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Abstract

This diploma thesis concerns an integrated study of ship collisions based on the
influence of the human element and its consisting factors in the accident. Aim of this
dissertation is the collision of ships probability estimation and the human factors
leading to it. For this reason, a literature review concerning appropriate methods for
accident modeling (and other industries) is presented which is the main theoretical
part of this thesis.

In the English part, we refer to the importance of the human factor in maritime
accidents and the need to design human based systems. Firstly, the principles of
Human Centered Design for ships are thoroughly examined, in order to elicit the
elements that effect human performance. Afterwards the Bayesian Networks method
is selected and various versions are created in both a generic and a more detailed
level.

Then, we begin to build the model in 2 stages: First we make the frame of the model
and then we optimize it, adding elements about the human factors from TRACEr
method. All the above are described in detail. After the construction of the defining
evidence node wherever we want, we see the change of the final probability of
collision. Once the construction of the BN, we define the probability tables of all
nodes. Five case studies are extracted from database, in order to run the model,
extract the results and even improve it. . Each case study is presented, evidences
are selected from their narrative and running the BN model based on these
evidences conclude in several probability results for performance and collision. A
result presentation and a sensitivity analysis follow for all target nodes.

In conclusion, factors that have a strong influence on human performance and
collision are selected and highlighted for further research for human performance
improvement and collision avoidance.

Keywords: Collision of Ships, Probability Estimation, Accident Modeling, Human
Factor, Bayesian Networks
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KE®AAAIO 1: EIZAIQrH

Mepitrou 90% TOU TTAYKOOUIOU EUTTOPIOU €XEI VA KAVEI PE TIGC BONAOOIEG YETOPOPEG.
O1 BaAdooleg PETAPOPESC BewpPOUVTal ACQAAEIC, OIKOVOUIKEG KOl QIANIKEG TTPOG TO
mePIBAANOV. Ta oTaTIOTIKG deixvouv oTaBepr peiwon Twy BaAaoaiwv atuxnudtwy
ota TeAeutaia 10 xpdévia. To 2010 cixaue aroxnua pe éva TAoio kaBe 670
OpopoAdyia. O1 kavoviouoi €xouv Yivel okAnpoTepol Ta TeAeutaia 20 xpdvia. O IMO
(AieBvRgc ©®aAGoaI0g opyavioUOGg) €xel TNV TTPWTOROUAIG YIa KavOovICUOUG Kal THpnon
auTwyv. Metagu autwv n ouvBrikn SOLAS (Aigbvrig ouvBrkn BaAdoaiag ac@dAciag).
Eival n omroudaidétepn ouvlnikn Kal a@opd oTnV ac@AAEIa TWV EUTTOPIKWY TTAoiwv. O
OKOTTOG TTOU UTINPEETEI €ival n KATOOKEUN AC@AAWV TTACIwyY, PNXavnuatwy  Kal
Aeimoupyiag. Xwpicetal o 12 kepdaAaia. To 1993 n IMO uioBétnoe Tov ISM (AigBvig
dlaxeipion ao@aAeiag). O KwdIKag ISM £yive UTTOXPEWTIKOG yia dAa Ta TTAoia To 2002.

To 2012 pia avagopd Tou OHE £38¢€ige 6T yia 1o 2011 8.7 dI1g TOVOI QopTWONKAV YIa
peTagopd oe OAo Tov kOopo. Autd Ocixvel TTooo oTtroudaia SOUAEId KAvVouv Ol
BaAGOOIEC HETAPOPEC OTO TTAYKOOMIO euTTOplo. KartaAaBaivoupe Aoimmov 1mmoco
ooBapf cival n ac@daieia oTIG PETAPOPES. YTTApXEl apvnTikr &1d0san oTnV KOIvN
yvwun 6cov agopd oTnv ac@AAEIa TNG VAUCITTACIOG Kal oTav yiveTal atixnua Kai
1I0iwg TETOIO TTOU OTOoIXICEl CWEG, Ol ETMITITWOEIC OTNV ETAIPEIQ €ival TEPAOTIEG ME
TEPAOTIA OIKOVOMIKY NuIG Kal Znuid 0To GVopa TNG ETAIPEIAG TTOU PTTOPET VA OTOIXIOE!
QKON Kal oTo KAgioigo. Apa n etaipeia €xel TEAIKA KABE CUP@EPOV va £QAPUOLE
Kavoveg ao@AAEIag oTa TTAoIa TG TTPOG ATTOPUYH TTEPIOTATIKWY TTou Ba 0odnyrfoouv
oec oduvnpéc ouvétteleg. H avagopd TrepIoTATIKWY TToU €XOUV VA KAVOUV HE
«TTapoAiyov artuxfiuarta-near missy» PITOPOUV va EUTTAOUTIOOUV TNV ACQAAEIG OTN
NauaitrAoia. AuoTuxwg OTTWGS QaiveTal oI avagopég dev yivovTal Katd Tov KaAUTEPO
TPOTTO TTAYKOOHIWG £TO1 WOTE va BEATIWVETAI OUVEXWS N ac@dAgia Tng NauaoitTAoiag.
H avogopd TETOIWV ATUXNMATWY €ival TTOAU PeyGAng onuaciag yia Tnv Xnuikni
Biounxavia, Tnv TMMupnvikf Kal TNV agpOTTopIKA. ‘181a¢ onpaciag cofapdTtnTa
aruxnuartwy €xel kal n Nautrnyikf Biouynxavia. H NauTiAia utto@épel atro peyaAuTepo
Too00Té atuxnudTwy. My yia TAoia Tou BpeTtavikou vnoAoyiou uyetagu 1976-2002 Ta
epyatikd atuxnuarta Atav 13 pe 28 @opég uywnAdtepa atrd TV UTTOAOITTR EPYOTIKN
duvaun. O1 TapatnPACEIS CUPPWVOUV Kal yia GAAEG XWPEG OTOV KOOUO Kal n aITia
gival n TTTwyn TAPNON Twv Kavoviouwy. O1 ava@opég gival UTTOXPEWTIKES yia OAa Ta
TAoia TTou avAkouv oTov IMO (81EBvAG vauTIAIOKOG opyaviopdg) CUPPWVA UE TOV
KWOIKA ISM (Algpelivnon VAUTIKWY aTUXNUATWY).

Katd tn didpkeia Tou 1990 ta Bayesians networks (etmiong, kaAouvtal diktua 1ioTng
Kal OikTua aImioTwy TOavotTATWY) €xouv TPABALEl TNV TTPOCOXH OTO XWPO TNG
Biounxaviag, ekTO¢ aTTd Ta £pUVNTIKG 1I6PUPATA TTOU TA XPNOIKMOTIOIOUV. € avTiBeon
ME TIG TTEPIOCOTEPEG ECEIOIKEUPEVEG TEXVIKEG OUOTNPATWY, PEYAAN TTO0OTNTA ATTO
Bewpieg KABWG Kal EUTTEIPIKEG TTPAKTIKEG ATTAITOUVTAI €101 WOTE va agloTroinbouv ol
gUKaIpieg TToU gival amoppola TG xPrnong Twv Bayesian networks. lNa va
OTTOKOMIOOUME TNV KATAAANAN QVTIMETWTTION TOU BEUATOG, TTPETTEI va TTPOCdIoPICTOUV
Ta amroTeAéOPOTA TTOU AVAKUTITOUV atmd dpbpa epnuepidwyv kal atrd dladikaoieg
ouvedpiwv KaBwg utTapxel eAAXIOTn Porbeia emAvw OTNV KOTOOKEUN TTPOKTIKWV

14




GAIAQN-AIMIANIOZ-NIKOZ MANATIQTOMOYAOZ

povTéAwv. Emiong, n diabéaiun BiBAloypagia dev evdeikvuTal yia AvayvwoTEG TTOU
€MOUPOUV va aoxoAnBoulv e To ouykekpiuévo TTedio (Jensen, 1996).

2av €I0aywyn yio va apyioouue va KaTavooupe Ta SiKTud TTioTnG €ival To TTapddelyua
TTou akoAouBei: «EoTw €évag €I0IKOG O OTI0I0G TTapaTnPEei Kal aoyOAEiTal ue Mia
OUYKEKPIUEVN appodIOTATA, OTTWG £vag TTABOAOGYOG TTou eE€TALEl évav aoBevh 1] €vag
TAGTOG TTOU €AEYXEI TO AEPOOKAPOGS. pwTov, TTPETTEI va TTapATNPENBE N KACTOTE
epyacia, érol woTe va OlOmoTwOel n KardoTtacon Tou emkparei. AnAadr, oTnv
TTEPITITWON Tou TTaBoAdYOoU, AUTOG XPNOILOTTIOIE TA AVOPEPOUEVA CUUTITWHATA TOU
a0Bevy Kal KataAfyel otnv 1aTpIKA dIAyvwon, evw OXETIKA pe éva TTIAGTO, aAUTOG
ETTIKEVTPWVETAI OTA Opyava Tou TTIAOTNPIoU Kal €§ao@aAilel TNV aKEPAIOTNTA TOU
agpookdgoug. ETtriong, Paciopévog o €IOIKOG OTNV €punveEia ThG KATAOTOONG TOU
ouoTApaTog TTou e€eTdlel, atmo@acilel TV evépyela TTou Ba akoAouBnBei £Teita ammd
TNV avdAuon TnNG KATAoTaong». ZXETIKA PE TA SUO TTPONYOUNEVA TTAPADEIYHATA, QUTEG
Ol EVEPYEIEG €IVl OXETIKEG WE TN BEPATTEUTIKA aywyr Tou acBevh 1 e TNV amméQaon
va un yivouv aAhayég oTta Opyava mAoTnpiou. MNa kdBe evépyeia o1 €18IKoi £xouv
KATTOIEG OUYKEKPIMEVESG TTPOCOOKIEG, Ol OTTOIEG TTNYACOUV ATTO TA ATTOTEAECUOTA TWV
EVEPYEIWV TTOU PeECOAaBoUvV UaTepa atmd Tov TTPOCDIOPICHO TNG KATAOTACONG OTNV
K@Be mrepimtworn. OAo 1o TTapatrdvw TApddelyua avamapioTaTal JE TO TTOPAKATW

olaypauua:

What is the state of the world?

What can i learn from that? P Which intervention?

ZyxAua 1: To kaBkov £vog €181koU.
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1.1 ZYZTHMATA BAZIZMENA ZE KANONEZ

Ta mpwta eEeIdIKEUPEVA KAl EUTTEIPA CUCTAMATO KaTaokeudoTnkav 1o 1960. O
OTOX0G TOUG €XEl va KAvEl PE TIGC ATTOQPACEIS TTOU TraipvovTal €TTAVEIANUUEVO OE
TTOPOUOIEG TTEPITITWOEIG. TA CUOTAUATA QUTA gival dopnuéva cav HPOVTEAQ TTou
UTTAPXOUV O€ UTTOAOYIOTEG. ZXETIKA ME TN Xpnon Tng Texvoloyiag, ol €idikoi Ba
MTTOpOUCaV va avTIKATaoTaOoUv aTrd NAEKTPOVIKA CuoTAMATa. Ta TUAWATAG TOU
MovTéAou, TTou Ba émmaipve Tn B€éon Twv €dIKwv, ATAV Ol KAVOVEG Trapaywyng
(production rules). 'Evag TéT010G KAVOVAG €ival TNG HOPOAG: av [ouvenkn] ToTE
[yeyovog f dpdon], 6mmou n ouvlnkn opisl pia Aoyikr ékepaon. ‘Eva cuoTtnua
Baoiouévo ot kavoveg (rule based system) gutrepiéxel €va oUVOAO ATTO YVWOEIG Kal
éva guoTnua cuptrepacpaTwy. O1 yvwoelg gival aUvoAo atrd Kavoveg TTapaywyng Kal
TA OUCTAMOTA  CUMTTEPACHATWY OUVOUAlouv TOUG Kavoveg auTtoug e  TIG
TapaTNPNOEIC yia va KAataAAfouv ot AUGCEIC KAl CUUTTEPACHATA OXETIKA ME TNV
KATAOTOON TOU €KAOTOTE TIPOPRANUATOG KAl TWV EVEPYEIWV TIOU Yivovtal yia TO
OUYKEKPIUEVO gyXeipnpa k&Be @opd (Shortliffe, 1976 & Mc Dermott, 1984).

1.2 ABEBAIOTHTA

ApPKETA OUVTOUA, META TA TTPWTA ETTITUXN OTTOTEAECMATA, EyIVE YVWOTO TTWG TA
OUCTAMOTA TTOU TTEPIYPAWOAE TTPONYOUMNEVWG £XOUV KAl KATTOIA WEIOVEKTHUATA. 'Eva
atd 1o KUPIOTEPA TTPORAAKATA ATav To TTWG diaxelpifovrav Tnv afeBaidtnta. MNMoAA&
EMOTNPOVIKA TTedia aoyxoAouvTtal PE TO TTapatrdvw TTPORANUa. YTTapXouv TTOIKIAEG
TNYEG OXETIKEG Pe TNV aBeBaidtnta. O1 TTapatnpAoelg icwg eival aBépaieg, ol
TTANPOPOPIEG QVETTOPKEIC Kal Ol OXEOEIC METAEU OTOIXEiwV iOwg va pnv Eivai
VTETEPUIVIOTIKOU TUTTOU. AUTO PTTOPEI va onuaivel OTi ol dIAQOoPES OXECEIG HETAEU TWV
eKAOTOTE OTOIXEIWV €ival acageig kKal adpioTol (TT.X. ‘UEYAAD’, ‘OuopPo’, ‘TTéVOC)).

‘Evag 1pOTTOG ouyxwveuong g apeBaidtntag oTa Tapamdvw CUCTHAPATA €ival va
€TTEKTAB0UV O KAVOVES TTapaywyAS oTnv TTapakdtw pop®n (Jensen, 2006):

Av [ouvOnikn pe TBavoTnTa X] TOTE [Yeyovog pe moavoTnTa f(X)]

To ouotnua Tou PacifeTal OTA CUPTIEPACUATA TIPETTEI VO ETTEKTAOEI pE VEOUG
KAvOveg, o1 oTToiol Ba PTTopouv va diac@alicouv éva Aoyikd GUAAOYICUO OXETIKA HE
v aefaidtnta. MNa mopadelyua, av OUVAYOUUE WG CUUTTEPACPa Tn peETaBAnT) C
atmd ™ PeTaBANTA A pe mMOavoTnTa x Kal TN JetaBAnT) C amd 1 petafAnti B ue
mBavoTnTa y, o€ toia mlavoTnTa Tou C KataAAyoupe; O Kavovag CUPTTEPATHUATWY
KaBopilel pia Asitoupyia TTOU divel AUOn O€ QUTA TNV €PWTNON HME TN XPHOon NG
ouvapTtnong g(x,y). Autn n ouvaptnon, Aoimmév, avagéperal otn petaBAntr C.
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MapoAa autd cival Kapid @opd aduvaTo va AQOPOIWCOUUE Eva GUANOYICUO OXETIKA
ME Tnv umdpxouoa ofeBaidTNTa HE KAVOVEG OCUPTTEPACUATWY aTT0  KAVOVEG
mapaywyngs. O Adyog gival OTI KavOveG CUPTTEPACUATWY Eival EKPPACUEVOI EAEUBEPQ,
EVW KATTOIOG OUVETTAG OGUAAOYIOUOG OXETIKA HE TNV aBefaidtnTa gival guaiodbnTog
OXETIKA e TO TTEPIEXOUEVO OTO OTTOI0 oI aBePaidTNTEG AauBAvouv XWpPa OTO UTTAPXOV
TPORANUA.
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1.3 AOrIKA EZEIAIKEYMENA 2YZTHMATA

2710 TTedio TNG Bewpiag Twv atroPdocwy, N KAACOIKN Bewpia Twv TOAVOTATWY €XEI
ETTEKTOOEI o€ éva TTOAU aKpIBEG paBnuaTikd POovTEAO yia va dnuioupynBouv AOyIKEG
ATTOQAOCEIG KOl N EUTTEIPIA DEIXVEI TTWG Ol €IBIKOI YEVIKA OEV UTTAKOUV OTOUG KAVOVEG
QUTOU TOU POVTENOU, eV XPEIAZovTal TNV UTTOOTAPIEN NAEKTPOVIKOU UTTOAOYIOTH.

Ta Aoyikd e€eidikeupyéva ouoThpaTa €ival pia evOAAGKTIK) AUGN Twv CUCTNPATWYV
Baociopéva o€ kavéveg. Kar o dU0 auTtoi TUTIOI OUCTNPATWY  XelpiCovTal
emavolapBavopeveg  atro@doelc  Tou  Aaufdvovrtalr o€ TTEPITTOU  TTAPOMOIES
TEPITITWOEIG. YTTApYouv, BERaia, Kal o1 €EAG dIaPOoPEG:

Ek1ég ammd Tn povrehotroinon Twv €10IKWY, YiveTal goviehotroinon tou Aou
OUCTNAMOTOG TToU £EETACETAI KAl HEAETATAI.

Exk16¢ a1md TN Xprion aBéBaiwv UTTOAOYICHWY PECW KAVOvVWY, YiveTal XprRon
MOBNUATIKWY UTTOAOYICHWY TTIBAVOTATWY Kal Bewpiag atroedcewy.

EKTOG ammd Tnv avrikatdoTaon Twy €I0IKWY, XPNOIUOTTOIOUVTAl TTEPICCOTEPA
oToIxEia Kal OEQOHEVA YIa KAAUTEPN AVTIMETWITION TOU TTPORARUATOG.

ZUJQwva Pe TNV 1oTopia Twv €€eAiCewv yupw atmd autd To BEPa, O TTapPATTAvVW
Kavoveg dev gival kaivoupliol. To 1960 €yivav TTpooTTABEIES YIa VA XPNOIKNOTIOINCOOUV
TNV KAaooik Btwpia Twv mOavoTATWyY Ot e&eidikeupéva cuotiuata (Gorry &
Barnett, 1968). [MapoAa autd, n TPooTAOsIa cyKaTOAEiPONKE eEaiTiog Twv
UTTEPQPOPTWHEVWYV UTTOAOYICUWY C€ AOYIOMIKO TTOU aTtraitolvrav kKal Bewpnbnke
emimovn epyaoia (Gorry, 1973). Z1a péoa Tou 1980 o1 TOpATTAVW KAVOVEG
emavnABav oto Tpooknfvio. O1 evépyeleg atrd Tov Pearl (1986) gixav va kavouv Y TNV
eloaywyr) Twv Bayesian networks kai ye 10 ouotnua MUNIN (Andreassen et al.,
1989) €yive yvwoTd OTI 01 avaykaiol UTTOAOYIOMOI yia TTOAU peydAa SikTua eival
TTPAYMATI EUKOAN uTTéBeon.
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1.4 ANAO®OPEZ ZE AOTKA ZYZTHMATA

AkoAouBei pia avagopd o€ AoyIKG CUCTHPATA, TTOU XPENOIUOTIOIOUVTAlI O€ TTOIKIAEG
TTEPITITWOEIG:

To BOBLO c¢ival éva ocuoTnua TTOU XPENOIYOTIOIEITAI YIO TV €5aKpiBwaon TNG
Karaywyng Twv {wwv Pe Pdon tnv opdda aipartog (Rasmussen, 1995).
ETriong, €xel kataokeuaoBei ammd Tov Jensen (1995) cuoTnua yia Tov EAeyxo
TNG HOUXAQG YyIa TO OITAP!I KATA TN DIAPKEIA TOU XEIMWVA.

O Binford ka1 o1 cuvepydTeg Tou ékavav Xprion Twv Bayesian networks yia va
000¢i epunveia OTIC TTPOCOUOIWOEIG TTOU UTTAPYXOUV HECW UTTOAOYIOTIKWV
ouoTnuaTwy (Binford et al., 1988, Levitt et al., 1989). O1 Jensen et al. (1992)
kal ol Rimey kai Brown (1994) xpnoiyotroincav T1a dikTua TTioTNG YIO TOV
E€AEYXO UTTOAOYIOTIKWYV TTNYWV OTr dIadIKACIO EPUNVEIAG TWV OUOIWUATWY.

To ouoTtnpa TTou KaAsital VISTA xpnoipotroijonke atrd 1n NASA katd Thv ekTOEEUON
olaoTnuoTTAOiwy. ZTOXO0G TOUuG €ival va €KBECOUV Kal ATTOKWOIKOTIOINCOOUV TIG
TTANPOPOPIEG TTOU €ival OXETIKEG PE TO ouoTnua TTpdéwaong (Horvitz and Barry, 1995).
O1 Bruza kai van der Gaag (1993) avémTugav pia yAwooa €MKOIVWVIAg yia TNV
Kataokeur) OIKTUWV TTioTng Tou Ba xpnoiyotroiouviav yia TV avaktnon Twv
TAnpogopiwy, evw ol Fung kai Favero (1995) mepiypdwave €va SIaQOPETIKO
ouaTNUaA yia TNV avakTnon Twv TTANPOQOPIWV.

- O1 Franklin et al. (1989) kai Lauritzen et al. (1994) karaokeuacav éva oUCTNUO
(CHILD) yia 1n &1dyvwon Twv KANPOVOUIKWY TTaBnoswv TnNg Kapdidg.
2Uh@wva e Toug Andreassen et al. (1989) éva dAAo cuoTnua pe 10 dvoua
MUNIN aoyoAcital pe mn d1dyvwaon Twv VEUPOAOYIKWY TTaBAcewy. AKOUa, Ol
Andreassen et al. (1991) ka1 Hejlesen et al. (1993) kataokevaocav €va
ovotnua (SWAN) 10 otroio OXeTiCeTal pE TN PUBUION TNG IVOOUAIVNG Twv
atOuwyv TTou TTaoyouv atod diaBnTn. EmmAéov, or Heckerman et al. (1992)
onuioupynoav 1o pathfinder tmou cival Xprioipo oToug TTaBoAdyoug yia Tn
O1ayvwaon Twv ANITTWHUATWV.

O1 Abramson et al. (1996) katacketaoav 10 hailfinder yia Tnv Tpdyvwaon NG
Kakokaipiag voTioavaToAikd Tou Kohopdvto. O Goldman kai Charniak (1993)
onuioupynoav éva autépato cuoTnua Paociopévo ota Bayesian networks,
mou kKaAgital FRAIL. Autd éxer avamruxBei yia tnv digpunveia g

OUYYPOPIKNG
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1.5 KQAIKEZ KAI OPrANIZMOI TIA THN AZ®AAEIA
NAYZINAOIAZ

1.5.1 IMO

O IMO (International maritime organization) €ival opyaviouog Tou OHE kai 18pubnke
10 1948 pe o160 va BeAniwoel TNV ac@aleia Twv BaAdooiwv uetagopwy. Ol
Kavoviouoi ac@daAeiag yivav d1EBveEIg Kal UTTOXPEWTIKES yia KABe xwpa. Otav éva
TTAOIO €10épxeTal 0 APdvi KATTOI0G XWPOG, TO TTAPWHA KAl TO UNXOVAUATO TOU
TAoiou akoAouBouv Toug OiEBveic Kavoviopoug. To idio Kal OTav €IcEPXOVTal O€
BaAGOOIEG OIKOVOUIKEG CWVEG TNG XWPOG, AOXETWGS av KAVOUV XPRon 1 o1 Aiaviwyv
NG xwpag. H mAciowyneia ¢ kwdikotoinong IMO acyoAeital pe TEXVIKA CnTAPOTA
OTTWG KaTaoKeun TTAoIoU Kal Ta eTTITTEdA eKTTaidEUONG TwV vauTiIKwy. O IMO eioriyaye
Toug Kavoveg ISM otn ouvéxela. E@apudlovral €Tmiong kail o Kavoviouoi I1SO
9001:2008. O1 TTAnpoopicg kai atmd Ta OUO CUCTHPATA AUTA PTTOPOUV VA PETPICOUV
OIKOVOUIKEG Cnuiég atrd aTuxnuata. O IMO diver oroixeia aruxnudarwy yia tmAoia
popriou 100 Tovwyv Kai avw [2].

1.5.2 KQAIKAZ ISM

O1 KWOIKeG euTTAOUTICOVTAI OUVABWG PETA OTTO ATUXAMATA OTTWG TTX N AVOTPOTT) TOU
«Herald of free enterprise» Tou £@epe Tov Kwodika ISM. O IMO evBdppuve TO
ovuoTnpa diaxeipiong SMS (Safety management system) o€ cupgwvia ye Tnv ISM. O
Kavoviouog ISM oxertiCetal pe TNV BeATiwon Tou dnudaoiou eAEyxou TNG VauoITTAoIag
Kal Ta oupBoAaia petagu Twv Kpatwv. O kavoviouog ISM e@apudletal o OAa Ta
emmimeda €ite otnv ENpd cite 010 TTAOIO KaI TrEpIAaPPBAvel 12 TTapaypd@oug TTou
KAAUTITOUV KGBE eupavi(ouevo TTPORANUG aTn AsiIToupyia Tou TTAoIou.

O1 Treplopiopévol —OTTWG QaiveTal oTnv TTPAgn- otoxol Tou ISM éxel odnyroel o€
uioBEéTnon AWV epyaleiwv diaxeipiong, oTTwg 10 ISO 9001:2008. Mia etaipeia
Aorrév TTou uloBetei To ISM, aAAG kai To ISO 9001 oToxevel Ox1 JOVO OTNV KAAR
EOWTEPIKN AciToupyia TNG, aAA& Kal OTNV TTOIOTATA TWV TTPOCPEPOPEVWIV UTTNPECIWY,
OTTWG ETTIONG KAI OTIG ETNITITWOEIG TTOU £XEI N AEITOUPYia TNG ETAIPEIag oTO TTEPIBAAAOV

[2].

1.5.3 SOLAS

H SOLAS (Safety Of Life At Sea) eival pia di1eBvg oupBaon yia TNV ao@AAEIO TwV
BoAdooiwv peTagopwy, n otoia £yive 10 1914 (uetd Tn BUBIon Tou TiTavikoU) Kai
avaBewpnrBnke Ta étn 1929,1948,1960, evw TTapapTAuaTa TTPOOTEBNKav 10 1974,
2Iyoupelel, OTI OAa Ta TrAoia TTOU TTAéOUV PE Onuaia TwWV KPATWV TIOU €XOUV
amodexTei kal TTpoouTroypdwel T SOLAS cupBadiouv Kal Tnpouv Ta eAAXIOTO
OTAVTAP AoQPAAEIAG TTOU €XOUV TEOEI, OTOUG TOMEIG TNG KATOOKEUAG, TOU £EOTTAIOCUOU
Kal TNG Asitoupyiag. H ouvBrikn SOLAS oTtnv oAokAnpwuévn Joper TnG, Bewpeital n
MO ONUAVTIKA CUVONKN yia TNV Ao@AAEIO TWV EUTTOPIKWY TTAOIWV [2].
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1.5.4 MARPOL 73/78

H MARPOL (MARine POLlution) eivar n ©1€Bvr ¢ Cup@wvia yia TV ATTOQUYA
puTTavong atré Ta 1Aoia, n otroia dnuioupyrnBnke 1o 1973 kal avabewprBnke 1o 1978
Kal 1oxUel atrd 10 1983. MpofAétTel dIATALEIS yia TNV eAaxIoTOTToiNoN TNG PUTTAVONG
Kal goAuvong Tou TTEPIBAANOVTOG Kal KUPiwg Twv BaAacowy, apol acyOoAEiTal e TN
piyn amoppigpaTwy (dumping), Tn puttavon amo uypd gopTia Kal Tn pUTTavon atro
Ta TTPOIGVTA TNG Kauong (, oil and exhaust pollution). OAa Ta TTAoiIa TTOU TTAéOUV pE
onuaia xwpag tou éxel TrpoauTtroypdyel T MARPOL 73/78 (152 otov apiBud, trou
QVTITTPOOWTTEUOUV TO 99.2% TNG TTAYKOONIOG METAPOPIKNG IKAVOTNTAG) €ival utTTOAoya
Kal TTPETTEl va Tnpouv TN MARPOL doxeTa e TO OPOPOAOYIO TOUG, VW OI XWPES Eival
uTTEUBUVEG YIa OAa Ta TTAoIa TTOoU TTAéOUV PE TN Oonuaia Toug [2].

1.5.5 SMS

H mTpootrdBeia BeATiwong Twy epyaciokwy ouvlnkwy apxifel ammdé 1o SMS dnAadn
“safety management system”. Auté divel évav cuoTnUATIKO TPOTIO Va avayvwpioTouv
ETTIKIVOUVEG KATOOTACEIG KOI VO TIG MEIWOEl KAVEIG O€ €TTITTEdO TTOU UTTOPEI va
olaxeipiotei. ‘Eva amoteAeoparikdé SMS Ba mpéTrel va avayvwpilel TTwg n eTaipeia
dlaxelpieTal TO pioKo, va TAuToTIolEi TO pioKo Tou TTEPIBAAAOVTOC €pyaaiag, va
TTPoGcdIopilel KAAR €TTIKOIVWVIa JETAEU OAWY TwV KAIMaKiwy [2]

o Define how the organisation is set up to manage risk.

o ldentify workplace risk and implement suitable controls.

e Implement effective communications across all levels of the organisation.
¢ Implement a process to identify and correct non-conformities.

e Implement a continual improvement process.

1.5.6 STCW

AvBpwTTiva AGBN, TEXVIKEG KAl UNXAVIKEG aOTOXiEG Kal €TTioNg TTEPIBAAAOVTOAOYIKEG
ouvenkeg eival ol aitieg BaAdooiwy aTuxnPATwy. Oa TEETTEl va akoAouBouvTal
Kavoveg kal TTpoTuTTa 0TTwg To STCW (Standards of Training Certification and watch-
keeping for seafarers) Tou epgaviotnke 10 1978. O KUpPIOG OTOXOG €ival n €TIROAN
01eBvoug cuoTpaTog ekTraideuong, €mifAeywng, agloAdynong kai BeBaiwong 6T ol
VAUTIKOI  €XOUV yvwon Kal 1IKavotnta va KAvouv Tn OOoUAeld Toug, va opifouv
uTTEUBUVOUG €pYaciwy Kal va OnUIoUpyouv HNXAvIoHoUg agioAdynong yia OAa Ta
TTOPATTAVW.

Oil pollution act 1990

MpoBAéTrel  peTagl AAwv TNV KATaoKeur) OITUBUEVWY  OeEaUEVOTTAOIWY KAl
VOMOBETNBNKE apéow PETA TO duaTUXNKA Tou Exxon Valdez.
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1.6 OPIZMOI

H ava@opd TTEPIOTATIKWY TTOU €XOUV VO KAVOUV HE «TTOPOAiyov atuxfiuara-near
miss» JUTTopoUV va eutrAoutioouv TNV ac@dAcia otn NauoimmAoia. AuoTuxwg OTTwg
QaiveTal ol avapopEg dev yivovtal KATd Tov KOAUTEPO TPOTTO TTAYKOOUIWG £T01 WOTE
va BeAtiwvetal ouvexws n acedakela Tng NauoimmAoiog. H avagopd T1éTtoiwv
ATUXNUATWY gival TTOAU peydAng onuaciag yia tnv Xnuikn Blounxavia, tTnv Mupnvikn
Kal Tnv agpotropikn. 18ia¢ onuaciag coBapdétnta atuxnudatwy £xel kai n Nautrnyikh
Biounxavia. H NautiAia utro@épel attd PEYAAUTEPO TTOCOOTO atuxnuaTtwy. My yia
TAoia Tou BpeTtavikoU vnoAoyiou petagu 1976-2002 Ta epyatik@ atuyxniuara Atav 13
ME 28 @Opég uywnAdTEPa atmd Tnv UTTOAOITIN epyatikh duvaun. O1 TTapaTtnpioEig
OUPQWVOUV Kal Yo GAAEG XWPEG OToV KOOHO Kal N aITia gival n TITwyn TApnon Twv
Kavoviopwy. O1 ava@opég gival UTTOXPEWTIKEG YIa OAQ Ta TTAOIQ TTOU QVAKOUV OTOV
IMO (d1€BvAC vauTIAIOKOG OpPYQVICHOG) CUPQwva he Tov KwdIka ISM (Algpedvnon
VAUTIKWY OTUXNHATWY) .

o Oaldooieg MeTagopég (maritime transport) aroteAolv éva 181aiTepa eupu
TedI0 TWV YEVIKWV PETAPOPWYV AVBPWTIWY Kal QOpPTiwy, TToU eKTEAOUVTAI
ME EUTTOPIKG TTAOIA. OOAACOCIEG METAPOPEG TTOU €KTEAOUVTAI HE OTOBEPN
TEPIOBIKOTNTA  METAEU  Aipévwyv  xapakTtnpifovial  yevikd BaAdooieg

OUYKOIVWVIEG. O Baldooleg OUYKOIVWVIEG dlakpivovTal
o¢ d1E0veig KAl eOWTEPIKEG, (EVTOG TNG €TIKPATEIAG). Kal Ol YEV TTPWTEG Qv
ETTEKTEIVOVTAI (o} QAVOIKTEG BdAaooe, wkeavoug

XOpPaKTNEiCovTal TTOVTOTTOPEG, oI Ot DeUTEPEG £QPAPUOLOVTAG AKTOTTAOIO KATA
TO MEYOAUTEPO PEPOG TOUG OVOUAZOVTAI AKTOTTAOIKEG OUYKOIVWVIEG.

e Movrehommoinon (modeling) €ivar n onuioupyia avTIKEIJEVWY TA OTTOIO
OUAAauBAvouv Tn ouutrepipopd cuoTnudtwy. ‘Eva poviéAo emmTpéTTel T
dIe€aywyr) CUUTTEPACUATWY YIA Tn CUMTTEPIPOPA TOU CUCTHPOTOG OTO OTTOIO
avTioToixei. H povreAottoinon ouoTUATWY  OuVABWG OCUVETTAYETAl T
diadikacia Tng amocTmaong (abstraction), dnAadr, Tng atmAomoinong Tng
TTEPIYPOPNG €EVOG OUCTAPATOG dIATNPWVTAG PJOVO €va TTEPIOPIOUEVO apIBPO
aTTo TIG APXIKEG AETITOUEPEIEG.

o uuBav-MepioTarikd  (incident) civar éva yeyovog TTou OIAKOTITEI TNV
Kavovikrp ponrl Twv dladikaoiwyv, i Tponyeital piag kpiong. H oiaxeipion
OUUBAVTWY ATTOOKOTIEI OTNV TTEPIYPAPR TWV dIAdIKACIWY VOGS OpyavIoUoU yia
TauTtoTroinon, avdaAuon kai  d16pOwaon  KIvOUvVwy, TIPOG ATTOPUYH TG
ETTAVEUPAVIONG TOUG.

o Artuxnua (accident) cival K&TI TTOU €TIQEPEI AVOPWTTIVOUG TPAUUATIOHOUS A
UAIKEG Kal TTEPIBAANOVTOAOYIKEG {NMIEG.

MapoAiyo atoynua (Near miss) e€ival pia kardotacn Tou Ba €@epve
aruyxnua €av dgv SIOKOTITOTAV N aAAnAouxia Twv KIVACEWV TTOU 0dnyoucav
TTPOG auTd. XpeldfovTal Ouwg avagopd £T01 WOTE va TTAPAKOAOUBET Kaveig Ta
AGBN TTOU 08AYNOaV Ot éva TTAPOAiyov atixnua Kal €101 N VOUGITTACIO va
gival aoc@aléoTepn 01O MEAAOV.
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H trapolca TITUXIOKK €pyacia aoyOAEiTal e TTEPIOTATIKA Kal TTAPOAYO aTuxnuara,
TTou Ogv EMMIPEPOUV KATTOIO TPAUMPATIONO A UAIKA {nuid.Ta trepioTatiké Kal Ta hear
misses Oev ava@épovTal otnv OIEBv Evwan, aAAd ava@EépovTal ECWTEPIKA aTnV
etaipeia. ‘Exel mapatnenBei 611 o1 avagopég avtioToiyouv oto 60-70% Twv
oupBavtwy og Tavkepg o€ pia epiodo 10 eTwv oupewva pe Tnv epyacia Tou Wapou
2010. levika eivar 6UoKoAn n avagopad, yiari o epyalousvos mpoomadei va amopuyel
v mmapadoxn) tou AdBouc. AvTidpoUv YeVIKG OTnv Kataypa@r) cupfaviwy yiarti
pofouvTal unv TIHwPEnNBouv av gival uttelBuvol, N CUUTTARPWON EVTUTTWY TPWEI WPO
KAl OKOWN KAl va OUVTOXTEN N avagopd «TTo1og TNV dIaBdadely wnAdTEPa OTNV IEPAPXIA.
H 1ToAITIKA Tng eTaipeiag trailel pdAo, dnAadn av To TTAfpwHa Tou TTAcIoU avTIANEBEi
OTI NETPAEl TO aTTOTEAEOUA, TOTE eV Ba aoXoAnBei e TNV acpdaAeia 1600 TTOAU Kal
BéBaia dev Ba aoyoAciTal ue avaPOpPES TTOU €X0UV OXEON UE aoPAAcIa.
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KE®AAAIO 2: BIBAIOTPA®IKH EMIZKOMNHZH

2.1 MONTEAA KAl OEQPIEZ TIA TH MONTEAOIMNOIHZH
ATYXHMATQN

H avaykn £mAOYAC OXETIKOU JOVTEAOU ATUXNUATWY

Omtwg avagépel o Hollnagel (2004) n emAoyr] Tou povtéAou eival Kpioiun, yiarti
avdaAoya pe auto, Ba Byouv Ta CUPTTEPACUATA TOU ATUXAMATOG TToU Ba TTANCIACOUV 1)
OxI TNV TIpaydaTikOTATA. ZUu@wva pe Tov Kristiansen pia 10eat peBodoAoyia
avadAuong atuxnuaTog Ba TTPETTEL:

¢ Na atreikovilel TNV akoAouBia TTEPIOTATIKWY KOl GUOXETIOHOUG

e Avayvwplon evepyelwv TTou dev Acitoupynoav ) Asitoupynoav KAtw atro 1o
ATTOOEKTO ETTITTEDO

e Opioe 10 avBpw Vo AGBOG, TEXVIKA AoTOXia Kal GKPAIiES KAIPIKEG OCUVONKEG.

e Aeg TN oxéon METACU acToxiwy Kal Bacikwv OladIKaCIWY TOU CUOTAUATOG:
Texvikd, ema@r avBpwTvou TTapdyovTa Kal  PNXAvIKOU  €EOTTAICUOU,
01adIKagieg, UTTOOTNPIKTIKOG OpYavIoUOS Kal TTEPIBGAAOV

o Avayvwpion TTPOANTITIKWYV Kal dIOPOWTIKWYV HETPWYV

2.1.1 Aévrpo actoxiwv (Fault Tree Analysis-FTA)

Aivel pia Tpooéyyion yia UTTOAOYIOPO TNG TTIBavoTNTOg aoToXiog o€ £va TTOAUTTAOKO
ovoTtnua. Etregnyei évav eAdxioto apiBud apayoviwy TTou PTTopoUlv va odnyrnoouv
0€ a0TOXiO TOU OUCTAUATOG. ZTOV UTTOAOYIONO pioKou XpeladouaocTe Tnv moavotnta
atuxnuatog. H avadAuon treplopietal o€ KATTOI0 TTEPIOTATIKO TTOU Ogv BEAOUME Kal
KOAEITAI KOPUQPAIO TTEPIOTATIKG. ZTNPICETAI O€ YPAPIKA PJOVTEAQ TTOU ETTITPETTOUV TNV
TTapakoAouBnon Twv mMOavwy SUCAEITOUPYIWVY KAl TTPAEEWVY TTOU 0dNyoUV OE AUTEG.
H ouvBeon Twv ammoTEAECUATWY TTAPOUCIACeTal O yPaPIKO HOovTéEAO Bdaoel Tng
AoyikAg Tng Boolean d&Ayefpag,tng oTroiag Ta  OUPPBOAG  XpNOIUOTTOIOUVTAI.
[11.[2].[13].[14],[15].[16],[17],[18],[19].

2Uppwva Pe Tov K. Bevriko (2012), Ta TTAcovekTaTA TNG HEBODBOU Eival:

e H avayvwpion Twv KIvOUVwY oTa TTOAUTTAOKO CUCTAUATA.
o Aivel égpaon o€ £va OQAAUa, XWPIG OPWG va XAVETAI N EUPUTEPN EIKOVA.

e ETTOTITIKA €IKOVA YIa TO CQAAPOTA KAl TIG OUVETTEIEG TOUG.
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o Mg g€oikeiwaon £xoupe EUKOAN Kal ypriyopn KAatavonon aTTOTEAECUATWY.

e YTooTnpilel TNV TTOOOTIKN £TTEEEPYATIa.

AvTioToixa BERala £XOUME Kal MEIOVEKTAMATA:

o AeTTTOMEPNAG KAl XpovoPBopa péBodog.

o ATIQITNON €KTTAIBEUCNG KAI IKAVOTATWV.

o «Weudaiobnon» uwnAng akpipelag.

e H epapuoyr atraiTei AETITOUEPH TTIOTOTTOINGN.

e Agv UTTOPEi VO €QAPUOCTEI OE UNXAVIKA-QUTOPATA CUCTAMATA.

Ta kAacoikd FTs, civar pia diadedopévn TEXVIKI avayvwpiong Kivouvwy, Yia
TTOOOTIKO UTTOAOYIOPO TNG MOAVOTNTAG EUQAVIONG OOTOXIWY, XPNOIMOTTOIWVTOG
akpIB oToIxeia yia Ta PBacikd yeyovota [15]. H avdAuon aut ptmopei va
TpaydaToTroinBei, povo av 6Aa Ta BAcIKG yeyovOoTa £XOUv TTOOOTIKA TTO000TA
atroTuxiag, i atrAd moavoTnTeg atmmoTuyiag [13]. OuoiaoTIKA TTPOKEITAl yia SOUNPEVN
Kal Aoylkfp péBOdO avaAuong e OTOXO TOV €VIOTIOMO Kal Tnv agfloAdynon Twv
KIvoUvwyv o€ TToAUTTAOKa cuoTruata [19].EmmpdcBeTa, Ta FTs xpnoigotolouvTal yia
TN diIdyvwaon Twy adlvaTtwy PJEPWYV TOU CUCTAMATOS Kal BonBouv aTtn BeATiwon Kai TN
ouvTipEnor Tou (€101IKOTEPA Ta SUABIKA GUVEKTIKA Kal UN-OUVEKTIKA FTs) [17].

BéBaia ep@avifovralr katoia tTpofARpaTa. O1 aocageic ekdnAwaoEIg, OTTWG TT.X. TO
avBpwtrivo AaBog, dev aglotroiouvTal eTTapkwg. Etiong dev Aaufdvovtal utrdoywn ol
QVOXEG TWV TTOAVWV TIMWV TwV KIVOUVwyv [14]. To peyaAltepo Opwg TTPORANPa
EVTOTTICETAI OTO YEYOVOG OTI yIa TNV €Qapuoyr TNG peBddou, gival amapaitntn N Ajwn
ETTAPKWY KAl PEYAANG okpiBelag oToixeiwv, Ta omoia OPwg Adyw AVETTOPKWY
oedouévwy, TNG aAlayng TepIBGANovTOoG | AAAWY CuoTaTIKWY, dev gival ouviRBwg
o1aBéoipa [15], [19]. MNa avTIMETWTTION TWV TTAPATTAVW, UTTOPEI va uIoBeTnOei dEVTPO
o@oAuaTwy oe acaés (“fuzzy”) mepiBdAhov (FFTA), dnAadn pe tn xpenon fuzzy
OouvOAwyv, N Kal PE TTOIOTIKN €Qapuoyn TnNG €vvoiag moavotntag acToxiag. Me ta
TTOPATTAVW epyoaAeia PeTpdTal N €TTTWON KABE yeyovoTOg OTO QAPXIKO CUUBAV Kal
TTAipvOUE éva TTI0 EUEAIKTO Kal TTPOCapUoaTIKO povTéAo [13], [14], [15], [19].

Mpéter va avagépoupe Kal didgopa case studies TTavw oTa oTroia epapuoleTal 1o
MOVTEANO Kal TNV TTOIOTATA TWV ATTOTEAEOUATWY TTOU TTaipvoupe. TUTTIKG avagEpoupue
N XpAon OEVIpouU aCTOXIWV YIa TTOIOTIKA avAAUCHN PE avayvwpion moeavwy aITiwv
QWTIAG Kal €kpngng o€ crude oil tanks, 61Tou pe TTpooéyyion fuzzy Bewpiag cuvoAwv
Kal o@aAudTtwyv alodoyeital n mOavétnTa eupavions PBAABng [15]. Emmiong
EQApPPOCeTal yIa TNV KAAUTEPN KATAVONON TWV aTtuxnuUATwy o€ epyoTagia eEdpugng,
OTToU avayvwpifovtal Ta CUXVOTEPA aiTiIa OTUXNMATWY, OTTWG TT.X. N CUuVvTPENOoN
pMnxavnudtwy [16]. To idlo TTapaTneoUuE Kal € KATAOTPOPIKA apXIKA YEYOVOTA TTOU
XOPAKTNPICoVTal ATTO PN OTTOOEKTEG OUVETTEIEG. EDW pPE evOWPATWON TNG atTOAUTNG
ouxVvOTNTAG ATToTUXIAG BPIOKETOI O AVAPEVONEVOG apIBUOG aoToxiwy [17]. KdavovTtag
MOVTEAO yIO OEVAPIO PETOQOPAG XNUIKWY, Trapatnpeital 0TI he Tn TOavoAoyikn
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avaAuon kKivduvou (PRA), TTapéxeTal OTPATNYIKN YIA TAUTOTTOINON TTEPIOXWY UWNARG
mOaveTNTAg KIVOUVOU Yia TV avBpwTrivn uyeia [18]. TéAog BAéTToupE TTWG N HEBODOG
€0TIACEl OTIG OPACTNPIOTNTEG EPYACTNPIOU TTETPOXNUIKWYV YIO va avaAUoEl TTOIEG ATTO
QuTEG 0dnyouv og o@aAuara [19].

2.1.2 Aévrpo yeyovoTtwy (Event Tree Analysis-ETA)

To &évipo yeyovoTwy, eival éva eTaywyikd avaAuTikd OIdypaupa, oTo OTIoio éva
apxIKO yeyovog avaAletal pe Tn xpron Boolean Aoyikng, yia e€étaon Tng
XPOVOAOYIKNG OcIpdg Twv yeyovoTwy TTou Ba akoAouBrjoouv To apXIKO YeYovog,
KaBwg Kal Twyv CUVETTEIWY Toug. 'Eva dévipo yeyovoTwy euavilel Tnv €¢EAIEN Twyv
aKoAoOUBIWV Kal TNV aAAnAouxia Twv €EAPTHOEWY TOUG OTO TTEPACUA Tou Xpdvou. H
avdAuon Oévdpou yeyovoTwv eival pia Aoyikr) diadikacia agloAdynong n oTtroia
AcIToupyei TTPOG Ta PTTPOG OTO XPOVO, N TTPOG TA EUTTPOC MECA OTTO MIa QUTIAKA
aAucida oTo PovTéAo KivoUuvou. Agv atraitei Tnv TTapadoxn evog yvwoTou Kivouvou.
‘Eva 6évipo ekdNAwon eival pia emaywyikr] Oladikaoia €peuvag. Ze avriBeon, n
avdaAuon dévdpou o@daAuatog (FTA) a&loloyei Tov Kivduvo atrd Tov eVTOTTIONO TTIoW
OTO XPOVO 1 TTPOG Ta TTow PEow Hiag aAuaidag aitiwv. H avdAuon FT Aaupavel wg
TpoUTTO0eon éva dedouévo Kivduvo [2], [61], [62], [63], [64], [65], [66], [67], [76].

Ta duvapika dEVTPA YEYOVOTWY TTAPEXOUV eupeia KAAUWN Twyv TTIBavWY akoAouBiwv
€€ENIENG TOU CUOTANOTOG (OEvapia) Kal UTTOPOUV va 0dnNyAcouUV TNV TTPOCOHOIWAN
XINGdwyV oevapiwv PeTA atrd éva POVO evapkTApIO yeyovog. H évvoia tou yxpdvou
gival 101aiTEpNG onuaciag yia Tn dUVaUIKA Hoper Twv PovTéAwv [62]. O peydAog
apIBu6g yeyovoTwy, amoteAei TTPORANPO atmd AGTTown UTTOAOYIOTIKOU XPOVOU Kal
amoBrkeuong. Aev gival OAa Ta aevapia onuavTiké e§icou, aAA& auTd TTou TTPOPAVWIG
gexwpilouy, eival ekeiva TG aoTtoxiag-arrotuyiag. ‘Exel mpoTtabei péBodog yia online
EMOAPAVON OCEVAPIWY PN-OTTOTUXIAG, TWV OTTOIWV N CUMTIEPIPOPA UTTOPEI  va
MeAETNOBEI péoa atrd éva «Kpuppévo» povTéAo Markov kal epguvdral n euaiodnaia Tou
[61]. Ap@iBoAicg €xouv dnuioupynBei yia Ta Opla Kal TV AgIOTMOTIA  TNG
MovTeAoTToinONG SUVOUIKWY CUCTNPATWY, av Kal gival amd TIG O Ol1odedOUEVES
pEBGOOUG ekTipnong mBavoeTnTag Kivouvou (PRA). Ta poviéAa agiommoTtiag Markov
éxouv Tn duvatodTnTa VO QIOTTOINOOUV TIG OTOTIOTIKEG €EOPTAOEIG METAEU TwV
YEYOVOTWY QTTOTUXIAG TTOU TTPOKUTITOUV O€ TTOAUTTAOKO OQUVAMIKA OUCTHUATO KOl
ouvduadovTal Kal JE AAAEG TEXVIKEG XOPTOYPAPNONG, OTTWG N KUTTAPO-TTPOG-KUTTAPO
(CCMT). Tétoi0 povTéNo €xel XpnoidoTroinBei o€ cuoTAPATa EAEyXOU OTABUNG vePOU
[63]. Ta dilabéoiya aToixeia yia ekTiunon TG TMOAVOTNTAG CUXVA AEITTOUV Kal aKOUA
Kal av gival dlaBéaiya, givar eAAeITT (UEPIKN dyvoia) kal avakpiBh (acdeia). Av dev
QVTIMETWTTIOTOUV, 0dnyouv o€ Weudr eviUTIwWON TNG aKpiBelag kal opBOTNTAG, TTOU
uttovopelel Tnv aglomaoTia Tng dladikaciag. MNa 10 Adyo autd, XPNOIMOTTOIOUME TN
Bewpia acapwv (fuzzy) cuvoAwv kai Tn Bewpia aTTOdEICEWY PE TTPOCOUOIWTEIG
Monte Carlo. ‘Exel yivel e@apuoyry autou, yia Tnv ameAeuBépwon LPG o¢
eykataoTdoelg emeEepyaaiag Tou [66].

ANa oevapia €xouv PeAETNOE, OTTWG yia TTAPABEIYUA N EQAPUOYH TOu PovTEAOU YiIa
TEXVIKEG €E0pUENG, OTTOU TTapoucidletal doury OEVIPoU Kal aAyopIBUOG XEIPIOHOU
(TSET-Miner). Aedopévng TnG €ueAiiag TTOU CUVETTAYETaI N XPAOn eviaiog Soung
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oedopévwy, uTropei va eTTekTaBEN Kal va e§Ayel Kal GAAOUG TUTTOUG JOVTEAWYV UE MIKPN
TpooTdBeia [62]. ZT0 TTACiCIO TNG AVTITTANPUUPIKAG TTpooTaciag Tng PivAavdiag,
oTnpEIiCeTal N euxpPnoTia TG YeBBdoU ET yia Tapoxn diapBpwuévwy TTANPOQOPIWY O
OEvApIa aKPAiwY KAIPIKWY QAIVOUEVWY, TWV ETTITITWOEWY KAl TWV CUVETTEIWY TOU
OUCTAMATOG, TTOU O@QOPOUV AUECO TOUG IBIOKTATEG TWV TIEPIOUCIAKWY OTOIXEIWV
KaBwg Kal TOug KPATIKOU Qopeic [64].

2€ OevApIO €KOKAQNG uTToRpuxiag onpayyag, €xel epapuooTei Texviki ET vyia
TTOOOTIKOTTOINON TOoUu KIVOUVOU OTO TTPOKATAPKTIKG OTAdIO oXedlaouou. Bpiokovral
avTIHETPA (AeIToupyie¢ ao@AAEInG) yia TNV ao@AaAela évavtl KIvOUvwyv. ETs Ttou
QVTIOTOIXOUV 0€ 3 ONUOVTIKA €VOPKTHPIa YEYOVOTA, £XOUV KATOOKEUQOTEI, OTTOU TO
KABe éva TeplExel 5 avTiéTpa- TTou @Tidxvouv 32 diadpopés. YTroAoyideTal n
mBavotTnTa NG KABe dIadPOUNAGS Kal YiveTal TEAIKN) TTOOOTIKA EKTIUNON Twv KIVOUVWV
[65]. TéAog, yia peAéETn mBavwy PEANOVTIKWY oevapiwv €kpnéng Tou Beloufiou,
XPEIACETAI ETTITEUEN TNG CUVOXAG Kal YIO auTO TTPETTEI va EVOTTOINBOUV dIAPOPETIKOI
KAGDOI QTTOBEIKTIKWY OToIXEiwvV o€ etrionun dopr. Me xprion ET ouvoyilovtal Ta
Oldpopa ActrTopepry emmimmeda o€ apiBUNTIKA-ypa@ik Hop®A. TMapéxetal Aoyiko
MOVOTTATI TToU Ouvdéel TNV TTIBAVOAOYIKN EKTINON KIvOUVOU HE TNV TTOOOTIKA
agloAoynon Tou. Na TTAfPN TTAPAPETPOTIOINCN XPNOIYOTTOINBnKay PovréAa Kivouvou
TTOOOTIKOTTOINUEVA  UE  OAOKANPWHEVEG KATAVOUEG  aBeBaidTnTag (Yo  €UKOAN
EVvNUEPWON Tou JovTéAOU) [67].

2.2 Petri net (PN)

Kataokeudletar amd OUo0 TUTTOUG KOPPwv TTou KaAouvtal places (B€o€ig) Kkai
transitions (peTaBaoclg). Toga ocuvdéouv TIG Béoeig e transitions kal To avTiBeTo. Ta
OUCTAMATA PJOVTEAOTTOIOUVTAI WG OUVOAQ KATOOTACEWYV Kal TTEPIOTATIKWY. O1 Béoeig
atreikovifouv kataoTaoelg (conditions) kal ol transitions &eixvouv TePIOTATIKA. Ta
transitions £xouv éva oUvolo atrd Béocig dedopéviv eI0aywyAS Kal Eaywyng TTou
aTTEIKOVICOUV TIG TTIPOUTTOBETEIG KA TIG ETTITITWOEIG TwV transitions. H katdoTtaon evog
OIKTUOU HOVTEAOTTOIEITAI PJE TNV TTApoudia A atroudia papkapiopatog Tng Béong. To
apxIKO papkdpiopa Ocixvel TNV apxik kardoTtacn Ttou OIKTUOU. OI KOTOOTAOEIG
aAAGCouv pe TNV atropdkpuvon Twy transitions TTou atreikovi(ouv Ta cupBavra. ‘Eva
oupBav cupPaivel 6Tav ATTOVTWVTAI O TTPOUTTOBECEIC KAl QVTITTPOOWTTEUEl £va
gvepyoTroinuévo transition.

