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ΠΕΡΙΛΗΨΗ	
Η διδακτορική αυτή διατριβή αποτελείται από τρία μέρη και συνολικά δεκαπέντε 
κεφάλαια, πέντε για το πρώτο μέρος, πέντε για το δεύτερο μέρος και πέντε για το 
τρίτο μέρος. Στο πρώτο μέρος της διατριβής “Στατιστική Ανάλυση Υπερκορεσμένων 
Σχεδιασμών με Μέτρα της Θεωρίας Πληροφοριών”, μελετώνται διάφορες μέθοδοι 
στατιστικής ανάλυσης των υπερκορεσμένων σχεδιασμών κύριων επιδράσεων κάτω 
από την παραδοχή των γενικευμένων γραμμικών μοντέλων. Οι διάφορες μέθοδοι 
ανάλυσης που παρουσιάζονται βασίζονται πάνω σε ποικίλα μέτρα της Θεωρίας 
Πληροφοριών. Στο δεύτερο μέρος της διατριβής “Επιλογή Μεταβλητών και Επιλογή 
Μοντέλου”, μελετώνται διάφορες μέθοδοι επιλογής των καταλληλότερων 
μεταβλητών καθώς επίσης και κριτήρια πληροφορίας για την επιλογή του βέλτιστου 
μοντέλου. Επιπλέον, μελετώνται μέθοδοι επιλογής βέλτιστου σχεδιασμού μέσα από 
μία βάση πραγματικών δεδομένων. Στο τρίτο και τελευταίο μέρος της διατριβής 
“Στατιστική Ανάλυση Υπερκορεσμένων Σχεδιασμών με Αλληλεπιδράσεις”, 
μελετώνται μέθοδοι κατασκευής και ανάλυσης υπερκορεσμένων σχεδιασμών που 
συμπεριλαμβάνουν αλληλεπιδράσεις. Επιπλέον, εισάγεται μία νέα κλάση σχεδιασμών 
που ονομάζονται μερικώς ισορροπημένοι υπερκορεσμένοι σχεδιασμοί και μελετώνται 
οι ιδιότητές τους και κάτω φράγματα για ευρέως γνωστά κριτήρια βελτιστοποίησης. 

 

ABSTRACT	
The present PhD thesis is divided into three parts consisting of fifteen chapters, five 
chapters for each part respectively. In the first part of the thesis “Statistical Analysis 
of Supersaturated Designs Via Information Theory Measures”, several statistical 
analysis methods of main effects supersaturated designs are being studied, under 
generalized linear models.  The presented analysis methods are based upon various 
information theory measures. In the second part of the thesis “Variable Selection and 
Model Selection”, several best subset methods as well as information based criteria 
for optimal model selection are being studied. Moreover, optimal design selection 
methods in databases are being studied. In the third and last part of the thesis 
“Statistical Analysis of Supersaturated Designs Involving Interactions”, construction 
and analysis methods of supersaturated designs involving interactions are being 
studied. Moreover, a new class of designs called as partially balanced supersaturated 
designs is being introduced, and their properties as well as the lower bounds of well-
known optimality criteria are being studied. 
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EuqaristÐec

Kat� th di�rkeia twn didaktorik¸n mou spoud¸n sto Ejnikì Metsìbio PoluteqneÐo
(E.M.P.), arketoÐ �njrwpoi sunèbalan, o kajènac me ton trìpo tou, sto na apokt sw to
morfwtikì epÐpedo pou èqw s mera kai ja  jela se autì to shmeÐo na touc ekfr�sw tic
euqaristÐec mou, me thn pepoÐjhsh ìti f�nhka ant�xia twn prosdoki¸n touc.

H ekpìnhsh aut c thc diatrib c ja  tan adÔnath qwrÐc th sumbol  tou Epiblèpontoc
k. Qr stou KoukoubÐnou, Kajhght  thc S.E.M.F.E. tou E.M.P. H kajod ghs  tou up-
 rxe arwgìc sthn ereunhtik  mou drasthriìthta, kaj¸c mèsw twn ide¸n, prot�sewn kai
stoqeumènwn parathr se¸n tou, pou mporoÔn na brejoÔn me th morf  ereunhtik¸n pro-
blhm�twn sthn arq  k�je kefalaÐou thc diatrib c, sunèbale kajoristik� sto na embajÔnw
kai na parousi�sw artiìtera ta ereunhtik� mou apotelèsmata. Sugqrìnwc, h diark c upo-
st rixh kai adi�koph enj�rrunsh pou mou pareÐqe apotèlesan kinht rio moqlì gia thn
epituq  olokl rwsh thc diatrib c aut c. Gia autìn to lìgo, ìpwc kai gia th dunatìthta
pou mou èdwse na asqolhj¸ ereunhtik� me tic dÔo meg�lec episthmonikèc mou ag�pec, tic
epist mec twn Majhmatik¸n kai thc Statistik c, ton euqarist¸ jerm�.

Tic euqaristÐec mou ja  jela epÐshc na ekfr�sw sta �lla dÔo mèlh thc TrimeloÔc
Sumbouleutik c Epitrop c, thn ka. FilÐa Bìnta, EpÐkourh Kajhg tria thc S.E.M.F.E.
tou E.M.P. kai ton k. Iw�nnh Sphli¸th, Anaplhrwt  Kajhght  thc S.E.M.F.E. tou
E.M.P., twn opoÐwn oi polÔtimec sumboulèc kai upodeÐxeic kaj¸c epÐshc kai h hjik  touc
sumpar�stash me bo jhsan ta mègista. Ja  jela epÐshc na ekfr�sw tic euqaristÐec mou
sta upìloipa mèlh thc EptameloÔc Exetastik c Epitrop c, thn ka. Qrushòc Kar¸nh, Ka-
jhg tria thc S.E.M.F.E. tou E.M.P., ton k. M�rko KoÔtra, Kajhght  tou Tm matoc
Statistik c kai Asfalistik c Epist mhc tou PanepisthmÐou Peirai¸c, ton k. Qar�lampo
Euaggel�ra, EpÐkouro Kajhght  tou Tm matoc Statistik c kai Asfalistik c Epist mhc
tou PanepisthmÐou Peirai¸c kai ton k. Alèxandro KaragrhgorÐou, Kajhght  tou Tm matoc
Majhmatik¸n tou PanepisthmÐou AigaÐou, gia to qrìno pou afièrwsan sthn an�gnwsh thc
diatrib c, kaj¸c kai gia tic qr simec upodeÐxeic touc.

Euqarist ria ofeÐlw proc ton Tomèa Majhmatik¸n thc S.E.M.F.E tou E.M.P., gia th
qor ghsh upotrofÐac ek tou Klhrodot matoc Qr. Papakuriakìpoulou kat� th di�rkeia
ekpìnhshc thc didaktorik c mou diatrib c, uposthrÐzontac oikonomik� thn èreun� mou.

EpÐshc, ja  jela na euqarist sw jerm� ton Epiblèponta Kajhght  mou k.Qr sto
KoukoubÐno gia th dunatìthta pou mou èdwse na sunergast¸ me ton Kajhght  tou Panepi-
sthmÐou McMaster tou Kanad� k. Narayanaswamy Balakrishnan kai ton Kajhght  tou
PanepisthmÐou Visva Bharati thc IndÐac k. Kashinath Chatterjee kat� th di�rkeia ekpình-
shc thc diatrib c mou. EÐnai meg�lh mou qar� kai tim  pou èqw sunergasteÐ mazÐ touc kai
touc euqarist¸ jerm� gia tic polÔtimec upodeÐxeic touc kai thn epoikodomhtik  sunergasÐa
mac se jèmata Peiramatik¸n Sqediasm¸n.

Ekfr�zw epÐshc tic euqaristÐec mou stouc upìloipouc sunerg�tec, sunadèlfouc kai
fÐlouc, ton Episkèpth Kajhght  tou Vienna University of Technology thc Biènnhc kai KÔ-
rio Ereunht  sto InstitoÔto SBA Research thc Biènnhc k. Dhm trio SÐmo gia th sumpar�-
stash, suneq  enj�rrunsh kai thn �yogh sunergasÐa mac kajìlh th di�rkeia ekpìnhshc
aut c thc diatrib c, ton upoy fio did�ktora E.M.P. k. Emmanou l Androul�kh gia thn
upost rixh kai tic epoikodomhtikèc suzht seic pou eÐqame sta qrìnia twn didaktorik¸n mou
spoud¸n. Jermèc euqaristÐec epÐshc ekfr�zw sthn adelf  mou NÐkh, ston Gi�nnh kai se
ìlouc touc fÐlouc mou pou me st rixan ìla aut� ta qrìnia.



x

Tèloc, ja  jela na euqarist sw mèsa apì thn kardi� mou touc goneÐc mou, Ajan�sio
kai SofÐa, gia thn amèristh hjik  sumpar�stash, ulik  upost rixh kai kajhmerin  enj�r-
runs  touc, se ìlh th di�rkeia twn didaktorik¸n mou spoud¸n kai wc èna el�qisto deÐgma
eugnwmosÔnhc h paroÔsa diatrib  afier¸netai se autoÔc.
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• Genetic algorithm and data mining techniques for design selection in databases, (me
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PerÐlhyh

H Arq  eÐnai to  misu tou pantìc.

�Pujagìrac (per. 570 p.Q.�490 p.Q)

Sth didaktorik  aut  diatrib , melet¸ntai mèjodoi statistik c an�lushc mÐac kl�shc
twn paragontik¸n sqediasm¸n pou onom�zontai uperkoresmènoi sqediasmoÐ, me   qwrÐc
allhlepidr�seic, k�tw apì thn paradoq  twn genikeumènwn grammik¸n montèlwn. EpÐshc,
melet¸ntai mèjodoi epilog c twn katallhlìterwn metablht¸n kaj¸c epÐshc kai krit ria
plhroforÐac gia thn epilog  tou bèltistou montèlou.

H diatrib  apoteleÐtai apì trÐa mèrh kai sunolik� dekapènte kef�laia, pènte gia to
pr¸to mèroc, pènte gia to deÔtero mèroc kai pènte gia to trÐto mèroc. Sto pr¸to mèroc
thc diatrib c “Statistik  An�lush Uperkoresmènwn Sqediasm¸n me Mètra thc JewrÐac
Plhrofori¸n”, melet¸ntai di�forec mèjodoi statistik c an�lushc twn uperkoresmènwn
sqediasm¸n kÔriwn epidr�sewn k�tw apì thn paradoq  twn genikeumènwn grammik¸n mo-
ntèlwn. Oi di�forec mèjodoi an�lushc pou parousi�zontai basÐzontai p�nw se poikÐla
mètra thc JewrÐac Plhrofori¸n. Sto deÔtero mèroc thc diatrib c “Epilog  Metablht¸n
kai Epilog  Montèlou”, melet¸ntai di�forec mèjodoi epilog c twn katallhlìterwn metabl-
ht¸n kaj¸c epÐshc kai krit ria plhroforÐac gia thn epilog  tou bèltistou montèlou. Epi-
plèon, melet¸ntai mèjodoi epilog c bèltistou sqediasmoÔ mèsa apì mÐa b�sh pragmatik¸n
dedomènwn. Sto trÐto kai teleutaÐo mèroc thc diatrib c “Statistik  An�lush Uperko-
resmènwn Sqediasm¸n me Allhlepidr�seic”, melet¸ntai mèjodoi kataskeu c kai an�lushc
uperkoresmènwn sqediasm¸n pou sumperilamb�noun allhlepidr�seic. Epiplèon, eis�getai
mÐa nèa kl�sh sqediasm¸n pou onom�zontai merik¸c isorrophmènoi uperkoresmènoi sqe-
diasmoÐ kai melet¸ntai oi idiìthtèc touc kai k�tw fr�gmata gia eurèwc gnwst� krit ria
beltistopoÐhshc.

H parousÐash twn epimèrouc jem�twn kai apotelesm�twn thc diatrib c aut c organ¸ne-
tai wc ex c:

Sto Kef�laio 1 parousi�zontai oi basikoÐ orismoÐ, ènnoiec, idiìthtec, di�fora stati-
stik� ergaleÐa kai mètra apì th JewrÐa Plhrorofori¸n, ta opoÐa enswmat¸nontai stic
proteinìmenec mejìdouc an�lushc twn uperkoresmènwn sqediasm¸n. Epiplèon, parousi�ze-
tai mia sÔntomh istorik  anadrom  sqetik� me to ti èqei protajeÐ mèqri s mera sth diejn 
bibliografÐa gia thn kataskeu  kai an�lush twn uperkoresmènwn sqediasm¸n. Tèloc,
anafèrontai ta ereunhtik� probl mata ta opoÐa kaloÔmaste na antimetwpÐsoume sthn paroÔ-
sa diatrib  sqetik� me thn an�lush twn uperkoresmènwn sqediasm¸n kÔriwn epidr�sewn.

Sto Kef�laio 2 parousi�zetai mÐa nèa mèjodoc an�lushc uperkoresmènwn sqediasm¸n
sthn opoÐa exet�zontai ta ex c mètra entropÐac: Rényi entropÐa, Tsallis entropÐa kai
Havrda-Charvát entropÐa. Ta mètra aut� se sunduasmì me to kèrdoc plhroforÐac qrhsi-
mopoioÔntai gia thn an�lush twn uperkoresmènwn sqediasm¸n kai thn eÔresh twn shman-
tik¸n paragìntwn qrhsimopoi¸ntac to logistikì montèlo palindrìmhshc sto opoÐo h metabl-
ht  apìkrishc eÐnai dÐtimh.

Sto Kef�laio 3 parousi�zetai mÐa nèa mèjodoc epilog c metablht¸n se ènan uperko-
resmèno sqediasmì qrhsimopoi¸ntac ton algìrijmo exìruxhc dedomènwn Fast Correlation
Based Filter. H entropÐa Shannon se sunduasmì me to kèrdoc plhroforÐac kai to krit rio
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thc summetrik c abebaiìthtac qrhsimopoioÔntai gia thn an�lush twn uperkoresmènwn sqe-
diasm¸n kai thn eÔresh twn energ¸n kÔriwn epidr�sewn, jewr¸ntac to logistikì montèlo
palindrìmhshc.

Sto Kef�laio 4 anaptÔssetai ènac sunektikìc algìrijmoc epilog c metablht¸n gia thn
an�lush twn uperkoresmènwn sqediasm¸n, ìpou oi epexhghmatikèc metablhtèc brÐskontai
se dÔo epÐpeda kai ta dedomèna apìkrishc proèrqontai apì to logistikì montèlo palin-
drìmhshc.

Sto Kef�laio 5 kai teleutaÐo kef�laio tou pr¸tou mèrouc, parousi�zetai h genÐkeush
tou probl matoc an�lushc twn uperkoresmènwn sqediasm¸n gia touc opoÐouc oi epexhgh-
matikèc metablhtèc brÐskontai se dÔo epÐpeda kai ta dedomèna apìkrishc eÐnai diakrit�.
EpekteÐnetai h algorijmik  prosèggish tou probl matoc an�lushc uperkoresmènwn sqedia-
sm¸n tou KefalaÐou 4 jewr¸ntac genikeumèna grammik� montèla twn opoÐwn ta dedomèna
apìkrishc eÐnai diakrit�, dhlad  proèrqontai apì thn Poisson, gewmetrik  kai arnhtik 
diwnumik  katanom .

Sto Kef�laio 6 perigr�fetai sunoptik� to prìblhma exeÔreshc tou bèltistou montèlou
  upodeÐgmatoc pou eÐnai kai o basikìc stìqoc miac statistik c montelopoÐhshc se èna
sÔnolo dedomènwn. Epiplèon, parousi�zontai krit ria kai èlegqoi pou qrhsimopoioÔntai
gia to skopì autì, kai gÐnetai leptomer c anafor� sthn ènnoia thc poluplokìthtac enìc
montèlou. Tèloc, parousi�zetai mia sÔntomh istorik  anadrom  sqetik� me to ti èqei pro-
tajeÐ bibliografik� mèqri t¸ra gia thn kalÔterh dunat  an�ptuxh enìc montèlou.

Sto Kef�laio 7 parousi�zetai èna nèo mètro statistik c poluplokìthtac EPC (Entropy
Prior Complexity), melet¸ntai oi idiìthtec tou nèou autoÔ mètrou, kai genik� oi di�forec
ptuqèc thc poluplokìthtac enìc montèlou. Epiplèon, enswmat¸netai epituq¸c to mètro
poluplokìthtac EPC sto prìblhma an�lushc twn uperkoresmènwn sqediasm¸n, me stìqo
thn anaz thsh kai eÔresh tou bèltistou montèlou mèsa apì poll� upoy fia logistik� mo-
ntèla palindrìmhshc. Tèloc, melet¸ntai h ènnoia kai o upologismìc thc ek twn protèrwn
perij¸riac katanom c MPD (Marginal Prior Distribution) enìc peir�matoc Bernoulli.

Sto Kef�laio 8 proteÐnetai mÐa mèjodoc epilog c tou kalÔterou uposunìlou metablh-
t¸n, h opoÐa epekteÐnei thn idèa epilog c metablht¸n se probl mata taxinìmhshc   prì-
bleyhc, lamb�nontac tautìqrona upìyh th memonwmènh probleptik  dÔnamh thc k�je meta-
blht c. H proteinìmenh mèjodoc basÐzetai sth metrik  AUC kai se mia tropopoÐhsh (εBIC)
tou krithrÐou mBIC (modified Bayesian Information Criterion). H sÔgkrish thc apìdoshc
tou nèou autoÔ krithrÐou εBIC me klasik� krit ria plhroforÐac (ìpwc to AIC, BIC kai
mBIC) gÐnetai arqik� ektel¸ntac ekten  peir�mata prosomoÐwshc kai èpeita analÔontac
mÐa pragmatik  b�sh dedomènwn.

Sto Kef�laio 9 melet�tai to prìblhma thc epilog c metablht¸n se probl mata palin-
drìmhshc sthn perÐptwsh pou oi parathr seic eisìdou kai oi kl�seic exìdou enìc prag-
matikoÔ meg�lou sunìlou dedomènwn eÐnai diajèsimec. Oi statistikèc mèjodoi oi opoÐec
efarmìzontai eÐnai oi diadikasÐec mh koÐlhc poinikopoihmènhc pijanof�neiac (SCAD, LAS-
SO kai Hard), h logistik  palindrìmhsh, kai teqnikèc epilog c tou kalÔterou uposunìlou
metablht¸n (me krit ria plhroforÐac ta AIC kai BIC). Epiplèon, parousi�zetai mia nèa
prosèggish epilog c metablht¸n empneusmènh apì touc uperkoresmènouc sqediasmoÔc, do-
jèntoc enìc meg�lou sunìlou dedomènwn parathr sewn.

Sto Kef�laio 10 kai teleutaÐo kef�laio tou deÔterou mèrouc, melet¸ntai h efarmog 
k�poiwn teqnik¸n exìruxhc dedomènwn, enìc genetikoÔ algorÐjmou kaj¸c epÐshc kai h
qr sh twn peiramatik¸n sqediasm¸n se b�seic dedomènwn. ProteÐnetai èna kruptografikì
sq ma kajodhgoÔmeno apì thn Ðdia th b�sh twn dedomènwn, me stìqo thn kruptogr�fhsh
sugkekrimènwn pedÐwn thc b�shc dedomènwn kai thn epilog  enìc bèltistou sqediasmoÔ
apoteloÔmenou apì tic metablhtèc thc b�shc dedomènwn pou aniqneÔjhkan na ephre�zoun
shmantik� th metablht  apìkrishc.
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Sto Kef�laio 11 melet�tai h Ôparxh twn allhlepidr�sewn stouc uperkoresmènouc sqe-
diasmoÔc kai parousi�zetai mia sÔntomh istorik  anadrom  sqetik� me to ti èqei protajeÐ
bibliografik� èwc t¸ra gia thn kataskeu  kai thn an�lush twn uperkoresmènwn sqedia-
sm¸n sumperilambanomènwn twn allhlepidr�sewn. EpÐshc, parousi�zontai oi basikèc arqèc
oi opoÐec dièpoun tic mejìdouc krhsarÐsmatoc twn uperkoresmènwn sqediasm¸n me allh-
lepidr�seic.

Sto Kef�laio 12 melet�tai h statistik  an�lush uperkoresmènwn sqediasm¸n kÔ-
riwn epidr�sewn kai allhlepidr�sewn deÔterhc t�xhc. To prìblhma eÔreshc kai sqhma-
tismoÔ tou katallhlìterou montèlou antimetwpÐzetai wc èna prìblhma beltistopoÐhshc,
tou opoÐou h epÐlush odhgeÐ sto bèltisto upìdeigma. H proteinìmenh poinikopoihmènh mè-
jodoc beltistopoÐhshc diatupwmènh mèsw sunart sewn ap¸leiac kai sunart sewn poin c,
odhgeÐ se mia pio �mesh kai sunektik  mèjodo krhsarÐsmatoc, h sumperifor� thc opoÐac
melet�tai qrhsimopoi¸ntac to logistikì montèlo palindrìmhshc, me stìqo thn eÔresh kai
ektÐmhsh twn shmantik¸n paragìntwn twn uperkoresmènwn sqediasm¸n.

Sto Kef�laio 13 melet�tai h dom  tautìshmwn epidr�sewn stouc uperkoresmènouc
sqediasmoÔc sumperilambanomènwn twn allhlepidr�sewn. Parousi�zetai mÐa nèa mèjodoc
beltistopoÐhshc, h opoÐa apoteleÐ mÐa teqnik  proc ta pÐsw apaloif c kajodhgoÔmenh apì
èna sqediasmì. Gia thn ulopoÐhsh thc proteinìmenhc mejìdou BEDDO (Backward Elim-
ination Design-Driven Optimization), enswmat¸nontai kai sundu�zontai statistik� mètra
basismèna sth susqètish kai parousi�zetai èna nèo krit rio beltistìthtac to opoÐo apoteleÐ
mÐa tropopoihmènh morf  tou Cronbach �lfa suntelest . Me autì ton trìpo kai me th
bo jeia tou upologist , parèqetai mÐa nèa kl�sh mh isorrophmènwn uperkoresmènwn sqe-
diasm¸n pou perilamb�noun allhlepidr�seic, oi opoÐoi aporrèoun �mesa apì th mèjodo
beltistopoÐhshc BEDDO.

Sto Kef�laio 14 melet¸ntai oi mh isorrophmènoi uperkoresmènoi sqediasmoÐ. To plaÐ-
sio an�lushc mèqri s mera gia touc mh isorrophmènouc uperkoresmènouc sqediasmoÔc
basÐzetai sthn kentrik  upìjesh ìti ta peiramatik� dedomèna proèrqontai apì èna grammikì
montèlo. Sto kef�laio autì, oi mh isorrophmènoi uperkoresmènoi sqediasmoÐ sugkrÐnontai
me isorrophmènouc omìlogoÔc touc, wc proc thn apìdos  touc, k�tw apì thn paradoq  twn
genikeumènwn grammik¸n montèlwn.

Sto Kef�laio 15 kai teleutaÐo kef�laio thc diatrib c, melet¸ntai fr�gmata gia to
krit rio beltistopoÐhshc E(s2). Parousi�zetai èna nèo fr�gma tou krithrÐou beltistopoÐ-
hshc E(s2) gia merik¸c isorrophmènouc sqediasmoÔc. Epiplèon, parèqontai nèoi E(s2)-
bèltistoi merik¸c isorrophmènoi sqediasmoÐ oi opoÐoi prokÔptoun apì thn efarmog  tou
nèou autoÔ k�tw fr�gmatoc.

Aut  h didaktorik  diatrib  stoiqeiojet jhke me to prìgramma LATEX (dianomèc MiK-
TeX kai BibTeX). H suggraf  ègine me th bo jeia tou progr�mmatoc WinEdt (sto lei-
tourgikì sÔsthma Microsoft Windows). H telik  hlektronik  morf  (Portable Document
Format – PDF) dhmiourg jhke me to prìgramma PDFLATEX. Gia thn an�ptuxh twn mejìdwn,
twn algorÐjmwn kai twn prosomoi¸sewn, kaj¸c epÐshc kai ton èlegqo twn apotelesm�twn,
qrhsimopoi jhke prwtÐstwc to logismikì MATLAB kai deutereuìntwc to logismikì IBM
SPSS Clementine. Oi grafikèc parast�seic èginan me th bo jeia twn programm�twn MAT-
LAB kai Microsoft Office Excel, kai h epexergasÐa twn sqhm�twn me to prìgramma Adobe
Photoshop.
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Mèroc I

Statistik  An�lush
Uperkoresmènwn Sqediasm¸n me

Mètra thc JewrÐac
Plhrofori¸n





K E F A L A I O 1

Eisagwgik� StoiqeÐa kai Basikèc 'Ennoiec

The true logic of this world is
in the calculus of probabilities.

�James C. Maxwell (1831–1879)

Sto pr¸to autì kef�laio parousi�zontai basikoÐ orismoÐ, ènnoiec, idiìthtec, di�fora
statistik� ergaleÐa kai mètra apì th JewrÐa Plhrorofori¸n, ta opoÐa qrhsimopoioÔntai
  enswmat¸nontai stic proteinìmenec mejìdouc an�lushc twn uperkoresmènwn sqediasm¸n
pou parousi�zontai se epìmena kef�laia. Epiplèon, parousi�zetai mia sÔntomh istorik 
anadrom  sqetik� me to ti èqei protajeÐ mèqri s mera sth diejn  bibliografÐa gia thn
kataskeu  kai thn an�lush twn uperkoresmènwn sqediasm¸n. Tèloc, anafèrontai ta ereu-
nhtik� probl mata ta opoÐa kaloÔmaste na antimetwpÐsoume sthn paroÔsa diatrib  sqetik�
me thn an�lush twn uperkoresmènwn sqediasm¸n kÔriwn epidr�sewn.



4 Eisagwgik� StoiqeÐa kai Basikèc 'Ennoiec

1.1 Mètra thc JewrÐac Plhrofori¸n

Se aut  thn enìthta parousi�zontai en suntomÐa k�poiec basikèc ènnoiec kai orismoÐ apì
th JewrÐa Plhrofori¸n. H JewrÐa Plhrofori¸n eÐnai h epist mh h opoÐa asqoleÐtai me thn
ènnoia thc “plhroforÐac”, th mètrhsh aut c kaj¸c kai tic poikÐlec efarmogèc thc. To 1924
o Nyquist [175] dhmosÐeuse mÐa mèjodo me thn opoÐa mporoÔsan ta mhnÔmata na staloÔn
k�nontac qr sh thlègrafou me th mègisth dunat  taqÔthta kai qwrÐc kamÐa paramìrfwsh.
EntoÔtoic, sthn perigraf  tou aut  den qrhsimopoÐhse kajìlou ton ìro plhroforÐa. To
1928 o Hartley [107]  tan o pr¸toc pou prosp�jhse na orÐsei èna mètro plhroforÐac, me ton
parak�tw trìpo. O Hartley ìrise to posì plhroforÐac wc to log�rijmo tou arijmoÔ twn
diakekrimènwn mhnum�twn. Sunep¸c, èna m numa pou apoteleÐtai apì ` sÔmbola, perièqei `
forèc perissìterh plhroforÐa apì èna m numa pou apoteleÐtai apì èna kai mìno sÔmbolo.
Se aut  thn prosèggis  tou o Hartley den lamb�nei upìyh tou tic di�forec pijanìthtec
emf�nishc twn sumbìlwn   to gegonìc ìti mporeÐ na up�rqei mÐa ex�rthsh metaxÔ twn `
diadoqik¸n sumbìlwn.

O Shannon [208] epèkteine tic jewrÐec twn Nyquist kai Hartley, dhmosieÔontac to 1948
mÐa ergasÐa h opoÐa jewreÐtai h pr¸th oloklhrwmènh majhmatik  apìpeira jemelÐwshc thc
JewrÐac Plhrofori¸n. Me anafor� sto mètro tou Hartley, o Shannon prìteine ìti autì
mporeÐ pragmatik� na ermhneuteÐ wc to mètro gia to posì plhroforÐac, me thn upìjesh
ìti ìla ta sÔmbola èqoun Ðsh pijanìthta emf�nishc. Gia th genik  perÐptwsh, o Shannon
eis gage èna mètro plhroforÐac basismèno sthn ènnoia thc pijanìthtac, to opoÐo sumperi-
lamb�nei to mètro tou Hartley san mÐa eidik  perÐptwsh. O Shannon genik� jewreÐtai o
idrut c thc JewrÐac Plhrofori¸n apì th stigm  pou autìc pragmatik� od ghse sth jeme-
lÐwsh thc JewrÐac Plhrofori¸n ìpwc eÐnai s mera gnwst , sundèontac thn plhroforÐa me
thn abebaiìthta qrhsimopoi¸ntac thn ènnoia thc pijanìthtac. O Shannon sunèdese thn
plhroforÐa me thn ènnoia thc pijanìthtac wc ex c. An jewr soume èna deigmatikì q¸ro
ìpou ìla ta endeqìmena èqoun thn Ðdia pijanìthta emf�nishc (isopÐjana endeqìmena), up-
�rqei mÐa meg�lh abebaiìthta sqetik� me to poiì apì ta endeqìmena ja emfanisteÐ. Me
�lla lìgia, ìtan emfanisteÐ èna apì aut� ta endeqìmena ja d¸sei polÔ perissìterh plhro-
forÐa ap' ìti stic peript¸seic ìpou o deigmatikìc q¸roc eÐnai domhmènoc me tètoion trìpo
¸ste èna endeqìmeno na èqei meg�lh pijanìthta emf�nishc. Sumperasmatik�, h plhroforÐa
sundèetai me thn ènnoia thc pijanìthtac mèsw thc abebaiìthtac. To mètro plhroforÐac tou
Shannon dÐnetai apì ton akìloujo orismì.

Orismìc 1.1. 'Estw èna pijanojewrhtikì peÐrama me deigmatikì q¸ro X kai katanom 
pijanìthtac P, ìpou p(xi)   pi eÐnai h pijanìthta tou endeqomènou xi ε X. Tìte to mèso
posì plhroforÐac dÐnetai apì th sqèsh

H(P ) = −
n∑
i=1

p(xi) log p(xi) = −
n∑
i=1

pi log pi, i = 1, 2 . . . , n. (1.1)

H H(P) ikanopoieÐ tic ex c basikèc idiìthtec: eÐnai suneq c wc proc p, summetrik ,
prosjetik  kai megistopoieÐtai ìtan ìlec oi pijanìthtec pi eÐnai Ðsec. Fusik�, up�rqoun kai
�llec idiìthtec gia thn H(P). Gia perissìterec leptomèreiec sqetik� me tic idiìthtec tou
mètrou plhroforÐac tou Shannon o endiaferìmenoc anagn¸sthc mporeÐ na anatrèxei sthn
ergasÐa [208] kaj¸c epÐshc sta biblÐa [198] kai [132].

1.1.1 Mètra EntropÐac

Prohgoumènwc anaferj kame sto mètro plhroforÐac tou Shannon ètsi ìpwc autì orÐze-
tai se èna genikì pijanojewrhtikì peÐrama. Parak�tw parajètoume ènan enallaktikì ori-
smì qrhsimopoi¸ntac thn ènnoia thc “entropÐac”. H entropÐa wc ènnoia qrhsimopoi jhke
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arqik� sth Jermodunamik . EntropÐa kat� thn klasik  ènnoia (orismìc kat� Boltzman-
n (1872), o opoÐoc genikeÔthke apì ton Gibbs to 1878) orÐzetai na eÐnai to mètro tou
pl jouc twn pijan¸n mikrokatast�sewn enìc sust matoc. Me autì ton orismì h entropÐa
wc ènnoia dieisdÔei ìqi mìno stic diadikasÐec kai th shmasÐa tou fainomènou thc zw c, all�
kat’epèktash kai se autì pou onom�zoume plhroforÐa. 'Otan h plhroforÐa prokÔptei apì
èna statistikì sÔnolo dedomènwn, tìte mporoÔme na thn katano soume mèsw thc ènnoiac
thc entropÐac. H èmpneush gia thn uiojèthsh tou ìrou entropÐa sth JewrÐa Plhrofori¸n
pro lje apì th sten  omoiìthta metaxÔ tou tÔpou tou Shannon (1.1) kai polÔ gnwst¸n
tÔpwn apì th Jermodunamik . Kat� ton Shannon, h entropÐa thc plhroforÐac (information
entropy)   apl¸c entropÐa, eÐnai èna mètro thc posìthtac plhroforÐac pou perièqetai se èna
m numa   enallaktik� eÐnai èna mètro thc abebaiìthtac se èna sÔsthma. H entropÐa mporeÐ
na jewrhjeÐ epÐshc wc èna mètro thc abebaiìthtac pou sqetÐzetai me mÐa tuqaÐa metablht ,
kaj¸c orÐzetai me ìrouc thc katanom c pijanìtht�c thc. H entropÐa kat� Shannon sth
JewrÐa Plhrofori¸n orÐzetai wc akoloÔjwc.

Orismìc 1.2. 'Estw mÐa diakrit  tuqaÐa metablht  X me n exagìmena apotelèsmata
{xi : i = 1, . . . , n}, h entropÐa kat� Shannon thc metablht c X dÐnetai apì th sqèsh

H(X) = −
n∑
i=1

p(xi) log p(xi), (1.2)

ìpou p(X = xi) = p(xi) sumbolÐzei th sun�rthsh m�zac pijanìthtac (probability mass
function) sto xi.

Ac shmeiwjeÐ ed¸ ìti h epilog  thc b�shc tou logarÐjmou (2   10   e) suzht jhke
ekten¸c apì ton Ðdio ton Shannon, eÐnai aujaÐreth kai antistoiqeÐ sthn epilog  miac mon�dac
mètrhshc plhrofori¸n. An qrhsimopoi soume to fusikì log�rijmo, h mon�da plhroforÐac
onom�zetai nat (natural unit). Sun jwc sthn pr�xh to posì thc plhroforÐac upologÐzetai
qrhsimopoi¸ntac to 2 san b�sh. Tìte to posì plhroforÐac ekfr�zetai se bits (binary
units), kai isqÔei ìti 1 nat=1.44 bits. Opoiad pote epilog  miac logarijmik c b�shc ja
mporoÔse na qrhsimopoihjeÐ stic apodeÐxeic mac me isodÔnama apotelèsmata, entoÔtoic sthn
paroÔsa diatrib , epilègetai to 2 san b�sh tou logarÐjmou, afoÔ aut  eÐnai h pio dhmofil c
b�sh se efarmogèc pou aforoÔn thn entropÐa tou Shannon [198].

To 1961, o Rényi genÐkeuse thn entropÐa tou Shannon se mia monoparametrik  oikogèneia
entropi¸n, orÐzontac thn entropÐa t�xhc α h opoÐa kaleÐtai wc Rényi entropÐa [189]. H
Rényi entropÐa èqei efarmogèc sth JewrÐa KwdÐkwn, sth Statistik , sth Mhqanik  kai
se �lla sunaf  pedÐa. O endiaferìmenoc anagn¸sthc mporeÐ na anatrèxei gia perissìterec
leptomèreiec sqetik� me thn Rényi entropÐa kai tic efarmogèc thc stic ergasÐec [189],
[14], [117] kai [237]. To 2009, oi Golshani et al. [95] ìrisan th desmeumènh Rényi entro-
pÐa, parousi�zontac ènan orismì diaforetikì apì autìn tou Cachin [37], kai wc ek toÔtou
apodeÐqthke kai h isqÔc tou kanìna thc alusÐdac (chain rule).

Orismìc 1.3. 'Estw mÐa diakrit  tuqaÐa metablht  X me n exagìmena apotelèsmata
{xi : i = 1, . . . , n}, h Rényi entropÐa thc metablht c X dÐnetai apì th sqèsh

Hα(X) = 1
1− α log

n∑
i=1

p(xi)α, α > 0, α 6= 1, (1.3)

ìpou p(X = xi) = p(xi) sumbolÐzei th sun�rthsh m�zac pijanìthtac sto xi. Ac
shmeiwjeÐ ed¸ ìti h Rényi entropÐa teÐnei sthn entropÐa kat� Shannon kaj¸c to a→ 1.

To 1988, o Tsallis [217] prìteine mÐa genÐkeush thc Boltzmann-Gibbs (BG) entropÐac
se mh ektatik� (non-extensive) sust mata, h opoÐa èqei jemeli¸dh shmasÐa sth Statistik 
Fusik . To 2006, o Furuichi [85] apèdeixe thn isqÔ tou kanìna thc alusÐdac gia thn Tsallis
entropÐa.
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Orismìc 1.4. 'Estw mÐa diakrit  tuqaÐa metablht  X me n exagìmena apotelèsmata
{xi : i = 1, . . . , n}, h Tsallis entropÐa thc metablht c X dÐnetai apì th sqèsh

Sq(X) = −
n∑
i=1

p(xi)q lnq p(xi), q 6= 1 (1.4)

ìpou p(X = xi) = p(xi) sumbolÐzei th sun�rthsh m�zac pijanìthtac sto xi, q eÐnai h

par�metroc h opoÐa epekteÐnei thn entropÐa Shannon kai lnq(x) = x1−q−1
1−q gia opoiod pote

mh arnhtikì pragmatikì arijmì x kai q.
To 1967, oi Havrda kai Charvát [108] eis gagan th diarjrwtik  α-entropÐa, gnwst 

kai wc entropÐa tÔpou β ìpwc orÐsthke to 1970 apì ton Daróczy [85].

Orismìc 1.5. 'Estw mÐa diakrit  tuqaÐa metablht  X me n exagìmena apotelèsmata
{xi : i = 1, . . . , n}, h Havrda kai Charvát entropÐa   h entropÐa tÔpou β thc metablht c
X dÐnetai apì th sqèsh

Hβ(X) =

n∑
i=1

(p(xi)β − p(xi))

21−β − 1 , β > 0, β 6= 1, (1.5)

ìpou p(X = xi) = p(xi) sumbolÐzei th sun�rthsh m�zac pijanìthtac sto xi.

1.1.2 Mètra PlhroforÐac

Se aut  thn enìthta parousi�zontai dÔo eurèwc diadedomèna mètra thc JewrÐac Plhro-
fori¸n, to kèrdoc plhroforÐac kai h summetrik  abebaiìthta, p�nw sta opoÐa basÐzontai oi
proteinìmenec mèjodoi an�lushc twn uperkoresmènwn sqediasm¸n. Ta dÔo mètra aut� upo-
logÐzontai qrhsimopoi¸ntac apì koinoÔ, desmeumèna kai amoibaÐa mètra plhroforÐac kaj¸c
kai thn entropÐa ìpwc aut  parousi�sthke sthn parap�nw enìthta.

Orismìc 1.6. 'Estw X kai Y eÐnai diakritèc tuqaÐec metablhtèc me n kai m exagìmena
apotelèsmata {xi : i = 1, . . . , n} kai {yj : j = 1, . . . ,m}, antÐstoiqa. H apì koinoÔ entropÐa
kat� Shannon orÐzetai na eÐnai

H(X,Y ) = −
∑
i,j

p(xi, yj) log p(xi, yj), (1.6)

ìpou h apì koinoÔ pijanìthta p(xi, yj) sumbolÐzei thn pijanìthta tou xi kai tou yj .

Orismìc 1.7. 'Estw X kai Y eÐnai diakritèc tuqaÐec metablhtèc me n kai m exagìmena
apotelèsmata {xi : i = 1, . . . , n} kai {yj : j = 1, . . . ,m}, antÐstoiqa. To desmeumèno mètro
plhroforÐac   h desmeumènh entropÐa kat� Shannon mporeÐ na jewrhjeÐ wc èna mètro gia
thn abebaiìthta thc X dojeÐshc thc Y kai orÐzetai na eÐnai

H(X|Y ) = −
m∑
j=1

p(yj)
n∑
i=1

p(xi|yj) log p(xi|yj), (1.7)

ìpou h desmeumènh pijanìthta p(xi|yj) sumbolÐzei thn pijanìthta na pragmatopoihjeÐ
to xi me dedomèno ìti èqei pragmatopoihjeÐ to yj .

Orismìc 1.8. 'Estw X kai Y eÐnai diakritèc tuqaÐec metablhtèc me n kai m exagìmena
apotelèsmata {xi : i = 1, . . . , n} kai {yj : j = 1, . . . ,m}, antÐstoiqa. H apì koinoÔ Rényi
entropÐa orÐzetai na eÐnai

Hα(X,Y ) = 1
1− α log

∑
i,j

p(xi, yj)α, α > 0, α 6= 1, (1.8)
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ìpou h apì koinoÔ pijanìthta p(xi, yj) sumbolÐzei thn pijanìthta tou xi kai tou yj .

Orismìc 1.9. 'Estw X kai Y eÐnai diakritèc tuqaÐec metablhtèc me n kai m exagìmena
apotelèsmata {xi : i = 1, . . . , n} kai {yj : j = 1, . . . ,m}, antÐstoiqa. H desmeumènh Rényi
entropÐa orÐzetai na eÐnai

Hα(Y |X) = 1
1− α log

∑
i,j
p(xi, yj)α∑
i
p(xi)α

, (1.9)

  enallaktik�

Hα(Y |X) = 1
1− α [log

∑
i,j

p(xi, yj)α − log
∑
i

p(xi)α] = Hα(X,Y )−Hα(X), (1.10)

ìpou p(xi, yj) sumbolÐzei thn apì koinoÔ pijanìthta tou xi kai tou yj .

Orismìc 1.10. 'Estw X kai Y eÐnai diakritèc tuqaÐec metablhtèc me n kai m exagìmena
apotelèsmata {xi : i = 1, . . . , n} kai {yj : j = 1, . . . ,m}, antÐstoiqa. H apì koinoÔ Tsallis
entropÐa orÐzetai na eÐnai

Sq(X,Y ) = −
∑
i,j

p(xi, yj)q lnq p(xi, yj), q 6= 1, (1.11)

  enallaktik�
Sq(X,Y ) = Sq(X) + Sq(Y |X), (1.12)

ìpou h apì koinoÔ pijanìthta p(xi, yj) sumbolÐzei thn pijanìthta tou xi kai tou yj .

Orismìc 1.11. 'Estw X kai Y eÐnai diakritèc tuqaÐec metablhtèc me n kai m exagìmena
apotelèsmata {xi : i = 1, . . . , n} kai {yj : j = 1, . . . ,m}, antÐstoiqa. H desmeumènh Tsallis
entropÐa orÐzetai na eÐnai

Sq(X|Y ) = −
∑
i,j

p(xi, yj)q lnq p(xi|yj), q 6= 1, (1.13)

ìpou p(xi, yj) sumbolÐzei thn apì koinoÔ pijanìthta tou xi kai tou yj kai h desmeumènh
pijanìthta p(xi|yj) sumbolÐzei thn pijanìthta na pragmatopoihjeÐ to xi me dedomèno ìti
èqei pragmatopoihjeÐ to yj .

Orismìc 1.12. 'Estw X kai Y eÐnai diakritèc tuqaÐec metablhtèc me n kai m exagìmena
apotelèsmata {xi : i = 1, . . . , n} kai {yj : j = 1, . . . ,m}, antÐstoiqa. H apì koinoÔ Havrda
kai Charvát entropÐa   h apì koinoÔ entropÐa tÔpou β orÐzetai na eÐnai

Hβ(X,Y ) =

∑
i,j

(p(xi, yj)β − p(xi, yj))

21−β − 1 , β > 0, β 6= 1, (1.14)

  enallaktik�
Hβ(X,Y ) = Hβ(X) +Hβ(Y |X), (1.15)

ìpou p(xi, yj) sumbolÐzei thn apì koinoÔ pijanìthta tou xi kai tou yj .

Orismìc 1.13. 'Estw X kai Y eÐnai diakritèc tuqaÐec metablhtèc me n kai m exagìmena
apotelèsmata {xi : i = 1, . . . , n} kai {yj : j = 1, . . . ,m}, antÐstoiqa. H desmeumènh Havrda
kai Charvát entropÐa   h desmeumènh entropÐa tÔpou β orÐzetai na eÐnai

Hβ(X|Y ) =
∑
j

p(yj)βHβ(X|yj), β > 0, β 6= 1. (1.16)
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To kèrdoc plhroforÐac (information gain) dÔo tuqaÐwn metablht¸n X kai Y (orismìc
kat� Quinlan [187]) mporeÐ na ermhneujeÐ wc èna genikì mètro thc ex�rthshc metaxÔ twn
X kai Y, kai ekfr�zei thn posìthta thc plhroforÐac pou apokalÔptei h Y gia thn X. Me
�lla lìgia, to kèrdoc plhroforÐac   amoibaÐo mètro plhroforÐac kat� Shannon (mutual
information) eÐnai h meÐwsh thc abebaiìthtac thc X lìgw thc gn¸shc thc Y.

Orismìc 1.14. 'Estw X kai Y eÐnai diakritèc tuqaÐec metablhtèc. To amoibaÐo mètro
plhroforÐac   kèrdoc plhroforÐac orÐzetai na eÐnai

I(X;Y ) = H(X)−H(X|Y ) = H(Y )−H(Y |X) = H(X) +H(Y )−H(X,Y ). (1.17)

To kèrdoc plhroforÐac eÐnai èna apì ta pio dhmofil  mètra susqètishc pou qrhsi-
mopoioÔntai s mera ston tomèa thc exìruxhc dedomènwn. Eidikìtera, qrhsimopoieÐtai wc
krit rio di�spashc se algìrijmouc dèntrwn apìfashc, ìpwc oi ID-3 kai C5.0, kai qrhsi-
mopoieÐtai se mejìdouc diakritopoÐhshc oi opoÐec basÐzontai sthn entropÐa gia thn pro-
epexergasÐa dedomènwn eisìdou [187].

Oi Press et al. [184] prìteinan èna enallaktikì mètro susqètishc, to opoÐo onom�zetai
summetrik  abebaiìthta (symmetrical uncertainty) to opoÐo antistajmÐzei thn prodi�jesh
(bias) tou kèrdouc plhroforÐac upèr twn metablht¸n me tic perissìterec timèc. K�ti tètoio
epitugq�netai me kanonikopoÐhsh thc tim c tou sto eÔroc [0,1].

Orismìc 1.15. 'Estw X kai Y eÐnai diakritèc tuqaÐec metablhtèc. To mètro thc sum-
metrik c abebaiìthtac orÐzetai na eÐnai

SU(X,Y ) = 2× [ I(X;Y )
H(X) +H(Y ) ], (1.18)

ìpou I(X;Y ) eÐnai to kèrdoc plhroforÐac kai H(X), H(Y ) h entropÐa twn X kai Y,
antÐstoiqa.

Gia perissìterec leptomèreiec sqetik� me ta proanaferjènta mètra plhroforÐac kai tic
efarmogèc touc se kathgorik� dedomèna, o endiaferìmenoc anagn¸sthc mporeÐ na anatrèxei
stic ergasÐec [53] kai [113].

1.2 SqediasmoÐ Peiram�twn: OrismoÐ kai Idiìthtec

Se aut  thn enìthta paratÐjentai o orismìc tou paragontikoÔ, klasmatikoÔ parago-
ntikoÔ kai uperkoresmènou sqediasmoÔ kaj¸c kai basikèc idiìthtèc touc, ìpwc aut� anafè-
rontai diexodik� sto episthmonikì �rjro [22], kaj¸c epÐshc sta biblÐa [124] kai [125].
Epiprìsjeta, parousi�zetai h kinht rioc dÔnamh pou odhgeÐ ènan peiramatist  na qrhsi-
mopoi sei touc paragontikoÔc, klasmatikoÔc paragontikoÔc kai touc uperkoresmènouc sqe-
diasmoÔc sth melèth tou.

1.2.1 ParagontikoÐ SqediasmoÐ

Orismìc 1.16. Me ton ìro paragontikì sqediasmì (factorial design) ennooÔme ìti se
k�je pl rh dokim    epan�lhyh tou peir�matoc, exet�zontai ìloi oi dunatoÐ sunduasmoÐ twn
epipèdwn (  stajm¸n) twn paragìntwn.

Orismìc 1.17. H epÐdrash enìc par�gonta orÐzetai na eÐnai h allag  pou gÐnetai sthn
apìkrish (response) apì thn allag  sto epÐpedo tou par�gonta. Aut  h epÐdrash suqn�
sunant�tai me ton ìro kÔria epÐdrash (main effect), epeid  anafèretai stouc par�gontec
pou eÐnai prwtarqik c shmasÐac sto peÐrama.
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Oi paragontikoÐ sqediasmoÐ qrhsimopoioÔntai eurÔtata se peir�mata pou perilamb�noun
arketoÔc par�gontec, ìpou eÐnai anagkaÐa h melèth thc koin c epÐdrashc twn paragìntwn
sthn apìkrish. Genik� oi paragontikoÐ sqediasmoÐ eÐnai idiaÐtera apodotikoÐ gia peir�mata
autoÔ tou tÔpou. Ac shmeiwjeÐ ed¸ ìti se merik� peir�mata mporeÐ na broÔme ìti h diafor�
sthn apìkrish metaxÔ twn epipèdwn enìc par�gonta den eÐnai h Ðdia se ìla ta epÐpeda twn
�llwn paragìntwn. Se mÐa tètoia perÐptwsh, sumperaÐnoume ìti up�rqei allhlepÐdrash
(interaction) metaxÔ twn paragìntwn. Sto trÐto mèroc thc paroÔsac diatrib c anaferì-
maste ekten¸c sthn pijan  Ôparxh shmantik¸n allhlepidr�sewn kai melat�me diexodik�
to rìlo pou paÐzoun sthn an�lush twn sqediasm¸n peiram�twn. Se autì to pr¸to mèroc
thc paroÔsac diatrib c jewroÔme mon�qa montèla kÔriwn epidr�sewn stic proteinìmenec
mejìdouc an�lushc, agno¸ntac thn pijan  Ôparxh allhlepidr�sewn.

Up�rqoun arketèc eidikèc peript¸seic tou genikoÔ paragontikoÔ sqediasmoÔ pou eÐ-
nai polÔ shmantikèc epeid  eÐte qrhsimopoioÔntai eurÔtata se ereunhtikèc ergasÐec eÐte
apoteloÔn th b�sh �llwn sqediasm¸n me meg�lh praktik  axÐa. H pio shmantik  apì autèc
tic peript¸seic, eÐnai ìtan èqoume k par�gontec k�je ènan se dÔo mìno st�jmec. Oi st�jmec
autèc mporeÐ na eÐnai posotikèc   poiotikèc   akìma mporeÐ na eÐnai h parousÐa kai apousÐa
enìc par�gonta.

Orismìc 1.18. MÐa pl rhc epan�lhyh enìc sqediasmoÔ me k par�gontec k�je ènan se
dÔo mìno st�jmec apaiteÐ 2k parathr seic kai onom�zetai 2k paragontikìc sqediasmìc.

Akìma kai gia èna mètrio arijmì paragìntwn, o sunolikìc arijmìc twn sunduasm¸n
agwg¸n se ènan 2k paragontikì sqediasmì eÐnai meg�loc. Se mÐa tètoia perÐptwsh, afoÔ
ta mèsa antimet¸pishc eÐnai sun jwc periorismèna, o arijmìc twn epanal yewn tic opoÐec
mporeÐ na k�nei o peiramatist c prèpei na periorisjeÐ. Suqn�, ta diajèsima mèsa epitrèpoun
na gÐnei mìno mÐa epan�lhyh tou sqediasmoÔ, ektìc an o peiramatist c èqei th boÔlhsh na
paraleÐyei merikoÔc apì touc arqikoÔc par�gontec. MÐa epan�lhyh enìc 2k paragontikoÔ
sqediasmoÔ kaleÐtai arketèc forèc wc ènac mh-epanalambanìmenoc (unreplicated) parago-
ntikìc sqediasmìc. O 2k paragontikìc sqediasmìc eÐnai idiaÐtera qr simoc sta arqik� st�-
dia thc peiramatik c ergasÐac ìtan up�rqoun polloÐ par�gontec pou prèpei na exetastoÔn,
apì th stigm  pou eÐnai autìc pou mac efodi�zei me to mikrìtero arijmì ektelèsewn (runs)
me tic opoÐec oi k par�gontec prèpei na melethjoÔn se ènan pl rh paragontikì sqediasmì.

Parak�tw parousi�zoume ta pleonekt mata twn paragontik¸n sqediasm¸n, exhg¸ntac
me autì ton trìpo poio eÐnai to basikì kÐnhtro pou èqei ènac peiramatist c kai apofasÐzei na
qrhsimopoi sei touc statistikoÔc sqediasmoÔc peiram�twn sth melèth tou. Sqetik� èqoume
to akìloujo par�deigma.

Par�deigma 1.1. JewroÔme arqik� ton aploÔstero tÔpo paragontik¸n sqediasm¸n pou
eÐnai autoÐ me dÔo mìno par�gontec, kajènan se dÔo epÐpeda. Upojètoume ìti èqoume dÔo
par�gontec A kai B, kajènan se dÔo epÐpeda. SumbolÐzoume me A1, A2 ta dÔo epÐpeda
pou antistoiqoÔn ston par�gonta A, kai me B1, B2 ta dÔo epÐpeda pou antistoiqoÔn ston
par�gonta B. Metab�llontac touc par�gontec A kai B, ènan th for�, prokÔptei plhroforÐa
gia touc dÔo par�gontec, ìpwc faÐnetai ston PÐnaka 1.1 pou akoloujeÐ.

PÐnakac 1.1: Ektèlesh peir�matoc enìc mìno par�gonta
HHH

HHHA
B

B1 B2

A1 A1B1 A1B2
A2 A2B1

H epÐdrash tou par�gonta A dÐnetai apì th diafor� A2B1 − A1B1. H epÐdrash tou
par�gonta B dÐnetai apì th diafor� A1B2 − A1B1. Gia na ektim soume tic epidr�seic
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twn paragìntwn qrhsimopoi¸ntac tic mèsec apokrÐseic, afoÔ up�rqei kai to peiramatikì
sf�lma, eÐnai skìpimo na p�roume dÔo parathr seic se k�je sunduasmì agwg¸n. Epomènwc
qreiazìmaste 6 parathr seic.

An t¸ra apofasÐsoume na ektelèsoume èna paragontikì peÐrama ja p�roume ènan epiprì-
sjeto sunduasmì agwg¸n, ton A2B2, ìpwc faÐnetai ston PÐnaka 1.2 pou akoloujeÐ. Tìte
qrhsimopoi¸ntac akrib¸c 4 parathr seic mporoÔn na gÐnoun dÔo ektim seic thc epÐdrashc
tou A, oi A2B1−A1B1 kai A2B2−A1B2. Parìmoia mporoÔn na gÐnoun dÔo ektim seic thc
epÐdrashc tou B, oi A1B2 −A1B1 kai A2B2 −A2B1.

PÐnakac 1.2: Ektèlesh peir�matoc me paragontikì sqediasmì
H
HHH

HHA
B

B1 B2

A1 A1B1 A1B2
A2 A2B1 A2B2

Autèc oi dÔo ektim seic k�je kÔriac epÐdrashc mporoÔn na stajmistoÔn gia na p�roume
tic mèsec kÔriec epidr�seic, pou eÐnai tìso akribeÐc, ìso autèc pou p rame apì to peÐrama enìc
mìno par�gonta. Diapist¸noume loipìn ìti h sqetik  apodotikìthta (relative efficiency) tou
paragontikoÔ sqediasmoÔ sto peÐrama tou enìc par�gonta th for� eÐnai 6/4 = 1.5 kai fusik�
aut  h sqetik  apodotikìthta ja aux�nei ìso aux�nei kai o arijmìc twn paragìntwn enìc
peir�matoc.

Anakefalai¸nontac, shmei¸noume ìti oi paragontikoÐ sqediasmoÐ uperèqoun twn peiram�-
twn enìc par�gonta th for� gia polloÔc lìgouc. Arqik�, eÐnai perissìtero apodotikoÐ, sth
sunèqeia epitrèpoun oi epidr�seic tou par�gonta na ektim¸ntai se arket� epÐpeda twn �llwn
paragìntwn, kai parèqoun ègkura sumper�smata apì th stigm  pou dÐnoun th dunatìthta
ston peiramatist  na ektim sei tic mèsec kÔriec epidr�seic me thn Ðdia akrÐbeia sugkritik�
me aut n tou peir�matoc enìc mìno par�gonta th for�, all� qrhsimopoi¸ntac ligìterec
parathr seic (antÐ gia 6 mìno 4 sto Par�deigma 1.1). To epÐteugma autì eÐnai idiaÐtera
shmantikì an analogistoÔme to pìso polÔ aux�netai o apaitoÔmenoc arijmìc parathr sewn,
�ra kai o arijmìc twn peiramatik¸n ektelèsewn ìso aux�nei o arijmìc twn paragìntwn enìc
peir�matoc.

Kaj¸c loipìn aux�nei o arijmìc twn paragìntwn se ènan 2k paragontikì sqediasmì, o
arijmìc twn ektelèsewn pou apaitoÔntai gia mÐa pl rh epan�lhyh tou sqediasmoÔ aux�nei
p�ra polÔ gr gora. Gia par�deigma, ac jewr soume mÐa pl rh epan�lhyh enìc 25 sqedia-
smoÔ h opoÐa apaiteÐ 32 ektelèseic. Se autìn to sqediasmì mìno 5 apì touc 31 bajmoÔc
eleujerÐac antistoiqoÔn stic kÔriec epidr�seic kai mìno 10 bajmoÐ eleujerÐac antistoiqoÔn
stic allhlepidr�seic dÔo paragìntwn. Oi upìloipoi 16 bajmoÐ eleujerÐac antistoiqoÔn stic
allhlepidr�seic tri¸n kai perissotèrwn paragìntwn. Ac jewr soume t¸ra thn perÐptwsh
pou o peiramatist c mporeÐ logik� na upojèsei ìti orismènec allhlepidr�seic uyhl c t�xhc
eÐnai amelhtèec. Tìte mporeÐ na dojeÐ plhroforÐa gia tic kÔriec epidr�seic kai tic allh-
lepidr�seic qamhl c t�xhc, apì thn ektèlesh enìc mìno kl�smatoc tou pl rouc parago-
ntikoÔ peir�matoc sto opoÐo anaferìmaste sthn epìmenh enìthta.
Gia mia leptomer  anaskìphsh twn peiramatik¸n sqediasm¸n kai twn diafìrwn efarmog¸n
touc, o endiaferìmenoc anagn¸sthc mporeÐ na anatrèxei sthn ergasÐa [69].

1.2.2 KlasmatikoÐ ParagontikoÐ SqediasmoÐ

Se aut  thn enìthta paratÐjentai o orismìc, basikèc ènnoiec kai idiìthtec tou kla-
smatikoÔ paragontikoÔ sqediasmoÔ, kai exhgeÐtai giatÐ oi klasmatikoÐ paragontikoÐ sqedia-
smoÐ eÐnai idiaÐtera qr simoi ìtan jèloume na exet�soume èna meg�lo arijmì paragìntwn
all� èqoume sth di�jes  mac ènan periorismèno arijmì peiramatik¸n ektelèsewn.
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Orismìc 1.19. 'Ena mìno kl�sma enìc pl rouc paragontikoÔ sqediasmoÔ onom�zetai
klasmatikìc paragontikìc sqediasmìc (fractional factorial design). To èna-deÔtero (1/2)
kl�sma enìc 2k paragontikoÔ sqediasmoÔ onom�zetai suqn� kai 2k-1 paragontikìc sqedia-
smìc. Ta dÔo 1/2 kl�smata apoteloÔn ènan pl rh 2k paragontikì sqediasmì.

Orismìc 1.20. 'Enac sqediasmìc eÐnai analutik c t�xhc R, an kamÐa epÐdrash p paragì-
ntwn den eÐnai tautìshmh me �llh epÐdrash pou perièqei ligìterouc apì R-p par�gontec.

Orismìc 1.21. OrÐzousa sqèsh enìc klasmatikoÔ paragontikoÔ sqediasmoÔ kaleÐtai to
sÔnolo ìlwn twn sthl¸n pou eÐnai Ðsec me th monadiaÐa st lh I, h opoÐa perièqei mìno “+1”.

Orismìc 1.22. H analutik  t�xh enìc klasmatikoÔ paragontikoÔ sqediasmoÔ me dÔo
st�jmec eÐnai Ðsh me to mikrìtero arijmì gramm�twn se opoiad pote lèxh sthn orÐzousa
sqèsh.

Sun jwc, eÐnai epijumhtì na qrhsimopoioÔntai klasmatikoÐ paragontikoÐ sqediasmoÐ pou
èqoun thn uyhlìterh dunat  analutik  t�xh (resolution), sÔmfwna me to bajmì thc kla-
smatikìthtac pou apaiteÐtai (  me �lla lìgia gia dedomèno arijmì parathr sewn). H uyh-
lìterh analutik  t�xh b�zei ligìterouc periorismoÔc stic upojèseic pou apaitoÔntai ìson
afor� to poiec allhlepidr�seic eÐnai amelhtèec ètsi ¸ste na ermhneutoÔn me axiopistÐa ta
dedomèna. 'Ena 1/2 kl�sma tou 2k sqediasmoÔ me thn uyhlìterh analutik  t�xh mporeÐ
na kataskeuasteÐ gr�fontac èna basikì sqediasmì pou apoteleÐtai apì tic ektelèseic gia
ènan pl rh 2k-1 paragontikì sqediasmì, kai sth sunèqeia prosjètontac ton k par�gonta,
anagnwrÐzontac tic jetikèc kai arnhtikèc st�jmec autoÔ, me ta jetik� kai arnhtik� prìsh-
ma thc uyhlìterhc t�xhc allhlepÐdrashc ABC . . . (K − 1). 'Enac �lloc trìpoc na doÔme
thn kataskeu  enìc 1/2 kl�smatoc, eÐnai na qwrÐsoume tic ektelèseic se dÔo mplok me thn
allhlepÐdrash uyhlìterhc t�xhc anameigmènh. Tìte k�je mplok eÐnai ènac 2k-1 klasmatikìc
paragontikìc sqediasmìc me thn uyhlìterh analutik  t�xh.

'Otan se èna 2k sqediasmì den eÐnai efiktì na ektelestoÔn kai oi 2k sunduasmoÐ agwg¸n,
tìte qrhsimopoieÐtai to 1/2 kl�sma tou 2k sqediasmoÔ. Oi klasmatikoÐ paragontikoÐ sqedia-
smoÐ eÐnai eurèwc qrhsimopoioÔmenoi tÔpoi sqediasm¸n se poll� praktik� probl mata. Gia
mia swst  kai epituq  qr sh twn klasmatik¸n paragontik¸n sqediasm¸n, o peiramatist c
mporeÐ na basisteÐ se treic idèec-kleidi� oi opoÐec perigr�fontai parak�tw.

1. H arq  thc sporadikìthtac twn epidr�sewn (sparsity of effects principle). Sthn perÐptwsh
Ôparxhc arket¸n paragìntwn, to sÔsthma eÐnai pijanì na odhgeÐtai arqik� apì merikèc
apì tic kÔriec epidr�seic kai tic allhlepidr�seic qamhl c t�xhc.

2. H probolik  idiìthta (projective property). Oi klasmatikoÐ paragontikoÐ sqediasmoÐ
mporoÔn na prob�llontai se isqurìterouc (megalÔterouc) sqediasmoÔc me antikeÐmeno
touc shmantikoÔc par�gontec.

3. O akoloujiakìc peiramatismìc (sequential experimentation). EÐnai dunatìn na sundu�-
soume tic ektelèseic dÔo   perissìterwn klasmatik¸n paragontik¸n sqediasm¸n ètsi
¸ste na sugkentrwjeÐ akoloujiak� ènac megalÔteroc sqediasmìc kai na ektimhjoÔn
oi epidr�seic kai oi allhlepidr�seic twn paragìntwn pou endiafèroun.

Sto shmeÐo autì ja anaferjoÔme en suntomÐa sthn probolik  idiìthta twn klasmatik¸n
paragontik¸n sqediasm¸n. H probolik  idiìthta eÐnai idiaÐtera shmantik  apì th stigm 
pou mac epitrèpei na doÔme poiec prìsjetec parathr seic mporeÐ na èqoun axÐa, efìson eÐnai
diajèsima ta apotelèsmata tou arqikoÔ krhsarÐsmatoc. Epiplèon mac parèqei gn¸sh gia
to p¸c na anajètoume tic metablhtèc tou sqediasmoÔ stouc par�gontec pou jewroÔntai ek
twn protèrwn shmantikoÐ.
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Parat rhsh 1.1. K�je klasmatikìc paragontikìc sqediasmìc analutik c t�xhc R
perièqei pl reic paragontikoÔc sqediasmoÔc se opoiod pote uposÔnolo R-1 paragìntwn.

H parap�nw parat rhsh eÐnai idiaÐtera qr simh giatÐ an upojèsoume ìti o peiramatist c
èqei arketoÔc par�gontec pou endeqomènwc endiafèroun, all� pisteÔei ìti mìno R-1 apì
autoÔc èqoun shmantikèc epidr�seic, tìte ènac klasmatikìc paragontikìc sqediasmìc ana-
lutik c t�xhc R eÐnai h kat�llhlh epilog  sqediasmoÔ gia to peÐram� tou. An h upìjesh
tou peiramatist  (mìno R-1 par�gontec èqoun shmantikèc epidr�seic) eÐnai swst , tìte o
klasmatikìc paragontikìc sqediasmìc analutik c t�xhc R ja prob�lletai se ènan pl rh
paragontikì sqediasmì stouc R-1 shmantikoÔc par�gontec.

Sto shmeÐo autì ja anaferjoÔme en suntomÐa sth qrhsimìthta tou akoloujiakoÔ peirama-
tismoÔ. H qr sh klasmatik¸n paragontik¸n sqediasm¸n suqn� odhgeÐ se meg�lh oikonomÐa
kai apodotikìthta ston peiramatismì, eidikìtera an oi ektelèseic mporoÔn na gÐnoun akolou-
jiak�. Ac upojèsoume ìti jèloume na ereun soume k par�gontec (2k ektelèseic). EÐnai
sqedìn p�nta epijumhtì na ektelèsoume ènan 2k-1 klasmatikì paragontikì sqediasmì (2k/2
ektelèseic), na analÔsoume to apotèlesma kai tìte na apofasÐsoume gia to kalÔtero sÔno-
lo twn ektelèsewn pou ja k�noume sth sunèqeia. An eÐnai anagkaÐo na dialÔsoume tic
amfibolÐec mporoÔme p�ntote na ektelèsoume to enallaktikì kl�sma kai na oloklhr¸-
soume to 2k sqediasmì. 'Otan qrhsimopoieÐtai aut  h mèjodoc gia na oloklhr¸soume to
sqediasmì, ta dÔo 1/2 kl�smata parist�noun mplok tou pl rouc sqediasmoÔ me thn allh-
lepÐdrash uyhlìterh t�xhc na eÐnai anameigmènh me ta mplok. Sunep¸c, o akoloujiakìc
peiramatismìc èqei san apotèlesma thn ap¸leia plhroforÐac mìno gia thn allhlepÐdrash
uyhlìterh t�xhc. Enallaktik�, se pollèc peript¸seic majaÐnoume arket� apì to 1/2 kl�-
sma gia na suneqÐsoume sto epìmeno st�dio tou peiramatismoÔ, sto opoÐo mporeÐ na sum-
baÐnei prìsjesh   diagraf  paragìntwn, allag  apokrÐsewn   metabol  k�poiwn apì touc
par�gontec se nèa pedÐa.

TrÐa eÐnai ta pio eurèwc qrhsimopoioÔmena krit ria gia thn taxinìmhsh   to diaqwrismì
twn klasmatik¸n paragontik¸n sqediasm¸n: to krit rio el�qisthc apìklishc (minimum
aberration) [83], to krit rio bèltistwn rop¸n (optimal moments) [82] kai to krit rio baj-
m¸n eleujerÐac. Ta krit ria analutik c t�xhc kai el�qisthc apìklishc basÐzontai se dÔo
ierarqikèc upojèseic pou perigr�fontai wc akoloÔjwc.

1. Epidr�seic mikrìterhc t�xhc jewroÔntai shmantikìterec apì epidr�seic
megalÔterhc t�xhc.

2. Epidr�seic Ðdiac t�xhc eÐnai exÐsou shmantikèc.

1.2.3 Uperkoresmènoi SqediasmoÐ

Se aut  thn enìthta paratÐjentai o orismìc, basikèc ènnoiec kai oi idiìthtec twn uper-
koresmènwn sqediasm¸n, kaj¸c epÐshc exhgeÐtai kai h qrhsimìtht� touc se peir�mata
krhsarÐsmatoc.

Me b�sh aut� pou anafèrame sthn prohgoÔmenh enìthta oi klasmatikoÐ paragontikoÐ
sqediasmoÐ qrhsimopoioÔntai se peir�mata pou perilamb�noun arketoÔc par�gontec kai eÐ-
nai anagkaÐa h melèth thc koin c epÐdrashc twn paragìntwn sthn apìkrish me èna sqetik�
oikonomikì arijmì ektelèsewn. Me ton ìro klasmatikì paragontikì sqediasmì ennooÔme
ìti se k�je pl rh dokim    epan�lhyh enìc peir�matoc perilamb�netai èna uposÔnolo
twn dunat¸n sunduasm¸n twn epipèdwn twn paragìntwn. Oi uperkoresmènoi sqediasmoÐ
(supersaturated designs) apoteloÔn mÐa kl�sh twn klasmatik¸n paragontik¸n sqediasm¸n,
kai qrhsimopoioÔntai sta arqik� st�dia enìc episthmonikoÔ   biomhqanikoÔ peir�matoc gia
ton prosdiorismì twn energ¸n paragìntwn.

Oi uperkoresmènoi sqediasmoÐ mporoÔn na diaqwristoÔn se dÔo meg�lec kl�seic. H
pr¸th kl�sh apoteleÐtai apì touc uperkoresmènouc sqediasmoÔc me dÔo mìno epÐpeda
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(two-level). H deÔterh kl�sh sunÐstatai apì touc uperkoresmènouc sqediasmoÔc pol-
l¸n epipèdwn (multi-level), oi opoÐoi perilamb�noun par�gontec pou apoteloÔntai ìloi apì
s > 2 epÐpeda. Oi uperkoresmènoi sqediasmoÐ an�meiktwn epipèdwn (mixed-level) apoteloÔn
genÐkeush twn uperkoresmènwn sqediasm¸n poll¸n epipèdwn kai perilamb�noun par�gontec
me diaforetikoÔc arijmoÔc epipèdwn mèsa ston Ðdio ton pÐnaka tou sqediasmoÔ. Sthn
paroÔsa didaktorik  diatrib  ìtan ja anaferìmaste stouc uperkoresmènouc sqediasmoÔc
ja ennooÔme autoÔc me dÔo mìno epÐpeda, oi opoÐoi melet jhkan gia poll� qrìnia kai oi
idiìthtèc touc prosèlkusan to endiafèron tou megalÔterou mèrouc twn ereunht¸n.

Orismìc 1.23. Uperkoresmènoi sqediasmoÐ dÔo epipèdwn onom�zontai oi klasmatikoÐ
paragontikoÐ sqediasmoÐ twn opoÐwn o arijmìc twn paragìntwn m eÐnai megalÔteroc   Ðsoc
tou arijmoÔ twn peiramatik¸n ektelèsewn, dhlad  m ≥ n   m > n− 1.

H idèa kleidÐ gia thn kataskeu  kai an�lush twn uperkoresmènwn sqediasm¸n, basÐze-
tai sthn “arq  thc sporadikìthtac twn epidr�sewn” (effect sparsity, Box and Meyer [23]).
Upojètei ìti en¸ se pollèc prokatarktikèc melètec se episthmonik� kai biomhqanik� peir�-
mata perilamb�netai ènac meg�loc arijmìc apì endeqìmenouc kat�llhlouc par�gontec,
lÐgoi apì autoÔc touc par�gontec ephre�zoun shmantik� thn apìkrish. Gia th stati-
stik  an�lush twn uperkoresmènwn sqediasm¸n, den mporeÐ na qrhsimopoihjeÐ h mèjodoc
twn elaqÐstwn tetrag¸nwn giatÐ o arijmìc twn paragìntwn eÐnai megalÔteroc apì ton
arijmì twn parathr sewn. MÐa apì tic prokl seic tou peiramatist  sthn an�lush twn
uperkoresmènwn sqediasm¸n aporrèei apì tic susqetÐseic metaxÔ twn sthl¸n tou pÐnaka
tou montèlou kaj¸c kai apì to gegonìc ìti oi kÔriec epidr�seic ìlwn twn paragìntwn den
mporoÔn na ektimhjoÔn tautìqrona. Ja doÔme se epìmenh enìthta tic eishg seic kai touc
trìpouc pou proteÐnontai bibliografik� gia thn kataskeu  kai an�lush twn uperkoresmènwn
sqediasm¸n dÔo epipèdwn.

Sta perissìtera paragontik� peir�mata oi bajmoÐ eleujerÐac pou apaitoÔntai gia thn
ektÐmhsh twn epidr�sewn twn paragìntwn den uperbaÐnoun ton arijmì twn ektelèsewn.
Autì eggu�tai ìti ìlec oi epidr�seic mporoÔn na ektimhjoÔn tautìqrona. Oi dÔo epipè-
dwn sqediasmoÐ pou qrhsimopoioÔntai gia th melèth tètoiwn paragìntwn, ìpou to pl joc
m twn paragìntwn eÐnai Ðso me n-1, kai n eÐnai to pl joc twn ektelèsewn, lègontai ko-
resmènoi sqediasmoÐ (saturated designs). Se k�poiec qarakthristikèc katast�seic ìmwc, h
sunj kh aut  mporeÐ na mhn ikanopoieÐtai an oi peiramatikèc ektelèseic eÐnai upologistik�
akribèc kai qronobìrec kai eidik� an prìkeitai na ereunhjeÐ èna meg�lo pl joc paragì-
ntwn. Anafèroume èna par�deigma sto opoÐo ènac kataskeuast c autokin twn diex�gei
ènan èlegqo prìskroushc (crash test) se mia nèa seir� autokin twn. To antikeÐmeno eÐnai
na brejeÐ èna sÔnolo apì 54 qarakthristik� asfaleÐac, ìpwc tropopoihmènoi aerìsakoi,
pleurikèc mp�rec k.a. pou perilamb�nontai se èna sÔsthma asfaleÐac enìc autokin tou.
'Enac bolikìc sqediasmìc gia autìn ton èlegqo pijanìn na eÐnai ènac pÐnakac Hadamard
t�xhc 56, o opoÐoc apaiteÐ 56 ektelèseic pou antistoiqoÔn se 56 prwtìtupa autokÐnhta sto
par�deigma pou jewr same. To eÔlogo er¸thma pou tÐjetai eÐnai poioc tÔpoc sqediasmoÔ
ja qrhsimopoihjeÐ telik� apì th stigm  pou o proôpologismìc tou kataskeuast  epitrèpei
to polÔ mis� apì ta autokÐnhta pou apaitoÔntai gia autì to test.

H kuriìterh qr sh twn klasmatik¸n paragontik¸n sqediasm¸n eÐnai se peir�mata krhsa-
rÐsmatoc (screening experiments). Ta peir�mata krhsarÐsmatoc eÐnai peir�mata sta opoÐa
summetèqoun polloÐ par�gontec kai èqoun skopì thn anagn¸rish ekeÐnwn twn paragì-
ntwn, an up�rqoun, pou èqoun meg�lec epidr�seic. Ta peir�mata krhsarÐsmatoc ekteloÔntai
sun jwc sta arqik� st�dia miac èreunac, ìtan eÐnai pijanì ìti polloÐ apì touc par�gontec
pou arqik� jewroÔntai wc shmantikoÐ, na èqoun mikr    mhdenik  epÐdrash sthn apìkrish.
Sth sunèqeia, oi par�gontec pou anagnwrÐzontai wc shmantikoÐ, melet¸ntai me perissìterec
leptomèreiec se epìmena peir�mata. Sunep¸c, epeid  to basikì antikeÐmeno enìc peir�matoc
krhsarÐsmatoc eÐnai na anagnwristoÔn lÐgoi mìno shmantikoÐ par�gontec oi opoÐoi ja qrhsi-
mopoihjoÔn se epìmenec melètec, oi epist monec kai oi peiramatistèc apaitoÔn sqediasmoÔc
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me to mikrìtero dunatì arijmì peiramatik¸n ektelèsewn. Qr simoi sqediasmoÐ se tètoiec
peript¸seic eÐnai oi uperkoresmènoi sqediasmoÐ.

1.3 Istorik  Anadrom  Uperkoresmènwn Sqediasm¸n

Se aut  thn enìthta parousi�zontai oi poikÐlec mèjodoi kataskeu c kai an�lushc twn
uperkoresmènwn sqediasm¸n oi opoÐec èqoun protajeÐ mèqri t¸ra sth diejn  bibliografÐ-
a. MÐa apì tic prokl seic tou peiramatist  sto shmantikì prìblhma thc kataskeu c kai
an�lushc twn uperkoresmènwn sqediasm¸n aporrèei apì th dom  susqetÐsewn tou sqe-
diasmoÔ h opoÐa epidr� drastik� sthn ikanìthta ektÐmhshc twn epidr�sewn. Se aut  thn
enìthta parousi�zoume tic eishg seic kai touc trìpouc pou proteÐnontai bibliografik� gia
thn kataskeu  kai an�lush twn uperkoresmènwn sqediasm¸n dÔo epipèdwn. 'Opwc anamène-
tai h istorÐa twn uperkoresmènwn sqediasm¸n xekÐnhse arket� qrìnia prin me touc uperkore-
smènouc sqediasmoÔc dÔo epipèdwn. Se aut  thn enìthta parajètoume mia polÔ sÔntomh
istorik  anadrom  twn mejìdwn kataskeu c twn uperkoresmènwn sqediasm¸n dÔo epipè-
dwn, kai anaferìmaste me perissìterec leptomèreiec sthn prohgoÔmenh suneisfor� gia thn
an�lush twn uperkoresmènwn sqediasm¸n dÔo epipèdwn, apì th stigm  pou èna apì ta
basik� ereunhtik� antikeÐmena thc paroÔsac didaktorik c diatrib c eÐnai h an�lush kai ìqi
h kataskeu  twn uperkoresmènwn sqediasm¸n dÔo epipèdwn.

1.3.1 ProhgoÔmenh Suneisfor� sthn Kataskeu  Uperkoresmènwn
Sqediasm¸n

Se aut  thn enìthta parousi�zetai mÐa sÔntomh istorik  anaskìphsh twn mejìdwn
kataskeu c uperkoresmènwn sqediasm¸n dÔo epipèdwn se qronologik  seir�. To prìblh-
ma kataskeu c twn uperkoresmènwn sqediasm¸n melet jhke pr¸ta apì ton Satterthwai-
te [203]. O Satterthwaite to 1959 eis gage thn idèa tou uperkoresmènou sqediasmoÔ wc
enìc tuqaÐou isorrophmènou sqediasmoÔ. Oi Booth kai Cox [21]  tan oi pr¸toi pou exè-
tasan susthmatik� touc uperkoresmènouc sqediasmoÔc dÔo epipèdwn. Oi Booth kai Cox to
1962 genÐkeusan touc sqediasmoÔc me stoiqei¸deic upologistikèc ereunhtikèc mejìdouc kai
exasf�lisan susthmatikoÔc sqediasmoÔc, dhlad  ìqi tuqaÐouc. EpÐshc, anèptuxan basik�
krit ria beltistopoÐhshc (ave(s2) kai smax) ta opoÐa qrhsimopoioÔntai mèqri kai s mera gia
th sÔgkrish kai thn kataskeu  uperkoresmènwn sqediasm¸n. Gia tri�nta perÐpou qrìnia
den sunant�me sth diejn  bibliografÐa ergasÐa pou na afor� touc sqediasmoÔc autoÔc,
mèqri to 1993, pou o Lin epanèfere to jèma kai h an�ptux  touc apì tìte mèqri s mera
eÐnai ragdaÐa. O Lin [148] basÐsthke sth dom  twn  dh uparqìntwn orjog¸niwn sqedia-
sm¸n, kai sugkekrimèna basismènoc sto kl�sma twn pin�kwn Hadamard prìteine mÐa nèa
mèjodo kataskeu c uperkoresmènwn sqediasm¸n. Ton Ðdio qrìno o Wu [229] kataskeÔase
uperkoresmènouc sqediasmoÔc qrhsimopoi¸ntac tic allhlepidr�seic dÔo paragìntwn twn
pin�kwn Hadamard. Apì tìte mèqri kai s mera arketoÐ ereunhtèc èqoun asqolhjeÐ me thn
kataskeu  kai thn exètash twn idiot twn twn uperkoresmènwn sqediasm¸n.

PoikÐlec mèjodoi gia thn kataskeu  twn uperkoresmènwn sqediasm¸n dÔo epipèdwn
èqoun protajeÐ bibliografik�, ìpwc autèc perigr�fontai stic episthmonikèc ergasÐec [149],
[172], [66], [47], [143], [215], [231], [151], [157], [34], [48], [4], [74], [30], [153], [35], [87],
[31], [154], [202], [129], [99], [173], [32], [88], [126], [130], [131], [128], [90], [36], [119], [100]
kai [174].

1.3.2 ProhgoÔmenh Suneisfor� sthn An�lush Uperkoresmènwn
Sqediasm¸n

Se aut  thn enìthta parousi�zontai analutik� oi mèjodoi an�lushc uperkoresmènwn
sqediasm¸n dÔo epipèdwn pou prìteinan kat� kairoÔc di�foroi ereunhtèc. H an�lush twn
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uperkoresmènwn sqediasm¸n paramènei prìklhsh kai èna idiaÐtera dÔskolo prìblhma gia
touc ereunhtèc dedomènou ìti den up�rqei bèltisth lÔsh kai oi di�forec proteinìmenec mè-
jodoi prospajoÔn na p�roun to kalÔtero dunatì apotèlesma apì tic lÐgec peiramatikèc
ektelèseic pou eÐnai diajèsimec ston pÐnaka sqediasmoÔ. Oi perissìterec mèjodoi pou è-
qoun protajeÐ sth bibliografÐa apoteloÔn genikeÔseic, epekt�seic kai tropopoi seic gnw-
st¸n mejìdwn pou anaptÔqjhkan arqik� gia thn an�lush twn dedomènwn apì koresmènouc
(saturated)   mh koresmènouc (unsaturated) sqediasmoÔc. Autèc oi mèjodoi mporoÔn na
omadopoihjoÔn me di�forouc trìpouc. Gia par�deigma, mporeÐ k�poioc na tic omadopoi sei
se mpeôzianèc mejìdouc kai mh mpeôzianèc me thn klasik  ènnoia thc jewrÐac apof�sewn
(frequentist). 'Enac �lloc trìpoc gia na omadopoi sei k�poioc tic mejìdouc autèc eÐnai
se mejìdouc elaqÐstwn tetrag¸nwn, mejìdouc ektÐmhshc merolhyÐac (bias) kai mpeôzianèc
mejìdouc. Se aut  thn enìthta èqoume epilèxei na parousi�soume thn anaskìphsh twn
mejìdwn an�lushc uperkoresmènwn sqediasm¸n dÔo epipèdwn se qronologik  seir�.

H pr¸th mèjodoc se aut  thn kateÔjunsh parousi�sthke apì ton Satterthwaite [203],
o opoÐoc prìteine mÐa grafik  mèjodo an�lushc uperkoresmènwn sqediasm¸n, isodÔnamh me
th mèjodo ektÐmhshc elaqÐstwn tetrag¸nwn gia thn prosarmog  enìc aploÔ grammikoÔ mo-
ntèlou palindrìmhshc. Sta arqik� st�dia thc dhmiourgÐac twn uperkoresmènwn sqediasm¸n,
gia thn an�lus  touc prot�jhkan di�forec grafikèc mèjodoi oi opoÐec sunteloÔn sthn
anagn¸rish twn shmantik¸n paragìntwn. 'Ena tètoio gr�fhma pou bohj� ston entopismì
twn energ¸n paragìntwn eÐnai h grafik  par�stash thc apìkrishc y me th st�jmh tou k�je
par�gonta. EntoÔtoic, amfisbhteÐtai to kat� pìso h qr sh grafik¸n mejìdwn prosfèrei
qr simec kai axiìpistec plhroforÐec gia th shmantikìthta twn paragìntwn. Oi grafikèc
mèjodoi prosfèroun èna sÔntomo optikì èlegqo twn energ¸n paragìntwn. An jèloume na
èqoume pio ikanopoihtik� apotelèsmata, tìte mporoÔme na sundu�soume di�forec grafikèc
mejìdouc. O Srivastava [212] èdeixe ìti opoiod pote sÔnolo p energ¸n epidr�sewn mporeÐ
na ektimhjeÐ e�n ìla ta uposÔnola twn 2p metablht¸n, mèsa ston pÐnaka tou montèlou,
perièqoun anex�rthtec st lec. O Lin [148] ef�rmose thn kat� b mata mèjodo epilog c
metablht¸n se 1/2 kl�smata twn Plackett-Burman sqediasm¸n. Ac shmeiwjeÐ ed¸ ìti
h kat� b mata epilog  eÐnai mia diadikasÐa pou sundu�zei thn proc ta emprìc epilog ,
me suneq  èlegqo twn paramètrwn pou  dh up�rqoun sto montèlo. Epiprìsjeta, ìtan
to mègejoc twn epidr�sewn akoloujeÐ katanom  Pareto (autì sumbaÐnei ìtan mìno to 10-
20% twn paragìntwn eÐnai energoÐ) tìte oi mèjodoi an�lushc me qr sh tou kanonikoÔ
diagr�mmatoc pijanìthtac kai h kat� b mata palindrìmhsh eÐnai se jèsh na anagnwrÐsoun
touc energoÔc par�gontec. Oi perissìteroi ereunhtèc pou melèthsan to jèma, pisteÔoun
ìti ìntwc oi energoÐ par�gontec eÐnai sthn pragmatikìthta èna posostì thc t�xhc tou 10-
20% (upìjesh sporadikìthtac), opìte mporoÔn na qrhsimopoihjoÔn kai oi proanaferjeÐsec
mèjodoi.

O Wu [229] ef�rmose thn proc ta emprìc mèjodo epilog c metablht¸n kai th mèjo-
do ìlwn twn uposunìlwn me stìqo na anagnwrÐsei tic kÔriec epidr�seic. O Lin [149]
qrhsimopoÐhse to kanonikì di�gramma pijanìthtac kai k�poia tropopoÐhsh thc mejìdou e-
laqÐstwn tetrag¸nwn, thn palindrìmhsh korufogramm c (ridge) gia thn anagn¸rish twn
energ¸n epidr�sewn. Oi Chipman et al. [49] prìteinan mÐa merik¸c mpeôzian  mèjodo
epilog c metablht¸n gia thn an�lush uperkoresmènwn sqediasm¸n me polÔplokh dom 
tautìshmwn epidr�sewn. Oi Chen kai Lin [46] diereÔnhsan thn ikanìthta anagn¸rishc en-
erg¸n epidr�sewn stouc uperkoresmènouc sqediasmoÔc k�nontac upojèseic kanonikìthtac.
Oi Westfall et al. [227] basismènoi sthn arq  thc sporadikìthtac twn epidr�sewn prìteinan
mÐa teqnik  gia ton èlegqo tou sf�lmatoc TÔpou I sth diadikasÐa thc proc ta emprìc
epilog c metablht¸n. Oi Abraham et al. [1] èdeixan ìti exaitÐac thc dom c susqetÐsewn
twn uperkoresmènwn sqediasm¸n mporeÐ na prokÔyoun kai mh asfal  apotelèsmata sth
dieukrÐnish twn epidr�sewn anex�rthta apì to poia mèjodoc ja qrhsimopoihjeÐ gia thn
an�lush twn uperkoresmènwn sqediasm¸n.
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Oi Beattie et al. [11] prìteinan mÐa mpeôzian  teqnik  epilog c metablht¸n me dÔo st�dia
gia thn an�lush twn uperkoresmènwn sqediasm¸n. Oi Li kai Lin [144] eis gagan mÐa nèa
mèjodo epilog c metablht¸n gia thn anagn¸rish twn energ¸n epidr�sewn stouc uperko-
resmènouc sqediasmoÔc, basismènh sta mh kurt� poinikopoihmèna el�qista tetr�gwna. Oi
Li kai Lin [145] sÔgkrinan aut n th nèa mèjodo me thn kat� b mata mèjodo kai th mpeôzian 
mèjodo epilog c metablht¸n twn Beattie et al. [11]. Oi Holcomb et al. [111] prìteinan th
mèjodo metablhtìthtac twn antijèsewn kai thn teqnik  bootstrap gia thn an�lush twn
uperkoresmènwn sqediasm¸n. Oi Lu kai Wu [158] prìteinan mÐa tropopoihmènh kat� b mata
mèjodo epilog c metablht¸n h opoÐa basÐzetai sth stadiak  meÐwsh twn diast�sewn tou
probl matoc. O Yamata [232] qrhsimopoÐhse thn kat� b mata palindrìmhsh gia thn ana-
gn¸rish twn energ¸n epidr�sewn, axiolog¸ntac thn pijanìthta epilog c energ¸n paragì-
ntwn mèsw melèthc prosomoi¸sewn kai exet�zontac me idiaÐterh èmfash ta sf�lmata TÔpou
II pou proèkuyan. Oi Koukouvinos kai Stylianou [137] prìteinan mÐa tropopoihmènh mèjo-
do metablhtìthtac twn antijèsewn gia thn an�lush twn uperkoresmènwn sqediasm¸n. Oi
Zhang et al. [235] ef�rmosan th merik¸c mèjodo epilog c elaqÐstwn tetrag¸nwn gia thn
an�lush twn uperkoresmènwn sqediasm¸n. Oi Liu et al. [154] melèthsan th sqèsh pou
up�rqei metaxÔ thc mègisthc epitrept c susqètishc kai tou megèjouc twn suntelest¸n twn
kÔriwn epidr�sewn twn energ¸n paragìntwn. Oi Liu et al. [155] melèthsan tic duskolÐec
pou antimetwpÐzei o peiramatist c gia thn anÐqneush twn energ¸n paragìntwn stouc up-
erkoresmènouc sqediasmoÔc. Oi Holcomb et al. [112] sqedÐasan èna uperkoresmèno peÐrama
qrhsimopoi¸ntac dedomèna ta opoÐa proèkuyan apì mÐa kinht rio mhqan , kai ef�rmosan
th mèjodo pou prot�jhke sthn ergasÐa [112] gia na analÔsoun ta dedomèna aut� kai na
anadeÐxoun th qrhsimìthta twn uperkoresmènwn sqediasm¸n sthn pr�xh.

O Georgiou [89] prìteine mÐa mèjodo h opoÐa sundu�zei thn an�lush idi�zouswn tim¸n
(singular value decomposition) me thn an�lush kÔriwn sunistws¸n kai thn an�lush palin-
drìmhshc gia na anagnwrÐsei tic energèc epidr�seic stouc uperkoresmènouc sqediasmoÔc. O
Cossari [52] ef�rmose thn Box-Meyer mèjodo gia na anagnwrÐsei touc energoÔc par�gontec
stouc upekoresmènouc sqediasmoÔc. Oi Phoa et al. [182] prìteinan mÐa nèa mèjodo epilog c
metablht¸n qhsimopoi¸ntac th mèjodo Dantzig selector [39]. Oi Marley kai Woods [160]
prìteinan mÐa nèa epanalhptik  mèjodo (model averaging) gia thn an�lush twn uperkore-
smènwn sqediasm¸n. Oi Li et al. [147] prìteinan mÐa nèa mèjodo an�lushc sust�dwn gia thn
epilog  metablht¸n kai thn anagn¸rish twn energ¸n epidr�sewn stouc uperkoresmènouc
sqediasmoÔc. Oi Edwards kai Mee [72] prìteinan mÐa mèjodo an�lushc twn uperkoresmènwn
sqediasm¸n basismènh se test tuqaiopoÐhshc ta opoÐa efarmìzontai me stìqo th meÐwsh
tou arijmoÔ twn paragìntwn sta upoy fia montèla me mikrì kajolikì p-value.

O endiaferìmenoc anagn¸sthc mporeÐ epÐshc na anatrèxei ektìc apì ta prwtìtupa keÐ-
mena, se prìsfatec qr simec anaskop seic gia thn kataskeu  kai thn an�lush twn uperko-
resmènwn sqediasm¸n, ìpwc eÐnai oi ergasÐec [163], [92], [98] [123] kai [91].

1.4 Ereunhtik� Probl mata sthn An�lush Uperkore-
smènwn Sqediasm¸n

Se aut  thn enìthta anafèrontai ta dÔo basik� ereunhtik� probl mata pou kaleÐtai na
antimetwpÐsei o peiramatist c/ereunht c stic mèrec mac ìtan to jèma to opoÐo pragmateÔetai
eÐnai h statistik  an�lush twn uperkoresmènwn sqediasm¸n.

1.4.1 'Uparxh MerolhyÐac

Oi uperkoresmènoi sqediasmoÐ eÐnai polÔ shmantikoÐ kai qr simoi, gi' autì kai h an�-
ptux  touc ìpwc eÐdame eÐnai ragdaÐa. Gia thn kataskeu  touc apaitoÔntai poll� majh-
matik� kai statistik� ergaleÐa. Gia to dÔskolo prìblhma kataskeu c twn uperkoresmènwn
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sqediasm¸n eÐdame sthn enìthta 1.3.1 ìti up�rqei ekten c bibliografÐa. H an�lush twn
uperkoresmènwn sqediasm¸n brÐsketai akìma sta arqik� st�dia thc an�ptux c thc, dedomè-
nou ìti den up�rqei kajolik� bèltisth mèjodoc kai gia autìn to lìgo èqoun anaptuqjeÐ
ìpwc eÐdame sthn prohgoÔmenh enìthta 1.3.2 pollèc diaforetikèc mèjodoi gia to skopì
autì.

Mèqri stigm c den èqei brejeÐ k�poia mèjodoc h opoÐa ìtan qrhsimopoieÐtai na ana-
gnwrÐzontai oi shmantikoÐ par�gontec kai na ektimoÔntai me amelhtèo sf�lma. To prìblhma
pou up�rqei sthn an�lush twn uperkoresmènwn sqediasm¸n eÐnai h mh orjogwniìthta tou
pÐnaka sqediasmoÔ, kajist¸ntac anapìfeukto to na gÐnetai anekt  h Ôparxh miac mikr c
merolhyÐac an�mesa se ìlec tic ektimhmènec epidr�seic, efìson oi energoÐ par�gontec mpo-
roÔn akìmh na anagnwristoÔn. 'Enac energìc par�gontac mporeÐ na anagnwristeÐ an h
epÐdras  tou eÐnai arket� meg�lh ¸ste na mhn episki�zetai apì to peiramatikì sf�lma kai
th sunduasmènh epÐdrash mh shmantik¸n paragìntwn. 'Opwc gnwrÐzoume, oi peiramatikèc
mèjodoi perièqoun k�poio sf�lma to opoÐo diaforopoieÐ tic metr seic apì ta pragmatik�
apotelèsmata. To prìblhma eÐnai na anagnwristoÔn oi shmantikoÐ par�gontec kai ìqi oi
par�gontec pou èqoun “fouskwmènh” epÐdrash lìgw tou sf�lmatoc. Me lÐga lìgia h
opoiad pote mèjodoc pou ja epilegeÐ gia thn an�lush twn uperkoresmènwn sqediasm¸n ja
prèpei na lamb�nei upìyh thc to peiramatikì sf�lma kai na prospajeÐ na diathreÐ tic timèc
tou sto kat¸tato epitreptì epÐpedo.

Sumperasmatik�, o pr¸toc basikìc mac stìqoc eÐnai h an�ptuxh apotelesmatik¸n mejì-
dwn an�lushc twn uperkoresmènwn sqediasm¸n oi opoÐec ja epitugq�noun na anagnwrÐsoun
touc energoÔc par�gontec me to mikrìtero dunatì posostì sf�lmatoc TÔpou I kai TÔpou
II. To posostì sf�lmatoc TÔpou I kaleÐtai o mèsoc lìgoc twn mh energ¸n paragìntwn
pou dhl¸jhkan esfalmèna wc energoÐ. To posostì sf�lmatoc TÔpou II kaleÐtai o mèsoc
lìgoc twn energ¸n paragìntwn pou dhl¸jhkan esfalmèna wc mh energoÐ.

1.4.2 Epèktash apì to Grammikì sto Genikeumèno Grammikì Mo-
ntèlo

H qr sh genik� twn paragontik¸n sqediasm¸n kurÐwc sthrÐzetai sto genikì grammikì
montèlo, me tic gnwstèc upojèseic perÐ kanonik c katanom c twn dedomènwn, asusqètistwn
sfalm�twn kai omoiogèneiac thc diaspor�c. Oi grammikèc autèc upojèseic den ikanopoioÔ-
ntai se pollèc efarmogèc, ìpwc gia par�deigma se klinikèc   epidhmiologikèc melètec   se
peript¸seic pou èqoume duadik� dedomèna   dedomèna suqnot twn. Se autèc tic peript¸-
seic sunÐstatai h qr sh twn genikeumènwn grammik¸n montèlwn. Kat� thn prosarmog  enìc
genikeumènou grammikoÔ montèlou, to shmantikìtero st�dio eÐnai h epilog  tou kat�llhlou
sqediasmoÔ. MÐa pragmatik  duskolÐa pou dusqeraÐnei thn kataskeu  enìc sqediasmoÔ gia
èna genikeumèno grammikì montèlo eÐnai h ex�rthsh tou pÐnaka plhroforÐac apì tic �gnw-
stec paramètrouc tou prosarmosmènou montèlou. MÐa apì tic pio diadedomènec teqnikèc pou
èqoun protajeÐ sth diejn  bibliografÐa ta teleutaÐa 30 qrìnia gia na epilujeÐ to parap�nw
prìblhma, eÐnai o kajorismìc arqik¸n (upojetik¸n) tim¸n twn paramètrwn kai h epakìlou-
jh kataskeu  twn legìmenwn topik� bèltistwn sqediasm¸n me qr sh opoioud pote apì ta
gnwst� krit ria A-, D-, E-, G- beltistopoÐhshc [230] ta opoÐa kai basÐzontai ston pÐnaka
plhroforÐac. H bibliografÐa pou sqetÐzetai me tic di�forec mejìdouc kataskeu c kai epi-
log c bèltistou sqediasmoÔ jewr¸ntac to genikeumèno grammikì montèlo eÐnai ekten c. O
endiaferìmenoc anagn¸sthc mporeÐ na anatrèxei gia perissìterec plhroforÐec sthn polÔ
qr simh prìsfath anaskìphsh [121] kaj¸c kai stic anaforèc pou eswkleÐei.

Gia th sÔgkrish, thn axiolìghsh kai thn kataskeu  bèltistwn uperkoresmènwn sqe-
diasm¸n anaptÔqjhkan kat� kairoÔc poll� krit ria jewr¸ntac p�nta to genikì grammikì
montèlo. Ta krit ria aut� anadeiknÔoun k�poio trìpo mètrhshc gia to kat� pìso kont�
eÐnai o sqediasmìc ston orjog¸nio   to kat� pìso kont� eÐnai h prìbleyh thc diaspor�c
  anafèrontai sthn probolikìthta tou sqediasmoÔ se di�stash qamhlìterhc t�xhc. 'Otan
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lème probol  tou sqediasmoÔ ennooÔme to sqediasmì pou prokÔptei an afairèsoume apì ton
arqikì tic st lec pou antistoiqoÔn stouc mh shmantikoÔc par�gontec. Se tètoiou tÔpou
krit ria anaferìmaste sto trÐto mèroc thc paroÔsac didaktorik c diatrib c. 'Olec autèc oi
mèjodoi kataskeu c kai beltistopoÐhshc twn uperkoresmènwn sqediasm¸n prospajoÔn na
mei¸soun th mh orjogwniìthta tou pÐnaka sqediasmoÔ X, en¸ par�llhla h orÐzousa tou
pÐnaka plhroforÐac XTX prèpei na eÐnai di�forh tou mhdenìc kai sthrÐzontai sto genikì
grammikì montèlo.

Epiprìsjeta, ìlec oi mèjodoi an�lushc twn uperkoresmènwn sqediasm¸n, stic opoÐec
anaferj kame ekten¸c sthn enìthta 1.3.2, basÐzontai sto genikì grammikì montèlo. Mèqri
t¸ra bibliografik� den sunant�me k�poia ereunhtik  ergasÐa pou na melet� to prìblhma thc
an�lushc twn uperkoresmènwn sqediasm¸n jewr¸ntac to genikeumèno grammikì montèlo.
Sumperasmatik�, o dèuteroc basikìc mac stìqoc eÐnai h an�ptuxh apotelesmatik¸n mejì-
dwn an�lushc twn uperkoresmènwn sqediasm¸n k�tw apì thn paradoq  twn genikeumènwn
grammik¸n montèlwn.



K E F A L A I O 2

An�lush Uperkoresmènwn Sqediasm¸n me

Mètra EntropÐac

Information: the negative
reciprocal value of probability.

�Claude E. Shannon (1916–2001)

Sto deÔtero autì kef�laio asqoloÔmaste me th statistik  an�lush miac sugkekrimènhc
kl�shc twn paragontik¸n sqediasm¸n, touc uperkoresmènouc sqediasmoÔc. Sugkekrimèna
parousi�zetai mÐa nèa mejodologÐa epilog c metablht¸n se ènan uperkoresmèno sqedia-
smì, ìpou oi epexhghmatikèc metablhtèc brÐskontai se dÔo epÐpeda, me skopì th gr gorh
kai apotelesmatik  aneÔresh twn energ¸n kÔriwn epidr�sewn. H èreuna basÐzetai sthn
an�ptuxh miac mejìdou an�lushc uperkoresmènwn sqediasm¸n ¸ste na anagnwrÐzontai oi
shmantikèc kÔriec epidr�seic, èqontac wc upìbajro th JewrÐa Plhrofori¸n, kaj¸c exe-
t�zontai ta ex c mètra entropÐac: Rényi entropÐa, Tsallis entropÐa kai Havrda-Charvát
entropÐa. Ta mètra aut� se sunduasmì me to kèrdoc plhroforÐac qrhsimopoioÔntai gia
thn an�lush twn uperkoresmènwn sqediasm¸n kai thn eÔresh twn shmantik¸n paragìntwn
qrhsimopoi¸ntac genikeumèna grammik� montèla, kai sugkekrimèna to logistikì montèlo
palindrìmhshc sto opoÐo h metablht  apìkrishc eÐnai dÐtimh. Ta ereunhtik� apotelèsmata
autoÔ tou kefalaÐou dhmosieÔjhkan sthn episthmonik  ergasÐa [127].
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2.1 Ereunhtikì Prìblhma - Kinht rioc Idèa

H ènnoia thc entropÐac, ìpwc prot�jhke apì ton Shannon katèqei kentrikì rìlo sth
JewrÐa Plhrofori¸n kai qrhsimopoieÐtai eurèwc se pollèc efarmogèc, ìpwc gia par�deigma
sth JewrÐa KwdÐkwn, se mejìdouc diakritopoÐhshc, se mejìdouc kataskeu c dèntrwn
apof�sewn kai efarmìzetai sto arqikì st�dio proepexergasÐac twn dedomènwn se analÔseic
exìruxhc plhroforÐac apì dedomèna (data mining). Ektìc apì thn entropÐa tou Shannon,
sth bibliografÐa sunant�me kai �lla mètra entropÐac, ìpwc thn Rényi entropÐa, Tsal-
lis entropÐa kai Havrda-Charvát entropÐa. H eureÐa qr sh aut¸n twn mètrwn se poll�
episthmonik� pedÐa, se sunduasmì me th qr sh touc se mejìdouc epilog c metablht¸n pou
efarmìzontai sthn exìruxh dedomènwn [187], apotèlese to kÐnhtro gia thn peraitèrw melèth
aut¸n twn mètrwn kai thn enswm�tws  touc se mejìdouc an�lushc twn uperkoresmènwn
sqediasm¸n.

H proteinìmenh mèjodoc pou parousi�zetai diexodik� sthn enìthta pou akoloujeÐ, pro-
seggÐzei to prìblhma an�lushc twn uperkoresmènwn sqediasm¸n mèsw poikÐlwn mètrwn
entropÐac, ta opoÐa sundu�zontai me �lla,  dh up�rqonta mètra plhroforÐac, ¸ste na
qrhsimopoihjoÔn sth sunèqeia gia thn eÔresh twn energ¸n shmantik¸n paragìntwn. Aut 
h prosèggish tou probl matoc an�lushc twn uperkoresmènwn sqediasm¸n eÐnai kainotomik ,
kaj¸c epitugq�netai o sunduasmìc tri¸n diaforetik¸n episthmonik¸n pedÐwn, thc JewrÐac
Plhrofori¸n, thc exìruxhc dedomènwn kai twn peiramatik¸n sqediasm¸n. Ac shmeiwjeÐ ed¸
ìti h pio shmantikh suneisfor� thc proteinìmenhc mejìdou eÐnai ìti jewroÔme ta genikeumèna
grammik� montèla gia thn an�lush twn uperkoresmènwn sqediasm¸n, mèjodoc h opoÐa eÐnai
mh tetrimmènh kai mh anaptugmènh sthn èwc s mera diejn  bibliografÐa.

2.2 H Proteinìmenh Mèjodoc An�lushc

Sthn enìthta aut  parousi�zetai h pr¸th proteinìmenh mèjodoc an�lushc uperkore-
smènwn sqediasm¸n, h opoÐa èqei wc stìqo thn anagn¸rish kai epilog  twn shmantik¸n en-
erg¸n epidr�sewn, proseggÐzontac to prìblhma mèsw poikÐlwn mètrwn thc JewrÐac Plhro-
fori¸n. H Rényi, Tsallis kai Havrda-Charvát entropÐa se sunduasmì me to kèrdoc plhro-
forÐac qrhsimopoioÔntai prokeimènou na entopistoÔn oi shmantikoÐ par�gontec mèsa apì èna
meg�lo sÔnolo endeqìmenwn energ¸n paragìntwn. 'Ena axioshmeÐwto pleonèkthma thc pro-
teinìmenhc mejìdou eÐnai h qr sh twn genikeumènwn grammik¸n montèlwn, kai sugkekrimèna
tou logistikoÔ montèlou palindrìmhshc gia thn an�lush twn dedomènwn apì touc uperko-
resmènouc sqediasmoÔc. H sumperifor� kai h apodotikìthta thc proteinìmenhc mejìdou
exet�sthkan kai axiolog jhkan mèsa apì mÐa empeirik  melèth h opoÐa periel�mbane e-
kten  peir�mata prosomoÐwshc twn opoÐwn ta enjarruntik� apotelèsmata pou proèkuyan
parousi�zontai se epìmenh enìthta.

