐptwsh tètoiwn montèlwn eÐnai ta Neurwnik� DÐktua sta opoÐa esti�-
zoume se autì to kef�laio [15][16].

2.1 Statik� Neurwnik� DÐktua

Dom 

H dom  enoc statikoÔ neurwnikoÔ diktÔou (SNN) perigr�fetai apì mia
plei�da (N,E,w, f, I, O), ìpou N kai E eÐnai oi kìmboi kai oi akmèc enìc ka-
teujunìmenou graf matoc qwrÐc kÔklouc, w eÐnai èna sÔnolo apì paramètrouc
h k�je mia ek twn opoÐwn antistoiqeÐ se mia akm  ap'to sÔnolo E, f eÐnai èna
sÔnolo apì sqetik� aplèc sunart seic h k�je mia ek twn opoÐwn antistoiqeÐ
se ènan kìmbo ap'to sÔnolo N, kai ta I,O einai uposÔnola tou N ta opoÐa
leitourgoÔn wc kìmboi eisìdou kai kìmboi exìdou antÐstoiqa. Sto sq ma 2.1
faÐnetai èna par�deigma SNN poll¸n strwm�twn. To pr¸to str¸ma neur¸n-
wn eÐnai str¸ma eisìdou kai apl¸c prokaleÐ thn pro¸jhsh twn eisìdwn. Ta
upìloipa str¸mata eÐnai str¸mata upologismoÔ kai se k�je neur¸na touc
up�rqei mia epiplèon akm  katwflÐou   opoÐa paÐrnei p�ntote eÐsodo 1. To
pèrasma miac tim c apì mia akm  shmaÐnei pollaplasiasmì aut c me thn antÐs-
toiqh par�metro w kai k�je neur¸nac prosjètei tic eisìdouc tou kai pern�ei
to �jroisma mèsa apì mia sun�rthsh energopoÐhshc f thn opoÐa jewroÔme
koin  gia ìlouc touc neur¸nec tou diktÔou.

SumbolÐzoume thn èxodo k�je str¸matoc i me to di�nusma x(i) kai thn epèk-
tash autoÔ, ètsi ¸ste na perilamb�nei kai thn eÐsodo 1 twn akm¸n katwflÐou,
me x̂(i). Epiplèon, o pÐnakac akm¸n tou str¸matoc i sumbolÐzetai meW(i) kai o
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Sq ma 2.2: SÔnjeth sun�rthsh

antÐstoiqoc epektamènoc pÐnakac, me mia epiplèon gramm  ¸ste na perilamb�nei
kai tic akmèc katwflÐou, me Ŵ(i).

Me autoÔc touc sumbolismoÔc, o upologismìc pou k�nei to dÐktuo me eÐso-
do x(0) eÐnai

x(1) = f(Ŵ T
(0) · x̂(0)) (2.1)

kai genik� me anadrom  wc to teleutaÐo str¸ma tou opoÐou h èxodoc y eÐnai h
sunolik  èxodoc tou diktÔou

x(k) = f(Ŵ T
(k−1) · x̂(k−1)) (2.2)

k = 1..M, y = x(M)

M�jhsh

O stìqoc thc m�jhshc eÐnai h rÔjmish twn paramètrwn tou sust matoc èt-
si ¸ste autì na leitourgeÐ apodotik� kai autì epitugq�netai me beltistopoÐhsh
thc sun�rthshc m�jhshc. 'Otan qrhsimopoieÐtai mèjodoc klÐshc gia aut n
thn beltistopoÐhsh eÐnai qr simo na mporoÔme na upologÐsoume tic parag¸-
gouc twn exìdwn tou diktÔou wc proc autèc tic paramètrouc. Sthn sunèqeia
ja doÔme ènan susthmatikì trìpo upologismoÔ aut¸n twn parag¸gwn, thn
Opisjodi�dosh (backpropagation) [19][20].

Opisjodi�dosh

Sto sq ma 2.2 faÐnetai o trìpoc upologismoÔ mia sÔnjethc sun�rthshc
pou eÐnai orismènh mèsw enìc graf matoc. Arqik� gÐnetai o emprìsjioc upol-
ogismìc twn exìdwn y1 y2. Oi akmèc, arqÐzontac ap'tic basikèc eisìdouc x1 x2
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Sq ma 2.3: Opisjodi�dosh

prowjoÔn tic timèc dÐnontac orÐsmata stic sunart seic twn kìmbwn. Se k�-
je kìmbo upologÐzontai ta apotelèsmata thc sun�rthshc kai thc parag¸gou
thc gia ta eiserqìmena orÐsmata, oi opoÐec apojhkeÔontai sto dexÐ kai aris-
terì komm�ti tou kìmbou antÐstoiqa. Oi timèc tou dexioÔ kommatioÔ apl¸c
prowjoÔntai mprost� mèqri na upologistoÔn oi èxodoi. Sthn sunèqeia, gia
na upologÐsoume thn par�gwgo k�poiac exìdou wc proc k�poia eÐsodo, b�-
zoume thn timh 1 sthn jèsh thc exìdou kai thn opisjodiadÐdoume mèqri thn
eÐsodo, dhlad  pern�me apì èna monop�ti pou en¸nei thn eÐsodo kai thn èxodo
kai k�je kìmboc tou monopatioÔ prokaleÐ pollaplasiasmì thc eiserqìmenhc
tim c me thn apojhkeumènh sto aristerì mèroc tou tim c. H par�gwgoc pou
y�qnoume eÐnai to �jroisma twn tim¸n apì ìla ta monop�tia pou prokÔptoun.
Gia par�deigma sto sq ma 2.3 h par�gwgoc thc y1 wc proc thn x2 eÐnai

∂y1

∂x2

=
∂F3

∂F1

· ∂F1

∂x2

+
∂F3

∂F4

· ∂F4

∂F1

· ∂F1

∂x2

(2.3)

Aut  h teqnik  apl¸c efarmìzei ton kanìna alusÐdac thc parag¸gishc sunart -
sewn, all� apodeiknÔetai idiaÐtera qr simh ìtan h sÔnjeth sun�rthsh eÐ-
nai arket� polÔplokh. Sto sq ma 2.4 faÐnetai h epÐdrash mia sun�rthshc
pollaplasiasmoÔ se monop�tia emprìsjiou upologismoÔ kai opisjodi�dosh-
c. Sthn sunèqeia tou kefalaÐou k�je akm  neurwnikoÔ diktÔou ja jewreÐtai
wc ènac tètoioc kìmboc pollaplasiasmoÔ. Sto Ðdio sq ma faÐnetai kai ìti oi
neur¸nec prosjètoun tic eisìdouc touc kai efarmìzoun mia sun�rthsh ener-
gopoÐhshc sto �jroisma.

Wc èna par�deigma qr shc thc Opisjodi�doshc jewroÔme èna SNN M
strwm�twn ìpwc autì gia to opoÐo eÐdame touc tÔpouc upologismoÔ sthn
prohgoÔmenh par�grafo. Genik� o sumbolismìc pou ja qrhsimopoihjeÐ gia
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Sq ma 2.4: Sun�yeic kai Neur¸nec

tic domèc grammik c �lgebrac eÐnai ìti ta sÔmbola me mia gramm  apì k�tw
ìpwc to a shmaÐnoun di�nusma st lh, sÔmbola ìpwc to aT shmaÐnoun di�nusma
gramm , kai ta kefalaÐa gr�mmata A shmaÐnoun pÐnaka tou opoÐou h n-ost 
gramm  eÐnai h A(n, :). O stìqoc mac eÐnai na broÔme thn par�gwgo k�je
exìdou tou teleutaÐou str¸matoc wc proc k�je par�metro.

'Estw ìti èqoume epilèxei mia èxodo, èqoume b�lei thn timh 1 sthn jèsh
thc kai opisjodiadÐdoume. SumbolÐzoume me δ(i) tic timèc pou up�rqoun met� to
str¸ma (i + 1). Epomènwc, me b�sh to sqhma 2.4, o pÐnakac twn zhtoÔmenwn
parag¸gwn eÐnai

∆Ŵ(i) = x̂(i) · δT(i) (2.4)

Jewr¸ntac gnwstì to δ(i+1) to opoÐo eÐnai oi timèc pou brÐskontai akrib¸c
met� ap'to str¸ma (i+2) kai basizìmenoi kai p�li sto sq ma 2.4, oi timèc pou
ja ft�soun mprost� ap'to str¸ma (i+ 1) eÐnai to di�nusma

W(i+1) · δ(i+1)

Telik� pern¸ntac kai to str¸ma (i + 1) autì to di�nusma pollaplasi�zetai
me ton pÐnaka

f ′(diag(Ŵ T
(i) · x̂(i)))

afoÔ to di�nusma pou diagwniopoieÐtai eÐnai oi eÐsodoi autoÔ tou str¸matoc
kat� ton emprìsjio upologismì, kai ètsi o diagwniopoihmènoc pÐnakac periè-
qei ìlec tic timèc pou eÐnai apojhkeumènec sta arister� mèrh twn kìmbwn.
Epomènwc isqÔei h anadrom 

δ(i) = f ′(diag(Ŵ T
(i) · x̂(i))) ·W(i+1) · δ(i+1) (2.5)
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Sq ma 2.5: NN strwm�twn anadromik c trofodìthshc

i = 0 . . .M − 2

To δ(M−1) , dhlad  oi timèc pou brÐskontai akrib¸c met� to teleutaÐo
str¸ma exart�tai ap'thn èxodo gia thn opoÐa y�qnoume tic parag¸gouc. An
eÐnai h n-osth èxodoc, kai sumbolÐzontac me n to monadiaÐo di�nusma me ìlec
tic jèseic mhdenik� ektìc ap'thn n-ost , tìte isqÔei

δ(M−1) = n · f ′(Ŵ T
(M−1)(n, :) · x̂(M−1)) (2.6)

2.2 Anadromik� Neurwnik� DÐktua

Dom 

Ta Anadromi� Neurwnik� DÐktua (ANN) èqoun thn Ðdia dom  (N,E,w, f, I
, O) me ta statik� me thn diafor� ìti up�rqoun kai kÔkloi sto kateujunìmeno
gr�fhma (N,E). Epomènwc, ta ANN èqoun akoloujiak  kat�stash kai m-
poroÔn na montelopoioÔn sumperifor� exelissìmenwn susthm�twn [17][18].
'Ena par�deigma ANN me duo str¸mata faÐnetai sto sq ma 2.5.

M�jhsh

H Opisjodi�dosh mporeÐ na qrhsimopoihjeÐ kai gia thn m�jhsh ANN. To
pr¸to b ma eÐnai na jewr soume mia apodiplwmènh (unfolded) morf  tou dik-
tÔou ìpwc sto sq ma 2.6. Aut  h morf  moi�zei me SNN poll¸n strwm�twn
me thn diafor� ìti oi par�metroi �na K str¸mata, ìpou K eÐnai o arijmìc
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Sq ma 2.6: Apodiplwmèno ANN

strwm�twn tou ANN, tautÐzontai kai epiplèon mac endiafèroun oi par�gwgoi
twn neur¸nwn an� k�je K str¸mata.

Anaforik� me to sq ma 2.6 oi upologismoÐ twn parag¸gwn gia mia opoiad -
pwte par�metro w mporoÔn na gÐnoun me thn anadrom 

dyt
dw

=
∂yt
∂w

+
∂yt
∂yt−1

· dyt−1

dw
(2.7)

opoÔ me y sumbolÐzetai h èxodoc tou ANN.

SumbolÐzontac me θ̂ kai Ŵ tic paramètrouc twn dÔo strwm�twn tou ANN,
me xt thn eÐsodo kai me z(t) thn èxodo tou pr¸tou str¸matoc, brÐskoume me
opisjodi�dosh

∂yt

∂θ̂
= ẑ(t) · f ′(ẑT(t) · θ̂) (2.8)

∆Ŵ = x̂(t−1) · (f ′(diag(Ŵ T · x̂(t−1))) · θ)T · f ′(ẑT(t) · θ̂) (2.9)

kai
∂yt
∂yt−1

= W (1, :) · (f ′(diag(Ŵ T · x̂(t−1))) · θ)) · f ′(ẑT(t) · θ̂) (2.10)

SunoyÐzontac, oi par�gwgoi twn exìdwn twn neurwnik¸n diktÔwn wc proc
tic rujmÐsimec paramètrouc qrei�zontai se di�forec ergasÐec m�jhshc ìtan
qrhsimopoieÐtai beltistopoÐhsh me mèjodo klÐshc. Gia par�deigma, sthn Epi-
blepìmenh M�jhsh , dÐnetai mia akoloujÐa eisìdou kai mia akoloujÐa stìqoc
(ψ)t kai h apìdosh thc ekpaÐdeushc U mporeÐ na exart�tai ap'to tetr�gwno
thc diafor�c twn akoloujÐwn exìdou kai stìqou, dhlad 

U =
T∑
t=1

(yt − ψt)2 (2.11)
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kai h par�gwgoc pou mac endiafèrei telik� eÐnai h

∂U

∂w
=

T∑
t=1

∂(yt − ψt)2

∂yt
· ∂yt
∂w

(2.12)

Sthn �mesh Enisqutik  M�jhsh pou qrhsimopoieÐ ANN, h sun�rthsh m�-
jhshc U mporeÐ na sqetÐzetai me tic rujmÐsimec paramètrouc mèsw miac alusÐ-
dac pou perilamb�nei tic antamoibèc kai tic exìdouc tou ANN, epomènwc sto
epektamèno gr�fhma pou deÐqnei autèc tic exart seic mporoÔme na k�noume
opisjodi�dosh ap'thn telik  èxodo U mèqri k�je par�metro gia na broÔme k�-
je par�gwgo ∂U

∂w
. H opisjodi�dosh arqik� ft�nei wc tic exìdouc tou ANN,

k�ti pou genik� einai sqetik� aplì, kai met� arqÐzei h opisjodi�dosh ap'tic
exìdouc tou ANN proc tic rujmÐsimec paramètrouc me tic mejìdouc pou eÐdame
se autì to kef�laio.
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Kef�laio 3

Enisqutik  M�jhsh

3.1 DiatÔpwsh tou probl matoc

H Enisqutik  M�jhsh eÐnai èna genikì jewrhtikì plaÐsio m�jhshc ìpou to
sÔsthma pou majaÐnei brÐsketai mèsa se èna �gnwsto perib�llon kai prosp�-
jei na m�jei na sumperifèretai ètsi ¸ste na megistopoi sei èna dedomèno mètro
apìdoshc. Tupik� up�rqoun ta ex c:

• sÔnolo S apì katast�seic stic opoÐec mporeÐ na brÐsketai to perib�llon

• sÔnolo O apì parathr seic, dhlad  plhroforÐec pou antilamb�netai to
sÔsthma

• sun�rthsh, Fobs : S → O, pou perigr�fei thn antÐlhyh tou sust matoc
an�loga me thn kat�stash tou perib�llontoc

• sÔnolo A apì kin seic tic opoÐec mporeÐ na k�nei to sÔsthma

• sun�rthsh, Ftrans : S × A → S, pou perigr�fei tic metab�seic tou
perib�llontoc

• sun�rthsh, Fact : S → P(A), pou perigr�fei tic epitreptèc kin seic
an�loga me thn kat�stash

• arijmìc R ∈ R pou parist�nei thn antamoib 

• sun�rthsh, Frew : S × A × S → R, pou perigr�fei thn antamoib  miac
met�bashc

• mètro apìdoshc U , sqetikì me tic antamoibèc
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Sq ma 3.1: Sq ma Enisqutik c M�jhshc

Thn qronik  stigm  t, h kat�stash tou perib�llontoc sumbolÐzetai me
st, kai to sÔsthma èqei na epilèxei mia ek twn kin sewn Fact(st). H epilog 
sumbolÐzetai me αt . Sthn sunèqeia, to perib�llon ja metabeÐ sthn kat�stash
st+1 = Ftrans(st, αt), kai to sÔsthma dèqetai thn antamoib  Rt = Frew(st, αt
, st+1). Kaj¸c pern�ei o qrìnoc, o stìqoc eÐnai h megistopoÐhsh tou mètrou
apìdoshc to opoÐo sun jwc eÐnai mia qronik  suss¸reush antamoib c.

