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Pr∏to MËroc

Per–lhyh

To jËma thc didaktorik†c mou diatrib†c me t–tlo Function Approximation for Engineering
and Scientific Problems, aforà sthn anàptuxh algor–jmwn pou bas–zontai ston eur‘tero
tomËa thc upologistik†c nohmos‘nhc kai thc mhqanik†c màjhshc kai h efarmog† touc se
ep–lush episthmonik∏n problhmàtwn.

Qwr–zoume thn paro‘sa Ëkjesh et†siac proÏdou se d‘o mËrh: Sto pr∏to mËroc peri-
gràfoume thn Ëreuna sto pla–sio summetoq†c tou ereunhtiko‘ progràmmatoc Eufue–c Te-
qnikËc ElËgqou thc 'Aneshc kai PrÏbleyhc thc PlhrÏthtac se Kt†ria - Epipt∏seic sthn
Energeiak† ApodotikÏthta me kwdikÏ Ërgou MIS-5050544 upÏ thn episthmonik† ep–bleyh
tou epiblËponta kajhght† k‘riou Anastàsiou Nto‘nh. Sto de‘tero mËroc perigràfoume
thn ereunhtik† mac drasthriÏthta sta pla–sia twn asaf∏n montËlwn kai sugkekrimËna
sthn anàptuxh exeliktik∏n asaf∏n montËlwn gia prosËggish sunart†sewn bàsei parath-
rhsiak∏n dedomËnwn.

Katà thn diàrkeia tou parÏntoc Ëtouc, summete–qa wc upoy†fioc didàktorac sto qrhma-
todoto‘meno ereunhtikÏ Ërgo me kwdikÏMIS-5050544. To basikÏ antike–meno thc anàjeshc
mou sta pla–sia tou didaktoriko‘ mou †tan h melËth asaf∏n stoqastik∏n diaforik∏n exi-
s∏sewn gia thn ekt–mhsh thc plhrÏthtac qrhst∏n mËsa se Ëna kt†rio. To sugkekrimËno
ereunhtikÏ prÏgramma Ëqei apologismÏ d‘o dhmosie‘seic: 'Ena paper se praktikà diejno‘c
sunedr–ou me kritËc kai Ëna paper se Ëna diejnËc episthmonikÏ periodikÏ. Stic epÏmenec
paragràfouc perigràfoume thn Ëreuna mac, pou aforà sto dhmosieumËno paper me t–tlo
"Computational Intelligence Technologies for Occupancy Estimation and Comfort Co-
ntrol in Buildings", h opo–a dhmosie‘thke sto diejnËc periodikÏ Energies kai sugkekrimËna
sto Section: Energy and Buildings. H dhmos–eush mporËi na breje– ston akÏloujo s‘n-
desmo:

Korkidis, P.; Dounis, A.; Kofinas, P. Computational Intelligence Technologies for Occu-
pancy Estimation and Comfort Control in Buildings. Energies 2021, 14, 4971.
https://doi.org/10.3390/en14164971
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Perigraf† Ëreunac

To prÏblhma thc ekt–mhshc thc plhrÏthtac, sto pla–sio elËgqou thc àneshc sto eswte-
rikÏ twn kthr–wn, apotele– Ëna prÏblhma d‘skolo kai elàqista melethmËno sthn diejn†
bibliograf–a. Sthn sugkekrimËnh ergas–a to prÏblhma ekt–mhshc plhrÏthtac se Ënan esw-
terikÏ q∏ro kt†riou melet†jhke, bàsei stoqastiko‘ montËlou pou aforà stic metr†seic
tou CO2. H sugkËntrwsh tou dioqeid–ou tou ànjraka sto eswterikÏ tou kthr–ou peri-
gràfetai apÏ thn ex–swsh isozug–ou màzac. Sthn paro‘sa ergas–a h sugkËntrwsh tou
CO2 jewre–tai wc mia tuqa–a metablht†, h opo–a prok‘ptei wc l‘sh miac stoqastik†c dia-
forik†c ex–swshc. H paragwg† tou dioxeid–ou tou ànjraka, meletàtai wc mia stoqastik†
anËlixh.