2.2.1 Perigraf  thc Proteinìmenhc Mejìdou

H proteinìmenh mèjodoc ektim�ei to kèrdoc plhroforÐac, qrhsimopoi¸ntac k�je mÐa apì
tic treic proanaferjeÐsec entropÐec (Rényi, Tsallis kai Havrda-Charvát). Gia thn Rényi
entropÐa, jewr same thn par�metro α Ðsh me to 2, gia thn Tsallis entropÐa jewr same
thn par�metro q p�li Ðsh me to 2, en¸ gia thn Havrda-Charvát entropÐa jewr same thn
par�metro β Ðsh me to 3. Ac shmeiwjeÐ ed¸ ìti ìtan to q = 2, h Tsallis entropÐa isodunameÐ
me to suntelest  Gini (  deÐkth Gini) [93]. SÔmfwna me th bibliografÐa pou up�rqei sqetik�
me ta anwtèrw mètra entropÐac, oi epilegmènec timèc paramètrwn faÐnetai na apoteloÔn thn
klasik  kai idanik  epilog , kai autì apotèlese to krit rio gia mac ¸ste na epilèxoume tic
sugkekrimènec timèc paramètrwn.
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H pr¸th proteinìmenh mèjodoc an�lushc uperkoresmènwn sqediasm¸n perigr�fetai ana-
lutik� parak�tw kai ekteleÐ ta akìlouja b mata:

B ma 1. Dojèntoc enìc n×m uperkoresmènou pÐnaka sqediasmoÔ X = [x1, x2, . . . , xm],
ìpou xj , j = 1, 2, . . . ,m, antistoiqeÐ sthn j-ost  st lh tou pÐnaka, kai enìc n × 1
dianÔsmatoc apìkrishc Y , upologÐzoume k�je for� thn entropÐa Rényi, Tsallis kai
Havrda-Charvát. Epiplèon, lamb�nontac upìyh tic proanaferjeÐsec morfèc sthn
enìthta 1.1.2, upologÐzoume th desmeumènh entropÐa se sqèsh me th metablht  apì-
krishc, gia k�je perÐptwsh antÐstoiqa.

B ma 2. Qrhsimopoi¸ntac k�je mÐa apì tic anwtèrw entropÐec, upologÐzoume to kèrdoc
plhroforÐac gia k�je mètro entropÐac antÐstoiqa. Wc ek toÔtou, ja prokÔyoun trÐa
dianÔsmata me tic antÐstoiqec timèc tou kèrdouc plhroforÐac ig=(ig1, ig2, . . . , igm)
ìpou igj , gia j = 1, 2, . . . ,m, eÐnai h tim  tou kèrdouc plhroforÐac (IG) pou anti-
stoiqeÐ sthn j-ost  metablht . Se k�je mÐa apì tic treic peript¸seic, taxinomoÔme
touc par�gontec sÔmfwna me tic timèc tou kèrdouc plhroforÐac pou proèkuyan. Me
�lla lìgia taxinomoÔme se fjÐnousa seir� to di�nusma kèrdouc plhroforÐac ig.

B ma 3. Krat�me touc par�gontec pou brèjhkan na èqoun tic w uyhlìterec timèc kèrdouc
plhroforÐac. H tim  katwflioÔ w, h opoÐa kajorÐzei to mègisto arijmì shmantik¸n
paragìntwn pou mporoÔn na prosdioristoÔn èqei oristeÐ na eÐnai Ðsh me w = m

2 , ìpou
m eÐnai o arijmìc twn sthl¸n tou uperkoresmènou pÐnaka sqediasmoÔ X.

B ma 4. Sth sunèqeia, prosdiorÐzoume touc shmantikìterouc apì autoÔc touc par�gontec,
diathr¸ntac mìno ekeÐnouc twn opoÐwn h tim  tou mètrou kèrdouc plhroforÐac brè-
jhke na eÐnai megalÔterh apì thn prokajorismènh tim  katwflioÔ pou eÐnai Ðsh me 0.01.
Efìson to ig mètro miac metablht c eÐnai megalÔtero apì to 0.01, tìte o antÐstoiqoc
par�gontac jewreÐtai shmantikìc, se antÐjeth perÐptwsh jewreÐtai mh shmantikìc.

B ma 5. Sumperasmatik�, krat�me touc par�gontec me tic w uyhlìterec timèc kèrdouc
plhroforÐac oi opoÐec tautìqrona eÐnai megalÔterec apì thn prokajorismènh tim 
katwflioÔ. AutoÐ oi par�gontec jewroÔntai shmantikoÐ.

2.2.2 Axiolìghsh thc Proteinìmenhc Mejìdou

Gia th diereÔnhsh kai thn axiolìghsh thc apìdoshc thc proteinìmenhc mejìdou pragmato-
poi same mÐa empeirik  melèth, jewr¸ntac èna eurÔ f�sma prosomeiwmènwn montèlwn kai
uperkoresmènwn sqediasm¸n.

Sth melèth prosomoÐwshc qrhsimopoi same uperkoresmènouc sqediasmoÔc oi opoÐoi
kataskeu�zontai apì ta kl�smata pin�kwn Hadamard, sÔmfwna me th mèjodo pou prot�-
jhke apì ton Lin [148]. Sugkekrimèna, qrhsimopoi same ton uperkoresmèno sqediasmì me
m = 10 par�gontec kai n = 6 peiramatikèc ektelèseic. Epiplèon, gia ta peir�mata prosomoÐ-
wshc, qrhsimopoi same touc E(s2)-bèltistouc kai minimax-bèltistouc kuklikoÔc uperko-
resmènouc sqediasmoÔc, ìpwc autoÐ kataskeu�sthkan apì touc Koukouvinos et al. [130].
AutoÐ oi uperkoresmènoi sqediasmoÐ èqoun n peiramatikèc ektelèseic kai m = q · (n − 1)
par�gontec, ìpou to q eÐnai �rtioc arijmìc. Stic prosomoi¸seic mac jewr same touc E(s2)-
bèltistouc kai minimax-bèltistouc kuklikoÔc uperkoresmènouc sqediasmoÔc me tic akìlou-
jec (n,m) timèc: (6, 10), (8, 14), (10, 18), (12, 22), (14, 26), (16, 30), (18, 34), (20, 38) kai
(22, 42). Ektìc apì autoÔc touc sqediasmoÔc, jewr same kai touc s-block-orjog¸niouc
E(s2)-bèltistouc uperkoresmènouc sqediasmoÔc dÔo epipèdwn me n peiramatikèc ektelèseic
kai m = s(n − 1) par�gontec, ìpwc autoÐ kataskeu�sthkan apì touc Tang kai Wu [215].
Sugkekrimèna, qrhsimopoi same ton uperkoresmèno sqediasmì me m = 22 par�gontec kai
n = 12 peiramatikèc ektelèseic.
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H apìfash sqetik� me thn tim  katwflioÔ w, h opoÐa sthn pr�xh kajorÐzei to mègisto
arijmì twn shmantik¸n paragìntwn pou mporoÔn na anagnwristoÔn, kaj¸c kai h apì-
fash sqetik� me thn tim  katwflioÔ tou kèrdouc plhroforÐac eÐnai polÔ shmantikèc. Sthn
peiramatik  melèth mac jèsame to w = m/2, ìpou m eÐnai o arijmìc twn sthl¸n tou up-
erkoresmènou pÐnaka sqediasmoÔ, dhlad  o arijmìc twn paragìntwn upì exètash, kai gia
to kèrdoc plhroforÐac jèsame thn tim  katwflioÔ Ðsh me 0.01. H apìfash gia to w ègine
b�sh thc arq c thc sporadikìthtac [23] en¸ h apìfash gia thn tim  katwflioÔ tou kèrdouc
plhroforÐac el fjh met� apì ekteneÐc dokimèc prosomoi¸sewn.

Prokeimènou na axiolog soume thn proteinìmenh mèjodo kai na sugkrÐnoume ta apotelè-
smata qrhsimopoi¸ntac k�je for� mÐa apì tic treic jewroÔmenec entropÐec, ektim same ta
sf�lmata TÔpou I kai TÔpou II. Autì pou mac endiafèrei na elègxoume sta peir�mata
prosomeÐwshc eÐnai to kìstoc tou na dhl¸soume mÐa anenerg  epÐdrash wc energ  (sf�lma
TÔpou I) kaj¸c kai to kìstoc tou na dhl¸soume mÐa energ  epÐdrash wc anenerg  (sf�lma
TÔpou II).

Gia ta peir�mata prosomoÐwshc, anaptÔxame logistik� montèla palindrìmhshc me touc
suntelestèc palindrìmhshc na lamb�noun tuqaÐec timèc apì to di�nusma β kai jewr same
montèla mìno kÔriwn epidr�sewn ta opoÐa den sumperilamb�noun allhlepidr�seic. Shmei¸-
noume ed¸ ìti apì th stigm  pou jewr same to logistikì montèlo palindrìmhshc sta
prosarmosmèna prosomeiwmèna montèla, den  tan dunat  h pragmatopoÐhsh sugkrÐsewn
me �llec mejìdouc sthn up�rqousa bibliografÐa oi opoÐec basÐzontai sto genikì grammikì
montèlo. Perissìterec plhroforÐec sqetik� me to logistikì montèlo palindrìmhshc para-
jètoume sthn enìthta 5.2.1 thc paroÔsac diatrib c. Oi pragmatik� energoÐ par�gontec
epilèqjhkan tuqaÐa apì to sÔnolo twn {1, . . . ,m} endeqìmenwn energ¸n paragìntwn kai oi
suntelestèc twn mh energ¸n paragìntwn tèjhkan Ðsoi me mhdèn sto pragmatikì montèlo.
Ston PÐnaka 2.1 perigr�fontai ta montèla ta opoÐa jewr same sth melèth prosomoÐwshc.

PÐnakac 2.1: Montèla 1hc melèthc prosomoÐwshc

Montèlo US apì m n β
1 [148] 10 6 [1, 0, 4, 0, 8, 0, -3, 0, 0, 0]′

2 [148] 10 6 [-1, -1, 0, 0, 0, -1, 0, 0, 0, 0]′

3 [130] 22 12 [-3, 0, 0, 0, 4, 0, 0, 0, 0, 9, 0, 0, 0, 17, 0, 0, 0, 0, -21, 0, 0, 0]′

4 [130] 22 12 [1, 2, 0, 0, 0, 16, 0, 0, 0, 0, 7, 0, 0, 0, -1, 0, 0, 5, 0, 18, 0, 0]′

5 [130] 18 10 [-4, 2, 0, 0, 0, -3, 0, 0, 7, 0, 0, 17, 0, 5, 0, 0, 21, 0]′

6 [130] 18 10 [1, 0, 0, 0, 4, 0, 2, 0, 0, 0, 0, 0, 5, 0, 0, 0, 0, 0]′

7 [130] 18 10 [0, -1, 1, -1, 0, 0, -1, 0, 0, -1, 0, -1, 0, 0, 0, -1, 0, 0]′

8 [130] 26 14 [2, 0, 0, 5, 0, 0, -7, 0, 0, -2, 1, 0, 0, 3, 0, 8, 0, 0, -9, 0, 0, -1, 0, 4, 0, 0]′

9 [130] 26 14 [ 2, 0, 0, 5, 0, 0, -7, 0, 0, 0, 1, 0, 0, 3, 0, 8, 0, 0, -9, 0, 0, -1, 0, 4, 0, 0]′

10 [130] 30 16 [1, 2, 0, 0, 5, 0, 0, 0, 9, 0, 0, 0, 11, 0, 0, 7, 0, 0, 23, 0, 0, 24, 0, 0, 15, 0, 0, 17, 0, 0]′

11 [130] 30 16 [-1, -2, -1, 0, 2, 0, 0, 0, 6, 0, 4, 0, 0, 0, 0, 0, -3, 2, 0, 0, 0, 0, 1, 0, 0, 7, 0, 0, 0, 0]′

12 [130] 34 18 [2, 0, -1, 3, 0, 0, 7, 0, 0, 8, 0, 0, 13, 0, 0, 17, 0, 0, 28, 0, 0, 25, 0, 0, -5, 0, 0, -7, 0, 0, -2, 0, -4, 0]′

13 [130] 34 18 [-1, -2, -3, -4, 0, 0, 0, 0, 1, 0, 8, 0, 0, 0, 0, -7, 0, 0, 0, -1, 0, 9, 0, 0, 0, -5, 0, 0, 0, 0, 0, 0, 9, 0]′

14 [130] 38 20 [1, 2, 0, 0, 4, 0, 0, 0, 7, 0, 0, 11, 0, 0, 14, 0, 0, 0, 21, 0, 0, 0, 16, 0, 0, 0, 0, 17, 0, 0, 0, 21, 0, 0, 0, 17, 0, 0]′

15 [130] 38 20 [1, 2, 3, 4, 5, 6, 7, 0, 0, 0, 1, 0, 0, 1, 0, -1, 0, 0, -1, 0, 0, 1, 0, 0, 0, -1, 0, 4, 0, 0, 0, 0, 0, -2, 0, 0, 0, 0]′

16 [130] 42 22 [0, 0, 0, 0, -3, 0, 0, -2, 0, 0, 0, 0, 1, -1, 0, 0, 0, 0, -2, 0, 0, 0, 5, 0, -3, 0, 0, 0, 0, -3, 1, 0, 0, 0, 0, 0, -4, 1, -1, 3, 0, 0]′

17 [130] 10 6 [-4, 0, 0, 0, 7, 0, 0, 0, 8, 0]′

18 [130] 10 6 [-1, 0, 0, 4, 0, 0, -17, 0, 0, 0]′

19 [130] 10 6 [1, 0, -8, 0, -21, 0, -17, 0, 0, 0]′

20 [130] 14 8 [1, 0, 0, 2, 0, 0, -4, 0, 0, 7, 0, 0, 11, 0]′

21 [130] 14 8 [1, 4, -5, 2, 0, 0, 0, -1, 0, 0, -7, 0, 0, 0]′

22 [215] 22 12 [-1, 0, 0, 3, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 8, 0, 0, 0, 0, 9, 0, 0]′

Sta peir�mat� mac ektelèsame tic prosomoi¸seic 1000 forèc kai ta lhfjènta apotelè-
smata sunoyÐzontai ston PÐnaka 2.2 pou akoloujeÐ. Sugkekrimèna, ston PÐnaka 2.2, h
pr¸th st lh anafèretai ston arijmì pou antistoiqeÐ se k�je montèlo pou qrhsimopoieÐ-
tai. Oi st lec pou onom�zontai wc “Type I” kai “Type II”, anafèrontai stic timèc twn
sfalm�twn TÔpou I kai TÔpou II pou antistoiqoÔn se k�je perÐptwsh entropÐac.

SÔmfwna me ton PÐnaka 2.2, ta posost� sf�lmatoc TÔpou I kai ta posost� sf�lmatoc
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PÐnakac 2.2: Apìdosh thc 1hc proteinìmenhc mejìdou gia ta montèla 1-22 me qr sh 1000 pro-
somoi¸sewn

EntropÐa Rényi Tsallis Havrda-Charvát
Montèlo Type I Type II Type I Type II Type I Type II

1 0.33 0.25 0.17 0.00 0.33 0.25
2 0.29 0.33 0.29 0.00 0.29 0.00
3 0.35 0.00 0.35 0.00 0.35 0.00
4 0.27 0.00 0.27 0.00 0.27 0.00
5 0.00 0.14 0.27 0.14 0.27 0.14
6 0.36 0.00 0.36 0.00 0.36 0.00
7 0.18 0.00 0.18 0.00 0.18 0.00
8 0.25 0.10 0.25 0.10 0.25 0.10
9 0.29 0.11 0.29 0.11 0.29 0.11
10 0.30 0.10 0.30 0.10 0.30 0.10
11 0.30 0.10 0.30 0.10 0.30 0.10
12 0.29 0.15 0.29 0.15 0.29 0.15
13 0.26 0.00 0.26 0.00 0.26 0.00
14 0.33 0.09 0.33 0.09 0.33 0.09
15 0.26 0.13 0.26 0.13 0.26 0.13
16 0.31 0.08 0.31 0.08 0.31 0.08
17 0.14 0.00 0.29 0.00 0.29 0.00
18 0.29 0.00 0.29 0.00 0.29 0.00
19 0.17 0.25 0.17 0.00 0.17 0.00
20 0.22 0.00 0.22 0.00 0.22 0.00
21 0.25 0.17 0.25 0.17 0.25 0.17
22 0.35 0.00 0.35 0.00 0.35 0.00

TÔpou II, antÐstoiqa, eÐnai sqedìn ta Ðdia gia k�je mÐa apì tic treic peript¸seic entropi¸n
pou jewr same. Gia ta 17 apì ta 22 jewroÔmena montèla, ta posost� sf�lmatoc TÔpou
I kai ta posost� sf�lmatoc TÔpou II, antÐstoiqa, eÐnai akrib¸c ta Ðdia gia k�je mÐa apì
tic treic entropÐec. Me �lla lìgia, h proteinìmenh mèjodoc mporeÐ na jewrhjeÐ eÔrwsth
se sqèsh me thn epilog  thc entropÐac, dedomènou ìti parousi�zei thn Ðdia ikanìthta ana-
gn¸rishc twn pragmatik� energ¸n kai mh energ¸n paragìntwn gia k�je mÐa apì tic treic
entropÐec (Rényi, Tsallis kai Havrda-Charvát), kai mìno se 5 apì ta 22 jewroÔmena mo-
ntèla parathroÔme ìti up�rqoun polÔ mikrèc oriakèc diaforèc metaxÔ touc. Gia par�deigma,
stic peript¸seic pou qrhsimopoieÐtai o uperkoresmènoc sqediasmìc tou Lin [148] blèpoume
ìti up�rqoun mikrèc diaforèc upèr thc Tsallis entropÐac.

Genik� parathroÔme ìti h proteinìmenh mèjodoc epitugq�nei ikanopoihtik� qamhlèc timèc
gia ta dÔo upì ektÐmhsh sf�lmata kai sqedìn gia ìla ta montèla. Sugkekrimèna, oi timèc
twn sfalm�twn TÔpou II eÐnai qamhlìterec apì tic antÐstoiqec timèc twn sfalm�twn TÔpou
I. To mèso posostì sf�lmatoc TÔpou I twn 22 montèlwn se 1000 prosomoi¸seic eÐnai thc
t�xhc tou 26% kai to antÐstoiqo posostì gia ta sf�lmata TÔpou II eÐnai 9%. To gegonìc
autì upodeiknÔei ìti h proteinìmenh mèjodoc parousi�zei thn t�sh na dhl¸nei esfalmèna
perissìterouc mh energoÔc paragìntec wc energoÔc, kai ligìterouc energoÔc paragìntec
wc mh energoÔc. Ektìc apì autì, shmei¸noume ìti oi timèc twn sfalm�twn paramènoun
ikanopoihtik� qamhlèc akìma kai gia ta montèla sta opoÐa h arq  thc sporadikìthtac eÐnai
asjenèsterh, dhlad  sta montèla twn opoÐwn o arijmìc twn energ¸n paragìntwn p eÐnai
megalÔteroc apì n

2 .

2.3 Sumper�smata

Sto kef�laio autì parousi�same mÐa mèjodo gia ton prosdiorismì twn energ¸n epidr�-
sewn stouc uperkoresmènouc sqediasmoÔc gia thn an�lush dedomènwn pou proèrqontai
apì èna logistikì montèlo palindrìmhshc. 'Ola aut� epitugq�nontai mèsw tou sunduasmoÔ
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jemeliwd¸n mètrwn thc JewrÐac Plhrofori¸n. O prwtarqikìc mac stìqoc  tan h an�ptu-
xh miac apotelesmatik c mejìdou an�lushc twn uperkoresmènwn sqediasm¸n h opoÐa ja
epitugq�nei na anagnwrÐsei touc energoÔc par�gontec me to mikrìtero dunatì sf�lma TÔpou
I kai TÔpou II. Ta sf�lmata TÔpou I kai TÔpou II eÐnai exÐsou shmantik� kai ja prèpei na
diathroÔntai ìso to dunatìn qamhlìtera, ìmwc dedomènou ìti oi uperkoresmènoi sqediasmoÐ
kurÐwc qrhsimopoioÔntai se peir�mata krhsarÐsmatoc me stìqo na anagnwrÐsoun ekeÐnouc
touc par�gontec pou ja prèpei na exetastoÔn peraitèrw, oi qamhlèc timèc sf�lmatoc TÔpou
II eÐnai idiaÐtera epijumhtèc. H proteinìmenh mèjodoc faÐnetai na epitugq�nei k�ti tètoio
kai na sumperifèretai ikanopoihtik�, dedomènou ìti parousi�zei idiaÐtera qamhlèc timèc gia
ta sf�lmata TÔpou II kai diathreÐ ta sf�lmata TÔpou I se ikanopoihtik� qamhl� epÐpeda.
Epiplèon, h proteinìmenh mèjodoc mporeÐ na jewrhjeÐ eÔrwsth se sqèsh me thn epilog 
thc entropÐac, dedomènou ìti parousi�zei parìmoia ikanìthta anagn¸rishc twn pragmatik�
energ¸n kai mh energ¸n paragìntwn gia k�je mÐa apì tic treic jewroÔmenec entropÐec
(Rényi, Tsallis kai Havrda-Charvát).
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Information is the
resolution of uncertainty.

�Claude E. Shannon (1916–2001)

Sto trÐto autì kef�laio asqoloÔmaste kai p�li me th statistik  an�lush twn uperko-
resmènwn sqediasm¸n. Sugkekrimèna, tropopoi¸ntac ton algìrijmo exìruxhc dedomènwn
Fast Correlation Based Filter parousi�zetai mÐa nèa mejodologÐa epilog c metablht¸n se
ènan uperkoresmèno sqediasmì, ìpou oi epexhghmatikèc metablhtèc brÐskontai se dÔo epÐpe-
da. H melèth èqei kai p�li wc upìbajro th JewrÐa Plhrofori¸n, kaj¸c h entropÐa Shannon
se sunduasmì me to kèrdoc plhroforÐac kai to krit rio thc summetrik c abebaiìthtac qrhsi-
mopoioÔntai gia thn an�lush twn uperkoresmènwn sqediasm¸n kai thn eÔresh twn energ¸n
kÔriwn epidr�sewn, jewr¸ntac genikeumèna grammik� montèla kai sugkekrimèna to logi-
stikì montèlo palindrìmhshc sto opoÐo h metablht  apìkrishc eÐnai dÐtimh. Ta ereunhtik�
apotelèsmata autoÔ tou kefalaÐou dhmosieÔjhkan sthn episthmonik  ergasÐa [133].
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3.1 Ereunhtikì Prìblhma - Kinht rioc Idèa

H ektetamènh efarmog  diafìrwn mètrwn plhroforÐac se polloÔc episthmonikoÔc tomeÐc,
ìpwc anafèrjhkan anwtèrw, se sunduasmì me th qr sh thc ènnoiac thc entropÐac se
mejìdouc epilog c metablht¸n kai se polloÔc algìrijmouc oi opoÐoi ulopoioÔntai sthn
an�lush exìruxhc dedomènwn, mac parakÐnhse na dieurÔnoume thn efarmog  touc sth stati-
stik  anaptÔssontac mejìdouc an�lushc twn uperkoresmènwn sqediasm¸n.

H mèjodoc pou parousi�same sto prohgoÔmeno Kef�laio 2 apoteleÐ thn pr¸th mac
prosp�jeia na analÔsoume uperkoresmènouc sqediasmoÔc k�tw apì thn upìjesh enìc
genikeumènou grammikoÔ montèlou, sugkekrimèna enìc logistikoÔ montèlou palindrìmhshc,
mèjodoc h opoÐa eÐnai mh tetrimmènh kai mh anaptugmènh sthn èwc s mera diejn  bibliogra-
fÐa, ìpou sunant�me to prìblhma an�lushc twn uperkoresmènwn sqediasm¸n mìno k�tw upì
th skèph tou klasikoÔ grammikoÔ montèlou. Oi timèc twn sfalm�twn TÔpou I kai TÔpou
II pou proèkuyan  tan ikanopoihtik� qamhlèc, all� apì th stigm  pou to mèso posostì
sf�lmatoc TÔpou I  tan thc t�xhc tou 26% kai to antÐstoiqo posostì gia ta sf�lmata
TÔpou II 9%, diapist¸noume ìti up�rqei sÐgoura kÐnhtro peraitèrw melèthc kai perij¸rio
beltÐwshc.

Sthn pr¸th proteinìmenh mèjodo an�lushc ta mètra entropÐac se sunduasmì me to
kèrdoc plhroforÐac qrhsimopoioÔntai gia thn an�lush twn uperkoresmènwn sqediasm¸n
kai thn eÔresh twn energ¸n kÔriwn epidr�sewn. To kèrdoc plhroforÐac apoteleÐ èna sum-
metrikì mètro gia dÔo tuqaÐec metablhtèc X kai Y. H summetrÐa eÐnai mÐa idiaÐtera epijumht 
idiìthta gia èna mètro ex�rthshc (susqètishc) metaxÔ twn paragìntwn, all� prodiajètei
to kèrdoc plhroforÐac upèr twn metablht¸n me tic perissìterec timèc. Gia to lìgo autì, oi
timèc autèc ja prèpei na kanonikopoihjoÔn ètsi ¸ste na exasfalisteÐ ìti eÐnai sugkrÐsimec
kai èqoun thn Ðdia epÐdrash.

To gegonìc autì apotèlese to kÐnhtro gia thn peraitèrw melèth twn mètrwn plhro-
forÐac kai thn idèa gia thn enswm�twsh tou krithrÐou thc summetrik c abebaiìthtac se
mejìdouc an�lushc twn uperkoresmènwn sqediasm¸n. Oi Press et al. [184] prìteinan èna
enallaktikì mètro susqètishc, to opoÐo onom�zetai summetrik  abebaiìthta (symmetrical
uncertainty-SU) to opoÐo antistajmÐzei thn prodi�jesh (bias) tou kèrdouc plhroforÐac up-
èr twn metablht¸n me tic perissìterec timèc. K�ti tètoio epitugq�netai me kanonikopoÐhsh
thc tim c tou sto eÔroc [0,1].

3.2 H Proteinìmenh Mèjodoc An�lushc

Se aut  thn enìthta parousi�zetai h deÔterh proteinìmenh mèjodoc an�lushc uperko-
resmènwn sqediasm¸n, h opoÐa èqei wc stìqo thn anagn¸rish kai epilog  twn shmantik¸n
energ¸n epidr�sewn. H proteinìmenh mèjodoc apoteleÐ tropopoÐhsh enìc  dh up�rqontoc
algìrijmou epilog c metablht¸n, o opoÐoc kaleÐtai Fast Correlation Based Filter (FCBF)
algìrijmoc [234] kai qrhsimopoieÐtai sthn an�lush exìruxhc dedomènwn. ProseggÐzoume
to prìblhma mèsw poikÐlwn mètrwn thc JewrÐac Plhrofori¸n, sugkekrimèna h Shannon
entropÐa se sunduasmì me to kèrdoc plhroforÐac, kaj¸c kai to krit rio thc summetrik c
abebaiìthtac qrhsimopoioÔntai prokeimènou na entopistoÔn oi shmantikoÐ par�gontec mèsa
apì èna meg�lo sÔnolo endeqìmenwn energ¸n paragìntwn. 'Ena axioshmeÐwto pleonèkth-
ma thc proteinìmenhc mejìdou eÐnai h qr sh twn genikeumènwn grammik¸n montèlwn, kai
sugkekrimèna tou logistikoÔ montèlou palindrìmhshc gia thn an�lush twn dedomènwn apì
touc uperkoresmènouc sqediasmoÔc. H sumperifor� kai h apodotikìthta thc proteinìmenhc
mejìdou exet�sthkan kai axiolog jhkan mèsa apì mia empeirik  kai sugkritik  melèth pou
periel�mbane ekten  peir�mata prosomoÐwshc twn opoÐwn ta enjarruntik� apotelèsmata
pou proèkuyan parousi�zontai se epìmenh enìthta.
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3.2.1 Perigraf  thc Proteinìmenhc Mejìdou

Sth shmerin  epoq  pou h sullog  dedomènwn eÐnai epitaktik  an�gkh kai o ìgkoc
thc plhroforÐac ter�stioc, antimetwpÐzoume se polloÔc episthmonikoÔc tomeÐc, ìpwc gia
par�deigma sth mhqanik  ekm�jhsh (machine learning)   sthn exìruxh dedomènwn, pro-
bl mata montelopoÐhshc uyhl c di�stashc, dhlad  probl mata sta opoÐa o arijmìc twn
metablht¸n p eÐnai kat� polÔ megalÔteroc twn diajèsimwn parathr sewn n (dhl. p� n).
Di�forec mèjodoi èqoun protajeÐ bibliografik� me stìqo thn eÔresh kai epilog  twn shma-
ntik¸n matablht¸n se tètoiou eÐdouc probl mata. Oi uperkoresmènoi sqediasmoÐ ex’orismoÔ
eÐnai sqediasmoÐ twn opoÐwn o arijmìc twn paragìntwn m eÐnai megalÔteroc   Ðsoc tou
arijmoÔ twn peiramatik¸n ektelèsewn n, dhlad  m ≥ n   m > n − 1. Blèpontac loipìn
pio anoiqt� to prìblhma an�lushc twn uperkoresmènwn sqediasm¸n ja mporoÔsame na
poÔme ìti apoteleÐ mÐa upoperÐptwsh twn problhm�twn montelopoÐhshc uyhl c di�stashc.
H diapÐstwsh aut  mac parakÐnhse na tropopoi soume ènan  dh up�rqon algìrijmo epi-
log c metablht¸n pou qrhsimopoieÐtai se tètoiou tÔpou probl mata, kai na anaptÔxoume
kat’epèktash mÐa mèjodo an�lushc twn uperkoresmènwn sqediasm¸n. H proteinìmenh mèjo-
doc sundu�zei thn entropÐa Shannon kai to kèrdoc plhroforÐac, kai katal gei na epilègei
tic energèc kÔriec epidr�seic mèsw tou krithrÐou thc summetrik c abebaiìthtac.

To mètro thc summetrik c abebaiìthtac qrhsimopoieÐtai ston FCBF algìrijmo [234],
kai h proteinìmenh mèjodoc epilog c metablht¸n apoteleÐ tropopoÐhsh tou FCBF algo-
rÐjmou, apì th stigm  pou qrhsimopoieÐ to mètro thc summetrik c abebaiìthtac gia na ka-
jorÐsei sto telikì st�dio touc shmantikoÔc par�gontec, orÐzontac k�poia tim  katwflioÔ
thc morf c SU > δ. Ac shmeiwjeÐ ed¸ ìti epilèxame metaxÔ poll¸n �llwn algorÐjmwn
epilog c metablht¸n na tropopoi soume ton FCBF algìrijmo, gia touc ex c lìgouc. O
FCBF algìrijmoc sugkrinìmenoc me �llouc antÐstoiqouc algìrijmouc epilog c metabl-
ht¸n (ReliefF [122], CorrSF [103] kai ConsSF [61]) trèqei polÔ pio gr gora, gegonìc pou
epalhjeÔei thn an¸terh upologistik  apodotikìtht� tou, kai eÐnai o pio apotelesmatikìc
apì thn �poyh ìti mporeÐ na afairèsei èna megalÔtero arijmì peritt¸n metablht¸n. Epiprì-
sjeta, o Pearson Redundancy Based Filter (PRBF) algìrijmoc [17] o opoÐoc prot�jhke
prìsfata, met� apì thn efarmog  tou kai thn empeirik  sÔgkrish me touc proanafer-
jèntec algìrijmouc (FCBF, CorrSF, ReliefF kai ConsSF) nai men èdwse polÔ enjarruntik�
apotelèsmata all� h apìdos  tou den  tan kalÔterh apì aut n tou FCBF algorÐjmou.

H deÔterh proteinìmenh mèjodoc epilog c metablht¸n gia thn an�lush twn uperkore-
smènwn sqediasm¸n perigr�fetai analutik� parak�tw kai ekteleÐ ta akìlouja b mata:

B ma 1. Dojèntoc enìc n×m uperkoresmènou pÐnaka sqediasmoÔ X = [x1, x2, . . . , xm],
ìpou xj , j = 1, 2, . . . ,m, antistoiqeÐ sthn j-ost  st lh tou pÐnaka, kai enìc n × 1
dianÔsmatoc apìkrishc Y , upologÐzoume b ma-b ma ta parak�tw mètra plhroforÐac.

B ma 2. Arqik�, upologÐzoume to di�nusma twn tim¸n thc entropÐacH(X) = (H(x1), H(x2),
. . . , H(xm)), ìpou H(xj), gia j = 1, 2, . . . ,m, eÐnai h antÐstoiqh tim  tou mètrou en-
tropÐac H(X) gia thn j-ost  metablht . Epiplèon, upologÐzoume to di�nusma twn
tim¸n thc desmeumènh entropÐac H(X|Y ) = (H(x1|y), H(x2|y), . . . ,H(xm|y)), ìpou
H(xj |y), gia j = 1, 2, . . . ,m, eÐnai h antÐstoiqh tim  tou mètrou thc desmeumènhc
entropÐac H(X|Y ) gia thn j-ost  metablht .

B ma 3. 'Epeita, upologÐzoume to di�nusma twn tim¸n tou kèrdouc plhroforÐac I(X|Y ) =
(I(x1|y), I(x2|y), . . . , I(xm|y)), ìpou I(xj |y) = H(xj)− (H(xj |y)), gia j = 1, 2, . . . ,
m, eÐnai h antÐstoiqh tim  tou mètrou tou kèrdouc plhroforÐac I(X|Y ) gia thn j-ost 
metablht  se sqèsh me th metablht  apìkrishc.

B ma 4. Tèloc, upologÐzoume to di�nusma twn tim¸n thc summetrik c abebaiìthtac SU =
(su1, su2, . . . , sum), ìpou suj = 2 ×

[
I(xj |y)

H(xj)+H(y)

]
, gia j = 1, 2, . . . ,m, eÐnai h antÐ-
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stoiqh tim  tou mètrou thc summetrik c abebaiìthtac gia thn j-ost  metablht  se
sqèsh me th metablht  apìkrishc.

B ma 5. An h tim  tou SU mètrou miac metablht c eÐnai toul�qiston tìso meg�lh ìso
h prokajorismènh tim  katwflioÔ, tìte h antÐstoiqh metablht  jewreÐtai ìti eÐnai
shmantik , se diaforetik  perÐptwsh dhl¸netai wc mh shmantik .

3.2.2 Krit ria Axiolìghshc

Prokeimènou na axiolog soume thn proteinìmenh mèjodo, qrhsimopoi same dÔo krit ria
apìdoshc. To pr¸to krit rio pou qrhsimopoi same eÐnai ta sf�lmata TÔpou I kai TÔpou
II. Autì pou mac endiafèrei na elègxoume sta peir�mata prosomeÐwshc eÐnai to kìstoc tou
na dhl¸soume mÐa anenerg  epÐdrash wc energ  (sf�lma TÔpou I) kaj¸c kai to kìstoc tou
na dhl¸soume mÐa energ  epÐdrash wc anenerg  (sf�lma TÔpou II). To deÔtero krit rio
pou qrhsimopoi same eÐnai oi kampÔlec leitourgikoÔ qarakthristkoÔ dèkth (Receiver Op-
erating Characteristic-ROC) kai to embadìn k�tw apì thn kampÔlh ROC (Area Under the
Curve-AUC). Mia kampÔlh leitourgikoÔ qarakthristikoÔ dèkth   apl� mia ROC kampÔlh
eÐnai mia grafik  anapar�stash thc euaisjhsÐac (sensitivity) ènanti tou 1-eidikìthta (1-
specificity) gia èna sÔsthma duadik c taxinìmhshc. Mia ROC kampÔlh mporeÐ isodÔnama
na ekproswphjeÐ me th grafik  anapar�stash tou posostoÔ twn alhj¸c jetik¸n (True
Positive Rate-TPR= TP/(TP + FN)) ènanti tou posostoÔ twn yeud¸c jetik¸n (False Pos-
itive Rate-FPR=FP/(TN + FP)). EÐnai epÐshc gnwst  wc kampÔlh sqetikoÔ leitourgikoÔ
qarakthristikoÔ afoÔ ekteleÐ th sÔgkrish dÔo leitourgik¸n qarakthristik¸n, twn TPR
kai FPR.

Se èna logistikì montèlo prìbleyhc dipl c kl�shc, to apotèlesma qarakthrÐzetai apì
th jetik  (P)   arnhtik  (N) kl�sh. Up�rqoun tèsseric pijanèc ekb�seic gia èna duadikì
taxinomht . An to apotèlesma thc prìbleyhc eÐnai P kai h pragmatik  tim  eÐnai epÐshc
P, autì onom�zetai alhj¸c jetikì (TP). Wstìso, e�n h pragmatik  tim  eÐnai N, lège-
tai yeud¸c jetikì (FP). AntÐjeta, èna alhj¸c arnhtikì (TN) prokÔptei ìtan tìso to
apotèlesma thc prìbleyhc ìso kai h pragmatik  tim  eÐnai N, kai èna yeud¸c arnhtikì
(FN) prokÔptei ìtan to apotèlesma thc prìbleyhc eÐnai N, en¸ h pragmatik  tim  eÐnai P.
Ac orÐsoume èna peÐrama me P jetikèc kai N arnhtikèc peript¸seic. Ta tèssera pijan�
apotelèsmata mporoÔn na parousiastoÔn se ènan 2× 2 pÐnaka sun�feiac (PÐnakac 3.1).

PÐnakac 3.1: PÐnakac sun�feiac

True Class P N
Hypothesized Class P TP FP
Hypothesized Class N FN TN

O endiaferìmenoc angn¸sthc mporeÐ na anatrèxei stic episthmonikèc ergasÐec [179], [180]
kai [181] gia perissìterec plhroforÐec sqetik� me tic kampÔlec leitourgikoÔ qarakthri-
stikoÔ dèkth, kai sthn ergasÐa [25] gia to embadìn k�twjen aut c.

H ROC kampÔlh apoteleÐ èna mètro thc akrÐbeiac enìc peir�matoc prìbleyhc dipl c
kl�shc kaj¸c parèqei th dunatìthta optik c kai posotik c ektÐmhshc thc sunolik c apì-
doshc kai apotelesmatikìthtac miac peiramatik c dokimasÐac. To embadìn k�twjen thc
kampÔlhc apoteleÐ èna mètro thc poiìthtac diaqwrismoÔ dÔo kl�sewn kai qrhsimopoieÐtai
eurèwc sth statistik  sumperasmatologÐa twn ROC kampul¸n. H perioq  k�tw apì thn
kampÔlh ROC (AUC) isoÔtai me thn pijanìthta ènac taxinomht c na katat�xei èna tuqaÐ-
a epilegmèno jetikì upìdeigma (instance) uyhlìtera apì èna tuqaÐa epilegmèno arnhtikì
upìdeigma

Ed¸ endiafèron èqei o èlegqoc thc upìjeshc:
H0 : AUC = 0.5,
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ènanti thc enallaktik c
H1 : AUC > 0.5.

H tim  AUC = 0.5 antistoiqeÐ se èna peiramatikì test pou manteÔei tuqaÐa (random
guess) kai ousiastik� den èqei axiìpisth probleptik  ikanìthta. 'Oso uyhlìterh eÐnai h
tim  tou AUC, tìso to kalÔtero, me thn tim  0.50 na deÐqnei tuqaÐa apìdosh kai thn tim 
1.00 na dhl¸nei tèleia apìdosh.

To shmeÐo apìfashc antistoiqeÐ sto shmeÐo pou orÐzei to epÐpedo shmantikìthtac α
to opoÐo eÐnai Ðso me α=P(Sf�lma TÔpou I)=P(AporrÐptetai h H0|H0 alhjin ). OmoÐwc,
gia thn enallaktik  upìjesh H1 mporeÐ na oristeÐ to β=P(Sf�lma TÔpou II)=P(Dekt 
h H0|H0 lanjasmènh). EÐnai fanerì ìti jèloume ta α kai β ìso to dunatìn mikrìtera.
To γ = 1 − β lègetai isqÔc   dÔnamh tou test me 1 − β=P(Dekt  h H1|H1 alhjin )
kai h tim  tou jèloume na eÐnai ìso to dunatìn megalÔterh. Metab�llontac to epÐpedo
shmantikìthtac kai paÐrnontac to gr�fhma pou orÐzoun ta (α, 1 − β) orÐzoume thn ROC
kampÔlh gia ton èlegqo thc mhdenik c upìjeshc H0 ènanti thc enallaktik c upìjeshc H1.
Diapist¸noume loipìn ìti up�rqei antistoÐqish twn dÔo krithrÐwn ta opoÐa epilèxame gia
thn axiolìghsh thc proteinìmenhc mejodologÐac.

3.3 Axiolìghsh thc Proteinìmenhc Mejìdou

Gia th diereÔnhsh kai thn axiolìghsh thc apìdoshc thc proteinìmenhc mejìdou pragmato-
poi same mia empeirik  kai sugkritik  melèth, jewr¸ntac èna eurÔ f�sma prosomeiwmènwn
montèlwn kai uperkoresmènwn sqediasm¸n. Sth melèth prosomoÐwshc jewr same touc
E(s2)-bèltistouc kai minimax-bèltistouc kuklikoÔc uperkoresmènouc sqediasmoÔc, ìpwc
autoÐ kataskeu�sthkan apì touc Koukouvinos et al. [130]. AutoÐ oi uperkoresmènoi sqe-
diasmoÐ èqoun n peiramatikèc ektelèseic kai m = q · (n − 1) par�gontec, ìpou to q eÐnai
�rtioc arijmìc. Stic prosomoi¸seic mac qrhsimopoi same touc E(s2)-bèltistouc kai min-
imax-bèltistouc kuklikoÔc uperkoresmènouc sqediasmoÔc me tic akìloujec (n,m) timèc:
(6, 10), (8, 14), (10, 18), (12, 22), (14, 26), (16, 30), (18, 34), (20, 38) kai (22, 42). Ektìc
apì autoÔc touc sqediasmoÔc, jewr same kai touc s-block-orjog¸niouc E(s2)-bèltistouc
uperkoresmènouc sqediasmoÔc dÔo epipèdwn me n peiramatikèc ektelèseic kai m = s(n− 1)
par�gontec, ìpwc autoÐ kataskeu�sthkan apì touc Tang kai Wu [215]. Sugkekrimèna,
qrhsimopoi same ton uperkoresmèno sqediasmì me m = 22 par�gontec kai n = 12 peira-
matikèc ektelèseic.

H epilog  thc tim c katwflioÔ tou SU mètrou, h opoÐa kajorÐzei to kat� pìso ènac
par�gontac eÐnai shmantikìc   ìqi, diadramatÐzei shmantikì rìlo. Gia autìn to lìgo, pollèc
diaforetikèc timèc katwflioÔ (0.001, 0.01, 0.05, 0.1, 0.15, 0.2, median(SU)) exet�sthkan me
stìqo na brejoÔn oi bèltistec timèc gia thn proteinìmenh mèjodo. H telik  apìfash el fjh
sÔmfwna me tic timèc katwflioÔ pou parathr jhkan na apoteloÔn kalèc epilogèc met� apì
dokimèc prosomoÐwshc. 'Etsi epilèxame treic timèc katwflioÔ prokeimènou na melet soume
ta apotelèsmata, thn apìdosh kai th stajerìthta thc mejìdou mac. Oi pr¸tec dÔo timèc
katwflioÔ  tan stajeroÐ arijmoÐ, en¸ h trÐth tim  katwflioÔ basÐsthke stic ektim¸menec
timèc tou SU . Wc ek toÔtou, oi treic timèc katwflioÔ pou efarmìsthkan  tan oi 0.01, 0.05
kai h di�mesoc tou SU (median(SU)).

3.3.1 Empeirik  Melèth

Gia ta peir�mata prosomoÐwshc, anaptÔxame logistik� montèla palindrìmhshc me touc
suntelestèc palindrìmhshc na lamb�noun tuqaÐec timèc apì to di�nusma β kai jewr same
montèla mìno kÔriwn epidr�sewn ta opoÐa den sumperilamb�noun allhlepidr�seic. Perissì-
terec plhroforÐec sqetik� me to logistikì montèlo palindrìmhshc parajètoume sthn enìth-
ta 5.2.1 thc paroÔsac diatrib c. Na shmei¸soume ed¸ ìti h katanom  twn antijèsewn den
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ephre�zetai apì to mètro (magnitude) twn suntelest¸n all� exart�tai apì to sqetikì
mègejoc (relative size) twn suntelest¸n. Dedomènou ìti oi sunj kec sthn pr�xh eÐnai
sun jwc diaforetikèc apì ekeÐnec twn prosomoi¸sewn kai ìti o peiramatist c den mporeÐ na
gnwrÐzei ek twn protèrwn pìsoi kai poioÐ par�gontec mporeÐ na eÐnai energoÐ, prokeimènou na
exet�soume to pìso euaÐsjhta eÐnai ta apotelèsmata sthn epilog  kaj¸c kai ton arijmì twn
energ¸n sthl¸n-paragìntwn, melet same èna eurÔ f�sma prosomeiwmènwn montèlwn sta
peir�mat� mac sta opoÐa jewroÔme gia k�je uperkoresmèno sqediasmì diaforetikì arijmì
energ¸n paragìntwn, diaforetik  epilog  energ¸n sthl¸n kai diaforetikoÔc suntelestèc
β. Oi pragmatik� energoÐ par�gontec epilèqjhkan tuqaÐa apì to sÔnolo twn {1, . . . ,m}
endeqìmenwn energ¸n paragìntwn kai oi suntelestèc twn mh energ¸n paragìntwn tèjhkan
Ðsoi me mhdèn sto pragmatikì montèlo. Ston PÐnaka 3.2 perigr�fontai ta montèla ta opoÐa
jewr same sth melèth prosomoÐwshc.

PÐnakac 3.2: Montèla 2hc melèthc prosomoÐwshc

Montèlo US apì m n β
1 [215] 22 12 [1, 0, 0, -13, 0, 0, 4, -3, 0, 0, -6, 0, 0, -7, 0, -24, 0, -5, 0, -21, 0, 0]′

2 [130] 22 12 [1, 0, 0, 0, -1, 0, 1, 0, 0, 0, 0, 0, -2, 0, 0, -4, 0, 0, 0, -1, 0, 0]′

3 [130] 18 10 [0, 0, -5, 0, -3, 4, 0, 0, 7, 0, 0, 1, 2, 0, 0, -7, 0, 3]′

4 [130] 18 10 [0, 0, -7, 0, 0, 6, 4, 0, 0, -3, 0, 0, 1, 1, 0, 0, 0, 1]′

5 [130] 18 10 [0, -4, 1, 0, -2, 0, 3, -4, 0, 0, 0, -6, 0, 0, -2, 0, 2, 0]′

6 [130] 18 10 [1, 0, 0, 0, 1, 0, 2, 0, 0, 0, 0, 0, 2, 0, 0, 0, 0, 0]′

7 [130] 18 10 [0, 0, 0, -13, 0, -24, 0, 2, 0, 0, 11, 0, 0, 21, 0, 0, -6, 0]′

8 [130] 26 14 [-2, -1, 0, 0, 2, -3, 0, 0, -3, 0, 0, 2, 0, -4, 0, 0, 0, -6, 0, 0, -4, 0, 0, 0, -5, 0]′

9 [130] 26 14 [1, 0, 1, 0, 2, -4, 0, 0, 5, 0, 0, -1, 0, 0, 2, 1, 0, 7, 3, 1, 0, 0, -2, 0, 1, 0]′

10 [130] 30 16 [0, -1, 0, 0, 0, 0, 2, 0, 0, 0, -5, 0, -2, 0, -1, 0, 0, -7, 0, 0, -3, 0, 0, 0, 0, -7, 0, 0, 0, 0]′

11 [130] 30 16 [-2, -1, 0, 0, 0, 0, 2, 0, 0, 2, 0, 0, 0, 0, -1, 0, 0, -7, 0, 0, -3, 0, 0, 0, 0, 0, 0, 0, -4, 0]′

12 [130] 34 18 [0, 0, 0, 2, 0, 0, 0, 3, 0, 0, 0, 0, 0, 0, 0, 4, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 1, 0, 0, 0]′

13 [130] 34 18 [2, 0, 0, 3, 0, 0, 0, 4, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0]′

14 [130] 34 18 [2, 3, 4, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]′

15 [130] 38 20 [0, 0, 0, 0, -17, 0, 0 ,0, 0, 0, -23, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 26, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]′

16 [130] 38 20 [0, -5, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,0 ,2 ,0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 4, 0, 0, 0, 0]′

17 [130] 38 20 [0, 0, 2, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 3, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 3, 0, 0, 0]′

18 [130] 38 20 [0, 0, 0, 0, -17, 0, 0, 0, 0, 0, -23, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 26, 0, 0, 0, 0, 0, 0, 0, 0, 0, -21, 0, 0, 0, 0, 0]′

19 [130] 42 22 [0, 0, 0, 0, -2, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, -4, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, -5, 0, 0, 0, 0, 0, 0, 3, 0, 0, 0, 0, 0, 0]′

20 [130] 42 22 [0, 0, 3, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 5, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 12, 0, 0, 0, 0, 0, 0, 3, 0, 0, 0, 0, 0, 0]′

21 [130] 10 6 [-7, 0, 0, 0, 0, -7, 0, 0, 2, 0]′

22 [130] 10 6 [-17, -13, 0, 0, 0, -2, 0, 0, 6, 0]′

23 [130] 14 8 [1, 0, -3 ,0 ,0, -1, 0, 0, 0, 0, 7, 0, 0, 0]′

24 [130] 14 8 [-6, 0, 0 ,0 ,2, 0, 0, 4, 0, 0, 0, -8, 0, 0]′

Gia k�je èna apì aut� ta montèla, 1000 sÔnola dedomènwn par qjhsan, kai ta lhfjènta
apotelèsmata met� thn efarmog  thc proteinìmenhc mejìdou, parousi�zontai ston PÐnaka
3.3, sÔmfwna me tic antÐstoiqec timèc katwflioÔ. Sugkekrimèna ston PÐnaka 3.3, sthn
pr¸th st lh anafèretai o arijmìc pou antistoiqeÐ se k�je montèlo pou qrhsimopoieÐtai, kai
sthn pr¸th gramm  parousi�zetai h epilegmènh tim  katwflioÔ. Oi st lec pou onom�zontai
wc “Type I” kai “Type II”, anafèrontai stic timèc twn sfalm�twn TÔpou I kai TÔpou II
pou antistoiqoÔn se k�je tim  katwflioÔ.

ParathroÔme apì ton PÐnaka 3.3 ìti h proteinìmenh mèjodoc parousi�zei ikanopoihtik�
qamhlèc timèc kai gia ta dÔo sf�lmata sqedìn gia ìla ta montèla, kaj¸c epÐshc kai ìti ta
sf�lmata TÔpou II eÐnai shmantik� mikrìtera apì ta sf�lmata TÔpou I gia thn pleionìthta
twn montèlwn, sugkekrimèna gia 16 apì ta 24 montèla. Ektìc apì autì, shmei¸noume
ìti oi timèc twn sfalm�twn paramènoun qamhlèc akìma kai gia ta montèla sta opoÐa h
arq  thc sporadikìthtac eÐnai asjenèsterh, dhlad  sta montèla twn opoÐwn o arijmìc twn
energ¸n paragìntwn p eÐnai megalÔteroc apì n

2 . Genik�, o PÐnakac 3.3 upodeiknÔei ìti h
proteinìmenh mèjodoc teÐnei na dhl¸nei me uyhlìtero posostì tic anenergèc epidr�seic wc
energèc kai me polÔ qamhlìtero posostì tic energèc epidr�seic wc anenergèc. Upì aut 
thn ènnoia, h proteinìmenh mèjodoc ja mporoÔse pr�gmati na qarakthristeÐ wc sunthrhtik 
(conservative).



3.3 Axiolìghsh thc Proteinìmenhc Mejìdou 31

PÐnakac 3.3: Apìdosh thc 2hc proteinìmenhc mejìdou gia ìlec tic timèc katwflioÔ gia ta montèla
1-24 me qr sh 1000 prosomoi¸sewn

Timèc katwflioÔ 0.01 0.05 median(su)
Montèlo Type I Type II Type I Type II Type I Type II

1 0.15 0.11 0.15 0.11 0.15 0.11
2 0.25 0.17 0.25 0.17 0.25 0.17
3 0.20 0.12 0.20 0.12 0.20 0.12
4 0.27 0.14 0.27 0.14 0.27 0.14
5 0.30 0.25 0.30 0.25 0.30 0.25
6 0.36 0.00 0.36 0.00 0.36 0.00
7 0.33 0.17 0.33 0.17 0.33 0.17
8 0.37 0.10 0.37 0.10 0.37 0.30
9 0.30 0.15 0.30 0.15 0.30 0.23
10 0.36 0.12 0.36 0.12 0.36 0.50
11 0.18 0.25 0.18 0.25 0.18 0.36
12 0.27 0.00 0.27 0.00 0.41 0.00
13 0.41 0.00 0.41 0.00 0.40 0.10
14 0.24 0.20 0.24 0.20 0.45 0.20
15 0.31 0.00 0.31 0.00 0.46 0.00
16 0.18 0.25 0.18 0.25 0.47 0.25
17 0.23 0.25 0.23 0.25 0.47 0.25
18 0.09 0.25 0.09 0.25 0.47 0.25
19 0.19 0.00 0.19 0.00 0.43 0.00
20 0.21 0.40 0.21 0.40 0.46 0.20
21 0.14 0.00 0.14 0.00 0.14 0.00
22 0.17 0.25 0.17 0.25 0.17 0.25
23 0.20 0.25 0.20 0.25 0.20 0.25
24 0.20 0.25 0.20 0.25 0.20 0.25

ParathroÔme epÐshc apì ton PÐnaka 3.3 ìti h proteinìmenh mèjodoc epitugq�nei akrib¸c
tic Ðdiec timèc gia ta sf�lmata TÔpou I kai TÔpou II, antÐstoiqa, gia ìla ta montèla, stic
peript¸seic pou h tim  katwflioÔ isoÔtai me 0.01   0.05. H proteinìmenh mèjodoc gia
13 apì ta 24 montèla, faÐnetai na èqei èna apì aut� ta sf�lmata shmantik� uyhlìtero,
ìtan h tim  katwflioÔ eÐnai Ðsh me th di�meso tou SU. Gia autìn to lìgo apofasÐsame
na qrhsimopoi soume tic timèc katwflioÔ 0.01 kai 0.05 gia peraitèrw sugkritik  melèth, h
opoÐa akoloujeÐ parak�tw.

3.3.2 Sugkritik  Melèth

Prokeimènou na exetasteÐ h apotelesmatikìthta thc mejìdou kai apì th stigm  pou
h proteinìmenh mèjodoc basÐzetai sto krit rio thc summetrik c abebaiìthtac, to opoÐo
apoteleÐ mètro susqètishc kai anexarthsÐac, enallaktik� skeft kame na th sugkrÐnoume
me dÔo χ2 test anexarthsÐac, to Pearson χ2 test kai to Likelihood ratio χ2 test. To
Pearson χ2 test apoteleÐ èna test thc anexarthsÐac metaxÔ twn X kai Y, to opoÐo peri-
lamb�nei th diafor� metaxÔ twn parathroÔmenwn kai anamenìmenwn suqnot twn [177]. To
Likelihood ratio χ2 test apoteleÐ èna test thc anexarthsÐac metaxÔ twn X kai Y to opoÐo
perilamb�nei thn analogÐa metaxÔ twn parathroÔmenwn kai anamenìmenwn suqnot twn [54].
Oi anamenìmenec suqnìthtec ektim¸ntai k�tw apì th mhdenik  upìjesh thc anexarthsÐac
kai gia ta dÔo test.

Arqik� upologÐsame ta p-values gia k�je èna apì ta χ2 test. Taxinom same tic metablh-
tèc b�sh twn p-values pou proèkuyan, kat� aÔxousa di�taxh. 'Epeita, epilèxame tic shma-
ntikèc metablhtèc b�sh aut c thc kat�taxhc kai upologÐsame ta sf�lmata TÔpou I kai
TÔpou II gia tic dÔo timèc apokop c, 0.01 kai 0.05. Akolouj same ta b mata aut� gia to
Pearson χ2 test kaj¸c kai to Likelihood ratio χ2 test. Sto tèloc, sugkrÐname autèc tic
dÔo mejìdouc me thn proteinìmenh, qrhsimopoi¸ntac ta sf�lmata TÔpou I kai TÔpou II ta
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opoÐa proèkuyan gia thn k�je mÐa upì exètash mèjodo kai gia thn k�je mÐa tim  katwflioÔ.

PÐnakac 3.4: Sugkritik  apìdosh thc 2hc proteinìmenhc mejìdou gia ta montèla 1-24 me qr sh
1000 prosomoi¸sewn

Mèjodoi Symmetrical Pearson Pearson
Uncertainty & Likelihood & Likelihood

Timèc katwflioÔ (0.01 & 0.05) (0.01) (0.05)
Montèlo Type I Type II Type I Type II Type I Type II

1 0.15 0.11 0.19 0.28 0.21 0.26
2 0.25 0.17 0.38 0.31 0.42 0.28
3 0.20 0.12 0.22 0.17 0.25 0.14
4 0.27 0.14 0.28 0.21 0.30 0.19
5 0.30 0.25 0.34 0.32 0.37 0.28
6 0.36 0.00 0.34 0.34 0.38 0.28
7 0.33 0.17 0.35 0.25 0.36 0.22
8 0.37 0.10 0.45 0.18 0.47 0.14
9 0.30 0.15 0.43 0.29 0.45 0.27
10 0.36 0.12 0.46 0.15 0.48 0.12
11 0.18 0.25 0.26 0.30 0.31 0.28
12 0.27 0.00 0.35 0.08 0.38 0.05
13 0.41 0.00 0.58 0.06 0.59 0.02
14 0.24 0.20 0.33 0.25 0.36 0.23
15 0.31 0.00 0.37 0.04 0.41 0.02
16 0.18 0.25 0.22 0.28 0.25 0.26
17 0.23 0.25 0.26 0.33 0.27 0.28
18 0.09 0.25 0.15 0.27 0.19 0.25
19 0.19 0.00 0.22 0.09 0.24 0.04
20 0.21 0.40 0.28 0.67 0.31 0.66
21 0.14 0.00 0.25 0.07 0.27 0.04
22 0.17 0.25 0.38 0.31 0.39 0.28
23 0.20 0.25 0.24 0.34 0.27 0.31
24 0.20 0.25 0.25 0.32 0.26 0.30

ParathroÔme apì ton PÐnaka 3.4 ìti h proteinìmenh mèjodoc epitugq�nei akrib¸c tic Ðdiec
timèc gia ta sf�lmata TÔpou I kai TÔpou II, antÐstoiqa, gia ìla ta montèla, stic peript¸seic
pou h tim  katwflioÔ isoÔtai me 0.01   0.05. EpÐshc, parathroÔme ìti apì thn efarmog  tou
Pearson χ2 test kaj¸c kai tou Likelihood ratio χ2 test proèkuyan ta Ðdia akrib¸c sf�lmata
TÔpou I kai TÔpou II, antÐstoiqa, lamb�nontac upìyh pr¸ta thn tim  katwflioÔ 0.01 kai
sth sunèqeia thn tim  katwflioÔ 0.05. H proteinìmenh mèjodoc epitugq�nei tautìqrona
qamhlìtera sf�lmata TÔpou I kai TÔpou II se sÔgkrish me aut� twn �llwn dÔo χ2 test.
SumperaÐnoume loipìn ìti h proteinìmenh mèjodoc h opoÐa qrhsimopoieÐ to krit rio thc
summetrik c abebaiìthtac upertereÐ twn Pearson kai Likelihood ratio χ2 test kai gia tic
dÔo timèc katwflioÔ, dhlad  tic timèc 0.01 kai 0.05.

Ektìc apì ton upologismì twn sfalm�twn TÔpou I kai TÔpou II gia thn k�je mÐa upì
exètash mèjodo, epiprosjètwc kataskeu�same thn ROC kampÔlh thc k�je mejìdou kai
upologÐsame thn perioq  k�twjen thc ROC kampÔlhc gia thn k�je mèjodo. Ac shmeiwjeÐ
ed¸ ìti apì th stigm  pou to Pearson kaj¸c kai to Likelihood ratio χ2 test eÐqan thn
Ðdia akrib¸c apìdosh, sundu�same ta apotelèsmat� touc ta opoÐa proèkuyan apì ta 24
jewroÔmena montèla kai kataskeu�same to Sq ma 3.1. To Sq ma 3.1 anaparist� grafik�
th sÔgkrish twn mèswn ROC kampul¸n stic 1000 prosomei¸seic, oi opoÐec par qjhsan
me th qr sh tou krithrÐou thc summetrik c abebaiìthtac kai twn χ2 test kai gia tic dÔo
timèc apokop c, dhlad  tic timèc 0.01 kai 0.05. H mèsh ROC kampÔlh gia thn proteinìmenh
mèjodo (me qr sh tou krithrÐou thc summetrik c abebaiìthtac) eÐnai h Ðdia kai gia tic dÔo
timèc katwflioÔ apì th stigm  pou ta sf�lmata TÔpou I kai TÔpou II, antÐstoiqa,  tan
akrib¸c ta Ðdia gia thn tim  0.01 kai thn tim  0.05.

Mia ROC kampÔlh h opoÐa brÐsketai pio kont� sthn ep�nw arister  gwnÐa tou graf -
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Sq ma 3.1: SÔgkrish twn ROC kampul¸n

matoc eÐnai pio epijumht  kai perissìtero akrib c. ParathroÔme apì to Sq ma 3.1 ìti
ìlec oi ROC kampÔlec twn upì exètash mejìdwn brÐskontai p�nw apì th diag¸nio kai eÐnai
kont� sto shmeÐo (0,1), dhlad , sthn p�nw arister  gwnÐa, gegonìc to opoÐo upodeiknÔei
ìti kai oi treic mèjodoi parousi�zoun kal  apìdosh. Par’ìla aut� h proteinìmenh mèjodoc
epitugq�nei thn uyhlìterh tim  gia to embadìn k�twjen thc kampÔlhc (AUC). To AUC
(summetrik  abebaiìthta)= 0.865 > AUC (χ2 test 0.01)= 0.853 > AUC (χ2 test 0.05) =
0.851. Na shmei¸soume ed¸ ìti up�rqei mikr  diafor� sthn tim  AUC twn χ2 test gia tic
dÔo diaforetikèc timèc apokop c. To AUC apoteleÐ èna mètro thc probleptik c ikanìthtac
kai ektim� thn pijanìthta oi problèyeic kai ta apotelèsmata na sumfwnoÔn armonik�. 'Oso
uyhlìterh eÐnai h tim  tou AUC, tìso to kalÔtero. H tim  tou AUC thc proteinìmenhc
mejìdou isoÔtai me 0.865 kai  tan h uyhlìterh pou proèkuye, opìte h an�lush twn ROC
kampul¸n èdeixe ìti h proteinìmenh mèjodoc eÐnai pio apotelesmatik  se sÔgkrish me tic χ2

mejìdouc.
Tèloc, sumperaÐnoume ìti ta krit ria pou qrhsimopoi same gia thn axiolìghsh thc apì-

doshc twn mejìdwn, dhlad , ta sf�lmata TÔpou I kai TÔpou II kaj¸c kai h an�lush twn
ROC kampul¸n, ìla mac upèdeixan ìti h proteinìmenh mèjodoc upertereÐ twn Pearson kai
Likelihood ratio χ2 test gia thn an�lush twn uperkoresmènwn sqediasm¸n.

3.4 Sumper�smata

Sto kef�laio autì parousi�same mÐa mèjodo gia ton prosdiorismì twn energ¸n epidr�-
sewn stouc uperkoresmènouc sqediasmoÔc me dedomèna apìkrishc ta opoÐa proèrqontai apì
èna logistikì montèlo palindrìmhshc. ProseggÐsame to prìblhma sundu�zontac jemeli¸-
dh mètra thc JewrÐac Plhrofori¸n ta opoÐa mac od ghsan sthn epilog  tou krithrÐou
thc summetrik c abebaiìthtac gia thn eÔresh twn shmantik¸n metablht¸n. H empeirik 
apìdosh thc proteinìmenhc mejìdou exet�sthke mèsw ekten¸n peiram�twn prosomoÐwshc
gia diaforetikèc jewroÔmenec timèc katwflioÔ thc summetrik c abebaiìthtac. 'Opwc me
opoiad pote mèjodo an�lushc uperkoresmènwn sqediasm¸n, ta sf�lmata TÔpou I kai TÔpou
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II eÐnai exÐsou shmantik� kai ja prèpei na diathroÔntai ìso to dunatìn qamhlìtera. 'Omwc
dedomènou ìti oi uperkoresmènoi sqediasmoÐ kurÐwc qrhsimopoioÔntai se peir�mata krhsarÐ-
smatoc me stìqo na anagnwrÐsoun ekeÐnouc touc par�gontec pou ja prèpei na exetastoÔn
peraitèrw, oi qamhlèc timèc sf�lmatoc TÔpou II eÐnai idiaÐtera epijumhtèc.

Sugkekrimèna, to mèso posostì sf�lmatoc TÔpou I twn 24 montèlwn se 1000 pro-
somoi¸seic  tan thc t�xhc tou 25% kai to antÐstoiqo posostì gia ta sf�lmata TÔpou
II  tan thc t�xhc tou 15%. H proteinìmenh mèjodoc faÐnetai na sumperifèretai ikanopoi-
htik�, dedomènou ìti epitugq�nei qamhlèc timèc gia ta sf�lmata TÔpou II, to opoÐo eÐnai
polÔ shmantikì, prokeimènou na mhn paraleÐpontai oi shmantikoÐ par�gontec tou montèlou.
Epiplèon, h proteinìmenh mèjodoc diathreÐ ta sf�lmata TÔpou I se ikanopoihtik� qamhl�
epÐpeda. 'Otan mia tim  katwflioÔ sunep�getai qamhlì sf�lma TÔpou I, autì shmaÐnei ìti
èqei thn ikanìthta na apokleÐei touc perittoÔc par�gontec, kai o ereunht c basismènoc
stouc par�gontec pou epilèqjhkan eÐnai se jèsh plèon na mei¸sei to upologistikì kìstoc
twn epiplèon peiram�twn pou ja ektelèsei. Apì th melèth prosomoÐwshc, kat�llhlec gia
autìn to skopì brèjhkan oi timèc katwflioÔ 0.01 kai 0.05. Se genik� plaÐsia, ìla ta
krit ria pou qrhsimopoi same gia thn axiolìghsh thc apìdoshc twn mejìdwn, dhlad , ta
sf�lmata TÔpou I kai TÔpou II kai h an�lush twn ROC kampul¸n, mac upèdeixan ìti h
proteinìmenh mèjodoc upertereÐ twn Pearson kai Likelihood ratio χ2 test gia thn an�lush
twn uperkoresmènwn sqediasm¸n.
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Algorijmik  Prosèggish tou Probl matoc

An�lushc Uperkoresmènwn Sqediasm¸n

First, solve the problem.
Then, write the code.

�John Johnson (1977)

Sto tètarto autì kef�laio asqoloÔmaste me th statistik  an�lush twn uperkore-
smènwn sqediasm¸n, proseggÐzontac to prìblhma algorijmik�. Sugkekrimèna, anaptÔs-
soume ènan algìrijmo epilog c metablht¸n basismèno se jemeli¸dh mètra thc JewrÐac
Plhrofori¸n. Mètra ìpwc h Shannon, Rényi, Tsallis kai Havrda-Charvát entropÐa se
sunduasmì me to kèrdoc plhroforÐac kai to krit rio thc summetrik c abebaiìthtac qrhsi-
mopoioÔntai gia thn an�lush twn uperkoresmènwn sqediasm¸n, ìpou oi epexhghmatikèc
metablhtèc brÐskontai se dÔo epÐpeda kai ta dedomèna apìkrishc proèrqontai apì to logi-
stikì montèlo palindrìmhshc sto opoÐo h metablht  apìkrishc eÐnai dÐtimh. Stìqoc aut c
thc algorijmik c prosèggishc tou probl matoc an�lushc uperkoresmènwn sqediasm¸n eÐ-
nai h gr gorh kai apotelesmatik  eÔresh twn energ¸n kÔriwn epidr�sewn. Ta ereunhtik�
apotelèsmata autoÔ tou kefalaÐou dhmosieÔjhkan sthn episthmonik  ergasÐa [7].
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4.1 Ereunhtikì Prìblhma - Kinht rioc Idèa

Oi mèjodoi an�lushc pou parousi�same sta prohgoÔmena Kef�laia 2 kai 3, apoteloÔn
thn pr¸th kai th deÔter  mac prosp�jeia, antÐstoiqa, ètsi ¸ste na analÔsoume uperko-
resmènouc sqediasmoÔc k�tw apì thn upìjesh enìc genikeumènou grammikoÔ montèlou, su-
gkekrimèna enìc logistikoÔ montèlou palindrìmhshc. Oi timèc twn sfalm�twn TÔpou I kai
TÔpou II pou proèkuyan apì tic dÔo autèc mejìdouc  tan ikanopoihtik� qamhlèc, all� apì
th stigm  pou to mèso posostì sf�lmatoc TÔpou I  tan thc t�xhc tou 26% kai 25% gia
thn 1h kai 2h mèjodo antÐstoiqa, kaj¸c kai to mèso posostì sf�lmatoc TÔpou II  tan
thc t�xhc tou 9% kai 15% gia thn 1h kai 2h mèjodo antÐstoiqa, diapist¸noume ìti up�rqei
sÐgoura kÐnhtro peraitèrw melèthc kai perij¸rio beltÐwshc.

'Opwc proanafèrame sthn enìthta 1.4, mèqri stigm c den èqei brejeÐ k�poia mèjodoc
an�lushc twn uperkoresmènwn sqediasm¸n h opoÐa ìtan qrhsimopoieÐtai na anagnwrÐzontai
oi shmantikoÐ par�gontec kai na ektimoÔntai me amelhtèo sf�lma. To prìblhma pou up�rqei
sthn an�lush twn uperkoresmènwn sqediasm¸n eÐnai h mh orjogwniìthta tou pÐnaka sqe-
diasmoÔ, kajist¸ntac anapìfeukto to na gÐnetai anekt  h Ôparxh miac mikr c merolhyÐac
an�mesa se ìlec tic ektimhmènec epidr�seic. Stìqoc mac loipìn eÐnai na prospaj soume na
diathr soume tic timèc twn sfalm�twn sto kat¸tato epitreptì epÐpedo. Skeft kame loipìn
na sundu�soume ta mètra plhroforÐac kaj¸c epÐshc kai ta b mata ulopoÐhshc twn mejìdwn
an�lushc pou parousi�sthkan stic ergasÐec [127] kai [133], me stìqo na anaptÔxoume ènan
sunektikì algìrijmo thc JewrÐac Plhrofori¸n gia thn an�lush twn uperkoresmènwn sqe-
diasm¸n, ètsi ¸ste na anagnwrÐzontai gr gora kai apotelesmatik� oi shmantikèc epidr�seic
k�tw apì thn upìjesh enìc logistikoÔ montèlou palindrìmhshc.

4.2 H Proteinìmenh Mèjodoc An�lushc

Se aut  thn enìthta parousi�zetai h trÐth proteinìmenh mèjodoc an�lushc uperkore-
smènwn sqediasm¸n, h opoÐa èqei wc stìqo thn anagn¸rish kai epilog  twn shmantik¸n
energ¸n epidr�sewn. H proteinìmenh mèjodoc apoteleÐ mÐa algorijmik  prosèggish tou
probl matoc an�lushc uperkoresmènwn sqediasm¸n. Ta mètra plhroforÐac ta opoÐa sun-
jètoun ton proteinìmeno algìrijmo (Information Theoretical Algorithm-ITA), eÐnai h Shan-
non, Rényi, Tsallis kai Havrda-Charvát entropÐa se sunduasmì me to kèrdoc plhroforÐac
kai th summetrik  abebaiìthta. Shmantikì pleonèkthma thc proteinìmenhc mejìdou eÐ-
nai h qr sh twn genikeumènwn grammik¸n montèlwn, kai sugkekrimèna tou logistikoÔ mo-
ntèlou palindrìmhshc gia thn an�lush twn dedomènwn apì touc uperkoresmènouc sqedia-
smoÔc. H sumperifor� kai h apodotikìthta thc proteinìmenhc mejìdou exet�sthkan kai
axiolog jhkan mèsa apì mia empeirik  kai sugkritik  melèth, h opoÐa periel�mbane e-
kten  peir�mata prosomoÐwshc twn opoÐwn ta enjarruntik� apotelèsmata pou proèkuyan
parousi�zontai se epìmenh enìthta.

4.2.1 Perigraf  thc Proteinìmenhc Mejìdou

Se aut  thn enìthta parousi�zetai analutik� o proteinìmenoc algìrijmoc epilog c
metablht¸n gia touc uperkoresmènouc sqediasmoÔc. O proteinìmenoc algìrijmoc kaleÐtai
wc Information Theoretical Algorithm (ITA), basÐzetai se poikÐla mètra plhroforÐac kai
ekteleÐ ta akìlouja b mata:

B ma 1. Dojèntoc enìc n×m uperkoresmènou pÐnaka sqediasmoÔ X = [x1, x2, . . . , xm],
ìpou xj , j = 1, 2, . . . ,m, antistoiqeÐ sthn j-ost  st lh tou pÐnaka, kai enìc n×1 dia-
nÔsmatoc apìkrishc Y , upologÐzoume to di�nusma twn tim¸n thc Shannon entropÐac
H(X) = (H(x1), H(x2), . . . ,H(xm)), ìpou H(xj), gia j = 1, 2, . . . ,m, eÐnai h antÐ-
stoiqh tim  tou mètrou entropÐac H(X) gia thn j-ost  metablht . Epiprìsje-
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ta, upologÐzoume to di�nusma twn tim¸n thc desmeumènh entropÐac se sqèsh me th
metablht  apìkrishcH(X|Y ) = (H(x1|y), H(x2|y), . . . ,H(xm|y)), ìpouH(xj |y), gia
j = 1, 2, . . . ,m, eÐnai h antÐstoiqh tim  tou mètrou thc desmeumènhc entropÐac H(X|Y )
gia thn j-ost  metablht .

B ma 2. 'Epeita, upologÐzoume to di�nusma twn tim¸n tou kèrdouc plhroforÐac ig=(ig1, ig2,
. . . , igm), ìpou igj , gia j = 1, 2, . . . ,m, eÐnai h tim  tou mètrou kèrdouc plhroforÐac
(IG) pou antistoiqeÐ sthn j-ost  metablht .

B ma 3. TaxinomoÔme touc par�gontec sÔmfwna me tic timèc tou kèrdouc plhroforÐac
pou proèkuyan. Me �lla lìgia taxinomoÔme se fjÐnousa seir� to di�nusma kèrdouc
plhroforÐac ig. Krat�me touc par�gontec pou brèjhkan na èqoun tic w uyhlìterec
timèc kèrdouc plhroforÐac. H tim  katwflioÔ w, h opoÐa kajorÐzei to mègisto arijmì
shmantik¸n paragìntwn pou mporoÔn na prosdioristoÔn èqei oristeÐ na eÐnai Ðsh me
w = m

2 , ìpou m eÐnai o arijmìc twn sthl¸n tou uperkoresmènou pÐnaka sqediasmoÔ
X.

B ma 4. Dojèntoc tou uperkoresmènou pÐnaka sqediasmoÔ X, upologÐzoume th sum-
metrik  abebaiìthta SU k�je metablht c se sqèsh me th metablht  apìkrishc. Upo-
logÐzoume dhlad  to di�nusma twn tim¸n SU = (su1, su2, . . . , sum), ìpou suj , gia
j = 1, 2, . . . ,m, eÐnai h antÐstoiqh tim  tou mètrou thc summetrik c abebaiìthtac gia
thn j-ost  metablht . An h tim  tou SU mètrou miac metablht c eÐnai toul�qiston
tìso meg�lh ìso h prokajorismènh tim  katwflioÔ (= median(su)), tìte h antÐ-
stoiqh metablht  jewreÐtai ìti eÐnai shmantik , se diaforetik  perÐptwsh dhl¸netai
wc mh shmantik .

B ma 5. Tèloc, krat�me mìno touc par�gontec pou brèjhkan na èqoun tic w = m
2 uyh-

lìterec timèc kèrdouc plhroforÐac kai tautìqrona h tim  thc summetrik c abebaiì-
tht�c touc brèjhke na eÐnai megalÔterh apì thn prokajorismènh tim  katwflioÔ
(= median(su)). AutoÐ oi par�gontec jewroÔntai shmantikoÐ.

4.2.2 Krit ria Axiolìghshc

Prokeimènou na axiolog soume thn apìdosh tou proteinìmenou algorÐjmou epilog c
metablht¸n, qrhsimopoi same dÔo krit ria apìdoshc. To pr¸to krit rio pou qrhsimopoi -
same eÐnai ta sf�lmata TÔpou I kai TÔpou II. 'Opwc sumbaÐnei se poll� probl mata l yhc
apof�sewn, opoiod pote sf�lma prèpei na exisorropeÐtai se sqèsh me to kìstoc. Stouc
sqediasmoÔc krhsarÐsmatoc, autì pou mac endiafèrei na elègxoume eÐnai to kìstoc tou na
dhl¸soume mÐa anenerg  epÐdrash wc energ  (sf�lma TÔpou I) kaj¸c kai to kìstoc tou
na dhl¸soume mÐa energ  epÐdrash wc anenerg  (sf�lma TÔpou II). AxÐzei na shmeiwjeÐ
ed¸ ìti ta sf�lmata TÔpou II dhmiourgoÔn arket� probl mata, ìpwc diapist¸jhke apì ton
Lin [149], ìpwc �llwste kai ta sf�lmata TÔpou I, dedomènou ìti mporeÐ na odhg soun se
perittì upologistikì kìstoc sta peir�mata pou akoloujoÔn, kai k�ti tètoio mporeÐ na eÐnai
arket� epiz mio se èna peÐrama to opoÐo èqei �meso antÐktupo sthn pr�xh. Se katast�-
seic pou isqÔei h arq  thc sporadikìthtac twn epidr�dewn eÐnai polÔ pijanì na prokÔyoun
sf�lmata TÔpou I [149].

To deÔtero krit rio pou qrhsimopoi same eÐnai oi kampÔlec leitourgikoÔ qarakthri-
stikoÔ dèkth (Receiver Operating Characteristic-ROC). Efarmìsame th mejodologÐa twn
ROC kampul¸n [179] se k�je èna apì ta jewroÔmena montèla wc èna prìsjeto stati-
stikì ergaleÐo gia th sÔgkrish twn apotelesm�twn kai gia thn axiolìghsh thc apotele-
smatikìthtac thc proteinìmenhc mejìdou. MÐa ROC kampÔlh, ex’orismoÔ, qrhsimopoieÐtai
gia thn axiolìghsh thc apìdoshc enìc sust matoc me diqotomikèc ekb�seic (0   1) kai
qrhsimopoieÐtai eurèwc gia thn epilog  twn endeqìmenwn bèltistwn montèlwn, kaj¸c kai
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gia th sÔgkrish montèlwn. 'Ena yeud¸c jetikì sf�lma parousi�zetai ìtan mia arnhtik 
tim  deÐqnei jetikì apotèlesma dokim c, kai antistrìfwc, èna yeud¸c arnhtikì sf�lma
parousi�zetai ìtan mia jetik  tim  deÐqnei èna arnhtikì apotèlesma dokim c. Ta posost�
me ta opoÐa aut� ta sf�lmata sumbaÐnoun, kaloÔntai wc yeud¸c jetikì posostì (False
Positive Rate (FPR)   sf�lma TÔpou I) kai yeud¸c arnhtikì posostì (False Negative
Rate (FNR)   sf�lma TÔpou II). Se èna logistikì montèlo prìbleyhc dipl c kl�shc, mia
ROC kampÔlh, eÐnai mia grafik  anapar�stash thc euaisjhsÐac (sensitivity=1-FNR) ènanti
tou 1- eidikìthta (1-specificity=FPR) gia ìla ta pijan� diaqwristik� ìria [180].

Sugkekrimèna, isqÔoun oi parak�tw isodunamÐec:

• Sensitivity=P(ŷ = 1|y = 1)= 1-FNR= 1-Type II error,

• Specificity=P(ŷ = 0|y = 0)=1-FPR=1-Type I error.

4.3 Axiolìghsh thc Proteinìmenhc Mejìdou

Gia th diereÔnhsh kai thn axiolìghsh thc apìdoshc tou proteinìmenou algorÐjmou prag-
matopoi same mia empeirik  kai sugkritik  melèth, jewr¸ntac èna eurÔ f�sma prosomei-
wmènwn montèlwn kai uperkoresmènwn sqediasm¸n. Sth melèth prosomoÐwshc qrhsimopoi -
same touc s-block-orjog¸niouc E(s2)-bèltistouc uperkoresmènouc sqediasmoÔc dÔo epipè-
dwn me n peiramatikèc ektelèseic kaim = s(n−1) par�gontec, ìpwc autoÐ kataskeu�sthkan
apì touc Tang kai Wu [215]. Sugkekrimèna, qrhsimopoi same ton uperkoresmèno sqediasmì
me m = 22 par�gontec kai n = 12 peiramatikèc ektelèseic. Epipleìn, sth melèth proso-
moÐwshc qrhsimopoi same uperkoresmènouc sqediasmoÔc oi opoÐoi kataskeu�zontai apì ta
kl�smata pin�kwn Hadamard, sÔmfwna me th mèjodo pou prot�jhke apì ton Lin [148].
Sugkekrimèna, qrhsimopoi same ton uperkoresmèno sqediasmì me m = 10 par�gontec kai
n = 6 peiramatikèc ektelèseic. Ektìc apì autoÔc touc sqediasmoÔc, jewr same kai touc
E(s2)-bèltistouc kai minimax-bèltistouc kuklikoÔc uperkoresmènouc sqediasmoÔc, ìpwc
autoÐ kataskeu�sthkan apì touc Koukouvinos et al. [130]. AutoÐ oi uperkoresmènoi sqe-
diasmoÐ èqoun n peiramatikèc ektelèseic kai m = q · (n − 1) par�gontec, ìpou to q eÐ-
nai �rtioc arijmìc. Stic prosomoi¸seic mac jewr same touc E(s2)-bèltistouc kai mini-
max-bèltistouc kuklikoÔc uperkoresmènouc sqediasmoÔc me tic akìloujec (n,m) timèc:
(6, 10), (8, 14), (10, 18), (12, 22), (14, 26), (16, 30), (18, 34), (20, 38) kai (22, 42). Oi E(s2)-
bèltistoi uperkoresmènoi sqediasmoÐ eÐnai isorrophmènoi sqediasmoÐ. Qalar¸nontac autì
ton periorimì, jewr same kai mh isorrophmènouc uperkoresmènouc sqediasmoÔc. Sugke-
krimèna jewr same touc Bayesian D-bèltistouc uperkoresmènouc sqediasmoÔc ìpwc au-
toÐ pinakopoioÔntai apì touc Jones et al. ston PÐnaka 1 pou eswkleÐei h episthmonik 
ergasÐa [118]. Oi sqediasmoÐ autoÐ èqoun n peiramatikèc ektelèseic kai m 6= 2(n − 1)
par�gontec. Sth melèth prosomoÐwshc jewr same touc Bayesian D-bèltistouc uperko-
resmènouc sqediasmoÔc me tic akìloujec (n,m) timèc: (12, 16), (12, 18), (12, 24), (18, 24),
(18, 30), (24, 30), (18, 36). Epiprosjètwc, sumperilamb�noume sth melèth prosomoÐwshc
ton Bayesian D-bèltisto uperkoresmèno sqediasmì me n = 15 peiramatikèc ektelèseic kai
m = 20 par�gontec se 3 mplok, ìpwc autìc pinakopoieÐtai apì touc Jones et al. ston
PÐnaka 2 pou eswkleÐei h episthmonik  ergasÐa [118].

H apìfash sqetik� me thn tim  katwflioÔ w, h opoÐa sthn pr�xh kajorÐzei to mègisto
arijmì twn shmantik¸n paragìntwn pou mporoÔn na anagnwristoÔn, paÐzei shmantikì rìlo
sthn an�ptuxh thc mejìdou. Sth peiramatik  melèth mac jèsame to w = m/2, ìpou m
eÐnai o arijmìc twn sthl¸n tou uperkoresmènou pÐnaka sqediasmoÔ, dhlad  o arijmìc twn
paragìntwn upì exètash. H apìfash gia to w ègine b�sh thc arq c thc sporadikìthtac [23].
Gia na posotikopoi soume th sporadikìthta sto sÔnolo twn dedomènwn kat� th di�rkeia
twn peiram�twn prosomoÐwshc, qrhsimopoi same thn akìloujh diadikasÐa: Oi pragmatik�
energèc metablhtèc epilèqjhkan tuqaÐa apì to sÔnolo twn {1, . . . ,m} endeqìmenwn energ¸n



4.3 Axiolìghsh thc Proteinìmenhc Mejìdou 39

paragìntwn kai mìno oi kÔriec epidr�seic el fjhsan upìyh. Gia k�je peÐrama, ektim same
ìlec tic kÔriec epidr�seic, oi opoÐec sth sunèqeia epishm�njhkan wc energèc   mh energèc.
'Epeita upologÐzontac to posostì twn ektim¸menwn energ¸n epidr�sewn pou emfanÐzontai
se k�je peÐrama, ektim same ìti o arijmìc twn energ¸n epidr�sewn pou mporeÐ na ana-
gnwristeÐ, den uperbaÐnei to w = m

2 , ìpou m eÐnai o arijmìc twn sthl¸n tou uperkoresmènou
sqediasmoÔ.

H apìfash sqetik� me thn tim  katwflioÔ tou SU mètrou, h opoÐa kajorÐzei to kat�
pìso ènac par�gontac eÐnai shmantikìc   ìqi, paÐzei epÐshc shmantikì rìlo sthn an�ptuxh
thc mejìdou. Gia autìn to lìgo, pollèc diaforetikèc timèc katwflioÔ (0.001, 0.01, 0.05,
0.1, 0.25, 0.4, median(su)) exet�sthkan me stìqo na brejeÐ h bèltisth tim  katwflioÔ tou
SU gia thn proteinìmenh mèjodo. Oi pr¸tec èxi timèc katwflioÔ  tan stajeroÐ arijmoÐ,
oi opoÐoi epilèqjhkan sÔmfwna me tic timèc SU pou parathr jhkan sta perissìtera apì
ta peir�mat� mac, en¸ h tim  katwflioÔ median(su) basÐsthke stic ektim¸menec timèc tou
SU , sugkekrimèna sto eÔroc twn tim¸n tou SU oi opoÐec parathr jhkan sta peir�mat� mac.
Telik�, kajorÐsame thn tim  katwflioÔ tou SU na eÐnai Ðsh me to median(su), dedomènou ìti
h epilog  aut  parathr jhke na eÐnai h bèltisth met� apì dokimèc prosomoÐwshc, dÐnontac
wc apotèlesma qamhlìterec timèc sf�lmatoc.

4.3.1 Empeirik  Melèth

Gia k�je mÐa apì tic 1000 epanal yeic sta peir�mata prosomoÐwshc akolouj same ta
ex c b mata:

1. Ta dedomèna par�qjhkan apì to logistikì montèlo palindrìmhshc ìpwc autì perigr�fe-
tai sthn enìthta 5.2.1.

2. Oi pragmatik� energèc metabl tec epilèqjhkan tuqaÐa apì to sÔnolo twn {1, . . . ,m}
endeqìmenwn energ¸n paragìntwn. Apì tic 1, . . . ,m st lec tou X , p st lec anatè-
jhkan tuqaÐa stouc energoÔc par�gontec me to p ≤ m

2 .

3. Oi suntelestèc twn energ¸n paragìntwn el fjhsan wc ex c: èna deÐgma megèjouc p
pro lje apì thn kanonik  katanom  N(µ, 0.2), kai ta ±1 prìshma katanem jhkan
tuqaÐa se k�je arijmì.

4. Gia tic mh energèc metablhtèc, sto pragmatikì montèlo, oi suntelestèc touc el fjhsan
tuqaÐa apì thn kanonik  katanom  N(0, 0.2).

Na shmei¸soume ed¸ ìti mac endiafèrei na melet soume montèla pou perilamb�noun mìno
kÔriec epidr�seic, opìte jewroÔme ìti ta montèla mac den sumperilamb�noun allhlepidr�-
seic. Epiplèon, h katanom  twn antijèsewn den ephre�zetai apì to to mètro (magnitude)
twn suntelest¸n, all� exart�tai apì to sqetikì mègejoc (relative size) twn suntelest¸n.
Dedomènou ìti oi sunj kec sthn pr�xh eÐnai sun jwc diaforetikèc apì ekeÐnec twn proso-
moi¸sewn kai ìti o peiramatist c den mporeÐ na gnwrÐzei ek twn protèrwn pìsoi kai poioÐ
par�gontec mporeÐ na eÐnai energoÐ, prokeimènou na exet�soume to pìso euaÐsjhta eÐnai
ta apotelèsmata sthn epilog  kai ton arijmì twn energ¸n sthl¸n-paragìntwn, jewr same
thn tuqaÐa an�jesh twn energ¸n paragìntwn stic st lec, apì th stigm  pou eÐnai shmantikì
na apofÔgoume thn opoiad pote merolhyÐa epilog c. EpÐshc, h epilog  twn katanom¸n sta
prohgoÔmena b mata 3 kai 4, exasfalÐzei genik� to diaqwrismì metaxÔ twn suntelest¸n
twn energ¸n kai anenerg¸n paragìntwn. Gia to lìgo autì, jewr same èna eurÔ f�sma
prosomeiwmènwn montèlwn pou  tan diaforetik� apì thn �poyh aut .

To mègejoc twn suntelest¸n palindrìmhshc gia k�je ènan apì touc p energoÔc par�go-
ntec pro lje tuqaÐa apì thn kanonik  katanom  N(µ, 0.2) gia ta akìlouja sen�ria:

• Sen�rio I: oi suntelestèc paÐrnoun tuqaÐec timèc apì to di�nusma β ∼ N(µ = 4, 0.2),
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• Sen�rio II: oi suntelestèc paÐrnoun tuqaÐec timèc apì to di�nusma β ∼ N(µ = 5, 0.2),

• Sen�rio III: oi suntelestèc paÐrnoun tuqaÐec timèc apì to di�nusma β ∼ N(µ = 8, 0.2).

Sthn empeirik  melèth mac qrhsimopoi same ìla ta montèla ta opoÐa aparijmoÔntai ston
PÐnaka 4.1.

Sta peir�mat� mac ektelèsame tic prosomoi¸seic 1000 forèc kai ta lhfjènta apotelè-
smata sunoyÐzontai ston PÐnaka 4.2. Sugkekrimèna, ston PÐnaka 4.2, h pr¸th st lh
anafèretai ston arijmì pou antistoiqeÐ se k�je montèlo pou qrhsimopoieÐtai. Oi st lec
pou onom�zontai wc “Type I” kai “Type II”, anafèrontai stic timèc twn sfalm�twn TÔpou
I kai TÔpou II pou antistoiqoÔn sthn k�je mèjodo pou exet�same.

Arqik�, apì ton PÐnaka 4.2 prokÔptei ìti h proteinìmenh mèjodoc èqei mikrèc timèc gia
ta sf�lmata TÔpou I gia sqedìn ìla ta montèla. EpÐshc, apì ton PÐnaka 4.2 mporoÔme
na parathr soume ìti h proteinìmenh mèjodoc epitugq�nei gia ìla ta montèla ta sf�lmata
TÔpou II na eÐnai mhdèn, gegonìc to opoÐo mac upodeiknÔei ìti kamÐa apì tic energèc epidr�-
seic den aniqneÔetai lanjasmèna wc anenerg ,   me �lla lìgia ìlec oi energèc epidr�seic
aniqneÔontai swst� me 100% epituqÐa. Apì ton PÐnaka 4.2 prokÔptei ìti h proteinìmenh mè-
jodoc parousi�zei thn t�sh na dhl¸nei me èna uyhlìtero posostì tic anenergèc epidr�seic
wc energèc en¸ me mhdenikì posostì tic energèc epidr�seic wc anenergèc. Upì aut  thn
ènnoia, h proteinìmenh mèjodoc ja mporoÔse pr�gmati na qarakthristeÐ wc sunthrhtik .

Epiplèon, parathroÔme ìti h ROC mèjodoc faÐnetai na èqei kai ta dÔo aut� posost�
sf�lmatoc shmantik� uyhlìtera se sÔgkrish me thn proteinìmenh mèjodo. Amfìtera ta
sf�lmata ta opoÐa proèkuyan apì thn ROC mejodologÐa eÐnai polÔ uyhl� gia ìla ta
jewroÔmena montèla. Ta apotelèsmata twn prosomoi¸sewn apì thn ROC mejodologÐa upo-
deiknÔoun montèla tuqaÐac prìbleyhc (random guess), kai wc ek toÔtou ìqi bèltista, ìpwc
ja mporoÔse na dei k�poioc eÔkola apì ta dÔo posost� sf�lmatoc ta opoÐa eÐnai perÐpou
kont� sto 50%. Wc ek toÔtou, h proteinìmenh mèjodoc parousi�zei polÔ kalÔterh apìdosh
sthn eÔresh twn shmantik¸n paragìntwn stouc uperkoresmènouc sqediasmoÔc jewr¸ntac
dÐtimec apokrÐseic, kai katèqei shmantik� mikrìtera posost� sf�lmatoc se sÔgkrish me th
mèjodo ROC an�lushc.
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PÐnakac 4.1: Montèla 3hc melèthc prosomoÐwshc
Montèlo US apì m n β

1 [148] 10 6 β ∼ N(µ = 4, 0.2)
2 [148] 10 6 β ∼ N(µ = 5, 0.2)
3 [148] 10 6 β ∼ N(µ = 8, 0.2)
4 [130] 22 12 β ∼ N(µ = 4, 0.2)
5 [130] 22 12 β ∼ N(µ = 5, 0.2)
6 [130] 22 12 β ∼ N(µ = 8, 0.2)
7 [130] 18 10 β ∼ N(µ = 4, 0.2)
8 [130] 18 10 β ∼ N(µ = 5, 0.2)
9 [130] 18 10 β ∼ N(µ = 8, 0.2)
10 [130] 26 14 β ∼ N(µ = 4, 0.2)
11 [130] 26 14 β ∼ N(µ = 5, 0.2)
12 [130] 26 14 β ∼ N(µ = 8, 0.2)
13 [130] 30 16 β ∼ N(µ = 4, 0.2)
14 [130] 30 16 β ∼ N(µ = 5, 0.2)
15 [130] 30 16 β ∼ N(µ = 8, 0.2)
16 [130] 34 18 β ∼ N(µ = 4, 0.2)
17 [130] 34 18 β ∼ N(µ = 5, 0.2)
18 [130] 34 18 β ∼ N(µ = 8, 0.2)
19 [130] 38 20 β ∼ N(µ = 4, 0.2)
20 [130] 38 20 β ∼ N(µ = 5, 0.2)
21 [130] 38 20 β ∼ N(µ = 8, 0.2)
22 [130] 42 22 β ∼ N(µ = 4, 0.2)
23 [130] 42 22 β ∼ N(µ = 5, 0.2)
24 [130] 42 22 β ∼ N(µ = 8, 0.2)
25 [130] 10 6 β ∼ N(µ = 4, 0.2)
26 [130] 10 6 β ∼ N(µ = 5, 0.2)
27 [130] 10 6 β ∼ N(µ = 8, 0.2)
28 [130] 14 8 β ∼ N(µ = 4, 0.2)
29 [130] 14 8 β ∼ N(µ = 5, 0.2)
30 [130] 14 8 β ∼ N(µ = 8, 0.2)
31 [215] 22 12 β ∼ N(µ = 4, 0.2)
32 [215] 22 12 β ∼ N(µ = 5, 0.2)
33 [215] 22 12 β ∼ N(µ = 8, 0.2
34 [118] 16 12 β ∼ N(µ = 4, 0.2)
35 [118] 16 12 β ∼ N(µ = 5, 0.2)
36 [118] 16 12 β ∼ N(µ = 8, 0.2)
37 [118] 18 12 β ∼ N(µ = 4, 0.2)
38 [118] 18 12 β ∼ N(µ = 5, 0.2)
39 [118] 18 12 β ∼ N(µ = 8, 0.2)
40 [118] 24 12 β ∼ N(µ = 4, 0.2)
41 [118] 24 12 β ∼ N(µ = 5, 0.2)
42 [118] 24 12 β ∼ N(µ = 8, 0.2)
43 [118] 24 18 β ∼ N(µ = 4, 0.2)
44 [118] 24 18 β ∼ N(µ = 5, 0.2)
45 [118] 24 18 β ∼ N(µ = 8, 0.2)
46 [118] 30 18 β ∼ N(µ = 4, 0.2)
47 [118] 30 18 β ∼ N(µ = 5, 0.2)
48 [118] 30 18 β ∼ N(µ = 8, 0.2)
49 [118] 30 24 β ∼ N(µ = 4, 0.2)
50 [118] 30 24 β ∼ N(µ = 5, 0.2)
51 [118] 30 24 β ∼ N(µ = 8, 0.2)
52 [118] 36 18 β ∼ N(µ = 4, 0.2)
53 [118] 36 18 β ∼ N(µ = 5, 0.2)
54 [118] 36 18 β ∼ N(µ = 8, 0.2)
55 [118] 20 15 β ∼ N(µ = 4, 0.2)
56 [118] 20 15 β ∼ N(µ = 5, 0.2)
57 [118] 20 15 β ∼ N(µ = 8, 0.2)
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PÐnakac 4.2: Apìdosh thc 3hc proteinìmenhc mejìdou gia ta montèla 1-57 me qr sh 1000 pro-
somoi¸sewn

Mèjodoc Algorithm ROC
Montèlo Type I Type II Type I Type II

1 0.27 0.00 0.40 0.38
2 0.28 0.00 0.40 0.40
3 0.32 0.00 0.40 0.40
4 0.26 0.00 0.45 0.44
5 0.29 0.00 0.45 0.44
6 0.35 0.00 0.45 0.45
7 0.17 0.00 0.42 0.42
8 0.21 0.00 0.44 0.42
9 0.25 0.00 0.44 0.44
10 0.26 0.00 0.46 0.44
11 0.29 0.00 0.46 0.46
12 0.31 0.00 0.46 0.46
13 0.27 0.00 0.47 0.46
14 0.31 0.00 0.47 0.47
15 0.31 0.00 0.47 0.47
16 0.24 0.00 0.47 0.47
17 0.26 0.00 0.47 0.47
18 0.29 0.00 0.47 0.47
19 0.26 0.00 0.47 0.46
20 0.27 0.00 0.47 0.46
21 0.31 0.00 0.48 0.47
22 0.30 0.00 0.47 0.45
23 0.31 0.00 0.47 0.47
24 0.33 0.00 0.47 0.47
25 0.17 0.00 0.40 0.40
26 0.22 0.00 0.40 0.45
27 0.29 0.00 0.40 0.45
28 0.21 0.00 0.43 0.43
29 0.22 0.00 0.43 0.43
30 0.25 0.00 0.45 0.43
31 0.30 0.00 0.45 0.43
32 0.33 0.00 0.45 0.45
33 0.35 0.00 0.45 0.45
34 0.17 0.00 0.40 0.40
35 0.22 0.00 0.40 0.45
36 0.29 0.00 0.40 0.45
37 0.21 0.00 0.43 0.43
38 0.22 0.00 0.43 0.43
39 0.25 0.00 0.45 0.43
40 0.22 0.00 0.40 0.38
41 0.24 0.00 0.40 0.40
42 0.28 0.00 0.40 0.40
43 0.24 0.00 0.47 0.47
44 0.26 0.00 0.47 0.47
45 0.29 0.00 0.47 0.47
46 0.26 0.00 0.46 0.44
47 0.29 0.00 0.46 0.46
48 0.31 0.00 0.46 0.46
49 0.27 0.00 0.47 0.46
50 0.31 0.00 0.47 0.47
51 0.31 0.00 0.47 0.47
52 0.30 0.00 0.47 0.45
53 0.31 0.00 0.47 0.47
54 0.33 0.00 0.47 0.47
55 0.30 0.00 0.45 0.43
56 0.33 0.00 0.45 0.45
57 0.37 0.00 0.45 0.45
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4.3.2 Sugkritik  Melèth

O proteinìmenoc algìrijmoc pou parousi�same parap�nw, ektim� to kèrdoc plhroforÐac
qrhsimopoi¸ntac thn entropÐa kat� Shannon. Prokeimènou na exet�soume to an h pro-
teinìmenh mèjodoc mporeÐ na genikeuteÐ kai na jewrhjeÐ eÔrwsth se sqèsh me thn epilog 
thc entropÐac, exet�same peraitèrw thn apìdosh thc proteinìmenhc mejìdou, qrhsimopoi-
¸ntac ta mètra entropÐac Rényi, Tsallis kai Havrda-Charvát ìpwc aut� parousi�sthkan
leptomer¸c stic enìthtec 1.1.1 kai 1.1.2. Sta apotelèsmata pou parousi�zontai parak�tw
h proteinìmenh mèjodoc ektim� to kèrdoc plhroforÐac qrhsimopoi¸ntac k�je mÐa apì tic
treic proanaferjeÐsec entropÐec. Gia thn Rényi entropÐa, jewr same thn par�metro α Ðsh
me to 2, gia thn Tsallis entropÐa jewr same thn par�metro q p�li Ðsh me to 2, en¸ gia thn
Havrda-Charvát entropÐa jewr same thn par�metro β Ðsh me to 3. Ac shmeiwjeÐ ed¸ ìti
ìtan to q = 2, h Tsallis entropÐa isodunameÐ me to suntelest  Gini (  deÐkth Gini) [93].
SÔmfwna me th bibliografÐa pou up�rqei sqetik� me ta anwtèrw mètra entropÐac, oi epi-
legmènec timèc paramètrwn faÐnetai na apoteloÔn thn klasik  kai idanik  epilog , kai autì
apotèlese to krit rio gia mac ¸ste na epilèxoume tic sugkekrimènec timèc paramètrwn.

Sta peir�mat� mac ektelèsame tic prosomoi¸seic 1000 forèc kai ta lhfjènta apotelè-
smata sunoyÐzontai ston PÐnaka 4.3. Sugkekrimèna, ston PÐnaka 4.3, h pr¸th st lh
anafèretai ston arijmì pou antistoiqeÐ se k�je montèlo pou qrhsimopoieÐtai. Oi st lec
pou onom�zontai wc “Type I” kai “Type II”, anafèrontai stic timèc twn sfalm�twn TÔpou
I kai TÔpou II pou antistoiqoÔn se k�je perÐptwsh entropÐac, dhlad  thn Rényi, Tsallis
kai Havrda-Charvát entropÐa.

Exet�same th mèjodo xeqwrist� gia k�je mÐa entropÐa kai apì ton PÐnaka 4.3 parathroÔme
ìti ta sf�lmata TÔpou I kai TÔpou II, antÐstoiqa, eÐnai ta Ðdia gia k�je mÐa apì tic treic
diaforetikèc peript¸seic entropÐac, kaj¸c kai gia thn Shannon entropÐa (ìpwc faÐnetai
apì ta apotelèsmata ta opoÐa parousi�zontai sth st lh “Algorithm” tou PÐnaka 4.2). Me
�lla lìgia, h proteinìmenh mèjodoc mporeÐ na jewrhjeÐ eÔrwsth se sqèsh me thn epilog 
thc entropÐac, dedomènou ìti parousi�zei thn Ðdia ikanìthta anagn¸rishc twn pragmatik�
energ¸n kai mh energ¸n paragìntwn gia k�je mÐa apì tic entropÐec, dhlad  thn Shannon,
Rényi, Tsallis kai Havrda-Charvát entropÐa.

H apìfash sqetik� me thn tim  katwflioÔ tou SU mètrou, h opoÐa kajorÐzei to kat�
pìso ènac par�gontac eÐnai shmantikìc   ìqi, diadramatÐzei ìpwc proanafèrame shmantikì
rìlo sthn an�ptuxh thc mejìdou. Gia autìn to lìgo, pollèc diaforetikèc timèc katwflioÔ
(0.001, 0.01, 0.05, 0.1, 0.25, 0.4, median(su)) exet�sthkan gia k�je mÐa apì tic jewroÔmenec
entropÐec, me stìqo na brejeÐ h bèltisth tim  katwflioÔ tou SU gia thn proteinìmenh
mèjodo kai na exetasteÐ h eurwstÐa thc mejìdou upì aut  thn ènnoia.

Gia k�je èna apì ta jewroÔmena montèla, 1000 sÔnola dedomènwn par qjhsan kai ta
lhfjènta apotelèsmata met� thn efarmog  thc mejìdou, parousi�zontai ston PÐnaka 4.4
se antistoiqÐa me tic timèc katwflioÔ. Sthn pr¸th gramm  tou PÐnaka 4.4, parousi�zetai
h epilegmènh tim  katwflioÔ. H pr¸th st lh anafèretai ston arijmì pou antistoiqeÐ se
k�je montèlo pou qrhsimopoieÐtai. Oi st lec pou onom�zontai wc “Type I” kai “Type II”,
anafèrontai stic timèc twn sfalm�twn TÔpou I kai TÔpou II pou antistoiqoÔn se k�je tim 
katwflioÔ.