Gia na epiteuqjeÐ autìc o stìqoc prèpei na brejeÐ mia kat�llhlh Politik 
dhlad 

• sun�rthsh Fpol : O → A, pou perigr�fei thn kÐnhsh pou epilègei to
sÔsthma an�loga me thn parat rhsh pou antilamb�netai

'Olec autèc oi sunart seic mporeÐ na eÐnai stoqastikèc kai h kat�stash st
mporeÐ na eÐnai plhroforÐa pou shmatodoteÐ dunamikì gegonìc dhlad  na per-
ilamb�nei dedomèna pou  tan diajèsima kai se prohgoÔmenec qronikèc stigmèc.

Epiplèon mporoÔn na gÐnoun di�forec pio genikèc diatup¸seic tou prob-
l matoc, ìpou ektìc apo stoqastikèc oi sunart seic mporeÐ na eÐnai qronik�
metaballìmenec   kai �gnwstec, an kai k�ti tètoio mporeÐ na k�nei thn eÔresh
lÔshc apì polÔ dÔskolh e¸c adÔnath. Epomènwc ìson afor� probl mata twn
opoÐwn to perib�llon antistoiqeÐ se èna perib�llon tou pragmatikoÔ kìs-
mou, to pr¸to b ma se mia qr simh efarmog  thc Enisqutik c M�jhshc eÐnai
h anak�luyh enìc kaloÔ shmeÐou metaxÔ upologistik c poluplokìthtac kai
afairetik c èntashc.

'Eqontac epilèxei mia afaÐresh, to epìmeno basikì er¸thma eÐnai an up�rqei
k�poia Politik  pou na aux�nei to mètro apìdoshc se ikanopoihtik� epÐpeda.
Autì to er¸thma enswmat¸nei thn ek twn protèrwn �gnoia tìso gia epark 
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aitiokratikìthta tou pragmatikoÔ perib�llontoc, ìso kai gia jèmata apìdoshc
thc upologistik c diadikasÐac lÔshc p�nw sthn epilegmènh afaÐresh.

Sthn sunèqeia ja anaptuqjoÔn oi dÔo basikoÐ trìpoi epÐlushc tou prob-
l matoc, o èmmesoc kai o �mesoc.

3.2 'Emmesoc trìpoc epÐlushc

Gia na lujeÐ èna prìblhma Enisqutik c M�jhshc me ton èmmeso trìpo
epÐlushc mia ap'tic basikèc proupojèseic eÐnai ìti to perib�llon montelopoieÐ-
tai san mia Markobian  DiadikasÐa Apof�sewn(Markov Decision Process
−MDP ). H axiolog sh miac Politik c me b�sh aut n thn MDP gÐnetai me
ton tÔpo

ρ(Fpol) = E{U |Fpol} (3.1)

dhlad  me thn anamenìmenh apìdosh ìtan akoloujeÐtai h Politik  Fpol. H
tuqaÐa metablht  U pou sumbolÐzei to mètro apìdoshc, eÐnai sun jwc mia
qronik  suss¸reush twn antamoib¸n

U =
end∑
t=1

Rt (3.2)

  an o qronikìc orÐzontac eÐnai �peiroc qrhsimopoieÐtai ènac aposb nwn par�go-
ntac g, metaxÔ 0 kai 1

U =
∞∑
t=1

γkRt (3.3)

H diadikasÐa pou akoloujeÐtai gia na beltistopoihjeÐ o q¸roc Politik¸n eÐnai
o Proseggistikìc Dunamikìc Programmatismìc. O pio basikìc orismìc aut c
thc mejìdou einai h sun�rthsh value function

V π(s) = Eπ{Ut|st} (3.4)

pou anaparist� to anamenìmeno mellontikì kèrdoc ìtan h trèqousa kat�s-
tash eÐnai h st kai akolouj¸ntac thn politik  Fpol = π. Me b�sh autìn ton
orismì to prìblhma an�getai sto na brejeÐ mia Politik  h opoÐa beltistopoieÐ
thn valuefunction gia tuqaÐa arqik  kat�stash sinit. 'Enac deÔteroc qr si-
moc orismìc eÐnai h sun�rthsh Q dhlad  to anamenìmeno mellontikì kèrdoc
ìtan h trèqousa kat�stash eÐnai h st, sumbaÐnei h kÐnhsh αt kai akoloujeÐtai
h politik  π apì ekeÐ kai pèra

Qπ(s, α) = Eπ{Ut|st = s, αt = α} (3.5)

29



Anaforik� me to MDP perib�llon qrhsimopoioÔme ton sumbolismì

Pαss′ = Pr{st+1 = s′|st, αt} (3.6)

gia thn pijanìthta na per�sei to perib�llon ap'thn kat�stash s sthn s′ mèsw
thn kÐnhshc α kai

Rα
ss′ = E{rt+1|st, αt, st+1} (3.7)

gia thn anamenìmenh antamoib  pou dÐnei autì to pèrasma. Me lÐgec pr�xeic
prokÔptoun oi parak�tw exis¸seic Bellman stic opoÐec basÐzetai h lÔsh
tou probl matoc mèsw DunamikoÔ ProgrammatismoÔ. ParadeÐgmata tètoiwn
mejìdwn eÐnai oi temporal difference learning mèjodoi kai h mèjodoc Q −
learning.

V π(s) = Eπ{Ut|st = s} = (3.8)

=
∑
α

π(s, α)
∑
s′
Pαss′ [Rα

ss′ + γEπ{
∞∑
k=0

γkRt+k+2|st+1 = s′}]

V ?(s) = max
α∈A(s)

Qπ?

(s, α) = (3.9)

= max
α

Eπ?{Rt|st = s, αt = α} = max
α∈A(s)

∑
s′
Pαss′ [Rα

ss′ + V ?(s′)]

Sthn bibliografÐa [21][22][23][33] up�rqei leptomer c an�ptuxh tou èmme-
sou trìpou epÐlushc. H Anadromik  Enisqutik  M�jhsh pou ja parousiasjeÐ
sto kef�laio 6 kai ja qrhsimopoihjeÐ sto kef�laio 7, qrhsimopoieÐ ton �meso
tropo epÐlushc pou akoloujeÐ sthn epìmenh par�grafo.

3.3 'Amesoc trìpoc epÐlushc

O �mesoc trìpoc epÐlushc eÐnai h kat�eujeian anagwg  tou probl matoc
se beltistopoÐhsh ston q¸ro twn Politik¸n. H Politik  ekfr�zetai mèsw
enìc peperasmènou sunìlou apì paramètrouc kai ètsi dhmiourgeÐtai o q¸roc
twn Politik¸n ston opoÐon gÐnetai anaz thsh. Genik�, up�rqoun dÔo epilìgec
gia mia tètoia anaz thsh an�loga me to an h mèjodoc exart�tai ap'thn KlÐsh
thc Politik c (policy gradient)   ìqi.

SumbolÐzontac to sÔnolo paramètrwn me θ, kai thn antÐstoiqh Politik  me
Fpol(θ), basizìmaste sthn sun�rthsh apìdoshc tou probl matoc Frew ¸ste
na orÐsoume mia sun�rthsh apìdoshc U(Fpol(θ)) pou axiologeÐ mia olìklhrh
Politik . H anaz thsh mpreÐ na gÐnei me gradient descent an h U(θ) pou
prokÔptei eÐnai arket� omal  kai eÐnai gnwst  h analutik  èkfrash thn k-
lÐshc thc. ParadeÐgmata tètoiwn algorijmwn eÐnai o REINFORCE kai h
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Anadromik  Enisqutik  M�jhsh sthn opoÐa esti�zoume se aut n thn ergasÐ-
a.

Shmei¸noume tic enallaktikèc lÔseic pèra ap'to gradient descent kai genik�
tic mejìdouc klÐshc anafèrontac ìti gia na gÐnei beltistopoÐhsh mia sun�rthsh-
c, den eÐnai anagkaÐo na qrhsimopoihjeÐ plhroforÐa pou sqetÐzetai me thn klÐsh
thc. 'Eqoun qrhsimopoihjeÐ me epituqÐa di�forec mèjodoi qwric klÐsh, merikèc
ap'tic opoÐec basizìntai se gnwstèc fusikèc kai biologikèc diergasÐec ìpwc h
Prosomoiwmènh Anìpthsh kai h Exèlixh.

SugkrÐnontac aut� ta duo eÐdh beltistopoÐhshc, oi mèjodoi klÐshc èqoun
to meionèkthma ìti mporeÐ na koll soun se topik¸c bèltista shmeia. An h
sun�rthsh proc beltistopoÐhsh eÐnai arket� omal  kai den èqei poll� top-
ik� bèltista, sun jwc leitourgoÔn apodotik�. Oi mèjodoi qwrÐc klÐsh den
èqoun autì to prìblhma thc topik c anaz thshc wstìso einai dÔskolo na
anaptuqjoÔn sqetik� jewr mata pou exasfalÐzoun k�poiou eÐdouc sÔgklish
sthn lÔsh   èstw dÐnoun k�poia pijanìthta na brejeÐ to olikì bèltisto. H
Ðdia h morf  thc sun�rthshc proc beltistopoÐhsh orÐzei poi� mèjodoc eÐnai
katallhlìterh, wstìso sta perissìtera probl mata aut  h morf  eÐnai �gn-
wsth.

M�jhsh me gradient descent

SumbolÐzoume me sst to uposÔnolo thc kat�stashc st pou den exart�tai
ap'thn trèqousa Politik . 'Opwc h Epiblepìmenh M�jhsh odhgeÐtai me to ek-
paideutikì sÔnolo eisìdwn-stìqwn, ètsi kai h Enisqutik  M�jhsh me ton �me-
so trìpo mporoÔme na jewr soume ìti odhgeÐtai ap'thn akoloujÐa katast�sewn
sst. H akoloujÐa aut  eÐnai stajer  se ènan dedomèno qronikì orÐzonta
ìpou anazhteÐtai h bèltisth Politik . JewroÔme oti h sun�rthsh m�jhshc
U(θ; (ss)t),   apl� U(θ), anafèretai sthn apìdosh tou sust matoc p�nw se
aut n thn stajer  akoloujÐa. SumbolÐzontac thn klÐsh thc U wc proc θ me
G(θ), h basik  gradient descent m�jhsh paÐrnei thn morf 

θk+1,1 = θk,1 + ρ ·G(θk,1) (3.10)

O sumbolismìc θk,t shmaÐnei tic paramètrouc ìtan èqoun sumbeÐ k epoqèc kai
to shmeÐo an�mesa stic katast�seic sst−1 kai sst eÐnai autì pou odhgeÐ thn
m�jhsh kai mia epoq  l gei ìtan ìlh akoloujÐa èqei qrhsimopoihjeÐ. H para-
p�nw exÐswsh onom�zetai batch m�jhsh epeid  ìlh h akoloujÐa (ss)t odhgeÐ
thn diadikasÐa me mazikì trìpo se antÐjesh me thn online m�jhsh

θk,t+1 = θk,t + ρ · g(sst, θk,t) (3.11)

t = 1 . . . N, θk+1,1 = θk,N+1
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ìpou g eÐnai h klÐsh thc apìdoshc thc Politik c sto shmeÐo sst kai N to
m koc thc (ss)t. H g jewreÐtai online an�logo thc G otan ermhneÔetai wc
klÐsh thc topik c suneisfor�c sthn U .Sthn perÐptwsh pou isqÔei

G(θ) =
N∑
t=1

g(sst, θ) (3.12)

, endeqomènwc epeid  h mazik  apìdosh eÐnai �jroisma twn apodìsewn se ìla
ta shmeÐa ìpwc gia par�deigma sthn Epiblepìmenh Majhsh me tetragwnikì
sf�lma, tìte h batch m�jhsh efarmìzontac anadrom  paÐrnei thn parak�tw
morf  pou eÐnai parìmoia me thn online

θk,t+1 = θk,t + ρ · g(sst, θk,1) (3.13)

t = 1 . . . N, θk+1,1 = θk,N+1

O deÐkthc k twn epoq¸n trèqei an�mesa stic timèc 1 kai ne ìpou h ne
dhlad  o sunolikìc arijmìc epoq¸n eÐnai, ìpwc kai o rujmìc m�jhshc ρ, mia
basik  par�metroc thc diadikasÐac m�jhshc .

3.4 SÔgkrish èmmesou kai �mesou trìpou

Me thn diatÔpwsh thc Enisqutik c M�jhshc sthn par�grafo 3.1 faÐne-
tai ìti mporoÔn na up�rqoun Politikèc pou ekmetalleÔontai kajusterhmènec
antamoibèc. Dhlad  to sÔsthma mporeÐ na m�jei na k�nei epilogèc me b�sh
poi� kÐnhsh anamènetai na d¸sei thn megalÔterh antamoib  ìqi �mesa all� se
k�poio makrÔ qronikì orÐzonta. 'Otan oi kajusterhmènec antamoibèc paÐzoun
shmantikì rìlo se èna perib�llon, eÐnai polÔ qr simo na up�rqei èna axiìpisto
montèlo tou perib�llontoc sto opoÐo ja basisteÐ o sqediasmìc thc Politik c.
O èmmesoc trìpoc thc paragr�fou 3.2 proseggÐzei to prìblhma me èmfash se
autèc tic kajusterhmènec antamoibèc jewr¸ntac to perib�llon wc MDP kai
proqwr¸ntac sthn lÔsh me Proseggistikì Dunamikì Programmatismì.

Sthn perÐptwsh pou se èna perib�llon oi eukairÐec gia kajusterhmènec
antamoibèc den eÐnai èntonec se sqèsh me tic �mesec antamoibèc, h amesìthta
thc paragr�fou 3.3 endèqetai na einai pio apodotik . Eidik� ìtan o q¸roc
twn Politik¸n eÐnai sqetik� mikrìc kai mporeÐ na domhjeÐ ètsi ¸ste na eÐnai
efikt  h eÔresh kal¸n shmeÐwn tou tìte h beltistopoÐhsh ston q¸ro twn
Politik¸n deÐqnei o pio prosodofìroc trìpoc antimet¸pishc tou probl matoc.
Gia to empìrio se mia sugkekrimènh agor� ìpwc ja faneÐ kai sta epìmena
kef�laia, o q¸roc twn Politik¸n pr�gmati eÐnai sqetik� mikrìc epeid  oi
epitrepìmenec kin seic eÐnai mìno dÔo, h P¸lhsh kai h Agor�, kai epiplèon
ìtan oi emporikèc kin seic eÐnai spot kai ìqi sqetizìmenec me ton mellontikì
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qrìno kai me perÐplokec plhroforÐec, ìpwc ta swaps, options ktlp tìte oi
�mesec antamoibèc kuriarqoÔn.
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Kef�laio 4

H Agor� Sunall�gmatoc

Oi oikonomikèc agorèc eÐnai o fusikìc q¸roc thc DiaqeÐrishc IdiokthsÐac.
H leitourgÐa touc dÐnei thn dunatìthta sta mèlh touc na antall�soun di�fo-
ra antikeÐmena axÐac se timèc pou kajorÐzontai ap'ton nìmo thc z thshc kai
thc prosfor�c kai ètsi prokaleÐ aÔxhsh tou sullogikoÔ sumfèrontoc. Sug-
kekrimèna oi agorèc metoq¸n kai omolìgwn aux�noun to kef�laio, oi agorèc
qr matoc kai oi agorèc parag¸gwn sumb�lloun sthn metafor� thc reustìth-
tac kai tou rÐskou antÐstoiqa, kai tèloc h agor� sunall�gmatoc epitrèpei to
diejnèc empìrio.

Mia ap'tic basikèc mon�dec miac agor�c eÐnai ènac dhmiourgìc agor�c. H
tupik  leitourgÐa enìc dhmiourgoÔ eÐnai na dèqetai mèlh thc agor�c kai na
shmei¸nei thn di�jesh touc na poul soun   na agor�soun di�fora antikeÐme-
na. Gia k�poio sugkekrimèno antikeÐmeno k�poio mèloc mporeÐ na jèsei thn
tim  z thshc (ask price), dhlad  thn tim  sthn opoÐa diatÐjetai na agor�sei
autì to antikeÐmeno, kai thn tim  prosfor�c (bid price) dhlad  thn tim  sthn
opoÐa diatÐjetai na poul sei autì to antikeÐmeno. O dhmiourgìc shmei¸nei
sto tetr�dio paraggeli¸n tou ìlec autèc tic timèc pou sqetÐzontai me ìla
ta eiserqìmena mèlh, kai lamb�nontac upìyin ta perieqìmena tou tetradÐou
en¸nei se zeug�ria touc endiaferìmenouc gia p¸lhsh kai gia agor� etsi ¸ste
oi diajèseic touc na tairi�zoun. Me autìn ton trìpo dhmiourgeÐtai reustìthta
gia thn agor� me ant�llagma to kèrdoc ap'tic diaforèc twn tim¸n z thshc kai
prosfor�c gia antallagèc pou sumbaÐnoun.