H amopdkpuvon evog transition aAAdCel To POpKAPIOUA OTIC BECEIC €I0AYWYAS Kal
eEaywyng dovrehotrolwvTag aAAayh TnG TTPOTEPNG KATACTAONG KAl WETAYEVEOTEPNG
KaTaoTaong.

‘Eva Petri net €xel Trévre TapAyovTEG:

1. Mia 8¢éon TTOU TTEPIYPA@ETAI JE KUKAO, OPIlEl TTEPIOTATIKO

2. Transition Tou oxedialeTal wg KUPBOG, opilel JETAPOPA TTEPICTATIKOU
3. Té&o 1mou oxedialetal wg BEAOG PeTaLU BEcEWV Kal transitions
4.

‘Eva token (£voeign) oxediaopévo wg TeAeia, eutrepiexopévn o€ BEoeIg, opiel
oedouéva.
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5. O1 6¢éoeig O¢eixvouv pia  kataotacn otnv  dladikacia. O transitions
QVTITTPOCWTTEUOUV TIG OTIYUIAIEG, OTOXAOTIKEG I XPOVO-Baciouéveg aAAayég
OTO MOVTEAO.

Ta tokens eKTTPOCWTTOUV QVTIKEIMEVA O€ €éva JOVTEAD. Z€ AAAEG EQAPUOYES paivovTal
WG PaUupol KUKAOI Kal o€ GAANEG €QAPUOYEG OTTWG Eyxpwpa dikTua Petri, o1 KUKAOI
MTTOpOUV va XpwuatioTolv avaAoya yia va degixvouv Tov xpovo. “Eva transition
EMTPETTEI TNV Kivnon Tou token kai opiceTal 0TI «TTUupoBoAnoe» (fired) étav cupBaivel
autd. Ta T16Ea TOou KUKAOU opidouv Tn dladpour TTou Ta token akoAouBouv oTO
MovTéNo. TOEa utTopoUv va EMITPEWOUV 1) va EUTTOBICOUV TNV Kivnon 0TO HOVTEAO.

H ypagikry kataokeur) evdg Petri net atraitei Tnv katavénon Tou TTwG o1 BEOEIG,
transitions, tokens kai T16¢a avmidpouv peTagu Toug. O1 BaocikéG avTiIdOPACEIg
TepIAaPPBAvouy oeIpés, ouyXpovioud Kal merging transitions.

To BaoikdTEPO POVTEAO €vOG BIKTUOU Petri gival n petdBaon kardotaong amd tnv
Béon Tou apxikou oTtadiou p1 oTnv Béon TeAIKAG katdotaong p2. To TTAPAKATW
olaypaupa deixvel éva apXikd oTadIo Kal TO ETTOUEVO BIAYPAPMA TOV «TTUPORBOAICUOY
€vog token atréd 1o p1 oTo p2 Bacicuéva oTo transition t1.

Ta diktua Petri yetatpétmouv dikTua o€ BUPeG AOYIKAG TTOU YEPUPWVOUV TO KEVO
METOEU OévTpwyv aoToxiwy (Fault trees) kai diktua Petri yia pn duvauikd CUCTAPOTA.
Aev éxoupe eutreipia pe duvapikd oucThiuaTta oTta diktua Petri. Ta Suvauika
oucoTAPaTa  ocuptepIAauBdvouv  Toug TTapdyovieg Tou XpPOvou, aoToXiag Kal
emMdIOPBWOEWYV TTOU I0XUOUV Kal OTNV TTpaydaTikétnTta [5], [6], [7].

Pi

Ta 1TAcovekTAMATA TWV PNS £vavTl Twv SEVIPWY ACTOXIWY €ival N IKAVOTNTA TOUg va
QTTEIKOVICOUV TN XPOVIKA CO€Ipd TWV YEYOVOTWY, TN CUVEXEIA TOUG, KABWG Kal TN
d1apkeld Toug [3]. Eivarl 1diaitepa onuavTikA yio JOVTEAOTTOIACEIG KAl UTTOAOYIOUOUG
aoQAAcIng, aAAd Oev XPNOIUOTTOIOUVTAl AKOUA €UPEWS, AOYW TNG TTOAUTTAOKOTNTAG
TOUG KAl TOU YEyovoTog OTI gival ouxva duovonta. [pa@ikoi Kavoveg UTTopouv va
€QapPooTOUV, WOTE VA WPTTOPOUV va XpnoigotroinBouv ot peydAa Blopnyavika
oucoThPaTa, dlaTnEwvTag TTapdAANAa TNV KA avayvwpion Kai avaAuon Kad’ 6An T
Oldpkela Twv Kataokeuwv [7]. H opBdétnta tng pong epyaciag evég PN
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avTiTpoowTreveTal ammo Tn diadikagia Afyng atropdcewv. H empBeBaiwon g, péow
TPOXIOKAG TTapaKoAoUBNaong, €xel TO TTAEOVEKTNMO TNG OuvaTOTNTAG MEAETNG TNG
QUVANIKAG CUPTTEPIPOPAG TNG dladikaciag. H KaAr eTTaABeucn utropei va emiTeuxOei
ME TN Bewpia oTaBePATNTAG TOU Lyapunov [4].

Etriong umrdpxouv kai katnyopieg uBpidikwv PNs 1Tou ovopalovral «EAEYXOUEVES
YEVIKEUPEVEG TTOPTIOEG», OTTOU TO VEO XOPOKTNPIOTIKO QUTWV gival OTI n ponR Twv
OUVEXWV-OOUVEXWY HETABACEWY, KaBWS Kal N TaxuTnTa PETAPOPAS Twv BECEWY TNG
TapTidag, cival eAeyxoOueveg PETABANTEG. YTTOoAOYiCeTal TO SIAVUOUA OTIYHIAIOG Porg
Kal To dIAvuopa OTIyUIdiag TaxuTnTog PETAQOPAS yia BeATIoOTOTToiNON. AvaAUsTal N
o1aBepny kKatdoTaon Tou PovTéAou Kal AapBaverar uttown n kabapr Tou dounA Kai n
apxIkr) Tou ouvBeon [8]. AAog TUTTOG UBpPIGIKOU petri net, To CHPN, yia avdAuon
EVEPYEIWV QVTIHETWTTIONG KATAOTACEWY EKTAKTNG avAYKNG, €XEl TO XAPAKTNPIOTIKO OTI
ol dpdaoceig Pe PeydAn didpkelia Bewpouvtal cuvexeig diepyacicg, €101 WOTE va
mepIEXovTal DIAKPITEG Kal ouvexeic peTapaaoclg (kai Totrol) [9]. ZToxaoTikG PN, givai
MOVTEAQ TTpocopoiwong vyia Tnv afloAdynon Twv €mMOOCEWV TwV CUCTNUATWY

Tapaywyng [11].

Omwg kalr otnv TTponyoupevn péEBodo, PBAETToupe Kal €dw KATTola case studies.
MovTtého fuzzy PN, e@apuoletal yia ekTignon NG KabBuaTépnong Twv Tpaivwy, 6TTou
Ta Tpaiva aTreikovifovtal pe tokens, Ta TUAPATA YPAPKAG ovoudoTnkav places kai Ta
OIAKPITG YEYOVOTO TWV KIVACEWV Twv Tpaivwy pe transitions [5]. H fuzzy Aoyikn
e@apudletal ota PNs pe 2 1pd1Toug, O1Tou dev UTTAPXAV ICTOPIKA OTOIXEIA yia TIG
KaBuOoTEPAOEIS XPNOIMOTIOINONKAYV — EUTTEIPIKEG  YVWOEIG, €VW OTIOU  UTINPXaV
xpnoiyotroimnénke povrého ANFIS [5], [12].

ETtriong evrotmifoupe 10 PHOVTEAO, YA AvVOTTAPAOTOON TNG OUVAUIKAG CUPTTEPIPOPAG
opadag onudATwyv KukAogopiag TTou eAéyxouv OikTUO dlacTaupwoewyv. Me 1a PN,
MEIWVETAI N TTOAUTTAOKOTNTA TOU CUCTHHOTOG KAl AugdveTal N oTTovOUAGTNTA TOUu. TO
MOVTEAO TTpOCOMOIWVETAI HECa amrd aAyopiBuo “common token player” [6]. H
epappoyn  uBpIdikwv  CHPN ptropei va  avoAUoEl  eVEPYEIEG  QVTIMETWTTIONG
KOTAOTAOEWV  €KTOKTNG avAykng, OTwG oTa  xnuikd atuxiuata [9]. 'Exel
xpnoigotroinBei yia va 600ei pia eikOva TG HPETAPPACNSG TNG akoAouBiag Twv
YEYOVOTWV TTOoU povTeAoTToloUV oevapia diéAsuong TmeCwyv. To poviého BonBdel Tnv
Karavonon Tng mikivdbuvng kardotaong étav aAAnAemdpouv 1Tedoi Kal oxAuaTa Kal
oivel 10 duvnTikG pioko-kivbuvo Tng OiIdBacng [10]. TéAog, oTOoXaOTIKO PN,
ouvavTaTal yia dnupioupyia dévipou TTPOCRACINOTNTAG YIa oUCTNUA TTAPAYWYNG HE
«00IEEO00», PE UTTOAOYIoNS TNG TTIBavVATATOG Va €XEIS j tokens oTn B€on P(i) [11].

2.3 TRACEr

To BewpnTikd TTAGiolo Tng TRACEr Baciotnke oto povréAo Wickens tng avBpwirivng
emmegepyaaiag mAnpogopiwyv (human information processing) kair T0 amTAd POVTEAO
vénong Ttou Hollnagel. Xpnoigotolouvtal dedouéva atmmd TTeIpauaTa, avaAloelg
TTPAYMOTIKWY  dUOTUXNUATWY,  OUVeEVTEUEEIG  Kal  oulnTioelg  Pe  €10IKoUg
OUMTTEPIANOUPBAVOUEVWY TWV TTPAYUATIKWY EAEYKTWY KAl XEIPIOTWY TTAOIWV, yia
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TauTtoTroinon Tou avBpwTrivou AdBoug (Ouykekpiyéva TnG aAANAeTidpaong Twv
QVOPWTTWY HE TIG PNXAVEG).

H TRACEr éxel apBpwtr) douny kai meplhauBéver 3 totmoug Tagivéunong: Ta opia
EVIOC TwV_omoiwv_ouvéBn 10 o@dAua, TiIC aitie 10U _o@dAuaroC kai 1i¢_uebddouc
avriyeTwimion _tou _mpofAduaroc. H TRACEr trepihaufdvel 9 kwdIkoUg Kal TNV
TEPIYPAPr Tou AABoUG, TNV WUXOAOYIKA €€fynon, HETpa dIOpBwoNG Kal eTTEENYNOEIG
yla Tnv £1midoon kai euBuvn Tou MAoidpyou [20], [21], [22], [23], [24], [25], [75].

210 TTAQICIA TWYV TPIWV TTOPATTAVW, UTTAPXOUV KAl GAAEG UTTOKATNYOPIEG OTTWG:

1. TevikéG TTANPoQOpIES yia TO TTAOIO, TO CUUPBAV KAl TO PEPOG OTTOU CUVERN
(general information).

Moid evépyela dev £yive cwoTd Kal 0drynoe oTto cupPav (task error).
MAnpogopicg yia Tnv ea@aiuévn evépyela (error information).
To uéyeBog Tou cupuBdvtog (casualty level).

Mo16¢ EWTEPIKOG TTapdyovTag ouvéBaAAe oTo cuuBdv (external error mode).

o o > W N

20vdean TOu TTEPICTATIKOU WE TNV avBpwTTIivn avTiAnyn, AQWn amo@Aacewy,
MVAUN, N TNV €0QaAPévn evépyela TTou 00rfynoe oOTo CUPPBAv (cognitive
domain).

7. Tlolog ecwTePIKAG TTapayovTag ouveéBaAAe oTo ouuBav (internal error mode).

8. 2uvdeon pe TN WuxoAoyikh KaTdoTaon Twv avlpwTTwy TToU eVETTAAKNoAv
(psychological error mode).

9. MapdBeon Twv TTAPAYOVTWY  BIANOPPWONG TNG  OCUMTIEPIPOPAS  TWV
Epyadopévwv TTOU OVAQEPOUV TTOIOI TTAPAYOVTEG £TTNPEOCAV TNV ATTODOOT)
Toug (performance shaping factor).

10. TpOTTOI QVTIMETWTTIONG TOU OQAAUATOG (errar recovery)

H oulnmon yupw atmmd 10 avBpwtvo o@dAua cival dueca cuvdedeuévn Pe TNV
eupuTEPN £€vvola TNG ao@aAsiag evdg ouoTtApatros. H TRACEr eival pia ammd Tig
OUOTNMOTIKEG TAEIVOUAOEIS Twv TUTTWV avBpwTTivwy AaBwv, n oTroia XpnoIPoTToIE
IEPAPXIKO POVTEAO TNG atrddoong Tng avlpwTivng epyaciog. ‘Eppeca Aoimmév odnyei
oTNnV €UPECN TTPOTACEWV YIO PEIWON TWV TTOC00TWYV 0PAApaTog [23]. K&Be cupBav i
atuxnua egaptatal ammd TToAAATTAOUG TTapdyovTeg Kal yia KéBe évav atrd autolg
TIPETTEI VA AvAyVWPIOTOUV O ETTINEPOUG aOTOXiEG Kal oI AavBAvouoeg OUVOAKES TOu.
‘ETo1 e€ac@alifeTal 611 OAa Ta €TTiTTeEdA TOU CUCTAUATOG ARPONKavV UTTOWn.

H ev Aoyw péBodOG, eival éva ouoTnua Tagivounong kKai avaAuong avlpwirivwyv
Tapayéviwv (Human Factor Analysis & Classification System-HFACS). ‘Exel
BonBnoel atnv Tagivéunon oToIxeiwv yia SIEEaywyr EPEUVWV O€ O16NPOdPAOUG OTNV
AucoTpalia, yia atreikévion 6Aou Tou @AoPaTog OQAAUATWY PE BAon Tov AvBpwITTO
Kal kKartnyopiotroinar Ttoug. Aiggnxbnoav 19 épeuveg ac@aleiag o1dnNpodPOIKWY
OIKTUWV Kal avaAuBnkav TTdvw atré 40 ekbéoeig [20], [21], [25]. H TRACEr, civai
YEVIKA pia TEXVIKN avayvwpiong CEAAUATWY yid TNV avadpOoUIK KAl TTPOYVWOTIKN
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avaAuon yvwaoTIKwy o@aAudtwy pe Bdon Tov avBpwTro [24], [25]. ZuvavToUue auTh
N HEBOGO TalvOunNoNg Kal o€ oevapia eVagépIag KUKAo®opiag, OTTou XpnoIYoTToIETal
ylo va KAaBopiooupde TO TTWG KAl TO YIOTI T avOpwITiva oQAAPOTa CUPBAAAOUV OTa
oupBdavTa Kol KaT@ CUVETTEIQ, YIO va TTPOCOIOPIcOUNE TTWG UTTOPEI va BEATIWOEN n
avBpwTTivn agloTmoTia péoa ae éva oUoTnua yevikd uwnAAig aglomoTiag. MNvetal kai
xpnon tng mpooéyyiong HEPA, TnG oTroiag To £vvolOAOYIKO TTAdICIO €ival autd Tng
avlpwTTivng atrédoong, armo TNV TTPOOTITIKI TNG ETTECEPYATiag TTAnpo@opiwy [22],
[24].

2.4 CASMET (Casualty analysis methodology for Maritime
operations)

H péBodog autrh xpnoiyoTroicital atnv avaAuon atuxnudatwy. ‘Exel xpnoiyotroinOei
oTOo TTapeABOV [e emTITUXIA, 18iWG oTnV avaTpoTr) Tou Herald Free Enterprise.

H péBodog otnpiletanl o€ dUo BACEIG, n Wia TTou ival PEBOOOC avaAuong Kal n AAAn
givar n dou TWv TTANPOPOPIWY YIa KwOIKOUG ot Bdaoelg dedopévwy. H péBodog
avdAuong amavid oTo €pWTNUG Tou TPOTTou TTapaAapng Tng TAnpogopiag. To
EPWTNMA YIa TO TTWG N TTANPoQopia TTou TTapeAPON UTTOPEI va ATTEIKOVIOTEI O€ Hia
Baon oedopévwy, atmavrdralr Ye TNV Kwdlkotroinon kai T doul Tng Bdong
OedOMEVWV.

Ta kUpla BAPATA TG HEBOGDOU PaivovTal OTOV TTAPAKATW TTIVOKA:

1. ZuAhoyn dedopévwv

2. Avayvwpion Kal QVaKATOOKEUN TWV TTEPIOTATIKWV

3. AvdAuon avBpwTmvwy TTapayovTwy

4, ZuoTAuarta, emkivouva UAIKA Kal TTEpIBAAAOVTIKA avaAuon
5. MMepiAnwn cuoxéTiong aimwv

2710 #3 UTTAPXEI €va EPWTNUATOAGYIO PE ATTAVTACEIG TWV AVOPWTTWY TOU OTUXAMATOG,
€701 WOTE O AVAKPITAG VA KAVEI CWOTA TO £€pYyo TOU. 2T0 #5 TTEPIYPAPOVTal Ol AITIEG
TOU BUOTUXNMOTOG CUUTTEPIAOUBavOUEVOU TOu avBpwTTivou AdBoug.

ZUppwva Pe Ta vedTeEPA OTOIXEID, TO avBpwTTivo AdBog ogeileTal oTo 65-85% Twv
TEPITITWOEWY  aTtuxXnuaTwy. 'Evag mmapdyoviag ToAU oTrouddaiog Twpa eival ol
EMTTWOEIG TwV BaAdooiwv peTagopwy oT1o TepIBGAAov. Ta tAoia mma gival TToAU
MEYAAQ Kal dev €XOuv oxEon ME AUTA TTOU PETEQPEPAV QOPTIO TIPIV HEPIKEG OEKOETIEG,
apa av KAt TTael oTpad o1 EMTITWOEIG 0To TrEPIBAAAOV Ba gival avuTTOAOYIOTEG.

KdaBe avaAuon Aoirév Ba TTpETTel va aoXOANBei Ye TIG ETMITITWOEIG TOU TTapdyovta
«mrepIBaAAovy» [32], [33], [34], [35], [36], [37].

‘Exel €€eTaoTEl €COVUXIOTIKA PE TRV TTAPATTAvVW PEB0DO, N avdAuon Twv AGywv Tng
MEYAANG atmwAelag wng Ta TeAeuTaia xpoévia (1980-2010,1963-1996) oe atuxfuoTa
bulk carriers. ZUupTTePACHATIKA KATAAYOUV Ol CUYYPOQPEIGC OTO yeyovog OTl aTTd TOug
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11 vaumikoug Kal vauTINIGKOUG TTaPAYOVTEG TIOU  €CETACTNKAV, Ol IOXUPOTEPOI
TTPOYVWOTIKOI TTapdyovTeg BuBiong Kai BavaTtwy, ATav 1o opTio (BAapog Kai €idog), n
TOTTOBE0ia TOU aTUXUATOG (OPOPOADYIO), Ol KAIPIKEG OUVOAKES, N NAIKIa Tou TTAoIOU,
n OAIKA XwpenTmikétnTa Kai Kupiwg 10 flag state. KataAfyer 611 n adénon Twv
aTuXNUATWY Kal TO TT0o00TO OvnoluotnTag eivar oTevd  ouvoedeUéva e
QVATITUOOOWEVEG onuaieg Kal TovideTal N avaykn TTpOoBeTwV PETPWY ac@aAeiag [32],
[33]. Z&e GANO paper, epeuvwvral PE TO MPOVIEAO T ATTOTEAéOUATA  TNG
OTATIOTIKOTTOINONG O TPOXQia ATUXAMATA KAl OTOUG avTioToIXoug BavAatoug, o€
TTEPIPEPEIOKO Kal €BVIKO atuxnua. XpnoIJOTTolouvTal avadIiaveRnTIKEG TTOPAOOXES
Poisson yia HETPACEIC TV ATUXNHATWY Kal TWV CUVETTEIWY Toug oTnv EAAGDAQ.

E@apudletal TEXVIKN TTOAUETTITTEdNG avAAUONG TTOU 0dNYEi 0€ vEQ TTOAUTTOPAYOVTIKA
Kal TTOAUETTITTEdA MOVTEAQ yia agloAdynon Twv OUVOUAOHEVWY ETTITITWOEWV TNG
EVTATIKOTTIOINONG TNG dAOTUVOPEUONG, N OToid €Xel GUECO  ATTOTEAEOUATA OTN
oupTTEPIPOPAa Tou ‘EAANVa 0dnyou [37].

AvaAuon piag Baong 6edouEVWY TTOU dNUIoUPYBNKE aTTd TN CUYXWVEUGN OTOIXEIWV
ATUXNUATWY Kal OToIXEiwV atroypa@ng oTtnv Treploxf Lothian Tng Zkwriag, Oivel
TTPOCOXN OTN OXEON TWV CUXVOTATWY TWV ATUXNUATWY KAl TwV ATTOOTACEWY TTOU
autd oupPaivouv amd TIC KaTOIKiEG.  AIOTTIOTWVOVTAlI  HEYAAUTEPA  TTOCOOTA
aTUXNMATWY OTIG UTTORABUICUEVES TTEPIOXEG [36].

2e eCéTaon pe TNV TIPOTEIVOUEVN HMEBODO, TTEPIOTATIKWY MAlIKWV amTwAEIwV (wng
(MCIS), oT1éxog cival va Bpebei To TTOOO ETITUXWG £XOUV AVTIMETWTTIOTEI AUTA ATTO TO
TTPOYPAPUa EKTAKTWY BonBeiwwv TG MOANG Tou Maryland, oe Trepiodo 3 xpovwv.
YmrevBupicetar 611 Ta MCIS gival otrdvia aAAG GUVTPITITIKG yeEyovoTa TTOU JTTOpoUV va
atTodIoPYaVWAOOUV Kal Ta KAAUTEPA Kal TTIO £TOIMA CUCTAMATA, £V avaAUlovTtal Kal
ouykpivovTal oToIxeia aoBeviv atrd xaptoypd@non PE OUVOAIKEG OTATIOTIKESG [35].
2Tn ouvéxela, Pe dedopéva atuxnuatwy atrd éva fatality analysis report system,
€CeTACETAl TO PIOKO QTUXNAMOTOG OdNywyv, TO OTIOI0 €ival OTATIOTIKA OIAPOPETIKO
avaAoya pe TN wvn epyaciag, OTTWG TTPOKUTITEI aTTd TTOAAATTAG t-tests pe mn BorBeia
TPIWV OIAPOPETIKWY HOVTEAWV AOYIKAG TTaAIVOPOUNONG yia TPEIG TUTTOUG (WvWwV
epyaoiag. Mévre onpavtikoi TTapdyovteg AauBdvovtal uttown, n eubuypdupion OTo
Opouo, 1o o emPBAABEG yeyovdg, N nAIKia TOU OXAUATOG, N CUUMKETOXA TOU OXMUATOG
OTO aTUXNUa Kal 0 XpOvog KoIvoTToinong Tou [34].

TéNog, oe GAAN €peuva, TTepIypd@eTal éva TTAQicI0O oxediaong e BAaon 1o TTARPWHO
(Crew-Centred), pe o1Ox0 Tn BeATiwon TNG eVOWMATWONG TWV AVBPWITIVWY
Tapayoviwv atn dladikacia oxedlaouou TrAoiou. lMapdAo Tou TO TTAGicio Ba
MTTOpOUCE Va £QApPUOaTEi aTTd KABE TEAIKO XpNoTn 1 evolapepoOuevo, divetal IDIAITEPN
£upaaon oToug oxXedlaoTEG TTAOIWY KAl OTOUG vauTrnyoug. AUt n €u@acn UTTopEi va
dikaloAoynBei atrd 10 yeyovog OTI OI KATAOKEUOOTEG KOl OXEDIQOTEG E€COTTAICUWY,
éxouv AdN AABel uTOWN APKETEG aTTO TIG TITUXEG TWV avBpwTTivwy TTapayovTwy,
OTTWG TNV €pyovopia Kal TNV aAANAETTIOpacn avlpwTTou-punxavig, evw Oev UTTAPXEI
eUPavNG ENAEIPN OMIOTIKAG TTPOCEYYIONG VIO TO OUVOAIKO OXeBIOOUO TOU TTAoIoU
(évtagn avatrtuypévou €€OTTAICUOU, KaToIKNOINOTNTa). To TTAGiclo auTd 1oXUEl yia £va
MEYGAO pPEPOG TOU KUKAOU Cwng Tou TTAoiou, ®nAadr}, ammd TIG ATTAITACEIS TWwV
XPNoTwyv £wg Tnv Oladikaoia e@appoynAg (TT.X. KOTAOKEUR Kal Agimoupyia) Kai
akoAouBei 1o TAdioio kivouvou Tou IMO ("Tumkf A&loAdynong g Ac@dAciag -
FSA") . To mrpoteivopevo TAaioio BacieTal oTnv epapuoyr TG peBGdou Tou TPOTTOU
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O@AAUOTOG KAl avaAuong Twv atroTeAeoPaTwyY Tou (Failure Mode & Effect Analysis -
FMEA) oTig &i1agopeg @doeig Tou KUKAou Cwnhg Tou TrAoiou. [lpokeiuévou va
QTTEIKOVIOTEI N EPOAPMOCIUOTNTA TOU TIPOTEIVOUEVOU TTAQICIOU, MIO OUYKEKPIUEVN
dpacTnPIOTNTA aTTo £va dedopévo oevaplo avaAueTtal [100].

2.5 CREAM (Cognitive Reliability Error Analysis Method)

Eivar avadAuon avBpwTrivng aglomoTiag TTou avattuxtnke atrd Tov Erik Hollnagel 1o
1998 akoAouBwvTag avaAloelg Twy PEBOdwVY agloAdynang avBpwtrivng agloTmoTiog
(HRA) 1TOU 1dN UTTAPXAV.

O okoTdg TNG XPnRong autig Tng peBodoloyiag eival va Bonbricel Tov avaAuTh o€
TEOOEPEG TTEPIOYEG:

o Avayvwpion €pyooiwy, TTPALEWV KAl KaBNKOVTWY TTou UTTOKEIVTAI OTnV
avlpwTTIVN OKEWN TOU XEIPIOTH, Ol OTTOIEG TTOPOUV va TUXOUV TTapaAAayng.

e Avayvwpion Twv TTePIBAAOUCWY ouvlnkwy, £TO1I WOTE N YVWON TOUg va
MEIWOEI TTIBAVOTNTEG EVEPYEIWV TTOU 0dNyoUV o€ TNBavOTNTA PioKOU

o AloAdynon uttoAoyiopwy TNG avBpwIrivng atrédoong oTnV £pyacia Kal To
ATTOTEAECHA TNG OTNV ACQPAAEIa, auTd JAAIOTA UTTOPET va XpNoIKoTToINBET wg
MEPOG TNG MOavOTNTAG UTTOAOYIOHOU piokou (risk assessment —PRA).

o YTORAAAEl TTPOTACEIC AVTIMETWTTIONG KATACTAGEWV TTOU TTapdyouv AGBn, TIg
BeATILOVEI KAI JEIWVEI TO PIOCKO.

H avBpwtmvn aglomoTia ava@épetal otnv  €10Ik6TNTa Human factors and
ergonomics (HF&E), mou €ival guvoho Topéwv OTTwWG n wuxoAoyia, Mnxavikég
EMOTAMPEG, €PBIOPNXAVIKE, HnxavopioAoyia, BIOPNXAVIKOG oXeSIQOUOG, @ualoAoyia
Kal avBpwTroueTpia. TNV oucia civar n HPeAETn oxedlacuol eEapTnUATWY TTOU
Taipidfouv OTO AVOPWTTIVO CWHA Kal TIG YVWOTIKEG Tou IKavoTnteg. O1 duo bpoil
‘human factors” kai “ergonomics” €ivalr otnv oucia cuvwvupol. H dieBvig évwaon
epyovopiag opifel TOUG OPOUG «EPYOVOMIa» Kal «avOpwTTIVOI TTAPAYOVTEGY WG
akoAoUBwg: Epyovopia cival n €dikdTnTa TTOU AOXOAgiTal Pe TNV KATtavonon Twv
OAANAETIOPACEWY PETALU avOPWTTWY KAl GAAWV TTAPAYOVTWYV £VOG CUCTAPATOG KAl N
eIOIKOTNTA €KEIVN TTOU €QapPOlel Bewpia, apxég, dOedopéva Kal ueBOdoug TTPOg
oxedIOOPO TTOU 0dnyei o€ PBeATiIoTOoTToiNON TNG avOPWTTIVNG CWAG Kal YEVIKA TNG
etTidoong 6Aou Tou cuoTAPaTOG. HF&E, xpnoiyoTrolgital yia va BEATIWOEN TV uyEia
KAl aoQAAEIa, OTTWG ETTIONG Kal TNV TTapaywylkotnTa. MNa va uttoAoyioTei n BEATIOTN
Xpron tng TeEXvoAoyiag atmod €vav avepwTro, oI EPyoVvOOol TTapaTnEoUV TNV €pyaaia
TTOU YiVETQI KAl TIG ATTAITIOEIG TOU XPrOTN TOU EEOTTAICHOU.

H amodoon evog mpoowtrou €¢aptdtal amd TTOAAOUG TTapdyovieg OTTwG nAiKia,
KatdoTaon puoAou, uyeia, @iAocogia (wng, cuvaiobiuara, poTry yia ouvron Adon,
AGON ka1 yVWOoTIKEG TTpoKaTaAAWEIS. H avBpwTrivn aglommioTia €ival TTOAU pgeyaAng
onuaciag Adyw TnG avBpwTTivng CUVEICPOPAG GTNV AVTOXA TWV CUCTNUATWY KAl O€
mOavES apvNTIKEG ETTITITWOEIG AaTTO AGBN Kal TTapaAciyelg. Zxediaoudg pe Bdon tov
XPNOTN KOl QVEKTIKOTNTA 0€ oQAAPaTa givar dUo0 Opol TToU PEPVOUV TOV XPHoTn TTIo
KovTd oTIg TexvoAoyiec.H pébodog CREAM Tmrpootrabei va trpofAEéwer etTidoon Kai
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avdAuon atuxAuatog. Xpnoigotrolgital oto medio Tou HRA (human reliability
assessment) yia uttoAoyiouo Tng mlavoTnTag avBpwrivou AdBoug katd Tn didpkeia
KATTOIO £PYOOiAg.

Ymapyxouv Tpeig Baoikoi Adyor yia e@appoyry tou HRA. Evromopog Adboug,
TTOCOTIKOTIOINON Kal a@aipeon Tou AABoug. YTTAPXOUV OPKETEC TEXVIKEG YIA TETOIEG
QvaAUOEIG Kal XwpiCovTal o€ TTPWTNG Kal OeUTEPNG YEVIAG.O1 TEXVIKEG TTPWTNG YEVIAG
OouAeUouv Baael HIGg dixoTopiag «Taipialel/dev TaipIAlel» Pe TNV avayvwpion AdBoug
o€ KataoTaon AaBoug Kal TToooTIKOTToINGT) Tou. O1 TEXVIKEG deUTEPNG YEVIAG Eival TTIO
BewpnTIKOTTOINUEVEG.AUTEG Ol TEXVIKEG XPNOIMOTIOIoUVTAl o€ aplBud Brounxaviwy
OTTWG MNXAVIKH aOQAAEIWY, TTUPNVIKA BIOPNXavid, cuyKoIvwvIoKA Kal UTToplo [38],
[391, [40], [41], [42], [43], [44], [45].

H CREAM civai 6eUTtepng yeviag HEBodog. OTav Ouws cuyKpiveTal e AAAEG HEBGDdOUG
EXEl OIQQOPETIKA TTPOCEYYION OTO POVTEAO TNG avBpwWTTIVNG agIOTTIOTIAS. YTTAPXoUV
OUO HOPQEG TNG TEXVIKNG N POOCIKA Kal n TTI0 AETITOMEPNAG, TTOU £XOUvV KoIva dU0
Baoikd xapakTnpioTIKA. Auvatdtnta va avayvwpilouv Tn cnuacia tng avepwirivng
amoédoong o Oedouévo TTEPIBAANOV Kal éva BonOnTiKG yVWOTIKO HOVTEAO TTPOG
Xpnon o€ avaiuon. YTmownela avaAuon EmMTPETTEI TNV avayvwpion Toavwyv
avBpwTTivwv AaBwyv, evw avadpouiki avaAuan TToooTIKoTTolEi AdBn TTou €xouv 1on
oupBei. H 18éa TG yvwoTIKOTATOG TTEPINAPBAVETAI OTO JOVTEAO PEOQ aTTO TN XPAON
TEOOAPWY «EAEYXWV AgITOupyiag» TTou avayvwpifouv dIaQOPETIKA ETTITTEON €AEyXOU
TTou O108£TEl O XeIPIOTAG 0TO TTEPIBAAAOV TTou gpeuvdaTal. MpdRAnua Tng CREAM wg
HRA, €ival o TpOTTOG e Tov oTToio Ba d0BE€i pia eUKoAa epapudaiun dladikaagia yia Tn
AWN apIBunTIKWV ATTOTEAEOUATWV[45].

O1 «éAeyxol Aeitoupyiag» TTou ouppaivouyv gival ol akéAouBol.

e Scrambled control: n emAoyn TNG eTmePXOUEVNS TTPAENG €ival BOAR Kai
aBEBain.

e Opportunistic control: n emduevn Kivnon amo@acifeTal ammd €MITOAAIN
XOPOKTNPIOTIKA TNG KaTtdoTaong, moavov Adyw ouviBeiag rj ouoidTnTag.

o TakTIKOG €Aeyxog: H amdédoon akoAouBei TutTika dedopéveg diadikaoieg av
KO ETTITPETTOVTAI HEPIKEG TTOPEKKAIOEIG

o  XTpaTnNYIKOG €AeyXoG: YTIAPXEl OPKETOG XPOVOG yid avTidpaoe O€
KATOOTAOEIG

To €idog eAéyxou Asitoupyiag uttoAoyiel To eTmiTredo €uBUVNG TTOU AVOUEVETQI OTNV
KATAOTOON TTOU UTTEICEPXETAI O XEIPIOTNG.

>¢ pia avaiuon guaiocBnoiog Tng CREAM w¢ HRA, AauBdvovTtal utréyn TpEig TITUXEG:
n Slo@opd Twv atmoTeAeopdtwy peTagu basic kai extended pebddwv yia 1o idio
oevapio HRA, n peTafANTOTNTA TWV ATTOTEAEOUATWY HECW TWV ETTIAOYWV YIA
YVWOoTIKA ouvdptnon actoxiwyv (CFFS) kai n PeTaBANTOTNTA TWVY ATTOTEAECUATWY,
MEOW Twv €EMAOYWV yia KoIvEG ouvBnkeg amodoong (CPC). ‘Exer mpotabei véa
MEBOSOG TTou ouvdudlel Ta CPC e ovouaoTIKEG TTIBAVOTATEG, EVWD IKAVOTTOIOUVTAI Ol
Aoyikég 1810TNTEG TNG CREAM, yIa cUyKpion TNG TTOCOTIKAG OOMNG TTOU TTPOKUTITEI, YE
€KEIVNG TWV PEBOBWYV TTPWTNG YevIdg [43].
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2.5.1 CREAM oT0 015nNpodpPOMIKO diKTUO

MeydAha atuxfiuata ocupBaivouv aToug o10npodpduoug kal 10l XpeldleTal pia
avaAuon KIvOUvwv yia va HeiwBei o aplBudg atuxnudtwyv. H CREAM (cognitive
reliability and error analysis method) utropei va e@appooTei Kal 0€ QuTth Tnv
TepiTTwon. Evw éxouv TTpayuatotToindei apkeTEG epyacieg oTa ATUXAMOTA OTOUG
Opopoug, dev £xoupe avaloyeg yia Toug aidnpodpdéuoug. Madi pe TTepIBAAAOVTIKOUG
TTAPAYOVTEG KOl XEIPIOMWYV, EPYOVOMIKOI €TTiong €xouv PpeBei 0TI oxeTiCovial e
TEPIOTATIKA OoNuaToddTnong. AGBog ekTiunon yia Tnv amoécTtacn mednaong, TaxutnTa,
AGBOG ekTipnon o¢ TTPoEIdOTTOINCN, KOUPAOT, HUEiWon CUYKEVTPWONG, KaBéva atrd
auTd ouvelIoQépel oe TTEPIOTATIKA. Epeuveg €xouv Trpayuartotroindei mavw O€
oedopéva atmmd o1dnpodpdpous TG NopPnyiag, aAAd kKal avaAloelig TTavw o€
aruxnuata  o1dnpodpouwyv otn Zoundia (Eksjo & Nassjo), yia Tnv €Upeon
OQaAPATWY. H péBodog yia TNV TTEPITITWON TwV C10NPOdPOUWY KATAOKEUGLEl TTIVAKES
ME KaTnyopie¢ TIPOPBANPATWY. TpPEIG TTVOKEG WE  «yovOTUTTO» Kol  évag  JE
«@avétutra». Ta yovOoTUTTa TTEPIEXOUV QVOPWITIVOUG, TEXVIKOUG, TTEPIBAAAOVTIKOUG
Kal AsitoupylkoUg  Trapdayovteg. lMNa va  yivel avaAuon, amo@Qacifoupe  TToiog
TTapdyovTag atmd Ta QaIvOTUTIA TTPOKAAECE TO TTEPIOTATIKG. MOAIG TO aTTOPACicOUlE
TOTE ETTIOTPEPOUE OTOUG TTIVOKEG JE TA YOVOTUTTA YIA VO DOUE TNV QITid.

Ta yovoTutta €xouv AANEG QUTiEG TTPIV KAl €TOI TTPOXWPAUE TTPOG TA TTIOW MEXPI VO
Bpouue 1O YovoTUTIO TTOU OtV gival ouvBeTo. TATE £XOUlE KaTaokeudaoel Yia aAuaida
ME YOVOTUTTO TTOU KATAARYOUV O€ QQAIVOTUTTO.

€ TTpayuaTikh épeuva AoITTOV £va epwTNUATOAGYIO atreoTdAn o€ 115 0dnyoug yia va
aTTaviioouv €av €xouv AGBel PEPOG OE TTEPIOTATIKO PACEl TwV TIVAKWY TTOU
Tpoava@épOnkav. 36 armmvinoav kal 18 ouykatatédnkav yio OUuvEVTEUEN TToU
ompkeoe  60-90'. O avoAutig oupPouleltnke  TTivakeg CREAM  TT0U
XPNOIYOTTOINBNKAV O€ TTEPIOTATIKA ATUXNUATWY oxnuaTtwy. Or1 TTivakeg ATav Tou
Sagberg 2007 Tou cixav TTapBei amd Tov Hollnagel 1998. Otav Bpiokoupe TIG
oAucideg TTOU TTpoava@EPBNKavY, TOTE TIG OUYKEVIPWVOUME OE pia aAyopiBuo
Bydlovtag amotéAeopa. AuTh ival TTEPITTOU N epappoyn TG peBddou CREAM oTn
Aeiroupyia Twv c1dnpodpduwy [40],[41].

2.5.2 CREAM oT1I1¢ BaAdoO1£G HETAPOPES

O1 BaAdOOIEG MPETAPOPEG €XOUV KOl QUTEG ATUXAMOTA TTOU TTPOKOAAOUV  KUPIWG
TTEPIBAANOVTIKES Tpaywdieg, 6TTwG To Exxon Valdez n 1o Prestige [76]. H Nautrnyikni
Biounxavia éAaBe oeipd PETPWV Yia va eAAXIOTOTTOINCEI TETOIO TPAYIKA TTEPIOTATIKA
OTTwG n onuioupyia Tou IMO kal n elocaywy peBOdwv O6mmwg n HRA (Human
Reliability analysis) [2], [77] . Ta mpdayuata oto TTAcio dev €ival €UKOAA Kal n
XEIPWVOKTIKA €pyaaia £XEl QVTIKOTAOTOOEI ATTd TTIVEUPOTIKN YE APKETA OKEWN TIPIV TNV
eQappoyn KATol0G eVEPYEIAG, AOyw TnG TexVOAoyiag TTou dlapkwg avaBaduiler Tig
emOO0EIC TOu TTAOIOU Kal TIG avTIOPACEIC TOu O€ TTEPIOTATIKA KivOUvou. H €peguva
ocixvel 0T n péBodog CREAM dev ptTopei va e@appooTei 0TO TTAOIO aKPIBWS OTTWG
gival. Mtmopouue va doupe pia GAAN TEXVIKA n OTToia evowpatwvel Tn Aoyikn fuzzy,
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TnVv evidential reasoning Kai TG TEXVIKEG TOU BIKTUOU Bayes TTou ptraivouv oTn péBodo
CREAM, yia TT000TIKOTTOINGN TNG aIoTIoTiag.

Kopudg cival n xpron atrodeIKTIKAG AoYIKAG yia kaBiépwon fuzzy IF-THEN Bdoswg
ME DOUEG TTETTOIBIOEWY Kal Xprion Bayesian cuptrepacuatoAoyiag, yia ouykévipwaon
Kavovwy Kal ekTipnon Tmlavotntag atrotuyiag. [39]. H AoyikA epyaciag Tou
TIPOCWTTIKOU oTa  TTAoia  €xel aAAGEel. Agv  eival TTAéOV  XEIPWVOKTIKA  OTTWG
TTOAQIOTEPA, TWPA XPEIAZETAI O EPYALONEVOS YVWOEIG VIO VO PTTOPEI va avTaTTeCEADEI
oTa ¢NTAPATA TTOU dnuIoupyoUlvTal Kal HECQ O€ AUTA OTIG EKTOKTEG KaTaoTdoelg. 'ETol
Aoitrév kal of HRA TexVIKEG €xouv BeATIWOED TTnyaivovTag atrd TIG TEXVIKEG TTPWTNG
yevidg (THERP- human error rate prediction), TrepvwvTtag oTn 6€UTEPN YEVIA KAl TWPO
oTtnv TpiTn yevid TTou akoun &gv €xel oAokKANPwOEi N epappoyn TnNG. Mpdkeiral yia TRV
TeXVIKA TNG Human error analysis ATHEANA (Konstandinidou et al. 2006). H CREAM
kal n THERP ouykpivovtal w¢ TTpOog TNV TTOCOTIKOTIOINCT KAl TTPOTEIVETAI cUOTAUA
ouAAoyrg dedopuévwy [45].

2.5.3 CREAM oTn Biopnxavia XnUIKWv

‘Exel xpnoigotroinBei fuzzy ouvotnua Ttagivopunong yia avaAuon Tng avlpwrivng
alomoTiag Kal UTTOAOYIOWO TNG TTIBavOTNTAG £0QOAPEVWV EVEPYEIWY CUPQWVA WE
TNV CREAM 0¢ €pyooTdolo XNUIKWV TTou gival éva 1I81aiTepa TTOAUTTAOKO OUOTNUA.
Eival kaAd dopnuévn kal akpifrg kal Taipidlel kaAutepa otn doun TnG fuzzy AoyikAg.
Ta atroteAéouaTta TOU HOVTEAOU HTTOPOUV va XpnoligotroinBolv atmd uebédoug
KAQOOIKAG a&loAdynong Kivduvou, OTTwg FTs, yia UTTOAOYIOHO TNG OUVOAIKAG
ouxvoTNTAG ENPAVIONG evog £TTIKIVOUVOU GUNBAvTOoG [38].

H xprion avBpwTtivwy Kal ETIXEIPNOIGKWY TTapayoviwy  fonBdasl oto  va
EeTTEPAOTOUV OI TTEPIOPIOUOI OTNV agloTToTia Adyw TNG avBpwTTivng PETABANTOTNTAG.
AuTO gival TTapAdEIYPA TNG METATOTTIONG TOU EVOIAPEPOVTOG OTNV ETTIOPACN TTOU EXEI
TO gpyaciakd mepPIBAANov oTnv avBpwTrivn ammoédoon. MNivetal PeEAETN Kal oxediaon
TETOI0 pOVTéAOU, pE eloaywyr) douAg atrd CPC, yia avdAuon Twv atuxnudatwv o€
eTaipia dlavoung GuaIKoU agpiou [44].

2.6 SLIM (Success Likelihood Index Method)

H SLIM egival pia TeXviKip TTOU XPNOIUOTIOIEITAI OTOV TOoPéa Twv AvBpwTTivwy
aglomoTiag AgloAdynong (HRA), yia Toug okoTroug TnG agloAdynong tng meavotnTag
avBpwtivwy Aabwv, TTou cupPaivouv o€ OAn Tn dladiKacia PIAG OUYKEKPIUEVNG
a1TO0TOARG. ATTO TIG avaAUCEIG QUTEG, UTTOPOUV OTN CUVEXEID va AngBouv PETpa yia
N Peiwon NG MBavOTNTAG EPPAVIONG OPOAPATWY O€ £va GUCTNUA Kal WG €K TOUTOU
va odnyAoouv o€ BeATiWON Twv OUVOAIKWY ETTITTEOWV QOQAAEING. YTTAPYXOUV TPEIG
Baoikoi Adyol yia Tn Oliegaywyny evog HRA: n Tautotroinon O@AAPATWY, n
TTOCOTIKOTIOINCN OQAAMATWY KAl N JEIWON TWV OQOANATWY

H SLIM egival pia mpooéyyion Afwng atro@docwv HRA, n otroia XpnoidoTrolei Tnv
Kpion euTTEIpOYVWHAOVWY YId TNV TTOCOTIKOTTOINON TTApaydvTwy OXNUATOTTIOINONG TNG
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atrédoong (PSF). TéTolol TTapdyovTeg TTOU aQOopPoUV Ta ATOUA, TO TTEPIBAAANOV A TV
gpyaacia, éxouv Tn duvaTtoTNTa, £€iTe BETIKA 1 ApvNTIKA, va €TTNPEAGCOUV TNV attédoon,
T.X. dIaBéoIgo xpovo epyaoiag. O1 TTapdyovreg AuToi XPNOIYOTIOIOUVTAl YIa ThV
eCaywyn Tou Aciktng MBavétntag Emruxiag (SLI), pia pop@r deiktn TpoTiunong,
TTou gival BaBuovounuévog wg TTPOG Ta UTTApxovTa dedouéva yia Tn dnuioupyia PIog
TeAIKAG MBavoTnTag AvBpwtrivou o@aApatog (HEP). H texvikr atroTteAcital atrd duo
evotnTeg: T MAUD (multi-attribute utility decomposition) TTou KAIHGKWVEI TNV OXETIK
mMOaveTNTa EMITUXIOG KATA TNV eKTEAEON MIAG O€EIPAG £pyaciwy, OeSONEVWV TWV
PSFS tou €ivar mBavé va emnpedoouv TV avBpwtivn amédoorn. Tn SARAH
(ouoTnuatik TTPocéyyion yia Tnv agioAdynon Tng alommoTiag Twv AvOpwITwv-
Systematic Approach to the Reliability Assessment of Humans), n otroia diopBwvel
QUTEG TIG BaBuoAoyieg pe emTuxia, yia Ta kabAkovta pe yvwoTég TiuEG HEP, yia va
TTapAoXel Jia guvoAikn eikéva [29], [46], [47], [48], [76].

Mia onuavtikp duokoAia Kai €dw, €ival N GUAAOYA EUTTEIPIKWY OEOOUEVWY, OTTOTE
£XOUME PEYAAN €EGPTNON aTTd TNV KPion Twv EUTTEIPOYVWHOVWY. Me autd Tov TpodTTO
EXOUME PEYAAN €l0aywyr] TNG UTTOKEIMEVIKOTNTAG Kal dnpIoupyouvTal SUOKOAIEG oTnV
e€ao@AAion TNG TToIOTNTAG KOl TNG OUVETTEIQG Tou MovTélou. MNa 1o Adyo auto,
TrpoteiveTal pEBodog AHP-SLIM, TTou ekTING TN HEP XpNnOIMOTIOIWVTAG MG OGVAAUTIKN
dladikacia 1gepdpxnons (AHP), TTOU TTOCOTIKOTIOIEI TNV UTTOKEIMEVIKA KPIioN Kal
emPBePalwvel TN CUVETTEIA TwV dedOUEVWY TTOU GUAAEyovTal [46]. H peBodoloyia Tou
ociktn mmlavoeTtnTag emtuxiog (SLIM) oTnv TTPOKTIKY €QAPPOYA TNG, ATTAITEl dia
eiowon PETATPOTING, TTOU GuVOEel TNV ave€dpTnTn METABOAR ( dnA. To SLIM), pe Tnv
oAIkfy mBavoTnTa emTuxiag f atrotuyiag. Mpoteivetal emmiong povTéAo logistics, yia
uTTEPRACN TWV OPIWV EQAPHOYAS TTPONYOUHEVWY HOVTEAWY, YIa ATTOS0CH KOAUTEPWY
QTTOTEAEOPATWY KAl YIO VO €XOUPE CUPTTAYEG BewpnTikG uTTéRaBpo [47]. Ze AAAO
paper, yivetal TTeIpapatikr) JEAETN yia ouykpion Kal agloAdynon, Tng TTPORAEWnNg Tou
TTooooTOU avBpwtvou AdBoug (THERP), Tng peBodoroyiag SLIM kal piag rank
ordering diadIkagiag Kal yivetal EKTiNon Tou KivdUvou aoToxiwy TNG SLIM [48].

2.7 Technique for Human Error Rate Prediction (THERP)

H THERP cival 6TTwg kai n SLIM €ival pia TeXVIKA TToU XPnOIYOTIOIEITAl OTOV TOUED
Twv  AvBpwTrivwv aglomioTiag  A¢loAdynong (HRA), yia Toug okotroug Tng
agloAéynong g mlavétnTag avBpwtivwyv Aabwv, Tou ocupPaivouv oe OAn Tn
oladikacia piag ouykekpiuévng amooToAns. H THERP povteAotroiei Tig TBavéTnTES
avBpwTivou o@dAuatog (HEPS), ye xprion mpocéyyiong FT, pe tTapopolo 1poTTo
OTTWG OTNV  €KTIUNON MNXAVIKWV  KIVOUVWY, aAAG Aaupdvovrar uttéyn Kai ol
Tapdyovreg Olaudpewong Tng atmdédoong ToU PITOPOUV va  ETTNPEACOUV  TIG
mBOavoTNTEG QUTES. O TTBAVOTNTES Yia TNV avaAuon 6€vOpPouU YEYovOTwWY avBpwTTivng
aglomoTiag (HRAET), n omoia e€ivar 10 KUpio e€pyaAcio yia Tnv agiohdynon,
uttoAoyiCovtal ammd 1N Pacon dedopévwy TTou avamTuxXOnke atrd TOug CUYYPAYEIG
Swain kai Guttman. Tomké& dedopéva T1.X. ATTO TTPOCOMUOIWTEG 1 €KBECEIS yIa TO
atuxAuaTa Ptropoulv, woTdoo, va xpnoiuotroinBei avti autng. To TTpokUTIToV dEVTPO
atreikoviCel pio BApa mpog PBAua €kBeon Twv OTAdiwV TTOU EUTTAEKOVTAI OE€ MIO
gpyaoia, Ye pia Aoyikr ogipd. H Texvikn €ival yvwoTh wg pia ouvoAikr) peBodoAoyia,
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oedopévou Ot diaxelpifeTal TauTOXpova £va aplBPo SIaQOPETIKWY dpacTnPIOTATWY,
oupTtrepIAauBavouévng TG avdAuong €pyaciwy, TNV avayvwpion c@aAPdtwy, HE
avatrapdoTtaon o€ poper TmoooTikomoinong HRAET kair HEP [48], [49], [50], [51],
[52], [76].0Aeg o1 péBodol yia Tnv agloAdynon Tng avBpwtrvng agloToTiag,
XPNOoIJoTToIoUV dedouéva avlpwITivwy CEAAPATWY YIa EKTIMNON TNG OUVOAIKNG
QgIOTNOTIOG TOU CUCTAPOTOG. & case study 12 SloQOpETIKWY CuvBnNKWY £pyaciag,
epapuéotnke n THERP yia ekTipnon tg ouvoAiKAg mmBavoéTtnTag amoTuyiag. Ta
aTroTEAéOPATA  DEIXVOUV  IKAVOTTIOINTIKA avTIoToIXia eKkTIRoewv TG THERP Kai
eutTeIpIKWY Oedopévwy [48]. Etriong, o1 péBodol yia 1rpoadiopioud KivoUuvwy O€
Biounxavieg uwnAoU Kivduvou, XPnaoIYOTToIoUVTaIl KAl yIa TN PEiwan Tou Kivduvou Tou
avBpwTrivou Trapdyovta. lNivetal Aoirév pia mapouciaocn 1ng THERP kai o1 diagopég
NG ME TIG YeBddoug HEART & JHEDI. Me auTég, TTOCOTIKOTTOIOUVTAI OI TTIBAVOTNTES
avBpwTTivou AGBOUG Kal n ouxvoTnTa JEAVIOAS Toug. EpwTwvtal oI ouyypageic av
givar akpifeic o mMOavoTNTeEG KAl KATG TTO00 TTOPAYouv JE CUVETTEID €yKupd
atmmoteAéopata. MNa To AOYyo autd XpelddeTal AETTTOMEPNS MEAETN E€TTIKUpwONG. Ta
atmroTeAéopaTta OEiXvouv ONUAVTIK CUCXETION EKTIMACEWY KOl TTPAyMaTIKWY HEPS,
utrooTnpifovtag Tautdxpova Tnv TTPORAETITIKA akpifeia Twv TTapatmmdvw PeBodwv.
BéBaia n ouvoxn TNG XpAong Twv TeEXVIKWV egival petaBAnm). H emBuuntm
TTOPAUETPOG, YVWOTA Kal w¢ PaBuovopnon, KaBwg Kal Ta ATTOTEAECHATA TNG
EMKUpwWONG, Otixvouv OTI Ta UTTOKEIMEVA OTIC PEBODOUG dev eixav PBaBuovoundei
KaAd. TéAog atrodeikvieTal, Je TNV aglotroinon Twv PSF, n peiwon tng mlavotnTag
OQAAJATOG KAl @aiveTal, TTWG OIaPOPETIKA PSF epapudlovral oto idlo oevaplo,
uttoAoyiovTag idia mBavotnTa GPAAUATOS, GAAG SIOQPOPETIKO TPOTTO HEIWCNAS TNG
[49], [50], [51], [52].