Apì ton PÐnaka 4.4, mporoÔme eÔkola na parathr soume ìti ta sf�lmata TÔpou I eÐnai
ta Ðdia gia ìla ta montèla kai gia tic ept� diaforetikèc timèc katwflioÔ. ParathroÔme
epÐshc apì ton PÐnaka 4.4 ìti sta perissìtera montèla (30/57), ta sf�lmata TÔpou II
brèjhkan na eÐnai Ðsa me to 0.00 gia tic ept� diaforetikèc timèc katwflioÔ, kai aut� ta
montèla apoteloÔn peript¸seic stic opoÐec ìlec oi energèc epidr�seic aniqneÔontai swst�.
SumperaÐnoume apì ta apotelèsmata pou proèkuyan ìti h proteinìmenh mèjodoc ja mporoÔse
na qarakthristeÐ eÔrwsth se sqèsh me thn epilog  thc tim c katwflioÔ tou SU mètrou.
Telik�, kajorÐsame thn tim  katwflioÔ tou SU gia thn proteinìmenh mèjodo na eÐnai h
median(su), dedomènou ìti h tim  aut  parathr jhke na eÐnai h bèltisth epilog  h opoÐa
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eÐqe wc apotèlesma mhdenikèc timèc sf�lmatoc TÔpou II gia ìla ta jewroÔmena montèla.
Shmei¸noume ed¸ ìti ìtan jewr same wc timèc katwflioÔ tic 0.001, 0.01, 0.05, 0.1, 0.25 kai
0.4, tìte sta upìloipa 27 montèla (apì ta 57 sto sÔnolo, blèpe PÐnaka 4.4), ta sf�lmata
TÔpou II pou proèkuyan  tan uyhlìtera apì ta antÐstoiqa mhdenik� sf�lmata ta opoÐa
proèkuyan gia thn tim  katwflioÔ Ðsh me median(su).
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PÐnakac 4.3: Sugkritik  apìdosh thc 3hc proteinìmenhc mejìdou gia diaforetikèc entropÐec gia
ta montèla 1-57 me qr sh 1000 prosomoi¸sewn

EntropÐa Rényi Tsallis Havrda-Charvát
Montèlo Type I Type II Type I Type II Type I Type II

1 0.27 0.00 0.27 0.00 0.27 0.00
2 0.28 0.00 0.28 0.00 0.28 0.00
3 0.32 0.00 0.32 0.00 0.32 0.00
4 0.26 0.00 0.26 0.00 0.26 0.00
5 0.29 0.00 0.29 0.00 0.29 0.00
6 0.35 0.00 0.35 0.00 0.35 0.00
7 0.17 0.00 0.17 0.00 0.17 0.00
8 0.21 0.00 0.21 0.00 0.21 0.00
9 0.25 0.00 0.25 0.00 0.25 0.00
10 0.26 0.00 0.26 0.00 0.26 0.00
11 0.29 0.00 0.29 0.00 0.29 0.00
12 0.31 0.00 0.31 0.00 0.31 0.00
13 0.27 0.00 0.27 0.00 0.27 0.00
14 0.31 0.00 0.31 0.00 0.31 0.00
15 0.31 0.00 0.31 0.00 0.31 0.00
16 0.24 0.00 0.24 0.00 0.24 0.00
17 0.26 0.00 0.26 0.00 0.26 0.00
18 0.29 0.00 0.29 0.00 0.29 0.00
19 0.26 0.00 0.26 0.00 0.26 0.00
20 0.27 0.00 0.27 0.00 0.27 0.00
21 0.31 0.00 0.31 0.00 0.31 0.00
22 0.30 0.00 0.30 0.00 0.30 0.00
23 0.31 0.00 0.31 0.00 0.31 0.00
24 0.33 0.00 0.33 0.00 0.33 0.00
25 0.17 0.00 0.17 0.00 0.17 0.00
26 0.22 0.00 0.22 0.00 0.22 0.00
27 0.29 0.00 0.29 0.00 0.29 0.00
28 0.21 0.00 0.21 0.00 0.21 0.00
29 0.22 0.00 0.22 0.00 0.22 0.00
30 0.25 0.00 0.25 0.00 0.25 0.00
31 0.30 0.00 0.30 0.00 0.30 0.00
32 0.33 0.00 0.33 0.00 0.33 0.00
33 0.35 0.00 0.35 0.00 0.35 0.00
34 0.17 0.00 0.17 0.00 0.17 0.00
35 0.22 0.00 0.22 0.00 0.22 0.00
36 0.29 0.00 0.29 0.00 0.29 0.00
37 0.21 0.00 0.21 0.00 0.21 0.00
38 0.22 0.00 0.22 0.00 0.22 0.00
39 0.25 0.00 0.25 0.00 0.25 0.00
40 0.22 0.00 0.22 0.00 0.22 0.00
41 0.24 0.00 0.24 0.00 0.24 0.00
42 0.28 0.00 0.28 0.00 0.28 0.00
43 0.24 0.00 0.24 0.00 0.24 0.00
44 0.26 0.00 0.26 0.00 0.26 0.00
45 0.29 0.00 0.29 0.00 0.29 0.00
46 0.26 0.00 0.26 0.00 0.26 0.00
47 0.29 0.00 0.29 0.00 0.29 0.00
48 0.31 0.00 0.31 0.00 0.31 0.00
49 0.27 0.00 0.27 0.00 0.27 0.00
50 0.31 0.00 0.31 0.00 0.31 0.00
51 0.31 0.00 0.31 0.00 0.31 0.00
52 0.30 0.00 0.30 0.00 0.30 0.00
53 0.31 0.00 0.31 0.00 0.31 0.00
54 0.33 0.00 0.33 0.00 0.33 0.00
55 0.30 0.00 0.30 0.00 0.30 0.00
56 0.33 0.00 0.33 0.00 0.33 0.00
57 0.37 0.00 0.37 0.00 0.37 0.00
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PÐnakac 4.4: Sugkritik  apìdosh thc 3hc proteinìmenhc mejìdou gia diaforetikèc epilogèc
paramètrwn gia ta montèla 1-57 me qr sh 1000 prosomoi¸sewn

SU ≥ median(su) 0.001 0.01 0.05 0.1 0.25 0.4
Montèlo Type I Type II Type I Type II Type I Type II Type I Type II Type I Type II Type I Type II Type I Type II

1 0.27 0.00 0.27 0.00 0.27 0.00 0.27 0.00 0.27 0.00 0.27 0.00 0.27 0.00
2 0.28 0.00 0.28 0.00 0.28 0.00 0.28 0.00 0.28 0.25 0.28 0.00 0.28 0.00
3 0.32 0.00 0.32 0.25 0.32 0.25 0.32 0.25 0.32 0.25 0.32 0.25 0.32 0.25
4 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00
5 0.29 0.00 0.29 0.03 0.29 0.03 0.29 0.03 0.29 0.03 0.29 0.03 0.29 0.03
6 0.35 0.00 0.35 0.29 0.35 0.29 0.35 0.29 0.35 0.29 0.35 0.29 0.35 0.29
7 0.17 0.00 0.17 0.00 0.17 0.00 0.17 0.00 0.17 0.00 0.17 0.00 0.17 0.00
8 0.21 0.00 0.21 0.00 0.21 0.00 0.21 0.00 0.21 0.00 0.21 0.00 0.21 0.00
9 0.25 0.00 0.25 0.00 0.25 0.00 0.25 0.00 0.25 0.00 0.25 0.00 0.25 0.00
10 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00
11 0.29 0.00 0.29 0.30 0.29 0.30 0.29 0.30 0.29 0.30 0.29 0.30 0.29 0.30
12 0.31 0.00 0.31 0.33 0.31 0.33 0.31 0.33 0.31 0.33 0.31 0.33 0.31 0.33
13 0.27 0.00 0.27 0.10 0.27 0.10 0.27 0.10 0.27 0.10 0.27 0.10 0.27 0.10
14 0.31 0.00 0.31 0.10 0.31 0.10 0.31 0.10 0.31 0.10 0.31 0.10 0.31 0.10
15 0.31 0.00 0.31 0.10 0.31 0.10 0.31 0.10 0.31 0.10 0.31 0.10 0.31 0.10
16 0.24 0.00 0.24 0.00 0.24 0.00 0.24 0.00 0.24 0.00 0.24 0.00 0.24 0.00
17 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00
18 0.29 0.00 0.29 0.15 0.29 0.15 0.29 0.15 0.29 0.15 0.29 0.15 0.29 0.15
19 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00
20 0.27 0.00 0.27 0.24 0.27 0.24 0.27 0.24 0.27 0.24 0.27 0.24 0.27 0.24
21 0.31 0.00 0.31 0.27 0.31 0.27 0.31 0.27 0.31 0.27 0.31 0.27 0.31 0.27
22 0.30 0.00 0.30 0.15 0.30 0.15 0.30 0.15 0.30 0.15 0.30 0.15 0.30 0.15
23 0.31 0.00 0.31 0.15 0.31 0.15 0.31 0.15 0.31 0.15 0.31 0.15 0.31 0.15
24 0.33 0.00 0.33 0.17 0.33 0.17 0.33 0.17 0.33 0.17 0.33 0.17 0.33 0.17
25 0.17 0.00 0.17 0.00 0.17 0.00 0.17 0.00 0.17 0.00 0.17 0.00 0.17 0.00
26 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00
27 0.29 0.00 0.29 0.25 0.29 0.25 0.29 0.25 0.29 0.25 0.29 0.25 0.29 0.25
28 0.21 0.00 0.21 0.00 0.21 0.00 0.21 0.00 0.21 0.00 0.21 0.00 0.21 0.00
29 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00
30 0.25 0.00 0.25 0.17 0.25 0.17 0.25 0.17 0.25 0.17 0.25 0.17 0.25 0.17
31 0.30 0.00 0.30 0.00 0.30 0.00 0.30 0.00 0.30 0.00 0.30 0.00 0.30 0.00
32 0.33 0.00 0.33 0.00 0.33 0.00 0.33 0.00 0.33 0.00 0.33 0.00 0.33 0.00
33 0.35 0.00 0.35 0.10 0.35 0.10 0.35 0.10 0.35 0.10 0.35 0.10 0.35 0.10
34 0.17 0.00 0.17 0.00 0.17 0.00 0.17 0.00 0.17 0.00 0.17 0.00 0.17 0.00
35 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00
36 0.29 0.00 0.29 0.07 0.29 0.07 0.29 0.07 0.29 0.07 0.29 0.07 0.29 0.07
37 0.21 0.00 0.21 0.00 0.21 0.00 0.21 0.00 0.21 0.00 0.21 0.00 0.21 0.00
38 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00
39 0.25 0.00 0.25 0.00 0.25 0.00 0.25 0.00 0.25 0.00 0.25 0.00 0.25 0.00
40 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00
41 0.24 0.00 0.24 0.00 0.24 0.00 0.24 0.00 0.24 0.00 0.24 0.00 0.24 0.00
42 0.28 0.00 0.28 0.14 0.28 0.14 0.28 0.14 0.28 0.14 0.28 0.14 0.28 0.14
43 0.24 0.00 0.24 0.00 0.24 0.00 0.24 0.00 0.24 0.00 0.24 0.00 0.24 0.00
44 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00
45 0.29 0.00 0.29 0.18 0.29 0.18 0.29 0.18 0.29 0.18 0.29 0.18 0.29 0.18
46 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00 0.26 0.00
47 0.29 0.00 0.29 0.21 0.29 0.21 0.29 0.21 0.29 0.21 0.29 0.21 0.29 0.21
48 0.31 0.00 0.31 0.24 0.31 0.24 0.31 0.24 0.31 0.24 0.31 0.24 0.31 0.24
49 0.27 0.00 0.27 0.00 0.27 0.00 0.27 0.00 0.27 0.00 0.27 0.00 0.27 0.00
50 0.31 0.00 0.31 0.22 0.31 0.22 0.31 0.22 0.31 0.22 0.31 0.22 0.31 0.22
51 0.31 0.00 0.31 0.00 0.31 0.00 0.31 0.00 0.31 0.00 0.31 0.00 0.31 0.00
52 0.30 0.00 0.30 0.00 0.30 0.00 0.30 0.00 0.30 0.00 0.30 0.00 0.30 0.00
53 0.31 0.00 0.31 0.09 0.31 0.09 0.31 0.09 0.31 0.09 0.31 0.09 0.31 0.09
54 0.33 0.00 0.33 0.09 0.33 0.09 0.33 0.09 0.33 0.09 0.33 0.09 0.33 0.09
55 0.30 0.00 0.30 0.00 0.30 0.00 0.30 0.00 0.30 0.00 0.30 0.00 0.30 0.00
56 0.33 0.00 0.33 0.24 0.33 0.24 0.24 0.24 0.33 0.24 0.24 0.24 0.33 0.24
57 0.37 0.00 0.37 0.28 0.37 0.28 0.37 0.28 0.37 0.28 0.37 0.28 0.37 0.28
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4.4 Sumper�smata

Se autì to kef�laio, parousi�same ènan sunektikì algìrijmo thc JewrÐac Plhro-
fori¸n (Information Theoretical Algorithm-ITA) gia thn eÔresh kai epilog  twn shma-
ntik¸n paragìntwn, analÔontac dedomèna apì uperkoresmènouc sqediasmoÔc kai jewr¸ntac
to logistikì montèlo palindrìmhshc. H empeirik  apìdosh tou proteinìmenou algorÐj-
mou, b�sh thc ektenoÔc melèthc prosomoi¸sewn, upodeiknÔei ìti h proteinìmenh mèjodoc
èqei qamhl� posost� sf�lmatoc, apodÐdei polÔ kal�, kai ìti eÐnai eÔrwsth apì th stigm 
pou eÐte me th qr sh diaforetik¸n mètrwn entropÐac eÐte me th qr sh diaforetik¸n tim¸n
katwflioÔ proèkuyan parìmoia apotelèsmata.

'Opwc proanafèrame sthn enìthta 1.4, mèqri stigm c den mporeÐ na brejeÐ k�poia mèjo-
doc an�lushc twn uperkoresmènwn sqediasm¸n h opoÐa ìtan qrhsimopoieÐtai na anagnwrÐzo-
ntai oi shmantikoÐ par�gontec kai na ektimoÔntai me amelhtèo sf�lma, prìblhma to opoÐo
aporrèei exaitÐac thc mh orjogwniìthtac tou pÐnaka sqediasmoÔ h opoÐa kajist� anapìfeu-
kto to na gÐnetai anekt  h Ôparxh miac mikr c merolhyÐac an�mesa se ìlec tic ektimhmènec
epidr�seic. B�sh twn parap�nw eÐnai axioshmeÐwto to gegonìc ìti h proteinìmenh mèjo-
doc epitugq�nei na aniqneÔsei ìlec tic pragmatik� energèc kÔriec epidr�seic me amelhtèo
sf�lma. To gegonìc ìti h proteinìmenh mèjodoc epitugq�nei mhdenikèc timèc gia ta sf�-
lmata TÔpou II eÐnai idiaÐtera shmantikì prokeimènou na mhn paraleÐpontai oi shmantikoÐ
par�gontec tou montèlou.

'Opwc proanafèrame ta sf�lmata TÔpou II dhmiourgoÔn arket� probl mata ìpwc �l-
lwste kai ta sf�lmata TÔpou I, dedomènou ìti mporeÐ na odhg soun se perittì upologistikì
kìstoc sta peir�mata pou akoloujoÔn, kai k�ti tètoio mporeÐ na eÐnai arket� epiz mio se èna
peÐrama to opoÐo èqei �meso antÐktupo sthn pr�xh. 'Opwc me opoiad pote mèjodo an�lushc
uperkoresmènwn sqediasm¸n, ta sf�lmata TÔpou I kai TÔpou II eÐnai exÐsou shmantik�
kai ja prèpei na diathroÔntai ìso to dunatìn qamhlìtera. H proteinìmenh mèjodoc faÐne-
tai na epitugq�nei k�ti tètoio kai na sumperifèretai idiaÐtera ikanopoihtik�, dedomènou ìti
to mèso posostì sf�lmatoc TÔpou I twn 57 montèlwn se 1000 prosomoi¸seic  tan thc
t�xhc tou 27% kai to antÐstoiqo posostì gia ta sf�lmata TÔpou II  tan mhdenikì. To
mèso posostì sf�lmatoc TÔpou I thc t�xhc tou 27% to opoÐo proèkuye, den mac problh-
matÐzei idiaÐtera, dedomènou ìti se katast�seic pou isqÔei h arq  thc sporadikìthtac twn
epidr�sewn, eÐnai polÔ pijanì na prokÔyoun sf�lmata TÔpou I, ìpwc diapist¸jhke apì ton
Lin [149]. H proteinìmenh mèjodoc diathreÐ ta sf�lmata TÔpou I se ikanopoihtik� qamhl�
epÐpeda, to opoÐo shmaÐnei ìti èqei thn ikanìthta na apokleÐei touc perittoÔc par�gontec,
kai o ereunht c basismènoc mìno stouc par�gontec pou epilèqjhkan wc shmantikoÐ eÐnai se
jèsh plèon na mei¸sei to upologistikì kìstoc twn epiplèon peiram�twn pou ja ektelèsei.
'Omwc, dedomènou ìti oi uperkoresmènoi sqediasmoÐ kurÐwc qrhsimopoioÔntai se peir�ma-
ta krhsarÐsmatoc me stìqo na anagnwrÐsoun ekeÐnouc touc par�gontec pou ja prèpei na
exetastoÔn peraitèrw, oi mhdenikèc timèc sf�lmatoc TÔpou II thc proteinìmenhc mejìdou
eÐnai axioshmeÐwtec kai pìso m�llon k�tw apì thn upìjesh enìc genikeumènou grammikoÔ
montèlou, sugkekrimèna enìc logistikoÔ montèlou palindrìmhshc, mèjodoc h opoÐa eÐnai mh
tetrimmènh kai mh anaptugmènh sthn èwc s mera diejn  bibliografÐa, ìpou sunant�me to
prìblhma an�lushc twn uperkoresmènwn sqediasm¸n mìno k�tw upì th skèph tou klasikoÔ
grammikoÔ montèlou.
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K E F A L A I O 5

Epèktash tou Probl matoc se Genikeumèna

Grammik� Montèla me Diakrit  Apìkrish

The final test of a theory is its capacity
to solve the problems which originated it.

�George B. Dantzig (1914–2005)

Sto pèmpto autì kef�laio parousi�zetai h genÐkeush tou probl matoc an�lushc twn up-
erkoresmènwn sqediasm¸n, gia touc opoÐouc oi epexhghmatikèc metablhtèc brÐskontai se dÔo
epÐpeda kai ta dedomèna apìkrishc eÐnai plèon diakrit�. O algìrijmoc thc JewrÐac Plhro-
fori¸n, ìpwc autìc parousi�sthke sto Kef�laio 4 kaj¸c epÐshc kai sthn episthmonik  er-
gasÐa [7], efarmìzetai mon�qa ìtan ta dedomèna apìkrishc eÐnai dÐtima, dhlad  proèrqontai
apì to logistikì montèlo palindrìmhshc. Ed¸ epekteÐnoume thn algorijmik  prosèggish
tou probl matoc an�lushc uperkoresmènwn sqediasm¸n, jewr¸ntac genikeumèna grammik�
montèla twn opoÐwn ta dedomèna apìkrishc proèrqontai apì thn Poisson, gewmetrik  kai
arnhtik  diwnumik  katanom . Ta ereunhtik� apotelèsmata autoÔ tou kefalaÐou dhmosieÔ-
jhkan sthn episthmonik  ergasÐa [8].
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5.1 Ereunhtikì Prìblhma - Kinht rioc Idèa

Oi mèjodoi an�lushc pou parousi�same sta prohgoÔmena Kef�laia 2, 3 kai 4 apoteloÔn
mejìdouc an�lushc uperkoresmènwn sqediasm¸n k�tw apì thn upìjesh enìc logistikoÔ
montèlou palindrìmhshc. Oi timèc twn sfalm�twn pou proèkuyan apì tic dÔo pr¸tec
mejìdouc  tan ikanopoihtik� qamhlèc, all� oi timèc twn sfalm�twn TÔpou I kai TÔpou II
pou proèkuyan apì thn trÐth mèjodo  tan oi kalÔterec mèqri stigm c, sugkekrimèna gia ta
sf�lmata TÔpou I to posostì  tan thc t�xhc tou 27% kai to antÐstoiqo posostì gia ta
sf�lmata TÔpou II  tan mhdenikì. H trÐth mèjodoc an�lushc [7] aniqneÔei ìlec tic prag-
matik� energèc kÔriec epidr�seic me amelhtèo sf�lma, dedomènou ìti epitugq�nei mhdenikèc
timèc gia ta sf�lmata TÔpou II, to opoÐo eÐnai idiaÐtera shmantikì, prokeimènou na mhn
paraleÐpontai oi shmantikoÐ par�gontec tou montèlou. Skeft kame loipìn na epekteÐnoume
ton algìrijmo epilog c metablht¸n [7] gia thn an�lush twn uperkoresmènwn sqediasm¸n,
me stìqo th gr gorh kai apotelesmatik  anagn¸rish twn shmantik¸n epidr�sewn, k�tw apì
thn upìjesh ìqi mìno enìc logistikoÔ montèlou palindrìmhshc, all� genik� enìc genikeumè-
nou grammikoÔ montèlou me diakrit  apìkrish.

5.2 Genikeumèna Grammik� Montèla

Genikeumèna grammik� montèla (generalized linear models) qrhsimopoi same gia thn an�-
ptuxh thc proteinìmenhc mejìdou an�lushc twn uperkoresmènwn sqediasm¸n. Ta genikeumè-
na grammik� montèla apoteloÔn mia kl�sh statistik¸n montèlwn pou eÐnai fusik  genÐkeush
kai epèktash twn klasik¸n grammik¸n montèlwn [164]. Ta genikeumèna grammik� montèla
anaptÔqjhkan to 1972 apì touc Nelder kai Wedderburn [171]. IdiaÐtera shmantik  sth
jewrÐa pou anaptÔqjhke gÔrw apì ta genikeumèna grammik� montèla eÐnai kai h sumbol 
twn McCullagh kai Nelder [161]. Ta genikeumèna grammik� montèla anaptÔqjhkan gia na
epitrèyoun ston peiramatist  na prosarmìsei montèla palindrìmhshc twn opoÐwn ta de-
domèna apìkrishc akoloujoÔn mia polÔ genik  katanom , h opoÐa kaleÐtai monoparametrik 
ekjetik  oikogèneia katanom¸n. H ekjetik  oikogèneia katonom¸n perilamb�nei katanomèc
ìpwc h kanonik , h diwnumik , h Poisson, h gewmetrik , h arnhtik  diwnumik , h ekjetik ,
h g�mma kai h antÐstrofh kanonik  katanom . Genikì kai shmantikì qarakthristikì twn
genikeumènwn grammik¸n montèlwn eÐnai ìti h diakÔmansh thc apìkrishc sqetÐzetai mèsw
miac sun�rthshc me th mèsh tim  thc apìkrishc, dhlad  thn anamenìmenh tim  thc apìkrishc
se k�je shmeÐo parat rhshc.

Ac upojèsoume ìti ta yi, i = 1, 2, . . . , n anaparistoÔn tic timèc thc metablht c apìkrishc
(response values), tìte to genikeumèno grammikì montèlo dÐnetai apì th sqèsh

g(µi) = g[E(yi)] = x′iβ, (5.1)

ìpou xi apoteleÐ to di�nusma twn metablht¸n palindrìmhshc gia thn i-ost  parat rhsh
kai β eÐnai to di�nusma twn �gnwstwn paramètrwn   twn suntelest¸n palindrìmhshc. K�je
genikeumèno grammikì montèlo apoteleÐtai apì treic ìrouc, thn katanom  thc metablht c
apìkrishc, th grammik  problèpousa (linear predictor) h opoÐa perièqei tic metablhtèc
palindrìmhshc kai th sun�rthsh sÔndeshc (link function) g h opoÐa sundèei th grammik 
problèpousa me th mèsh tim  thc metablht c apìkrishc.

Ac jewr soume gia par�deigma to klasikì grammikì montèlo palindrìmhshc

y = β0 + β1x1 + · · ·+ βmxm + ε, (5.2)

ìpou ε h sunist¸sa tou tuqaÐou sf�lmatoc. H katanom  thc apìkrishc eÐnai kanonik ,
h grammik  problèpousa eÐnai h
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x′iβ = β0 + β1x1 + · · ·+ βmxm,

kai h sun�rthsh sÔndeshc eÐnai h tautotik , dhlad  g(a)=a kai dÐnetai apì ton tÔpo

E(y) = µ = β0 + β1x1 + · · ·+ βmxm.

Diapist¸noume ìti to grammikì montèlo palindrìmhshc sthn klasik  tou morf  (5.2)
apoteleÐ èna genikeumèno grammikì montèlo. EntoÔtoic, èna genikeumèno grammikì montèlo
mporeÐ na perilamb�nei kai èna mh grammikì montèlo, kai autì exart�tai apì thn epilog 
thc sun�rthshc sÔndeshc g. Gia perissìterec leptomèreiec sqetik� me thn epilog  thc
sun�rthshc sÔndeshc sta genikeumèna grammik� montèla o endiaferìmenoc anagn¸sthc mpo-
reÐ na anatrèxei sthn ergasÐa [58]. Gia par�deigma, an qrhsimopoi soume wc sun�rthsh
sÔndeshc thn g(a)=lna ja èqoume

E(y) = µ = eβ0+β1x1+···+βmxm .

Genikìtera, ta genikeumèna grammik� montèla mporoÔn na jewrhjoÔn wc mia enopoÐhsh
kai epèktash twn grammik¸n kai mh grammik¸n montèlwn palindrìmhshc, ta opoÐa enswmat¸-
noun mia meg�lh oikogèneia kanonik¸n kai mh kanonik¸n katanom¸n gia ta dedomèna apìkri-
shc. O endiaferìmenoc anagn¸sthc mporeÐ na anatrèxei sta polÔ qr sima biblÐa [171],
[161], [167] kai [2] gia perissìterec plhroforÐec sqetik� me th jewrÐa kai tic efarmogèc
twn genikeumènwn grammik¸n montèlwn stic di�forec epist mec.

5.2.1 To Logistikì Montèlo Palindrìmhshc

To logistikì montèlo palindrìmhshc (logistic regression model) �rqise na qrhsimopoieÐ-
tai eurèwc kat� th dekaetÐa tou 1950, kurÐwc se efarmogèc sth Biostatistik  kai an kei
sthn kathgorÐa twn genikeumènwn grammik¸n montèlwn. H logistik  palindrìmhsh mporeÐ
na qrhsimopoihjeÐ se peript¸seic ìpou h metablht  apìkrishc eÐnai dÐtimh, me �lla lìgia
h prìbleyh eÐnai to apotèlesma miac diadikasÐac Bernoulli, ìpwc epituqÐa/apotuqÐa   p.q.
se èna peÐrama pou exet�zei an to f�rmako energeÐ   ìqi se ènan asjen . H metablht 
apìkrishc sto logistikì montèlo palindrìmhshc èqei mìno dÔo pijan� exagìmena, ta opoÐa
sumbolÐzontai me 0 kai 1.

E�n ta yi, i=1,2,...,n, anaparistoÔn tic timèc apìkrishc, tìte èna genikeumèno grammikì
montèlo, ìpwc eÐdame parap�nw, dÐnetai apì th sqèsh (5.1). Ac jewr soume t¸ra thn
perÐptwsh sthn opoÐa, h apìkrish sto i-ostì shmeÐo eÐnai mia tuqaÐa metablht  yi, h opoÐa
akoloujeÐ thn katanom  Bernoulli kai lamb�nei mìno dÔo timèc, 0 kai 1. Tìte

E(yi) = Pi = P (xi), i=1,2,...,n

kai

V ar(yi) = Pi(1− Pi),

ìpou to Pi sumbolÐzei thn pijanìthta miac diadikasÐac Bernoulli kai to xi eÐnai to di�nusma
twn metablht¸n palindrìmhshc. H par�metroc Pi, kai sunep¸c h diaspor�, eÐnai sun�rthsh
twn metablht¸n palindrìmhshc xi.

T¸ra ja parousi�soume leptomer¸c to logistikì montèlo palindrìmhshc to opoÐo jew-
r same sta peir�mata prosomoÐwshc pou ektelèsame sta Kef�laia 2, 3, 4 kai fusik� sto
parìn Kef�laio 5.

Ac upojèsoume ìti èqoume n peiramatikèc ektelèseic, ènan n×m uperkoresmèno pÐna-
ka sqediasmoÔ X = [x1, x2, . . . , xm] kai mia dÐtimh metablht  apìkrishc y (0   1) h opoÐa
exart�tai apì to sÔnolo metablht¸n palindrìmhshc x1,x2,. . . ,xm. E�n dhl¸soume aujaÐre-
ta ìti to y=1 anaparist� thn epituqÐa kai to y=0 anaparist� thn apotuqÐa, tìte mporoÔme
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na montelopoi soume th mèsh tim  apìkrishc P(xi), ìpou P(xi) eÐnai h pijanìthta epituqÐac
kai to xi anaparist� to di�nusma twn metablht¸n palindrìmhshc gia thn i-ost  parat rhsh.
To logistikì montèlo palindrìmhshc gia th mèsh apìkrish P(xi) dÐnetai apì th sqèsh

P(xi) = 1/(1 + e−x
′
iβ), (5.3)

ìpou o ìroc x′iβ= β0+β1xi1+...+ βmxim eÐnai h grammik  problèpousa. Ac shmeiwjeÐ ed¸
ìti 0 ≤ P(xi) ≤ 1.

Sta peir�mata prosomoÐwshc pou ektelèsame, ta logistik� montèla palindrìmhshc
par�qjhkan akolouj¸ntac k�je for� to parak�tw prwtìkollo prosomoÐwshc.

Upojètoume ìti èqoume èna logistikì montèlo palindrìmhshc to opoÐo èqei th morf 

yi = P (xi) + ε, (5.4)

ìpou P (xi) anaparist� thn posìthta ìpwc aut  orÐsthke sth sqèsh (5.3), kai ìti h metabl-
ht  apìkrishc yi lamb�nei mìno dÔo timèc, 0   1. Ed¸, h posìthta ε apoteleÐ th sunist¸sa
tou sf�lmatoc kai mporeÐ na lamb�nei mìno mÐa apì tic dÔo pijanèc timèc. E�n to y=1,
tìte ε = 1 − P (xi) me pijanìthta P (xi), kai e�n to y=0 tìte ε = −P (xi) me pijanìthta
1−P (xi). Sumperasmatik�, h sunist¸sa tou sf�lmatoc ε akoloujeÐ mia katanom  me mèsh
tim  mhdèn kai diaspor� Ðsh me P (xi)[1− P (xi)]. 'Ara, h desmeumènh katanom  thc metabl-
ht c apìkrishc akoloujeÐ mia Bernoulli katanom  me pijanìthta epituqÐac h opoÐa dÐnetai
apì th desmeumènh mèsh tim  thc P (xi). O endiaferìmenoc anagn¸sthc mporeÐ na anatrèxei
sta polÔ qr sima biblÐa [171], [161], [167] kai [2] gia perissìterec plhroforÐec sqetik� me
to logistikì montèlo palindrìmhshc.

5.2.2 Montèla Palindrìmhshc Poisson, Arnhtik c Diwnumik c kai
Gewmetrik c Katanom c

Arqik�, jewroÔme èna Poisson montèlo palindrìmhshc me ta dedomèna apìkrishc na
akoloujoÔn thn katanom  Poisson   me �lla lìgia na eÐnai Poisson metr seic (counts).
Oi Poisson metr seic mporeÐ na eÐnai gia par�deigma, mh arnhtikèc akèraiec timèc oi opoÐec
mporeÐ na perigr�foun otid pote emplèketai sthn epÐdosh enìc biologikoÔ   koinwnikoÔ
sust matoc   thn paragwgik  diadikasÐa miac biomhqanik c efarmog c.

T¸ra ja parousi�soume leptomer¸c to montèlo kai tic upojèseic, ta opoÐa diamor-
f¸noun to Poisson montèlo palindrìmhshc to opoÐo jewr same sta peir�mata prosomoÐw-
shc pou ektelèsame parak�tw.

Ac upojèsoume ìti èqoume n peiramatikèc ektelèseic, ènan n×m uperkoresmèno pÐnaka
sqediasmoÔ X = [x1, x2, . . . , xm] kai ìti oi apokrÐseic y1, y2, . . . , yn sth dom  palindrìmhshc
apoteloÔn metr seic oi opoÐec akoloujoÔn anex�rthtec Poisson katanomèc me E(yi) = µi
kai V ar(yi) = µi. To sÔnolo twn metablht¸n palindrìmhshc x1,x2,. . . ,xm ephre�zei to µ
mèsw thc ekjetik c sun�rthshc sÔndeshc

µi = ex
′
iβ, i = 1, 2, . . . , n, (5.5)

ìpou x′i = [1, xi1, . . . , xim] kai x′iβ= β0+β1xi1+...+ βmxim, me β0, β1, . . . , βm na eÐnai oi
�gnwstoi suntelestèc palindrìmhshc. O ìroc x′iβ eÐnai h grammik  problèpousa gia to
montèlo palindrìmhshc Poisson. O endiaferìmenoc anagn¸sthc mporeÐ na anatrèxei sta
polÔ qr sima biblÐa [38], [167] kai [2] gia perissìterec plhroforÐec sqetik� me to montèlo
palindrìmhshc Poisson.

E�n ta yi, i=1,2,...,n, anaparistoÔn tic timèc apìkrishc, tìte èna genikeumèno grammikì
montèlo, ìpwc eÐdame parap�nw, dÐnetai apì th sqèsh (5.1). Ac jewr soume t¸ra thn
perÐptwsh sthn opoÐa h apìkrish sto i-ostì shmeÐo eÐnai mia tuqaÐa metablht  yi, h opoÐa
akoloujeÐ thn katanom  Poisson kai lamb�nei wc timèc Poisson metr seic. Tìte gia to
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montèlo palindrìmhshc Poisson isqÔei mia polÔ isqur  upìjesh, ìti h diakÔmansh eÐnai Ðsh
me th mèsh tim 

V ar(yi) = E(yi) = µxi .

EntoÔtoic, sthn pr�xh parathroÔme pollèc forèc to fainìmeno thc uper-diaspor�c
(overdispersion), dhlad  h diaspor� na uperbaÐnei th mèsh tim , to opoÐo sunant�tai suqn�
sth montelopoÐhsh me ta dedomèna apìkrishc na eÐnai metr seic (counts). To montèlo palin-
drìmhshc arnhtik c diwnumik c katanom c eÐnai h kat�llhlh epilog  kai mporeÐ na qrhsi-
mopoihjeÐ gia dedomèna metr sewn ta opoÐa emfanÐzoun to fainìmeno thc uper-diaspor�c.
To montèlo palindrìmhshc arnhtik c diwnumik c katanom c mporeÐ na jewrhjeÐ wc mia epè-
ktash tou montèlou palindrìmhshc Poisson apì th stigm  pou èqei thn Ðdia dom  me aut  tou
montèlou palindrìmhshc Poisson gia th mèsh tim  kai jewreÐ mÐa epiplèon par�metro α gia
na montelopoi sei thn uper-diaspor�. H genik  kl�sh enìc montèlou arnhtik c diwnumik c
katanom c mporeÐ na ekfrasteÐ wc mÐa G�mma an�meixh miac Poisson tuqaÐac metablht c
h opoÐa antiproswpeÔei thn uper-diaspor� prosjètontac ènan lanj�nwn ìro eterogèneiac
gia thn parat rhsh i sto montèlo dedomènwn katamètrhshc, kai èqei desmeumènh mèsh tim 
µi = ex

′
iβ kai desmeumènh diakÔmansh µi + αµpi , ìpou isqÔei genik� −∞ < p < ∞. Oi

pio klasikèc parallagèc thc arnhtik c diwnumik c katanom c, oi opoÐec sun jwc qrhsi-
mopoioÔntai se efarmogèc palindrìmhshc, antistoiqoÔn stic timèc p = 1   p = 2. Sthn
empeirik  melèth pou pragmatopoi jhke ed¸, jewroÔme thn tim  p = 2, h opoÐa eÐnai h
tetragwnik  sun�rthsh diakÔmanshc.

T¸ra ja parousi�soume leptomer¸c to montèlo kai tic upojèseic, ta opoÐa diamor-
f¸noun to montèlo palindrìmhshc arnhtik c diwnumik c katanom c to opoÐo jewr same
sta peir�mata prosomoÐwshc pou ektelèsame parak�tw.

Ac upojèsoume ìti èqoume n peiramatikèc ektelèseic, ènan n×m uperkoresmèno pÐnaka
sqediasmoÔ X = [x1, x2, . . . , xm] kai ìti oi apokrÐseic y1, y2, . . . , yn sth dom  palindrìmhshc
apoteloÔn metr seic oi opoÐec akoloujoÔn thn arnhtik  diwnumik  katanom  kai exart¸ntai
apì to sÔnolo metablht¸n palindrìmhshc x1,x2,. . . ,xm. Tìte, to montèlo thc arnhtik c
diwnumik c katanom c eÐnai thc morf c

E(yi|xi, εi) = µiεi = ex
′
iβεi, i = 1, 2, . . . , n, (5.6)

ìpou ta εi upojètoume ìti eÐnai anex�rthta kai akoloujoÔn mia monoparametrik  katanom 
gamma(θ, θ) me E(εi) = 1 kai V ar(εi) = 1

θ . Shmei¸noume ed¸ ìti ìtan h apìkrish exart�tai
apì ta xi kai εi, tìte h exarthmènh metablht  apìkrishc twn metr sewn yi akoloujeÐ akìma
thn katanom  Poisson. EntoÔtoic, ìtan h apìkrish exart�tai mìno apì ta xi kai yi, tìte
akoloujeÐ thn arnhtik  diwnumik  katanom , kai aut  h katanom  èqei desmeumènh mèsh tim 
µi kai desmeumènh diakÔmansh µi(1 + (1

θ )µi).
Sthn empeirik  melèth pou pragmatopoi jhke ed¸, ta sÔnola dedomènwn ta opoÐa akolou-

joÔn thn Poisson kai arnhtik  diwnumik  katanom , par�qjhkan qrhsimopoi¸ntac ton Ðdio
fusikì mèso µi = ex

′
iβ, i = 1, 2, . . . , n, me th diafor� ìti to montèlo thc arnhtik c diwnu-

mik c katanom c qrhsimopoieÐ peraitèrw thn par�metro θ = 1. H par�metroc θ eÐnai an�logh
proc to µi sth genik  thc morf  (θi ∝ µλi , gia k�poio λ > 0). H par�metroc uper-diaspor�c
θ sthn palindrìmhsh arnhtik c diwnumik c katanom c den ephre�zei tic anamenìmenec metr -
seic kai ephre�zei mìno thn ektim¸menh diakÔmansh twn anamenìmenwn metr sewn. Sthn
empeirik  melèth pou pragmatopoi jhke ed¸, h par�metroc θ jewroÔme ìti eÐnai stajer 
(aut  h fìrmoula èqei lhfjeÐ apì thn ergasÐa [73]), dedomènou ìti sunist�tai h qr sh su-
nthrhtik¸n tim¸n thc paramètrou uper-diaspor�c se efarmogèc palindrìmhshc (blèpe [38]).
Wc ek toÔtou, h Poisson kai h arnhtik  diwnumik  katanom  sundèoun th grammik  problè-
pousa me th fusik  mèsh tim  thc metablht c apìkrishc mèsw twn paramètrwn µi kai

1
1+µi

θ

,

antÐstoiqa. O endiaferìmenoc anagn¸sthc mporeÐ na anatrèxei sta biblÐa [38] kai [109] gia
perissìterec plhroforÐec sqetik� me to montèlo palindrìmhshc thc arnhtik c diwnumik c
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katanom c.
H gewmetrik  katanom  apoteleÐ eidik  perÐptwsh thc arnhtik c diwnumik c katanom c.

'Opwc h arnhtik  diwnumik  katanom , ètsi kai h gewmetrik  katanom  basÐzetai se mÐa
allhlouqÐa anex�rthtwn kai panomoiìtupwn dokim¸n Bernoulli. Ac upojèsoume ìti o
arijmìc twn dokim¸n Bernoulli den èqei kajoristeÐ ek twn protèrwn, all� antÐjeta, h
allhlouqÐa twn dokim¸n Bernoulli suneqÐzetai mèqric ìtou parathrhjeÐ ènac sugkekrimènoc
arijmìc r epituqi¸n. Tìte, o arijmìc twn dokim¸n pou apaitoÔntai gia thn parat rhsh thc r
epituqÐac akoloujeÐ thn arnhtik  diwnumik  katanom . Ac jewr soume t¸ra thn perÐptwsh
sthn opoÐa to r = 1, dhlad , mia allhlouqÐa dokim¸n Bernoulli h opoÐa diex�getai mèqri
na parathrhjeÐ h pr¸th epituqÐa, me pijanìthta epituqÐac p. Se mia tètoia perÐptwsh, o
arijmìc twn dokim¸n pou apaitoÔntai mèqric ìtou parathrhjeÐ h pr¸th epituqÐa akoloujeÐ
th gewmetrik  katanom .

T¸ra ja parousi�soume leptomer¸c to montèlo kai tic upojèseic, ta opoÐa diamor-
f¸noun to montèlo palindrìmhshc gewmetrik c katanom c to opoÐo jewr same sta peir�-
mata prosomoÐwshc pou ektelèsame parak�tw.

Ac upojèsoume ìti èqoume n peiramatikèc ektelèseic, ènan n×m uperkoresmèno pÐnaka
sqediasmoÔ X = [x1, x2, . . . , xm] kai ìti oi apokrÐseic y1, y2, . . . , yn sth dom  palindrìmhshc
apoteloÔn metr seic oi opoÐec akoloujoÔn th gewmetrik  katanom , oi opoÐec exart¸ntai
apì to sÔnolo metablht¸n palindrìmhshc x1,x2,. . . ,xm. Gia ta peir�mata prosomoÐwshc thc
gewmetrik  katanom c me par�metro p, montelopoioÔme th mèsh tim  apìkrishc P(xi), ìpou
P(xi) eÐnai h pijanìthta epituqÐac (=p) kai to xi anaparist� th metablht  palindrìmhshc gia
thn i-ost  parat rhsh. Tìte, to montèlo gia thn P(xi) dÐnetai apì th logistik  sun�rthsh
sÔndeshc

P(xi) = 1/(1 + e−x
′
iβ), (5.7)

ìpou x′iβ= β0+β1xi1+...+ βmxim eÐnai h grammik  problèpousa kai isqÔei ìti 0 ≤ P(xi) ≤
1. O endiaferìmenoc anagn¸sthc mporeÐ na anatrèxei sto biblÐo [2] gia perissìterec plhro-
forÐec sqetik� me to montèlo palindrìmhshc thc gewmetrik c katanom c.

5.3 H Proteinìmenh Mèjodoc An�lushc

Se aut  thn enìthta parousi�zetai h tètarth proteinìmenh mèjodoc an�lushc uperko-
resmènwn sqediasm¸n, h opoÐa apoteleÐ epèktash-genÐkeush tou algorÐjmou JewrÐac Plhro-
fori¸n pou parousi�sthke sthn ergasÐa [7] kai èqei wc stìqo thn anagn¸rish kai epilog 
twn shmantik¸n paragìntwn mèsa apì èna meg�lo sÔnolo endeqìmenwn energ¸n paragì-
ntwn. AxioshmeÐwto pleonèkthma thc proteinìmenhc mejìdou eÐnai h qr sh twn genikeumè-
nwn grammik¸n montèlwn me diakrit  apìkrish gia thn an�lush dedomènwn apì uperkore-
smènouc sqediasmoÔc, mèjodoc h opoÐa eÐnai mh tetrimmènh kai mh anaptugmènh sthn èwc
s mera diejn  bibliografÐa ìpou sunant�me to prìblhma an�lushc twn uperkoresmènwn
sqediasm¸n mìno k�tw upì th skèph tou klasikoÔ grammikoÔ montèlou. H sumperifor� kai
h apodotikìthta thc proteinìmenhc mejìdou exet�sthkan kai axiolog jhkan mèsa apì mia
empeirik  kai sugkritik  melèth, h opoÐa periel�mbane ekten  peir�mata prosomoÐwshc twn
opoÐwn ta enjarruntik� apotelèsmata pou proèkuyan parousi�zontai se epìmenh enìthta.
Ac shmeiwjeÐ ed¸, ìti sta peir�mata prosomoÐwshc exet�same ek nèou diaforetikèc timèc
katwflioÔ gia to w kai to SU, me skopì na exet�soume kai telik� na anadeÐxoume thn eu-
rwstÐa kaj¸c kai thn katallhlìthta twn tim¸n katwflioÔ pou epilèqjhkan arqik� sthn
ergasÐa [7] akìma kai se peript¸seic pou h apìkrish den eÐnai dÐtimh all� genik� diakrit ,
kai me autì ton trìpo na epitÔqoume thn kalÔterh dunat  apìdosh tou algorÐjmou.
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5.3.1 Perigraf  thc Proteinìmenhc Mejìdou

O proteinìmenoc algìrijmoc epilog c metablht¸n stouc uperkoresmènouc sqediasmoÔc
efarmìzetai k�tw apì thn upìjesh enìc genikeumènou grammikoÔ montèlou tou opoÐou ta
dedomèna apìkrishc proèrqontai apì th diwnumik , Poisson, gewmetrik  kai arnhtik  diwnu-
mik  katanom . O proteinìmenoc Algìrijmoc 5.1 dÐnetai parak�tw se morf  yeudok¸dika.

Algìrijmoc 5.1.
Require: Xn×m = [X1, X2, . . . , Xm] {where Xj is the j-th column of the supersaturated design matrix, j =

1, 2, . . . ,m}
Require: Yn×1 {Yn×1 is the common discrete response vector, i = 1, 2, . . . , n}
Ensure: w = m

2 {where m is the number of columns in the supersaturated design matrix}
1: for 1 to 1000 iterations do
2: repeat
3: the following processing
4: until all the following conditions are met

Ensure: Yk 6= Yl, ∀k 6= l, for k, l = 1, . . . , 1000 {Yk (or Yl) is the common discrete response vector of the k-th
(or the l-th) iteration}

5: for j = 1 to m do
6: compute the entropy value H(Xj) for each j-th factor Xj of X (j = 1, 2, . . . ,m), i.e., H(X1),. . . ,H(Xm)

{The entropy of Xj with n outcomes {xij : i = 1, . . . , n} is given by

H(Xj) = −
n∑
i=1

p(xij)log2(p(xij)).

For j = 1,
H(X1) = −p(x11)log2(p(x11))− · · · − p(xn1)log2(p(xn1));

for j = 2,
H(X2) = −p(x12)log2(p(x12))− · · · − p(xn2)log2(p(xn2));

. . . . . . ;
for j = k,

H(Xk) = −p(x1k)log2(p(x1k))− · · · − p(xnk)log2(p(xnk)).

The H(Xj) value quantifies the uncertainty of Xj ; that is, how much information we gain from the j-th
factor Xj of X}

7: end for
8: for j = 1 to m do
9: compute each conditional entropy value H(Xj |Y ), for j = 1, 2, . . . ,m, i.e., H(Xj |Y ) = (H(X1|y), . . . , H(Xm|y))

{the H(Xj |Y ) value quantifies the remaining uncertainty of the j-th factor Xj of X, when Y is known}
10: end for
11: for j = 1 to m do
12: compute the information gain value for each j-th factor Xj of the supersaturated design matrix X, i.e.,

I(Xj ;Y ) = H(Xj)−H(Xj |Y ) (j = 1, 2, . . . ,m) {the I(Xj ;Y ) value quantifies the reduction in the uncer-
tainty of the j-th factor Xj of X, due to the knowledge of Y }

13: place all I(Xj ;Y ) values for j = 1, 2, . . . ,m into a vector (I(X1;Y ), . . . , I(Xm;Y )).
14: end for
15: for j = 1 to m do
16: sort in descending order the information gain vector ig = (ig1, ig2, . . . , igm) {where igj = I(Xj ;Y ) is the

information gain value for the j-th factor Xj of X (j = 1, 2, . . . ,m)}
17: end for
18: for j = 1 to m do
19: compute the symmetrical uncertainty value suj = 2 ×

[
I(Xj ;Y )

H(Xj )+H(Y )

]
for each j-th factor Xj of X (j =

1, 2, . . . ,m), with respect to the response variable {the entropy value H(Y ) quantifies the uncertainty of
the count response variable Y }

20: place all suj values for j = 1, 2, . . . ,m into a vector su = (su1, su2, . . . , sum)
21: end for
22: for all j, j = 1, 2, . . . ,m such that do
23: have the w highest information gain values in ig

AND
their position in the sorted ig vector is at most m/2
AND

24: if suj ≥ median(su) then
25: declare Xj of X as active {INCLUDE}
26: else if suj < median(su) then
27: declare Xj of X as inactive {EXCLUDE}
28: end if
29: end for
30: end for
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5.3.2 Axiolìghsh thc Proteinìmenhc Mejìdou

Gia th diereÔnhsh kai thn axiolìghsh thc apìdoshc tou proteinìmenou algorÐjmou prag-
matopoi same mia empeirik  melèth, jewr¸ntac èna eurÔ f�sma prosomeiwmènwn montè-
lwn kai uperkoresmènwn sqediasm¸n. Sth melèth prosomoÐwshc qrhsimopoi same touc
s-block-orjog¸niouc E(s2)-bèltistouc uperkoresmènouc sqediasmoÔc dÔo epipèdwn me n
peiramatikèc ektelèseic kai m = s(n − 1) par�gontec, ìpwc autoÐ kataskeu�sthkan apì
touc Tang kai Wu [215]. Sugkekrimèna, qrhsimopoi same ton uperkoresmèno sqediasmì
me m = 22 par�gontec kai n = 12 peiramatikèc ektelèseic. Epipleìn, sth melèth proso-
moÐwshc qrhsimopoi same uperkoresmènouc sqediasmoÔc oi opoÐoi kataskeu�zontai apì ta
kl�smata pin�kwn Hadamard, sÔmfwna me th mèjodo pou prot�jhke apì ton Lin [148].
Sugkekrimèna, qrhsimopoi same ton uperkoresmèno sqediasmì me m = 10 par�gontec kai
n = 6 peiramatikèc ektelèseic. Ektìc apì autoÔc touc sqediasmoÔc, jewr same kai touc
E(s2)-bèltistouc kai minimax-bèltistouc kuklikoÔc uperkoresmènouc sqèdiasmoÔc, ìpwc
autoÐ kataskeu�sthkan apì touc Koukouvinos et al. [130]. AutoÐ oi uperkoresmènoi sqe-
diasmoÐ èqoun n peiramatikèc ektelèseic kai m = q · (n − 1) par�gontec, ìpou to q eÐnai
�rtioc arijmìc. Stic prosomoi¸seic mac jewr same touc E(s2)-bèltistouc kai minimax-
bèltistouc kuklikoÔc uperkoresmènouc sqediasmoÔc me tic akìloujec (n,m) timèc: (6, 10),
(8, 14), (10, 18), (12, 22), (14, 26), (16, 30), (18, 34), (20, 38) kai (22, 42).

Na shmei¸soume ed¸ ìti kai p�li mac endiafèrei na melet soume montèla mìno kÔ-
riwn epidr�sewn, opìte jewroÔme ìti ta montèla mac den sumperilamb�noun allhlepidr�-
seic. Oi pragmatik� energoÐ par�gontec epilèqjhkan tuqaÐa apì to sÔnolo twn {1, . . . ,m}
endeqìmenwn energ¸n paragìntwn kai oi suntelestèc twn mh energ¸n paragìntwn tè-
jhkan Ðsoi me mhdèn sto pragmatikì montèlo. Epiprìsjeta, prokeimènou na exet�soume
to pìso euaÐsjhta eÐnai ta apotelèsmata sthn epilog  kai ton arijmì twn energ¸n sthl¸n-
paragìntwn, melet same èna eurÔ f�sma prosomeiwmènwn montèlwn sta peir�mat� mac sta
opoÐa jewroÔme gia k�je uperkoresmèno sqediasmì diaforetikì arijmì energ¸n paragì-
ntwn, diaforetik  epilog  energ¸n sthl¸n kai diaforetik� β. Gia ta peir�mata proso-
moÐwshc, anaptÔxame genikeumèna grammik� montèla me touc suntelestèc palindrìmhshc na
lamb�noun tuqaÐec timèc apì to di�nusma β. Ston PÐnaka 5.1 perigr�fontai ta montèla ta
opoÐa jewr same sth melèth prosomoÐwshc.
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PÐnakac 5.1: Montèla 4hc melèthc prosomoÐwshc
Montèlo US apì m n β

1 [130] 10 6 [-17,-13,0,0,0,-2,0,0,6,0] ′

2 [130] 10 6 [1,0,-8,0,-21,0,-17,0,0,0]′

3 [130] 10 6 [-1,0,0,4,0,0,-17,0,0,0]′

4 [130] 10 6 [-9,0,0,3,10,0,0,-9,0,0]′

5 [130] 14 8 [1,0,0,2,0,0,-4,0,0,7,0,0,11,0]′

6 [130] 14 8 [5,5,0,0,-5,0,0,3,0,-2,0,0,2,0]′

7 [130] 14 8 [-6,0,0,0,0,-2,0,0,0,0,-15,0,0,0]′

8 [130] 14 8 [-4,0,0,0,0,0,0,0,-9,0,4,-5,0,0]′

9 [130] 18 10 [0,0,-5,0,-3,4,0,0,7,0,0,1,2,0,0,-7,0,3]′

10 [130] 18 10 [0,0,0,0,0,-3,0,-8,0,0,0,0,2,0,0,-9,0,0]′

11 [130] 18 10 [0,0,0,0,0,0,2,0,6,10,0,0,0,0,0,0,11,20]′

12 [130] 18 10 [0,8,0,0,0,0,7,0,0,4,0,-5,0,4,7,0,0,0]′

13 [130] 22 12 [1,2,0,0,0,16,0,0,0,0,7,0,0,0,-1,0,0,5,0,18,0,0]′

14 [130] 22 12 [1,0,0,-13,0,0,4,-3,0,0,-6,0,0,-7,0,-24,0,-5,0,-21,0,0]′

15 [130] 22 12 [-3,0,0,0,4,0,0,0,0,9,0,0,0,17,0,0,0,0,-21,0,0,0]′

16 [130] 22 12 [0,0,0,0,20,-16,0,0,0,0,0,0,0,0,0,0,20,0,0,-7,0,0]′

17 [130] 26 14 [0,4,0,0,0,16,0,-17,0,0,0,19,0,15,17,0,0,0,0,-17,0,3,8,0,3,-7] ′

18 [130] 26 14 [2,0,0,5,0,0,-7,0,0,-2,1,0,0,3,0,8,0,0,-9,0,0,-1,0,4,0,0]′

19 [130] 26 14 [-2,-1,0,0,2,-3,0,0,0,0,0,2,0,-4,0,0,0,-6,0,0,-4,0,0,0,-5,0] ′

20 [130] 26 14 [0,2,0,0,0,0,0,0,0,0,0,2,0,2,0,0,0,4,0,0,2,0,0,0,0,0] ′

21 [130] 30 16 [1,2,0,0,5,0,0,0,9,0,0,0,11,0,0,7,0,0,23,0,0,24,0,0,15,0,0,17,0,0] ′

22 [130] 30 16 [0,5,0,-7,0,0,0,0,0,-4,0,0,0,0,5,-4,-9,4,0,0,6,-7,0,0,3,0,0,0,0,0] ′

23 [130] 30 16 [0,14,0,0,0,0,0,0,0,-8,-18,0,0,0,0,-13,0,0,-19,18,0,0,0,0,13,0,0,0,2,0] ′

24 [130] 30 16 [0,0,-4,0,2,-15,-17,0,0,0,19,0,0,5,4,-12,0,0,0,0,0,0,9,15,-10,0,0,0,-4,0] ′

25 [130] 34 18 [-1,-2,-3,-4,0,0,0,0,1,0,8,0,0,0,0,-7,0,0,0,-1,0,9,0,0,0,-5,0,0,0,0,0,0,9,0]′

26 [130] 34 18 [2,0,-1,3,0,0,7,0,0,8,0,0,13,0,0,17,0,0,28,0,0,25,0,0,-5,0,0,-7,0,0,-2,0,-4,0] ′

27 [130] 34 18 [0,0,5,0,0,-4,0,-3,-4,3,0,0,0,0,0,0,-2,-2,0,0,-6,0,0,4,0,-5,0,0,0,0,0,0,-2,0]′

28 [130] 34 18 [5,0,4,0,0,0,0,0,0,-6,0,0,0,0,0,0,0,0,0,-12,10,0,0,-14,0,0,0,0,0,0,0,-15,0,0]′

29 [130] 38 20 [1,2,3,4,5,6,7,0,0,0,1,0,0,1,0,-1,0,0,-1,0,0,1,0,0,0,-1,0,4,0,0,0,0,0,-2,0,0,0,0] ′

30 [130] 38 20 [1,2,0,0,4,0,0,0,7,0,0,11,0,0,14,0,0,0,21,0,0,0,16,0,0,0,0,17,0,0,0,21,0,0,0,17,0,0]′

31 [130] 38 20 [0,0,0,0,-17,0,0,0,0,0,-23,0,0,0,0,0,0,0,0,0,0,0,26,0,0,0,0,0,0,0,0,0,-21,0,0,0,0,0]′

32 [130] 38 20 [0,0,0,0,0,0,0,0,0,0,0,0,3,-10,0,0,0,0,0,0,0,0,5,6,0,0,0,0,0,0,0,0,0,0,0,9,0,0]′

33 [130] 42 22 [0,0,0,0,-3,0,0,-2,0,0,0,0,1,-1,0,0,0,0,-2,0,0,0,5,0,-3,0,0,0,0,-3,1,0,0,0,0,0,-4,1,-1,3,0,0]′

34 [130] 42 22 [0,0,1,1,3,0,0,4,0,0,0,0,0,4,0,0,0,1,0,2,0,0,0,6,-3,0,0,0,2,0,0,0,0,0,0,3,0,0,0,0,0,0]′

35 [130] 42 22 [0,0,11,0,0,0,0,0,-13,0,0,0,13,6,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,3,6,0,0,0,0,0,0,0,0,0]′

36 [130] 42 22 [0,0,0,0,0,-15,0,0,2,0,0,0,6,-2,0,0,0,0,0,0,0,-15,0,0,5,0,0,12,0,-10,0,0,0,0,0,0,0,0,0,14,0,7]′

37 [215] 22 12 [0,0,2,3,0,0,13,1,2,0,5,0,0,1,8,0,0,0,0,0,-1,0]′

38 [215] 22 12 [0,0,0,0,20,-16,0,0,0,0,0,0,0,0,0,0,20,0,0,-7,0,0]′

39 [215] 22 12 [2,-1,1,0,0,0,0,0,0,0,0,0,0,0,-1,1,0,2,0,0,0,0]′

40 [215] 22 12 [0,-2,-2,1,2,0,0,4,0,0,0,4,0,0,0,0,0,0,-3,0,2,2]′

41 [148] 10 6 [0,5,0,0,-8,1,0,0,0,0]′

42 [148] 10 6 [0,0,0,0,0,10,0,0,0,17]′

43 [148] 10 6 [0,0,0,0,0,0,0,7,-1,0]′

44 [148] 10 6 [0,9,0,0,0,-6,0,0,0,7]′

5.4 Sugkritik  Melèth

Prokeimènou na axiolog soume thn apìdosh tou proteinìmenou algorÐjmou epilog c
metablht¸n qrhsimopoi same ta sf�lmata TÔpou I kai TÔpou II (ìso mikrìtera tìso
kalÔtera) kai sta peir�mat� mac ektelèsame tic prosomoi¸seic 1000 forèc gia k�je èna
apì ta akìlouja sen�ria:

• Sen�rio I: 1000 sÔnola dedomènwn me thn apìkrish Y na proèrqetai apì thn Poisson
katanom  par�qjhkan tuqaÐa gia k�je èna apì ta montèla,

• Sen�rio II: 1000 sÔnola dedomènwn me thn apìkrish Y na proèrqetai apì th gewmetrik 
katanom  par�qjhkan tuqaÐa gia k�je èna apì ta montèla,

• Sen�rio III: 1000 sÔnola dedomènwn me thn apìkrish Y na proèrqetai apì thn arnhtik 
diwnumik  katanom  par�qjhkan tuqaÐa gia k�je èna apì ta montèla,

• Sen�rio IV: 1000 sÔnola dedomènwn me thn apìkrish Y na proèrqetai apì thn Bernoul-
li katanom  par�qjhkan tuqaÐa gia k�je èna apì ta montèla.
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5.4.1 Sugkritik  Melèth: Bernoulli Apìkrish

Se aut  thn enìthta, parousi�zetai mia sugkritik  melèth prosomoÐwshc, prokeimènou
na axiologhjeÐ h apìdosh kai ta pleonekt mata thc proteinìmenhc mejìdou. Upojètoume ìti
ta dedomèna apìkrishc akoloujoÔn Bernoulli katanom , kai sugkrÐnoume ton proteinìmeno
algìrijmo thc JewrÐac Plhrofori¸n (SU), me dÔo eurèwc gnwstoÔc kai qrhsimopoioÔme-
nouc algìrijmouc epilog c metablht¸n, ton Conditional Mutual Information Maximization
(CMIM) algìrijmo o opoÐoc prot�jhke apì ton Fleuret [81] kai ton minimal-redundancy-
maximal-relevance (mRMR) algìrijmo epilog c metablht¸n o opoÐoc prot�jhke apì touc
Peng et al. [178]. H epilog  twn CMIM kai mRMR algorÐjmwn metaxÔ �llwn uparqìntwn
algorÐjmwn epilog c metablht¸n ègine me b�sh to gegonìc ìti o CMIM kai o mRMR al-
gìrijmoc, kaj¸c kai o proteinìmenoc algìrijmoc (SU), ìloi touc basÐzontai se mètra thc
JewrÐac Plhrofori¸n. Sugkekrimèna, o CMIM algìrijmoc apoteleÐ mÐa teqnik  epilog c
metablht¸n basismènh sto mètro thc desmeumènhc amoibaÐac plhroforÐac, h opoÐa epilègei
epanalhptik� tic metablhtèc pou megistopoioÔn thn amoibaÐa plhroforÐa touc, me thn kl�sh
prìbleyhc na exart�tai apì opoiad pote metablht  èqei  dh epilegeÐ. Ac shmeiwjeÐ ed¸ ìti
h CMIM diadikasÐa mporeÐ na efarmosteÐ se probl mata taxinìmhshc dÔo mìno kl�sewn,
kai gia autìn to lìgo efarmìzoume ton CMIM algìrijmo kai ton sugkrÐnoume me ton pro-
teinìmeno (SU) mìno sthn perÐptwsh pou èqoume dÐtima dedomèna apìkrishc (Bernoulli).
Apì thn �llh meri�, o algìrijmoc mRMR megistopoieÐ thn amoibaÐa plhroforÐa metaxÔ
twn epilegmènwn metablht¸n kai thc epijumht c tim c thc apìkrishc (relevance) kai e-
laqistopoieÐ thn amoibaÐa plhroforÐa metaxÔ twn epilegmènwn metablht¸n (redundancy).
Ac shmeiwjeÐ ed¸ ìti to exagìmeno apotèlesma tou algorÐjmou mRMR prèpei na eÐnai mia
metablht  me stìqo thn taxinìmhsh se kl�seic, kai gia autìn to lìgo efarmìzoume ton
mRMR algìrijmo kai ton sugkrÐnoume me ton proteinìmeno (SU) mìno sthn perÐptwsh pou
èqoume dÐtima dedomèna apìkrishc (Bernoulli).

Ta lhfjènta apotelèsmata met� thn efarmog  tou proteinìmenou algorÐjmou (SU),
kaj¸c kai twn CMIM kai mRMR algorÐjmwn, sunoyÐzontai ston PÐnaka 5.2. Ston PÐnaka
5.2, h pr¸th st lh anafèrei ton arijmì pou antistoiqeÐ sto montèlo pou qrhsimopoi jhke,
en¸ oi dÔo st lec me tÐtlo “Type I” kai “Type II” parousi�zoun tic mèsec timèc gia ta
sf�lmata TÔpou I kai TÔpou II, antÐstoiqa, pou proèkuyan met� apì 1000 prosomoi¸seic,
sÔmfwna k�je for� me ton upì exètash algìrijmo.

'Oson afor� ton algìrijmo CMIM, oi mèsec timèc gia ta sf�lmata TÔpou I kai TÔpou
II eÐnai 0.53 kai 0.10, antÐstoiqa. ParathroÔme apì ton PÐnaka 5.2, ìti h mèjodoc CMIM
par�gei polÔ uyhl� sf�lmata TÔpou I sthn pleioyhfÐa twn peript¸sewn me apotèlesma thn
epilog  poll¸n anenerg¸n paragìntwn. Sugkekrimèna, o algìrijmoc CMIM parousi�zei
ta uyhlìtera sf�lmata TÔpou I sugkrinìmenoc me thn proteinìmenh mèjodo (SU) kai thn
mRMR. Wstìso, h mèjodoc CMIM par�gei qamhl� sf�lmata TÔpou II. H mèjodoc CMIM
èqei shmantik� qamhlìtera sf�lmata TÔpou II se sÔgkrish me thn mRMR, all� uyhlìtera
sf�lmata TÔpou II se sÔgkrish me thn proteinìmenh mèjodo (SU).

'Oson afor� ton algìrijmo mRMR, oi mèsec timèc gia ta sf�lmata TÔpou I kai TÔpou
II eÐnai 0.13 kai 0.31, antÐstoiqa. ParathroÔme apì ton PÐnaka 5.2, ìti h mRMR mèjo-
doc par�gei ta pio qamhl� sf�lmata TÔpou I all� polÔ uyhl� sf�lmata TÔpou II sthn
pleioyhfÐa twn peript¸sewn. Sugkekrimèna, o algìrijmoc mRMR èqei tic uyhlìterec
timèc sf�lmatoc TÔpou II se sÔgkrish me thn proteinìmenh mèjodo (SU) kai thn CMIM.

'Oson afor� thn proteinìmenh mèjodo (SU), oi mèsec timèc gia ta sf�lmata TÔpou I
kai TÔpou II eÐnai 0.23 kai 0.06, antÐstoiqa. Sugkekrimèna, ta sf�lmata TÔpou I eÐnai se
qamhlì epÐpedo, kai ta sf�lmata TÔpou II thc proteinìmenhc mejìdou eÐnai polÔ qamhl� kai
shmantik� mikrìtera apì ta sf�lmata TÔpou I gia ìla ta jewroÔmena montèla. Epiplèon,
parathroÔme apì ton PÐnaka 5.2 ìti se merikèc apì tic peript¸seic pou exet�sthkan, ta
sf�lmata TÔpou II eÐnai 0.00, kai autèc antistoiqoÔn se peript¸seic ìpou ìlec oi energèc
epidr�seic aniqneÔjhkan swst� (gia 20 apì ta 44 montèla gia to Sen�rio IV). Epiplèon, h
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proteinìmenh mèjodoc epitugq�nei tic qamhlìterec timèc sfalm�twn TÔpou II se sqèsh me
th mèjodo CMIM kai thn mRMR. 'Etsi katal goume sto sumpèrasma ìti h proteinìmenh
mèjodoc (SU) èqei thn t�sh na dhl¸nei se èna uyhlìtero posostì mh energèc epidr�seic
wc energèc kai se polÔ qamhlìtero posostì tic energèc epidr�seic wc anenergèc. Wc ek
toÔtou, h proteinìmenh mèjodoc mporeÐ na jewrhjeÐ pr�gmati sunthrhtik  upì aut  thn
ènnoia.

Sumperasmatik�, h proteinìmenh mèjodoc (SU) upertereÐ saf¸c apì th CMIM mèjodo,
èqontac wc apotèlesma qamhlìterec timèc sfalm�twn TÔpou I kai TÔpou II. Epiplèon, h
proteinìmenh mèjodoc (SU) faÐnetai na uperèqei thc mejìdou mRMR, dedomènou ìti èqei
shmantik� qamhlìtera sf�lmata TÔpou II, kai mikr  diafor� stic timèc twn sfalm�twn
TÔpou I sugkrinìmenh me thn mRMR. H proteinìmenh mèjodoc (SU) mporeÐ na jewrhjeÐ
sunthrhtik  kai genik� epitugq�nei mia stajer  apìdosh, dedomènou ìti eÐnai h mình mèjo-
doc apì thn opoÐa proèkuyan tautìqrona qamhlèc timèc kai gia ta dÔo sf�lmata. Oi �lloi
dÔo algìrijmoi pou exet�sthkan faÐnetai na parousi�zoun shmantik� uyhlìtera sf�lma-
ta TÔpou I (CMIM)   TÔpou II (mRMR). Epiplèon, apì thn proteinìmenh mèjodo (SU)
proèkuyan ta qamhlìtera sf�lmata TÔpou II, gegonìc pou eÐnai zwtik c shmasÐac gia thn
epilog  metablht¸n sthn an�lush uperkoresmènwn sqediasm¸n. Ta sf�lmata TÔpou I kai
TÔpou II eÐnai exÐsou shmantik� kai ja prèpei na diathroÔntai ìso to dunatìn qamhlìtera,
ìmwc dedomènou ìti oi uperkoresmènoi sqediasmoÐ kurÐwc qrhsimopoioÔntai se peir�mata
krhsarÐsmatoc me stìqo na anagnwrÐsoun ekeÐnouc touc par�gontec pou ja prèpei na exe-
tastoÔn peraitèrw, oi qamhlèc timèc sf�lmatoc TÔpou II eÐnai idiaÐtera epijumhtèc. H pro-
teinìmenh mèjodoc katorj¸nei k�ti tètoio epituq¸c se sÔgkrish me tic �llec dÔo mejìdouc
pou exet�sthkan.
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PÐnakac 5.2: Empeirik  apìdosh thc 4hc proteinìmenhc mejìdou gia ta montèla 1-44 gia to
Sen�rio IV me qr sh 1000 prosomoi¸sewn

Montèlo Type I (SU) Type I (CMIM) Type I (mRMR) Type II (SU) Type II (CMIM) Type II (mRMR)

1 0.16 0.33 0.17 0.00 0.25 0.25
2 0.16 0.34 0.16 0.00 0.25 0.25
3 0.28 0.71 0.14 0.00 0.33 0.33
4 0.00 0.17 0.00 0.00 0.00 0.00
5 0.27 0.53 0.12 0.10 0.01 0.21
6 0.12 0.25 0.13 0.00 0.00 0.16
7 0.18 0.09 0.09 0.00 0.66 0.33
8 0.19 0.33 0.20 0.02 0.00 0.50
9 0.23 0.38 0.16 0.17 0.10 0.20
10 0.14 0.21 0.07 0.00 0.02 0.25
11 0.30 0.30 0.15 0.00 0.00 0.40
12 0.16 0.29 0.16 0.00 0.00 0.33
13 0.27 0.64 0.14 0.02 0.07 0.30
14 0.23 0.30 0.15 0.11 0.22 0.22
15 0.35 0.41 0.11 0.00 0.00 0.40
16 0.38 0.44 0.17 0.00 0.00 0.75
17 0.26 0.29 0.27 0.18 0.17 0.36
18 0.25 0.98 0.18 0.10 0.00 0.30
19 0.23 0.58 0.20 0.00 0.00 0.38
20 0.20 0.69 0.11 0.01 0.00 0.49
21 0.30 1.00 0.10 0.10 0.00 0.20
22 0.24 0.49 0.22 0.12 0.08 0.45
23 0.23 0.94 0.09 0.12 0.00 0.27
24 0.12 0.90 0.13 0.17 0.01 0.19
25 0.30 0.49 0.12 0.08 0.10 0.26
26 0.28 0.55 0.19 0.15 0.21 0.31
27 0.14 0.86 0.11 0.17 0.03 0.23
28 0.22 0.40 0.07 0.00 0.14 0.42
29 0.27 0.92 0.24 0.15 0.03 0.37
30 0.33 1.00 0.18 0.09 0.00 0.45
31 0.44 0.78 0.04 0.04 0.03 0.41
32 0.15 0.95 0.02 0.00 0.00 0.18
33 0.18 0.91 0.11 0.09 0.00 0.25
34 0.36 0.80 0.14 0.11 0.00 0.41
35 0.05 0.56 0.02 0.00 0.00 0.14
36 0.24 0.70 0.08 0.11 0.00 0.27
37 0.25 0.46 0.24 0.14 0.09 0.36
38 0.11 1.00 0.11 0.00 0.00 0.50
39 0.27 0.52 0.12 0.07 0.01 0.33
40 0.15 0.09 0.08 0.00 0.10 0.11
41 0.14 0.16 0.14 0.00 0.64 0.33
42 0.37 0.00 0.12 0.00 0.50 0.50
43 0.25 0.12 0.12 0.00 0.49 0.00
44 0.42 0.57 0.14 0.33 0.00 0.34

Average 0.23 0.53 0.13 0.06 0.10 0.31

5.4.2 Sugkritik  Melèth: Count Apìkrish

Apì ìso kal� gnwrÐzoume, up�rqoun algìrijmoi epilog c metablht¸n pou èqoun sqe-
diasteÐ gia duadik�, kathgorik�   suneq  dedomèna apìkrishc, all� up�rqei èlleiyh sth
bibliografÐa gia dedomèna apìkrishc ta opoÐa apoteloÔn metr seic (counts). Gia autìn
to lìgo, h apodotikìthta thc proteinìmenhc mejìdou gia dedomèna apìkrishc ta opoÐa
proèrqontai apì thn Poisson, gewmetrik  kai arnhtik  diwnumik  katanom , exet�sthke
kai axiolog jhke mèsa apì mia empeirik  melèth h opoÐa periel�mbane ekten  peir�mata
prosomoÐwshc kai den  tan dunat  h pragmatopoÐhsh sugkrÐsewn me �llec mejìdouc sthn
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up�rqousa bibliografÐa.
Ta apotelèsmata pou prokÔptoun apì thn efarmog  thc proteinìmenhc mejìdou gia

dedomèna apìkrishc ta opoÐa apoteloÔn metr seic kai sugkekrimèna proèrqontai apì thn
Poisson, gewmetrik  kai arnhtik  diwnumik  katanom  sunoyÐzontai stouc PÐnakec 5.3, 5.4
kai 5.5, antistoÐqwc. Se k�je pÐnaka, h pr¸th st lh anafèretai ston arijmì pou anti-
stoiqeÐ sto montèlo pou qrhsimopoi jhke, en¸ oi dÔo st lec me tÐtlo “Type I” kai “Type
II” parousi�zoun tic mèsec timèc twn sfalm�twn TÔpou I kai TÔpou II, antÐstoiqa, pou
proèkuyan met� apì 1000 prosomoi¸seic gia k�je jewroÔmeno Sen�rio.

ParathroÔme apì touc PÐnakec 5.3, 5.4 kai 5.5, ìti ta sf�lmata TÔpou I eÐnai uyh-
lìtera apì ta sf�lmata TÔpou II gia ìla ta jewroÔmena montèla. Gia thn pleionìthta
twn jewroÔmenwn montèlwn, oi timèc twn sfalm�twn TÔpou I brÐskontai sto eÔroc [0.15,
0.35], ìpwc �llwste faÐnetai kai apì ta Sq mata 5.1, 5.2 kai 5.3. Par’ ìla aut�, oi pio
fouskwmènec timèc twn sfalm�twn TÔpou I den apoteloÔn prìblhma sth melèth mac, de-
domènou ìti se katast�seic pou isqÔei h arq  thc sporadikìthtac, eÐnai polÔ pijanì na
prokÔyoun sf�lmata TÔpou I, ìpwc diapist¸jhke apì ton Lin sthn ergasÐa [149].

Epiplèon, parathroÔme apì touc PÐnakec 5.3, 5.4 kai 5.5, ìti ta sf�lmata TÔpou II eÐnai
shmantik� qamhlìtera apì ta sf�lmata TÔpou I gia ìla ta jewroÔmena montèla. Gia thn
pleionìthta twn jewroÔmenwn montèlwn, oi timèc twn sfalm�twn TÔpou II brÐskontai sto
eÔroc [0, 0.15], ìpwc �llwste faÐnetai kai apì ta Sq mata 5.1, 5.2 kai 5.3. EpÐshc, apì touc
PÐnakec 5.3, 5.4 kai 5.5 prokÔptei ìti se merikèc apì tic peript¸seic pou exet�sthkan, ta
sf�lmata TÔpou II eÐnai 0.00, kai autèc antistoiqoÔn se peript¸seic ìpou ìlec oi energèc
epidr�seic aniqneÔjhkan swst� (25 apì ta 44 montèla gia to Sen�rio I, 23 apì ta 44 montèla
gia to Sen�rio II, kai 16 apì ta 44 montèla gia to Sen�rio III).

Mia genik  eikìna pou prokÔptei apì ta Sq mata 5.1, 5.2 kai 5.3 eÐnai ìti h proteinìmenh
mèjodoc èqei thn t�sh na dhl¸nei se èna uyhlìtero posostì mh energèc epidr�seic wc
energèc kai se polÔ qamhlìtero posostì tic energèc epidr�seic wc anenergèc. Wc ek
toÔtou, h proteinìmenh mèjodoc mporeÐ na jewrhjeÐ pr�gmati sunthrhtik  upì aut  thn
ènnoia. Epiplèon, shmei¸noume ed¸ ìti ta sf�lmata paramènoun qamhl� akìma kai gia ta
montèla sta opoÐa h arq  thc sporadikìthtac eÐnai asjenèsterh, dhlad , montèla sta opoÐa
o arijmìc twn energ¸n paragìntwn eÐnai kont� sto m

2 .
Epiprosjètwc, ta Sq mata 5.4 kai 5.5 deÐqnoun ìti h proteinìmenh mèjodoc èqei parìmoia

apìdosh gia opoiod pote jewroÔmeno Sen�rio (I, II kai III). Apì touc PÐnakec 5.3, 5.4 kai
5.5, mporoÔme eÔkola na parathr soume ìti se merikèc apì tic peript¸seic pou exet�sthkan,
oi timèc gia ta sf�lmata eÐnai tautìshmec, dhlad , gia 30 apì ta 44 montèla, ta sf�lmata
TÔpou I kai TÔpou II thc katanom c Poisson eÐnai panomoiìtupa me ekeÐna thc gewmetrik c
katanom c, gia 21 apì ta 44 montèla, ta sf�lmata TÔpou I kai TÔpou II thc katanom c
Poisson eÐnai panomoiìtupa me ekeÐna thc arnhtik c diwnumik c katanom c, gia 19 apì ta 44
montèla, ta sf�lmata TÔpou I kai TÔpou II thc gewmetrik c katanom c eÐnai panomoiìtupa
me ekeÐna thc arnhtik c diwnumik c katanom c. Epiplèon, apì touc PÐnakec 5.3, 5.4 kai 5.5,
prokÔptei ìti oi mèsec timèc gia ta sf�lmata TÔpou I gia ta 44 jewroÔmena montèla eÐnai
0.29, 0.29 kai 0.30 gia thn Poisson, gewmetrik  kai arnhtik  diwnumik  katanom , antÐstoiqa.
Peraitèrw, apì ta apotelèsmata ta opoÐa parousi�zontai stouc PÐnakec 5.3, 5.4 kai 5.5,
epibebai¸netai h kal  apìdosh thc proteinìmenhc mejìdou, dedomènou ìti h tim  thc isqÔoc
(1 -Type II error rate) eÐnai idiaÐtera uyhl , sugkekrimèna eÐnai perÐpou Ðsh me 0.95, 0.94
kai 0.92 gia thn Poisson, gewmetrik  kai arnhtik  diwnumik  katanom , antÐstoiqa, gegonìc
to opoÐo upodeiknÔei ìti sqedìn ìlec oi energèc epidr�seic aniqneÔontai pr�gmati swst�.
Me b�sh ta parap�nw, h proteinìmenh mèjodoc ja mporoÔse na qarakthristeÐ wc eÔrwsth
gia th montelopoÐhsh dedomènwn apìkrishc ta opoÐa apoteloÔn metr seic.
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PÐnakac 5.3: Empeirik  apìdosh thc 4hc proteinìmenhc mejìdou gia ta montèla 1-44 gia to
Sen�rio I me qr sh 1000 prosomoi¸sewn

Montèlo Type I Type II Montèlo Type I Type II
1 0.16 0.00 23 0.31 0.00
2 0.17 0.00 24 0.28 0.18
3 0.28 0.00 25 0.29 0.07
4 0.16 0.00 26 0.28 0.15
5 0.26 0.07 27 0.34 0.16
6 0.12 0.00 28 0.35 0.00
7 0.36 0.00 29 0.26 0.14
8 0.30 0.00 30 0.33 0.09
9 0.21 0.14 31 0.41 0.00
10 0.35 0.00 32 0.42 0.00
11 0.30 0.00 33 0.31 0.08
12 0.25 0.00 34 0.35 0.12
13 0.27 0.01 35 0.41 0.00
14 0.23 0.11 36 0.37 0.03
15 0.35 0.00 37 0.24 0.12
16 0.38 0.00 38 0.36 0.00
17 0.26 0.18 39 0.32 0.04
18 0.25 0.11 40 0.15 0.00
19 0.23 0.00 41 0.28 0.00
20 0.29 0.00 42 0.37 0.00
21 0.30 0.10 43 0.35 0.00
22 0.30 0.10 44 0.28 0.00

PÐnakac 5.4: Empeirik  apìdosh thc 4hc proteinìmenhc mejìdou gia ta montèla 1-44 gia to
Sen�rio II me qr sh 1000 prosomoi¸sewn

Montèlo Type I Type II Montèlo Type I Type II
1 0.16 0.00 23 0.31 0.00
2 0.17 0.00 24 0.26 0.15
3 0.28 0.00 25 0.29 0.07
4 0.16 0.00 26 0.19 0.00
5 0.28 0.10 27 0.35 0.20
6 0.12 0.00 28 0.37 0.14
7 0.36 0.00 29 0.30 0.20
8 0.30 0.00 30 0.33 0.09
9 0.22 0.15 31 0.41 0.09
10 0.35 0.00 32 0.42 0.00
11 0.30 0.00 33 0.31 0.08
12 0.25 0.00 34 0.37 0.16
13 0.27 0.01 35 0.41 0.00
14 0.30 0.17 36 0.37 0.03
15 0.35 0.00 37 0.26 0.14
16 0.38 0.00 38 0.36 0.00
17 0.26 0.18 39 0.34 0.07
18 0.25 0.11 40 0.15 0.00
19 0.23 0.00 41 0.32 0.03
20 0.29 0.00 42 0.37 0.00
21 0.30 0.10 43 0.35 0.00
22 0.31 0.11 44 0.28 0.00
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PÐnakac 5.5: Empeirik  apìdosh thc 4hc proteinìmenhc mejìdou gia ta montèla 1-44 gia to
Sen�rio III me qr sh 1000 prosomoi¸sewn

Montèlo Type I Type II Montèlo Type I Type II
1 0.16 0.00 23 0.32 0.12
2 0.17 0.00 24 0.30 0.20
3 0.28 0.00 25 0.33 0.26
4 0.16 0.00 26 0.29 0.16
5 0.27 0.10 27 0.34 0.17
6 0.12 0.00 28 0.37 0.00
7 0.36 0.00 29 0.29 0.18
8 0.31 0.02 30 0.34 0.11
9 0.23 0.17 31 0.41 0.17
10 0.35 0.00 32 0.42 0.10
11 0.32 0.03 33 0.33 0.12
12 0.25 0.00 34 0.35 0.12
13 0.35 0.18 35 0.41 0.00
14 0.23 0.11 36 0.37 0.10
15 0.35 0.00 37 0.24 0.12
16 0.38 0.00 38 0.38 0.25
17 0.26 0.18 39 0.35 0.10
18 0.25 0.11 40 0.15 0.00
19 0.24 0.01 41 0.29 0.01
20 0.29 0.00 42 0.37 0.00
21 0.30 0.10 43 0.35 0.00
22 0.35 0.20 44 0.29 0.01

Sq ma 5.1: Sf�lmata TÔpou I kai TÔpou II gia thn katanom  Poisson
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Sq ma 5.2: Sf�lmata TÔpou I kai TÔpou II gia th gewmetrik  katanom 

Sq ma 5.3: Sf�lmata TÔpou I kai TÔpou II gia thn arnhtik  diwnumik  katanom 
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Sq ma 5.4: SÔgkrish sfalm�twn TÔpou I gia ta Sen�ria I, II kai III

Sq ma 5.5: SÔgkrish sfalm�twn TÔpou II gia ta Sen�ria I, II kai III
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5.4.3 Sugkritik  Melèth: Epilog  Tim¸n KatwflioÔ

H apìfash sqetik� me thn tim  katwflioÔ w, h opoÐa sthn pr�xh kajorÐzei to mègisto
arijmì twn shmantik¸n paragìntwn pou mporoÔn na anagnwristoÔn, paÐzei shmantikì rìlo
sthn an�ptuxh thc mejìdou. Oi Box kai Meyer [23] kai prìsfata oi Marley kai Wood-
s [160], diepÐstwsan ìti h apotelesmatikìthta twn uperkoresmènwn sqediasm¸n gia thn
eÔresh twn energ¸n paragìntwn ègkeitai sthn apaÐthsh tou peiramatist  “o arijmìc twn
energ¸n paragìntwn na eÐnai mikrìc” (h gnwst  arq  thc sporadikìthtac). Sthn episth-
monik  ergasÐa [7] jèsame to w = m/2, ìpou m eÐnai o arijmìc twn sthl¸n tou uperko-
resmènou pÐnaka sqediasmoÔ, dhlad  o arijmìc twn paragìntwn upì exètash. H apìfash
gia to w ègine b�sh thc arq c thc sporadikìthtac [23]. Gia na posotikopoi soume th
sporadikìthta sto sÔnolo twn dedomènwn kat� th di�rkeia twn peiram�twn prosomoÐwshc,
qrhsimopoi same thn akìloujh diadikasÐa: Oi pragmatik� energèc metablhtèc epilèqjhkan
tuqaÐa apì to sÔnolo twn {1, . . . ,m} endeqìmenwn energ¸n paragìntwn kai mìno oi kÔriec
epidr�seic el fjhsan upìyh. Gia k�je peÐrama, ektim same ìlec tic kÔriec epidr�seic, oi
opoÐec sth sunèqeia epishm�njhkan wc energèc   mh energèc. 'Epeita upologÐzontac to
posostì twn ektim¸menwn energ¸n epidr�sewn pou emfanÐzontai se k�je peÐrama, ektim -
same ìti o arijmìc twn energ¸n epidr�sewn pou mporeÐ na anagnwristeÐ, den uperbaÐnei
to w = m

2 , ìpou m eÐnai o arijmìc twn sthl¸n tou uperkoresmènou sqediasmoÔ. Aut 
h epilog  thc tim c katwflioÔ stouc E(s2)-bèltistouc kai minimax-bèltistouc kuklikoÔc
uperkoresmènouc sqediasmoÔc mporeÐ na jewrhjeÐ wc sunthrhtik . Gia autìn to lìgo, jew-
r same ed¸ mÐa nèa tim  katwflioÔ proc exètash (w < m

2 ) prokeimènou na exasfalÐsoume
thn kalÔterh dunat  epilog  thc tim c katwflioÔ w.

H apìfash sqetik� me thn tim  katwflioÔ tou SU mètrou, h opoÐa kajorÐzei to kat�
pìso ènac par�gontac eÐnai shmantikìc   ìqi, paÐzei shmantikì rìlo sthn an�ptuxh thc
mejìdou. Gia autìn to lìgo, pollèc diaforetikèc timèc katwflioÔ (0.001, 0.01, 0.05,
0.1, 0.25, 0.4, median(su)) exet�sthkan sthn ergasÐa [7] me stìqo na brejeÐ h bèltisth
tim  katwflioÔ tou SU gia thn proteinìmenh mèjodo ìtan h apìkrish eÐnai dÐtimh. Oi
pr¸tec èxi timèc katwflioÔ  tan stajeroÐ arijmoÐ, oi opoÐoi epilèqjhkan sÔmfwna me tic
timèc SU pou parathr jhkan sta perissìtera apì ta peir�mat� mac, en¸ h tim  katwflioÔ
median(su) basÐsthke stic ektim¸menec timèc tou SU , sugkekrimèna sto eÔroc twn tim¸n
tou SU oi opoÐec parathr jhkan sta peir�mat� mac. Telik�, kajorÐsame sthn ergasÐa [7]
thn tim  katwflioÔ tou SU na eÐnai Ðsh me to median(su), dedomènou ìti h epilog  aut 
parathr jhke na eÐnai h bèltisth epilog  met� apì dokimèc prosomoÐwshc, èqontac wc
apotèlesma qamhlìterec timèc sf�lmatoc.

Se aut  th melèth prosomoÐwshc, exet�same epiplèon nèec diaforetikèc timèc katwflioÔ
me stìqo na brejeÐ h bèltisth tim  katwflioÔ tou SU gia th montelopoÐsh se diakrit�
dedomèna apìkrishc. Oi nèec timèc katwflioÔ pou exet�same eÐnai oi SU > median(su),
SU > median(su), SU > mean(su), SU > mean(su), SU > geometric mean(su) kai
SU > geometric mean(su).

Shmei¸noume ed¸ ìti parìlo pou exet�sthkan ek nèou pollèc kai diaforetikèc timèc
katwflioÔ, telik�, kajorÐsame thn tim  katwflioÔ tou SU kai tou w na eÐnai Ðsh me to
median(su) kai to m

2 , antÐstoiqa, dedomènou ìti autèc oi timèc parathr jhkan na eÐnai
oi bèltistec epilogèc met� apì ekteneÐc dokimèc prosomoÐwshc, èqontac wc apotèlesma
qamhlìterec timèc sf�lmatoc sugkritik� me �llec timèc katwflioÔ (blèpe PÐnakec 5.6, 5.7,
5.8 kai 5.9 gia perissìterec leptomèreiec).

Gia k�je èna apì ta 44 jewroÔmena montèla pou parousi�zontai ston PÐnaka 5.1, 1000
sÔnola dedomènwn par�qjhkan gia k�je exetazìmeno Sen�rio, kai ta apotelèsmata pou
el fjhsan met� thn efarmog  thc proteinìmenhc mejìdou parousi�zontai stouc PÐnakec
5.6, 5.7, 5.8 kai 5.9 gia to Sen�rio I, II, III kai IV, antÐstoiqa, sÔmfwna p�nta me tic timèc
katwflioÔ pou exet�sthkan. Sthn pr¸th st lh, dÐnetai o arijmìc pou antistoiqeÐ se k�je
montèlo pou qrhsimopoieÐtai. Oi st lec me tÐtlo “Type I” kai “Type II” parousi�zoun
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tic mèsec timèc gia ta sf�lmata TÔpou I kai TÔpou II pou proèkuyan met� apì 1000 pro-
somoi¸seic, se antistoiqÐa me k�je exetazìmenh tim  katwflioÔ. Sthn teleutaÐa gramm 
tou k�je pÐnaka dÐnontai oi mèsec timèc gia ta sf�lmata TÔpou I kai TÔpou II gia ta 44
jewroÔmena montèla.

Ta apotelèsmata ta opoÐa proèkuyan gia k�je èna apì ta jewroÔmena Sen�ria met�
apì th sÔgkrish twn di�forwn tim¸n katwflioÔ sunoyÐzontai parak�tw.

• Sen�rio I: Apì ton PÐnaka 5.3, parathroÔme ìti oi mèsec timèc gia ta sf�lmata TÔpou
I kai TÔpou II gia ta 44 jewroÔmena montèla eÐnai 0.29 kai 0.04, antÐstoiqa, me jew-
roÔmenec timèc katwflioÔ gia to SU thn tim  median(su) kai gia to w thn tim 
w = m

2 . Me autèc tic timèc katwflioÔ, h proteinìmenh mèjodoc èqei shmantik� qamh-
lìtera sf�lmata TÔpou II, kai elafr¸c uyhlìtera sf�lmata TÔpou I (blèpe PÐnaka
5.6 gia sÔgkrish).

• Sen�rio II: Apì ton PÐnaka 5.4, parathroÔme ìti oi mèsec timèc gia ta sf�lmata
TÔpou I kai TÔpou II gia ta 44 jewroÔmena montèla eÐnai 0.29 kai 0.05, antÐstoiqa,
me jewroÔmenec timèc katwflioÔ gia to SU thn tim  median(su) kai gia to w thn
tim  w = m

2 . Me autèc tic timèc katwflioÔ, h proteinìmenh mèjodoc èqei shmantik�
qamhlìtera sf�lmata TÔpou II, kai elafr¸c uyhlìtera sf�lmata TÔpou I (blèpe
PÐnaka 5.7 gia sÔgkrish).

• Sen�rio III: Apì ton PÐnaka 5.5, parathroÔme ìti oi mèsec timèc gia ta sf�lmata
TÔpou I kai TÔpou II gia ta 44 jewroÔmena montèla eÐnai 0.30 kai 0.07, antÐstoiqa,
me jewroÔmenec timèc katwflioÔ gia to SU thn tim  median(su) kai gia to w thn
tim  w = m

2 . Me autèc tic timèc katwflioÔ, h proteinìmenh mèjodoc èqei shmantik�
qamhlìtera sf�lmata TÔpou II, kai elafr¸c uyhlìtera sf�lmata TÔpou I (blèpe
PÐnaka 5.8 gia sÔgkrish).

• Sen�rio IV: Apì ton PÐnaka 5.2, parathroÔme ìti oi mèsec timèc gia ta sf�lmata
TÔpou I kai TÔpou II gia ta 44 jewroÔmena montèla eÐnai 0.23 kai 0.06, antÐstoiqa,
me jewroÔmenec timèc katwflioÔ gia to SU thn tim  median(su) kai gia to w thn
tim  w = m

2 . Me autèc tic timèc katwflioÔ, h proteinìmenh mèjodoc èqei shmantik�
qamhlìtera sf�lmata TÔpou II, kai elafr¸c uyhlìtera sf�lmata TÔpou I (blèpe
PÐnaka 5.9 gia sÔgkrish).

Ta parap�nw sugkritik� apotelèsmata upodeiknÔoun ìti h proteinìmenh mèjodoc, epilè-
gontac wc tim  katwflioÔ gia to SU thn tim  median(su) kai gia to w thn tim  w = m

2 , eÐnai
arket� eÔrwsth gia th montelopoÐhsh dedomènwn apìkrishc ta opoÐa apoteloÔn metr seic.
Oi mèsec timèc gia ta sf�lmata TÔpou I kai TÔpou II gia ta 44 jewroÔmena montèla eÐnai
sqedìn panomoiìtupec gia ta Sen�ria I, II kai III.

Se genikèc grammèc, katal goume sto sumpèrasma ìti gia k�je èna apì ta exetazìmena
Sen�ria, h proteinìmenh mèjodoc faÐnetai na èqei ikanopoihtik  apìdosh epilègontac wc
tim  katwflioÔ gia to SU thn tim  median(su) kai gia to w thn tim  w = m

2 . Me aut  thn
epilog  twn tim¸n katwflioÔ, h proteinìmenh mèjodoc epitugq�nei tic qamhlìterec timèc
gia ta sf�lmata TÔpou II gia ìla ta Sen�ria pou exet�sthkan. To gegonìc ìti h epilog 
aut¸n twn tim¸n katwflioÔ odhgeÐ se elafr¸c uyhlìterec timèc gia ta sf�lmata TÔpou
I den mac enoqleÐ, dedomènou ìti se katast�seic pou isqÔei h arq  thc sporadikìthtac,
eÐnai polÔ pijanì na prokÔyoun sf�lmata TÔpou I [149]. 'Allwste, oi uperkoresmènoi
sqediasmoÐ kurÐwc qrhsimopoioÔntai se peir�mata krhsarÐsmatoc me stìqo na anagnwrÐsoun
ekeÐnouc touc par�gontec pou ja prèpei na exetastoÔn peraitèrw, kai oi qamhlèc timèc
sf�lmatoc TÔpou II eÐnai perissìtero epijumhtèc. H proteinìmenh mèjodoc epilègontac wc
tim  katwflioÔ gia to SU thn tim  median(su) kai gia to w thn tim  w = m

2 katorj¸nei
k�ti tètoio epituq¸c, se sÔgkrish me tic �llec timèc katwflioÔ pou exet�sthkan.
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PÐnakac 5.6: Sugkritik  apìdosh thc 4hc proteinìmenhc mejìdou gia ta montèla 1-44 gia to
Sen�rio I me qr sh 1000 prosomoi¸sewn

(w < k
2 ) SU > median(su) SU > median(su) SU > mean(su) SU > mean(su) SU > geomean(su) SU > geomean(su)

Montèlo Type I Type II Type I Type II Type I Type II Type I Type II Type I Type II Type I Type II
1 0.16 0.25 0.16 0.25 0.16 0.25 0.16 0.25 0.16 0.25 0.16 0.26
2 0.16 0.25 0.16 0.26 0.16 0.25 0.16 0.26 0.16 0.26 0.16 0.25
3 0.28 0.33 0.00 0.66 0.00 0.66 0.00 0.66 0.00 0.66 0.00 0.66
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0.25 0.25 0.01 0.96 0.20 0.26 0.20 0.24 0.19 0.28 0.19 0.32
6 0.12 0.16 0.00 0.66 0.12 0.16 0.12 0.16 0.12 0.16 0.12 0.16
7 0.27 0.00 0.18 0.00 0.18 0.00 0.18 0.00 0.27 0.00 0.18 0.00
8 0.20 0.00 0.19 0.02 0.20 0.08 0.19 0.02 0.19 0.01 0.19 0.03
9 0.23 0.29 0.20 0.25 0.20 0.27 0.20 0.26 0.22 0.30 0.20 0.27
10 0.28 0.00 0.14 0.00 0.14 0.00 0.14 0.00 0.14 0.00 0.14 0.00
11 0.30 0.20 0.30 0.20 0.30 0.20 0.30 0.20 0.30 0.20 0.30 0.20
12 0.16 0.00 0.16 0.00 0.16 0.00 0.16 0.00 0.16 0.00 0.16 0.00
13 0.22 0.06 0.11 0.27 0.14 0.25 0.15 0.26 0.15 0.22 0.16 0.22
14 0.23 0.22 0.23 0.22 0.23 0.22 0.23 0.22 0.23 0.22 0.23 0.22
15 0.29 0.00 0.00 0.60 0.29 0.00 0.29 0.00 0.29 0.00 0.29 0.00
16 0.38 0.25 0.05 0.75 0.38 0.25 0.38 0.25 0.38 0.25 0.38 0.25
17 0.26 0.27 0.26 0.27 0.26 0.27 0.26 0.27 0.26 0.27 0.26 0.27
18 0.27 0.23 0.14 0.30 0.15 0.31 0.13 0.30 0.14 0.30 0.13 0.30
19 0.23 0.11 0.01 0.62 0.21 0.13 0.21 0.12 0.23 0.11 0.22 0.12
20 0.34 0.02 0.18 0.00 0.22 0.08 0.21 0.09 0.20 0.08 0.21 0.05
21 0.25 0.10 0.05 0.30 0.05 0.30 0.05 0.30 0.05 0.30 0.05 0.30
22 0.30 0.20 0.00 0.68 0.00 0.68 0.00 0.66 0.28 0.20 0.25 0.22
23 0.31 0.12 0.22 0.14 0.21 0.15 0.20 0.19 0.23 0.12 0.23 0.12
24 0.24 0.19 0.09 0.23 0.10 0.19 0.10 0.23 0.10 0.19 0.08 0.26
25 0.25 0.06 0.10 0.43 0.10 0.45 0.11 0.41 0.13 0.40 0.12 0.40
26 0.23 0.15 0.08 0.36 0.08 0.40 0.08 0.39 0.12 0.32 0.11 0.35
27 0.31 0.19 0.07 0.23 0.08 0.25 0.07 0.24 0.08 0.25 0.06 0.28
28 0.33 0.00 0.22 0.14 0.22 0.14 0.22 0.14 0.22 0.14 0.22 0.14
29 0.26 0.21 0.13 0.41 0.13 0.36 0.12 0.38 0.12 0.40 0.12 0.35
30 0.29 0.09 0.22 0.27 0.22 0.27 0.22 0.27 0.22 0.27 0.22 0.27
31 0.41 0.00 0.22 0.24 0.23 0.22 0.23 0.24 0.28 0.16 0.23 0.21
32 0.39 0.00 0.14 0.00 0.14 0.00 0.14 0.00 0.14 0.00 0.14 0.00
33 0.31 0.16 0.20 0.21 0.19 0.17 0.20 0.18 0.23 0.23 0.19 0.18
34 0.34 0.15 0.23 0.34 0.22 0.37 0.20 0.37 0.18 0.41 0.20 0.35
35 0.38 0.00 0.02 0.00 0.02 0.00 0.02 0.00 0.02 0.00 0.02 0.00
36 0.34 0.10 0.07 0.19 0.09 0.18 0.08 0.18 0.08 0.19 0.07 0.19
37 0.23 0.23 0.00 0.76 0.20 0.28 0.21 0.26 0.21 0.25 0.21 0.26
38 0.33 0.00 0.11 0.00 0.11 0.00 0.11 0.00 0.11 0.00 0.11 0.00
39 0.28 0.08 0.20 0.10 0.21 0.10 0.20 0.08 0.24 0.16 0.19 0.12
40 0.15 0.11 0.07 0.11 0.07 0.11 0.07 0.11 0.07 0.11 0.07 0.11
41 0.14 0.00 0.14 0.00 0.14 0.00 0.14 0.00 0.14 0.00 0.15 0.01
42 0.25 0.00 0.12 0.50 0.12 0.50 0.12 0.50 0.12 0.50 0.12 0.50
43 0.25 0.00 0.25 0.00 0.25 0.00 0.25 0.00 0.25 0.00 0.25 0.00
44 0.28 0.33 0.14 0.33 0.28 0.33 0.28 0.33 0.28 0.33 0.28 0.33

Average 0.26 0.12 0.12 0.27 0.16 0.20 0.16 0.20 0.17 0.19 0.16 0.19
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PÐnakac 5.7: Sugkritik  apìdosh thc 4hc proteinìmenhc mejìdou gia ta montèla 1-44 gia to
Sen�rio II me qr sh 1000 prosomoi¸sewn

(w < k
2 ) SU > median(su) SU > median(su) SU > mean(su) SU > mean(su) SU > geomean(su) SU > geomean(su)

Montèlo Type I Type II Type I Type II Type I Type II Type I Type II Type I Type II Type I Type II
1 0.16 0.25 0.16 0.25 0.16 0.26 0.16 0.25 0.16 0.25 0.16 0.26
2 0.16 0.25 0.16 0.25 0.16 0.26 0.16 0.25 0.16 0.26 0.16 0.25
3 0.28 0.33 0.00 0.66 0.00 0.66 0.00 0.66 0.00 0.66 0.00 0.66
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0.25 0.26 0.01 0.92 0.18 0.34 0.20 0.32 0.19 0.25 0.15 0.33
6 0.12 0.16 0.00 1.00 0.12 0.16 0.12 0.16 0.12 0.16 0.12 0.16
7 0.27 0.00 0.18 0.00 0.18 0.00 0.18 0.00 0.18 0.00 0.18 0.00
8 0.20 0.01 0.19 0.06 0.19 0.02 0.19 0.01 0.19 0.05 0.20 0.00
9 0.21 0.27 0.16 0.32 0.16 0.29 0.17 0.30 0.17 0.30 0.15 0.35
10 0.28 0.00 0.13 0.01 0.14 0.00 0.14 0.00 0.14 0.00 0.14 0.00
11 0.30 0.20 0.30 0.20 0.30 0.20 0.30 0.20 0.30 0.20 0.30 0.20
12 0.16 0.00 0.15 0.01 0.16 0.00 0.16 0.00 0.16 0.00 0.16 0.00
13 0.24 0.08 0.12 0.27 0.17 0.22 0.14 0.25 0.15 0.23 0.19 0.20
14 0.30 0.33 0.30 0.33 0.30 0.33 0.30 0.33 0.30 0.33 0.30 0.33
15 0.41 0.40 0.41 0.40 0.41 0.40 0.41 0.40 0.41 0.40 0.41 0.40
16 0.38 0.25 0.05 0.75 0.38 0.25 0.38 0.25 0.38 0.25 0.38 0.25
17 0.39 0.45 0.20 0.72 0.20 0.72 0.20 0.71 0.20 0.72 0.20 0.71
18 0.25 0.20 0.12 0.30 0.13 0.30 0.12 0.30 0.14 0.29 0.14 0.30
19 0.24 0.13 0.03 0.55 0.19 0.15 0.20 0.17 0.21 0.13 0.19 0.14
20 0.34 0.04 0.19 0.00 0.06 0.29 0.07 0.31 0.21 0.03 0.23 0.04
21 0.30 0.20 0.20 0.30 0.20 0.30 0.20 0.30 0.20 0.30 0.20 0.30
22 0.30 0.21 0.00 0.65 0.02 0.66 0.00 0.67 0.00 0.64 0.00 0.68
23 0.27 0.01 0.22 0.01 0.09 0.48 0.09 0.48 0.22 0.01 0.22 0.01
24 0.19 0.12 0.14 0.14 0.10 0.31 0.07 0.33 0.09 0.33 0.10 0.33
25 0.25 0.08 0.12 0.43 0.09 0.44 0.08 0.46 0.09 0.43 0.12 0.44
26 0.14 0.00 0.08 0.15 0.00 0.29 0.00 0.28 0.00 0.28 0.00 0.29
27 0.30 0.19 0.11 0.32 0.08 0.30 0.12 0.27 0.12 0.26 0.09 0.31
28 0.40 0.28 0.40 0.28 0.40 0.28 0.40 0.28 0.40 0.28 0.40 0.28
29 0.29 0.25 0.12 0.47 0.12 0.39 0.13 0.37 0.13 0.37 0.13 0.40
30 0.33 0.18 0.33 0.18 0.18 0.27 0.18 0.27 0.18 0.27 0.18 0.27
31 0.42 0.14 0.25 0.12 0.24 0.14 0.23 0.12 0.33 0.16 0.32 0.15
32 0.39 0.00 0.15 0.02 0.14 0.00 0.14 0.00 0.13 0.00 0.14 0.00
33 0.31 0.17 0.14 0.24 0.16 0.22 0.14 0.26 0.15 0.19 0.15 0.22
34 0.34 0.16 0.13 0.48 0.19 0.42 0.20 0.37 0.19 0.41 0.24 0.42
35 0.38 0.00 0.18 0.00 0.16 0.00 0.15 0.00 0.16 0.00 0.16 0.00
36 0.46 0.50 0.46 0.50 0.46 0.49 0.46 0.50 0.46 0.49 0.46 0.48
37 0.25 0.25 0.00 0.76 0.21 0.32 0.21 0.29 0.20 0.30 0.23 0.32
38 0.33 0.00 0.11 0.00 0.11 0.00 0.11 0.00 0.11 0.00 0.11 0.00
39 0.27 0.07 0.19 0.22 0.18 0.17 0.22 0.15 0.17 0.14 0.21 0.18
40 0.15 0.11 0.07 0.11 0.07 0.13 0.07 0.11 0.07 0.11 0.07 0.11
41 0.28 0.33 0.28 0.33 0.00 0.33 0.00 0.33 0.27 0.34 0.28 0.33
42 0.25 0.02 0.25 0.00 0.00 0.50 0.00 0.50 0.25 0.00 0.25 0.00
43 0.25 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.24 0.00
44 0.29 0.34 0.28 0.35 0.27 0.39 0.28 0.33 0.29 0.35 0.28 0.33

Average 0.27 0.16 0.16 0.29 0.16 0.26 0.16 0.26 0.18 0.23 0.18 0.23
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PÐnakac 5.8: Sugkritik  apìdosh thc 4hc proteinìmenhc mejìdou gia ta montèla 1-44 gia to
Sen�rio III me qr sh 1000 prosomoi¸sewn

(w < k
2 ) SU > median(su) SU > median(su) SU > mean(su) SU > mean(su) SU > geomean(su) SU > geomean(su)

Montèlo Type I Type II Type I Type II Type I Type II Type I Type II Type I Type II Type I Type II
1 0.16 0.25 0.16 0.25 0.16 0.26 0.16 0.25 0.15 0.28 0.16 0.25
2 0.16 0.25 0.16 0.25 0.16 0.25 0.16 0.25 0.16 0.25 0.16 0.25
3 0.28 0.33 0.00 0.66 0.00 0.66 0.00 0.66 0.00 0.66 0.00 0.66
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0.25 0.26 0.00 0.88 0.15 0.34 0.16 0.30 0.14 0.36 0.15 0.33
6 0.12 0.16 0.00 1.00 0.12 0.16 0.12 0.16 0.12 0.18 0.12 0.16
7 0.27 0.00 0.18 0.00 0.18 0.00 0.18 0.00 0.18 0.00 0.18 0.00
8 0.20 0.00 0.20 0.00 0.19 0.01 0.19 0.04 0.18 0.04 0.19 0.02
9 0.25 0.32 0.16 0.33 0.17 0.30 0.19 0.26 0.15 0.33 0.17 0.30
10 0.28 0.00 0.13 0.01 0.13 0.03 0.14 0.00 0.14 0.00 0.13 0.03
11 0.30 0.20 0.30 0.20 0.30 0.20 0.30 0.20 0.30 0.20 0.30 0.20
12 0.17 0.00 0.14 0.03 0.16 0.00 0.15 0.01 0.15 0.01 0.16 0.00
13 0.38 0.25 0.33 0.28 0.33 0.28 0.33 0.28 0.33 0.28 0.33 0.28
14 0.38 0.44 0.38 0.44 0.38 0.44 0.38 0.44 0.38 0.44 0.38 0.44
15 0.35 0.20 0.35 0.20 0.35 0.20 0.35 0.20 0.35 0.20 0.35 0.20
16 0.38 0.25 0.05 0.75 0.38 0.25 0.38 0.25 0.38 0.25 0.38 0.25
17 0.26 0.27 0.20 0.27 0.13 0.45 0.12 0.46 0.20 0.27 0.20 0.27
18 0.25 0.20 0.12 0.30 0.15 0.31 0.15 0.30 0.13 0.30 0.12 0.30
19 0.23 0.11 0.04 0.56 0.20 0.14 0.19 0.16 0.21 0.13 0.20 0.14
20 0.34 0.04 0.22 0.01 0.21 0.01 0.20 0.04 0.22 0.02 0.22 0.06
21 0.25 0.10 0.25 0.10 0.10 0.30 0.10 0.30 0.10 0.30 0.10 0.30
22 0.30 0.09 0.30 0.20 0.30 0.20 0.30 0.20 0.30 0.20 0.30 0.20
23 0.36 0.25 0.36 0.25 0.19 0.25 0.18 0.25 0.19 0.25 0.18 0.25
24 0.43 0.49 0.14 0.49 0.17 0.49 0.14 0.49 0.15 0.49 0.17 0.50
25 0.42 0.44 0.41 0.45 0.43 0.45 0.42 0.44 0.43 0.45 0.42 0.44
26 0.23 0.15 0.17 0.30 0.09 0.42 0.09 0.43 0.09 0.45 0.09 0.45
27 0.30 0.19 0.07 0.30 0.09 0.21 0.07 0.25 0.08 0.28 0.07 0.28
28 0.33 0.00 0.22 0.14 0.22 0.14 0.22 0.14 0.22 0.14 0.22 0.14
29 0.27 0.22 0.13 0.40 0.12 0.47 0.13 0.48 0.13 0.45 0.12 0.38
30 0.37 0.27 0.37 0.27 0.18 0.45 0.18 0.45 0.18 0.45 0.18 0.45
31 0.42 0.11 0.34 0.25 0.25 0.22 0.25 0.22 0.25 0.22 0.25 0.22
32 0.39 0.00 0.14 0.00 0.14 0.00 0.14 0.00 0.15 0.02 0.14 0.00
33 0.32 0.19 0.16 0.22 0.17 0.23 0.18 0.22 0.13 0.26 0.18 0.30
34 0.35 0.17 0.16 0.47 0.20 0.43 0.24 0.42 0.24 0.40 0.22 0.48
35 0.38 0.00 0.04 0.00 0.03 0.00 0.05 0.00 0.04 0.00 0.03 0.00
36 0.40 0.29 0.39 0.29 0.40 0.29 0.40 0.29 0.40 0.29 0.40 0.29
37 0.24 0.24 0.04 0.75 0.21 0.29 0.22 0.25 0.19 0.33 0.21 0.33
38 0.38 0.25 0.38 0.25 0.38 0.25 0.38 0.25 0.38 0.25 0.38 0.25
39 0.30 0.14 0.17 0.18 0.20 0.17 0.20 0.25 0.20 0.21 0.20 0.24
40 0.15 0.11 0.07 0.11 0.07 0.11 0.07 0.11 0.07 0.11 0.07 0.11
41 0.14 0.00 0.13 0.04 0.14 0.00 0.14 0.01 0.13 0.03 0.13 0.04
42 0.25 0.00 0.12 0.50 0.12 0.50 0.13 0.50 0.12 0.50 0.12 0.50
43 0.25 0.00 0.25 0.00 0.25 0.00 0.25 0.00 0.25 0.00 0.25 0.00
44 0.28 0.33 0.14 0.34 0.28 0.33 0.26 0.38 0.28 0.34 0.28 0.33

Average 0.28 0.17 0.18 0.28 0.19 0.23 0.19 0.24 0.19 0.24 0.19 0.22
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PÐnakac 5.9: Sugkritik  apìdosh thc 4hc proteinìmenhc mejìdou gia ta montèla 1-44 gia to
Sen�rio IV me qr sh 1000 prosomoi¸sewn

(w < k
2 ) SU > median(su) SU > median(su) SU > mean(su) SU > mean(su) SU > geomean(su) SU > geomean(su)

Montèlo Type I Type II Type I Type II Type I Type II Type I Type II Type I Type II Type I Type II
1 0.16 0.25 0.16 0.25 0.16 0.25 0.16 0.25 0.16 0.25 0.16 0.26
2 0.16 0.25 0.16 0.26 0.16 0.26 0.16 0.26 0.16 0.25 0.16 0.25
3 0.28 0.33 0.00 0.66 0.00 0.66 0.00 0.66 0.00 0.66 0.00 0.66
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0.32 0.38 0.10 0.72 0.25 0.46 0.24 0.46 0.22 0.49 0.24 0.48
6 0.12 0.16 0.00 0.66 0.12 0.16 0.12 0.16 0.12 0.16 0.12 0.18
7 0.27 0.00 0.18 0.00 0.18 0.00 0.18 0.00 0.27 0.00 0.18 0.00
8 0.20 0.02 0.19 0.02 0.19 0.03 0.18 0.08 0.18 0.10 0.19 0.02
9 0.22 0.27 0.15 0.37 0.16 0.34 0.16 0.33 0.16 0.34 0.16 0.34
10 0.28 0.00 0.14 0.00 0.14 0.00 0.14 0.00 0.27 0.01 0.14 0.00
11 0.30 0.20 0.30 0.20 0.30 0.20 0.30 0.20 0.30 0.20 0.30 0.20
12 0.16 0.00 0.15 0.01 0.16 0.00 0.16 0.00 0.16 0.01 0.15 0.02
13 0.25 0.11 0.14 0.25 0.16 0.22 0.15 0.23 0.15 0.23 0.20 0.21
14 0.23 0.22 0.23 0.22 0.23 0.22 0.23 0.22 0.23 0.22 0.23 0.22
15 0.29 0.00 0.00 0.60 0.29 0.00 0.29 0.00 0.29 0.00 0.29 0.00
16 0.38 0.25 0.05 0.75 0.38 0.25 0.38 0.25 0.38 0.25 0.38 0.25
17 0.26 0.27 0.26 0.27 0.26 0.27 0.26 0.27 0.26 0.27 0.26 0.27
18 0.25 0.00 0.12 0.30 0.12 0.30 0.13 0.30 0.14 0.30 0.13 0.30
19 0.20 0.05 0.11 0.14 0.16 0.09 0.16 0.06 0.16 0.05 0.17 0.02
20 0.33 0.02 0.18 0.00 0.05 0.29 0.06 0.22 0.17 0.00 0.20 0.02
21 0.23 0.17 0.10 0.24 0.09 0.27 0.09 0.31 0.16 0.20 0.14 0.18
22 0.24 0.19 0.00 0.68 0.00 0.68 0.00 0.66 0.28 0.20 0.25 0.22
23 0.31 0.12 0.22 0.14 0.21 0.15 0.20 0.19 0.23 0.12 0.23 0.12
24 0.23 0.18 0.11 0.19 0.08 0.30 0.10 0.23 0.12 0.17 0.16 0.21
25 0.28 0.14 0.26 0.29 0.09 0.43 0.07 0.46 0.25 0.29 0.27 0.29
26 0.23 0.15 0.08 0.36 0.08 0.40 0.08 0.39 0.12 0.32 0.11 0.35
27 0.30 0.18 0.11 0.19 0.08 0.25 0.07 0.24 0.14 0.17 0.15 0.17
28 0.33 0.00 0.22 0.14 0.22 0.14 0.22 0.14 0.22 0.14 0.22 0.14
29 0.28 0.23 0.12 0.38 0.12 0.44 0.12 0.39 0.18 0.34 0.20 0.34
30 0.29 0.09 0.22 0.27 0.22 0.27 0.22 0.27 0.22 0.27 0.22 0.27
31 0.41 0.03 0.18 0.33 0.18 0.28 0.14 0.31 0.38 0.15 0.35 0.17
32 0.39 0.00 0.15 0.00 0.14 0.00 0.13 0.00 0.15 0.00 0.16 0.00
33 0.28 0.09 0.18 0.17 0.14 0.23 0.15 0.21 0.20 0.16 0.21 0.16
34 0.35 0.17 0.31 0.21 0.18 0.38 0.18 0.39 0.29 0.22 0.30 0.20
35 0.38 0.00 0.30 0.00 0.04 0.00 0.05 0.00 0.36 0.00 0.35 0.00
36 0.34 0.10 0.24 0.16 0.10 0.18 0.12 0.19 0.33 0.10 0.32 0.11
37 0.23 0.22 0.03 0.70 0.21 0.29 0.22 0.25 0.19 0.33 0.20 0.33
38 0.33 0.00 0.11 0.00 0.11 0.00 0.11 0.00 0.11 0.00 0.11 0.00
39 0.27 0.06 0.15 0.18 0.16 0.18 0.15 0.14 0.17 0.20 0.17 0.10
40 0.15 0.11 0.07 0.11 0.07 0.11 0.07 0.11 0.15 0.12 0.07 0.11
41 0.14 0.00 0.14 0.00 0.14 0.01 0.14 0.02 0.14 0.00 0.15 0.01
42 0.25 0.00 0.13 0.50 0.12 0.50 0.12 0.50 0.25 0.01 0.25 0.00
43 0.25 0.00 0.25 0.00 0.25 0.00 0.25 0.00 0.25 0.00 0.25 0.00
44 0.29 0.34 0.28 0.33 0.27 0.38 0.28 0.34 0.28 0.33 0.28 0.33

Average 0.26 0.12 0.14 0.25 0.15 0.22 0.15 0.22 0.20 0.17 0.19 0.17
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Diakrit  Apìkrish

5.5 Sumper�smata

H an�lush twn dedomènwn gia touc uperkoresmènouc sqediasmoÔc paramènei mia prìklh-
sh gia ton peiramatist  kai ènac poll� uposqìmenoc ereunhtikìc tomèac gia mellontik 
doulei�. Oi mèjodoi an�lushc pou parousi�same sta prohgoÔmena Kef�laia 2, 3 kai 4
apoteloÔn mejìdouc an�lushc uperkoresmènwn sqediasm¸n k�tw apì thn upìjesh enìc
logistikoÔ montèlou palindrìmhshc. Se autì to kef�laio epekteÐname ton algìrijmo thc
JewrÐac Plhrofori¸n pou dìjhke sthn ergasÐa [7] gia thn an�lush twn uperkoresmènwn
sqediasm¸n jewr¸ntac ìqi mìno to logistikì montèlo palindrìmhshc, all� genik� èna
genikeumèno grammikì montèlo me diakrit  apìkrish. Sugkekrimèna epekteÐname th qr sh
tou algorÐjmou jewr¸ntac genikeumèna grammik� montèla, twn opoÐwn ta dedomèna apìkri-
shc proèrqontai apì thn Poisson, gewmetrik  kai arnhtik  diwnumik  katanom .