H Agor� Sunall�gmatoc eÐnai mia pagkìsmia apokentrwmènh agor� pou
epitrèpei thn antallag  nomism�twn diaforetik¸n qwr¸n. O basikìc lì-
goc pou prokaleÐ autèc tic antallagèc eÐnai to diejnèc empìrio, dhlad  ìtan
k�poioc polÐthc   mia etaireÐa miac q¸rac jèlei na agor�sei proiìnta apì
k�poia xènh q¸ra prèpei pr¸ta na per�sei pr¸ta ap'thn agor� sunall�gmatoc
gia na agor�sei nìmisma thc xènhc q¸rac. Met� ton B' pagkìsmio pìlemo
kai mèqri to 1970, h tim  metaxÔ twn nomism�twn twn perissìterwn meg�lwn

34



qwr¸n  tan desmeumènh me b�sh to sÔsthma Bretton Woods. Ap'to 1973,
wstìso, stadiak� ìlec oi timèc tèjhkan na kumaÐnontai eleÔjera, dÐnontac
ètsi thn b�sh gia ènan deÔtero lìgo summetoq c sthn agor� sunall�gmatoc
; tic kerdoskopikèc ependÔseic. Sto di�gramma 4.1 faÐnetai èna par�deigma
kumatismoÔ thc tim c tou zeÔgouc Eur¸ kai Tsèqikhc Korìnac (EurCzk) se
ìlo to ètoc 2012.

Ta eidik� qarakthristik� thc agor� sunall�gmatoc eÐnai ìti paramènei
anoiqt  eikositèssereic ¸rec to eikositetr�wro, oi par�gontec epirro c thc
eÐnai gewgrafik� kai politik� apokentrwmènoi, kai ìti eÐnai h pio reust  agor�
tou kìsmou en¸ o ìgkoc thc eÐnai polÔ meg�loc. 'Etsi jewreÐtai wc h kalÔterh
prosèggish sthn idèa thc agor�c me tèleio antagwnismì.

SÔmfwna me thn Tr�peza Diejn¸n Diakanonism¸n [27], to 2010 h hmer sia
sunallag   tan perÐpou 4 trisekatomÔria doll�ria me to pagkìsmio proiìn na
eÐnai sta 63 tric. Apì aut� ta 4 tric

• 1.49  tan se sunallagèc stigm c (spot exchange) dhlad  se �mesec
sunallagèc pou apofasÐzontai kai ekteloÔntai thn Ðdia stigm 

• 0.475 se forwards ta opoÐa eÐnai sumbìlaia gia sunallag  se k�poia
apofasismènh mellontik  hmeromhnÐa

• 1.765 se swaps sta opoÐa gÐnetai sunallag  gia èna orismèno qronikì
di�sthma me thn sumfwnÐa na gÐnei antistrof  thc sunallag c se meta-
genèsterh hmeromhnÐa.

• 0.207 se options ta opoÐa einai forwards me epiplèon qarakthristikì
ìti h mellontik  sunallag  ja gÐnei upì proupojèseic

Ston pÐnaka 4.1 faÐnetai h hmer sia summetoq  ìlwn twn meg�lwn nomis-
m�twn sto ètoc 2010, sÔmfwna me thn parap�nw èreuna, kai ston pÐnaka 4.2
oi dèka korufaÐoi summetèqontec sthn agor� to ètoc 2013 e¸c ton M�io.

Oi kerdoskopikèc ependÔseic, wc ènac basikìc lìgoc pou odhgeÐ k�poion
na summetèqei sthn Agor� Sunall�gmatoc, mporoÔn na ulopoioÔntai eÐte
qeirokÐnhta eÐte me k�poia autìmath algorijmik  emporik  strathgik  mèsw
tou upologist . H dhmosÐeush The 4 trillion question: what explains FX
growth since the 2007 survey? [28] anafèrei ìti to posostì thc autìmathc
summetoq c an lje apì 2% to 2004, se 49% to 2010 èna meg�lo posostì
ap'thn opoÐa jewreÐtai oti ulopoieÐ to legìmeno Empìrio Uyhl c Suqnìthtac
(HFT ) ìpou oi apof�seic paÐrnontai se kl�smata thc ¸rac   akìmh kai se
epÐpedo mikrìtero tou leptoÔ thc ¸rac.
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PÐnakac 4.1: Ta pio antalassìmena nomÐsmata gia to sÔmfwna me thn Tr�peza
Diejn¸n Diakanonism¸n, 2010(AprÐlioc)

nìmisma sÔmbolo hmer sio posostì

1 Amerik�niko Doll�rio Usd 84.9%

2 Eur¸ Eur 39.1%
3 Giapwnèziko Gien Jpy 19.0%
4 Agglik  LÐra Gbp 12.9%
5 Doll�rio AustralÐac Aud 7.6%

6 Elbetikì Fr�gko Chf 6.4%
7 Doll�rio Kanad� Cad 5.3%

8 Doll�rio Qongk Kongk Hkd 2.4%

9 Souhdik  Korìna Sek 2.2%
10 Doll�rio Nèac ZhlandÐac Nzd 1.6%
11 Gouìn Nìtiac Korèac Krw 1.5%

12 Doll�rio SigkapoÔrhc Sgd 1.4%
13 Norbhgik  Korìna Nok 1.3%
14 Mexik�niko Pèso Mxn 1.3%
15 RoÔpi IndÐac Inr 0.9%

'Alla nomÐsmata 12.2%
SÔnolo 200.0%

PÐnakac 4.2: Oi organismoÐ me thn megalÔterh summetoq , 2013(M�ioc)

ìnoma posostì

1 Deutsche Bank 15.18%
2 Citi 14.90%
3 Barclays Investment Bank 10.24%
4 UBS AG 10.11%
5 HSBC 6.93%
6 JPMorgan 6.07%
7 Royal Bank of Scotland 5.62%
8 Credit Suisse 3.70%
9 Morgan Stanley 3.15%
10 Bank of America Merrill Lynch 3.08%
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Sq ma 4.1: Par�deigma kumatismoÔ thc tim c tou sumbìlou EurCzk, Eur¸
kai Tsèqikh Korìna, ètoc 2012

Sto di�gramma 5.1 faÐnontai to diatrapezikì epÐpedo kai to epÐpedo opou
brÐskontai oi mikroÔ ìgkou èmporoi, ta opoia apoteloÔn ta dÔo mèrh thc
sÔgqronhc Agor�c Sunall�gmatoc. H basik  plhroforÐa eÐnai oi timèc twn
sumbìlwn XxxY yy me ta Xxx kai Y yy na anaparistoÔn thn mon�da qr -
matoc dÔo diaforetik¸n qwr¸n. Oi dhmiourgoÐ agor�c parèqoun reustìthta
stouc mikroÔc èmporouc en¸nont�c touc me to diatrapezikì epÐpedo. O genikìc
mhqanismìc pou ephre�zei tic timèc eÐnai h z thsh kai h prosfor� kai odhgeÐtai
ap'thn diaqeÐrish rÐskou kai genikìtera ap'tic diadikasiec diaqeÐrishc idiokth-
sÐac pou efarmìzoun oi di�foroi summetèqontec sthn agor� [24].

Sthn sunèqeia tou kefalaÐou kai sta upìloipa kef�laia, ja blèpoume
thn Agor� Sunall�gmatoc ap'thn optik  enìc mikroÔ ìgkou empìrou kai ja
antimetwpÐsoume ton mes�zonta pou mac en¸nei me to diatrapezikì epÐpedo wc
melan  dexamen  reustìthtac (dark pool of liquidity) dhlad  wc dhmiourgì
agor�c pou apl� mac parèqei reustìthta parousi�zontac mac bid/ask timèc
kai qwrÐc na dhmosiopoieÐ ton mhqanismì sto opoÐo basÐzontai autèc oi timèc.
Praktik� autì shmaÐnei ìti den ja paÐrnoume upìyin ton qeirismì pou k�nei
o mes�zontac sto biblÐo paraggeli¸n (order′s book) tou, oÔte plhroforÐec
sqetik� me to diatrapezikì epÐpedo.
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Sq ma 4.2: H dom  thc sÔgqronhc Agor�c Sunall�gmatoc

4.1 EÐsodoc

H pr¸th epilog  pou èqoume ìtan mpaÐnoume sto perib�llon eÐnai h q¸ra
thc opoÐac thn mon�da qr matoc ja qrhsimopoi soume wc b�sh. SumbolÐzoume
aut n thn par�metro me HOME. To sÔnolo twn qrhm�twn pou èqoume,
sumbolÐzetai me Bal (Balance), ja eÐnai se HOME mon�dec kai arqik� eÐnai
0. Gia na epitrapeÐ h eÐsodoc prèpei na paraqwr soume èna posì qrhm�twn
Balinit. T¸ra eÐnai Bal = Balinit.

4.2 SÔmbola kai Timèc

Ap'ton dhmiourgì agor�c mac parèqetai h tim  z thshc kai h tim  pros-
for�c gia k�je sÔmbolo XxxY yy. H diafor� metaxÔ aut¸n twn dÔo tim¸n
onom�zetai spread. H qrhmatik  mon�da Xxx onom�zetai B�sh tou sumbìlou
kai h Y yy Lìgoc (quote). Oi lèxeic prosfor� kai z thsh anafèrontai sthn
B�sh, dhlad  h tim  prosfor�c tou sumbìlou EurUsd shmaÐnei oti an poul -
soume 1 Eur¸, paÐrnoume Prbid Doll�ria, kai h Tim  z thshc shmaÐnei oti
an agor�soume 1 Eurw, dÐnoume Prask Doll�ria. Gia dÔo dedomènec mon�dec
qr matoc Xxx kai Y yy qrhsimopoeÐtai mìno èna sÔmbolo, gia par�deigma to
XxxY yy kai ìqi to Y yyXxx, wstìso gr�fontac wc {Prbid, P rask} tic timèc
tou XxxY yy oi antÐstoiqec timèc gia to Y yyXxx eÐnai { 1

Prask
, 1
Prbid
}. Exantl-

htik�, k�je bid/ask agorapwlhsÐa twn nomism�twn Xxx kai Y yy faÐnetai sto
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Sq ma 4.3: bid/ask agoropwlhsÐec , P eÐnai h tim  tou XxxY yy kai R h tim 
tou Y yyXxx

sq ma 4.3.

4.3 Sunallagèc kai Kèrdh

Oi tÔpoi sunallag¸n pou onom�zontai par�gwga (derivatives) ìpwc ta
swaps, ta futures kai ta options èqoun to ex c qarakthristikì : h summeto-
q  se mia tètoia sunallag  proupojètei ìti jewroÔme trèqousa kat�stash
thc agor�c arket� perissìtera apì tic prìsfatec timèc. Antijètwc, mia mikr 
kat�stash, pou dieukolÔnei thn teqnik  an�lush, me to mìno perieqìmeno tic
prìsfatec timèc shmatodoteÐ arket  plhroforÐa gia na summetèqei kaneÐc se
sunallagèc stigm c (spot).Sthn sunèqeia ja mac apasqol soun mìno sunal-
lagèc stigm c kai ja analÔsoume ton trìpo pou gÐnetai mia tètoia sunallag 
kai pwc upologÐzetai to kèrdoc thc.

'Estw oti jèloume na k�noume empìrio me ena sÔmbolo, XxxY yy. H pr¸th
epilog  mac eÐnai o arijmìc mon�dwn ton opoÐon sumbolÐzoumai me µ. Sthn
sunèqeia prèpei na apofasÐsoume an poul soume to sÔmbolo (going short)  
an to agor�soume (going long).
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Arqik� gia aplìthta den ja k�noume di�krish thc tim c se bid/ask timèc.
To �noigma kai h olokl rwsh miac jèshc agor�c tou sumbìlou XxxY yy kat�
µ mon�dec shmaÐnei ìti thn qronik  stigm  t1 agor�zoume µ Xxx mon�dec
poul¸ntac µ · Prt1 Y yy mon�dec kai thn metagenèsterh qronik  stigm  t2
poul�me µ Xxx mon�dec agor�zontac µ · Prt2 Y yy mon�dec, to opoÐo ac sum-
bolÐsoume me

(Xxx, Y yy)
t1 : agor�(µ,µ · Prt1)p¸lhsh
t2 : p¸lhsh(µ,µ · Prt2)agor�

epomènwc to kèrdoc apì aut n thn sundiallag  eÐnai µ · (Prt2 − Prt1) kai
eÐnai se Y yy mon�dec. H tim  Pr anafèretai sto sÔmbolo sto opoÐo èqei
gÐnei anafor� dhlad  sto XxxY yy ; ja qrhsimopoihjeÐ kai o sumbolismìc
Pr(XxxY yy).

Gia na arqÐsei aut  h sundiallag  prèpei na up�rqei di�jesh µ ·Prt1 Y yy
mon�dwn proc p¸lhsh thn qronik  stigm  t1. Autèc oi mon�dec den parèqontai
ap'to perieqìmeno tou logariasmoÔ mac pou èqoume sumbolÐsei me Bal. An-
tautoÔ, prin to b ma t1 gÐnetai h l yh touc ap'to sÔsthma kai met� to b ma
t2 epistrèfontai, gi�utì kai jewroÔme thn ap¸leia −µ · Prt1 wc mèroc tou
telikoÔ kèrdouc. Autìc o trìpoc sundiallag c lègetai sundiallag  me per-
ij¸rio (margin transaction) kai epitrèpei sthn jèsh na èqei ìgko pollèc
t�xeic megalÔtero ap'to perieqìmeno touc logariasmoÔ mac.

An�poda twra, to �noigma kai h olokl rwsh miac jèshc p¸lhshc tou sum-
bìlou XxxY yy kat� µ mon�dec shmaÐnei ìti thn qronik  stigm  t1 poul�me µ
Xxx mon�dec agor�zontac µ·Prt1 Y yy mon�dec kai thn metagenèsterh qronik 
stigm  t2 agor�zoume µ Xxx mon�dec poul¸ntac µ ·Prt2 Y yy mon�dec, dhlad 

(Xxx, Y yy)
t1 : p¸lhsh(µ,µ · Prt1)agor�
t2 : agor�(µ,µ · Prt2)p¸lhsh

epomènwc to kèrdoc apì aut n thn sundiallag  eÐnai µ · (Prt1 − Prt2) kai
eÐnai se Y yy mon�dec epÐshc.

Gia na arqÐsei h p¸lhsh prèpei na up�rqei di�jesh µ Xxx mon�dwn proc
p¸lhsh thn qronik  stigm  t1, oi opoÐec lamb�nontai prin aut n thn qronik 
stigm  kai epistrèfontai met� thn t2 akrib¸c ìpwc to epitrèpei h sundiallag 
perijwrÐou.

Met� to �noigma miac jèshc,eÐte p¸lhshc eÐte agor�c,mporeÐ na sumbaÐnoun
ap¸leiec an�loga me thn exèlixh pou ja èqei h tim . K�je qronik  stigm  o
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p�roqoc thc sundiallag c perijwrÐou upologÐzei to kèrdoc an èkleine ekeÐnh
thn stigm  h jèsh, kai an auto to kèrdoc ft�sei to −Bal h jèsh kleÐnei autì-
mata kai sumbaÐnei to legìmeno margin call, dhlad  h kl sh pou enhmer¸nei
ìti h jèsh èkleise autìmata lìgw anep�rkeiac tou logariasmoÔ stic trèqous-
ec ap¸leiec. Genik�, k�poia stigm , h tim  mporeÐ na èqei mia apìtomh allag 
ètsi ¸ste par� touc upologismoÔc kai to autìmato kleÐsimo, h jèsh mporeÐ
na odhg sei ton logariasmì se ap¸leiec arnhtikìterec tou −Bal, Giautì,
sthn perÐptwsh pou o p�roqoc thc sundiallag c perijwrÐou exasfalÐzei ìti
den mporoÔn na sumboÔn ap¸leiec gia k�poion qr sth pèra ap'to trèqon Bal,
prèpei gia k�je jèsh pou anoÐgei na desmeÔetai èna mèroc tou Bal wc swsÐbio
gia tètoiec apìtomec peript¸seic. To akribèc posì pou desmeÔetai sun jwc
kajorÐzetai apì mia par�metro mìqleushc (leverage) pou prosfèretai ston
qr sth kat� thn eÐsodo tou.