2.7.1 A Technique for Human Event Analysis (ATHEANA)

H ATHEANA cival dAAn Wia TeEXVIKA TTOU XPNOIYOTTOIEITAI OTOV TOMEQ agloAdynong TnG
avBpwivng agiomoTiag (HRA). O okotrég Tng, €ival va agloAoynioel Tnv moavotnta
avOpwTTIVOU AGBOUG KaTA TNV €KTEAEDN £VOG OUYKEKPIPEVOU £pyou. ATTO Tnv avaAuaon
QUTA, MTTOPOUV OTn OUVEXEID va AnN@BoUv TTPOANTITIKA METPA yia Tn MEiwaon
avBpwtivwv AaBwv péoca o€ €va oUoTnua Kal va odnynoel o€ BeAtiwon Tou
OUVvOAIKOU emimrédou NG acedAciag. H ATHEANA xpnoiyoTroigital Yetd amd Tnv
eméAeuon evog oupBdavrtog. Ta didgopa TTpoypdaupaTa odriynong Tou CUPBAVTOG Kal
Ta MOavVA aTmToTEAEOUATA KOTNYOPIOTTOIOUVTAl O€ Wia aTrd TIG AKOAOUBEG KATNYOPIEG:
OPYQVWTIKEG ETTIPPOEG, TTAPAYOVTEG OIOUOPPWONG TWwV ETMIOOCEWY, WNXAVIOUOI
AdBoug, avao@aAeic evépyeleg, avOpwTTIVO CPAAUA, aTTapadekTn éKBaaon.

To TmpokUTIToV HOVvTéAO pTTOpEl va uttodelkvUel AUCEIS yia Tn BeAtiwon g
aglomoTiag, woTdéoo Ogv UTTAPXOUV apIBUNTIKA OToIXEIo TTOU EUTTAEKOVTOI OTN
peBodoAoyia TTOU XPNOIYOTTOIRBNKE yIa TNV KATOOKEUr TOUu HovTéAdou. Adyw auTou
TOU XOPOKTNPIOTIKOU, N TEXVIKA QUTH, ETTOPEVWG, dev BewpeiTal KATAAANAN yia Xprion
Ot OpPIOPEVOUG TOUEIG, OTTWG OUYKPITIKEG epyacieg oxedlaopyolu 1 avaiuon
euaioBbnoiag. H peBodoroyia Tng ATHEANA dev gival TTpoyvwoTIKY, aAAG €GUTTNPETET
w¢ éva dlayvwoTikG gpyaleio povrehottoinong. EmimmAéov, n éAeiwn Tou HEP, wg
output, €ival yia onuavTiky diagopd TnG HEBOdOU O€ GUYKPION PE TNV TTPWTN YEVIA
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peBodoAoyiwv HRA. To amotéAeoua trou trpokuTTTel amd ATHEANA tpoadiopidel
O14popEG avOPWTTIVEG EVEPYEIEG HECA O€ £€va CUCTNUA, EVW, ETTIONG, TTPOKAAET TTOAAEG
KATOOTAOEIS YEoA 0€ aQUTO TO OUCTNUA, Ol OTTOIEG €TTNPEEACOUV TO KATA TTOCOV N
opdon Ba TpayuaToTToINBEi pe emTuxia rp Ba odnyhoel oc atrotuyia [52], [53], [54],
[76].

O1 xpAoeig Tng PeEBGOou TToIKiAouv. Ta TTapddeiyua, o€ gpyacia yia dnuioupyia
EKMAIEUTIKAG TTPOCEYYIONG VYIa EKTiUNON Twv TOAVOTATWY TwV HN  Go@aAwvV
avBpwTtivwy evepyeiwy (UAS), ye Bdon tTepIBaAAovTa TTou dnuioupyouv acToyieg. H
TTPOOEYYION EVOWMATWVEI TN yVWOon avaAuTwy yia TroooTikotroinon twv UAs Kai
avTigeTwtriCel Tnv apefaidtnta. Me 1n Bonbeia Tng ATHENA, n €peuva eoTidlel otnv
mOavoAoyIKn ekTiunon Kivouvwy (PRA) péow akohloubBiog EFCs pe agloAdynon Twv
UAs, OTn yvwon Kal Tnv eutTeipia avaAutwy, Kabwg Kai otn OIeukOAuvon Tng
METAPPAONG TWV TTANPOPOPIWYV € TIBAvVOTNTEG XPOIUES Yia TIS PRA [53].

¢ mpooeyyion, €éetdletal n ATHEANA atré Tpeic okotmég. ATTd Tn OKOTd ThG
Tagivounong TG, amoé Tnv avaAuon Twv yeyovoTwv Kal atrd  Trapadeiyuara
TTOOOTIKOTIOINONG o@oAudTwy TpounBeiag (FOCs). Eg@apudletal yia TTupnvIKA
atuxnuata kal €xel ueydAn agia yia tn dlaxeipion Tou Kivduvou, PE €EETAON Twv
ONMEIWV TTOU PTTOPOUV Va d1opBwBouv 1 eTTekTaB0UV [54].

2.8 FUZZY LOGIC

H Fuzzy logic oxnuatotroiiénke amé Tov Zadeh (1965).

H fuzzy logic aoxoAeital ye oulhoyiopd Tou dev euTrepIEXel akpifeia. Evw ota
Ouadikd oUvoAa €XOUMPE TIMEG «OWOTA TIMAY, «AdBog», otnv fuzzy logic €xoupe
«OWOTH TINA» TTou Kupaivetal atmmd 0 péxpr 1. H péBodog éxel TTpoXwpPAoEl o€ 10€€G
KMEPIKAG OANBEIaG» Kal XPNOIPOTIoIEiTal TTAEOV O TTOAAG TTEdia €peuvag OTTWG 0TV
«Oewpia EAEyXou» Kal TNV «TEXVNTA vonuoouvn».

MNa va 1o O0oUuE KAAUTEPA, Ta padnuatikd Aéve 1+1=2, aAAd Otav epwTtnBolv
O1dpopol yia éva xpwua, ekei dev €xoupe akpifela. Ekei ytraivel 1o poviého Fuzzy
logic. My otav éva motpl 100ml trepi€xouv vepd 30ml, KATTOIOG UTTOPEl va TTEl OTI
gival 0.7 &deia kai 0.3 yepdro. H péBodOG ival UTTOKEIMEVIKA yia TOV TTapaTnenTr Kai
TOoV OXeDI00TH TOU TTOTNPIoU. 'EVOG KATAOKEUAOTHG PTTOPEI VA €£XEI OpicEl TO TTOTAPI
«yepdTo» péxpl 0.50ml. TMpétrer va kataAdBouue 6T n fuzzy logic xpnoipoTrolei
«BaBpolg aAABeIag», wG pabnuatikd POVTEAO TOU QOIVOPEVOU ACA@PEING, EVW Ol
mOavoéTNTES €ival paBnuatiké povrédo dyvoiag [76], [85], [86].

2.8.1 H AoyikA fuzzy oTig 0aAGOCIEG HETAPOPES

O Liu et al. (2005) gpevvnoe pia péBodo yia avaAuon Tng Baldooiag ac@AaAeiag Kai
TIG d1adikagieg UTTOAOYIOPOU TNG. Znueiwoav TIG SUCKOAIEG OPIoHOU UaBNUaTIKOU
MovTéAou TTou O¢eixvel Tnv BaAdoaia ac@dAcia. ‘ETal xpnoigotroinoav tnv fuzzy logic
yla povrteAotroinon ouykpouong evog FPSO (Floating production storage offloading
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oloTnua) MeE €va TAVKEP ME TTOAU KaAG amroteAéopata. AAAol, TTapoudiacav
OlapopeTIKA MOovTEAa OAAG pe Tnv Aoyikrp Fuzzy oto kévipo. O Hu tapouciace
MovTého PBaociopévo oTo relative risk assessment — MRRA. H avdAuon
XPNOIYOTTOINBNKE yia To AINAVI TNG ZayKAng avaAuovTag Ta pioka oTnv TTAorynon
[87]. AoyikA fuzzy pe povTéAa Bayes cival pia Aoyikr avaAuon,.

MNa va Tpoxwpnoel Kaveic oe avadAuon cUP@wva Pe Ta TTpoava@epBivta, AauBdvel
oedopéva. Mia Aqwn dedouévwy TTOU UTTOPEI va Xpnoiueuoel oe pIG epyaacia eivai
TE00€EPEG PBaoelg, OTTwG ol Lloyd’s Register Fairplay (LRF), o IMO, n European quality
in shipping information service (EQUASIS) kai To pvnuévio Katavonong Twv
Mapiociwv MOU. H LRF mpoo@épel TTANPOQOPIEG XAPOKTNPIOTIKWY TTAoioU OTTwG
MAKOG, TAATOG KATT. H EQUASIS &ivel TTAnpo@opieg yia Tov TTAyKOOMIO OTOAO.
Baoiletal oe avagopés emBewphoswy Tou Port State Control (PSC). H MOU kd&6¢
XPOvo Bydclel Aiota atmmayopeloewv Ot TTAoid TToU Oev TNPOUV TOUG KAVOVEG
vauolttAoiag. ‘ETol autd atmayopeleTal va KaTatrAéouv o€ Aipdvia KpaTwyv TTou £€Xouv
utroypdyel Tnv MOU.

Mavrwg péow TNG epyaoiag Degre kar Tng MOU 2006 éxoupe opicel évav oTaTiKO
ouvTeAeoT piokou Baociopévov oe oTamikG dedopéva. Ta dedouéva autd eival Ta
XOPAKTNEIOTIK& TOu TTAoioU, &NAAdH EKTOTTIONA, PAKOG, Onpaia KATT Kal IOTOPIKA
Kpdatnong o€ Aiydvia Baoel emBewprocwy.

Ta oTatikd dedopéva TTou XpnoidotroloUvtal otn MARISA ouykevTpwvovTtal aTmd Tn
Baon dedopévwy LRF.

2.8.2 H AoyikA fuzzy otnv latpikn

H fuzzy logic Ttexvikry Xpnoigotroigital €dW yia TNV avaAucon Tou XPWHATOG yid
TPocdlopIopd Oykwv. Na doupe pia atreikovion Fuzzy oTig TepIOXEG UTTAE O€
QVAAUCEIG HEAQVWUATOG UETA TOV DIOXWPEICHS TwY KAAONBWY KATACTACEWV UE XPAON
KOKKIVOU, PTTAE Kal TIPACIVOU XPWHATOG TO Aeyopevo povTéAo RGB.

e TIEipapa TTOU  €yIve,  XPNOIKOTTOINONKE aAYOPIOUOG TUNUOTOTTOINONG  MWTTAE
QTTOXPWOEWV. TPEIG OKIEG TOu PTTAE ByrKav atmd Toug S1IapopETIKOUG OUVOUACHOUG
fuzzy. O1 cuvduaopoi fuzzy yia XpwWHATIOKWO KOKKIVO, UTTAE KAl KATTOIO OXETIKO XPWHA
ATav ol idlol PE TIG ATTOXPWOEIG avoixXToU Kal BaB&wg UTTAE. Ta avoixTd kal Babid puTTAe
Xwpi¢ovtal ye alpha cuts [82].

H avdAuon alpha cuts BagiCetal atnv 16éa 611 aB€Baiol TapdyovTeg Bewpouvtal fuzzy
apiBuoi pe dedopéveg 1010TNTEG HEAOUG. H péBodog alpha cut Trapoucidlel TTapouoia
amoteAéopata pe TN PEBodo Monte Carlo, n oTroia XpNOIYOTIOIEI Wia cuvapTnOoN
TTUKVOTNTOG MOavOTNTaG (probability density function).Or TTapAuETPOI TWV QUOIKWV
MOVTEAWV uTToAoyifovTal PE ETTITOTTIOU PETPAOEIG. AUTEG PEPOUV aEpa aReRaIOTNTAG,
Oev uttdpxel n avahoyn akpifeia. ‘ETol n aBefaidtnta OTIC TTAPAPETPOUG TWV
MOVTEAWV @épouv aBeBaidtnTa oTta atmoTeAéoparta. H aBefaidtnta Twv POVTEAWV
MTTOPEl va  avOAUBEi  XPNOIMOTTOIWVTAG TTOAAEG TEXVIKEG. Oa OEéAape €dw va
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OuyKpivoupe U0 BACIKEG TEXVIKEG TTOU XpnaolpoTroiolvtal, dnAadr Tn uéBodo Monte
Carlo (MCS) kai Tnv avaAuon e Tnv Aoyiky Fuzzy 1rou Baciletan oTa alpha cuts. H
TEXVIKI) MCS BAéTTel KGBE aBEPaIo TTAPAYOVTA WG TuXaia JETABANTH) TTOU OKOAOUBEI
Mia doBcica katavoun mBavéTnTag. KéBe atmmotéAeopa poviéAou Aomrédv gival Tuxaia
METABANTA. AUTA n TEXVIKI XPNOIMOTIOIEITAI EUPEWG VIO va avaAuoel Ty aBeBaidtnTa
NG TMOAvVOTNTAG.

H Fuzzy — alpha cut avdAuon cival Baciopévn otn Aoyikr fuzzy kai fuzzy Bewpia
ouvOAwv. ABEBalol TTOPAPETPOI TOU HPOVTEAOU MTTOPOUV va XPNOIMOTTOINBoUV w¢
fuzzy apiBuoi kal TN CUVEXEIA XPNOIMOTTOIOUVTAI KAI QUTOI.

H 1mpooéyyion fuzzy éxel e@apuoyég TeAeutaia oe didgopa Tedia OTTwG OTIC AWEIS
ammo@Acewy, aTtov EAeyXo Kal oTn dnuioupyia povTéAwv. ZTnv udpoloyia PtTopei va
XpnoigotoinBei yia va CUUTTANPWOEl OToIXEid TTou AgiTTouv aTid  YEITOVIKOUG
OTaBUOUG PETPNONG BPOXOTTITWONG.

AvTiBeTa n TeEXVIKA MCS KaTavOoAWVEl TTOAU XPOVO YIa aTTaVTACEIS AOYW TWV CUVEXWV
eTavaAfpewyv PEXPI va Bpebei n Auon. Apa n Texvikn Alpha cut-fuzzy eivar ioxupn
eVOAAQKTIKI) AUon. Kupiwg oe PovoToviKEG ouvapTtrioels. To apvnTikd gival, 611 n
MEBOBOC epapudleTal povov BAacel TNG UTTOBEONG ATTEIPWY ATTOOTACEWY CUOXETIONG
(infinite correlation distances).

H Aoyikn fuzzy emétpeywe BeATioTotroinon péow NG xpenong Twy alpha cuts. Auth n
epyacia pe TNV Aoyikn fuzzy, eméTpewe Taxeia didyvwon Tou JEAAVWPATOS Adyw TwV
OPKETWV KPICIHWV EYXPWHWY ATTOXPWOEWV.

[82], [83].

2.8.3 H AoyiKkA fuzzy oTIg EPTTOPIKEG CUVAAAAYEG

2TIG  KOOnuePIVEG OUVOAAQYEG TTPOEXEI N IKavoTroinon Tou TreAdtn. Edv o
KataoTnuatdpxns €xel Aiya Tpoidvta OTO pdA@l Tou, €UKOAa Ta OBupdtal Kai
OupBoulevel Tov TTEAETN TOu, OTAV OUWGS MIAGUE YIa PEYAAQ EUTTOPIKA KATOOTHUATA
ME EKATOVTAOEG N TTOPATTAVW TIPOIOVTA, TOTE €ival aduvatov yia Tov TTwANT va
BuudTal gite OAQ Ta TTPOIOVTA €ITE TO XAPOAKTNPIOTIKA TOoug. Apa Tn 8£on Tou TTWANTA
TTaipvel 0 UTTOAOYIOTAG, AAAG Kal auTOG BOUAEUEI CUP@WVA PE TN AOYIKN agloAoywvTag
TIG KOTAOTACEIG «OWOTO» 1l «AGBog». H Aoyikn fuzzy étav ptrel ymmopei va Bonbnoei
aAANIwg, dnAadny PonBuwvTtag Tov UTTOAOYIOTH va AdBEl aTTOQACEIG KAl VO €AEYEE
ouoTAuaTa Baoel avakpiBwy TTAnpo@opiwyv. H Aoyikr fuzzy e¢aleipel TTpoBAAuaTa pe
OKPIBEiC opIakEG CUVOPTACEIS Kal odnyel 0€ WIa 1Mo QUOIKN avTiAnyn Tou KOOUou.
TeAikd yia IkKavoTroinon Twv TTWANCEWY Kal Tou TTEAATN, PTTaivel oto B€pa n AoyiknA
fuzzy. MmopoUpe va doupe €va TTapadelyua Otou BéAoupe va TTwARoouue €va
Tpoidv BAcEl TwV TIPOTIMACEWV KAl  QATTAITACEWY Tou TTEAATN, KPATWVTOG
MEMOVWHEVEG TTAPAPETPOUG.

Av aoxoAnBoupe pe TNV NAEKTPIKA punxavr] ykalov, 10T o TTEAATNG Ba TTPETTEl va €XEI
aTTaVTACEIG «TTO0a  Xpriata BéAel va Eodéwer», «min gufaddv KGAuwng g
MNXAaVAG», «IoXUG» Kal «IMAGTOg KOTIG». Xwpifouue Toug TTEAATEG O€ Tpia €idn idiwv
amaIThoswy. Baoel autwyv epapudloupe Tn HEB0SO fuzzy Kal BPIOKOUME TIG UNXAVEG
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TTOU TIPOTIUOUV Ol TIEAGTEG ME TIG idlEG ammaiTAoelS. Mapatnpoupe AoITTov T
XPNOoIUATNTA TNG HEBODOU OTIG EUTTOPIKEG OUVAANQYEG [84].

2.9 System-Theoretic Accident Model and Process (STAMP)
& Functional Resonance Analysis Method (FRAM)

O1 péBodor STAMP kai FRAM, gival Alyotepo yvwoTéG péEBodOI yia povTeAoTToinon
OPYQVWTIKWVY TTApayovTwy, Hadi Pe TIG YVWOTEG dlEpyaoies Kal TIG AAANAeTIOpAoEIg
avOpWTTWV Kal OpGdwy. ZUvoTrTiIKA, To STAMP Bacietal 0Tn Bewpia cuoTAPATWV.
AvtioToixa, n FRAM oToxelel oTn povTeAoTToinon TNG MN YPOMUMIKOTNTAG TWV
KOIVWVIKO-TEXVIKWY cuoTnudtwy [52].

2.10 PSA (Probabilistic Safety Assessment)

EmeidA n avdAuon atuxnudatwy mrapouoiddel idia povtéAa eite otn BGAacoa eite oTnv
&npa va douue 10 povriéAo PSA (Probabilistic safety assessment) mou emmivoronke
META aTTd TTUPNVIKA ATUXAMATA.

To &évTpo cuvetrelwy ival To Bacikd povtéAo Tou PSA padi pue 1o yovtédo aimiwv. H
avaAuon Tou OEVTPOU CUVETTEIWYV Eival aTToTEAEOUa epyaaiag atrd Tov Dr Watson Twv
Bell labs. H FTA eixe tmpoBAfuarta uttoAoyiopwy Adyw OykKou OeDdOUEVWV Kal
TapayovIwy, OAAG PE TNV TTPOOdO TNG TeXVOAoyiag kal Tnv MeyaAn BeATiwon
TaxUTNTOG TWV UTTOAOYIOTWY, Twpa ma dev atroteAei TTpoRAnua. H olvbeon Twv
OTTOTEAEOPATWY VEVIKA €KTiIOeTal o€ ypa@ikd poviéAo pe Tn Aoyikh Tng Boolean
GAyeBPAg Kal Twv CUPROAWY TNG.

AuTég o1 uéBodol XpnoldoTTolouvTal yia TNV avaAuon agloTmoTiog Twy ouoTNUATWY
mou e&etdovtal. O1 duvapikég ueBodoloyieg yia PSA opifovial wg €KEiVEG TToU
XPNOIYOTIOIOUV  XPOVIKA  €E0PTNUEVA  QAIVOUEVOAOYIKA POVTEAD  €EEAIENG  TOu
OUOTAPOTOG Padi e OTOXAOTIKA CUMTTEPIPOPA VIO €€1ynon TwV TBAvVWY £EAPTACEWY
METOEU TWV yeyovoTwy atrotuyiag. [13], [55], [56], [57], [58], [59], [60], [76].

Mpoxwpdue oe mTapdbeon dlapdépwy case studies. ApxIKA, €XOUME Mia TTOOOTIKA
agloAdynon Twv TTaBNTIKWY ouoTAUATWY €vOog OIKTUou PSA, yia avTidpaoTrpeg
uywnAig Bepuokpaciag VHTR. lMpoteivovral 00 povTéAa, To poviéAo mmBavoTtnTag
utrépBaong (RP) kai To povTéAo stress-length TTapepBoAwy (SSI), yia TIG TTOAOTTAEG
KATaoTAOEIG TTOU TTapoucidlovTal. ATrapaitntn TTpoUTTé0eon yia TRV EQapuoyn, €ival
n UTrapgn atrairouhevou apiBpoU TTANPOPOPIWY YIa KABOPIOHUO TwV TTAEOVEKTNUATWY
Tou cuoTiuatog [55]. ANoU ouvavtdue Tn Xprion duvauikou poviédou PSA ot
OUVTOUO TTAPAdEIYHA €QAPUOYAS VIO Wnelokd ouoTnua eAéyxou Tpo®odoaiag
avTIdpacTApa TTETMECPEVOU  UdOTOG [56]. 2Ze& oUoTnUa NAEKTPIKAG  EVEPYEIAG,
Bpiokoupe TNV epappoyn PSA ue otoixeia FT. Ta TTAEOVEKTAUATA TTOU TTPOKUTITOUV
gival n atmrAéTNTa TNG PEBOSOU, N SIABECIUOTNTA TWV POVTEAWV KAl N EVTOTIKI) GUAAOYN
o0edopévwy. O1 duokoAieg cival n dIa@opeTIKA QUON Twv OTOIXEIWV aAAnAeTTiOpaong
Kal N JEYAAN TTOAUTTAOKOTNTA TOU OUCTHMOTOG. AivETal £U@Acn OTn HAKPOTTPOBECUN
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aglotmoTia, n otoia XwpileTal o€ OTATIKO PEPOG (ETTAPKEIQ) KAl OQUVAUIKO (ACQAAEIQ).
H aBepaidtnra augdvel pe v €ANeiwn ortoixeiwv [57]. Ta  epappoyi o€
OI0NPODPOMIKEG  YEQUPEG HE  KUKAOQOpIa UWNAAG TaxuTntag, TrapoucIdageTal
peBodoAoyia PSA, pe ouvduaoud TEXVIKWY TIPOCOMOIWONG ME TN Bewpia Twv
OKPAiWV TIMWV Yyia €AAXIOTOTTOINON TOU QTTAITOUPEVOU XPOVOU UTTOAOYIOHOU Kal
€€E00QAAION KOAWV OTTOTEAECUATWY (ME  akpifela). Tivetar XpAon OTOXOOTIKAG
TIPOCONO0IWONG YIA AVTIKATOTITPIONO TWV TTAPGUETPWY PETABANTOTNTAG TNG OUVAUIKNG
a1ToKPIoNG TNG YEQUpPag [58].

MNa v TTUPNVIKA Blounxavia, cuvowilovtal ol BACIKES TTPOCEYYIOEIS yia agloAdynaon
TNG ao@AAelag (ocipd TTPOKABOPIOUEVWY EPWTHOEWY), N CUPTTANPWHATIKA XPAoN
VTETEPMIVIOTIKWY Kal TTIOAVOAOYIKWY avaAUCEWV.

E€etdletan n xprion amoteAeopaTwy TnG ueBGdoU yia Awn ammopdocwy [59]. T€Aog,
TTAGAI YIO TNV TTUPNVIKA Blopnxavia, BPioKouuEe TNV ciloaywyn AOYIOUIKOU O€ £va TETOIO
computer-based ocuotnua, yia Tnv augnon TG AIOTOTIAG TWV ATTOTEAECUATWY TNG
PSA kal avayvwpiong o@aAudtwy. H gpapuoyrh yivetal yia mTupnvikd otabud ng
Ivdiag [60].

2.11 Bayesian Networks (BN)

Ta BNs,j diktua TmremolBAcewy, 1 mBOavoAoyikd kateuBuvopeva AKUKAG yPAPIKA
MovTéAa, eival mOavoAoyik& ypa@ikd povTéAa (€i00C OTATIOTIKWY MOVTEAWYV) TTOU
QVTITTPOCWTTEUOUV €va OUVOAO TUXAiwv METABANTWY Kal TIG €£APTAOEIG TOUG PEOW
€vOg kateuBuvouevou dkukAou ypagruartog ( DAG). MNa mapddeiypa, £va Bayesian
OikTuO Ba pTTOPOUCE VA QVTITTPOCWTTEUOUV TIG OXECEIG WETALU TwV TTIBAVOAOYIKN
00BeVEIWV KAl CUUTITWHATWY. Aedopévwy CUPTITWHATWY, TO OIKTUO WTTOPEl va
xpnoigotroinBei yia va uttoloyioel TIG TMOAvOTNTEG TNG TTapoudiag diaPopwv
aoBeveIWV.

Emonpwg, Bayesian diktua eival DAGs Twv o1moiwv o1 KOuBoI armmoteAoUv Tuxaieg
MeTaBANTEG oTnv MTTeddiaviy AoyiKA: JTTOpEl va gival TTapatTnpProINEG TTOOOTNTEG,
AavBdavouoeg  peTaBANTEG, AYVWOTEG  TTAPAPETPOl Kol UTTOBEOEIS.  AKMEG
avTITTpoowTrelouv  TIG  €€apTtrioelg, KOuPor  tou  Oev  eival  ouvdedEEVOI
QVTITTPOCWTTEUOUV PETABANTEG TTOU gival UTTO Opoug aveEdpTnTeg PETAEU Toug. KdBe
KOUBOG ouvdéeTal pe pia TTOavoAoyikr) ouvaptnon Tou Aaufdvel wg €icodo éva
OUYKEKPIUEVO OUVOAO TIHWV VIA TIG UNTPIKEG METABANTEG TOU KOUPou kai divel Tnv
meavoTnTa TNG METABANTAG TTOU avTITTpooWTTEUETAl aTTd TOV KOMPBO. Mapduoieg 10€eg
MTTOPOUV VO  €QAPPOCTOUV O€ HN KOTEUBUVOUEVEG KOl €VOEXOMEVWG, KUKAIKEG
YPOQIKEG TTapacTdoelg, OTTw¢ Ta Oiktua Markov. O1 yevikeUoelig Twv Bayesian
OIKTUWV TTOU WPTTOPOUV VO AVTITIPOOWTTEUOOUV Kal va AUcouv Ta TrpoBAfuaTa
atrépaong kKatw amd aeBaidtnta, ovoudlovral diaypdupata emppong. [68], [69],
[70], [71], [72], [73], [76].

Ta BNs o6mwg €xoupe Oel KOl O TTponyoupeveg PEBOdOUG, €xOuv eupeia xpron,
OKOPO KAl CUUTTANPWHMATIKA yia evioxuon Tng aglomoTiag Tng ekdoTote pebbddou.
YTrapyouv TTOANG TTapadeiypata eQapuoyng Toug.
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Apxikd&, BAEmoupe TNV avdAuon pe BN, Twv ouvBnkwv TTou TrEPIBAAAOUV Ta
KaBAKovTa TTou €KTEAOUVTAl OTO XWPO epyaciag kai odnyolv ot TTwoelg. Me
METABANTEG TRV UIOBETNON AaVOAOUEVWY OTACEWY KAl TNV AVETTAPKN yvwon, YiveTal
OuoxETIon ME TN OIAPKEID €PYOCIWV Kal PE TO TTOOOOTO aTtuxnudtwv. Ta BNs
EMTPETTOUV TIG OXEOEIG £CAPTNONG PETAGU DIGQOPWY AITIWY ATUXAMOTOG [68].

AANNOU BAEéTTOUPE PHOVTEAO avAAUONG ATUXNUATWY YIa AVATITUEN KATAAANAWY PETPWV
a0QAAEI0G, aTTOOOTIKWY OTTd ATToWn KOOTOUG. XPNOIYOTIOIEITAl TTOCOTIKY avaAuon
aruxnudatwv BN pe evowpdtwon HFACS yia Trapouciacn avTioTOIXwV HETPWV
TPOANWNG, KABWG Kal KATNyoPIOTToinon MHETPWY  TIPOANWNG HE  TTPOCEYYION
atTodEIKTIKAG AOYIKAG Kal Best-fit peBddou [69].

Mo JOVTEAOTTOINON TWV EVEPYEIWY TWV ATOUWY, TwV PETAEU TOUG £6APTAOEWY KAl TNG
OUVAMIKAG OUCTAPOTOS O€ OevApPIO OUYKPOUONG TIETPEAAIOPOPOU, TTPOTEIVOVTAI
Bayesian Belief Networks (BBNs). Ta Ttapamdvw, pe auth 1N HéEBODO,
avTigeTwtriCovtal pe xpAon ouadikwyv O&vipwy. MeAETWVTAI Ol €CWTEPIKOI  Kal
ETTIXEIPNOIOKOI-OpYyavwTIKOi TTapdyovTteg Tou cucThpatog (IFs & MOFs). Me autr T
pMéBOdO  TrpoodiopiCeTal n MMBavA  akoAouBia  emikivOuvwy  cUPBAVTWY  Kal
QTTOPOVWVOVTAI OI KPIoINEG dpacTnpIOTNTEG OTN AsciToupyia Tou TTAoiou [70]. Xprion
BN vyivetral kal yia KOTNyoploTroinon TPOXaiwv daTtuXnNuAtwy ouuewva JE Tn
ooBapdtnTa TwV TPAUPATIOPWY, Adyw TNG 1IB1I6TNTAG TOUG, va KAVOUv TTPORALYEIS
XWpPIic apxikég trapadoxéc. 'ETol €xouue ypag@IKEC avaTTapaoTACEIS TTOAUTTAOKOU
OUOTAMOTOG, HME aAANAéVOETEG ouvioTwoeG. 'Eyive case study, 1536 atuxnudaTwv
OTOUG QUTOKIVATOBPOUOUG TNG loTtraviag [71].

AUO0 evaAAakTIkoi aAyopiBuol BN e@apuolovtal yia KaTaokeu povTéAou, e Bdon
oedopéva emBewpriocwy TTAoiwv atrd Port State Control. MNapouocidfovTail TTITTAEOV
MOVTEAQ TTOU TTEPIEXOUV Kpu®pn METABANTA Kal avTITTIPOOWTTEUOUV TO OUVOAO TOU
OUCTHPOTOG KAl CUVOEOUV TN CUHPMETOXI TOU ATUXAMATOG-OUNPBAVTOG PE TA EUPAMATO
Twv emBewpnocwyv [72]. TéAog, yia TTPOROAR Twv €EAPTHOEWY TWV TTAPAYOVTWV
ao@aAeiag (o€ didgopa eTTireda) Kai agloAdynon ao@AAEIog o€ KTHPIO PYE PETOAAIKO
okeAeTO, Xpnoipotroindnkav BNs. To povtéAo TpoBAéTTel pe akpifeia Tig duvaTdTnTEG
dlaxeipIoNg aoQAAEIag, YE UTTOAOYIONO TwV TOAVOTATWY KIVOUVWY Kal avaAuovTag
TA AiTIa TWV aTUXNPATWY, he Bdon TIg oxéaelg Toug ota BNs [73].

2.12 DYNAMIC BAYESIAN NETWORKS

Ta DBN eival BN yia duvapikég diadikaoieg. ‘Eva duvauiké Bayesian Network (DBN)
givar éva Bayesian OikTuo TToU Ouvdéel PETARANTEG METAEU TOUG PECW BIAdOXIKWYV
XPOVIKWV @doewv. Autd ouyxvd ovopdletal BN dUO XpOVIKWV TUNUATWY, JdIOTI
uTTOOTNPICEl OTI O€ OTTOIAdATIOTE XPOVIKNA OTIYUN T, n TIUR MIOG METARANTAG PTTOPET va
UTTOAOYIOTEI ATTO TOUG €0WTEPIKOUG TTAAIVOPOUNTEG Kal TNV APECWS TTPONYOUUEVN
TIUA (xpovog T-1). DBNSs eival koivé 0Tn pouTTOTIKN, Kal £Xouv Ogifel duvaTdTnTeS YIa
éva eupu @Acpa  epapuoywy eupeong Oedopévwyv. TNa  Tapddeyua, £xouv
xpnoigotroinBei o€ avayvwpion  ouIAiag,  wn@iak  eykKAnuatoAoyia  Kai
BiotrAnpo@opikr). DBN £xouv xpnoigotroindei yia tTnv Tapaywyn 1008Uvapwyv AUCEWV
o€ Hidden Markov Models kai @iATpa Kalman [76], [101], [106].
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MNa Tn MovTeAoTTOINON TWv OedOUEVWV HE XPOVIKA Oelpd, €ival @QuOoIKO va
XPnoiJoTToloUvTal KaTeuBuvoueva ypa@ikd JovTEAQ, Ta oTToia UTTopouv cUAAGBoUV TO
YEYOVOG OTI O XPOVOG péel TTPOG Ta eUTTPOG. TOEa péoa ot pia «XPOVIKA QETO»
MTTOpOUV va KaTeuBuvBouv 1 avakaTeuBuvBouv , dedopévou OTI PovTEAOTTOIOUV TN
"oTiypiaia" cuoxénion. Edv 0Aa ta 16¢a kateuBuvovTal, TO00 €viOg 600 Kal PETALU
TWV QETWYV, TOo HovTéAo ovopddletal duvauiké Bayesian odiktuo (DBN- O 6pog
«OuvauIKO» onuaivel 6Tl £xoupe dlapopPWaoEl Eva duvauikd ouoTtnua kai oxi o1l n
dounl Tou ypa@ruaTog aAAddel pe Tnv TTdpodo Tou Ypovou). DBNs eival apketd
onUo@IAn €mmeIdrf) eival €UKoAO va epunveBoUvV Kal va KaTtavonBouv: eTreidr) To
ypaenua kateubuvetal, N deopeupévn katavoun moavotntag (CPD) atrd kdbe koufo
MTTOPEl va ekTINNBEl avegdptnTa. A Tn PovTeAoTToinon WIag XPovikhg aAAnAouxiag
oedouévwy, gival duvatov va XpnolpotroinBouv Kateubuvopeva i un KaTeuBuvouevo
ypPa@Ika povtéAa [101], [103].

X (t=0) Xit=2) X (t=4)
Mean 232 iean 3.56 Mean 1.09

Variance 110 Variance 118 Variance 126

X(t=1) X (t=3)

Iean 5.38 Mean 237

Wariance 114 Variance 122
=] o

Zxfua 2: DBN yla 5 XpoVIKéG pETEG

Auvapikd BN ptropouv va mepiéxouv kal kOuBoug tmou eival pye Bdaon 1o Xpoévo
(xpovikoi) aANG kai ekeivoug TTou BpéBnkav oe éva kavovikd Bayesian dikTuo.
Mrtropouv eTTiong va UTTOOTNPIEOUV Kal OUVEXEIG Kal SIOKPITEG METABANTEG. TTOAAATTAEG
METABANTEG TTOU QVTITTIPOOWTTEUOUV DIAQOPETIKEG  XPOVIKEG OEIpEG, TTou (IoWwg)
oxeTiCovTal HETAEU TOUG, UTTOPOUV va UTTAPXOouV OTO idI0 povTéNo. O1 eEapTROEIG TOUG
MTTOPOUV va PovTEAOTTOINBOUV (TT.X. XPNOIMOTIOIWVTAG QUTOPATEG OUVOIAOTTOPEG, Kal
Cross-ouvOIOKUPAVOEIG), 0dnywvTag o€ HOVTEAD TTOU  JTTOpPOUV  va  KAVOUV
TTPOPRAEYEIS XPOVIKWYV O€lpwv TTOAWV peTaBAnTwy. Autd onuaivel o1 avti va
XPNOIUOTTOIOUHE POVO Wia XPOVIKN GEIpd YIa VA KAVOUME Hia TIPORAEWN, JTTOPOUUE VO
XPNOIUOTIOINOOUPE TTOAEG XPOVIKEG OEIPEG Kal TIG OAANAEEOPTACEIC TOUG YIa va
KAvVOUUE KOAUTEPEG TTPOPRAEWEIC.ATTOSEIEN €ival O, TI yVWPICOUPE OXETIKA WE TNV
Tpéxouoa TIUA Twv PeTABANTWY, 0Tav BEAoUNE va Kavoupe TTPORAEWEIS. ATTODEIKTIKG
oToixeia o€ €va kavovikd KOuPo evog Bayesian network, ptropei va gival 011 To UAO
KATTolIoU €ival apoeviko, f n nAikia kdmoiou eival 37. Qotéoo, yia éva XpPovika
eCapTWHEVO (XpoVvikd) kOuPo TTou Baciletal o éva duvauikd Bayesian OikTuo, Ta
oToixeia armroteAouvtal ammd pia XpovoAoyikn oeipd. lMNa tapddeiypa, 10 X 6a
utTopouoe va éxel atmodeigelg {1.2, 3.4, 4.5, 3.2, 3.4} [101], [104] .
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Auvapikd@ Bayesian Oiktua €TTekTeEivOUV TOV  apIBUO Twv  OI0BE0IHWY  TOTTWVY
TTPORAEWNS, OTTWG PaiveTal TTAPAKATW:

o T[lpoBAéTTOUV TNV TIMA Twv METARANTWY O MEANOVTIKA XpoviK& BrAparta
(TTPOBAewn).

o [lpoBAétTouv TNV TIUA Twv M TTapatnpoUluevwy HeTaBANTWY (Ogv €xouv
QTTOOEIEEIG) KATA TNV TPEXOUCQ XPOVIKI OTIYUN (QIATPAPIOUQ).

o [lpoBAETTOUV TNV TIUA TWV PN TTAPATNPOUMEVWY WETABANTWY OTO TTAPEABOV
(e€opdAuvon).

o Av yupiooupe otnv mOavotepn €gnynon (Most Predicted Explanation),
MTTOpOUV  €mmiong  va  TpoBAéwouv  Tnv  mMOavoTepn  akoAouBia  Twv
TTapeABovTIKWY ammapatipnTwy PetaBAnTwy. ‘Eva tTapddeiypa autou eival n
TTPORAewn TOU TTI0 TTBAVr akoAouBia Twv YPAUPATWY KATA TNV EKTEAEON TNG
avayvwpiong Xelpoypdgeou.

Otmtwg kal ye TIg TTPoPAEYeIg o¢ éva kavovikd Bayesian dikTuo, £xoupe OXI UOVO TIG
TTPOPBAETTOPEVEG TIMEG, AN Kal QTTOKAICEIG yIa TIG ouvexeic PETABANTEG KABWG Kal
meavoTnTeEG yIia OIOKPITEG KaTaoTdoelg, Trou Ocixvouv Tnv afeBaidtnta oTtnv
TPORAewn [101], [105].

(a) (b)

Fiz. &, A simple BN and a dynamic BN,

e €kBeon, ouvavioupe Tn xpnon Twv DBN w¢ epyaAeio agloAdynong Tng
KatdoTaong, To o1roio uttoRonBiéTal aTmd éva €PYOAEI0 TTPOTTAPACKEUNG OTOIXEIWY,
pOAo TTou €dw €xel n fuzzy péBodog katavours. Ta DBN xpnoiyoTrololvTal yia Tn
dlapopewon abnormal kataoTdoswv o€ case study Tou US Ghemical Safety Board
[102]. Ze GAAN epyaaia, TTapouacidleTal éva BewpnTikd TTAaiolo pe Bdon DBNs yia Tnv
TTOOOTIKA povTeAoTToinon kai agloAdynon Ttwv LFO (Learning from Observation)
KaBNKOVTWY. ATTOOEIKVUETAI TTWG N PAOnon uTropei va atrAotroinBei pe €icaywyn
DBNs pe “kKpupég kataoTdoelg”, yia TIGC OTIoieG Ta KaABrkovTa agloAdynong Kai
MovTEAOTTOINONG TNG PABNONG PTTOPOUV va WEIWBOUV pPE TNV €AaxIoToTToinon Kal
EKTINNON MEPIKWY OTOXAOTIKWVY METPWV opoloTnTag [107]. ZTnVv Yyeia, Bpiokoupe Tnv
emMTUXA Xprion Tng MeBGOOU yia  POVTEAOTTOINCN XPOVIKWY  TTANPOPOPIAKWY
OuUOTNUATWY O€ Kpiolgoug Topeic TepiBaAwng. Tivetal eapuoyr yia TTPORAewn
meavwy TTpoBAnudTwy Asitoupyiag opydvwy Kail BonBdel oTn AWn TTPOYVWOTIKWY
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BepatreuTikwy atmmodocwyv [108]. AAAoU, TTapoucidleTal pIa €Qappoyr SUVAUIKWY
BNs yia Tnv TTOCOTIK €KTIMNON Tou KIvOUVOU TWV avOpwITIVWV TTapayovIwy OTnv
UTTEPAKTIEG €KPAEEIG. TlepIypd@eTal TO AVOPWTTIVO COQAAPA XPNOIMOTTOIWVTOG TNV
atroTuxia @pdyuartog Tou avBpwTivou mrapdayovta (HFBF), n otroia atmmoteAsital amo
TPEIG KATNYOPIEG TTAPAYOVTWY, CUMTTEPIAGUPBAVOUEVWY TWV OTOMIKWY ATTOTUXIWV
epayuarog mmapayovra (IFBF), Tnv opyavwTiKr aveTTdpKela @pAyHaTOog TTapdyovTa
(OFBF) kai Tnv amoTuyia @pdyuartog Tou Trapdyovra tng opadag (GFBF). Tiveral
peBodoAoyia TnG peTagpacng &évipou weudo-cpaipartog oe BN kai DBN [109].
Al0QOpPETIKG paper, aoXOAEiTal YE TN POVTEAOTTOINON TWV TTOAAQTTAWY KATAOTACEWV
utTEPXEIAnONG o€ éva OIiKTUuo nAeKTPIKAG evépyelag. EidikdTepa, TrpoTeiveTal va
pMovTéAo e Tn Popery DBN, TO oTroio utropei va trapdyetal ye Tn Bondeia €1dikwv
Kavovwy, atd 1n douA Tou BIKTUOU NAEKTPIKAG EVEPYEIAG EKPPATHEVN OE OEIPEG Kal
TTapAAANAeg evoTnTeg [110].

2tnv  Oikovouia, TTPOTEIVETAI MIO OTOXEUPEVN KOl 10XUpPA HMovTEAOTTOINON TG
€EAPTNONG XPOVOOEIPWY HE TIOAAEG METARANTEG, HECW OUVAMPIKWY OIKTUWY, ME
XPOVIKA HETABAAASOPEVOUG TTPOYVWOTIKOUG TTapdyovTeg TTou  TrepIAaUBavouy T
BeAtiwon Tng epunveiag kai TNV TIPOPAewn. To poviéAo e@apudleTal  OTIG
XPNUATOTTIOTWTIKEG ayopés [111]. 21N BiBAIoypagia, Bpiokoupe eTTiong éva SUVAUIKA
Bayesian OikTuo (Me TTOANEG XPOVIKEG @ETEG), Me peiypa Gaussian €¢odou (MT-
DBNMG) ue Baon tn péBodo avayvwpiong BAAGRNG TTou BacileTal oe dedopéva, TTou
TIPOTEIVETAI VIO VO XEIPIOTEN T deiypaTa dedOUEVWY TTOU AgiTToUV Kal Ta pn-Gaussian
oedouéva diepyaciag [112]. TéAog, TTapouoidleTal pia DBN povteAoTToincn oLipwy,
TTapGAANAwvY Kai 2-out-of-3 ekAoyiKwv cuoTnUATWY, AauBAavovTag uttTéynv TNV KOoIvr
aiImia armoTuyiag, Tnv ateAnl kKAAuwn, TNV ATeAN ETTIOKEUR Kal TNV TTPOANTITIKN
ouvTAPNON o€ UTTPORPUXIES Epyaaics. XpnOIUOTIOIWVTAG TNV TTPOTEIVOUEVN WEBODO, N
MovTehotroinon DBN evog ouoTnuatog eAéyxou TTpOANWNG uttofpuxiag €kpngng
(BOP) dnuioupyeital kar agloAoyeital n aglomaoTia Tou [113].

2.13 SPAR-H

O1 aduvapieg TNG avaAuong avBpwrivng aglomoTiag (HRA), éxouv wg atmmoTéAeoua Tn
onuioupyia Tadvw ammd 50 peBddwv. MoANoi TTapdyovTeg TTOU OXNUATOTTOIOUV TNV
amoédoon (PSF), mou xpnoigomroiouvial o€ HRA ueBodoug, dev eival Gueca
TTapatnpEnoigol Kal PeTprioipol. MNpdéoeata, n PuBuioTikp Emtpot) Mupnviknig
AcopdAeiag Twv HIMA éxel ekdwoel Tnv Tutrotroinuévn péBodo AvdAuong Kivduvou
epyooTaciwyv - AvaAluong AvBpwTrivng AglomioTiag (SPAR-H) yia va AngBei utréyn n
meavotTnTa avBpwTrivou AdBoug [76]. YTTapxel diagopd peTadu Twv gpeuvnTwv HRA
Kal Twv eTTayyeAPaTIiwyV TTou ackouv HRA. Ta Bayesian dikTua TrTapéyxouv éva TTAaiolo
yIo aQvTIHETWTTION aduvapiwy TNG HRA kal atrd Tig 2 oKoTTEG. APXIKA, TO XAOUA QuTO
METOEU €peuvag Kal TTPAKTIKAG TNG HRA yeQupwveTal pe oikodoéunon upiog BN
¢kdoong TG eupéwg xpnolyotroioupevng SPAR-H peBddou [26]. H SPAR-H
MEBOBOG, OTTWG PBpiokoupe otn BiBAloypagia, o€ pia ouyxpovn €kO0Or TNG EXEl
TTapouciaoTei, padi ue odnyieg, opIoPoUG, BeATILoEIS oTnv aBeBaidtnTa Kal avénaon
oTnVv AeTTOopépEla 00OV a@opd Tnv €¢ApTnon yia uttoAoyiopoug HEP. Etriong
TepIAapBAavovTal cuyKkpioelg HETAEU auThG Kal AAAwY olyxpovwy HRA peBodwy [27].
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IMOAAEG @OpPEG, 0ODNYOUUAOTE OTAV EI0AYWYN TNG UTTOKEIPEVIKOTATAG OTOV UTTOAOYIOUG
™G mMBavotnTag avBpwtivou AdBoug (HEP). Autd avriustwimideral Ue v €K Twv
TpoTépwyv KwoIKotroinon twv mAnpogopiwv oe éva BN kai evnuépwaon tou pe TIS
olabéoiusc mAnpogopieg. E€etdletal TO0 WG Ba uTTopoulce va Trapaxbei PovTEAO
SPAR-H, pe TAnpo@opieg atmd 2 | TePICCOTEPES TTNYEG, OTAV AEITTOUV TTAPATNPNTEIG
[28].

>2uykpivovtag TN SPAR-H pe dAAeg peBodoug 6mmwg o1 SLIM, BNs, trapatnpoupe
apxIka o1l Kal ol 3 eival peBodoloyieg avdAuong avBpwTivou trapdyovta kal OTl
atroTeEAOUV HIa KOAA TTPOCEyyIon TNG EAAXIOTOTTOINONG Tou avBpwtrivou AdBoug. lNa
eupeon geBodoAoyiag avaAuong EpYAcIOV CUVTHPNONG UE EI0aYywWYH TOu avBpwTTivou
TTapdyovTa, yivetar case study yia Tn Acitoupyia ToupuTTivwy. AvaAuovTtal n
meavoTNTa avBpwTTivou AABOUG Kal Ta TTAEOVEKTAUATA KAl TA HEIOVEKTHPATA TNG
EQAPUOYNG TNG KABE ueBOOOU [29].

TéNog va avagepBei, 611 N SPAR-H egivar 1diaitepa diadedopévn HEBOOOGC PE XPrOEIG
atmd 1 BioAoyia, yia opiopd TnG TToIKIAoPop@iag e DNA eTTitredo, PEXPI Kal TNV
Oikovopia, yia va BpeBei n aglotmoTia TG ayopds oe TTwANoelg akiviTwy [30], [31].

Swiss Cheese Model - <<EABETIKO TYPI>> (SCM)

O Reason ciofnyaye autdé 1o HOVTEAO aoToxiag ocuoTtAuatog. KdaBe BrAua otn
oladikagia €xer TN duvaTtdTNTO aCToXiag o€ dlaPoPETIKOUG Pabuoug. To 16eatd
ouoTnua eival avaloyo pe @éteg EABETIKOU TupioU. AEITE TIG OTTEG WG EUKQIPIEG TOU
OUCTHAPOTOG OTAV aOTOXIO Kal KABE pia atrd TIG QETEC WG KAMUVTIKA CTPWHATA» TNG
diadikaciag. ‘Eva AdBog ptropei va mTpokaAéael va TTpOBAnua va Tepdoel yéoa atmmo
OTTA €VOG OTPWHATOG, AANG OTO ETTOUEVO OTPWHA Ol OTTEG €ival o€ SIOPOPETIKA onueia
Kal To TTPOPRANUa utropei va otauatioel. KédBe otpwpa gival gia duuva og AdBog tTou
etnpedadel 1o amotéAeopa.  MNa va cuuBei KATaoTpoPIKO AGBog Ba TTPETTEl OTTEG Va
gival euBuypaupiopéveg. Edv cupBaivel kAT TETOIO O€ TTPAYUATIKA TTEQITTTWON KAl
TEPIYPAPETAl aTTd TO MOVTEAO, TOTE éva TTPOBANUa Ba peyaAwoel kal Ba dwaoel
doxnua atmroteAéopara. Kabe @éra Tou TuploU eival Pia Eukaipia va OTAPOTACE! Eva
AGBog. Ooeg TrepIo0OTEPEG AMUvVEG Pdaloupe, 1000 TO KaAUTepo. ETriong, 6co
AIYOTEPEG KOl MIKPOTEPEG OI OTTEG TOOO KAAUTEPA UTTOPOUUE va TNIACOUNE TO AGBOog
[78].
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Some holes dua
to active failures

SUCCESSIVE LAYERS OF DEFENSES

Some holes due
to active falures

Accident

SUCCESSIVE LAYERE OF DEFENSES

The original source for the Swiss Cheese illustration is: “Swiss Cheese” Model —
James Reason, 1991.

O Reason utréBeoe OTI T TTEPICCOTEPA ATUXAMOTA UTTOPOUV va ouadoTtroinBouv oe
éva | TIEPICOOTEPO ATTO TEOOEPIG TOMEIGC AOTOXIOG: OPYOAVWTIKEG ETTIOPACEIC,
ETTOTITEIQ, TTPOUTTOBECEIS KAl CUYKEKPIMEVEG TTPAEEIC. MPoUTTOBECEIC VIO avaoQaAEig
evépyeleg  TrepIAauBdavouv  Koupaouévo TTARpwHa  agpOTTAGvou 1} aKOTAAANAEG
TTPAKTIKEG ETTIKOIVWVIOG. AVOO@QAANG ETTOTITEIN yIO TTAPAdEIYMA €ival va TOTTOBETAOEIG
duo dameipoug TAGTOUG O OUOKOAO Kaipd ot Ppadiviy TITAON. OpyavwTiKa
TPOoBAAMaTa TTOU €mMOPOUV gival peiwon oTnv ekmaideuon Twv MAOTWVY oTav
UTTApYOUV TTPOUTTOAOYIOUOI AITOTNTAG.

210 Swiss Cheese o1 dpuveg €vOG oOpyaviopgou aTTévavTl 0TV aoToyia
MOVTEAOTTOIOUVTAI WG OEIPA EPTTODIWV TTOU aTTEIKOVICOVTal WG QETES TUpIoU. O1 OTTéG
OTIG QETEC aTTEIKOVICOUV aduvapieg oe PéEPN TOU CUCTAMATOG KAl OUVEXWS OAAGlouV
MEyEBOG Kal B€éan oTIG QéTeS. To oUOTNUA TTAPAYEl AOTOXiEG OTAV N OTIH 0€ KABE PETA
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oTIydiaia  euBuypaupideTal, emTpéToviag —oe Adyila Tou Reason- «pia TpoxI&
QATUXAMATOGY, £T01 WOTE O KivOUVOG TTEPVAEI HECO ATTO TIG OTTEG O€ OAEG TIG PETEG, KATI
TToU 0dnyei o€ aoToxia [76].

To povtého Trepidapfavel evepyég kal AavBavouoeg aoToyies. O1 evepyég aoToXieg
odnyouv kaTeuBeiav o€ duoTuXNUa OTTWS AGBog Tou TMAGTOU OTO AEPOTTAAVO, EVW Ol
AavBdvouoeg €ival AdBn TTou cuvelIc@EPouV o€ atuxnua TTou Ba cuuBei PeTd atrd
MEPEG, EBOOUAdES I prves. AavBAvouoeg aoToxieg BpiokovTal OTOUG TTPWTOUG TPEIG
TOMEIG TNG Bewpiag Tou Reason [78].

To povTéAo Tou eABETIKOU TUpIoU (SCM) eival To 1m0 dNPOYIAEG JovTEAD TTPAKANONG
ATUXNMATWY KOl XPNOIKMOTTOIEITalI EUPEWG o€ OAOKANPN didgopeg Blounxavies. Mia
OuCATNON UTTApPXEl OTnV €peuvnTIKn BIBAIoypagia yia 1o av To SCM TTapapével Eva
Biwoiyo epyaAeio yia v avdAucon Twv atuxnudatwy. O1 €KPITEG TOU HOVTEAOU
Ocixvouv OTI TTapéExel MIa dIadoXIKN, UTTEPATTAOUCTEUMEVN ATTOWN TWV ATUXNMATWY.
AvTiBeTa, O UTTOOTNPIKTEG OEiXVouv OTI EVOOPKWVEL TIG €VVOIEG TNG Bewpiag Twv
ouoTNUATWY, CUPQWVA WE TIG CUYXPOVEG TEXVIKEG OUOTNUIKAG avAAuong. € £peuva,
gtetadCetal katd Tréoov To SCM utopei va TTpoo@Epel éva oUCTNPO  OKEWNG
TPOCEYYION KOl va Trapapeivel pia Biwoiyn €mAoyn yia Tnv avdAuon Twv
atuxnudtwy. MNa va emreuxBei autd, 0 eKTpOXIaoNOG Tou Tpévou oTo Grayrigg
avaAuBnke pe €va poviéEho SCM-based  kal pe dUO pEBODdOUG CUCTNUATIKAG
avaAuong Twv atuxnuatwy (AcciMap kai STAMP). Qotéco, 1o poviéAo ATSB Kal
AcciMap TTapoucidfouv ypa@IKA Ta EUPAMATA TOUG HE Eva TTI0O GUVOTITIKO TPOTTO, EVW)
n STAMP evowpoTwvel Pe MEYOAUTEPN ca@nveid TIG €vvoleg TNG Bewpiag Twv
ouoTnUATWY [79].

H idia 16éa epappoletal kal otnv uyeia. MNa mapddeiyua AavBdvouoa acToyia givai
o6Tav dUo @dpuaka £xouv Tnv idla Ccuokeuaoia Kal TOTTOBeTOUVTAI OTO PAQPI TOU
papuakeiou ditTAa. TéTola TTapadeiypata £Qepav TO CUUTTEPOAOUA OTI 10TPIKG AGBN
MTTOPOUV va TTPOKANBOUV atrd aoTOXiEG TOU CUCTAMATOG Kal OXI TOU XAPOKTHPO TOU
IaTpou [81].