H sugkritik  apìdosh tou proteinìmenou algorÐjmou, me b�sh thn ekten  melèth proso-
moi¸sewn, upodeiknÔei ìti h proteinìmenh mèjodoc èqei qamhl� posost� sf�lmatoc, apodÐdei
kal�, kai eÐnai eÔrwsth apì th stigm  pou me th qr sh diaforetik¸n tim¸n katwflioÔ
proèkuyan parìmoia apotelèsmata. Ac shmeiwjeÐ ed¸ ìti ta sf�lmata TÔpou II dhmiour-
goÔn arket� probl mata, ìpwc diapist¸jhke apì ton Lin sthn ergasÐa [149], ìpwc �llwste
kai ta sf�lmata TÔpou I, dedomènou ìti mporeÐ na odhg soun se perittì upologistikì kì-
stoc sta peir�mata pou akoloujoÔn, kai k�ti tètoio mporeÐ na eÐnai arket� epiz mio se èna
peÐrama to opoÐo èqei �meso antÐktupo sthn pr�xh. 'Opwc me opoiad pote mèjodo an�lushc
uperkoresmènwn sqediasm¸n, ta sf�lmata TÔpou I kai TÔpou II eÐnai exÐsou shmantik� kai
ja prèpei na diathroÔntai ìso to dunatìn qamhlìtera. H proteinìmenh mèjodoc faÐnetai na
epitugq�nei k�ti tètoio kai na sumperifèretai idiaÐtera ikanopoihtik�, dedomènou ìti to mèso
posostì sf�lmatoc TÔpou I kai TÔpou II twn 44 montèlwn se 1000 prosomoi¸seic, eÐnai
thc t�xhc tou 29% kai 4% antÐstoiqa gia to montèlo palindrìmhshc Poisson, thc t�xhc tou
29% kai 5% antÐstoiqa gia to montèlo palindrìmhshc thc gewmetrik c, thc t�xhc tou 30%
kai 7% antÐstoiqa gia to montèlo palindrìmhshc thc arnhtik c diwnumik c, kai thc t�xhc
tou 23% kai 6% antÐstoiqa gia to logistikì montèlo palindrìmhshc. Ac shmeiwjeÐ ed¸ ìti
h proteinìmenh mèjodoc upertereÐ dÔo gnwst¸n mejìdwn epilog c metablht¸n (CMIM kai
mRMR) k�tw apì thn upìjesh enoc logistikoÔ montèlou palindrìmhshc.

H proteinìmenh mèjodoc epitugq�nei na aniqneÔsei ìlec tic pragmatik� energèc kÔriec
epidr�seic sqedìn me amelhtèo sf�lma, dedomènou ìti epitugq�nei sqedìn mhdenikèc timèc
gia ta sf�lmata TÔpou II, to opoÐo eÐnai idiaÐtera shmantikì, prokeimènou na mhn paraleÐpo-
ntai oi shmantikoÐ par�gontec tou montèlou. To gegonìc ìti to mèso posostì sf�lmatoc
TÔpou I kumaÐnetai metaxÔ tou 23% èwc 30% den mac problhmatÐzei idiaÐtera, dedomènou
ìti se katast�seic pou isqÔei h arq  thc spoaradikìthtac, eÐnai polÔ pijanì na prokÔyoun
sf�lmata TÔpou I. H proteinìmenh mèjodoc diathreÐ ta sf�lmata TÔpou I se tètoia epÐpeda
ètsi ¸ste na diathreÐ thn ikanìthta na apokleÐei touc perittoÔc par�gontec, kai o ereunht c
basismènoc mìno stouc par�gontec pou epilèqjhkan wc shmantikoÐ eÐnai se jèsh plèon na
mei¸sei to upologistikì kìstoc twn epiplèon peiram�twn pou ja ektelèsei. 'Omwc dedomè-
nou ìti oi uperkoresmènoi sqediasmoÐ kurÐwc qrhsimopoioÔntai se peir�mata krhsarÐsmatoc
me stìqo na anagnwrÐsoun ekeÐnouc touc par�gontec pou ja prèpei na exetastoÔn peraitèrw,
oi sqedìn mhdenikèc timèc sf�lmatoc TÔpou II thc proteinìmenhc mejìdou eÐnai axioshmeÐ-
wtec kai pìso m�llon k�tw apì thn upìjesh enìc genikeumènou grammikoÔ montèlou me
diakrit� dedomèna apìkrishc, mèjodoc h opoÐa eÐnai mh tetrimmènh kai mh anaptugmènh sthn
èwc s mera diejn  bibliografÐa ìpou sunant�me to prìblhma an�lushc twn uperkoresmènwn
sqediasm¸n mìno k�tw upì th skèph tou klasikoÔ grammikoÔ montèlou.



Mèroc II

Epilog  Metablht¸n kai
Epilog  Montèlou
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Eisagwgik� StoiqeÐa kai Basikèc 'Ennoiec

Avoid complexities.
Make everything as simple as possible.

�Henry H. Maudslay (1771–1831)

Sto èkto autì kef�laio anaferìmaste sunoptik� sto prìblhma exeÔreshc twn prag-
matik� shmantik¸n metablht¸n, me �lla lìgia sto prìblhma exeÔreshc tou bèltistou mo-
ntèlou   upodeÐgmatoc pou eÐnai kai o basikìc stìqoc miac statistik c montelopoÐhshc se
èna sÔnolo dedomènwn. Epiplèon, parousi�zoume krit ria kai elègqouc pou qrhsimopoioÔ-
ntai gia to skopì autì, anaferìmaste sthn ènnoia thc poluplokìthtac enìc montèlou,
kai tèloc parousi�zoume mia sÔntomh istorik  anadrom  sqetik� me to ti èqei protajeÐ
bibliografik� mèqri t¸ra gia thn kalÔterh dunat  an�ptuxh enìc montèlou.
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6.1 An�ptuxh Bèltistou Montèlou

Stic pr¸tec f�seic thc diereÔnhshc enìc probl matoc èqoun sulleqjeÐ stoiqeÐa gia
pollèc upoy fiec epexhghmatikèc metablhtèc kai endèqetai o peiramatist c na mhn gnw-
rÐzei poiec apì autèc tic metablhtèc pr�gmati sunteloÔn sthn prìbleyh thc exarthmènhc
metablht c. 'Otan mac dÐnontai dedomèna, prospajoÔme na broÔme èna montèlo pou na
prosarmìzetai ìso to dunatìn kalÔtera sta dedomèna. Epeid  to pragmatikì montèlo
eÐnai �gnwsto kai èqoume èna pl joc apì anex�rthtec metablhtèc pou mporoÔn na sumperi-
lhfjoÔn sto montèlo, to prìblhm� mac eÐnai na epilèxoume mìno autèc tic anex�rthtec
metablhtèc pou mac dÐnoun to kalÔtero montèlo. Se arketèc peript¸seic, h sumperifor� thc
exarthmènhc metablht c mporeÐ na perigrafeÐ se exÐsou ikanopoihtikì bajmì k�nontac qr sh
mìno merik¸n apì tic arqikèc diajèsimec epexhghmatikèc metablhtèc, kai to fainìmeno autì,
dhlad  na katal goume se montèla pou perièqoun mìno merikèc apì tic arqikèc metablhtèc,
eÐnai arket� sÔnhjec sthn pr�xh.

H exeÔresh twn pragmatik� shmantik¸n metablht¸n, me �lla lìgia h exeÔresh tou
bèltistou montèlou   upodeÐgmatoc eÐnai o basikìc stìqoc miac statistik c montelopoÐh-
shc se èna sÔnolo dedomènwn. Oi praktikoÐ lìgoi eÐnai profaneÐc, afoÔ me autì ton
trìpo den ja xodèyoume qrìno   qr ma sthn �skoph mètrhsh as mantwn metablht¸n.
Epiprìsjeta, prokÔptei kai èna teqnikì jèma, to opoÐo afor� thn poiìthta twn mello-
ntik¸n problèyewn. EÐnai gnwstì ìti h prìsjesh miac opoiasd pote metablht c se èna
montèlo belti¸nei posotik�, èstw kai oriak�, thn prosarmog  tou sto upì exètash sÔnolo
dedomènwn. Wstìso, den sumbaÐnei to Ðdio kai gia tic mellontikèc problèyeic qrhsimopoi¸-
ntac autì to ektimhjèn montèlo. H parousÐa mh shmantik¸n metablht¸n sto montèlo mporeÐ
na mei¸sei thn akrÐbeia thc mellontik c prìbleyhc. Genik�, up�rqei mia genik  protÐmhsh
gia apl� montèla me ìso to dunatìn ligìterouc ìrouc. Gia ìlouc autoÔc touc lìgouc eÐnai
shmantikì na parousi�soume mejìdouc epilog c twn katallhlìterwn metablht¸n apì to
arqikì diajèsimo sÔnolo, gia thn prosarmog  enìc montèlou to opoÐo ja exakoloujeÐ na
epexhgeÐ th sumperifor� thc metablht c apìkrishc se ikanopoihtikì bajmì. H epilog  twn
kalÔterwn metablht¸n gÐnetai me th bo jeia kat�llhlwn elègqwn kai krithrÐwn pou mac
exasfalÐzoun thn orjìthta thc epilog c mac.

6.2 'Elegqoi kai Krit ria

Oi èlegqoi kai ta krit ria pou aforoÔn thn epilog  twn katallhlìterwn metablht¸n
gia thn an�ptuxh enìc bèltistou montèlou, mporoÔn na taxinomhjoÔn se kathgorÐec pou
aforoÔn statistikoÔc elègqouc (ìpwc èlegqoc t, èlegqoc F), grafikèc parast�seic kai
mètra katallhlìthtac (ìpwc suntelest c prosdiorismoÔ R2, krit rio Cp-Mallows, krit ria
plhroforÐac). Ta mètra katallhlìthtac apoteloÔn shmantikèc arijmhtikèc posìthtec,
oi opoÐec qrhsimopoioÔntai gia thn axiolìghsh enìc montèlou all� kai th sÔgkrish dia-
foretik¸n montèlwn wc proc th spoudaiìthta touc. Pollèc forèc gia thn axiolìghsh thc
metablht c apìkrishc èqoume sth di�jes  mac pollèc epexhghmatikèc metablhtèc qwrÐc
autèc na eÐnai ìlec statistik� shmantikèc. EÔkola mporoÔme na katal�boume ìti h mètrhsh
parap�nw metablht¸n apì autèc pou pragmatik� epexhgoÔn to fainìmeno se mellontikèc
melètec,   o kajorismìc kai o èlegqoc mh shmantik¸n posot twn gia thn prìbleyh thc ti-
m c thc exarthmènhc metablht c, mporeÐ na eÐnai dÔskoloc, qronobìroc all� kai oikonomik�
asÔmforoc. Genniètai loipìn to er¸thma an mporoÔme na entopÐsoume to mikrìtero uposÔno-
lo metablht¸n apì to arqikì mac sÔnolo, anaptÔssontac ètsi èna montèlo, to opoÐo ìmwc
ja exakoloujeÐ na epexhgeÐ th sumperifor� thc anex�rththc metablht c mac se ikanopoi-
htikì bajmì. H ap�nthsh sto parap�nw er¸thma eÐnai katafatik  kai m�lista h epilog 
twn kalÔterwn metablht¸n gÐnetai me th bo jeia kat�llhlwn elègqwn kai krithrÐwn ta
opoÐa sunant�me stic mejìdouc epilog c tou kalÔterou uposunìlou metablht¸n.
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Ta krit ria pou sun jwc qrhsimopoioÔntai stic mejìdouc epilog c tou kalÔterou upo-
sunìlou metablht¸n taxinomoÔntai se tèsseric kathgorÐec:

1. Krit ria prìbleyhc,

2. Krit ria PlhroforÐac,

3. DiadikasÐec epanaqrhsimopoÐhshc twn dedomènwn kai kajod ghshc apì ta dedomèna,

4. Mpeôzian  epilog  metablht¸n.

EmeÐc ja qrhsimopoi soume sthn paroÔsa diatrib  krit ria plhroforÐac ta opoÐa sundèo-
ntai me mètra pijanof�neiac   apìklishc. K�je èna apì aut� ta krit ria mporeÐ na jew-
rhjeÐ ènac proseggistik� amerìlhptoc ektimht c thc anamenìmenhc sunolik c apìklishc,
mÐa mh arnhtik  posìthta pou metr� thn apìstash metaxÔ tou pragmatikoÔ montèlou kai
tou prosarmosmènou montèlou. Ta krit ria aut� sun jwc apoteloÔntai apì dÔo ìrouc, o
pr¸toc ìroc apoteleÐ to merolhptikì ektimht  thc anamenìmenhc sunolik c apìklishc kai
o deÔteroc ìroc eÐnai o kat�llhloc diorjwtikìc ìroc pou kajist� ton ektimht  amerìlhpto
asumptwtik�.

6.3 Mèjodoi Epilog c twn Katallhlìterwn Metablht¸n

H epilog  metablht¸n se poludi�stata probl mata eÐnai mÐa shmantik  diadikasÐa pou
aposkopeÐ sthn anagn¸rish twn shmantik¸n metablht¸n pou èqoun shmantik  epÐdrash
sthn exarthmènh metablht . PoikÐlec mèjodoi èqoun protajeÐ kat� kairoÔc bibliografik�
gia to skopì autì, stic opoÐec anaferìmaste sunoptik� parak�tw, k�nontac tautìqrona
kai mÐa sÔntomh istorik  anaskìphsh.

6.3.1 Mèjodoi Epilog c tou KalÔterou Uposunìlou Metablht¸n

H exeÔresh twn pragmatik� shmantik¸n metablht¸n, me �lla lìgia h exeÔresh tou
bèltistou montèlou   upodeÐgmatoc eÐnai jemeli¸dhc se probl mata statistik c montelopoÐh-
shc meg�lhc di�stashc, se di�forouc episthmonikoÔc tomeÐc. Ektetamènh èreuna sto q¸ro
autì èqei gÐnei tic teleutaÐec dekaetÐec, en¸ arketèc melètec sqetÐzontai me thn Iatrik  kai
th BiologÐa, ìpwc eÐnai oi ergasÐec [76], [77], [78], [79], [86], [209] kai [214]. H mèjodoc
epilog c me th qr sh kalÔterwn uposunìlwn qrhsimopoieÐtai me orismèna krit ria ta opoÐa
sundu�zoun statistik� mètra me sunart seic poin c gia thn aÔxhsh tou arijmoÔ twn metabl-
ht¸n prìbleyhc sto montèlo. Ta pio dhmofil  apì ta en lìgw krit ria eÐnai ta krit ria
plhroforÐac, kai sugkekrimèna ta krit ria AIC (Akaike Information Criteria) kai BIC
(Bayesian Information Criteria). To krit rio AIC prot�jhke apì ton Akaike [3] kai epilègei
to montèlo pou elaqistopoieÐ thn posìthta AIC = −2l+2q kai to BIC prot�jhke apì ton
Schwarz [205] kai èqei parìmoia morf  me to AIC ektìc tou ìti h logarijmopijanof�neia
poinikopoieÐtai apì ton ìro qlog(n) antÐ tou 2q, epilègontac to montèlo pou elaqistopoieÐ
thn posìthta BIC = −2l + qlog(n), ìpou l eÐnai h logarijmopijanof�neia tou montèlou,
q eÐnai o arijmìc twn paramètrwn tou montèlou kai n eÐnai o arijmìc twn parathr sewn.
Shmantikèc ergasÐec p�nw stic mejìdouc epilog c tou kalÔterou uposunìlou metablht¸n
eÐnai oi [110] kai [188]. EpÐshc, mÐa sÔntomh istorik  anaskìphsh, analutik  perifraf 
twn mejìdwn epilog c tou kalÔterou uposunìlou metablht¸n sthn palindrìmhsh, kaj¸c
epÐshc kai h perigraf  diafìrwn krithrÐwn plhroforÐac pou èqoun protajeÐ kat� kairoÔc
bibliografik� parousi�zontai sth shmantik  episthmonik  ergasÐa [162].

Oi mèjodoi epilog c tou kalÔterou uposunìlou metablht¸n apoteloÔn klasikèc teqnikèc
epilog c twn katallhlìterwn metablht¸n, entoÔtoic qarakthrÐzontai apì arket� meione-
kt mata. Opoiad pote mèjodoc epilog c tou kalÔterou uposunìlou metablht¸n apoteleÐ
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mÐa exantlhtik  diadikasÐa, afoÔ anazht�ei k�je dunatì uposÔnolo metablht¸n ¸ste na
epilèxei to kalÔtero dunatì. Oi mèjodoi epilog c tou kalÔterou uposunìlou metablht¸n
eÐnai exairetik� qronobìrec ìtan o arijmìc twn metablht¸n eÐnai meg�loc kai aut  h upolo-
gistik  duskolÐa apotrèpei thn eureÐa qr sh touc gia to skopì autì. Genik� oi mèjodoi epi-
log c tou kalÔterou uposunìlou metablht¸n parousi�zoun adunamÐec ìpwc eÐnai h èlleiyh
stajerìthtac   to gegonìc ìti agnooÔn stoqastik� sf�lmata pou dhmiourgoÔntai kat� th
diadikasÐa, me apotèlesma th dÔskolh katanìhsh twn jewrhtik¸n touc idiot twn [27].

6.3.2 Mèjodoi Epilog c Montèlou me B mata

'Otan to pl joc twn anex�rthtwn metablht¸n eÐnai p, prèpei na exet�soume 2p montèla
kai na epilèxoume to kalÔtero sÔmfwna me to krit rio pou qrhsimopoioÔme. Gia p = 4, 5, 10,
ìla ta dunat� montèla eÐnai 16, 32, 1024, antÐstoiqa, kai o apaitoÔmenoc qrìnoc akìmh kai
me hlektronikì upologist  eÐnai apagoreutikìc. Gia thn enÐsqush thc probleyimìthtac
kai thn apìkthsh tou kalÔterou montèlou, ìpwc autì prokÔptei apì th diadikasÐa mo-
ntelopoÐhshc, �llec paradosiakèc teqnikèc epilog c metablht¸n pou èqoun anaptuqjeÐ gia
thn epilog  tou kalÔterou uposunìlou metablht¸n apì èna arqikì sÔnolo, basÐzontai
sthn afaÐresh kai thn prìsjesh metablht¸n se èna montèlo. Tètoiec mèjodoi epilog c
montèlou me b mata, eÐnai h diadikasÐa thc proc ta pÐsw apaloif c   diadoqik c afaÐreshc
(backward elimination), h proc ta emprìc epilog    diadoqik  prìsjesh (forward selection)
kai h kat� b mata emprìc-pÐsw epilog  (stepwise selection). Autèc oi mèjodoi epilog c
kaloÔ montèlou den exet�zoun ìlec tic dunatèc peript¸seic, all� epilègoun mìno autèc tic
metablhtèc pou jewroÔntai shmantikèc. H epilog  tou kalÔterou montèlou me autèc tic
mejìdouc den dÐnei p�nta to bèltisto apotèlesma pou dÐnei h exètash ìlwn twn dunat¸n
montèlwn, all� dÐnei axiìpista montèla exet�zontac orismèna mìno kal� montèla kai ètsi
oi upologismoÐ eÐnai ligìteroi kai o apaitoÔmenoc qrìnoc eÐnai ikanopoihtikìc akìmh kai gia
meg�lec timèc tou p. Se autèc tic mejìdouc mÐa enallaktik  diadikasÐa eÐnai ìtan broÔme to
kalÔtero montèlo, mporoÔme na to sugkrÐnoume me ìla ta montèla pou èqoun to Ðdio pl joc
ermhneutik¸n metablht¸n.

Perilhptik�, h mèjodoc thc proc ta pÐsw apaloif c xekin�ei sumperilamb�nontac sto
montèlo ìlec tic diajèsimec metablhtèc kai afaireÐ mÐa mÐa tic metablhtèc, xekin¸ntac
apì th ligìtero shmantik , an o èlegqoc pou pragmatopoieÐtai me th bo jeia tou F -
elègqou eÐnai statistik� shmantikìc. H diadikasÐa epanalamb�netai mèqri h afaÐresh miac
opoiasd pote metablht c na eÐnai statistik� shmantik , opìte kai stamat�ei. H mèjodoc
thc proc ta emprìc epilog c xekin�ei apì to montèlo pou perièqei mìno to stajerì ìro kai
prosjètei th metablht  ekeÐnh, pou mac dÐnei th megalÔterh statistik� shmantik  tim  thc
F tou F -elègqou. H diadikasÐa epanalamb�netai mèqri h tim  tou F -elègqou gia thn prì-
sjesh opoiasd pote apì tic enapomeÐnantec metablhtèc na mhn eÐnai statistik� shmantik ,
opìte kai stamat�ei. H kat� b mata emprìc-pÐsw epilog  apoteleÐ diìrjwsh-beltÐwsh
thc mejìdou thc proc ta emprìc epilog c kai mÐa apì tic pio eurèwc qrhsimopoioÔmenec
diadikasÐec epilog c montèlou me b mata. H diìrjwsh aut  afor� thn parembol  enìc epi-
plèon elègqou se k�je epan�lhyh thc diadikasÐac prìsjeshc miac metablht c. O èlegqoc
autìc exet�zei thn perÐptwsh pou h prosj kh miac nèac metablht c sto montèlo odhgeÐ sthn
exasjènhsh thc shmantikìthtac k�poiac �llhc, pou eÐqe eisaqjeÐ nwrÐtera, me sunèpeia na
prèpei na exetasteÐ h axÐa paramon c thc sto montèlo. Me �lla lìgia se k�je b ma, ìtan
mÐa metablht  eÐnai shmantik  kai eis�getai sto montèlo, exet�zoume m pwc up�rqoun sto
montèlo metablhtèc pou eÐqan eisaqjeÐ se prohgoÔmena b mata kai den eÐnai plèon shma-
ntikèc. Autì den eÐnai perÐergo diìti h sumbol  k�je metablht c exart�tai apì th seir�
pou eis�getai sto montèlo. To krit rio exìdou eÐnai to Ðdio ìpwc sth mèjodo thc proc ta
pÐsw apaloif c. Gia na mhn antimetwpÐsoume thn perÐptwsh kuklik c enallag c, opìte h
diadikasÐa den telei¸nei, lamb�netai tim  eisìdou megalÔterh   Ðsh thc tim c exìdou. Se
antÐjeth perÐptwsh mporeÐ na aporrÐptoume metablht  pou mìlic k�name dekt .
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Gia perissìterec leptomèreiec sqetik� me tic mejìdouc epilog c montèlou me b mata o
endiaferìmenoc anagn¸sthc mporeÐ na anatrèxei sto biblÐo [71].

6.3.3 Poinikopoihmènec Mèjodoi Epilog c Metablht¸n

Prìsfata, prot�jhkan kainotìmec mèjodoi epilog c metablht¸n oi opoÐec qrhsimopoioÔn
ènnoiec ìpwc h poinikopoihmènh pijanof�neia kai ta poinikopoihmèna el�qista tetr�gwna.
Oi Fan kai Li [76] prìteinan mÐa kl�sh diadikasi¸n epilog c metablht¸n mèsw thc mh koÐlhc
poinikopoihmènhc pijanof�neiac (nonconcave penalized likelihood), se mÐa prosp�jei� touc
na epilèxoun metablhtèc kai tautìqrona na ektim soun touc suntelestèc palindrìmhshc.
Gia autìn to lìgo prìteinan mÐa eniaÐa prosèggish me th qr sh poinikopoihmènwn elaqÐ-
stwn tetrag¸nwn, diathr¸ntac tic kalèc idiìthtec thc mejìdou epilog c tou kalÔterou
uposunìlou metablht¸n kai thc palindrìmhshc di�selou (ridge regression). Me thn palin-
drìmhsh di�selou lamb�noume merolhptikèc ektim triec gia tic paramètrouc tou montèlou,
me thn elpÐda ìti to mèso tetragwnikì touc sf�lma eÐnai mikrìtero apì autì pou dÐnei h
mèjodoc elaqÐstwn tetrag¸nwn. Oi Li kai Lin [144] eis gagan mia epèktash aut c thc
mejìdou. EpekteÐnoun tic proseggÐseic thc mh koÐlhc poinikopoihmènhc pijanof�neiac sta
el�qista tetr�gwna, dhlad  ta mh koÐla poinikopoihmèna el�qista tetr�gwna, kai esti�zoun
sthn perÐptwsh, ìpou o pÐnakac sqediasmoÔ den eÐnai pl rouc bajmoÔ. EpÐ thc ousÐac,
qrhsimopoÐhsan mÐa epanalhptik  palindrìmhsh korufogramm c gia na broÔn th lÔsh twn
poinikopoihmènwn elaqÐstwn tetrag¸nwn, epilègontac mÐa arqik  tim  twn agn¸stwn su-
ntelest¸n.

H diadikasÐa thc poinikopoÐhshc sunÐstatai sthn eisagwg  sunart sewn poin c kai h
mejodologÐa aut  epekteÐnetai se montèla basismèna sthn pijanof�neia, ìpwc eÐnai ta
genikeumèna grammik� montèla, gegonìc pou apoteleÐ kai th shmantikìterh diafor� se
sqèsh me tic paradosiakèc mejìdouc oi opoÐec eÐnai efarmìsimec apokleistik� sto grammikì
montèlo. Sthn perÐptwsh twn genikeumènwn grammik¸n montèlwn ta statistik� sumper�-
smata ex�gontai sÔmfwna me tic basikèc sunart seic pijanof�neiac kai gia thn epilog  twn
shmantik¸n metablht¸n qrhsimopoieÐtai o ektimht c poinikopoihmènhc megÐsthc pijanof�neiac.

Stic parap�nw ergasÐec mÐa morf  twn poinikopoihmènwn elaqÐstwn tetrag¸nwn orÐzetai
wc

Q(β) ≡
n∑
i=1

li(g(xTi β), yi)− n
d∑
j=1

pλ(|βj |), (6.1)

ìpou (xi, yi) ta dedomèna ta opoÐa sullègontai anex�rthta, kai dedomènwn twn xi, ta yi è-
qoun sun�rthsh puknìthtac pijanìthtac fi(g(xTi β), yi), ìpou g eÐnai mia gnwst  sun�rthsh
sÔndeshc (link function), to li = log fi sumbolÐzei th desmeumènh logarijmopijanof�neia
twn yi, to pλn(.) eÐnai h sun�rthsh poin c kai to λ eÐnai mia �gnwsth par�metroc katwflioÔ h
opoÐa mporeÐ na epileqjeÐ me proseggÐseic kajodhgoÔmenec apì ta dedomèna (data-driven ap-
proaches), ìpwc eÐnai h diastaurwmènh epikÔrwsh (Cross Validation-CV) kai h genikeumènh
diastaurwmènh epikÔrwsh (Generalized Cross Validation-GCV) [55].

H megistopoÐhsh thc sun�rthshc poinikopoihmènhc pijanof�neiac isodunameÐ me thn e-
laqistopoÐhsh thc posìthtac

−
n∑
i=1

li(g(xTi β), yi) + n
d∑
j=1

pλ(|βj |), (6.2)

wc proc β, en¸ ènac ektimht c poinikopoihmènhc megÐsthc pijanof�neiac tou β prokÔptei
elaqistopoi¸ntac th sqèsh (6.2) wc proc β, gia k�poia par�metro katwflioÔ λ.

Ektimhtèc poinikopoihmènhc megÐsthc pijanof�neiac tou β prokÔptoun me th qr sh
di�forwn sunart sewn poin c, ìpwc h L1 poin  pλ(|β|) = λ|β| h opoÐa odhgeÐ sth mèjo-
do tou el�qistou apìlutou telest  surrÐknwshc kai epilog c (Least Absolute Shrinkage
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and Selection Operator-LASSO) [216], h poin  “sklhroÔ” katwflioÔ (Hard) [5], pλ(|β|) =
λ2− (|β|−λ)2I(|β| < λ), ìpou I(.) eÐnai mia deÐktria sun�rthsh, kai h poin  omal� perikom-
mènhc apìluthc apìklishc (Smoothly Clipped Absolute Deviation-SCAD) [75] thc opoÐac
h pr¸th par�gwgoc orÐzetai wc p′λ(|β|) = λ

{
I(|β| ≤ λ) + (αλ−β)+

(α−1)λ I(|β| > λ)
}
, gia k�poio

β > 0 kai α > 2, me pλ(0) = 0. Gia thn kalÔterh epilog  tou α, sÔmfwna me prìsfath
bibliografÐa [76], h tim  α ≈ 3.7 faÐnetai na apodÐdei arket� ikanopoihtik� se poll� pro-
bl mata epilog c metablht¸n.

Ta pleonekt mata thc nèac aut c prosèggishc eÐnai pollapl� kai anafèrontai parak�tw.

1. H mèjodoc twn poinikopoihmènwn elaqÐstwn tetrag¸nwn diaforopoieÐtai apì tic para-
dosiakèc teqnikèc epilog c metablht¸n, exaleÐfontac tic as mantec metablhtèc mèsw
tou upologismoÔ twn suntelest¸n palindrìmhshc oi opoÐoi surrikn¸nontai akrib¸c
sto mhdèn.

2. Me ton trìpo autì epitugq�netai h epilog  twn shmantik¸n metablht¸n kai h tautì-
qronh ektÐmhsh twn suntelest¸n palindrìmhshc.

3. 'Eqoun isqurì jewrhtikì upìbajro kai dÐnoun p�nta kalÔtera kai orjìtera apotelè-
smata.

4. EÐnai efarmìsimec sto grammikì montèlo, all� mporoÔn na epektajoÔn kai sto genikeu-
mèno grammikì montèlo.

5. Dhmofil  krit ria epilog c metablht¸n mporoÔn na apokomistoÔn apì ta poinikopoih-
mèna el�qista tetr�gwna.

Ta poinikopoihmèna el�qista tetr�gwna k�nontac qr sh thc poin c thc entropÐac eÐnai
dunatìn na xanagraftoÔn wc

n∑
i=1

li(g(xTi β), yi)−
1
2λ

2
n|M |, (6.3)

ìpou |M | to mègejoc   h di�stash tou upokeÐmenou upoy fiou montèlou pou isoÔtai me
ton arijmì twn mh mhdenik¸n suntelest¸n palindrìmhshc tou montèlou. Poll� krit ria
epilog c metablht¸n eÐnai sundedemèna me aut� ta poinikopoihmèna el�qista tetr�gwna thc
morf c (6.3), jewr¸ntac diaforetikèc timèc tou λn. Gia par�deigma, to Akaike krit rio
plhroforÐac kai to Mpeôzianì krit rio plhroforÐac, antistoiqoÔn se λn =

√
2(σ/
√
n)

kai λn =
√

log n(σ/
√
n), antÐstoiqa, parìlo pou aut� ta dÔo krit ria parakinoÔntai apì

diaforetikèc arqèc.

6.4 Poluplokìthta Montèlou

To kÔrio prìblhma se opoiad pote diadikasÐa kataskeu c montèlou eÐnai na epilèxoume
apì èna meg�lo sÔnolo metablht¸n ekeÐnec pou pragmatik� prèpei na sumperilhfjoÔn sto
“kalÔtero” montèlo. H eÔresh tou “kalÔterou” montèlou prìbleyhc eÐnai h diadikasÐa
me thn opoÐa èna montèlo èqei dhmiourghjeÐ   epilegeÐ sthn prosp�jei� tou na problèpei
kalÔtera thn pijanìthta enìc exagìmenou apotelèsmatoc [207]. Se pollèc peript¸seic,
to kalÔtero montèlo epilègetai me b�sh th jewrÐa anÐqneushc (detection theory) gia na
prospaj sei na mantèyei thn pijanìthta enìc exagìmenou apotelèsmatoc dojèntoc ènoc
sunìlou dedomènwn ekpaÐdeushc   dedomènwn eisìdou.

H epilog  tou kalÔterou montèlou apoteleÐ prìklhsh gia ton peiramatist  kai èna
dÔskolo èrgo stic mèrec mac pou to mègejoc kai h poluplokìthta twn montèlwn aux�netai
suneq¸c. Up�rqei mia genik  protÐmhsh gia apl� montèla me ìso to dunatìn ligìterouc
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ìrouc. Autì ofeÐletai se mia genik  aÐsjhsh ìti kanèna statistikì montèlo den eÐnai swstì
kai to mìno pou mporoÔme na katafèroume eÐnai na perigr�youme ta kÔria qarakthristik�
enìc fainomènou. H FÔsh mporeÐ na eÐnai sÔnjeth kai polÔplokh, all� genik¸c lÐgoi eÐnai
oi par�gontec pou kuriarqoÔn. E�n dÔo montèla prosarmìzontai sta dedomèna exÐsou kal�,
protim�tai genik� to aploÔstero montèlo (Occam’s razor arq ) [10]. 'Enac kÔrioc lìgoc
gia autì eÐnai ìti sun jwc to aploÔstero montèlo epitrèpei thn kalÔterh genÐkeush apì
ìti ja mporoÔse to pio sÔnjeto montèlo.

Arket� mètra poluplokìthtac èqoun protajeÐ gia thn antikeimenik  posotikopoÐhsh
thc poluplokìthtac enìc montèlou, kai par’ ìla aut� den kalÔptoun ìlec tic ptuqèc thc.
Endeiktik� anafèroume k�poia polÔ shmantik� mètra poluplokìthtac pou sunant�me sth
diejn  bibliografÐa k�nontac tautìqrona mÐa sÔntomh istorik  anaskìphsh thc ènnoiac thc
poluplokìthtac enìc montèlou. H parametrik  poluplokìthta (parametric complexity)
[168] metr� ton arijmì twn paramètrwn sto montèlo (ìsec perissìterec paramètrouc èna
montèlo perilamb�nei, tìso pio polÔploko eÐnai). H gewmetrik  poluplokìthta (geometric
complexity) [170] metr� ton arijmì twn diaforetik¸n katanom¸n pijanìthtac pou lamb�nei
upìyh èna montèlo. H Kolmogorov-Chaitin poluplokìthta [142] qarakthrÐzei akoloujÐec
sumbìlwn jewr¸ntac thn antipros¸peus  touc se sqèsh me tic Turing mhqanèc. Mia
posìthta pou sundèetai stenìtera me thn ènnoia thc statistik c poluplokìthtac eÐnai to
logikì b�joc (logical depth) tou Bennett [13]. En¸ h Kolmogorov-Chaitin poluplokìthta
miac sumboloseir�c orÐzetai wc to m koc tou mikrìterou progr�mmatoc miac Turing mhqan c
ikanì na anapar�gei akrib¸c aut n th sumboloseir�, to logikì b�joc tou Bennett orÐzetai
wc o qrìnoc ektèleshc pou apaiteÐtai gia thn ulopoÐhsh tou algorÐjmou. EntoÔtoic, h
Kolmogorov-Chaitin poluplokìthta sthn algorijmik  JewrÐa Plhrofori¸n, shmaÐnei k�ti
arket� diaforetikì apì thn upologistik  poluplokìthta sthn an�lush twn algorÐjmwn.
Aut�, me th seir� touc, eÐnai kai ta dÔo diaforetik� apì th stoqastik  poluplokìthta
(stochastic complexity) pou qrhsimopoieÐtai sthn ektÐmhsh thc t�xhc enìc montèlou (model-
order) sth Statistik  [80], [29].

O Rissanen (bl. [190], [191], [192], [193], [194]) melèthse kai prìteine statistikèc
mejìdouc kataskeu c montèlou, oi opoÐec basÐzontai sth stoqastik  poluplokìthta kai to
m koc perigraf c. To k�je èna apì aut� ta krit ria basÐzontai sthn idèa thc kwdikopoÐhshc
twn dedomènwn me ton el�qisto arijmì duadik¸n yhfÐwn [102]. H arq  tou el�qistou m kouc
perigraf c (minimum description length) anafèrei ìti opoiad pote kanonikìthta se èna
dojèn sÔnolo parathroÔmenwn dedomènwn mporeÐ na qrhsimopoihjeÐ gia th sumpÐesh twn de-
domènwn, all� h bèltisth kwdikopoÐhsh twn parathroÔmenwn dedomènwn eÐnai h suntomìte-
rh dunat . Wc basikì stoiqeÐo thc arq c tou el�qistou m kouc perigraf c (bl. [106], [96]
kai [97]) h stoqastik  poluplokìthta metr� kai elègqei thn kal  prosarmog  pou èqei h
kl�sh enìc montèlou pijanot twn wc proc to na exhg sei th statistik  kanonikìthta pou
up�rqei sta dedomèna. OrÐzetai wc to m koc tou suntomìterou projèmatoc (prefix) k¸dika
pou mporeÐ na epiteuqjeÐ gia ta dedomèna apì èna bèltisto sq ma kwdikopoÐhshc to opoÐo
kajorÐzetai apì thn kl�sh tou montèlou. Oi Bialek et al. [16] ìrisan thn poluplokìthta
wc èna mètro duskolÐac ekm�jhshc enìc upodeÐgmatoc.

Prìsfata, h poluplokìthta tou montèlou qrhsimopoieÐtai se polloÔc episthmonikoÔc
tomeÐc kai exuphreteÐ diaforetikoÔc skopoÔc, ìpwc gia par�deigma stic ergasÐec [70] kai
[140]. O endiaferìmenoc anagn¸sthc mporeÐ na anatrèxei stic polÔ shmantikèc ergasÐec
[195], [196] kai [197] gia ta sÔgqrona prìtupa thc JewrÐac Plhrofori¸n me b�sh thn
algorijmik  jewrÐa thc poluplokìthtac. EpÐshc, ta mètra poluplokìthtac kai prosar-
mog c montèlou melet jhkan kai apì Mpeôzian  skopi� [211], [218]. 'Ena statistikì mètro
thc poluplokìthtac gnwstì ston tomèa thc fusik c wc LMC poluplokìthta [156], [40]
proèrqetai jewr¸ntac ton tèleio krÔstallo kai to apomonwmèno idanikì aèrio wc paradeÐg-
mata apl¸n montèlwn, kai wc ek toÔtou, wc sust mata me mhdenik  poluplokìthta. Mia
majhmatik  èkfrash gia ton upologismì thc posìthtac thc LMC poluplokìthtac (C) eÐnai
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h C = H ·D, ìpou to H anaparist� to perieqìmeno twn plhrofori¸n tou sust matoc kai
to D perigr�fei pìso apìtomh eÐnai h qwrik  katanom  tou. H apl  ekjetik  entropÐa
Shannon jewreÐtai wc ènac posodeÐkthc tou H. Me �lla lìgia, h LMC poluplokìthta
eÐnai h allhlepÐdrash metaxÔ thc plhroforÐac H pou apojhkeÔetai se èna sÔsthma kai thc
apìstas c thc apì thn isokatanom , pou onom�zetai anisorropÐa D (disequilibrium).



K E F A L A I O 7

Statistik  Poluplokìthta kai Perij¸ria

Katanom  se Peir�mata Bernoulli

Can the existence of a mathematical entity
be proved without defining it?

�Jacques S. Hadamard (1865–1963)

Sto èbdomo autì kef�laio parousi�zoume èna nèo mètro statistik c poluplokìth-
tac (Entropy Prior Complexity-EPC), melet�me tic idiìthtec tou nèou autoÔ mètrou, kai
genik� tic di�forec ptuqèc thc poluplokìthtac enìc montèlou. Sugkekrimèna, melet�me thn
par�metro prior kai th sÔndes  thc me thn ènnoia thc poluplokìthtac enìc montèlou, kaj¸c
epÐshc kai me thn ènnoia thc entropÐac. Epiplèon, enswmat¸noume epituq¸c to mètro polu-
plokìthtac EPC sto prìblhma an�lushc twn uperkoresmènwn sqediasm¸n, me stìqo thn
anaz thsh kai eÔresh tou bèltistou montèlou mèsa apì poll� upoy fia logistik� montèla
palindrìmhshc. Epiplèon, melet�me thn ènnoia kai ton upologismì thc ek twn protèrwn
perij¸riac katanom c (Marginal Prior Distribution-MPD) enìc peir�matoc Bernoulli. Ta
ereunhtik� apotelèsmata autoÔ tou kefalaÐou dhmosieÔjhkan sthn episthmonik  ergasÐa [6]
kaj¸c epÐshc kai sthn episthmonik  ergasÐa [9].
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Statistik  Poluplokìthta kai Perij¸ria Katanom  se Peir�mata

Bernoulli
7.1 Ereunhtikì Prìblhma - Kinht rioc Idèa

Arket� mètra poluplokìthtac èqoun protajeÐ gia thn antikeimenik  posotikopoÐhsh thc
poluplokìthtac enìc montèlou, kai par’ ìla aut� den kalÔptoun ìlec tic ptuqèc thc. Sto
Kef�laio 6 anaferj kame se k�poia polÔ shmantik� mètra poluplokìthtac pou sunant�me
sth diejn  bibliografÐa k�nontac tautìqrona mÐa sÔntomh istorik  anaskìphsh thc ènnoiac
thc poluplokìthtac enìc montèlou. 'Ena exairetik� polÔploko montèlo mporeÐ na faÐnetai
ìti prosarmìzetai kal�, all� qwrÐc na dÐnetai prosoq  sthn ènnoia thc poluplokìthtac
tou montèlou, ja mporoÔse na mac odhg sei se lanjasmènec ektim seic twn paramètrwn kai
lanjasmènec problèyeic. Prokeimènou na beltiwjeÐ h diadikasÐa epilog c montèlou, prèpei
arqik� na orÐsoume thn ènnoia thc poluplokìthtac montèlou. H poluplokìthta apoteleÐ
genik� èna mètro thc duskolÐac pou emplèketai sthn perigraf  enìc montèlou   miac dia-
dikasÐac, kai den faÐnetai na up�rqei akrib c orismìc thc poluplokìthtac enìc montèlou
bibliografik�.

To pio koinì qarakthristikì pou sun jwc agnoeÐtai apì poll� mètra poluplokìthtac eÐ-
nai h par�metroc prior, h opoÐa apoteleÐ anapìspasto mèroc tou montèlou ìpwc ja deÐxoume
parak�tw kai ja mporoÔse na ephre�sei thn poluplokìthta enìc montèlou shmantik�. Oi
parap�nw lìgoi mac parakÐnhsan na melet soume thn par�metro prior kai th sÔndes  thc me
thn ènnoia thc poluplokìthtac enìc montèlou kaj¸c epÐshc kai me thn ènnoia thc entropÐac.
Epiprìsjeta, sthn perÐptwsh pou o peiramatist c jèlei na gnwrÐzei ek twn protèrwn thn
perij¸ria pijanìthta twn dedomènwn dojèntoc tou montèlou, tìte se èna tètoio montèlo
basismèno sthn pijanof�neia, h prìbleyh paÐrnei th morf  katanom c (ek twn protèrwn
perij¸ria katanom ) h opoÐa sthn pr�xh eÐnai dÔskolo na upologisteÐ analutik�. Gia to
lìgo autì, proteÐnoume ènan enallaktikì trìpo upologismoÔ thc, mèsw paramètrwn pou
apoteloÔn tic empeirikèc ektim triec twn lìgwn pijanof�neiac.

7.2 H Par�metroc Prior se 'Ena PeÐrama Bernoulli

Se aut  thn enìthta melet�me ton trìpo me ton opoÐo sundèetai h par�metroc prior
mèsw thc entropÐac me thn ènnoia thc poluplokìthtac enìc montèlou sth diakrit  kaj¸c
epÐshc kai sth suneq  perÐptwsh. Se èna montèlo basismèno sthn pijanof�neia, h prìbleyh
paÐrnei th morf  katanom c (ek twn protèrwn perij¸ria katanom ) h opoÐa sthn pr�xh eÐnai
dÔskolo na upologisteÐ analutik�. Gia to lìgo autì, proteÐnoume ènan enallaktikì trìpo
upologismoÔ thc se èna peÐrama Bernoulli.

7.2.1 SÔndesh thc Paramètrou Prior me thn Poluplokìthta enìc
Montèlou

H qr sh meg�lwn kai polÔplokwn montèlwn gÐnetai oloèna kai perissìtero suqn  stic
mèrec mac me thn plhroforÐa kai th diajesimìthta twn meg�lwn b�sewn dedomènwn na aux�nei
suneq¸c. ProtoÔ skeftoÔme trìpouc gia na antimetwpÐsoume to prìblhma poluplokìthtac
enìc montèlou, èna shmantikì z thma eÐnai na doÔme an up�rqei k�poioc trìpoc na metrhjeÐ
h poluplokìthta tou montèlou enswmat¸nontac thn par�metro prior, h opoÐa jewreÐtai
anapìspasto mèroc k�je montèlou. H poluplokìthta ìpwc eÐdame èqei l�bei pollèc en-
noiologikèc shmasÐec, diaforetikèc apì thn ènnoia thc statistik c poluplokìthtac kai ex-
uphret¸ntac diaforetikoÔc skopoÔc. Parak�tw perigr�foume th statistik  poluplokìth-
ta, èna mètro poluplokìthtac gnwstì sth diejn  bibliografÐa, to opoÐo proèrqetai apì
thn epist mh twn upologist¸n.

JewroÔme thn akìloujh diadoqik  seir� exagìmenwn apotelesm�twn ta opoÐa prokÔ-
ptoun apì th rÐyh enìc “dÐkaiou” nomÐsmatoc

~S ≡ . . .HHTHTTTHHHHHTHTHTTHHT . . . .
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'Apo arister� proc ta dexi�, ìla ta sÔmbola katanèmontai anex�rthta kai h pijanìthta
emf�nishc gia opoiod pote apì ta dÔo sÔmbola (H   T) eÐnai 1

2 . Ed¸, h entropÐa thc
epìmenhc rÐyhc tou nomÐsmatoc isoÔtai me 1, afoÔ h puknìthta thc entropÐac thc rÐyhc tou
nomÐsmatoc eÐnai 1. Sthn epist mh twn upologist¸n to parap�nw peÐrama kaleÐtai wc ε-
mhqan  gia th rÐyh enìc “dÐkaiou” nomÐsmatoc [28], [114]. H ε-mhqan  apoteleÐ èna montèlo
to opoÐo perigr�fei thn arqik  diadikasÐa ~S, upì thn ènnoia ìti ènac tuqaÐoc perÐpatoc
mèsw thc ε-mhqan c ja anapar�gei statistik� thn arqik  akoloujÐa sumbìlwn ta opoÐa
prokÔptoun apì th rÐyh enìc “dÐkaiou” nomÐsmatoc. H ε-mhqan  leitourgeÐ parìmoia kai
sthn perÐptwsh enìc merolhptikoÔ nomÐsmatoc. H statistik  poluplokìthta apoteleÐ to
mètro tou megèjouc thc ε-mhqan c [57].
Orismìc 7.1. H statistik  poluplokìthta orÐzetai wc to mègejoc plhroforÐac thc katano-
m c miac seir�c exagìmenwn apotelesm�twn pou par�gontai apì èna parathroÔmeno sÔsthma,
ìpwc eÐnai kai h rÐyh enìc nomÐsmatoc.

Apì t¸ra kai sto ex c stic apodeÐxeic pou akoloujoÔn, qrhsimopoioÔme th logarijmik 
sun�rthsh, dedomènou ìti to mètro tou logarÐjmou eÐnai pio bolikì gia di�forouc lìgouc oi
opoÐoi parousi�sthkan diexodik� apì ton Shannon [208]. H epilog  miac b�shc logarÐjmou
antistoiqeÐ sthn epilog  miac mon�dac gia th mètrhsh plhrofori¸n. O Ðdioc o Shannon
periègraye tic idiìthtec twn b�sewn logarÐjmou 2, 10 kai e, all� sthn pr�xh h entropÐa
sqedìn p�nta upologÐzetai qrhsimopoi¸ntac b�sh logarÐjmou to 2. Ac shmeiwjeÐ ed¸
ìti opoiad pote epilog  miac logarijmik c b�shc ja mporoÔse na qrhsimopoihjeÐ gia tic
apodeÐxeic mac me isodÔnama apotelèsmata. Ed¸, jewroÔme to log�rijmo me b�sh to 2,
afoÔ aut  eÐnai h pio dhmofil c epilog  logarijmik c b�shc se efarmogèc pou aforoÔn thn
entropÐa tou Shannon.
Je¸rhma 7.1. Ac jewr soume mia akoloujÐa katast�sewn enìc parathroÔmenou sust -
matoc, kai ac sumbolÐsoume to sÔnolo twn katast�sewn me {si, i = 1, . . . , k}. To sÔnolo
{si} apoteleÐ èna montèlo k stoiqeÐwn, kai p(si) eÐnai h pijanìthta eÔreshc thc i-ost c
kat�stashc efìson to peÐrama èqei trèxei p�nw sto sÔnolo twn katast�sewn. To mègejoc
plhroforÐac thc katanom c p�nw sto sÔnolo twn katast�sewn, apoteleÐ thn posìthta thc
statistik c poluplokìthtac, upologÐzetai mèsw thc entropÐac Shannon wc

C = −
∑
si

p(si) log p(si), (7.1)

kai ephre�zetai apì thn par�metro prior.
Apìdeixh. Ac jewr soume dÔo montèla me k katast�seic, kai ac sumbolÐsoume to sÔno-
lo twn katast�sewn me {si, i = 1, . . . , k}. Ac sumbolÐsoume t¸ra me p(si)ε[0, 1] thn pi-
janìthta eÔreshc thc i-ost c kat�stashc efìson to peÐrama èqei trèxei p�nw sto sÔnolo
twn katast�sewn, dhlad  thn pijanìthta tou i-ostoÔ exagìmenou apotelèsmatoc, i =
1, 2, . . . , k. H diakrit  katanom  pijanìthtac eÐnai èna sÔnolo Ðswn mh arnhtik¸n prag-
matik¸n arijm¸n p(s1), p(s2), . . . , p(sk), pou ajroÐzoun sth mon�da.

Arqik� jewroÔme èna montèlo M me k katast�seic oi opoÐec sunoyÐzontai sto di�nusma
paramètrwn s = (s1, s2, . . . , sk). H isopÐjanh katanom  tou montèlou eÐnai {p(s1), p(s2), . . . ,
p(sk)}. H statistik  poluplokìthta, ìpwc aut  perigr�fetai apì th sqèsh (7.1), eÐnai
summetrik  gia ta p(si)’s, kai gia autìn to lìgo qwrÐc bl�bh thc genikìthtac, mporoÔme na
jewr soume èna �llo montèlo me p(s2)− ε < p(s1) + ε gia opoiod pote jetikì ε to opoÐo
par�gei mh arnhtikèc pijanìthtec. H mh isopÐjanh katanom  autoÔ tou montèlou eÐnai h
{p(s1) + ε, p(s2)− ε, p(s3), . . . , p(sk)}.

H statistik  poluplokìthta thc katanom c {p(s1) + ε, p(s2)− ε, p(s3), . . . , p(sk)} meÐon
th statistik  poluplokìthta thc katanom c {p(s1), p(s2), p(s3), . . . , p(sk)} isoÔtai me

−(p(s1) + ε) log(p(s1) + ε)− (p(s2)− ε) log(p(s2)− ε) + p(s1) log p(s1) + p(s2) log p(s2),
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h opoÐa isoÔtai me

−(p(s1) + ε) log
(
p(s1)

(
1 + ε

p(s1)

))
− (p(s2)− ε) log

(
p(s2)

(
1− ε

p(s2)

))
+p(s1) log p(s1) + p(s2) log p(s2).

H parap�nw sqèsh isoÔtai me

−ε log p(s1) + ε log p(s2)− (p(s1) + ε) log
(

1 + ε

p(s1)

)
− (p(s2)− ε) log

(
1− ε

p(s2)

)
,

pou me th seir� thc isoÔtai me

ε log p(s2)
p(s1) − (p(s1) + ε) log

(
1 + ε

p(s1)

)
− (p(s2)− ε) log

(
1− ε

p(s2)

)
. (7.2)

K�tw apì thn upìjesh tou isopÐjanou montèlou M , isqÔei ìti log p(s2)
p(s1) = 0. Antika-

jist¸ntac th sqèsh log p(s2)
p(s1) = 0 sth sqèsh (7.2), kai paragwgÐzontac th sqèsh (7.2) wc

proc ε, paÐrnoume

− log
(

1 + ε

p(s1)

)
+ log

(
1− ε

p(s2)

)
. (7.3)

Apì th stigm  pou

log(1 + x) =
∞∑
n=1

(−1)n−1x
n

n
= x− x2

2 + x3

3 − · · · = x+O
(
x2
)
,

ìpou o sumbolismìc O perigr�fei thn oriak  sumperifor� thc sun�rthshc gia mikrì x, h
sqèsh (7.3) gÐnetai

−
(

ε

p(s1) +O(ε2)
)

+
(
− ε

p(s2) −O(ε2)
)
,

h opoÐa me th seir� thc gÐnetai

−2
(

ε

p(s1) +O(ε2)
)
,

h opoÐa eÐnai arnhtik  gia opoiod pote jetikì ε exaitÐac thc upìjeshc ìti ta p(si) eÐnai Ðsoi
mh arnhtikoÐ pragmatikoÐ arijmoÐ, ètsi ¸ste p(s1) = p(s2).

ApodeÐxame ìti h prokÔptousa par�gwgoc èqei arnhtikì prìshmo, to opoÐo sunep�getai
�mesa ìti h statistik  poluplokìthta thc katanom c {p(s1), p(s2), p(s3), . . . , p(sk)} eÐnai
megalÔterh apì ekeÐnh thc katanom c {p(s1) + ε, p(s2) − ε, p(s3), . . . , p(sk)}. EntopÐsame
th diafor� metaxÔ thc poluplokìthtac aut¸n twn montèlwn pou èqoun diaforetikèc ek
twn protèrwn katanomèc p�nw stic paramètrouc touc. ApodeÐxame ìti ligìterh ek twn
protèrwn (prior) plhroforÐa antistoiqeÐ se perissìterh abebaiìthta kai megalÔterh polu-
plokìthta. Sumperasmatik�, apodeÐxame ìti h par�metroc prior ephre�zei shmantik� to
mètro thc statistik c poluplokìthtac enìc montèlou sth diakrit  perÐptwsh,   me �lla
lìgia h statistik  poluplokìthta eÐnai euaÐsjhth sthn par�metro prior.

Ac shmeiwjeÐ ed¸ ìti qrhsimopoioÔme thn ènnoia thc entropÐac kai wc ek toÔtou to
parap�nw apotèlesma apodeiknÔetai eÔkola kai eÐnai anamenìmeno, dedomènou ìti eÐnai eu-
rèwc gnwstì ìti h entropÐa megistopoieÐtai monadik� an kai mìno an h katanom  pijanìthtac
p eÐnai omoiìmorfh, dhlad , p(si) = 1

k gia ìla ta i [116]. O endiaferìmenoc anagn¸sthc
mporeÐ na anatrèxei stic ergasÐec [15], [64] kai [41] gia thn ènnoia thc mègisthc entropÐac
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sth montelopoÐhsh kai tic efarmogèc thc sthn epist mh. Sthn paroÔsa enìthta, emeÐc en-
diaferìmaste na exet�soume thn paramètro prior kai th sÔndes  thc mèsw thc entropÐac
me thn ènnoia thc poluplokìthtac tou montèlou, kai apodeÐxame ìti h par�metroc prior
ephre�zei shmantik� to mètro thc statistik c poluplokìthtac enìc montèlou sth diakrit 
perÐptwsh. H statistik  poluplokìthta (upologismènh mèsw thc entropÐac Shannon), an
kai orÐzetai gia mia diakrit  tuqaÐa metablht , mporeÐ na epektajeÐ se katast�seic ìpou
h upì exètash tuqaÐa metablht  eÐnai suneq c. O Wallis [223] antimet¸pise th diakrit 
katanom  pijanìthtac wc an�logh tou istogr�mmatoc miac suneqoÔc tuqaÐac metablht c
kai parakinoÔmenoi apì autì exet�zoume ti sumbaÐnei kai sth suneq  perÐptwsh.

L mma 7.1. 'Estw S mia suneq c tuqaÐa metablht  me sun�rthsh puknìthtac pijanìth-
tac p(s). Tìte h statistik  poluplokìthta dÐnetai apì th sqèsh

C = −
∫
p(s)log p(s)ds,

kai ephre�zetai apì thn par�metro prior.

Apìdeixh. JewroÔme mia suneq  tuqaÐa metablht  S me sun�rthsh puknìthtac pijanìthtac
p(s) kai statistik  poluplokìthta Ðsh me

C = −
∫
p(s) log p(s)ds.

To eÔroc thc metablht c S mporeÐ na diairejeÐ se n diast mata (lk, uk), k = 1, . . . , n, ètsi
¸ste

C = −
n∑
k=1

∫ uk

lk

p(s) log p(s)ds. (7.4)

O orismìc autìc sqetÐzetai me thn kat�stash sthn opoÐa h puknìthta mporeÐ na anapara-
stajeÐ apì èna istìgramma. Dedomènou ìti h puknìthta antiproswpeÔetai apì èna istìgram-
ma, jewroÔme th diakrit  katanom  pijanìthtac wc an�logh me to istìgramma miac suneqoÔc
tuqaÐac metablht c. O k-ostìc ìroc tou anwtèrou ajroÐsmatoc sqetÐzetai me to k-ostì
bin enìc istogr�mmatoc, me pl�toc wk = uk−lk. Oi bin pijanìthtec pk, k = 1, . . . , n, orÐzo-
ntai wc pk =

∫ uk
lk
p(s)ds, kai èpeita mporoÔn na proseggistoÔn apì thn posìthta wk p(sk),

ìpou to wk p(sk) anaparist� to embadìn enìc orjogwnÐou Ôyouc p(sk) me to sk na eÐnai
mia antiproswpeutik  tim  entìc tou diast matoc (lk, uk). Tìte,to k-ostì olokl rwma sto
anwtèrw �jroisma mporeÐ na proseggisteÐ apì thn posìthta wk p(sk) log p(sk). H sqèsh
(7.4) mporeÐ na ekfrasteÐ mèsw twn pijanot twn pk, k = 1, . . . , n, wc

C = −
n∑
k=1

pk log
(
pk
wk

)
. (7.5)

'Etsi katal goume sto sumpèrasma ìti gia mia suneq  tuqaÐa metablht  S, h stati-
stik  poluplokìthta ephre�zetai apì thn par�metro prior, dedomènou ìti gia wk = 1, h
sqèsh (7.5) antistoiqeÐ sth statistik  poluplokìthta miac diakrit c katanom c, en¸ gia
wk stajerì arijmì, o ìroc log wk eÐnai o Ðdioc gia k�je k = 1, . . . , n, kai se aut  thn
perÐptwsh p�li to anwtèrw �jroisma eÐnai euaÐsjhto sthn par�metro prior sÔmfwna me to
Je¸rhma 7.1. Sthn perÐptwsh pou to eÔroc thc suneqoÔc tuqaÐac metablht c eÐnai (l1, un)
= (−∞,+∞), o peiramatist c mporeÐ na jewr sei gia upologistikoÔc skopoÔc ta l1 kai
un na eÐnai peperasmèna, dhlad , to pr¸to kai to teleutaÐo di�sthma na èqoun pl�toc
parìmoio me autì twn eswterik¸n diasthm�twn. Wstìso, den eÐnai safèc pìsh plhroforÐa
q�netai ìtan jewroÔme ta l1 kai un na eÐnai peperasmèna. Se mia tètoia perÐptwsh, ìtan
to eÔroc thc metablht c eÐnai mh fragmèno, h tupik  epilog  enìc stajeroÔ wk mporeÐ na
mhn eÐnai h kat�llhlh. E�n to wk den eÐnai stajerìc arijmìc, protoÔ na pragmatopoihjoÔn
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oi sugkrÐseic thc entropÐac metaxÔ twn istogramm�twn me diaforetik� diamorfwmèna bin,
o peiramatist c mporeÐ na k�nei bin by bin prosarmogèc, prokeimènou na odhg sei thn
perÐptwsh twn bins twn opoÐwn to pl�toc all�zei, sthn perÐptwsh twn bins stajeroÔ
pl�touc Ðso me to w, katal gontac ètsi sth sqèsh

C = −
n∑
k=1

pk log pk + log w,

h opoÐa paramènei euaÐsjhth sthn par�metro prior sÔmfwna me to Je¸rhma 7.1.

7.2.2 'Ena Nèo Mètro Statistik c Poluplokìthtac (EPC)

DeÐxame parap�nw ìti h par�metroc prior ephre�zei shmantik� to mètro thc statistik c
poluplokìthtac enìc montèlou sth diakrit  kaj¸c kai sth suneq  perÐptwsh. To pio koinì
qarakthristikì pou sun jwc agnoeÐtai apì poll� mètra poluplokìthtac eÐnai h par�metroc
prior, pou ìpwc eÐdame apoteleÐ anapìspasto mèroc tou montèlou. Prokeimènou loipìn na
kajoristeÐ èna montèlo me akrÐbeia, o peiramatist c ja prèpei na jewreÐ pèra apì thn
exÐswsh tou montèlou kai thn par�metro prior. 'Etsi, opoiod pote mètro poluplokìthtac
gia na jewreÐtai “kalì” kai axiìpisto, ja prèpei na lamb�nei upìyh tou kai tic dÔo autèc
ptuqèc gia ton akrib  kajorismì tou montèlou, kai èna tètoio mètro proteÐnoume parak�tw.

Oi epipt¸seic thc poluplokìthtac sthn prosarmog  tou montèlou mporoÔn na apeikoni-
stoÔn jewr¸ntac to eÔroc twn upodeigm�twn dedomènwn (dhlad , tic katanomèc pijanìthtac
twn parathr sewn pou kajorÐzontai apì thn exÐswsh tou montèlou) pou èna montèlo mporeÐ
na katalamb�nei sto q¸ro twn dedomènwn [169]. O q¸roc twn dedomènwn orÐzetai wc to
sÔnolo ìlwn twn pijan¸n upodeigm�twn dedomènwn pou ja mporoÔsan na parathrhjoÔn
se ènan peiramatismì. To mègejoc tou q¸rou twn dedomènwn pou katalamb�netai apì èna
montèlo sqetÐzetai jetik� me thn poluplokìthta tou montèlou [169]. Me pio apl� lìgia,
h poluplokìthta enìc montèlou anafèretai sthn idiìthta tou montèlou na epitrèpei thn
prìbleyh enìc meg�lou eÔrouc upodeigm�twn dedomènwn. O Vanpaemel [219] prìteine to
krit rio Prior Predictive Complexity (PPC) gia th mètrhsh tou kat� pìso meg�lo eÐnai
autì to eÔroc. To krit rio PPC upologÐzei to kajolikì di�sthma (Universal Interval-
UI), dhlad  to eÔroc twn pijan¸n parathroÔmenwn apotelesm�twn, kai to problepìmeno
di�sthma (Predicted Interval-PI), dhlad  to eÔroc twn problepìmenwn apotelesm�twn tou
montèlou, kai upologÐzetai apì th sqèsh

PPC = 1
m

m∑
i=1

|PIi|
|UIi|

.

Gia thn akrib  mètrhsh tou kat� pìso meg�lo eÐnai autì to eÔroc twn upodeigm�twn de-
domènwn kai thn posotikopoÐhs  tou proteÐnoume èna nèo mètro poluplokìthtac, to En-
tropy Prior Complexity (EPC) to opoÐo èqei parìmoia morf  me to PPC. Ac jewr soume
to kajolikì di�sthma (UI) to opoÐo ekfr�zei to eÔroc twn pijan¸n parathroÔmenwn apote-
lesm�twn, anex�rthta apì to montèlo, kai to problepìmeno di�sthma montèlou (Predicted
Model Interval-PMI) to opoÐo ekfr�zei to eÔroc tou sunìlou twn apotelesm�twn pou to
montèlo ja mporoÔse na problèyei   me �lla lìgia to eÔroc twn problepìmenwn apote-
lesm�twn tou montèlou. ProteÐnoume to eÔroc tou PMI na upologÐzetai qrhsimopoi¸ntac
to mètro thc entropÐac wc proc thn katanom  twn exagìmenwn apotelesm�twn pou kajo-
rÐzontai apì to montèlo. Me autì ton trìpo o peiramatist c den qrei�zetai na periorÐsei
to PMI se èna mikrìtero di�sthma pou perilamb�nei mÐa prokajorismènh posìthta ek twn
protèrwn plhroforÐac (ìpwc sumbaÐnei me to PPC), dedomènou ìti èna montèlo orÐzei mia
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katanom  p�nw se ìlec tic pijanèc ekb�seic tou. Wc ek toÔtou, to EPC orÐzetai wc

EPC = 1
m

m∑
i=1

|PMIi|
|UIi|

,

dhlad , o plhj�rijmoc tou PMI se sqèsh me ton plhj�rijmo tou UI kat� mèso ìro gia
ìlec tic m sunj kec.

Gia par�deigma, ac jewr soume èna peÐrama me n dokimèc Bernoulli. To eÔroc tou UI eÐnai
[0,n], apl� epeid  autì eÐnai to ek twn protèrwn eÔroc ìlwn twn pijan¸n apotelesm�twn.
Upojètoume ìti to Y eÐnai h metablht  apìkrishc me sun�rthsh m�zac pijanìthtac p(Y =
y) = p(y). To PMI upologÐzetai apì thn entropÐa thc katanom c p�nw sto Y wc

PMI = −p(y) log p(y)− {1− p(y)} log{1− p(y)}.

Ektim�me thn poluplokìthta tou montèlou qrhsimopoi¸ntac to mètro EPC to opoÐo
antiproswpeÔei èna mètro pou sqetÐzetai me to mègejoc plhroforÐac thc katanom c p�nw
sthn akoloujÐa katast�sewn pou par�gontai apì th metablht  apìkrishc Y . To mètro
EPC lamb�nei upìyh tou thn par�metro prior dedomènou ìti orÐzetai b�sh thc statistik c
poluplokìthtac, h opoÐa ìpwc deÐxame parap�nw eÐnai euaÐsjhth sthn par�metro prior. H
kÔria efarmog  enìc mètrou poluplokìthtac montèlou eÐnai sthn epilog  tou kalÔterou
montèlou. To proteinìmeno perigrafikì mètro EPC mporeÐ na qrhsimopoihjeÐ gia th sta-
tistik  ektÐmhsh thc poluplokìthtac enìc montèlou apì ta parathroÔmena dedomèna kai
mporeÐ na qrhsimopoihjeÐ se èna peÐrama Bernoulli me stìqo thn epilog  tou bèltistou mo-
ntèlou pou apoteleÐtai apì touc par�gontec pou èqoun shmantik  sumbol  sthn apìkrish.

H epilog  tou bèltistou montèlou (èna apì ta K upì exètash montèla) gÐnetai sÔmfwna
me th mikrìterh tim  tou mètrou EPC, epitrèpontac ston peiramatist  na epilèxei ekeÐno to
montèlo pou proseggÐzei kalÔtera thn pragmatik  dom  b�sh thc opoÐac ta parathroÔmena
dedomèna par�qjhkan. H par�metroc K, h opoÐa prosdiorÐzei ton arijmì twn montèlwn pou
exet�zontai kai sugkrÐnontai, kajorÐzetai sÔmfwna me tic apait seic enìc peiramatismoÔ.
Up�rqoun diaforèc sthn poluplokìthta tou montèlou kat� th qr sh diaforetik¸n sqedia-
sm¸n, kai profan¸c to mètro EPC exart�tai apì thn epilog  sqediasmoÔ. Enswmat¸same
epituq¸c to mètro poluplokìthtac EPC sto prìblhma an�lushc twn uperkoresmènwn sqe-

diasm¸n, jètontac gia par�deigma to K = m(m−1)
2 , ìpou to m eÐnai o arijmìc twn sthl¸n

tou upì exètash sqediasmoÔ, me stìqo thn anaz thsh kai eÔresh tou bèltistou montèlou,
mÐa mèjodo pou parousi�zoume analutik� se epìmenh enìthta autoÔ tou kefalaÐou.

7.2.3 Upologismìc thc Ek twn Protèrwn Perij¸riac Katanom c
(MPD)

Ac jewr soume t¸ra thn perÐptwsh pou o peiramatist c jèlei na gnwrÐzei ek twn pro-
tèrwn thn perij¸ria pijanìthta twn dedomènwn dojèntoc tou montèlou. ParakinoÔmenoi apì
thn perij¸ria pijanof�neia [42] [168], [120], jewroÔme èna montèlo M me k paramètrouc,
èstw θ=(θ1, θ2, . . . , θk). Me x sumbolÐzoume ta dedomèna kai p(x|M) th sun�rthsh pi-
janof�neiac. Se èna tètoio montèlo basismèno sthn pijanof�neia, h prìbleyh paÐrnei
th morf  katanom c (mÐa parametrik  oikogèneia katanom¸n pijanìthtac twn parathr -
sewn), kai wc ek toÔtou orÐzoume thn ek twn protèrwn perij¸ria katanom  (Marginal Prior
Distribution-MPD) wc

MPD = p(x|M) =
∫
p(x|θ,M)p(θ|M)dθ. (7.6)

Aut  h posìthta apoteleÐ èna k-di�stato olokl rwma (ìpou k o arijmìc twn paramètrwn
tou montèlou) to opoÐo sthn pr�xh eÐnai dÔskolo na upologisteÐ analutik�. Gia to lìgo
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autì, proteÐnoume ènan enallaktikì trìpo upologismoÔ thc MPD, o opoÐoc basÐzetai sto
gegonìc ìti o lìgoc twn ek twn ustèrwn pijanot twn (posterior odds ratio) gia èna montèlo
M perilamb�nei thn MPD.

O lìgoc twn ek twn ustèrwn pijanot twn gia èna montèlo M sumbolÐzetai me p(M |x)
kai o lìgoc twn ek twn protèrwn pijanot twn gia èna montèloM me p(M). Tìte, sÔmfwna
me to Je¸rhma tou Bayes èqoume ìti

p(M |x) = p(M)p(x|M)
p(x) ,

to opoÐo mporeÐ na grafeÐ wc

p(M |x) ∝ p(M)p(x|M),

dedomènou ìti to p(x) eÐnai stajerì anex�rthta apì to M .
Qrhsimopoi¸ntac th sqèsh (7.6), h posìthta p(M |x) mporeÐ na upologisteÐ wc

p(M |x) = p(M)
∫
p(x|θ,M)p(θ|M)dθ.

Me �lla lìgia,

posterior odds ratio for M = prior odds ratio for M × MPD

dÐnontac

MPD = posterior odds ratio for M

prior odds ratio for M
. (7.7)

Je¸rhma 7.2. JewroÔme èna peÐrama Bernoulli sto opoÐo h dÐtimh metablht  H sum-
bolÐzei thn upotijèmenh kl�sh H={1 gia jetik  kl�sh; 0 gia arnhtik  kl�sh}. H dÐtimh
metablht  apìkrishc Y eÐnai h pragmatik  kl�sh. Kat� sunj kh Y={1 gia jetikì apotè-
lesma; 0 gia arnhtikì apotèlesma}. H ek twn protèrwn perij¸ria katanom  (MPD) enìc
peir�matoc Bernoulli orÐzetai wc

MPD = P (Y = y|H = 1)
P (Y = y|H = 0) .

Gia Y = 1, èqoume

MPD+ = P (Y = 1|H = 1)
P (Y = 1|H = 0) ,

en¸ gia Y = 0, èqoume

MPD− = P (Y = 0|H = 1)
P (Y = 0|H = 0) .

Apìdeixh. Ac jewr soume to lìgo pijanot twn mÐa par�metroc na an kei sth jetik  kl�-
sh prin akìma ektelesteÐ to peÐrama Bernoulli, dhlad , qwrÐc th gn¸sh tou peiramatikoÔ

apotelèsmatoc, tìte prior odds = P (H=1)
P (H=0) . Met� thn ektèlesh tou peir�matoc, dhlad  me

thn parousÐa tou peiramatikoÔ apotelèsmatoc o lìgoc pijanot twn jetik c kl�shc dÐnetai

apì th sqèsh posterior odds (Y ) = P (H=1|Y )
P (H=0|Y ) . ApodeiknÔoume to apotèlesma, upì thn

parousÐa enìc jetikoÔ peiramatikoÔ apotelèsmatoc Y = 1, kai brÐskoume
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Posterior odds (Y = 1) = P (H = 1|Y = 1)
P (H = 0|Y = 1)

=
P (H=1,Y=1)
P (Y=1)

P (H=0,Y=1)
P (Y=1)

= P (Y = 1|H = 1)
P (Y = 1|H = 0)

P (H = 1)
P (H = 0)

= P (Y = 1|H = 1)
P (Y = 1|H = 0) × prior odds,

h opoÐa sunep�getai �mesa ìti

Posterior odds (Y = 1) / prior odds = P (Y=1|H=1)
P (Y=1|H=0) ,

h opoÐa me th seir� thc sunep�getai ìti

MPD+ = P (Y = 1|H = 1)
P (Y = 1|H = 0)

apì th sqèsh (7.7).
H apìdeixh upì thn parousÐa enìc arnhtikoÔ peiramatikoÔ apotelèsmatoc gÐnetai me

parìmoio trìpo. 'Otan to Y = 0, èqoume ìti

MPD− = P (Y = 0|H = 1)
P (Y = 0|H = 0) .

Wc ek toÔtou, orÐzoume thn ek twn protèrwn perij¸ria katanom  (MPD) enìc peir�matoc
Bernoulli wc

MPD = P (Y = y|H = 1)
P (Y = y|H = 0) .

7.2.4 Empeirik  Melèth

Prokeimènou na deÐxoume ton trìpo me ton opoÐo o peiramatist c mporeÐ na upologÐsei
tic MPD paramètrouc, pragmatopoi same Monte Carlo prosomoi¸seic. Gia to peÐrama pro-
somoÐwshc jewroÔme montèla logistik c palindrìmhshc me touc suntelestèc na lamb�noun
tuqaÐec timèc apì to di�nusma β kai jewroÔme montèla mìno kÔriwn epidr�sewn. H arqik 
mac epilog  sto peÐrama prosomoÐwshc eÐnai β = [-0.8756, 3.1869, 2.3112, -1.6768, -3.0301,
2.4999, -2.6921, -4.0285, -3.7139, 3.1744, -3.7349, 4.4703, -2.2932, 2.8191, 2.4019, -3.8837,
4.4915, -2.4739, 3.7828, 4.1800, -2.6089] ′. JewroÔme n=100 peiramatikèc ektelèseic me
mÐa dÐtimh apìkrish y (0   1) h opoÐa exart�tai apì èna sÔnolo metablht¸n palindrìmhshc
xi1,xi2,. . . ,xi20.

Oi pragmatik� energèc metablhtèc epilègontai tuqaÐa apì tic eÐkosi endeqìmenec en-
ergèc metablhtèc. Par�goume tic timèc gia ton pÐnaka sqediasmoÔ X= [x0, xi1, xi2, xi3,
xi4, xi5, xi6, xi7, xi8, xi9, xi10, xi11, xi12, xi13, xi14, xi15, xi16, xi17, xi18, xi19, xi20]
mèsw 10,000 Monte Carlo dokim¸n. Gia ton pÐnaka sqediasmoÔ X, èqoume ìti x0 = 1
eÐnai h st lh thc stajer�c, dhlad  èna (100 × 1) di�nusma apoteloÔmeno apì mon�dec,
kai oi metablhtèc xi1,. . . ,xi20 par�gontai apì èna sunduasmì kanonik¸n kai omoiìmorfwn
katanom¸n me di�forec timèc paramètrwn. Sugkekrimèna, 10,000 deÐgmata par�qjhkan apì
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kanonikèc katanomèc xi ∼ N(µ=60, σ=3), N(µ=80, σ=4), N(µ=100, σ=5) kai 10,000 deÐg-
mata par�qjhkan apì omoiìmorfec katanomèc xi ∼ U(a=3, b=10), U(a=5, b=15), U(a=10,
b=20). Me autì ton trìpo par�qjhkan ta dianÔsmata twn tuqaÐwn metablht¸n eisìdou
xi1,. . . ,xi20 tou pÐnaka sqediasmoÔ.

Sto plaÐsio tou elègqou thc mhdenik c upìjeshc (H = 0) ènanti thc enallaktik c
upìjeshc (H = 1), h apì koinoÔ katanom  twn (H,Y ) anaparist� ta dedomèna {(Hi, Yi); i =
1, . . . , 100}. Upojètoume ìti oi parathr seic (Hi, Yi) eÐnai anex�rthtec apì t¸ra kai sto
ex c.

PÐnakac 7.1: Apotelèsmata 10,000 Monte Carlo dokim¸n gia ta logistik� montèla palindrìmhshc
Apotèlesma

P (Y = 1|H = 1) 0.8889
P (Y = 1|H = 0) 0.7805
MPD+ 1.1388
P (Y = 0|H = 1) 0.1111
P (Y = 0|H = 0) 0.2195
MPD− 0.5061

Efarmìzontac thn proteinìmenh mèjodo, kajorÐsame thn ek twn protèrwn perij¸ria
katanom  mèsw twn (MPD+, MPD−)=(1.1388, 0.5061) paramètrwn, ìpwc faÐnetai ston
PÐnaka 7.1. Oi (MPD+, MPD−) par�metroi eÐnai oi posodeÐktec thc sqèshc metaxÔ tou
lìgou twn ek twn protèrwn pijanot twn kai tou lìgou twn ek twn ustèrwn pijanot twn.
E�n jewr soume ìti P (H = 1) eÐnai h ek twn protèrwn pijanìthta èna upìdeigma na an kei
sth jetik  kl�sh kai P (H = 1|Y ) h ek twn ustèrwn pijanìthta, tìte h MPD eÐnai o
pollaplasiastikìc suntelest c (multiplication factor) pou sqetÐzei tic ek twn protèrwn
kai ek twn ustèrwn katanomèc. Parousi�zoume parak�tw èna par�deigma gia na deÐxoume
thn praktik  qrhsimìthta twn MPD paramètrwn. Sth melèth prosomoÐws c mac, èqoume
na k�noume me mia akoloujÐa n=100 anex�rthtwn dokim¸n Bernoulli. Ac upojèsoume ìti h
pijanìthta epituqÐac eÐnai p = p(Y = 1) = 0.05 kai h pijanìthta thc apotuqÐac eÐnai p(Y =
0) = 1− p = 0.95 metaxÔ ìlwn twn anex�rthtwn dokim¸n. H ek twn protèrwn plhroforÐa
upologÐzetai mèsw twn paramètrwn MPD+=1.1388 kai MPD−=0.5061. Wc ek toÔtou, o
lìgoc pijanot twn thc jetik c upotijèmenhc kl�shc metaxÔ ekeÐnwn twn upodeigm�twn pou
dÐnoun jetikì peiramatikì apotèlesma isoÔtai me

MPD+ p
1−p= 1.13880.05

0.95 = 0.0599.

OmoÐwc, o lìgoc pijanot twn thc jetik c upotijèmenhc kl�shc metaxÔ ekeÐnwn twn upo-
deigm�twn pou dÐnoun arnhtikì peiramatikì apotèlesma isoÔtai me

MPD− p
1−p=0.50610.05

0.95 = 0.0266.

AutoÐ oi dÔo lìgoi pijanot twn eÐnai polÔ qr simoi prokeimènou na sugkrÐnoume to kat�
pìso megalÔterh eÐnai h mÐa pijanìthta se sqèsh me thn �llh. Me �lla lìgia, oi (MPD+,
MPD−) lìgoi pijanot twn mporoÔn na deÐxoun ston peiramatist  pìsec forèc to jetikì
apotèlesma se èna peÐrama Bernoulli (y = 1) eÐnai pio pijanì na prokÔyei apì to na mhn
prokÔyei (y = 0). Dhlad , oi pijanìthtec thc jetik c upotijèmenhc kl�shc eÐnai perÐpou
5.9% kai 2.6% met� apì jetikì apotèlesma (y = 1) kai met� apì arnhtikì apotèlesma
(y = 0), antÐstoiqa, gia autì to peÐrama. Genik�, oi (MPD+, MPD−) par�metroi mporoÔn
na qrhsimopoihjoÔn �mesa mazÐ me thn pijanìthta epituqÐac/apotuqÐac enìc peir�matoc
Bernoulli, prokeimènou na upologisteÐ h pijanìthta miac upotijèmenhc kl�shc dojèntoc
tou peiramatikoÔ apotelèsmatoc. Oi MPD par�metroi apoteloÔn ousiastik� tic empeirikèc
ektim triec twn lìgwn pijanof�neiac kai mporoÔn na qrhsimopoihjoÔn sto plaÐsio enìc
peir�matoc Bernoulli wc mètra plhrofìrhshc.
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7.3 Poluplokìthta Montèlou kai SqediasmoÐ Peiram�twn

Up�rqoun diaforèc sthn poluplokìthta tou montèlou kat� th qr sh diaforetik¸n
sqesiasm¸n, kai profan¸c to mètro EPC ìpwc autì parousi�sthke parap�nw, exart�tai
apì thn epilog  sqediasmoÔ. Enswmat¸same epituq¸c to mètro poluplokìthtac EPC sto
prìblhma an�lushc twn uperkoresmènwn sqediasm¸n, me stìqo thn anaz thsh kai eÔresh
tou bèltistou montèlou mèsa apì poll� upoy fia logistik� montèla palindrìmhshc, mÐa
mèjodo pou parousi�zoume b ma proc b ma parak�tw.

7.3.1 Epilog  Bèltistou Montèlou stouc Uperkoresmènouc Sqe-
diasmoÔc Mèsw tou KrithrÐou EPC

Se aut  thn enìthta, parousi�zoume mÐa mèjodo sthn opoÐa h par�metroc thc polu-
plokìthtac montèlou emplèketai mèsa sth diadikasÐa an�lushc twn uperkoresmènwn sqe-
diasm¸n. Sugkekrimèna, to mètro poluplokìthtac EPC enswmat¸netai se mÐa mèjodo epi-
log c bèltistou montèlou mèsa apì poll� upoy fia logistik� montèla palindrìmhshc gia
thn an�lush twn uperkoresmènwn sqediasm¸n. H mèjodoc epilog c bèltistou montèlou èqei
wc stìqo thn eÔresh twn energ¸n kÔriwn epidr�sewn pou faÐnetai na ephre�zoun shmantik�
th metablht  apìkrishc Bernoulli kai ekteleÐ ta akìlouja b mata:

B ma 1. 'Estw X = [x1, x2, . . . , xm] o n ×m pÐnakac tou uperkoresmènou sqediasmoÔ,
ìpou xj , j = 1, 2, . . . ,m, antistoiqeÐ sthn j-ost  st lh tou pÐnaka X, kai n × 1 to
dÐtimo di�nusma apìkrishc Y .

B ma 2. UpologÐzoume to sÔnolo twn K montèlwn, ìpou K = m(m−1)
2 .

B ma 3. Gia k�je montèlo i, i = 1, 2, . . . ,K, upologÐzoume to UI = [0,n], ìpou to n
anaparist� ton arijmì twn dokim¸n Bernoulli kai sth sunèqeia upologÐzoume to PMI
wc PMI = −p(y) log p(y)− {1− p(y)} log{1− p(y)}.

B ma 4. Gia k�je montèlo i, i = 1, 2, . . . ,K, kanonikopoioÔme to PMI apì to UI kai
èpeita upologÐzoume to mètro EPC apì th sqèsh

EPC = 1
m

m∑
i=1

|PMIi|
|UIi|

.

B ma 5. Telik�, epilègoume wc bèltisto montèlo ekeÐno me th mikrìterh tim  tou mètrou
EPC. Sugkekrimèna, krat�me ekeÐnouc touc par�gontec pou odhgoÔn sto “stenìtero”
eÔroc tou PMI se sqèsh me to UI, parèqontac me autì ton trìpo èna aploÔstero
montèlo. Oi par�gontec autoÐ telik� dhl¸nontai wc shmantikoÐ.

H epilog  tou bèltistou montèlou gÐnetai sÔmfwna me th mikrìterh tim  tou mètrou
EPC gia ton ex c basikì lìgo. 'Ena stenì eÔroc tou PMI, se sqèsh me to UI, upodeiknÔei
èna aploÔstero montèlo, en¸ èna polÔploko montèlo qarakthrÐzetai apì èna eurÔ PMI.
Gia na to jèsoume diaforetik�, ìso megalÔterh eÐnai h posìthta thc ek twn protèrwn
plhroforÐac pou up�rqei se èna montèlo, tìso stenìtero ja eÐnai to eÔroc tou PMI, kai
kat� sunèpeia, tìso aploÔstero ja eÐnai kai to montèlo. Aut  h diafor� sthn Ôparxh
thc ek twn protèrwn plhroforÐac metafr�zetai se diafor� sthn poluplokìthta mèsw tou
mètrou EPC.

7.3.2 Epilog  Tim¸n KatwflioÔ

H epilog  twn tim¸n katwflioÔ thc proteinìmenhc mejìdou diadramatÐzei polÔ shmantikì
rìlo. Gia ènan uperkoresmèno sqediasmì, den eÐnai suqn� upologistik� efiktì na perilam-
b�nei ìla ta pijan� montèla sth diadikasÐa. H arq  thc sporadikìthtac twn epidr�sewn [23]
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proteÐnei ton periorismì se èna mìno sÔnolo montèlwn, kajèna apì ta opoÐa ja perièqei mìno
lÐgouc par�gontec. EÐnai eurèwc apodektì ìti h apotelesmatikìthta twn uperkoresmènwn
sqediasm¸n sthn anÐqneush energ¸n paragìntwn apaiteÐ ton arijmì aut¸n twn paragìntwn
na eÐnai mikrìc [23]. H apìfash sqetik� me thn tim  katwflioÔ s, h opoÐa sthn pr�xh ka-
jorÐzei to mègisto arijmì twn shmantik¸n paragìntwn pou mporoÔn na anagnwristoÔn se
k�je montèlo, ègine b�sh thc arq c thc sporadikìthtac. Me autì ton trìpo kajorÐsame
to s = m/2, ìpou m eÐnai o arijmìc twn sthl¸n tou uperkoresmènou pÐnaka sqediasmoÔ
X. H par�metroc K, h opoÐa prosdiorÐzei ton arijmì twn montèlwn pou exet�zontai kai

sugkrÐnontai, kajorÐzetai wc K = m(m−1)
2 , ìpou to m eÐnai o arijmìc twn sthl¸n tou upì

exètash sqediasmoÔ, kai h epilog  aut c thc tim c katwflioÔ ègine kai p�li b�sh thc ar-
q c thc sporadikìthtac twn epidr�sewn, kai proteÐnetai wc h katallhlìterh epilog  sthn
episthmonik  ergasÐa [160]. H diadikasÐa aut  qarakthrÐzetai wc many-models mèjodoc kai
parousi�sthke pr¸th for� sthn ergasÐa [112].

7.3.3 Axiolìghsh thc Mejìdou Epilog c Bèltistou Montèlou

Gia th diereÔnhsh kai thn axiolìghsh thc apìdoshc thc proteinìmenhc mejìdou pragmato-
poi same mia empeirik  melèth, jewr¸ntac èna eurÔ f�sma prosomeiwmènwn montèlwn kai
uperkoresmènwn sqediasm¸n. Sth melèth prosomoÐwshc qrhsimopoi same uperkoresmènouc
sqediasmoÔc oi opoÐoi kataskeu�zontai apì ta kl�smata pin�kwn Hadamard, sÔmfwna me
th mèjodo pou prot�jhke apì ton Lin [148]. Sugkekrimèna, qrhsimopoi same ton uperkore-
smèno sqediasmì mem = 10 par�gontec kai n = 6 peiramatikèc ektelèseic. Epiplèon, gia ta
peir�mata prosomoÐwshc, qrhsimopoi same touc E(s2)-bèltistouc kai minimax-bèltistouc
kuklikoÔc uperkoresmènouc sqediasmoÔc, ìpwc autoÐ kataskeu�sthkan apì touc Koukou-
vinos et al. [130]. AutoÐ oi uperkoresmènoi sqediasmoÐ èqoun n peiramatikèc ektelèseic kai
m = q · (n− 1) par�gontec, ìpou to q eÐnai �rtioc arijmìc. Stic prosomoi¸seic mac jewr -
same touc E(s2)-bèltistouc kai minimax-bèltistouc kuklikoÔc uperkoresmènouc sqedia-
smoÔc me tic akìloujec (n,m) timèc: (6, 10), (8, 14), (10, 18), (12, 22), (14, 26), (16, 30),
(18, 34), (20, 38) kai (22, 42). Ektìc apì autoÔc touc sqediasmoÔc, jewr same kai touc
s-block-orjog¸niouc E(s2)-bèltistouc uperkoresmènouc sqediasmoÔc dÔo epipèdwn me n
peiramatikèc ektelèseic kai m = s(n − 1) par�gontec, ìpwc autoÐ kataskeu�sthkan apì
touc Tang kai Wu [215]. Sugkekrimèna, qrhsimopoi same ton uperkoresmèno sqediasmì me
m = 22 par�gontec kai n = 12 peiramatikèc ektelèseic.

Gia ta peir�mata prosomoÐwshc, anaptÔxame logistik� montèla palindrìmhshc me touc
suntelestèc palindrìmhshc na lamb�noun tuqaÐec timèc apì to di�nusma β. Na shmei¸soume
ed¸ ìti mac endiafèrei na melet soume montèla pou perilamb�noun mìno kÔriec epidr�seic,
opìte jewroÔme ìti ta montèla mac den sumperilamb�noun allhlepidr�seic. Oi pragmatik�
energoÐ par�gontec epilèqjhkan tuqaÐa apì to sÔnolo twn {1, . . . ,m} endeqìmenwn energ¸n
paragìntwn kai oi suntelestèc twn mh energ¸n paragìntwn tèjhkan Ðsoi me mhdèn sto prag-
matikì montèlo. H katanom  twn antijèsewn den ephre�zetai apì to mètro (magnitude)
twn suntelest¸n, all� exart�tai apì to sqetikì mègejoc (relative size) twn suntelest¸n.
Dedomènou ìti oi sunj kec sthn pr�xh eÐnai sun jwc diaforetikèc apì ekeÐnec twn pro-
somoÐwsewn kai ìti o peiramatist c den xèrei pìsoi kai poioÐ par�gontec mporeÐ na eÐnai
energoÐ, prokeimènou na exet�soume to pìso euaÐsjhta eÐnai ta apotelèsmata sthn epilog 
kai ton arijmì twn energ¸n sthl¸n-paragìntwn, melet same èna eurÔ f�sma prosomeiwmè-
nwn montèlwn sta peir�mat� mac sta opoÐa jewroÔme gia k�je uperkoresmèno sqediasmì
diaforetikì arijmì energ¸n paragìntwn, diaforetik  epilog  energ¸n sthl¸n kai diafore-
tik� β. Sthn empeirik  melèth mac qrhsimopoi same ìla ta montèla ta opoÐa aparijmoÔntai
ston PÐnaka 7.2.

Prokeimènou na axiolog soume thn proteinìmenh mèjodo, ektim same ta sf�lmata TÔpou
I kai TÔpou II. Autì pou mac endiafèrei na elègxoume sthn empeirik  melèth mac eÐnai to
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PÐnakac 7.2: Montèla melèthc prosomoÐwshc

Montèlo US apì m n β
1 [148] 10 6 [-1, 0, 8, 1, 22, 0, 19, 0, 0, 0]′

2 [148] 10 6 [-9, 0, 0, 0, 0, -8, 0, 0, 3, 0]′

3 [215] 22 12 [-1, 0, 0, 3, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 2, 0, 0, 0, 0, 9, 0, 0]′

4 [215] 22 12 [1, 0, 0, -13, 0, 0, 4, -3, 0, 0, -6, 0, 0, -7, 0, -24, 0, -5, 0, -21, 0, 0]′

5 [130] 22 12 [1, 0, 0, 0, -1, 0, 1, 0, 0, 0, 0, 0, -2, 0, 0, -4, 0, 0, 0, -1, 0, 0]′

6 [130] 22 12 [1, 2, 0, 0, 0, 6, 0, 0, 0, 0, 7, 0, 0, 0, -1, 0, 0, 5, 0, 18, 0, 0]′

7 [130] 18 10 [0, 0, -5, 0, -3, 4, 0, 0, 7, 0, 0, 1, 2, 0, 0, -7, 0, 3]′

8 [130] 18 10 [0, 0, -7, 0, 0, 6, 4, 0, 0, -3, 0, 0, 1, 1, 0, 0, 0, 1]′

9 [130] 18 10 [-1, 0, 0, 0, 14, 0, -2, 0, 0, 0, 0, 0, 0, 17, 0, 0, 0, 0]′

10 [130] 18 10 [0, -4, 1, 0, -2, 0, 3, -4, 0, 0, 0, -6, 0, 0, -2, 0, 2, 0]′

11 [130] 26 14 [-2, -1, 0, 0, 2, -3, 0, 0, -3, 0, 0, 2, 0, -4, 0, 0, 0, -6, 0, 0, -4, 0, 0, 0, -5, 0]′

12 [130] 26 14 [ 2, 0, 0, 5, 0, 0, -17, 0, 0, 0, 12, 0, 0, 3, 0, -8, 0, 0, -9, 0, 0, -1, 0, -4, 0, 0]′

13 [130] 30 16 [0, -1, 0, 0, 0, 0, 2, 0, 0, 0, -5, 0, -2, 0, -1, 0, 0, -7, 0, 0, -3, 0, 0, 0, 0, -7, 0, 0, 0, 0]′

14 [130] 30 16 [-1, -2, -1, 0, 2, 0, 0, 0, 6, 0, 4, 0, 0, 0, 0, 0, -3, 2, 0, 0, 0, 0, 1, 0, 0, 7, 0, 0, 0, 0]′

15 [130] 34 18 [1, -13, 0, -2, 0, 0, 0, -3, 0, 0, 0, -9, 0, 0, 0, 14, 0, 0, 9, 0, 1, 1, 0, 0, 0, -12, 0, 0, 0, 0, 0, -6, 0, -2]′

16 [130] 34 18 [0, 0, 3, 4, 0, 0, 0, 0, -1, 0, 18, 0, 0, 0, 0, -7, 0, 0, 0, -11, 0, -19, 0, 0, 0, -5, 0, 0, 1, 1, 0, 0, 9, 0]′

17 [130] 38 20 [1, 0, 5, 0, -17, 0, 0 ,0, 0, 0, -23, 0, 0, 0, 0, 0, 0, 9, 0, 0, 0, 0, 26, 0, 0, 0, 0, 0, 12, 14, 0, 0, 0, 3, 0, 0, 0, 0]′

18 [130] 38 20 [0, 0, -5, 0, 0, 0, -7, 0, 0, 0, 12, 0, 0, 1, 0, -22, 0, 0, -1, 0, 0, 0, 0, 0, 0, -1, 0, 4, 0, 0, 0, 0, 0, -2, 15, 0, 0, 0]′

19 [130] 42 22 [0, 0, 0, 0, -12, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, -4, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, -5, 0, 0, 0, 0, 0, 0, 3, 0, 0, 0, 1, 0, 0]′

20 [130] 42 22 [0, 0, 0, 0, -13, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, -4, 0, 0, 0, 5, 0, -14, 0, 0, 0, 0, -3, 2, 0, 0, 0, 0, 0, -4, 1, -1, 3, 0, 0]′

21 [130] 10 6 [-7, 0, 0, 0, 0, -7, 0, 0, 3, 0]′

22 [130] 10 6 [1, 0, -8, 0, -21, 0, -17, 0, 0, 0]′

23 [130] 14 8 [1, 0, -3 ,0 ,0, -1, 0, 0, 0, 0, 7, 0, 0, 0]′

24 [130] 14 8 [1, 4, -5, 2, 0, 0, 0, -1, 0, 0, -7, 0, 0, 0]′

kìstoc tou na dhl¸soume mÐa anenerg  epÐdrash wc energ  (sf�lma TÔpou I) kaj¸c kai to
kìstoc tou na dhl¸soume mÐa energ  epÐdrash wc anenerg  (sf�lma TÔpou II). To posostì
sf�lmatoc TÔpou I kai to posostì sf�lmatoc TÔpou II apoteloÔn krit ria tÔpou “small-
er the better”. EpÐshc, jewr same wc krit rio axiolìghshc thn k�luyh (coverage), pou
kaleÐtai to mèso posostì twn prosomoi¸sewn stic opoÐec to sÔnolo twn paragìntwn pou
dhl¸jhkan wc energoÐ perilamb�nei ìlouc touc pragmatik� energoÔc par�gontec (“larger
the better”). Sta peir�mat� mac ektelèsame tic prosomoi¸seic 1000 forèc kai ta lhfjènta
apotelèsmata sunoyÐzontai ston PÐnaka 7.3 pou akoloujeÐ. Sugkekrimèna, ston PÐnaka
7.3, h pr¸th st lh anafèretai ston arijmì pou antistoiqeÐ se k�je montèlo pou qrhsi-
mopoieÐtai. Oi st lec pou onom�zontai wc “Type I” kai “Type II” anafèrontai stic timèc
twn sfalm�twn TÔpou I kai TÔpou II pou antistoiqoÔn se k�je montèlo. H teleutaÐa st lh
“Coverage” parousi�zei tic timèc tou krithrÐou thc k�luyhc gia k�je montèlo.