SumbolÐzontac thn apìfash gia �noigma jèshc agor�c   p¸lhshc me B me
timèc +1   -1 antÐstoiqa, o tupoc gia ton upologismì tou kèrdouc to opoÐo
sumbolÐzoume me Rt2 gr�fetai

Rt2 = µ ·Bt1(Prt2 − Prt1) (4.1)

Ayhf¸ntac thn di�krish thc tim c se bid/ask timèc o parap�nw upologis-
mìc tou kèrdouc eÐnai akrib c ektìc tou ìti oi Y yy prèpei na metatrapoÔn se
HOME mon�dec. Autì sumbaÐnei akrib¸c met� thn qronik  stigm  t2 me b�sh

thn tim  tou sumbìlou Y yyHOME to opoÐo sumbolÐzoume me Pr(Y yyHOME)
t2

(Y yy,HOME)
An to prìshmo tou Rt2 eÐnai jetikì tìte,

t2 + + : p¸lhsh(Rt2 ,Rt2 · Pr
(Y yyHOME)
t2 )agor�

eid�llwc an eÐnai arnhtikì

t2 + + : agor�(Rt2 ,Rt2 · Pr
(Y yyHOME)
t2 )p¸lhsh

Autì eÐnai to b ma pou ephre�zei ton logariasmìBal o opoÐoc eÐnai seHOME
mon�dec. Dhlad , sto tèloc thc sundiallag c se k�je perÐptwsh agor�c  
p¸lhshc kai kèrdouc   ap¸leiac, to telikì apotèlesma einai

Bal ←− Bal + µ ·Bt1 · (Prt2 − Prt1) · Pr(Y yyHOME)
t2 (4.2)

An to sÔmbolo metaxÔHOME kai Y yy pou qrhsimopoieÐtai eÐnai toHOME
Y yy antÐ tou Y yyHOME, ta parap�nw apl¸c metatrèpontai se :

(HOME, Y yy)
An to prìshmo tou Rt2 eÐnai jetikì tìte

t2 + + : agor�(Rt2/Pr
(HOMEY yy)
t2 ,Rt2)p¸lhsh
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eid�llwc an eÐnai arnhtikì

t2 + + : p¸lhsh(Rt2/Pr
(HOMEY yy)
t2 ,Rt2)agor�

kai h ananèwsh tou logariasmoÔ metatrèpetai se

Bal ←− Bal + µ ·Bt1(Prt2 − Prt1)/Pr
(HOMEY yy)
t2 (4.3)

Gia par�deigma me to Eur¸ wc HOME to kèrdoc apo sunallagèc sto
sÔmbolo EurwDollarÐou EurUsd eÐnai

µ ·Bt1(Prt2 − Prt1)/Prt2 (4.4)

ìpou wc sun jwc to Pr anafèretai sto sÔmbolo upì sunallag  kai sthn

prokeimènh perÐptwsh h diaÐresh prèpei na gÐnei me to Pr(EurUsd)
t2 dhlad  me to

Prt2.

Sunallagèc kai kèrdh me bid/ask timèc

An oi qronikèc stigmèc t2 kai t1 apèqoun polÔ metaxÔ touc ,tìte h diafor�
|Prt2 − Prt1| anamènetai na eÐnai polÔ megalÔterh tou spread, kai epomènwc
h di�krish se bid/ask timèc den eÐnai tìso shmantik .

Wstìso, to autìmato empìrio me mia upologistik  emporik  strathgik  s-
toqeÔei sto Uyhl c Squnìthtac Empìrio afenìc ètsi ¸ste na ekmetalleuteÐ
to pleonèkthma tou na epexerg�zetai dedomèna gr gora afetèrou epeid  end-
eqomènwc na tÐjetai h upìjesh ìti to dunamikì prìtupo thc agor�c to opoÐo
kaleÐtai na problejfeÐ parousi�zetai me meg�lh suqnìthta. Epomènwc up-
�rqei endiafèron ta t2 kai t1 na eÐnai se mikr  apìstash kai ètsi h diafor�
|Prt2 − Prt1| ja eÐnai se sugkrÐsimo epÐpedo se sqèsh me to spread, kai h
di�krish thc tim c se bid/ask timèc ja eÐnai krÐsimh. O upologismìc tou kèr-
douc lamb�nontac upìyin aut n thn di�krish gÐnetai ìpwc sthn prohgoÔmenh
par�grafo me thn diafor� ìti otan sumbaÐnei p¸lhsh prèpei na emplèketai h
bid tim  kai ìtan sumbaÐnei agor� prèpei na emplèketai h ask tim .

Xanak�nwntac touc upologismoÔc gia thn jèsh agor�c (B=+1) me b�sh
to parap�nw skeptikì kai to sqhma 4.3, prokÔptei

Bal ←− Bal + µ · (+1) · (Prt2,bid − Prt1,ask) · Pr(Y yyHOME)
t2,kkk (4.5)

ìpou to kkk eÐnai bid   ask antÐstoiqa me to an h diafor� eÐnai jetik   
arnhtik . Gia par�deigma ìtan eÐnai jetik  shmaÐnei ìti èqei sumbeÐ kèrdoc se
Y yy mon�dec kai gÐnetai prosfor� tou Y yy gia na p�roume HOME. Ta Ðdia
sumbaÐnoun kai ston antÐstoiqo tou tÔpou (4.3) me to HOMEY yy kai thn
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diaÐresh antÐ gia pollaplasiasmì me thn diafor� oti to kkk eÐnai bid   ask
antÐstoiqa me to an h diafor� einai arnhtik    jetik .

Gia thn jèsh p¸lhshc (B=-1) ta bid ask thc diafor�c antistrèfontai :

Bal ←− Bal + µ · (−1) · (Prt2,ask − Prt1,bid) · Pr(Y yyHOME)
t2,kkk (4.6)

Gia to kkk isqÔei ìti kai gia thn jèsh p¸lhshc.

Empìrio sthn agor� sunall�gmatoc

Upojètoume mia akoloujÐa (Pr)t apì timèc h opoÐa ja eÐnai h b�sh gia to
empìrio. H akoloujÐa diafor¸n (r)t orÐzetai me ton tÔpo

rt = Prt − Prt−1 (4.7)

JewroÔme thn akoloujÐa apof�sewn (F )t me k�je deÐgma na paÐrnei tim  +1
  -1 antÐstoiqa me thn di�jesh mac na eÐnai se jèsh agor�c   jèsh p¸lhshc
antÐstoiqa. H pio genik  epilog  na epitrèpetai kai h tim  0 aporrÐptetai
epeid  afenìc dusqeraÐnei thn an�lush kai afetèrou eÐnai sumfèron na mhn
diakoptìmaste ap'thn agor�. JewroÔme epÐshc thn akoloujÐa (B)t me timèc
+1,0   -1 pou shmaÐnoun enallag  jèshc apì p¸lhsh se agor�, diat rhsh
jèshc kai enallag  jèshc apì agor� se p¸lhsh antÐstoiqa. IsqÔei

Bt =
1

2
· (Ft − Ft−1) (4.8)

O stìqoc sthn sunèqeia ja eÐnai na qrhsimopoi soume touc tÔpouc kèr-
douc thc prohgoÔmenhc enìthtac pou isqÔoun gia aujaÐretec qronikèc stig-
mèc t1, t2 gia na ex�goume tÔpo topikoÔ kèrdouc an�mesa se dÔo deÐgmata twn
parap�nw akolouji¸n. Thn akoloujÐa autoÔ tou topikoÔ kèrdouc ja thn
sumbolÐzoume me (R)t.

Arqik� qwrÐc di�krish se bid/ask timèc, èstw oti mia jèsh mènei stajer 
apì thn stigm  t e¸c na all�xei sthn stigm  t + n. Tìte ap'ton tÔpo (4.1)
to sunolikì kèrdoc eÐnai

µ · Ft · (Prt+n − Prt)

 

µ ·(Ft ·(Prt+1−Prt)+Ft+1 ·(Prt+2−Prt+1)+ . . .+Ftt+n−1 ·(Prt+n−Prt+n−1))

dhlad 
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µ ·
n∑
i=2

Ft+i−1 · rt+i

kai me b�sh autì ton tÔpo mporoÔme na jewr soume thn topik  suneisfor�
sto kèrdoc

Rt = µ · Ft−1 · rt (4.9)

thn opoÐa kaloÔme antamoib  thc stigm c t.
T¸ra me di�krish se bid/ask timèc, èstw oti mia jèsh agor�c anoÐgei kai

mènei stajer  apì thn stigm  t e¸c na all�xei sthn stigm  t+n. Tìte ap'ton
tÔpo (4.5) to sunolikì kèrdoc se Y yy mon�dec eÐnai

µ · Ft(Prt+n,bid − Prt,ask)

 

µ·(−(Prt,ask−Prt,bid)+Ft·(Prt+1,bid−Prt,bid)+Ft+1·(Prt+2,bid−Prt+1,bid)+. . .

+Ft+n−1 · (Prt+n,bid − Prt+n−1,bid))

dhlad , sumbolÐzontac thn akoloujÐa twn spreads me (st),

µ · (−st +
n∑
i=2

Ft+i−1 · rt+i,bid)

Akolouj¸ntac to Ðdio skeptikì gia mia jèsh p¸lhshc pou anoÐgei kai
mènei st�jerh apì thn stigm  t1 e¸c na all�xei sthn stigm  t+ n to kèrdoc
prokÔptei

µ · (−st +
n∑
i=2

Ft+i−1 · rt+i,ask)

Epomènwc, epeid  k�je akoloujÐa apof�sewn mporeÐ na diameristeÐ se ako-
loujÐec ìpwc autèc oi dÔo pou analÔjhkan parap�nw, h topik  antamoib  Rt

se empìrio me bid/ask timèc eÐnai

µ · Ft−1 · rt,kkk

me to kkk na eÐnai bid   ask antÐstoiqa me to prìshmo tou Ft−1, kai me thn epi-
plèon diafor� oti opoted pwte gÐnetai enallag  jèshc prèpei na plhr¸netai
to trèqon spread. Dhlad  eÐnai

Rt = µ · (Ft−1 · rt,kkk − st · |Bt|) (4.10)

44



PÐnakac 4.3: Par�deigma akoloujÐac apof�sewn kai antamoib¸n

antamoib  -s1 -s4 -s6 -s8

antamoib  r2,bid r3,bid r4,bid −r5,ask −r6,ask r7,bid r8,bid

Bt +1 0 0 -1 0 +1 0 -1
Ft +1 +1 +1 -1 -1 +1 +1 -1
t 0 1 2 3 4 5 6 7 8

  alli¸c

Rt = µ · (Ft−1 · rt,kkk −
st
2
|Ft − Ft−1|) (4.11)

Mia prosèggish autoÔ tou tÔpou gÐnetai an tejeÐ to rt,kkk sthn mèsh tim 
twn bid kai ask diafor¸n, dhlad 

rt,kkk =
rt,bid + rt,ask

2
(4.12)

Oi parap�nw tÔpoi einai shmantikoÐ epeid  ja anaparistoÔn thn antamoib 
ìtan sta epìmena kef�laia h diadikasÐa tou emporÐou tejeÐ wc prìblhma
Enisqutik c M�jhshc. Shmei¸netai ek twn ustèrwn, ìti autèc oi antamoibèc
basÐsthkan sto kèrdoc se Y yy mon�dec kai ìqi se HOME, epeid  o pol-
laplasiasmoc me thn telik  plhroforÐa thc stigm c t2 stouc tÔpouc (4.2)
kai (4.6) den mporeÐ na diameristeÐ se topikèc suneisforèc. 'Ena par�deigma
emporÐou faÐnetai ston pÐnaka 4.3.

Movement/Spread lìgoc

Anex�rthta ap'to an to empìrio gÐnetai sthn agor� sunall�gmatoc   se
k�poia �llh agor� kai ap'to an gÐnetai me upologistik  mèjodo   oqi, h akolou-
jÐa twn bid/ask tim¸n mporeÐ na èqei k�poia qarakthristik� pou ephre�zoun
shmantik� thn dunatìthta kèrdouc. Gia par�deigma sto p�nw di�gramma tou
sq matoc 4.4 blèpoume ìti h mèsh tim  twn bid/ask tim¸n exelÐssetai me ar-
ket� dunamikì trìpo se sqèsh me to epÐpedo twn spreads, k�ti pou jètei thn
eukairÐa na sumbeÐ kerdofìro empìrio se antÐjesh me to k�tw di�gramma ìpou
to epÐpedo twn spreads eÐnai polÔ meg�lo se sqèsh me tic allagèc sthn mèsh
tim . Mia posotikopoÐhsh twn parap�nw eÐnai o Movement/Spread lìgoc

M

S
(τ ;Pr(1..T )) =

1

T − τ

T−τ∑
t=1

|Prt+τ − Prt|
s(t . . . t+ τ)

(4.13)
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Sq ma 4.4: Agorèc me uyhlì kai qamhlì Movement/Spread lìgo

H apìluth tim  thc diafor�c kat� m kouc enìc parajÔrou m kouc τ dia thn
mèsh tim  tou spread se autì to par�juro deÐqnei to kat� pìso ja mporoÔsan
na up�rxoun kerdofìrec jèseic mèsa se autì. Autèc oi timèc prostÐjentai se
ìlh thn agor� m kouc T me to par�juro na olisjaÐnei, kai paÐrnontac thn
mèsh tim  prokÔptei to telikì apotèlesma.

O Movement/Spread lìgoc ektìc ap'thn Ðdia thn agor�, exart�tai kai
ap'ton trìpo pou gÐnetai to empìrio, mèsw thc paramètrou τ pou mporeÐ na
jewrhjeÐ wc to mèso m koc twn diasthm�twn pou orÐzontai ap'tic diadoqikèc
enallagèc jèshc, kai mèsw thc periìdou me thn opoÐa jewroÔme ta deÐgmata
tim¸n dhlad  en polloÐc mèsw thc suqnìthtac emporÐou.
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Kef�laio 5

Upologistikèc Emporikèc
Strathgikèc

Se autì to kef�laio ja doÔme trÐa genik� sq mata Mhqanik c M�jhshc
sta opoÐa mporoÔn na basisteÐ mia Upologistik  Emporik  Strathgik  kai ja
gÐnoun anaforèc se di�forec sqetikèc ergasÐec.

Sto sq ma 5.1 to empìrio gÐnetai mèsw Epiblepìmenhc M�jhshc wc ex c:
Arqik� h akoloujÐa katast�sewn ekpaÐdeushc qrhsimopoieÐtai gia na brejeÐ
mia apodotik  akoloujÐa apof�sewn, k�ti to opoÐo mporeÐ na gÐnei mèsw miac
diadikasÐac beltistopoÐhshc. Sthn sunèqeia kai oi duo akoloujÐec kat�s-
tashc kai apof�sewn eisèrqontai se ena sÔsthma Epiblepìmenhc M�jhshc
wc eÐsodoi kai stìqoi antÐstoiqa. To apotèlesma thc m�jhshc eÐnai h jèsh
enìc sunìlou paramètrwn pou ja qarakthrÐzoun thn Emporik  Strathgik  èt-
si ¸ste na mporoÔn na lamb�nontai apodotikèc apof�seic se �llec �gnwstec
akoloujÐec katast�sewn elègqou.

To sq ma 5.2 deÐqnei to empìrio mèsw Prìbleyhc thc Kat�stashc. H
dedomènh akoloujÐa katast�sewn qrhsimopoieÐtai gia na gÐnei m�jhsh enìc
sust matoc ètsi ¸ste na mporeÐ na problèpei tic mellontikèc katast�seic.
Kat� thn di�rkeia tou elègqou to sÔsthma problèpei tic mellontikèc katast�-
seic gia ènan mellontikì qronikì orÐzonta kai me b�sh aut  thn problefjeÐsa
akoloujÐa brÐsketai h akoloujÐa apof�sewn pou ja efarsmosteÐ. H ergasÐ-
a na brejeÐ aut  h akoloujÐa apof�sewn eÐnai Ðdia me thn anak�luyh thc
akoloujÐac stìqou sto sq ma thc Epiblepìmenhc M�jhshc.