Melet∏ntac ta ep–peda tou dioxeid–ou tou ànjraka wc stoqastik† diadikas–a, mpore–
kàpoioc na exàgei shmantikËc plhrofor–ec gia thn f‘sh tou montËlou, na ektim†sei tic
àgnwstec paramËtrouc thc diergas–ac kaj∏c kai ton arijmÏ twn qrhst∏n. H plhrofo-
r–a thc plhrÏthtac qrhst∏n sto eswterikÏ enÏc kthr–ou e–nai kr–simh se Ïti aforà thn
anàptuxh susthmàtwn elËgqou me stÏqo thn a‘xhsh thc energeiak†c apodotikÏthtac.

H Ëreuna apodome–tai sta ex†c stàdia: h diaforik† ex–swsh tou CO2 epekte–netai gia
na perigràyei stoqastikà fainÏmena, oi àgnwstec paràmetroi thc stoqastik†c diadikas–ac
paragwg†c dioxeid–ou tou ànjraka ektim∏ntai me bàsh thn arq† thc mËgisthc pijanofàneiac
(Maximum Likelihood) kai me thn qr†sh exeliktik∏n algor–jmwn. Qrhsimopoi∏ntac ei-
dikÏ algÏrijmo, g–netai ekt–mhsh twn qrhst∏n pou br–kontai ston q∏ro sthn monàda tou
qrÏno. KajÏti to ep–pedo tou dioxeid–ou tou ànjraka mËsa se Ëna q∏ro den e–nai stajer†
kai exartàtai apÏ pollo‘c paràgontec, eisàgetai peraitËrw abebaiÏthta sto montËlo, ∏ste
na perigraf† h parametrik† abebaiÏthta sugkekrimËnwn paramËtrwn. AutÏ epitugqànete
me thn bo†jeia thc asafo‘c montelopo–hshc (Fuzzy Modelling). O algÏrijmoc ekt–mhshc
plhrÏthtac efarmÏzetai sta asaf† / stoqastikà montËla kai apotelËsmata sumbatà me
thn jewr–a prok‘ptoun.

Gia na uiojethje– Ëna perissÏtero realistikÏ montËlo, to opo–o na perigràfei to e-
p–pedo sugkËntrwshc tou dioxeid–ou tou ànjraka sto eswterikÏ enÏc kthr–ou, g–netai h
upÏjesh Ïti h sugkËntrwsh tou CO2 d–netai apÏ mia tuqa–a metablht† se kàje qronik†
stigm†. H paragwg† tou dioxeid–ou tou ànjraka jewre–tai wc mia stoqastik† anËlixh, pe-
rigràfontac Ëtsi fainÏmena pou den e–nai e‘kolo na montelopoihjo‘n majhmatikà allà kai
àgnwstouc paràgontec. H nteterministik† diaforik† ex–swsh isozug–ou màzac metatrËpe-
tai me thn bo†jeia thc k–nhshc Brown se mia stoqastik† diaforik† ex–swsh. H dom† enÏc
montËlou apÏ ta oikonomikà majhmatikà kai onomàzetai Hull - White mac d–nei to pla–sio
na perigràyoume thn diadikas–a paragwg†c tou dioxeid–ou tou ànjraka.

To stoqastikÏ montËlo d–netai apÏ thn parakàtw ex–swsh:
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Ïpou XCO2(t) e–nai h sugkËntrwsh tou dioxeid–ou tou ànjraka, qinf e–nai o rujmÏc meta-
bol†c twn aËriwn maz∏n sto q∏ro, cCO2

occ e–nai o rujmÏc paragwg†c dioxeid–ou tou ànjraka
apÏ touc qr†stec, XCO2

out
e–nai h exwterik† sugkËntrwsh tou dioxeid–ou tou ànjraka, �

e–nai o stajerÏc paràgontac k‘manshc twn stoqastik∏n metabol∏n tou CO2, Bt e–nai mia
monodiàstath tupik† k–nhsh Brown kai nocc(t) e–nai o arijmÏc twn qrhst∏n, dhlad† to
ep–pedo plhrÏthtac.