Genik�, parathroÔme apì ton PÐnaka 7.3, ìti h proteinìmenh mèjodoc epitugq�nei ikanopoi-
htik� qamhlèc timèc kai gia ta dÔo upì ektÐmhsh sf�lmata, kai sqedìn gia ìla ta montèla.
Ektìc apì autì, shmei¸noume ìti oi timèc twn sfalm�twn paramènoun ikanopoihtik� qamh-
lèc akìma kai gia ta montèla sta opoÐa h arq  thc sporadikìthtac eÐnai asjenèsterh,
dhlad  sta montèla twn opoÐwn o arijmìc twn energ¸n paragìntwn p eÐnai megalÔteroc
apì n

2 . Sugkekrimèna, oi timèc twn sfalm�twn TÔpou II eÐnai shmantik� qamhlìterec apì
tic antÐstoiqec timèc twn sfalm�twn TÔpou I. SÔmfwna me ton PÐnaka 7.3, to mèso posostì
sf�lmatoc TÔpou I se 1000 prosomoi¸seic eÐnai thc t�xhc tou 27% kai to mèso posostì
sf�lmatoc TÔpou II se 1000 prosomoi¸seic eÐnai thc t�xhc tou 13%. To gegonìc autì
mac deÐqnei ìti h proteinìmenh mèjodoc parousi�zei thn t�sh na dhl¸nei esfalmèna peris-
sìterouc mh energoÔc paragìntec wc energoÔc, kai ligìterouc energoÔc paragìntec wc mh
energoÔc.

Me �lla lìgia, h proteinìmenh mèjodoc teÐnei na dhl¸nei me uyhlìtero posostì tic
anenergèc epidr�seic wc energèc kai me polÔ qamhlìtero posostì tic energèc epidr�seic wc
anenergèc, kai upì aut  thn ènnoia to krit rio EPC ja mporoÔse pr�gmati na qarakthristeÐ
wc sunthrhtikì (conservative). Epiplèon, parathroÔme apì ton PÐnaka 7.3, ìti h mèsh tim 
gia thn isqÔ (power=1-Type II error rate) kai thn k�luyh eÐnai 0.868 kai 0.814, antÐstoiqa,
gegonìc to opoÐo mac upodeiknÔei ìti sqedìn ìlec oi energèc epidr�seic aniqneÔontai swst�.
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Lìgw tou gegonìtoc ìti ta sf�lmata TÔpou I eÐnai uyhlìtera se sqèsh me ta sf�lmata
TÔpou II gia ìla ta montèla, ektelèsame epiplèon prosomoi¸seic gia ton èlegqo thc apì-
doshc thc proteinìmenhc mejìdou, an jewr soume ìti den up�rqoun energoÐ par�gontec. Se
mia tètoia perÐptwsh ta posost� sf�lmatoc TÔpou II kai h k�luyh plèon den eÐnai efiktì
na upologistoÔn. 'Etsi, upologÐsame ta posost� sf�lmatoc TÔpou I kai to mèso arijmì
twn paragìntwn pou dhl¸jhkan esfalmèna wc energoÐ, kai ta apotelèsmata parousi�zontai
ston PÐnaka 7.4. Ac shmeiwjeÐ ed¸ ìti h teleutaÐa st lh tou PÐnaka 7.4 pou onom�zetai
wc “Avg. No.” anafèretai sto mèso arijmì twn paragìntwn pou dhl¸jhkan esfalmèna wc
energoÐ.

SÔmfwna me ton PÐnaka 7.4, ta montèla me touc perissìterouc par�gontec, ìpwc ta
montèla (42, 22), (38, 20) dhl¸noun to polÔ tèsseric par�gontec wc energoÔc. Ta montèla
(34, 18), (30, 16), (26, 14), dhl¸noun to polÔ treic par�gontec wc energoÔc. AntÐstoiqa,
ta montèla (22, 12), (18, 10), (14, 8), dhl¸noun to polÔ dÔo par�gontec wc energoÔc. Ta
montèla me touc ligìterouc par�gontec, ìpwc ta montèla (10, 6) dhl¸noun to polÔ è-
nan par�gonta wc energì. Sqetik� me thn apìdosh thc mejìdou, parathroÔme ìti kaj¸c
mei¸netai o arijmìc twn paragìntwn tou sqediasmoÔ, mei¸netai kai o mèsoc arijmìc twn
paragìntwn pou dhl¸jhkan esfalmèna wc energoÐ. H proteinìmenh mèjodoc faÐnetai na
leitourgeÐ kal�, dhl¸nontac mìno ènan polÔ mikrì arijmì paragìntwn wc energoÔc, en¸
sthn pragmatikìthta den up�rqoun kajìlou energoÐ par�gontec.

Sumperasmatik�, ta dÔo shmantikìtera qarakthristik�-pleonekt mata thc proteinìmenhc
mejìdou epilog c bèltistou montèlou eÐnai pr¸ton ìti h sumperasmatologÐa thc basÐzetai
se mia seir� apì montèla kai ìqi se èna monadikì montèlo, deÔteron h �mesh antistoiqÐa
thc me to basikìtero stìqo tou probl matoc an�lushc twn uperkoresmènwn sqediasm¸n,
dhlad , ton entopismì ìlwn twn shmantik¸n paragìntwn kaj¸c epÐshc kai tou bèltistou
montèlou, kai m�lista me th mikrìterh dunat  poluplokìthta, gegonìc pou epitugq�netai
me th qr sh tou krithrÐou EPC.

PÐnakac 7.3: Apìdosh thc proteinìmenhc mejìdou gia ta montèla 1-24 me qr sh 1000 proso-
moi¸sewn

Montèlo Type I Type II Coverage
1 0.20 0.00 1.00
2 0.14 0.00 0.93
3 0.29 0.00 0.89
4 0.23 0.22 0.76
5 0.25 0.16 0.82
6 0.33 0.28 0.68
7 0.20 0.12 0.82
8 0.27 0.14 0.83
9 0.35 0.00 0.87
10 0.30 0.25 0.71
11 0.37 0.10 0.77
12 0.37 0.22 0.70
13 0.36 0.12 0.77
14 0.30 0.10 0.89
15 0.25 0.16 0.81
16 0.22 0.09 0.88
17 0.24 0.13 0.85
18 0.39 0.30 0.67
19 0.21 0.16 0.81
20 0.27 0.09 0.89
21 0.14 0.00 0.91
22 0.25 0.16 0.79
23 0.25 0.20 0.75
24 0.37 0.16 0.73
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PÐnakac 7.4: Apìdosh thc proteinìmenhc mejìdou gia ta montèla 1-24 me qr sh 1000 proso-
moi¸sewn an jewr soume ìti den up�rqoun energoÐ par�gontec

Montèlo (factors, runs) Type I Avg. No.
1 (10, 6) 0.11 0.54
2 (10, 6) 0.04 0.12
3 (22, 12) 0.20 2.22
4 (22, 12) 0.12 2.14
5 (22, 12) 0.15 2.23
6 (22, 12) 0.22 2.35
7 (18, 10) 0.09 1.34
8 (18, 10) 0.18 1.52
9 (18, 10) 0.24 1.93
10 (18, 10) 0.21 1.82
11 (26, 14) 0.26 3.11
12 (26, 14) 0.28 3.16
13 (30, 16) 0.24 3.36
14 (30, 16) 0.19 3.24
15 (34, 18) 0.14 3.19
16 (34, 18) 0.11 3.14
17 (38, 20) 0.12 3.56
18 (38, 20) 0.29 3.88
19 (42, 22) 0.12 3.94
20 (42, 22) 0.16 4.12
21 (10, 6) 0.03 0.57
22 (10, 6) 0.11 1.13
23 (14, 8) 0.16 1.67
24 (14, 8) 0.28 1.82

7.4 Sumper�smata

Sto kef�laio autì melet same thn ènnoia thc poluplokìthtac enìc montèlou kai deÐxame
ìti h par�metroc prior ephre�zei shmantik� to mètro thc statistik c poluplokìthtac enìc
montèlou sth diakrit  kaj¸c kai sth suneq  perÐptwsh. Prokeimènou loipìn na kajoristeÐ
èna montèlo me akrÐbeia, o peiramatist c ja prèpei na jewreÐ pèra apì thn exÐswsh tou
montèlou kai thn par�metro prior. 'Ena tètoio mètro poluplokìthtac proteÐname to opoÐo
lamb�nei upìyh tou kai tic dÔo autèc ptuqèc gia ton akrib  kajorismì tou montèlou.

To proteinìmeno mètro EPC antiproswpeÔei èna mètro poluplokìthtac pou sqetÐze-
tai me to mègejoc plhroforÐac thc katanom c p�nw sthn akoloujÐa katast�sewn pou
par�gontai apì th metablht  apìkrishc Y , kai shmantikì qarakthristikì tou apoteleÐ
to gegonìc ìti h diafor� sthn Ôparxh thc ek twn protèrwn plhroforÐac metafr�zetai se
diafor� sthn poluplokìthta mèsw tou mètrou EPC. To proteinìmeno perigrafikì mètro
EPC mporeÐ na qrhsimopoihjeÐ gia th statistik  ektÐmhsh thc poluplokìthtac enìc montè-
lou apì ta parathroÔmena dedomèna kai mporeÐ na qrhsimopoihjeÐ se èna peÐrama Bernoulli
me stìqo thn epilog  tou bèltistou montèlou pou apoteleÐtai apì touc par�gontec pou è-
qoun shmantik  sumbol  sthn apìkrish. H epilog  tou bèltistou montèlou gÐnetai sÔmfwna
me th mikrìterh tim  tou mètrou EPC, epitrèpontac ston peiramatist  na epilèxei ekeÐno to
montèlo pou proseggÐzei kalÔtera thn pragmatik  dom  b�sh thc opoÐac ta parathroÔmena
dedomèna par�qjhkan. Epiplèon, to mètro poluplokìthtac EPC enswmat¸netai epituq¸c
sto prìblhma an�lushc twn uperkoresmènwn sqediasm¸n, me stìqo thn anaz thsh kai
eÔresh tou bèltistou montèlou mèsa apì poll� upoy fia logistik� montèla palindrìmhshc.

Epiplèon, se èna montèlo basismèno sthn pijanof�neia, h prìbleyh paÐrnei th morf 
katanom c gnwst  wc ek twn protèrwn perij¸ria katanom  (MPD), h opoÐa sthn pr�xh
eÐnai dÔskolo na upologisteÐ analutik�. Gia to lìgo autì, proteÐname ènan enallaktikì
trìpo upologismoÔ thc, mèsw twn MPD paramètrwn. Oi MPD par�metroi apantoÔn pra-
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ktik� sto er¸thma tou kat� pìso h parousÐa enìc peiramatikoÔ apotelèsmatoc all�zei thn
ek twn protèrwn gn¸sh thc upotijèmenhc kl�shc. Me �lla lìgia, oi (MPD+, MPD−)
par�metroi posotikopoioÔn thn allag  sthn pijanìthta èna upìdeigma na an kei se mÐa
kl�sh pou lamb�netai me th gn¸sh tou peiramatikoÔ apotelèsmatoc. Oi MPD par�metroi
apoteloÔn ousiastik� tic empeirikèc ektim triec twn lìgwn pijanof�neiac kai mporoÔn na
qrhsimopoihjoÔn sto plaÐsio enìc peir�matoc Bernoulli wc mètra plhrofìrhshc.



K E F A L A I O 8

Epilog  tou KalÔterou Uposunìlou

Metablht¸n Mèsw tou

KrithrÐou PlhroforÐac εBIC

Statisticians, like artists,
have the bad habit of falling

in love with their models.

�George E.P. Box (1919–2013)

Sto ìgdoo autì kef�laio proteÐnoume mÐa mèjodo epilog c tou kalÔterou uposunìlou
metablht¸n, h opoÐa epekteÐnei thn idèa epilog c metablht¸n se probl mata taxinìmhshc
  prìbleyhc, lamb�nontac tautìqrona upìyh th memonwmènh probleptik  dÔnamh thc k�je
metablht c. Gia to skopì autì qrhsimopoioÔme wc krit rio thn apìdosh enìc taxinomht 
pou lamb�nei upìyh tou mÐa kai mìno metablht  k�je for�. Sugkekrimèna, to krit rio
pou qrhsimopoioÔme eÐnai to embadìn k�tw apì thn ROC kampÔlh (Area Under the ROC
Curve-AUC). H proteinìmenh mèjodoc basÐzetai sth metrik  AUC h opoÐa qrhsimopoieÐtai
ed¸ apì �llh optik  gwnÐa (na l�boume ek twn protèrwn plhroforÐa gia touc pijan¸c
shmantikoÔc par�gontec) kai se mia tropopoÐhsh (εBIC) tou krithrÐou modified Bayesian
Information Criterion (mBIC). H sÔgkrish thc apìdoshc tou nèou autoÔ krithrÐou εBIC me
klasik� krit ria plhroforÐac (ìpwc to AIC, BIC kai mBIC) pou qrhsimopoioÔntai gia thn
epilog  tou kalÔterou uposunìlou metabl twn, gÐnetai arqik� ektel¸ntac ekten  peir�mata
prosomoÐwshc kai èpeita analÔontac mÐa pragmatik  b�sh dedomènwn, parèqontac kai stic
dÔo peript¸seic polÔ ikanopoihtik� apotelèsmata. Ta ereunhtik� apotelèsmata autoÔ tou
kefalaÐou dhmosieÔjhkan sthn episthmonik  ergasÐa [134].
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8.1 Ereunhtikì Prìblhma - Kinht rioc Idèa

H epilog  metablht¸n apoteleÐ to epÐkentro poll¸n ereun¸n se probl mata statisti-
k c montelopoÐhshc meg�lhc di�stashc, se di�forouc episthmonikoÔc tomeÐc. Up�rqoun dÔo
basikoÐ trìpoi gia thn antimet¸pish tou probl matoc thc epilog c metablht¸n, h kat�taxh
twn metablht¸n (ranking) kai h epilog  tou kalÔterou uposunìlou metablht¸n (best sub-
set). PolloÐ algìrijmoi epilog c metablht¸n perilamb�noun èna aplì ierarqikì krit rio
gia thn kat�taxh twn metablht¸n, kai qrhsimopoioÔntai eurèwc se iatrikèc melètec p.q.
gia th di�krish metaxÔ ugi¸n kai asjen¸n. Ta krit ria kat�taxhc perilamb�noun krit ria
susqètishc ta opoÐa epib�lloun mÐa kat�taxh sÔmfwna me ton èlegqo kal c prosarmog c
twn memonwmènwn metablht¸n, kai krit ria thc JewrÐac Plhrofori¸n ta opoÐa basÐzo-
ntai se empeirikèc ektim seic thc amoibaÐac plhroforÐac metaxÔ k�je metablht c kai thc
metablht c stìqou. Ta krit ria susqètishc wc sun jwc mporoÔn na aniqneÔsoun th gram-
mik  ex�rthsh metaxÔ miac memonwmènhc epexhghmatik c metablht c kai thc metablht c
stìqou. 'Enac aplìc trìpoc gia thn �rsh autoÔ tou periorismoÔ eÐnai na gÐnei mÐa mh gram-
mik  prosarmog  thc metablht c stìqou me tic epimèrouc epexhghmatikèc metablhtèc kai
èpeita autèc na katat�ssontai sÔmfwna me ton èlegqo kal c prosarmog c, me kÐnduno p�nta
uperprosarmog c.

Apì thn �llh meri�, pollèc episthmonikèc proseggÐseic apeikonÐzoun th qrhsimìthta
twn mejìdwn epilog c tou kalÔterou uposunìlou ekeÐnwn twn metablht¸n pou ìlec “mazÐ”
èqoun kal  probleptik  ikanìthta, se antÐjesh me tic mejìdouc kat�taxhc twn metablht¸n
sÔmfwna me th memonwmènh probleptik  ikanìtht� touc [101]. Oi mèjodoi epilog c tou
kalÔterou uposunìlou metablht¸n qrhsimopoioÔntai me orismèna krit ria ta opoÐa sundu�-
zoun statistik� mètra me sunart seic poin c gia thn aÔxhsh tou arijmoÔ twn metablht¸n
prìbleyhc sto montèlo. Ta pio dhmofil  apì ta en lìgw krit ria eÐnai ta krit ria plhro-
forÐac, kai sugkekrimèna ta krit ria AIC (Akaike Information Criteria) kai BIC (Bayesian
Information Criteria), ìpwc aut� perigr�fhkan sto Kef�laio 6.

Ac jewr soume t¸ra thn perÐptwsh pou o peiramatist c prèpei na analÔsei mÐa meg�lh
b�sh dedomènwn kai anamènei ìti lÐgec apì tic pollèc upoy fiec epexhghmatikèc metablh-
tèc ephre�zoun shmantik� thn apìkrish. Se mÐa tètoia perÐptwsh klasik� krit ria, ìpwc
to AIC   to BIC sun jwc uperektimoÔn ton arijmì twn metablht¸n palindrìmhshc. Oi
Bogdan et al. [19], [20] prìteinan mÐa tropopoihmènh morf  tou krithrÐou BIC (modified
BIC-mBIC) h opoÐa epitrèpei thn enswm�twsh ek twn protèrwn gn¸shc gia ènan arijmì
metablht¸n palindrìmhshc, kai me autì ton trìpo prolamb�nei to proanaferjèn fainìmeno
thc uperektÐmhshc. Eidikìtera, to mBIC prosarmìzetai qrhsimopoi¸ntac th diwnumik 
prior kai sunist� thn epilog  tou montèlou pou elaqistopoieÐ thn posìthta

mBIC = −2l + q log(n) + 2q log
(

1−p
p

)
,

ìpou p eÐnai h ek twn protèrwn pijanìthta mÐa tuqaÐa epilegmènh metablht  palindrìmhshc
na ephre�zei th metablht  apìkrishc, l eÐnai h logarijmopijanof�neia tou montèlou, q eÐnai
o arijmìc twn paramètrwn tou montèlou kai n eÐnai o arijmìc twn parathr sewn.

Oi mèjodoi epilog c tou kalÔterou uposunìlou metablht¸n epilègoun ta uposÔnola
ekeÐnwn twn metablht¸n pou ìlec “mazÐ” èqoun kal  probleptik  ikanìthta. Wstìso, mÐa
metablht  pou den eÐnai qr simh ìtan lamb�netai mazÐ me �llec metablhtèc, mporeÐ na eÐnai
qr simh apì mình thc. To gegonìc autì mac parakÐnhse na proteÐnoume mÐa mèjodo h opoÐa
epekteÐnei thn idèa epilog c tou kalÔterou uposunìlou metablht¸n se probl mata duadi-
k c taxinìmhshc   prìbleyhc, lamb�nontac upìyh th memonwmènh probleptik  dÔnamh thc
k�je metablht c. Gia to skopì autì qrhsimopoioÔme wc krit rio thn apìdosh enìc taxi-
nomht  pou lamb�nei upìyh tou mÐa kai mìno metablht  k�je for�, sta plaÐsia thc an�lushc
kampÔlwn leitourgikoÔ qarakthristikoÔ dèkth (Receiver Operating Characteristic-ROC).
Sugkekrimèna, to krit rio pou qrhsimopoioÔme eÐnai to embadìn k�tw apì thn ROC kampÔlh
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(Area Under the ROC Curve-AUC), me to opoÐo ektim�me thn pijanìthta ènac taxinomht c
na katat�xei èna tuqaÐa epilegmèno jetikì upìdeigma uyhlìtera apì èna tuqaÐa epileg-
mèno arnhtikì upìdeigma. Aut  h pijanìthta ektim jhke apì to sÔnolo dedomènwn doki-
m c. H kainotomÐa thc proteinìmenhc mejìdou ègkeitai sto gegonìc ìti sundu�zoume mÐa mh
parametrik  teqnik  (metrik  AUC) me mÐa mèjodo basismènh sthn pijanof�neia (εBIC pro-
teinìmeno krit rio plhroforÐac). SÔntomh perigraf  thc statistik c sumperasmatologÐac
gÔrw apì thn an�lush ROC kampÔlwn kaj¸c kai th metrik  AUC parousi�sthke sto Ke-
f�laio 3 sthn enìthta 3.2.2 thc paroÔsac diatrib c. O endiaferìmenoc anagn¸sthc mporeÐ
na anatrèxei enallaktik� gia perissìterec leptomèreiec stic ergasÐec [105], [25], [179], [180]
kai [181].

8.2 H Proteinìmenh Mèjodoc Epilog c tou KalÔterou
Uposunìlou Metablht¸n

Se aut  thn enìthta parousi�zetai analutik� h proteinìmenh mèjodoc epilog c tou
kalÔterou uposunìlou metablht¸n, h opoÐa basÐzetai sth metrik  AUC kaj¸c epÐshc kai
sto nèo krit rio plhroforÐac εBIC, kai ekteleÐ ta akìlouja b mata:

B ma 1. DiaqwrÐzoume ta dedomèna se sÔnolo ekpaÐdeushc kai dokim c. Dojèntoc enìc
n × m pÐnaka montèlou X = [x1, x2, . . . , xm], ìpou xj , j = 1, 2, . . . ,m, eÐnai h j-
ost  st lh tou pÐnaka, kaj¸c kai enìc n× 1 dianÔsmatoc Y , to opoÐo eÐnai to dÐtimo
di�nusma apìkrishc, upologÐzoume to mètro AUC k�je metablht c xj se sqèsh me to
Y .

B ma 2. TaxinomoÔme se fjÐnousa seir� tic timèc tou mètrou AUC pou proèkuyan gia
k�je mÐa metablht  kai tic topojetoÔme se èna di�nusma. To di�nusma twn tim¸n
AUC eÐnai AUC = (AUC1, AUC2, . . . , AUCm), ìpou AUCj , gia j = 1, 2, . . . ,m,
eÐnai h tim  tou mètrou AUC pou antistoiqeÐ sthn j-ost  metablht .

B ma 3. Krat�me tic metablhtèc tou montèlou pou brèjhkan na èqoun antÐstoiqec timèc
AUCj megalÔterec apì thn tim  katwflioÔ θ=0.5. Autèc oi metablhtèc mazÐ suni-
stoÔn èna montèlo kalÔtero apì èna montèlo tuqaÐac prìbleyhc (random guess mod-
el). H tim  katwflioÔ θ=0.5 kajorÐzetai se sqèsh me th metablht  apìkrishc, dhlad ,
sto endi�meso shmeÐo metaxÔ tou kèntrou b�rouc twn dÔo kl�sewn (y=0   y=1).

B ma 4. UpologÐzoume thn ek twn protèrwn pijanìthta mÐa tuqaÐa epilegmènh metablht 
palindrìmhshc na ephre�zei th metablht  apìkrishc Y wc p = r

q , ìpou r eÐnai o arijmìc
twn shmantik¸n metablht¸n oi opoÐec aniqneÔthkan akolouj¸ntac ta prohgoÔmena
b mata kai to q eÐnai o arijmìc twn paramètrwn tou montèlou, dhlad , x1,. . . ,xm.

B ma 5. Tèloc, to εBIC sunist� thn epilog  tou montèlou pou elaqistopoieÐ thn posìth-
ta

εBIC = −2l + q log(n) + 2εq log
(

1−p
p

)
,

gia k�poio prokajorismèno 0 < ε < 1, ìpou l eÐnai h logarijmopijanof�neia tou
montèlou kai n eÐnai o arijmìc twn parathr sewn.

Up�rqoun dÔo pr�gmata pou prèpei na shmei¸soume se autì to shmeÐo. Pr¸ta apì ìla,
o diaqwrismìc twn dedomènwn se sÔnolo ekpaÐdeushc kai dokim c diadramatÐzei shmantikì
rìlo gia thn kataskeu  kai axiolìghsh twn montèlwn. To sÔnolo dedomènwn ekpaÐdeu-
shc qrhsimopoieÐtai gia thn kataskeu  tou prognwstikoÔ montèlou. Apì thn �llh meri�
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to sÔnolo dokim c eÐnai èna sÔnolo dedomènwn pou eÐnai anex�rthto apì ta dedomèna ek-
paÐdeushc, all� akoloujeÐ thn Ðdia katanom  pijanìthtac me ta dedomèna ekpaÐdeushc, kai
qrhsimopoieÐtai gia thn axiolìghsh thc apìdoshc tou montèlou. E�n èna montèlo prosar-
mìzetai to Ðdio kal� kai sta dÔo aut� sÔnola, el�qisth uperprosarmog  (overfitting) èqei
l�bei q¸ra. E�n to montèlo pou prokÔptei apì ta dedomèna ekpaÐdeushc eÐnai polÔ kalÔtero
apì autì tou sunìlou dokim c, h uperprosarmog  eÐnai h pijan  aitÐa. Sun jwc, ìtan èna
sÔnolo dedomènwn diaqwrÐzetai se sÔnolo ekpaÐdeushc kai dokim c, ta perissìtera apì
ta dedomèna qrhsimopoioÔntai gia thn ekpaÐdeush (75%), kai èna mikrìtero tm ma twn de-
domènwn qrhsimopoieÐtai gia th dokim  (25%). Aut  thn analogÐa jewr same sth melèth
mac dedomènou ìti qrhsimopoieÐtai suqn� sthn exìruxh dedomènwn, parìlo pou h analogÐa
aut  mporeÐ na poikÐlei an�loga me tic apait seic miac peiramatik c melèthc.

EpÐshc, ac shmeiwjeÐ ed¸ ìti h tim  katwflioÔ θ, h opoÐa kajorÐzei ton arijmì twn
shmantik¸n paragìntwn diadramatÐzei epÐshc shmantikì rìlo. H apìfash sqetik� me to
θ gÐnetai sÔmfwna me to gegonìc ìti to θ poikÐllei p�nw stic pijanèc timèc miac metablh-
t c, kai gia na prosfèrei qr simh plhroforÐa, olìklhrh h kampÔlh ROC ja prèpei na
brÐsketai p�nw apì th 45◦ gramm  ìpou isqÔei ìti euaisjhsÐa(θ) = 1- eidikìthta(θ) [65]. H
proepilegmènh tim  katwflioÔ se probl mata duadik c taxinìmhshc eÐnai to 0.5. Se k�poiec
prìsfatec ergasÐec, gia par�deigma stic [139] kai [199], suzhteÐtai to gegonìc ìti to 0.5
mporeÐ na mhn eÐnai h bèltisth tim  katwflioÔ se probl mata taxinìmhshc, kai to gegonìc ìti
to AUC agnoeÐ autì to kat¸fli apeikonÐzei thn Ôparxh merolhyÐac sthn apokleistik  qr sh
tou mètrou AUC gia thn epilog  montèlou. Wstìso, to endiafèron mac ed¸ eÐnai kajar� h
sÔgkrish thc apìdoshc twn sunìlwn ekpaÐdeushc kai dokim c. To kat¸fli autì apoteleÐ
èna shmeÐo pou epilègetai b�sh thc kampÔlhc ROC tou sunìlou dedomènwn ekpaÐdeushc.
E�n autì to kat¸fli paramènei h kalÔterh dunat  epilog  sto sÔnolo dedomènwn dokim c,
h AUC paramènei amerìlhpth. 'Etsi, akìmh kai an aut  h epilog  tou katwflioÔ mporeÐ na
mhn eÐnai h bèltisth gia thn taxinìmhsh, den ephre�zei thn egkurìthta twn sugkrÐse¸n mac,
efìson h Ðdia tim  katwflioÔ qrhsimopoieÐtai gia thn axiolìghsh twn sunìlwn ekpaÐdeushc
kai dokim c, me thn ènnoia ìti krat�me touc par�gontec tou montèlou pou èqoun antÐstoiqec
timèc gia to AUC megalÔterec apì 0.5 tìso gia to sÔnolo ekpaÐdeushc ìso kai gia to sÔnolo
dokim c. Upì aut  thn ènnoia, to kat¸fli kat�taxhc θ sth melèth mac apoteleÐ mÐa apì
tic paramètrouc kajorismoÔ tou montèlou kai ìqi mÐa xeqwrist  par�metro pou prèpei na
beltistopoihjeÐ. 'Etsi, upojètoume ed¸ Ðsec pijanìthtec gia tic dÔo kl�seic (y=0   y=1)
kai Ðsa kìsth esfalmènhc kat�taxhc. Wc ek toÔtou, h tim  katwflioÔ θ orÐzetai Ðsh me 0.5.

8.3 Sugkritik  Melèth

Se aut  thn enìthta sugkrÐnoume thn apìdosh tess�rwn mejìdwn epilog c tou kalÔte-
rou uposunìlou metablht¸n me krit ria plhroforÐac ta AIC, BIC, mBIC kai to pro-
teinìmeno εBIC, mèsw miac empeirik c melèthc prosomoÐwshc kai miac pragmatik c an�lushc
dedomènwn.

8.3.1 Krit ria Axiolìghshc

Se ènan xeqwristì èlegqo upojèsewn sunÐstatai o èlegqoc thc mhdenik c upìjeshc
H0 : βj = 0 ènanti thc enallaktik c H1 : βj 6= 0, gia j = 1, 2, . . . ,m. 'Ena sf�lma TÔpou I
prokÔptei ìtan dhl¸noume ènan anenergì par�gonta wc energì, all� isqÔei h H0. 'Ena sf-
�lma TÔpou II prokÔptei ìtan dhl¸noume ènan energì par�gonta wc anenergì, all� isqÔei
h H1. Prìsfata, èqoume dei mia shmantik  aÔxhsh tou megèjouc twn diajèsimwn dedomè-
nwn. EÐnai plèon suqn  prìklhsh gia èna statistikolìgo, na brei ìso to dunatìn peris-
sìtera shmantik� qarakthristik� se èna sÔnolo dedomènwn, antÐ na dienerg sei ènan xe-
qwristì èlegqo upojèsewn gia èna kai mìno qarakthristikì. Sth melèth prosomoÐwshc pou
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akoloujeÐ, asqoloÔmaste me èna prìblhma pollapl¸n dokim¸n kai dienergoÔme pollaploÔc
elègqouc upojèsewn, dedomènou ìti ekatont�dec paramètrwn exet�zontai tautìqrona (1000
epanal yeic). 'Etsi, upologÐzoume to mèso posostì sf�lmatoc TÔpou I (aporrÐptoume thn
pragmatik  mhdenik  upìjesh) kai to mèso posostì sf�lmatoc TÔpou II (apodeqìmaste
thn yeud  mhdenik  upìjesh) se p�nw apì 1000 epanal yeic. Ed¸, diex�goume ton èlegqo
thc mhdenik c upìjeshc H0 : β1 = β2 = · · · = βm = 0 (kamÐa apì tic anex�rthtec metabl-
htèc den èqoun probleptik  ikanìthta) ènanti thc enallaktik c upìjeshc H1 : β1 6= 0  
β2 6= 0   . . . βm 6= 0.

'Oson afor� thn pragmatik  an�lush dedomènwn, qrhsimopoioÔme èna mètro sf�lmatoc
pollapl¸n dokim¸n, dhlad , to posostì esfalmènwn eurhm�twn (false discovery rate-
FDR). To FDR eÐnai idiaÐtera kat�llhlo gia tic analÔseic pou basÐzontai se pragmatik�
dedomèna sta opoÐa o peiramatist c endiafèretai gia thn exeÔresh arket¸n shmantik¸n
apotelesm�twn metaxÔ poll¸n dokim¸n. Oi Benjamini kai Hochberg [12] proteÐnoun ìti to
FDR eÐnai to katallhlìtero mètro elègqou tou posostoÔ sf�lmatoc se poll� efarmosmè-
na probl mata pollapl¸n dokim¸n kai pollaploÔ elègqou upojèsewn, kai ìti o peirama-
tist c ja prèpei na stoqeÔei sto na diathreÐ to FDR se èna epijumhtì epÐpedo, diathr¸ntac
par�llhla thn isqÔ thc k�je dokim c ìso to dunatìn megalÔterh. Arqik�, upologÐzoume ton
arijmì twn esfalmènwn jetik¸n (FP), dhlad , ton arijmì twn epilegmènwn metablht¸n pou
den emfanÐzontai sto pragmatikì montèlo, kai ton arijmì twn lanjasmènwn arnhtik¸n (FN),
dhlad , ton arijmì twn pragmatik¸n metablht¸n palindrìmhshc pou den entopÐsthkan. Au-
toÐ oi arijmoÐ (TP, FP) sth sunèqeia qrhsimopoioÔntai gia ton upologismì twn tim¸n sta
akìlouja krit ria axiolìghshc.

1. H isqÔc (power=1-Type II error), h opoÐa orÐzetai wc (k−FN)
k , ìpou k sumbolÐzei ton

arijmì twn epexhghmatik¸n metablht¸n me mh mhdenikoÔc suntelestèc palindrìmhshc.
H isqÔc den prosdiorÐzetai gia k = 0, dedomènou ìti oi peript¸seic gia tic opoÐec to
k = 0 exairoÔntai apì thn an�lush.

2. To posostì esfalmènwn eurhm�twn FDR, to opoÐo orÐzetai wc FDR = FP
(FP+k−FN) . E�n

den up�rqoun eur mata, tìte FP + k − FN = 0, apodÐdontac FDR = 0.

3. O arijmìc twn esfalmèna taxinomhmènwn metablht¸n (misclassified regressors), pou
orÐzetai wc MR = FP + FN.

4. To mèso sf�lma prìbleyhc d to opoÐo orÐzetai wc d = 1
n

∑n
i=1 |Yi − Ŷi|, ìpou n eÐnai

o arijmìc twn parathr sewn. To sf�lma prìbleyhc upologÐzei th mèsh apìluth
apìklish metaxÔ twn parathr sewn kai twn problepìmenwn tim¸n touc. To mèso
sf�lma prìbleyhc d upologÐzetai kai gia ta dÔo sÔnola dedomènwn (ekpaÐdeushc kai
dokim c).

8.3.2 MotÐbo Prosomoi¸sewn

Gia ta peir�mata prosomoÐws c mac, anaptÔxame logistik� montèla palindrìmhshc pou
perilamb�noun mìno kÔriec epidr�seic apoteloÔmena apì n = 100 peiramatikèc ektelèseic
kai m = 100 epexhghmatikèc metablhtèc me touc suntelestèc palindrìmhshc na lamb�noun
tuqaÐec timèc apì to di�nusma β. AxÐzei na shmeiwjeÐ, ìti y�qnontac to q¸ro twn pijan¸n
montèlwn, sthn perÐptwsh pou mÐa metablht  den belti¸nei thn kat�llhlh poinikopoihmènh
pijanof�neia diagr�fetai wc mh shmantik , ektim¸ntac to suntelest  palindrìmhs c thc β
na isoÔtai me to 0. Apì t¸ra kai sto ex c, upojètoume ìti o pÐnakac sqediasmoÔ X = (xij)
kanonikopoieÐtai kat� tètoio trìpo ètsi ¸ste k�je st lh na èqei mèsh tim  0 kai diaspor�
1. Gia k�je mÐa apì tic 1000 epanal yeic pou ektelèsame sta peir�mata prosomoÐwshc,
qrhsimopoi same to akìloujo prwtìkollo prosomoÐwshc.
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Gia na kajorÐsoume ton arijmì k twn energ¸n paragìntwn-sthl¸n, qrhsimopoi same

thn akìloujh diadikasÐa. Oi pragmatik� energoÐ par�gontec epilèqjhkan tuqaÐa apì to
sÔnolo twn {1, . . . ,m} endeqìmenwn energ¸n paragìntwn kai mìno oi kÔriec epidr�seic
el fjhsan upìyh. Gia k�je peÐrama, ektim same ìlec tic kÔriec epidr�seic, oi opoÐec sth
sunèqeia epishm�njhkan wc energèc   mh energèc. 'Epeita upologÐzontac to posostì twn
ektim¸menwn energ¸n epidr�sewn pou emfanÐzontai se k�je peÐrama, ektim same ton arijmì
k twn energ¸n paragìntwn pou mporeÐ na anagnwristeÐ. Shmei¸noume ed¸ ìti gia to Sen�rio
I (0 < p < 0.5) ektim same ìti o arijmìc k twn energ¸n paragìntwn pou mporeÐ na anagnw-
risteÐ den uperbaÐnei to m

2 , ìpou m eÐnai o arijmìc twn sthl¸n tou pÐnaka sqediasmoÔ.
Gia touc suntelestèc palindrìmhshc β twn energ¸n paragìntwn, èna deÐgma megèjouc k
sqhmatÐsthke apì thn kanonik  katanom  N(4, 0.2), kai ta prìshma ±1 katanem jhkan
tuqaÐa se k�je arijmì. Gia touc (m−k) mh energoÔc par�gontec sto pragmatikì montèlo, oi
suntelestèc palindrìmhs c touc β el fjhsan tuqaÐa apì thn kanonik  katanom  N(0, 0.2).
O pÐnakac sqediasmoÔ eÐnai o X=[x1, x2,. . . , x100] ìpou oi metablhtèc x1,. . . ,x100 apoteloÔn
mÐa mÐxh apì diqotomikèc, kathgorikèc kai suneqeÐc metablhtèc, oi opoÐec lamb�noun tuqaÐa
diaforetikèc timèc ìpwc autèc perigr�fontai ston PÐnaka 8.1.

PÐnakac 8.1: H tuqaÐa epilegmènh dom  gia tic xj

xj Timèc

xj ∼ N(10,5)
xj ∼ N(0,0.5)
xj ∼ U(a=5, b=15)
xj ±1 Ðsa katanemhmèna

xj ±1 tuqaÐa katanemhmèna

xj par qjhsan tuqaÐa ¸ste na èqoun 4 epÐpeda (0-3)

8.3.3 H Par�metroc ε

Ta apotelèsmata thc proteinìmenhc mejìdou (εBIC) sugkrÐnontai gia arket� ε (0 < ε <
1) me tic mejìdouc epilog c tou kalÔterou uposunìlou metablht¸n me krit ria ta AIC,
BIC kai mBIC. AxÐzei na shmeiwjeÐ ìti to proteinìmeno krit rio εBIC eÐnai isodÔnamo me
to BIC gia ε = 0 kai isodÔnamo me to mBIC gia ε = 1.

KajorÐsame th bèltisth tim  thc paramètrou ε empeirik�, mèsw prosomei¸sewn. H
bèltisth tim  gia to ε epilègetai na eÐnai aut  pou epitugq�nei tic qamhlìterec timèc gia
ta sf�lmata TÔpou I kai TÔpou II, tautìqrona, gia ton ex c basikì lìgo. Ta posost�
sf�lmatoc TÔpou I kai TÔpou II eÐnai exÐsou shmantik� kai prèpei na diathroÔntai ìso to
dunatìn qamhlìtera. Ta qamhl� posost� sf�lmatoc TÔpou I eÐnai shmantik�, dedomènou
ìti h ikanìthta apokleismoÔ twn peritt¸n paragìntwn mei¸nei to kìstoc twn epiplèon
peiram�twn kai ta qamhl� posost� sf�lmatoc TÔpou II eÐnai idiaÐtera epijumht� dedomènou
ìti o kÔrioc stìqoc mac eÐnai na anakalÔyoume touc shmantikoÔc par�gontec pou ephre�zoun
perissìtero th metablht  apìkrishc.

Exet�same di�forec timèc gia to ε (0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6,
0.65, 0.7, 0.75, 0.8, 0.85, 0.9, 0.95) me stìqo na parèqoume mia pio genik  prìtash sqetik�
me to pwc o peiramatist c ja epilèxei th bèltisth tim  thc paramètrou ε sÔmfwna me tic
apait seic thc melèthc tou, kaj¸c epÐshc kai gia na kalÔyoume ìla ta pijan� sen�ria, apì th
stigm  pou to prìblhma epilog c metablht¸n eÐnai polÔpleuro kai exuphreteÐ diaforetikoÔc
skopoÔc se diaforetikèc peript¸seic. 'Etsi, jewr same dÔo diaforetik� sen�ria gia thn
par�metro p, h opoÐa eÐnai h ek twn protèrwn pijanìthta mÐa tuqaÐa epilegmènh metablht 
palindrìmhshc na ephre�zei th metablht  apìkrishc.

Sen�rio I : E�n 0 < p < 0.5, o ìroc poin c 2εq log
(

1−p
p

)
eÐnai jetikìc. Se aut  thn

perÐptwsh, ìso megalÔtero eÐnai to ε tìso aux�netai o ìroc poin c.
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Sen�rio II : E�n 0.5 < p < 1, o ìroc poin c 2εq log
(

1−p
p

)
eÐnai arnhtikìc. Se aut  thn

perÐptwsh, ìso megalÔtero eÐnai to ε tìso mei¸netai o ìroc poin c.

AxÐzei na shmeiwjeÐ, ìti sthn perÐptwsh pou to p = 0.5, to proteinìmeno krit rio εBIC
eÐnai isodÔnamo me to BIC.

8.3.4 Apotelèsmata Melèthc ProsomoÐwshc

Pragmatopoi same tic prosomoi¸seic 1000 forèc gia k�je èna apì ta dÔo sen�ria, kai
ta lhfjènta apotelèsmata gia to Sen�rio I kai to Sen�rio II sunoyÐzontai ston PÐnaka 8.2
kai ston PÐnaka 8.3, antÐstoiqa. Stouc pÐnakec autoÔc, h pr¸th st lh anafèretai sto upì
exètash krit rio. Oi st lec pou onom�zontai wc “Type I” kai “Type II” anafèrontai stic
timèc twn sfalm�twn TÔpou I kai TÔpou II, antÐstoiqa, kat� mèso ìro se 1000 epanal yeic
gia k�je mèjodo epilog c tou kalÔterou uposunìlou metablht¸n.

ParathroÔme apì ton PÐnaka 8.2 (Sen�rio I: 0 < p < 0.5) ìti ta krit ria AIC kai BIC
èqoun mia isqur  t�sh na uperektimoÔn ton arijmì twn metablht¸n palindrìmhshc, dedomè-
nou ìti to mèso posostì sf�lmatoc TÔpou I isoÔtai me 0.3275 gia to AIC kai 0.1650 gia to
BIC, antÐstoiqa. To AIC emfanÐzei thn uyhlìterh mèsh pijanìthta emf�nishc sf�lmatoc
TÔpou I, afoÔ to AIC tupik� perilamb�nei perissìterec metablhtèc palindrìmhshc (gia
mègejoc deÐgmatoc n ≥ 8, h poin  sth di�stash tou montèlou qrhsimopoi¸ntac to AIC eÐnai
mikrìterh apì thn poin  qrhsimopoi¸ntac to BIC). To krit rio mBIC elègqei kalÔtera
to sunolikì sf�lma TÔpou I se sÔgkrish me to AIC kai to BIC, mei¸nontac thn tim  tou
posostoÔ sf�lmatoc TÔpou I sto 0.14.

ParathroÔme epÐshc apì ton PÐnaka 8.2 (Sen�rio I: 0 < p < 0.5) ìti to proteinìmeno
krit rio εBIC apotrèpei thn uperektÐmhsh, kai apodÐdei kalÔtera apì to AIC kai to BIC,
dedomènou ìti èqei mikrìterec timèc gia ta sf�lmata TÔpou I gia ìla ta jewroÔmena ε.
To proteinìmeno krit rio εBIC epitugq�nei epÐshc qamhlìterec timèc sf�lmatoc TÔpou II
gia sqedìn ìla ta jewroÔmena ε se sÔgkrish me to mBIC, kai k�ti tètoio antistoiqeÐ stic
peript¸seic ìpou h pleioyhfÐa twn energ¸n paragìntwn aniqneÔontai swst�. ParathroÔme
epÐshc ìti to εBIC epitugq�nei qamhlìterec timèc sf�lmatoc TÔpou I kai TÔpou II tautì-
qrona se sÔgkrish me to mBIC gia tim  tou ε = 0.85.

ParathroÔme apì ton PÐnaka 8.3 (Sen�rio II: 0.5 < p < 1) ìti h uyhlìterh mèsh pi-
janìthta emf�nishc sf�lmatoc TÔpou I eÐnai gia to AIC (0.3275), ìpwc anamenìtan. Sthn
perÐptwsh aut , to krit rio mBIC den prolamb�nei to fainìmeno thc uperektÐmhshc kai to
BIC (0.1625) apodÐdei kalÔtera apì to mBIC (0.2000) parousi�zontac qamhlìterh tim 
sf�lmatoc TÔpou I. To proteinìmeno krit rio εBIC epitugq�nei qamhlìterec timèc sf�l-
matoc TÔpou I gia ìla ta jewroÔmena ε se sÔgkrish me to AIC kai to mBIC. ParathroÔme
epÐshc, ìti to proteinìmeno krit rio εBIC epitugq�nei qamhlìterec timèc sf�lmatoc TÔpou
II gia ìla ta jewroÔmena ε se sÔgkrish me to BIC. Tèloc, to εBIC epitugq�nei epÐshc
qamhlìterec timèc sf�lmatoc TÔpou I kai TÔpou II tautìqrona se sÔgkrish me to BIC gia
tim  tou ε = 0.1.



106

Epilog  tou KalÔterou Uposunìlou Metablht¸n Mèsw tou

KrithrÐou PlhroforÐac εBIC

PÐnakac 8.2: Apìdosh thc mejìdou me qr sh 1000 prosomoi¸sewn gia to Sen�rio I (0 < p < 0.5)
Krit rio Type I Type II
AIC 0.3275 0.0667
BIC 0.1650 0.1067
mBIC 0.1400 0.1150
εBIC (ε=0.1) 0.1550 0.1083
εBIC (ε=0.15) 0.1575 0.1000
εBIC (ε=0.2) 0.1500 0.1100
εBIC (ε=0.25) 0.1550 0.1000
εBIC (ε=0.3) 0.1500 0.1117
εBIC (ε=0.35) 0.1550 0.1017
εBIC (ε=0.4) 0.1450 0.1133
εBIC (ε=0.45) 0.1500 0.1050
εBIC (ε=0.5) 0.1450 0.1133
εBIC (ε=0.55) 0.1500 0.1067
εBIC (ε=0.6) 0.1425 0.1133
εBIC (ε=0.65) 0.1475 0.1067
εBIC (ε=0.7) 0.1425 0.1133
εBIC (ε=0.75) 0.1450 0.1134
εBIC (ε=0.8) 0.1400 0.1133
εBIC (ε=0.85) 0.1375 0.1134
εBIC (ε=0.9) 0.1400 0.1133
εBIC (ε=0.95) 0.1350 0.1150

PÐnakac 8.3: Apìdosh thc mejìdou me qr sh 1000 prosomoi¸sewn gia to Sen�rio II (0.5 < p < 1)
Krit rio Type I Type II
AIC 0.3275 0.0533
BIC 0.1625 0.0933
mBIC 0.2000 0.0817
εBIC (ε=0.1) 0.1625 0.0917
εBIC (ε=0.15) 0.1775 0.0917
εBIC (ε=0.2) 0.1800 0.0900
εBIC (ε=0.25) 0.1775 0.0833
εBIC (ε=0.3) 0.1850 0.0867
εBIC (ε=0.35) 0.1850 0.0833
εBIC (ε=0.4) 0.1850 0.0867
εBIC (ε=0.45) 0.1875 0.0917
εBIC (ε=0.5) 0.1850 0.0867
εBIC (ε=0.55) 0.1900 0.0917
εBIC (ε=0.6) 0.1850 0.0867
εBIC (ε=0.65) 0.1925 0.0900
εBIC (ε=0.7) 0.1850 0.0867
εBIC (ε=0.75) 0.1975 0.0900
εBIC (ε=0.8) 0.1925 0.0850
εBIC (ε=0.85) 0.1975 0.0850
εBIC (ε=0.9) 0.1950 0.0817
εBIC (ε=0.95) 0.1975 0.0817

PÐnakac 8.4: Qrìnoi ektèleshc (sec)
Mèjodoc Best Subset (AIC) Best Subset (BIC) Best Subset (mBIC)

1.7784 ∗ 104 1.8096 ∗ 104 1.8174 ∗ 104

PÐnakac 8.5: Qrìnoi ektèleshc (sec)
εBIC ε=0.1,0.15 ε=0.2,0.25 ε=0.3,0.35 ε=0.4,0.45 ε=0.5

3.6114 ∗ 104 5.4366 ∗ 104 7.2462 ∗ 104 9.0871 ∗ 104 10.8889 ∗ 104

εBIC ε=0.55 ε=0.6,0.65 ε=0.7,0.75 ε=0.8,0.85 ε=0.9,0.95
10.8889 ∗ 104 12.7063 ∗ 104 14.5315 ∗ 104 16.3489 ∗ 104 18.1585 ∗ 104
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O PÐnakac 8.4 emfanÐzei touc mèsouc qrìnouc ektèleshc (sec) gia tic mejìdouc epilog c
tou kalÔterou uposunìlou metablht¸n me krit ria ta AIC, BIC kai mBIC, kai gia ta dÔo
upì exètash Sen�ria. O PÐnakac 8.5 parousi�zei touc mèsouc qrìnouc ektèleshc (sec) gia
thn proteinìmenh mèjodo epilog c tou kalÔterou uposunìlou metablht¸n me krit rio to
εBIC (gia pollèc timèc tou ε kai gia ta dÔo upì exètash Sen�ria).

Me lÐga lìgia, sumperaÐnoume apì thn parap�nw melèth prosomoÐwshc, ìti h pro-
teinìmenh mèjodoc parousi�zei thn t�sh na dhl¸nei se èna uyhlìtero posostì anenergoÔc
par�gontec wc energoÔc kai se polÔ qamhlìtero posostì energoÔc par�gontec wc ane-
nergoÔc. 'Etsi, h proteinìmenh mèjodoc ja mporoÔse na qarakthristeÐ wc sunthrhtik  upì
aut  thn ènnoia. Dedomènou ìti o kÔrioc skopìc thc eÐnai na anakalÔyei touc shmantikoÔc
par�gontec pou ephre�zoun th metablht  apìkrishc kai prèpei na jewrhjoÔn gia peraitèrw
melèth, ta qamhl� posost� sf�lmatoc TÔpou II eÐnai idiaÐtera epijumht�, parìti kai ta
dÔo posost� sf�lmatoc (TÔpou I kai TÔpou II) eÐnai shmantik� kai prèpei na diathroÔntai
ìso to dunatìn qamhlìtera. H proteinìmenh mèjodoc katorj¸nei k�ti tètoio me epituqÐa.
To gegonìc ìti to εBIC kajustereÐ perissìtero se sÔgkrish me tic �llec mejìdouc pou e-
kteloÔn thn epilog  metablht¸n se parìmoiouc qrìnouc, den ephre�zei tic proanaferjeÐsec
epijumhtèc idiìthtec prìbleyhc thc proteinìmenhc mejìdou. AxÐzei na shmeiwjeÐ ed¸ ìti to
krit rio mBIC enswmat¸nei thn ek twn protèrwn katanom  gia ton arijmì twn metablht¸n
palindrìmhshc, jewr¸ntac th diwnumik  prior, en¸ ìtan den eÐnai diajèsimh ek twn pro-
tèrwn gn¸sh sqetik� me ton arijmì twn metablht¸n palindrìmhshc, oi Bogdan et al. [19]
prìteinan wc lÔsh thn epilog  miac stajer�c c kat� tètoio trìpo ¸ste to posostì sf�l-
matoc family-wise (FWER, h pijanìthta anÐqneushc toul�qiston enìc yeud¸c jetikoÔ) gia
mègejoc deÐgmatoc n ≥ 200 na diathreÐtai se epÐpedo k�tw apì to 10%. H tropopoihmè-
nh aut  ekdoq  tou mBIC, dhlad  to proteinìmeno krit rio εBIC pleonekteÐ sto gegonìc
ìti mporeÐ na qrhsimopoihjeÐ se opoiod pote peÐrama opoioud pote megèjouc, epitrèpontac
thn enswm�twsh thc ek twn protèrwn gn¸shc, upologÐzontac mèsw thc metrik c AUC thn
par�metro p, dhlad , thn pijanìthta mÐa tuqaÐa epilegmènh metablht  palindrìmhshc na
ephre�zei to Y .

Ja parousi�soume t¸ra mia pio genik  prìtash sqetik� me poio apì ta krit ria AIC,
BIC, mBIC   εBIC eÐnai kalÔtero, an�loga me thn perÐptwsh pou exet�zetai, apì th stig-
m  pou to prìblhma epilog c metablht¸n eÐnai polÔpleuro kai exuphreteÐ diaforetikoÔc
skopoÔc se diaforetikèc peript¸seic.

Sen�rio I. E�n 0 < p < 0.5, o ìroc poin c 2εq log
(

1−p
p

)
eÐnai jetikìc. Se aut  thn

perÐptwsh, ìso megalÔtero eÐnai to ε tìso aux�netai o ìroc poin c. Wc ek toÔtou, sÔmfwna
me ta apotelèsmata tou PÐnaka 8.2, proteÐnoume th qr sh tou krithrÐou AIC, BIC   εBIC
gia 0 < ε < 0.5 wc krit rio epilog c montèlou, e�n h uperprosarmog  eÐnai apodekt  oÔtwc
¸ste na exasfalisteÐ ìti mporeÐ na sumperilhfjoÔn ìlec oi pijanèc shmantikèc metablhtèc
palindrìmhshc. O peiramatist c mporeÐ na epilèxei poio apì ta krit ria AIC, BIC   εBIC
gia 0 < ε < 0.5, eÐnai h katallhlìterh epilog  gia th melèth tou, an�loga me to bajmì thc
uperprosarmog c pou eÐnai apodektìc sta plaÐsia thc melèthc tou. Apì thn �llh meri�,
e�n to na sumperilhfjeÐ mÐa epiplèon metablht  palindrìmhshc sto montèlo dhmiourgeÐ
prìblhma, proteÐnoume th qr sh tou εBIC gia 0.5 < ε < 1 wc krit rio epilog c montèlou.

Sen�rio II. E�n 0.5 < p < 1, o ìroc poin c 2εq log
(

1−p
p

)
eÐnai arnhtikìc. Se aut  thn

perÐptwsh, ìso megalÔtero eÐnai to ε tìso mei¸netai o ìroc poin c. Wc ek toÔtou, sÔmfwna
me ta apotelèsmata tou PÐnaka 8.3, proteÐnoume th qr sh tou krithrÐou AIC, mBIC   εBIC
gia 0.5 < ε < 1 wc krit rio epilog c montèlou, e�n h uperprosarmog  eÐnai apodekt , ètsi
¸ste na perilamb�nontai sÐgoura ìlec oi shmantikèc metablhtèc palindrìmhshc. O peirama-
tist c mporeÐ na epilèxei poio apì ta krit ria AIC, mBIC   εBIC gia 0.5 < ε < 1, eÐnai h
katallhlìterh epilog  gia th melèth tou, an�loga me to bajmì thc uperprosarmog c pou
eÐnai apodektìc sta plaÐsia thc melèthc tou. Apì thn �llh meri�, e�n to na sumperilhfjeÐ
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mÐa epiplèon metablht  palindrìmhshc sto montèlo dhmiourgeÐ prìblhma, proteÐnoume th
qr sh tou BIC   tou εBIC gia 0 < ε < 0.5 wc krit rio epilog c montèlou.

8.3.5 An�lush Pragmatik¸n Dedomènwn

H proteinìmenh mèjodoc epilog c tou kalÔterou uposunìlou metablht¸n (εBIC) efar-
mìzetai t¸ra se èna pragmatikì iatrikì sÔnolo dedomènwn, kai h apìdos  thc sugkrÐnetai me
klasikèc mejìdouc epilog c tou kalÔterou uposunìlou metablht¸n (AIC, BIC kai mBIC).

Ta pragmatik� dedomèna proèrqontai apì mÐa et sia èreuna pou diex qjh kat� thn perÐo-
do 01/01/2005-31/12/2006 apì thn Ellhnik  EtaireÐa TraÔmatoc kai thn Om�da Entatik c
Qeirourgik c, perilamb�nontac 30 Genik� NosokomeÐa sthn Ell�da, me basikì skopì th
melèth twn epidr�sewn diafìrwn prognwstik¸n paragìntwn sth jerapeÐa traumatismènwn
atìmwn. H b�sh dedomènwn apoteleÐtai apì 92 epexhghmatikèc metablhtèc pou apoteloÔn
touc prognwstikoÔc par�gontec. Oi par�gontec autoÐ pou katagr�fhkan, periel�mbanan
dhmofrafik� stoiqeÐa twn asjen¸n, stoiqeÐa pou aforoÔn tic sunj kec tou atuq matoc
kai plhroforÐec gia thn endonosokomeiak  antimet¸pish twn asjen¸n. EpÐshc, h b�sh
dedomènwn apoteleÐtai apì 8862 asjeneÐc, kai gia k�je ènan apì autoÔc katagr�fhke h
kat�stas  touc kat� thn teleutaÐa parakoloÔjhsh, me th dÐtimh metablht  apìkrishc y na
paÐrnei mìno dÔo timèc, me to 0 na sumbolÐzei thn “epibÐwsh” (8413 asjeneÐc) kai to 1 thn
“apobÐwsh” (449 asjeneÐc), antÐstoiqa. SÔmfwna me iatrikèc sumboulèc, ìloi oi prognw-
stikoÐ par�gontec ja prèpei na tugq�noun Ðshc metaqeÐrishc kat� th statistik  an�lush
kai den up�rqei kanènac par�gontac gia ton opoÐo epib�lletai na diathreÐtai p�nta sto
montèlo. To sÔnolo dedomènwn TraÔmatoc pou qrhsimopoieÐtai gia thn axiolìghsh kai th
sÔgkrish twn apotelesm�twn twn tess�rwn upì exètash mejìdwn epilog c tou kalÔterou
uposunìlou metablht¸n (AIC, BIC, mBIC kai to proteinìmeno εBIC), parousi�zetai ston
PÐnaka 8.6.

To sÔnolo twn dedomènwn diaqwrÐsthke se sÔnolo ekpaÐdeushc (75%) kai sÔnolo
dokim c (25%), prokeimènou na axiologhjeÐ h apìdosh thc prìbleyhc p�nw se nèa de-
domèna. Gia ton parap�nw diaqwrismì, oi kataqwr seic thc b�shc dedomènwn epilèqjhkan
tuqaÐa gia na dhmiourg soun to sÔnolo ekpaÐdeushc kai dokim c sÔmfwna me to proka-
jorismèno mègejìc touc. Arqik�, jewroÔme ènan prognwstikì par�gonta th for� gia na
doÔme pìso kal� k�je prognwstikìc par�gontac apì mìnoc tou problèpei th metablht -
stìqo (y = 0   y = 1). Autì to pr¸to b ma pou prostÐjetai sth diadikasÐa an�lushc,
eÐnai h kat�taxh twn metablht¸n se shmantikèc kai mh shmantikèc, to opoÐo epitrèpei na
meiwjeÐ to arqikì mègejoc tou sunìlou twn metablht¸n, dhmiourg¸ntac èna pio eÔqrhsto
sÔnolo qarakthristik¸n gia th montelopoÐhsh. Oi metablhtèc katat�ssontai sÔmfwna
me èna prokajorismèno krit rio to opoÐo exart�tai apì ta epÐpeda mètrhshc twn prognw-
stik¸n paragìntwn. Mia koin  teqnik  pou qrhsimopoieÐtai sthn exìruxh dedomènwn eÐnai
h kat�taxh twn metablht¸n me b�sh to mètro thc shmantikìtht�c touc, to opoÐo orÐzetai
wc (1-p), ìpou p eÐnai to p-value enìc epilegmènou statistikoÔ test susqètishc metaxÔ thc
upì exètash metablht c kai thc metablht c stìqo. Sth melèth mac, orismènoi prognwstikoÐ
par�gontec eÐnai suneqeÐc kai merikoÐ eÐnai kathgorikoÐ. To krit rio pou qrhsimopoieÐtai gia
tic suneqeÐc metablhtèc eÐnai h tim  p-value pou prokÔptei apì èna one-way ANOVA F test,
en¸ to krit rio gia tic kathgorikèc metablhtèc eÐnai h tim  p-value pou prokÔptei me b�sh
to Pearson chi-square test [177].

Ta p-values ta opoÐa proèkuyan sugkrÐnontai kai wc ek toÔtou qrhsimopoioÔntai gia thn
kat�taxh twn metablht¸n. Sto arqikì sÔnolo twn dedomènwn mac eÐqame 92 epexhghmatikèc
metablhtèc kai ektel¸ntac thn parap�nw diadikasÐa epilog c qarakthristik¸n, entopÐsame
tic shmantikìterec ex’aut¸n, gia epÐpedo shmantikìthtac α=5%. H diadikasÐa epilog c
qarakthristik¸n mac epitrèpei na elaqistopoihjeÐ to sÔnolo twn metablht¸n palindrìmhshc
apì tic 92 arqik� diajèsimec se 44 metablhtèc. Ac shmeiwjeÐ ed¸ ìti se diaforetik 
perÐptwsh, oi mèjodoi epilog c tou kalÔterou uposunìlou metablht¸n den ja mporoÔsan
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na efarmostoÔn lìgw upologistik c poluplokìthtac (n=8862). O PÐnakac 8.7 parousi�zei
tic timèc shmantikìthtac gia autèc tic 44 epilegmènec metablhtèc.

PÐnakac 8.6: Melèth TraÔmatoc
SuneqeÐc Metablhtèc

x1: weight, kg
x2: age, years
x3: Glasgow Coma Score, score
x4: pulse, N/min
x6: systolic arterial blood pressure, mmHg
x7: diastolic arterial blood pressure, mmHg
x8: Hematocrit (Ht), %
x9: haemoglobin (Hb), g/dl
x11: white cell count, /ml
x12: platelet, /ml
x14: potassium, /ml
x15: glucose, mg %
x16: creatinine, mg %
x17: urea, mg %
x18: amylase, score
x20: Injury Severity Score, score
x21: Revised Trauma Score, score
Kathgorikèc Metablhtèc

x19: evaluation of disability (0 = expected permanent big, 1 = expected permanent small,
2 = expected impermanent big, 3 = expected impermanent small, 4 = recovery)
x23: cause of injury (0 = fall, 1 = trochee accident, 2 = athletic,
3 = industrial, 4 = crime, 5 = other)
x24: means of transportation (0 = airplane, 1 = ambulance, 2 = car, 3 = on foot)
x25: Ambulance (0 = no, 1 = yes)
x26: hospital of records
x27: substructure of hospital (0 = orthopaedic, 1 = CT, 2 = vascular surgeon,
3 = neurosurgeon, 4 = Intensive Care Unit) x28: comorbidities (0 = no, 1 = yes)
x31: sex (0 = female, 1 = male)
x35: doctor’s speciality (0 = angiochirurgeon, 1 = non specialist, 2 = general doctor,
3 = general surgeon, 4 = jawbonesurgeon, 5 = gynaecologist,
6 = thoraxsurgeon, 7 = neurosurgeon, 8 = orthopaedic,
9 = urologist, 10 = paediatrician, 11 = children surgeon, 12 = plastic surgeon )
x36: major doctor (0 = no, 1 = yes)
x41: dysphoria (0 = no, 1 = yes)
x52: collar (0 = no, 1 = yes)
x55: immobility of limbs (0 = no, 1 = yes)
x56: fluids (0 = no, 1 = yes)
x64: Radiograph E.R. (0 = no, 1 = yes)
x66: US (0 = no, 1 = yes)
x67: urea test (0 = no, 1 = yes)
x71: destination after the emergency room (0 = other hospital, 1 = clinic,
2 = unit of high care, 3 = intensive care unit I.C.U, 4 = operating room)
x72: surgical intervention (0 = no, 1 = yes)
x86: arrival at emergency room (0 = 00:00-04:00, 1 = 04:01-08:00,
2 = 08:01-12:00, 3 = 12:01-16:00, 4 = 16:01-18:00, 5 = 18:01-20:00, 6 = 20:01-24:00 )
x87: exit from emergency room (0 = 00:00-04:00, 1 = 04:01-08:00,
2 = 08:01-12:00, 3 = 12:01-16:00, 4 = 16:01-18:00, 5 = 18:01-20:00, 6 = 20:01-24:00 )
x101: head injury (0 = none, 1 =AIS 6 2,2 =AIS > 2)
x102: face injury (0 = none, 1 =AIS 6 2,2 =AIS > 2 )
x104: breast injury (0 = none, 1 =AIS 6 2,2 =AIS > 2 )
x106: spinal column injury (0 = none, 1 =AIS 6 2,2 =AIS > 2 )
x107: upper limbs injury (0 = none, 1 =AIS 6 2,2 =AIS > 2)
x108: lower limbs injury (0 = none, 1 =AIS 6 2,2 =AIS > 2 )

PÐnakac 8.7: Oi 44 shmantikèc epilegmènec metablhtèc
Fields x71 x3 x21 x101 x20 x64 x56 x19 x8 x6 x26
(1-p) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Fields x7 x35 x9 x36 x11 x66 x108 x72 x55 x27 x67
(1-p) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Fields x41 x107 x52 x2 x16 x18 x104 x28 x12 x17 x31
(1-p) 1.0 1.0 1.0 1.0 1.0 1.0 0.999 0.999 0.998 0.997 0.996
Fields x1 x4 x24 x15 x102 x106 x25 x86 x87 x14 x5
(1-p) 0.994 0.988 0.988 0.988 0.985 0.978 0.965 0.964 0.962 0.961 0.952
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Akolouj¸ntac ta b mata thc proteinìmenhc mejìdou, katat�ssoume tic metablhtèc b�sh

thc tim c AUC pou proèkuye gia k�je mÐa. Krat�me ekeÐnec tic metablhtèc tou montèlou
pou èqoun tim  AUCj megalÔterh apì θ=0.5. Autèc oi metablhtèc dhl¸nontai wc shma-
ntikèc. Sth melèth mac, r = 6 metablhtèc brèjhkan na èqoun AUCj > θ = 0.5, �ra to
p = r

q = 6
44 , kai jètoume to ε Ðso me 0.85 gia to proteinìmeno krit rio εBIC, dedomènou ìti

h tim  aut  brèjhke na eÐnai h bèltisth tim  apì th melèth prosomoÐwshc gia to Sen�rio
I (0 < p < 0.5). Ta apotelèsmata thc proteinìmenhc mejìdou (εBIC) sugkrÐnontai me
aut� twn upoloÐpwn mejìdwn epilog c tou kalÔterou uposunìlou metablht¸n (AIC, BIC,
mBIC). Oi ektim¸menoi suntelestèc palindrìmhshc β kai ta ektim¸mena tupik� sf�lmata
tou epilegmènou bèltistou montèlou, gia k�je mÐa apì tic tèsseric upì exètash mejìdouc,
parousi�zontai ston PÐnaka 8.8. Oi mh shmantikèc metablhtèc apokleÐontai apì to montèlo,
ektim¸ntac kai surrikn¸nontac touc suntelestèc touc akrib¸c sto mhdèn.

PÐnakac 8.8: Ektim¸menoi suntelestèc β kai tupik� sf�lmata (se parenjèseic)
Mèjodoc MLE AIC BIC mBIC εBIC
Intercept -5.97 (0.21) -5.97 (0.21) -5.96 (0.21) -5.96 (0.21) -5.96 (0.21)

x2 0.72 (0.09) 0.71 (0.09) 0.73 (0.09) 0.73 (0.09) 0.73 (0.09)
x11 0.25 (0.07) 0.25 (0.07) 0.28 (0.07) 0.28 (0.07) 0.28 (0.07)
x16 0.09 (0.05) 0.09 (0.05) 0 (-) 0 (-) 0 (-)
x20 0.56 (0.05) 0.56 (0.05) 0.55 (0.05) 0.55 (0.05) 0.55 (0.05)
x23 0.06 (0.10) 0 (-) 0 (-) 0 (-) 0 (-)
x25 1.02 ( 0.15) 1.00 (0.14) 1.02 (0.14) 1.02 (0.14) 1.02 (0.14)
x27 -0.16 (0.09) -0.16 (0.09) 0 (-) 0 (-) 0 (-)
x71 1.46 (0.07) 1.47 (0.07) 1.43 (0.07) 1.43 (0.07) 1.43 (0.07)
x101 1.30 (0.08) 1.30 (0.08) 1.29 (0.08) 1.29 (0.08) 1.29 (0.08)

O PÐnakac 8.9 parousi�zei touc qrìnouc ektèleshc (sec) gia tic tèsseric upì exètash
mejìdouc epilog c tou kalÔterou uposunìlou metablht¸n.

PÐnakac 8.9: Qrìnoi ektèleshc (sec)
Mèjodoc AIC BIC mBIC εBIC

8.535 ∗ 104 8.475 ∗ 104 8.548 ∗ 104 1.709 ∗ 105

ParathroÔme apì ton PÐnaka 8.8 ìti ta krit ria BIC, mBIC kai εBIC èqoun parìmoia
apìdosh kai tic Ðdiec akrib¸c timèc gia ta β kai ta tupik� sf�lmata. To gegonìc autì den
apoteleÐ èkplhxh lamb�nontac upìyh tic idiìthtec tou krithrÐou BIC, dedomènou ìti gia
kajorismèno m (m = 44) kai to n na aux�nei ragdaÐa (n = 8862)   na teÐnei sto �peiro,
ta krit ria mBIC kai εBIC proseggÐzoun asumptwtik� to BIC. To AIC apotugq�nei na
apokleÐsei dÔo perittèc metablhtèc (x16, x27) se sÔgkrish me to BIC, mBIC kai εBIC, ìpwc
anamenìtan, afoÔ to AIC se pollèc praktikèc efarmogèc tupik� perilamb�nei perissìterec
metablhtèc palindrìmhshc, ìpwc shmei¸netai kai sthn ergasÐa [20]. H proteinìmenh mèjodoc
epilog c tou kalÔterou uposunìlou metablht¸n basismènh sth metrik  AUC, epitugq�nei
na prosdiorÐsei to Ðdio uposÔnolo metablht¸n (x2, x11, x25, x20, x71 kai x101) pou ephre�-
zoun shmantik� thn apìkrish se sÔgkrish me ta gnwst� krit ria BIC kai mBIC.

Sth melèth traÔmatoc, to sÔnolo ekpaÐdeushc qrhsimopoieÐtai gia na epilèxei tic shma-
ntikèc metablhtèc palindrìmhshc kai na ektim sei touc suntelestèc touc. AfoÔ prosdiori-
steÐ to montèlo me qr sh tou sunìlou ekpaÐdeushc, axiologoÔme thn apìdosh tou montèlou
k�nontac problèyeic qrhsimopoi¸ntac to sÔnolo dokim c. Epeid  ta dedomèna sto sÔnolo
dokim c perièqoun  dh gnwstèc timèc gia th metablht  apìkrishc pou jèloume na pro-
blèyoume, eÐnai eÔkolo na exet�soume an oi problèyeic tou montèlou eÐnai swstèc. To
sÔnolo dokim c me th seir� tou qrhsimopoieÐtai gia na upologÐsoume ton arijmì twn FP kai
FN, kai oi arijmoÐ autoÐ qrhsimopoioÔntai sth sunèqeia gia na upologÐsoume tic timèc twn
krithrÐwn apìdoshc (blèpe enìthta 8.3.1) kat� mèso ìro gia 1000 diaforetikoÔc tuqaÐouc
diaqwrismoÔc. Ta lhfjènta apotelèsmata parousi�zontai ston PÐnaka 8.10.
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PÐnakac 8.10: Axiolìghsh thc apìdoshc
Mèjodoc AIC BIC mBIC εBIC
FP 15.4 12.7 12.5 12.4
FN 1.92 3.45 2.95 2.48
Power 0.808 0.655 0.705 0.752
FDR 0.655 0.659 0.639 0.622
MR 17.32 16.15 15.45 14.88
d test 0.325 0.213 0.204 0.198
d training 0.432 0.397 0.381 0.376

ParathroÔme apì ton PÐnaka 8.10, ìti ta perissìtera apì ta eur mata pou aniqneÔontai
eÐnai yeud¸c jetik� gia ìla ta krit ria plhroforÐac. O arijmìc twn yeud¸c jetik¸n pou
aniqneÔontai apì to AIC eÐnai 15.4, kai eÐnai shmantik� uyhlìteroc apì ton arijmì twn
yeud¸c jetik¸n pou aniqneÔontai apì ta krit ria BIC, mBIC kai εBIC ta opoÐa èqoun
parìmoia apìdosh. H t�sh tou AIC na sumperilamb�nei perissìtera yeud¸c jetik� anti-
katoptrÐzetai epÐshc sthn uyhlìterh tim  tou MR. Ac shmeiwjeÐ ed¸ ìti an to kìstoc enìc
yeud¸c jetikoÔ eÐnai to Ðdio me to kìstoc enìc yeud¸c arnhtikoÔ, tìte to MR eÐnai an�logo
proc to sunolikì kìstoc tou peir�matoc. Aut  h isqur  t�sh èqei sqetik� mikr  epirro 
sto sf�lma prìbleyhc qrhsimopoi¸ntac to krit rio AIC. Oi qamhlèc timèc tou sf�lmatoc
prìbleyhc d kai gia ta dÔo sÔnola (ekpaÐdeushc kai dokim c) gia to krit rio AIC, upodei-
knÔoun ìti gia meg�la megèjh deÐgmatoc, h uperektÐmhsh tou arijmoÔ twn metablht¸n palin-
drìmhshc den epidein¸nei shmantik� tic probleptikèc idiìthtec tou krithrÐou AIC. Epiplèon,
to FDR thc proteinìmenhc mejìdou eÐnai Ðso me 0.622, mikrìtero apì thn antÐstoiqh tim 
twn krithrÐwn AIC, BIC kai mBIC. H proteinìmenh mèjodoc faÐnetai na apodÐdei kalÔtera
apì tic mejìdouc epilog c metablht¸n me ta krit ria AIC, BIC kai mBIC, dedomènou ìti
èqei epÐshc mikrìtero posostì esfalmènhc taxinìmhshc kai mikrìtero sf�lma prìbleyhc
tìso gia to sÔnolo ekpaÐdeushc ìso kai gia to sÔnolo dokim c. Epiplèon, h proteinìmenh
mèjodoc èqei thn uyhlìterh tim  isqÔoc se sÔgkrish me ta krit ria BIC kai mBIC.

Sumperasmatik�, h melèth traÔmatoc apeikonÐzei ta pleonekt mata thc proteinìmenhc
mejìdou epilog c tou kalÔterou uposunìlou metablht¸n. Par� to gegonìc ìti èprepe na
diaqeiristoÔme èna uyhl c di�stashc sÔnolo dedomènwn, h proteinìmenh mèjodoc epitugq�nei
ton kÔrio stìqo thc, dhlad , na prosdiorÐsei èna mikrì uposÔnolo metablht¸n pou eÐnai
eparkèc gia th montelopoÐhsh. Peraitèrw, to prognwstikì montèlo to opoÐo proèkuye
perilamb�nei mìno ta stoiqeÐa Ôyisthc shmasÐac gia thn prìbleyh thc èkbashc twn trau-
matismènwn asjen¸n. Wc apotèlesma, to aploÔstero autì prognwstikì montèlo to opoÐo
proèkuye, eÐnai plèon eÔqrhsto kai parèqei sugkekrimènec plhroforÐec pou mporoÔn na
qrhsimopoihjoÔn wc kateujunt riec grammèc gia th diaqeÐrish twn traumatismènwn asjen¸n,
kaj¸c epÐshc mporeÐ na bohj sei thn iatrik  koinìthta na epikentrwjeÐ wc epÐ to pleÐston
se aut� ta qarakthristik� pou entopÐsthkan na sqetÐzontai perissìtero me thn prìbleyh
thc èkbashc enìc asjen .

8.4 Sumper�smata

H epilog  tou kalÔterou uposunìlou metablht¸n paramènei prìklhsh gia ènan peirama-
tist  kai ènac poll� uposqìmenoc tomèac thc èreunac. Sto kef�laio autì, proteÐname mÐa
mèjodo epilog c tou kalÔterou uposunìlou metablht¸n, h opoÐa epitugq�nei na apokleÐsei
tic perittèc metablhtèc kai na entopÐsei mìno ta stoiqeÐa Ôyisthc shmantikìthtac. 'Ena
meionèkthma thc proteinìmenhc mejìdou eÐnai o upologistikìc qrìnoc pou apaiteÐ. Bèbai-
a, se genikèc grammèc, oi mèjodoi epilog c tou kalÔterou uposunìlou metablht¸n eÐnai
idiaÐtera qronobìrec, epeid  h eÔresh tou kalÔterou uposunìlou metablht¸n apoteleÐ mÐa
exantlhtik  anaz thsh, dedomènou ìti ereun¸ntai ìla ta dunat� uposÔnola twn metablht¸n
me stìqo na brejeÐ to bèltisto apì aut�. Aut  h upologistik  duskolÐa apojarrÔnei
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thn eureÐa qr sh twn mejìdwn aut¸n ìtan up�rqei ènac meg�loc arijmìc prognwstik¸n
paragìntwn se praktik� probl mata. Wstìso, h proteinìmenh mèjodoc apèdwse polÔ
ikanopoihtik� apotelèsmata sto prìblhma statistik c montelopoÐhshc uyhl c di�stashc,
prosdiorÐzontac touc shmantikoÔc prognwstikoÔc par�gontec pou ephre�zoun thn èkbash
enìc traumatismènou asjen . Epiplèon, h pragmatik  an�lush twn dedomènwn èdeixe ìti
h proteinìmenh mèjodoc èqei polÔ kalèc idiìthtec, dedomènou ìti èqei mikrìtero posostì
esfalmènhc taxinìmhshc, mikrìtero posostì esfalmènwn eurhm�twn, mikrìtero sf�lma
prìbleyhc kai uyhlìterh tim  isqÔoc se sÔgkrish me tic upìloipec mejìdouc epilog c
tou kalÔterou uposunìlou metablht¸n pou exet�sthkan. H ekten c melèth prosomoÐ-
wshc èdeixe ìti h proteinìmenh mèjodoc epitugq�nei polÔ qamhlèc timèc gia to posostì
sf�lmatoc TÔpou II, gegonìc to opoÐo eÐnai idiaÐtera shmantikì prokeimènou na mhn para-
leÐpontai shmantikoÐ par�gontec tou montèlou. Epiplèon, to posostì sf�lmatoc TÔpou I
epÐshc diathr jhke se qamhl� epÐpeda gia pollèc timèc thc paramètrou ε. Tèloc, h kaino-
tomÐa thc proteinìmenhc mejìdou epilog c tou kalÔterou uposunìlou metablht¸n, ègkeitai
sto gegonìc ìti sundu�zoume mÐa mh parametrik  teqnik  (metrik  AUC) me mÐa mèjodo ba-
sismènh sthn pijanof�neia (εBIC), mÐa diadikasÐa epilog c metablht¸n pou den sunhjÐzetai
èwc t¸ra sth diejn  bibliografÐa apì ìso eÐmaste se jèsh na gnwrÐzoume.
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Epilog  Metablht¸n se Probl mata Uyhl c

Di�stashc: MontelopoÐhsh Mèsw

Uperkoresmènwn Sqediasm¸n

Observations always involve theory.

�Edwin P. Hubble (1889–1953)

Sto ènato autì kef�laio melet�me to prìblhma thc epilog c metablht¸n se probl mata
palindrìmhshc sthn perÐptwsh pou oi parathr seic (eisìdou) kai oi etikètec twn kl�sewn
(exìdou) enìc pragmatikoÔ meg�lou sunìlou dedomènwn eÐnai diajèsimec. Arqik�, efarmì-
zoume kai exet�zoume thn apìdosh di�forwn statistik¸n mejìdwn pou èqoun anaptuqjeÐ
kat� kairoÔc sth bibliografÐa, me stìqo thn an�lush enìc meg�lou sunìlou dedomènwn (de-
domèna TraÔmatoc) pou apoteleÐtai apì 7000 parathr seic kai 70 par�gontec kindÔnou. Oi
statistikèc mèjodoi oi opoÐec efarmìzontai eÐnai oi diadikasÐec mh koÐlhc poinikopoihmènhc
pijanof�neiac (SCAD, LASSO kai Hard), h logistik  palindrìmhsh, kai teqnikèc epilog c
tou kalÔterou uposunìlou metablht¸n (me krit ria plhroforÐac ta AIC kai BIC), oi opoÐec
qrhsimopoioÔntai gia thn anÐqneush pijan¸n paragìntwn kindÔnou jan�tou. Se autì to ke-
f�laio, parousi�zoume epÐshc mia nèa prosèggish epilog c metablht¸n empneusmènh apì
touc uperkoresmènouc sqediasmoÔc, dojèntoc enìc meg�lou sunìlou dedomènwn parathr -
sewn. Ta pleonekt mata kai h apotelesmatikìthta aut c thc enallaktik c prosèggishc
gia thn anagn¸rish shmantik¸n metablht¸n se melètec parat rhshc, axiologeÐtai jew-
r¸ntac arketoÔc uperkoresmènouc sqediasmoÔc dÔo epipèdwn kai mia poikilÐa apì diafore-
tik� statistik� montèla se sqèsh me touc sunduasmoÔc twn paragìntwn kai ton arijmì
twn parathr sewn. Ta lhfjènta apotelèsmata se sÔgkrish me tic upìloipec mejìdouc
an�lushc eÐnai idiaÐtera enjarruntik�, dedomènou ìti h montelopoÐhsh mèsw uperkoresmè-
nwn sqediasm¸n parèqei sugkekrimènec plhroforÐec pou eÐnai logikèc kai sÔmfwnec me thn
iatrik  empeirÐa, kai mporeÐ epÐshc na parèqei kateujunt riec grammèc gia th diaqeÐrish
tou traÔmatoc sthn iatrik  koinìthta. Ta ereunhtik� apotelèsmata autoÔ tou kefalaÐou
dhmosieÔjhkan sthn episthmonik  ergasÐa [176].
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9.1 Ereunhtikì Prìblhma - Kinht rioc Idèa

H epilog  metablht¸n èqei gÐnei to epÐkentro poll¸n ereun¸n se probl mata stati-
stik c montelopoÐhshc meg�lhc di�stashc, se di�forouc episthmonikoÔc tomeÐc. H qr sh
twn peiramatik¸n sqediasm¸n gia thn epilog  metablht¸n se probl mata palindrìmhshc me
diajèsima ta dedomèna twn parathr sewn miac meg�lhc b�shc dedomènwn eis qjh apì touc
Pumplün et al. [185], [186]. Oi Schiffner kai Weihs [204] epèkteinan th melèth prosomoÐwshc
sthn ergasÐa [185] prokeimènou na epalhjeÔsoun-epikur¸soun ta apotelèsmata, kaj¸c
epÐshc melèthsan kai thn katallhlìthta twn D-bèltistwn sqediasm¸n gia thn ekm�jhsh
mejìdwn taxinìmhshc. Oi Rüping kai Weihs [201] prìteinan ènan algìrijmo empneusmèno
apì touc statistikoÔc sqediasmoÔc peiram�twn kai tic mejìdouc pur na gia na antimetw-
pÐsoun to prìblhma thc epilog c metablht¸n dojeÐshc miac b�shc dedomènwn parathr sewn.
AxÐzei na shmeiwjeÐ ed¸, ìti se antÐjesh me tic parathr seic pou prokÔptoun apì touc
peiramatikoÔc sqediasmoÔc, ter�stia sÔnola dedomènwn merikèc forèc gÐnontai diajèsima
stic mèrec mac qwrÐc prokajorismènouc skopoÔc. Sun jwc, eÐnai protimìtero na brejoÔn
merik� endiafèronta qarakthristik� apì ta sÔnola dedomènwn ta opoÐa ja parèqoun polÔ-
timec plhroforÐec gia thn upost rixh thc l yhc apof�sewn [146].

Gia tic peiramatikèc katast�seic, ìpou pragmatik� den up�rqei kamÐa ek twn protèrwn
gn¸sh twn epidr�sewn twn paragìntwn, all� mìno mÐa isqur  paradoq  thc arq c thc spo-
radikìthtac twn epidr�sewn twn paragìntwn, kai ìpou o stìqoc eÐnai na entopÐsoume touc
kurÐarqouc par�gontec, efìson up�rqoun, o peiramatist c ja prèpei na exet�sei sobar�
to endeqìmeno na qrhsimopoi sei touc uperkoresmènouc sqediasmoÔc, ìpwc �llwste pro-
teÐnetai apì ton Gilmour [92]. Sthn prìsfath diejn  bibliografÐa, up�rqoun arketèc ereu-
nhtikèc ergasÐec, ìpwc gia par�deigma oi [92] kai [112], sqetik� me thn praktik  qr sh twn
uperkoresmènwn sqediasm¸n se pragmatik� probl mata thc zw c. ApaiteÐtai perissìte-
rh èreuna gia thn kalÔterh praktik  qr sh twn uperkoresmènwn sqediasm¸n, dedomènou
ìti oi katast�seic stic opoÐec oi uperkoresmènoi sqediasmoÐ eÐnai pragmatik� uposqìmenoi
kai ousiastik� ètoimoi proc qr sh, sthn pr�xh, eÐnai periorismènec. SqediasmoÐ me kalèc
idiìthtec (all� ìqi bèltistoi) eÐnai  dh diajèsimoi gia poll� megèjh enìc peir�matoc [92]
all� h praktik  qr sh touc exakoloujeÐ na paramènei èna dÔskolo kai apaithtikì èrgo.
Oi parap�nw lìgoi ìpwc eÐnai fusikì, mac parakÐnhsan to endiafèron na melet soume to
prìblhma epilog c metablht¸n me qr sh twn uperkoresmènwn sqediasm¸n, prokeimènou
na antimetwpÐsoume gr gora kai apotelesmatik� èna prìblhma statistik c montelopoÐhshc
uyhl c di�stashc.

9.2 Perigraf  Mejìdwn Epilog c Metablht¸n

Se aut  thn enìthta parousi�zontai sunoptik� oi di�forec statistikèc mejìdoi pou
qrhsimopoi same gia thn an�lush enìc meg�lou sunìlou dedomènwn, kai telik� sugkrÐ-
name kai axiolog same thn apìdos  touc se sqèsh me aut n thc proteinìmenhc mejìdou
epilog c metablht¸n mèsw twn uperkoresmènwn sqediasm¸n. Parak�tw parousi�zoume tic
statistikèc mejìdouc epilog c metablht¸n tic opoÐec jewr same sth melèth mac.

1. To montèlo logistik c palindrìmhshc qrhsimopoieÐtai suqn� gia thn an�lush dedomènwn
pou prokÔptoun apì iatrikèc melètec, ìpou suqn� emfanÐzetai h perÐptwsh mÐac dÐtimhc
metablht c apìkrishc, lamb�nontac dÔo pijanèc timèc 1   0, gia thn epituqÐa   thn
apotuqÐa, antÐstoiqa. Sto parìn kef�laio, uiojetoÔme to logistikì montèlo palin-
drìmhshc (LR) (blèpe Kef�laio 5 kai enìthta 5.2.1 gia perissìterec leptomèreiec).

2. Oi mèjodoi epilog c tou kalÔterou uposunìlou metablht¸n qrhsimopoioÔntai me ori-
smèna krit ria ta opoÐa sundu�zoun statistik� mètra me sunart seic poin c. Sto
parìn kef�laio jewr same ta pio dhmofil  apì ta en lìgw krit ria, dhlad  ta krit ria
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plhroforÐac, kai sugkekrimèna ta krit ria AIC (Akaike Information Criteria) kai BIC
(Bayesian Information Criteria) (blèpe Kef�laio 6 kai enìthta 6.3.1 gia perissìterec
leptomèreiec).

3. Oi Fan kai Li [76] prìteinan mÐa kl�sh diadikasi¸n epilog c metablht¸n mèsw thc
mh koÐlhc poinikopoihmènhc pijanof�neiac (nonconcave penalized likelihood), se mÐa
prosp�jei� touc na epilèxoun metablhtèc kai tautìqrona na ektim soun touc su-
ntelestèc palindrìmhshc. Sto parìn kef�laio, uiojetoÔme tic mejìdouc autèc kai
jewroÔme wc sunart seic poin c tic SCAD, LASSO kai Hard (blèpe Kef�laio 6 kai
enìthta 6.3.3 gia perissìterec leptomèreiec).

9.3 H Proteinìmenh Mèjodoc Epilog c Metablht¸n

Se aut  thn enìthta, melet�me th qr sh twn uperkoresmènwn sqediasm¸n gia thn epi-
log  metablht¸n dojèntoc enìc sunìlou dedomènwn parathr sewn. ProseggÐzoume to
prìblhma thc epilog c metablht¸n jewr¸ntac uperkoresmènouc sqediasmoÔc, kaj¸c epÐshc
kai diex�gontac di�forec mejìdouc statistik c an�lushc. To mètro pou qrhsimopoieÐtai gia
ton prosdiorismì twn uperkoresmènwn sqediasm¸n eÐnai to mètro thc mh orjogwniìthtac
metaxÔ ìlwn twn zeug¸n twn sthl¸n tou sqediasmoÔ. Kat� th di�rkeia twn peiram�twn mac,
mìno montèla kÔriwn epidr�sewn el fjhsan upìyh. Parousi�zoume analutik� parak�tw
ta b mata thc proteinìmenhc mejìdou epilog c metablht¸n kai tautìqronou prosdiorismoÔ
ìso to dunatìn katallhlìterwn uperkoresmènwn sqediasm¸n gia thn an�lush enìc meg�lou
sunìlou pragmatik¸n dedomènwn.

B ma 1. Dojèntoc enìc arqikoÔ sunìlou dedomènwn, apoteloÔmeno èstw apì m prognw-
stikèc metablhtèc eisìdou {xi1, . . . , xim} kai N parathr seic, i = 1, 2, . . . , N , ka-
jorÐzoume tic idiìthtec twn uperkoresmènwn sqediasm¸n.
• Epijumhtìc arijmìc gramm¸n (n): n = 1

100 twn N diajèsimwn parathr sewn-
peiramatik¸n ektelèsewn.
• Epijumhtìc arijmìc sthl¸n (m): m+ 1 > n.

B ma 2. Epilègoume tuqaÐa apì to arqikì sÔnolo dedomènwn 100 (n ×m) sqediasmoÔc
sÔmfwna me thn omoiìmorfh katanom . Upojètoume ìti k�je ènac apì touc arqikoÔc
m par�gontec èqei dÔo epÐpeda ±1. Kataskeu�zoume gia k�je sqediasmì ton up-
erkoresmèno pÐnaka X = [1, x1, x2, . . . , xm], o opoÐoc eÐnai o n× (m+ 1) pÐnakac tou
montèlou. H pr¸th st lh tou X eÐnai h 1n = [1, . . . , 1]T , me th st lh j na antistoiqeÐ
sta epÐpeda tou (j − 1)-ostoÔ par�gonta gia j = 2, . . . ,m+ 1. Apì tic 2, . . . ,m+ 1
st lec tou X, m st lec anatèjhkan tuqaÐa se k�je sqediasmì. Apì tic 1, . . . , N
grammèc, n = 1

100N grammèc anatèjhkan tuqaÐa se k�je sqediasmì.

B ma 3. Y�qnoume kai apokleÐoume touc sqediasmoÔc me th qeirìterh idiìthta mh orjogw-
niìthtac (h mègisth tim  tou bajmoÔ thc mh orjogwniìthtac metaxÔ twn sthl¸n tou
sqediasmoÔ eÐnai 1).

B ma 4. AniqneÔoume touc uperkoresmènouc sqediasmoÔc (  sqediasmì) me thn kalÔterh
dunat  idiìthta mh orjogwniìthtac, dhlad  touc uperkoresmènouc sqediasmoÔc ( 
sqediasmì) me to el�qisto epÐpedo susqètishc (suntelest  susqètishc) metaxÔ twn
paragìntwn.

9.4 An�lush Pragmatik¸n Dedomènwn

H proteinìmenh mèjodoc epilog c metablht¸n mèsw twn uperkoresmènwn sqediasm¸n
efarmìzetai t¸ra se èna sÔnolo pragmatik¸n dedomènwn, kai h apìdos  thc sugkrÐnetai
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me thn apìdosh twn proanaferjèntwn statistik¸n mejìdwn epilog c metablht¸n (SCAD,
LASSO, Hard, AIC kai BIC).

Ta pragmatik� dedomèna proèrqontai apì mÐa et sia èreuna pou diex qjh kat� thn perÐo-
do 01/01/2005-31/12/2006 apì thn Ellhnik  EtaireÐa TraÔmatoc kai thn Om�da Entatik c
Qeirourgik c, perilamb�nontac 30 Genik� NosokomeÐa sthn Ell�da, me basikì skopì th
melèth twn epidr�sewn diafìrwn prognwstik¸n paragìntwn sth jerapeÐa traumatismènwn
atìmwn. H b�sh dedomènwn apoteleÐtai apì 70 epexhghmatikèc metablhtèc pou apoteloÔn
touc prognwstikoÔc par�gontec. Oi par�gontec autoÐ pou katagr�fhkan periel�mbanan
dhmofrafik� stoiqeÐa twn asjen¸n, stoiqeÐa pou aforoÔn tic sunj kec tou atuq matoc kai
plhroforÐec gia thn endonosokomeiak  antimet¸pish twn asjen¸n. EpÐshc, h b�sh dedomè-
nwn apoteleÐtai apì 7000 asjeneÐc, kai gia k�je ènan apì autoÔc katagr�fhke h kat�stas 
touc kat� thn teleutaÐa parakoloÔjhsh, me th dÐtimh metablht  apìkrishc y na paÐrnei
mìno dÔo timèc, me to 0 na sumbolÐzei thn “epibÐwsh” kai to 1 thn “apobÐwsh, antÐstoiqa.
SÔmfwna me iatrikèc sumboulèc, ìloi oi prognwstikoÐ par�gontec ja prèpei na tugq�noun
Ðshc metaqeÐrishc kat� th statistik  an�lush kai den up�rqei kanènac par�gontac gia ton
opoÐo epib�lletai na diathreÐtai p�nta sto montèlo.

9.4.1 Diadoqik  Epilog  Metablht¸n

Se aut  thn enìthta ekteloÔme diadoqik� di�forec mejìdouc epilog c metablht¸n, mè-
qri thn epÐteuxh sÔgklishc tou montèlou. To Model I eÐnai to arqikì montèlo, apoteloÔ-
meno apì ìlo to diajèsimo sÔnolo dedomènwn twn N = 7000 asjen¸n kai 70 endeqìmenwn
paragìntwn kindÔnou. Oi etikètec-onomasÐec twn 70 diajèsimwn prognwstik¸n paragìntwn
tou arqikoÔ montèlou Model I parousi�zontai ston PÐnaka 9.2. Lìgw tou gegonìtoc ìti
oi mèjodoi epilog c tou kalÔterou uposunìlou metablht¸n (AIC kai BIC) eÐnai exairetik�
qronobìrec èwc anèfikto na ulopoihjoÔn apì �poyh upologistikoÔ kìstouc kai qrìnou, h
efarmog  touc den  tan dunat  se autì to st�dio thc melèthc.

To Model II el fjh apì thn pr¸th ektèlesh kajemi�c apì tic LR, SCAD, LASSO
kai Hard mejìdouc, kai 29 metablhtèc aniqneÔjhkan wc statistik� shmantikèc. Autèc
oi statistik� shmantikèc 29 metablhtèc (x9, x11, x12, x13, x14, x16, x17, x18, x20, x21,
x22, x23, x24, x25, x26, x27, x29, x35, x36, x37, x38, x39, x40, x41, x42, x43, x44, x45, x46)
epilèqjhkan apì toul�qiston mÐa apì autèc tic mejìdouc, krat jhkan kai qrhsimopoi jhkan
gia peraitèrw an�lush.

To Model III el fjh apì th deÔterh ektèlesh kajemi�c apì tic LR, SCAD, LAS-
SO kai Hard mejìdouc, kai 14 metablhtèc aniqneÔjhkan wc statistik� shmantikèc. Autèc
oi statistik� shmantikèc 14 metablhtèc epilèqjhkan apì toul�qiston mÐa apì autèc tic
mejìdouc, krat jhkan kai qrhsimopoi jhkan gia peraitèrw an�lush. AxÐzei na shmeiwjeÐ
ed¸, ìti ìtan tèjhkan se efarmog  oi tèsseric parap�nw mèjodoi gia trÐth for�, parathr -
same ìti oi timèc twn ektim¸menwn suntelest¸n diathr jhkan diaforetikèc apì to mhdèn,
me apotèlesma th sÔgklish tou montèlou.

Wc ek toÔtou, akolouj¸ntac tic diadikasÐec epilog c metablht¸n LR, SCAD, LASSO
kai Hard, met� apì dÔo b mata, br kame to Model III to opoÐo apoteleÐtai apì 14 stati-
stik� shmantikèc metablhtèc, oi opoÐec parousi�zontai ston PÐnaka 9.1. Oi ektim¸menoi
suntelestèc kai ta tupik� sf�lmata tou Model III parousi�zontai epÐshc ston PÐnaka
9.1. H �gnwsth par�metroc λ ektim jhke wc 0.0008, 0.0001 kai 0.0008 gia thn SCAD,
LASSO kai Hard sun�rthsh poin c, antÐstoiqa. Me thn ektimhjeÐsa tim  tou λ, o e-
ktimht c thc poinikopoihmènhc pijanof�neiac apokt jhke sto deÔtero, trÐto kai deÔtero
b ma epanal yewn, gia thn poinikopoihmènh pijanof�neia me thn SCAD, LASSO kai Hard
sun�rthsh poin c, antÐstoiqa.

H efarmog  twn mejìdwn epilog c tou kalÔterou uposunìlou metablht¸n (AIC kai
BIC) den  tan dunat  mèqri autì to st�dio thc peiramatik c melèthc exaitÐac thc upolo-
gistik c poluplokìthtac. Gia autìn to lìgo efarmìsame tic dÔo autèc mejìdouc epilog c
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tou kalÔterou uposunìlou metablht¸n (AIC kai BIC) mìno stic 14 statistik� shmantikèc
metablhtèc tou telikoÔ montèlou Model III . ParathroÔme apì ton PÐnaka 9.1 ìti oi mèjodoi
SCAD, Hard, LR kai AIC katal goun sto Ðdio montèlo, en¸ oi ektim seic thc LASSO eÐ-
nai susthmatik� qamhlìterec. H mèjodoc epilog c metablht¸n me krit rio plhroforÐac to
BIC, aporrÐptei par�gontec pou mporeÐ na eÐnai statistik� shmantikoÐ. Gia par�deigma, o
ektim¸menoc suntelest c gia th metablht  “aktÐnec X sth spondulik  st lh” (x42) tÐjetai
Ðsoc me mhdèn, en¸ h metablht  aut  èqei epilegeÐ se ìla ta �lla jewroÔmena montèla.
Shmei¸noume ed¸ ìti ta ektim¸mena tupik� sf�lmata kai oi suntelestèc thc LASSO eÐnai
stajer� mikrìtera se sÔgkrish me tic mejìdouc LR, SCAD kai Hard. Autì shmaÐnei ìti h
merolhyÐa twn LASSO ektimht¸n poinikopoihmènhc pijanof�neiac eÐnai megalÔterh.

'Oson afor� touc qrìnouc ektèleshc, parathroÔme ìti h mèjodoc Hard  tan polÔ pio
gr gorh me 67 sec ènanti thc SCAD pou qrei�sthke sqedìn 147 sec, kai thc LASSO h opoÐ-
a qrei�sthke 490 sec. Oi mèjodoi epilog c tou kalÔterou uposunìlou metablht¸n me ta
krit ria BIC kai AIC qrei�sthkan 275331 sec kai 276422 sec, antÐstoiqa. Se genikèc gram-
mèc, h mèjodoc Hard  tan h pio gr gorh kai apotelesmatik  se sÔgkrish me tic upìloipec
upì exètash mejìdouc.

PÐnakac 9.1: Ektim¸menoi suntelestèc kai tupik� sf�lmata (se paranjèseic) gia to Model III

Mèjodoc LR SCAD LASSO Hard Best Subset (BIC) Best Subset (AIC)
Intercept -4.08 (0.11) -4.08 (0.11) -4.06 (0.11) -4.08 (0.11) -4.06 (0.11) -4.08 (0.11)

x9 0.33 (0.07) 0.33 (0.07) 0.33 (0.06) 0.33 (0.07) 0.32 (0.06) 0.33 (0.07)
x11 -0.47 (0.10) -0.47 (0.10) -0.46 (0.10) -0.47 (0.10) -0.47 (0.09) -0.47 (0.10)
x13 0.24 (0.06) 0.24 (0.06) 0.24 (0.06) 0.24 (0.06) 0.23(0.06) 0.24 (0.06)
x16 -0.20 (0.06) -0.20 (0.06) -0.20 (0.06) -0.20 (0.06) -0.26 (0.06) -0.20 (0.06)
x20 -0.24 (0.10) -0.24 (0.10) -0.23 (0.10) -0.24 (0.10) 0 (-) -0.24 (0.10)
x21 -0.67 (0.12) -0.67 (0.12) -0.66 (0.12) -0.67 (0.12) -0.69 (0.12) -0.67 (0.12)
x24 0.65 (0.07) 0.65 (0.07) 0.65 (0.07) 0.65 (0.07) 0.63 (0.07) 0.65 (0.07)
x26 -0.18 (0.08) -0.18 (0.07) -0.17 (0.07) -0.18 (0.07) 0 (-) -0.18 (0.07)
x29 -0.80 (0.12) -0.80 (0.12) -0.79 (0.12) -0.80 (0.12) -0.82 (0.12) -0.80 (0.12)
x37 0.14 (0.03) 0.14 (0.03) 0.14 (0.03) 0.14 (0.03) 0.14 (0.03) 0.14 (0.03)
x38 -0.71 (0.06) -0.71 (0.06) -0.71 (0.06) -0.71 (0.06) -0.74 (0.06) -0.71 (0.06)
x39 -0.34 (0.09) -0.34 (0.09) -0.34 (0.08) -0.34 (0.09) -0.42 (0.08) -0.34 (0.09)
x42 -0.21 (0.09) -0.21 (0.09) -0.20 (0.09) -0.21 (0.09) 0 (-) -0.21 (0.09)
x43 -0.46 (0.09) -0.46 (0.09) -0.45 (0.09) -0.46 (0.09) -0.45 (0.09) -0.46 (0.09)
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PÐnakac 9.2: Melèth TraÔmatoc
Model I (levels ±1):
x1: gender
x2: arterial hypertension
x3: coronary disease
x4: heart failure
x5: arrhythmia
x6: asthma
x7: chronic obstructive pulmonary disease (COPD)
x8: chronic kidney disease
x9: car accident
x10: none safety measures at the side of the accident
x11: collar soft at the side of the accident
x12: RL at the side of the accident
x13: unconscious at the side of the accident
x14: life belt
x15: airbags
x16: transfer to a clinic, of the hospital
x17: transfer to surgery
x18: transfer to general surgery
x19: transfer to orthopedic clinic
x20: expected big temporary handicap
x21: expected small temporary handicap
x22: recovery
x23: transport by ambulance (in other hospital)
x24: transport by ambulance in emergency room
x25: transport by car in emergency room
x26: checking in the emergency room by general surgeon
x27: checking in the emergency room by neurosurgeon
x28: ICP Monitoring
x29: DW
x30: US Triplex
x31: evacuation
x32: A.T.L.S
x33: capillary refill
x34: peritoneum points
x35: sweating
x36: peripatetic
x37: central cyanosis
x38: peripheral vein
x39: head x-ray
x40: upper part of spinal column x-ray
x41: pelvis x-ray
x42: spinal column x-ray
x43: extremities x-ray
x44: CT abdomen
x45: CT extremities
x46: resident on charge
x47: CT thorax
x48: thorax x-ray
x49: nasogastric tube
x50: fluids
x51: chest drainage
x52: catheter
x53: pericardiocentesis
x54: blood
x55: thoracotomy
x56: angiography
x57: diagnostic peritoneal lavage (DPL)
x58: embolism
x59: toxicology testing
x60: ultrasound (US)
x61: urea testing
x62: mild trauma
x63: Radiograph E.R.
x64: immobility of limbs
x65: face injury
x66: head injury
x67: breast injury
x68: spinal column injury
x69: upper limbs injury
x70: lower limbs injury
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9.4.2 Epilog  Metablht¸n Mèsw Uperkoresmènwn Sqediasm¸n

Efarmìsame thn proteinìmenh mèjodo epilog c metablht¸n sto arqikì sÔnolo dedomè-
nwn kai 100 (n = 70×m = 70) sqediasmoÐ epilèqjhkan tuqaÐa sÔmfwna me thn omoiìmorfh
katanom . Me �lla lìgia, 100 uperkoresmènoi sqediasmoÐ kataskeu�sthkan me b�sh tuqaÐa
deÐgmata twn parathr sewn tou sunìlou dedomènwn traÔmatoc, dhlad , me tuqaÐa epilog 
k�je for� n = 70 ektelèsewn apì tic N = 7000 diajèsimec peiramatikèc ektelèseic. Ento-
pÐsame 5 uperkoresmènouc sqediasmoÔc m = 70 paragìntwn kai n = 70 ektelèsewn me ton
el�qisto suntelest  susqètishc. To meionèkthma aut¸n twn uperkoresmènwn sqediasm¸n
eÐnai ìti lìgw thc fÔshc tou probl matoc den  tan dunatìn na eÐnai isorrophmènoi, dhlad 
k�je st lh tou sqediasmoÔ na èqei epÐpeda 1 kai −1 na emfanÐzontai exÐsou suqn�. De-
domènou ìti oi par�gontec autoÐ pou epilèqjhkan exart¸ntai �mesa apì ta qarakthristik�
twn asjen¸n pou melet jhkan kai den mporeÐ na prokajoristoÔn,  tan adÔnato gia em�c na
l�boume upìyh mac krit ria beltistopoÐhshc isorrophmènwn uperkoresmènwn sqediasm¸n
dÔo epipèdwn, gegonìc pou ja mac prost�teue perissìtero apì thn anapìfeukth kai pijan 
Ôparxh tautìshmwn sqediasm¸n emplekìmenwn sth statistik  an�lush.