Sto sq ma 5.3 faÐnetai to empìrio mèsw 'Ameshc Enisqutik c M�jhshc to
opoÐo ja akolouj soume sta upìloipa kef�laia. Ed¸ h dedomènh akoloujÐa
katast�sewn qrhsimopoieÐtai wc akoloujÐa katast�sewn tou perib�llontoc
Enisqutik c M�jhshc kai me b�sh k�poiec sunart seic Politik c, antamoib c
kai apìdoshc gÐnetai jèsh enìc sunìlou apì paramètrouc pou qarakthrÐzoun
thn Emporik  Strathgik . Autì gÐnetai me �mesh beltistopoÐhsh thc Poli-
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Sq ma 5.1: Emporik  Strathgik  me Epiblepìmenh M�jhsh

tik c wc proc tic rujmÐsimec paramètrouc ìpwc eÐdame sthn par�grafo 3.3.
SugkrÐnontac aut� ta trÐa sq mata, to sq ma 'Ameshc Enisqutik c M�-

jhshc mporeÐ na jewrhjeÐ wc mia apal  (soft), me thn ènnoia tou Soft Com-
puting, èkdosh tou sq matoc Epiblepìmenhc M�jhshc afoÔ mia epiblepìmenh
apìfash prèpei na jewrhjeÐ anagkastik� teleÐwc swst  eÐte teleÐwc l�joc
an�loga me ton sklhrì stìqo en¸ mia upì enÐsqush apìfash paÐrnei endi�me-
sec timèc metaxÔ swstoÔ kai l�jouc an�loga me thn antamoib  pou pros-
fèrei. Epiplèon shmei¸netai h amesìthta thc 'Ameshc Enisqutik c M�jhshc
se sqèsh me to sq ma Prìbleyhc thc Kat�stashc to opoÐo èqei monadikì
skopì na gÐnei èmmesh prìbleyh thc swst c kÐnhshc. H 'Amesh Enisqutik 
M�jhsh antiparèrqetai tic èmmesec problèyeic problèpontac kateujeÐan thn
apodotik  kÐnhsh.

Gia to sq ma èmmeshc Enisqutik c M�jhshc, miac pou einai perissìtero
genikì kai polÔploko, qrhsimopoioÔme to basikì sq ma Enisqutik c M�jhshc
tou sq matoc 3.1.

An kai ta parap�nw sq mata den exantloÔn touc trìpouc pou mporeÐ na
qrhsimopoihjeÐ Mhqanik  M�jhsh se mia Emporik  Strathgik , up�rqoun
pollèc ergasÐec pou exet�zoun to empìrio me b�sh aut�. Merikèc diaforèc se
autèc tic di�forec proseggÐseic eÐnai oi mon�dec m�jhshc pou qrhsimopoioÔn-
tai, me paradeÐgmata ta Krummèna Markobian� Montèla kai ta Neurwnik�
DÐktua, kai oi diadikasÐec beltistopoÐhshc, me paradeÐgmata thn Exèlixh kai
kai thn gradient− descent mèjodo.

ParadeÐgmata ergasi¸n gia empìrio me b�sh thn Epiblepìmenh M�jhsh
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Sq ma 5.2: Emporik  Strathgik  me Prìbleyh Tim¸n

Sq ma 5.3: Emporik  Strathgik  me 'Amesh Enisqutik  M�jhsh
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eÐnai h [35] kai h [36] h opoÐa qrhsimopoieÐ Support Vector Machines sthn
agor� sunall�gmatoc.

Stic [37][38] gÐnetai prìbleyh tim¸n thc agor�c metoq¸n kai sta [39]40][41]
prìbleyh tim¸n thc agor�c sunall�gmatoc me Neurwnik� DÐktua.Sugkekrimè-
na,h [41] qrhsimopoieÐtaiRBF neurwnikì dÐktuo kai sthn [40] h beltistopoÐhsh
gÐnetai me Genetikì Programmatismì.

Stic [42][43][44] gÐnetai empìrio me èmmesh Enisqutikh Majhsh kai sug-
kekrimèna sthn [43] me Q − learning sthn agor� metoq¸n, sthn [42] me
Genetikì Programmatismì sthn agor� metoq¸n, kai sthn [44] me exeliktikèc
mejìdouc sthn agor� sunall�gmatoc.

H 'Amesh Enisqutik  M�jhsh qrhsimopoieÐtai ,gia thn agor� metoq¸n stic
[5][9] kai gia thn agor� sunall�gmatoc stic [4][6][10].Sthn [9], eidik�, qrhsi-
mopoieÐtai mia stoqastik  epèktash thc Anadromik c Enisqutik c M�jhshc.

Stic [7][2] gÐnetai sÔgkrish thc èmmeshc kai thc �meshc EM sthn agor�
metoq¸n. Sthn [47] gÐnetai sÔgkrish enisqutik c m�jhshc kai susthm�twn
prìbleyhc tim c sthn agor� metoq¸n kai stic [45][46] sÔgkrish Exeliktik¸n
mejìdwn kai GenetikoÔ ProgrammatismoÔ me Enisqutik  M�jhsh sthn agor�
sunall�gmatoc. Tèloc o èmmesoc kai o �mesoc trìpoc epÐlushc thc Enisqutik -
c M�jhshc, me ekprìswpouc thn Q− learning kai thn RRL antÐstoiqa, sug-
krÐnontai stic [7][2][48] kai sthn [49].

Pern¸ntac ektìc qr shc Neurwnik¸n DiktÔwn,h [51] eÐnai mia ergasÐa pou
qrhsimopoieÐ Krummèna Markobian� Montèla gia prìbleyh tim¸n, kai ektìc
Mhqanik c M�jhshc all� entìc Teqnht c NohmosÔnhc h [50] qrhsimopoieÐ
èmpeiro sÔsthma (Rule − Based Expert System) sthn agor� sunnall�g-
matoc.

Sta epìmena kef�laia qrhsimopoioÔme to sq ma thc �meshc Enisqutikhc
M�jhshc kai sugkekrimèna ton algorijmo RRL twnMoody et. al [1][2][3] . H
ergasÐa tou Gold [6] jewreÐtai kentrik  sthn axiolìghsh thc RRL ìpou gÐne-
tai rÔjmish paramètrwn miac emporik c strathgik c pou qrhsimopoieÐ online
m�jhsh. Sto kefalaÐo 7 ja parousiasjeÐ rÔjmish paramètrwn emporik c s-
trathgikhc me batch RRL m�jhsh kai ta empeirik� apotelèsmata pou prokÔp-
toun.
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Kef�laio 6

Anadromik  Enisqutik 
M�jhsh

JewroÔme ènan diakritì qronikì orÐzonta t=0. . . N, kai thn tim  Prt enìc
oikonomikoÔ antikeimènou (asset). Oi diafor� tic tim c orÐzetai wc rt =
Prt − Prt−1 gia t=1. . . T. H apìfash pou mporoÔme na k�noume thn qronik 
stigm  t sumbolÐzetai me Ft kai paÐrnei timèc +1   -1 oi opoÐec ermhneÔontai wc
jèsh agor�c   jèsh p¸lhshc antÐstoiqa. Kaj¸c kumaÐnetai h tim , o stìqoc
mac eÐnai na paÐrnoume tic swstèc apof�seic, ¸ste na megistopoi soume mia
orismènh sun�rthsh apìdoshc. Aut  h sunarthsh apìdoshc ja exart�tai apì
thn antamoib  k�je qronik c stigm c tou orÐzonta h opoÐa eÐnai

Rt = µ · (Ft−1 · rt − δt · |Ft − Ft−1|) (6.1)

ìpou µ eÐnai h stajer  posìthta tou antikeimènou pou emporeuìmaste kai
δt to kìstoc sunallag c.

Kat�stash tou periballontoc

Anakal¸ntac to kef�laio 3, blèpoume ìti h parap�nw diatÔpwsh tair-
i�zei sto plaÐsio thc Enisqutik c M�jhshc. Jewr¸ntac thn kat�stash tou
perib�llontoc na perilamb�nei ton trèqon kìstoc sunallag c, thn prohgoÔ-
menh apìfash tou sust matoc Ft−1 kai èna par�juro m kouc M me tic pio
prìsfatec diaforèc

st = {Ft−1, rt, rt−1, rt−2, . . . , rt−M , δt} (6.2)

h sun�rthsh antamoib c orÐzetai ap'ton parap�nw tÔpo tou Rt. To sÔnolo
twn kin sewn A eÐnai {+1,-1}, h sun�rthsh met�bashc Ftrans eÐnai teleÐwc
�gnwsth, h sun�rthsh epitrept¸n pr�xewn eÐnai stajer  kai Ðsh me to sÔnolo
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A kai h sun�rthsh antÐlhyhc Fobs mporeÐ na jewrhjeÐ tautotik . To prìblhma
eÐnai na broÔme mia Politik  Fpol h opoÐa èqei ikanopoihtik  apìdosh.

Ja epitejoÔme sto prìblhma me ton �meso trìpo epÐlushc thc Enisqutik c
M�jhshc,d ladh anag�gontac to apeujeÐac se mia beltistopoÐhsh ston q¸ro
twn Politik¸n. To pr¸to b ma eÐnai na qarakthrÐsoume thn Politik  me èna
sÔnolo apo paramètrouc to opoio apokaloÔme θ. Dhlad  eÐnai :

Fpol : θ × S → A

Sthn sunèqeia prèpei na orÐsoume mia sun�rthsh m�jhshc U(θ; (ss1, ss2, . . . ,
ssN)) h opoÐa axiologeÐ thn leitourgÐa twn paramètrwn, kaj¸c to sÔsthma
ektÐjetai sthn dedomènh akoloujÐa apì katast�seic. To prìblhma thc m�-
jhshc t¸ra eÐnai h beltistopoÐhsh aut c thc sun�rthshc h opoÐa mporeÐ na
gÐnei me opoiad pwte mèjodo beltistopoÐhshc.

Stic epìmenec paragr�fouc epilègontac sun�rthsh m�jhshc U ,sun�rthsh
Politik c Fpol kai mèjodo beltistopoÐhshc diamorf¸netai o algìrijmoc thc
Anadromikhc Enisqutikhc M�jhshc (recurrent reinforcement learning - RRL ).

Sun�rthsh Politik c

H sun�rthsh Politik c ja eÐnai tou tÔpou Fpol : θ × S → A, dhlad  thn
qronik  stigm  t ja paÐrnei wc eÐsodo to sÔnolo twn paramètrwn θ kai to
sÔnolo {Ft−1, rt, rt−1, rt−2, . . . , rt−M , δt} kai ja epistrèfei thn apìfash Ft.
'Opwc f�nhke ap'ton orismì thc antamoib c, h apìfash Ft−1 eÐnai krÐsimh
plhroforÐa gia na gÐnei l yh apìfashc thn stigm  t. Autì sumbaÐnei epeid 
h allag  apìfashc epifèrei kìstoc sunallag c, giautì prèpei na xèroume
se ti apìfash eÐmastan sthn qronik  stigm  t− 1 prin p�roume mia apìfash
pou toul�qiston antiparèrqetai autì to kìstoc. Epomènwc qreiazìmaste mia
anadromik  sun�rthsh pou ja exart�tai ap'tic paramètrouc tou sust matoc
me tètoio trìpo ¸ste na mporeÐ na gÐnei apodotik  m�jhsh. Ja qrhsimopoi-
hjeÐ Anadromikì Neurwnikì DÐktuo me èna   dÔo str¸mata upologismoÔ kai
sun�rthsh energopoÐhshc tanh. Jewr¸ntac to par�juro diafor¸n kai tic
paramètrouc wc dianÔsmata kai akolouj¸ntac ton sumbolismì tou kefalaÐou
2, to neurwnikì dÐktuo enìc epipèdou paÐrnei thn morf 

Ft = sign(
[
rT Ft−1 1

]
θ̂) (6.3)

kai me dÔo epÐpeda :

Ft = sign(
[
tanh(

[
rT Ft−1 1

]
· Ŵ ) 1

]
· θ̂) (6.4)

Gia thn m�jhsh, epeid  oi sunart seic energopoÐhshc qrei�zetai na eÐnai
diaforÐsimec, h sign antikajÐstatai apì thn tanh.
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Sun�rthsh M�jhshc

Up�rqoun pollèc sunart seic U(R1, R2, . . . , RN) pou mporoÔn na axi-
olog soun to sÔsthma me b�sh tic �mesec antamoibèc. Pollèc apì autèc
mporoÔn na parametropoihjoÔn ¸ste na antikatoptrÐzoun thn di�jesh tou
sust matoc sto rÐsko.

Mia apl  sun�rthsh eÐnai h
∑N
i=1Ri h opoÐa anaparist� to telikì kèrdoc.

'Omwc ètsi ayhfoÔme thn diakÔmansh twn kerd¸n kai ìpwc eÐdame sto kef�laio
4, kat� to empìrio me perij¸rio prèpei na krat soume thn diakÔmansh se
qamhl� epÐpeda gia na apofÔgoume tuqìn margin call, to opoio mac bg�zei
ektìc paiqnidioÔ prin arqÐsei to sÔsthma na phgaÐnei se uyhlì telikì kèrdoc.
Epomènwc mia kalÔterh sun�rthsh m�jhshc eÐnai o lìgoc Sarp

U =
mean(R1, R2, . . . , RN)

standardDeviation(R1, R2, . . . , RN)
(6.5)

pou epibrabeÔei meg�lec antamoibèc en¸ tautìqrona timwreÐ meg�lec diakum�n-
seic.

Pio analutik�, eÐnai

U =
AN

KN(BN − A2
N)1/2

(6.6)

ìpou

AN =
1

N

N∑
i=1

Ri Bn =
1

N

n∑
i=1

R2
i KN = (

N

N − 1
)
1
2 (6.7)

Mèjodoc BeltistopoÐhshc

Me touc parap�nw orismoÔc, mporeÐ na brejeÐ h analutik  klÐsh thc sun�rth-
shc m�jhshc U wc proc k�je rujmÐsimh par�metro tou sust matoc, me de-
domènh thn akoloujÐa apì tic diaforèc twn tim¸n kai ta kìsth sunallag¸n.'Etsi
gia thn beltistopoÐhsh mporeÐ na qrhsimopoihjeÐ gradientdescent :

θnew = θold + ρ · dU
dθ

(6.8)

Sthn epìmenh par�grafo ja doÔme pwc upologÐzetai h analutik  klÐsh gia ton
batch trìpo m�jhshc, kai sthn mejepìmenh afoÔ oristeÐ o Diaforikìc Lìgoc
Sarp ja efarmìsoume thn an�logh stoqastik  gradient descent ¸ste na
sumbeÐ online m�jhsh.
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Sq ma 6.1: Di�gramma Batch m�jhshc

6.1 Batch m�jhsh

Me touc sumbolismoÔc thc paragr�fou 3.3 h exÐswsh pou perigr�fei thn
batch ekpaÐdeush se mia akoloujÐa apo katast�seic eÐnai h

θκ+1,1 = θκ,1 + ρ ·G(θκ,1) (6.9)

ìpou G eÐnai h analutik  klÐsh thc U .
Sto sq ma 4.1 faÐnetai apodiplwmèno to ANN pou ulopoieÐ thn Poli-

tik  kai genik� ìlec oi susqetÐseic twn metablht¸n ètsi ¸ste na faÐnetai h
epirro  apì tic rujmÐsimec paramètrouc sthn sun�rthsh m�jhshc U . Gia na
upologÐsoume thn zhtoÔmenh klÐsh ja prèpei na k�noume opisjodi�dosh ap'to
U e¸c to θ lamb�nontac upìyin k�je diaforetikì monop�ti pou ta en¸nei.