O1 Lubnau kai Okray, e@dppooav To oUCTAPA OTNV TTUPOCRECN TTPOCTIABWVTAG va
MEIWOOUV TO avBpwTTIvO AGBOG TOTTOBETWVTOG TTEPIOCOTEPEG PETEG OTO TUPi TOU
ouoTpaTog. OvopddovTal o1 TEXVIKEG TNG dlaxeipiong TTAnpwuaTog [80].

2.14 ACCIMAP

H mpooéyyion AcciMap ival pia gueTnUIKn TEXVIKA yia TRV avdAucn atuxnuAaTwy Kai
€I0IKA yia TNV avdAuon Twv aITiwv Twy atuxnudTtwy Kal CupBAavTwy TTou cuufaivouy
o€ TTOAUTTAOKO KOIVWVIKO-TEXVIKA ouoTAuaTta. H 1Tpootyyion avamTuxOnke apxika
amd Tov Jens Rasmussen [88], w¢ pEPOG HIAG TTPOANTITIKAG OTPATNYIKAG YIA TN
dlaxeipion Tou KIvOUVou, aAAd KUpIa QapUOYH TNG €ival OTI atToTeAEl Eva epyaleio
avaAuong Twv atuxnudtwyv. H tmpocéyyion AcciMap eival xprioiun yia avakaAuyn
TWV TTapayéviwy amd T1a did@opa Pépn TOUu CUCTANOTOG TTou cuvéBahav ot éva
aTuxnua Kai yia TN S1EUBETNON AUTWY TWV TTOPAYOVTWY OE €va AOYIKO OIAYypPapPa
OUVAQEIAG TTOU ATTEIKOVICEl ToV TPOTTO TTou ouvdudlovTal yia va 0dnyAoouV OE auTh
TNV TTEPITTTWON [92].
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H péBodog trpowdei €tmiong pia cuoTnuikr Bewpnon TNG TTPOKANCNG ATUXNHATWY,
Kabwg 10 Siaypauua AcciMap ekTeivetal TTOAU TTépa ammd TIGC AUECEG QITiEG TNG
ekOAAWONG, yia va atmoKaAUWEl To TTARPEG PACHA TWV TTAPAYOVTWY UWNAOGTEPOU
eMTEDOU TTOU CUVERaAav OTnv £KBacn aTuxfAUATOG-OUVPRAVTOG () TToUu TTapEAsIpav
va To atmmoTpéyouv atrd Tnv eu@avion). Q¢ ek TouTou, Bonbd& Toug avaAuTég oTnv
KaTtavonon Tou TTWG Kal yiati €yive éva aTtuxnpa, Kal atmmoTpéTrel T ducavdaloyn
€0TIAON TNG TTPOCOXNAG YIa TIG AuECES aITieg (OTTWG AABN TTou £yivav aTTd TNV TTPWTN
YPOUMA TWV epyadopévwy), dIOTI Ol TTAPAYOVTEG TTOU TTPOKAAECAV A €TTETPEWAV TNV
EUQAvion Twyv ev Adyw TTapayoviwy, £tTiong avayvwpiovral. Q¢ ek ToUTOU, N
Tpocéyyion BonBd otnv amouyn piwng ublvng oTa AToua (KTTPWTNG YPAMMAS»)
Yo TO ATUXAMOTA KAl OTNV apéAgia TTapayovTeg TTou ouvéBaAav 0TV CUPTTEPIPOPA
TOUG, TToU dev €TTIAUBNKav [93]. ZTnv €TTEKTACH TNG YA €EETAON TTAPAYOVTWY TTOU
OUMBAAAoUY O€ KUBEPVNTIKO, KAVOVIOTIKO KAl KOIVWVIKO ETTITTEDO, N TTPOCEYYION AUTH
EXEl €mioNG TNV IKAvOTNTO va CUAAGBEI KAl TNV QVTIMETWTTION TWV TTApayovTwy
upnAoU emmmmédou TTou GUMPBAAAouv, TTou ouvhBwg atrokAciovral ammd avaAUoelg
atuxnuatwy pe TN xpRon AaAwv pebddwv [76], [88]. H mrpooéyyion AcciMap
TePINAPPBAVEl TNV KATAOKEUN €vOG TTOAUETTITTEOOU dIayPAUNOTOS OUVAPEING, OTO
oTToi0 01 OIAPOoPEG aITieG evOG ATUXAMATOG €ival TOTTOBETNUEVEG CUMPWVA HPE TNV
aImwodn ammdéoTacAS Toug atmo TNV €KBacn (TToU ATTEIKOVICETAI OTO KATW HEPOG TOU
olaypdupatog). O1 Mo daueceg aitieg euavidovial OTa KOTWTEPA TUAMATA TOU
OIayPANPATOG, HE TIG TTIO OTTOMOKPUOUEVES QITIEG VA gU@AVIOVTAl O€ TTPOODEUTIKA
uwnAoTEPa eTTiTTEdA, £TGI WOTE TO TTANPEG PACHA TWV TTAPAYOVTWY TTOU CUVERaAav
otnv ekdAAwonN va povrelotroigital [92], [93], [94]. H Accimap €xel CUYKpIBED Kal e
GAAeG pEBOBOUG, OTTWG N STAMP Kal €xel ToVIOTEN N duvaTdTNTA TNG VA TTAPOUCIALE!
YPAPIKA TA EUPHMATA TNG ME Eva TTIO CUVOTITIKO TPOTTO, evw N STAMP evOWPATWVEI
ME MEYAAUTEPN COQVEIQ TIG EVVOIEG TNG Bewpiag Twv cuoTnuaTwy [79], [90].

A¢ doupe kal Aiyo TIGC e@apuoyéc TnG Accimap ot case studies. Apxikd, oTnv
QEPOTTOPIKA Blounxavia, trapartnpeeitar 6Tl Tapd TN XPHon uwnAwv 1podiaypapuwyv
ao@aAgiag Katd 1o OXeOIOOPO Kal TN AgIToupyia TwV OEPOCKAPWY, T OTUXNMATA
oupBaivouv. Eival ouyxvy n Trepimtwon 611 éva atuxnua €ival To amoTéAEOUa HIag
akoAouBiag, @aivouevikd eAdOOOVOG ONUACiag Kal CUXVA AOXETWV EKONAWOCEWV.
E&etadlovral Ta gpyaleia, 6Tmwg n Accimap, TTouU PTTopoUVv va XpnoldoTroinBolv yia
TOV EVTIOTIONO BaCIKWY OPYOVWTIKWY TTapayoviwv Tou  oupfdAlouv  oTtnv
QEPOTTOPIKWY ATUXNHMATWY. H €peuva XPNOIYOTIOIEl €va aTUXNUA E€AIKOTITEPOU WG
MEAETN TTEPITTTWONG, YIa va KaBopioel To BaBud aTov 0TT0io Ta £pyaAcia avaAuong Kai
QTTEIKOVIONG WTTOPOUV va XpnoigotroinBouv yia TNV agloAdynon Twv Bgpdtwv
ouvTAPNONG KAl 0pyavwong TTou cuvEBaAav aTo atuyxnua [91].

“Yotepa, Bpiokoupe TNV KATaoKeUn TNG Accimap yia HEAETN TNG aTTOKPIONG O€ PJEYAAN
0aoIkn TTUpKayld otnv AucTpolia. EOw n peAéTn TTePITTTWONG XPNOIMOTIOIEITAI YIa
e€éTaon uiag oeipdg TPoBAEwewv TTou yivovtal atmmd 1o TTAqiolo diaxeipiong Tou
KIVOUVOU TTPOKEINEVOU  va  DOKIJAOoTEl n  duvardtnNTa  €QAPUOYNG OQUTAG TNG
TTPOCEYYIONG O€ éva TTAAICIO ATTOKPIONG 0€ OACIKEG TTUPKAYIEG KAl VO BIOTTIOTWOEI
€dv 1o ouoTtAuata Tou PBagcifovral oTn Bewpia TAaiIciwv gival cupBatd pe TNV
avaAuon Twv dpacTnNEIOTATWY YIA TNV AVTIMETWITION TWV KOTAOTPOQWV. ETTITTAéoy,
utrooTnpifeTal OTI N TTPOCEYYION auT OAICTIKWY OCUCTNPATWY TTOPEXEI MIQ TTIO
oAoKANpwEVN Katavonaon TnG atmddoong atmmoKpIong Kal TNV TTPowBEi BEATIWOEIS OTO
OUVOAIKO oUOTNPO QVTIUETWTTIONG KaTtaoTpo®wy [89]. TéAog, Bpiokouue TTepIypa@n
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€QapPoyNnNg TNG Bewpiag Twv cuoTNUATWY TTou Pacifovral o€ TTPOCEYYIoN, OTO
mAQiolo diaxeipiong Twv KIvOUvVwY, oTnv avaAuon Twv TTapayovIwy TToU £TTNPEACOUV
TNV ac@AAsia Katd Tn JIAPKEIA dPACTNPIOTATWY XEIPWVAKTIKAG dlakivnong @opTiwv
oe pia opydvwon Olakivnong @opTtiou. O1  dIAQOPETIKEG TINYES OedOPEVWY,
oAokAnpwvovTal he TN Xprion Accimap TeXVIKAG, N oTroia va TTapdoxel HIa GUVOAIKN
avdAuon Twv Tapayoviwy Tou eTTnpeddouv TV aoc@dAsia katd Tn didpkeia
OpaCTNPIOTATWYV XEIPWVAKTIKAG dlakivnong @opTiwv o€ autd 1o TTAdicio. Ta euprjuata
Ogixvouv TTwG PIa Bewpia Twv CUCTNPATWY TTou BacifovTal 0 TTPOCEYYION UTTOPE va
EQPAPUOOTEI O AUTOV TOV TOUEQ, KAl TTPOTEIVOUV TIG AAAAYEG TTOU aTTauTouvTal YId TNV
TTPOANWN HEAAOVTIKWYV TPAUNATIOPOUG AOYW XEIPWVAKTIKAG dlakivnong [95].

2.15 IMPROMAP

O atroteAeopaTiKOG, KATAAANAOG auTOOXEDIOAOUOG €XEl TN OUVATOTNTA VA €VIOXUOEI
TNV AVOEKTIKOTNTA TOU OUCTHHOTOG, OAA TO QAIVOUEVO Oev €ival AKOUA KAAX
katavonTd. H épeuva tmou Ppédnke, €€eTdlel Tnv £vvola OTI 0 auTtooXedIaoudg eival
£V QAIVOPEVO TWwV OUCTNPATWY Kal €6eTdlel TNV KATAAANASTNTO Tou [lAaiciou
Alaxeipiong Kivduvwv Rasmussen (1997) kai Tng Accimap peBodoloyiag, yia tnv
eCéTOON TWV TTAPAYOVTWY TTOU €TTNPEAGCOUV TNV ACQPAAEIO TOU AUTOOXEDIAOUOU O€
Kpiolyeg kKataoTdoelg. Impromaps (Accimaps autooXedIOoPOG) XpnolpoTToienkay
yla va TTpoodIopIoTEl KATG TTOCOV Ol TTapAyovTeG TIoU ETTnPeAlouy, OTTWG O
QUTOOXEDIOOUOG o€ BUO TTEPITITWOIOAOYIKEG UEAETEG, TTANPOUGAV TIG TTPORAEYEIS TTOU
yivovtal atré MNAaioio Alaxeipiong Kivduvwy Rasmussen. Ta supAuara deixvouv 611 0
QUTOOXEDIOOUOG Eival éva QAIVOUEVO TWV CUCTNUATWY KAl UTTOOTNPICOUV TN XPron
Tou TTAQiciou Kal Impromaps w¢ peBodoAoyia avaAuong yia Tnv €Eétaon Twv
TTEPIOTATIKWY auTooXedlaopoUu. H pebodoAoyia auth eTETpEWE TNV TAUTOTTOINON TWV
TTapayovIiwv o€ OAa 1a emimeda Kal Twv OUO CUOTNUATWY, Kal ATav o€ B€on va
TEPIYPAWE! TIC OXEOEIG PETACU TWV TTAPAYOVTWY, TOOO €VIOG OCO Kal PETAEU TWV
EMTEDWY TOU OUCTAPATOG. To ouptrépacpa eivar 611 Impromaps I1oxUouv yia
auTOOXESIOOUOUG TTOU CUBaivouv o€ dIAQOPOUG TOWEIG Kal €xouv TOOO BETIKEG, OO0
Kal apvnTIKEG eKBAoelg [99].

2.16 HFACS (Human factor analysis & classification system)

To HFACS avamtixfnke apxikd wg éva TTAQicIo yia Tnv Katavonon Tou poAou Tou
"avBpwTtivou AGBoug" OTa  agpoTTopiKA aTtuxfuata omdé Toug Shappell and
Wiegmann, (2000, 2003), aAAG OTn OuvéXEla TTEPOCE KAl OTOUG O10NPodpAUoUS Kal
Ta Aatopeia. TeAeutaia ypnoigotrolgital Kal oTn vauTiAia. Baoifetal oto povtéAo
«eABETIKG TUpi» Tou James Reason, yia avBpwtTiva AdBn o€ TTOAUTTAOKO CUCTAMATA .
To HFACS kdvel didkpion PETAEU TwV "eVEPYWV ATTOTUXIWV" KN ao@aAwWV TTPAEEEwV,
Kal «AavBavouowVv ATTOTUXIWVY» TwV TTPOUTTOBECEWY YIO PN AOQOAEIG TTPAEEIG, 1N
QOQ@OAN ETTOTITEIO KAl OPYaVWTIKEG €TTIPPOEG. O KATnyopieg autég avatrTuxdnkav
EUTTEIPIKA PE BAON TTOANEG EKBEDEIC AEPOTTOPIKWV ATUXNMATWV. [76], [97].
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Baoi{ouevo oTig Bewpieg Tou Reason, To HFACS trepiypd@el To avBpwTivo AdBog o€
KABe €va atrd Téooepa eTTiTTEdQ OOTOXIAG:

1. Avaoc@alAeig pakTIKEG: ATTogacn kal avriAnwn. Ta AdBn otnv améeaocn
MTTOPOUV va Byouv giTe 0T0 OXeBIOOWO, €iTe TN dIdyvwaon Tou Kivouvou).

2. MpoiTroBéoeig avao@aAwv TrPAKTIKWYV: [1epIBAAOVTIKOI TTAPAYOVTEG,
TIPOCWTTIKOI (TT.X. KATAOTAON XEIPIOTWYV) KOl TTAPAYOVTEG TTOU €XOUV vda
KAVOUV HE TO TTPOOWTTIKS (TT.X. EVOOETTIKOIVWVIQ).

3. Avao@alAig emromrreia-Sdioiknon wAoiou: MNMAoiapxog (11.x. Kakn diaxeipnon
TIPOCWTTIKOU), TTPOIOTANEVOG OTNV ENPA (KOKOG ETTIXEIPNOIOKOG OXEBIOOHOG)
KATT.

4. OpyoavwTIKEG EMITITWOEIG: APIBUOS TTANPWPATOG, KAKK EKTTAIOEUCT| TOU.
5. ESwTepIKOi TTAPAYOVTEG: TT.X. ATUTTOI KOVOVEG.

Mpoxwpwvtag oe case studies, BAETTOupE pia PeAETN e dokipég Tou HFACS TTou
OI1ECNXON yia va kKaBopioel TNV AgIOTTIOTIA TOU OTO TTAQICIO TOU OTPATIWTIKOU EAEYXOU
NG evaépiag kKukAogopiag (ATC). AUo ouddeg oupueTeixav oTn MEAETN: Wia oudada
TToU atroTeAeiTal armmd €10IKOUG OTOV TOPEQ TOU avOpwWTTIVOU TTAPAYovVTa Kal N AAAn
oMaGda ammd eAeykTEC evaépiag KukAogopiag. OAol oI GUMPMETEXOVTEG €ixav eviaia
ektraideuan. Z1n ouvéxela, AQeOnkav utéywn 14 avagopéc ouufdaviwy  Kal
KWOIKOTTOIOUVTAI Ol OXETIKEG DIATTIOTWOEIG. Ta atmmoTeAéopaTa deixvouv TTapouola
XOMNAA  ouvaiveon vyia TIC OUO OMAdEC TWV CUMMETEXOVTWYV. ApPKETOi  Adyol
TIPOTEIVOVTAI VIO TA ATTOTEAECUATA TTOU OXETICovTal pE TO HovTéAo HFACS, 1o TTAaicIo
€VTOG TOU OTTOIOU OUVERN TO TTEPIOTATIKO, N Ava@opd O€ TTPAYHATIKEG OPYAVWCEIS Kal
N diegaywyn Twv PeAETWV [96].

ETriong, yiveral kai GAAN pia EAETN TTAAI TTAVW OTA EPTTOPIKA AEPOTTOPIKA ATUXAMATA.
To (HFACS) civail éva yeviko TAaiolo avBpwrivou AdBoug TTou apxIk& avatrtuxenkav
Kal OOKINAOTNKE WG epyaAeio yia Tn digpelivnon Kal TNV avaAuon Twy avpwITIvwV
QITIWV TWV CEPOTTOPIKWY atuxnuatwy. Bagiletalr oto MovréAo AavBavoucwv Kai
EVEPYWV QTTOTUXIWV KAl QVTIMETWTTICEI TO avBpwTTivo AdBog oe OAa Ta eTTitreda TOU
OUOTAPATOG, ouuTTEPIAQUBAvOUEVNG TNG KATAOTAONG TOU ITTTAPEVOU TTPOCWTTIKOU KOl
TWV OPYAVWTIKWY TTapayovIwy. EkTigdTal n xpnoigomnta twv HFACS tTAaigiwy wg
éva  egpyaAeio avdAuong OQ@OAPATWY Kal Tagivounong, éEw amd 1O OTPaTo.
JUYKEKPIYEVA, XPNOIMOTIOIWVTAG TO ATUXAMOTA TToUu ouvéBnoav  PeTagu  Tou
lavouapiou 1990 kai Tou AekepPBpiou 1996, amodeixBnke 611 HFACS Aaudvouv
uttown  aglémoTa OAoUG TOuG avBpWITTIVOUG TTapAyovTeEG TTOU OuvdéovTal PE TA
EMTTOPIKA OTUXAMATO TTOoU €geT@oTnKav. EmmmAéov, n katdtagn Twv Oedopéva
xpnoigomoiwvtag HFACS T1ovioe apkeTd Kpioiga Béuata ac@dAcia TTou Xpidouv
épeuvag Tmapéupaong. Autd Ta atroteAéopaTa amodeikvuouv 011 To TTAaicio HFACS
pTTopei va eival éva Biwoiyo epyaleio [97]. TéAog, egetaletal To HFACS atmd Tn
OKOTTIA TWV aTtuxnudatwyv otn NauTtiAia. Mapd TG KaIvOTOPEG TACEIG OTNV VAUTIKN
TEXVOAOYIa KAl TNV EQAPUOYA TwWV PUBUICEWY TTOU APOPOUV TNV ACPAAEIA, TA VAUTIKA
aruyxnuata egakoAouBolv va egival pia Kopuaia avnouyia yia Ta TTaykéouia
vauTIAIaka  oup@épovta. H dlac@aAion TnGg OUVETTEIOG Twv €KBECEwv €peuvag
VAUTIKWYV aTUXNHATWY, avayvwpiletal wg €vag onPavTikG oTOXo, TTPOKEINEVOU Vva
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TTPOCdIoPIOTOUV PE oa@Avela Ta BacIKA aiTia Twv aTUXNUATWY auTwy. Q¢ €K TOUTOU,
0 0TéX0G Tou paper gival va dnuioupyroel éva avaAutikd HFACS, ue Baon uia Fuzzy
Aladikaoia AvaAuTikng lepapxnong (FAHP), Trpokeiyévou va TTpoodioploTei 0 pOAOg
Twv avlpwtivwyv AaBwyv oe vauTikd atuxAuata. ‘Eviaén twv FAHP BeAtiwvelr 1o
mAaiolo HFACS mapéxovtag pia avaAuTikiy Bdon kal ikavotnta opadikig ARwng
OTTOQPACEWY, TTPOKEIUEVOU va €EACQOAIOTEI N TTOCOTIKY EKTIUNOCN TWV VOUTIAIOKWY
aruxnudartwy [98].
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KE®AAAIO 3: MEOOAOI TOY BAYES

3.1 EIZArQrH

Mia katavour TTpéBAewng Tmou Baciletal oTn Bewpia Tou Bayes (Bayesian “posterior
distribution” r; “predictive distribution”) tepiAaufdver dAa 6ca xpeldlstal KATTOI0G
WOTE va Yivouv yVwaoTES TTANPOQPOPIEG MIOG AyVwOoTNG TTAPAUETPOU 1] MEANOVTIKWV
mapatnpiocwyv. O1 pébodor tTou Pacifovral otov Bayes (Bayesian methods)
UTTOONAWVOUV TO TIWG XPNOIMOTTOIOUVTOI Ol OTATIOTIKEG TEXVIKEG HME €UAOYO Kal
OXETIKA TTPaKTIKO TPOTTo. O €18IKoi TTou Ba KAvouv XprAon auTwv Twv HEBOdwYV,
KaBodnyouvTal €101 WOTE va PydAouv CUUTTEPACTHATA OE ETTICTNUOVIKO, 1ATPIKO Kal
KOIVWVIKO emmiTredo PBdacel Twv apiBunmikwyv oedouévwy. [ivetar €Enynon Twv
Bewpnoewyv TTOU €ivalr XPAOoIUES yia Tn upeBodoloyia Tou Bayes kal yia To TTwg
XPNOIUOTTOIOUVTAI (VOTE VA aTTOKTNBOUV KaAAG TTo16TNTOG atmoTeAéopaTta. O pébodol
Tapouaialovral Pe afloonueiwTo TPOTTO KAl Gav  UTTOAOYIOTIKA) TTPOCOMOIWGON
(Leonard and Hsu, 1999).

2TATIOTIKEG XPNOIJOTIOIoOUV BewpnTikd MPOVTEAO Kal TEXVIKEG, PonBwvTtag Toug
OPMOdIOUG  €peuvnNTEG VA ATTOOTTAOOUV  IKAVOTTOINTIKG  aTtToTeAéopaTa  Kal
OUMUTTEPAOUATA QUTWY OXETIKA ME KOIVWVIKA, 1aTPIKA Kal ETMOTAPOVIKG Béuata
Baoliopéva oe apiBuNTIKG dedopéva, Ta OTToia UTTOKEIVTAI O€ Tuxaia apeBaiotnTa. lMNa
KABe OUYKeKPIPEVN UEAETN, €ival TTOAU OnuavTikG va cuvdudldovTal BewpnTIKEG Kal
UTTONOYIOTIKEG TTNYEG, MOl ME €QPAPPOCOMEVEG TEXVIKEG Kal Tn duvartdétnTa TG
OAANAETTIOPAONG EIBIKWV PE YVWOEIG OXETIKEG UE TO 1I0TOPIKG TOU UTTO PEAETN BEuaTog
Kal TNG XPNOINOTNTAG TWV DEDOUEVWV.

MoAAEG peAéTeg Kal BAoelg dedopévwy gival adOKIPES Kal dev gival TTavTa TTBavé va
TTaPEXOUV Hia OAOKANPWHEVN Kal TTEIOTIKA avaAuon Baciouévn o€ TTPOUTTAPXOUCES
TEXVIKEG. ETTOPEVWG, OpIoEVOI OTATIOTIKOAOYOI CUXVA XPEIAZETAl VA QVATITULOUV VEEG
TEXVIKEG VIO Hia CUYKEKPIYEVN TTPAKTIKI WEAETN. H OTATIOTIKA KATAOTAON TNG TEXVNG
gival Babuiaia auéavouevn Kal GUVETTWG €ival TTOAU ONUAVTIKO yIa TOUG EPEUVNTEG va
ouvexioouv va avatmTiooouv KaTAAANAn oTaTioTikp peBodoloyia. TéAog, OTtav n
uttdpyouaa peBodoloyia civar dlaBéoiun, T6TE Ba PTTOPOUCE VO EQPAPMOOCTEI ME
€CEIDIKEUPEVEG YVWOEIG TWV BeWPNOEWV TIOU TTEPIEXOVTAI O€ QuTH, Madi PE TIG
OUVETTEIEG TOUG.

2TIG MEPEG YOG UTTAPYXOUV OUO ETTIKPATOUOEG APXEG TTOU OQOPOUV TNV avtiAnyn oTn
oTatioTIKr. AuTég gival ol €€i¢ (Leonard and Hsu, 1999):

H @iAocogia Tng okéywng TTou Baciletal otn Bewpia Tou Sir Ronald
Fisher (Fisherian philosophy).
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H @iAocogia tng okéywng tou Bacietal otn Bewpia Tou Reverend
Thomas Bayes (Bayesian philosophy).

O 1pdéTmOg TTPOCEYYIONG TOu €KAoTOTE TIPOPANpaTog o€ oxéon ue Tov Fisher,
ouvdudadel Tnv TIPOCEYYIon ouxvoTnTag (QUEPOANTITOUC EKTIUNTEG, UTTOBETIKEG
OOKIYEG) PE PEBODOUG TTIBAVOTATWV.

Etriong, mepihauBdveral otn Bewpia Tou pia nuITeANG nEBoOdOG, n otToia TTPOCTTOOEI
va a@opoIwoel KATTola atrd Ta TTAEOVEKTANATA TNG TTPOCEYYIONG TTOU gival BacIoPévn
oT1n Bewpia Tou Bayes (11.X. opBoAoyIK& deCPEUNEVA CUUTTEPACHATA, DOCUEVWV TWV
TTapaTnPOUPEVWY aglwy Twy dedopévwy, auvduaouéva Pe TIG IDIOTNTEG CUXVOTATWV
otav emmavaAauBaveral 10 TTAPAdelyua KATTOIEG QOPEC KATW OTTd TTAVOPOIOTUTTEG
OUVONKEG), Xwpig va BewpoUpE apxXIKEG KATAVOUES TTIBAVOTHTWV.

O T1poTTOG TTPOCEYYIoONG TOU €KAOTOTE TIPOBAAUATOG OUPQwva pe Tov Bayes,
avagépetal o€ apyIkn kal TeAIKR yvwon (“prior-posterior knowledge”), oe apxIKEG,
TEAIKEG KOATOVOMEC KOl KaTavouég TTpoPAewng (“prior, posterior and predictive
distributions”) kal o€ ekTIUNTEG KAl KAVOVIOPOUG atré@aong TTou BacifeTal oTn Bewpia
Tou Bayes (“Bayes decision rules and estimators”). H TTpocéyyion Twv O1adIKaoIwv
Katd Tov Bayes €xel TTOANG TTAEOVEKTAUOTA, CUYKEKPIMEVA WE TIG EYYEVEIC IDIOTNTEG
OUXVOTATWY. Z€&€ TIPOKTIKO €TTTTEdO, QUTO ONMAiveEl TTWEG AV Ol TIPOCOUOIWCEIG OF
NAEKTPOVIKO UTTOAOYIOTH XpNnoipgoTToinBouyv yia Tn oUyKpIon TnG aonuaciag Tou AdBoug
TPOBAEWNS, TG mMOAvOTNTAG KAAUWNG £VOG YEYOVOTOG A TNG 10XU0G BIAQOPETIKWY
oladikaoiwyv, 161 oI Bayesian pébodol utropouv va TTapouciacTouV JE agloonKEIWTo
TP0T0. AUt n e€CakpiBwon amoteAei €va onuaAvTikG OUCTATIKO MPEPOG, OTav
OUVOUACETAI JE TNV KATACKEUN OTATIOTIKWYV TEXVIKWY KAl TTAPEXEI HOAIG pia ATTODOTIKN)
dIkaloAdynon yia éva Tapddeiyua Tou Bayes. AANa TTAcovekTrpaTa TTEPIAApBavovTal
oTIg avagopég Tou Berger (1985), Bernardo kai Smith (1994).
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3.2 EIZANQriKez TATIZTIKEZ ENNOIEZ

Otav avaAvovtal apiBunTikG dedouéva TTOU UTTOKEIVTAI O€ Tuxaia afefaidtnTa, Ta
OTToi0 €XOUV OUAAEYEI PE ETTIOTNUOVIKO TTEPIEXOPEVO, O TTPWTOG «XPUOOG KAVOVAGH
TTOU I0XUEl €ival n PEAETN Twv OLOOUEVWY TIPIV EQAPUOCTEI OTTOIOBNTIOTE ETTIONWN
OTATIOTIKA  TEXVIKA (yIa TTapddeIlyua, XPNOIMOTIOIWVTAG OXETIKA I0TOYPAUMATO
ouxvoTATWY, Trivakeg Pe evdexoueva, dotplots, bivariate scatterplots). MoAuttAoka
oUvoAa Oedopévwy XpelddovTal apKETEC Wpeg N akdua Kal €Rdouadeg yia va
MeAeTNBoUV. OTav peAetdpe Bdoeig dedopévwy, Ba TTPETTEI VO KATAVOOUUE TO YEYOVOG
OTI Ta dedopéva dev gival atTAG KATTOIO! apIBUoi, aAAG PETPAOEIG TTOU KaBopifouv TNV
aAnBiviy ovtoTnTa Twv TIPayMATWwyY (yia TTapadeiyuya, To Bdpog Tou €xouv Ta
veoyévvnta pwpd, 0 apiBudg Twy EMITUXOVTWY QOITNTWYV OE €va KAGDO OTTOUdWY,
METPNOEIG KATTOIOG XNMIKAG 0UCiag). ZUVETTWG, Ta OTTOIO ATTOTEAECOUATA OTA OTIoia
KataAAyoupe didovTal pe TETOI0 TPOTTO WOTE N ONUACIA TOUG VO OXETICETAI E AUTEG
TIG OVTOTNTEG, TO AANBIVO 10TOPIKO TwV OeDOPEVWV KOl TTWG CUANECANE auTd T
oedopéva. To idlo olvolo Twv apIBuNTIKWY OeOONEVWY WUTTOPEI va onuaivel KATI
TTARPWG BIAPOPETIKG aTTO TIG BIAPOPETIKES ETTIOTNHOVIKEG £vvoleg (Leonard and Hsu,
1999).

Katroieg QopEG, OXETIKA PE TNV eEETAON TWV BEBOPEVWY, UTTOPOUNE VO AVAKAAUWOUE
KATTOIO OUYKEKPIMEVO XAPAKTNPIOTIKO TO OTTOI0 €XEl TN duvATOTNTA VA ATTOdWOEl £va
ATTOQACIOTIKO QTTOTEAECMA. € AUTH TNV TTEPITITWON, icwg Ogv €ival avaykaio Kal
TEXVIKA €QPIKTO va TTPOXWPNOOUUE O€ dia o emionun avdAuan. lMNa Trapddeiyua,
OTav gpeuvnOnKav Ta XPOvIa TWV UTTNPECIWY TwV OTPATIWTIKWY oTn MaAAia oTa TEAN
Tou OéKaTou OYydOOU QIWVA, TO OTTOTEAECHUO OTO OTToi0 KaTtaAAfaue ATav TTWG €vag
QPIBUOG OTPATIWTIKWY ATTPOCOOKNTA e€KdIWXONKav Katd Tn OIdpKeld TNG MaAAIKAG
ETTAVAOTOONG. [ TO OUYKEKPIMEVO TTAPADEIYUA, TO UTTOAOYIOTIKO TIAKETO OE
XpnoigoTroiouTayv, a@ou ETTIONUES OTATIOTIKEG O Ba YTTOPOUCAV VA €ival OXETIKEG HE
TO B€ua.

MNa TOAAG  oUvoAha Oedopévwy, eival  evdla@épwy  EiTE  va  oXNUATIOTOUV
oupTTEPAOUATa ATTO AYVWOTEG TTAPAUETPOUG (TT.X. N TTUKVOTATA €VOG PEUCTOU, N
oTadlaok avdppwaon aoBevidv TTOU UTTOKEIVTAI OE Jia OUYKEKPIYEVN Bepartreia, n
TAnBuopiakry avoloyia) €ite va  eivar  duvath N TTPOPRAEWn  PEAAOVTIKWV
TTaPATNPNOEWY, BEBOUEVWV TWV TWPIVWY KAl TTPONYOUHEVWY TTAPATNPACEWY (TT.X.
OIKOVOUIKG TTPOYVWOTIKA, TTPOYVWOon yia TIG OIadpopEéG TwV TUQWVWY, TTPORAEWN
mOavoTNTAG ATTOTUXIAS yIa Wi unxavoAoyikr) oxediaon). ToTe Kpivetal XpACINO va
MOPQOTIOINCOUME TNV Tuxaia peTafANTOTNTA 1 ofefaidtnta ota  Oedouéva,
XPNOIUOTIOIDVTAG €va  PaBnuatikd HoviéNo, TO OTToio AauBavel TIGC apIBUNTIKESG
TTAPATNPNCEIC oav CaQry ouvaiodbnon Twv TuxXaiwv PETABANTWY, TWV OTTOIWV Ol
KOTAVOMEG TWV TOPWYV TOUG CUMPTTEPIAAUBAVOUV TO PABNUATIKO Kal OEYUATOANTITIKO
MOVTEAO.

‘Evag 0eUTEPOG «XPUOOG KAvOvVag» €ival va KOTAVOAOOUME TTWG Ta aAnBiva kai
opBoAoyIKG povTéAa gival SIaBETINa JOVO O€ TTEPIOPIOPEVEG KATOOTAOEIG. 2€ TTOAEG
TEPITITWOEIG, Mia TToIKINia atmd  dia@opeTikd  YovTéAa €xel T duvaTtdtnTa  va
TTapoucoidoel  €va  OUVOAO  Oedopévwy e éva  TTETTEPACHEVO  apiBuo  (n)
Tapatnpriocwyv. Ocov agopd 1O TTOI0 POVTEAO Ba XPNOIKOTTOINCOUNE, €CapTATAl
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MEPIKWG aTTO TN OTATIOTIK TEXVIKH, OAAG KAl a1Td TN oNPOoia Kal Th XpNoIJoTNTa TOU
MOVTEAOU OXETIKA UE TO TTPAYMATIKO TTEPIEXOMEVO TWV OEOOUEVWIV.

AidovTag £va CUYKEKPIPEVO BEIYUATOANTITIKO POVTEAO, N €pWTNON KAEIBI €ival: TTWG Ba
MTTOpOUCcE O apuddIog OTATIOTIKOAOYOG VO XpPNOoIPoTToINceEl Ta dedopéva yia va
OXNMUOTIOOUV CUUTTEPACHATA TTOU TTPOEépXovTal OTTd AYyVWOTEG TTAPAUETPOUG TTOU
egavidovrar oto PovTéAo; ‘Exoviag wg OedouévOo TO TTEPIEXOMEVO TOU HOVTEAOU
dclydaToAnWiag, OAeg ol TTANpogopieg Twy dedopévwy cuvowifovtal oTn AsiToupyia
NG Sladikaciag e€upeong Tng avrioTpo®ng miBavotnTag. H 18éa 1ng diadikagiog
eupeong Twv avrioTpowyv TBavotATwy (likelihood) ouvdéel Ao TO KUpIO
TTEPIEXOMEVO TWV OTATIOTIKWYV Kal TTapEXEl Eva BeuéNio yia Tn diadikaoia auth, n
oTroia BaacieTal oTn Bewpia Tou Bayes.

Eival mBavo va oxnuaTioTouVv avTIKEIYEVIKA aTTOOEKTEG AUCEIG aTTd Ta dedopéva TTOU
€xouue, OTav KATAAANAN TuxaIOTNTO TTapoucidleTal OTO OXeOIOOTIKO OTAdIO, ME
TEPIOTOTEPN TIPOCOXN OTO €KACTOTE TIEIPAMA, WOTE VA avixveubBouv aTtuxn
ouutrepdopaTa. MNa pn eAeyxoueva dedouéva, Eva KAaTGAANAO YOVTENO PTTOPE va gival
M0 OUOKOAO va BpeBei Kal OTTOIOBNTIOTE ATTOTEAECHA Eival UTTOKEIMEVIKO KAl UTTOKEITAI
otnv  €midpacn Twv  «KPUPHEVWV-lurkingy A «utrepdepévwv-confounding»
METABANTWV. [MEVIKA, Ta OTTOTEAEOUATA UTTOKEIVTAI OTN «OKIA» TNG UTTOKEIMEVIKOTNTAG
(“shades of subjectivity”), eCaptwpeva aommd TOV TPOTTO TTOU GUAAEyovTal Ol
TTANpoopics. MNa TTapddeiyua, ol Brown et al. (1997) avriyetwiriouv SUOKOAIEG OTN
OUAAOYN €vOg Tuxaiou Oeiyuatog, evw YIVETAl €peuva TTPWTAPXIKAG @POVTIOAS TWV
a0Bevwv TTOU TTACXOoUV aTTd AAKOOAIOHO 1 KAVOUV XPron VOPKWTIKWY OusIwy. Ta
ATOHO TTOU AOXOAOUVTAV HE QUTO TO €i00GC TWV CUVEVTEULEWY YIO VO OUAAEEOUV TIG
TTANPOPOPIEG OXETIKG PE TO BEpa, dexdvTouoav ONPAVTIKEG TTIECEIG Adyw Tou OTI O
XPOVOG TToU gixav 0Tn dIdBeor) Toug WOoTE va OAOKANPwWOE N épeuvd Toug €CapTioTav
atré TIG EKAOTOTE KAIVIKEG OTIG OTTOiEG aTTeuBUVOVTAV. ZUVETTWG, TA OTTOTEAEOUATO
Xperagovtav va givalr avaAoywg IKkavotroinTIKA. YTTdpXouv akoua ouxvd TTpoAfuaTa
ME TNV €TMIAEKTIKA €kBeon Twv agldoAoywyv atroteAeopdtwy (Dawid kai Dickey, 1997).
Emiong, 10 péyeBog Tou Oeiypatog Ba TpéTel va emAexBei pe TTpOCOXH OTO
oxedlaoTikd oT1adio (Doney, 1984).

Ta oTaTIOTIKA OToIXEIO TTOU TTPOEPXOVTal aTrd TIG dIadIkaaieg TTou BacifovTal OTIg
Bewpieg Twv Bayes kai Fisher egaptwvTtal KaTd TTOAU a1Td TO TTEPIEXOPEVO TNG 10€AG
Twv mMOavoTATWYV (probability). Ti gival mBavoTnTa; MNa éva oTaTmioTiko Treipaua E, pe
oldotnua delyudtwy S, ol pabnuatikoi Ba Pag TToUV TG N KATAVOWN  JIOG
mBOavoTnTag p(.) €ival pia KAAWG opIoPEVN KAl EKTINWUEVN AgIToupyia TTou KaBopiel
OAa Ta yeyovoTa (Ta yeyovoTa gival JETPAOIKNG UTTOOUVOAQ) TTOU TTEPIEXOVTAI OTO S KAl
IKavoTroloUv Ta aglwuara Kolmogorov (Leonard and Hsu, 1999). Ymrdpxouv, Aoittov,
TPEIG TUTTOI TTIBAVOTATWV:

3.2.1 KAaooiki miBavoTnTa (classical probability)

AuTA kaBopileTtal ammé k atroTeAéopaTa Kal To dIdoTnua Pe Ta K autd oToIxEia TTou
oupBoAiCeTal S=[e1, e2, ..., ek]. Ta oToixeia utroBéToUE OTI €ival 1c0dUvVauQ.
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Oewpolpe, akoua, To yeyovdg A TO OTTOI0 ATTOTEAEITAlI ATTO M ATTOTEAEOUATA, TO
OTTOi0 ATTOTEAOUV OTO OUVOAG TOUG UTTOOUVOAO TwV K ATTOTEAEOPATWY. OewpPOUUE
IcodUvaua Teava atToTEAEOUATA UE AVTIKEIMEVIKO TPOTIO, £T01 WOTE OTAV TO OTOIXEIO
TO dlaAéyoupe Tuxaia atrd Ta k atmroTeAéopaTta f N 1I00dUVAMIa AUTWY TWV OTOIXEIWV
eAEYXETAI ATTO TIG TTOAUAPIOUEG QPOPEG TTOU EKTEAEITAI TO TTEIPANA KATW ATTO TIG iDIEG
ouvOnkeg, 101E N mMOavoTnTa p(A) Tou yeyovotog A, opiletal amd Tov €€ TUTTO:
P(A)= ml/k, ava@£poviag TNV KAl Oav  «AVTIKEIMEVIKA KAQOOIKA TTOavoTnTa»
(“objective classical probability”). OTav 0pw¢ n 10o0duvayia Twv TOAVOTATWY yia Td
OTOIXEIO TOU OUVOAOU €ival UTTOKEIMEVIKR, TOTE N TBavoTnTa p(A)= m/k avagEpeTal
OQaV «UTTOKEIPEVIKA KAQOOIKH TTIBavoTnTay (“subjective classical probability”).

3.2.2 MBavoéTnTa cuyxvothTwy (frequency probability)

Autr] kaBopiletal atd Tnv e€iowon p(A)= prob(YeA) kai civar n mBavotnTa evog
YEYOVOTOG TTOU pag deixvel TNV avaAoyia Twv Qopwv TToU cupfaivel éva yeyovog
votepa atrd €va peydho TAABOC ekTéAeong evog Treipduartog. H  aviikelyevikn
KAQOOIK TOavoTnTa TTapéxel £va TTapAdelyua TnG mMOavoeTNTAG OCUXVOTATWV.
ZUVETTWG, oUPQWvVa PE TNV KAAOOIKA mMOavotnTa piag pouAétag tou eivar 9/19,
MTTOPEl va XpnaoipotroinBei yia Tnv TPORAewn TNG MAKpOTTPOBeouNG ammédoong NG
POUAETAG. ZTOV TTPONYOUUEVO TUTTO, O OTTOIOG Pag divel TV TTIBAvOTNTA CUXVOTATWY,
uttépxel To cUuBoAo Y, To otroio eival éva apiBunTIKG oUVOAO TIMWYV, TTOU TTEPIEXEI
Tuxaieg METABANTEC N Kal KATTOIO KaTavour mlavoTATwy P, n otoia kabopileTal oTa
yeyovoTa Tou ouvolou S. TNa K&Be yeyovog A TTOU EUTTEPIEXETAI OTO S, €XOUUE TOV
Tpoava@epBEv TUTTO, O OTToI0G 1I00UTAI KOl PE TO OpI0O TOU M OTO ATTEIPO TNG
ouvdptnong rm(A), n otroia dNAWVEI TN OXETIKI cuxvoTnTa (TNV avaloyia Twv opwv
TToU TTapouciddetal To yeA) Twv Yy TTou avAkouv 0710 A, Katd Tn SIdpKEID TwV M
ekTeEAéOEWV TOU TTEIpApaTog E.

3.2.3 Ytrokelpevikn mlavoTnTa (subjective probability)

Autr] petpdel Tnv atouik aBePaidtnTa o€ éva yeyovog Kal TTOIKIAEl atmd ATOPo O€
aropo. O1 MOavOATNTEG AUTEG EKTIHWVTAI ATTO TNV €EETAON YIQ TO AV TA yeyovoTa A
givar 100d0vaua va Tpayuatorroinfolv cav yeyovota atrd éva AvTIKEIMEVIKO Kal
BonBnTikd TrEipapa. Akdpa, Ba puTTopolcapEe va TTPOOBIOPICOUNE TIG TIBAvVATNTES Yia
OAa Ta yeyovota A TTou €ival utTTooUVOAQ Tou S Kal va Sl00QAANICOUUE TTWG Ol
meavoTnTeEG IKavoTrololv 1o agiwpata Kolmogorov. ‘Eva dtopgo Tou  TTavTa
TpooTTaBei va avamapacThoel TNV aBeBaidTNTd Tou ATTO Hia UTTOKEIPEVIKH KOTAVOUN
mOavéTNTaG, AVaPEPETAl WG «Bayesiany.

evikéTEPQ, £vag apIBPOG HETAEU Tou UNdEV Kal TG PovAadag PTropei va Bewpeital oav
Mia mBavétnTta pévo av OAa Ta AGAAa yeyovota OTo oUvoAo S eivar mBava
evoexoueva, ol TmlavoTnTeg Kabopifovial o€ KABE yeyovog KAl O KOVOVEG TwV
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mOAVOTATWY  IKAVOTTOIoUVTal  atmd  OAOKANEN TN OuAAoyl Twv  TMOAVOTATWY
(“probability distribution”). MoAAEG TBAVOTNTES TTOU €ival OXETIKEG WE TNV ETTICTAMN Kal
Ta péoa PAdIKAG evnUEPWONG dEV IKAVOTTOIOUV QUTEG TIG CUVONKEG. MNa éva didoTnua
OUVOAOU eVOEXOUEVWY YEYOVOTWY HE €iTE TTOAG atToTEAEOUATA €iTE ATTOTEAEOHATA TA
OTTOi0 PTTOPOUV va €ival TAKTOTTOINUEVA O€ Mia peydAou urkoug aAAnAouxia, eival
a1Tod0TIKO VA €AEYXBEl TTWG Ol TINEG TTPOCBIOPICOVTAl OTA ATOMIKA ATTOTEAECUATA UE
GBpoicua TN povada.

OcwpolvTal KATAoTACEIG OTTOU KATEXOUV KATTOIEG TTANPOPOPIEG OXETIKA ME pia
AyvwoTn TTapAPETPOo 0, TNG OTTOIAG OI TIUEG AVAKOUV O€ £va TTAPAUETPIKG diIdoTnua O.
Tote éva peydAo epwtnua €ival av PTTOPOUUE VA QVOTTOPACTHOOUME auTh TNV
TTANPOPOPIa ATTO Wi UTTOKEIPEVIK KATAVOWN TTBavOTNTAG TToU €XEl va KAvVEl hE To O.
Karmoieg ekdoxéc Baoiouéveg oto Bayes utmrootnpifouv 611 Ba ptmopoucape va
avaTTapIoTOUNE TNV TTANPOPOPIA PAG UE Hia UTTOKEIPEVIKA KATAVOUR TTIBAVOTATWY ToU
O, agpou uttdpxouv KATTola TTOAU OTTAG AgIWUATA TA OTToId PAG Aéve TTwG av Oev
EVEPYNOEIC PE aUTO TOV TPOTTO, TOTE €ioal TTAPAAOYOG, ACUVAPTNTOG Kal YEVIKA
Xoauévog! Eueig 6¢ oupg@wvoUupe Pe autd Tov TUTTO AOYIKNG TTPOooEyyiong, dIOTI dev
yvwpifoupe To cUCTNNG TOU QIWPATOG TTOU gival apKeTA atmAd, 6Tav CUYKPIVETal HE
Ta agiwpata Kolmogorov, yia va dikaioAoynBei n amroywn autr. ETtriong, kdtmoieg
TTANPOPOPIEC OTTWG Ol 1aTPIKEC YVWOEIG I aTTOOEIEEIC I0WG €ival EKAEKTEC WOTE va
MTTOpOUV va eKTTpoowTNOoUV atmd TmBavoetnTeG (yia TTEPICTOTEPEG TTAPASOTIOKES
Tpooeyyioelig Bdoel Tng Bewpiag Tou Bayes, BAémre Bernardo kai Smith, 1994).
MoAAoi apuodiol epeuvnTéC TTOU aKOAOUBOUV TIC ammoyelg Kal Bewpiec Tou Bayes
moTeloUV TTWG N ABeBAIGTNTA O OTTOIOdNTIOTE YEYOVOG QVTITTIPOCWTTEUETAI ATTO Hia
meavoTnTa.

YTrdpyouv BEuarta TTou CUPTTEPIAANBAVOUV CUYKEKPIPMEVA KPITAPIO TTANPOPOPIWY, TA
otroia oupBoAifovrar AIC kai BIC, diapopowpéva amd Toug Akaike kai Schwartz.
Autd BonBouv oto va An@Bouv artro@doelg avaueoa o€ OIAPOPETIKEG ETTIAOYEG
OclyMaTOANTITIKWY povTéAWV. Eival diaBéoiua woTe va diaxeipi¢ovral KABE TTaPAPETPO
TNG AoyapIBuIKAG AsiToupyiag eUpeong Twv mMOAvoTATWY. Ta KpIthpia autd civai
atroAUTa DIKAIOAOYNUEVA KAl OUYKPIVOUEVA PE BACN TNV UTTOAOYICTIKA TTPOCTONO0IWGOT
TWV OUVOAWY TWV TTOPATNPNOEWY ATTO CUYKEKPIUEVES ETTIAOYEG TOU OEIYHATOANTITIKOU
MovTédou Toug. MapdAa autd, eival €mmiong onuavtikd va Bewpriooupe OAEG TIG
mOavég  dlayvwoelg, OTTWG  yia  TTAPAdElyUa  UTTOAEINPOTIKEG  aVOAUCEIS  YIO
TTOAIVOPOUIKA HOVTEAQ, OTAV OUYKPIvOVTal TO POVTEAQ WETAEU TOUG, Kal aKOPa va
Bewpnoouue TNV 0pBN KAl ETTIOTNUOVIKA AOYIKA TwV appodiwv Ye To B€ua.

KdaBe emionun oTtaTioTikh dladikaoia, €iTe yia AqWn CUUTTEPACHATWY OXETIKA HE TIG
TTAPAPETPOUG, TTPOPAEWN  MEANOVTIKWYV  TTOPATNPACEWYV, €iTe  €mAoy  €vOg
OEIYUATOANTITIKOU HOVTEAOU, Ba PTTOPOUCE va KATEXEI ETTIOUUNTEG PMAKPOTTPOBEOUES
I010TNTEG CUXVOTATWY. 2€ KATAOTACEIG TTOU Ogv PTTOPOUV va avaTtTuxbouv e
BewpnTIKG TPOTTO, Ol TTPOCOMOIWCEIG PMECW UTTOAOYIOTWY HTTOPOUV va Trapdyouv
OKPIBA Kal e peydAn onuacia atroteAéopata. AMTAwPATOUX0!I GOITNTEG Kal €10IKOI
EPEUVWIV €xouv TrapakivnOei 01O va OnUIOUPYACOUV TTPWTOQAVEIC OTATIOTIKEG
O1adIKaoieg Kal va eAEyXOUV TIG VEEG 10€EG TOUG XPNOIKOTTOIWVTAG TTPOCOUOIWOEIG
OUXVOTATWV.

O1 Leonard kai Hsu oto BipAio Bayesians Methods (1999) tepiypdgpouv
TTIPOCEYYIOTIKEG BIadIKaaieg oI oTroieg OXeTICOVTAl e TTOAUTTOIKIAEG AOYIKEG EKTIMAOEIG
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TOAVOTATWY Kal AvaQEPOUV TO TTEPIEXOUEVO TNG METATPOTING TWV TTOPAUETPWY WOTE
va TTETUXOUV KOAUTEPN KATG TTPOCEyyion ouaAdTnTa. Autd gival TTOAU onuUavTiko yia
TOV  gpeUvVNT] TIoU  €AEyXel aplBunTikd KABe BewpnTikh €lonynon  otav
xpnoigotroloUvtal BewpnTikéG TTpooceyyioelc. MNa mapddeiyua, dia TTPOCEYYIOTIKA
Kataveunuévn Tuxaia petaBAnt X iowg dev atrodidel TIHES yia TIG TIBavoTnTEG p(X<-
1,96) kar p(X>1,96), o otroieg civar kovid oto 0,025. Mia Aoyikr} TTpocfyyion Kal
OXETIKEG METATPOTTEG TTAPAPETPWY TTAPEXOUV £va KEVTPIKO BEPa o€ pia TToikIAia atrd
Bayesian 16éeg TTOU avamTuooovTal O0To TTpoavapepBév BIBAIO, TETOIEG WOTE N
KATOOKEUN TWV OPXIKWY KOATAVOUWY YIAd OPKETEG TTAPANETPOUG, UTTOAOYIOTIKEG
dladikaoieg KAvovTag XpAon agIoTTIoOTOU JEIYHOTOG, EKTINNOEIG OXETIKEG UE TO Laplace
Kal delyhaToANWiag TTou £xel aTToppIPOEi.
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KEDAAAIO 4: AITIOAOIIKA AIKTYA-AIKTYA NMIZTHZ

2e autd 1O KePAAalo TTapatiBevral Tpia TTapadeiyparta. Autd emmenyouv Kpioiua
onueia Ta oTroia TTPETTEl va  AauPdvovtal utr own otav  €ival avaykaia n
€TMIoONUOTTOINGN TNG CUAAOYIOTIKAG TNG BeRaidTNTAG.

4.1 NMAPAAEIrMATA

4.1.1 NArQMENOI APOMOI

O aoTtuvouikég €mBewpntig Smith Tepiyével avuttopova TNV APIEN Twv Kupiwy
Holmes kair Watson. 'Exouv ndn apynoel kai o €mBewpntic Smith €xel dAAn pia
onpavTikh ouvavinon o€ Aiyn wpa. Koirdlovtag £€€w atmd 1o TTapdbupo avapwTiETal
€av ol dpouol eival maywuévol. O1 Holmes kai Watson £€xouv ammokTAcEl TN @run
atdaprn odnyou, £101 Qv Ol BPOUOI Eival TTAYWHEVOI UTTOPED KAl va €XOUV TPOKAPEL.

H ypaupatéag tou Smith eicépyetal oto ypageio kar Tov €1doTroiei 6T 0 KUPIOG
Watson e€ixe éva autokivnTioTikd atuxnua. «O Watson; Evrdgel. ©Oa ptmmopouoe va
gival xeIpdtepa... maywuévol dpouol! Ze autriv Tnv TrepiTTwaon kal o Holmes Ba £xel
meavoTaTta Tpakdpel. Oa Taw yia eaynTo Twpa». «aywuévor dpouoL;», atavtdel n
ypauuatéag, « Agv éxel TO00 TTOAU KpUo £Ew Kal €TTITTAéOV OAol oI dpduol €xouv
emoTpwOei pe aAaT ». O emBewpnTtig Smith deixvel avakoupiopévog. « ATuxia yia
Tov Watson. Ag dwyooupe atov Holmes GAAa BEKa AETTTA ».

MNa tnv mpocéyyion kal dlotrpayudreuon NG 10Topiag, Ba Bewprooupe OTI TA
yeyovoTta avTirpoowTtrevovTal atmmd PeTafANTéEG pe U0 KATAOTAOEIG, val Kal OXI.
Y1roBétoupe, OnAadry, 6T To KABe yeyovog oxeTieTal Je pia BeBaIGTNTA, n oTToia gival
€vag TTpaypaTikog apiBudg, dnAadn pia Ty mlavéTnTag yia 1o av gival BEBaio va
TIPaYHaTOTTOINBEI TO Yeyovog auTto 1 Ox1. ‘ETol £xoupe TIG TpEIG TTapakaTw PETABANTEG:

maywpévol dpopoil (I), o Holmes tpakdpel (H), o Watson tpakdper (W). To I €xel
TNV €midpaon TG augnong Tng BepaidTnTag Twv H kot W. Mtropouue va @aviacTouuE
TOV QVTIKTUTTO QUTO oav pia augouoa ouvapTtnon amo Tn Befaidtnta Tou aiTiou £wg
N BeBaidTNTa TOU aTTOoTEAEOPATOG. H KatdoTaon emegnyeital oto Zxiua 3, 610U TA
BEAN OTIC OUVOETEIG JOVTEAOTTOIOUV TOV AVTIKTUTTO TOU QITIOU KAl T MIKPG& BEAN TTOoU
gival TTpookoAANUéva OTIG ouvdéoelg Oeixvouv Tnv Katelbuvon TOU AVTIKTUTTOU OTN
BeBaidTNTA, dNAABK TN OXEON TOU CTOIXEIOU TTOU ETTNPEEACETAI ATTO £Va OTOIXEIO TTPOG
TO OTOIXEIO aUTO.
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ZxAua 3: 'Eva dikTuo JOVTEAO YIA TOUG TTOYWHEVOUG SpOMOUG.