Sthn mejodolog–a pou melet†jhke oi paramËtroi tou montËlou jewro‘ntai àgnwstec
kai h ekt–mhsh touc e–nai anagka–a. Ta dedomËna pou perigràfoun thn sugkËntrwsh tou
dioxeid–ou tou ànjraka, pou t∏ra e–nai tuqa–a metablht†, paràgontai apÏ thn arijmhti-
k† ep–lush thc stoqastik†c diaforik†c ex–swseic me thn mËjodo twn Euler - Maruyama.
H qronoseirà thc arijmhtik†c l‘shc d–nei thn sugkËntrwsh tou CO2 sthn monàda tou
qrÏnou, kai e–nai mia stoqastik† anËlixh. Paràllhla, h arijmhtik† l‘sh jewre–tai Ïti
apotele– to s‘nolo twn dedomËna ekpa–deushc, sta opo–a h ekt–mhsh twn paramËtrwn tou
montËlou, bas–zetai.

DedomËnhc thc qronoseiràc tou CO2 kai dedomËnou Ïti mia stoqastik† diadikas–a me-
letàtai, g–netai ekt–mhsh twn àgnwstwn paramËtrwn me thn mejodolog–a thc MËgisthc
Pijanofàneiac - Maximum Likelihood. KajÏti h l‘sh thc stoqastik†c diaforik†c e–nai
diadikas–a Markov, h mËsh tim† kai h diasporà thc tuqa–ac metablht†c pou perigràfei thn
sugkËntrwsh tou dioxeid–ou tou ànjraka, upolog–zontai analutikà. Omo–wc, oi pijanÏth-
tec metàbashc mporo‘n na upologisto‘n se kleist† morf†.

Oi paràmetroi tou montËlou jewro‘ntai àgnwstec kai prËpei na ektimhjo‘n bàsei
thc qronoseiràc thc l‘shc thc stoqastik†c diaforik†c ex–swshc pou perigràfei thn su-
gkËntrwsh tou dioxeid–ou tou ànjraka. To diànusma twn agn∏stwn paramËtrwn d–netai
apÏ ✓̂ =

�
✓̂1, ✓̂2, ✓̂3, ✓̂4

�
=

�
q̂inf , X̂

CO2
out

, ĉ
CO2
occ , �̂

�
. To prÏblhma ekt–mhshc twn paramËtrwn

sto pla–sio stoqastik∏n diaforik∏n exis∏sewn mpore– na perigrafe– majhmatikà wc h
l‘sh tou parakàtw probl†matoc:

✓̂ = argmin
✓i2[l✓i ,u✓i

]
i=1...4

L
�
X

CO2(t0) ... X
CO2(tN ),✓

�
(1.2)

Ïpou L(XCO2(t0) ... XCO2(tN ),✓) e–nai o arnhtikÏc logàrijmoc thc pijanofàneiac.

Sthn sugkekrimËnh ergas–a h elaqistopo–hsh thc sunàrthshc tou arnhtiko‘ logar–j-
mou thc pijanofàneiac Ëgine me thn qr†sh exeliktik∏n algor–jmwn kai sugkekrimËna me
ton algÏrijmo Differential Evolution. O sugkekrimËnoc algÏrijmoc prote–netai kajÏti
e–nai katàllhloc gia beltistopo–hsh mh grammik∏n problhmàtwn pou mpore– na e–nai mh
kurtà kai qwr–c thn qr†sh plhrofor–ac kl–shc. H Diaforik† ExËlixh (DE) an†kei sthn
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oikogËneia twn exeliktik∏n algor–jmwn kai exereunà to ped–o orismo‘ enÏc probl†matoc
beltistopo–hshc me thn qr†sh enÏc plujhsmo‘ upoyhf–wn l‘sewn kai telest∏n metàlla-
xhc, diasta‘rwshc kai epilog†c. Oi telestËc metàllaxhc kai diasta‘rwshc paràgoun tic
nËec upoy†fiec l‘seic kai se kàje epÏmenh genià epibi∏noun mÏno oi katallhlÏterec, wc
proc to prÏblhma beltistopo–hshc.

MËqri autÏ to shme–o oi upÏ ekt–mhsh àgnwstec paràmetroi tou montËlou, e–nai oi�
q̂inf , X̂

CO2
out

, ĉ
CO2
occ , �̂

�
. An loipÏn jewr†soume Ïti oi timËc twn ektimo‘menwn paramËtrwn

e–nai kontà stic pragmatikËc timËc, mporo‘me na parametropoi†soume to montËlo mac, dh-
ladh thn stoqastik† diaforik† ex–swsh, wc proc to ep–pedo plhrÏthtac nocc(t).