Ap'to U e¸c tic exìdouc tou ANN, h opisjodi�dosh dÐnei

G(θ) =
dU

dθ
=

N∑
t=1

dU

dRt

{dRt

dFt

dFt
dθ

+
dRt

dFt−1

dFt−1

dθ
} (6.10)

Ap'ton tÔpo (6.1) pou perigr�fei to kèrdoc èqoume

dRt

dFt
= −µ·δt ·sign(Ft−Ft−1),

dRt

dFt−1

= −µ·(rt+δ ·sign(Ft−Ft−1)) (6.11)
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Gia na opisjoqwr soume ap'tic exìdouc tou ANN e¸c tic rujmÐsimec paramètrouc
arqik� qrhsimopoioÔme ton anadromikì tÔpo

dFt
dθ

=
∂Ft
∂θ

+
∂Ft
∂Ft−1

dFt−1

dθ
(6.12)

Sthn perÐptwsh ANN me 2 epipeda,oi merikoÐ par�gwgoi upologÐzontai me touc
tÔpouc thc paragrafou 2.2 en¸ me èna epÐpedo brÐskontai kateujeÐan

∂Ft
∂θ

= (1− F 2
t ) ·

[
rTFt−11

]T
(6.13)

H teleutaÐa par�gwgoc pou qrei�zetai eÐnai h dU
dRt

h opoÐa basizìmenoi sto
tÔpo tou lìgou Sarp eÐnai

dU

dRt

=
dU

dAN
· dAN
dRt

+
dU

dBN

· dBN

dRt

= (6.14)

=
1

N
· BN − AN ·Rt

KN · (BN − A2
N)

3
2

'Etsi èqoume ìlec tic parag¸gouc pou qrei�zontai ston upologismì thc
klÐshc thc U .

Oi par�metroi tou algìrijmou eÐnai

• M : oi eÐsodoi diafor¸n tou ANN

• N : o arijmìc neur¸nwn tou krufoÔ epipèdou, an qrhsimopoihjeÐ ANN
me 2 epÐpeda

• ρ : o rujmìc m�jhshc

• ne : o arijmìc epoq¸n stic opoÐec ja gÐnei h m�jhsh

Jètontac autèc tic paramètrouc kai dÐnontac sto sÔsthma mia akoloujÐa apì
diaforèc tim¸n kai kìsth sunallag¸n, m kouc N ,kai èna tuqaÐo arqikì sÔno-
lo thetainit apì rujmÐsimec paramètrouc, me thn parap�nw mèjodo to sÔsthma
mporeÐ na m�jei na k�nei apodotikèc kin seic p�nw se aut� ta dedomèna. Merik�
paradeÐgmata apìdoshc tou algìrijmou me teqnhtèc timèc parousi�zontai sthn
par�grafo 4.3.
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6.2 Online m�jhsh

Me b�sh thn parap�nw batch sun�rthsh U kai orÐzontac wc g thn klÐsh
thc topik c suneisfor�c sthn U , prokÔptei o antÐstoiqoc online algìrijmoc

θk,t+1 = θk,t + ρ · g(sst, θk,t) (6.15)

t = 1 . . . N, θk+1,1 = θk,N+1

PaÐrnontac mìno ènan ìro ap'to �jroisma G, to g mporeÐ na oristeÐ wc

g(sst, θ) =
dUt
dθt

=
dUt
dRt

{dRt

dFt

dFt
dθt

+
dRt

dFt−1

dFt−1

dθt−1

} (6.16)

kai h antÐstoiqh thc exÐswshc (6.12) eÐnai h

dFt
dθt

=
∂Ft
∂θt

+
∂Ft
∂Ft−1

dFt−1

dθt−1

(6.17)

Gia na oloklhrwjeÐ o algìrijmoc prèpei na oristeÐ h Ut wc topik  suneisfor�
sto lìgou Sarp U .

Diaforikìc lìgoc Sarp

O orismìc tou lìgou Sarp pou dìjhke mporeÐ na upologÐzetai kai me
anadrom  twn A kai B

At = (
1

t
)Rt + (1− 1

t
)At−1 Bt = (

1

t
)R2

i + (1− 1

t
)Bt−1 (6.18)

ìpou k�je Rj, j = 1 . . . t sunajroÐzetai me to Ðdio b�roc sta telik� At, Bt. Mia
genikeumènh morf  thc parap�nw anadrom c parametropoieÐtai me ton arijmì
η ∈ [0, 1] ètsi ¸ste na dÐnontai diaforetik� b�rh sta di�fora Rj.

At = (η)Rt + (1− η)At−1 Bt = (η)R2
t + (1− η)Bt−1 (6.19)

K�nontac anadromikoÔc upologismoÔc me b�sh autoÔc touc tÔpouc pou xana-
gr�fontai wc

Ai = At−1 + η∆At Bt = Bt−1 + η∆Bt (6.20)

prokÔptei o genikeumènoc lìgoc Sarp

St =
At

Kη(Bt − A2
t )1/2

(6.21)

me

Kη = (
1− η

2

1− η
)
1
2 , A0 = 0, B0 = 0
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Oi parap�nw anadromèc mporoÔn na qrhsimopoioÔntai gia na gÐnei pio apodo-
tik  h batch m�jhsh, wstìso gia thn online m�jhsh qrei�zetai h topik  sune-
isfor� Ut h opoÐa mporeÐ na brejeÐ proseggistik� anaptÔssontac to St se
pr¸th t�xh wc proc to η sto shmeÐo η = 0

St ≈ St−1 + η · dSt
dη
|η=0 +O(η2) (6.22)

kai paÐrnontac ton pr¸thc t�xhc ìro. OrÐzontac ton diaforikì lìgo Sarp wc

Dt =
dSt
dη

=
Bt−1 ·∆At − 1

2
At−1∆Bt

(Bt−1 − A2
t−1)

3
2

(6.23)

h zhtoÔmenh par�gwgoc sthn exÐswsh (6.16) eÐnai

dUt
dRt

≈ η · dDt

dRt

= η · Bt−1 − At−1 ·Rt

(Bt−1 − A2
t−1)

3
2

(6.24)

6.3 M�jhsh me bid/ask timèc

Kat� to empìrio mèsw enìc dhmiourgoÔ agor�c (market maker) k�je
oikonomikì antikeÐmeno susqetÐzetai me dÔo timèc, thn tim  prosfor�c kai
thn tim  z thshc. 'Otan sumbaÐnei empìrio uyhl c suqnìthtac h di�krish
se bid/ask timèc eÐnai shmantik  epeid  h allag  thc tim c an�mesa se dÔo
apof�seic eÐnai sugkrÐsimh me to spread, thn diafor� dhlad  metaxÔ ask kai
bid tim¸n.

Me b�sh touc tÔpouc antamoib c thc paragr�fou 4.3, gia na efarmìsoume
thn Anadromik  Enisqutik  M�jhsh me bid/ask timèc mporoÔme na jèsoume
wc Prt tou antikeimènou thn mèsh timh twn bid kai ask timwn

Prt =
Prt,ask + Prt,bid

2
(6.25)

kai wc kìstoc sunallag c to misì spread

δt =
Prt,ask − Prt,bid

2
(6.26)

Ap'ta peiramatik� apotelèsmata faÐnetai ìti aut  h prosèggish apodÐdei
kal� afoÔ to kèrdoc pou metriètai ap'ton tupo (7.1) me tic parap�nw an-
tikatast�seic èqei as mantec diaforèc ap'tic metr seic me thn akrib  exÐswsh
(4.11).
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6.4 Teqnhtèc timèc

Wc mia pr¸th axiolìghsh thc Anadromik c Enisqutik c M�jhshc, se aut n
thn par�grafo ja doÔme paradeÐgmata efarmog c thc p�nw se teqnhtèc timèc.

Sto sq ma 6.2 blèpoume timèc bid/ask diakrot matoc. To sÔsthma ma-
jaÐnei me b�sh autèc tic timèc kai sthn sunèqeia mpaÐnei se leitourgÐa elègqou
p�nw stic Ðdiec timèc.Oi apof�seic kai to susswreutikì kèrdoc faÐnontai sto
Ðdio sq ma. ParathroÔme ìti ìtan sthn mèsh thc seir�c to spread gÐnetai
meg�lo sqetik� me tic allagèc twn tim¸n, h suqnìthta enallag c apìfashc
ellat¸netai. Sta sq mata 6.3 kai 6.4 arqik� gÐnetai m�jhsh se timèc di-
akrot matoc kai sthn sunèqeia, sto sq ma 6.3 sumbaÐnei èlegqoc se timèc di-
akrot matoc me upèrjesh jorÔbou en¸ sto sq ma 6.4 se �sqetec jorub¸deic
timèc. To sumpèrasma eÐnai oti h mèjodoc deÐqnei kal  ikanìthta genÐkeushc
(generalization).

Gia to teleutaÐo par�deigma,h èxodoc pt tou parak�tw stoqastikoÔ sust -
matoc tÐjetai wc ask timèc kai wc bid timèc eÐnai to Ðdio s ma me afaÐresh mikroÔ
jetikoÔ jorÔbou. Oi arijmoÐ α kai β mporoÔn na p�roun tic timèc 0.1 kai 0.5
antÐstoiqa ìpwc sto sq ma 6.5.(

pt+1

ht+1

)
=

(
α β
0 1

)
·
(
pt
ht

)
+

(
noise1t
noise2t

)
(6.27)

Se autì to sq ma, m�jhsh gÐnetai sta pr¸ta 300 deÐgmata kai èlegqoc sta
upìloipa 100.
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Sq ma 6.2: DeÐgma axiolìghshc thc RRL mejìdou p�nw se bid/ask timèc
diakrot matoc. To deÔtero kai to trÐto di�gramma deÐqnoun tic apof�seic
kai to susswreumèno kèrdoc pou prokÔptoun. 'Eqei gÐnei m�jhsh se ìlh thn
akoloujÐa
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Sq ma 6.3: DeÐgma axiolìghshc thc RRL mejìdou p�nw se bid/ask timèc
diakrot matoc me upèrjesh jorÔbou. 'Eqei gÐnei m�jhsh sto pr¸to misì thc
akoloujÐac kai elègqoc sto upìloipo misì pou eÐnai diakrìthma me upèrjesh
jorÔbou
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Sq ma 6.4: DeÐgma axiolìghshc thc RRL mejìdou p�nw se bid/ask timèc
jorÔbou. 'Eqei gÐnei m�jhsh sto pr¸to misì thc akoloujÐac kai elègqoc sto
upìloipo misì pou eÐnai jìruboc
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Sq ma 6.5: DeÐgma axiolìghshc thc RRL mejìdou p�nw se bid/ask timèc apì
èxodo stoqastikoÔ sust matoc. 'Eqei gÐnei m�jhsh sto pr¸ta 300 deÐgmata
thc akoloujÐac kai èlegqoc sto upìloipa 100
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Kef�laio 7

Empìrio sthn Agor�
Sunallagmatoc
kai Peiramatik�
Apotelèsmata

Se autì to kef�laio ja oristeÐ kai ja axiologhjeÐ mia emporik  strathgik 
pou perilamb�nei thn RRL wc mon�da m�jhshc. Sthn par�grafo 7.1 ektìc
ap'ton orismì thc emporik c strathgik c ja parousiasjeÐ kai to sÔnolo de-
domènwn HFDF − 96 thc etaireÐac Olsen1 p�nw sto opoÐo ja gÐnei h axi-
olìghsh. Autì to sÔnolo ja diamerisjeÐ se dedomèna rujmÐshc kai dedomèna
elègqou. Sthn par�grafo 7.2 ja gÐnei rÔjmish thc Emporik c Strathgik c
me thn ènnoia ìti kaj¸c ja thn èqoume qarakthrÐsei me èna sÔnolo S apo
paramètrouc ja y�xoume gia to shmeÐo Σ? pou dÐnei thn kalÔterh apìdosh
p�nw sta dedomèna rÔjmishc. Sthn sunèqeia,sthn par�grafo 7.3 ja gÐnei
h axiolìghsh thc qarakthrismènhc me to shmeio Σ? Emporik c Strathgik c
metr¸ntac thn apìdosh thc p�nw sta dedomèna elègqou. Aut  h apìdosh eÐnai
h endiafèrousa mètrhsh epeid  ta dedomèna elègqou eÐnai �gnwsta kat� to
qtÐsimo thc mejìdou kai ètsi antiproswpeÔoun ta mellontik� �gnwsta dedomè-
na pou kaleÐtai na antimetwpÐsei h strathgik  sthn pragmatikìthta. Tèloc,
sthn par�grafo 7.4 ja paratejoÔn ta sumper�smata thc axiolìghshc kai
merikèc kateujunt riec grammèc gia sqetik  mellontik  èreuna.

1www.olsen.ch
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7.1 Dedomèna kai Mèjodoc

To pakèto HFDF −96 thc Olsen pou ja qrhsimopoihjeÐ perièqei bid/ask
timèc 25 sÔmbolwn gia ìlo to ètoc 1996. K�poia apì aut� ta dedomèna faÐ-
nontai sto sq ma 7.1. O qrìnoc pou mesolabeÐ an�mesa se dÔo deÐgmata se
autèc tic qronikèc akoloujÐec eÐnai 30 lept� thc ¸rac.

Epeid  h l yh metr sewn den  tan p�nta dunat  up�rqoun merik� mikr�
qronik� diast mata ìpou oi timèc paramènoun stajerèc. Aut� ta diast mata,
kaj¸c kai deÐgmata outliers afairoÔntai kat� to st�dio proepexergasÐac twn
dedomènwn.

Oloklhr¸nontac thn l yh deigm�twn axiolìghshc thc RRL wc mejìdou
m�jhshc, sto sq ma 7.2 faÐnontai ta diagr�mmata tim¸n, apof�sewn kai suss-
wreumènou kèrdouc p�nw se 500 deÐgmata thc agor�cDemFim, ìpou èqei ginei
m�jhsh sta pr¸ta 300 deÐgmata kai èlegqoc sta upìloipa 200.

Emporik  Strathgik 

Genik� mporoÔn na oristoÔn pollèc Emporikèc Strathgikèc basismènec
sthn RRL. Sth sunèqeia,ston algìrijmo 1, orÐzetai h Emporik  Strathgik 
(ES) pou ja qrhsimopoi soume gia peiramatikèc metr seic. Oi par�metroi thc
eÐnai oi Ltrain, Ltrade,M,N, ρ, ne ìpou oi teleutaÐec tèssereic eÐnai gnwstèc
kai sqetÐzontai me thn diadikasÐa batch m�jhshc pou ja qrhsimopoihjeÐ kai
oi Ltrain, Ltrade eÐnai to m koc akoloujÐac m�jhshc kai to m koc akoloujÐac
emporÐou antÐstoiqa.

O stìqoc thc epomènhc paragr�fou eÐnai na brejoÔn oi timèc twn paramètr-
wn pou èqoun mègisth apìdosh p�nw stic agorèc rÔjmishc

Σ? = argmaxΣ∈S{RRLTradingStrategy(Σ; tuningmarkets)} (7.1)

ìpou S eÐnai to sÔnolo twn pijan¸n sunduasm¸n gia tic paramètrouc.
Merikèc teleutaÐec parathr seic prin arqÐsei h rÔjmish paramètrwn eÐ-

nai oi exeÐc: Oi diaforèc twn tim¸n pou qrhsimopoioÔntai ap'to sÔnolo de-
domènwn qrei�zetai na kanonikopoihjoÔn ètsi ¸ste afenìc na up�rqei mia
omoiìmorfh embèleia se ìlec tic diaforetikèc agorèc ¸ste na eÐnai dunat 
mia omoiìmorfh antimet¸pish touc kai afetèrou na èqoun sugkrÐsimec timèc
me thn tim  katwflÐou tou ANN h opoÐa èqei tejeÐ Ðsh me 1. EpÐshc, me b�sh
arketèc arqikèc metr seic exoikeÐwshc me ta dedomèna brèjhke ìti o lìgoc
Ltrade/Ltrain eÐnai apodotikì na p�rei thn tim  1/4.Opìte sthn sunèqeia
krat�me aut n thn tim  stajer  gia na dieukolÔnoume thn diadikasÐa afair¸n-
tac thn par�metro Ltrade. To Ltrain ja sumbolÐzetai apl� wc L.
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Sq ma 7.1: Timèc sunall�gmatoc gia tic agorèc UsdMyr,UsdSek,GbpDem
kai DemFrf . Sta dexi� to m koc thc akoloujÐac antistoiqeÐ se ìlo to ètoc
1996 en¸ arister� faÐnetai mìno èna mikrì di�sthma 200 deigm�twn dhlad 
100 wr¸n
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Sq ma 7.2: DeÐgma axiolìghshc thc RRL mejìdou p�nw se 500 deÐgmata
bid/ask tim¸n thc agor�c DemFim. 'Eqei gÐnei m�jhsh sta pr¸ta 300 kai
èlegqoc sta upìloipa 200
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Algorithm 1 Trading Strategy Algorithm

RRLTradingStrategy(Ltrain, Ltrade,M,N, ρ, ne;BidAskPrices)

k = 0;
FinalAccumulativeProfit = 0;
repeat
trainStart← k + 1;
trainEnd← k + Ltrain;
trainingdata← BidAskPrices(trainStart..trainEnd);
Fpol ← RRLearning(trainingdata, (M,N, ρ, ne));
tradingdata← BidAskPrices(trainEnd+ 1..trainEnd+ Ltrade);
faProfit← Trading(tradingdata, Fpol);
FinalAccumulativeProfit = FinalAccumulativeProfit+ faProfit;
k ← k + Ltrade;

until k + Ltrain > length(BidAskPrices)
return FinalAccumulativeProfit

7.2 RÔjmish Paramètrwn

Oi 10 ap'tic 25 agorèc tou sunìlou HFDF − 96 ja qrhsimopoihjoÔn wc
dedomèna rÔjmishc. H mon�da m�jhshc thc ES qrhsimopoieÐ wc mètro m�jhshc
ton lìgo S�rp wstìso afoÔ diapist¸netai ìti epitugq�nei na krat�ei thn di-
akÔmansh twn kerd¸n se ikanopoihtik� mikr� epÐpeda mporoÔme na jewr soume
to telikì susswreutikì kèrdoc (finalAccumulativeProfit− fap) wc mètro
apìdoshc. Sth sunèqeia tou kefalaÐou wc apìdosh thc ES ja ennoeÐtai autì
to mètro.EpÐshc, h stajer  posìthta µ twn prohgoÔmenwn kefalaÐwn pou
sumbolÐzei thn posìthta pou emporeÔetai, ja èqei p�nta thn tim  1000 h opoÐa
sthn agor� sunall�gmatoc onom�zetai 1 microLot. Praktik�, h posìthta
emporÐou mporeÐ na tejeÐ se pollèc qili�dec klimak¸nontac thn apìluth tim 
thc apìdoshc h opoÐa wstìso prèpei na lhfjeÐ upìyin ìti mporeÐ na einai
arnhtik .