Otav o emBewpntic Smith TTAnpogopeital 611 0 Watson €ixe autokivnTIOTIKO
ATUXNMA, EPAPHOCEl hIa CUANOYIOTIKA TTPOG TNV avTiBeTn KateuBuvon atrd authAv Twv
AITIOAOYIKWV BeAWV TOU OXANOTOG. EQOoOV N ouvdptnon £mTTwoNG TTou KATOAAYEI
oto W audveral, n avtioTpopn cuvapTnon £1TioNg auEaveTal. ZUVETTWGS, AapBavel yia
augnuévn BeBaidtnTta Tou |. H augnuévn BeBaidtnTa Tou | e TN O€Ipd TOU dNMIoUPYET
MIa véa TTpoodokia, CUyKeKpIYEVA Pia auénuévn BeBaidtnTa Tou H.

TN ouvéxela, OTav N ypapuaTéag Tou tov TAnpo@opei 0Tl oI dPOUOoI dev UTTOPE va
gival TTaywpévol, To yeyovog o1t o Watson €xel Tpakdpel dev ptropei va aAAdEel Tnv
TPocdokia Tou 600V apopd TIC CUVOAKES TTOU ETTIKPATOUV GTOUG OPOUOUG Kal KaTd
ouveTTEla To atuxnua tou Watson dev €xel kapia emTidpacn ato H.

Auto civar éva Trapddeiyua Tou TTWG N eEdptnon/avegaptnaia aAAGlel Pe TIG
TTANPoOPoOpieg TTou éxouue oTn d1IdBson pag k&Be gopd. OTtav TiTToTa dev gival yvwoTo
AVAQPOPIKA HE TNV KATAOTAON TTOU ETTIKPATEI 0TOUG dpduoug, ToT1e To H kai To W gival
eCaptnuéva: TTANPoPOpIES yia KATTOI0 atrd Ta dUO yeyovoTa eTTnpeddel n BeRaidTNTa
Tou dAAou. QoTdoo, éTav n KaTaoTaon oToug OpPOUOUG gival yvwoTh pe BeRaidTNTA,
T6TE €ival aveEdpTnta: TTAnpoopieg oxeTikG e 10 W dev €xouv Kapia ettidpacn oTtn
BeBaidTnTa ToU H KAl avTIoTPOYWG. AUTO TO @aIVOUEVO KOAEiTal SEOHEUMEVN
avegaprtnoia (Jensen, 1996).

4.1.2 BPETMENO INPAZIAI

O kupiog Holmes e 010 Los Angeles. ‘Eva TTpwi 6tav o Holmes @elyel atrd 10 OTTiTI
TOU, DIATTIOTWVEI OTI TO YPaoidl TNG AUARG Tou gival Bpeypévo. Eivar e§aitiag Tng

Bpoxns (R), i éxel &exdoel va kAgioel To autdéparto ouoTnua TroTtioparog (S); H
TTioTn ToUu OTa BUO AuTd evdeXOUEVA AuEAveETal.

>Tn ouvéxela dIaTTIoTWVEl OTI TO YPAGidl Tou yeiTova Tou, KUplou Watson, ival e1riong
Bpeyuévo. ZuutrepaocpaTikd o Holmes cival oxeddv oiyoupog OTI £xel Bpécel. Mia
avatmapdoTaon Tng Karaotaong @aivetar oto ZxAua 4, émou n Bpoxn (R) kai 1o
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auTOPOTO CUOTNUA TToTiopaTog (S) eival aiTieg yia 1o Bpeyuévo ypaaidl Tou Holmes.
Movo n Bpoxn utTopei va TTpokaAécel To ypaaidl Tou Watson va gival Bpeyuévo.

t t 1

ZxAua 4: 'Eva dikTuo POoVTEAO yia TO TTApddelypa Tou BpeyUévou ypaoidiou.

av o Holmes &iamoTtwvel 611 T0 OIKO Tou ypaagidl cival Bpeyuévo, £@apuolel yia
OUANOYIOTIKI] TTPOG TNV avTiBeTn KaTeuBuvon atmd eKeivn TwV AITIOAOYIKWY BEAWV.
E@ocov kal o1 800 cuvapTACEIS €TTIMTWONG TTou KataAfyouv ato H au&dvovtal, n
BeBaidTnTd TOU YIa Ta R kai S aufdvetal. H augnuévn BeBaidtnta Tou R pe Tn oeipd
Tou dnuioupyei pia auénuévn BeBaidtnTa Tou W.

Kard ouvémreia o Holmes eAéyxel 1o ypaaidl Tou Watson kai 6tav avakaAUTITel OTI
gival etriong Bpeypévo, ypriyopa au&dvel Tn BeBaidtnTa Tou R. To €mouevo Bripa o
OUAAOYIOTIKN €ival SUOKOAO yia TIG uNXavéG, aAAd QUOIKO yia TOug avBpwTToug Kal
KaAcital aimioAéynon o€ BAabog: 1o Ppeyuévo ypaoidl Tou Holmes €xel eEnyndei kai
€101 Oev uTTApXel TTAéov Kavévag AOyog va ToTEWoupe OTI TO AuTOPATO cUuoThUA
TTOTIOPATOG ATAV AVOIXTO. ZUVETTWG, N BERaIOTNTA TOU S HEIWVETAI OTNV APXIKA TIUA
NG, dNAadN TEivel TTOAU KOVTA OTO NdEv.

H aimoAdynon og Babog cival éva akoun TTapddeiypa Tng aAAayng €€apTnong PE TIg
O100£01uEG TTANPOYOPIES. TNV APXIKA KaTtdoTaon, otav TiTroTa &gv gival yvwoTo, Ta R
Kal S eival ave¢dptnta. QoT600, 6TAV £XOUUE TTANPOPOPIEG OXETIKEG PE TO YPaAaidl TOU
Holmes, 161¢ Ta R kai S yivovTal e§aptnuéva.
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4.1.3 AITIOTHTA KAI ZYAAOT'IZTIKH

Mia mBavr TNy ocuyxuong TTPETTEl va ava@epBei oTo onueio autd. Ta diaypdupaTa
oTa ZXAMOTA 2 Kal 3 TTAPOUCIACTNKAY OOV HOVTEAQ ETTITITWOEWY PETAEU YEYOVOTWY,
oANG n ouAAoyioTIKA TTou BacileTal OTO YPOPAMUATA OXETICETAl PE TO TTIWG N
BeBaidtnTa pag yia Ta didgopa yeyovota eTnpedleTal atrd T véa BeBaidtnTa yia
GAAa yeyovoTa.

2TV TIPAyuaTikOTNTA, TO MOVTEAQ QUTA €ival YPAPHEG 0dNYIWV YIa TPOTTOUG
OUANOYIOTIKNG OXETIKA YE AyvwoTa yeyovoTa. OTav n CUANOYIOTIKA TToU £Qpapuolouue
gival gUp@wvn PE TNV KateuBuvon Twy BeAwv OTIC OUVOETEIG, N BAWGN OTO HOVTEAO
givaui:

To yeyovog A rpokalei pe BefaidTnTa X TO Yeyovog B.

AT1é autd cupTtTEPQivoupE OTI:

Edv yvwpifoupe 611 To A €£xel oupBei, TOTE TO B X1 oupBei pe BefaidTnTa X.

Edv n oUANOYIOTIKA JOG EQOPUOCTEl TTPOG TNV avTiBeTn KaTEUBUVON OTIC OUVOEDEIG
aTTaiTeiTal 1o emOEEI0G XEIPIONOG. QG TP £XOUUE TTEl OTI N BERaIGTNTA TOU aiTiou A
augavetar otav 1o amotéAecpa B éxel ocupPei. Edv BéAoupe va TTdpoupe  pia
TToo0TIKOTTOINKEVN ORAWON, O UTTOAOYIONOG TNG BeBaidTnTag TTPETTEl va €XEl évav
TPOTTO VA AVTIOTPEPEI TIG AITIOAOYIKEG ONAWOEIC. € TTAPAKATW KEPAAQIO dEIXVOUUE OTI
yIa Tov UTToAoyIouS TNG BEBAIGTNTAG KAI TNV AVTIOTPOQI], XPNOIKMOTTOIEITAI O VOO TOU
Bayes.

Mepikoi eTTIOTAPOVEG UTTOOTNPICOUV OTI T dIiKTUO OEV ATTOTEAOUV QITIOAOYIKA POVTEAQ,
OAMG povTéAa yia TO TTWG o1 TTANPOQYOpPIEG pTTopoUV va d1adoBouv PeTagU Twv
yeyovoTtwy. AuTo eival, attd pia BepeAiodn admmoywn, oTToAUTWGS €YKUPO £QOCOV BeV
MovTEAOTTOIOUVTAI TTAPEURATIKEG TTPAEEIS HETA OTO BIKTUO.
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4.1.4 ZEIZMOZ 'H AHZTEIA

O kuplog Holmes douAelel o1 ypageio Tou 6Tav Aaufavel éva TnAepwvnua atd Tov
Watson, o o110io¢ Tov evnuepWVEl 0TI 0 CUVAYEPHOG Tou OTITIOU Tou Holmes €xel
evepyotroinBei (A). MNemeiouévog OT KATToI0G SIaPPAKTNG (A) £xel eIoBAAAEl GTO OTTITI
Tou, 0 Holmes ptraivel 0TO auTokivnTd TOU Kal TINyaivel TTPOG TNV KATOIKIO TOU. 2TO
Opouo akouel atrod TIG €10N0¢€Ig 0To padidpwvo (P) 611 £yive évag PIKPOG OEIoNOG ()
otnv TrepIoXA. Mvwpifovtag OTI O OEIoUOoi £€Xouv pIa TAON va €VEPYOTTOIOUV TOUG
ouvayeppoug, €emMOTPEPEl OTn OOUAEId TOu aA@AvVOVIAG OTOUG  YEITOVEG Tnv
euxapiotnon Tou BopuBou. To ZxAua 4 dcixvel éva POVTEAO TNG OCUAAOYIOTIKAG.
Mapatnpouue 611 N doun gival TTapouola e To ZXAMa 5.

ZxApa 5: ‘Eva povTéAo yia TO TTapddelya TOU OEICHOU.
4.1.5 : NIPQTAPXIKEZ BEBAIOTHTEX

XapakTnpPIOTIKO TNG CUAAOYIOTIKAG TTOU aKOAOUBNBNKE oTa TTapadeiyuata autou Tou
Ke@aAaiou gival 0TI €dv KATTOIO YEYovog gival yvwaoTo, TOTE N BeBaidTNTA TwV GAAWV
yeyovoTwy TTPETTEl va aAAGgel. Edv, o€ évav uttoAoyiopo BeRaidTNTAG, N TTPAYUATIKA
BeRaIOTNTO EVOG CUYKEKPIUEVOU YEYOVOTOG TTPETTEI VO UTTOAOYIOTEI, TOTE N yVWON TWV
TPWTAPXIKWV BeRalOTATWY Oc KABE TTANpo@opia €ival amoAUTwG avaykaia.
2UYKEKPIYEVA, TTPWTAPXIKES BeBaIOTNTEG XpeidlovTal yia Ta yeyovoTa TTou Oev gival
arroTeAéopaTa TWV AITiWY Yéoa aTo dIKTUO.

Ag TTdpoupe TO TTAPAdEIyPa Tou Bpeyuévou ypaaidiou. Asdouévou OTI To ypaaidl Tou
Holmes cival Bpeyuévo, n BeBaidtnta Tou B eival akdua e€aptnuévn amd 10 €av n
Bpoxn TN voOxTta eival éva omdvio yeyovog (O0TTwg oto Los Angeles) 4 TTOAU
ouvnBiopévo (6TTwg aTo Aovdivo).
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To idl0 oupPaivel kal yia To TTAPAdEIYUA Tou oeiouoU. MapdAo TTou To X PTTopEi va
£Xel pia 1oxupoTEPn emmidpacn oto A a1 6T To A, kal TTAnpogopieg yia 10 A Ba
augnoouv TN PePaIdTNTA TOU CEICUOU TTEPIOCCOTEPO aTTO QUTAV TNG ANOCTEIOG, N TEAIKN
BeBaidétTnTa TOU Z Ba TTPETTEI AKOMA va gival XapnAoTepn atrd mn Befaidtnta Tou . MNa
va givar duvartr n €Qapuoyry aQutAg TnNG CUAAOYIOTIKAG, atmmaitouvTal TTPWTAPXIKES
BeBaidTnTeg OoTO X KOI B .

4.2 AITIOAOTIKA AIKTYA KAI D-AIAXQPIZMOZ

Ta poviéAa Tng TTponyouluevng Trapaypd@ou cival TTapadeiypuata AITIoAOYIKWY
OIKTUWV. ‘Eva aimoAoyikd OikTuo atroteAeital ammd €va oUvoAo pHeTaBANTWY Kal éva
oUvoAo oTrd KaTeuBuvopeveg OuvOEDEIG METAEU Twv MeTaBAnTwy. MaBnuatikd, n
oounl KaAeital kareuBuvopevo ypdenua. Otav pIAGUE yia TIG Oxéoelig o€ €va
KaTeubuvopevo  ypd@nua  XPENOIUOTIOIOUME TNV  OpoAoyia Twv OXECEWV MIAG
OIKOYEVEIaG: €dv UTTApXEl Yo ouvdeon atmd 70 A oto B Aéue 611 To B gival TTaudi Tou A
Kal 611 To A gival yoviog Tou B (Jensen, 1996).

O1 pyeTaBANTEG AvaTTAPIOTOUV YEYOVOTA (TTPOTACEIG). ZTNV TTPONYOUUEVN TTAPAYPAPO,
KABe peTaBAnTA eixe TIC kaTaoTdoeElg val Kal 6x1 Oeixvovrtag KaTd TTOco €va
OUYKEKPIUEVO YeYOVOG EAaBe xwpa A Oxl. lMevikd, uia PeTaBAnTA PTTOPEl va €xel
OTTOI0ONTTOTE APIBPO KaTaoTacewy. Mia petaBAnTr utropei, yia TTapadeiyua, va ivai
TO XPWHMG €VOG QUTOKIVATOU (KATACTACEIG: PTTAE, TIPACIVO, KOKKIVO, KAPE), 0 apIiBuog
Twv TadIV o¢ pia olkoyévela (kataotdoelg: 0,1,2,3,4,5,6,>6), | pia acBéveia
(kaTtaoTdoelg: Bpoyximida, uuaTiwaon, KApKivog TTVEUNOvwY). O1 peTaBAnTéG pTTopEi
va £XOUV £va PETPAOIYO 1] €va OUVEXEG OUVOAO KATAOTAOEWV, OAAG OTA TTAPAKATW
aoXoAoUpaoTE HOVO PE PETORANTEG PE TTETTEPOACHEVO APIOUO KATAOTACEWV.

e éva AImoAoyIkO OiKTUO pIa PETARANTA avatmapioTd éva oUvoAo atrd TmBavég
KaTaoTdoelg evog ¢ntApatog. H petaBAnTr Bpioketal akpifwg o€ pia atmd autég TIg
KATOOTACEIG: TO TTOIA €ival AUTH PTTOPEI va gival AyvwoTo o€ PAG.

H ouAAoyIOTIKI] OXETIKG pE TNV aBeBaidTnTa €xel €TTioNg £va PEPOG TTOOOTIKOTTOINONG
Kal a@opd TOV UTTOAOYIOUO Kal ouvduaoud Twv TIHwy BeBaidtnTag, dnAadrh mToéco
mBavo gival va ocupBoulv opiouéva yeyovoTa. O1 BewpAoEIS o€ auThvV TNV TTApAypaPo
givar aveEdptnTeg aTmd TOV  OUYKEKPIUEVO UTTOAOYIONO  afeBaidtnTag. OTrote
TTPAYUATOTTOIOUVTAl  UTTOAOYIOUOi, TIPETTEl va  akoAouBouvtal o1 VOPOol  TToU
TTOPOUCIACTNKAY OTNV TIPONYOUNEVN TTAPAYPAPO Kal Ol OTT0iol TEKUNPIWVOVTAI
TTAPAKATW.

67




GAIAQN-AIMIANIOZ-NIKOZ MANATIQTOMOYAOZ

4.2.1 ZeIplOKEG OUVOEDEIG

OewpoUpe TNV KATAOTACN TTOU TTEPIYPAPETAI OTO ZXAuUa 6. To A €xel Yo €TTidpacn
oTo B 10 oTmoio pe TN oeipd Tou emnpeddel To C. MNpogavwg, atmodeitelg yia 1o A Ba
eTTNPEdoouV TN BeBaIGTNTA TOU B TO OTT0I0 OTN CUVEXEIA £TTNPEACEI TN BERAIOTNTA TOU
C. Opoiwg, atodeiteic yia To C Ba emmnpedoouv 1 Bepaidtnta Tou A péow Tou B.
A6 Tnv GAAn TTAeupd, €dv n katdoTtacn Tou B eivalr yvwaoTr], T0TE TO KUKAWHA
epdacoctal kal Ta A, C yivovtal ave¢dptnta. Aéue o1 Ta A kai C tTapoucidfouv d-
olaxwpioud dedopévou Tou B kal 6Tav n katdoTaon TNG eKAoToTe HETABANTAG B cival
YVwOoTA Aée OTI auTr €Xel TTAPEI OTIVUICIA TIUA.

ZuuTtrepaivoupe OTI aTTodEigelc PTTopoUv va peETadoBolv PECW HIOG OEIPIOKAG
ouvdeong ek10g €dv n KaTdoTaon TNG METABANTAG o©Tn ouvdeon eival yvwoTr.
MapartiBeTal TTapadeiypya o1o KePGAaIo TNG deapeupévng aveCaptnaiag (4.3.5).

ZxAHa 6: Zeipiakn ouvdeon. Otav 1o B wdpel oTiydiaia TR, SIGKOTITETAI N ETTIKOIVWViA
MeTagU TwWv A Kai C.
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4.2.2 AtrokAivouoeg ouvoEoElg

H katdotaon Tou TrepIypd@ETal OTO ZXAMO 7 OTTOTEAEI MIa  yevikeuon Tou
TTaPAdEIiyUATOG HE TOUG TTaywpévous dpopous. Edv 10 A TTapel oTiydidia TiunA,
@pdooeTal n e€mMKoIVWVia PETAEU Twv TTaIdiwy Tou. H emmidpaon uTTopei va TrepAcel
avdapeoa atrd oAa Ta TaIdId Tou A ekTOG €dv N KaTdoTaon Tou A gival yvwoTr. Aéue
om Ta B, C, ..., X Tapouciafouv d-diaxwpiopo doouévou Tou A.

‘ET01, a1rodeielg uTropolv va JeTadoBoUv HECW PIOG ATTOKAIVOUCOG OUVOECNG EKTOG

Kal av €xoupe AGBel oTiyiaieg TIMES, dNAadn va gival yvwoTd 10 A.

OO™

ZXApa 7: AtrokAivouca ouvdeon.

Mia atrAf} e@apuoyr] Tou POVTEAOU TOUu ZXNMOTOG 6 aTroTeEAEi TO TTOPAdEIYUA TNG
Tapaypdgou 4.1.1 (BAéTTe ZxNpa 2).

ZuykAivouoeg ouvdéoelg

Mia TTeplypa@r] TnG KaTdoTaong oTo XXNUa 7 ataitei Aiyn 1epIocdTePn TTPOOOXH,
OTTou €dv 10 A aAA&Eel BeBaidTnTa, avoiyel ETTIKOIVWVIA avAUETO OTOUG YOVEIG Tou.
Edv TiTrota dev gival yvwaoTo yia 10 A €KTOG atrd O,TI uTTopei va e€axBei pe faon Toug
yoveig Tou B,...,X 10TE 01 yoveig €ival aveEdpTnTa yeyovoTa: amodeiteig yia évav armo
auToug &ev éxel kapia emidpacn ot BePaIdTNTA TWV AAAWV.
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ZxApa 8: ZuykAivouoca ouvdeon.

Mia atAf €@appoyr) Tou poviéAou oTo Zxnua 8 artroteAei 1O TTapAdelyua NG
TTapaypdeou 4.1.4 (BAéTTe Zxpa 5).

Twpa, edv otrolodATTOTE AANO €id0g atrodeiewyv emmnpedosl Tn BefaidTnTa TOU A, TOTE
Ol yoveig yivovtal eEapTnuéva yeyovOoTta €Eautiag TG apxng Tng aimioAdynong o€
Babog. O1 ammodeifeig ptmopei va eival dueceg amodeifel yia 1o A, (| ITTOPEi va givail
atodeicelg ammd éva TTaidi Tou A. To @aivépevo autd KaAeital deopeupévn eEAPTNON.
210 Zxnua 8 mapoucidlovtal Katola emeEnynuaTikd TrapadeiypaTta. To ocUuBoAo e
UTTOOEIKVUEI TNV €l0aywYn TwV atrodeifewyv. To cupttépacya cival 4Tl o1 aTTodEIgEIG
MTTOpOUV va peTadobouv pévo péow MIAG OUyKAivouoag ouvdeong €Av €ite n
METABANTA TNG oUVdEONG, €iTE évag aTTd TOUG ATTOYOVOUG TNG €XEl AGPBElI aTTOBEIKTIKA
oTolxeia.

Edw trpétTel va onpeiwBei 011 wg amodeitn o€ pia petaBAnTh opioupe pia dnAwon
NG BeBaIOTNTAC TWV KATAOTACEWV TNG. EAv n dRAwaon divel Tnv akpIfr] katdoTaon
NG METABANTAG, TNV KaAoUpe 1oxupny amodeiEn (hard evidence), o€ SIOQOPETIKA
TTEPITITWON KoAgiTal XxaAapr) ammodeign (soft evidence). H 1oxupy amddeign kaAeital
etmiong kai instantiation. MNa va yivel gpayr Tou SIKTUOU OTNV TTEPITITWON CEIPIAKWY
Kl OTTOKAIVOUC WV CUVOECEWY QTTAITOUVTAI IOXUPEG OTTOBEIEEIG, EVW) OTNV TTEPITITWON
OUYKAIVOUCWYV CUVOETEWYV OTTOI00NTTOTE £i00¢ aTTOdEICEWV aPrvEl avoIXTO TO BIiKTUO.
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@

ZxAua 9: Napadeiypara 61T0U 01 Yyoveig Tou A gival e§apTnuéva yeyovora.

4.2.3 D-AIAXQPIZMOZ

O1 TpEIG TTEPITITWOEIG TTOU EEETACTNKAV TTAPATIAVW KOAUTITOUV OAOUG TOUuG TPATTOUG
ME TOUG OTTOiIoUG Ol aTTOdEIEIC UTTOPOUV va PETadoBoUV PEow MIag PETABANTAC Kal
akoAouBwvTag Toug Kavoveg eival duvatd va aTmmoQacicoupEe yia KABe (euyog
METABANTWY o€ éva aimioAoyikOd OikTuo €dv autd eival eEapTnUéVA OOCHEVWV TWV
ammodeicewv TOoU éxouv eloaxBei oto Odiktuo. O1 kavoveg SiaTUTTWVOVTIAlI OTA
TTAPOKATW.

Opi1op6g (d-Siaxwpiopog) : Avo petaBAnTég A kal B o€ €éva aimioAoyiko dikTuo eival
d-Slaxwpliopéveg €dv yia OAa Ta povotrdma petagy Twv A kai B utrdpxel upia
evolGueon Tuxaia yetaBAnTn V T€T0I0 WOTE:

- €iTe n ouvdeon eival ogIpiokr 1) aTTokAivouoa kal n katdotaon NG V yvwoTh.

- €iTe n ouvdeon eival ouykAivouoa Kal TOoo N V 600 Kal oI atrdyovol ThG Oev
€xouv AaBer atTodeEigelg.

Edav ta A kai B dev gival d-diaxwpliopéva Ta KaAouue d-ouvoedeuéva.

To ZxAua 10 divel éva tapddelypa evog peyoAutepou OIKTUOU. To A eival d-
dlaxwpliopévo poévo amd 1o G. O1 atrodeigeigc mou €il0dyxBnkav oto B kai o M
avatrapioTouv 1o instantiation, dnAadf 10 M kai To B éxouv AGBel OTIYHIQiEG TIPEG.
Edv amodeiteig eicaxBolv oto A pmropei va diadoBouv oto D. H petaBAnth B cival
Qpayuévn, €101 o1 atTodeitelg dev PuTTopouv va Trepdoouv atré 10 B o1o E. Qotd0o0,
MTTOpOUV va Trepdoouv oto H kai oto K. E@déoov 10 mraidi, M, tou K AapBavel
atTodeigelg, o1 atrodeigels amd 10 H pmmopouv va mrepdoouv oT1o | kal eTakdAouba oTa
E, C, F, J, L. 'E101, TO povotrdam A-D-H-K-I-E-C-F-J-L eivar éva d-ouvdedepévo
MOVOTTATI.
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ZyxAua 10: ‘Eva aitioAoyiké dikTtuo pe Ta B kai M va éxouv mrapel oTIyHIaiEG TINEG.

72




GAIAQN-AIMIANIOZ-NIKOZ MANATIQTOMOYAOZ

To ZxAua 11 divel dUo eTTEENYNUATIKA TTapadEiypaTa. ZT0 TTapddelyua TTou PpiokeTal
apIoTEPA TOU OXAMUATOG IOXUEI TO £EAG: TTAPOAO TToU OAoI oI yeiToveg Tou E éxouv TTapel
OTIyMIaieG TIMEG, auTo gival d-ouvdedepévo pe Ta F, B, A. Evw oto dimmAavd mapddeiyua
Tou oxnuatog 10 F gival d-dlaxwpiouévo aTrd TIG UTTOAOITTEG JETARANTEG.

Znueivetal 61 TapodAo mou 1a A kai B eival d-cuvdedepéva, ahAayEég oTnv TrETToiOnon
yia 10 A dev ouvettayetal aAhayn oTnv TTemoibnon Tou B.

210 TTapamdvw Trapoucidoape Tov d-dlaxwpioud wg opioud Kai 61 ws Bewpnua. To
QVTIOTOIXO Bewpnpa dIATUTTWVETAI WG EENG:

Oswpnua: Edv ta A kai B cival d-Siaxwpicpéva, T0Te aAAayég oTtn BeBaidtnTa Tou A dev
£xouv avTtiktutro oTtn BeBaidtnta Tou B.

QoT1600, TO Bewpnpa dev PTTOPE va uI0BeTNOET oav éva Bewpnua Xwpig Pia akpiBéoTepn
TTEPIYPAPN OTO €vvoIOAOYIKO TTEdio Twv TMBavoTATWY. MTopouue va ekAdBoupe Tov d-
OlaxwpIoU6 cav pia KANPpovouid TNG avBpwTTivig GUAAOYICTIKAG KAl va ATTAITACOUME OTI
OTTOIOCONTTOTE UTTOAOYIONOG BePaidTnTag Ba TTpétrel va cuuBIBaleTal ye 1o Bewpnua
auTo.

IxApa 11: AimioAoyikd SikTua pE I0XUpEG atrodei§eig kaTtaxwpnuéveg (o1 HeETaBANTEG £xouv
TAPEI OTIYMIAIEG TINEG).
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4.3 AIKTYATIZTHZ (BAYESIAN NETWORKS)

4.3.1 BAZIKA AZIQOMATA

H mBavétnta P(A) evég yeyovoTog A eival évag apiBudg oto 1redio opiouou [0,1]. O1
mMOavVOTNTEG UTTAKOUOUV OTA TTAPAKATW BACIKA aglwuaTa:

(a) P(A)=1 €av ka1 yovo €av 1o A gival oiyoupo.

(B) Edv Ta A kai B cival apoifaiwg atrokAeidpeva, TOTE:

P(AuB)=P(A)+P(B)

4.4 AEXMEYMENEZ NI©OANOTHTEZ

H Baoikn évvoia otnv Bayesian mmpooéyyion Twv BeRaloTATWY OTa aITioAoyikd dikTud
givar n deopeupévn moOavernta. OtmoTe pia dnAwon Tng mblavétnTag, P(A), evog
yeyovotog A Oivetal, auth e€ival doopévn egaptwpevn ommd AGAAOUG yvwoToug
Tapdyovteg. Mia dnAwon 6TTwg « H mBavotnTa Tou fapiou va @épel 6 civar 1/6 »
ouvABwg TTEPIAaPBAvEl TNV aveiTTwTn TTPOUTTOBE0N OTI TTPOKEITAI VIO £va APEPOANTITO
Capl — [ epooov Ogv yvwpifouue TITTOTA YyI' AUTO, TO Bewpoulpe va civalr éva
apepOAnTITO Capl. Autd onuaivel 6T N dNAwon Ba £mTpetTe va givar: « Agdouévou Ot
EXoule éva apepoAnTTo Cdpl, n mMOavoTnTa...». Me autdv 1OV TPATTO, OTTOIdATTOTE
onAwaon oTIg MOavOeTNTEG cival pia dHAwaon eEapTwevn ammd oTIdATTOTE GAAO gival
yvwoTo.

Mia dnAwon deopeupévng TOAVOTNTAG £XEI TNV TTAPAKATW pop®n (Jensen, 1996):
Aegdopévou Tou yeyovoTog B, n mlavoeTnTa Tou yeyovoTog A givai Xx.
H paBnuariki ameikdvion Tng mapatmavw dnAwaong sivai: P(A/B)=x.

Mpétel va TovioTei 0TI P(A/B)=x &gv anuaivel 611 0110TE TO B 10¥0€I TOTE N TBAVOTNTA
Tou A gival x. Znpaivel 611 €dv 10 B 1o0xU€l Kal oTIdATTOTE GAAO TTOU Eival yvwaoTo gival
aoyxeto pe 10 A, 10TE P(A)=X.

74




GAIAQN-AIMIANIOZ-NIKOZ MANATIQTOMOYAOZ

O BgpeAIwdng vOpog yia Tov TTIBavoAoyIKO Aoyiouo gival 0 akdAouBog:

P(A/B) P(B)= P(A,B). (1)

Omou P(A,B) civai n mBavétnta TG Toung Twv OUo yeyovotwy, A A B .
EvBupouuevol 61 o1 TBavoeTnTeEG TTPETTEI TTAVTA va e€apTwvTtal atmd éva TTAaioio C, o
TUTTOG Ba £TTPETTE VA YPAPETAL:

P(A/B, C) P(B/ C) = P(A, B/ C). (2)

AT6 1n oxéon 1 emayeralr 611 P(A/B) P(B)=P(B/A) P(A) kai atmmd €dw TTapdyeTal O
eupuTaTa YVWOoTOG VOUOG Tou Bayes:

P(B/A) P(AF/)BKP(B)
(A) 3)
O vouog Tou Bayes pe rapdyovta e€dptnong 1o C, ypdgeTai:
P(B/AC)= P(A/B,C)P(B/C)
P(A/C) @

O T10TT0G 2 B0 TTPETTEl VO eKANGOBET Wg €va agiwpa yia ToV UTTOAOYICHO TTIBavOTATWY
mTapd w¢ Beswpnua. Mia epapuoyy Tou TUTTOU JTTOPEl va yivel pe Tn PETPNON
OUXVOTATWY: UTTOBETOUNE OTI €xoupe m yaTeg (C) atrd TIG otroieg o1 n gival kaé (B),
Kal i o116 TIG KaE yaTeg ival apuoaiviakég (A). TOTeE, n ouxvotnTa Twv A dedopévou
Tou B petadu twv yamiwy, f(A/B,C), givai i/n, n cuxvotnta Twv B, f(B/C), €ival n/m, kai
n ouxvotnTa TWV Ka@é afuaoiviokwy yatiwy, f(A,B/C) gival i/m. Zuvettwg,

f (A/B, C) f(BIC) = f (A, BIC).

AvTtioTpogn mlavéTnTa

Mepikég @opég n P(A/B) kaAeitar avriotpoen miBavérnTa (likelihood) Tou B
dedopévou Tou A, kal oupoAideTal L(B/A).

O Aoyog trou cupBaivel autd eivalr o akdAouBog. YTroBétoupe OT Ta B1,...,Bn €ivai
mOavda oevdpia TTou €MOPOUV TO KABE £va pe SIaPOPETIKO TPOTTO OTO yeyovog A, Kal
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yvwpiCoupe 10 A. Tote n P(A/Bi) atroteAei éva pérpo Tou 1600 mBavo eival 10 Bi va
gival n autia. Xuykekpiyéva, edv OAa Ta Bi €xouv Tnv idla TTpwTapxIk mOavétnTa, O
vouog Tou Bayes ypdageTal:

P(Bi/ A) = P(A/PEZZ)P(B” _kP(A/ Bi)

Ortrou K €ival avegdptnTo atrd TO |.

4.4.1 YNOKEIMENIKEZ MNIOGANOTHTEZ

H e@apuoyn Tng TTponyouuevng TTapaypd@ou yia Tov BepeAiwdn vopo BacioTnke oTIg
ouxvotnTeg. Autd O¢ onuaivel OTI Bewpolpe TIG TMOAvOTNTEG BACIOUEVEG UOVO O€E
ouxvotnTeg. O1 MmBavAOTNTEG MTTOPOUV E€TTIONG VA  €ival EVTEAWG UTTOKEIPEVIKEG
EKTIMAOEIG TNG BEPAIOTATAG VOGS YeYyOvOTOG. Mia UTTOKEIPJEVIKA TTIOAVOTNTA UTTOPEI,
yia TTapd&deyua, va gival n TTPOCWTTIKA JOU EKTIPNON YIG TIG TNBAvATNTEG TTOU £XW VA
TTOUAoWw TTEPIoTOTEPa atmd 2000 avritutta evdg BIBAiou péoa ot éva xpovo. ‘Evag
TPOTTOC yIa TNV EKTINNON QUTAG TNG TBavoTnTag Ba utTopoulce va gival 0 akdAouBocg.
Mag divouve Tnv €mmAoyr HETAEU BUO OTOIXNUATWV:

(a) Eav T1ouAnBouv Trepiocdtepa amd 2000 avritutta autdév 1o Xpdvo Ba
elorpagoupe $100.

(B) ©a pag emrtpatrei oTo TEAOG TOU €TOUG va TPARAEOUME MIa ITTAAQ pé€oa atrd dia
KAATTN ME N KOKKIVEG WTTAAeG kal 100-n dotrpeg ptrdAeg. Edv n pmmdAa 1Tou Ba
TpaBrgouue givar kokkivn Ba siorpdgoupe $100.

Twpa, €dv OAeg 01 PUTTAAEG TNG KAATING €ival KOKKIVEG Ba TTpoTiuficoupe TNV (B)
TTEPITITWON, EVW €AV OAEG 01 UTTAAEG gival AoTTpeg Ba TTpoTIACOUNE TNV (A). YTTAPXEI
évag apiBudg n yia Tov o1roio Ta dUo oToIXAuaTa gival e§iooU EAKUOTIKA, KAl yI' auTtod
10 n, n/100 €ival n ekTiynon Pag yia TNV mOAvOTNTA VO TTOUARCOUUE TTEPICOOTEPO
atd 2000 avritutra Tou BIBAiou péoa oTo TPEXOV £TOG.

MNa utrokelpevikEG mMOavoTNTEG TTOU OpifovTal PECO OTTO TETOIO OTOIXNMOTA  ME
AoTapieg 0 BepeNIdNG vOUOG PTTOPET £TTIONG va aTTOdEIXOE.
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4.4.2 YNOAOI'IZMOZ NMNIGANOTHTQN IN'A METABAHTEZ

Omtwg avagépbnke ae TTponyoupevn TTapaypago, ol Kool o€ Eva aITioAoyikéd SikTuo
gival ETABANTEG PE TTIETTEPACUEVO APIOUS AUOIBAIWG ATTOKAEIOPEVWY KATAOTACEWV.

Edv 10 A cival pia petaBAntr pe kataotdoelg afl,..., an 101e n P(A) gival pia katavoun
mOAVATNTAG YIA QUTEG TIG KATAOTACEIG:

Zn:xi =1

P(A)= (X1, Xn) x20 =l
Otrou xi gival n BavoTnTa Tou A va BpiokeTal oTnVv KatdoTaon ai.

Znueiwon: H mBavétnTa Tou A va PPICKETAI TNV KATACTAON ai CUMPBOAICETAI UE
P(A=ai) 4 amAd P(ai) €¢dv n petaBAnTtn gival Tpopavig atmod Ta GUP@pPalOuEeva.

Edav n petafAnt B €xel kataoTtaoeig b1,...,bm 1616 n P(A/B) €ival évag nxm Trivakag
TToU TTEPIEXEI apIBuoug P(ai/bj) (BAétTe Mivaka 1, 6TTou To dBpoioua yia KOs OTAAN
gival ioco pe TN povada).

H P(A,B), n mBavdéTtnta Tng TounAg Twv PeTaBAnTwy A Kal B, eival etmiong €évag nxm
TTivakag. AtroteAeital ammd pia moavotnTa yia kKabe oxnuatiopd (ai/bj) (BAETTe Mivaka
2, 70 GBpoIoua SAwV TwV OTOIXEIWY ToU TTivaKa gival ico Pe TN Hovada).

Otav o Bepehiwdng voépog (1) xpnoiyotroigital yia TG YeETABANTEG A kai B, 10TE n
oladikaoia ouvioTaTal 07O VA QAPUSCOUE TO VOUO GTOUG N-m guvduaopoug (ai/bj):

P(a/bj) P(bj)=P(ai ,b)).

Auté onuaivel 6T oTov Tivaka P(A/B), yia k&6¢ j, n oTAAN yia 1o bj TToAAaTTAacialeTal
pe P(bj) yia va mapouue Tov mivaka P(A,B). Eav P(B)=(0.4,0.4,0.2) 161¢ o lNivakag 2
gival To aTTOTEAECPA TNG XpPNOolhoTroinong Tou BepeAiwdoug vopou oTtov lMivaka 1.
Otav atmeubuvépaoTe oe PETABANTEG, XPNOIMOTTOIOUUE TOV iBI0 CUPBOAIOUO yia TO
BepehiLdn vopo:

P(A/B) P(B) = P(A, B).
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Ao évav mivaka P(A,B) n karavouy mlavotiTwy P(A) PtTopei va UTTOAOYIOTEI.
Oewpolpe OT ai cival pia katdotacn Tou A. YTTApXouv akpIfwg m dIa@opeTIKA
YEYovoTa YyIa Ta oTroia To A PpioKeTal OTNV KATAOTOON i, KAl OUYKEKPIUEVO TO
apoiBaiwg atrokAgidpeva yeyovoTta (ai,b1),...,(ai,om). Zuvertwg, ye Bdon 10 agiwpa

) |
3" P(ai, bj)

P(ai)= =1

Mivakag 1: 'Eva mapddsiypa tng P(A/B)

by B &z
&y 0.4 0.3 0.6
&3 0.4 n.7 0.4

Mivakag 2: ‘Eva rapadeiypa tng P(A,B)

b; IJ';; IH‘
@y 0.16 012 012
&3 0.24 0.2a 0.0s

Autdg 0 uttoAOoyIOPOG KOAeiTal atropovwon TilavoTnTag (marginalization) kai
Aépe Om n petaBAnTA B ammopovwveral ammé v P(A,B) (kataAfyovtag otnv P(A)). O
oupBoAiopdg cival (Jensen, 1996):

D> P(AB)

PA)= B : (5)
Me tnv atmmouévwon Tou B atrd tov Mivaka 2 maipvouue tnv P(A)=(0.4,0.6).

H &iaipeon oto véuo tou Bayes (3) avTiyeTwTrifeTal pe TovV idI0 TPOTTO OTTWG O
TToOAaTTAaCI00u6G O0TO BepeAiwdn vouo (BAETTe Mivaka 3).
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4.4.3 AEZMEYMENH ANE=APTHZIA

H @payn ¢ diadoong Twv atrodeifewv OTTWG auTr €TTeEnynOnke o€ TTponyouuEvn
TTAPAYPAPO ATTEIKOVICETAI, OTOUG UTTOAOYICUOUG Tou Bayes, péoa atrod tnv Evvola Tng

deopeupévng aveaptnoiag (conditional independence). O1 petapAntég A kai C
givar ave€aptnTeg 0edouévng NG HeTaBANTAG B €dv:

P(A/B)=P(AIB.C)

AuTté onuaivel 6T €av N KaTdoTtaon Tou B ival yvwoTh 10TE Kauia yvwon yia 1o C &€ Ba
MeTaRBAAAel TNV TBavoTNTa TOU A.

Mivakag 3: H P(B/A) wg atmroTéAeopa epapuoyng Tou vopou Tou Bayes oTtov lMivaka 1 kal
n P(B)=(0.4,0.4,0.2)

£y 3
By 0.4 04
B 0.3 0.47
b3 0.3 0.13

Znueiwon: Edv o 6pog B eival kevdg, atmrAd Aéue o1 Ta A kai C givar avegaptnta. H
deopeupévn avetaptnaia ep@avifeTal OTIG TTEPITITWOEIS OEIPIAKWY KOl ATTOKAIVOUGWV
ouvdéoewv (BAETTE Zxnua 12).

| t) )

yxAua 12: Napadeiypara 61rou Ta A Kai C gival deopegupéva avegdprnra dedopévou Tou B

‘Eva mapddeiyua 1ou ava@épetal otn deoueupévn avegaptnoia eival 1o €ENG: «O
IDIOKTATNG €VOG AUTOKIVITOU OEV £KAVE TO ATTAITOUMEVO Service PE ATTOTEAECHA va Unv
éxel dlotmoTwoel o1l To AauTrdkl €vdeitng Tng Bepuokpaciag éxel xahdoel. Katd tnv
Topeia Tou TTPog TN SouAeld Tou avefaivel n Bepuokpacia TG pnxavig. O idlog 10
dlammoTwveEl {a@VviKa atmd To OeikTn BepPoKpaaiag, evw TTapatnpei 0TI TO AQUTTAKI Tou

79




GAIAQN-AIMIANIOZ-NIKOZ MANATIQTOMOYAOZ

BeppooTdrn dev éxel avawel. INa autd 70 Adyo TTavikoBAAAETal Kal XAvel TOV EAEyXO Tou
QUTOKIVATOU». Opifoupe Ta yeyovoTa:

* yeyovog A: dev £yive service 0TO QUTOKIVNTO
*  yeyovog B: xaAaoe 1o AauTrdki €vOeEIEnNg TNG Bepuokpaciag

*  yeyovog C: attwAcgia eAéyXou TOU QUTOKIVATOU

H povteAoTToinon Tou CUYKEKPIPEVOU TTAPAdEIYHNATOG QAIVETAI GTO APIOTEPO dIKTUO OTO
ZxAua 12.

Mia trapaAAayry Tou TTapamdvw Trapadeiyuatog eival n €EAG: «Kartd Tnv TTopeia Tou
TTapPATTavw odnyou TTPog TN OOUAEId Tou aveRaivel N BepPoKpadia TNG PNXAVAS, XwPIg
va avawel 1o AaUTTaKl Tou BeppooTdtn Adyw BAGRNS Tou. To yeyovog autd TTPOKAAET
TOV TTAVIKO OTOV 00NnNyd XAVOVTaG Tov EAEYX0 TOU auTOKIVATOU. ETTioNg, €ival kal n Kupia
aITia yIa TNV OTToia TTNYAiVElI TO AUTOKIVNTO yia service». Opifoupe Ta yeyovoTa:

* yeyovog B: xdAaoe 1o AauTrdki €vOEIENG TNG Bepuokpaaiag
*  yeyovog A: TThyaivel TO AuToKivnTo yia service

*  yeyovog C: attwAeia eAéyXou TOU GUTOKIVATOU

H povreAotroinon Tou TTapadeiyuaTog auTOKIVATOU @aiveTal oto Oei SikTUO OTO
2XAMa 12,

H eiowon (6) ptropei va @aiveral aCUPPETPOG WOTOCO, €av n (6) 10x0El, TOTE —
MEOW TOU deopeupéVOU vOUoU Tou Bayes (2.4) — TTaipvoupE:

P(A/C,B)P(C/B) _P(A/B)P(C/B) _

P(C/B.A)=———
(A/B) P(A/B)

P(C/B)

H amodeign mpoumobéter om P(A/B)>0. Autd yiati, yia TIG KOTAOTACEIS O, b pe
P(A=a\B=b)=0 o utroAoyiopdg dev eival £ykupog. QaTd00, yia TIG BEWPAOEIG Pag dev
eTTNPEeddel- €dv 1o B BpiokeTal oTnv katdoTtaon b 161€ N amodeign A=a civar aduvarn Kai
o€ Ba gppaviarei. ‘ETol, yiati va aoXoAnBouue ye Tn PeETAd0o0n aUTng;

80




GAIAQN-AIMIANIOZ-NIKOZ MANATIQTOMOYAOZ

4.4.4 OPIZMOZ TQN BAYESIAN NETWORKS

O1 aImIoAoYIKEG OXEOEIG €XOUV €TTIONG WIA TTOCOTIKOTTOINKEVN TTAEUPA, OUYKEKPIPEVA Th
ouvapn Toug. Autd ekppaleTal e TNV TIoUVAYWN apIBUwyY OTIG CUVOEDEIG.

YmoBétoupe O 10 A eival évag yovidg tou B. Xpnoigotroiwvtag Tov 1mOavoAoyikd
Aoyioud Ba ATav euoikd va uttoBécoupue o1 n P(B/A) Ba gival n duvaun Tng ouvoeong.
QoT160o0, €dv 10 C cival €mmiong yoviog Tou B, 16Te 01 dU0 deopeupéveg TTIBAVOTNTEG
P(B/A) kai P(B/C) uéveg dev divouv KavEéva OTOIXEIO yIa TO TTWG Ol AVTIKTUTTOI A1Td TO A
Kal To B aAnAemdpouv. Mtropei va ouvepyddovTal ] va §OUDETEPUIVOVTAI JE TTOIKIAOUG
TpoTTOUG. ‘ETOl, XpeialduaoTe Evav TTpoodiopiouod Tng P(B/A,C).

MTropei va TUXEl O TOPEQG TTOU POVTEAOTTOIEITAI VO TTEPIEXEI KAEIOTOUG KUKAOUG (BAETTE
ZxAua 13).

O1 kAeloToi KUKAOI gival dUOKOAO va povTteAoTToinBouv TToooTIKA (Y autd AAAwOoTE
UTTAPXOUV Kal Ol OIaQOPIKES €EICWOEIG): YIA TA QITIOAOYIKA OiKTUG Kavévag TPOTTOG
UTTOAOYIOHOU &gV €xEl avaTTTUXBEi TTou va PTTopEi va avTaTTegéADel ue TOUG KAEIOTOUG
KUKAOUG. ZUVETTWG, E£XOUME WG TTPWTAPXIKA OTTaiTNON TO OIKTUO VO [NV TTEPIEXEI
TETOIOUG KUKAOUG.

‘Eva Bayesian network atroteAgital ammé Ta akdAouba:

1. 'Eva cuUvolo petafAnTwyv Kal éva gUVoAo atrd kateuBuvopeva 16¢a peTagu
TWV METABANTWV.

2. KaBe petaBAnm  €xel éva  Tremepacpévo  oUvolo  atrd  apolfaiwg
OTTOKAEIOPEVEG KATAOTAOEIG.

3. O1 peraBAntéc padi pe TIGC KATEUBUVOPEVEG QKWEG oxnuatifouv éva
KaTeuBuvopevo akUukAIKG ypaenua (DAG). ‘Eva kareuBuvopevo ypdenua
gival akKukKAIKO €dv  Ogv  UTTApXEl Kavéva KATEUBUVOUEVO HOVOTTATI
A1—...—An 1é1010 WOTE A1=An.

4. e k@Oe peTapfAnt) A pe yoveig B1,...,Bn ummdpxel TTpOOKOAANPEVOG €vag
TTivakag deopeupévwy moavothTwy P(A/B1,...,Bn).
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ZxApa 13: 'Eva kareuBuvopevo ypdenua Je KAEIOTO KUKAO. AUTO SV ETTITPETTETAI OTA
Bayesian networks.

2nueiwoTe 6T €dv To A Oev €xel yoveic TOTE O Trivakag uTttoBaBuifeTal o€ TTivaKa
adéopeutwy mlavotATwy P(A). Ta 10 DAG Tou 2ZxAuaTtog 13 O TTPWTAPXIKES
meavotnTeg P(A) kai P(B) mpétrel va kaBopiotolv. YTTApXEl O 10XUPICUOG OTI Ol
TTPWTAPXIKEG TBAVOTNTEG €ival pia avemluunTn €l0aywyr JEPOANYIag Tou PovTEAOU
Kal €X0uv £QeUPEBEi UTTOAOYIOMOI HE OKOTTO Va TIG ATToPUYoUuE. QOTOO00, OTTWG £XEI ON
avaQepBei, o1 TPWTAPXIKEG TBAVOTNTEG €ival avaykaieg — OxI yia PaBnuatikoug
OKOTTOUG — OAAG yIaTi Ol TIPWTAPXIKES EKTINNAOEIS BERaIdTNTAG aTTOTEAOUV CWTIKO PEPOG
TNG avOpPWTTIVNG CUAAOYIOTIKAG OXETIKA WE TN BEBaiOTNTA.

2710 TTAPAKATW OXAUA o1 TTBavAeTNTEG TToU TTPETTEN va KaBopioTouv eival ol P(A), P(B),
P(C/A,B), P(E/C), P(DIC), P(FIE), P(G/D,E,F).
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Zxnua 14: 'Eva kateuBuvopuevo akukAIko ypagnua (DAG).

‘Eva ammd ta mAeovekthuata Twv Bayesian networks cival 6T emtpétrouv TOoV d-
olaxwpIiouo: edv Ta A kai B civar d-diaxwpiopéva oe éva Bayesian network pe
atrodeitelc e karaxwpnuéveg, 101e P(A/B,e)=P(A/e). Autd onuaivel 6TI uTTopoUlE va
XPNOIYUOTIOINOOUPE Tov  d-OlaXWPICHO  YIa va  EEXWPIOOUPE TIG OECUEUMNEVES
avegapTnoicg. Oa XpNOoIKMOTTOIRCOUNE AUTS TO YEYOVOG XWpPIg aTTddEIgn.

4.4.5 O NOMOZ THZ AAYZIAAZ (CHAIN RULE)

YmoBétoupe o1 U=(A1,...,An) cival évag xwpog PetafAnTwy. Edv €xoupe mmpdoBacn
oTov Trivaka Twv mlavoTATwy Tng Toung P(U)=P(A1,...,An), T0TE YTTOPOUUE £TTIONG VA
uttohoyiooupe 10 P(AI) 6TTwg etmiong kai To P(Ai/e), étou e eival n ammddeign tou
é¢xoupe otn &1GBeon pag. Qotoéoo, o mivakag P(U) augdvetal ekBETIKA e Tov apiBuod
Twv PETABANTWY, Kal 0 U dev xpeiddetal va gival TTOAU peydAog TTpoToU O TTiVOKOG
KataoTel aTtibaca PeydAoG. ZUVETTWG, WAXVOUKE yId WIia TTIO CUUTTay avatmapdoTaon
Tou P(U): évav 1poTTO 01100riKEUONG TTANPOPOPIWY atrd TIG otroieg o P(U) ptropei va
utToAOYIOTEI av XpeIddeTal.

‘Eva Bayesian network yia tov U gival pia t€tola avatrapdotaor. Edv ol deOPeUpEVES
avegaptnoieg oto OikTUO TTIOTNG IoXUOoUYV yia Tov U, 161¢ 0 P(U) utropei va utroAoyioTei
a1ré TIG dEOUEUNEVES TTIBAVOTNTES TTOU OpifovTal oTO OIKTUO.

Oewpnua (o vopog Tng aAucidag): YTobétoupe 611 To BN €ival éva Bayesian network
yia tov U={A1,...,Am}. Tote n karavoun wmlavéTtnrag tng Tompng P(U) (joint
distribution) givai TTpoidv OAwV Twv deapeupévwy TTBavoTHTWyY TTou opifovTal oTo BN:
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PU) =

[P(Ai/ pa(Ai))

OT1rou pa(Ai) gival To alivolo Twy yoviwy Tou Ai.

Edv o U atroteAcital arrd pia yetaBAntri 101€ TO BeWwpnua gival aocriuavTo.

Ocewpoupe OTI 0 VOPOG TNG aAucidag cival aAndng yia oAa Ta dikTua atroteAoUpeva aTTod
n-1 petaBAnTég, kar uttoBEToupe 6T 0 U eival o xwpog evog DAG pe n petaBAnTéc.
E@ooov 10 SiKTUO €ival aKUKAIKO UTTApXEl TOUAGXIoTOV pia peTaBAnT A xwpi¢ TTaidid.
Ocwpoupe 70 DAG pe 10 A ammokoppévo, dnhadr Bewpeital 6T gival ekTdg BIKTUOU.
Mapakdtw, mTapatibeTal To ZxAua 15, 1o otoio atreikovifel éva DAG (kateuBuvouevo
OKUKAIKO ypdonua) tTou amroteAeital atmd n aplBud petaBAntwy (KOUPwv). AuTéG ol
ekdoTote PETABANTEG TTOU @aivovTal oTo OIKTUO €ival ouvOedeUEVEG UETAEU TOUG ME
TETOIO TPOTTO WOTE va QaiveTal N €€ApTNoN TNG Miag ammd tnv GAAn. MNaparnpouue 6TI N
EVWOEIG TwV KOUPBWV gival €101 SOPNPEVEG £€TOI WOTE va PN OXNMOTICOVTAl KUKAIKG
TUAPATA 0TO OiKTUO. AUTO OTTWG £XOUME ava@EPEl TTAPATIAVW OEV TTPETTEI VO CUMBAIVEI
o€ €va TETolou €idoug dikTuo TTioTNG (Bayesian Network).

ZxAua 15: 'Eva DAG pe n petafAntég. Edv n peraBAnTh A aTTOKOTTEl, O ETTAYWYIKOG
OUAAOYIONOG UTTOPET VO EPAPHOOTEI.

ATO Tnv uTtéBeon Tou EeTTaywylkoU ouUAAoyiopoUu €xoupe oOmi n P(UKA}) eivar To
aTToTEAEOPA OAWV TWV KaBoplopévwy TOavoTATWY — ekTOG TNG P(A/pa(A)).
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ATT6 10 BepueAibdn vopo (1) Exoupe:

P(U)=P(A/UI{A})P(U /{A})

E@ooov 10 A cival avegaptnto Tou U /({ A} U pa(A)) dedopévou Tou pa(A) (BAETTE Zxnua
14), TTaipvoue:

P(U)=P(A/U/{A})P(U /{A}) =P(A/ pa(A))PU /{A})

To d¢eéi uéNog TNG TTapaTTdvw oxéong €ival To TTPOIOV OAWY TwV KABOPIoUEVWY

mOavoTTWV.