H mejodolog–a ekt–mhshc tou dian‘smatoc plhrÏthtac akolouje– ta ex†c b†mata: H
stoqastik† diaforik† ex–swsh epil‘etai arijmhtikà me thn mËjodo Euler - Maruyama me
tic ektimo‘menec paramËtrouc. DedomËnhc thc qronoseiràc thc l‘shc kànoume qr†sh tou
algor–jmou pou prote–netai sto [13] kai ektimàtai to àgnwsto diànusma plhrÏthtac bàsei
arq†c thc mËgisthc pijanofàneiac. O sugkekrimËnoc algÏrijmoc e–nai greedy kai paràgei
thn bËltisth l‘sh se kàje b†ma. EpomËnwc, efÏson oi ektimo‘menec paràmetroi e–nai ko-
ntà stic pragmatikËc timËc, autÏ shma–nei Ïti ta dedomËna thc l‘shc ja e–nai kontà sthn
pragmatik† l‘sh àra o algÏrijmoc ja anazht†sei thn pijanÏterh paràmetro pou paràgei
ta dedomËna thc l‘shc.

Gia melet†soume thn ep–drash thc parametrik†c abebaiÏthtac ston algÏrijmo ekt–mh-
shc tou nocc(t), qrhsimopoio‘me asaf† montelopo–hsh gia na eisàgoume mia peraitËrw
abebaiÏthta sto montËlo: thn abebaiÏthta pou prok‘ptei apÏ tic –diec tic paramËtrouc.
Se Ëna realistikÏ prÏblhma ektÏc twn mh montelopoihmËnwn dunamik∏n pou mporo‘n na
montelopoihjo‘n me thn eisagwg† stoqastikÏthtac, ja prËpei kàpoioc na làbei upÏyh kai
thn abebaiÏthta stic paramËtrouc.

H mejodolog–a ekt–mhshc twn paramËtrwn bàsei thc mËgisthc pijanofàneiac odhge– se
shmeiakËc ektim†seic. Gia na eisaqje– abebaiÏthta stic ektimo‘menec paramËtrouc kai na
melethje– to ant–ktupo thc sthn ekt–mhsh thc plhrÏthtac, qrhsimopoio‘me asaf† monte-
lopo–hsh stic paramËtrouc qinf , o rujmÏc enallag†c aËriwn maz∏n sto q∏ro kai cCO2

occ ,
ton rujmÏ paragwg†c dioxeid–ou tou ànjraka anà qr†sth. Oi d‘o ektimo‘menec paràmetroi
perigràfontai wc asafe–c trigwniko– arijmo–.

Gia ton upologismÏ tou sunÏlou st†rixhc tou asafo‘c arijmo‘ pou perigràfei to
qinf kai to c

CO2
occ , qrhsimopoio‘me ±10% apÏ thn ektimo‘menh tim† thc paramËtrou kai

±30% ant–stoiqa. En suneqe–a paràgoume dedomËna, l‘nontac arijmhtikà, thn stoqasti-
k† diaforik† ex–swsh pou t∏ra Ëqei tic paramËtrouc pou upolog–zontai apÏ thn asaf†
montelopo–hsh. SugkekrimËna, paràgoume d‘o ze‘gh paramËtrwn (tic oriakËc timËc) me
qr†sh 0.5-tom†c. 'Etsi loipÏn oi l‘seic twn diaforik∏n exis∏sewn paràgoun Ëna bajmÏ
axiopist–ac pou antistoiqe– stic abËbaiec paramËtrouc. H efarmog† tou algor–jmou ekt–mh-
shc tou dian‘smatoc plhrÏthtac odhge– se l‘seic pou sunàdoun apÏluta me thn jewr–a:
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EfÏson ta dedomËna aforo‘n stic ektimo‘menec paramËtrouc tÏte to ep–pedo plhrÏthtac
ektimàtai me megàlh akr–beia. An oi paràmetroi prok‘ptoun apÏ thn asaf† montelopo–hsh
tÏte oi ektim†seic tou epipËdou plhrÏthtac paràgoun e–te upoektimo‘meno e–te uperekti-
mo‘meno ep–pedo plhrÏthtac. AutÏ den prok‘ptei apÏ kàpoia adunam–a tou algor–jmou
ekt–mhshc allà apÏ thn f‘sh tou kai apotele– Ëna Ënausma gia susthmatik† melËth twn
asaf∏n stoqastik∏n diaforik∏n exis∏sewn sto pla–sio elËgqou àneshc kthr–wn.