Ektelèsame diadoqik� di�forec mejìdouc epilog c metablht¸n sta kataskeuasmèna 5
sÔnola dedomènwn, me kajèna apì aut� na apoteleÐtai apì n = 70 ektelèseic kai m = 70
par�gontec mèqri na epiteuqjeÐ h sÔgklish tou montèlou. To ModelSSDs el fjh apì thn
pr¸th ektèlesh kajemi�c apì tic LR, SCAD, LASSO kai Hard mejìdouc, kai 13 metablhtèc
aniqneÔjhkan wc statistik� shmantikèc kai apì touc pènte jewroÔmenouc uperkoresmènouc
sqediasmoÔc. Autèc oi statistik� shmantikèc 13 metablhtèc (x1, x2, x3, x10, x11, x16,
x19, x38, x42, x43, x47, x48, x62) epilèqjhkan apì toul�qiston mÐa apì tic proanaferjeÐsec
mejìdouc, krat jhkan kai qrhsimopoi jhkan gia peraitèrw an�lush.

H efarmog  twn mèjodwn epilog c tou kalÔterou uposunìlou metablht¸n (AIC kai
BIC)  tan dunat  se autì to st�dio thc melèthc. Gia to lìgo autì efarmìsame tic mejìdouc
LR, SCAD, LASSO, Hard kaj¸c epÐshc tic AIC kai BIC stic 13 statistik� shmantikèc
metablhtèc touModelSSDs. Me autì ton trìpo br kame èna nèo montèlo apoteloÔmeno apì
5 statistik� shmantikèc metablhtèc. AxÐzei na shmeiwjeÐ ed¸, ìti ìtan tèjhkan se efarmog 
oi parap�nw mèjodoi gia �llh mÐa for�, parathr same ìti oi timèc twn ektim¸menwn sunte-
lest¸n diathr jhkan diaforetikèc apì to mhdèn, me apotèlesma th sÔgklish tou montèlou.
'Etsi, entopÐsame to “kalÔtero” dunatì montèlo (Final ModelSSDs) apoteloÔmeno apì 5
statistik� shmantikèc metablhtèc, ìpwc autèc parousi�zontai ston PÐnaka 9.3. Oi ektim¸-
menoi suntelestèc autoÔ tou montèlou apokt jhkan jewr¸ntac kai tic 7000 parathr seic,
gegonìc pou kajist� efikt  thn axiolìghsh kai th sÔgkrish twn apotelesm�twn me to
Model III . H �gnwsth par�metroc λ ektim jhke Ðsh me 0.0007, 0.0001 kai 0.0007 gia thn
SCAD, LASSO kai Hard sun�rthsh poin c, antÐstoiqa. O apaitoÔmenoc arijmìc bhm�twn
ètsi ¸ste na apokthjoÔn oi ektimhtèc poinikopoihmènhc pijanof�neiac  tan dÔo, trÐa kai
dÔo gia thn SCAD, LASSO kai Hard sun�rthsh poin c, antÐstoiqa.

AxÐzei na shmeiwjeÐ ed¸, ìti akìma kai an oi kataskeuasmènoi uperkoresmènoi sqedia-
smoÐ mporeÐ na mhn eÐnai oi kalÔteroi dunatoÐ, wstìso, autoÐ oi uperkoresmènoi sqediasmoÐ
katìrjwsan na anagnwrÐsoun touc 5 statistik� shmantikoÔc par�gontec oi opoÐoi sumperi-
lamb�nontai kai sto Model III , qrhsimopoi¸ntac arqik� mìno to 1/100 twn diajèsimwn
peiramatik¸n ektelèsewn. ParathroÔme epÐshc mia stajerìthta sta apotelèsmata pou
proèkuyan apì th statistik  an�lush kai twn pènte kataskeuasmènwn uperkoresmènwn
sqediasm¸n. Se iatrikoÔc ìrouc, èna montèlo me ìso to dunatìn ligìterouc shmantikoÔc
par�gontec  tan epijumhtì sthn perÐptws  mac. ParathroÔme apì ton PÐnaka 9.3 ìti kai
oi èxi mèjodoi èdwsan ta Ðdia apotelèsmata, kai wc ek toÔtou h iatrik  koinìthta kalì
ja  tan na l�bei sobar� upìyh thc autoÔc touc pènte par�gontec, prokeimènou na meiwjeÐ
to posostì jan�twn apì traÔma sthn Ell�da. Pr�gmati, oi 5 autoÐ koinoÐ par�gontec
ja prèpei na jewroÔntai wc statistik� shmantikoÐ, kai ìloi oi �lloi ja mporoÔsan na
diathrhjoÔn gia peraitèrw èreuna. O pr¸toc kai trÐtoc par�gontac anafèrontai se dr�seic
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sto mèroc tou atuq matoc. O deÔteroc par�gontac afor� thn apìfash pou ènac giatrìc
ja prèpei na l�bei afoÔ o asjen c exetasteÐ sto dwm�tio èktakthc an�gkhc, kai oi dÔo
teleutaÐoi par�gontec aforoÔn dr�seic pou analamb�nontai sto dwm�tio èktakthc an�gkhc.

PÐnakac 9.3: Ektim¸menoi suntelestèc kai tupik� sf�lmata (se paranjèseic) gia to Final
ModelSSDs

Mèjodoc LR SCAD LASSO Hard Best Subset (BIC) Best Subset (AIC)
Intercept -3.93 (0.10) -3.93 (0.10) -3.92 (0.10) -3.93 (0.10) -3.93 (0.10) -3.93 (0.10)
x11 0.19 (0.05) 0.19 (0.05) 0.19 (0.05) 0.19 (0.05) 0.19 (0.05) 0.19 (0.05)
x16 -1.02 (0.06) -1.02 (0.06) -1.02 (0.06) -1.02 (0.06) -1.02 (0.06) -1.02 (0.06)
x38 -0.65 (0.05) -0.65 (0.05) -0.65 (0.05) -0.65 (0.05) -0.65(0.05) -0.65 (0.05)
x42 -0.49 (0.09) -0.49 (0.09) -0.49 (0.08) -0.49 (0.09) -0.49 (0.09) -0.49 (0.09)
x43 -0.34 (0.07) -0.34 (0.07) -0.34 (0.07) -0.34 (0.07) -0.34 (0.07) -0.34 (0.07)

9.4.3 Sugkritik� Apotelèsmata

Arqik�, ektelèsame diadoqik� di�forec mejìdouc epilog c metablht¸n se olìklhro to
sÔnolo dedomènwn mèqri na petÔqoume sÔgklish tou montèlou. Wc ek toÔtou, entopÐsame
to telikì montèlo Model III apoteloÔmeno apì 14 statistik� shmantikèc metablhtèc (blèpe
PÐnaka 9.1). Oi 14 autèc statistik� shmantikèc metablhtèc pou epilèqjhkan eÐnai oi x9,
x11, x13, x16, x20, x21, x24, x26, x29, x37, x38, x39, x42, x43.

Sth sunèqeia proseggÐsame to prìblhma epilog c metablht¸n jewr¸ntac arketoÔc u-
perkoresmènouc sqediasmoÔc dÔo epipèdwn. Met� thn enswm�twsh twn pènte kataskeua-
smènwn uperkoresmènwn sqediasm¸n, efarmìsame di�forec mejìdouc statistik c an�lushc,
mèqri thn epÐteuxh sÔgklishc tou montèlou. Wc ek toÔtou, entopÐsame to “kalÔtero” dunatì
montèlo Final ModelSSDs pou apoteleÐtai apì 5 statistik� shmantikèc metablhtèc (blèpe
PÐnaka 9.3). Oi 5 autèc statistik� shmantikèc metablhtèc pou epilèqjhkan eÐnai oi x11,
x16, x38, x42, x43.

Up�rqoun tèsseric shmantikèc parathr seic pou axÐzei na anaferjoÔn ed¸.

1. To Final ModelSSDs apoteleÐtai apì 5 metablhtèc oi opoÐec aniqneÔjhkan wc statistik�
shmantikèc kai apì touc pènte kataskeuasmènouc uperkoresmènouc sqediasmoÔc.

2. Oi 5 statistik� shmantikèc metablhtèc tou Final ModelSSDs (blèpe PÐnaka 9.3) brè-
jhkan epÐshc wc statistik� shmantikèc kai sumperilamb�nontai sto Model III (blèpe
PÐnaka 9.1). E�n sugkrÐnoume ta apotelèsmata twn statistik� shmantik¸n metabl-
ht¸n pou dÐnontai ston PÐnaka 9.1 kai ston PÐnaka 9.3, parathroÔme ìti up�rqoun
mìno pènte sÔmfwnec metablhtèc (x11, x16, x38, x42, x43) oi opoÐec apokt jhkan mèsw
thc diadoqik c epilog c metablht¸n kai mèsw thc proteinìmenhc mejìdou. AxÐzei
na shmeiwjeÐ ed¸ ìti autèc oi sÔmfwnec pènte metablhtèc sunistoÔn kai to telikì
montèlo (Final ModelSSDs) pou prosdiorÐzetai apì thn efarmog  thc proteinìmenhc
mejìdou kai th bo jeia twn mejìdwn poinikopoihmènhc pijanof�neiac.

3. H proteinìmenh mèjodoc epitugq�nei na anagnwrÐsei autèc tic 5 statistik� shmantikèc
metablhtèc (Final ModelSSDs) qrhsimopoi¸ntac arqik� mìno to 1/100 twn diajè-
simwn peiramatik¸n ektelèsewn.

4. Me thn ektèlesh thc diadoqik c epilog c metablht¸n, h mèjodoc epilog c tou kalÔte-
rou uposunìlou metablht¸n elaqistopoi¸ntac to krit rio BIC brèjhke na apor-
rÐptei par�gontec pou mporeÐ na eÐnai statistik� shmantikoÐ. H metablht  “aktÐnec
X sth spondulik  st lh” (x42) anagnwrÐsthke wc mh shmantik  apì to BIC, en¸
èqei epilegeÐ wc shmantik  se ìla ta �lla jewroÔmena montèla (blèpe PÐnaka 9.1).
H proteinìmenh mèjodoc katìrjwse na anagnwrÐsei th metablht  “aktÐnec X sth
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spondulik  st lh” (x42) wc statistik� shmantik , akìmh kai elaqistopoi¸ntac to
krit rio BIC (blèpe PÐnaka 9.3). To gegonìc autì upodhl¸nei ìti h proteinìmenh
mejodologÐa mèsw twn uperkoresmènwn sqediasm¸n teÐnei na mei¸sei th merolhyÐa
gia touc ektimhtèc twn suntelest¸n kai twn tupik¸n sfalm�twn.

9.5 Sumper�smata

H prìsfath ex�plwsh twn b�sewn dedomènwn meg�lhc di�stashc kajist� thn epilog 
metablht¸n   th meÐwsh thc di�stashc enìc probl matoc, èna ereunhtikì prìblhma zwtik c
shmasÐac gia thn kataskeu  enìc montèlou, kaj¸c epÐshc apoteleÐ kai prìklhsh gia ènan
peiramatist  lìgw thc perÐplokhc dom c pou prospajeÐ na aplopoi sei. H sunet  kai
apotelesmatik  epilog  metablht¸n ìqi mìno apl� belti¸nei thn probleptik  ikanìthta
enìc montèlou, all� genik� exasfalÐzei mÐa kalÔterh katanìhsh thc upokeÐmenhc ènnoiac
pou dhmiourgeÐ ta dedomèna. To kef�laio autì èrqetai na parousi�sei mÐa ekten  efarmog 
twn mejìdwn poinikopoihmènhc pijanof�neiac (SCAD, LASSO kai Hard), kaj¸c epÐshc kai
twn mejìdwn epilog c tou kalÔterou uposunìlou metablht¸n (AIC kai BIC), se sunduasmì
me th qr sh twn uperkoresmènwn sqediasm¸n gia thn epilog  metablht¸n dojèntoc enìc
meg�lou sunìlou dedomènwn parathr sewn.

H melèth mac èdeixe ìti h logistik  palindrìmhsh se sÔgkrish me tic mejìdouc AIC kai
BIC, apotugq�nei na exaleÐyei tic pijanèc mh shmantikèc metablhtèc, kai oi mèjodoi AIC
  BIC eÐnai idiaÐtera qronobìrec, se orismènec peript¸seic akìma kai adÔnaton na efar-
mostoÔn. Oi SCAD, LASSO kai Hard mèjodoi uperèqoun xek�jara wc proc thn apìdos 
touc se sÔgkrish me tic LR, AIC kai BIC, dedomènou ìti eÐnai polÔ pio gr gorec kai pio
apotelesmatikèc epeid  epilègoun tic shmantikèc metablhtèc beltistopoi¸ntac tautìqrona
thn poinikopoihmènh pijanof�neia, kai wc ek toÔtou ta tupik� sf�lmata twn paramètrwn
tou montèlou mporoÔn na ektimhjoÔn me perissìterh akrÐbeia.

Dedomènou ìti oi mèjodoi SCAD, LASSO kai Hard eÐnai gr gorec kaj¸c epÐshc kai
eÔkola ulopoi simec, akìmh kai se èna prìblhma meg�lhc di�stashc, kalì ja  tan na
efarmìzontai ìlec kat� th di�rkeia mÐac statistik c an�lushc. Me ton trìpo autì, oi
par�gontec pou epilègontai apì autèc tic treic mejìdouc poinikopoihmènhc pijanof�neiac
ja prèpei na jewroÔntai statistik� shmantikoÐ, kai oi upìloipoi par�gontec pou èqoun
epilegeÐ apì toul�qiston mÐa apì autèc tic mejìdouc ja mporoÔsan na diathrhjoÔn gia
peraitèrw èreuna. H enswm�twsh twn uperkoresmènwn sqediasm¸n sth statistik  an�lush
miac b�shc dedomènwn krÐjhke apotelesmatik  kai qr simh, dedomènou ìti mac epètreye me th
qr sh mìno lÐgwn parathr sewn (mìno to 1/100 twn diajèsimwn peiramatik¸n ektelèsewn)
na apokt soume èna feidwlì montèlo pou prosdiorÐzei touc shmantikoÔc prognwstikoÔc
par�gontec oi opoÐoi ephre�zoun thn èkbash enìc asjen .
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K E F A L A I O 10

Epilog  SqediasmoÔ se B�seic Dedomènwn

We are drowning in information
and starving for knowledge.

�Rutherford D. Roger (1985)

Sto dèkato autì kef�laio, melet�me thn efarmog  k�poiwn teqnik¸n exìruxhc dedomè-
nwn, enìc genetikoÔ algorÐjmou kaj¸c epÐshc kai th qr sh twn peiramatik¸n sqediasm¸n
se b�seic dedomènwn, prokeimènou na kajorÐsoume tic pio shmantikèc metablhtèc se pro-
bl mata palindrìmhshc se peript¸seic pou oi parathr seic eidìdou kai oi etikètec kl�shc
exìdou miac meg�lhc b�shc dedomènwn eÐnai diajèsimec. ProteÐnoume èna kruptografikì
sq ma kajodhgoÔmeno apì thn Ðdia th b�sh twn dedomènwn, me stìqo thn kruptogr�fhsh
sugkekrimènwn pedÐwn thc b�shc dedomènwn kai thn epilog  enìc bèltistou sqediasmoÔ
apoteloÔmenou apì tic metablhtèc thc b�shc dedomènwn pou aniqneÔjhkan na ephre�zoun
shmantik� th metablht  apìkrishc. H proteinìmenh prosèggish epilog c sqediasmoÔ eÐnai
arket� uposqìmenh, dedomènou ìti mac epitrèpei na anakt soume bèltistouc sqediasmoÔc
pou an koun sthn kl�sh twn uperkoresmènwn sqediasm¸n, qrhsimopoi¸ntac mìno èna polÔ
mikrì posostì twn diajèsimwn peiramatik¸n ektelèsewn, gegonìc pou kajist� th stati-
stik  an�lush miac meg�lhc b�shc dedomènwn upologistik� efikt  kai oikonomik� prosit .
Ta ereunhtik� apotelèsmata autoÔ tou kefalaÐou dhmosieÔjhkan sthn episthmonik  ergasÐa
[136].
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10.1 Ereunhtikì Prìblhma - Kinht rioc Idèa

Sto prohgoÔmeno Kef�laio 9 anaferj kame diexodik� sth qr sh twn peiramatik¸n
sqediasm¸n gia thn epilog  metablht¸n se probl mata palindrìmhshc me diajèsima ta de-
domèna twn parathr sewn miac meg�lhc b�shc dedomènwn. EpÐshc, anaferj kame kai stic
ereunhtikèc ergasÐec pou sunanant�me sthn prìsfath bibliografÐa, sqetik� me thn prakti-
k  qr sh twn uperkoresmènwn sqediasm¸n se pragmatik� probl mata thc zw c, ìpwc gia
par�deigma eÐnai oi ergasÐec [185], [186], [204], [201] kai [112]. Par’ ìla aut�, apaiteÐtai
perissìterh èreuna gia thn kalÔterh praktik  qr sh twn uperkoresmènwn sqediasm¸n,
dedomènou ìti oi katast�seic stic opoÐec oi uperkoresmènoi sqediasmoÐ eÐnai pragmatik�
uposqìmenoi kai ousiastik� ètoimoi proc qr sh, sthn pr�xh, eÐnai periorismènec [92]. Sqe-
diasmoÐ me kalèc idiìthtec (all� ìqi bèltistoi) eÐnai  dh diajèsimoi gia poll� megèjh enìc
peir�matoc, all� h praktik  qr sh touc exakoloujeÐ na paramènei èna dÔskolo kai a-
paithtikì èrgo.

Sto prohgoÔmeno Kef�laio 9, proteÐname mÐa mèjodo sthn opoÐa jewr same touc up-
erkoresmènouc sqediasmoÔc gia thn epilog  metablht¸n se mÐa b�sh dedomènwn, qrhsimopoi-
¸ntac tautìqrona mejìdouc poinikopoihmènhc pijanof�neiac (SCAD, LASSO kai Hard), ka-
j¸c epÐshc kai mejìdouc epilog c tou kalÔterou uposunìlou metablht¸n (AIC kai BIC). H
mèjodoc aut  parousi�zei ìmwc trÐa basik� meionekt mata. Pr¸ton, h mèjodoc nai men efar-
mìzetai sto arqikì sÔnolo dedomènwn all� mìno èna prokajorismènoc apì ton peiramatist 
arijmìc sqediasm¸n epilègetai proc exètash, me �lla lìgia h mèjodoc den mporeÐ na sar¸-
sei ìlh th b�sh dedomènwn kai na elègxei ìlouc touc pijanoÔc sunduasmoÔc pou mporeÐ na
prokÔyoun apì touc m par�gontec kai tic n peiramatikèc ektelèseic. DeÔteron, o peirama-
tist c eÐnai autìc pou kajorÐzei ton epijumhtì arijmì gramm¸n kai ton epijumhtì arijmì
sthl¸n twn sqediasm¸n pou ja sqhmatistoÔn. TrÐton, oi sqediasmoÐ epilègontai tuqaÐa
sÔmfwna me thn omoiìmorfh katanom , me �lla lìgia kataskeu�zontai me b�sh tuqaÐa deÐg-
mata twn parathr sewn tou sunìlou dedomènwn, dhlad , me tuqaÐa epilog  k�je for� n
prokajorismènwn ektelèsewn apì tic N arqikèc diajèsimec peiramatikèc ektelèseic. Lìgw
twn parap�nw parathr sewn kai thc fÔshc tou probl matoc  tan adÔnato na prostateu-
toÔme apì thn anapìfeukth kai pijan  Ôparxh tautìshmwn sqediasm¸n emplekìmenwn sth
statistik  an�lush. Oi parap�nw lìgoi ìpwc eÐnai fusikì mac parakÐnhsan to endiafèron na
melet soume ek nèou to prìblhma epilog c metablht¸n me qr sh twn uperkoresmènwn sqe-
diasm¸n proteÐnontac èna kruptografikì sq ma kajodhgoÔmeno apì thn Ðdia th b�sh twn
dedomènwn, gegonìc pou mac epitrèpei na apofÔgoume kai tautìqrona na antimetwpÐsoume
ta parap�nw meionekt mata.

Sugkekrimèna, proteÐnoume mÐa mèjodo epilog c bèltistou sqediasmoÔ, kajodhgoÔmenh
apì th b�sh twn dedomènwn, prokeimènou na kruptograf soume sugkekrimèna pedÐa thc
b�shc dedomènwn pou antistoiqoÔn stic shmantikèc metablhtèc enìc probl matoc palin-
drìmhshc, se peript¸seic pou oi parathr seic kai oi etikètec kl�shc miac b�shc dedomènwn
eÐnai diajèsimec. To proteinìmeno kruptografikì sq ma to kajodhgoÔmeno apì ta dedomè-
na, eÐnai ènac sunduasmìc genetikoÔ algorÐjmou, metaheuristics kai teqnik¸n exìruxhc de-
domènwn kai epitrèpei ston peiramatist  na prosdiorÐsei ton katallhlìtero uperkoresmèno
sqediasmì, o opoÐoc anakt�tai apì mia b�sh dedomènwn gia touc skopoÔc thc epilog c
metablht¸n. H sten  allhlepÐdrash metaxÔ thc exìruxhc dedomènwn kai thc statistik c
an�lushc epètreye thn epituq  met�bash apì th sullog  twn dedomènwn, mèsw thc mo-
ntelopoÐhshc twn upokeÐmenwn dom¸n, se katanoht� kai kerdofìra apotelèsmata.
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10.2 Teqnikèc Exìruxhc Dedomènwn kai GenetikoÐ Al-
gìrijmoi

Se aut  thn enìthta parousi�zoume sunoptik� tic teqnikèc pou enswmat¸noume kai
ulopoioÔme sthn proteinìmenh mèjodo me stìqo thn an�kthsh bèltistwn sqediasm¸n mèsa
apì mÐa pragmatik  b�sh dedomènwn.

10.2.1 Exìruxh Kanìnwn Susqètishc

H exìruxh kanìnwn susqètishc brÐskei endiafèrousec susqetÐseic metaxÔ enìc meg�lou
sunìlou stoiqeÐwn twn diajèsimwn dedomènwn. Oi kanìnec susqètishc upodeiknÔoun sun-
j kec gia ta stoiqeÐa pou emfanÐzontai suqn� mazÐ se èna sugkekrimèno sÔnolo dedomènwn.
Oi kanìnec susqètishc parèqoun plhroforÐec autoÔ tou tÔpou, me th morf  “e�n-tìte”
(“if-then”). Ektìc apì to prohghjèn mèroc (to “an” mèroc) kai to sunakìloujo mèroc
(to “tìte” mèroc) enìc kanìna, ènac kanìnac susqètishc èqei dÔo krit ria pou ekfr�-
zoun to bajmì abebaiìthtac gia ton kanìna [228]. To pr¸to krit rio kaleÐtai upost rixh
(support) kai anafèretai sto posostì twn kataqwr sewn sta dedomèna ekpaÐdeushc twn
opoÐwn to prohghjèn mèroc eÐnai swstì. To deÔtero krit rio eÐnai gnwstì wc empistosÔnh
(confidence), basÐzetai stic kataqwr seic gia tic opoÐec to prohghjèn mèroc eÐnai swstì,
kai eÐnai to posostì aut¸n twn kataqwr sewn gia tic opoÐec to sunakìloujo mèroc eÐnai
epÐshc swstì. Me �lla lìgia, apoteleÐ to posostì twn swst¸n problèyewn pou basÐ-
zontai ston kanìna susqètishc. Kanìnec me mikrìterh empistosÔnh   upost rixh apì thn
prokajorimènh tim  krithrÐou apokleÐontai apì thn an�lush susqetÐsewn.

O algìrijmoc Generalized Rule Induction (GRI) apoteleÐ thn katallhlìterh mèjodo
gia th melèth mac, dedomènou ìti mporeÐ na diaqeiristeÐ kathgorikèc   arijmhtikèc metablhtèc
eisìdou, kai apaiteÐ kathgorikèc metablhtèc exìdou. O algìrijmoc GRI efarmìzei mia
prosèggish thc JewrÐac Plhrofori¸n [210] prokeimènou na prosdiorÐsei to endiafèron
enìc upoy fiou kanìna susqètishc qrhsimopoi¸ntac to posotikì mètro J. O algìrijmoc
GRI qrhsimopoieÐ autì to mètro J gia na upologÐsei to kat� pìso endiafèron ènac kanìnac
mporeÐ na eÐnai kai qrhsimopoieÐ sugkekrimèna ìria-fr�gmata sqetik� me tic pijanèc timèc
pou mporeÐ na l�bei autì to mètro, prokeimènou na periorÐsei to q¸ro anaz thshc twn
kanìnwn. Oi kanìnec susqètishc pou par�gontai apì ton algìrijmo GRI èqoun th morf 
“ E�n X=x tìte Y=y” ìpou X kai Y eÐnai dÔo qarakthristik� (pedÐa) kai x kai y eÐnai oi
timèc aut¸n twn qarakthristik¸n (pedÐwn). O algìrijmoc GRI ex�gei kanìnec susqètishc
me thn uyhlìterh periektikìthta se plhroforÐec b�sh tou deÐkth J, o opoÐoc lamb�nei
upìyh tou tìso thn upost rixh ìso kai thn empistosÔnh twn kanìnwn. O GRI stoqeÔei
sthn ier�rqhsh twn antagwnistik¸n kanìnwn, periorismì tou q¸rou èreunac kanìnwn kai
exakrÐbwsh twn kalÔterwn kanìnwn susqètishc pou perigr�foun ikanopoihtik� th b�sh
dedomènwn. Autì to prokatarktikì st�dio thc statistik c an�lushc eÐnai polÔ shmantikì,
diìti epitrèpei ston peiramatist  na entopÐsei ta pedÐa kai tic eggrafèc pou eÐnai pio pijanì
na èqoun endiafèron sth montelopoÐhsh, kai na dhmiourg sei èna sq ma kajodhgoÔmeno
apì ta dedomèna gia thn kruptogr�fhsh sugkekrimènwn pedÐwn thc b�shc dedomènwn.

10.2.2 Aplìc Genetikìc Algìrijmoc

Sth melèth aut  upojètoume k�poia basik  exoikeÐwsh me klasikèc ènnoiec twn genetik¸n
algorÐjmwn, ìpwc eÐnai h anaparagwg  (reproduction), h met�llaxh (mutation) kai h dia-
staÔrwsh (crossover), kai ja perigr�youme mìno ìti apaiteÐtai gia thn prosèggis  mac.
O endiaferìmenoc anagn¸sthc mporeÐ na anatrèxei stic ergasÐec [94] kai [62] gia peris-
sìterec leptomèreiec sqetik� me tic aparaÐthtec ènnoiec gia thn pl rh perigraf  enìc aploÔ
genetikoÔ algorÐjmou (Simple Genetic Algorithm-SGA).
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Sthn proteinìmenh mèjodo, enswmat¸noume ènan aplì genetikì algìrijmo, sugkekrimè-
na antistoiqoÔme kataqwr seic thc b�shc dedomènwn se qrwmos¸mata tou aploÔ genetikoÔ
algorÐjmou, kai mac endiafèrei h perÐptwsh pou to m koc tou qrwmos¸matoc eÐnai polÔ
mikrì se sÔgkrish me to sunolikì arijmì twn qarakthristik¸n thc b�shc dedomènwn. H
b�sh dedomènwn kwdikopoieÐtai se timèc {−1, 1} kai qrhsimopoioÔme thn Ðdia kwdikopoÐhsh
gia ton aplì genetikì algìrijmo. K�je algìrijmoc beltistopoÐhshc exart�tai apì mÐa
sugkekrimènh antikeimenik  sun�rthsh h opoÐa qrei�zetai na beltistopoihjeÐ. Gia touc u-
perkoresmènouc sqediasmoÔc, èna eurèwc qrhsimopoioÔmeno krit rio beltistopoÐhshc eÐnai
to rmax krit rio. 'Ena eÔlogo krit rio gia na sugkrÐnoume uperkoresmènouc sqediasmoÔc
eÐnai h elaqistopoÐhsh tou maxi<j |rij |, ìpou rij eÐnai h susqètish dÔo sthl¸n, ci kai cj . H
megalÔterh apìluth tim  thc susqètishc rij metaxÔ ìlwn twn zeug¸n twn sthl¸n sumbo-
lÐzetai me to rmax.

10.2.3 L1-norm Mhqanèc Dianusmatik c Upost rixhc

Oi Mhqanèc Dianusmatik c Upost rixhc (SVMs) apoteloÔn mÐa mèjodo ekm�jhshc me
pl rh epÐbleyh, h opoÐa basÐzetai se idèec pou proèrqontai apì th statistik  jewrÐa ek-
m�jhshc [220], [33], kai èqoun efarmogèc se polloÔc episthmonikoÔc kl�douc. Oi SVMs
montelopoioÔn mia metablht  apìkrishc basismènec se mia   perissìterec epexhghmatikèc
metablhtèc me stìqo thn eÔresh tou bèltistou uperepipèdou. Dedomènou ìti sth melèth
mac èqoume na antimetwpÐsoume èna duadikì prìblhma taxinìmhshc, to bèltisto uperepÐpedo
eÐnai autì me to mègisto perij¸rio diaqwrismoÔ metaxÔ dÔo kl�sewn. Oi SVMs mporoÔn
epÐshc na efarmostoÔn se probl mata palindrìmhshc me thn eisagwg  miac sun�rthshc
ap¸leiac kai miac sun�rthshc poin c. AntÐ plèon na prospajoÔme na katat�xoume mia nèa
�gnwsth epexhghmatik  metablht  se mÐa apì tic dÔo kl�seic yi = ±1 t¸ra epijumoÔme na
problèyoume thn pragmatik  tim  exìdou, me ta dedomèna ekpaÐdeushc na eÐnai thc morf c
{xi, yi}.

Oi SVMs enallaktik� mporoÔn epÐshc na diatupwjoÔn wc èna prìblhma ektÐmhshc miac
kanonikopoihmènhc sun�rthshc, pou antistoiqeÐ se mia sun�rthsh ap¸leiac sun ènan ìro
kanonikopoÐhshc gia touc prosarmosmènouc suntelestèc [233]. H Least Absolute Shrink-
age and Selection Operator (LASSO) mèjodoc [216] eÐnai mÐa apì tic pio diadedomènec
teqnikèc ektÐmhshc paramètrwn se probl mata palindrìmhshc. H L1-norm poin  (LASSO)
prosarmìsthke sth mejodologÐa twn SVMs prokeimènou na ekteleÐtai autìmath epilog 
metablht¸n se probl mata kathgoriopoÐhshc (ìpwc gia par�deigma stic ergasÐec [26], [236]
kai [84]). Prìsfata, o ìroc poin c elastikoÔ diktÔou (elastic net [238]) prosarmìsthke
sth mejodologÐa twn SVMs. H mèjodoc elastic net SVM [224], [225] eÐnai idiaÐtera qr -
simh gia tic peript¸seic stic opoÐec o arijmìc twn metablht¸n uperbaÐnei to mègejoc tou
deÐgmatoc. H L1-norm SVM eÐnai h katallhlìterh mèjodoc gia thn an�lush twn prag-
matik¸n dedomènwn mac, afoÔ h di�stash twn dedomènwn (m=44 metablhtèc eisìdou) den
eÐnai megalÔterh apì ton arijmì twn deigm�twn ekpaÐdeushc (n=8862 parathr seic).

10.3 H Proteinìmenh Mèjodoc Epilog c SqediasmoÔ

Se aut  thn enìthta parousi�zoume analutik� thn proteinìmenh mèjodo an�kthshc enìc
bèltistou uperkoresmènou sqediasmoÔ apì tic kataqwr seic kaj¸c epÐshc kai apì sugke-
krimèna pedÐa thc b�shc dedomènwn. H proteinìmenh mèjodoc proqwr� b ma proc b ma wc
akoloÔjwc.

B ma 1. 'Estw ìti to yi sumbolÐzei thn i-ost  apìkrish sto sÔnolo dedomènwn kai to
xi sumbolÐzei to m-di�stashc di�nusma twn epexhghmatik¸n metablht¸n tou sunìlou
twn dedomènwn.



10.4 Efarmog  kai Peiramatik� Apotelèsmata 127

B ma 2. DiaqwrÐzoume ta dedomèna se sÔnolo ekpaÐdeushc (90%) kai sÔnolo exètashc
(10%). Gia to diaqwrismì, oi kataqwr seic epilèqjhkan tuqaÐa gia na dhmiourg soun
to sÔnolo ekpaÐdeushc kai exètashc sÔmfwna me to prokajorismèno mègejìc touc.

B ma 3. EkteloÔme ton algìrijmo GRI sta (xi, yi)i=1,...,n kai par�goume touc kanìnec
susqètishc pou qrhsimopoioÔntai gia thn arqikopoÐhsh twn tuqaÐwn qrwmoswm�twn,
pou me th seir� touc qrhsimopoioÔntai sth dexamen  zeugar¸matoc (mating pool)
tou aploÔ genetikoÔ algorÐjmou. Sugkekrimèna, efarmìzoume to GRI èrgo exìruxhc
epanalhptik�, dhlad , ekteloÔme mia “�nw” anaz thsh se olìklhro to sÔnolo ek-
paÐdeushc kai sth sunèqeia ekteloÔme mia “k�tw” anaz thsh sto upìloipo, gia na
apomakrÔnoume ta tm mata me qamhlèc apodìseic.

B ma 4. Epilègoume tic arqikèc peiramatikèc ektelèseic tou bèltistou sqediasmoÔ tairi�-
zontac touc paragìmenouc GRI kanìnec susqètishc me ta antÐstoiqa pedÐa thc b�shc
dedomènwn. E�n nd eÐnai o arijmìc twn peiramatik¸n ektelèsewn pou anakt¸ntai
qrhsimopoi¸ntac touc kanìnec GRI, tìte h algorijmik  diadikasÐa proqwr� kajorÐ-
zontac ton sunolikì arijmì twn ektelèsewn n tou uperkoresmènou sqediasmoÔ wc
n = nd + nh, ìpou nh eÐnai o arijmìc twn peiramatik¸n ektelèsewn pou epilègontai
apì ton aplì genetikì algìrijmo.

B ma 5. QrhsimopoioÔme wc shmeÐo diastaÔrwshc to shmeÐo 1 (1-point crossover) kai
krat�me en mera ta epilegmèna qarakthristik� apì touc kanìnec GRI qwrÐc ìmwc na
all�zoume tic timèc touc.

B ma 6. Xekin�me mia euretik  anaz thsh, qrhsimopoi¸ntac wc arqik  kat�stash touc
epilegmènouc par�gontec tou bèltistou sqediasmoÔ. Eidikìtera, kajodhgoÔme thn
euretik  mèjodo na anazht sei gia k par�gontec ìpou èna uposÔnolo apì autoÔc
diathreÐtai p�nta stajerì kai oi upìloipoi eÐnai tuqaiopoihmènoi.

B ma 7. Tèloc, anaktoÔme touc upìloipouc par�gontec tou bèltistou sqediasmoÔ sÔm-
fwna me to krit rio beltistopoÐhshc rmax. Met� thn ulopoÐhsh tou aploÔ genetikoÔ
algorÐjmou par�getai ènac bèltistoc sqediasmìc, o opoÐoc an kei sthn kl�sh twn
uperkoresmènwn sqediasm¸n, ìtan aniqneÔetai tim  gia to krit rio rmax < 1.

10.4 Efarmog  kai Peiramatik� Apotelèsmata

Se aut  thn enìthta exet�zoume thn apìdosh thc proteinìmenhc mejìdou epilog c
bèltistou sqediasmoÔ, upì thn parousÐa thc b�shc twn pragmatik¸n dedomènwn.

10.4.1 Perigraf  thc B�shc Dedomènwn

Ta pragmatik� dedomèna pou jewroÔme sth melèth mac proèrqontai apì mÐa et sia
èreuna pou diex qjh kat� thn perÐodo 01/01/2005-31/12/2006 apì thn Ellhnik  EtaireÐa
TraÔmatoc kai thn Om�da Entatik c Qeirourgik c, perilamb�nontac 30 Genik� NosokomeÐa
sthn Ell�da, me basikì skopì th melèth twn epidr�sewn diafìrwn prognwstik¸n paragì-
ntwn sth jerapeÐa traumatismènwn atìmwn. H b�sh dedomènwn apoteleÐtai apì 44 dÐtimec
epexhghmatikèc metablhtèc pou apoteloÔn touc prognwstikoÔc par�gontec. Oi par�gontec
autoÐ pou katagr�fhkan periel�mbanan dhmofrafik� stoiqeÐa twn asjen¸n, stoiqeÐa pou
aforoÔn tic sunj kec tou atuq matoc kai plhroforÐec gia thn endonosokomeiak  antimet¸-
pish twn asjen¸n. EpÐshc, h b�sh dedomènwn apoteleÐtai apì 8862 asjeneÐc, kai gia k�je
ènan apì autoÔc katagr�fhke h kat�stas  touc kat� thn teleutaÐa parakoloÔjhsh, me
th dÐtimh metablht  apìkrishc y na paÐrnei mìno dÔo timèc, me to −1 na sumbolÐzei thn
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“epibÐwsh” (8413 asjeneÐc) kai to 1 thn “apobÐwsh” (449 asjeneÐc), antÐstoiqa. SÔmfw-
na me iatrikèc sumboulèc, ìloi oi prognwstikoÐ par�gontec ja prèpei na tugq�noun Ðshc
metaqeÐrishc kat� th statistik  an�lush kai den up�rqei kanènac par�gontac gia ton opoÐo
epib�lletai na diathreÐtai p�nta sto montèlo. To sÔnolo twn dedomènwn diaqwrÐsthke se
sÔnolo ekpaÐdeushc (90%) (n = 7975) kai exètashc (10%) (n = 887), prokeimènou na axio-
loghjeÐ h apìdosh thc prìbleyhc p�nw se nèa dedomèna. To sÔnolo dedomènwn TraÔmatoc
pou qrhsimopoi jhke parousi�zetai ston PÐnaka 10.1.

PÐnakac 10.1: Melèth TraÔmatoc
Metablhtèc

x1: ambulance (−1 = no, 1 = yes)
x2: comorbidities (−1 = no, 1 = yes)
x3: sex (−1 = female, 1 = male)
x4: evacuation (−1 = no, 1 = yes)
x5: major doctor (−1 = no, 1 = yes)
x6: A.T.L.S (−1 = no, 1 = yes)
x7: capillary refill (−1 = no, 1 = yes)
x8: pale (−1 = no, 1 = yes)
x9: intrahospital transport (−1 = no, 1 = yes)
x10: dysphoria (−1 = no, 1 = yes)
x11: central cyanosis (−1 = no, 1 = yes)
x12: peritoneum points (−1 = no, 1 = yes)
x13: oxygen (−1 = no, 1 = yes)
x14: intubation (−1 = no, 1 = yes)
x15: mechanical ventilation (−1 = no, 1 = yes)
x16: cardiopulmonary resuscitation (−1 = no, 1 = yes)
x17: chest drainage (−1 = no, 1 = yes)
x18: pericardiocentesis (−1 = no, 1 = yes)
x19: catheter (−1 = no, 1 = yes)
x20: nasogastric tube (−1 = no, 1 = yes)
x21: collar (−1 = no, 1 = yes)
x22: spinal immobilisation (−1 = no, 1 = yes )
x23: pelvic immobilisation (−1 = no, 1 = yes )
x24: limb immobilisation (−1 = no, 1 = yes)
x25: fluids (−1 = no, 1 = yes)
x26: blood (−1 = no, 1 = yes)
x27: ICP monitoring (−1 = no, 1 = yes)
x28: thoracotomy (−1 = no, 1 = yes)
x29: angiography (−1 = no, 1 = yes)
x30: embolism (−1 = no, 1 = yes)
x31: diagnostic peritoneal lavage (DPL) (−1 = no, 1 = yes)
x32: gases (vacuum phenomenon) (−1 = no, 1 = yes)
x33: Radiograph E.R. (−1 = no, 1 = yes)
x34: computed tomography (CT) (−1 = no, 1 = yes)
x35: ultrasound (US) (−1 = no, 1 = yes)
x36: urea testing (−1 = no, 1 = yes)
x37: toxicology testing (−1 = no, 1 = yes)
x38: surgical intervention (−1 = no, 1 = yes)
x39: intrahospital CT (−1 = no, 1 = yes)
x40: intrahospital US (−1 = no, 1 = yes)
x41: intrahospital M.R.I (−1 = no, 1 = yes)
x42: intrahospital angiography (−1 = no, 1 = yes)
x43: complications (−1 = no, 1 = yes)
x44: Intensive Care Unit (ICU) stay (−1 = no, 1 = yes)

10.4.2 Krit ria Axiolìghshc thc Apìdoshc

H axiolìghsh thc axiopistÐac enìc taxinomht  eÐnai aparaÐthth gia th diasf�lish thc
poiìthtac twn dedomènwn. To plèon sunhjismèno krit rio gia thn axiolìghsh thc poiìth-
tac enìc montèlou taxinìmhshc eÐnai to krit rio thc di�krishc, to opoÐo metr� to kat� pìso
kal� diaqwrÐzontai oi dÔo kl�seic sto sÔnolo dedomènwn. Sth melèth mac jewroÔme ta
pio suqn� qrhsimopoioÔmena mètra di�krishc gia thn axiolìghsh thc apìdoshc thc pro-
teinìmenhc mejìdou, kai uiojetoÔme touc klasikoÔc orismoÔc pou qrhsimopoioÔntai sthn
duadik  taxinìmhsh [228].
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Dojèntoc enìc taxinomht  kai mÐac kataq¸rhshc, up�rqoun tèsseric pijanèc ekb�seic.
Oi jetikèc kataqwr seic oi opoÐec problèpontai swst� wc jetikèc (True Positive-TP), oi
jetikèc kataqwr seic oi opoÐec problèpontai esfalmèna wc arnhtikèc (False Negative-FN),
oi arnhtikèc kataqwr seic oi opoÐec problèpontai esfalmèna wc jetikèc (False Positive-
FP), kai tèloc oi arnhtikèc kataqwr seic oi opoÐec problèpontai swst� wc arnhtikèc (True
Negative-TN).

H akrÐbeia taxinìmhshc (accuracy) qrhsimopoieÐtai wc pr¸to krit rio. H akrÐbeia orÐze-
tai wc to posostì twn swst� taxinomhmènwn kataqwr sewn sto sÔnolo exètashc. Ta
�lla dÔo krit ria pou qrhsimopoioÔntai eÐnai h euaisjhsÐa kai h eidikìthta pou eÐnai dÔo
statistik� mètra thc apìdoshc enìc test duadik c taxinìmhshc, kai sundèontai sten� me
tic ènnoiec twn sfalm�twn TÔpou I kai TÔpou II. H euaisjhsÐa (sensitivity) metr� to
posostì twn pragmatik� jetik¸n pou èqoun anagnwristeÐ swst� wc jetik�, en¸ h eidikìth-
ta (specificity) metr� to posostì twn pragmatik� arnhtik¸n pou èqoun anagnwristeÐ swst�
wc arnhtik�. Ta �lla krit ria pou qrhsimopoioÔntai sthn an�kthsh plhrofori¸n eÐnai h
an�klhsh (recall) h opoÐa antistoiqeÐ sthn euaisjhsÐa kai h akrÐbeia (precision) pou eÐnai to
posostì twn alhj¸c jetik¸n metaxÔ ìlwn twn problepìmenwn jetik¸n. Sta probl mata
taxinìmhshc, èna �llo eurèwc diadedomèno mètro apìdoshc eÐnai o gewmetrikìc mèsoc twn
tim¸n akrÐbeiac twn kl�sewn (G-mean), o opoÐoc jètei ìlec tic kathgorÐec epÐ Ðsoic ìroic,
kai den dÐnei megalÔterh proteraiìthta stic sp�niec jetikèc kl�seic. 'Ena mètro apìdoshc
pou epitrèpei k�ti tètoio eÐnai to F-mètro (F-measure) to opoÐo den lamb�nei upìyh tou thn
apìdosh twn arnhtik¸n kl�sewn.

Se probl mata duadik c taxinìmhshc, ta proanaferjènta mètra apìdoshc orÐzontai wc
akoloÔjwc:

• Accuracy= TP+TN
TP+FP+TN+FN ,

• Sensitivity (Recall) = TP
TP+FN ,

• Specificity = TN
TN+FP ,

• Precision = TP
TP+FP ,

• G-mean =
√

sensitivity ∗ specificity,

• F-measure= precision∗recall
βprecision+(1−β)recall ,

ìpou h par�metroc β me 0 < β < 1 epitrèpei ston peiramatist  na ekqwr sei ta sqetik�
b�rh sthn akrÐbeia kai sthn an�klhsh, me to 0.5 na touc apodÐdei thn Ðdia shmasÐa.

'Ena �llo dhmofilèc statistikì ergaleÐo eÐnai oi kampÔlec leitourgikoÔ qarakthristikoÔ
dèkth (ROC) [179] oi opoÐec ex’orismoÔ qrhsimopoioÔntai gia thn axiolìghsh thc apìdoshc
enìc sust matoc me diqotomik� exagìmena apotelèsmata. Mia kampÔlh ROC parousi�zetai
wc to gr�fhma thc euaisjhsÐac ènanti tou 1-eidikìthta gia ìlec tic pijanèc timèc apokop c.
Paradosiak�, to embadìn k�tw apì thn kampÔlh ROC (AUC) qrhsimopoieÐtai wc sunoptikìc
deÐkthc akrÐbeiac enìc test [105] kai eÐnai qr simo wc perigrafikì mètro thc sunolik c
apìdoshc enìc test. Statistik� mil¸ntac, to embadìn k�tw apì thn kampÔlh ROC (AUC)
enìc taxinomht  eÐnai h pijanìthta ènac taxinomht c na katat�xei èna tuqaÐa epilegmèno
jetikì upìdeigma uyhlìtera apì èna tuqaÐa epilegmèno arnhtikì upìdeigma.

Se probl mata l yhc apof�sewn, ta l�jh diafìrwn tÔpwn prèpei na stajmistoÔn se
sqèsh me to kìstoc. Stouc sqediasmoÔc peiram�twn, up�rqei èna kìstoc tou na dhl¸soume
ènan anenergì par�gonta wc energì (sf�lma TÔpou I), kaj¸c epÐshc kai èna kìstoc tou
na dhl¸soume èna energì par�gonta wc anenergì (sf�lma TÔpou II). H euaisjhsÐa kai h
eidikìthta mporoÔn enallaktik� na perigrafoÔn wc ex c:
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• EuaisjhsÐa=P(ŷ = 1|y = 1)= 1-sf�lma TÔpou II,

• Eidikìthta=P(ŷ = −1|y = −1)=1-sf�lma TÔpou I.

10.4.3 Epilog  Uperkoresmènwn Sqediasm¸n

Gia thn arqikopoÐhsh twn tuqaÐwn qrwmoswm�twn pou qrhsimopoi jhkan sth dexamen 
zeugar¸matoc tou aploÔ genetikoÔ algorÐjmou, qrhsimopoi same touc akìloujouc GRI
kanìnec susqètishc pou parousi�zontai ston PÐnaka 10.2.

PÐnakac 10.2: Kanìnec susqètishc

GRI Rules Antecedents Consequent Support Confidence
If x1 = 1.0 and x3 = 1.0 and x14 = 1.0 and x15 = 1.0 and x16 = 1.0 then y=1.0 0.21 94.12
If x14 = 1.0 and x16 = 1.0 then y=1.0 0.49 94.87
If x5 = 1.0 and x15 = 1.0 and x16 = 1.0 then y=1.0 0.21 94.12

Me autì ton trìpo epilèxame tic treic arqikèc peiramatikèc ektelèseic gia to bèltisto
sqediasmì, tairi�zontac touc treic paragìmenouc GRI kanìnec susqètishc me ta antÐstoiqa
pedÐa thc b�shc dedomènwn. O bèltistoc uperkoresmènoc sqediasmìc pou anakt jhke apì
th b�sh dedomènwn mèsw twn kanìnwn GRI kai tou aploÔ genetikoÔ algorÐjmou, peri-
lamb�nei 6 peiramatikèc ektelèseic kai 8 par�gontec, oi opoÐoi eÐnai oi x8: qlwmìthta, x5:
basikìc giatrìc, x7: epanapl rwsh twn triqoeid¸n, x13: paroq  oxugìnou, x6: ATLS, x2:
sunod� nos mata, x14: diaswl nwsh, x11: kentrik  ku�nwsh, kai lamb�noun wc timèc tic
−1 = ìqi, 1 = nai. O PÐnakac 10.3 parousi�zei to bèltisto uperkoresmèno sqediasmì pou
anakt jhke apì th b�sh dedomènwn.

PÐnakac 10.3: O 1oc bèltistoc uperkoresmènoc sqediasmìc
record ID x8 x5 x7 x13 x6 x2 x14 x11 y

968 1 -1 -1 1 -1 -1 1 -1 1
936 -1 1 -1 1 -1 -1 1 -1 1
5587 1 1 -1 1 -1 -1 1 1 1
7344 -1 1 -1 1 -1 -1 -1 -1 -1
3806 -1 1 -1 -1 -1 1 -1 -1 -1
2530 -1 -1 -1 -1 1 -1 -1 -1 -1

O sqediasmìc pou anakt jhke apì tic [x8,x5,x7,x13,x6,x2,x14,x11] èqei tim  gia to
krit rio rmax = 0.7071.

Shmei¸noume ed¸, ìti o aplìc genetikìc algìrijmoc epÐshc entìpise ènan akìma bèltisto
sqediasmì, o opoÐoc an kei sthn kl�sh twn uperkoresmènwn sqediasm¸n, me tim  gia to
rmax < 1. Parak�tw parousi�zoume ston PÐnaka 10.4 to deÔtero bèltisto sqediasmì pou
epilèqjhke mèsw twn kanìnwn GRI kai tou aploÔ genetikoÔ algorÐjmou, apoteloÔmeno
epÐshc apì 6 peiramatikèc ektelèseic kai 8 par�gontec.

PÐnakac 10.4: O 2oc bèltistoc uperkoresmènoc sqediasmìc
record ID x8 x5 x7 x13 x6 x2 x16 x11 y

968 1 -1 -1 1 -1 -1 1 -1 1
936 -1 1 -1 1 -1 -1 1 -1 1
5587 1 1 -1 1 -1 -1 1 1 1
7344 -1 1 -1 1 -1 -1 -1 -1 -1
3806 -1 1 -1 -1 -1 1 -1 -1 -1
2530 -1 -1 -1 -1 1 -1 -1 -1 -1

O sqediasmìc pou anakt jhke apì tic [x8,x5,x7,x13,x6,x2,x16,x11] èqei tim  gia to
krit rio rmax = 0.7071.

AxÐzei na shmeiwjeÐ ed¸ ìti h st lh x7, kai stouc dÔo pÐnakec sqediasmoÔ, eÐnai pl rwc
tautìshmh me to mèso afoÔ ìlec oi timèc thc eÐnai Ðsec me −1. Wc ek toÔtou, h epÐdrash
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thc eÐnai adÔnaton na ektimhjeÐ. To gegonìc autì den apoteleÐ prìblhma gia th melèth mac,
h opoÐa eÐnai sqediasmènh ètsi ¸ste na exuphreteÐ mìno skopoÔc krhsarÐsmatoc. EpÐshc
parathroÔme ìti h mình diafor� metaxÔ tou pr¸tou kai deÔterou bèltistou sqediasmoÔ pou
anakt¸ntai apì th b�sh dedomènwn, eÐnai h diaforetik  epilog  thc 7-hc st lhc, dhlad 
thc x14 antÐ thc x16, antÐstoiqa. H metablht  x16 sumbolÐzei thn kardiopneumonik  an�-
nhyh (−1 = ìqi, 1 = nai). Dedomènou ìti ta prìshma ±1 katanèmontai panomoiìtupa tìso
sth st lh x14 ìso kai sth st lh x16 twn antÐstoiqwn pin�kwn sqediasmoÔ, ta lhfjènta
apotelèsmata ja eÐnai entel¸c ìmoia eÐte jewr soume proc qr sh ton pr¸to   to deÔtero
bèltisto sqediasmì gia peraitèrw an�lush. To gegonìc ìti kai oi dÔo sqediasmoÐ pou ana-
kt¸ntai apì th b�sh dedomènwn, èqoun akrib¸c ta Ðdia prìshma ±1 na katanèmontai se k�je
st lh tou pÐnaka sqediasmoÔ me ton Ðdio akrib¸c trìpo eÐnai idiaÐtera shmantikì, dedomènou
ìti parèqei isqur� apodeiktik� stoiqeÐa ìti o epijumhtìc bèltistoc sqediasmìc pr�gmati
aniqneÔetai swst� (eÐte o sqediasmìc sqhmatÐzetai apì tic [x8,x5,x7,x13,x6,x2,x14,x11] eÐte
apì tic [x8,x5,x7,x13,x6,x2,x16,x11]).

10.4.4 Sugkritik� Apotelèsmata

H L1-norm SVM mejodologÐa qrhsimopoieÐtai gia thn axiolìghsh thc apìdoshc thc
proteinìmenhc mejìdou. Arqik� ekteloÔme thn L1-norm SVM mèjodo se ìlo to sÔnolo de-
domènwn traÔmatoc, apoteloÔmeno apì touc 8862 asjeneÐc kai touc 44 pijanoÔc par�gontec
kindÔnou (Model I ). To gegonìc ìti h L1-norm SVM eÐnai gr gorh sthn ekpaÐdeush, thn
taxinìmhsh kai den eÐnai upologistik� akrib  kai qronobìra, mac epètreye na efarmìsoume
aut  th mèjodo se olìklhro to diajèsimo meg�lhc di�stashc sÔnolo dedomènwn. 'Epeita e-
kteloÔme thn L1-norm SVM qrhsimopoi¸ntac wc pÐnaka sqediasmoÔ to sqediasmì SSD(6,8)
pou aniqneÔjhke mèsw thc proteinìmenhc mejìdou, kai wc apìkrish tic antÐstoiqec etikètec
thc kl�shc exìdou (Model II ). Ta lhfjènta apotelèsmata parousi�zontai ston PÐnaka
10.5.

PÐnakac 10.5: Sugkritik  apìdosh montèlwn
Krit rio Model I Model II
Training error 0.04% 0.01%
Accuracy 96% 99%
Sensitivity 20% 100%
Recall 20% 100%
Specificity 99% 100%
Precision 68% 100%
G-mean 45% 100%
F-measure 31% 100%
AUC 0.57 0.88

'Ena tèleioc prognwstikìc par�gontac ja mporoÔse na perigrafeÐ wc 100% “euaÐsjhtoc”
kai 100% “eidikìc”. H euaisjhsÐa kai h eidikìthta aforoÔn thn ikanìthta enìc test na e-
ntopÐsei swst� ta jetik� kai arnhtik� apotelèsmata, antistoÐqwc. 'Ena test me uyhl 
euaisjhsÐa kai uyhl  eidikìthta mporeÐ na jewrhjeÐ axiìpisto dedomènou ìti èqei èna polÔ
qamhlì posostì sf�lmatoc TÔpou II kai èna polÔ qamhlì posostì sf�lmatoc TÔpou I,
antÐstoiqa.

H L1-norm SVM (Model I) proseggÐzei to posostì tou 99% gia thn eidikìthta, pr�gma
pou shmaÐnei ìti o taxinomht c anagnwrÐzei sqedìn ìla ta pragmatik� arnhtik�. Me �lla
lìgia autì shmaÐnei ìti èqei èna polÔ qamhlì posostì sf�lmatoc TÔpou I. Autì to mètro
apì mìno tou den apeikonÐzei to kat� pìso kal� o taxinomht c anagnwrÐzei tic jetikèc
peript¸seic kai gi’autì eÐnai anagkaÐo na lhfjeÐ upìyh kai h euaisjhsÐa tou qrhsimopoioÔ-
menou taxinomht . 'Otan h L1-norm SVM (Model I) axiologeÐtai me b�sh thn euaisjh-
sÐa, èqei èna safèc meionèkthma parousi�zontac qamhlìtera posost�, pr�gma pou shmaÐnei
ìti ta posost� sf�lmatoc TÔpou II eÐnai uyhlìtera. Genik�, o PÐnakac 10.5 upodeiknÔei
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ìti h L1-norm SVM (Model I) teÐnei na dhl¸nei se èna qamhlìtero posostì anenergoÔc
par�gontec wc energoÔc, kai se uyhlìtero posostì energoÔc par�gontec wc anenergoÔc.
To embadìn k�tw apì thn kampÔlh leitourgikoÔ qarakthristikoÔ dèkth (AUC) gia to
Model I èqei shmantik� qamhlìterh tim  (AUCModel I=0.57) se sÔgkrish me to Model II
(AUCModel II=0.88).

'Otan h L1-norm SVM efarmìzetai sthn proteinìmenh mèjodo (Model II) èqei saf¸c
kalÔterh akrÐbeia taxinìmhshc, euaisjhsÐa kai eidikìthta pou proseggÐzei sqedìn to apì-
luto posostì tou 100%. Se genikèc grammèc, o PÐnakac 10.5 deÐqnei ìti h proteinìmenh
mèjodoc (Model II) èqei polÔ qamhl� sf�lmata TÔpou I (to posostì sf�lmatoc TÔpou I
eÐnai sqedìn mhdenikì, kai autì antistoiqeÐ se peript¸seic ìpou sqedìn kanènac apì touc
anenergoÔc par�gontec den dhl¸netai wc energìc) kai polÔ qamhl� sf�lmata TÔpou II (to
posostì sf�lmatoc TÔpou II eÐnai sqedìn mhdenikì, kai autì antistoiqeÐ se peript¸seic
ìpou sqedìn kanènac apì touc energoÔc par�gontec den dhl¸netai wc anenergìc). Wc ek
toÔtou, h proteinìmenh mèjodoc parousi�zei mia stajer  sumperifor� upì aut  thn ènnoia.

Oi timèc euaisjhsÐac kai eidikìthtac apì mìnec touc den mporoÔn na qrhsimopoihjoÔn
gia na prosdiorÐsoun an mia dokimasÐa eÐnai qr simh sthn pr�xh, kai mporeÐ na eÐnai para-
planhtikèc. Stic iatrikèc diagn¸seic, h euaisjhsÐa eÐnai h ikanìthta tou test na entopÐsei
swst� ta �toma me th nìso (posostì alhjin¸n jetik¸n), en¸ h eidikìthta eÐnai h ikanìthta
tou test na entopÐsei swst� ta �toma qwrÐc th nìso (posostì alhjin¸n arnhtik¸n). To
qeirìtero sen�rio gia thn euaisjhsÐa kai thn eidikìthta prèpei na upologÐzetai, prokeimè-
nou na apofeuqjeÐ h ex�rthsh apì peir�mata me lÐga kai amfÐbola apotelèsmata. 'Enac
sun jhc trìpoc gia na gÐnei autì eÐnai na upologÐsoume ta diwnumik� diast mata empi-
stosÔnhc posostoÔ gia thn euaisjhsÐa kai eidikìthta, dÐnontac to eÔroc twn tim¸n entìc
tou opoÐou h swst  tim  brÐsketai se èna sugkekrimèno epÐpedo empistosÔnhc (95%). O
PÐnakac 10.6 deÐqnei ìti oi timèc thc euaisjhsÐac kai thc eidikìthtac tìso gia to Model I
ìso kai gia to Model II eÐnai ikanopoihtikèc, dedomènou ìti oi ektim¸menec timèc brÐskontai
mèsa sto antÐstoiqo ektim¸meno di�sthma empistosÔnhc. Prèpei na shmeiwjeÐ ed¸ ìti ta
trÐa basik� pr�gmata pou sun jwc ephre�zoun to eÔroc tou diast matoc empistosÔnhc eÐnai
to epÐpedo empistosÔnhc, h metablhtìthta kai to mègejoc tou deÐgmatoc. To gegonìc ìti ta
diast mata empistosÔnhc ston PÐnaka 10.6, gia to Model II , eÐnai polÔ eurÔtera ap’ìti gia
to Model I , den apoteleÐ èkplhxh dedomènou ìti ta mikrìtera megèjh deÐgmatoc par�goun
eurÔtera diast mata.

PÐnakac 10.6: Diast mata empistosÔnhc (95%)

Sensitivity Specificity
Montèlo Ektim¸menh Tim  Lower Limit Upper Limit Ektim¸menh Tim  Lower Limit Upper Limit
Model I 0.994891 0.993057 0.996255 0.204036 0.168201 0.245076
Model II 0.999999 0.309989 1.000000 0.999999 0.309989 1.000000

H L1-norm SVM ìtan efarmìzetai se ìlo to sÔnolo dedomènwn (Model I ) anÐqneuse èna
sÔnolo 33 metablht¸n apì tic 44 arqik� diajèsimec metablhtèc, wc statistik� shmantikèc.
To paragìmeno Model I apèkleise 11 metablhtèc wc mh shmantikèc, tic x19, x20, x23, x24,
x29, x30, x31, x38, x40, x42, x43. H L1-norm SVM ìtan efarmìzetai sthn proteinìmenh
mèjodo (Model II ) epÐshc katìrjwse na apokleÐsei autèc tic 11 metablhtèc wc mh shma-
ntikèc. Epiplèon, h proteinìmenh mèjodoc (Model II ) katìrjwse na apokleÐsei perissìterec
mh shmantikèc metablhtèc, odhg¸ntac ètsi se èna pio feidwlì montèlo se sÔgkrish me to
Model I . H proteinìmenh mèjodoc (Model II ) anÐqneuse èna sÔnolo 8 metablht¸n apì tic 44
arqik� diajèsimec metablhtèc, wc statistik� shmantikèc, tic x2, x5, x6, x7, x8, x11, x13, x14
(  x16). Dedomènou ìti h apìfash metaxÔ twn metablht¸n x14 kai x16 faÐnetai na eÐnai au-
jaÐreth kai prokeimènou na apofeuqjeÐ o apokleismìc miac pijan c shmantik c metablht c,
pragmatopoi same peraitèrw an�lush exet�zontac trÐa nèa montèla, sumperilamb�nontac
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arqik� mìno thn x14, èpeita mìno thn x16, kai tèloc èna montèlo, sumperilambanomènwn kai
twn dÔo metablht¸n x14 kai x16. Ta lhfjènta apotelèsmata parousi�zontai sthn epìmenh
enìthta.

10.4.5 Peraitèrw An�lush

H L1-norm SVM mejodologÐa qrhsimopoieÐtai epÐshc gia thn axiolìghsh thc apìdoshc
twn nèwn montèlwn pou jewroÔntai gia metagenèsterh an�lush. Arqik� ekteloÔme thn L1-
norm SVM mèjodo stoucm = 8 pijanoÔc par�gontec kindÔnou pou aniqneÔjhkan apì ton 1o
sqediasmì, dhlad  stouc [x8, x5, x7, x13, x6, x2, x14, x11] kai stouc n = 8862 asjeneÐc (Mod-
el A). 'Epeita ekteloÔme thn L1-norm SVM mèjodo stoucm = 8 pijanoÔc par�gontec kindÔ-
nou pou aniqneÔjhkan apì ton 2o sqediasmì, dhlad  stouc [x8, x5, x7, x13, x6, x2, x16, x11]
kai stouc n = 8862 asjeneÐc (Model B). Tèloc, ekteloÔme thn L1-norm SVM mèjodo stouc
m = 9 pijanoÔc par�gontec kindÔnou pou aniqneÔjhkan kai apì touc dÔo sqediasmoÔc,
dhlad  stouc [x8, x5, x7, x13, x6, x2, x14, x16, x11] kai stouc n = 8862 asjeneÐc (Model C ).
Ta lhfjènta apotelèsmata parousi�zontai stouc PÐnakec 10.7 kai 10.8.

PÐnakac 10.7: Sugkritik  apìdosh montèlwn
Krit rio Model A Model B Model C
Training error 0.04976 % 0.04513 % 0.04513 %
Accuracy 0.95024 % 0.95486 % 0.95486 %
Sensitivity 0.02017 % 0.11211 % 0.11435 %
Recall 0.02017 % 0.11211 % 0.11435 %
Specificity 0.99952 % 0.99952 % 0.99941 %
Precision 0.69231 % 0.92593 % 0.91071 %
G-mean 0.14202 % 0.33475 % 0.33806 %
F-measure 0.03921 % 0.20000 % 0.20319 %
AUC 0.70096 0.69024 0.68281

PÐnakac 10.8: Diast mata empistosÔnhc (95%)

Sensitivity Specificity
Montèlo Ektim¸menh Tim  Lower Limit Upper Limit Ektim¸menh Tim  Lower Limit Upper Limit
Model A 0.02017 0.009879 0.039343 0.99952 0.998694 0.999848
Model B 0.11211 0.085092 0.145999 0.99952 0.998694 0.999848
Model C 0.11435 0.087064 0.148470 0.99941 0.998527 0.999781

ParathroÔme apì ton PÐnaka 10.7 ìti to Model B   to Model C uperèqoun xek�jara se
sÔgkrish me to Model A ìson afor� thn apìdos  touc, sÔmfwna me tic timèc tou sf�lmatoc
ekpaÐdeushc, thc euaisjhsÐac, thc an�klhshc, thc akrÐbeiac, tou gewmetrikoÔ mèsou kai tou
F-mètrou. Ta Model B kai Model C èqoun parìmoia apìdosh me mikrèc diaforèc stic timèc
twn exetazìmenwn krithrÐwn. Epiplèon, parathroÔme apì ton PÐnaka 10.8 ìti oi timèc thc
euaisjhsÐac kai thc eidikìthtac kai gia ta trÐa montèla eÐnai ikanopoihtikèc, dedomènou ìti
oi ektim¸menec timèc brÐskontai mèsa sto antÐstoiqo ektim¸meno di�sthma empistosÔnhc.
Dedomènou ìti h apìfash thc epilog c metaxÔ tou Model B (pou perilamb�nei mìno thn
x16)   tou Model C (pou perilamb�nei tic x14 kai x16) den faÐnetai na eÐnai saf c kai mporeÐ
na eÐnai aujaÐreth lìgw thc parìmoiac apìdoshc kai twn dÔo aut¸n montèlwn, proteÐnoume
thn epilog  tou Model C wc to “kalÔtero” paragìmeno montèlo prokeimènou na apofeuqjeÐ
o apokleismìc miac pijan c shmantik c metablht c.

10.5 Sumper�smata

O kainotìmoc qarakt rac thc parap�nw melèthc ègkeitai sth qr sh thc kl�shc twn u-
perkoresmènwn sqediasm¸n, se sunduasmì me mejìdouc exìruxhc dedomènwn kai genetik¸n
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algorÐjmwn, pou mac epètreye na antimetwpÐsoume to prìblhma thc epilog c metablht¸n
se mia meg�lhc di�stashc b�sh dedomènwn me mia efikt  upologistik  prosp�jeia. H
proteinìmenh mèjodoc katìrjwse na dhl¸nei se èna polÔ qamhlì posostì, anenergoÔc
par�gontec wc energoÔc, kai energoÔc par�gontec wc anenergoÔc, antÐstoiqa. H pro-
teinìmenh mèjodoc qrhsimopoi¸ntac touc uperkoresmènouc sqediasmoÔc mporeÐ na apodei-
qjeÐ polÔ qr simh gia th statistik  an�lush twn meg�lwn dedomènwn, dedomènou ìti mac
epètreye na prosdiorÐsoume apotelesmatik� kai feidwl� touc shmantikoÔc prognwstikoÔc
par�gontec (9 statistik� shmantikèc apì tic arqik� 44 diajèsimec metablhtèc prìbleyhc)
qrhsimopoi¸ntac mìno lÐgec peiramatikèc ektelèseic (6 ektelèseic apì tic arqik� 8862 dia-
jèsimec ektelèseic). ProteÐnoume aut  thn enallaktik  prosèggish me skopì thn epilog 
metablht¸n dojeÐshc miac b�shc dedomènwn parathr sewn, diìti epitrèpei ston peirama-
tist  na qrhsimopoieÐ mìno èna polÔ mikrì posostì twn diajèsimwn ektelèsewn, gegonìc
pou k�nei th statistik  an�lush miac meg�lhc b�shc dedomènwn upologistik� efikt  kai
oikonomik� prosit . H proteinìmenh prosèggish mporeÐ na protimhjeÐ apì peiramatistèc pou
jewroÔn upologistik� akribì to na exet�soun ìla ta diajèsima epÐpeda twn paragìntwn
pou pijan¸c mporeÐ na sundèontai me uyhlì kìstoc kai ja  jelan na aniqneÔsoun kai na exe-
t�soun mìno sugkekrimèna epÐpeda orismènwn paragìntwn, prokeimènou na elaqistopoihjeÐ
to peiramatikì kìstoc.
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Eisagwgik� StoiqeÐa kai Basikèc 'Ennoiec

Logic merely sanctions
the conquests of the intuition.

�Jacques S. Hadamard (1865–1963)

Sto endèkato autì kef�laio ja anaferjoÔme sthn Ôparxh twn allhlepidr�sewn stouc
uperkoresmènouc sqediasmoÔc. Oi perissìterec mèjodoi gia thn kataskeu  kai thn an�lush
twn uperkoresmènwn sqediasm¸n jewroÔn mìno tic kÔriec epidr�seic kai agnooÔn   jewroÔn
amelhtèa thn Ôparxh allhlepidr�sewn. Ja parousi�soume mia sÔntomh istorik  anadrom 
sqetik� me to ti èqei protajeÐ bibliografik� èwc t¸ra gia thn kataskeu  kai thn an�lush
twn uperkoresmènwn sqediasm¸n sumperilambanomènwn twn allhlepidr�sewn. EpÐshc, ja
parousi�soume tic basikèc arqèc oi opoÐec dièpoun tic mejìdouc krhsarÐsmatoc twn uperko-
resmènwn sqediasm¸n me allhlepidr�seic.
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11.1 Istorik  Anadrom 

Uperkoresmènoi sqediasmoÐ dÔo epipèdwn onom�zontai oi klasmatikoÐ paragontikoÐ sqe-
diasmoÐ twn opoÐwn o arijmìc twn paragìntwn m eÐnai megalÔteroc   Ðsoc tou arijmoÔ
twn peiramatik¸n ektelèsewn n, dhlad  m ≥ n   m > n − 1. H prìsfath èreuna è-
qei epikentrwjeÐ sthn kl�sh twn uperkoresmènwn sqediasm¸n, gegonìc pou ofeÐletai stic
nèec majhmatikèc touc idiìthtec kai sto oikonomikì mègejoc twn peiramatik¸n ektelèse¸n
touc. Oi perissìterec apì tic mejìdouc kataskeu c kai an�lushc twn uperkoresmènwn
sqediasm¸n jewroÔn mìno tic kÔriec epidr�seic kai agnooÔn thn Ôparxh allhlepidr�sewn.
O endiaferìmenoc anagn¸sthc mporeÐ na anatrèxei sto Kef�laio 1, stic enìthtec 1.3.1 kai
1.3.2 ìpou parousi�zetai analutik� h prohgoÔmenh suneisfor� gia thn kataskeu  kai thn
an�lush twn uperkoresmènwn sqediasm¸n kÔriwn epidr�sewn, antÐstoiqa. EpÐshc, shma-
ntikèc prìsfatec istorikèc anaskop seic apoteloÔn oi ergasÐec [92] kai [123] sqetik� me
tic mejìdouc kataskeu c twn uperkoresmènwn sqediasm¸n kÔriwn epidr�sewn, kaj¸c kai
oi ergasÐec [145], [98] kai [91] sqetik� me tic mejìdouc an�lushc twn uperkoresmènwn sqe-
diasm¸n kÔriwn epidr�sewn. Apì ìso kal� gnwrÐzoume, polÔ lÐgh melèth èqei gÐnei gia
thn kataskeu    thn an�lush twn uperkoresmènwn sqediasm¸n pou perilamb�noun allh-
lepidr�seic.

Sugkekrimèna, o Wu [229] prìteine mÐa mèjodo kataskeu c twn uperkoresmènwn sqe-
diasm¸n mèsw merik¸c tautìshmwn allhlepidr�sewn. O Lin [150] prìteine mÐa mèjodo
anÐqneushc twn shmantik¸n allhlepidr�sewn, se uperkoresmènouc sqediasmoÔc kÔriwn
epidr�sewn, mèsw miac kat�llhlhc kataskeu c enìc uperkoresmènou sqediasmoÔ. Oi Allen
kai Bernshteyn [4] prìteinan krit ria gia th dhmiourgÐa kai thn axiolìghsh uperkore-
smènwn sqediasm¸n me uyhl  pijanìthta entopismoÔ ìlwn twn shmantik¸n paragìntwn
me qr sh grafhm�twn kÔriwn epidr�sewn kai allhlepidr�sewn. Oi Liu, Ruan kai Dean
[154] melèthsan thn kataskeu  kai thn an�lush twn E(s2) apotelesmatik¸n uperkoresmè-
nwn sqediasm¸n sumperilambanomènwn twn allhlepidr�sewn. Oi Jones, Lin kai Nacht-
sheim [118] melèthsan touc Bayesian D-bèltistouc uperkoresmènouc sqediasmoÔc stouc
opoÐouc k�poioi apì touc endeqìmenouc ìrouc mporeÐ na antistoiqoÔn se allhlepidr�seic
dÔo paragìntwn. Oi Draguljic et al. [68] melèthsan teqnikèc krhsarÐsmatoc uperkore-
smènwn sqediasm¸n upì thn parousÐa allhlepidr�sewn. O Cossari [52] pros�rmose th
mèjodo twn Box-Meyer [24] gia thn an�lush twn uperkoresmènwn sqediasm¸n, diereÔnhse
thn apìdos  touc upì thn parousÐa twn allhlepidr�sewn dÔo paragìntwn, kai katèlhxe
sto sumpèrasma ìti h mèjodoc Box-Meyer mporeÐ na eÐnai apotelesmatik  ìtan oi allh-
lepidr�seic jewroÔntai sthn an�lush twn uperkoresmènwn sqediasm¸n.

11.2 Teqnikèc KrhsarÐsmatoc me Allhlepidr�seic

Se polloÔc episthmonikoÔc peiramatismoÔc, o kÔrioc stìqoc eÐnai h tautìqronh melèth
enìc meg�lou arijmoÔ epidr�sewn poll¸n paragìntwn kai o entopismìc mìno enìc mikroÔ u-
posunìlou aut¸n pou èqoun pragmatik� mia shmantik  epirro  sth metablht  apìkrishc. O
peiramatist c mporeÐ na diex�gei èna peÐrama elègqou-krhsarÐsmatoc, prokeimènou na pros-
dioristoÔn oi shmantikoÐ par�gontec kat� trìpo apotelesmatikì, apì �poyh kìstouc kai
ergasÐac. Oi Hamada kai Wu [104], kai prìsfata oi Phoa, Wong kai Xu [183] epes manan
thn an�gkh tou na lamb�nontai upìyh oi shmantikèc allhlepidr�seic sthn an�lush twn
peiramatik¸n sqediasm¸n, dedomènou ìti h agnìhs  touc mporeÐ na ephre�sei th statistik 
sumperasmatologÐa, na odhg sei se ap¸leia shmantik¸n apotelesm�twn, na odhg sei se
merolhptikèc ektim seic kai na aux sei th metablhtìthta sthn apìkrish. 'Etsi, h upìjesh
ìti ìlec oi allhlepidr�seic eÐnai uparktèc se mia diadikasÐa an�lushc   krhsarÐsmatoc enìc
sqediasmoÔ diadramatÐzei polÔ shmantikì rìlo.

Diaforetikèc strathgikèc gia thn anÐqneush twn allhlepidr�sewn èqoun anaptuqjeÐ
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ekten¸c sth bibliografÐa, ìpwc eÐnai h Classical Screening (CS), Classical Group Screening
(CGS) kai h Interaction Group Screening (IGS), ìlec me dÔo st�dia peiramatismoÔ. H
mèjodoc tou krhsarÐsmatoc om�dac (group screening) eis qjh apì ton Dorfman [67] sta
plaÐsia tou elègqou deigm�twn aÐmatoc. O Watson [226] epèkteine th mèjodo tou krhsarÐ-
smatoc om�dac gia to krhs�risma paragìntwn peiramatik¸n sqediasm¸n. O Morris [166]
sthn ergasÐa tou èkane mia istorik  anadrom  thc mejìdou krhsarÐsmatoc om�dac kai thc
qr shc thc gia thn anaz thsh twn energ¸n paragìntwn.

H klasik  strathgik  krhsarÐsmatoc (CS) aniqneÔei tic shmantikèc kÔriec epidr�seic
sto pr¸to st�dio tou peir�matoc kai sto deÔtero st�dio, h strathgik  CS proqwr� me
anÐqneush twn shmantik¸n allhlepidr�sewn metaxÔ twn paragìntwn twn opoÐwn oi kÔriec
epidr�seic prosdiorÐsthkan wc shmantikèc kat� to pr¸to st�dio. H mèjodoc CS mporeÐ na
leitourg sei ikanopoihtik� ìtan to peÐrama èqei èna mètrio arijmì paragìntwn, kai ìtan oi
monadikèc uparktèc allhlepidr�seic eÐnai metaxÔ twn paragìntwn me meg�lec kÔriec epidr�-
seic [141]. Oi mèjodoi CGS kai IGS apoteloÔn mejìdouc krhsarÐsmatoc om�dac me dÔo
b mata (two-stage group screening) kai èqoun protajeÐ gia thn epituqÐa enìc peir�matoc
krhsarÐsmatoc sto opoÐo to sÔnolo twn paragìntwn eÐnai meg�lo, k�poiec apì tic allh-
lepidr�seic anamènontai shmantikèc, kai h mèjodoc CS mporeÐ na apaiteÐ plèon p�ra pollèc
parathr seic gia na eÐnai efarmìsimh [141], [221], [222].

11.3 Basikèc Arqèc Teqnik¸n KrhsarÐsmatoc

Se aut  thn enìthta parousi�zoume tic tèsseric basikèc arqèc stic opoÐec basÐzontai
oi perissìterec apì tic strathgikèc krhsarÐsmatoc kaj¸c epÐshc kai oi proteinìmenec mè-
jodoi kataskeu c kai an�lushc uperkoresmènwn sqediasm¸n me allhlepidr�seic, pou ja
parousi�soume se autì to trÐto mèroc thc paroÔsac diatrib c.

Oi basikèc arqèc pou dièpoun genik� tic strathgikèc krhsarÐsmatoc perigr�fontai wc
akoloÔjwc.

1. Arq  thc sporadikìthtac twn epidr�sewn (effect sparsity   principle of parsimony),
b�sh thc opoÐac mìno lÐgec apì tic endeqìmenec epidr�seic eÐnai energèc kai ephre�zoun
shmantik� thn apìkrish [23].

2. Arq  thc klhronomikìthtac (effect heredity), b�sh thc opoÐac h pijanìthta miac allh-
lepÐdrashc na eÐnai energ  exart�tai apì tic antÐstoiqec “goneðkèc” kÔriec epidr�seic.
Upì isqur  klhronomikìthta (strong heredity), mÐa allhlepÐdrash dÔo paragìntwn
eÐnai energ  an kai oi dÔo goneðkèc kÔriec epidr�seic thc eÐnai energèc, en¸ upì asjen 
klhronomikìthta (weak heredity) arkeÐ mìno mÐa apì tic goneðkèc epidr�seic na eÐnai
energ  [104], [49].

3. Arq  thc ierarqÐac (effect hierarchy), b�sh thc opoÐac oi epidr�seic qamhlìterhc t�xhc
eÐnai pio shmantikèc apì tic epidr�seic uyhlìterhc t�xhc [230].

4. Arq  thc upì sunj kh anexarthsÐac (conditional independence), b�sh thc opoÐac oi
ìroi miac sugkekrimènhc t�xhc jewroÔntai anex�rthtoi, kai exart¸ntai apì ìlouc
touc ìrouc qamhlìterhc t�xhc. Ac shmeiwjeÐ ed¸, ìti mìnon epidr�seic pr¸thc kai
deÔterhc t�xhc anamènetai na brejoÔn energèc [49].

'Olec autèc oi upojèseic-arqèc mporeÐ na eÐnai perioristikèc gia mÐa pio genik  peira-
matik  melèth. Apì t¸ra kai sto ex c, stic mejìdouc kataskeu c kai an�lushc uperko-
resmènwn sqediasm¸n me allhlepidr�seic, pou ja parousi�soume se epìmena kef�laia,
jewroÔme ìqi mìno thn arq  thc sporadikìthtac twn epidr�sewn, dedomènou ìti sthn pr�xh
suqn� apaiteÐtai h melèth enìc mètriou   megalÔterou arijmoÔ paragìntwn. Gia to lìgo
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autì jewroÔme k�je for� trÐa diaforetik� sen�ria kai upojètoume èna mikrì, mesaÐo kai
megalÔtero arijmì paragìntwn, antÐstoiqa, na eÐnai energoÐ sthn ènarxh tou peir�matoc.

E�n p�li t¸ra, ìloi oi upoy fioi energoÐ par�gontec kai oi allhlepidr�seic touc (ìroi
pr¸thc-, deÔterhc-, trÐthc-, tètarthc-, . . . -t�xhc) jewroÔntai sth melèth, tìte to kÔ-
rio empìdio gia thn apotelesmatik  efarmog  opoiasd pote strathgik c krhsarÐsmatoc
apì �poyh upologistikoÔ qrìnou kai kìstouc, eÐnai o polÔ meg�loc arijmìc twn paragì-
ntwn pou emplèkontai stouc uperkoresmènouc sqediasmoÔc. Autì sunep�getai èna polÔ
meg�lo arijmì montèlwn pou qrei�zetai na diereunhjoÔn, kai odhgeÐ se mia anèfikth upo-
logistik  prosp�jeia. Apì t¸ra kai sto ex c, stic mejìdouc kataskeu c kai an�lushc
uperkoresmènwn sqediasm¸n pou ja parousi�soume se epìmena kef�laia, upojètoume ìti
mìno pr¸thc kai deÔterhc t�xhc epidr�seic (kÔriec epidr�seic kai allhlepidr�seic deÔterhc
t�xhc) anamènetai na brejoÔn energèc, gegonìc pou upodhl¸nei ìti o arijmìc twn anti-
proswpeutik¸n montèlwn mei¸netai shmantik�.

Wstìso, akìmh kai k�tw apì aut  thn upìjesh, o kÔrioc stìqoc enìc peir�matoc
krhsarÐsmatoc na entopÐsei to uposÔnolo twn pragmatik� shmantik¸n paragìntwn kai twn
allhlepidr�se¸n touc exakoloujeÐ na paramènei èna dÔskolo èrgo. Stic mejìdouc pou
ja parousi�soume parak�tw sumperilamb�noume tic allhlepidr�seic dÔo paragìntwn sthn
arq  tou peiramatismoÔ, prokeimènou na apokleistoÔn oi allhlepidr�seic el�qisthc shma-
ntikìthtac ìso to dunatìn grhgorìtera. Ac shmeiwjeÐ se autì to shmeÐo, ìti gia na eÐnai
ènac opoiosd pote peiramatismìc epituq c, oi endeqìmenoi energoÐ par�gontec ja èprepe na
eÐnai gnwstoÐ   toul�qiston na up�rqei ek twn protèrwn plhroforÐa gia th shmantikìthta
k�poiwn, dedomènou ìti kalì ja  tan oi empeirogn¸monec na èqoun mia arqik  katanìhsh
twn dedomènwn pou endèqetai na prokÔyoun apì diaforetik� sen�ria. Se peir�mata krhsarÐ-
smatoc, ìpou oi shmantikoÐ par�gontec den eÐnai aparaÐthta gnwstoÐ ek twn protèrwn, h
epÐteuxh autoÔ tou stìqou faÐnetai dÔskolh [222]. Gia to lìgo autì, mia epiplèon paradoq 
twn proteinìmenwn mejìdwn pou ja parousi�soume diexodik� parak�tw eÐnai ìti o arijmìc
twn endeqìmenwn shmantik¸n paragìntwn upotÐjetai swst� ek twn protèrwn.

Epiplèon, ìpwc proanafèrame oi paradosiakèc teqnikèc peiramatismoÔ gia th beltÐw-
sh enìc proðìntoc   miac diadikasÐac xekinoÔn sto pr¸to st�dio me thn exètash mìno twn
kÔriwn epidr�sewn twn paragìntwn, kai qrhsimopoioÔn peraitèrw peiramatismì (deÔtero
st�dio) gia na exet�soun tic allhlepidr�seic metaxÔ twn paragìntwn twn opoÐwn oi kÔriec
epidr�seic aniqneÔthkan wc shmantikèc se sqèsh me thn apìkrish, apì ta apotelèsmata
ta opoÐa proèkuyan sto pr¸to st�dio tou peiramatismoÔ. Aut  h prosèggish apaiteÐ thn
paradoq  ìti stajer� isqÔei h arq  thc isqur c klhronomikìthtac pou anafèrei ìti oi allh-
lepidr�seic prokÔptoun mìno metaxÔ aut¸n twn paragìntwn me energèc kÔriec epidr�seic,
ìpwc epishmaÐnetai kai sthn ergasÐa [68]. Wstìso, ta apotelèsmata pou prokÔptoun apì
pollèc praktikèc efarmogèc parèqoun endeÐxeic ìti h arq  thc isqur c klhronomikìthtac
apotugq�nei arket� suqn�, ìpwc gia par�deigma stic ergasÐec [165], [222], [206] kai [68].
Kat� sunèpeia, stic mejìdouc kataskeu c kai an�lushc uperkoresmènwn sqediasm¸n me
allhlepidr�seic pou ja parousi�soume se epìmena kef�laia, epitrèpoume th qal�rwsh
thc arq c thc isqur c klhronomikìthtac, kai sumperilamb�noume tic allhlepidr�seic dÔo
paragìntwn sto arqikì st�dio tou peiramatismoÔ, prokeimènou na apokleÐsoume tic allh-
lepidr�seic el�qisthc shmantikìthtac kai plhrofìrhshc, ìso to dunatìn grhgorìtera.
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Science is what we understand well enough
to explain to a computer.

Art is everything else we do.

�Donald E. Knuth (1996)

Sto dwdèkato autì kef�laio melet�me th statistik  an�lush uperkoresmènwn sqedia-
sm¸n ìqi mìno kÔriwn epidr�sewn, all� sumperilambanomènwn kai twn allhlepidr�se¸n
touc. To prìblhma eÔreshc kai sqhmatismoÔ tou katallhlìterou montèlou antimetwpÐzetai
wc èna prìblhma beltistopoÐhshc, tou opoÐou h epÐlush odhgeÐ sto bèltisto upìdeigma.
H proteinìmenh poinikopoihmènh mèjodoc beltistopoÐhshc diatupwmènh mèsw sunart sewn
ap¸leiac kai sunart sewn poin c, odhgeÐ se mia pio �mesh kai sunektik  teqnik  an�lushc,
h opoÐa faÐnetai arket� uposqìmenh akìma kai gia thn eÔresh twn shmantik¸n allh-
lepidr�sewn deÔterhc t�xhc pèra apì tic kÔriec epidr�seic. AnaptÔssetai mÐa mèjodoc
krhsarÐsmatoc, h sumperifor� thc opoÐac melet�tai qrhsimopoi¸ntac to logistikì montèlo
palindrìmhshc, me stìqo thn eÔresh kai ektÐmhsh twn shmantik¸n paragìntwn twn uperko-
resmènwn sqediasm¸n. Ta ereunhtik� apotelèsmata autoÔ tou kefalaÐou dhmosieÔjhkan
sthn episthmonik  ergasÐa [135].
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12.1 Ereunhtikì Prìblhma - Kinht rioc Idèa

Oi perissìterec mèjodoi gia thn kataskeu  kai thn an�lush twn uperkoresmènwn sqe-
diasm¸n jewroÔn mìno tic kÔriec epidr�seic, kai agnooÔn   jewroÔn amelhtèa thn Ôparxh
allhlepidr�sewn. Sto prohgoÔmeno Kef�laio 11 anaferj kame diexodik� se k�poiec mejì-
douc kataskeu c kai an�lushc uperkoresmènwn sqediasm¸n me allhlepidr�seic pou èqoun
protajeÐ sth bibliografÐa. Akìmh ìmwc kai an h Ôparxh twn allhlepidr�sewn den jew-
reÐtai amelhtèa sthn an�lush twn uperkoresmènwn sqediasm¸n, to plaÐsio an�lushc mèqri
t¸ra periorÐzetai sthn kentrik  paradoq  ìti ta peiramatik� dedomèna proèrqontai apì
èna grammikì montèlo. ParakinoÔmenoi apì autì to gegonìc, melet�me ed¸ mÐa mh sunh-
jismènh prosèggish, sugkekrimèna uiojetoÔme tic poinikopoihmènec mhqanèc dianusmatik c
upost rixhc, gia ton èlegqo twn kÔriwn epidr�sewn kai allhlepidr�sewn dÔo par�gontwn
se uperkoresmènouc sqediasmoÔc dÔo epipèdwn, k�tw apì thn paradoq  twn genikeumènwn
grammik¸n montèlwn me dÐtimh apìkrish.

Epiplèon, sto prohgoÔmeno Kef�laio 11 anaferj kame se diaforetikèc strathgikèc
pou èqoun anaptuqjeÐ èwc s mera sth diejn  bibliografÐa gia thn anÐqneush twn allh-
lepidr�sewn, basismènec ìlec se dÔo st�dia peiramatismoÔ. Sugkekrimèna, oi teqnikèc autèc
xekinoÔn sto pr¸to st�dio me thn exètash mìno twn kÔriwn epidr�sewn twn paragìntwn, kai
qrhsimopoioÔn peraitèrw peiramatismì (deÔtero st�dio) gia na exet�soun tic allhlepidr�-
seic metaxÔ twn paragìntwn twn opoÐwn oi kÔriec epidr�seic aniqneÔthkan wc shmantikèc
se sqèsh me thn apìkrish, apì ta apotelèsmata ta opoÐa proèkuyan sto pr¸to st�dio
tou peiramatismoÔ. Aut  h prosèggish apaiteÐ thn paradoq  ìti stajer� isqÔei h arq 
thc isqur c klhronomikìthtac pou anafèrei ìti oi allhlepidr�seic prokÔptoun mìno metaxÔ
aut¸n twn paragìntwn me energèc kÔriec epidr�seic. Wstìso, ìpwc proanafèrame sto
Kef�laio 11 ta apotelèsmata pou prokÔptoun apì pollèc praktikèc efarmogèc parèqoun
endeÐxeic ìti h arq  thc isqur c klhronomikìthtac apotugq�nei arket� suqn�. Paraki-
noÔmenoi apì aut n th diapÐstwsh, proteÐnoume mÐa mèjodo twn poinikopoihmènwn mhqan¸n
dianusmatik c upost rixhc h opoÐa eÐnai pleonektik  kai diafèrei apì tic upìloipec se sqèsh
me to ìti epitrèpei th qal�rwsh thc arq c thc isqur c klhronomikìthtac, kai sumperilam-
b�nei tic allhlepidr�seic dÔo paragìntwn sto arqikì st�dio tou peiramatismoÔ, prokeimènou
na apokleistoÔn oi allhlepidr�seic el�qisthc shmantikìthtac kai plhrofìrhshc, ìso to
dunatìn grhgorìtera. Oi basikèc paradoqèc stic opoÐec basÐzetai h proteinìmenh mèjodoc
parousi�zontai sto Kef�laio 11 sthn enìthta 11.3.

12.2 Poinikopoihmènec Mhqanèc Dianusmatik c Upo-
st rixhc

Se aut  thn enìthta perigr�foume analutik� th mèjodo twn poinikopoihmènwn mhqan¸n
dianusmatik c upost rixhc, h opoÐa eÐnai ikan  na prosdiorÐzei poiec metablhtèc palin-
drìmhshc ephre�zoun shmantik� thn apìkrish, kai ekteleÐ tautìqrona autìmath epilog 
metablht¸n gia to skopì autì. UiojetoÔme aut  th mèjodo poinikopoÐhshc, dedomènou ìti
eÐnai ikan  na prosdiorÐsei tic shmantikèc kÔriec epidr�seic all� kai tic allhlepidr�seic dÔo
paragìntwn enìc montèlou. JewroÔme poll� diaforetik� sen�ria kai ta apotelèsmata pou
prokÔptoun parèqoun kajod ghsh ston peiramatist  ìson afor� thn apotelesmatik  qr sh
kai thn epilog  thc katallhlìterhc teqnik c twn poinikopoihmènwn mhqan¸n dianusmatik c
upost rixhc gia to krhs�risma twn uperkoresmènwn sqediasm¸n.
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12.2.1 Majhmatik  Perigraf  twn Mhqan¸n Dianusmatik c Upo-
st rixhc

Oi mèjodoi kathgoriopoÐhshc kai prìbleyhc diadramatÐzoun shmantikì rìlo se èna eurÔ
f�sma episthmonik¸n peiram�twn. Oi Mhqanèc Dianusmatik c Upost rixhc (Support Vec-
tor Machines-SVMs) apoteloÔn mÐa mèjodo ekm�jhshc me pl rh epÐbleyh, h opoÐa basÐzetai
se idèec pou proèrqontai apì th statistik  jewrÐa ekm�jhshc [220], [33], kai èqoun efar-
mogèc se polloÔc episthmonikoÔc kl�douc. Oi SVMs montelopoioÔn mia metablht  apìkri-
shc basismènec se mÐa   perissìterec epexhghmatikèc metablhtèc me stìqo thn eÔresh tou
bèltistou uperepipèdou. Dedomènou ìti sth melèth mac èqoume na antimetwpÐsoume èna
duadikì prìblhma taxinìmhshc, to bèltisto uperepÐpedo eÐnai autì me to mègisto perij¸rio
diaqwrismoÔ metaxÔ dÔo kl�sewn.

Oi SVMs mporoÔn epÐshc na efarmostoÔn se probl mata palindrìmhshc me thn eisa-
gwg  miac sun�rthshc ap¸leiac kai miac sun�rthshc poin c. AntÐ na prospajoÔme plèon na
katat�xoume mia nèa �gnwsth epexhghmatik  metablht  se mÐa apì tic dÔo kl�seic yi = ±1
t¸ra epijumoÔme na problèyoume thn pragmatik  tim  exìdou, me ta dedomèna ekpaÐdeushc
na eÐnai thc morf c {xi, yi}. H mejodologÐa twn SVMs mporeÐ na epektajeÐ kai na diaqeiri-
steÐ dedomèna pou den eÐnai pl rwc grammik� diaqwrÐsima. 'Ena sÔnolo dedomènwn to opoÐo
den eÐnai grammik� diaqwrÐsimo sto didi�stato q¸ro, mporeÐ na diaqwristeÐ sto mh gram-
mikì q¸ro me qr sh sunart sewn pur na pou qrhsimopoioÔntai eurèwc sthn taxinìmhsh kai
sthn palindrìmhsh. 'Opwc proanafèrame oi SVMs sun jwc anaptÔssontai wc mia mèjodoc
eÔreshc tou mègistou perijwrÐou tou uperepipèdou. 'Omwc, oi SVMs enallaktik� mporoÔn
epÐshc na diatupwjoÔn wc èna prìblhma ektÐmhshc miac kanonikopoihmènhc sun�rthshc,
pou antistoiqeÐ se mia sun�rthsh ap¸leiac sun ènan ìro kanonikopoÐhshc gia touc prosar-
mosmènouc suntelestèc [233]. Parousi�zoume parak�tw to majhmatikì plaÐsio p�nw sto
opoÐo basÐzontai oi SVMs, to opoÐo qrhsimopoieÐtai sth melèth prosomoÐwshc kaj¸c epÐshc
kai sta peir�mata krhsarÐsmatoc pou ekteloÔme argìtera.

'Estw ìti ta {x1, x2, . . . , xn} sumbolÐzoun ta n dianÔsmata eisìdou, ìpou to xi ∈ <m
eÐnai èna di�nusma me m metablhtèc prìbleyhc, kai èstw ìti ta {y1, y2 . . . , yn} anaparistoÔn
tic antÐstoiqec etikètec kl�shc exìdou, ìpou yi ∈ {1,−1}, i = 1, 2, . . . n. Oi SVMs brÐskoun
to uperepÐpedo to opoÐo diaqwrÐzei tic dÔo kl�seic twn shmeÐwn twn dedomènwn mèsw enìc
grammikoÔ orÐou

f(x) = β0 + xTβ,

ìpou x = (x1, . . . , xm)T , to β = (β1, . . . , βm)T sumbolÐzei touc suntelestèc tou uperepipè-
dou gia j = 1, 2, . . .m, kai to β0 sumbolÐzei to suntelest  tou stajeroÔ ìrou tou up-
erepipèdou.

Oi SVMs epitugq�noun na broun to bèltisto uperepÐpedo pou eÐnai autì me to mègisto
perij¸rio diaqwrismoÔ metaxÔ dÔo kl�sewn (dhl. to uperepÐpedo to opoÐo diaqwrÐzei tic dÔo
kl�seic mèsw thc megalÔterhc apìstashc), lÔnontac èna kurtì prìblhma beltistopoÐhshc
to opoÐo isodÔnama mporeÐ na metatrapeÐ se “loss and penalty” morf , dhlad ,

min
β0,β

n∑
i=1

[1− yif(xi)]+ + penλ(β), (12.1)

ìpou h sun�rthsh ap¸leiac [1− ·]+ = max[1− ·, 0] kaleÐtai wc hinge sun�rthsh ap¸leiac,
kai to penλ(β) sumbolÐzei ton ìro poin c twn prosarmosmènwn suntelest¸n.
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12.2.2 H L1-norm SVM

O ìroc poin c sthn apl  kanonik  morf  twn SVMs eÐnai h L2-norm poin  (poin  palin-
drìmhshc di�selou) kai diamorf¸netai wc

penλ(β) = λ‖β‖22.

AxÐzei na shmeiwjeÐ ed¸ ìti den sumperilamb�noume thn L2-norm SVM mèjodo poinikopoÐh-
shc sthn empeirik  mac melèth, dedomènou ìti h L2-norm poin  èqei to basikì periorismì ìti
mporeÐ kai surrikn¸nei touc suntelestèc palindrìmhshc, all� den mporeÐ na touc kajorÐsei
akrib¸c sto mhdèn kai sunep¸c den mporeÐ na ektelesteÐ autìmath epilog  metablht¸n.
Arketèc poinikopoihmènec mèjodoi epilog c metablht¸n gia tic SVMs èqoun protajeÐ gia
to skopì autì, tic opoÐec parousi�zoume en suntomÐa parak�tw.

H Least Absolute Shrinkage and Selection Operator (LASSO) mèjodoc [216] eÐnai mÐa
apì tic pio diadedomènec teqnikèc ektÐmhshc paramètrwn se probl mata palindrìmhshc.
Oi Bradley kai Mangasarian [26] pros�rmosan sth mejodologÐa twn SVMs thn L1-norm
poin  (LASSO) antikajist¸ntac thn L2-norm poin  prokeimènou na ekteleÐtai autìmath
epilog  metablht¸n. Oi Zhu et al. [236] epÐshc uiojèthsan thn idèa thc qr shc thc L1-
norm poin c kai twn periorism¸n thc, gia thn autìmath epilog  matablht¸n se probl -
mata kathgoriopoÐhshc, qrhsimopoi¸ntac thn poinikopoihmènh mèjodo L1-norm SVM. Oi
Fung kai Mangasarian [84] prìteinan mÐa enallaktik  diatÔpwsh thc L1-norm SVM qrhsi-
mopoi¸ntac newton grammikì programmatismì.

H L1-norm poin  diamorf¸netai wc

penλ(β) = λ‖β‖1 = λ
m∑
j=1
|βj |.

'Ara, to prìblhma beltistopoÐhshc twn SVMs ìpwc autì perigr�fetai apì th sqèsh (12.1)
anadiatup¸netai plèon wc

min
β0,β

n∑
i=1

[1− yif(xi)]+ + λ
m∑
j=1
|βj |,

ìpou to λ eÐnai h par�metroc kanonikopoÐhshc pou elègqei thn isorropÐa metaxÔ thc ap¸leiac
kai thc poin c. H L1-norm poin  mei¸nei th diakÔmansh twn ektim sewn, belti¸nei thn
akrÐbeia prìbleyhc kai epitrèpei èna eÐdoc suneqoÔc autìmathc epilog c metablht¸n.

12.2.3 H L1-norm Huberized SVM

Se aut  thn enìthta proteÐnoume th qr sh thc L1-norm Huberized SVM h opoÐa sun-
du�zei thn huberized hinge sun�rthsh ap¸leiac kai thn L1-norm poin . H L1-norm Hu-
berized SVM mèjodoc prosarmìzei thn L1-norm poin  stic SVMs kai qrhsimopoieÐ thn hu-
berized hinge sun�rthsh ap¸leiac φ(yif(xi)) antÐ na qrhsimopoieÐ thn kajierwmènh hinge
sun�rthsh ap¸leiac [1−·]+ twn SVMs. Me autì ton trìpo, h L1-norm Huberized SVM èqei
th morf  “loss and penalty”. Sugkekrimèna, qrhsimopoieÐ thn huberized hinge sun�rthsh
ap¸leiac gia na metr sei thn ap¸leia kai ekteleÐ autìmath epilog  metablht¸n me parì-
moio trìpo me autìn thc L1-norm SVM exaleÐfontac tic mh shmantikèc metablhtèc, dhlad ,
surrikn¸nontac touc suntelestèc palindrìmhshc twn mh shmantik¸n metablht¸n akrib¸c
sto mhdèn.

'Ara, to prìblhma beltistopoÐhshc twn SVMs ìpwc autì perigr�fetai apì th sqèsh
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(12.1) anadiatup¸netai plèon wc

min
β0,β

n∑
i=1

φ(yif(xi)) + λ
m∑
j=1
|βj |,

ìpou to λ eÐnai h par�metroc kanonikopoÐhshc pou elègqei thn isorropÐa metaxÔ thc ap¸leiac
kai thc poin c, kai

φ(yif(xi)) =


0, gia yif(xi) > 1,

(1−yif(xi))2

2δ , gia 1− δ < yif(xi) ≤ 1,
1− yif(xi)− δ

2 , gia yif(xi) ≤ 1− δ,

ìpou δ ≥ 0 mÐa prokajorismènh stajer�. O endiaferìmenoc anagn¸sthc mporeÐ na ana-
trèxei sthn ergasÐa [200] gia perissìterec leptomèreiec se sqèsh me thn huberized hinge
sun�rthsh ap¸leiac.

12.3 Empeirik  Melèth ProsomoÐwshc

Gia th diereÔnhsh kai thn axiolìghsh thc apìdoshc thc proteinìmenhc mejìdou prag-
matopoi same mia empeirik  melèth, jewr¸ntac èna eurÔ f�sma prosomeiwmènwn montèlwn
kai uperkoresmènwn sqediasm¸n. Sth melèth prosomoÐwshc qrhsimopoi same uperkoresmè-
nouc sqediasmoÔc oi opoÐoi kataskeu�zontai apì ta kl�smata pin�kwn Hadamard, sÔmfwna
me th mèjodo pou prot�jhke apì ton Lin [148]. Sugkekrimèna, qrhsimopoi same ton uperko-
resmèno sqediasmì me m = 10 par�gontec kai n = 6 peiramatikèc ektelèseic. Epiplèon,
gia ta peir�mata prosomoÐwshc, qrhsimopoi same touc E(s2)-bèltistouc kai minimax-
bèltistouc kuklikoÔc uperkoresmènouc sqediasmoÔc, ìpwc autoÐ kataskeu�sthkan apì touc
Koukouvinos et al. [130]. AutoÐ oi uperkoresmènoi sqediasmoÐ èqoun n peiramatikèc ektelè-
seic kai m = q · (n − 1) par�gontec, ìpou to q eÐnai �rtioc arijmìc. Stic prosomoi¸seic
mac jewr same touc E(s2)-bèltistouc kai minimax-bèltistouc kuklikoÔc uperkoresmènouc
sqediasmoÔc me tic akìloujec (n,m) timèc: (6, 10), (8, 14) (10, 18), (12, 22). Ektìc apì
autoÔc touc sqediasmoÔc, jewr same kai touc s-block-orjog¸niouc E(s2)-bèltistouc up-
erkoresmènouc sqediasmoÔc dÔo epipèdwn me n peiramatikèc ektelèseic kai m = s(n − 1)
par�gontec, ìpwc autoÐ kataskeu�sthkan apì touc Tang kai Wu [215]. Sugkekrimèna,
qrhsimopoi same ton uperkoresmèno sqediasmì me m = 22 par�gontec kai n = 12 peira-
matikèc ektelèseic.

Gia thn efarmog  twn proanaferjèntwn mejìdwn jewr same genikeumèna grammik� mo-
ntèla sta opoÐa h metablht  apìkrishc paÐrnei mìno dÔo pijanèc timèc pou sumbolÐzo-
ntai me −1 kai 1. Sta peir�mata prosomoÐwshc gia k�je uperkoresmèno sqediasmì pou
jewroÔme, anaptÔxame logistik� montèla palindrìmhshc prokeimènou na kajorÐsoume tic
etikètec exìdou yi ∈ {1,−1}, i = 1, 2, . . . n, dojèntwn twnm metablht¸n prìbleyhc eisìdou
xi ∈ <m.