Mivakag 4: Asopgupéveg mOavoTnTeg yia Ta H kot W

I=y =n =y I=n

H=y 0.3 0.1 H=y 0.3 0.1

H=n 0.2 0.9 H=n 0.2 0.9
PrHET) P{WL)

Mivakag 5: MBavéTnTeg TOpRAG yia Ta P(W,1) kai P(H,I)

I=y =n
¥ 0.56 0.03
i 0.14 0.27

4.5 ENANEZETAZH TQN NAPAAEITMATQN

2€ QuTAV TNV TTaPAypaPo papudlouue Toug vououg Tou oavoAoyikou Aoyiopol oTa
eloaywyikd Trapadeiyuara.  Autd  TTpayuartoTroiEiTal  yia va  emegnynBei 6T o
TOAVOAOYIKOG AOYICHOG UTTOPEI va XPNOIUOTTOINGET yia TNV EKTEAEON TNG CUYKEKPIUEVNG
OUAAOYIOTIKAG OTA TTOPABEIYUATA — CUYKEKPIPEVA TNG TEXVIKAG avaAloewg o€ BABOG.
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4.5.1 NArQMENOI APOMOI

(BAétTe ZxAua 2). Mo TNV TTOCOTIKOTTOINKEVN HOVTEAOTTOINON XPEIOCOPAOTE TPEIG
ekTiyRoeig mbavotATwy: TIg P(H/I), P(W/1), P(I). To povtého oTo ZXAMQ 2 deixvel OTi
MOVO yvwon 600V a@opd Toug TTaywHEVOUS dpduoug gival oxeTIkr Me Ta H kai W.
Mpétrel eTTopévwg va cuvdéooupe Hia BeBaidtnTa oT1o | Baciopévn oe OTTOIAdNTTOTE
yvwon eivar dlaBéoiun. e QuTAv TNV TIEPITITWON O CACTUVOMPIKOG €TMBewpNThG
TTapatnpouoe £Ew atmmo To TTapdbupo TTPOoOoTTABWVTAG va KATOAGREl €av ol dpduol
gival TTaywpévol. Oewpoupe 0TI n TOavoTnTa ol dpduol va gival TTaywuévol givail 0.7.

E@ooov o1 Holmes kar Watson cival kakoi odnyoi, Bewpoupe 011 n mlavoTnTa £VOG
QTUXAMATOG OTNV TTEPITITWON TWV TTaywuévwy dpdpwy eival 0.8, kai n meavoTnTa
ATUXAMOTOG XWpPic TTaywuévoug Opououg 0.1. Mia cuvoyn Twv OECHEUMEVWV
mOavoTtTwy divetal atov lMivaka 4.

MNa va utroloyicoupe TIG apxikég TBavoTnTEG yia T H kot W XpnOIUoTToIoUE,
TTPWTA, To BepeAidn vouo (1) kai Bpiokoupe Ta P(W,1), P(H,I):

PW=y,I=y)=PW =y/l =y)P(l =y)=0.8%0.7=0.56
O Mivakag 5 divel 6Aeg TIG TBAVATNTEG TOUNG.

MNa va mépoupe 1I¢ mMOavoTnTeg yia Ta W kai H, 1TepiBwplotroiotye 10 | ammé 1OV
Mivaka 5 kai TTaipvoupueE:

P(W)=P(H)=(0.59,0.41)

H 1TAnpogopia 611 o Watson Tpdkape XpnOILOTIOIEITAI TWPA YIa va avaBaBuioTei n
meavétnTa Tou |. '’ autd XpnoipoTrolgital o vouog Tou Bayes:

_ oy PW=y/DP()
P(I /W = y) = S = :%(0.8*0.7,0.1*0.3) _(095,0.05)

MNa v avaBdabuion tng mOavotnTag Tou H, TTpwTa, XPNOINOTTOIoUUE TO BepeAindn
vopo (1) kai Bpiokouue v P(H,1) 6TTwg @aivetal oTov Mivaka 6.
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Mivakag 6: YroAoyiouég Tou P(H,I).

I=y I=n = I=y I=n

H=y 0.8:0.95 0.1-0.05 H=y 0.76 0.005

H=A—02-0:95—6.9-6.06——H=n 0.19 0.645

TeAIkd, uttohoyiCoupe TRV P(H) tepiBwpiotroiwvtag 1o | amd Tov mivaka P(H\I).To
atroTéAeapa givai:

P(H)=(0.765,0.235) AuUTOG €ival 0 TTOOOTIKOTTOINUEVOG AVTIKTUTTOG TNG

TTAnpogopiag 611 0 Watson £xel TpakApel.

210 TEAOG, aQOU O €mBewpnTNG €xel TTEIoTEl OTI 01 dpOuol dev gival TTAYWUEVOL,
ioxvel: P(H/1=n)=(0.1,0.9).

O utrohoyiopdg ptropei va  TTpayuartotroin®ei kal  pe  GAAov  TPOTTO.  ApPXIKA,
utroAoyiCoupe TIg P(H,1), P(W,I) (Mivakag 5), kal £€xoupe dUO TTiVOKES TTIBAVOTATWY
TOMNG HE TN MeTaBANTA | KOIV.

Edv ammodeieig e yia to W €pBouv o1a xépia pag Tng popeng P*(W)=(0.1), ToTe:

PW, 1)

PR, 1) = P(LIW)P* (W) ==

P*(W)

Auté onuaivel 0TI 0 Trivakag TOavotATwy TNG Toung yia Ta W kai | avaBaBpileTal
ToAaTTAaoIadoviag PE TN VvEQR KOTAVOMPR Kal dlaipwvtag e v maAid. O
TTOAQTTAQCI0OUOG ouvioTatal oTnv atraAolpr) OAwv Twv Karaxwpnoewv ye W=n. H
diaipeon pe TNV P(W) €xel emidpaon povo oTig Kataxwpnoeig ye W=y, £1a1 n diaipeon
yivetal pe Tnv P(W=y).

21N ouvéxela, uttohoyiCoupe tnv P*(1) amd tnv P*(W,I) péow tng peBOdou Tng
atropévwaong meavoTATWY Kal Xpnoigotroloupe tnv P*(1) yia tnv avaBdabuion g
P(H,I).
P(H,I
P*(H,I):—( )P*(I)
P(1)

Kai teAikd n P*(H) utroAoyi¢eTan atropovwvovtag tnv P*(H,I).
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4.5.2 BPETMENO IN'PAZIAI

Ag BewpAooupe OTI o TTPWTAPXIKEG TBavOTNTES yia Ta R kai S eival P(R)=(0.2,0.8)
kar P(S)=(0.1,0.9). O1 utroAermréueveg mOavoTnTeg TrapatiBevral otov [llivaka 7.
ApxIKd, uttoAoyioupE TIC TTPWTAPXIKESG TOavoTNTES yia Ta W kal H péow Twv TUTTWV

(1) kau (5). AnAadn, TpwTa uttoAoyioupe TNV P(W,R) kai petd mmepiBwpIoTToIoUNE TO
R. To amotéAeopa cival P(W)=(0.36,0.64).

Mivakag 7: O1 mIBavoTnTEG Yia To Trapddeiypa Bpeyuévo ypaoidi. Ta avuouara (a,f)
oTo degi pépog Tou Tivaka avatrapioTolv Ta (H=y,H=n).

R=y R=n R=y R=n
S=y 1 0.2 S=y (1,0 (0.9,0.1)
S=n 0 0.8 S=n (1,0 (0,1)
—PWAR)—— PR S)—

O utrohoyiopog Tng P(H,R,S) akoAouBei Tnv idia diadikaaoia, pévo 1Tou 10 YIVOUEVO O€
QUTAV TNV TTEPITITWON Eival:

P(H,R,S)=P(H/R,S)P(R,S)

E@ooov 1a R kai S ival aveEdptnTa (BAETTE ZXAMA 4) €XOUUE:

P(H,R,S)=P(H/R,S)P(R)P(S)

To amotéAeapa divetal atov lMNivaka 8. MepiBwplotroiwvTag Ta R, S amd v P(H,R,S)
pag diver P(H)=(0.272,0.728). XpnOIYOTTOIOUYE TNV TTPOCEYYION TTOU TTEPIYPAPETAI
o010 TEAOG TNG evéTNTaG 2.4.1. '/EXOUME KATAOKEUAOE! TTIVAKEG TOUAG TTIBAVOTATWY YIa
duo amod Tig ouoToixieg, (W,R) kai (H,R,S), ye Tn petaBAnt) R koivn.

Mivakag 8: O ivakag TpwTapXIKwV mTi8avoTATwy Yia Thv P(H,R,S). Ta avicpata (a,B)
oTOV Tivaka avatrapioTouv Ta (H=y,H=n).

R= R=n
S=y (0.0Z,0) (0.072,0.008)
S=n (0-18,0) (0,6.72)
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GO

xAua 16: O1 ouoToIXigg yia To TTapadeiypa Bpeyuévo ypaaidl. ETTKoivwvouv Jéow TNG
HeTaBAnTAS R.

H amédeitn H=y xpnoiyotroigital yia tnv avaBdaduion g P(H,R,S) amaAgipovtag
OAeg TIG KaTaxwpnoelg ue H=n kai diaipwvtag pe P(H=y). Epdoov 10 atrotéAeopa Ba
gival évag TTivakag BavoTATWY HE OAES TIG KaTaxwphoeig abpoildueveg va divouv
TNV povéda, dev xpeldletal va uttoloyicoupe Tnv P(H). AQoU OAeg o1 KaTaxwproelg
pMe H=n éxouv atraAcipel (Mivakag 9), €ueic amTAWG KAVOVIKOTTOIOUUE TOV TTiVAKQ
OlaIPWVTAG KE TO ABpOICHA TwV UTTOAEITTONEVWY KaTaxwpnoewyv (BAETTe Mivaka 10).

O1 karavopég P*(R) kai P*(S) utroAoyiCovtal péow TrepiBwploTroinong amé tnv
P*(H,R,S).

Mivakag 9: H P(H,R,S) pe amraloipi 6Awv Twv KAaTaXxwpRoewyv yia H=n.

R=y R=n
S=y (0.0Z2,0) (0.072,0)
S=n (0:18,0) (0,0)

——(0.02,0
0.272( )
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Mivakag 10: O utroAoyiouég Tng P*(H,R,S)=R(H,R,S/H=y)

R=y R== R=y R==
1 1 (00740 (02640
0.02,0 ——(0.072,0 ’ ’
§ 53310020 5=l o S ) )
1 (0.662.0
0180 _ - _ :
S 55551018 D_ETE[D’D) S=n ] (0,0}

Maipvoupue P*(R=y)=0.736 ka1 P*(S=y)=0.339.

XpnaoipoTtroloupe v P*(R) yia Tv avaBdaduion ¢ P(W,R) (BAétre Mivaka 11):
P*(R)

P*(W.R) = PUW /RIP*(R) = P(W, )2 o

Mivakag 11: YwoAoyiopog tng P*(W,R)

R=y R= R=y R=

0736
Wy 02— 016 oet Wy 0736 00528
Wen 0 0.64 - 2254 Wen 0 02112

Twpa xpnoigotrolouhe 10 yeyovog W=y yia tnv avaBdabuion mg katavoung (W,R)
(BAéTTe Mivaka 12). Maipvoupe P**(R=y)=0.93.

‘Exoupe akopa va uttohoyicoupe Tnv P**(S)=P(S\W=y,H=y). To atroTéAcoua TTpETTE
va avtavakAd Tnv €TTITTTWON TNG TEXVIKAG avaAuong oe BaBog: epdoov 10 Bpeyuévo
ypaoidl egnyeital ammd 1 Bpoxn, N meavdtnTa yia T0 S=y TPETTEl va JEIwBel oTnv
apXIKN TNG TIA.

O uTtrohoyiopdg akohouBei 10 D10 TTpdTUTTO. ‘Eva pAvupa emdvw otnv P**(R)
otéAvetal amé v (W,R) otnv (H,R,S) (BAéTTe Exrua 16)

P**(H,R,S)zP*(H,R,S)Zi;((RR))

Me tn péBodo TG ammoudvwaong mlavoTnTag TTaipvoupe P**(S=y)=0.161.
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Nivakag 12: P**(W,R)=P(W,R/W=y,H=y)

R=y R=n
0736 DO52E
Wy 0. 7EER 0. 7REER
= 0 0
Mivakag 13: P**(R,S)=P(R,S/H=y,W=y)
R=y R=
S=y 0.0594 0.067
S=n 0.535% 0

O A6yog yia Tov 0110i0 N MOAVATNTA TOU WEKOOTHPA BEV TTEPTEI OTNV APXIKA TIUA TOU
0.1 civar 611 0 KUplog Watson ptropei va Tov é€xel EeXAoel avoixTé Kal pia €grynon
pTTopel va gival 6Tl Kol O OUO WEKAOTNPEG €Xouv EexaoTei avoixToi. AuTd
KaBpe@TiCeTal oTnv mOavotnTa P(W=y\R=n)=0.2.
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KED®AAAIO 5: KATAZKEYH MONTEAQN

Ta Bayesian networks dnuioupyoUv pia TOAU a1modoTIKA YAWOoOoa yia Tn dnuioupyia
MOVTEAWV O10QOpwY CUCTAMATWY Kal TTPOPANUdATWY TTou e€eT@lovTal ME €yyeEVA
apepaidtnTa. MapdAa autd, OTIWG MPTTOPEl va TTOPATNPNOCEl KAVEIG ATTO TOUug
TTAPATTAVW UTTOAOYIOUOUG TwV TTapadelyudTwy, €ival TUTTOTTOINKEVN €PYOTia TO va
TTOPOUCIACEIS TN METARIBaon Tou oToIXEiou TTou Bewpeital evidence, akOpa Kal o€
atrAd diktua TioTng. 'ETol, cival diaBéoipa opiopéva epyalgia AoyiodIKOU, Ta oTToia
KAvouv TOug UTTOAOYIOUOUG cav aTrapaitntn Pondeia Twv €dikwyv. Oa yivel pia
TTOPOUCIacN TTAPOKATW OXETIKA PE Tov TPOTTO TTou YiveTal XpAon Twv Bayesian
networks oTnv Kataokeur Twv PovTéAwv. E€eTdlovTal Tpia TTapadeiyuoTa TTapakaTw
Kal KataAAyoupe o€ KATTolEg Bewpnoelg Baoel Twv dIKTUWV TTioTNG.

Mpiv Tpoxwproouue TTapatiBetal éva amAd TpoORAnUa yia To OTToi0 OTAVOUME TO
avTioToixo diKTuo.

Exk@wvnon: O 1810kTATNG £vog omiTiou €1doTrolEiTal atrd To €181k 0UOTNHA TTOU £XEI
OTO OTTITI TOU, OTAV EiTE AVOiyEl O MNXAVIOHOG TTOTIOHATOG €iTe OTAV XTUTTAElI O
OUVaYEPMOG (ExEl PTTEI KATTOIOG OTO OTTITI TOU). INa va avoitel o ouvayepudg €ite

KATTOI0G UTTAiVElI OTO OTTITI €iTE avoiyel atrd pévo Tou 1o TrapdBupo . Otav PTTEl
KATTOI0G PECA OTO OTTITI AVOiYEl TO QWG TG MTTPOOTIVAS BEPAVTAG, TO OTTOI0 OUWG
pTTOopEl va avoitel KI atmé BPaXUKUKAwpa. O pnxXaviopog TTOTIOMOTOG OVOiYEl
KOVOVIKA 1] evEPYOTTOIEiTAI OTAV BPEXEL.

BHMA 1° Avayvwpion Twv Bacikwv HPETORANTWY Tou TTPORAAPATOS  Kal
TIPOCOIOPIOPOG TOU TPOTTOU PE TOV OTTOI0 QUTEG CUVOEOVTAL. =EXWPICOUME, AOITTOV, TA
€ENG yeyovoTa:

EVEPYOTTOINOT TOU €10IKOU GUOTHHATOG

XTUTTA 0 cuvayepuog

QaVvoiyel 0 PNXaviopdg TToTioPaTOg

KATTOIOG PTTAIVElI OTO OTTITI

avoiyel amé uévo Tou To TTapabupo

0 MNXQVIOPOG TTOTIOPATOG avoiyel KavoviKd

0 MNXQVIOPOG TTOTIoPATOG avoiyel Adyw BpoxAg

Qvoiyel TO WG TNG UTTPOCTIVAG BEPAvTag

© © N o g bk~ w D

yiveTal BpayxUKUKAWPO
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Ta TTapatmdvw yeyovoTa ouvOEéovTal PETAEU TOUG Kal €TTNPEGlouv TO £€va TO GAAO.
Kdarmoia amdé autd TTpokaAoUvVTal OTTO OCUYKEKPIYEVA YEYOVOTa (YOVEIG) Kal Ta
Bewpoupeva TTadIG auTwy Twy yeyovoTwyv. Me Bdon Tnv ekpwvnon Tng AoKnong
mpocdlopifoude Ta {euyn YeEyovoTwyv TIou BewpolvTal YOVEIC Twv UTTOAOITTWV
YEYOVOTWV.

a) yeyovog 4-yeyovog 5
b) yeyovdg 4-yeyovog 9
C) yeyovog 6-yeyovog 7
d) yeyovdg 3-yeyovog 2

AxkoAouBouv Ta avtioTolxa TTaudId TwV TTAPATTAVW YOVEWV.

a) yeyovog 2
b) yeyovég 8
C) vyeyovog 3
d) yeyovog 1

BHMA 2°: Kartaokeur] Tou BIKTUOU YiveTal £XOVTAG T TTOPATIAvWw yeyovota wg
MeTABANTEG 01 oTToiEG eTTNPEGlouV TN S1IAdOCN TWV EKACTOTE TNBAVOTHTWY PECA OTO
diktuo Triotng. O1 mMOavoTNTEG Twv TTAIBIWY OeOOUEVWV TwV YOVEWV Eival Ol
deopeupéveg MOAvOTNTEG, OI OTToieg UTTOAOYiCovTal BACEI TWV APXIKWY KATAVOUWYV
mOavoTATWY, vy aAAdlouv Pe TNV aAAayh MIOG TIMAG TBaveTNTAG HIag PETABANTAG
oT0 eykateoTnuévo OdikTuo. [llapakdTw @aivetal TOo OIKTUO TTIOTNG OTO OTTOIO
KOTOAYOUE.
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5.1 NEPIFPA®H AOMHZ TQN MONTEAQN

5.1.1 EINAI KANENAZ MEZA 2TO zMITI; (FAMILY OUT?)

«OT1av Téw oTrim 10 Bpadu, BEAW va yvwpilw av n olkoyEveld Jou gival yéoa, TpIv
QAvoiEw TNV TOPTA. ZUXVvd, OTAV N yuvaika Pou AEITTEl, a@AVvEl avoIXTO TO QWG OTNV
eEwTtropTa. APKETEG POPES, BEBaIA, aPrivel avoiXTO TO QWG OTAV TTEPIYEVEI ETTIOKEYEIG.
AkOpa, €xouue €va OKUAO, O OTTOiOG PpiokeTal OoTnv TOw auAf otav Oev gival
Kavévag oTo OTTiTI 1] OTav €xel KAtToleg dlaTapaxég. TEAOG, av To OKUAI gival otnv
TTiow auAr], mMOavév Ba akoUow TO YARYIOPG Tou, aAAG PEPIKEG QOPEG PTTEPDEUETAI
ME YaByiouata GAAWY GKUAIWVY.

To TTpwTO TTPAYHA TTOU TTPETTEI VA BEWPEITAI AvayKaio OTaV OPYAVWVETAI £€VA UOVTEAO
Baoiopévo otn Bewpia Tou Bayes yia €va cUOTNUA UTTOOTAPIENG TWV ATTOPACEWY,
gival va 000UV ekTINACEIG TTIBAVOTATWY yIa yeyovoTa, Ta oTroia dgv gival duvatov va
TapatnpnBolv. ‘'ETol, N apxXiki amodox Tou TIPETTEl va  yivel  gival  va
TTPOCdIOPIOTOUV QUTA TO YeEYOvOTd, TA OTIOI0 KOAOUVTOI UTTOBETIKA YEyovoTa
(hypothesis events). ZTnv TTpokeIuévn TTEPITTITWON €XOUPE OUO TETOIO YEYOVOTA: «n
oIKoyévela BPIOKETAI OTO OTTiTI» KOl «n OIKOYEVEID gival ekTdG OTTITIoOU» (Jensen,
1996).

Ta TTapatmdvw yeyovoTa opyavwvovtal o€ éva oUvolo petaBAnTwy. Mia petaBAnTh
EVOWMOTWVEI €va TTANPEG oUVOAO atrd apoIfaiwg atrokAsidpeva yeyovoTta. AnAadn,
yla Tnv KAGBe peTaBANTA akpIBws €va atrd autd Ta yeyovoTta gival aAnBég. Eival TToAU
€UKOAO VO EVOWNATWOOUE TIG BUO KATAOTACEIG (Y 1] N) TTOU PTTOPET va CUPBOUY oThv
KAOe TrepiTrTwon otn YeTaBANTA F-out? (family out).
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To emduevo BAA cival va ekTiunBei N kKABe MOAvVATNTA KI £TO1 TTAPEXOUME KATTOIO
KavdaAia mTAnpogopiwv (information channels). ‘ETol, akoAouBei o TTpocdiopiopudg
TWV TUTTWV EQIKTWV TTANPOPOPIWY, Ta OTToia €XOouv TN duvaTtdTnTa VA PAVEPWOOUV
KATI OXETIKA PE TNV KATAOTAON KATTOIWY UTTOBETIKWYV WETABANTWY. AuTO yiveTal PE TN
ouykpdTnon RéBaiwv petafAntwy (information variables), Tétoleg TTOU éva TUAPO
TWV  TTANPOYOPIWY VA AVTATTOKPIVETAI O€ Mia  KatdoTacn udiag  PeTaBANTAG
mAnpogopiwy. TUTTIKG, uia Ouykekpipgévn  TTANpo@opia civar  atréppoia  HIOG
OUYKEKPIUEVNG KaTdoTaong (state) tng kaBe petaBAnmg. Edw, o1 petafAnTtég
mAnpogopiwy gival ol L-on? (light on) kai H-bark? (hear bark), ye KataoTaceIg y Kai
n (yes & no).

AkoAouBei 0 KaBopITPAG TWV AITIOAOYIKWY OXECEWV PETAEU TWV PETABANTWY. Z€ auTd
To OTadlo Oev xpeldleTtal va aoyxoAnBouue yia To TIWG O TTANpo@opies Ba
OloxeTeUBOUV YUpw aTTd To OiKTUO. AUTO TTOU €VOIAMEPEI Eival TTOIO YEYOVOTA €XOUV
Olapkn e€midpacn oTa AAAa yeyovota. Tapakdtw @aiveTal TO KOATOOKEUAOUEVO
MovTENO TToU Oeixvel TNV eTTidpaacn NG HeTABANTAG F-out? oTig yeTapAnTég L-on? Kai

H-bark?.

xApa 17: ‘Eva aitTioAoyiké SikTuo yia 1o Trapatrdavw mapddeiypa (F-out?).
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5.1.2 ENA AMAOINOIHMENO MAIXNIAI MOKEP

«Zg autd TO TTaIXViIdl 0 KABE TTAIXTNG TTAIPVEl TPEIG KAPTEG KAl ETITPETTETAI VA AANAEE
XopTId o¢ didpkela dUO yupwyv. ZTOV TTPWTO YUPO WTTOPEIG va AVTIKOTAOTACEIG O,TI
apIBuo ammd XapTid KPaTtdg oTo XEPI, ME GAAA atmmd Tnv uTTOAOITTN TPATTOUAQ. ZTOV
OeUTEPO YUPO WTTOPEI O TTAIXTNG va TTETAEEI TO TTOAU OUO KAPTEG. TEAOG, yiveTal n
EKTIUNON TOU TWV CUVOUACHWY TWYV KAPTWYV METAEU TWV TTAIXTWV».

Ta utroBeTikd yeyovota (hypothesis events) eivar o1 did@opor cuvduaouoi Twv
KAPTWV TToU €xel 0TO xépl 0 K&OBe TraixTng. Autoi ol ouvduacouoi TagivopouvTal wg
€ENG, UE auéouoa oelpd TNG agiag Tou EKACTOTE OUVOUAOUOU: Kavévag ouvouaoudg,
évag aoog, dUo KApTeG We TNV idla TIPA, dU0 Aocol, xpwua (Tpia xapTid pe 1O idI0
XPWHa), kKévta (Tpia cuvexOueva vouuepa), Tpia Pe Tnv idla TIun, KEvTa YE QAOG (Tpia
XOPTIA PE TO iDI0 XpWHa Kal ouvexOueva vouuepa). Or TrTapatrédvw cuvduaouoi gival
OTTAOTTOINUEVOI WOTE va QEPOUNE €IG TTEPAG £va opBoAoyikd dikTuo. Ta TTapatrdvw
yeyovOTa CUYKEVTpWYVOVTal o€ dia uttoBeTikn petaBAnTr) OH (opponent’s hand) ue Tig
KATOOTACEIG AUTHG TNG METABANTHAG va gival ol TTapatrédvw cuvduaouoi (states).

H povadiki TTAnpo@opia TTou aTToKTApE gival 0 apiBudg Twv KAPTWV TTOU TTETAVE Ol
TTaiXTEG KATA TN dIAPKEIA Twv dUO yUpwv. H TTAnpogopia autr) gival OXETIKA HE TO TI
XOPTIQ JTTOPE va €XEl O AVTITTOAOG OTO XEPI (TT.X. av €XOuv TTEPAOEl TPEIS AOOI, TOTE O
QVTITTOAOG TTaiXTNG Oev UTTOPEl va €€l U0 AOOUG).

‘ET01, o1 peTaBAnTég TTANpOo@opiwyv (information variables) cival o1 FC (first change,
ylo TOV TTPWTO YUPO) Kal SC (second change, yia 10 deUTEPO YUPO), UE KATACTATEIG
0,1, 2,3 ka0, 1, 2 avrioToIxa. MapakdTw @aiveTal Eva UTTEPATTAOUCTEUNEVO OIKTUO
YIO TO OUYKEKPIPEVO TTaPAdEIYUa, TTAPOUCIAZovTag TIG TTAPATTAVW PETABANTES Kal TIG
QITIOTEG OXETEIG JETAEU TOUG.

ZxApa 18: 'Eva atrAouoTeupévo SiKTUO yia TO ATTAOTTOINMEVO TraIXVidI TTOKEP.

To mapatmdavw dikTuo BonBdel oTo TTWG Ba KaBopIoToUV oI TBavoTNTEG. AUuTd TTOU
XPeIdgeTal Tn Oedopévn OTIYPR €ival va TTpocdlopicoude TIGC WETAPANTEG TTOU
TEPIYPAPOUV TO oUVOUAOHS TTOU £XEI O TTAIXTNG APXIKA, HETA TOV TTPWTO YUPO KAl OTO

96




GAIAQN-AIMIANIOZ-NIKOZ MANATIQTOMOYAOZ

TEAOG TOU BeUTEPOU YUpou. O1 ueTafAnTéG autég TTou TTapepBAaAAovTtal oTo diKTUO
oupBoAiovtal wg €€Ac: OHO, OH1 kai OH2. H kataokeur Tou véou BIKTUOU QaiveTal
TTAPOKATW:

~

DHD

-

FC

o)

Hl

-

Al

o)

HZ

ZxAua 19: Mia mo Aemrropepng SounR Tou TTPOoNyoUNEVOU SIKTUOU.

MNa va amo@acioTtolv ol KataoTtaoelg (states) Twv OHO kai OH1, Trpémel va
TTAPOUCIOOTEl Wi TaIvOunaon, n oTroia €ival OXETIK ME TOV TTIPOGOIOPIOHS TwV
KaTtaoTaoewv Twv hetaBAnTwy FC kai OH1 1Tou Bewpouvtal Traidid (children). 'EoTw
o1 o1 petaBAntég OHO, OH1 éxouv TIG akOAouBeg KaTAoTACEIG: Kavévag ouvduaoudg,
évag doog, dUO ouveXOPeEva voupepd, dUO KAPTEG PE TO idI0 XpwHa Kal dUO WE
ouveXOUEVEG TIMEG, DUO pE To idI0 Xpwua Kal dUo pe Tnv idia TiuA, dU0 cuveXxOUEVQ
voupepa Kal dUo pe TO id10 VOUUEPO, XpwHa (Tpia YE TO iBI0 Xpwua), KéEvTa (Tpia PE
ouveXOPEVA VOUPEPQA), TpIa PE TNV idIa TIUF, CUVOUACOHOG KEVTA PE PAOG.

O1 petaBAntéc o €va poviélo, o1 otroieg Ogv  €ival OUTE UTTOBETIKEG OUTE
TTANPoQOpPIWY, KoAouvtal MeTaBAnTéG peooAdBnong (mediating variables).
2uvBwg, autég ol PETABANTEG BIEUKOAUVOUV OTOV KOABOPIOWO TwV OECHEUMPEVWV
TOAVOTATWY KAl CUVETTWG augdvouv Tnv akpiBeia Tou poviéAou. ATTO Tnv GAAn
TTAEUPd, UTTAPXEl £va PIOKO augavopevng TTOAUTTAOKOTNTAG wg éva eTTITTESO TTOU VO
OIaKIVOUVEUEI TNV EKTEAEON TNG dladIKACIAG.

K&t GAo TTou pTtropei va oupBei €ival va uttdpxouv duo petaBAntéG A kai B
e€ApTWUEVEG PETALU TOUug, OAAG auTh n €£apTNON va unv €TTNPEAdel KATToIEG AAAEG
METABANTEG. ATTO Tnv GAAn TTAcupd, dev uttdpxel aimiaTh KaBodrynon egaitiog NG
e€dptnong. Auto eival cav pia €vdeign Twg pia petaBAnt) pecoAdBnong Ba
MTTOpOUCE va gival évag yovéag (parent) Twv peTaBAntwy A kai B.
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5.1.3 TONIMOINOIHZH

«MeTd atrd €61 LOOPABEG ATTO TNV €I0AYWYH TOU OTTEPPATOlWAPIOU OTN PATPA HIAg
ayeAddag, Eyivav Tpia TEOT yIa va KaTaAngouve oe KATTOIA atroTEAEoPOTA: £EETAOEIG
aigatog (BT), oUpwv (UT) kai Astrropepnc €&étaon (Sc).Ta atroteAéopata Twv
eCeTA0EWV (aipaTog Kal oupwv) KivouvTtal yUpw atrod pia oppovikr) katdoTtaon (Ho), n
oTToia gival atréppola yiag mlavAg eykupoouvng (Pr)».

AkoAoUBEi N aTTEIKOVION TOU JOVTEAOU YIA TNV £EETACN TNG EYKUPMOOUVNG KAl PAivETAI

n €¢aptnon tTwv petapAntwyv BT kai UT pe Tn petaBAnt) Ho (ZxAua 20). O1 duo
TPpWTEG Bewpouvtal Ta TTadId NG Ho peTaBAnTg, n otmoia eival yovéag
auTtwyv. AuTh

n JdetapANTi Bewpeitalr 0TI TTAPEUPAAAETAl  OTO  MOVIEAO  Adyw  Twv
OTTOTEAEOUATWY TWV EEETACEWV AiPATOG Kal oUpwyv, yia autd Xapaktnpiletal

MeTaBANTA TTaPEPPBOAAG.

‘Emerma, akoAouBei €va aAAo OikTuo Xwpic TN uetapAnTi Ho, n otroia Bewpeital
MeTABANTA peocoAGBNoNg (ZxNua 21). OuclaoTikG 8 AauBdvetal uTTOWnN N KaTdoTAON
TWV opuovwy Tou CwvTtavou. Av autd TO POVTEAO XpnoldoTrolEiTal yia Tn didyvwon
MIag TmBavAg eykKupoouvng, éva apvnTIKO ATTOTEAEOUA TwV EEETACEWV AIUATOG KAl
oupwyv Ba exTidTal oav dU0 aveEdpTNTa TUAMATA TWV aTTodEiCewy (evidence).

)

Hn s
J

BT ur

S S

ZxAua 20: 'Eva SikTuo yia Tnv €§éTaon Tng EyKUNooUvng Tou {wou
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e )
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xAua 21: ‘Eva SikTuo yia Tnv €§éTaon TnG EyKUMooUvnG, Xwpig va Angdei utroyn n
peTaBAnTA Ho.

5.1.4 MONTEAO ANAAYZHZ TOY PIZKOY

2KOTTOG Jag €ival PE TO TTOPAKATW HOVTEAO OTO ZXAuUa 22 va Oci¢oupe Tn OXEon
METOEU TNG ao@AAelag Kal Tou piokou (Suddle & Waarts, 2003). H ao@daAsia atroTeAei
éva atro 1o oNPAvTIKOTEPO BEpaTa TTOU oxeTiCovTal YE TO OXEDIOONO, TNV KaTtavonon
Kal TN Olaxeipion PAKPOOKEAWY OXEDiWV Kal TTPOYPAUMATWY Miag etmixeipnong. Ol
OPIOHOI yIO TO PIOKO TTOIKIAOUV KOl TTEPIEXOUV PABNUATIKA KAl WUXOAOYIKA OTOIXEIO.
‘Eva onuavTikd OToIXEIO TNG EKTIMNONG TOu piokou eival n afloAdynorn Tou. Ze ia
avdAuon Tou pioKkou gival onPavTiké va KOTAVONOCOUME TTwWG N AQYwn atro@dcswv
ava@QopIKa PE Ta pioka €ival TTOAU oUVOETN Kal TTwWG EKTOC ATTO TEXVIKAG ATTOWEWG,
TTaiouv onpavTiké POAO 01 ATTOBOXEG KOl EYKPIOEIG O€ KOIVWVIKG, OIKOVOUIKO,
TTEPIBAANOVTIKO Kal WuxoAoyIkO etTiTredo. AuTou Tou €idoug Ta dikTua TTiOTNG €ival
XPNOoIJa €701 WOTE VA EVOWMNOTWOOUV Ta WUXOAOYIKA Kal hJaBnuaTikd oToixeia Tou
piokou.

event H R>

IyxAua 22: 'Eva ouvnBiopévo SikTuo mioTng avadAuong Tou piokou.
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O1 mmapatrdvw KOuBol emregnyolvral wg €EAG: 0 KOUPBOG event €xel va KAVEl PE TO
ekdoToTe yeyovog Tou cival otn O1a0eor upag. Ao ekei éxouupe dUo BEAn OTIg
MeTaBANTEG H Kal F (avetmi@upnTa yeyovoTa Kal p€@odol atrotuyiag avriotoixa). H
MeTABANTA C TTEPIYPAPEI TIC CUVETTEIEG , Ol OTTOIEG EEQPTWVTAI ATTO T AVETTIBUPNTA
yeyovoTa, TIC peEBOdoug atroTuyiag kal Ta péTpa ac@algiag (M). O kéuBog ue Tn
METABANTA R uttOodnAwvel TO PIOKO TTOU EKTIUATAI OTTO TIG TTPONYOUNEVES QITIEG KAl
TTAPAYOVTEG 01 OTToI0I CUUPBAGAAOUV TEAIKA OTNV QVTIMETWTTION Tou. AUTA Ta WPETPO
ao@aieiog ocuptrepIAapBavouv €vav TTIO AEITOUPYIKO OXeDIAONO, O OTToioG €ival
XOPAKTNPIOTIKO OTOIXEIO VIETEPUIVIOTIKAG avdAuong piokou. lowg, €mmiong, kal va
EMUTTEPIEXOUV KATAOKEUAOTIKG PETPA, XAPOAKTNPIOTIKA YIa TNV TTOAVOAOYIK avdaAuon
piokou. ZuvoyifovTtag, KAaTaAAYoUNE OTO ouuTTépacua Ot Ta SikTua TTioTng dev gival
MOVO éva OTTOTEAECHOTIKO €pyaAEio yia va PEIwBEel TO XAopa PETAEU TTIBAVOAOYIKAG
KAl VIETEPUIVIOTIKAG avAAUONG TOU piokou, aAAd gival Kal XpAoIPa yia To ouvduaoud
WUXOAOYIKWV KOl JOBnNUAaTIKWV TTPOCEYYIOEWY OXETIKA PE TNV avAAuan Tou pioKou.
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5.1.5 AITAA MONTEAA TOY BAYES

Ta Tmpwta diayvwoTiKd ocuoTAuata Tou Pacifovrar otn Bewpia TOU Bayes
KATAOKEUAOTNKAY CUP@QWVA JE TNV TTAPAKATW dladikaaia:

1. 'Eotw, mMBavég KATOOTACEIG OCUYXWVEUOVTAI O€ dia UTToBeTIK JETABANTA H pe
apyIkn moavétnTa P(H).

2. Ta 6Aeg TIG peTaBANTES TTANPOoYOpPIWY |, €xOuuE TIGC DECUEUNEVES TTIBAVOTNTEG
P(I/H) (mBavotnTa tou | doopévng Tng H).

3. Ta k&Be ouvolo oToixeiwv f1,..., TN Twv petaBAntwy I1,..., IN uttoAoyifoupue
TNV mMOavoéTnTa TToU TTapdyetal: L(H/ f1,..., fN)=P(f1/H)P(f2/H)...P(fN/H).

AuTo TO TTapdywyo ovopuddetal TOavoTNTa yia TN JeTaBANTA H dedopévwy Twy f1,...,
fN . H 1ehiky mBavotnTa (posterior probability) Tng H utroAoyiletal ammd Tov TUTTO
MP(H)L(H/ f1,..., fN), 610U M €ival pia oTaBepd KavoVIKOTTOINOoNG.

To Tapakdtw POovTEAO Bewpei TTWG o1 HETABANTEC TTANpPOQOpPIWY gival aveEdpTnNTES
(Zxnua 23). Omwg PtTopoUpe va TTapATNPACOUNE atTd TO TeAeuTaio atmd Ta Tpia
TTponyouueva Trapadeiyyara, n Bswpnon auth dev gival BACIUN Kal av TO POVTEAO
Xpnoigotroigital gg KABE TTEPITITWON, TO ATTOTEAEOUATA TTOU €XOUME iCWG va gival
TTaPATTAQVNTIKA.

ZxApa 23: ‘Eva atrAé diktuo Bayes.
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5.1.6 ZXEZH AITIOY-AITIATOY(AITIOTHTA)

210 TTponyouueva TTapadeiyuata dev UTTHPXE Kaveva TTPORANUa oTnv KaBiEpworn Twv
OEONWV Kal TwV KaTEUBUvVoEwv MeTagy Twv peTaBAntwv. TMMapoAa autd, Oev
QVAaPEVETAI € aUTO TO ONMEIO TNG KATAOKEUNG TOU JOVTEAOU va Baivouv OAa opald.

Mpwta atmd 6Aq, o aImiatég ox€oelg dev gival TTAVTA QavePES (TT.X. AV TO KATTVIOUd
eTNPEeddel A Oyl OTOV KOPKIVO TwWV TIVEUPOVWY, 1l av TO QUAO Tou avBpwTrou
ETTNPEACEI TIG IKAVOTNTEG TOU O€ TEXVIKEG epyaaieg). ETITTAov, n aimioAoyiK cuvdeeia
Oev eival éva amoAuta karavontd @aivopevo: gival pio aimatr) ox€éon TTou
Xapaktnpifetar wg 1816TNTa Tou aAnBivou kécopou A PATTIWG gival yia avtiAnyn oTo
MUaAS Jag TTou pag BonBdsl va opyavwooule TNV aiocBnor] Pag yia Tov KOOUO;

H oxéon aitiou Kal aimaTou TTPETTEl va KabopideTal he evépyeleg, OTToU N KatdoTtaon
oTov KOOMUO £xel aAAOyEG: TT.X. €0Tw OTI €PYXETAl KATTOIOG QVTIUETWTTOG HE OUO
MeTaBANTEG A kal B TTou oxeTiCovtal peTagl Toug, aAAG dev PTTopEi va kaBopioel Tn
oX€0n TNG MIOG PeE TNV GAAn. Av tmapatnenBei n kardotaon NG A, Ba aAAGEel n
apxIkf katdotaon Tng B kal avrioTpoga. ‘Eva onuavTiKO TEGT TOTE ATTOTEAEI TO OTI
eCwyeveic mapdyovreg Tpocdiopiouv TNV Kardaotacn TS A. Av autd Oev eival
onpavtiké yia va aAA&&el n katdotaon g B, 161 N A dev atmoTeAei TRV aiTia TTOU
€TTNPEACEI TN B.

A6 TNV GAAN TTAEUpd, av auTd To TTapATTAvVW TECT OEixvel Wia aImiaTh Kateubuvon
TOoU TOEOU aTTd TN Mia oTnv AAAN PeTaBANTA, TOTE Ba YTTOPOUCANE VA EPEUVIITOUE
£€va yeyovog, To oTToio éxel hia aimiaTh emidpaon oTig HETABANTEG A kai B. Av uttdpxel
n peTaBANTA C, T0TE eTTéPXETAI EAEYXOG YIa TO av ol A Kal B gival avegaptnTeg £xovrag
wg oedopévn uetapAnTi Tnv C. AnAadn, eAéyxoupe 1o Katd 1600 n PetaBAnTi C
MTTOpPEI va €TTNPEACEI TN CUOXETION TTOU UTTAPXE! JETAEU Twv OU0 GAAWV PETARANTWY,
waoTe va yivouv TeAIKG aveEdpTnTeg pETAEU TOUG.

5.2 KAOOPIZMOZ AEZMEYMENQN MNMI©GANOTHTQN

H Baon yia 11 deopeupéveg mOavOTNTEG 0 £€va Bayesian network ptropei va €xel
OIOPOPETIKO ETTIOCTAPOVIKO QVTIKTUTTO KOI VA KUMPOIVETAI OTTO pia KOAWG OpIoHEVN
Bewpia yUpw atmd TIG oUXVOTNTEG MEXP! Mia BAon OeOOMEVWV HE UTTOKEIMEVIKEG
ekTIMAOEIC. AidovTal opiouéva TTapadeiypaTa yia KABe TTepiTTwaon:

5.2.1 IMNOTPO®EIO
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«To apoevikd dAoyo pe 1o évopa Brian tekvotrolei T Dorothy pe Tnv Ann kai Tov Eric
pe Tnv Cecily. H Dorothy kai o Fred €ivai o1 yoveig Tou Henry kai o Eric TekvoTrolgi Tnv
Irene pe Tnv Gwenn. H Ann gival n ydva Tou Fred, evw gival dyvwoTog 0 TTATEPAG
Tou. lMpdogarta yevvrbnke o John pe yoveic Toug Henry kai Irene. ‘Eyive didyvwon
TTwg 0 John ¢gixe pia kKAnpovouik aoBévela TTpoepxdpevn atmd éva yovidlo. ‘Hrav
TO00 ooBapr APPWOTIA, TTOU TO CUYKEKPIUEVO AAoyo £puye atrd Tn edpua, WaTE va
atmmopeuxBei n avatrapaywyr] aAdywv pe autd 10 yovidlo. Or yoveig Tou John dev
TeKvoTTOiNCAV AAAN @opd. lMolgg €ival, Aoimdv, ol TeavdTnTEG Ta UTTOAOITTa dAoya
oTn @APHG va PEPOUV auTO TO Yovidio;»

210 ZXAUA 24@aivovTal 0l OXEOEIG HETAEU OAWY TWV TTAPATTIAVW AAOYWV.

G G s

—— S

N

ZxAMa 24: To yeveaAoyIKO SEVTPO TG TTAPATTAVW Opddag aAdywv oTn @dpua.

H poévn TAnpogopia mou €xoupe eival o John (information variable), n otroia
Bewpeital amddeitn (evidence) yia TO OUYKEKPIUEVO WOVTEAO TTOU peAeTdpe. TMpiv
uTTdp&el auTn N TTANPoYopia, To KABe Cwvtavd PTTopEi va voaoei (aa), va gival popEag
Tou yovidiou (aA) i va eival uyiEg (AA). AvaypdagovTal, dnAadr], Ta Tpia UTTOBETIKA
yeyovoTa TTou eival duvaTév va IoXUouv yia To KaBe dAoyo oUuwva Pe Ta yovidid
TOUG.

O MMivakag 14 tepiéxel TIg SEOUEUNEVEG TTIOAVOTNTEG TTOU TTPOKUTITOUV CUPQWVA E
TOUG OUVOUOOPOUG TWV YovISiwv Twv YovEwv, o1 OTToiol Eival TPEIG: (aa, aA, AA).

Mivakag 14: H P(Traudi/Tratépag, untépa) oXeTIKA YHE TRV KANPOVOMIKOTNTA

an ad A4
an (10,0} (0.5,0.5,0) (0,1,0
ad (0.5,0.5,0) (0.25,0.5,0.25) (0,0.5,0.5)
44 (0,1,0) (0,0.5,0.5) (0,0, 1
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MapdAa autd, yia 6Aa Ta dhoya ekTOG atrd ToV John, £XOUNE ETTITTPOCBETEG YVWOEIG.
A@oU cival oeg avatmmapaywyry dev Tpémel va vooouv (aa). ‘Evag 1pdTTog va
EVOWMATWOOUUE AUTAV TNV TTANpo®opia Ba PTTOpoUcE va gival N KATAOKEUN €vOg
OIKTUOU TTiOTNG OTO OTIoI0 Ba eival gU@AVEG O TPOTTOG HME TOV OTTOI0 UTTAPXE! N
KANPOVOUIKOTNTA PMETAEU TWV AAOYWV.

ETriong, Ba eicaxbouv 1a aToixeia Twv aAdywv OXETIKA PE TOUG TUTTOUG TWV YoVIOiwV
Toug, Ta otroia ¢ Ba vooouv (de Ba 1oxUEl N TTEPITITWON TOU yovIdiou aa). ZTOug
UTTOAOYIOUOUG TWV TTIBavOTATWY Povo o John Bewpeital OTI YTTOPEi VA VOOEi, EVW Ol
yoveic eival €ite @opeig €ite uyieic (aA,AA). YTohoyifovtal Aueca Ol OECHUEUMEVES
mOavoTNTEG, 01 0TToiEG PaivovTal oTov lNivaka 15 TTou akoAouBEi.

Mivakag 15: H P9amdilrarépag, untépa), 6Tav dev vooouv

ad Ad
ad (0.25,0.5,0.25) (0,0.5,0.5)
A4 (0,0.5.0.5) (0,0.1)

Na ta utroAortra, Aoimmdv, daloya 1oxUel TTWS TO yovidlo [aa] dev gival duvartov va
ugioTatal. MNpoxwpouue €101 0TV ATTOPAKEUVON TOu TUTTOU TOu yovidiou [aa] atrd
TNV UTTAPXOUCa KATAVOUNR TWV TOAVOTATWY Kal YivovTal oI UTTOAOYIOHOI BACEl Twv
ouvOUACUWY TTOU TTapapévouy, Xwpig dnAadr kavéva dAoyo va €xel Tnv TeavoTnTa
va €xel TNV €TKivouvn auth aoBévela. MNa mapddeiypa, n mbavoTnta Tou TTaidiov va
€XEl Popeig kal Toug duo Tou yoveig gival P(child/aA,aA)=(0.25,0.5,0.25), evw oTav
TTOPOAEIYOUPE TNV KATAOTOON VA VOOEI KATTOI0 Cwvtavo, TOTE N KATAVOMN TNG
mBOavoTnTag yiverar (0,0.67,0.33). AuTr) n TIU TTPOKUTITEI NECW TWV HOBNUOTIKWY
€€I0WOEWV TTOU AVAQEPANE TTPONYOUMEVWG, TTOPOAEITTOVTOG TNV TMBAVOTNTA KATTOIO
amd 1a Cwa va vooei. O lNivakag 16 deixvel TIC KATAVOUEG XwpPig Tov TUTTO yovidiou
[aal.

Mivakag 16: H P(tTraudi/ftrarépag,untépa), 6tav kavéva dAoyo dev £xel TiBavoTnTa va
VOOEi.

ad 44
ad (0.67,0.33) (0.5,0.5)
A4 (0.5.0.5) (0,1)

MNa va yivel cwoTh diaxeipion Twv OTOIXEIWY TTOU £XOUME YIa TO BIiKTUO, €I0AYOUNE
OUo peTafANTéEG peooAdBnong, Tig | kal K, Tou Bewpeital n kKGBe pia wg 0 dyvwaoTog
maTtépag Tou Fred kal Tng Gwenn avTtioToixa. Ocwpeital Twg Oev UTTAPXEI KAMIa
mMOavOTNTA VA UTTOPEPOUV ATTO TN CUYKEKPIYEVN OPPWATIA TTOU TTpoava@épdnke. To

104




GAIAQN-AIMIANIOZ-NIKOZ MANATIQTOMOYAOZ

OiKTUO aUTO pE TIG VEEG PETARBANTEG TO TTOPATNPOUNE OKPIBWS TTAPAKATW HPECW OTO
ZxAua 25.

John

N

ZxAHa 25: To yeveaAoyiKo SEVTPO TwV aASywV OTn @ApHA HE TIG ETITTPOCOETES
MeTABANTEG HeCOAGBNONG.

ZUhewva he 1o TTpoypaupa GENIE, TTou xpnoigoTroioUe yia va UTTOAOYIOTOUV Ol
mOavoTNTEG TOU KABE AAOYOU OXETIKA ME TO Qv gival APPWOTO, QOPEAG N UYIEG,
opioupe OTO TTAPATTIAVW HOVTEAO TIG APXIKEG TOavoTNTEG Tou KABE KOPPBou. Oa
EKTIUNGEI PeE auTtdv Tov TPOTTIO N CUXVOTNTA TOU avemmBOuuntou yovidiou. ApyIKdA
uTTOB£TOUE TTWG N MOAVOTNTA va gival gopéag Tou yovidiou éva dAoyo eival 0.01 1
1% ka1 n mBavétnTa va eival uyiég gival 99% (apxikég mOavotnTeg). Av d00¢i n
TAnpogopia 611 o John gival AppwaoTo dAoyo (aa), auté onuaivel 6t n MBavOTNTA VA
éxel Tnv aoBéveia gival 100% (Bewpeital, dnAadn, amodeign-evidence yia 1o diKTUO).
‘ET01, TO TTPOYpaAppPa pag Oeixvel TIG TEAIKEG TTIOavOTNTEG OTAV IOXUEI N TTOPATTAVW
mapadoxr. Av aAAd&ouv oTnv Kopu®r Tou SIKTUOU oI TEAIKEG TTIBavOTNTES (posterior
probabilities) katd 0.1%, 161 01 aAAayEg, a@oU TpEEOUE Eava TO HOVTEAO HECW TOU
TTPOYPANPATOG, €ival aVETTAIOBNTEG.

5.2.2 AEZMEYMENEZ MNIOANOTHTEZ A TO MAIXNIAI TOY
NOKEP

2T0 TTPONYOUNEVO TTAPADEIYHA TNG QAPUAG, Ol OECUEUMEVES TTIBAVOTNTEG ATAV KUPIWG
oTnpEICéuEveS yUpw attd BewpnTikéG Bewpnoeig. To idlo Ba utTopoloe va IoxUEl OTO
MOVTEAO TOU TTAPOBEIYHATOG TOU ATTAOTTOINUEVOU TTOKEP TIOU  TTEPIYPAYAE
TTPONYOUUEVWG, aANG auTd dev pTTopel va @Epel €1I¢ TTépAg PE TTARPN TPOTTO TO
TTPORANPA TTOU TTPOKUTITEI KABE POPA TTOU KaTaoKeUAZeTal £va OIKTUO.

MNa Tapadeiypa, Bewpouue TN deopeupévn mBavotnta P(FC/OHO). Eival mBavo va
MN 000UV TTBavATNTEG Ol OTTOoIEG gival £€YKUPES Kal 1IoXUoUV yia KABe Traixtn. AuTto

105




GAIAQN-AIMIANIOZ-NIKOZ MANATIQTOMOYAOZ

oxeTiCetal pe TN OlopaATIKOTNTA TOU KABE TraiXTNn, TNV WuxoAoyia TOu Kal TIG
OTPATNYIKEG TOU TTaIXVIOIOU TTOU OKOAOUBEI.

Ag Bewpriooupe TNV akGAoubn oTpaTNyYIKA:

Av dev uTTdpxel Kavévag 181aiTEPog ouvOuaouog (no), TOTE aAAdlouuE TPEIG KAPTEG.
1. Av éxoupe évav aoo (1a), Tdé1e TOV dIATNPOUUE OTNV KATOXN MAG.

2. Av éxoupue dUO KAPTEG ME OUVEXOMEVEG TIUEG (2cons) 1 dUO We TO iB1I0 Xpwua
(2s) A dUo pe TNV idIa TIPA (2V), TOTE TTETAWE TNV TPITN KAPTA.

3. Av €xoupue dUO HE TO idI0 XPWHA KAl dUO PE CUVEXOUEVEG TIMEG, TOTE KPATAUE
Ta dUO ME TO idI0 XPpWHA.(AUTH N oTPATNYIKA Ba PTTOPOUCE VA AVTIKOTACTABE]
ato Mia Tuxaia oTpatnyikr, OTTwg va diatnpAoouhe dUO KAPTEG UE TO idIO
XPWHA 1 YE OIABOXIKA OUVEXOMEVEG TIMEG)

4. Av OUO KApPTEC TOU idIOU XPWMATOG Kal OUO HE TRV idla TIMA ) dUO uE
OUVEXICOPEVEG TIUEG Kal BUO [eE TnV idla TIUN, TOTE KPATAPE Ta BUO WE TNV idia
TIUA.

5. Av €xoupe @Aog pouayldA, kévta, Tpia he Tnv idla Tin (3v) 1 cuvduacud eAoG
ME KEVTA, TOTE KPATAUE TA XAPTIA TTOU £XOUNE OTNV KATOXN MOG.

Baoiopévol otnv mrapatdvw OTpATNYIKr, UTTAPXEl £vag AoyIKOG OUVOECHOG UETALU
Twv petaBAntwy FC kai OHO. H oTtpatnyikl aut @TIAXVEl KOTOOTAOEIS Yia
uTTEPAPIBOUG ouVOUAOHOUG XapTiwyv. Av dev Trai(ouv poAo kdtroiol atmd autoug,
TOUG ATTOOUPOUNE aTTO TO TTAIXVIOI.

H otpartnyikn yia Tnv méavétnta P(SC/OH1) gival n idia, ekTdg atmd Tov aplBud Twv
oAaywv KapTwv (2) oTnv TTEPITTTWON TTOU 10XUElI TO TTPWTO ATTO TA TTOPATTAVW
Bruara (no).

O1 mBavdéTtnTeg TTOU Pévouv va TTpoadiopioTouv eival or P(OHO), P(OH1/OHO,FC) kai
P(OH2/0OH1,SC).