To sÔnolo paramètrwn gia ES me ANN enìc str¸matoc eÐnai

Σ = {L,M, ne, ρ}

Jètoume tic pijanèc timèc gia tic paramètrouc autèc wc

L ∈ {1000, 1250, 1500, ..., 2750, 3000} , M ∈ {2, 4, 6, 8, 10, 12, 14}

ρ ∈ {0.01, 0.1, 0.4, 0.7, 1} , ne ∈ {25, 50, 75, 100}
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Me b�sh touc parap�nw mikroÔc orismoÔc gia ta pedÐa twn paramètrwn orÐze-
tai to S ¸ste h exÐswsh (7.1) na eÐnai epilÔsimh wstìso akìmh kai ètsi eÐnai
sqedìn adÔnato na gÐnei mia exantlhtik  anaz thsh gia thn lÔsh thc. An-
tÐ aut c thc exantlhtik c anaz thshc ja qrhsimopoihjeÐ h greedy graduate
student teqnik  pou parousi�zetai amèswc parak�tw.

Greedy graduate student

Arqik� epilègoume mia tuqaÐa di�taxh twn paramètrwn kai tuqaÐec arqikèc
timèc gia k�je par�metro.Diatrèqoume proc ta emprìc thn di�taxh k�non-
tac ceteris paribus beltistopoÐhsh thc topik c paramètrou, dhlad  krat¸n-
tac ìlec tic upìloipec paramètrouc stajerèc. 'Otan ft�soume sto tèloc
thc di�taxhc, opisjoqwroÔme me epiplèon beltistopoi seic wc èlegqoi ìti ta
bèltista shmeÐa den �llaxan par� tic allagèc pou akoloÔjhsan.

LÐgo perissìtero tupik�, sumbolÐzoume to sÔnolo paramètrwn tou b -
matoc i me Σi, thn beltistopoÐhsh wc proc thn par�metro x me CPOptx(Σ)
kai thn ananèwsh tou sunìlou Σ me kainoÔrgia tim  χ thc paramètrou x wc
Updx(χ,Σ). Upojètontac di�taxh (L,M, ρ, ne) h greedy graduate student
teqnik  faÐnetai parak�tw wc algìrijmoc 2.

H ìgdoh belstistopoÐhsh eÐnai èna epiplèon b ma ètsi ¸ste ìlec oi par�m-
etroi na èqoun beltistopoihjeÐ Ðso arijmì for¸n. H parap�nw mèjodoc efar-
mìzetai se k�je agor�. Me b�sh aut� ta Σ? pou mazeÔontai , ja epileqjeÐ
kat� to telikì st�dio thc rÔjmishc paramètrwn to telikì Σ? pou ja jewreÐ-
tai o pio apodotikìc sunduasmìc paramètrwn an prèpei na qrhsimopoi soume
mìno ènan sunduasmì p�nw se ìlec tic agorèc rÔjmishc. Ta antÐstoiqa sum-
baÐnoun kai sthn ES pou qrhsimopoieÐ ANN me 2 str¸mata ìpou se aut n thn
perÐptwsh up�rqoun pènte par�metroi L,M,N, ρ, ne.

Qrhsimopoi¸ntac thn parap�nw teqnik ,sta sq mata 7.3-7.6 faÐnetai h di-
adikasÐa RÔjmishc thc ES me ANN 1 str¸matoc stic agorèc CadUsd, UsdDem
,UsdBef kai UsdZar. Gia k�je sunduasmì faÐnetai h mèsh apìdosh kai h
diakÔmansh thc kaj¸c èqoun efarmosteÐ 20 diaforetik� dianÔsmata arqik¸n
rujmÐsimwn paramètrwn tou neurwnikoÔ diktÔou. Sto pr¸to apì aut� ta sq -
mata,h di�taxh eÐnai (L,M, ρ, ne) kai oi arqikèc timèc eÐnai (1000,4,1,25). To
Σ? pou prokÔptei gia aut n thn agor� eÐnai to (1500,4,0.1,75).

Ston pÐnaka 7.1 faÐnontai ta apotelèsmata gia tic 10 agorèc rÔjmishc
me touc kalÔterouc sunduasmoÔc paramètrwn pou brèjhkan gia k�je agor�.
Kat� to telikì st�dio thc rÔjmishc epilègoume mìno èna apì aut� ta 6 di-
aforetik� Σ? pou brèjhkan ajroÐzontac tic apodìseic touc se doll�ria p�nw
stic 10 agorèc rÔjmishc.H metatrop  se doll�ria gÐnetai san kanonikopoÐhsh
twn apodìsewn an�mesa stic diaforetikèc agorèc. Shmei¸netai ìti ta dedomè-
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Algorithm 2 GreedyGraduateStudent technique for FineTuning,order
(L,M, ρ, ne) is supposed

GreedyGraduateStudent(Σinit)

Σ1 ← Σinit;
Lnew ← CPOptL(Σ1); Σ2 ← UpdL(Lnew,Σ1);
Mnew ← CPOptM(Σ2); Σ3 ← UpdM(Mnew,Σ2);
ρnew ← CPOptρ(Σ3); Σ4 ← Updρ(ρnew,Σ3);
nenew ← CPOptne(Σ4); Σ5 ← Updne(nenew,Σ4);
if Σ5 6= Σ3 then
ρnew ← CPOptρ(Σ5); Σ6 ← Updρ(ρnew,Σ5)

else
Σ6 ← Σ5

end if
if Σ6 6= Σ2 then
Mnew ← CPOptM(Σ6); Σ7 ← UpdM(Mnew,Σ6);

else
Σ7 ← Σ6

end if
if Σ7 6= Σ1 then
Lnew ← CPOptL(Σ7); Σ8 ← UpdL(Lnew,Σ7);

else
Σ8 ← Σ7

end if
if Σ8 6= Σ4 then
nenew = CPOptne(Σ8); Σ? = Updne(nenew,Σ8);

else
Σ? = Σ8

end if
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PÐnakac 7.1: Rujmismènec par�metroi gia ES me 1 str¸ma. H teleutaÐa st lh
dÐnei thn apìdosh se doll�ria en¸ h pro teleutaÐa se mon�dec tou deutereÔon-
toc nomÐsmatoc k�je sumbìlou

sÔmbolo M/S Σ? kèrdoc (Y yy) kèrdoc ($)

AudUsd 2.24 (1500,6,0.1,50)=Σ?
1 192 192

CadUsd 1.45 (1500,4,0.1,75)=Σ?
2 39 39

DemFim 0.97 (2000,4,0.4,50)=Σ?
3 -316 -68

DemJpy 2.09 (2000,8,0.1,50)=Σ?
4 17425 150

GbpDem 1.52 (1500,6,0.1,50) -512.2 -325.1
UsdBef 3.13 (2250,4,0.1,50)=Σ?

5 9860 317
UsdChf 2.57 (1500,4,0.4,50) 120 89
UsdDem 3.32 (2000,4,0.4,50) 341 217
UsdDkk 1.89 (1500,4,0.1,75) 1401 236
UsdZar 1.20 (2000,4,0.4,75)=Σ?

6 -55 -12

na gia na gÐnei aut  h metatrop  emperièqontai sto qrhsimopoioÔmeno sÔnolo
dedomènwn afoÔ jewroÔme wc HOME to amerik�niko doll�rio kai k�noume
thn metatrop  sÔmfwna me touc tÔpouc tou kefalaÐou 3. Blèpontac ta a-
jroÐsmata ston pÐnaka 7.2 o sunduasmìc me to megalÔtero �jroisma eÐnai to
Σ?

3 to opoÐo eÐnai kai to telikì Σ? kai me autì qarakthrÐzetai h kalÔterh
dunat  ES me 1 str¸ma. Sthn par�grafo 7.3 ja axiologhjeÐ aut  h ES p�nw
se �gnwstec agorèc elègqou.

Sthn sunèqeia parousi�zetai h antÐstoiqh diadikasÐa rÔjmishc gia empo-
rik  strathgik  me neurwnikì dÐktuo 2 strwm�twn. H epiplèon par�metroc
N paÐrnei timèc ap'to sÔnolo {4, 8, 12, 16}. Sta sq mata 7.7-7.9 faÐnetai h
rujmish gia 3 agorèc kai stouc pÐnakec 7.3 kai 7.4 oi rujmismènec par�metroi
kai to telikì st�dio thc rÔjmishc antÐstoiqa.

7.3 Axiolìghsh

Prin arqÐsei h axiolìghsh twn rujmismènwn strathgik¸n pou diamorf¸jhkan
sthn prohgoÔmenh par�grafo ac orÐsoume merik� �lla sust mata gia sÔgkr-
ish :

• afelèc sÔsthma 1 : qrhsimopoieÐ wc Politik  èna ANN ìpwc aut� thc
mejìdou RRL, me tuqaÐec timèc gia tic rujmÐsimec paramètrouc
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PÐnakac 7.2: Telikì st�dio rÔjmishc paramètrwn gia ES me 1 str¸ma. Oi
apodìseic èqoun kanonikopoihjeÐ se doll�ria kai ajroÐzontai

sÔmbolo Σ?
1 Σ?

2 Σ?
3 Σ?

4 Σ?
5 Σ?

6

AudUsd 192 188 125 -41 7 66
CadUsd 37 39 27 -15 18 16
DemFim -85 -179 -68 -205 -124 -97
DemJpy 78 55 137 150 40 9
GbpDem -170 -255 -203 -260 -235 -201
UsdBef 88 194 247 191 317 129
UsdChf 25 -2 89 27 -25 10
UsdDem 6 125 216 175 189 173
UsdDkk 152 236 205 107 -7 -12
UsdZar -201 -21 -110 -253 -229 -12
�jroisma 122 380 665 -124 -49 81

PÐnakac 7.3: Rujmismènec par�metroi gia ES me 2 str¸mata. H teleutaÐa
st lh dÐnei thn apìdosh se doll�ria en¸ h pro teleutaÐa se mon�dec tou
deutereÔontoc nomÐsmatoc k�je sumbìlou

sÔmbolo M/S Σ? kèrdoc (Y yy) kèrdoc ($)

AudUsd 2.24 (2500,4,16,0.1,75)=Σ?
1 78 78

CadUsd 1.45 (2000,6,12,0.4,75)=Σ?
2 39 39

DemFim 0.97 (2500,4,16,0.1,75) -170.2 -102.1
DemJpy 2.09 (2500,8,12,0.1,50)=Σ?

3 19891 171
GbpDem 1.52 (1750,4,12,1,75)=Σ?

4 -72 -13
UsdBef 3.13 (2000,6,12,0.4,50)=Σ?

5 12154 390
UsdChf 2.57 (1000,8,16,0.4,50)=Σ?

6 150 111
UsdDem 3.32 (1500,4,12,1,50)=Σ?

7 205 130
UsdDkk 1.89 (1500,4,12,0.4,100)=Σ?

8 553 93
UsdZar 1.20 (2000,6,12,0.4,75) -255.4 -56.8
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Sq ma 7.3: RÔjmish paramètrwn CadUsd, ANN me 1 str¸ma
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Sq ma 7.4: RÔjmish paramètrwn UsdDem, ANN me 1 str¸ma
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Sq ma 7.5: RÔjmish paramètrwn UsdBef , ANN me 1 str¸ma
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Sq ma 7.6: RÔjmish paramètrwn UsdZar, ANN me 1 str¸ma
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Sq ma 7.7: RÔjmish paramètrwn GbpDem, ANN me 2 str¸mata
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Sq ma 7.8: RÔjmish paramètrwn UsdChf , ANN me 2 str¸mata
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Sq ma 7.9: RÔjmish paramètrwn DemJpy, ANN me 2 str¸mata
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PÐnakac 7.4: Telikì st�dio rÔjmishc paramètrwn gia ES me 2 str¸mata.Oi
apodìseic èqoun kanonikopoihjeÐ se doll�ria kai ajroÐzontai

sÔmbolo Σ?
1 Σ?

2 Σ?
3 Σ?

4 Σ?
5 Σ?

6 Σ?
7 Σ?

8

AudUsd 78 -45 47 40 65 7 27 -10
CadUsd 31 39 -4 26 25 20 19 -25
DemFim -102 -185 -203 -121 -154 -279 -181 -206
DemJpy 106 72 171 107 125 81 49 77
GbpDem -121 -145 -47 -13 -80 -44 -142 -305
UsdBef 26 56 322 121 390 107 20 86
UsdChf 17 97 80 102 20 111 -7 -15
UsdDem 7 61 108 27 97 -5 130 21
UsdDkk 49 71 56 50 67 79 25 93
UsdZar -81 -56 -129 -105 -81 -121 -157 -69
�jroisma 10 -35 401 234 474 -44 -217 -353

• N-afelèc sÔsthma 2 : h sunolik  akoloujÐa tim¸n diamerÐzetai se di-
ast mata m kouc N se k�je èna apì ta opoÐa h jèsh mènei stajer  kai
apofasÐzetai tuqaÐa

• afelèc sÔsthma 3 : h sunolik  akoloujÐa tim¸n diamerÐzetai se diast -
mata m kouc Ltrade se k�je èna apì ta opoÐa h jèsh mènei stajer  kai
eÐnai agor�   p¸lhsh antÐstoiqa me to an h tim  aux�netai   mei¸netai
kat� m koc tou amèswc prhgoÔmenou diast matoc m kouc Ltrain .

• N-manteÐo : h sunolik  akoloujÐa tim¸n diamerÐzetai se diast mata m k-
ouc datalength

N
se k�je èna apì ta opoÐa h jèsh mènei stajer  kai eÐnai

agor�   pwlhsh antÐstoiqa me to an h tim  aux�netai   mei¸netai kat�
m koc tou Ðdiou diast matoc. Dhlad  èna N-manteÐo paÐrnei swst  apì-
fash k�je datalength

N
deÐgmata tim¸n. Me datalength sumbolÐzetai to

m koc ìlhc thc akoloujÐac sthn opoÐa kaleÐtai to manteÐo na leitourg -
sei.