Ta apotelËsmata twn algor–jmwn pou aforo‘n sthn ekt–mhsh twn paramËtrwn me dia-
forik† exËlixh kai h ekt–mhsh tou dian‘smatoc plhrÏthtac gia tic shmeiakËc kai tic asafe–c
paramËtrouc e–nai akrib† kai sumfwno‘n me tic problËyeic thc jewr–ac. Gia analutikà a-
potelËsmata parapËmpoume touc anagn∏stec sthn dhmos–eush.
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De‘tero MËroc

Perigraf†

To de‘tero mËroc thc ereunhtik†c mac drasthriÏthtac aforà sthn melËth twn asaf∏n
metasqhmatism∏n kai twn asaf∏n probol∏n. SugkekrimËna, h Ëreuna aforà sthn e‘resh
bËltistwn asaf∏n diamer–sewn (fuzzy partitions) me thn qr†sh exeliktik∏n algor–jmwn,
paràgwntac me autÏ ton trÏpo ubridikà montËla upologistik†c nohmos‘nhc, dhlad† exe-
liktikà asaf† montËla. To prÏblhma pou meletàtai e–nai h prosËggish sunart†sewn apÏ
parathrhsiakà dedomËna, kai sugkekrimËna apÏ dedomËna mh omoiÏmorfa katanemhmËna. To
sugkekrimËno prÏblhma qarakthr–zei pollà probl†mata thc epist†mhc kai thc mhqanik†c,
pou melet∏ntai upÏ to pr–sma twn algor–jmwn mhqanik†c màjhshc. Ta apotelËsmata thc
sugkekrimËnhc Ëreunac br–skontai sto stàdio thc upobol†c (to be submitted).

ParÏti, oi asafe–c diamer–seic sto pla–sio twn asaf∏n metasqhmatism∏n Ëqoun ekte-
n∏c melethje–, o susthmàtikoc upologismÏc touc apousiàzei apÏ thn diejn† bibliograf–a.
TautÏqrona, kam–a melËth den epikentr∏netai se exeliktiko‘c asafe–c metasqhmatismo‘c
kai exeliktikËc asafe–c probolËc gia prosËggish sunart†sewn apÏ mh omoiÏmorfa dedo-
mËna.

Sthn paro‘sa ergas–a prote–noume Ënan exeliktikÏ algÏrijmo diaforik†c exËlixhc gia
thn e‘resh l‘sewn sto prÏblhma beltistopo–hshc me periorismo‘c: Na g–nei kajorismÏc
twn paramËtrwn twn asaf∏n diamer–sewn me trÏpo ∏ste na elaqistopoie–tai mia sugkekri-
mËnh nÏrma tou ekpaideutiko‘ sfàlmatoc prosËggishc.

O asaf†c metasqhmatismÏc (F-transform) parËqei Ëna majhmatikÏ pla–sio pou sundËei
thn jewr–a twn metasqhmatism∏n me thn jewr–a twn asaf∏n susthmàtwn. Sthn prosËggi-
sh sunart†sewn me ton asaf† metasqhmatismÏ, shmantikÏ rÏlo pa–zei h f‘sh thc asafo‘c
diamËrishc, wc k‘rio qarakthristikÏ thc mejÏdou. H diamËrish aforà sthn diàspash tou
ped–ou orismo‘ se Ëna s‘nolo asaf∏n arijm∏n me sugkekrimËnec idiÏthtec. H asaf†c
diamËrish apodeikn‘etai Ïti pa–zei kr–simo rÏlo sthn apÏdosh tou teliko‘ proseggisti-
ko‘ montËlou, pou apotele–tai apÏ ton euj‘ asaf† metasqhmatismÏ F-transform kai ton
ant–strofo asaf† metasqhmatismÏ inverse F-transform.