P(OHO0): O1 kataoTtdoeig Tng mBavoTnTAg QUTAG €ival (no, 1a, 2cons, 2s, 2v, fl, st, 3v,
sfl). ZxeTik@ pe TTOIKIAEG OUVOUAOTIKEG UTTOAOYIOTIKEG DIABIKATIEG N APXIKI) KOTAVOURA
mOavoTATWY OpIfeTal WG EENG:
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P(OHO0)=(0.1672, 0.0445, 0.0635, 0.4659, 0.1694, 0.0494, 0.0353, 0.0024, 0.0024)

P(OH1/OHO0, FC): E¢aitiag Twv Aoyikwy ouvdéoewyv avapeoa oTig heTaBAnTég OHO
kal FC gival onuavTtikd va BewpnBei 611 Aaudvoupe uttoywn Pag Tig evvéa aTTd TIG 36
MOP@EG TTOU PTTOPED va £XouV ol Yoveig oTo dikTuo auTto: (no, 3), (1a, 2), (2cons, 1),
(2s, 1), (2v, 1), (fl, 0), (st, 0), (3v, 0), (sfl, 0). Or yoveig eivar o1 peTaBAntég OHO Kkal
FC. O1 petaBAntég autég (parents-yoveig) ek@pdalouv Tov €KAOTOTE OUVOUAOHO TTOU
£Xel 01O XépI 0 KGOt TraixTNG (OHO) Kal To TTOoA XapTId Ba aAAdgouv atrdé auTd TTOoU
0ev Toug Xpnoipetouv (FC). O1 TeAeutaieg TECOEPIC HOPPEG aTTO TIG €vvéa eival
mpogaveic. Ta atoteAéopaTta Twv  KATAAANAWY  ouvdUACTIKWY  UTTOAOYICHWY
ocixvovtal oTtov lMivaka 17.

2TnV TTPWTN OTAAN @aivovTtal ol duvaToi CUVOUACUOI TTOU WTTOPEI va €XEl OTO XEpI
£€vag TTaixTng ETmeITa armmd tnv TTPWTN aAAayrh KapTwy, av auTh KPIVETAI atTapaitnTn.
2TNV TTPWTN YPAMMN €XOUME TIG METARANTEG TTOU BewpolvTal yoveig TNG JETABANTAS
OH1, evw otn &elTtepn YPAUMPA TTapouciadovTal Ol TUXOV OUuvOUAOHOi TwV
MeTaBANTWY TTOU €ival yoveic Tng OH1. H deopcupévn mOavoTnTa TTOU TTPOKUTITE
eKQPAdel Toug duvaTtolg CUVOUACHOUG KAPTWY TToU €ival duvaToi va UTTApXouv OTo
XEPI evO¢ TraixTn, 6edouévwy Twy aAlaywyv TTou Ba Kavel £vag TTaiXTng oTov TTPWTOo
yUPO Kal TWV KAPTWY TTOU E€iXE apXIKA.

Mivakag 17: Yno)\bylapég ™mg P(OHl,OHO, FC) oUp@wva pe Toug duvaroug

ouvduaopuoug
(OHO,FC)
(no,N (o, (Z2cons 2z 1 (2w, 1]
11| 0.1583 1] 1] 1] 1]
10 0.0534 01814 1] 1] 1]
2C0Nns 0.06345 0.0681 0.3470 1] 1]
25 046549 04796 0.3674 n.6224 1]
OH1 2 0.1694 01738 0.1224 01224 08592
fl n.0494 0.0536 1] 0.2143 1]
st 0.0353 0.0383 0.1632 0.0307 1]
Ju 0.00z24 0.00Z6 1] 1] 0.0408
sfl 0.00z24 00026 1] 00102 1]

P(OH2/0OH1,SC): O Tmivakag 1mou pag oeixvel TIg deopeupéveg TBavoTnTEG avaioya
ME Toug duvaToUg CUVOUAOHOUG TWV YOVEWV HUE TN WETABANTA TTou Bewpeital TTaudi,
gival TTOPOPOIOG PE TOV TTAPATTAVW KAl PTTOPEI va UTTOAOYIOTEI n KABe TBavoTnTa
oUpwva TTavia Pe Ta aToixeia tou didovtal yia TIG ekdoToTe peTABANTEG. Mag
evola@épel n agia Tou cuvduaopoU TWV KAPTWYV TTOU €XEl OTO XEPI £vag TTaiXTng Kal
Mia karaoTaon OTwg dU0 KAPTEG UE OUVEXOUEVEG TIMEG, XWPIG TO éva atrd Ta dUO
XOpPTIA va gival doog. Me Tov id1o TpATTo yivovTal Ol UTTOAOYIOMOI YIa TIG OEOUEUMEVEG
mOavOTNTEG, 01 OTTOIEG EKPPALOUV TOUG TTIBavVOUg ouUVOUACHOUG TTOU £XEl OTO XEPI
€vag TTaiXTNG YETA TO TEAOG Tou OeUTEPOU YUpou (OH2) oxeTIKA Kal PE TIG KAPTEG TTOU
€ixe PETA TO TEAOG TOU TTPWTOU YUpou (OH1).
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XpPNOIKOTTOIWVTAG TO HOVTEAO TTOU KATOOKEUAOTNKE ME TOUG KOUBOUG (0 KGBE KOUPBOG
QVvTIOTOIXEI o€ pia peTaBAnTh) Kai Ta T6EA avApeod Toug (To KABE TOEO UTTOdNAWVEI TN
ox€on aitiou Kal QITIoTOU) Kal PE TOv KaBopIopd Twv TTapamavw OEOHEUHEVWV
mOavoTATWYV, €XOUNE KOBIEPWOEl Eva JOVTEAO TTOU AVATTAPIOTA €va OTTAOIKS TTaiyVidl
ToKep. MapdAa autd, av €vag TaixTng yvwpilel o1l XPNoIYOTIoIEl TO diKTUO AUTd O
QvTiTTOAGG TOu, TOTE iICWG GAAGEEI TIC OTPATNYIKEG TOU ava@OpIKA PE TOo TTaIxvidl. O
OKOTTOG Tou Ba €ival TOTE va ATTOKTHOEI 000 TO dUVATOV KOAUTEPO CUVOUQOHO
KAPTWV Kal va OaKOAOUBACEl OTpatnylikéG TTOU va KAVOUV TOV QVTITIOAO VO
UTTEPEKTIUAOEI TIGC KAPTEG TToU €XEl OTo XEpl. Ta TTapddeiyha, @aivetal KaAn
OTPATNYIKN va TTETAEEI OUO KAPTEG AVTI YIO TPEIG O TTEPITITWON TTOU OgV £XEl KAVEVA
ouvOUaOO oTo XEpl. TOTE 0 avTiTTahog TTaixTng Ba TeioTei OTI €€l Evav GO0, Ki £TOI
Ba éxel TNV gukaipia o GANOg va unv €¢avtAnBouv ol TBavoeTNTEG YIA VA ATTOKTACEI
KA&TT010 KOAS CUVOUACOHS KAPTWV.

5.2.3 METAAOZH YMBOAQN MEzZQ XOPAQN

E€etdloupe To TTApaKATW TTAPAdEIYUA:

Mia yAwooa L 1mou TTepiéxel OUo oUuPBoAa (a,b) petadidetal yupw atmd éva Kaval
ETTIKOIVWVIOG. XpnaoIYoTroiEiTal Kal To oUPPBoAO ¢, wg HeTaBAnT TrapeuBoAng
(MeooAdBnong- mediating). 21n YeTAdo0n KATTOION XAPOKTHPES iIoWG aAlolwvovTal
atrd B6puPo Kkai gival ptrepdepévol ue GANouG.

Mia Aégn TTou atroTeAeital atrd TTévTe ypAupata gival 1o €mMOUPNTO OTTOTEAECUA TNG
OAn diadikaciag. Aivetal JovréAo TO OTToIO PTTOPEl va KaBopioel TIG TTIBAvVOATNTES YIa
Ta peTadidopeva ouuBoAa, £xovrag dedopéva Ta cUuBoAa (a,b).

Ymrépyouv tévre yeTaBANTEG uTTOBeONG (T1,..., TS) pe kataoTdoelg a kal b kal Tévre
MeTABANTEG TTANpo@opIwy (R1,..., R5) ye kataotdoeig a, b, c. EmmA£ov, uttdpxel pia
AITIOAOYIKN oxéon HETAU Twv PeTapAnTwy Ti kai Ri . Etriong, utrdpxel aimoAoyikni
ouvaogela petagu Twv petaBAntwv Ti kai Ti+1 (i=1,...,4), 6TTwWG Qaivetal oT0 ZXAUA
26. Oa PTTOPOUCAUE VA BEWPNOOUNE TTEPICTOTEPEG OXETEIC avAPETA OTa TUUBOAQ,
aAAG TN 6edopévn OTIYUR TO ATTOPEUYOUE.

f /f‘\ f\\ N /“\
\\,.)_H /_H“ K,fl

I

% ) () (® ()
N ) O U "

ZxAMa 26: ‘Eva povTéAo pe PETAd00N CUBOAWY HECW XOPSWV.
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O1 deopeupéveg mOAVOTNTEG PTTOPOUV va KABopIoToUv euTTeEIpIKA. O mBavoTnTEG
P(Ri / Ti) BaociCovial ot oTtamioTikég PeBGOoug. Ztov [ivaka 18 @aivovtal ol
avaypa@OPEVEG TINEG TWV TTIBAVOTATWV.

Mivakag 18: H miBavéTnTa P(R/T), oxeTikd pe Tn diadikacia perddoong cupfoAwv.

T=a T=h
F=a 0.3 0.15
f= 0.10 0.&0
R=c 0.10 0.05

Ymapxel n duvarétnta va TpoodiopioTtolv ol mlavotnteg P(Ti+1 / Ti) péow
EPEUVNTIKWYV DIadIKaoIWV TWV AéEEWV, TTOU AvhKOUV OTnV UTTO HYEAETN yAwooa L.
Moia cival n ouxvoTnTa TTOU TTAPOUCIAZETAl TO TTPWTO Ypduua; MNola n ouxvétnTa Tou
OeUTEPOU YPAUMATOG, €XOVTaG WG OedOPEVO OTI TO TTPWTO YpPAPUa E€ival TO «;
2uveyioupe e Tov idI0 TPOTTIO TNV AVAAUCH, £XOVTOG TIC OUXVOTNTEG (EVVOOUME
mMOavOTNTEG €UPAVIONG CUMPBOAWV) Twv Aégewv TToU peAeTwvtal. O Mivakag 19
TEPIEXEI OTNV TTPWTN OTAAN Ta dUO TTPWTA YPAPUATA TNG KABe AéENg Kkal atmd Tn
0eUTEPN YPOUUNA Ta Tpia TeAeuTaia ypduuaTta TNG AEENG, WE TIG EKACTOTE GUXVOTNTEG
(y1a TTapadeiyua, 6mTwg Ba doupe n Aégn abaab éxel ouxvoTnTa 0.040).

Mivakag 19: ZuxvoeTnTEG EPPAVIONG TWV SUVATWYV CUVSUNOHWY TWV CUUBOAWY.

Last 3 letters
First 2 letters aaa aah aha ahh haa hah bha bhh
aa 0.017 0.021 0019 0019 0.04% 0.068 0.045 0.068
ah 0.033 0040 0037 0.033 0.011 0.01a 0.010 0015
ha 0011 n.014 0010 0010 0.031 0.046 0.031 0.04%
Eh 0.050 0.060 0.056  0.057 0.016 0.023 0015 0.023

A6 TOV TTOPATIAVW TTiVOKA MTTOPOUME VA  EKTIMACOUME TIG QTTAITOUMEVEG
mBOavoTnTeS. O1 apxikéG MOavoTNTEG yia TN weTaBANTA T1 givan (0.5,0.5). Z1ov Mivaka
20 divovtal dUo deopeupéveg TTIBAVOTNTES yia Ta CUPPBOAA Ta oTToia aTtrapTifouv Wia
AéEN TTou aTToTeAEiTal aTT TTEVTE YPAUUATA.

Mivakag 20: Auo 6eCHEVPEVEG TTIBAVOTNTEG OXETIKEG ME TIG UTTOBETIKEG METARBANTEG

i B i b
i 0.8 04 0.4 074
b 0.4 0.6 0.5 0.26
P(Ty/ Ty P(Ts Ta)

109




GAIAQN-AIMIANIOZ-NIKOZ MANATIQTOMOYAOZ

‘Eva evaAAaKTIKO HOVTEAO Ba pTTopoUlce va £Xel WG UTTOBETIKN METABANTA TN A£En
Word, pe 32 kataoTdoelg oUPQWVA PE TOV TTAPATTAVW TTIVAKA, O OTTOI0G TTEPIEXEI
ouxvOoTNTEG OUVOUAOHUWY CUMBOAWV yia TO OXNUATIONO Twv Aégewv. AUTEC oI
OUXVOTNTEG XPNOIUOTTOIOUVTAl WG aPXIKES TTIBAvOTNTEG (prior probabilities).

H mrapatrdvw diadikacia eival ebxpnoTn e€aitiag Tou PikpoU apiBuou Twv cuuBoAwy
TTou oxnuatifouv pia Aégn (a,b), dpa €xouue PIKPOTEPO OUVOUAOHO YPOaUUATwY. Av
Ta oUPBOAQ yIa TO OXNUATIONO Twv Aé€ewv gival Ta 24 ypAaudaTa Tou aA@aphTou Kai
BéAoupe n KABe Aégn va armroteAesital amd 6 ypdupoTa, TOTE O APIBUOG TWwvV
OUVOUOOPWY €ival UTTEPBOANIKA peydAog. ATTO Tnv GAAN TTAEupd, TO HOVTEAO TTOU
oiveTal TTapatmavw iocwg gival TTOAU atmAd waoTe va SIOXEIPIOTEN TNV EEAPTNON HMETALU
TWV PETABANTWYV, OI OTTOIEG PaivovTal OTOV TTPONYOUUEVO TTIVAKA TTOU avaypa@ovTal
o1 32 ouvduaouoi Twv GUUPBOAWYV TTou aTToTEAOUV TEAIKA TNV KABE AEEN.

Mapakdtw @aivetal T0 eVOAAOKTIKG BIKTUO TTOU TTPOQVAQEPAME, TO OTTOI0 £XEI WG
uTtoBeTIKr) peTaBANTh T Word, oTnv oTroia €UTTEPIEXOVTAI OUCIACTIKA Ol TTEVTE
UTTOBETIKEG PETABANTEG Ti TTOU OpicapE ApPXIKG.

(R )
\_/

xApa 27: ‘Eva evaAAAaKTIKO BikTUO PETASOONG TWV CUHBOAWY.
5.2.4 EINAI KANENAZ MEZA 2TO 2MITI; (FAMILY OUT?)

H exTipnon Twv deopeupévwy TTIBAVOTATWY YIA TO TTAPAdEIYUA TTOU TTEPIYPAYWAE TTIO
TIPIV OXETIKA PE TO AV N OIKOYEvVEIA Eival OTO OTITI A OXI, €ival PIO UTTOKEIPEVIKA
oladikacia. To SiKTUO TTOU TTAPOUCIACAWE YIA TO CUYKEKPIMEVO TTAPASEIYUA UTTOPEI
va UETOOXNMATIOTEI €TO1 WOTE va EKTINNOOUV O opBoAoyikd ol TBavOeTNTEG TWV
MeTABANTWY TTOU aTTapTi(ouv TO BIKTUO.

P(F-out?): ©a utropouoe va d0B¢i n ekTiunon yia To TTOCO CUXVA N OIKOYEVEIQ €ival
EKTOG OTTITIOU, OTaV ETTIOTPEPEl TO éva WEAOG TNG atmd Tn douAeid Tou. ‘Eotw 611 n
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KOATAvVOMr Twv TMOAVOTATWY OXETIKA PE TO AV n UTTOAOITIN oIKoyEvela Yéoa 1) €6w aTro
10 ot gival: P(F-out?)=(0.2,0.8)

P(L-on?/F-out?): Kabwg TEPIYPAPANE  TTPONYOUMEVWG TO  OUYKEKPIUEVO
TTaPAdEIyUa, AVAPEPANE TTWG OTAV N OIKOYEVEIQ AEITTEl ATTO TO OTIITI TO QWG TNG
€EWTTOPTAG gival AVOIXTO. ZTTAVIA PTTOPEI TO QWG VA TO EEXAOEI AVOIXTO KATTOIO ATTO
Ta MEAN TNG OIKOYEVEIOG. ZUVETTWG, N TMBavéTnTa va TTAPAUEVEI AVOIXTO TO QWG,
Exovrag wg Oedouévo OTI N olkoyévela eival €kTOG ommmiou, eival: P(L-on?/F-
out?=y)=(0.99,0.01)

Omwg avagépape TTo TTPIV, TO QWG €ival KAEIOTO OTAV N OIKOYEVEIR BPIOKETAI OTO
oTriT TNG. MapoAa autd, éTav avapévouve ETTIOKETTTEG TO QWG Eival avoIXTO, TTPAYHA
Tou oupBaivel TpeIG @Qopéc TO pRAva. Autd €xoupe T duvaTtdtnTa va TO
ouuTrEPIAGBOUPE OTNV TTapatrdvw TTBavoTNTa | va Opicouue pia TmBavoTnTa
MeooAGBnong (mediating variable) Exp-g? (avapevouevol TTIOKETTTEG), WOTE va €ival
mo caPng N €€dptnon NG MBAvOTNTAG VA HEIVEI AvoIXTO TO QWG OXETIKA PE TNV
ekdoxn Ot €xouv emOKEWEIS. 'Exoupe OUO  TTEPITITWOEIS TIPOCEYYIONG TOU
TPoBAANATOC Kal Ba dlaAECoupe ev TEAEI QUTH TTOU UAG OIEUKOAUVEI TTEPICOOTEPO VA
EKTIMAOOUE TIG TTAPATTAVW TTIBAVATNTEG.

‘EoTtw, Aoimmdyv, 6TI ouyxwveluouue Tnv mOavoTNTa va MEivel avoixtd 1o ewg Adyw
EMOKEYEWY OTNV TTOPATTAVW Oeopeupévn TmBavétnTa. TOTE Opifouhe TNV €ENG
mBeavotnTa: P(L-on?/F-out?=n)=(0.1,0.9).

Ymdpxouv apkeToi Adyol TTou UTTOPEi va akouoTei To yaByioua Tou OKUuAioU oTnv
QUAN TOu OTTITIOU OTNV TTEPITITWAN TTOU N OIKOYEVEI BpioKeETal HECQ GTO OTTITI I OXI.
MNa va kaBopicoupe auTAv TNV TTANPo@opia €I0Ayoups Jia PeTaBANTA HECOAABNONG
TToU oupBoAiCeTal D-out?.

ApkeToi TrapdyovTeg TrepIAapBavovTal oTn diadikaoia ekTipnong Tng petafAntig P(D-
out?/F -out?). Katroleg @opég 0 oKUAOG BpioKETal OTNV QUAR av n oIKoyévela gival
eKTOG OTTITIOU, av €xel dlatapaxés Kal av Bpebei ekei Tuxaia. EiodyeTal, Aoimrdy, pia
OKOPa YETABANTA pECOAGBNONG TTou cupBoAideTtal BP? (bowel problems-oTopaxikég
dlarapax£g). H apxiki karavour mOavotATwyY NG TTpoavagepBeicag petaBAnTAg
eivar (0.05,0.95). Oswpoulpe TTwg av n oikoyévela gival oto oTritl (F -out? =no) kai o
OKUAOG Oev €xel oTopayikéG diatapaxeég (BP?=no), 161e utrapxel 20% moavotnTa o
OKUAOG va Bpioketar £€Ew. AnAadr}, opifoupe TNV KATOVOUR TNG OECHEUMPEVNG
mBavoTnTag wg €€AG: P(D-out?/F-out?=n, BP?=n)=(0.2,0.8). ETiong, ekTipaTal Twg
10 15% Twv TTEPITITWOEWY TTOU N oIKoyévela gival €§w, Eexvave va BydAouv €Ew To
OKUAO Kal T0 95% Twv TTEPITITWOEWY TToU €Xel dlaTapaxEg To Byddouv oTnv auAn.

T1 oupBaivel av n oikoyévela AEiTTel Kal 0 OKUAOG £Xel dlaTapax£g; ATTO TTPIV EXOUME
opioel pia mBavéTnTa 0 OKUAOG va eival £€€w (D-out=yes) Tng 1d¢ng Tou 20%, XWpig
va €xel oTopayikég dlatapaxeég (BP?=no) kai n olKoyévela va pn AEiTTel ot 1O OTTiTI
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(F-out?=no). AkOua, Bswpouue OTI N TOAvVOTNTA TO OKUAI va gival €¢w (D-out?=yes),
o0edouévou OTI N olkoyévela gival evidg TnG olkiag TG (F-out?=no) kal To OKUAi dev
éxel dlatapaxég (BP?=no), civalr 0.88 4 88%. ETmiong, av 10 OKUAI €xel dlaTtapaxég
(BP?=yes) kai n oikoyévela Acitrel (F-out?=yes), n mBavétnta va Bpioketar otnv
auAn gival 99.4%, evw av n olkoyévela Og Acitrel gival 96%. O1 TTapatTdvw UTToBEoEIg
TWV TIHWV TWV EKACTOTE TTIOAVOTATWY CUVOWICOVTal OTOV TTAPAKATW TTiVOKA:

Mivakag 21: P(D-out?/F-out?,BP?)

BPP=y BPP=n
Fout? =y 0.9%4 .85
faut?=n 0.96 0.20

H mBavétnta P(H -bark?/D-out?) pag deixvel TTwg €¢aptdrtal 1o evdexOUeEVO va
akouoel éva PEAOG TNG oIKoyévelag TO YABYIopa Tou OKUAIoU, &edouévou av auto
Bpioketal £¢w atrd 1O OTTITI i} 6. MNa va ekTIUNBEi auTh n deopeupévn MOavoTNTa B
TIPETTEI VA Yivel AETITOUEPNAS avAAUON OXETIKA PE TO EVOXANTIKO yAPBYyIoua Tou yeiTova,
TO OTToi0 PTTEPOEUEl KATA KATTOIOV TPOTTO TNV TTAnpogopia TTou pag divetal étav
OKouoTeEl YABYIOPNa OKUAOU, a@oU WTTOpEi va eival €iTe TNG OIKOYEVEIAG €iTE TOU
yeitova. Oewpouue o1 6Tav 1IoxUel N uetaBAnt H -bark?, 161€ TO YARYIOUa €ival Tou
OKUAIOU TTOU QVAKEl OTNV OIKOYEVEIQ, agoU auTh n JETaABANTA TTEPIEXEl dUO TTIBavAa
EVOEXOMEVA OXETIKA UE TO CUYKEKPIMEVO OKUAO.

Mapakdtw dideTal TO KATAOKEUAOHEVO BIKTUO TOU OUYKEKPIMEVOU TTAPADEIYHATOG HE
TIG TTpoavapepoueveg PETABANTEG. ‘Exoupe eicdyel Tn petaBAnti D-out? Me Tov

EMTTPO0BETO Yovéa Tng BP?.
F-out? (;P?>

//_I:-Dn? D-out?
=

o <
&

—

ZxApa 28: H TeAIKA pop@n TOU HOVTEAOU YIO TO CUYKEKPIHEVO TTAPAdEIYMAL.
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5.3 EKMAOHZH (LEARNING)

H ekudBnon tou TpATTOU [E TOV OTTOI0 KaTaoKeuAadovTal Kal TpoTroTTolouvTal Ta SikTua
moTnNg otnpifovial & nUIGUTOMATOTTOINMEVEG PEBOBOUG, oI oTroieg K&vouv Xprion
EUTTEIPIV KAl YVWOoeWV. H ekpdBnon (learning) xwpietal 0€ TTOCOTIKI KAl TTOIOTIKI).
MoooTiKA eKudBNoN €ival auTr] TTOU OXETICETAI E TNV KATOOKEUN TOU POVTEAOU (TT.X.
QIKTUO) KaI N TTOIOTIKA HE TOV KABOPIOUO TWV dECUEUPEVWY TTIOAVOTATWV.

Ymrapyouv dUO TUTTOI KATAOTACEWY EKUABNONG:

(a) n TepiTrTwoN O1TOU Hia Bdon dedouévwy BacifOueveG o€ DIAPOPES TTEPITITWOEIG
XPNOIYOTTOIEITAI VIO Va eyKaTaOTAOEI £va hovTéNo (batch learning).

(B) n diadikaaoia Tng TpoTTOTTOINONG TOU POVTEAOU OTaV gu@avifovTal e AAAETTAAANAO
TPOTTO VEES TTEPITTTWOEIS (adaptation).

5.3.1 ZEIPA OAHI'QN-AEAOMENQN EKMAGHZHZ

2NV  aAucIdWT METAdOON Twv OCUPBOAWV TIou  TTEPIYPAYPANE  TTOPATTAVW,
XPNOIUOTTOINBNKE JOVTEAO yIA va TTPOCDIOPICTOUV O OXECEIG METAEU TWV YPAPUATWY
TTOU aTrapTifouv pia AEEn KAl TTVAKOG OUXVOTATWY Yyid TNV KOTAVOMN Twv
mOavoTATWV OTO PovTéAO. Mapakdtw @aiveTal To poviéAo MSimp 1o oTtroio deixvel Tn
MHovTeAoTToinon TwV OXEOEWV HETAEU TWV YPAWMATWY TIOU SIANOPPWYOUV  TIG
€KAOTOTE AEEEIG.

0 0 Ez_""/@_’Gﬁ)

ZyxAua 29: To dikTuo TrioTng MSimp .
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MapdAa autd iowg va utTapyxouv Ki GAAa povTéAa Kal xpeialduacTe KAToIa Péoa

EKTIUNONG QUTWYV TwV TMBAVWY POVTEAWYV. YTTAPXOUV dUO €KDOXEG TTOU UTTOPOUNE VO
BewpAoouE:

(a) Méoo KaAd ptTopei To HOVTEAD va TTEPIYPAWEl TOV auBevTIKG TTivaka?

(B) Méoo didoTnua aTraITei TO JOVTEAO?

To Bewpnua (1) (BepeMydng kKavévag TTOavoAoyIkoU AoyiopoU) £@apuoleTal OTO
TTaPATTAVW OIKTUO £XOVTAG UTTOWN TOU TOV TTIVAKA TWV TTIBAVOTHTWY TTOU €KQPAlouv
TIG TOMEG TWV EPPaAVICOPEVWY PETABANTWY. H TBavoTnTa TTOU TTPOKUTTTEI €ival n €ENG:

P'(T1, T2, T3, T4, T5)=P(T1)P(T2/ T1) P(T3/ T2) P(T4/ T3) P(T5/ T4)

21ov livaka 22 pe TIG ouxvoTNTEG AUTOU TOU TTAPOABEIYMOTOG €ival EUPAVES Kal TO
ATTOTEAECPA TNG TTAPATTAVW TTIBAVOTATAG.

Mivakag 22: H mi@avoeTnTa Topng P*(T1, T2, Ts, T4, Ts)

Last 3 letters
First 2 letters aaa azh aba ahh haa hah hha hhh
as 0.014 0023 0.01&5 0.021 0.044 0.0677F 0.050 0.061
ah 0.030 0.044 0.033 0.041 0.011 0.01s 0012 0.014
ha 0.010 0.01é 0.012 0014 0.029 0.045%  0.033 0.041
hh 0.044 0.067 0.059  0.061 0.016 0.023 0017 0021

5.3.2 METPA ANOZTAZEQN (DISTANCE MEASURES)

Mo va CUyKPiVOUWE Wia TTpayuaTikr) Katavoun JE pia Tpooéyyion, XpelalouacTe Eva
METPO aTTOOTOONG QvVAPEDA OTIG UTTApXouoeg KaTtavoués. ‘Eotw P pia aAnbng
katavour kal P* pia aAAn katavour Tng MeTaBANTAS Word. Ao TéTolou €idoug pétpa
gival ouxva yia xpron:

(a) EukAeideia amméoTtaon (Euclidean distance):

DistQ(P,P*) = > (P(w)—P*(w))*

weWord
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(B) AlaoTtaupwpévn evrpotria (Cross entropy):

DistL(P,P*)=— > P(w) Iog;*(—\(lz\)l)

O1 dUo TTapatrdvw pEBOdOI PHETPNONG £XOUV Mia BewpnTiKr BepeAiwon: PTTOPEIG va
TTPoBAEweIC TNV emOuevn AéEN OTn pop®n Miag kaTtavoung mlavotiTwy. Otav n
eTopevn AéEn eival yvwoTh, Bpiokeoal o€ UEIOVEKTIKT Béon atrd TO ATTOTEAECUA TO
OTTOIO €ival TO EAAXIOTO, AV €ixeg TTPORAEWEI TNV aANBR AéEn pe TBavoTNTA T HOVAda
Kal TO PEYIOTO, av N MOavoTnTa TTou TTPpocdlopildTav gival PNdEVIKN.

‘Eotw Actw (Word) 1Tou KaBopidel Tov TTivaKa TTOU TTEPIEXEI PNOEVIKES TTIBavVATNTEG
eKTOC 11O TNV aAN6A Aé€n w Kail P* (Word) €ival ol TIpoBAETTOPEVES TTIBAVOTNTEC.

O 1eTpaywvikég Kavovag amoteAeoudTwy (quadratic scoring rule rj Brier scoring rule)
gival o €¢N¢:

xeWord xeWord

QS(W,P¥) = > (Actw(x)—P*(x))* =1-2P*(W)+ >  P*(x)?

Av TTPOBAEYEIC éva PeYAAO apIBUS POPWYV OXETIKA PE TNV Katavour P* evw n aAnbnig
katavoun €ival P, TOTe TO KaTG PECO OO atToTéAeoua eival:

AVQS(P,P*)= > PWQS(W,P*)=1-2 > P(W)P*(W)+ > P*(x)?

xeWord weWord xeWord

O mapatrdvw Kavovag eival KaTAAANAOG yia xprion kal opBoAoyikdg. Autd onuaivel
OTI n Povadikr KaTavour TTou divel €va eAAXIOTO ATTOTEAECMA €ival n ocwoTth. H
atmréoTaon peTagy TG aAnboulg katavoung P kal TNG ekTIWWPEVNGS KaTavounig P” givai
OpPIoUEVN WG N BlIOPOPA AVAPECO OTA ATTOTEAECUATA TwV dUO KATAVOUWV:

DistQ(P, P*) = AvQS(P, P*) — AvQS(P, P) = Z (P(W) —P*(w))?

weWord

AANOG kavévag atroTeAeopdTwy gival o AoyapiBuikég (logarithmic score):

LS(w, P)=-logP*(w).
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ZnMeIvVeETal 6Tl O TTAPATTAVW KAVOVAG €ival XpOIMOG av €XEIS EKTIMNAOEI éva TTIBavo
yeyovog trou gival aduvarto. O AoyaplBuIkOG autdg Kavovag eival £TTiong auoTnpd
KAaTtdAANAoG kal n pEBOBOG PETPNONG TNG EKACTOTE ATTOOTACNG TTOU QATTOPPEEl ATTO
auTév €ival n dlaoTaUPWUEVN EVTPOTTIA.

5.3.3 EPEYNATIA MNIOGANEZ AOMEZ

Waxvouue yia Bayesian networks 1a otmoia avamapioTdvouv €va TTiVOKO PE TOPEG
mOavoTATWYV he pia ammodekTh atréoTaon g moavoTnTag P(Word). Autd, duwg, dev
gival atroTeAeaUATIKO TTOAAEG QOPEG. lowg cupPaivel yia To AOyo OTI ApKETA POVTEAQ
gival atrodeKTA Kal £XOVTAG KATA VOU TO Yeyovog auTtd Waxvoupe atmAd govTéAa TTou
€TTioNG TTPETTEl va UTTOAOYIoOUUE TO PEYEBOG TOUG.

‘Eotw M éva diktuo Triotng pe uetaBAntéc U. MNa kdBe petafAnty A pe yoveig
(parents) pa(A), opifoupe Sp(A) Tov ApPIBUO TWV KATOXWPACEWY TNG DECHEUNEVNG
peTaBANTAS P(A/pa(A)) kai To péyebog ivar:

Size(M) =) Sp(A)

AeU

MNa mapadeiypa, Size(MSimp)=18.

MNa va evioTTiooupe Tn Oox€0N METALU Tou [eyEBOUG Kal TNG ammoéoTaong Kabopioupe
Mia u€Bodo pETPNOoNG aTTodoxNNS TNG OXEONG auTwy Twv duo(acceptance measure):

Acc(P, M)=Size(M)+kDist(P, P’).

To P’ gival 10 0UVOAO TWV TOUWV TwWV TOAVOTATWY Twv MeTABANTWV U, TTOU
kaBopilovTal atré 1o M” kal k évag BeTIKOS TTPaYUATIKOS apIBudG.

210 TTIPOAVOPEPOEV TTAPAdEIYUA PE Ta OUPPBOAQ Kal TIG AECEIS XPNOIWOTTOIEITAI TO

amotéAeopa Tn¢g e€iowong DistQ (P, PY)  kai diaAéyoupe k=10000, epyalduevol Ue
apxikp améoTtacon (distance) ion pe 0,0005. H epyacia pag €ykeimalr OoTO0 va
TTPOOdIOPIcOUNE £va ATTOOEKTO BIKTUO TTIOTNG, TO OTTOIO VA EAAXIOTOTIOIEI TO ACC.

Katapxryv, 6a mpétrel va gpguvriooupe 0Aa ta moava DAGs (directed acyclic graph)
OXETIKA pE TIG eETaBANTEG T1, T 2, T3, T4, TS5 . MapdAa autd, uttdpyxouv TTOAAG aTTd
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QuUTA Kal €TTITTPOCBETWG TOTTOBETOUNE TTEPIOPIOUOUG KATAOKEURS OTa Bewpoupeva
MOVTEAQ.

2TNV TTEPITITWAT Jag gival QuaIKS va TTOUNE TTWG Jia KateuBuvopevn ouvdean atrd To
Ti oto Tj emTpéTeTal uévo av 1o i gival JIkpdTePO Tou | (i< ) (ZxAua 30).

ZEKIVAUE PE TO PeyaAUTEPO povTéEAO MMax cuvavTwyTag ToV TTapaTTavw TTEPIOPIoHO.

e

N\
2
&

ZxAua 30: To povréAo MMax.

=)

‘Eotw n deopeupévn mBavotnta P(Word/MMax) n otroia uttodnAwvel TNV KATAVOUN
Tou KaBopifetal amd 1O pPoviEho MMax . Ao Tov uttoAoyioud  TTapaKATW
TTapatnpoupe TTwg P(Word/MMax)= P(Word):

P(Word)=P(T1, T2, T3, T4, T5)

=P(T5/ T1, T2, T3, T4)P(T1, T2, T3, T4)

=P(T5/ T1, T2, T3, T4)P(T4/ T1, T2, T3)P(T1, T2, T3)

P(T5/ T1, T2, T3, T4)P(T4/ T1, T2, T3) P(T3/ T1, T2)P(T2/ T1) P(T1)
P(Word/MMax)
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Ymapyouv 21° DAGs 10 oTmoia eival oe €ToludTNTA YIa va gpguvnOolv. Authi n
dlepyaoia eival apkeTd emmitrovn, oAd av akolouBnBei pia diadikacia OTToU
dlaypa@ouV dIAPOPES EVWOEIG TwV PETABANTWY (apxng yivouévng pe 1o MMax), dev
XPEIAleTal va guveXIoTel auTd e@Ooov To HOovTEAO atToppipBei. To amoTéAeoua auThg
NG £€peuvag €ival TO TTAPOKATW HOVTEAD, TO oTroio kaAesital MMin kai ammoteAei éva
KOAO TTapAOEIYHa O€ auTd TTOU TTpoavapépOnKav.

ZxApa 31: To povréAo MMin.

O1 deopeupéveg OAVOTNTEG yIA TO TTAPATTIAVW HOVTEAO didovTal OTOUG TTAPAKATW
mivakeg. loxoer: P(T1)= P(T4)=(0.5,0.5)

Mivakag 23: Aeopeupéveg mTIBAVOTNTEG VIO TO MOVTEAO Myin

i3 b i b i3 b
« 06 04 & 025 075 a (045055 (04,06
b 04 06 b 075 025 & (0505 (0.4.0 6)
PiTa/ T1) P(Ts/ Ta) P{Ts/ T3, T4)

Mivakag 24: O Trivakag TwV TOUWV TwV TT8avoTATWY Tou JOVTEAOU Myin

Last 3 letters
First 2 letters aaa agh aba ahh haa hah bha hhh
aa n.o17 0ozl 001% 0019 n.o4s  0.068 0.045 0.063
ah 0.034 o040 0037 0038 n.o1a n.01s o0.010 n01s
ba 0.011 0014 0010 o010 0.031 004> 0.031 0.045
Eh 0.051 n.0az2 0057 0057 0.014 0023 00145 0.023

‘Exoupe, Aoitrov, Ta €€NG atroTeAéopara:

Acc(P, MMin)=20,14 ka1 Acc(P, MSimp)=21,37
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Ooov apopd To OUYKEKPIUEVO BEPQ TTOU PEAETANE, BEWPOUNE CWAOTH TNV KATAVOUR
NG Bdong dedouévwv TTOU XPNOIUOTTOIOUME KAl N €pyacia TTou TTPETTEI VO KAVOUUE
givar va Ppedei pia olvioun avamapdoTacn TTpooeyyifoviag auThi TNV KaTavoun.
2uvnBwg eival TTOAU e€efnTnuévn diadikaoia To va Bswpricoupe Tn Bdon dedouévwv
w¢ Mia aAndn katavoun. Eival 1Mo cwoTd va Bewprooupue pia Bdon dedouévwv cav
éva Ogiyua ammd pia dyvwotn aAndn katavopr). MNa mapddeiypa, o Mivakag 19 cival
Baoiopévog oe 1000 Aé€eic. Autd onuaivel TGS av Kal To yovréAo MMin gival TToAU
KOVTG oTnv moavotnTa P, Bacifetal To ammoTéAeoPd TOU OTO HOVTEAO MSimp.

‘Eotw DB cival pia Baon dedopévwyv atmmo TePITITWOoEIS Kal M €va ouvolo atrd
MovTéAa. ©@a TpETTel va peyioToTTroIooupe Tnv mBavétnta P(M/DB) (M € M). H
meavéTNTa auTr] €ival TTOAAEG QOPEG TTOAUTTAOKN OTOV UTTOAOYIOPO TnG. MapoAa
auTd, 0 Kavovag Tou Bayes ptropei va @avei TToAU Xproigog 1n 0edopévn oTIyuN:

P(DB/M)P(M)
P(DB)

P(M /DB) =

Agou 10 P(DB) civar avetdptnto amdé 10 M, Oev Trailel kavéva poOAo oTov
TTPOCdIOPIOCUOU TNG MEYIOTNG TIUAG. Av Oev €XOUME OPXIKEC YVWOEIG aATTO TIG
mOaVOTNTEG TWV EKACTOTE MOVTEAWYV, BewpoUpe AUTEG TIG KATAOTACEIG va Eival
IcodUvapa mmeavég. MNa autd, n diladikaoia eupeong TnG mMBavotnTag P(DB/M) utropei
va Trai€el 7o pOAo TN amooTaong PeTagUu aAnBolg Kal TTPOCEYYIOTIKAG TIMAG OTN
Olgpelvnaon yia éva opBoAoyIKO HOVTEAO.

AkOua, uttdpyxouv TIOAAG TrpofARpaTa. lMpwTtov, av Kal UTtdpxel HOvVo évag
TTEPIOPIOUEVOG APIBUOG aTTO TTIBAVEG KATAOKEUEG, KABE KATAOKEUA TTEPIEXEI TTIBAVOUG
TTIVOKEG KOl PETALU auTwv TIPETTEl va BPOUME AUTOUG TIOU MEYIOTOTTOIOUV TRV
mBOavoTnTa Tou DB. ETiong, TTOAU cuxva n Baon dedopévwy dev gival pia Aiota atmod
TTEPITITWOEIS YIA TIG OTTOIEG Ol KATAOTACEIG OAWYV TwV PETARANTWY g€ival yvwoTEG. Towg
EXOuUNE oTnv TTopeia NG dIadIkaciag KATTOIEG XAMEVEG TIHEG auTwyv. AuTO cupfBaivel
OI16TI Kapia @opd& €xoupe OTNV KATOXA MOG OPKETEC BAoeIg DEDOUEVWV OXETIKA HE
O10pOopPeTIKA OUVOAa PETOBANTWVY Kal PE OIOPOPETIKOUG apIBUOUG TTEPITITWOEWV
(Jensen, 1996).

5.3.4 MPOZAPMOI'H (ADAPTATION)

Otav éva ovotnua €ivar e Asitoupyia, OexdpaoTe emTavoAlapBavoueva  VEEG
TEPITITWOEIG OTTO  TIG OTI0IEG €XOUME Tn duvatoTNTA VA TIAPOUUE OPKETEG
TTANPOPOPIEG. ZTNV TTPOKEINEVN TTEPITITWON EiNOOTE APKETA BERAIOI YIA TNV KATACOKEUN
Tou OIKTUOU, TTapOAa auTd oI OeCpeUpéveG TTIBAVOTNTEG €ival ECAPTWUEVEG ATTO TOV
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TPOTTO JE TOV OTTOI0 XPNOIUOTIOIOUVTAI Kal TToikiAouv atrd KatdoTaon o€ katdoTtaon.
ETriong, cival emBupnTd va XTIoTE £va dIKTUO TO OTTOI0 AUTOPATA TTPOCAPHOLETAI OTO
ekdoToTe TTEPIEXOMEVO dedouévwy, Ta oTToia Aaufdvouv Xwpa o€ KABe TTepITITwon.
AuTo ouvettdyetal OTI £€xoupe oupPBouleuTei KATToIOUG €18IKOUG KaTd Tn OIAPKEIQ TNG
KATOOKEUNG TOU CUCTANATOG Kal OeV €XOUV CUPQWVAOCEI OXETIKA PE TO TTOOOTIKO
MEPOG Tou BIkTUOU. ‘ETOI, 01 deopeupéveg TBavoTnTEG cival aBéBaieg. AuTdg o TUTTOG
aBeBaidtnTag KaAsital deUuTepng Ta¢ng apeBaidTnTa (second order uncertainty). H
0eUTeEPNG TAENG aBeBaIOTNTA KAAET Evav auTopaTo TPATTo aTTod0X G KAl TIPOCAPUOYNG
Twv OeopeUpéVWY TTIBAVOTATWY oTov aAnBivé KOoPOo, OTTWG autd TTapOUCIAleTal
yUpw atro TIG EKAOTOTE TTEPITITWOEIG TTOU CUVAVTAE.

210 ZxAua 32(a) n peTapAnTA A cival diapkwg eTTnpealdpevn ammo TIG YETaPANTEG B
Kal C, evw n oxéon autwy Twv PeTaBANTWY diapop@uwvetal atrd Tnv moavotnTa P(A/
B,C). H aBepaidtnTa Tng petapAnTig P(A/B,C) icwg Jop@oTToIEiTal aTTd TNV €10ayWwyr)
Miag emmAéwv petapAnTAc T, n omoia Bewpeital yovéag g A (ZxAua 32 (b)). H
MeTaBANTA T ptmopei va BewpnBei oav €vag TOTTOG PETARANTAG, OTTWG Yia TTapddelyua
TUTTOG DIAPOPETIKWY KATAOTATEWYV 1] OIAQOPETIKWY EKTIMNTEWY EIDIKWV.

MNa va aTTEIKOVICOUHE TNV AgIOTTIOTIA TWV EIBIKWY A TIG CUXVOTNTEG TwV TUTTWV TWV
EKAOTOTE TTEPITITWOEWY TTOU €PXOMACTE QVTIMETWTIOIN, Wi apyIKr Katavour (prior
distribution) givai n P(T).

Ortav pia mepimmwon eicayetal oto diktuo, n dladikacia diddoong Kal €K VEOU
uTToAOYIoHOU HIAS KATavoUNnS TTeavoThTwy (propagation) mou oupBoAiletal P(T). ©@a
MTTOpOUCOUE Vva TIOUME TIWG N oAAay TG KatavouAg TG MeTapAnTAg T
QVTIKATOTITPICEI TO TI CUPTTEPACHA €XEI PYEI ATTO TN CUYKEKPIYEVN TTEPITITWOTN. H véa
katavour P(T) ytmopei Twpa va xpnoipoTroindsi we hia véa apxIki katavour]. OAeg ol
METABANTEG TOU TTiVAKAO TTOU €ival OXETIKOG PE TNV TTEPITITWON Mag BewpouvTal TTWG
eival raudié (children) Tng T.

Av n afeBaidTnTa Twv OeCHeEUMEVWY  PETARBANTWY Oev  PTTopEl  va  gival
MovTeAoTTOINUEVN OTTWG QVAQPEPANE TTOPATTAVW, Ol OTATIOTIKEG WEBODOI PUTTOPOUV va
xpnoiyotroinBouv. Kdbe véa eciocaywyr) o€ €évav Trivaka e€vog OIKTUoU egival pia
TTOPAUETPOG TOU POVTEAOU KOl N OTATIOTIKN OdlEpyacsia €ival avaykaia yia Tn
OIAPOPPWON TWV EKTIMACEWY TWV TTOPAPETPWY UE VEEG EICAYOUEVEG TTEPITITWOEIG.
Auth n Olodikacia Bewpeitar TTOAUTTAOKN av dev u@ioTavTal KATTOIEG BewpnoEeIg
avaueoa oOTIC €mTTPO0OeTeg TTapauéTpoug. lMa Tnv Tapamdvw KatdoTtaon, n
e€apTnon Twv PeTaBAnTWY diapgopeuwvetal yupw atod Tn yetaBAnT) T.
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(a) (b)

ZxAMua 32: Atrodoxn yupw amoé tn yeTafAnTi T.

AUO0 atTAoTToINuévEG BEwPNOEIS €ival guxva XPNOIUOTIOIOUUEVEG Kal gival ol €EAG:

1. H oAk aveaptnoia (global independence), n otoia uttodnAwvel OTI N
0eUlTeEPNG TAENC aBeBaidTNTa YIa TTOIKIAEG METARANTEG ival aveEapTnTn.

2. H Ttomkn avefaptnoia (local independence), n otoia uttodnAwvel OTI N
aBePAIOTATA TWV KATAVOUWY YIO DIAPOPETIKEG MOPPES YOVEWV gival avegdpTnTes. MNa
MeyaAUTeEPN akpifeia, Bewpouue TIG €EAC DIAPOPETIKEG HOPYEG KaTaoTdoewyv: (ai, Cj)
kai (a’i, ¢’j). Téte n aBefaidtnTa Tng P(A/ ai, cj) cival ave¢dptntn NG apepaidtnTag
g P(A/ a’i, ¢’j).

Otwpoupe TN deopeupévn mOavoTnTa P(A/B,C) Kal OXETIKA WE TIG TTapaTTdvw dUOo
Bewpnoeig TTpoTEiVETAI N £ENG KATAVOUN YUPW OTTO TIG I0XUOVTEG TTEPITITWOEIG:

P(A/ bi, cj)=(x1, x2, x3)

To Ceuyog Twv petaBAnTwv (B, C) €xer karaotdoeig (bi, cj ). Tote €xoupe Tn
ouvaToTNTA va £ENYACOUNE TN BERAIOGTNTA PAG YIA TN CUYKEKPIYEVN KOTAVOWN aTTO éva
EIKOVIKO MEyeBOG Oeiyuatog s. 'ETOI, ava@opiKA WE TNV KATOVOWN UTTAPXEl €vag
TTivakag otrou 1oxUel: (n1, n2, n3)=(sx1, sx2, sx3).

Ortav eiodyetal yia véa TTepiTTwaon yia Tig HETaBANTES (B, C) Kal €xovTag utrown Jag
N METABANTA A (yia TTapAdEIyUa, JE KATAOTAON QUTAG TNG METABANTAG al ), TOTE Ta
nl kal s uttoAoyifovTal cav pia TTapAPETPOG, £EAyOVTAG Wia vEa KATavoun:
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nl+1 n2 n3
s+1 s+1's+1"

(xT*, x2*, x3*) = (

AuTr n p€BodOoG Aeitoupyei uOvo av n KaTdoTaon Tou A KaBWg Kal ol KATAOTACEIG TWV
yovéwv Tou (parents) eival yvwoTéG. Z€ YEVIKEG YPAPMEG TTPOOOOKAME TTWG N
amodeiEn (evidence) e Tou Trapéxeralr iowg eaAeiwer v aBeBaidtnta TG
METABANTAG A Kal TWV YOVEWV TNG.

‘Eotw n mBavornta P(bi, ¢j / e)=x ka1 P(A/bi, cj, e)=(yl, y2, y3). Mia amAn
TIPOCEYYION €ival va KAVOUUE KATAVOMN TNG PAZag Tng TOavoeTnTag X yUpw ato Tnv
mBavétnTa P(A/bi, cj ) oxeTikd pe Tn ouvex katavopn (y1, y2, y3). loxuel:

(y1x, y2x, y3x)=P(A/ bi, cj, e) P(bi, cj / €)= P(A, bi, cj/ e)

ToTe €XOUUE:

(n1’, n2", n3)=(n1+P(al,bi,cj/e), n2+P(a2,bi,cj/e), n3+P(a3,bi,cj/e))

2nuelveTal €dw OTI To péyeBog Tou Oeiyuatog eKTINATAI aTTO TN OECMPEUMEVN
mBeavotnTa P(bi, cj/ e).

AuT n PéBodOG eival yvwoTh w¢ KAaopatikh avaBdaduion (fractional updating).
AUOTUXWG TO €i0OG TOU CUCTHAUATOG AUTOU £XEl Eva 0OBAPO PEIOVEKTNUA TTOU €ival TO
€ENG: UTTAPXEl N TAON VA UTTEPEKTIMNGEI N TIUA TOU S, OUVETTWG UTTEPEKTIUATAI N
BePaIOTNTA POG yIa TN CUYKEKPIPMEVN KaTavour. Otcwpoulpe, yia TTapddelyua, Twg
e={B=bi, C=cj}. TOTe n TTePITTTWON QUTA &€ PAG A€l TITTOTA TO ONUAVTIKO OXETIKA ME
N deopeupévn mOavotnTa P(A/ b i, cj), aAAd mapd Talta n TTpoavagepbeica
MEBODBOG £xel TN duvaTtdTNTA Va TTPOCHECEI TTAPATTAVW TIMN OTO YEYEBOG S Kal €101 va
An@Bei uTTOWN WG pia emPBeRaiwaon TG TTapoloag KATAVOUNG.
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KE®AAAIO 6: AIAAOZH MOANOTHTQN 2TA
BAYESIANS NETWORKS

Mapakdtw Ba TTapoucidooue TN XPron aAyopiBuwy Héow evog TTPOYPAUUATOG TTOU
kaAeitar GENIE, 1O oT0i0 XpnOoIheUEl OTOV UTTOAOYIOWO KOl evnUEPWON Twv
meavoTTwyV oTnv KABe TepimTwaon (probability updating) ota SikTtua TTioTNG TTOU
ecetaloupe. O aAyoépiBuog autdg de Asitoupyei atreubeiag oTa Bayesian networks,
O0AAG oTa eTTovopagéueva junction trees (dévrpa dIakAAdwWONG), TA OTTOIO €ival dEVTPA
OMGdwv peTaBAnTwy. AtroTeAouv SikTua T OTTOIa £€X0UV WG KOUPBOUG TIG KAIKEG £VOG
apyIkoU dIkTUou. KAikeg (cliques -clusters) ovouddovtal Ta cUVOAD TwV PETARANTWYV
TToU atroTeAOUVTAI ATTO YOVEIG Kal Ta TTaidId TOUG Kai €ival onUavTiKESG yia TO Adyo 0TI
ME PBdaon autwv katackeudlovral Ta junction trees. O1 kAikeg amoteAdolv €va
TPIYWVOTTOINUEVO YPA@NUa, TO OTToIO €ival éva €IBIKO yPAPNUA TTOU KATOOKEUAZETAI
OXETIKA e TO ekGaToTE OiKTUO. KABe KAiKka diatnpei évav Trivaka TTou OXeTiCETal JE TN
MOop®rl Twv MPETABANTWY TnG, &vw n  Olodkaoia avamapaywyns Héow
ToAAaTTAaciaopoU (propagation) autwyv Twv TIVAKWY €UTTEPIEXEI Wia oeipd aTtd
AciToupyieg, Katd Tn OIAPKEID €KTEAEONG Twv OIAdIKACIWY OTO TIPOYPAMUA TTOU
Xpnoiyotroiouue. Oa kaBopioTouv, €Tmiong, ol d1adikaoieg TToANATTAacIoopoU Kal
Olaipeang Twv UTTAPXOVTWY TMVAKWY Kal 8a doBouv péBodol yia eicaywyr) OToIXEIOU
Tou aTtroteAei atrddeiEn (evidence) uttohoyifoviag, ev  ouvexeia, TIG TEAIKEG
mMOavVOTNTEG TWV TOMWY Twv TMOAVOTATWY TwV €KAOTOTE MPETAPRANTWYV (joint
probabilities). To GENIE mapéxer 1n duvardtnta akpifr] uTToAOyIOUOU TEAIKWYV
mOAVOTATWY CUPPWVA UE T OTOIXEID Kal TIG TTAnpogopieg TTou diaTiBevTtal, aAAd
UTTAPXEl TTEPITITWAN O aAyopIBUOG va aTtaiTei HEYAAO Xwpo Kal Xpovo, WOTE To £pYO
Mog va kaBiotaral TToAUTTAOKO. Akdpa, Ba dcicoupe pia TeXVIKA TTOU OVOMAZeTal
OTOXOOTIKA TTpocopoiwon (stochastic simulation), n oTroia xpnoiyoTtolgital yia va
TTPOCEYYIOOUNE KATTOIEG TTIBAVOTNTEG OTAV AUTO XPEIAZETA.

6.1.1 MOAAANAAZIAZMOZ KAI AIAIPEZH

‘Eotw t kau t° dUo Tivakeg pe Ouoleg peTaBAnTé. TOTE, £€xoupe TNV €€RQG oxéan yia
OAEC TIC HOPPES TOU € WG €EAG:

t*t'(c*) =t(c*)t'(c*) |
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Mapakdtw oTov Mivaka 25 didetal éva Tapddeiyua.

Mivakag 25: MoAAATTAACGI00 MGG BUO TTIVAKWYV.

[ I ¥ e B b & [T ¥ e B ol Cia CE
b om om H by ¥y o®h ¥y b omu Hma¥y E3E:
by ¥ V2 Vs by ¥1 ¥a2¥: b WMV Va¥: ViV
by 21 @ I bz 27 273 23 bz mzy mEy mZE':
t t’ t*t

Av U0 Trivakeg eival doopévol yupw oTrd dIa@opeTIKA OUVOAa  HETABANTWY,
MTTOpOUUE va €eKTEAEGOUME TNV TIPAEN Tou TToAAatTAaciacpol. ‘Eotw, tAB évag
mivakag ue petaBAnTéS [A,B] kai tAC €vag Trivakag pe ueTapAnTég [A,Cl. Tote, o
mivakag tABC cival To atrotéAecpa Tou TTOAAATTAACIAoHOU Twy U0 GAAWYV TTIVAKWY
kai epiExel Tig heTaBANTES [A,B,C]. loxuel yia OAeg TIGC HOPYEG TOU GUVOAOU Twv
peTaBAnTWY (a,b,c):

tAB -tAC(a,b,c) =tAB(a,b)-tAC(a,c) _

Mapakdtw oTov lMivaka 26 dideTal Eva TTapddelyua.