Ac upojèsoume ìti èqoume n peiramatikèc ektelèseic me mia dÐtimh apìkrish y (−1   1) h
opoÐa exart�tai apì èna sÔnolo metablht¸n palindrìmhshc x1, x2, . . . , xm. SumbolÐzoume
me y = 1 thn epituqÐa kai me y = −1 thn apotuqÐa, kai montelopoioÔme th mèsh apìkrish
me P(xi), ìpou to P(xi) eÐnai h pijanìthta epituqÐac kai ta xi sumbolÐzoun tic metablhtèc
palindrìmhshc sto i-ostì shmeÐo twn dedomènwn. To logistikì montèlo gia to P(xi) dÐnetai
apì th sqèsh

P (xi) = 1
1 + e−x

T
i β

(12.2)

ìpou o ìroc xTi β= β0+β1xi1+...+ βkxim eÐnai h grammik  problèpousa me 0 ≤ P(xi) ≤ 1.
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12.3.1 Krit ria Axiolìghshc thc Apìdoshc

Gia th sÔgkrish kai thn axiolìghsh twn proteinìmenwn mejìdwn krhsarÐsmatoc, jewr -
same trÐa eurèwc qrhsimopoioÔmena mètra axiolìghshc. Arqik�, h akrÐbeia qrhsimopoieÐtai
wc pr¸to krit rio. H akrÐbeia (larger-the-better) orÐzetai wc to posostì twn epidr�sewn
pou aniqneÔthkan swst�. Ta �lla dÔo qrhsimopoioÔmena krit ria eÐnai h euaisjhsÐa kai h
eidikìthta. H euaisjhsÐa (larger-the-better) metr� to posostì twn energ¸n epidr�sewn pou
aniqneÔjhkan swst� wc energèc, en¸ h eidikìthta (larger-the-better) metr� to posostì twn
anenerg¸n epidr�sewn oi opoÐec swst� dhl¸jhkan wc anenergèc. Ta teleutaÐa dÔo stati-
stik� mètra apìdoshc sundèontai sten� me tic ènnoiec twn sfalm�twn TÔpou I kai TÔpou
II. Stouc peiramatikoÔc sqediasmoÔc, to sf�lma TÔpou I (1-eidikìthta) eÐnai to kìstoc tou
na dhl¸seic mÐa anenerg  epÐdrash wc energ , kai to sf�lma TÔpou II (1-euaisjhsÐa) to
kìstoc tou na dhl¸seic mÐa energ  epÐdrash wc anenerg .

Epiprìsjeta, jewroÔme dÔo �lla eurèwc qrhsimopoioÔmena mètra axiolìghshc montèlou.
Arqik�, upologÐzoume to sf�lma ekpaÐdeushc (smaller-the-better) to opoÐo anaparist� th
mèsh ap¸leia plhroforÐac p�nw sta dedomèna ekpaÐdeushc, kai èpeita ektim�me to sf�l-
ma prìbleyhc (smaller-the-better) p�nw se nèa dedomèna, to opoÐo anaparist� to ana-
menìmeno sf�lma p�nw se èna anex�rthto deÐgma exètashc to opoÐo sqhmatÐzetai apì thn
Ðdia katanom  me aut n twn dedomènwn ekpaÐdeushc.

12.3.2 Krhs�risma Uperkoresmènwn Sqediasm¸n KÔriwn Epidr�sewn

Se aut  thn enìthta kat� th di�rkeia twn peiram�twn prosomoÐwshc, mìno montèla
kÔriwn epidr�sewn el fjhsan upìyh. Parak�tw perigr�foume to plaÐsio an�lushc pou
jewr same gia touc uperkoresmènouc sqediasmoÔc kÔriwn epidr�sewn.

1. Ta dedomèna par�qjhkan apì to logistikì montèlo palindrìmhshc ìpwc autì perigr�fe-
tai sth sqèsh (12.2). X = [1n, x1, x2, . . . , xm] eÐnai o n×(m+1) pÐnakac tou montèlou.
Upojètoume ìti k�je ènac apì touc m kÔriouc par�gontec èqei dÔo epÐpeda, ±1. H
pr¸th st lh tou X eÐnai h 1n = [1, . . . , 1]T , me th st lh j na antistoiqeÐ sta epÐpeda
tou (j − 1)-ostoÔ par�gonta gia j = 2, . . . ,m+ 1.

2. Oi pragmatik� energèc metablhtèc epilèqjhkan tuqaÐa apì to sÔnolo twn {1, . . . ,m} pi-
jan¸n energ¸n paragìntwn. Apì tic 2, . . . ,m+1 st lec tou X , p st lec anatèjhkan
se energoÔc par�gontec tuqaÐa gia k�je èna apì ta sen�ria pou akoloujoÔn:

• Sen�rio I: mikr  poluplokìthta me p < n
2 (mikrìc arijmìc energ¸n paragìntwn),

• Sen�rio II: mesaÐa poluplokìthta me p = n
2 (mesaÐoc arijmìc energ¸n paragì-

ntwn),

• Sen�rio III: meg�lh poluplokìthta me p > n
2 (meg�loc arijmìc energ¸n paragì-

ntwn).

3. Gia na lhfjoÔn oi suntelestèc gia touc energoÔc par�gontec, èna deÐgma megèjouc p
sqhmatÐsthke apì thn kanonik  katanom  N(µ = 4, 0.2), kai ta prìshma ±1 tuqaÐa
katanemhmèna se k�je arijmì.

4. Gia touc mh energoÔc par�gontec, sto pragmatikì montèlo, oi suntelestèc touc el -
fjhsan tuqaÐa apì thn kanonik  katanom  N(0, 0.2).

H katanom  twn antijèsewn den ephre�zetai apì to mètro (magnitude) twn sunte-
lest¸n, all� exart�tai apì to sqetikì mègejoc (relative size) twn suntelest¸n. Shmei¸nou-
me ed¸ ìti se opoiad pote melèth uperkoresmènwn sqediasm¸n, e�n o analut c jewreÐ touc
upì melèth par�gontec na èqoun eÐte ter�stiec epidr�seic   polÔ mikrèc epidr�seic, tìte
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dojèntwn aut¸n twn periorism¸n, pijanìn na eÐnai h mình perÐptwsh sthn opoÐa o ana-
lut c elpÐzei na p�rei xek�jara apotelèsmata, all� èna tètoio sen�rio eÐnai mh realistikì.
Sthn empeirik  mac melèth prosomoÐwshc, exet�zoume èna pio realistikì sen�rio, jètontac
to µ = 4 pou antistoiqeÐ se èna endi�meso mègejoc twn epidr�sewn. Dedomènou ìti oi
sunj kec sthn pr�xh eÐnai sun jwc diaforetikèc apì ekeÐnec twn prosomoi¸sewn kai ìti
o peiramatist c den xèrei pìsoi kai poioÐ par�gontec mporeÐ na eÐnai energoÐ, prokeimènou
na exet�soume to pìso euaÐsjhta eÐnai ta apotelèsmata sthn epilog  kai ton arijmì twn
energ¸n sthl¸n-paragìntwn, melet same èna eurÔ f�sma prosomeiwmènwn montèlwn sta
peir�mat� mac, sta opoÐa jewroÔme gia k�je uperkoresmèno sqediasmì diaforetikì arijmì
energ¸n paragìntwn, diaforetik  epilog  energ¸n sthl¸n kai diaforetik� β. Jewr same
thn tuqaÐa an�jesh twn energ¸n paragìntwn se st lec, diadikasÐa pou eÐnai shmantik  gia
na afairèsoume th merolhyÐa epilog c. EpÐshc, h epilog  twn katanom¸n sta prohgoÔmena
b mata 3 kai 4, genik� exasfalÐzei to diaqwrismì metaxÔ twn suntelest¸n twn energ¸n kai
anenerg¸n paragìntwn. Gia to lìgo autì, jewr same arket� montèla pou  tan diaforetik�
apì thn �poyh aut .

Gia k�je montèlo, 1000 sÔnola dedomènwn par qjhsan kai ta lhfjènta apotelèsmata
sÔmfwna me thn L1-norm SVM kai thn L1-norm Huberized SVM, sunoyÐzontai ston PÐ-
naka 12.1 kai PÐnaka 12.2, antistoÐqwc. Se autoÔc touc pÐnakec, h pr¸th st lh anafèrei
ton arijmì tou montèlou. H deÔterh st lh me thn onomasÐa “SSD(n,m)” antistoiqeÐ sto
qrhsimopoioÔmeno uperkoresmèno sqediasmì. H trÐth st lh me thn onomasÐa “Sen�rio”
parousi�zei ton epilegmèno arijmì twn p energ¸n paragìntwn gia kajèna apì ta trÐa exe-
tazìmena Sen�ria I, II kai III. 'Olec oi �llec st lec dÐnoun tic timèc twn krithrÐwn apì-
doshc gia k�je montèlo met� thn ektèlesh thc L1-norm SVM kai thc L1-norm Huberized
SVM, lamb�nontac upìyh mìno uperkoresmènouc sqediasmoÔc kÔriwn epidr�sewn. H teleu-
taÐa st lh me ton tÐtlo “EnergoÐ Par�gontec” parousi�zei to mèso arijmì twn energ¸n
paragìntwn pou aniqneÔjhkan, dhlad , touc par�gontec me βj 6= 0, ìpou βj antistoiqeÐ sto
suntelest  tou uperepipèdou tou j-ostoÔ par�gonta.

ParathroÔme apì touc PÐnakec 12.1 kai 12.2 ìti h L1-norm SVM uperèqei xek�jara
thc L1-norm Huberized SVM gia to krhs�risma kÔriwn epidr�sewn stouc uperkoresmènouc
sqediasmoÔc. ParathroÔme ìti h L1-norm Huberized SVM faÐnetai na èqei megalÔtera
posost� sfalm�twn prìbleyhc (gia 11 apì ta 18 montèla) se sÔgkrish me thn L1-norm
SVM, kai shmantik� uyhlìtera posost� sfalm�twn ekpaÐdeushc. Gia ta 18 jewroÔmena
montèla, oi timèc tou sf�lmatoc ekpaÐdeushc gia thn L1-norm Huberized SVM kumaÐnontai
sto eÔroc [0.40, 0.80], en¸ to antÐstoiqo eÔroc gia thn L1-norm SVM eÐnai mìno [0.10, 0.45]
ìpwc faÐnetai sto Sq ma 12.1. ParathroÔme epÐshc ìti h L1-norm SVM katèqei shmantik�
uyhlìterec timèc akrÐbeiac se sÔgkrish me thn L1-norm Huberized SVM mèjodo. Oi timèc
akrÐbeiac gia thn L1-norm Huberized SVM kumaÐnontai sto eÔroc [0.20, 0.60], en¸ to
antÐstoiqo eÔroc gia thn L1-norm SVM eÐnai to [0.55, 0.90] ìpwc faÐnetai sto Sq ma 12.2.

Oi prokÔptousec timèc thc euaisjhsÐac kai thc eidikìthtac apì thn L1-norm Huberized
SVM eÐnai polÔ qamhlèc gia ìla ta jewroÔmena montèla, en¸ h L1-norm SVM katèqei
shmantik� uyhlìterec timèc gia thn euaisjhsÐa kai thn eidikìthta. Oi timèc thc euaisjhsÐac
kai thc eidikìthtac gia thn L1-norm Huberized SVM kumaÐnontai sto eÔroc [0.15, 0.55], en¸
oi antÐstoiqec timèc gia thn L1-norm SVM kumaÐnontai sto eÔroc [0.45, 0.90] ìpwc faÐnetai
sto Sq ma 12.3. Ta apotelèsmata thc melèthc prosomoÐwshc apokalÔptoun ìti h L1-norm
Huberized SVM den kat�fere na parèqei oÔte kan montèla tuqaÐac prìbleyhc, ìpwc eÔkola
faÐnetai apì tic timèc thc euaisjhsÐac kai thc eidikìthtac pou eÐnai sqedìn qamhlìterec apì
1
2 . H L1-norm Huberized SVM apètuqe na prosdiorÐsei touc shmantikoÔc par�gontec tou
k�je montèlou, ìpwc ja mporoÔse kaneÐc na dei eÔkola apì thn teleutaÐa st lh tou PÐnaka
12.2 me tÐtlo “EnergoÐ Par�gontec”, ìpou parathroÔme ìti o mèsoc arijmìc twn energ¸n
paragìntwn pou aniqneÔjhkan eÐnai mhdèn gia ìlec sqedìn tic upì exètash peript¸seic.
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Sumperasmatik�, ìtan jewroÔme uperkoresmènouc sqediasmoÔc kÔriwn epidr�sewn (m >
n), h L1-norm SVM èqei polÔ kalÔterh apìdosh aniqneÔontac tou shmantikoÔc par�gontec
gia mÐa dÐtimh apìkrish, kai h L1-norm Huberized SVM den faÐnetai na eÐnai mia logik  epi-
log  wc mèjodoc krhsarÐsmatoc. To apotèlesma autì den apoteleÐ èkplhxh dedomènou ìti
h L1-norm Huberized SVM anamènetai na eÐnai idiaÐtera qr simh kai apodotik  se peript¸-
seic stic opoÐec o arijmìc twn metablht¸n uperèqei kat� polÔ to mègejoc tou deÐgmatoc
(m� n). Katal goume loipìn sto sumpèrasma ìti ìtan jewroÔme uperkoresmènouc sqe-
diasmoÔc kÔriwn epidr�sewn (m > n) h L1-norm SVM faÐnetai na eÐnai mia logik  epilog 
wc mèjodoc krhsarÐsmatoc. Sugkekrimèna, o PÐnakac 12.1 deÐqnei xek�jara ìti oi bèltistec
timèc twn krithrÐwn apìdoshc gia thn L1-norm SVM (uyhlìterec timèc akrÐbeiac, euaisjh-
sÐac kai eidikìthtac, kai qamhlìterec timèc sf�lmatoc) prokÔptoun k�tw apì to Sen�rio I
(mikrìc arijmìc energ¸n paragìntwn). Oi timèc autèc epishmaÐnontai ston PÐnaka 12.1 me
èntona gr�mmata.

PÐnakac 12.1: Axiolìghsh thc apìdoshc thc L1-norm SVM gia US kÔriwn epidr�sewn

Sf�lma Sf�lma EnergoÐ

Montèlo SSD(n,m) Sen�rio EkpaÐdeushc Prìbleyhc AkrÐbeia EuaisjhsÐa Eidikìthta Par�gontec

1 SSD(6,10) I (p=2) 0.1033 0.0000 0.8967 0.8500 0.8300 0.68
2 SSD(6,10) II (p=3) 0.1400 0.0067 08600 0.7600 0.8100 0.57
3 SSD(6,10) III (p=4) 0.1683 0.0067 0.8317 0.7600 0.7100 0.52
4 Lin(6,10) I (p=2) 0.2550 0.0067 0.7450 0.7100 0.6200 0.69
5 Lin(6,10) II (p=3) 0.3167 0.0067 0.6833 0.5300 0.6200 0.60
6 Lin(6,10) III (p=4) 0.3617 0.0000 0.6383 0.5300 0.5200 0.41
7 SSD(8,14) I (p=2) 0.2625 0.0000 0.7375 0.6500 0.6900 1.15
8 SSD(8,14) II (p=4) 0.3425 0.0075 0.6575 0.5200 0.6300 1.33
9 SSD(8,14) III (p=6) 0.4412 0.000 0.5587 0.5200 0.4500 1.30

10 SSD(10,18) I (p=2) 0.0970 0.0000 0.9030 0.8567 0.8917 1.94
11 SSD(10,18) II (p=5) 0.1000 0.0800 0.9000 0.8517 0.8883 2.21
12 SSD(10,18) III (p=8) 0.1010 0.0000 0.8990 0.8483 0.8717 2.49
13 SSD(12,22) I (p=3) 0.1150 0.0017 0.8850 0.8782 0.8857 2.36
14 SSD(12,22) II (p=6) 0.1617 0.0017 0.8383 0.7976 0.8156 2.94
15 SSD(12,22) III (p=10) 0.1708 0.0000 0.8292 0.7832 0.8227 3.33
16 TangWu(12,22) I (p=3) 0.1033 0.0000 0.8967 0.8734 0.9031 2.22
17 TangWu(12,22) II (p=6) 0.1567 0.0000 0.8433 0.7944 0.8461 3.02
18 TangWu(12,22) III (p=10) 0.1642 0.0000 0.8358 0.7928 0.8319 3.18

PÐnakac 12.2: Axiolìghsh thc apìdoshc thc L1-norm Huberized SVM gia US kÔriwn
epidr�sewn

Sf�lma Sf�lma EnergoÐ

Montèlo SSD(n,m) Sen�rio EkpaÐdeushc Prìbleyhc AkrÐbeia EuaisjhsÐa Eidikìthta Par�gontec

1 SSD(6,10) I (p=2) 0.7833 0.0100 0.2167 0.1700 0.1500 0.00
2 SSD(6,10) II (p=3) 0.7100 0.0067 0.2900 0.1900 0.2400 0.00
3 SSD(6,10) III (p=4) 0.6383 0.0067 0.3617 0.2900 0.2400 0.00
4 Lin(6,10) I (p=3) 0.7150 0.0067 0.2850 0.2500 0.1600 0.00
5 Lin(6,10) II (p=3) 0.6067 0.0067 0.3933 0.2400 0.3300 0.00
6 Lin(6,10) III (p=4) 0.6117 0.0100 0.3883 0.2800 0.2700 0.00
7 SSD(8,14) I (p=2) 0.6737 0.0100 0.3262 0.2500 0.2500 0.00
8 SSD(8,14) II (p=4) 0.5888 0.0100 0.4113 0.3700 0.2700 0.00
9 SSD(8,14) III (p=6) 0.6412 0.0100 0.3588 0.3200 0.2500 0.00
10 SSD(10,18) I (p=2) 0.6150 0.0100 0.3850 0.3100 0.3000 0.00
11 SSD(10,18) II (p=5) 0.6380 0.0800 0.3620 0.2700 0.3100 0.00
12 SSD(10,18) III (p=8) 0.6680 0.0100 0.3320 0.2400 0.2900 0.00
13 SSD(12,22) I (p=3) 0.4950 0.0083 0.5050 0.4600 0.4300 0.14
14 SSD(12,22) II (p=6) 0.5017 0.0083 0.4983 0.3900 0.4400 0.06
15 SSD(12,22) III (p=10) 0.5817 0.0100 0.4183 0.3300 0.3600 0.01
16 TangWu(12,22) I (p=3) 0.4133 0.0000 0.5867 0.4900 0.5400 0.18
17 TangWu(12,22) II (p=6) 0.5558 0.0000 0.4442 0.3900 0.3700 0.09
18 TangWu(12,22) III (p=10) 0.5533 0.0083 0.4467 0.3500 0.4000 0.03
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Sq ma 12.1: SÔgkrish sfalm�twn uperkoresmènwn sqediasm¸n kÔriwn epidr�sewn

Sq ma 12.2: AkrÐbeia montèlwn uperkoresmènwn sqediasm¸n kÔriwn epidr�sewn

Sq ma 12.3: An�lush euaisjhsÐac kai eidikìthtac uperkoresmènwn sqediasm¸n kÔriwn
epidr�sewn
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DÔo basikoÐ periorismoÐ thc L1-norm poin c suzht jhkan ekten¸c sthn ergasÐa [238].
Ja sqoli�soume se autì to shmeÐo to pwc autoÐ oi dÔo basikoÐ periorismoÐ thc L1-norm
SVM mejìdou eÐnai pleonektikoÐ gia to prìblhma krhsarÐsmatoc twn uperkoresmènwn sqe-
diasm¸n kÔriwn epidr�sewn. 'Enac periorismìc thc L1-norm SVM eÐnai to gegonìc ìti o
arijmìc twn metablht¸n pou epilègetai apì thn L1-norm poin  eÐnai �nw fragmènoc apì to
mègejoc tou deÐgmatoc n (dhlad , h L1-norm poin  mporeÐ na krat sei to polÔ n metablhtèc
eisìdou wc shmantikèc). Ex’orismoÔ ènac uperkoresmènoc sqediasmìc eÐnai ènac sqediasmìc
gia ton opoÐo to mègejoc twn ektelèsewn den eÐnai arket� meg�lo gia na ektimhjoÔn ìlec oi
kÔriec epidr�seic. 'Ara, se mÐa an�lush uperkoresmènwn sqediasm¸n epijumoÔme o arijmìc
twn metablht¸n pou epilègontai na eÐnai �nw fragmènoc apì to mègejoc tou deÐgmatoc. O
PÐnakac 12.1 deÐqnei ìti h L1-norm SVM èqei polÔ kalÔterh apìdosh k�tw apì to Sen�rio
I me to p < n

2 . Katal goume loipìn sto sumpèrasma ìti h L1-norm SVM uperèqei xe-
k�jara wc proc thn apìdos  thc gia to krhs�risma uperkoresmènwn sqediasm¸n kÔriwn
epidr�sewn, ìtan o arijmìc twn metablht¸n pou epilègetai apì thn L1-norm poin  eÐnai �nw
fragmènoc apì to n

2 (to opoÐo eÐnai mikrìtero apì to mègejoc tou deÐgmatoc n). 'Enac �lloc
periorismìc thc L1-norm SVM mejìdou eÐnai to gegonìc ìti sthn perÐptwsh pou up�rqoun
arketèc uyhl� susqetismènec metablhtèc eisìdou sto sÔnolo dedomènwn pou ephre�zoun
th metablht  exìdou, h L1-norm poin  teÐnei na epilèxei mìno mÐa   lÐgec apì autèc tic meta-
blhtèc, kai surrikn¸nei tic upìloipec sto mhdèn. To gegonìc autì den apoteleÐ prìblhma
gia to krhs�risma twn kÔriwn epidr�sewn stouc uperkoresmènouc sqediasmoÔc gia dÔo
basikoÔc lìgouc. Pr¸ton, akìma kai an ènac meg�loc arijmìc paragìntwn melet�tai se
mÐa an�lush uperkoresmènwn sqediasm¸n, mìno lÐgoi apì autoÔc anamènetai na eÐnai shma-
ntikoÐ (arq  thc sporadikìthtac twn epidr�sewn) kai deÔteron, h L1-norm SVM mèjodoc
eÐqe stajer� thn kalÔterh apìdosh k�tw apì to Sen�rio I, to opoÐo upojètei èna mikrì
arijmì paragìntwn na eÐnai energoÐ. Oi parap�nw lìgoi mac odhgoÔn sto sumpèrasma ìti
oi periorismoÐ thc L1-norm poin c eÐnai pleonektikoÐ gia to prìblhma krhsarÐsmatoc twn
uperkoresmènwn sqediasm¸n.

12.3.3 Krhs�risma Uperkoresmènwn Sqediasm¸n KÔriwn Epidr�sewn
kai Allhlepidr�sewn se 'Ena St�dio

Se aut  thn enìthta proteÐnoume mÐa teqnik  krhsarÐsmatoc sthn opoÐa exet�zoume tic
kÔriec epidr�seic twn paragìntwn kai tic allhlepidr�seic dÔo paragìntwn twn uperko-
resmènwn sqediasm¸n se èna kai mìno st�dio. To peÐrama trèqei tautìqrona p�nw stouc
arqikoÔc kÔriouc par�gontec kai stic allhlepidr�seic dÔo paragìntwn aut¸n, prokeimènou
na aniqneÔsei thn om�da twn energ¸n kÔriwn epidr�sewn kai allhlepidr�sewn. Parak�tw
perigr�foume to plaÐsio an�lushc pou jewr same gia to krhs�risma twn uperkoresmènwn
sqediasm¸n kÔriwn epidr�sewn sumperilambanomènwn kai twn allhlepidr�sewn.

1. X = [1n, x1, x2, . . . , xm] eÐnai o n× (m+1) pÐnakac tou montèlou. Upojètoume ìti k�je
ènac apì touc m kÔriouc par�gontec èqei dÔo epÐpeda, ±1. H pr¸th st lh tou X
eÐnai h 1n = [1, . . . , 1]T , me th st lh j na antistoiqeÐ sta epÐpeda tou (j − 1)-ostoÔ
par�gonta gia j = 2, . . . ,m+ 1.

2. AnameignÔoume tic kÔriec epidr�seic kai tic allhlepidr�seic dÔo paragìntwn. Kataskeu�-
zoume ìlec tic

(m
2
)
st lec allhlepidr�sewn, kai tic sundu�zoume me tic m st lec

kÔriwn epidr�sewn. T¸ra èqoume m +
(m

2
)
st lec sqediasmoÔ. O n×(m+1) pÐnakac

X, t¸ra aux�netai se ènan n×
(
m(m+1)

2 + 1
)
pÐnaka X+ = [1, x1, x2, . . . , xm(m+1)

2
]. H

pr¸th st lh tou X+ eÐnai h 1n = [1, . . . , 1]T , me th st lh j na antistoiqeÐ sta epÐpeda
tou (j − 1)-ostoÔ par�gonta gia j = 2, . . . , m(m+1)

2 + 1. Ta dedomèna par�qjhkan
apì to logistikì montèlo palindrìmhshc, ìpwc autì perigr�fetai sth sqèsh (12.2).
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3. Oi pragmatik� energèc metablhtèc epilèqjhkan tuqaÐa apì to sÔnolo twn {1, . . . , m(m+1)
2 }

pijan¸n energ¸n paragìntwn. Apì tic 2, . . . , m(m+1)
2 + 1 st lec tou X+, p st lec

anatèjhkan se energoÔc par�gontec tuqaÐa gia k�je èna apì ta sen�ria pou akolou-
joÔn:

• Sen�rio I: mikr  poluplokìthta me p < n
2 (mikrìc arijmìc energ¸n paragìntwn),

• Sen�rio II: mesaÐa poluplokìthta me p = n
2 (mesaÐoc arijmìc energ¸n paragì-

ntwn),

• Sen�rio III: meg�lh poluplokìthta me p > n
2 (meg�loc arijmìc energ¸n paragì-

ntwn).

4. Gia na lhfjoÔn oi suntelestèc gia touc energoÔc par�gontec, èna deÐgma megèjouc p
sqhmatÐsthke apì thn kanonik  katanom  N(µ = 4, 0.2), ka ta prìshma ±1 tuqaÐa
katanemhmèna se k�je arijmì.

5. Gia touc mh energoÔc par�gontec, sto pragmatikì montèlo, oi suntelestèc touc el -
fjhsan tuqaÐa apì thn kanonik  katanom  N(0, 0.2).

Gia k�je montèlo sumperilambanomènwn twn allhlepidr�sewn dÔo paragìntwn, 100
sÔnola dedomènwn par qjhsan exaitÐac thc upologistik c poluplokìthtac, kai ta lhfjènta
apotelèsmata sÔmfwna me thn L1-norm SVM kai thn L1-norm Huberized SVM, sunoyÐ-
zontai ston PÐnaka 12.3 kai PÐnaka 12.4, antistoÐqwc. Se autoÔc touc pÐnakec, h pr¸th
st lh anafèrei ton arijmì tou montèlou. H deÔterh st lh me thn onomasÐa “SSD(n,m)”
antistoiqeÐ sto qrhsimopoioÔmeno uperkoresmèno sqediasmì. H trÐth st lh me thn ono-
masÐa “Sen�rio” parousi�zei ton epilegmèno arijmì twn p energ¸n paragìntwn gia kajèna
apì ta trÐa exetazìmena Sen�ria I, II kai III. 'Olec oi �llec st lec dÐnoun tic timèc twn
krithrÐwn apìdoshc gia k�je montèlo met� thn ektèlesh thc L1-norm SVM kai thc L1-norm
Huberized SVM, lamb�nontac upìyh uperkoresmènouc sqediasmoÔc kÔriwn epidr�sewn kai
allhlepidr�sewn. H teleutaÐa st lh me ton tÐtlo “EnergoÐ Par�gontec” parousi�zei to mè-
so arijmì twn energ¸n paragìntwn pou aniqneÔjhkan, dhlad , touc par�gontec me βj 6= 0,
ìpou βj antistoiqeÐ sto suntelest  tou uperepipèdou tou j-ostoÔ par�gonta.

ParathroÔme apì touc PÐnakec 12.3 kai 12.4 ìti h L1-norm Huberized SVM uperèqei xe-
k�jara thc L1-norm SVM gia to krhs�risma kÔriwn epeidr�sewn kai allhlepidr�sewn dÔo
paragìntwn se uperkoresmènouc sqediasmoÔc. Oi PÐnakec 12.3 kai 12.4 deÐqnoun ìti h L1-
norm Huberized SVM èqei qamhlìtera posost� sf�lmatoc prìbleyhc kai ekpaÐdeushc se
sÔgkrish me thn L1-norm SVM ìpwc faÐnetai sto Sq ma 12.4. H L1-norm Huberized SVM
èqei timèc sf�lmatoc prìbleyhc Ðsec me to mhdèn gia 14 apì ta 18 jewroÔmena montèla, en¸ h
L1-norm SVM gia 8 apì ta 18 montèla, antÐstoiqa. Gia 10 apì ta 18 jewroÔmena montèla,
oi timèc tou sf�lmatoc ekpaÐdeushc thc L1-norm Huberized SVM eÐnai qamhlìterec se
sÔgkrish me tic antÐstoiqec timèc thc L1-norm SVM. ParathroÔme ìti h L1-norm Huberized
SVM èqei sqedìn parìmoiec timèc akrÐbeiac se sÔgkrish me thn L1-norm SVM. Oi timèc
akrÐbeiac kai gia tic dÔo autèc mejìdouc kumaÐnontai sto eÔroc [0.75, 1] ìpwc faÐnetai sto
Sq ma 12.5.

Oi timèc gia thn euaisjhsÐa kai thn eidikìthta pou proèkuyan apì tic dÔo mejìdouc
L1-norm Huberized SVM kai L1-norm SVM eÐnai uyhlèc gia ìla ta jewroÔmena montèla,
dedomènou ìti oi timèc autèc kumaÐnontai sto eÔroc [0.60, 1] ìpwc faÐnetai sto Sq ma 12.6.
H L1-norm Huberized SVM èqei uyhlìterec timèc eidikìthtac gia 10 apì ta 18 jewroÔmena
montèla se sÔgkrish me thn L1-norm SVM. Oi prokÔptousec timèc euaisjhsÐac apì thn
L1-norm Huberized SVM eÐnai epÐshc uyhlìterec gia 10 apì ta 18 jewroÔmena montèla se
sÔgkrish me thn L1-norm SVM. Autèc antistoiqoÔn se peript¸seic ìpou h pleioyhfÐa twn
energ¸n epidr�sewn aniqneÔontai swst�. Oi PÐnakec 12.3 kai 12.4 deÐqnoun ìti h L1-norm
Huberized SVM teÐnei na dhl¸nei se èna qamhlìtero posostì anenergèc epidr�seic wc
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energèc se sÔgkrish me thn L1-norm SVM, kaj¸c epÐshc h L1-norm Huberized SVM teÐnei
na dhl¸nei se èna qamhlìtero posostì energèc epidr�seic na eÐnai anenergèc se sÔgkrish
me thn L1-norm SVM.

H empeirik  apìdosh basismènh sthn parap�nw melèth prosomoÐwshc (PÐnakac 12.3 kai
PÐnakac 12.4) apokalÔptei ìti h L1-norm Huberized SVM faÐnetai na uperèqei thc L1-
norm SVM gia to krhs�risma kÔriwn epidr�sewn kai allhlepidr�sewn se uperkoresmènouc
sqediasmoÔc (qamhlìterec timèc sf�lmatoc ekpaÐdeushc kai prìbleyhc, uyhlìterec timèc
euaisjhsÐac kai eidikìthtac) gia peript¸seic stic opoÐec o arijmìc twn metablht¸n uper-
baÐnei kat� polÔ to mègejoc tou deÐgmatoc (m� n). To gegonìc ìti h L1-norm Huberized
SVM teÐnei na dhl¸nei se èna qamhlìtero posostì energèc epidr�seic wc anenergèc eÐnai
polÔ shmantikì, dedomènou ìti h kÔria qr sh twn uperkoresmènwn sqediasm¸n eÐnai o ento-
pismìc twn shmantik¸n paragìntwn pou prèpei na diereunhjoÔn peraitèrw, kai ta qamhl�
sf�lmata TÔpou II eÐnai idiaÐtera epijumht�, molonìti tìso ta sf�lmata TÔpou I ìso kai ta
sf�lmata TÔpou II eÐnai shmantik� kai prèpei na diathroÔntai ìso to dunatìn qamhlìtera.
H L1-norm Huberized SVM epitugq�nei k�ti tètoio polÔ ikanopoihtik�.

Sumperasmatik�, katal goume sto ìti ìtan o peiramatist c jewreÐ uperkoresmènouc
sqediasmoÔc kÔriwn epidr�sewn sumperilambanomènwn twn allhlepidr�sewn, h L1-norm
Huberized SVM faÐnetai na eÐnai mÐa logik  epilog  wc mèjodoc krhsarÐsmatoc. Sugke-
krimèna, o PÐnakac 12.4 deÐqnei xek�jara ìti oi bèltistec timèc twn krithrÐwn apìdoshc
gia thn L1-norm Huberized SVM (uyhlìterec timèc akrÐbeiac, euaisjhsÐac kai eidikìthtac,
kai qamhlìterec timèc sf�lmatoc) prokÔptoun k�tw apì to Sen�rio II (mesaÐoc arijmìc
energ¸n paragìntwn). Oi timèc autèc epishmaÐnontai ston PÐnaka 12.4 me èntona gr�mmata.

PÐnakac 12.3: Axiolìghsh thc apìdoshc thc L1-norm SVM gia US kÔriwn epidr�sewn kai allh-
lepidr�sewn

Sf�lma Sf�lma EnergoÐ

Montèlo SSD(n,m) Sen�rio EkpaÐdeushc Prìbleyhc AkrÐbeia EuaisjhsÐa Eidikìthta Par�gontec

1 SSD(6,55) I (p=2) 0.1983 0.0067 0.8017 0.7300 0.6000 1.89
2 SSD(6,55) II (p=3) 0.2050 0.0067 0.7950 0.7100 0.6100 1.97
3 SSD(6,55) III (p=4) 0.2033 0.0003 0.7967 0.6900 0.6600 2.06
4 Lin(6,55) I (p=2) 0.1900 0.0033 0.8100 0.6500 0.7300 1.75
5 Lin(6,55) II (p=3) 0.1866 0.0000 0.8133 0.7300 0.6500 1.88
6 Lin(6,55) III (p=4) 0.2083 0.0033 0.7916 0.6000 0.7100 1.75
7 SSD(8,105) I (p=2) 0.2125 0.0075 0.7875 0.7200 0.6500 6.45
8 SSD(8,105) II (p=4) 0.1839 0.0075 0.8161 0.6900 0.7200 5.28
9 SSD(8,105) III (p=6) 0.2187 0.0050 0.7725 0.7300 0.6400 5.96
10 SSD(10,171) I (p=2) 0.0590 0.0020 0.9410 0.8950 0.9050 3.83
11 SSD(10,171) II (p=5) 0.0550 0.0000 0.9450 0.9350 0.8833 4.44
12 SSD(10,171) III (p=8) 0.0610 0.0040 0.9390 0.8783 0.9133 4.62
13 SSD(12,253) I (p=3) 0.0250 0.0000 0.9750 0.9687 0.9347 5.48
14 SSD(12,253) II (p=6) 0.0116 0.0000 0.9883 0.9817 0.9800 6.16
15 SSD(12,253) III (p=10) 0.0191 0.0000 0.9808 0.9805 0.9457 5.57
16 TangWu(12,253) I (p=3) 0.0125 0.0000 0.9875 0.9745 0.9840 5.71
17 TangWu(12,253) II (p=6) 0.0241 0.0000 0.9758 0.9731 0.9325 6.46
18 TangWu(12,253) III (p=10) 0.0158 0.0000 0.9847 0.9505 0.9880 7.16
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PÐnakac 12.4: Axiolìghsh thc apìdoshc thc L1-norm Huberized SVM gia US kÔriwn
epidr�sewn kai allhlepidr�sewn

Sf�lma Sf�lma EnergoÐ

Montèlo SSD(n,m) Sen�rio EkpaÐdeushc Prìbleyhc AkrÐbeia EuaisjhsÐa Eidikìthta Par�gontec

1 SSD(6,55) I (p=2) 0.1850 0.0067 0.8150 0.7000 0.6800 2.01
2 SSD(6,55) II (p=3) 0.1750 0.0000 0.8250 0.6800 0.7300 2.05
3 SSD(6,55) III (p=4) 0.1933 0.0000 0.8067 0.7100 0.6300 2.34
4 Lin(6,55) I (p=2) 0.1733 0.0000 0.8267 0.7100 0.7300 1.85
5 Lin(6,55) II (p=3) 0.1800 0.0000 0.8200 0.7200 0.7500 1.98
6 Lin(6,55) III (p=4) 0.1883 0.0000 0.8117 0.6500 0.7200 1.76
7 SSD(8,105) I (p=2) 0.1988 0.0000 0.8013 0.7600 0.6400 6.57
8 SSD(8,105) II (p=4) 0.1838 0.0075 0.8163 0.7100 0.7500 5.34
9 SSD(8,105) III (p=6) 0.2512 0.0025 0.7488 0.7400 0.6000 6.05
10 SSD(10,171) I (p=2) 0.0820 0.0060 0.9180 0.8817 0.8580 4.17
11 SSD(10,171) II (p=5) 0.0560 0.0000 0.9440 0.9113 0.8983 5.39
12 SSD(10,171) III (p=8) 0.0820 0.0000 0.9180 0.8790 0.8500 4.97
13 SSD(12,253) I (p=3) 0.0233 0.0000 0.9767 0.9840 0.9286 7.96
14 SSD(12,253) II (p=6) 0.0200 0.0000 0.9800 0.9711 0.9480 6.86
15 SSD(12,253) III (p=10) 0.0250 0.0000 0.9750 0.9551 0.9480 7.50
16 TangWu(12,253) I (p=3) 0.0233 0.0000 0.9767 0.9240 0.9840 6.72
17 TangWu(12,253) II (p=6) 0.0150 0.0000 0.9850 0.9823 0.9680 6.75
18 TangWu(12,253) III (p=10) 0.0250 0.0000 0.9750 0.9826 0.9271 7.86

Sq ma 12.4: SÔgkrish sfalm�twn uperkoresmènwn sqediasm¸n kÔriwn epidr�sewn kai allh-
lepidr�sewn
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Sq ma 12.5: AkrÐbeia montèlwn uperkoresmènwn sqediasm¸n kÔriwn epidr�sewn kai allh-
lepidr�sewn

Sq ma 12.6: An�lush euaisjhsÐac kai eidikìthtac uperkoresmènwn sqediasm¸n kÔriwn
epidr�sewn kai allhlepidr�sewn
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12.3.4 Idiìthtec Poinikopoihmènwn Mhqan¸n Dianusmatik c Upo-
st rixhc

Up�rqoun èxi shmatikèc idiìthtec-kleidi� pou axÐzei na anaferjoÔme se autì to shmeÐo.

1. H mèjodoc twn poinikopoihmènwn SVMs (L1-norm SVM kai L1-norm Huberized SVM)
faÐnetai na eÐnai eÔrwsth se sqèsh me ton arijmì twn energ¸n paragìntwn pou
aniqneÔontai, upì thn ènnoia ìti o sunolikìc mèsoc arijmìc twn paragìntwn pou
brèjhkan na eÐnai energèc gia k�je uperkoresmèno sqediasmì eÐnai perÐpou o Ðdioc kai
gia ta trÐa diaforetik� jewroÔmena sen�ria.

2. H mèjodoc twn poinikopoihmènwn SVMs eÐnai euaÐsjhth stic paramètrouc pou emplè-
kontai sto montèlo, upì thn ènnoia ìti h L1-norm SVM èqei kalÔterh apìdosh apì
thn L1-norm Huberized SVM gia to krhs�risma uperkoresmènwn sqediasm¸n mìno
kÔriwn epidr�sewn, en¸ h L1-norm Huberized SVM uperèqei thc L1-norm SVM ìtan
oi allhlepidr�seic sumperilamb�nontai sto montèlo.

3. H L1-norm SVM eÐnai euaÐsjhth sto jewroÔmeno sen�rio. H kalÔterh apìdosh gia to
krhs�risma uperkoresmènwn sqediasm¸n mìno kÔriwn epidr�sewn apì thn L1-norm
SVM proèrqetai k�tw apì to Sen�rio I (mikrìc arijmìc energ¸n paragìntwn). H
deÔterh kalÔterh apìdosh proèrqetai k�tw apì to Sen�rio II (mesaÐoc arijmìc en-
erg¸n paragìntwn), kai teleutaÐa akoloujeÐ h apìdosh k�tw apì to Sen�rio III
(meg�loc arijmìc energ¸n paragìntwn).

4. H L1-norm Huberized SVM eÐnai euaÐsjhth sto jewroÔmeno sen�rio. H kalÔterh apì-
dosh gia to krhs�risma uperkoresmènwn sqediasm¸n kÔriwn epidr�sewn kai allh-
lepidr�sewn apì thn L1-norm Huberized SVM proèrqetai k�tw apì to Sen�rio II
(mesaÐoc arijmìc energ¸n paragìntwn). H deÔterh kalÔterh apìdosh proèrqetai
k�tw apì to Sen�rio I (mikrìc arijmìc energ¸n paragìntwn), kai teleutaÐa akolou-
jeÐ h apìdosh k�tw apì to Sen�rio III (meg�loc arijmìc energ¸n paragìntwn).

5. H L1-norm SVM parousi�zei stajerìthta stic problèyeic se peript¸seic stic opoÐec
o arijmìc twn metablht¸n uperbaÐnei el�qista to mègejoc tou deÐgmatoc (m > n).

6. H L1-norm Huberized SVM parousi�zei stajerìthta stic problèyeic se peript¸seic
stic opoÐec o arijmìc twn metablht¸n uperbaÐnei kat� polÔ to mègejoc tou deÐgmatoc
(m� n).

12.4 An�lush Pragmatik¸n Dedomènwn

Se aut  thn enìthta exet�zoume thn apìdosh thc proteinìmenhc mejìdou krhsarÐsmatoc
me kÐnhtro thn parousÐa pragmatik¸n dedomènwn. H arqik  b�sh dedomènwn apoteleÐtai
apì 44 epexhghmatikèc metablhtèc pou apoteloÔn touc prognwstikoÔc par�gontec, kai apì
8862 asjeneÐc. To sÔnolo dedomènwn TraÔmatoc pou qrhsimopoi jhke parousi�zetai ston
PÐnaka 10.1 sto Kef�laio 10.

O skopìc aut c thc an�lushc pragmatik¸n dedomènwn eÐnai na axiolog sei thn pra-
ktik  qr sh thc proteinìmenhc prosèggishc, all� kai na d¸sei k�poia eikìna gia to p¸c h
proteinìmenh mèjodoc krhsarÐsmatoc sumb�llei proc thn epikeÐmenh qr sh twn uperkore-
smènwn sqediasm¸n se pragmatik� probl mata thc zw c. Sto Kef�laio 10 asqolhj kame
me èna meg�lhc di�stashc prìblhma statistik c montelopoÐhshc dojèntwn twn parathr -
sewn miac b�shc dedomènwn, proteÐnontac mÐa enallaktik  prosèggish me stìqo thn kru-
ptogr�fhsh sugkekrimènwn pedÐwn thc b�shc dedomènwn jewr¸ntac uperkoresmènouc sqe-
diasmoÔc. Gia perissìterec leptomèreiec sqetik� me ton algìrijmo epilog c bèltistou up-
erkoresmènou sqediasmoÔ apì th b�sh dedomènwn, o endiaferìmenoc anagn¸sthc mporeÐ na
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anatrèxei sto Kef�laio 10   sthn ergasÐa [136]. Sth melèth tou parìntoc kefalaÐou, qrhsi-
mopoioÔme mìno to bèltisto uperkoresmèno sqediasmì pou anakt jhke apì thn proanafer-
jeÐsa b�sh dedomènwn, o opoÐoc perilamb�nei 6 peiramatikèc ektelèseic kai 8 par�gontec,
kai parousi�zetai ston PÐnaka 12.5.

PÐnakac 12.5: O bèltistoc uperkoresmènoc sqediasmìc
record ID x8 x5 x7 x13 x6 x2 x14 x11 y

968 1 -1 -1 1 -1 -1 1 -1 1
936 -1 1 -1 1 -1 -1 1 -1 1
5587 1 1 -1 1 -1 -1 1 1 1
7344 -1 1 -1 1 -1 -1 -1 -1 -1
3806 -1 1 -1 -1 -1 1 -1 -1 -1
2530 -1 -1 -1 -1 1 -1 -1 -1 -1

AnameignÔoume t¸ra tic kÔriec autèc epidr�seic pou aniqneÔjhkan me tic allhlepidr�seic
dÔo paragìntwn. O uperkoresmènoc sqediasmìc tou PÐnaka 12.5 o opoÐoc perilamb�nei 6
peiramatikèc ektelèseic kai 8 par�gontec, aux�netai t¸ra se ènan uperkoresmèno sqediasmì
me 6 peiramatikèc ektelèseic kai 36 par�gontec.

Arqik� ekteloÔme thn L1-norm SVM kai thn L1-norm Huberized SVM mèjodo se ìlh
th b�sh twn dedomènwn h opoÐa apoteleÐtai apì 8862 asjeneÐc kai 44 pijanoÔc par�gontec
kindÔnou (Modeldatabase). 'Epeita ekteloÔme thn L1-norm SVM kai thn L1-norm Hu-
berized SVM qrhsimopoi¸ntac wc pÐnaka sqediasmoÔ ton uperkoresmèno sqediasmì mìno
kÔriwn epidr�sewn, dhlad  ton SSD(6runs,8factors), kai wc apìkrish y tic antÐstoiqec etikètec
kl�shc exìdou (teleutaÐa st lh tou PÐnaka 12.5). To montèlo autì onom�zetai wcModelSSD.
Sto tèloc, ekteloÔme thn L1-norm SVM kai thn L1-norm Huberized SVM qrhsimopoi¸ntac
wc pÐnaka sqediasmoÔ ton uperkoresmèno sqediasmì kÔriwn epidr�sewn sumperilambanomè-
nwn twn allhlepidr�sewn dÔo paragìntwn, dhlad  ton SSD(6runs,36factors), kai wc apìkrish
y tic antÐstoiqec etikètec kl�shc exìdou (teleutaÐa st lh tou PÐnaka 12.5). To montèlo
autì onom�zetai wc ModelSSDinter.

Gia k�je èna apì ta parap�nw montèla, 1000 sÔnola dedomènwn par�qjhkan kai ta
lhfjènta apotelèsmata sÔmfwna me thn L1-norm SVM kai thn L1-norm Huberized SVM
sunoyÐzontai ston PÐnaka 12.6. Ston PÐnaka 12.6, h pr¸th st lh kai h deÔterh st lh
anafèretai sth qrhsimopoioÔmenh mèjodo kai sto qrhsimopoioÔmeno montèlo, antÐstoiqa.
'Olec oi �llec st lec dÐnoun tic timèc twn krithrÐwn apìdoshc gia k�je montèlo met� thn
ektèlesh thc L1-norm SVM kai thc L1-norm Huberized SVM. O PÐnakac 12.7 parousi�zei
tic epidr�seic pou entopÐsthkan wc energèc gia k�je montèlo met� thn ektèlesh thc L1-
norm SVM kai thc L1-norm Huberized SVM.

Met� thn ektèlesh twn mejìdwn L1-norm SVM kai L1-norm Huberized SVM se ìlh th
b�sh dedomènwn (Modeldatabase) parathroÔme ìti kai oi dÔo autèc mèjodoi èqoun parìmoia
apìdodh (tautìshmec timèc gia ta sf�lmata ekpaÐdeushc kai prìbleyhc, gia thn akrÐbeia,
euaisjhsÐa kai eidikìthta).

Met� thn ektèlesh twn mejìdwn L1-norm SVM kai L1-norm Huberized SVM sto
sqediasmì mìno kÔriwn epidr�sewn SSD(6runs,8factors) parathroÔme ìti kai oi dÔo autèc
mèjodoi èqoun tautìshmec timèc gia to sf�lma prìbleyhc kai thn eidikìthta. Par’ìla aut�,
h L1-norm SVM uperèqei thc L1-norm Huberized SVM gia toModelSSD dedomènou ìti èqei
qamhlìterh tim  sf�lmatoc ekpaÐdeushc kai uyhlìterec timèc akrÐbeiac kai euaisjhsÐac. H
L1-norm SVM anÐqneuse 4 kÔriec epidr�seic wc energèc (x2, x7, x13, x14). H L1-norm
Huberized SVM anÐqneuse 2 kÔriec epidr�seic wc energèc (x2, x14).

Met� thn ektèlesh twn mejìdwn L1-norm SVM kai L1-norm Huberized SVM sto sqe-
diasmì kÔriwn epidr�sewn sumperilambanomènwn twn allhlepidr�sewn SSD(6runs,36factors),
parathroÔme ìti kai oi dÔo autèc mèjodoi èqoun tautìshmec timèc gia thn eidikìthta. H L1-
norm Huberized SVM uperèqei thc L1-norm SVM gia toModelSSDinter dedomènou ìti èqei
qamhlìterec timèc sf�lmatoc ekpaÐdeushc kai prìbleyhc, uyhlìterec timèc euaisjhsÐac kai
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akrÐbeiac. H L1-norm SVM anÐqneuse 2 energèc kÔriec epidr�seic (x2, x14) kai 2 energèc
allhlepidr�seic dÔo paragìntwn (x2,11 , x7,14). H L1-norm Huberized SVM anÐqneuse 2
energèc kÔriec epidr�seic (x2, x14) kai 4 energèc allhlepidr�seic dÔo paragìntwn (x2,8 ,
x2,11 , x6,14 , x7,14).

SumperaÐnoume loipìn apì ta apotelèsmata thc pragmatik c an�lushc dedomènwn ìti h
L1-norm SVM dÐnei polÔ kalÔtera apotelèsmata apì thn L1-norm Huberized SVM gia to
krhs�risma kÔriwn epidr�sewn se ènan uperkoresmèno sqediasmì, en¸ h L1-norm Huberized
SVM uperèqei thc L1-norm SVM ìtan oi ìroi twn allhlepidr�sewn sumperilamb�nontai
sto montèlo.

PÐnakac 12.6: Sugkritik  apìdosh montèlwn

Sf�lma Sf�lma

Mèjodoc Montèlo EkpaÐdeushc Prìbleyhc AkrÐbeia EuaisjhsÐa Eidikìthta

L1-norm SVM Modeldatabase 0.04 0.08 0.96 0.20 0.99
L1-norm Huberized SVM Modeldatabase 0.04 0.08 0.96 0.20 0.99
L1-norm SVM ModelSSD 0.01 0.00 0.99 0.99 0.99
L1-norm Huberized SVM ModelSSD 0.11 0.00 0.89 0.86 0.99
L1-norm SVM ModelSSDinter 0.03 0.08 0.97 0.91 0.99
L1-norm Huberized SVM ModelSSDinter 0.01 0.00 0.99 0.99 0.99

PÐnakac 12.7: Oi energèc epidr�seic

Mèjodoc x2 x5 x6 x7 x8 x11 x13 x14 x2,8 x2,11 x6,14 x7,14
L1-norm SVM (ModelSSD) x x x x
L1-norm Huberized SVM (ModelSSD) x x
L1-norm SVM (ModelSSDinter) x x x x
L1-norm Huberized SVM (ModelSSDinter) x x x x x x

12.5 Sumper�smata

Sto kef�laio autì proteÐname mÐa mèjodo an�lushc dedomènwn apì uperkoresmènouc
sqediasmoÔc dÔo epipèdwn, me thn paradoq  twn genikeumènwn grammik¸n montèlwn gia
dÐtimh apìkrish, uiojet¸ntac th mejodologÐa twn poinikopoihmènwn mhqan¸n dianusmatik c
upost rixhc, h opoÐa prosdiorÐzei poiec metablhtèc ephre�zoun shmantik� thn apìkrish kai
ekteleÐ autìmath epilog  metablht¸n gia autì to skopì. Diex game diaforetikèc mejìdouc
statistik c an�lushc, jewr¸ntac di�fora sen�ria, kai ta apotelèsmata ta opoÐa proèkuyan
eÐnai polÔ ikanopoihtik�, dedomènou ìti parèqoun odhgÐec gia th qr sh kai thn epilog  thc
kat�llhlhc teqnik c twn poinikopoihmènwn mhqan¸n dianusmatik c upost rixhc se dÔo dia-
foretikèc peript¸seic. H L1-norm SVM eÐnai kat�llhlh gia to krhs�risma uperkoresmènwn
sqediasm¸n mìno kÔriwn epidr�sewn, en¸ h L1-norm Huberized SVM eÐnai kat�llhlh ìtan
oi ìroi allhlepÐdrashc sumperilamb�nontai sto montèlo. Ta parap�nw sumper�smata ta
opoÐa proèkuyan apì thn ekten  empeirik  melèth prosomoÐwshc sumpÐptoun kai gia thn
an�lush pragmatik¸n dedomènwn thn opoÐa diex game metèpeita.
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K E F A L A I O 13

Kataskeu  Mh Isorrophmènwn

Uperkoresmènwn Sqediasm¸n me

Allhlepidr�seic

Man’s longing for perfection
finds expression in

the theory of optimization.

�Beightler, Phillips and Wilde (1979)

Sto dèkato trÐto autì kef�laio melet�me th dom  tautìshmwn epidr�sewn stouc uperko-
resmènouc sqediasmoÔc sumperilambanomènwn twn allhlepidr�sewn. Parousi�zoume mÐa mè-
jodo beltistopoÐhshc, h opoÐa apoteleÐ mÐa teqnik  proc ta pÐsw apaloif c kajodhgoÔmenh
apì èna sqediasmì (backward elimination design-driven optimization-BEDDO), me èna kÔ-
rio stìqo sto mualì, na melet soume th dom  tautìshmwn epidr�sewn kai na exaleÐyoume
touc par�gontec pou aniqneÔontai na eÐnai tautìshmoi metaxÔ touc mèsa ston uperkore-
smèno sqediasmì. Gia thn ulopoÐhsh thc proteinìmenhc mejìdou BEDDO, enswmat¸noume
kai sundu�zoume statistik� mètra basismèna sth susqètish, ta opoÐa èqoun lhfjeÐ apì
dÔo episthmonik� pedÐa, thn klasik  jewrÐa elègqou kai touc sqediasmoÔc peiram�twn,
kai parousi�zoume epÐshc èna nèo krit rio beltistìthtac to opoÐo apoteleÐ mÐa tropopoih-
mènh morf  tou Cronbach �lfa suntelest . Me autì ton trìpo kai me th bo jeia twn
upologist¸n parèqoume mÐa nèa kl�sh mh isorrophmènwn uperkoresmènwn sqediasm¸n pou
perilamb�noun allhlepidr�seic, oi opoÐoi aporrèoun �mesa apì th mèjodo beltistopoÐhshc
BEDDO. Ta ereunhtik� apotelèsmata autoÔ tou kefalaÐou parousi�zontai sthn episth-
monik  ergasÐa [43].
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13.1 Ereunhtikì Prìblhma - Kinht rioc Idèa

Sto Kef�laio 11 anaferj kame sto gegonìc ìti oi perissìterec apì tic mejìdouc
kataskeu c kai an�lushc twn uperkoresmènwn sqediasm¸n jewroÔn mìno tic kÔriec epidr�-
seic, kai agnooÔn   jewroÔn amelhtèa thn Ôparxh twn allhlepidr�sewn. Oi Hamada kai
Wu [104], kai prìsfata oi Phoa, Wong kai Xu [183] epes manan thn an�gkh tou na lam-
b�nontai upìyh oi shmantikèc allhlepidr�seic sto krhs�risma twn peiramatik¸n sqedia-
sm¸n, dedomènou ìti h agnìhs  touc mporeÐ na ephre�sei shmantik� th statistik  sumpera-
smatologÐa. Se autì to pneÔma, proteÐnoume mÐa mèjodo beltistopoÐhshc (BEDDO), me
stìqo na exaleÐyoume touc par�gontec pou aniqneÔontai na eÐnai tautìshmoi metaxÔ touc
mèsa sto sqediasmì kai me autì ton trìpo par�goume mÐa nèa kl�sh mh isorrophmènwn
uperkoresmènwn sqediasm¸n pou perilamb�noun allhlepidr�seic.

Apì kairì sth bibliografÐa, mÐa basik  paradoq -upìjesh gia touc uperkoresmènouc
sqediasmoÔc eÐnai ìti prèpei na eÐnai isorrophmènoi. Epeid  sth bibliografÐa, ufÐstantai
polu�rijmec qr seic thc ènnoiac thc “isorropÐac”, sthn paroÔsa diatrib , anaferìmaste
stouc sqediasmoÔc twn opoÐwn k�je par�gontac parathreÐtai ton Ðdio arijmì for¸n sthn
uyhl  kai qamhl  st�jmh wc “isorrophmènouc”, kai se diaforetik  perÐptwsh wc “mh-
isorrophmènouc”. Stic perissìterec efarmosmènec melètec krhsarÐsmatoc upotÐjetai ìti
ènac par�gontac prèpei na eÐnai isorrophmènoc, ¸ste na megistopoieÐ thn plhroforÐa me
el�qisto kìstoc. Sthn proteinìmenh mèjodo BEDDO, to gegonìc ìti qalar¸noume autì
ton periorismì thc isorropÐac gia th dhmiourgÐa mh isorrophmènwn uperkoresmènwn sqe-
diasm¸n pou perilamb�noun allhlepidr�seic, parèqei sqediasmoÔc me kalèc statistikèc
idiìthtec pou sugkrÐnontai eunoðk� me isorrophmènouc omìlogoÔc touc gia poll� krit ria
beltistopoÐhshc, sumperilambanomènou tou E(s2). Par�goume mh isorrophmènouc uperko-
resmènouc sqediasmoÔc pou sthn ousÐa mporoÔn na qarakthristoÔn wc merik¸c isorroph-
mènoi, upì thn ènnoia ìti m1 apì tic m st lec eÐnai isorrophmènec (èqoun Ðso arijmì “-1’s”
kai “1’s”) kai oi upìloipec (m−m1) (= m2) st lec eÐnai mh isorrophmènec. Tètoiou tÔpou
sqediasmoÐ me thn idiìthta thc merik c isorropÐac mporeÐ na prokÔyoun suqn� sthn pr�xh
efìson h Ôparxh twn allhlepidr�sewn jewrhjeÐ eÐte sthn kataskeu  eÐte sthn an�lush
twn uperkoresmènwn sqediasm¸n kÔriwn epidr�sewn. Oi merik¸c isorrophmènoi sqediasmoÐ
mporeÐ na endiafèroun ènan peiramatist  o opoÐoc qrei�zetai sqediasmoÔc ìso to dunatìn
pio isorrophmènouc kai mporeÐ na eÐnai protimhtèoi se peript¸seic stic opoÐec ta epÐpe-
da sugkekrimènwn paragìntwn sqetÐzontai me uyhl� kìsth. Oi Allen kai Bernshteyn [4]
epÐshc epis manan ìti oi mh isorrophmènoi uperkoresmènoi sqediasmoÐ mporeÐ na eÐnai pro-
timhtèoi stouc peiramatistèc pou ja  jelan na elaqistopoi soun to peiramatikì kìstoc
se peript¸seic pou to na epiteuqjoÔn sugkekrimèna epÐpeda k�poiwn paragìntwn kostÐzei
polÔ.

Epiprìsjeta, ìpwc proanafèrame sto Kef�laio 11 oi paradosiakèc teqnikèc peirama-
tismoÔ gia th beltÐwsh enìc proðìntoc   miac diadikasÐac xekinoÔn me thn exètash mìno
twn kÔriwn epidr�sewn twn paragìntwn sto pr¸to st�dio, kai qrhsimopoioÔn peraitèrw
peiramatismì (deÔtero st�dio) gia na exet�soun tic allhlepidr�seic metaxÔ twn paragì-
ntwn twn opoÐwn oi kÔriec epidr�seic aniqneÔthkan wc shmantikèc se sqèsh me thn apìkri-
sh, apì ta apotelèsmata ta opoÐa proèkuyan sto pr¸to st�dio tou peiramatismoÔ. Aut 
h prosèggish apaiteÐ thn paradoq  ìti stajer� isqÔei h arq  thc isqur c klhronomikìth-
tac pou anafèrei ìti oi allhlepidr�seic prokÔptoun mìno metaxÔ aut¸n twn paragìntwn
me energèc kÔriec epidr�seic. Wstìso, ta apotelèsmata pou prokÔptoun apì pollèc pra-
ktikèc efarmogèc parèqoun endeÐxeic ìti h arq  thc isqur c klhronomikìthtac apotugq�nei
arket� suqn� [165], [222], [206], [68]. Kat� sunèpeia, h proteinìmenh mèjodoc BEDDO
pleonekteÐ dedomènou ìti epitrèpei th qal�rwsh thc arq c thc isqur c klhronomikìthtac,
kai sumperilamb�nei tic allhlepidr�seic dÔo paragìntwn sto arqikì st�dio tou peirama-
tismoÔ, prokeimènou na aniqneÔsei kai na apokleÐsei tic allhlepidr�seic el�qisthc shma-
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ntikìthtac kai plhrofìrhshc, ìso to dunatìn grhgorìtera.
ParakinoÔmenoi apì ta parap�nw, proteÐnoume mÐa mèjodo beltistopoÐhshc h opoÐa

epitugq�nei na katano sei ta upodeÐgmata metaxÔ tou sunìlou twn sthl¸n-paragìntwn
(qwrÐc na jewreÐ metablht  apìkrishc kai na apaiteÐ th gn¸sh thc), axiologeÐ to bajmì thc
plhsièsterhc orjogwniìthtac (near-orthogonality), kai telik� epilègei ton pio plhroforia-
kì sqediasmì sumperilambanomènwn twn allhlepidr�sewn. H qr sh tou BEDDO èqei wc
upoproðìn to de-aliasing twn paragìntwn kai epitugq�nei na anakt sei èna sqediasmì ìso
to dunatìn plhsièstera ston orjog¸nio se sqèsh me k�poia statistik� mètra basismèna
sth susqètish. Me autì ton trìpo, h proteinìmenh mèjodoc epitrèpei ston peiramatist  na
apokt sei èna eÐdoc ek twn protèrwn gn¸shc twn pijan¸n shmantik¸n paragìntwn, kai to
gegonìc autì odhgeÐ se ligìtero polÔploka kai akrib� peir�mata gia peraitèrw ektèlesh.

13.2 TropopoÐhsh tou Cronbach 'Alfa Suntelest 

Se aut  thn enìthta, parousi�zoume to gegonìc to opoÐo mac parakÐnhse na tropopoi -
soume ton Cronbach �lfa suntelest , kai na ton uiojet soume wc èna krit rio beltistopoÐ-
hshc stouc uperkoresmènouc sqediasmoÔc. EpÐshc, parousi�zoume k�poiec apì tic idiìthtèc
tou, k�tw fr�gmata gia autì to tropopoihmèno krit rio kai axiologoÔme thn apìdos  tou
mèsw miac sugkritik c melèthc.

13.2.1 KÐnhtro Qr shc kai TropopoÐhshc tou Cronbach 'Alfa Sunte-
lest 

O swstìc sqediasmìc miac peiramatik c melèthc diadramatÐzei polÔ shmantikì rìlo
gia treic polÔ basikoÔc lìgouc. Pr¸ton, mporeÐ na ephre�sei shmantik� th statistik 
sumperasmatologÐa, deÔteron mÐa ftwq� sqediasmènh melèth mporeÐ na mhn eÐnai ikan  na
apant sei stic episthmonikèc upojèseic pou tÐjentai kai trÐton h poluplokìthta kai to
upologistikì kìstoc twn peiram�twn aux�netai suneq¸c stic mèrec mac. SumperaÐnoume
loipìn ìti up�rqei mÐa emfan c an�gkh gia to sqediasmì apotelesmatik¸n melet¸n me stìqo
na mei¸soume tic apaitoÔmenec phgèc upologistikoÔ kìstouc kai qrìnou thc èreunac pou
ja diex�goume. Mìno mÐa prosektik  je¸rhsh enìc sqediasmoÔ mporeÐ na odhg sei se mÐa
apotelesmatik  melèth me akribeÐc ektim seic perissìterwn epidr�sewn me to Ðdio kìstoc.

H diadikasÐa thc epilog c twn kalÔterwn antikeimènwn (items) apì èna arqikì sÔnolo
diajèsimwn antikeimènwn se mÐa melèth onom�zetai an�lush antikeimènwn   an�lush axio-
pistÐac. O ìroc antikeÐmeno sun jwc qrhsimopoieÐtai se mÐa an�lush axiopistÐac, all� me
ton ìro antikeÐmena mporeÐ na ennooÔme otid pote, ìpwc erwt seic, posodeÐktec, metr seic
twn epipèdwn twn paragìntwn se èna biomhqanikì peÐrama. Ta antikeÐmena polÔ suqn�
anafèrontai kai wc metablhtèc. H an�lush axiopistÐac èrqetai sto prosk nio ìtan metablh-
tèc se klimakwt  morf  qrhsimopoioÔntai wc prognwstikèc metablhtèc se antikeimenik�
probl mata statistik c montelopoÐhshc. H an�lush axiopistÐac eÐnai idiaÐtera qr simh
ìtan oi metablhtèc protÐjetai na qrhsimopoihjoÔn gia peraitèrw prognwstikèc analÔseic.
'Ena apì ta pio eurèwc qrhsimopoioÔmena ergaleÐa gia thn ektÐmhsh thc axiopistÐac eÐnai o
suntelest c �lfa (gnwstìc wc “Cronbach’s α”). Prot�jhke apì ton Cronbach [56] kai
apoteleÐ genÐkeush thc fìrmoulac pou dìjhke apì touc Kuder-Richardson gia ta duadik�
dedomèna (KR-20) [138]. H bibliografÐa prosfèrei pollèc diaforetikèc perigrafèc tou
suntelest  �lfa. O endiaferìmenoc anagn¸sthc mporeÐ na anatrèxei sthn ergasÐa [51]
ìpou anafèrontai kai enswmat¸nontai orismènec apì tic pollèc perigrafèc pou èqoun gÐnei
sqetik� me to suntelest  �lfa. Se autì to shmeÐo jewroÔme shmantikì na exhg soume to ti
akrib¸c metr�ei o suntelest c �lfa kai to skopì qr shc tou, prokeimènou na anadeÐxoume
thn apotelesmatik  qr sh tou gia to krhs�risma twn uperkoresmènwn sqediasm¸n. O su-
ntelest c �lfa eÐnai mÐa sun�rthsh tou bajmoÔ wc proc to poioÐ par�gontec se èna peÐrama
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èqoun uyhlèc omoiìthtec kai sunep¸c qamhl  monadikìthta. Me �lla lìgia, o suntelest c
�lfa apoteleÐ sun�rthsh thc allhlosÔndeshc kai thc allhlex�rthshc metaxÔ twn paragì-
ntwn. Apì teqnik c apìyewc, o suntelest c �lfa eÐnai mÐa sun�rthsh tou arijmoÔ twn
paragìntwn se èna peÐrama kaj¸c epÐshc kai mÐa sun�rthsh thc mèshc allhlosusqètishc
twn paragìntwn se èna peÐrama.

O suntelest c �lfa qrhsimopoieÐtai eurèwc stic koinwnikèc epist mec, stic epiqeir seic
kai se �llouc episthmonikoÔc kl�douc gia thn axiolìghsh thc klÐmakac axiopistÐac. Stouc
sqediasmoÔc peiram�twn, h klim�kwsh twn epipèdwn tou par�gonta antistoiqeÐ se meta-
trop  twn epipèdwn tou par�gonta ètsi ¸ste h uyhl  tim  na gÐnetai “+1” kai h qamhl 
tim  na gÐnetai “-1”. To gegonìc ìti o suntelest c �lfa apoteleÐ èna mètro thc allhlo-
susqètishc twn paragìntwn se èna peÐrama, apotèlese to kÐnhtro ¸ste na uiojet soume
mÐa tropopoihmènh morf  tou (se sunduasmì me �lla statistik� mètra susqètishc), kai
na to qrhsimopoi soume apì mÐa �llh optik  gwnÐa, dhlad , na diereun soume th dom 
tautìshmwn epidr�sewn se uperkoresmènouc sqediasmoÔc dÔo epipèdwn pou perilamb�noun
allhlepidr�seic, prokeimènou na aniqneÔsoume kai na exaleÐyoume touc par�gontec tou
sqediasmoÔ pou eÐnai allhlèndetoi metaxÔ touc.

13.2.2 Cronbach 'Alfa Suntelest c

Ac upojèsoume ìti metr�me thn posìthta X pou eÐnai to �jroisma twn m sunistws¸n
x1, x2, . . . , xm. H klasik  fìrmoula tou Cronbach �lfa suntelest  dÐnetai apì th sqèsh

α = m

m− 1

1−

m∑
j=1

σ2
xj

σ2
X

 ,
ìpou σ2

X eÐnai h diakÔmansh tou X, kai σ2
xj h diakÔmansh thc j-ost c sunist¸sac tou X.

O suntelest c �lfa upologÐzetai apì ènan pÐnaka sundiakum�nsewn wc

αraw = mc̄

v̄ + (m− 1)c̄ ,

ìpou v̄ eÐnai o mèsoc twn m stoiqeÐwn sthn kÔria diag¸nio kai c̄ eÐnai o mèsoc twn stoiqeÐwn
ektìc thc diagwnÐou ston pÐnaka sundiakum�nsewn.

H tupopoihmènh morf  tou suntelest  �lfa upologÐzetai apì ènan pÐnaka susqetÐsewn
wc

αstd = mr̄

1 + (m− 1)r̄ ,

ìpou to r̄ eÐnai o mèsoc twn m(m − 1)/2 suntelest¸n susqètishc enìc �nw trigwnikoÔ  
k�tw trigwnikoÔ pÐnaka susqetÐsewn. Shmei¸noume ed¸ ìti an ìlec oi metablhtèc èqoun
mhdenik  mèsh tim  kai diakÔmansh Ðsh me th mon�da, h klasik  morf  tou suntelest  �lfa
kai h tupopoihmènh morf  tou eÐnai isodÔnamec. O deÐkthc std (gia thn tupopoihmènh morf )
deÐqnei ìti o Cronbach �lfa suntelest c up�rqei kai se mh-tupopoihmènh ekdoq  raw, h
opoÐa basÐzetai se susqetÐseic kai ìqi se sundiakum�nseic. O endiaferìmenoc anagn¸sthc
mporeÐ na anatrèxei sthn ergasÐa [50] gia perissìterec leptomèreiec sqetik� me thn ektÐmhsh
tou suntelest  �lfa.

13.2.3 To Tropopoihmèno Krit rio

Kaj’ìlh thn proteinìmenh mèjodo, jewroÔme uperkoresmènouc sqediasmoÔc pou epitrè-
poun se k�je par�gonta na èqei mìno dÔo epÐpeda sto peÐrama. Anaferìmaste sto epÐpedo
“+1” wc to uyhlì epÐpedo, kai sto epÐpedo “-1” wc to qamhlì epÐpedo. 'Otan jewreÐtai ènac
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uperkoresmènoc sqediasmìc, h egkat�leiyh thc orjogwniìthtac eÐnai anapìfeukth. Epeid 
h èlleiyh orjogwniìthtac sun jwc odhgeÐ kai se qamhlìterh apìdosh, o peiramatist c
epidi¸kei sqediasmoÔc ìso to dunatìn pio kont� ston orjog¸nio [149].

'Estw X ènac uperkoresmènoc sqediasmìc gia ton opoÐo m eÐnai o arijmìc twn paragì-
ntwn, n eÐnai o arijmìc twn peiramatik¸n ektelèsewn (m ≥ n), kai oi timèc twn epipèdwn
gia tic st lec twn paragìntwn ci kai cj kwdikopoioÔntai me ±1. 'Enac aplìc trìpoc gia na
metrhjeÐ o bajmìc thc mh orjogwniìthtac metaxÔ dÔo sthl¸n ci kai cj eÐnai na jewr soume
th susqètis  touc (rij). H susqètish metax  dÔo sthl¸n ci kai cj enìc uperkoresmènou
sqediasmoÔ upologÐzetai apì thn klasik  fìrmoula tou Pearson. EpijumoÔme thn el�qisth
dunat  tim  gia th susqètish rij metaxÔ ìlwn twn zeug¸n twn sthl¸n. 'Otan rij = 0
shmaÐnei ìti oi ci kai cj eÐnai asusqètistec kai ìtan rij = ±1 shmaÐnei ìti oi ci kai cj
eÐnai pl rwc tautìshmec. AxÐzei na shmeiwjeÐ ed¸ ìti sthn perÐptwsh enìc isorrophmènou

uperkoresmènou sqediasmoÔ h susqètish orÐzetai wc rij = c′icj
n . H megalÔterh apìluth

tim  thc susqètishc rij metaxÔ ìlwn twn zeug¸n twn sthl¸n sumbolÐzetai me rmax.
Parak�tw parousi�zoume thn tropopoihmènh morf  tou Cronbach �lfa suntelest .

O tropopoihmènoc suntelest c �lfa basÐzetai se èna eurèwc qrhsimopoioÔmeno krit rio
stouc uperkoresmènouc sqediasmoÔc, to opoÐo eis gage o Lin [149] kai kaleÐtai wc mèsh
tetragwnik  susqètish. H mèsh tetragwnik  susqètish ρ2 eÐnai o mèsoc twn r2

ij kai orÐzetai
wc

ρ2 =

∑
i<j

r2
ij(m

2
) . (13.1)

H enallaktik  morf  tou Cronbach �lfa suntelest  upologÐzetai apì ènan pÐnaka susqetÐ-
sewn. O tropopoihmènoc suntelest c �lfa pou proteÐnoume sumbolÐzetai me αrhosquared kai
orÐzetai wc

αrhosquared = mρ2

1 + (m− 1)ρ2 , (13.2)

ìpou to ρ2 eÐnai h mèsh tetragwnik  susqètish   me �lla lìgia o mèsoc twn m(m − 1)/2
tetrag¸nwn twn suntelest¸n susqètishc pou brÐskontai p�nw apì th diag¸nio tou pÐnaka
susqetÐsewn. To αrhosquared upodeiknÔei ton olikì suntelest  �lfa enìc uperkoresmènou
sqediasmoÔ apoteloÔmenou apì m st lec paragìntwn.

AxÐzei na shmeiwjeÐ ed¸ ìti h susqètish metaxÔ dÔo sthl¸n enìc isorrophmènou up-
erkoresmènou sqediasmoÔ mporeÐ na oristeÐ enallaktik� wc rij = sij

n , ìpou to sij eÐnai
to i,j-ostì stoiqeÐo tou XTX pÐnaka plhroforÐac. O ìroc sij metr� to bajmì mh orjo-
gwniìthtac metaxÔ twn paragìntwn ci kai cj . E�n to sij = 0, oi par�gontec ci kai cj eÐnai
orjog¸nioi.

Antikajist¸ntac to rij = sij
n sth sqèsh (13.1) lamb�noume th sqèsh

ρ2 =

1
n2
∑
i<j

s2
ij(m

2
) , (13.3)

ìpou to
∑
i<j

s2
ij eÐnai to �jroisma twn tetrag¸nwn twn stoiqeÐwn p�nw apì th diag¸nio

tou XTX. Antikajist¸ntac th sqèsh (13.3) sth sqèsh (13.2) mporoÔme enallaktik� na
upologÐsoume to suntelest  αrhosquared apì ton pÐnaka plhroforÐac enìc isorrophmènou
uperkoresmènou sqediasmoÔ.

Ac shmeiwjeÐ ed¸ ìti to ρ2 = E(s2)
n2 , ìpwc anafèretai sthn ergasÐa [149], ìpou to

E(s2) =

∑
i<j

s2
ij

(m2 ) eÐnai to apokaloÔmeno “mèso s2” to opoÐo eis qjh apì touc Booth kai

Cox [21]. Gia ènan isorrophmèno sqediasmì X me m par�gontec se dÔo epÐpeda o k�je
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ènac, kai n ektelèseic (m ≥ n), oi Nguyen [172] kai oi Tang kai Wu [215], anex�rthta,
pareÐqan èna k�tw fr�gma

E(s2) ≥ n2(m− n+ 1)
(n− 1)(m− 1) (13.4)

gia to E(s2).
O suntelest c αrhosquared mporeÐ na ermhneujeÐ wc to kat¸tero ìrio ektÐmhshc thc

allhlosusqètishc metaxÔ twn paragìntwn enìc peir�matoc, kai kumaÐnetai apì 0 (qamh-
lìteroc bajmìc allhlosusqètishc) èwc 1 (uyhlìteroc bajmìc allhlosusqètishc). H
ènnoia thc orjogwniìthtac sqetÐzetai me th dom  susqetÐsewn metaxÔ twn paragìntwn
enìc peiramatikoÔ sqediasmoÔ. 'Enac sqediasmìc pou den emfanÐzei susqetÐseic kaleÐtai
orjog¸nioc sqediasmìc. E�n oi st lec twn paragìntwn enìc sqediasmoÔ emfanÐzoun mh-
denikèc susqetÐseic, tìte k�je st lh tou sqediasmoÔ ja energeÐ anex�rthta apì ìlec tic
�llec st lec. 'Etsi, to αrhosquared anamènetai na isoÔtai me to mhdèn mìno sthn kl�sh twn
orjog¸niwn sqediasm¸n. Sthn kl�sh twn uperkoresmènwn sqediasm¸n pou melet�me sto
parìn kef�laio, epijumoÔme to qamhlìtero bajmì allhlosusqètishc metaxÔ twn paragì-
ntwn, ìmwc den eÐnai dunatìn na èqoume èna suntelest  αrhosquared Ðso me to mhdèn, lìgw
thc dom c tou sqediasmoÔ. Epiprìsjeta, shmei¸noume ed¸ ìti apì th stigm  pou o sunte-
lest c αrhosquared èqei an�logh morf  me to E(s2), basismènoi sth sqèsh (13.2) mporoÔme
eÔkola na deÐxoume ìti o suntelest c αrhosquared eÐnai mÐa austhr� aÔxousa sun�rthsh tou
E(s2), kai wc apotèlesma, k�tw fr�gmata gia to proteinìmeno krit rio mporoÔn eÔkola na
apokthjoÔn b�sh twn k�tw fragm�twn pou isqÔoun gia to E(s2). Oi parap�nw lìgoi ìpwc
 tan fusikì mac parakÐnhsan na y�xoume gia k�tw fr�gmata gia to suntelest  αrhosquared.
Parousi�zoume parak�tw èna k�tw fr�gma gia to suntelest  αrhosquared, gia to opoÐo
aparaÐthth proôpìjesh apoteleÐ o sqediasmìc na eÐnai isorrophmènoc.

Je¸rhma 13.1. Gia ènan isorrophmèno sqediasmì X me m par�gontec se dÔo epÐpeda o
k�je ènac kai n peiramatikèc ektelèseic (m ≥ n), to k�tw fr�gma gia to αrhosquared eÐnai
(m− n+ 1)/(m− 1).

Apìdeixh. Dedomènou ìti ρ2 = E(s2)
n2 , h sqèsh

αrhosquared = mρ2

1 + (m− 1)ρ2 ,

mporeÐ enallaktik� na grafeÐ wc

αrhosquared =
mE(s2)

n2

1 + (m− 1)E(s2)
n2

,

h opoÐa dÐnei wc apotèlesma

αrhosquared = mE(s2)
n2 + (m− 1)E(s2) .

Qrhsimopoi¸ntac th sqèsh (13.4), èqoume ìti

αrhosquared ≥
m n2(m−n+1)

(n−1)(m−1)

n2 + (m− 1) n
2(m−n+1)

(n−1)(m−1)

,

h opoÐa dÐnei wc apotèlesma

αrhosquared ≥
mn2(m− n+ 1)

n2(m− 1)[(n− 1) + (m− n+ 1)] ,
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h opoÐa me th seir� thc dÐnei wc apotèlesma

αrhosquared ≥
(m− n+ 1)

(m− 1) . (13.5)

13.2.4 Sugkritik  Apìdosh tou Tropopoihmènou KrithrÐou

Prokeimènou na axiologhjeÐ h apìdosh tou tropopoihmènou krithrÐou, upologÐsame kai
sugkrÐname di�forec timèc krithrÐwn (ρ2, rmax, E(s2), αrhosquared) p�nw se mÐa seir� apì
E(s2)-bèltistouc uperkoresmènouc sqediasmoÔc (gia touc opoÐouc m = 2(n − 1) ìpwc
autoÐ parousi�zontai sthn ergasÐa [130]). Ta lhfjènta apotelèsmata sÔmfwna me k�je
upì exètash krit rio parousi�zontai ston PÐnaka 13.1. Shmei¸ste ed¸ ìti ìla ta krit ria
pou exet�zontai eÐnai tÔpou smaller-the-better.

PÐnakac 13.1: Timèc krithrÐwn gia isorrophmènouc E(s2)-bèltistouc US
Ektelèseic Par�gontec ρ2 rmax E(s2) αrhosquared

6 10 0.1111 0.3333 4.0000 0.5556
8 14 0.0769 0.5000 4.9231 0.5385
10 18 0.0588 0.6000 5.8824 0.5294
12 22 0.0476 0.3333 6.8571 0.5238
14 26 0.0400 0.4286 7.8400 0.5200
16 30 0.0345 0.2500 8.8276 0.5172
18 34 0.0303 0.3333 9.8182 0.5152
20 38 0.0270 0.2000 10.8108 0.5135
22 42 0.0244 0.2727 11.8049 0.5122

Gia thn isorrophmènh perÐptwsh, oi Tang kai Wu [215] èdeixan ìti to k�tw fr�gma
(13.4) gia to E(s2) mporeÐ na epiteuqjeÐ e�n kai mìno e�n m = q(n − 1) kai n ≡ 0 mod 4
  e�n m = 2q(n− 1) kai n ≡ 2 mod 4 gia k�poio jetikì akèraio q. 'Ara, to n eÐnai �rtioc.
'Enac sqediasmìc kaleÐtai E(s2)-bèltistoc ìtan autì to fr�gma epitugq�netai. 'Otan to
n ≡ 0mod4, oi pijanèc timèc thc susqètishc eÐnai 0, 4/n, 8/n, . . . , 1, kai ìtan n ≡ 2mod4,
oi pijanèc timèc thc susqètishc eÐnai 2/n, 6/n, 10/n, . . . , 1.

ParathroÔme apì ton PÐnaka 13.1 ìti oi jewroÔmenoi isorrophmènoi uperkoresmènoi
sqediasmoÐ èqoun m = 2(n − 1) par�gontec kai n ≡ 0 mod 4   n ≡ 2 mod 4 peiramatikèc
ektelèseic. AutoÐ oi uperkoresmènoi sqediasmoÐ epitugq�noun to k�tw fr�gma (13.4) gia
to E(s2), kai �ra eÐnai bèltistoi se sqèsh me to krit rio E(s2). Epiplèon, parathroÔme
apì ton PÐnaka 13.1 ìti autoÐ oi uperkoresmènoi sqediasmoÐ epÐshc epitugq�noun to k�tw
fr�gma (13.5) gia to krit rio αrhosquared, kai �ra eÐnai bèltistoi se sqèsh me to krit rio
αrhosquared. SumperaÐnoume loipìn ìti oi isorrophmènoi uperkoresmènoi sqediasmoÐ oi opoÐoi
epitugq�noun to k�tw fr�gma gia to E(s2), epÐshc epitugq�noun to k�tw fr�gma gia to
αrhosquared. Oi dÔo teleutaÐec st lec ston PÐnaka 13.1 deÐqnoun ìti oi isorrophmènoi E(s2)-
bèltistoi uperkoresmènoi sqediasmoÐ apodÐdoun kal� me to krit rio αrhosquared.

Ta paradeÐgmata ston PÐnaka 13.1 upodeiknÔoun ìti oi isorrophmènoi uperkoresmènoi
sqediasmoÐ èqoun parìmoia apìdosh gia ta krit ria E(s2) kai αrhosquared. To gegonìc
ìti to tropopoihmèno krit rio beltistopoÐhshc èqei parìmoia apìdosh se sÔgkrish me to
E(s2) apoteleÐ mÐa statistik  idiìthta h opoÐa anamènetai dedomènou ìti o suntelest c
αrhosquared èqei an�logh morf  me to E(s2). Wstìso, to kÔrio pleonèkthma tou tropopoih-
mènou krithrÐou eÐnai h eÔkolh enswm�tws  tou sth mèjodo BEDDO kai h �mesh anti-
stoiqÐa tou me ton kÔrio stìqo tou krhsarÐsatoc kai thc ex�leiyhc twn allhlepidr�sewn
mikr c plhrofor sewc to taqÔtero dunatìn. Me ton trìpo autì, h BEDDO mèjodoc
beltistopoÐhshc k�tw apì to tropopoihmèno krit rio kai me th bo jeia twn upologist¸n
par�gei mÐa nèa kl�sh mh isorrophmènwn uperkoresmènwn sqediasm¸n pou perilamb�noun
allhlepidr�seic.
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13.3 H Proteinìmenh Mèjodoc BeltistopoÐhshc

H proteinìmenh mèjodoc beltistopoÐhshc apoteleÐ mÐa teqnik  proc ta pÐsw apaloif c
kajodhgoÔmenh apì èna sqediasmì, kai apoteleÐ mÐa prosèggish basismènh sth susqètish
me stìqo to krhs�risma enìc sqediasmoÔ. Prin parousi�soume thn proteinìmenh mèjodo,
perigr�foume parak�tw ta statistik� mètra sta opoÐa basÐzetai h mèjodìc mac.

13.3.1 Statistik� Mètra Susqètishc

To pr¸to mètro to opoÐo upologÐzoume eÐnai o sunolikìc suntelest c �lfa enìc up-
erkoresmènou sqediasmoÔ, dhlad , to αrhosquared ìpwc autì orÐzetai sth sqèsh (13.2). H
tim  tou suntelest  �lfa ephre�zetai apì ton arijmì twn paragìntwn kaj¸c epÐshc kai
apì to bajmì thc allhlosÔndeshc metaxÔ twn paragìntwn. Stouc uperkoresmènouc sqe-
diasmoÔc pou perilamb�noun allhlepidr�seic, o sunolikìc suntelest c �lfa èqei thn t�sh
na eÐnai arket� uyhlìc, deÐqnontac ìti k�poioi par�gontec eÐnai perittoÐ kai ja prèpei na
exaleifjoÔn. Gia autìn to lìgo, h tim  tou sunolikoÔ suntelest  �lfa se sunduasmì me
�lla statistik� mètra qrhsimopoioÔntai gia na anadeÐxoun thn allhlosÔndesh metaxÔ twn
paragìntwn tou upì exètash sqediasmoÔ. Ta �lla dÔo mètra pou jewroÔme ston algìrijmo
BEDDO eÐnai o rcorr suntelest c kai o α̂rhosquared suntelest c e�n ènac sugkekrimènoc
par�gontac afairejeÐ apì to sqediasmì. Ta dÔo mètra aut� (rcorr kai α̂rhosquared) diadra-
matÐzoun shmantikì rìlo sthn proteinìmenh mèjodo dedomènou ìti kai ta dÔo axiologoÔn
tic sunèpeiec tou na mhn jewr soume èna sugkekrimèno par�gonta th for� wc mèroc tou
sqediasmoÔ.

O suntelest c me to sumbolismì rcorr apoteleÐ to diorjwmèno suntelest  susqètishc
metaxÔ enìc par�gonta kai tou ajroÐsmatoc twn upoloÐpwn paragìntwn tou sqediasmoÔ. H
susqètish diorj¸netai me thn ènnoia ìti apoteleÐ th susqètish metaxÔ enìc sugkekrimènou
par�gonta kai twn upoloÐpwn paragìntwn tou sqediasmoÔ, qwrÐc autìc o sugkekrimènoc
par�gontac na jewreÐtai mèroc tou sqediasmoÔ. Ac upojèsoume ìti èqoume m par�gontec
se ènan uperkoresmèno sqediasmì, tìte o suntelest c rcorr tou j-ostoÔ par�gonta eÐnai
h susqètish metaxÔ tou j-ostoÔ par�gonta kai tou ajroÐsmatoc twn upoloÐpwn m − 1
paragìntwn. O upologismìc tou suntelest  rcorr apoteleÐ èna trìpo na doÔme to kat� pìso
ènac par�gontac allhlosusqetÐzetai me ìlouc touc �llouc par�gontec pou paramènoun sto
sqediasmì. Sthn klasik  jewrÐa elègqou, suqn� to fr�gma tou 0.40 qrhsimopoieÐtai wc
kanìnac katwflioÔ [18], deÐqnontac ìti o par�gontac susqetÐzetai asjen¸c me touc �llouc
par�gontec. Sth melèth mac, uiojetoÔme autì ton kanìna katwflioÔ, kai ìso qamhlìterh
eÐnai h tim  tou rcorr enìc par�gonta, tìso pio apÐjano o par�gontac na allhlosusqetÐzetai
me touc upìloipouc par�gontec tou sqediasmoÔ.

O suntelest c α̂rhosquared tou j-ostoÔ par�gonta upodeiknÔei ton anamenìmeno prokÔ-
pton suntelest  �lfa e�n o j-ostìc par�gontac afairejeÐ apì to sqediasmì. Me �lla
lìgia, o suntelest c α̂rhosquared anaparist� to poioc ja  tan o suntelest c αrhosquared e�n
o j-ostìc par�gontac afairejeÐ apì to sqediasmì kai den sumperilhfjeÐ ston upologismì
tou suntelest  �lfa.

K�je algìrijmoc beltistopoÐhshc exart�tai apì mÐa sugkekrimènh antikeimenik  sun�rth-
sh h opoÐa qrei�zetai na beltistopoihjeÐ. Gia touc uperkoresmènouc sqediasmoÔc, ìpwc
proanafèrame, èna eurèwc qrhsimopoioÔmeno krit rio beletistopoÐhshc eÐnai to rmax krit -
rio. 'Ena eÔlogo krit rio gia na sugkrÐnoume uperkoresmènouc sqediasmoÔc eÐnai h ela-
qistopoÐhsh toumaxi<j |rij |, ìpou rij eÐnai h susqètish dÔo sthl¸n ci kai cj . H megalÔterh
apìluth tim  thc susqètishc rij metaxÔ ìlwn twn zeug¸n twn sthl¸n sumbolÐzetai me rmax.
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13.3.2 O Proteinìmenoc Algìrijmoc BeltistopoÐhshc (BEDDO)

Se ènan uperkoresmèno sqediasmì, ex’orismoÔ up�rqoun ligìterec peiramatikèc ektelè-
seic se sqèsh me tic epidr�seic pou qrei�zetai na ektimhjoÔn. 'Otan o peiramatist c jew-
reÐ uperkoresmènouc sqediasmoÔc pou perilamb�noun allhlepidr�seic, to fainìmeno thc
taÔtishc metaxÔ twn kÔriwn epidr�sewn kai twn allhlepidr�sewn dÔo paragìntwn lam-
b�nei q¸ra. Se mÐa tètoia perÐptwsh, oi tautìshmec epidr�seic twn paragìntwn mporeÐ na
allhloexoudeter¸nontai, kai oi tautìshmec mikrèc epidr�seic twn paragìntwn mporeÐ na
sugqwneÔontai. Ta dÔo aut� fainìmena mporoÔn na sumboÔn se opoiod pote klasmatikì
paragontikì sqediasmì, ìpwc epÐshc kai se ènan uperkoresmèno sqediasmì pou perilamb�nei
allhlepidr�seic. 'Ena apì ta kuriìtera probl mata pou èqei na antimetwpÐsei o peirama-
tist c ìtan jewreÐ sth melèth tou uperkoresmènouc sqediasmoÔc pou perilamb�noun allh-
lepidr�seic, eÐnai ìti oi kÔriec epidr�seic   oi allhlepidr�seic den eÐnai entel¸c tautìshmec,
all� oi ektim seic orismènwn kÔriwn epidr�sewn kai allhlepidr�sewn susqetÐzontai.

Stìqoc mac se aut  th melèth eÐnai na p�roume thn perissìterh plhroforÐa pou mporeÐ
na exaqjeÐ apì to sqediasmì kaj¸c epÐshc kai k�je par�gontac na suneisfèrei monadik 
plhroforÐa. H proteinìmenh mèjodoc epitugq�nei na katano sei ta upodeÐgmata metaxÔ
tou sunìlou twn sthl¸n-paragìntwn, na axiolog sei to bajmì thc plhsièsterhc orjogw-
niìthtac kai tèloc, na epilèxei ton uperkoresmèno sqediasmì megalÔterhc plhrofor sewc
sumperilambanomènwn twn allhlepidr�sewn.

ProteÐnoume th mèjodo BEDDO prokeimènou na exaleifjoÔn oi par�gontec pou entopÐ-
zontai na eÐnai tautìshmoi metaxÔ touc sto sqediasmì. Me ton trìpo autì, kajorÐzoume �me-
sa touc par�gontec pou perièqoun ìlec tic aparaÐthtec shmantikèc plhroforÐec. H mèjodoc
BEDDO perilamb�nei tic allhlepidr�seic dÔo paragìntwn stic arqèc tou peiramatismoÔ,
kai ètsi epitugq�nei na apokleÐsei tic allhlepidr�seic mikr c plhrofor sewc to taqÔtero
dunatìn. O algìrijmoc BEDDO eÐnai efarmìsimoc mìno stic st lec twn paragìntwn, qwrÐc
na jewreÐ metablht  apìkrishc kai na apaiteÐ th gn¸sh thc. O BEDDO algìrijmoc met�
thn ulopoÐhs  tou èqei wc upoproðìn to de-aliasing twn paragìntwn kai epitugq�nei na ana-
kt sei èna sqediasmì ìso to dunatìn plhsièstera ston orjog¸nio, upokeÐmenoc se k�poia
statistik� mètra basismèna sth susqètish (to sunolikì αrhosquared, rcorr, α̂rhosquared kai
to rmax). Ta b mata thc proteinìmenhc mejìdou beltistopoÐhshc (backward elimination
design-driven optimization-BEDDO) parousi�zontai parak�tw se morf  yeudok¸dika.

Algìrijmoc 13.1.
Require: X = [x1, x2, . . . , xm] is the initial (n ×m) main effects SSD matrix {the j-th column of X corresponds

to the levels of the j-th factor for j = 1, . . . ,m}
1: for j = 1 to m do
2: generate all

(
m
2

)
two-factor interactions columns

3: end for
4: entertain the m factors and their

(
m
2

)
two-factor interactions {the (n ×m) SSD matrix X, now increases to

an n ×
(
m(m+1)

2

)
SSD matrix X+ = [x1, x2, . . . , xm(m+1)

2
]; the j-th column of X+ corresponds to the levels

of the j-th factor for j = 1, . . . , m(m+1)
2 }

5: BEGIN BEDDO
6: compute the overall alpha coefficient of X+ {αrhosquared}
7: for j = 1 to m(m+1)

2 do
8: compute the rcorr and the α̂rhosquared if the j-th column is deleted from X+

9: end for
10: sort rcorr and α̂rhosquared values in descending order
11: for all j, j = 1, . . . , m(m+1)

2 do
12: if |rcorr| > 0.40 then
13: EXCLUDE xj
14: else if |rcorr| ≤ 0.40 then
15: keep searching
16: end if
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17: for all j, j = m+ 1, . . . , m(m+1)
2 such that do

18: have a value of rcorr higher than the lowest observed rcorr value among factors
and
if α̂rhosquared � αrhosquaredthen

19: EXCLUDE xj
end if

20: end for
21: end for
22: generate the new (n×k) SSD matrix (XBEDDO) after excluding the factors identified as interrelated following

the previous steps
23: compute rmax of the generated XBEDDO
24: if rmax = 1 then
25: repeat
26: the previous processing
27: until the generated SSD has a value of rmax < 1
28: else if rmax < 1 then
29: STOP BEDDO
30: end if

13.4 Kataskeu  Mh Isorrophmènwn Uperkoresmènwn
Sqediasm¸n

Apì kairì sth bibliografÐa, mÐa basik  paradoq -upìjesh gia touc uperkoresmènouc
sqediasmoÔc eÐnai ìti prèpei na eÐnai isorrophmènoi. Prìsfatec melètec suzhtoÔn ta pijan�
pleonekt mata tou na qalar¸soume thn apaÐthsh thc isorropÐac. Gia par�deigma, oi Allen
kai Bernshteyn [4] par�goun mÐa nèa kl�sh mh isorrophmènwn uperkoresmènwn sqediasm¸n
oi opoÐoi èqoun pleonekt mata ìson afor� thn apìdos  touc. O Gilmour [92] epishmaÐnei
ìti oi uperkoresmènoi sqediasmoÐ sun jwc kataskeu�zontai ètsi ¸ste na beltistopoioÔn to
krit rio E(s2) k�tw apì ton periorismì kai thn paradoq  thc isorropÐac, all� autì faÐnetai
na mhn sqetÐzetai me ton trìpo me ton opoÐo ta dedomèna twn uperkoresmènwn sqediasm¸n
analÔontai. Oi Jones, Lin kai Nachtsheim [118] èdeixan ìti to na qalar¸seic ton periori-
smì thc isorropÐac gia thn kataskeu  Bayesian D-bèltistwn uperkoresmènwn sqediasm¸n,
par�gei sqediasmoÔc oi opoÐoi sugkrÐnontai eunoðk� me isorrophmènouc omìlogoÔc touc gia
poll� krit ria, sumperilambanomènou tou E(s2).

Oi Booth kai Cox to 1962 prìteinan to krit rio E(s2) to opoÐo epilègei èna sqedia-
smì elaqistopoi¸ntac to �jroisma twn tetrag¸nwn twn eswterik¸n ginomènwn metaxÔ twn
sthl¸n ci kai cj tou X (i, j = 2, . . .m + 1, i 6= j). H pr¸th st lh tou X eÐnai h 1n =
[1, . . . , 1]T . Oi Marley kai Woods to 2010 epèkteinan autì ton orismì gia na sumperil�boun
to eswterikì ginìmeno thc pr¸thc st lhc me k�je �llh st lh tou X, dhlad ,

E(s2) =

∑
i<j

s2
ij(m+1

2
) , (13.6)

ìpou to sij eÐnai to i,j-ostì stoiqeÐo tou pÐnaka XTX (i, j = 1, . . .m+ 1). Oi dÔo orismoÐ
eÐnai isodÔnamoi gia touc isorrophmènouc sqediasmoÔc. H orjogwniìthta anafèretai sth
sqèsh metaxÔ twn paragìntwn me �llouc par�gontec kai h isorropÐa anafèretai sth sqèsh
metaxÔ twn paragìntwn kai tou stajeroÔ ìrou. H orjogwniìthta   h plhsièsterh orjo-
gwniìthta eÐnai mia shmantik  idiìthta stouc peiramatikoÔc sqediasmoÔc, kai oi uperkore-
smènoi sqediasmoÐ ex’ orismoÔ den mporoÔn na ikanopoi soun thn kat� zeÔgh orjogwniìthta
ìlwn twn sthl¸n twn paragìntwn ston pÐnaka sqediasmoÔ, ìpwc epishm�njhke sthn er-
gasÐa [115]. 'Otan ènac sqediasmìc eÐnai isorrophmènoc, o stajerìc ìroc eÐnai orjog¸nioc
se k�je par�gonta. Mia tètoia idiìthta den isqÔei sthn perÐptwsh enìc mh isorrophmènou
sqediasmoÔ kai o orismìc (13.6) twn Marley kai Woods epitrèpei ston peiramatist  na
sugkrÐnei mh isorrophmènouc sqediasmoÔc ìson afor� thn orjogwniìthta metaxÔ tou sta-
jeroÔ ìrou kai twn paragìntwn. Shmei¸noume ed¸ ìti h klasik  morf  tou E(s2) mporeÐ



13.4 Kataskeu  Mh Isorrophmènwn Uperkoresmènwn Sqediasm¸n 169

na upologisteÐ gia mh isorrophmènouc sqediasmoÔc, wstìso, h axiolìghs  touc me to k�tw
fr�gma (13.4) den epitrèpetai.

Gia thn axiolìghsh thc apìdoshc kai thc praktik c efarmog c thc mejìdou BEDDO,
exet�zoume treic uperkoresmènouc sqediasmoÔc me diaforetik� megèjh kai epÐpeda uperko-
resmoÔ. Oi E(s2)-bèltistoi kai minimax-bèltistoi kuklikoÐ uperkoresmènoi sqediasmoÐ apì
touc Koukouvinos et al. [130] jewroÔntai sth melèth mac. SÔmfwna me aut n th mèjodo
kataskeu c, oi E(s2)-bèltistoi kai minimax-bèltistoi kuklikoÐ uperkoresmènoi sqediasmoÐ
èqoun n peiramatikèc ektelèseic kai m = q · (n−1) par�gontec, ìpou to q eÐnai �rtioc arij-
mìc. Sth melèth prosomoÐws c mac, qrhsimopoioÔme wc arqikoÔc uperkoresmènouc sqe-
diasmoÔc kÔriwn epidr�sewn, touc uperkoresmènouc sqediasmoÔc me (n,m) timèc: (6, 10),
(8, 14) kai (10, 18) gia to Par�deigma 1, 2 kai 3, antÐstoiqa.

AxÐzei na shmeiwjeÐ ed¸ ìti o algìrijmoc BEDDO sumperilambanomènwn twn allh-
lepidr�sewn mporeÐ na par�gei megalÔterouc sqediasmoÔc xekin¸ntac apì mikrìterouc sqe-
diasmoÔc, mikrìterouc sqediasmoÔc xekin¸ntac apì megalÔterouc sqediasmoÔc   sqedia-
smoÔc tou Ðdiou megèjouc. Sqetik� me aut  thn parat rhsh, apì praktik  skopi�, h mèjo-
doc BEDDO eÐnai idiaÐtera qr simh gia tic peript¸seic stic opoÐec o peiramatist c upojètei
ìti oi allhlepidr�seic den eÐnai amelhtèec, kai epijumeÐ na gnwrÐzei ek twn protèrwn to sqe-
diasmì pou ja epilèxei gia peraitèrw peiramatismì kaj¸c epÐshc kai ton epijumhtì arijmì
twn paragìntwn pou ja qrhsimopoihjoÔn sto peÐrama.

13.4.1 Par�deigma 1: SSD(6,10)

JewroÔme èna peÐrama me m = 10 par�gontec kai n = 6 peiramatikèc ektelèseic tou
SSD(6,10) ìpwc parousi�zetai ston PÐnaka 13.2. 'Eqoume ìti o X = [xa, xb, . . . , xj ] eÐnai
o arqikìc (6 × 10) pÐnakac tou uperkoresmènou sqediasmoÔ. Met� thn an�meixh twn

(10
2
)

sthl¸n twn allhlepidr�sewn dÔo paragìntwn me tic 10 goneðkèc st lec twn paragìntwn,
apoktoÔme ènan (6 × 55) pÐnaka X+ = [xa, xb, . . . , xhj , xij ]. EkteloÔme epanalhptik� ton
algìrijmo BEDDO, kai met� apì akrib¸c treic ektelèseic kataskeu�zoume èna nèo mh
isorrophmèno uperkoresmèno sqediasmì apoteloÔmeno apì 6 ektelèseic kai 7 par�gontec
me tim  gia to krit rio rmax = 0.7071 < 1. O kataskeuasmènoc mh isorrophmènoc uperko-
resmènoc sqediasmìc SSD(6,7) parousi�zetai ston PÐnaka 13.3. Se aut  thn perÐptwsh,
xekin same apì èna megalÔtero sqediasmì (m = 10) kai kataskeu�same èna mikrìtero
sqediasmì (m(= 6)+interactions(=1)=7).

PÐnakac 13.2: Par�deigma 1: O arqikìc isorrophmènoc SSD(6,10)
Ektèlesh xa xb xc xd xe xf xg xh xi xj

1 -1 1 -1 -1 1 1 1 -1 -1 -1
2 1 -1 1 -1 -1 -1 1 1 -1 -1
3 -1 1 -1 1 -1 -1 -1 1 1 -1
4 -1 -1 1 -1 1 -1 -1 -1 1 1
5 1 -1 -1 1 -1 1 -1 -1 -1 1
6 1 1 1 1 1 1 1 1 1 1

PÐnakac 13.3: Par�deigma 1: O nèoc mh isorrophmènoc SSD(6,7)
Ektèlesh xb xc xf xg xi xj xfg

1 1 -1 1 1 -1 -1 1
2 -1 1 -1 1 -1 -1 -1
3 1 -1 -1 -1 1 -1 1
4 -1 1 -1 -1 1 1 1
5 -1 -1 1 -1 -1 1 -1
6 1 1 1 1 1 1 1
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13.4.2 Par�deigma 2: SSD(8,14)

JewroÔme èna peÐrama me m = 14 par�gontec kai n = 8 peiramatikèc ektelèseic tou
SSD(8,14) ìpwc parousi�zetai ston PÐnaka 13.4. 'Eqoume ìti o X = [xa, xb, . . . , xn] eÐnai
o arqikìc (8 × 14) pÐnakac tou uperkoresmènou sqediasmoÔ. Met� thn an�meixh twn

(14
2
)

sthl¸n twn allhlepidr�sewn dÔo paragìntwn me tic 14 goneðkèc st lec twn paragìntwn,
apoktoÔme ènan (8× 105) pÐnaka X+ = [xa, xb, . . . , xln, xmn]. EkteloÔme epanalhptik� ton
algìrijmo BEDDO, kai met� apì akrib¸c mÐa ektelèsh kataskeu�zoume èna nèo mh isor-
rophmèno uperkoresmèno sqediasmì apoteloÔmeno apì 8 ektelèseic kai 35 par�gontec me
tim  gia to krit rio rmax = 0.5774 < 1. O kataskeuasmènoc mh isorrophmènoc uperko-
resmènoc sqediasmìc SSD(8,35) parousi�zetai ston PÐnaka 13.5. Se aut  thn perÐptwsh,
xekin same apì èna mikrìtero sqediasmì (m = 14) kai kataskeu�same èna megalÔtero
sqediasmì (m(= 14)+interactions(=21)=35).