TautÏqrona, meletàme to prÏblhma prosËggishc sunart†sewn basismËnoi sthn jew-
r–a twn asaf∏n probol∏n (fuzzy projection). H asaf†c probol† qarakthr–zetai apÏ thn
bËltisth prosËggish thc àgnwsthc (latent) sunàrthshc me Ïrouc tou tetragwniko‘ sfàl-
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matoc. An jewr†soume Ïti h upo prosËggish àgnwsth sunàrthsh ze– ston q∏ro L
2 kai

an jewr†soume ton upoq∏ro pou paràgoun oi sunart†seic thc asafo‘c diamËrishc, tÏte
h asaf†c probol† or–zetai wc to stoiqe–o tou upoq∏rou pou elaqistopoie– thn apÏstash
L
2. Akrib∏c Ïmoia me thn jewr–a tou asafo‘c metasqhmatismo‘, h kardià thc asafo‘c
probol†c aforà ston prosdiorismÏ thc asafo‘c diamËrishc.

H pleioyhf–a twn episthmonik∏n dhmosie‘sewn pou aforo‘n sta parapànw montËla,
jËtoun upÏ melËth mÏno thn per–ptwsh twn omoiÏmorfwn asaf∏n diamer–sewn. Exa–resh
apotele– h ergas–a tou Stepnicka [27], sthn opo–a prote–nei Ëna ubridikÏ montËlo asafo‘c
metasqhmatismo‘ pou ekpaide‘etai me mejÏdouc neurwnik∏n dikt‘wn. O stÏqoc thc su-
gkekrimËnhc Ëreunac apÏ mËrouc mac aforà sthn sumpl†rwsh thc bibliograf–ac tou keno‘
twn montËlwn exeliktik∏n asaf∏n probol∏n kai exeliktik∏n asaf∏n metasqhmatism∏n.

Oi ereunhtiko– mac stÏqoi mporo‘n na sunoyisto‘n sta parakàtw shme–a:

• Na protaje– mia enallaktik† kai sumplhrwmatik† melËth stouc asafe–c metasqhma-
tismo‘c me neurwnik† ekpa–deush.

• Na melethje– kai na efarmoste– exeliktikÏc upologismÏc sto ereunhtikÏ pla–sio twn
asaf∏n metasqhmatism∏n kai asaf∏n probol∏n.

• Na efarmosto‘n ta ubridikà exeliktikà montËla sto prÏblhma thc prosËggishc su-
nart†sewn apÏ mh omoiÏmorfa dedomËna.

• Na auxhje– h ermhneusimÏthta tou asafo‘c sust†matoc.

• Na meiwje– to proseggistikÏ sfàlma tou teliko‘ montËlou.

Perigraf† Ëreunac

Oi asafe–c diamer–seic qarakthr–zontai pl†rwc apÏ to ze‘goc (P,A), Ïpou P e–nai to
s‘nolo twn kËntrwn twn asaf∏n arijm∏n kai A e–nai h oikogËneia twn sunart†sewn gen-
n†torwn. Sthn paro‘sa Ëreuna, h l‘sh tou probl†matoc beltistopo–hshc aforà sthn
bËltisth asaf† diamËrish pou elaqistopoie– to àjroisma tou tetragwniko‘ sfàlmatoc.
KajÏti melet∏ntai kai oi d‘o mejodolog–ec, o asaf†c metasqhmatismÏc kai h asaf†c pro-
bol†, ta telikà beltistopoihmËna montËla diafËroun wc proc tic idiÏthtec touc kai thn
proseggistik† apÏdosh.