Sta sq mata 7.10-7.13 faÐnontai efarmogèc twn rujmismènwn ES se sÔgkr-
ish me aut� ta parap�nw sust mata. Sta 7.10-7.12 eÐnai p�nw stic agorèc
GbpUsd kai UsdFrf gia ES me 1 str¸ma, kai sto 7.13 sthn UsdSgd gia ES
me 2 str¸mata .
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Sq ma 7.10: Efarmog  kai sÔgkrish thc rujmismènhc ES me ANN 1 str¸-
matoc sthn agor� GbpUsd. H antistoiqÐa susthm�twn kai qrwm�twn,se autì
kai ta epìmena dÔo sq mata,eÐnai h ex c : kÐtrino=(32)-manteÐo, pr�sino=(8)-
manteÐo, kìkkino=(4)-manteÐo, maÔro = (1)-manteÐo, mplè = afelèc 3, roz=
RRL , gal�zio = afelèc 1, gal�zio = (2)-afelèc 2
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Sq ma 7.11: Efarmog  kai sÔgkrish thc rujmismènhc ES me ANN 1 str¸-
matoc sthn agor� UsdFrf
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Sq ma 7.12: Efarmog  kai sÔgkrish thc rujmismènhc ES me ANN 2 str-
wm�twn sthn agor� UsdSgd
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PÐnakac 7.5: Sunolik  axiolìghsh kai sÔgkrish thc RRL strathgik c. H
apìdosh eÐnai metrhmènh se Doll�ria

agor� M/S RRL− 1 RRL− 2 afelèc 3 (1)-manteÐo (4)-manteÐo (8)-manteÐo (32)-manteÐo
DemEsp 1.45 -10 -22 1 1 24 40 42
DemFrf 1.98 12 6 -1 11 27 31 35
DemItl 2.01 24 17 2 26 78 79 90
DemSek 1.89 54 45 18 37 39 59 92
GbpUsd 2.45 47 34 74 134 207 220 308
UsdEsp 1.02 -37 -7 19 39 73 87 120
UsdFim 0.97 -117 -30 31 22 167 170 221
UsdFrf 2.67 116 75 18 63 66 107 198
UsdItl 1.97 34 48 5 10 46 65 80
UsdJpy 2.55 149 35 -78 89 100 122 182
UsdMyr 1.45 -16 -4 20 4 42 47 51
UsdNlg 2.64 39 16 17 54 84 117 150
UsdSek 1.56 18 27 -26 17 31 86 160
UsdSgd 0.97 -45 -48 -18 8 14 20 41
UsdXeu 2.45 34 -3 -9 14 47 79 89
�jroisma 302 189 73 529 1045 1329 1859

Ston pÐnaka 6.5 faÐnetai h axiolìghsh thc RRL strathgik c me 1 kai 2
str¸mata p�nw stic agorèc elègqou metrhmènh se doll�ria.

Tèloc, pèra ap'thn apìdosh, ston pÐnaka 7.6 faÐnontai k�poiec metr seic
pou qarakthrÐzoun ton trìpo pou ègine to empìrio stic agorèc elègqou.

7.4 Sumper�smata kai Mellontik  'Ereuna

Ap'ta sq mata thc rÔjmishc paramètrwn faÐnetai oti h apìdosh eÐnai mètria
euaÐsjhth stic allagèc twn paramètrwn.Autì shmaÐnei ìti h rÔjmish  tan qr -
simh afoÔ an h apìdosh  tan teleÐwc euaÐsjhth tìte para thn axiolìghsh ja
 tan arnhtikì qarakthristikì gia thn eust�jeia thc rujmismènhc ES an� tic
di�forec agorèc elègqou, en¸ an  tan teleÐwc anaÐsjhth tìte den qreiazìtan
rÔjmish.

Ston pÐnaka 7.5 faÐnetai ìti h RRL ES tìso gia 1 kai 2 str¸mata èqei
jetik� apotelèsmata. To ANN me 1 str¸ma faÐnetai na apodÐdei kalÔtera,
me thn mes  tim  tou kèrdouc an� tic 15 agorèc na eÐnai 20 doll�ria kai thn
tupik  apìklish sta 41, en¸ oi antÐstoiqec timèc gia to (1)-manteÐo eÐnai 37
kai 40. Epiplèon qarakthristikèc epituqÐec thc ES me 1 str¸ma eÐnai ìti stic
agorèc UsdFrf kai UsdJpy xepèrase to (8)-manteÐo. Par� aut� ta kal�
apotelèsmata, h teleutaÐa gramm  tou pÐnaka 7.6 deÐqnei ìti to mèso kèrdoc
gia ìlec tic apof�seic eÐnai arket� mikrì se sqèsh me tic apìlutec timèc twn
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PÐnakac 7.6: Metr seic qarakthristik¸n tou emporÐou stic agorèc elègqou.
SumbolÐzontac me h to sÔnolo ton diasthm�twn pou orÐzontai me ta �kra touc
na eÐnai diadoqikèc allagèc jèsewn, H = to mèso m koc twn diasthm�twn tou

h, H
+
= to mèso m koc twn diasthm�twn tou h pou eÐqan kèrdoc, H

−
= to

mèso m koc twn diasthm�twn tou h pou eÐqan ap¸leia, P+% = posostì twn

apof�sewn kèrdouc, P
+
= mèso kèrdoc gia tic apof�seic kèrdouc, P

−
= mèso

kèrdoc gia tic apof�seic ap¸leiac, P = mèso kèrdoc gia ìlec tic apof�seic

agor� H H
+

H
−

P+% P
+

P
−

P
DemEsp 11.4 7.2 11.1 50.2 0.047 -0.049 -0.001
DemFrf 9.9 6.4 7.3 57.5 0.061 -0.080 0.001
DemItl 12.0 10.1 9.2 54.1 0.053 -0.058 0.002
DemSek 11.8 9.5 14.4 59.5 0.101 -0.136 0.005
GbpUsd 5.4 5.8 17.9 49.2 0.089 -0.076 0.005
UsdEsp 21.0 8.7 10.3 47.8 0.027 -0.032 -0.004
UsdFim 16.9 14.3 10.5 44.6 0.012 -0.031 -0.012
UsdFrf 12.2 12.3 12.1 67.1 0.058 -0.081 0.012
UsdItl 7.8 9.5 11.8 60.5 0.081 -0.116 0.003
UsdJpy 12.5 13.1 10.6 64.8 0.151 -0.233 0.015
UsdMyr 17.3 15.1 18.9 49.1 0.041 -0.043 -0.002
UsdNlg 22.6 19.5 16.6 56.2 0.103 -0.123 0.004
UsdSek 10.5 17.0 15.4 55.8 0.082 -0.099 0.002
UsdSgd 8.1 7.4 10.5 48.0 0.019 -0.027 -0.005
UsdXeu 11.6 19.3 15.4 60.2 0.094 -0.133 0.002
mèsh tim  12.7 11.7 12.8 55.0 0.068 -0.088 0.002
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Sq ma 7.13: Emporikìc Egkèfaloc

mèswn kerd¸n gia apof�seic kèrdouc kai gia apof�seic ap¸leiac jètontac
erwt mata gia thn eust�jeia thc mejìdou. To genikì sumpèrasma eÐnai ìti
ta apotelèsmata axiolìgoun thn mèjodo RRL wc mia kal  mon�da gia mia
emporik  strathgik  afoÔ  tan pio apodotik  apì k�je afelèc sÔsthma me to
opoÐo sugkrÐjhke, wstìso qrei�zetai èlegqoc se dedomèna sÔgqronwn agor¸n
ta opoÐa diafèrontac se qarakthristik� ìpwc to epÐpedo twn spreads mporeÐ
na jètoun thn exèlixh thc RRL strathgik c anagkaÐa. Epiplèon sumpèrasma
eÐnai ìti o Movement/Spread lìgoc eÐnai kalìc deÐkthc gia to an mia agor�
ja eÐnai kerdofìra afoÔ h ES me 1 str¸ma eÐqe jetik� apotèlesmata se k�je
agor� elègqou me lìgo megalÔtero tou 2.

'Oson afor� thn sqetik  mellontik  èreuna, mia basik  di�stash eÐnai
h aÔxhsh thc kat�stashc tou perib�llontoc me epiplèon plhroforÐec pou
ephre�zoun tic timèc, ìpwc gia par�deigma ta epitìkia k�je q¸rac.

Gia thn �mesh sunèqeia twn metr sewn pou parousi�sjhkan qrei�zontai
dedomèna apì sÔgqronec agorèc pou mporoÔn na brejoÔn sto diadÐktuo2 kai
epiplèon èlegqoc parìmoiwn strathgik¸n me aut n pou qrhsimopoi jhke. Mia
idèa gia epèktash thc strathgik c eÐnai h ex c : diat rhsh poll¸n par�llhlwn
ANN me m�jhsh RRL se di�fora diast mata tim¸n kai enallag  metaxÔ aut¸n
an� mia perÐodo ìpwc faÐnetai sto sq ma 7.13. To krit rio gia thn enallag 
mporeÐ na tejeÐ se euristikì epÐpedo me mia epilog  na eÐnai to pìso kal 
apìdosh èqei to k�je ANN prìsfata, kaj¸c h leitourgÐa tou prosomoi¸netai
qwrÐc na k�nei empìrio pragmatik�.

2www.histdata.com
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Kef�laio 8

Uyhl c Suqnìthtac Empìrio
me to Prwtìkollo FIX

'Eqontac ulopoi sei mia emporik  strathgik  to epìmeno b ma eÐnai h
egkat�stash hlektronik c epikoinwnÐac me k�poion mes�zonta thc Agor�c
Sunall�gmatoc mèsw enoc diadiktuakoÔ stajmoÔ. To prwtìkollo FIX (Fi-
nancial information eXchange) jètei touc tupikoÔc kanìnec gia tètoiou eÐdouc
epikoinwnÐec oikonomik¸n sunallag¸n.

To prwtìkollo FIX �rqise na tupopoieÐtai ap'to 1992 gia na gÐnei dunatì
to hlektronikì empìrio metoq¸n kai omolìgwn metaxÔ oikonomik¸n organ-
ism¸n kai apì tìte èqei epektajeÐ se pollèc �llec agorèc ìpwc h Agor�
Sunall�gmatoc kai h Agora Parag¸gwn. En tw metaxÔ me to posostì
twn sunallag¸n pou sumbaÐnei me algorijmikì trìpo na aux�netai èntona
stic meg�lec agorèc kai epiplèon me thn suqnìthta sunallag¸n na aux�netai
epÐshc h an�gkh gia mia tètoia tupopoÐhsh ègine ìlo kai pio shmantik . Up�r-
qoun diajèsimec sto diadÐktuo1 di�forec diepafèc logismikoÔ (APIs) pou to
ulopoioÔn, ìpwc oi ForexConnect, JavaTrading API kai FIX API kaj¸c
kai perigrafèc twn perieqomènwn touc. Epiplèon, up�rqei eidikìc istìtopoc
pou perilamb�nei ton tupikì orismì tou2.

Gia thn paroÔsa ergasÐa qrhsimopoi jhke to ForexConnect se gl¸ssa
Java. To kentrikì prìgramma ulopoi jhke me Java kai epikoinwneÐ me ton
mes�zonta me thn parap�nw diepef , kai me thn emporik  strathgik  pou u-
lopoi jhke me Matlab mèsw miac Java−Matlab diepaf c. Sthn sunèqeia ja
doÔme thn genik  dom  pou èqei mia tètoia efarmog  me anaforèc se kl�seic tou
ForexConnext kai sthn allhlepÐdrash metaxÔ touc ¸ste na diathroÔme thn
summetoq  mac sthn agor� gia k�poio sÔmbolo XxxYyy kai me mia dedomènh

1www.fxcodebase.com
2www.fixprotocol.org
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Sq ma 8.1: Akoloujiakì Di�gramma UML gia thn sunolik  dom  thc efar-
mog c

suqnìthta, akrib¸c dhlad  ìpwc jewr same thn diadikasÐa tou emporÐou sta
prhgoÔmena kef�laia.

To sq ma 8.2 deÐqnei th akoloujÐa leitourgÐac twn kÔriwn mejìdwn kai
thn metafor� plhroforÐac ètsi ¸ste na perigr�fetai h genik  dom  thc e-
farmog c. Shmei¸noume me pl�gia graf  tic mejìdouc pou den an koun sto
ForexConnect. H Timer() apl� elègqei,me b�sh thn dedomènh suqnìthta pou
prèpei na sumbaÐnei to empìrio, an thn trèqousa stigm  prèpei na lhfjeÐ apì-
fash.Oi upìloipec dÔo mejìdoi me pl�gia gr�mmata ja analujoÔn sta dÔo
epìmena sq mata.

H basik  kl�sh pou perigr�fei thn sunedrÐa me ton mes�zonta eÐnai h ses-
sion kai dhmiourgeÐtai me thn mèjodo createSession() thc kl�shc 02GTrans-
port. H sunedrÐa eggr�fetai sthn ResponseListener h opoÐa einai mia diepaf 
ulopoihmènh ètsi ¸ste na enhmer¸nei thn sunedrÐa k�je for� pou up�rqei
response me kainoÔrgia dedomèna ap'ton mes�zonta. Met� thn l yh twn de-
domènwn, kai an h Timer() krÐnei oti o qrìnoc eÐnai kat�llhloc dhlad  èqei
per�sei h dedomènh perÐodoc ap'thn prohgoÔmenh apìfash mac, anane¸noume
thn oÔra pou perièqei tic bid/ask timèc tou sumbìlou XxxYyy me thn mè-
jodo RefreshBidAskQueue, stèlnoume thn ananewmènh our� sthn emporik 
strathgik  kai me thn apìfash pou epistrèfetai diaqeirizìmaste thn jèsh
mac me thn mèjodo OpenClosePosition.

An�loga me thn trèqousa kai thn prohgoÔmenh apìfash ,h OpenClosePo-
sition apofasÐzei an prèpei na all�xoume jèsh, kleÐnontac thn prohgoÔmenh
kai anoÐgwntac thn antÐjeth kainoÔrgia   an prèpei na diathr soume thn jèsh
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Sq ma 8.2: Akoloujiakì Di�gramma UML gia agor� kai p¸lhsh

mac dhlad  na mhn gÐnei tÐpota.
To sq ma 8.3 deÐqnei pwc anoÐgei   kleÐnei mia jèsh. H sunedrÐa dhmiourgeÐ

èna RequestFactory to opoÐo diamorf¸nei mia antistoiqÐa valuemap metaxÔ
twn qarakthristik¸n miac jèshc kai twn tim¸n pou jèloume na touc pros-
d¸soume. Gia par�deigma h stajer� AMOUNT sumbolÐzei thn posìthta me
thn opoÐa susqetÐzetai h jèsh, k�ti to opoÐo mèqri t¸ra sumbolizìtan me µ,
kai h stajer� OFFER ID anafèretai ston kwdikì tou sumbìlou XxxYyy.
H upìloiph akoloujÐa deÐqnei ìti to diamorfwmèno valuemap qrhsimopoieÐtai
ap'to RequestFactory gia na dhmiourghjeÐ mia aÐthsh h opoÐa stèlnetai telik�
ap'thn sunedrÐa ston mes�zonta.

To sq ma 8.4 perigr�fei thn mèjodo RefreshBidAskQueue, dhlad  thn
exagwg  twn trèqontwn bid/ask tim¸n ap'to response pou stèlnei o mes�zon-
tac. Arqik� dhmiourgeÐtai èna ResponseReaderFactory to opoÐo me thn seir�
tou dhmiourgeÐ ènan TablesUpdatesReader. Autìc o anagn¸sthc eÐnai �mesa
susqetismènoc me thn plhroforÐa pou èrqetai mèsw tou response h opoÐa einai
diamorfwmènh san mia akoloujÐa apì grammèc me thn k�je gramm  na an kei
se ènan pÐnaka. Oi basikoÐ pÐnakec pou up�rqoun eÐnai o pÐnakac OFFERS pou
èqei ta sÔmbola kai tic trèqousec timèc touc kai o pÐnakac TRADES pou èqei
tic trèqousec anoiqtèc jèseic. Ta komm�tia elègqou pou faÐnontai sto sq ma
8.4 qrhsimeÔoun ¸ste na anagnwristeÐ h gramm  pou mac endiafèrei, dhlad 
aut  pou an kei ston pÐnaka OFFERS kai antistoiqeÐ sto sÔmbolo XxxYyy.
Met� thn l yh touc apì aut n thn gramm , oi endiafèrousec bid/ask timèc
anane¸noun thn bid/ask our� ¸ste na eÐnai ètoimh na qrhsimopoihjeÐ ap'thn
emporik  strathgik .
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Sq ma 8.3: Akoloujiakì Di�gramma UML gia thn ananèwsh twn bid/ask
dedomènwn
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