PÐnakac 13.4: Par�deigma 2: O arqikìc isorrophmènoc SSD(8,14)
Ektèlesh xa xb xc xd xe xf xg xh xi xj xk xl xm xn

1 1 1 -1 1 -1 -1 -1 1 1 -1 -1 -1 1 -1
2 -1 1 1 -1 1 -1 -1 -1 1 1 -1 -1 -1 1
3 -1 -1 1 1 -1 1 -1 1 -1 1 1 -1 -1 -1
4 -1 -1 -1 1 1 -1 1 -1 1 -1 1 1 -1 -1
5 1 -1 -1 -1 1 1 -1 -1 -1 1 -1 1 1 -1
6 -1 1 -1 -1 -1 1 1 -1 -1 -1 1 -1 1 1
7 1 -1 1 -1 -1 -1 1 1 -1 -1 -1 1 -1 1
8 1 1 1 1 1 1 1 1 1 1 1 1 1 1

PÐnakac 13.5: Par�deigma 2: O nèoc mh isorrophmènoc SSD(8,35)
Ektèlesh xa xb xc xd xe xf xg xh xi xj xk xl xm xn

1 1 1 -1 1 -1 -1 -1 1 1 -1 -1 -1 1 -1
2 -1 1 1 -1 1 -1 -1 -1 1 1 -1 -1 -1 1
3 -1 -1 1 1 -1 1 -1 1 -1 1 1 -1 -1 -1
4 -1 -1 -1 1 1 -1 1 -1 1 -1 1 1 -1 -1
5 1 -1 -1 -1 1 1 -1 -1 -1 1 -1 1 1 -1
6 -1 1 -1 -1 -1 1 1 -1 -1 -1 1 -1 1 1
7 1 -1 1 -1 -1 -1 1 1 -1 -1 -1 1 -1 1
8 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Ektèlesh xah xal xam xbi xbm xbn xch xcj xcn xdh xdi xdk xei xej
1 1 -1 1 1 1 -1 -1 1 1 1 1 -1 -1 1
2 1 1 1 1 -1 1 -1 1 1 1 -1 1 1 1
3 -1 1 1 1 1 1 1 1 -1 1 -1 1 1 -1
4 1 -1 1 -1 1 1 1 1 1 -1 1 1 1 -1
5 -1 1 1 1 -1 1 1 -1 1 1 1 1 -1 1
6 1 1 -1 -1 1 1 1 1 -1 1 1 -1 1 1
7 1 1 -1 1 1 -1 1 -1 1 -1 1 1 1 1
8 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Ektèlesh xel xfj xfk xfm xgk xgl xgn
1 1 1 1 -1 1 1 1
2 -1 -1 1 1 1 1 -1
3 1 1 1 -1 -1 1 1
4 1 1 -1 1 1 1 -1
5 1 1 -1 1 1 -1 1
6 1 -1 1 1 1 -1 1
7 -1 1 1 1 -1 1 1
8 1 1 1 1 1 1 1

13.4.3 Par�deigma 3: SSD(10,18)

JewroÔme èna peÐrama me m = 18 par�gontec kai n = 10 peiramatikèc ektelèseic tou
SSD(10,18) ìpwc parousi�zetai ston PÐnaka 13.6. 'Eqoume ìti o X = [xa, xb, . . . , xr] eÐnai
o arqikìc (10× 18) pÐnakac tou uperkoresmènou sqediasmoÔ. Met� thn an�meixh twn

(18
2
)

sthl¸n twn allhlepidr�sewn dÔo paragìntwn me tic 18 goneðkèc st lec twn paragìntwn,
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apoktoÔme ènan (10× 171) pÐnaka X+ = [xa, xb, . . . , xpr, xqr]. EkteloÔme epanalhptik� ton
algìrijmo BEDDO, kai met� apì akrib¸c mÐa ektelèsh kataskeu�zoume èna nèo mh isor-
rophmèno uperkoresmèno sqediasmì apoteloÔmeno apì 10 ektelèseic kai 27 par�gontec me
tim  gia to krit rio rmax = 0.600 < 1. O kataskeuasmènoc mh isorrophmènoc uperko-
resmènoc sqediasmìc SSD(10,27) parousi�zetai ston PÐnaka 13.7. Se aut  thn perÐptwsh,
xekin same apì èna mikrìtero sqediasmì (m = 18) kai kataskeu�same èna megalÔtero
sqediasmì (m(= 18)+interactions(=9)=27).

PÐnakac 13.6: Par�deigma 3: O arqikìc isorrophmènoc SSD(10,18)

Ektèlesh xa xb xc xd xe xf xg xh xi xj xk xl xm xn xo xp xq xr
1 -1 1 -1 1 1 -1 1 -1 -1 1 -1 -1 1 1 1 -1 -1 -1
2 -1 -1 1 -1 1 1 -1 1 -1 -1 1 -1 -1 1 1 1 -1 -1
3 -1 -1 -1 1 -1 1 1 -1 1 -1 -1 1 -1 -1 1 1 1 -1
4 1 -1 -1 -1 1 -1 1 1 -1 -1 -1 -1 1 -1 -1 1 1 1
5 -1 1 -1 -1 -1 1 -1 1 1 1 -1 -1 -1 1 -1 -1 1 1
6 1 -1 1 -1 -1 -1 1 -1 1 1 1 -1 -1 -1 1 -1 -1 1
7 1 1 -1 1 -1 -1 -1 1 -1 1 1 1 -1 -1 -1 1 -1 -1
8 -1 1 1 -1 1 -1 -1 -1 1 -1 1 1 1 -1 -1 -1 1 -1
9 1 -1 1 1 -1 1 -1 -1 -1 -1 -1 1 1 1 -1 -1 -1 1
10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

PÐnakac 13.7: Par�deigma 3: O nèoc mh isorrophmènoc SSD(10,27)

Ektèlesh xa xb xc xd xe xf xg xh xi xj xk xl xm xn xo xp xq xr
1 -1 1 -1 1 1 -1 1 -1 -1 1 -1 -1 1 1 1 -1 -1 -1
2 -1 -1 1 -1 1 1 -1 1 -1 -1 1 -1 -1 1 1 1 -1 -1
3 -1 -1 -1 1 -1 1 1 -1 1 -1 -1 1 -1 -1 1 1 1 -1
4 1 -1 -1 -1 1 -1 1 1 -1 -1 -1 -1 1 -1 -1 1 1 1
5 -1 1 -1 -1 -1 1 -1 1 1 1 -1 -1 -1 1 -1 -1 1 1
6 1 -1 1 -1 -1 -1 1 -1 1 1 1 -1 -1 -1 1 -1 -1 1
7 1 1 -1 1 -1 -1 -1 1 -1 1 1 1 -1 -1 -1 1 -1 -1
8 -1 1 1 -1 1 -1 -1 -1 1 -1 1 1 1 -1 -1 -1 1 -1
9 1 -1 1 1 -1 1 -1 -1 -1 -1 -1 1 1 1 -1 -1 -1 1
10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Ektèlesh xar xbj xck xdl xem xfn xgo xhp xiq
1 1 1 1 -1 1 -1 1 1 1
2 1 1 1 1 -1 1 -1 1 1
3 1 1 1 1 1 -1 1 -1 1
4 1 1 1 1 1 1 -1 1 -1
5 -1 1 1 1 1 1 1 -1 1
6 1 -1 1 1 1 1 1 1 -1
7 -1 1 -1 1 1 1 1 1 1
8 1 -1 1 -1 1 1 1 1 1
9 1 1 -1 1 -1 1 1 1 1
10 1 1 1 1 1 1 1 1 1

13.4.4 SÔgkrish Mh Isorrophmènwn kai Isorrophmènwn Uperko-
resmènwn Sqediasm¸n

Se aut  thn enìthta, sugkrÐnoume touc kataskeuasmènouc me th bo jeia upologist¸n
mh isorrophmènouc uperkoresmènouc sqediasmoÔc pou perilamb�noun allhlepidr�seic, me
enallaktikoÔc isorrophmènouc uperkoresmènouc sqediasmoÔc pou sunant�me sth diejn 
bibliografÐa kataskeuasmènouc me th qr sh diaforetik¸n krithrÐwn. O PÐnakac 13.8
parousi�zei tic timèc apì di�fora krit ria beltistopoÐhshc (rmax, E(s2) (Booth & Cox),
E(s2) (Marley & Woods)) kaj¸c kai tic timèc apì to proteinìmeno krit rio (αrhosquared),
gia isorrophmènouc uperkoresmènouc sqediasmoÔc kai touc mh isorrophmènouc omìlogoÔc
touc, gia trÐa uperkoresmèna peir�mata me diaforetikì arijmì peiramatik¸n ektelèsewn kai
paragìntwn.
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Arqik�, sugkrÐnoume thn apìdosh tou kataskeuasmènou mh isorrophmènou uperko-
resmènou sqediasmoÔ SSD(6,7) me thn apìdosh isorrophmènwn uperkoresmènwn sqedia-
sm¸n paragìmenwn mèsw diaforetik¸n mejìdwn beltistopoÐhshc (sumperilambanomènou tou
E(s2) krithrÐou twn Booth kai Cox, tou D2 krithrÐou pou prot�jhke apì ton Wu [229], tou
krithrÐou max pcov twn Allen kai Bernshteyn [4], kaj¸c epÐshc sumperilamb�noume to sqe-
diasmì tou Lin [148] paragìmeno apì mis� kl�smata Plackett-Burman pin�kwn). 'Epeita,
h apìdosh tou kataskeuasmènou mh isorrophmènou uperkoresmènou sqediasmoÔ SSD(6,7)
sugkrÐnetai me ènan up�rqon mh isorrophmèno uperkoresmèno sqediasmì 6 ektelèsewn kai
7 paragìntwn SSDpcov kataskeuasmèno apì touc Allen kai Bernshteyn.

Pr¸ton, eÐnai axioshmeÐwto to pìso ìmoiec eÐnai oi apodìseic gia touc isorrophmè-
nouc uperkoresmènouc sqediasmoÔc 6 ektelèsewn kai 7 paragìntwn, molonìti par�gontai
me diaforetikoÔc trìpouc, ìpwc epÐshc epishm�njhke apì touc Allen kai Bernshteyn. O
kataskeuasmènoc mh isorrophmènoc uperkoresmènoc sqediasmìc SSD(6,7) èqei uyhlìterec
timèc gia ta krit ria rmax kai E(s2) (Booth & Cox), all� qamhlìterec timèc gia ta krit ria
ρ2, E(s2) (Marley & Woods) kai to proteinìmeno αrhosquared se sÔgkrish me to mh isorroph-
mèno omìlogì tou sqediasmì SSDpcov twn Allen kai Bernshteyn. Oi timèc twn krithrÐwn gia
ton kataskeuasmèno mh isorrophmèno uperkoresmèno sqediasmì SSD(6,7) kai to mh isor-
rophmèno omìlogì tou SSDpcov uperbaÐnoun tic antÐstoiqec timèc gia touc isorrophmènouc
sqediasmoÔc gia ta krit ria ρ2, rmax kai to αrhosquared.

T¸ra sugkrÐnoume touc dÔo mh isorrophmènouc uperkoresmènouc sqediasmoÔc 6 ektelè-
sewn kai 7 paragìntwn, dhlad , touc SSDBEDDO kai SSDpcov .

O mh isorrophmènoc SSDBEDDO èqei 4 sij = 0, 15 sij = ±2, 2 sij = 4 kai E(s2) =
4.3810 gia X (i, j = 1, . . .m, i 6= j).

O mh isorrophmènoc SSDpcov èqei 21 sij = ±2 kai E(s2) = 4.0000 gia X (i, j =
1, . . .m, i 6= j).

O mh isorrophmènoc SSDBEDDO èqei 10 sij = 0, 16 sij = ±2, 2 sij = 4 kai E(s2) =
3.4286 gia X (i, j = 2, . . .m+ 1, h pr¸th st lh tou X eÐnai 1n).

O mh isorrophmènoc SSDpcov èqei 5 sij = 0, 21 sij = ±2, 2 sij = 4 kai E(s2) = 4.1429
gia X (i, j = 2, . . .m+ 1, h pr¸th st lh tou X eÐnai 1n).

Parak�tw, sugkrÐnoume wc proc thn apìdos  touc, ton kataskeuasmèno mh isorroph-
mèno uperkoresmèno sqediasmì SSD(8,35) me ton isorrophmèno omìlogì tou, ton E(s2)-
bèltisto uperkoresmèno sqediasmì kataskeuasmèno apì ton Cheng [47]. Oi timèc twn
krithrÐwn gia ton kataskeuasmèno mh isorrophmèno uperkoresmèno sqediasmì SSD(8,35) u-
perbaÐnoun (ρ2, rmax kai αrhosquared) tic antÐstoiqec timèc gia ton isorrophmèno omìlogì tou
  eÐnai qamhlìterec (E(s2) (Booth & Cox), E(s2) (Marley & Woods)) apì tic antÐstoiqec
timèc gia ton isorrophmèno omìlogì tou.

T¸ra, sugkrÐnoume wc proc thn apìdos  touc, ton kataskeuasmèno mh isorrophmèno
uperkoresmèno sqediasmì SSD(10,27) me ton isorrophmèno omìlogì tou, ton kont� ston
E(s2)-bèltisto uperkoresmèno sqediasmì kataskeuasmèno apì touc Liu kai Dean [153].
Oi timèc twn krithrÐwn gia ton kataskeuasmèno mh isorrophmèno uperkoresmèno sqediasmì
SSD(10,27) eÐnai Ðdiec (rmax)   uperbaÐnoun (ρ2, αrhosquared) tic antÐstoiqec timèc gia ton
isorrophmèno omìlogì tou   eÐnai qamhlìterec (E(s2) (Booth & Cox), E(s2) (Marley &
Woods)) apì tic antÐstoiqec timèc gia ton isorrophmèno omìlogì tou.

Ta paradeÐgmata aut� ston PÐnaka 13.8, b�sh tou krithrÐou E(s2), upodeiknÔoun ìti
oi kataskeuasmènoi mèsw tou BEDDO mh isorrophmènoi uperkoresmènoi sqediasmoÐ eÐnai
sugkrÐsimoi (SSD(6,7))   faÐnetai na uperteroÔn (SSD(8,35), SSD(10,27)) se sqèsh me touc
�llouc upì exètash sqediasmoÔc. AxÐzei na shmeiwjeÐ ed¸, ìti ìloi oi kataskeuasmènoi
mèsw tou BEDDO mh isorrophmènoi uperkoresmènoi sqediasmoÐ èqoun qamhlìterec timèc
gia to krit rio E(s2) (Marley & Woods) se sÔgkrish me touc E(s2)-bèltistouc   touc kont�
stouc E(s2)-bèltistouc uperkoresmènouc sqediasmoÔc. H qal�rwsh tou periorismoÔ thc
isorropÐac epitrèpei stouc kataskeuasmènouc mh isorrophmènouc uperkoresmènouc sqedia-
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smoÔc na belti¸nontai se sqèsh me tic “E(s2)” timèc, kaj¸c epÐshc na apodÐdoun arket�
kal� se sqèsh kai me ta upìloipa krit ria beltistopoÐhshc. Oi kataskeuasmènoi mèsw
tou BEDDO mh isorrophmènoi uperkoresmènoi sqediasmoÐ mporeÐ nai men na mhn èqoun thn
idiìthta thc isorropÐac, all� akìma èqoun pleonekt mata me thn ènnoia ìti eÐnai “sqedìn”
bèltistoi se sqèsh me arket� krit ria kai oi epidr�seic twn paragìntwn eÐnai “sqedìn”
orjog¸niec.

PÐnakac 13.8: Sugkritik  apìdosh isorrophmènwn US kai twn antÐstoiqwn mh isorrophmènwn
US

n m Krit rio IsorropÐa ρ2 rmax E(s2) (Booth & Cox) E(s2) (Marley & Woods) αrhosquared
6 7 Booth & Cox a NAI 0.1111 0.3333 4.0000 4.0000 0.4666

6 7 Wu a NAI 0.1111 0.3333 4.0000 4.0000 0.4666

6 7 Lin a NAI 0.1111 0.3333 4.0000 4.0000 0.4666

6 7 Allen & Bernshteyn a NAI 0.1111 0.3333 4.0000 4.0000 0.4666

6 7 Allen & Bernshteyn OQI 0.1501 0.4472 4.0000 4.1429 0.5527

6 7 BEDDO OQI 0.1270 0.7071 4.3810 3.4286 0.5045

8 35 Cheng b NAI 0.1176 0.5000 7.5294 7.5294 0.8235

8 35 BEDDO OQI 0.1216 0.5774 6.9647 7.1111 0.8289

10 27 Liu & Dean a NAI 0.0810 0.6000 8.1000 8.1000 0.7041

10 27 BEDDO OQI 0.0853 0.6000 7.0769 7.4286 0.7158

a near-optimal SSD (no E(s2)-optimal SSD is available)
b E(s2)-optimal SSD

13.5 Sumper�smata

Sto kef�laio autì parousi�same mÐa mèjodo beltistopoÐhshc, h opoÐa apoteleÐ mÐa
teqnik  proc ta pÐsw apaloif c kajodhgoÔmenh apì èna sqediasmì (backward elimination
design-driven optimization-BEDDO), h opoÐa melet� th dom  tautìshmwn epidr�sewn, eÐ-
nai ikan  na exaleÐyei touc par�gontec pou aniqneÔontai na eÐnai tautìshmoi metaxÔ touc
mèsa sto sqediasmì, kai tèloc epitrèpei ston peiramatist  na anakt sei èna mh isorroph-
mèno uperkoresmèno sqediasmì ìso to dunatìn pio kont� se ènan orjog¸nio sumperilam-
banomènwn twn allhlepidr�sewn. Gia thn ulopoÐhsh thc proteinìmenhc mejìdou BEDDO,
enswmat¸same kai sundu�same statistik� mètra basismèna sth susqètish, ta opoÐa èqoun
lhfjeÐ apì dÔo episthmonik� pedÐa, thn klasik  jewrÐa elègqou kai touc sqediasmoÔc
peiram�twn, kai parousi�same epÐshc èna nèo krit rio beltistìthtac to opoÐo apoteleÐ mÐa
tropopoihmènh morf  tou Cronbach �lfa suntelest  (αrhosquared), me polÔ kalèc idiìthtec
dedomènou ìti oi isorrophmènoi uperkoresmènoi sqediasmoÐ èqoun parìmoia apìdosh gia ta
krit ria E(s2) kai αrhosquared. Wstìso, to kÔrio pleonèkthma tou tropopoihmènou krithrÐou
eÐnai h eÔkolh enswm�tws  tou sth mèjodo BEDDO kai h �mesh antistoiqÐa tou me ton kÔ-
rio stìqo thc ex�leiyhc twn allhlepidr�sewn mikr c plhrofor sewc to taqÔtero dunatìn
kaj¸c kai ton entopismì twn pio plhroforiak¸n paragìntwn tou sqediasmoÔ pou den eÐnai
allhlèndetoi metaxÔ touc.

Me ton trìpo autì, h BEDDO mèjodoc beltistopoÐhshc k�tw apì to tropopoihmèno
krit rio kai me th bo jeia twn upologist¸n par�gei mÐa nèa kl�sh mh isorrophmènwn up-
erkoresmènwn sqediasm¸n pou perilamb�noun allhlepidr�seic. H nèa aut  kl�sh twn mh
isorrophmènwn uperkoresmènwn sqediasm¸n pou kataskeu�same me th bo jeia twn upo-
logist¸n eÐnai sthn pragmatikìthta merik¸c isorrophmènoi uperkoresmènoi sqediasmoÐ, me
thn ènnoia ìti m1 apì tic m st lec eÐnai isorrophmènec (èqoun Ðso arijmì “-1’s” kai “1’s”)
kai oi upìloipec (m−m1) (= m2) eÐnai mh isorrophmènec. Tètoiou tÔpou sqediasmoÐ me thn
idiìthta thc merik c isorropÐac mporeÐ na prokÔyoun suqn� sthn pr�xh efìson h Ôparxh
twn allhlepidr�sewn jewrhjeÐ eÐte sthn kataskeu  eÐte sthn an�lush twn uperkoresmènwn
sqediasm¸n kÔriwn epidr�sewn. Oi merik¸c isorrophmènoi sqediasmoÐ mporeÐ na endiafèroun
ènan peiramatist  o opoÐoc qrei�zetai sqediasmoÔc ìso to dunatìn pio isorrophmènouc kai
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mporeÐ na eÐnai protimhtèoi se peript¸seic stic opoÐec ta epÐpeda sugkekrimènwn paragìntwn
sqetÐzontai me uyhl� kìsth.

Sust noume touc sqediasmoÔc autoÔc ìqi mìno gia tic kalèc statistikèc touc idiìthtec,
all� epÐshc gia thn efarmosimìtht� touc se èna eurÔtero sÔnolo pragmatik¸n problhm�twn
thc zw c, ìpou eÐnai pijanìn na prokÔptoun tètoioi uperkoresmènoi sqediasmoÐ oi opoÐoi den
periorÐzontai sto na eÐnai isorrophmènoi. Se èna pragmatikì sen�rio, mporeÐ na prokÔyei è-
nac mh isorrophmènoc uperkoresmènoc sqediasmìc pou mporeÐ na efarmosteÐ se organismoÔc
  biomhqanÐec, ìpou up�rqei h an�gkh gia apotelesmatikoÔc statistikoÔc upologismoÔc kai
ìtan o kÔrioc stìqoc eÐnai na entopistoÔn shmantikoÐ par�gontec se katast�seic stic opoÐec
mìno ènac polÔ periorismènoc arijmìc peiramatik¸n ektelèsewn eÐnai diajèsimoc. AxÐzei
na shmeiwjeÐ ed¸ ìti o algìrijmoc BEDDO sumperilambanomènwn twn allhlepidr�sewn
mporeÐ na par�gei megalÔterouc sqediasmoÔc xekin¸ntac apì mikrìterouc sqediasmoÔc,
mikrìterouc sqediasmoÔc xekin¸ntac apì megalÔterouc sqediasmoÔc   sqediasmoÔc tou
Ðdiou megèjouc. Sqetik� me aut  thn parat rhsh, apì praktik  skopi�, h mèjodoc BED-
DO eÐnai idiaÐtera qr simh gia tic peript¸seic stic opoÐec o peiramatist c upojètei ìti oi
allhlepidr�seic den eÐnai amelhtèec, kai epijumeÐ na gnwrÐzei ek twn protèrwn to sqedia-
smì pou ja epilèxei gia peraitèrw peiramatismì kaj¸c epÐshc kai ton epijumhtì arijmì twn
paragìntwn pou ja qrhsimopoihjoÔn sto peÐrama.
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All models are wrong,
but some are useful.

�George E.P. Box (1919–2013)

Sto dèkato tètarto autì kef�laio melet�me ta pijan� pleonekt mata thc qal�rwshc
thc apaÐthshc isorropÐac sthn an�lush twn uperkoresmènwn sqediasm¸n, dedomènou ìti nai
men oi uperkoresmènoi sqediasmoÐ sun jwc kataskeu�zontai k�tw apì thn paradoq  thc
isorropÐac, all� k�ti tètoio faÐnetai na eÐnai �sqeto me ton trìpo me ton opoÐo analÔontai
ta dedomèna touc, ìpwc �llwste epishm�njhke apì ton Gilmour [92]. Ac shmeiwjeÐ ed¸,
ìti to plaÐsio an�lushc mèqri s mera gia touc mh isorrophmènouc uperkoresmènouc sqedia-
smoÔc periorÐzetai sthn kentrik  upìjesh ìti ta peiramatik� dedomèna proèrqontai apì èna
grammikì montèlo. Sto parìn kef�laio, sugkrÐnoume mh isorrophmènouc uperkoresmènouc
sqediasmoÔc me isorrophmènouc omìlogoÔc touc, k�tw apì thn paradoq  twn genikeumènwn
grammik¸n montèlwn, apokalÔptontac ìti oi mh isorrophmènoi uperkoresmènoi sqediasmoÐ
èqoun pleonekt mata ìson afor� thn apìdos  touc, par� thn èlleiyh isorropÐac. Ta
ereunhtik� apotelèsmata autoÔ tou kefalaÐou parousi�zontai sthn episthmonik  ergasÐa
[44].
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14.1 Ereunhtikì Prìblhma - Kinht rioc Idèa

Sto Kef�laio 13 anaferj kame diexodik� sto gegonìc ìti oi perissìterec apì tic
mejìdouc kataskeu c kai an�lushc twn uperkoresmènwn sqediasm¸n leitourgoÔn k�tw
apì th basik  paradoq -upìjesh gia touc sqediasmoÔc na eÐnai isorrophmènoi. EpÐshc,
sto Kef�laio 13 kai sthn enìthta 13.4 anaferj kame stic prìsfatec ergasÐec oi opoÐec
anafèrontai sta pijan� pleonekt mata tou na qalar¸soume thn apaÐthsh thc isorropÐac kai
meletoÔn thn kataskeu    thn an�lush twn mh isorrophmènwn uperkoresmènwn sqediasm¸n,
ìpwc gia par�deigma oi ergasÐec [4], [92], [118], [160] kai [43].

To plaÐsio an�lushc mèqri s mera gia touc mh isorrophmènouc uperkoresmènouc sqe-
diasmoÔc periorÐzetai sthn kentrik  upìjesh ìti ta peiramatik� dedomèna proèrqontai apì
èna grammikì montèlo. Oi Marley kai Woods [160] sÔgkrinan kai axiolìghsan tic apodìseic
diaforetik¸n strathgik¸n an�lushc qrhsimopoi¸ntac isorrophmènouc E(s2)-bèltistouc u-
perkoresmènouc sqediasmoÔc kai mh isorrophmènouc Bayesian D-bèltistouc uperkoresmè-
nouc sqediasmoÔc, k�tw apì thn paradoq  enìc grammikoÔ montèlou. 'Oloi oi proanafer-
jèntec lìgoi, mac parakÐnhsan ìpwc eÐnai fusikì, na melet soume touc mh isorrophmènouc
uperkoresmènouc sqediasmoÔc gia thn an�lush dedomènwn, k�tw apì thn paradoq  ìmwc
twn genikeumènwn grammik¸n montèlwn, prokeimènou na axiolog soume thn apìdos  touc
kai na exet�soume to e�n kai to kat� pìso h idiìthta thc mh isorropÐac ephre�zei thn
apotelesmatikìtht� touc. Sugkekrimèna, sugkrÐnoume thn apìdosh (k�tw apì ta genikeumè-
na grammik� montèla) kai tic idiìthtec beltistìthtac twn mh isorrophmènwn Bayesian D-
bèltistwn uperkoresmènwn sqediasm¸n [118] se sqèsh me touc isorrophmènouc omìlogoÔc
touc. EpÐshc, sugkrÐnoume thn apìdosh (k�tw apì ta genikeumèna grammik� montèla) kai tic
idiìthtec beltistìthtac twn mh isorrophmènwn uperkoresmènwn sqediasm¸n pou perilamb�-
noun allhlepidr�seic, me isorrophmènouc omìlogoÔc touc pou up�rqoun sth bibliografÐa.
Shmei¸noume se autì to shmeÐo ìti den sumperilamb�noume sth sugkritik  melèth mac touc
mh isorrophmènouc E(s2)-bèltistouc uperkoresmènouc sqediasmoÔc twn Suen kai Das [213]
(pou èqoun perittì arijmì ektelèsewn ex’ orismoÔ), dedomènou ìti den up�rqoun isorroph-
mènoi omìlogoi aut¸n twn sqediasm¸n (oi isorrophmènoi sqediasmoÐ den mporeÐ na èqoun
perittì arijmì ektelèsewn lìgw thc idiìthtac thc isorropÐac).

14.2 An�lush Isorrophmènwn kai Mh Isorrophmènwn
Uperkoresmènwn Sqediasm¸n

Sth melèth mac, h an�lush twn isorrophmènwn kai mh isorrophmènwn uperkoresmènwn
sqediasm¸n, k�tw apì thn paradoq  twn genikeumènwn grammik¸n montèlwn me diakrit 
apìkrish, pragmatopoi jhke mèsw tou algorÐjmou thc JewrÐac Plhrofori¸n (Information
Theoretical Algorithm-ITA) ìpwc autìc parousi�sthke sthn ergasÐa [7]. O endiaferìmenoc
anagn¸sthc mporeÐ epÐshc na anatrèxei sto Kef�laio 4 sthn enìthta 4.2.1 gia perissìterec
leptomèreiec sqetik� me ta b mata pou ekteleÐ o algìrijmoc ITA, o opoÐoc mimeÐtai mÐa
kat�stash ìpou oi epidr�seic twn paragìntwn mporoÔn na taxinomhjoÔn se sqèsh me thn
pijanìtht� touc na eÐnai energèc   mh energèc.

H apìfash sqetik� me thn tim  katwflioÔ tou w, h opoÐa sthn pr�xh kajorÐzei to
mègisto arijmì twn shmantik¸n paragìntwn pou mporoÔn na anagnwristoÔn, paÐzei shma-
ntikì rìlo sthn an�ptuxh thc mejìdou. Sthn peiramatik  melèth mac jèsame to w = m/2,
ìpou m eÐnai o arijmìc twn sthl¸n tou uperkoresmènou pÐnaka sqediasmoÔ, dhlad  o
arijmìc twn paragìntwn upì exètash. H apìfash gia to w ègine b�sh thc arq c thc spo-
radikìthtac twn epidr�sewn [23]. Gia na posotikopoi soume th sporadikìthta sto sÔnolo
twn dedomènwn mac kat� th di�rkeia twn peiram�twn prosomoÐwshc, qrhsimopoi same thn
akìloujh diadikasÐa. Oi pragmatik� energèc metablhtèc epilèqjhkan tuqaÐa apì to sÔnolo
twn {1, . . . ,m} endeqìmenwn energ¸n paragìntwn. Gia k�je peÐrama, ektim same ìlec tic
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epidr�seic twn paragìntwn, oi opoÐec sth sunèqeia epishm�njhkan wc energèc   mh energèc.
'Epeita upologÐzontac to posostì twn ektim¸menwn energ¸n epidr�sewn pou emfanÐzontai
se k�je peÐrama, ektim same ìti o arijmìc twn energ¸n epidr�sewn pou mporeÐ na ana-
gnwristeÐ, den uperbaÐnei to w = m

2 , ìpou m eÐnai o arijmìc twn sthl¸n tou pÐnaka tou
uperkoresmènou sqediasmoÔ.

H apìfash sqetik� me thn tim  katwflioÔ tou SU mètrou, h opoÐa kajorÐzei to kat�
pìso ènac par�gontac eÐnai shmantikìc   ìqi, paÐzei epÐshc shmantikì rìlo sthn an�ptuxh
thc mejìdou. Gia autìn to lìgo, pollèc diaforetikèc timèc katwflioÔ (0.001, 0.01, 0.05,
0.1, 0.25, 0.4, median(su)) exet�sthkan sthn ergasÐa [7] me stìqo na brejeÐ h bèltisth
tim  katwflioÔ tou SU gia thn proteinìmenh mèjodo. Oi pr¸tec èxi timèc katwflioÔ  tan
stajeroÐ arijmoÐ, oi opoÐoi epilèqjhkan sÔmfwna me tic timèc tou SU pou parathr jhkan
sta perissìtera apì ta peir�mata, en¸ h tim  katwflioÔ median(su) basÐsthke stic ek-
tim¸menec timèc tou SU , sugkekrimèna sto eÔroc twn tim¸n tou SU oi opoÐec parathr jhkan
sta peir�mata. Se aut  th melèth, epÐshc exet�same tic proanaferjeÐsec timèc katwflioÔ,
prokeimènou na exasfalÐsoume th beltistìthta thc epilog c thc paramètrou SU gia de-
domèna apìkrishc ta opoÐa apoteloÔn metr seic (counts). Telik�, kajorÐsame thn tim 
katwflioÔ tou SU na eÐnai Ðsh me to median(su), ìpwc epÐshc kajorÐzetai stic ergasÐec [7]
kai [8], dedomènou ìti h epilog  aut  parathr jhke na eÐnai h bèltisth met� apì dokimèc
prosomoÐwshc, èqontac wc apotèlesma qamhlìterec timèc sf�lmatoc.

Ektelèsame 1000 prosomoi¸seic gia k�je èna apì ta akìlouja sen�ria:

• Sen�rio I: par�qjhkan 1000 sÔnola me dedomèna apìkrishc Y apì thn Bernoulli
katanom ,

• Sen�rio II: par�qjhkan 1000 sÔnola me dedomèna apìkrishc Y apì thn Poisson
katanom ,

• Sen�rio III: par�qjhkan 1000 sÔnola me dedomèna apìkrishc Y apì thn arnhtik 
diwnumik  katanom ,

• Sen�rio IV: par�qjhkan 1000 sÔnola me dedomèna apìkrishc Y apì th gewmetrik 
katanom .

O endiaferìmenoc anagn¸sthc mporeÐ na anatrèxei sto Kef�laio 5 kai sthn enìthta 5.2
gia perissìterec leptomèreiec sqetik� me ta genikeumèna grammik� montèla kaj¸c epÐshc
kai ton trìpo me ton opoÐo montelopoi same ta dedomèna apìkrishc gia k�je èna apì ta
parap�nw sen�ria.

Gia k�je mÐa apì tic 1000 epanal yeic akolouj same to parak�tw prwtìkollo proso-
moÐwshc.

1. Dedomèna apìkrishc Y par�qjhkan gia k�je èna apì ta Sen�ria I, II, III kai IV, antÐ-
stoiqa. Apì ed¸ kai sto ex c, o X = [1, x1, x2, . . . , xm] eÐnai o n × (m + 1) pÐnakac
tou montèlou. Upojètoume ìti k�je ènac apì touc m par�gontec èqei dÔo epÐpeda,
±1. H pr¸th st lh tou X eÐnai h 1n = [1, . . . , 1]T , me th st lh j na antistoiqeÐ sta
epÐpeda tou (j − 1)-ostoÔ par�gonta gia j = 2, . . . ,m+ 1.

2. Oi pragmatik� energèc metablhtèc epilèqjhkan tuqaÐa apì to sÔnolo twn {1, . . . ,m}
pijan¸n energ¸n paragìntwn. Apì tic 2, . . . ,m + 1 st lec tou X , p st lec anatè-
jhkan se energoÔc par�gontec tuqaÐa me to p ≤ n

3 (ìpwc prot�jhke apì touc Marley
kai Woods [160]).

3. Gia na apokt soume touc suntelestèc twn energ¸n paragìntwn, èna deÐgma megèjouc
p sqhmatÐsthke apì thn omoiìmorfh katanom  U(a = −8, b = 8), kai ta prìshma
±1 tuqaÐa katanemhmèna se k�je arijmì. 'Otan ènac paragìmenoc suntelest c èqei
|β| < 1, tìte antikajÐstatai apì to 50% tou mègistou parathroÔmenou suntelest .
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4. Gia na apokt soume touc suntelestèc twn mh energ¸n paragìntwn, èna deÐgma megèjouc
(m-p) sqhmatÐsthke apì thn omoiìmorfh katanom  U(a = −0.2, b = 0.2), kai ta
prìshma ±1 tuqaÐa katanemhmèna se k�je arijmì.

Oi Box kai Meyer [23], kai prìsfata oi Marley kai Woods [160], epis manan ìti h
apotelesmatikìthta twn uperkoresmènwn sqediasm¸n sthn anÐqneush energ¸n paragìntwn
apaiteÐ ton arijmì twn energ¸n paragìntwn na eÐnai mikrìc, mia arq  gnwst  wc arq  thc
sporadikìthtac twn epidr�sewn. Eidikìtera, oi Marley kai Woods prìteinan tic akìlou-
jec kateujunt riec grammèc gia thn apodotik  qr sh twn uperkoresmènwn sqediasm¸n.
Pr¸ton, h analogÐa twn paragìntwn proc ton arijmì twn peiramatik¸n ektelèsewn ja
prèpei na eÐnai mikrìterh apì 2, kai deÔteron o arijmìc twn peiramatik¸n eketlèsewn ja
prèpei na eÐnai toul�qiston treic forèc o arijmìc twn energ¸n paragìntwn. Oi Marley kai
Woods prìteinan ìti k�tw apì autèc tic dÔo proôpojèseic, oi uperkoresmènoi sqediasmoÐ
eÐnai pio pijanì na eÐnai epituqeÐc. Wstìso, oi suggrafeÐc shmei¸noun ìti se mia upì exè-
tash perÐptwsh sthn opoÐa h pr¸th proôpìjesh den isqÔei (m/n ≥ 2), o uperkoresmènoc
sqediasmìc exakoloujoÔse na èqei kal  apìdosh. Tètoiec peript¸seic exet�zontai epÐshc
sth dik  mac melèth prosomoi¸sewn (SSD(12,24), SSD(10,27), SSD(8,35)). Epiplèon, axÐzei
na shmeiwjeÐ ed¸ ìti k�poioi peiramatistèc den epijumoÔn èna meg�lo arijmì apì mh isor-
rophmènec st lec se mÐa melèth, wstìso, k�poioi �lloi peiramatistèc mporeÐ na eÐnai pio
prìjumoi na deqtoÔn perissìterec mh isorrophmènec st lec se ant�llagma me èna elafr¸c
kalÔtero aliasing metaxÔ twn epidr�sewn endiafèrontoc, ìpwc �llwste epishm�njhke apì
ton Marley [159]. Gia touc parap�nw lìgouc, prokeimènou na axiolog soume thn apìdosh
thc proteinìmenhc mejìdou, melet same arket� uperkoresmèna peir�mata me diaforetikì
mègejoc, diaforetikì epÐpedo uperkoresmoÔ kai isorropÐac.

Dedomènou ìti oi sunj kec sthn pr�xh eÐnai sun jwc diaforetikèc apì ekeÐnec twn
prosomoi¸sewn kai ìti o peiramatist c den xèrei pìsoi kai poioÐ par�gontec mporeÐ na
eÐnai energoÐ, prokeimènou na exet�soume to pìso euaÐsjhta eÐnai ta apotelèsmata sthn
epilog  kai ton arijmì twn energ¸n sthl¸n-paragìntwn, jewr same thn tuqaÐa an�jesh
twn energ¸n paragìntwn stic st lec, apì th stigm  pou eÐnai shmantikì na apofÔgoume thn
opoiad pote merolhyÐa epilog c. H epilog  thc omoiìmorfhc katanom c eÐnai euergetik 
gia dÔo lìgouc. Pr¸ton, exasfalÐzei sto b ma 3 ìti oi epidr�seic diafìrwn megej¸n
jewroÔntai tautìqrona (mikrìterou, mesaÐou all� kai megalÔterou megèjouc epidr�seic).
DeÔteron, exasfalÐzei sto b ma 4 ìti oi suntelestèc pou lamb�nontai gia touc mh energoÔc
par�gontec eÐnai sqetik� mikroÐ kai “sqedìn mhdenikoÐ”, dedomènou ìti oi suntelestèc twn
mh energ¸n paragìntwn den ja prèpei na orÐzontai akrib¸c sto mhdèn, ant’autoÔ ja prèpei
na eÐnai mikroÐ tuqaÐoi arijmoÐ. Genik�, h epilog  twn katanom¸n sta prohgoÔmena b mata
3 kai 4 exasfalÐzei to diaqwrismì metaxÔ twn suntelest¸n twn energ¸n kai anenerg¸n
paragìntwn. Gia to lìgo autì, jewr same èna eurÔ f�sma prosomeiwmènwn montèlwn pou
 tan diaforetik� apì thn �poyh aut .

Prokeimènou na axiolog soume thn proteinìmenh mèjodo kai na sugkrÐnoume ta apotelè-
smata, ektim same ta sf�lmata TÔpou I kai TÔpou II. Autì pou mac endiafèrei na elègxoume
sta peir�mata prosomeÐwshc eÐnai to kìstoc tou na dhl¸soume mÐa anenerg  epÐdrash wc
energ  (sf�lma TÔpou I) kaj¸c kai to kìstoc tou na dhl¸soume mÐa energ  epÐdrash wc
anenerg  (sf�lma TÔpou II).

14.3 SÔgkrish Isorrophmènwn US kai Mh Isorroph-
mènwn Bayesian D-Bèltistwn US

Sthn enìthta aut , sugkrÐnoume touc mh isorrophmènouc Bayesian D-bèltistouc up-
erkoresmènouc sqediasmoÔc me isorrophmènouc omìlogoÔc touc, oi opoÐoi èqoun ton Ðdio
arijmì peiramatik¸n ektelèsewn kai paragìntwn, prokeimènou na axiolog soume thn apì-
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dos  touc gia thn an�lush twn dedomènwn k�tw apì ta genikeumèna grammik� montèla me
diakrit  apìkrish kai na exet�soume tic idiìthtec beltistìtht�c touc.

14.3.1 An�lush Dedomènwn Mèsw Genikeumènwn Grammik¸n Mo-
ntèlwn

Gia thn axiolìghsh thc apìdoshc, jewroÔme trÐa uperkoresmèna peir�mata me diafore-
tikì mègejoc, diaforetikì epÐpedo uperkoresmoÔ kai isorropÐac. JewroÔme treic mh isor-
rophmènouc Bayesian D-bèltistouc uperkoresmènouc sqediasmoÔc (SSD(12,16), SSD(12,18)
SSD(12,24)), ìpwc autoÐ pinakopoi jhkan apì touc Jones, Lin kai Nachtsheim [118]. Oi
Bayesian D-bèltistoi uperkoresmènoi sqediasmoÐ eÐnai mh isorrophmènoi epeid  o stajerìc
ìroc eÐnai prwtarqikìc ìroc, kai mporeÐ na ektimhjeÐ xeqwrist� apì tic kÔriec epidr�seic.
Sth sunèqeia sugkrÐnoume autoÔc touc mh isorrophmènouc Bayesian D-bèltistouc uperko-
resmènouc sqediasmoÔc me isorrophmènouc omìlogoÔc touc, me ton Ðdio arijmì peiramatik¸n
ektelèsewn kai paragìntwn, ìpwc autoÐ pinakopoi jhkan apì ton Nguyen [172]. Ta lh-
fjènta apotelèsmata sÔmfwna me to jewroÔmeno uperkoresmèno sqediasmì kai to exe-
tazìmeno Sen�rio parousi�zontai ston PÐnaka 14.1. Sthn pr¸th st lh tou PÐnaka 14.1,
dÐnetai o arijmìc pou antistoiqeÐ se k�je qrhsimopoioÔmeno montèlo. Stic epìmenec tèsseric
st lec, dÐnetai o isorrophmènoc   mh isorrophmènoc uperkoresmènoc sqediasmìc, kaj¸c
epÐshc o arijmìc m twn paragìntwn kai o arijmìc n twn peiramatik¸n ektelèsewn tou
sqediasmoÔ. Sthn èkth st lh dÐnetai to jewroÔmeno Sen�rio. Oi teleutaÐec dÔo st lec
pou onom�zontai wc “Type I” kai “Type II” parousi�zoun tic mèsec timèc twn posost¸n
twn sfalm�twn TÔpou I kai TÔpou I, antÐstoiqa, p�nw se 1000 prosomoi¸seic sÔmfwna me
to upì exètash Sen�rio.

ParathroÔme apì ton PÐnaka 14.1 ìti gia ton Ðdio arijmì ektelèsewn n kai paragìntwn
m, isorrophmènoi kai mh isorrophmènoi uperkoresmènoi sqediasmoÐ èqoun parìmoia apì-
dosh me mikrèc diaforèc ìson afor� ta sf�lmata TÔpou I kai TÔpou II. Sugkekrimèna, h
melèth èdeixe ìti oi mh isorrophmènoi uperkoresmènoi sqediasmoÐ apodÐdoun polÔ kal� kai
parousi�zoun elafr¸c qamhlìtera sf�lmata TÔpou II se sunduasmì me elafr¸c uyhlìte-
ra sf�lmata TÔpou I, se sÔgkrish me touc isorrophmènouc omìlogouc uperkoresmènouc
sqediasmoÔc pou exet�sthkan. Autì praktik� shmaÐnei ìti oi mh isorrophmènoi uperko-
resmènoi sqediasmoÐ teÐnoun na dhl¸noun se megalÔtero posostì anenergèc epidr�seic na
eÐnai energèc kai antÐstoiqa se mikrìtero posostì energèc epidr�seic na eÐnai anenergèc
sugkrinìmenoi me touc isorrophmènouc uperkoresmènouc sqediasmoÔc Ðdiou megèjouc.

Epiprìsjeta, parathroÔme apì ton PÐnaka 14.1 ìti gia k�je jewroÔmeno uperkore-
smèno sqediasmì (isorrophmèno   mh isorrophmèno), oi timèc twn sfalm�twn TÔpou I kai
TÔpou II, antÐstoiqa, diafèroun el�qista k�tw apì ta Sen�ria I, II, III kai IV. Ta apotelè-
smata aut� upodeiknÔoun ìti h proteinìmenh mèjodoc eÐnai arket� eÔrwsth ìson afor� th
montelopoÐhsh thc apìkrishc k�tw apì ta genikeumèna grammik� montèla. 'Opwc proanafè-
rame, oi Marley kai Woods prìteinan ìti gia thn apotelesmatik  qr sh twn uperkoresmènwn
sqediasm¸n, h analogÐa twn paragìntwn proc ton arijmì twn peiramatik¸n ektelèsewn ja
prèpei na eÐnai mikrìterh apì 2. 'Otan sth melèth prosomoÐwshc jewroÔme touc uperkore-
smènouc sqediasmoÔc SSD(12,16) kai SSD(12,18), h parap�nw sunj kh isqÔei, kai parathroÔme
ìti autoÐ oi uperkoresmènoi sqediasmoÐ uperèqoun xek�jara (ìson afor� tic mèsec timèc
twn sfalm�twn TÔpou I kai TÔpou II) apì touc sqediasmoÔc ìpwc o SSD(12,24) gia ton
opoÐo h parap�nw sunj kh den isqÔei. Wstìso, akìma kai se aut  thn perÐptwsh gia thn
opoÐa isqÔei ìti m/n = 2, oi uperkoresmènoi sqediasmoÐ exakoloujoÔn na èqoun arket�
kal  apìdosh, dedomènou ìti oi mèsec timèc sf�lmatoc diathroÔntai se qamhl� epÐpeda. Oi
sunolikèc mèsec timèc gia ta sf�lmata TÔpou I kai TÔpou II ìlwn twn 24 montèlwn pou
jewroÔntai ston PÐnaka 14.1 eÐnai 0.22 kai 0.08, antÐstoiqa, pr�gma pou shmaÐnei ìti h pro-
teinìmenh mèjodoc èqei shmantik� qamhlìterec timèc sfalm�twn TÔpou II, kai uyhlìterec
timèc sf�lmatoc TÔpou I. Se genikèc grammèc, o PÐnakac 14.1 deÐqnei ìti h proteinìmenh
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mèjodoc èqei thn t�sh na dhl¸nei se èna uyhlìtero posostì anenergèc epidr�seic na eÐnai
energèc kai se polÔ qamhlìtero posostì energèc epidr�seic na eÐnai anenergèc. 'Etsi, h
proteinìmenh mèjodoc ja mporoÔse na qarakthristeÐ wc sunthrhtik  upì aut  thn ènnoia.

PÐnakac 14.1: Sugkritik  apìdosh twn mh isorrophmènwn Bayesian D-bèltistwn US me touc
isorrophmènouc omìlogoÔc touc

Montèlo US APO m n IsorropÐa Sen�rio Type I Type II
1 Jones et al. (2008) 16 12 OQI I 0.17 0.03
2 Jones et al. (2008) 16 12 OQI II 0.19 0.06
3 Jones et al. (2008) 16 12 OQI III 0.23 0.07
4 Jones et al. (2008) 16 12 OQI IV 0.22 0.06

Average 0.2025 0.0550
5 Nguyen (1996) 16 12 NAI I 0.17 0.04
6 Nguyen (1996) 16 12 NAI II 0.19 0.07
7 Nguyen (1996) 16 12 NAI III 0.22 0.09
8 Nguyen (1996) 16 12 NAI IV 0.21 0.07

Average 0.1975 0.0675
9 Jones et al. (2008) 18 12 OQI I 0.21 0.04
10 Jones et al. (2008) 18 12 OQI II 0.23 0.07
11 Jones et al. (2008) 18 12 OQI III 0.25 0.09
12 Jones et al. (2008) 18 12 OQI IV 0.23 0.07

Average 0.2300 0.0675
13 Nguyen (1996) 18 12 NAI I 0.21 0.05
14 Nguyen (1996) 18 12 NAI II 0.22 0.08
15 Nguyen (1996) 18 12 NAI III 0.24 0.11
16 Nguyen (1996) 18 12 NAI IV 0.22 0.09

Average 0.2225 0.0825
17 Jones et al. (2008) 24 12 OQI I 0.23 0.06
18 Jones et al. (2008) 24 12 OQI II 0.24 0.07
19 Jones et al. (2008) 24 12 OQI III 0.26 0.12
20 Jones et al. (2008) 24 12 OQI IV 0.26 0.11

Average 0.2475 0.0900
21 Nguyen (1996) 24 12 NAI I 0.22 0.07
22 Nguyen (1996) 24 12 NAI II 0.23 0.09
23 Nguyen (1996) 24 12 NAI III 0.26 0.14
24 Nguyen (1996) 24 12 NAI IV 0.25 0.12

Average 0.2400 0.1050

14.3.2 Idiìthtec Beltistìthtac

Se aut  thn enìthta sugkrÐnoume touc proanaferjèntec mh isorrophmènouc Bayesian D-
bèltistouc uperkoresmènouc sqediasmoÔc me touc isorrophmènouc omìlogoÔc touc, qrhsi-
mopoi¸ntac diaforetik� krit ria beltistopoÐhshc. Ektìc apì to krit rio E(s2), èna eÔ-
logo krit rio gia na sugkrÐnoume uperkoresmènouc sqediasmoÔc eÐnai h elaqistopoÐhsh tou
maxi<j |rij |, ìpou rij eÐnai h susqètish dÔo sthl¸n ci kai cj . H megalÔterh apìluth tim  thc
susqètishc rij metaxÔ ìlwn twn zeug¸n twn sthl¸n sumbolÐzetai me to rmax. H susqètish
metax  dÔo sthl¸n ci kai cj enìc uperkoresmènou sqediasmoÔ upologÐzetai apì thn klasik 
fìrmoula tou Pearson. AxÐzei na shmeiwjeÐ ed¸ ìti sthn perÐptwsh enìc isorrophmènou up-

erkoresmènou sqediasmoÔ h susqètish orÐzetai wc rij = c′icj
n . Dedomènou ìti sthn paroÔsa

melèth jewroÔme Bayesian D-bèltistouc uperkoresmènouc sqediasmoÔc, jewroÔme epiplèon
wc krit rio thn antikeimenik  sun�rthsh Bayesian D-beltistìthtac, DBayes = |XTX+R|,
ìpou XTX eÐnai o pÐnakac plhroforÐac tou uperkoresmènou sqediasmoÔ kai R eÐnai o
pÐnakac plhroforÐac twn paramètrwn thc jewrhjeÐsac ek twn protèrwn katanom c. O en-
diaferìmenoc anagn¸sthc mporeÐ na anatrèxei gia perissìterec plhroforÐec sqeik� me thn
antikeimenik  sun�rthsh Bayesian D-beltistìthtac sthn ergasÐa [118]. O PÐnakac 14.2
parousi�zei tic di�forec timèc twn krithrÐwn beltistopoÐhshc (rmax, E(s2) (Booth & Cox),
DBayes), oi opoÐec proèkuyan gia touc treic mh isorrophmènouc Bayesian D-bèltistouc
uperkoresmènouc sqediasmoÔc kai touc isorrophmènouc omìlogoÔc touc.

ParathroÔme apì ton PÐnaka 14.2 ìti oi timèc twn krithrÐwn gia touc mh isorrophmènouc
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Bayesian D-bèltistouc uperkoresmènouc sqediasmoÔc eÐnai Ðdiec, megalÔterec   mikrìterec
apì tic antÐstoiqec timèc gia touc isorrophmènouc uperkoresmènouc sqediasmoÔc. Se mÐa
apì tic treic peript¸seic (SSD(12,18)) oi timèc eÐnai akrib¸c oi Ðdiec, kai stic �llec dÔo peri-
pt¸seic (SSD(12,16), SSD(12,24)) up�rqoun mètriec diaforèc. Shmei¸noume ed¸ ìti se mÐa
apì tic treic peript¸seic (SSD(12,16)) h tim  tou krithrÐou E(s2) tou Bayesian D-bèltistou
uperkoresmènou sqediasmoÔ eÐnai mikrìterh se sÔgkrish me thn antÐstoiqh tim  tou isor-
rophmènou omìlogoÔ tou. Autì ofeÐletai sto gegonìc ìti h qal�rwsh tou periorismoÔ
thc isorropÐac epitrèpei stouc mh isorrophmènouc Bayesian D-bèltistouc uperkoresmènouc
sqediasmoÔc na belti¸nontai se sqèsh me tic “E(s2)” timèc, ìpwc �llwste epishmaÐnetai
sthn ergasÐa [118].

PÐnakac 14.2: Krit ria beltistìthtac mh isorrophmènwn Bayesian D-bèltistwn
US kai twn antÐstoiqwn isorrophmènwn US

n m US APO IsorropÐa a rmax a E(s2) (Booth & Cox) b DBayes (Jones et al. 2008)
12 16 Nguyen (1996) NAI 0.3333 5.200 6.32

12 16 Jones et al. (2008) OQI 0.4800 4.800 6.37

12 18 Nguyen (1996) NAI 0.3333 5.96 4.85

12 18 Jones et al. (2008) OQI 0.3333 5.96 4.85

12 24 Nguyen (1996) NAI 0.3333 7.83 2.004

12 24 Jones et al. (2008) OQI 0.6700 7.83 2.008

a the smaller-the-better
b the larger-the-better

14.4 SÔgkrish Isorrophmènwn US kai Mh Isorroph-
mènwn US me Allhlepidr�seic

Sthn enìthta aut , sugkrÐnoume touc mh isorrophmènouc uperkoresmènouc sqediasmoÔc
pou perilamb�noun allhlepidr�seic me isorrophmènouc omìlogoÔc touc, oi opoÐoi èqoun ton
Ðdio arijmì peiramatik¸n ektelèsewn kai paragìntwn, prokeimènou na axiolog soume thn
apìdos  touc gia thn an�lush twn dedomènwn k�tw apì ta genikeumèna grammik� montèla
me diakrit  apìkrish kai na exet�soume tic idiìthtec beltistìtht�c touc.

14.4.1 An�lush Dedomènwn Mèsw Genikeumènwn Grammik¸n Mo-
ntèlwn

Gia thn axiolìghsh thc apìdoshc, jewroÔme trÐa uperkoresmèna peir�mata me diafore-
tikì mègejoc, diaforetikì epÐpedo uperkoresmoÔ kai isorropÐac. Arqik�, jewroÔme èna mh
isorrophmèno uperkoresmèno sqediasmì SSD(6,7) apì thn ergasÐa [43], èna mh isorroph-
mèno uperkoresmèno sqediasmì SSD(6,7) apì thn ergasÐa [4], kai sugkrÐnoume thn apìdos 
touc me isorrophmènouc uperkoresmènouc sqediasmoÔc 6 ektelèsewn kai 7 paragìntwn,
paragìmenwn mèsw diaforetik¸n mejìdwn beltistopoÐhshc kai sunduastik¸n idiot twn
(sumperilambanomènou tou E(s2) krithrÐou twn Booth kai Cox, tou D2 krithrÐou pou
prot�jhke apì ton Wu [229], tou krithrÐou max pcov twn Allen kai Bernshteyn [4], ka-
j¸c epÐshc sumperilamb�noume to sqediasmì tou Lin [148] paragìmeno apì mis� kl�smata
Plackett-Burman pin�kwn). Ta lhfjènta apotelèsmata se sumfwnÐa me touc uperkore-
smènouc sqediasmoÔc twn 6 ektelèsewn kai 7 paragìntwn parousi�zontai ston PÐnaka 14.3.
'Epeita, sugkrÐnoume wc proc thn apìdos  touc, to mh isorrophmèno uperkoresmèno sqe-
diasmì SSD(10,27) apì thn ergasÐa [43], me ton isorrophmèno omìlogì tou, ton kont� ston
E(s2)-bèltisto uperkoresmèno sqediasmì kataskeuasmèno apì touc Liu kai Dean [153].
Ta lhfjènta apotelèsmata se sumfwnÐa me touc uperkoresmènouc sqediasmoÔc twn 10 e-
ktelèsewn kai 27 paragìntwn parousi�zontai ston PÐnaka 14.4. Sto tèloc, sugkrÐnoume
wc proc thn apìdos  touc, to mh isorrophmèno uperkoresmèno sqediasmì SSD(8,35) apì thn
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ergasÐa [43], me ton isorrophmèno omìlogì tou, ton E(s2)-bèltisto uperkoresmèno sqedia-
smì kataskeuasmèno apì ton Cheng [47]. Ta lhfjènta apotelèsmata se sumfwnÐa me touc
uperkoresmènouc sqediasmoÔc twn 8 ektelèsewn kai 35 paragìntwn parousi�zontai ston
PÐnaka 14.5.

Sthn pr¸th st lh twn Pin�kwn 14.3, 14.4 kai 14.5, dÐnetai o arijmìc pou antistoiqeÐ se
k�je qrhsimopoioÔmeno montèlo. Stic epìmenec tèsseric st lec, dÐnetai o isorrophmènoc  
mh isorrophmènoc uperkoresmènoc sqediasmìc, kaj¸c epÐshc o arijmìc m twn paragìntwn
kai o arijmìc n twn peiramatik¸n ektelèsewn tou sqediasmoÔ. Sthn èkth st lh dÐnetai
to jewroÔmeno Sen�rio. Oi teleutaÐec dÔo st lec twn Pin�kwn 14.3, 14.4 kai 14.5 pou
onom�zontai wc “Type I” kai “Type II” parousi�zoun tic mèsec timèc twn posost¸n twn
sfalm�twn TÔpou I kai TÔpou I, antÐstoiqa, p�nw se 1000 prosomoi¸seic sÔmfwna me to
upì exètash Sen�rio.

ParathroÔme apì touc PÐnakec 14.3, 14.4 kai 14.5, ìti gia ton Ðdio arijmì ektelèsewn
n kai paragìntwn m, isorrophmènoi kai mh isorrophmènoi uperkoresmènoi sqediasmoÐ è-
qoun parìmoia apìdosh me mikrèc diaforèc ìson afor� ta sf�lmata TÔpou I kai TÔpou II.
Sugkekrimèna, h melèth èdeixe ìti oi mh isorrophmènoi uperkoresmènoi sqediasmoÐ apodÐ-
doun polÔ kal� kai parousi�zoun elafr¸c qamhlìtera sf�lmata TÔpou II se sunduasmì
me elafr¸c uyhlìtera sf�lmata TÔpou I, se sÔgkrish me touc isorrophmènouc omìlogouc
uperkoresmènouc sqediasmoÔc pou exet�sthkan. Autì praktik� shmaÐnei ìti oi mh isorroph-
mènoi uperkoresmènoi sqediasmoÐ teÐnoun na dhl¸noun se megalÔtero posostì anenergèc
epidr�seic na eÐnai energèc kai antÐstoiqa se mikrìtero posostì energèc epidr�seic na eÐ-
nai anenergèc sugkrinìmenoi me touc isorrophmènouc uperkoresmènouc sqediasmoÔc Ðdiou
megèjouc.

Epiprìsjeta, parathroÔme apì touc PÐnakec 14.3, 14.4 kai 14.5, ìti gia k�je jewroÔ-
meno uperkoresmèno sqediasmì (isorrophmèno   mh isorrophmèno), oi timèc twn sfalm�twn
TÔpou I kai TÔpou II, antÐstoiqa, diafèroun el�qista k�tw apì ta Sen�ria I, II, III kai IV.
Ta apotelèsmata aut� upodeiknÔoun ìti h proteinìmenh mejodoc eÐnai arket� eÔrwsth ìson
afor� th montelopoÐhsh thc apìkrishc k�tw apì ta genikeumèna grammik� montèla. 'Opwc
proanafèrame, oi Marley kai Woods prìteinan ìti gia thn apotelesmatik  qr sh twn up-
erkoresmènwn sqediasm¸n, h analogÐa twn paragìntwn proc ton arijmì twn peiramatik¸n
ektelèsewn ja prèpei na eÐnai mikrìterh apì 2. 'Otan sth melèth prosomoÐws c mac jew-
roÔme ton uperkoresmèno sqediasmì SSD(6,7) h parap�nw sunj kh isqÔei, kai parathroÔme
ìti autoÐ oi uperkoresmènoi sqediasmoÐ uperèqoun xek�jara (ìson afor� tic mèsec timèc twn
sfalm�twn TÔpou I kai TÔpou II) apì touc sqediasmoÔc ìpwc o SSD(10,27) kai o SSD(8,35)
gia touc opoÐouc h parap�nw sunj kh den isqÔei. Wstìso, akìma kai se aut  thn perÐptwsh
gia thn opoÐa isqÔei ìti m/n > 2, oi uperkoresmènoi sqediasmoÐ exakoloujoÔn na èqoun
arket� kal  apìdosh, dedomènou ìti oi mèsec timèc sf�lmatoc TÔpou II diathroÔntai se
qamhl� epÐpeda. Oi sunolikèc mèsec timèc gia ta sf�lmata TÔpou I kai TÔpou II ìlwn
twn montèlwn pou jewroÔntai stouc PÐnakec 14.3, 14.4 kai 14.5, eÐnai 0.30 kai 0.09, antÐ-
stoiqa, pr�gma pou shmaÐnei ìti h proteinìmenh mèjodoc èqei shmantik� qamhlìterec timèc
sfalm�twn TÔpou II, kai uyhlìterec timèc sf�lmatoc TÔpou I. Se genikèc grammèc, oi
PÐnakec 14.3, 14.4 kai 14.5, deÐqnoun ìti h proteinìmenh mèjodoc èqei thn t�sh na dhl¸nei
se èna uyhlìtero posostì anenergèc epidr�seic na eÐnai energèc kai se polÔ qamhlìtero
posostì energèc epidr�seic na eÐnai anenergèc. 'Etsi, h proteinìmenh mèjodoc ja mporoÔse
na qarakthristeÐ wc sunthrhtik  upì aut  thn ènnoia.
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PÐnakac 14.3: Sugkritik  apìdosh twn isorrophmènwn kai mh isorrophmènwn SSDs(6,7)
Montèlo US APO m n IsorropÐa Sen�rio Type I Type II

1 Chatterjee et al. (2014) 7 6 OQI I 0.20 0.01
2 Chatterjee et al. (2014) 7 6 OQI II 0.21 0.02
3 Chatterjee et al. (2014) 7 6 OQI III 0.26 0.04
4 Chatterjee et al (2014) 7 6 OQI IV 0.26 0.05

Average 0.2325 0.0300
5 Allen & Bernshteyn (2003) 7 6 OQI I 0.19 0.01
6 Allen & Bernshteyn (2003) 7 6 OQI II 0.21 0.02
7 Allen & Bernshteyn (2003) 7 6 OQI III 0.27 0.04
8 Allen & Bernshteyn (2003) 7 6 OQI IV 0.26 0.05

Average 0.2325 0.0300
9 Booth & Cox (1962) 7 6 NAI I 0.19 0.02
10 Booth & Cox (1962) 7 6 NAI II 0.20 0.04
11 Booth & Cox (1962) 7 6 NAI III 0.26 0.06
12 Booth & Cox (1962) 7 6 NAI IV 0.25 0.07

Average 0.2250 0.0475
13 Wu (1993) 7 6 NAI I 0.19 0.02
14 Wu (1993) 7 6 NAI II 0.20 0.04
15 Wu (1993) 7 6 NAI III 0.26 0.06
16 Wu (1993) 7 6 NAI IV 0.25 0.07

Average 0.2250 0.0475
17 Lin (1993) 7 6 NAI I 0.19 0.02
18 Lin (1993) 7 6 NAI II 0.20 0.04
19 Lin (1993) 7 6 NAI III 0.26 0.06
20 Lin (1993) 7 6 NAI IV 0.25 0.07

Average 0.2250 0.0475
21 Allen & Bernshteyn (2003) 7 6 NAI I 0.19 0.02
22 Allen & Bernshteyn (2003) 7 6 NAI II 0.20 0.04
23 Allen & Bernshteyn (2003) 7 6 NAI III 0.26 0.06
24 Allen & Bernshteyn (2003) 7 6 NAI IV 0.25 0.07

Average 0.2250 0.0475

PÐnakac 14.4: Sugkritik  apìdosh twn isorrophmènwn kai mh isorrophmènwn SSDs(10,27)
Montèlo US APO m n IsorropÐa Sen�rio Type I Type II

1 Chatterjee et al. (2014) 27 10 OQI I 0.29 0.07
2 Chatterjee et al. (2014) 27 10 OQI II 0.32 0.07
3 Chatterjee et al. (2014) 27 10 OQI III 0.32 0.10
4 Chatterjee et al. (2014) 27 10 OQI IV 0.32 0.08

Average 0.3125 0.0800
5 Liu & Dean (2004) 27 10 NAI I 0.29 0.08
6 Liu & Dean (2004) 27 10 NAI II 0.31 0.09
7 Liu & Dean (2004) 27 10 NAI III 0.32 0.12
8 Liu & Dean (2004) 27 10 NAI IV 0.31 0.10

Average 0.3075 0.0975

PÐnakac 14.5: Sugkritik  apìdosh twn isorrophmènwn kai mh isorrophmènwn SSDs(8,35)
Montèlo US APO m n IsorropÐa Sen�rio Type I Type II

1 Chatterjee et al. (2014) 35 8 OQI I 0.34 0.12
2 Chatterjee et al. (2014) 35 8 OQI II 0.36 0.13
3 Chatterjee et al. (2014) 35 8 OQI III 0.37 0.14
4 Chatterjee et al. (2014) 35 8 OQI IV 0.36 0.15

Average 0.3575 0.1350
5 Cheng (1997) 35 8 NAI I 0.34 0.14
6 Cheng (1997) 35 8 NAI II 0.35 0.15
7 Cheng (1997) 35 8 NAI III 0.37 0.17
8 Cheng (1997) 35 8 NAI IV 0.35 0.16

Average 0.3525 0.1550

14.4.2 Idiìthtec Beltistìthtac

Se aut  thn enìthta sugkrÐnoume touc proanaferjèntec mh isorrophmènouc uperkore-
smènouc sqediasmoÔc pou perilamb�noun allhlepidr�seic me touc isorrophmènouc omìlo-
goÔc touc, qrhsimopoi¸ntac diaforetik� krit ria beltistopoÐhshc. O PÐnakac 14.6 parousi�-
zei tic di�forec timèc krithrÐwn beltistopoÐhshc (rmax, E(s2) (Booth & Cox), E(s2) (Mar-
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ley & Woods)), oi opoÐec proèkuyan gia touc treic mh isorrophmènouc uperkoresmènouc
sqediasmoÔc kai touc isorrophmènouc omìlogoÔc touc.

Pr¸ton, eÐnai axioshmeÐwto to pìso ìmoiec eÐnai oi apodìseic gia touc isorrophmènouc
uperkoresmènouc sqediasmoÔc 6 ektelèsewn kai 7 paragìntwn, molonìti par�gontai me dia-
foretikoÔc trìpouc. ParathroÔme epÐshc apì ton PÐnaka 14.6 ìti oi timèc twn krithrÐwn
gia touc mh isorrophmènouc uperkoresmènouc sqediasmoÔc pou perilamb�noun allhlepidr�-
seic diafèroun el�qista apì tic antÐstoiqec timèc gia touc isorrophmènouc uperkoresmènouc
sqediasmoÔc, ektìc apì to krit rio rmax gia touc SSD(6,7) kai SSD(10,27). Ta paradeÐgmata
aut� ston PÐnaka 14.6, upodeiknÔoun ìti oi mh isorrophmènoi uperkoresmènoi sqediasmoÐ
pou perilamb�noun allhlepidr�seic eÐnai sugkrÐsimoi me touc isorrophmènouc omìlogoÔc
touc se sqèsh me to E(s2)   rmax krit rio beltistopoÐhshc. Ac shmeiwjeÐ ed¸ ìti h qal�-
rwsh tou periorismoÔ thc isorropÐac epitrèpei stouc mh isorrophmènouc uperkoresmènouc
sqediasmoÔc na belti¸nontai se sqèsh me tic “E(s2)” timèc, kaj¸c epÐshc na apodÐdoun
arket� kal� se sqèsh kai me ta upìloipa krit ria beltistopoÐhshc. Oi mh isorrophmènoi
uperkoresmènoi sqediasmoÐ pou perilamb�noun allhlepidr�seic mporeÐ nai men na mhn è-
qoun thn idiìthta thc isorropÐac, all� akìma èqoun pleonekt mata me thn ènnoia ìti eÐnai
“sqedìn” bèltistoi se sqèsh me arket� krit ria kai oi epidr�seic twn paragìntwn eÐnai
“sqedìn” orjog¸niec.

PÐnakac 14.6: Krit ria beltistìthtac mh isorrophmènwn US me allhlepidr�seic kai
twn antÐstoiqwn isorrophmènwn US

n m Krit rio IsorropÐa rmax E(s2) (Booth & Cox) E(s2) (Marley & Woods)
6 7 Booth & Cox (1962) a NAI 0.3333 4.0000 4.0000

6 7 Wu (1993) a NAI 0.3333 4.0000 4.0000

6 7 Lin (1993) a NAI 0.3333 4.0000 4.0000

6 7 Allen & Bernshteyn (2003) a NAI 0.3333 4.0000 4.0000

6 7 Allen & Bernshteyn (2003) OQI 0.4472 4.0000 4.1429

6 7 Chatterjee et al. (2014) OQI 0.7071 4.3810 3.4286

10 27 Liu & Dean (2004) a NAI 0.6000 8.1000 8.1000

10 27 Chatterjee et al. (2014) OQI 0.6000 7.0769 7.4286

8 35 Cheng (1997) b NAI 0.5000 7.5294 7.5294

8 35 Chatterjee et al. (2014) OQI 0.5774 6.9647 7.1111

a the smaller-the-better
b the larger-the-better

14.5 Sumper�smata

Oi uperkoresmènoi sqediasmoÐ sun jwc kataskeu�zontai k�tw apì thn paradoq  thc
isorropÐac, all� k�ti tètoio faÐnetai na eÐnai �sqeto me ton trìpo me ton opoÐo analÔontai
ta dedomèna touc [92]. Ac shmeiwjeÐ ed¸, ìti to plaÐsio an�lushc mèqri s mera gia touc
mh isorrophmènouc uperkoresmènouc sqediasmoÔc periorÐzetai sthn kentrik  upìjesh ìti
ta peiramatik� dedomèna proèrqontai apì èna grammikì montèlo. Sto parìn kef�laio, su-
gkrÐname mh isorrophmènouc uperkoresmènouc sqediasmoÔc me isorrophmènouc omìlogoÔc
touc k�tw apì thn paradoq  twn genikeumènwn grammik¸n montèlwn me diakrit  apìkrish,
apokalÔptontac ìti oi mh isorrophmènoi uperkoresmènoi sqediasmoÐ èqoun pleonekt mata
ìson afor� thn apìdos  touc, par� thn èlleiyh isorropÐac. Oi pio fouskwmènec timèc twn
sfalm�twn TÔpou I den apoteloÔn prìblhma dedomènou ìti k�tw apì thn arq  thc spo-
radikìthtac twn epidr�sewn, eÐnai fusikì kai polÔ pijanì na prokÔyoun sf�lmata TÔpou
I, ìpwc anafèrjhke kai apì ton Lin [149]. 'Allwste, oi uperkoresmènoi sqediasmoÐ kurÐwc
qrhsimopoioÔntai gia na entopistoÔn oi par�gontec pou prèpei na exetastoÔn se peraitè-
rw analÔseic, kai wc ek toÔtou, ta qamhl� posost� sf�lmatoc TÔpou II eÐnai idiaÐtera
epijumht�. H proteinìmenh mèjodoc epitugq�nei k�ti tètoio polÔ ikanopoihtik�.

Ta apotelèsmata tou parìntoc kefalaÐou apoteloÔn apodeÐxeic ìti oi mh isorrophmènoi
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uperkoresmènoi sqediasmoÐ eÐnai sugkrÐsimoi me touc isorrophmènouc omìlogoÔc touc, kai
mporeÐ na apoteloÔn èna qr simo ergaleÐo gia ta peir�mata krhsarÐsmatoc. Ta apotelè-
smata tou parìntoc kefalaÐou epÐshc parèqoun tic akìloujec kateujunt riec grammèc gia
th qr sh twn isorrophmènwn kai mh isorrophmènwn uperkoresmènwn sqediasm¸n k�tw apì
ta genikeumèna grammik� montèla me diakrit  apìkrish.

1. Isorrophmènoi kai mh isorrophmènoi uperkoresmènoi sqediasmoÐ tou Ðdiou megèjouc faÐne-
tai na èqoun parìmoia ikanìthta na aniqneÔoun energoÔc   mh energoÔc par�gontec.

2. Oi mh isorrophmènoi uperkoresmènoi sqediasmoÐ apodÐdoun polÔ kal�, kai parousi�zoun
elafr¸c qamhlìtera sf�lmata TÔpou II se sunduasmì me elafr¸c uyhlìtera sf�l-
mata TÔpou I se sÔgkrish me touc isorrophmènouc omìlogoÔc touc Ðdiou megèjouc.

3. Gia amfìterec tic dÔo kl�seic twn uperkoresmènwn sqediasm¸n (isorrophmènoi kai mh
isorrophmènoi), h apìdosh qeirotereÔei kaj¸c o lìgoc twn paragìntwn proc tic peira-
matikèc ektelèseic aux�netai, an kai kal� apotelèsmata (qamhl� sf�lmata TÔpou II)
prokÔptoun akìma kai stic peript¸seic gia tic opoÐec m/n ≥ 2. Wstìso, se k�poec
peript¸seic gia tic opoÐec m/n > 2, oi mh isorrophmènoi uperkoresmènoi sqedia-
smoÐ faÐnetai na uperteroÔn twn isorrophmènwn omolìgwn touc ìson afor� k�poia
krit ria beltistopoÐshc (gia touc SSD(10,27) kai SSD(8,35) parathr same qamhlìterec
timèc tou E(s2)). Gia thn perÐptwsh sthn opoÐa m/n = 2 (SSD(12,24)) parathr same
sqedìn tautìshmec timèc gia ta krit ria E(s2) kai DBayes.

4. Isorrophmènoi kai mh isorrophmènoi uperkoresmènoi sqediasmoÐ mporeÐ na èqoun dia-
foretikèc idiìthtec beltistìthtac, all� autì faÐnetai na eÐnai �sqeto kai na mhn
ephre�zei ton trìpo me ton opoÐo ta dedomèna twn uperkoresmènwn sqediasm¸n analÔ-
ontai k�tw apì ta genikeumèna grammik� montèla me diakrit  apìkrish.
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K E F A L A I O 15

K�tw Fr�gmata tou Mètrou E(S2) gia Merik¸c

Isorrophmènouc SqediasmoÔc DÔo Epipèdwn

The shortest path between two truths in the real domain
passes through the complex domain.

�Jacques S. Hadamard (1865–1963)

Sto dèkato pèmpto autì kef�laio melet�me ta pijan� pleonekt mata thc qal�rwshc
thc apaÐthshc isorropÐac sthn kataskeu  uperkoresmènwn sqediasm¸n, dedomènou ìti oi
uperkoresmènoi sqediasmoÐ sun jwc kataskeu�zontai k�tw apì thn paradoq  thc isor-
ropÐac. Parousi�zoume èna nèo k�tw fr�gma tou krithrÐou beltistopoÐhshc E(s2) gia
merik¸c isorrophmènouc sqediasmoÔc, kai to efarmìzoume se merik¸c isorrophmènouc, mh
isorrophmènouc kai isorrophmènouc E(s2)-bèltistouc uperkoresmènouc sqediasmoÔc pou
up�rqoun sth bibliografÐa. EpÐshc, parèqoume nèouc E(s2)-bèltistouc merik¸c isorroph-
mènouc sqediasmoÔc oi opoÐoi prokÔptoun apì thn efarmog  tou nèou autoÔ k�tw fr�g-
matoc. Ta ereunhtik� apotelèsmata autoÔ tou kefalaÐou parousi�zontai sthn episthmonik 
ergasÐa [45].
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15.1 Ereunhtikì Prìblhma - Kinht rioc Idèa

Prìsfatec episthmonikèc ergasÐec anafèrontai sta pijan� pleonekt mata thc qal�-
rwshc thc apaÐthshc thc isorropÐac kai meletoÔn thn kataskeu    akìma kai thn an�lush
twn mh isorrophmènwn uperkoresmènwn sqediasm¸n, ìpwc gia par�deigma oi ergasÐec [4],
[92], [118], [160] kai [43]. Sto Kef�laio 13, efarmìzontac th mèjodo BEDDO kai qala-
r¸nontac ton periorismì thc isorropÐac, kataskeu�same mh isorrophmènouc uperkoresmè-
nouc sqediasmoÔc pou perilamb�noun allhlepidr�seic, sqediasmoÔc me kalèc statistikèc
idiìthtec pou sugkrÐnontai eunoðk� me isorrophmènouc omìlogoÔc touc gia poll� krit ria
beltistopoÐhshc, sumperilambanomènou tou E(s2). H nèa aut  kl�sh twn mh isorrophmè-
nwn uperkoresmènwn sqediasm¸n pou kataskeu�same me th bo jeia twn upologist¸n eÐnai
sthn pragmatikìthta merik¸c isorrophmènoi uperkoresmènoi sqediasmoÐ, me thn ènnoia ìti
m1 apì tic m st lec eÐnai isorrophmènec (èqoun Ðso arijmì “-1’s” kai “1’s”) kai oi upì-
loipec (m−m1) (= m2) st lec eÐnai mh isorrophmènec. Tètoiou tÔpou sqediasmoÐ me thn
idiìthta thc merik c isorropÐac mporeÐ na prokÔyoun suqn� sthn pr�xh efìson h Ôparxh
twn allhlepidr�sewn jewrhjeÐ eÐte sthn kataskeu  eÐte sthn an�lush twn uperkoresmènwn
sqediasm¸n kÔriwn epidr�sewn. Oi merik¸c isorrophmènoi sqediasmoÐ mporeÐ na endiafè-
roun ènan peiramatist  o opoÐoc qrei�zetai sqediasmoÔc ìso to dunatìn pio isorrophmènouc
kai mporeÐ na eÐnai protimhtèoi se peript¸seic stic opoÐec ta epÐpeda sugkekrimènwn paragì-
ntwn sqetÐzontai me uyhl� kìsth. Oi parap�nw lìgoi, ìpwc eÐnai fusikì, mac parakÐnhsan
na y�xoume nèa k�tw fr�gmata gia to E(s2) krit rio gia th nèa aut  kl�sh twn merik¸c
isorrophmènwn sqediasm¸n.

15.2 To Krit rio BeltistopoÐhshc E(s2)
H dom  enìc uperkoresmènou sqediasmoÔ eÐnai polÔ shmantik , kai h kataskeu  touc èqei

proselkÔsei to endiafèron poll¸n ereunht¸n ta teleutaÐa qrìnia. Gia thn axiolìghsh twn
kataskeuasmènwn uperkoresmènwn sqediasm¸n kai th mètrhsh thc apotelesmatikìtht�c
touc orismèna krit ria beltistopoÐhshc eÐnai aparaÐthta. O endiaferìmenoc anagn¸sthc
mporeÐ na anatrèxei sthn ergasÐa [91] gia mia leptomer  anaje¸rhsh twn krithrÐwn beltisto-
poÐhshc ta opoÐa anaptÔqjhkan sth bibliografÐa sqetik� me touc uperkoresmènouc sqedia-
smoÔc dÔo epipèdwn.

Se autì to kef�laio, meletoÔme to krit rio beltistopoÐhshc E(s2) twn Booth kai Cox
[21], to opoÐo orÐzetai wc E(s2) =

∑
s2
ij/m(m−1), ìpou

∑
s2
ij eÐnai dÔo forèc to �jroisma

twn tetrag¸nwn twn stoiqeÐwn p�nw apì th diag¸nio tou pÐnaka plhroforÐac XTX tou
uperkoresmènou sqediasmoÔ, ìpou o pÐnakac sqediasmoÔ lamb�netai apì to dojèn sqediasmì
antikajist¸ntac ta “0’s” me “-1’s”. Gia ènan isorrophmèno sqediasmì me m par�gontec se
dÔo epÐpeda o k�je ènac kai N peiramatikèc ektelèseic (m ≥ N), o Nguyen [172], kai oi
Tang kai Wu [215], anex�rthta, pareÐqan èna k�tw fr�gma

E(s2) ≥ N2(m−N + 1)
(N − 1)(m− 1) (15.1)

gia to E(s2). Oi Tang kai Wu èdeixan ìti to k�tw fr�gma gia to E(s2) mporeÐ na epiteuqjeÐ
e�n kai mìno e�n m = q(N−1) kai N ≡ 0 (mod 4)   gia m = 2q(N−1) kai N ≡ 2 (mod 4)
gia k�poio jetikì akèraio q. 'Ara, to N eÐnai �rtioc arijmìc. 'Enac sqediasmìc kaleÐtai
E(s2)-bèltistoc ìtan autì to fr�gma epitugq�netai. O Cheng [47] èdeixe ìti me th diagraf 
  thn prosj kh enìc   dÔo orjog¸niwn (  kont� orjog¸niwn gia N ≡ 2 (mod 4)) sthl¸n,
o sqediasmìc exakoloujeÐ na eÐnai E(s2)-bèltistoc. E�n to N = 8 to parap�nw apotèlesma
isqÔei epÐshc me thn prosj kh   th diagraf  tri¸n sthl¸n. Prìsfata beltiwmèna k�tw
fr�gmata tou E(s2) gia isorrophmènouc sqediasmoÔc dìjhkan apì touc Butler et al. [34],
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Liu kai Hickernell [152], Bulutoglu kai Cheng [30], kaj¸c epÐshc kai apì touc Ryan kai
Bulutoglu [202]. To kalÔtero prìsfata gnwstì k�tw fr�gma sthn perÐptwsh aut  dìjhke
apì touc Das et al. [60], kaj¸c epÐshc oi Nguyen kai Cheng [173] genÐkeusan to k�tw fr�gma
thc sqèshc (15.1) ètsi ¸ste na eÐnai efarmìsimo se �rtio kai perittì arijmì peiramatik¸n
ektelèsewn.

'Ola ta proanaferjènta fr�gmata isqÔoun gia isorrophmènouc sqediasmoÔc. Gia mh
isorrophmènouc sqediasmoÔc ta parap�nw fr�gmata den eÐnai efarmìsima. Akìma ki an up-
 rxe poll  ereunhtik  doulei� gia to k�tw fr�gma tou krithrÐou E(s2) gia isorrophmènouc
sqediasmoÔc, oi ergasÐec gia to k�tw fr�gma tou krithrÐou E(s2) gia mh isorrophmènouc
sqediasmoÔc eÐnai akìma se pr¸imo st�dio, an kai orismènec nèec proseggÐseic èqoun ana-
ptuqjeÐ ta teleutaÐa qrìnia. Oi Booth kai Cox prìteinan to krit rio E(s2) to opoÐo epilègei
èna sqediasmì elaqistopoi¸ntac to �jroisma twn tetrag¸nwn twn eswterik¸n ginomènwn
metaxÔ ìlwn twn pijan¸n zeug¸n twn sthl¸n tou X. E�n h st lh twn 1’s sumperilhfjeÐ
ston X, tìte oi Marley kai Woods [160] epèkteinan autì ton orismì gia na sumperil�boun
to eswterikì ginìmeno thc pr¸thc st lhc me k�je �llh st lh tou X, dhlad ,

E(s2) =
∑
i 6=j

s2
ij/((m+ 1)m), (15.2)

ìpou to sij eÐnai to i,j-ostì stoiqeÐo tou pÐnaka XTX (i, j = 1, . . .m + 1). Oi dÔo ori-
smoÐ eÐnai isodÔnamoi gia touc isorrophmènouc sqediasmoÔc. Oi Bulutoglu kai Ryan [32]
prìteinan èna beltiwmèno k�tw fr�gma gia to E(s2), efarmìsimo se mh isorrophmènouc up-
erkoresmènouc sqediasmoÔc dÔo epipèdwn me perittì arijmì peiramatik¸n ektelèsewn. To
kalÔtero prìsfata gnwstì k�tw fr�gma, sthn perÐptwsh twn mh isorrophmènwn uperko-
resmènwn sqediasm¸n dÔo epipèdwn me perittì arijmì peiramatik¸n ektelèsewn, dìjhke
prìsfata apì touc Suen kai Das [213]. O endiaferìmenoc anagn¸sthc mporeÐ na anatrèxei
gia perissìterec leptomèreiec sqetik� me thn istorik  exèlixh aut¸n twn fragm�twn sthn
ergasÐa [123].

Sto parìn kef�laio, parousi�zoume k�poia genik� apotelèsmata beltistopoÐhshc gia
merik¸c isorrophmènouc sqediasmoÔc kai parèqoume èna nèo k�tw fr�gma (lower bound-
LB) gia to krit rio beltistopoÐhshc E(s2). Autì to nèo E(s2) k�tw fr�gma (LB) pou
proteÐnoume eÐnai anapìfeukta efarmìsimo mìno se �rtio arijmì peiramatik¸n ektelèsewn,
dedomènou ìti oi merik¸c isorrophmènoi sqediasmoÐ den mporoÔn na èqoun perittì arijmì
peiramatik¸n ektelèsewn exaitÐac thc idiìthtac thc merik c isorropÐac. To nèo autì E(s2)
k�tw fr�gma (LB) anaptÔqjhke gia thn axiolìghsh merik¸c isorrophmènwn uperkoresmè-
nwn sqediasm¸n, all� epÐshc mporeÐ na efarmosteÐ sthn perÐptwsh isorrophmènwn uperko-
resmènwn sqediasm¸n dÔo epipèdwn, kaj¸c epÐshc kai sthn perÐptwsh mh isorrophmènwn
uperkoresmènwn sqediasm¸n dÔo epipèdwn me �rtio arijmì peiramatik¸n ektelèsewn.

15.2.1 SumbolismoÐ kai Prokatarktik�

Ac jewr soume ènan uperkoresmèno sqediasmì N ektelèsewn kai m paragìntwn o
k�je ènac se dÔo epÐpeda “0” kai “1”. Ac upojèsoume ìti o sqediasmìc eÐnai merik¸c
isorrophmènoc, me thn ènnoia ìti m1 apì tic m st lec eÐnai isorrophmènec (èqoun Ðso
arijmì “0’s” kai “1’s”) kai oi upìloipec (m −m1) (= m2) st lec eÐnai mh isorrophmènec.
Ac shmeiwjeÐ ed¸ ìti apì th stigm  pou o sqediasmìc eÐnai merik¸c isorrophmènoc, to
N prèpei na eÐnai pollapl�sio tou 2, èstw N = 2n. JewroÔme ènan akèraio u metaxÔ
tou 1 kai (n − 1). Gia 1 ≤ l ≤ u, ac upojèsoume ìti metaxÔ twn m2 mh isorrophmènwn
sthl¸n, kl1 st lec èqoun (n+ l) “1’s” kai (n− l) “0’s” kai kl2 st lec metaxÔ twn m2 èqoun
(n− l) “1’s” kai (n+ l) “0’s”. 'Estw kl = kl1 + kl2. Tìte eÐnai eÔkolo na parathrhjeÐ ìti∑u
l=1 kl = m2. QwrÐc ap¸leia thc genikìthtac, ac upojèsoume ìti oi pr¸tec m1 st lec

tou dojèntoc sqediasmoÔ eÐnai isorrophmènec. Epiplèon, metaxÔ twn teleutaÐwn m2 mh
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isorrophmènwn sthl¸n, m1 +
∑l−1
w=1 kw + 1 èwc m1 +

∑l−1
w=1 kw + kl1 st lec èqoun (n+ l)

“1’s” kai (n − l) “0’s”, kaj¸c epÐshc m1 +
∑l−1
w=1 kw + kl1 + 1 èwc m1 +

∑l
w=1 kw st lec

èqoun (n − l) “1’s” kai (n + l) “0’s”. Prèpei na shmeiwjeÐ ìti ìtan m2 = 0, o sqediasmìc
gÐnetai ènac isorrophmènoc uperkoresmènoc sqediasmìc N peiramatik¸n ektelèsewn.

SumbolÐzoume me D(N,m1,m2(k1, k2, · · · , ku), 2m) thn kl�sh twn merik¸c isorrophmè-
nwn uperkoresmènwn sqediasm¸n N ektelèsewn kai me D0(N, 2m) thn kl�sh twn isorroph-
mènwn uperkoresmènwn sqediasm¸n N ektelèsewn.

Par�deigma 15.1. Ac jewr soume ton akìloujo isorrophmèno uperkoresmèno sqedia-
smì 4 ektelèsewn d ∈ D0(4, 24) ìpou oi st lec antistoiqoÔn stouc par�gontec kai oi grammèc
eÐnai oi sunduasmoÐ twn epipèdwn   oi peiramatikèc ektelèseic:

d =


1 1 1 1
0 1 0 1
1 0 0 0
0 0 1 0

 .
Gia autìn to sqediasmì, m1 = m = 4 st lec eÐnai isorrophmènec (èqoun Ðso arijmì “0’s”
kai “1’s”) kai m2 = 0.

Par�deigma 15.2. Ac jewr soume ton akìloujo merik¸c isorrophmèno uperkoresmèno
sqediasmì 4 ektelèsewn d ∈ D(4, 3, 1(k1 = 1), 24) ìpou oi st lec antistoiqoÔn stouc
par�gontec kai oi grammèc eÐnai oi sunduasmoÐ twn epipèdwn   oi peiramatikèc ektelèseic:

d =


1 1 1 1
0 1 0 1
1 0 0 1
0 0 1 0

 .
Autìc o sqediasmìc eÐnai merik¸c isorrophmènoc me thn ènnoia ìti oi pr¸tec (m − 1)

apì tic m = 4 st lec eÐnai isorrophmènec (èqoun Ðso arijmì “0’s” kai “1’s”) kai h teleutaÐa
st lh eÐnai mh isorrophmènh èqontac èna “0” kai treic “1’s”. 'Ara, m1 = 3 kai

∑u
l=1 kl =

m2 = 1.

Gia 1 ≤ j ≤ m, α = 0, 1, sumbolÐzoume me njα ton arijmì twn for¸n pou o par�gontac
Fj emfanÐzetai sto epÐpedo α. Gia 1 ≤ j1 < j2 ≤ m, α, β = 0, 1, sumbolÐzoume me nj1j2αβ

ton arijmì twn for¸n pou oi par�gontec Fj1 kai Fj2 emfanÐzontai sta epÐpeda α kai β
antÐstoiqa. T¸ra orÐzoume me

φ(j) = 2
1∑

α=0
(njα)2, 1 ≤ j ≤ m, kai

φ(j1j2) = 4
1∑

α=0

1∑
β=0

(nj1j2αβ )2, 1 ≤ j1 < j2 ≤ m.

Orismìc 15.1. Gia ènan uperkoresmèno sqediasmì d ∈ D(N,m1,m2(k1, k2, · · · , ku), 2m),
orÐzoume thn tim  tou E(s2) wc

E(s2) = 1
m(m− 1)

m∑
j1=1

m∑
j2( 6=j1)=1

φ(j1j2)− 2
m

m∑
j=1

φ(j) +N2.
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Parat rhsh 15.1. Gia opoiod pote sqediasmì d ∈ D0(N, 2m), o Orismìc 15.1 gÐnetai

E(s2) = 1
m(m− 1)

m∑
j1=1

m∑
j2(6=j1)=1

φ(j1j2)−N2,

pou eÐnai akrib¸c Ðdioc me ton orismì twn Booth kai Cox (1962).

Orismìc 15.2. 'Enac uperkoresmènoc sqediasmìc d ∈ D(N,m1,m2(k1, k2, · · · , ku), 2m)
ja lègetai E(s2)-bèltistoc e�n epitugq�nei thn el�qisth tim  tou E(s2).

15.2.2 Nèo K�tw Fr�gma gia to E(s2) Krit rio BeltistopoÐhshc

Se aut  thn enìthta parèqoume èna nèo k�tw fr�gma gia to E(s2) krit rio beltisto-
poÐhshc.

L mma 15.1. Gia opoiod pote sqediasmì d ∈ D(N,m1,m2(k1, k2, · · · , ku), 2m), èqoume
ìti

φ(j) =


N2, e�n 1 ≤ j ≤ m1,

N2 + (2l)2, m1 +
∑l−1
w=1 kw + 1 ≤ j ≤ m1 +

∑l
w=1 kw.

Apìdeixh. H apìdeixh ìti to φ(j) = N2, 1 ≤ j ≤ m1, prokÔptei apì to gegonìc ìti, gia
mia isorrophmènh st lh, èqoume

nj0 = nj1 = N

2 .

T¸ra gia ta upìloipa, apì th stigm  pou m1 +
∑l−1
w=1 kw +1 ≤ j ≤ m1 +

∑l
w=1 kw, h st lh

pou antistoiqeÐ sto j-ostì par�gonta ja èqei eÐte

1. (n− l) “1’s” kai (n+ l) “0’s”,  

2. (n+ l) “1’s” kai (n− l) “0’s”,

ìpou n = N/2.
Sthn perÐptwsh (1), èqoume ìti

φ(j) = 2(n− l)2 + 2(n+ l)2 = (2n)2 + (2l)2 = N2 + (2l)2.

Gia thn perÐptwsh (2) h apìdeixh eÐnai parìmoia.

Gia 1 ≤ i1 < i2 ≤ N , 1 ≤ j ≤ m, orÐzoume ìti

cji1i2 =


1, e�n oi kataqwr seic twn gramm¸n i1 kai i2

thc j-ost c st lhc sumpÐptoun,
0, se diaforetik  perÐptwsh,

kai ci1i2 =
∑m
j=1 c

j
i1i2

. Gia opoiod pote sqediasmì d ∈ D(N,m1,m2(k1, k2, · · · , ku), 2m),
èstw X o pÐnakac sqediasmoÔ pou prokÔptei apì to dojèn sqediasmì antikajist¸ntac ta
“0”s me “-1”s.
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L mma 15.2. Gia opoiod pote sqediasmì d ∈ D(N,m1,m2(k1, k2, · · · , ku), 2m), èqoume
ìti

N∑
i1=1

N∑
i2( 6=i1)=1

ci1i2 = 2
[
u∑
l=1

kll
2 +mn(n− 1)

]
.

Apìdeixh. Gia opoiod pote sqediasmì d ∈ D(N,m1,m2(k1, k2, · · · , ku), 2m),

XXT =


m 2c12 −m · · · 2c1N −m

2c12 −m m · · · 2c2N −m
...

...
...

...
2c1N −m 2c2N −m · · · m


Wc ek toÔtou,

1TNXXT 1N = 2
N∑
i1=1

N∑
i2(6=i1)=1

ci1i2 −mN(N − 2).

EÔkola apodeiknÔetai ìti

1TNXXT 1N =
m∑
j=1

(nj1 − n
j
0)2

=
m∑
j=1

φ(j)−mN2 = 4
u∑
l=1

kll
2.

L mma 15.3. Gia opoiod pote sqediasmì d ∈ D(N,m1,m2(k1, k2, · · · , ku), 2m) èqoume
ìti

E(s2) = 1
m(m− 1)

4
N∑
i1=1

N∑
i2( 6=i1)=1

c2
i1i2 − 8m

u∑
l=1

kll
2 + 4m2N −m(m+ 1)N2

 .
Apìdeixh.

m∑
j1=1

m∑
j2( 6=j1)=1

φ(j1j2) = tr
[
(XXT )(XXT )

]
+ 2(m− 1)

m∑
j=1

φ(j)−m2N2

= 4
N∑
i1=1

N∑
i2(6=i1)=1

c2
i1i2 − 4m

N∑
i1=1

N∑
i2(6=i1)=1

ci1i2 + 2(m− 1)
m∑
j=1

φ(j)

= 4
N∑
i1=1

N∑
i2(6=i1)=1

c2
i1i2 − 8

u∑
l=1

kll
2 + 4m2N − 2mN2.

H apìdeixh èpeita akoloujeÐ �mesa.

'Estw w o megalÔteroc akèraioc pou perièqetai mèsa sto (S/N(N − 1)), ìpou S =
2
[∑u

l=1 kll
2+ mn(n− 1)]. OrÐzoume to θ = S −N(N − 1)w kai to θ∗ = Sw + θ(w + 1).

'Epeita èqoume to akìloujo L mma.
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L mma 15.4. Gia opoiod pote sqediasmì d ∈ D(N,m1,m2(k1, k2, · · · , ku), 2m), èqoume
ìti

N∑
i1=1

N∑
i2(6=i1)=1

c2
i1i2 ≥ θ∗.

Sto akìloujo je¸rhma parousi�zetai to k�tw fr�gma gia to krit rio E(s2) gia opoiod -
pote sqediasmì d ∈ D(N,m1,m2(k1, k2, · · · , ku), 2m).

Je¸rhma 15.1. Gia opoiod pote sqediasmì d ∈ D(N,m1,m2(k1, k2, · · · , ku), 2m),
èqoume ìti

E(s2) ≥ LB,

ìpou

LB = 1
m(m− 1)

[
4θ∗ − 8m

u∑
l=1

kll
2 + 4m2N −m(m+ 1)N2

]
.

15.2.3 Nèoi E(s2)-Bèltistoi Merik¸c Isorrophmènoi SqediasmoÐ

Se aut  thn enìthta, parèqoume nèouc E(s2)-bèltistouc merik¸c isorrophmènouc sqe-
diasmoÔc oi opoÐoi lamb�nontai me thn efarmog  tou nèou k�tw fr�gmatoc. Apì t¸ra kai
sto ex c, to “+” sumbolÐzei to “+1”, kai to “−” sumbolÐzei to “−1”.

Par�deigma 15.3. JewroÔme ton akìloujo sqediasmì d ∈ D(4, 3, 1(k1 = 1), 24) ìpou
oi st lec antistoiqoÔn stouc par�gontec kai oi grammèc eÐnai oi sunduasmoÐ twn epipèdwn
  oi peiramatikèc ektelèseic:

d =


+ + + +
− + − +
+ − − +
− − + −

 .
Gia autìn to sqediasmì to LB = E(s2) = 2.

Par�deigma 15.4. JewroÔme ton akìloujo sqediasmì d ∈ D(8, 7, 1(k1 = 1), 28) ìpou
oi st lec antistoiqoÔn stouc par�gontec kai oi grammèc eÐnai oi sunduasmoÐ twn epipèdwn
  oi peiramatikèc ektelèseic:

d =



+ + + + + + + +
− + − + − + − +
+ − − + + − − +
− − + + − − + +
+ + + − − − − +
− + − − + − + −
+ − − − − + + −
− − + − + + − −


.

Gia autìn to sqediasmì to LB = E(s2) = 2.1429.

Par�deigma 15.5. JewroÔme ton akìloujo sqediasmì d ∈ D(8, 7, 1(k1 = 1), 28) ìpou
oi st lec antistoiqoÔn stouc par�gontec kai oi grammèc eÐnai oi sunduasmoÐ twn epipèdwn
  oi peiramatikèc ektelèseic:
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d =



+ + + + + + + +
− + − + − + − +
+ − − + + − − +
− − + + − − + +
+ + + − − − − +
− + − − + − + +
+ − − − − + + −
− − + − + + − −


.

Gia autìn to sqediasmì to LB = E(s2) = 1.7143.

Par�deigma 15.6. JewroÔme ton akìloujo sqediasmì d ∈ D(6, 10, 1(k1 = 1), 211) ìpou
oi st lec antistoiqoÔn stouc par�gontec kai oi grammèc eÐnai oi sunduasmoÐ twn epipèdwn
  oi peiramatikèc ektelèseic:

d =



+ + + + − − − + + − +
− + + − − + + − + + +
+ − + − + + − + − + +
+ + − + + + + − − − +
− − − − + − + + + − −
− − − + − − − − − + −


.

Gia autìn to sqediasmì to LB = E(s2) = 4.4364.

Par�deigma 15.7. JewroÔme ton akìloujo sqediasmì d ∈ D(8, 14, 1(k1 = 1), 215) ìpou
oi st lec antistoiqoÔn stouc par�gontec kai oi grammèc eÐnai oi sunduasmoÐ twn epipèdwn
  oi peiramatikèc ektelèseic:

d =



− + − − + − − − − − − − − + +
− − + − − + − + − − + − + − +
+ + + + + + − − + − − + + − +
+ + + + − − + + + − + − − + +
+ − − + − + + − − + − − − − +
− + − − − + + + + + − + + + −
− − + + + − + − − + + + + + −
+ − − − + − − + + + + + − − −


.

Gia autìn to sqediasmì to LB = E(s2) = 5.4095

Par�deigma 15.8. JewroÔme ton akìloujo sqediasmì d ∈ D(8, 21, 1(k1 = 1), 222) ìpou
oi st lec antistoiqoÔn stouc par�gontec kai oi grammèc eÐnai oi sunduasmoÐ twn epipèdwn
  oi peiramatikèc ektelèseic:

d =


+ + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + − − − − − − − − − − − − +
+ + + − − − − − − + + + + + + − − − − − − +
− − − + + + − − − + + + − − − + + + − − − +
+ − − − − − + + − + − − + − − + + − + + − +
− + − + − − + − − − − − − + + + − + + − + −
− − + − + − − − + − + − − + − − + − + + + −
− − − − − + − + + − − + + − + − − + − + + −

 .
Gia autìn to sqediasmì to LB = E(s2) = 6.5974.
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15.2.4 Efarmog  tou Nèou K�tw Fr�gmatoc se Up�rqontec Sqe-
diasmoÔc

Se aut  thn enìthta, efarmìzoume to nèo k�tw fr�gma tou krithrÐou beltistopoÐhshc
E(s2) se di�forouc tÔpouc sqediasm¸n pou up�rqoun sth bibliografÐa, dhlad , merik¸c
isorrophmènouc, mh isorrophmènouc kai isorrophmènouc E(s2)-bèltistouc uperkoresmènouc
sqediasmoÔc.

O PÐnakac 15.1 parousi�zei tic timèc twn krithrÐwn kai ta apotelèsmata gia treic merik¸c
isorrophmènouc uperkoresmènouc sqediasmoÔc pou perilamb�noun allhlepidr�seic, ìpwc
autoÐ dÐnontai apì touc Chatterjee, Koukouvinos kai Parpoula [43]. EpÐshc parousi�-
zoume tic timèc twn krithrÐwn kai ta apotelèsmata gia ènan (6, 7) merik¸c isorrophmèno
uperkoresmèno sqediasmì kai ènan (10, 11) mh isorrophmèno uperkoresmèno sqediasmì,
ìpwc autoÐ dÐnontai apì touc Allen kai Bernshteyn [4]. Ston PÐnaka 15.2, exet�zoume isor-
rophmènouc E(s2)-bèltistouc uperkoresmènouc sqediasmoÔc, gia touc opoÐouc isqÔei ìti
m = 2(n−1), ìpwc autoÐ dÐnontai apì touc Koukouvinos et al. [130] me timèc (n,m): (6, 10),
(8, 14), (10, 18), (12, 22), (14, 26), (16, 30), (18, 34), (20, 38) kai (22, 42). EpÐshc exet�zoume
ton (6, 10) isorrophmèno E(s2)-bèltisto uperkoresmèno sqediasmì tou Lin [148] kai ton
(12, 22) isorrophmèno E(s2)-bèltisto uperkoresmèno sqediasmì twn Tang kai Wu [215].
Shmei¸noume ed¸ ìti to E(s2) upologÐzetai apì ton Orismì 15.1 ston PÐnaka 15.1. Ston
PÐnaka 15.2, to E(s2) upologÐzetai apì ton orismì pou dÐnetai sthn Parat rhsh 15.1, pou
eÐnai akrib¸c Ðdioc me ton orismì twn Booth kai Cox (1962).

PÐnakac 15.1: Timèc krithrÐwn gia merik¸c isorrophmènouc (PB) kai mh isorrophmènouc (U)
uperkoresmènouc sqediasmoÔc

n m US APO IsorropÐa E(s2) LB
6 7 Chatterjee et al. (2014) PB 4.3810 2.4762
8 35 Chatterjee et al. (2014) PB 6.9647 6.4000
10 27 Chatterjee et al. (2014) PB 7.0769 6.6667
6 7 Allen & Bernshteyn (2003) PB 4.0000 1.7143
10 11 Allen & Bernshteyn (2003) U 20.5818 17.9636

PÐnakac 15.2: Timèc krithrÐwn gia isorrophmènouc E(s2)-bèltistouc uperkoresmènouc sqedia-
smoÔc

n m US APO E(s2) LB
6 10 Koukouvinos et al. (2008) 4.0000 4.0000
8 14 Koukouvinos et al. (2008) 4.9231 4.9231
10 18 Koukouvinos et al. (2008) 5.8824 5.8824
12 22 Koukouvinos et al. (2008) 6.8571 6.8571
14 26 Koukouvinos et al. (2008) 7.8400 7.8400
16 30 Koukouvinos et al. (2008) 8.8276 8.8276
18 34 Koukouvinos et al. (2008) 9.8182 9.8182
20 38 Koukouvinos et al. (2008) 10.8108 10.8108
22 42 Koukouvinos et al. (2008) 11.8049 11.8049
6 10 Lin (1993) 4.0000 4.0000
12 22 Tang & Wu (1997) 6.8571 6.8571

15.3 Sumper�smata

Se autì to kef�laio, parousi�same èna nèo k�tw fr�gma tou krithrÐou beltistopoÐhshc
E(s2) gia merik¸c isorrophmènouc sqediasmoÔc, kai mèsa apì poll� paradeÐgmata, deÐxa-
me thn efarmog  autoÔ tou fr�gmatoc se merik¸c isorrophmènouc, mh isorrophmènouc kai
isorrophmènouc E(s2)-bèltistouc uperkoresmènouc sqediasmoÔc pou up�rqoun sth biblio-
grafÐa. EpÐshc, parèqoume nèouc E(s2)-bèltistouc merik¸c isorrophmènouc sqediasmoÔc,
oi opoÐoi prokÔptoun apì thn efarmog  tou nèou k�tw fr�gmatoc. O nèoc orismìc tou
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E(s2) isodunameÐ me ton orismì twn Booth kai Cox (1962) gia thn isorrophmènh perÐptwsh,
kai to nèo autì k�tw fr�gma eÐnai epÐshc efarmìsimo se isorrophmènouc sqediasmoÔc dÔo
epipèdwn (m2 = 0). Epiplèon, to nèo autì k�tw fr�gma eÐnai efarmìsimo se mh isor-
rophmènouc sqediasmoÔc dÔo epipèdwn (m1 = 0) me �rtio arijmì peiramatik¸n ektelèsewn.
Sust noume touc neìuc autoÔc E(s2)-bèltistouc merik¸c isorrophmènouc sqediasmoÔc, ìqi
mìno gia tic polÔ kalèc statistikèc touc idiìthtec, all� kai gia thn efarmosimìtht� touc
se èna eurÔtero sÔnolo pragmatik¸n problhm�twn thc zw c, ìpou eÐnai pijanìn na prokÔ-
ptoun sqediasmoÐ oi opoÐoi den periorÐzontai sto na eÐnai isorrophmènoi [159]. Oi merik¸c
isorrophmènoi sqediasmoÐ mporeÐ na endiafèroun ènan peiramatist  o opoÐoc qrei�zetai sqe-
diasmoÔc ìso to dunatìn pio isorrophmènouc kai mporeÐ na eÐnai protimhtèoi se peript¸seic
stic opoÐec ta epÐpeda sugkekrimènwn paragìntwn sqetÐzontai me uyhl� kìsth.
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