Gia thn ep–lush tou probl†matoc prote–netai Ënac diaforik† exËlixh, Ënan exeliktikÏ
algÏrijmo efodiasmËno me telestËc metàllaxhc kai diastàrwshc kaj∏c kai strathgik†
elitistik†c epilog†c. Oi exeliktiko– algÏrijmoi an†koun sthn oikogËneia twn mejeure-
tik∏n mejÏdwn, Ïpou qrhsimopoio‘ntai gia thn beltistopo–hsh problhmàtwn me Ëlleiyh
plhrofor–ac parag∏gwn †/kai me asuneq†/mh-kurtà top–a thc antikeimenik†c sunàrthshc.
H leitourg–a enÏc exeliktiko‘ algÏrijmou perigràfetai wc ex†c: Gia Ënan mËgisto arijmÏ
gene∏n, epanal†yewn: Dhmiourg–a arqiko‘ plhjusmo‘ me àtoma, tic upoy†fiec l‘seic. Ta
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arqikà àtoma tou plhjusmo‘ apotim∏ntai, wc proc thn katallhlÏthta touc, kai paràl-
lhla dhmiourgo‘ntai nËoi plhjusmo– apÏ ta arqikà àtoma me efarmog† twn exeliktik∏n
telest∏n: metàllaxhc kai diasta‘rwshc. Sthn paro‘sa Ëreuna qrhsimopoi†jhkan diafo-
riko– telestËc metàllaxhc kaj∏c kai diwnumiko– telestËc diasta‘rwshc. Ta nËa àtoma
tou plhjusmo‘ sugkr–nontai me ta arqikà àtoma kai ton nËo plhjusmÏ sunisto‘n mÏno
ta katallhlÏtera àtoma. Sthn paro‘sa ergas–a o telest†c epilog†c aforà se elitismÏ,
Ëtsi ∏ste se kàje genià h l‘sh na d–netai apÏ to monadikÏ àtomo me thn megal‘terh ka-
tallhlÏthta. Ta àtoma tou plhjusmo‘ aforo‘n upoy†fia ze‘gh (P,A) pou an†koun se
Ëna upos‘nolo AD tou sunÏlou A Ïlwn twn pijan∏n asaf∏n diamer–sewn. To upos‘nolo
autÏ periËqei Ïlec tic asafe–c diamer–seic pou plhro‘n kàpoio krit†rio puknÏthtac wc proc
ta dedomËna ekpa–deushc.

Se Ïrouc beltistopo–hshc h e–sodoc twn upoy†fiwn l‘sewn sto efiktÏ s‘nolo g–netai
me Ïrouc poin†c eke–nwn twn l‘sewn, dhlad† twn upoy†fiwn asaf∏n diamer–sewn, pou den
an†koun sto AD.

Ta telikà exeliktikà montËla dokimàsthkan gia thn ikanÏthta prosËggishc touc kai
gen–keushc tou se gnwstËc sunart†seic thc diejno‘c bibliograf–ac twn asaf∏n susth-
màtwn kai neurwnik∏n dikt‘wn, se m–a kai d‘o diastàseic. Sthn Ëreuna mac sugkr–noume
asafe–c metasqhmatismo‘c kai probolËc me omoiÏmorfec asafe–c diamer–seic, neurwnikà
d–ktua ekpaideumËna me vanilla backpropagation kai ta exeliktikà montËla. H arijmhtik†
melËth de–qnei pol‘ uyhl† apÏdosh tou exeliktiko‘ montËlou asafo‘c probol†c.
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Tr–to MËroc

Katà thn diàrkeia thc Ëreunac mac diapist∏jhkan endiafËronta antike–mena gia baj‘terh
melËth se jËmata pou aforo‘n kai sthn ekt–mhsh plhrÏthtac me stoqastikËc diaforikËc
exis∏seic kai sthn asaf† montelopo–hsh me asaf† metasqhmatismÏ kai asaf† probol†.
SugkekrimËna mac endiafËrei na pragmatopoi†soume peraitËrw embàjunsh sta ex†c anti-
ke–mena:

• Asafe–c stoqastikËc diaforikËc exis∏seic gia thn enswmàtwsh thc parametrik†c
abebaiÏthtac tou montËlou isozug–ou màzac CO2.

• MelËth mejÏdwn MCMC ston pla–sio thc ekt–mhshc paramËtrwn sto stoqastikÏ
montËlo isozug–ou màzac CO2, gia enswmàtwsh thc parametrik†c abebaiÏthtac.

• MelËth kai anàptuxh enallaktik∏n algor–jmwn ekt–mhshc thc plhrÏthtac apÏ thn
qronoseirà l‘shc thc stoqastik†c diaforik†c ex–swshc tou CO2.

• Belt–wsh twn exeliktik∏n taktik∏n sta pla–sia twn asaf∏n metasqhmatism∏n kai
asaf∏n probol∏n.

• Efarmog† twn exeliktik∏n asaf∏n metasqhmatism∏n kai exeliktik∏n asaf∏n probo-
l∏n se efarmogËc: Montelopo–hsh qaotik∏n susthmàtwn, PrÏbleyh qronoseir∏n,
MelËth se Biomedical dedomËna, Efarmog† se pragmatikà dedomËna.

• Anàptuxh nËwn asaf∏n montËlwn me afethr–a tic asafe–c probolËc (Bayesian Fuzzy
Models).
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