Mivakag 26:MoAAATTAACIOONOG TWV TIVAKWY tag KAl tac

] Oa 1 Ca o] k]

b1 = = o 1oy b1 (myLEW:) (Zavz %ave)
by = om0 v:ov4 bz (mavLEVE) [ B4V 25474

LaB fac LAR* tac

H diadikacia tng diaipeong pttopei va ekTeAeoTel pe Tov idlo TpoTTO. Mdvo TTou Ba
TIPETTEI VA EINACTE TTPOCEKTIKOI JE TA INOEVIKA. AV O TTIVOKAG PE TOUG TTAPOVOUAOTEG
EXEl UNOEVIKA oTOIXEIQ, TOTE O TTVOKAG E TOUG apIBUNTES TTPETTEI VA €XEl NOEVIKA OTa
idla onueia. Ze auTtrjv TNV TrepiTTTwan £xouue: 0/0=0.

6.1.2 AlTOMONQZH MNMI©GANOTHTAZ (MARGINALIZATION)

‘Eotw tv €vag Trivakag yupw atrd 1o evdexouevo V kar W éva uttooUvoAo Tou V.
‘Evag Trivakag tw TTou ava@épeTal oTo yeyovog W PTTopEl va KATOOKEUQOTEN PE TN
dladikaoia uttoAoyliopgoU TTou  KaAeital marginalization. TNa  k&Be  popery NG
HETORANTAG W *, €0Tw tw(w") eival To dBpoioua OAwv Twv tv(u*), éTTou u* eival pia
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MOP®N TOU V TTOU GUWTTITITEl e TN W'. H anueloypagia TNG TTponyoUuevnG avagopdg

gival n €gN¢:

tw = Ztv
VIW

AkoAouBei pia onuavtiki TTpéTOcn TOU Ba pTTopoUce va XPNolYoTToinBei oTn

Ouvéxela:

‘Eotw W kal V atroteAolv aveEdpTtnta oUvoAa atmd PeTaBANTES Kal €0Tw tw
Kal tv TTivakeg Twv yeyovotwv W kai V avtioToixa. TOTe:

tw tv=">(tv-tw)

|Eﬁ?§ﬁl

Mivakag 27

Hivosog 27: ;':IB *, ) =tg *;I&

[
bz

tg_ ta tg * ta
1
¥
Vi
i Cip iz
by (v (o) (nzs)
by (yz)  (yam) (e
bs (ym) (yzm) (yas)
vt viEt ¥ ¥1
yEI* yEat Vi oy * ot
vEIT yEat ¥ NE]

E(IB *1a)

8

e *ZIA
&

.21ov lMivaka 27 @aiveTal éva TTapddelyua Twy TTApATTAvVW.
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6.2 ENHMEPQZzH NMOGANOTHTQN (PROBABILITY
UPDATING) ZTOYZ MNINAKEZ TOMHZ MNI©GANOTHTQN

‘EoTtw A pia petaBAnTt) pe P(A)=(x1 ,..., Xn). OcwpoUue TTWG EXOUNE TNV TTANpOoPopia
e, 6nAadfi n A utmopei va €xel KATaoTAoEIS | Kal j. AuTO onuaivel 0TI OAeg ol
KATOOTACEIG €KTOC ammd TIC OUo TrpoavagepBbeioeg eival aduvateg Kal auto
peTagpddleTal e TNV €A mBavotnTa: P(A,e)=(0,...,0,xi ,0,...,xj ,0,...,0).

H apyiknp mBavomnTa Ttou e eival P(e)= xi + xj , dnAady 10 d&6poiocpa Twv
mMOAVOTATWY TWV TMOAVWY KATACTACEWV. A va uttohoyiooupe Tn OeOUEUPEVN
meavétnTa P(Ale), XpnolgoTtroloupe To BepeAndn kavéova:
P(A e P(A e
P(Ale)= ( )= (Ae)
P) X uP(Ae)

MNna va karaAfgoupe oTo atrotéAeopa Tng TmBavétnTag P(A,e) ag Ttroupe O
ToAAatTAacialoupe Tnv mOavoTnTa P(A) ue Tov mrivaka e=(0,...0,1,0,...,0,1,0...0).

Opiopdg: ‘Eotw A pia petapAnti pe n kataotdoels. Mia dnAwon tmou KabioTd
aduvaTteg opiouéveg KaTtaoTdoelig Tou yeyovotog A (finding) civar otnv oucia €vag
TVAaKAG N-01A0TATOG PE PNOEVIKA KAl JOVADEG.

Ocov agopd T onuacioloyia Tou TTapamdvw opiopou, éva finding atroteAei pia
KatdoTaon, otnv otroia BEBaleg KATOOTACEIG OPIoUEVWY PETABANTWY gival aduvaTtov
va GUpBoUv.

Twpa, Bewpolpe €va olvolo atd peTafAnTég U kal €0Tw OTI €XOUUE €UKOAN
mpocBacn otn dladikaoia TTpoctyyiong Tng meavotnTag P(U), Tou atoteAsi otnv
ouadia TIG TBavATNTEG TTOU ATTAPTICOUV TIG TOUEG TWV CUYKEKPIMEVWY TTIOAVOTATWV.

Tote, n mBavétnTa P(B) yia kdBe petaBAnt) B 1mou avikel oto oguvolo U egival
€UKOAO va UTTOAOYICOEI:

P(B)= >, PU)

U/(B)
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Av uttoBéooupe 611 eicdyoupe To TTapatrdvw finding, Té1e N MBavoTnTa P(U,e) €ivai n
Mop®r] Twv TMBavVOTATWY TTou atroTeAoUV évav Trivaka oXeTikG pe tnv P(U) divovtag
OAeg TIG TINEG TNG PETABANTAG A pE KATOOTACEIS i ) ] UNOEVIKEG KAl aPrivovTag TIG
GAAeG TINEG TNG apeTABANTES. TAAI, AoItTdv, 10Xl 6T n TBavéTnTa P(e) éxel TiunR 10
Gbpoioua Twv TIHW Twv TBavwy KataoTdoewyv NG mBavotnTag P(U,e) pe Baon 10
BepeALdN Kavova TTOU XPNOCIUOTIOINBNKE TTPONYOUHEVWG, EXOUHE:

PU,e) PU,e)
Pe) X PU.&)

PU /€)=

Znueiwvetal Tweg n mavétnta P(U,e) cival mrpoidv g P(U) kai Tou e. Av 10 e
atroteAeital ammd apketd findings {f1 ,..., fm}, KGBe €va ammd autd ptTopei va eicayBei
OTOUG UTTOAOYIOHOUG o€ DIOQOPETIKEG TTEPITTTWOEIG Kal P(U,e) cival rpoidv g P(U)
kai Twv findings fi . Mmopoupe va egnyfjooupe TIC TTapaTTdvw Bewproei oTo
akOAouBo Bewpnpa.

Oeswpnua: ‘Eotw éva ouvoho atrd petaBAntéc U kar e={f1 ,..., fm}. ToTe:

_PU/e)
P(U,e)=P(U)- f1----- fm PUO="0

Kdl

o1ToU

Pe)=) P(U,e)

To mmapatdvw Bewpnua Aéel TTWG av EXOUPE TNV duvatdTNTA VO TTPOCEYYIOOUNE TNV
P(U), 161€ pmropoupue va €10Gyoude Eva OTOIXEIO wg amodein (evidence) ki €101 va
TIPOXWPNOOUPE OTnN  OIadIKACIA UTTOAOYIOPOU KOl  EVAPEPWONG TWwV  TEAIKWV
mBOavoTATwy. MapdAa autd, akdpa Kal PIKPO apiBud petaBAntwy, o mivakag P(U)
gival TTOAU peydAwv dIaoTACEWY, YIa QUuTO Ba TTPETTEl va BPOUNE €va UIKPOTEPO O€
MEyeBOG TPOTTO avaTTapdoTaong.

6.3 AENAPA OMAAOIOIHZHZ (CLUSTER TREES)

O1rwg eidape kal Tponyouuévwg kKavovtag Adyo yia Tov vouo TG aAucidag (chain
rule), éva Bayesian network oxeTikd 10 oUvoAo U egival pia avarmmapdotaon tng
mBavotnTag P(U). Autd onpaivel o611 PTTOPOUME, OE VYEVIKEG YPAPMES, va
utroAoyicoupe TRV P(U) oav éva 1rpoidv atrd OAeg TIG deopeupéve TMIBAVOTATEG TTOU
amapTiCouv 10 ekdoToTe SikTUO. H €pwtnon, TOTE, €ival av £Xoupe Tn duvaTdTNTa VA
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€I0AYOUNE €va OTOIXEIO WG aTTOdEIEN Kal va ekTeEAéoouuEe Tn dladikacia UTTOAOYICHOU
mOAVOTATWY YIa TO OIKTUO TTOU MEAETAUE, XWPIG va XPEIAZETOl AVAYKOAOTIKA va
uttohoyiooupe 10 P(U). Autd éxel atrodeixBei apkeTd dUOKOAN TrepitrTwon. MNa autd
MTTOpOoUuE va SouAéywoupe Pe GAAou €idoug avatrapdaTacn Tou givalr Ta OEvdpa
opadotroinong (cluster trees).

Opiouodg: ‘Eva cluster tree Tou cuvoAou U eival éva 6évdpo atmd ouddeg yetaBAntwy
Tou U. O1 kéupor (nodes) cival uttoocUvoAa Tou U Kal n ouvévwon 6Awv Twv KOUPwv
autwyv arrotedei 10 U (éva OEévdpo atmoTeAEl €va  GKUKAO  ypa@nua  Xwpig
KateuBuvdpeva 16¢a).

H kdBe ouvdeon xapaktnpicetal atmmo éva dlaxwploTh (separator), o OTToiog aTToTEAE]
TN S100TAUPWON TWV TTAPAKEIMEVWY KOPPBWV (1) KAIKWYV OTNV TTPOKEIPEVN TTEPITITWON).

KaBe koupog kai diaxwpioTg diatnpei évav apiBunuévo TTivaka OXETIKA JE TN Jopon
TOU oUVOAOU TWV PETARANTWY TTOU TOV OTTAPTICOUV.

210 2Zxnua 33 Oidetal éva cluster tree yia 1o OikTUO Mmin TOU TTEPIYPAYWOAUE
TTapaTTavw.

L ol
Oue> @i} T, [

ZyxAua 33: To diktuo Mmin kai To avTioToixo dévrpo opadotroinong.

Twpa, éotw BN éva Bayesian network yupw atré 1o ouvoAo U. ‘Eva cluster tree 1Tou
mNyadel amo 1o ekdoTtote BN katackeudletal ue Tov akdAoubo TpoTTOo:

° AlopoppwvoulE pia OIKoyEvela aTTd KOPPBOUG TETOIO WOTE yia KABe peTaBAnTh
A pe oUvolo Twv yoviwy TngG TTou cupPoAlifovtal pa(A) uttapxel évag TOUAAXIoTOV
KOuBog V, wate va ioxver: pa( A) {A} OV .

° Opyavwvouue Toug KOUPBoug oav éva OEvOPo pE dIaXwPIOTEG (BEV UTTAPXEI
OQQNG TTEPIOPICUAS YIA TO TTWG UTTOPOUKE VA OPYAVWOOUNE auTd TO dEVOPO).

. Anpioupyolpe évav TTivaka TTOU  QVO@EPOVTAl OTOUG KOUPBOUG Kal TOUG
OlaXWpPIOTEG.
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. MNa kaBe petaBAnt A dlaAéyoupe akpiBwg éva kouBo V(kAika), o otroiog
mepiExel pa( A) O{A} kai TToAatTAaoidloupe Tn deopeupévn mOavoTnTa P(A\pa(A))
ME TOV QVTIOTOIXO TTIVAKQO TNG EKAOTOTE KAIKAG.

ToTE TO TTPOIGV TWV TTIVAKWY TTOU ATTOTEAOUVTAI ATTO TA COTOIXEIO TwV KOUPBWYV o€ éva
cluster tree cival oTnv oucia TO0 TPOIGV OGAWV TwV TIVAKWY TWV TIHWV TwWV
deopeupévwy BavoTATWY evdg BN. Zuvettwg, éxoupe To akoAouBo Bswpnpua:

Oswpnpua: ‘Eotw BN éva Bayesian network yupw atré 1o U. Téte KGO cluster tree
TTou avtatrokpivetal oto avtiotoixo BN eival pia avamrapdaotacn tou P(U) kai n
mBavoTnTa P(U) eivar éva 1mpoidov OAwv Twv TIVAKwY Twv cluster trees, ol otroiol
olaxwpifovtal atrd TO TTAPAYOHEVO ATTOTEAECOUA TWV TTIIVAKWY HE TO OTOIXEIQ TwV
laxwpIoTWV (separators).

ZxO6AI0: 210 TTapatTdvw Bewpnua diaxwpilouue To TEAIKO TTPOIOV TwV TIVAKWY TTOU
avageEpovtal ota cluster trees amd 10 TTAPAYWYO TWV TTIIVAKWY TTOU AVOQEPOVTAI
oToug separators. Etriong, €ivai eUkoAo eicdyoupe findings o€ éva cluster tree. ‘Eotw
e éva finding yia ™ petaBAnt) A. NMoAAatTAacidloupe To € Je Tov TTivaKa Tou KABe
kOupou TTou TTepIEXEl TNV A. ToOTE, ammd Tov Kavova TnG aAucidag kal To Bswpnua 4.1
TO ATTOTEAEOHUA OAWYV TWV TTIVAKWY TwV KOPBwvV gival P(U)*e=P(U,e).

6.3.1 AQGOMOIQZH (ABSORPTION IN CLUSTER TREEYS)

Mapakdtw TTEPIYPAPETaI N AcIToupyia Twv cluster trees. Autd €xel €TIPPON OTNV €K
VEOU OIEUBETNON TWV EKACTOTE TTANPOPOPIWY TTOU OXETICOVTAI PE TOUG TTIVOKEG TWV
OTOIXEiWV.

Opiopég: ‘Eotw V kai W yeitovikoi kool o€ éva cluster tree, S o diaxwpIioTAg TOug
(separator) kai tV, tW, tS o1 avrioToixol Trivakeg. H Aeiroupyia NG agopoiwong
(absorption) €ival To ammoTéAeopa Tou akOAouBbou TTivaka, 0 OTTOI0G PaG BEIXVEl TTWG
T0 W £x€I agpouoiwdei atrd 1o V.

-

rE

N ‘-
W B i)

xApa 34: Ag@opoiwon TAnpogopiag Tou W amré 1o V.
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270 ZXAMa 34 gival egpavES TTWS UTTOAOYIZETOI TO t s KO EV OUVEXEIQ TO tw'.

ts*:Z‘,V/stV b= ?tw

ZxOAia: (a) Apxikd n 10éa Trepi agopoiwong (absorption) £xel va kdavel pe v
TAnpoopia Twg o1 V kar W PTTopouv va £Xouv KOIVA aToIXEia, Ta oTToia oxeTiCovTal
ME TO dlaxwploTi S. AuTO pag Oeixvel TNV €KAOTOTE TTANPOPOpIa TTou OEXETAI N
MeTaBANTA W attd TN peTaBANnT V. AUTO PTTOPEN va EKQPOOTEI HE HABNUATIKN HOP®N

wg E8AG:
Dtw=ts=> tv

w/s V/S

Av 6Aec o1 ouvdéoelg o€ Eva DEVOPO OPadOTTOINCNG Eival GUVEXEIC, AEUE OTI TO OEVOPO
gival ouvexég (consistent). Av £va dévOpo gival CUVEXEG, TOTE N AQOUOIWaT eV EXEI
Kapia emTppon.

Ocewpolpe TTWG N oUvdeon gival ouveXnG, aAA& KATTOI0 OTOIXEIO TTOU AEITOUPYEI WG
amodein (evidence) ahAdlel o tV oe ty' . TOTE I0KUOUV 01 TTOPAKATW 100TNTEG, Ol

OTTOIEG TTPOKUTITOUV ATTO TOUG TTIVAKEG yIa TIG PETABANTEG V Kol W, oUppwva PE TN
véa TTAnpo@opia TTou €xouue yia Tnv V kai n otoia diadidetal kar oto W yéow Tou
dlaxwploTh S.

Stwe=>tw SS* 575w —ts—ts* Ztv*

w/s w/s w/s VIS

(B) H peTaBAnt) W pTropei va agopoiwoel ammod Tnv V diayéoou Tng S, av 1o GUVOAO
TWV OTOIXEIWV Tou TTivaka tW £xel UNOEVIKEG TINEG KATAXWPNMUEVEG OE AVTIOTOIXIO PE
TIG UNOEVIKEG TINEG OTOV TTivaka t S . Aépe OTI hia ouvdeon o€ éva BEvOpo

opadoTroinong  €ival  UTTOOTNPIKTIKO (supportive) av autdé emTpETTEl TNV
aTTOPPOYNCN TTANPOPOPIWY Kal atrd TiIG dUo kateubuvoelg. ‘ETol, éva Tétoio 6évdpo
KOAEITAI UTTOOTNPIKTIKO AV OAEG OI CUVOEDEIG TOU €ival UTTOOTNPIKTIKEG.

Oswpnua: ‘Eotw T éva utrooTnpIKTIKO 6€vOpo opadoTroinong. TOTE TO TTPOIGV OAWV
TWV TTIVAKWYV PE TA OTOIXEIA auToU Tou OEVOPOU TTOoU dIaxwpifeTal atrd TO TTPOIOV TWV
TIVAKWY TToU aTToTeAOUVTAl OTTd TOV €KAOTOTE BIAXWPIOTH Oev €TTNEEACETAl UTTO TN
AgiIToupyia TNG amoppdPnaNG TTANPOPOPIWYV AVAUETA 0€ dUO YEITOVIKOUG KOUBOUG.
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6.3.2 TPOMNOX METAAOzZHZX THX T[AHPO®OPIAZ ZzTO
AENAPO OMAAOIOIHZHZ

Mia kpioiun epwTnon gival 0 TPOTTOG PE TOV OTTOI0 TTOAAEG APOUOIWCEIS TTANPOPOPIWV
TTapouciadovTal Kal av uTropoulv va Jag BonBrioouv va PETOPEPOUE TA OTOIXEID TWV
mvakwy oe éva dévopo oupadotroinong Me Mia pop®r n otroia Ba KaBIoTG €UKOAN
oladikacia Tov uttoAoyiopd Tng mBavétnTag P(A) yia pePovwPEVEG PETARANTEG.
MTtropoupe va Bewprnooupe TIG ATTOPPOPACEIS TTANPOPOPILY CaV UNVUUATA TTOU
TepvAve avapeoa amd Toug KOPPBoug oTo ekAoToTE €vOPOo. AUTO onuaivel OTI €évag
KOupog V oTéAvel éva pAvupa oe KABe yeltovikd KOupo W otav o kéupog autd
aTToppPOPA TTAnpogopia armod Tov KOURo V.

‘Evag kOpBog V éxel Tn duvaTtdTnTa va OTEIAEl aKpIBWGS éva PAVUPA OE éva YEITOVIKO
KOupo W kal autd va yivetal étav o KOPPBog V €xel dexTei éva privupa atmo KdBe dAAo
YEITOVIKO KOMPO, eKTOG TOU W.

Otwpoupe oav TTaPAdEIYUa TO TTAPAKATW dEVTPo opadoTroinong. Paivovral o1 KOPBoI
TOoU DIKTUOU, KABWG KAl Ol KATEUBUVOEIG TWV TOGWV PETALU Twv KOUBwWY auTtwy. Ol
apiBuoi Tadvw oTa PEAN Twv OUVOELCEWV UTTOOEIKVUOUV TN oeipd PE TNV oTroia
METAMEPETAI €va MUAVUPA KOl TV KATEUBUVON auTwv TwWV PNVUMATWY TTAVW OTO
0évdpo.

ZyxAua 35: Evnuépwaon mIBAvVOTATWY OXETIKA JE TOV TPOTTO TTOU TTEPVAEI TO UAVUMA OTTO
10 SiKTUO.

O1 k6ppBor A, B, C, D putmopouv va oTeilouv TTANPOQOPIEG OTOUG QVTIOTOIXOUG
MovadIKoUg YEITOVIKOUG Toug KOuBoug (1). Tote o kOuBog E utopei va oTeiel
OTT0I00NTTOTE TTANPOQOpia oTov KOUPBo G kal o kOuPBog H ptropei va oteilel oTov
KOuBo F (2). Ev ouvexeia, o G ptropei va oTeiel oTov F Kal 0 F putropei va oTeiAel oTov
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G (3), o F utropei va oteilel atoug H, B, C ka1 o G oTtov E (4). TéAog, o kOuBog E
MTTOpEl KOl oTéAvel oTov A kai o H otov D (5).

Omwg uTtTopoUuE va TTapaTnPooUlE, 0 AAyOpIBUOG TTOU KOTAOKEUAZeTal yia Tn
d1Iadoon TWV MPNVUPATWY Oev Eival OUVEXNAG Kal €vag KOAOG TPOTIOG va TO
kataAdBoupe autd sival TTwg KABe peTaBAnTn cival £€ToIun va oTeilel avd TTAoa OTIYUA
TTAnpogopia. Kdabe gopd trou AauBdverar éva uAvupa oe pia peTaBAnTh yiveTal
EVNUEPWON TWV VEWV TTIBAVOTATWY KAl OTEAVETAI ETTEITA UAVUPA OTOUG KATAAANAOUG
YEITOVIKOUG KOUBouG, av BERBaia uttédpxouv.

OEQPHMA 4.4: 'Ectw T éva UTTOOTNPIKTIKO OEVOPO opadoTroinong Kal UTTOBEToUNE
OTI Ta pnvUhoTa O10didovTal OXETIKA HYE TOV TPOTTO WE TOV OTToi0 KaBopifeTal va
Tepvave. TOTe:

° H di1adoon Tou ekAOTOTE PNVUPOTOG UTTOPEI VO CUVEXIOTEI PEXPI TO MIVUUA va
TePAoel Ki atrd TIg U0 KaTeubuvaelg KABe ouvdeong.

° Orav éva pivupa epdoel Kal atd TIG U0 KaTeubuvoelg KABe ouvdeonG, TOTE
1O OéVvdpOo T eival CUVEXEG.

6.4 AENAPA AIAKAAAQZHZ (JUNCTION TREES)

‘Eotw T éva dévdpo opadotroinong yupw atmod éva ouvoAo petaBAnTtwv U kai A pia
MeTARANTA TTOU avrkel oTo U, evw atroTeAei oToixeio Twv KOPBwv V kat W. Avto T

€ival OUVEXEG, avaNEVOUE va IOXUEI N OXEoN

D vV =D i tw

BéBaia, autd oupPaiver av V kar W eival yeimrovikoi koupol. To Zxnpa 35 atreikovidel
éva opadoTroinuévo 6€vopo e dUadIKEG PETABANTES. OAeg o1 peTaBANTEG ekTOG aTTd
Tnv A cival o katdotaon y (yes). Ztov k6upBo (A, B, C) n petaBAnti A cival og
KatdoTtaon y kai otov kKOpBo (A, E) n A civai og katdotaon n. MapdAo 10U TO
opadotroinuévo dEévdpo cival ouvexég, o Tivakag tA Twv oToixeiwv Tng A TTOU
atropovwveTal atmrd Tov Tivaka tABC Twv oToixeiwv Tou KOPBou (A, B, C) civai
OIAPOPETIKOG ATTO €KEIVO TOV TTivaKa tA e Ta oToIXEia TNG A TTOU ATTOUOVWVETAI aTTO
Tov Tivaka tAE Twv oToixgiwv Tou k6PPBou (A, E).
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ZxAua 36: 'Eva dévrpo opadotroinong pe duadikég peTaBAnTég.

NéEPe OTI €va ouvexég OEvTpo opadotroinong eival TTARPwWGS ouvexés av yia Kade
Ceuyog KOuBwv V kal W pe koivry getaBAnt) tnv | (oTnv oucia cival 0 dpouog 1Tou
ouvdéel TIG BUO PETARANTEG), TOTE EXOUE:

Dtv=>tw

V/I W/I

270 Tapammdvw OXAMA, TO OTToio XapakTnpiletalr atrd ouvoxr, dev cival TTARPWG
OUuVEXEG a@oU N heTaBANTH A ToTToBETEITAI O BUO PEPN TOU OEVOPOU TETOIEG WIOTE N
mAnpogopia TG A dev £xel Tn duvaTdTnTa va d1adobei avaueoa atmo duo BEaeig péoa
oTo dikTuo. lNa va alyoupéWoupe TNV TTAPN Ouvéxelia Tou OEvOpou, TTPETTEI VO
TpocBEéoouE yia atraitnon ota dévopa opadoTroinang.

Opiopdg: ‘Eva 6évdpo opadotroinong cival éva dévdpo diakAddwong (junction
tree)

av yla K@Be Ceuyog KOpPwv V, W, 6Aol oi k6uBol avaueca amd toug V kar W

TTepIEXouV To kové aTtoixeio Y MU
Oswpnpua: ‘Eva ouvexég 6évdpo dlakAGdwong gival TTARPWGS CUVEXEG.

Ta akéhouba BewpAuaTa Ba pag deicouv TTWE av KATAOKEUAOOUHE €va OEVOPO
d1akAGdwong katd avtioToixia pe éva Bayesian network, 101€ £xoupe opBoAoyIkKoUg
aAyopiBuoUG yIa va KATaXWwPNOOUKE £va OTOIXEIO WG aTTOdEIEN KAl KATA ETTEKTACT VO
TIPOXWPEACOOUKPE OTNV evnUéPwon Twv TIMWV Twv TeAkwv TmBavothTwy. OTtav
KATOOKEUACoUPE €va OEvIpo opadoTtroinong Katd avtioTolxia pe €va Bayesian
network, éxouue apkeToUg BaBpoug eAeuBepiag Kal BacIouévol O QUTO €XOUME TN
OuvaTOTNTA VO KATOOKEUAOOUME £va OEvTpo dlakAGdwong. MapoAa autd, dev cival
€UKOAO TO €pyo pag. MNa mapdderyua, pe TIg KAIKeG (opadoTroinuéveg YETABANTEG) OTO
2xAua 33 cival aduvaTo va KATOOKEUOOTE £va BEVTPO HE TIG 1810TNTEG VOGS OEVTPOU
O1aKAGdWONG.
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Oswpnua: Eotw T éva ouvexég Oévipo OlakAGdwong yupw atmd 10 GUVOAO
peTaBANTWY U Kai tU évag Trivakag TTou aTroTeAsital ammd Ta oToIxeEia SAwv Twv
KOUPBwYV, €KTOG aTTd TOUG TTIVAKEG TTOU ava@EéPOVTAl OTOUG OIOXWPIOTEG TOU OIKTUOU.
‘EoTtw V gival évag kOuPog ue TTivaka atoixeiwv tV. TOTe:

tv=> tU

un

6.5 AIAAOZH MNIGANOTHTQN MEzZQ TOY NMPOrPAMMATOZ
GENIE

‘EoTtw 611 £€x0UpE £va ouvexES OEvOPOo SIOKAGdWONG Kal £€vag PMENOVWHEVOS KOUBoG V
OEXETAI KATTOIO OTOIXEIO WG ATTOdEIEN. TOTE TA YICG ATTO TA PNVUUATA UTTOPOUV va
armopeuxBouv: 1o V oTéAvel unvipaTta o€ OAOUG TOUG YEITOVIKOUG TOou KOUBOoUG, ol
OTTOi0I OTEAVOUV PNVUUATA 0€ OAOUG TOUG TTOPAKEINEVOUG KOUPBOUG eKTOG ATTO EKEIVOV
ammd Tov omoio TEPINABe TOo pAvupa. AuTog o TUTTOG aAyopiBuou  KaAegital
Kartavepunpévn amrodeign (distribute evidence).

QaiveTal TTAOPOAKATW TO OXETIKO OXAMA.

ZxApa 37: MeTdd00n NNVUNATWY HECW KATOVEMNMEVNG ATTOBEIENG.

Twpa, uttoBéToupe OTI evdia@epduaaTe yvia TN BeBaidTnTa Tou KOPPou V. ToTte, picd
THAPO atmd T BePaidTnTa TTOU UPICTATAI OTA PNVUPATA TTOU TTEPVAVE UTTOPOUV va
atmopeuxBouv: 0 KOPPBog V InTdel atmd Toug YEITOVIKOUG KOUPBouUg Tou SIKTUOU va TOU
oTeilouv éva PRVUPQ Kal av Ogv ETTITPETTETAI VO TO KAVOUV AUTO, TTEPVOUV TO aiTnua
o€ 6AOUG TOUG YEITOVIKOUG KOUBOUG ekTOG atrd auTdv atmd Tov oTToio NABE To aitnua.
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Autév ToVv TUTTO OAyopiBuou Tov ovoupdloupe OUyKeEVTpwuévn atrodeign (collect
evidence). daivetal TTAPAKATW TO OXETIKO OXAUA.

ZxAua 38: MeTdd00n PMNVUPATWY HECW CUYKEVTPWHEVNG ATTOdEIENG.

O1 d0o mapardvw TUTTOI aAyopiBuwyv PITopoUV va XpnolpotroinBolv yia pia 1o
opyavwrtik pEBodO diadoong unvUPATWY o€ éva OikTuo. Agv €xel onuacia n
TTOoOTNTA TOU €l0ayOuUEVOU OTOIXEioU TTou Bewpeital amodelEn oTo dikTuo. KaAeital o
OAYOpPIBUOG TNG OUYKEVTPWHEVNG aTrodeitng atmd Tov KOuPo V kal Emerra o
aAyopIBpog TNG KaTavepnuévng atrédeiEng Tou V. To amoTéAeopa cival TTwg OAa Ta
Mnvouata éxouv d1ad00¢i kal diadidovrav étav autd ATav ETITPETTO. ZTO TTAPAKATW
OXNHa QAIVETAI N EVNUEPWON TWV MNVUMATWY OXETIKA PE Tn Asiroupyia Twv OUo
TUTTWV aAyopiBuwv TTOoU TTpoava@épbnkav. YTrevBupiouye OTI oI aplBuoi TTOU
QaivovTal TTAvw oTa BEAN Twv CUVOECEWV QVAPEPOVTAI OTN CEIPA PE TNV OTToia
OTEAVETQI TO EKACTOTE UAVUPA OTOUG KOPPBOUG TToU atrapTiCouv TO UTTO JEAETN BEVTPO.

ZxAMa 39: YIToAoyiouog Kal evHépwon TIBavOTATWY HECW TNG AsIToupyiag Twv
TPpoaAVAPEPBEVTWYV aAyopiduwyv.
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To GENIE &108£1e1, Aoirtdv, Tn Acitoupyia Tng diddoong mOavoTATWY (propagation)
KAvovTag XPpRon Twv JEVIPWY BIAKAGdWONG Kal TWV AEITOUPYIWY TWV TTOPATTAVW
aAyopiBuwy. Otav o1 Asitoupyieg Twv TTapamdvw d1adIKaolwy Tou TTPOYPAUHATOS
OAOKANpwBoUV, TOTE 01 TiVaKeEG ME TIC TMOAvVOTNTEG TTOU UTTOAOyioTnKav €ival
KQVOVIKOTTOINUEVOI £€TCI WWOTE va €Xouv dBpoioua Tn jovada.

6.6 KATAZIKEYH TQN AENTPQN AIAKAAAQZHE (JUNCTION
TREES)

To Zxnua 40 &¢ixvel kamoia TTapadeiygata amd singly kai multiply connected
kateuBuvopeva dkukAa ypagruata (DAGS).

"\.‘l

angly connected il tiply connected

ZyxAua 40: Napadeiypara DAGS.

Nna DAGs mrou Bewpouvtal singly connected cival €UKOAO VO KATAOKEUGOOUWE
Oévtpa dlakAGdwong. MNa k&Be petapAnTr A pe yoveig pa(A) diapgop@wveTtal hia KAIKa
(cluster), n omoia armoTteAcital OTTWG  TTPoavaPEPONKE atmd TO OUVOAO  TWV
TTpoava@ePOEVTWY PETABANTWY. Avdueoa atmmd dU0 KAIKEG pe pPia 0dO eTTIKOIVWVIOG
METAEU TOUG TTPOOBETOUNE Mia OUVOEDN TTOU TTEPIEXEI QUTHV TNV 000 ETTIKOIVWVIAG
(intersection), n otoia TTaiel To poAo Tou dlaxwpioT. To ypdenua OTO OTToI0
KaTaArlyoupe KoAeitar ypdenua SiakAdadwong (junction graph). OAloi ol
OIaXWPIOTEG EPTTEPIEXOUV Mia povadikh geTABANTA kal av 1o ypdenua diokAddwaong
€XEl KUKAOUG, TOTE OAOI OI BIOXWPIOTEG OTOV KUKAO TTEPIEXOUV TNV idla PETABANTHA.
ZUVETTWG, KABe oUvdeon atrd auTEG TTOU ATTOTEAOUV TO TUAMA EKEIVO TOU YPOPHHATOG
TTOU oxXnNUaTiCel KUKAO, UTTOpEi va TTapoAeipBei woTe va OTTdcel 0 dnUIOUPYNUEVOG
KUKAOG. To ypdenua OBIoKAGdwOoNG OTO OTT0i0 KATOAAYOUUE OTTO TA TTAPATTAVW
QaiveTal HEoW €VOG TTOPADEIYUATOG OTO TTAPAKATW OXNHA. AV ATTONOKPUVEOEI KATTOI0G
OlIaXWPIOTAG O OoTroiog eival 0 idI0g PE auToug TTou oxnuatifouv évav KUKAO,
KataAAyoupe oTo avTioTolxo dEvTpo BIakAddwong. 210 ZXAMa 41 TTou akoAouBei évag
TETOI0G DlaXwPIOTAG gival o F.
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ZxAua 41: ‘Eva amrAd ouvdedepévo DAG Kal To avTioTolXo ypd@nua d1akAddwong.

MNnwpiCoupge amé OAa Ta TTOPATTAVW OTI OTAV  KATOOKEUOOTEN €va  DEVTPO
opadotroinong (cluster tree), 10 otroio cival oxeTikd pe éva DAG, TOTE yia OAeg TIG
METABANTEG A TTPETTEl VO UTTAPXEI Mia KAIKa V' n oTToia va TrepIExel TN METABANTA A Kal
Toug yoveig TnG ( pa( A) [{A}). Mmopoupe va SIEUKPIVIOOUPE T TTOPATTAVW ME €va
ypaenua éxovtag ToTToBeToel éva OUVOECHO avApeoa o€ KABE (eUyog UETARANTWY Ol
OTTOiEG TTPETTEI VO €UPAVIOTOUV OTnV idla KAika. Autd onuaivel 611 oto DAG TTOU
KATOOKEUAOOUE TTPO0BETOUNE éva OUVOEOHO avdueoa atmd KABe (elyog UETABANTWYV
ME pia koiviy geTaBANnTH TTou Bewpeital TToudi Kal TTAOPAAEITTOUME TIG KATEUBUVOEIG TW
ouvdéoewyv (Ta TO&a, dnAadr, Twv CUVOEOUWYV TTOU UTTOOEIKVUOUV TNV KaTeEUBuvon
avdaueoa o€ dU0 KOPPouUG). To TeAikd ypaenua kaAgitar moral graph. Até autou Tou
€idoug 1O ypaenua PTTopoUpE va dlaBAcoupe TIG KAIKEG TTOU oxnuarti¢ovral. ZTa
TTOPOKATW OXAPATa @aivovral Ta BrAuata PECW Twv OTTOIWV KATAARyYOuuE OTnv
KATOOKeUN €vog Oévipou dlakAGdwong (junction tree). AnAadn amd éva DAG
(directed acyclic graph) traipvoupe éva moral graph, oTn ouvéxeia dnuioupyouue TO
ypaenua diakAGdwaong Kal TEAIK& KaTtaAfyoupe oTo 8€vTpo SIaKAGSdwOoNG.
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xAua 42: Aopn evog dévTpou dlakAddwong yia éva atrAd ouvdedepévo DAG.

To Zxnua 43 pog deixvel TNV KATOOKEUN evog OEVTPoU BIOKAGBWONG TTOU ava@EPETA
o€ éva atmAd multiply connected DAG. ®aiveral ye ca@rveia Twg 0 dIaXwPIOTAG TwWV
METABANTWY TTOU aTTapTi(oUV TO TTOPAKATW ypaenua cival o (AB). H diadikacia pe
TNV oTroia Traipvoupe éva dEvTpo BIaKAAdwWONG EekivwvTag atrd éva Té€Tolo DAG givai
n idla e EKEIVN TTOU QAIVETAI OTA AUECWG TTPONYOUUEVA OXUATA.
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IxAMa 43: Aopn evog dévrpou S1akAAdwong yia éva TTOAAATTAd ouvdedepévo DAG.

6.7 XTOXAZTIKH NMPOZOMOIQzH (STOCHASTIC
SIMULATION)

H péBodog tng diadoang Twv TBAVOTATWY ATTAITEl TTIVAKEG PE OTOIXEIQ TWV KAIKWY
TTOU OTTapTiCouV €va TPIYWVOTTOINKEVO ypdaenua. Mapakdtw Ocixvetal éva oxnua
TPIYWVOTTOINUEVOU YPAPNUATOS KI £VA WN-TPIYWVOTTOINKEVOU OXAMATOG, WOTE VA YiVEl
KatavonTog o mapatmdvw 6pog (triangulated graph).

Jic C%%;

| nottriangulated | riang ulated

ZXAMA 44: TPIyWVOTTOINUEVO KOl JN-TPIYWVOTTOINUEVO Ypd@nua.

AuTEG 01 KAIKEG iIowg gival TTOAU PeEYAAEG Kal £TO1 O ATTAITAOEIG TWV dIOOTNUATWY
MeTagU Toug O¢ ouuBadidel TTOAEG POPEG HE TO DIABECINO UNXAVIKO £EOTTAIOHO €vOg
NAEKTPOVIKOU UTTOAOYIOTA. Z€ QUTAV TNV TEQITTTWON Ba fTav IKAVOTTOINTIKN uia
TTPOCEYYIOTIKN PEBODOG. Mia TéToia pEBOSOG €ival N OTOXAOTIKH TTPOCOMOIWOoN
(stochastic simulation). H 1déa otnv otoia atnpidetal autr) n péBodOG ival n €¢AG:
TO AITIOAOYIKO OIKTUO XPNOCIYOTIOIEITAl yId VA Yivel TTPOCOPOoIWoN TNG PONG Twv
eMOPACEWV PETAEU Twv ekdoToTe PeTaBAnTWy. OTav n emidpaon amd éva aUvoAo
MeTaBANTWY o€ pia peTaBANTA A €Xel uTToOTEl TTPOCOMOIWON, TOTE Mia Tuyaia
dladikacia TTapaywyrg XPNOIKOTIOIEITAl yId va aATToQACiOEl TNV KATAOTAON TNG
METABANTAG A.
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MNa va ammocagnvicouue TNV TTapattdvw PEBodo Bewpouue éva Bayesian network 10
oTToio TTapouciddetal oto Zxnua 45. Emiong, mpoodiopioupe Kal TIG OECUEUPEVES
mBavoTNTEG TTOU £€AyovTal atrod TIC BEwWPOUMEVES HETARBANTEG.

N
A

(n )

-\ ”
RN
\__/ N

ZxApa 45: ‘Eva rapdadeiypa dikTdou ioTng.

MNa 1o TTapaTTdvw dikTUO BEWPOUNE TOV TTOPAKATW TTIVOKA OTOV OTTOI0 OPICOUNE TIG
Oeopeupéveg mOAVOTNTEG TOU DIKTUOU Kal Tnv mlavotnta tng upeTaBAntic A. H
MeTaBANT] A éxel kaTtaoTdoelg (yes,no), dnAadny y ¢€ivar n katdotacn va
TIPOYHOTOTTIOINBEI TO YEYOVOG TTOU e€KQPACeTal PEOW TNG METABANTAG A Kal n N
KATAoTOoN VA PNV TTpayuatoTroindei 1o yeyovog autd. H mlavoTtnta, Aoimmdv, Tou A
givar: P(A)=(0.4,0.6). OAeg o1 mapamdvw MPeETABANTEG TTOU  ATTOTEAOUV  TO
OUYKEKPIPEVO BIKTUO TTIOTNG £€XOUV KOTAOTACEIG Y Kal N.

Mivakag 28: O1 deopeupéveg mBavoeTNTEG TOU Trapatrdvw SikToou (P(A)=(0.4,0.6)).

B y n C y n

y 0.3 0.8 y 0.7 0.4

n 0.7 0.2 n 0.3 0.6

b y n D y n

n 0.5 0.9 n (0.999,0.001) (0-999),0.001
P(D/B) P(D/B) P(E/C,D) P(E/C,D)
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H 18éa, Twpa, cival va avamapacTAcouue dia Tuxaia diataén twy petafAnTwy (A,
B,C,D,E) kai va 1o eravaAdBoupe autd yia £vav IKavoTTroinTIKO apiBud ¢épwv

Mia Tuxaia didtagn emAEyeTal Ao TNV ETMITUXN OEIyHATOANYIA TWV KATAOTACEWY TWV
METARBANTWY TOU CUYKEKPIPMEVOU BIKTUOU TTIOTNG. ApXIKG, eTIAEyETal N KATAOTAON TNG
peTaBANTAS A. Mia Tuxaia diadikacia TTapaywyAg (e TNV idla katavoun) ¢nTeital va
Owaoel évav TTPAYHOTIKO apIBud PeTalUu Tou PNdevag Kal TNG Jovadag. Av n TIPA auTh
givar pikpéTtepn ammd 0.4 n katdoTtaon eival y, aAAIwg gival n. Oewpouue OTI TO
ammoTéAeapa gival y. ATTd Tov TTOPATTAVW TTIVAKG TTOU OTTOTEAEITAI ATTO OECUEUNEVES
mlavotnTeg €xoupe: P(B/A)=P(Bly)=(0.3,0.7). H Ttuxaia diadikacia Trapaywyng
¢nTeital Eavd va eapuooTE Kal av n TIPA gival pikpdTepn Tou 0.3, TOTE N KATAOTACN
Tou B gival y. AuTtr n diadikacia eTavalapBaveTtal yia va £Xoupe OAEG TIG KATOOTACEIG
Twv uttoAoiTwyv petapAnTwy C, D, E. 'Etol kaBopioupe Tn didtagn. H emmouevn
OIATOEN TWV KATAOTACEWV TWV OCUYKEKPIUEVWY WETARANTWV YyiveTal pe Tnv idla
dladikaaoia, n otroia eTTavaAauBavetal yia évav apiBud m diatdewv. H katavour Twv
TOAVOTHTWY UTTOAOYICETAI ATTO TIG JETPHOEIG TOU CUVOAOU TOU OEiyUATOG.
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KE®AAAIO 7: XPHZH TQN MONTEAQN noy
BAZIZONTAI ZTA AIKTYA NIZTHZ

O kuUplog Adyog yia Tov oTroio Kataokeudloupe €va OikTuo TTioTng €ival yia tnv
EKTIUNON TNG KATAOTAONG MIAG OUYKEKPIPEVNG METABANTAG OedOUEVNG KATTOIOG
amrodEIENG. ZTa TTapaTTavw dwaoape Jia péEBodo n otroia £kave UKOAN Tnv TpdcoBacn
otnv P(A/e) yia kdBe petaBAnt) A. QoTd600, auTO PTTOPE va PNV gival eQIkTo. MTTopei
va €ival Kaiplog onuaciag n Kataokeun TG TOUAG TMOAVOTATWY YIa €va oUVOAO
METARBANTWY. ZTnNV TTapakdTw TTapdypado Treplypd@eTal pia yeviki pébBodog yia Tov
uttoAoyiouo Tng P(X/e) yia kdBe ouvoAlo X peTaBAnTwv.

7.1 NMIOGANOTHTEZ TOMHZ

ZeKIVAUE PE KATTOIO TTapadeiyuaTa.

Ailadoon oupBOAwv péow xopdwv. EmoTtpéQoupe OTO  TTOPAdEIYUA  TNG
TTapaypdeou 5.2.3 kal To PoviéAo oTo ZXAMa 26. YTroBétoupe OTI AapBdveTtal n
aAAnAouyxia baaca.

() Mowa givar n mBavéTnTa N d1ad1d6uEVN AEEN va gival baaba,;

CD

<, )

ZyxAua 46: ‘Eva ouvetrég dévrpo SiakAadwoewv (junction tree) amrd 1o omroio BEAoupe
va utroAoyiooupe Tnv P(A,B).

(i) YmoAoyiote Tnv mMOaAvOTNTA TNG TOMAG VI OAeg TIG TMBavEG BIadIdONEVES
AEEEIG.
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ITmmoTpogeio. EmoTtpépoupye o1o TTapddeiyya TG TTapaypdeou 5.2.1 kal otnv
KardoTaon otou o John gival dppwoTog.

() YmoBétouue 6T n Dorothy kai o Eric givar €toigol va {euyapwaoouy. lMola givai
n mlavoTnTa va gival Kal ol dUO TNG HopPrG AA;

(i) O1 utrevBuvol TNG @APUAG TTPETTEI VA ATTOQOCIioOUV éva VEO Ceuydpwpa
MeTagU Twv aAdywv Fred, Dorothy, Eric kai Gwen. Molo {euydpl Ba TTpéTTel va
eMAEEOUV OUTWG WOTE va elaxioTotroinBei 10 pioko TNG yévvnong €evog
TTaIdIOU-POpPEQ;

Ta TmTpwTa €pWTAMATA Kal TwWV OUO0 TTAPAdEIYMATWY Eival OXETIKA €UKOAQ va
amavrnBouv a@ou aTtroTEAOUV AITAUATA YyIa ThV TTBavOTNTA HIOG OUYKEKPIMEVNG
o1dtaéng. Autou TOou €idoug n epwTnon atravidral eiocdyoviag Tn OIATAln WG
atmodelgn. Méow g diddoong, N AITOUEVN TTIBAVOTNTA ETTITUYXAVETAI WG €GAG:

2€ auTrAV TNV TTapdypa@o Ba TTAaPOUCIACOUNE HEBODOUG IO TOV UTTOAOYIGUO TTIVAKWY
MOAVOTATWY YIa OAES TIG DIATALEIC EVOG GUVOAOU HETABANTWV.

7.1.1 AYO METABAHTEXZ

270 2ZXAua 47 TTapousIAleTal Yia KAaTaoTaon OTTou BEAOUUE VA UTTOAOYIOOUNE TNV

P(A,B). Na eukoAia Bewpoupe 611 TO dEVTPO BIAKAABWOEWYV €ival CUVETTEG, ONAAdN:
P(C)=>_P(AC,E)=> P(C,D)
AE D

Kai
P(D)=> P(C,D)=> P(B,D,F)

‘Evag 1po1T06 UTToAOYIouoU Tng P(A,B) Tov opifouue wg kadon petaBAntwy. MNa
KGBe katdoTaon a Tou A geiocdyoupe 1o a wg finding oto (A,C,E) kai kaAoUpe
2uykévipwon_ATtrodeicewv oto (B,D,F). Me autév tov 1pdémo n P(B,D,F,a)
EMTUYXAVETAI YIa OAEG TIG KaTaoTdoelg a Tou A kal ouveTtwg n P(B,D,F,A) é1twg kai

n P(A,B) civai diaBéoipeg.
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ZxAua 47: Aiddoon Tng peTaBANTAG A.

To amotéAeopa civai o Trivakag P(A,B,D,F).
YTrapyel akopa pia pEBodog kalouuevn wg diddoon Twv uerafBAntwv. ApXIKa

utrohoyiCetal n P(C,D,A):

P(C,D,A)=P(D/A,C)P(AC)=P(D/C)P(AC)=P(C,D) PF(>?(’:C):)
>1n ouvéxela uttohoyiCetar n P(A,B,D,F):
P(D, A)

P(A/B,D,F)=P(B,F/D,A)P(D,A)=P(B,F/D)P(D,A)=P(B,D, F)W

Toug TTapaTTadvw UTTOAOYIOPOUG UTTOPOUME va Toug eKAGPBoupe wg pia diadoon

(propagation) 6twg emegnyeital oto ZXAWa 42. To pivupa P(A,C) trepvdel ammd 1o
P(AC)

(A,C,F), o mivakag tou (C,D) avaBabuifetar yéow Ttou Adyou PC) | kai teika n

P(D,A) mrepvael atré 1o (C,D) €101 woTe o Tivakag Tou (B,D,F) avaBabuifetal péow

P(D,A)

P(D)

TOU AGyou
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7.2 ENA AYOAIPETO ZYNOAO METABAHTQN

MNa TNV €1TECAYNON TNG TEXVIKNAG, BewpoUPe TO OEVTPO OIOKAOBWOEWY TOU ZXMHUATOG
43, o6mou okoTrog eivar o uttohoyiopodg tTng P(A,B,C,D,E). MNa Adyoug egukoAiag
Bewpoupe 611 To OEvTpo dlakAadwaoewyv gival ouveTtég (Jensen, 1996).

Otav epapudloupe TNV TEXVIKA Kauong PeTaBANTwY, oTTolocdATTOTE KOUPBOG UTTOPEI
Va XPNOILOTTIOINBEI WG CUYKEVTPWTIKOG KOUPOG. ZuvhBwg o KaAUTEPOG KOUPOG givai
QUTOG TTOU TTEPIEXEI TOV TTEPICCOTEPO XWPO ATTO TO CUVOAO TWV UETARANTWYV. €
QuTAV TNV TTEpITITwon o kKOpPog (D,E,H) atroteAei Tnv kaAuTtepn emAoyn. Twpa, KEbe
didragn (a,b,c) Twv kataotdoswv Twv A,B kai C ciodyetal wg amoddeign ota (A,J,K),
(B,F) kai (C,G) avrioToixa kai n Zuykévipwon_ATtrodeifewv kaheitar oto (D,E,H). To
ammotéAeapa kaBe diddoong civar n P(D,E,H,a,b,c). MNepiBwpioTroiuvtag Traipvouue
v P(D,E,a,b,c) kai petd ommd 27 OCUYKEVIPWOEIG €XOUMUE OTTOKTHOEl TNV
P(A,B,C,D,E).

AG onuelwBei OTI UTTAPYEl £vag OXETIKOG TTAEOVOONOG o€ auTh TN HEB0SO. Ocwpolpe
o1l a civar yia karaotaon Tou A. lNa 6Aeg Tig diatdgeig Tou (B,C) o1 idieg Asimroupyieg
ekTeAoUvTal Katd Tn diadoon ¢ P(E,a) oTto (J,F,1). AuTdg 0 TTAcovaopudg PTTOPE va
atmopeuxBei cuvtdooovTag To GUVOAO Twv OIadOCEWV TTPOCEKTIKA: Oladidouue TNV
P(E,a) oto (J,F,1), KGTI TO OTOIO KPATAUE €V OI DIAPOPES KATAOTAOEIC Tou B
01adidovTal KATT.

‘Evag dAAOG TPOTTOG yia va ammo@Uyouue Tov TTAEOVOOUO eival n ekTéAeon Tng
d1adoong Twv petaBAnTwyv. O1 uttoAoyIopOoi TTOU eKTEAOUVTAI OTAV YiveTal n diddoon
TwV PeETaBANTWYV gival:

e H P(A,E) diadidetal oto (J,F,l) ToAatTAacialovrag tnv P(J,F,l) pye 10 Adyo
P(AE)

AECE)—. To atrotéAeopa cival n P(J,F,1,A).

o H P(B,F) &iadideral oto (J,F,l) TToAatmAacidlovrag tnv P(J,F,I,A) pye 10 Adyo
P(B,F)

P(F) . To ammotéAeopa givai n P(J,F,ILA,B).

o O Trivakag Tou (G,H,l) avaBaBuiCetal ToAatmAacialovrag v P(G,H,l) pe
P(AB1)  P(C,G)

P(G)

TOoug AGyoug P(1) Kal . To amrotéAeopa givail n P(G,H,1,A,B,C).
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o O mivakag 1ng P(D,E,H) avaBaBuiletar ToAAatmmAacialoviag pe 10 Adyo
P(AB,C,H)

P(H) . To amrotéAeopa gival n P(D,E,H,A,B,C).

H amédeign Tng opBOTNTAG divETAl OTNV ETTOPEVN TTAPAYPAPO.

gr )

| cG

Al DE

ZXAMa 48: 'Eva dévTpo SI0KAASWOoEwV a1rd TO 01Toio 8a UTTOAOYioOUME TV
P(A,B,C,D,E). KaBe petafAnTi £X€I TPEIG KATAOTACEIG.

7.2.1 ANAMNAPAZTAZH THZ AIAAOZHZ TQN METABAHTQN

H kapdid 1ng d&i1ddoong petaBAnTwv  Ppioketar oTnv  akdAoubn Asiroupyia
BaBuovoéunong.
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Y-BaBuovounon: Ymobétoupe ot Ta V kai W gival yeitoveg pe tov dlaxwpioT S.
ETriong, utroBéToupe OTI 0 tw gival 0 TTivakag Tou cuvoAou PeTaBANTwY Z, Kal To Y €va
uttoocUvoAo Tou Z. To V Aéue 61 Y-BaBuovouei 1o W péow Twv akéAoubwv
UTTOAOYICHWV.

*
ts* = Z tw tv*:tvts—

ZI(SUY) ts

Ag onueiwBei o1 o t*S eival évag Tivakag yia 1o S wY kal o t*V kaBioTatal évag
mivakagyiatoV « Y.

Mapatnpoupue emiong, 61 o Tivakag V diaipoupevog atrd Tov Tivaka S dev aAAACEl
Méow NG Y-Babuovounong.

H &iddoon twv petafAnTwy atroteAeital amd yia ocipd Y-abBuovouoewyv amd Ta
QUAANa evOG OEvTpou OIOKAODWOEWY MPEXPI Tn piCa Tou. 210 ZxAua 43, via
Tapadelyua, o kéupog (D,E,H) civail n pifa. H akdAouBn trpdTtacn egac@alidel Tnv
opB4TNTa TNG d1Ad0ONG PETARANTWV.

Mpoétaon : ‘Eotw o1 1a V kat W eival yeitoveg pe Tov diaxwpioth S. Emiong, 10 Y
givar éva ouvoAo petaBAntwy TéT0I0 WOTE Y MV = D YmoBétoupe 61 tV=P(V),

tW=P(Z) (610U Y Sz ) kai tS=P(S). '/EoTw 611 T0 V, Y-BaBuovouei To W. ToTe t *y =
P(V wY).

Zuykevipwpévn_Amodei§n (V,X): Eotw V évag kbéuBog o€ éva  Oévipo
dlakAadwoewv TOU avarapiotd Tv P(U) kai X €éva ouvolo petaBAntwv. H
2uykevipwpuévn_Atodeign (V,X) Asitoupyei katd Tov akdAouBo TpdTTo.

Edv n Zuykevipwpévn_AmodeiEn (V,X) kaAeitar amd €vav  yeitova V¥, n
2uykevtpwpuévn_Amodeign (W, X\V) kaAeital o 6Aoug Toug yeitoveg W (ekTOG atmd 1O
V*). Otav n Zuykevipwuévn_Atmodeign (W,X\V) éxel TepPaTIOTEN g Evav TTivaka oTo Z,
101€ TO V, Y-BaBuovoueito W, 0TTou Y =X m Z.,

H Aeimoupyia Zuykevipwuévn_Atédeign (V,X) XpnoidoTrolEiTal yia TOV UTTOAOYIONO
Tou Trivaka TOavoTATWY TOUNAG yia TO X: To V UTTopei va gival oTToloodATTOTE KOPBOG
0TO OEVTPO OIAKAAOWOEWY KAl TO ATTOTEAEOUA TNG ZUYKEVTPWHPEVNG_ATTOdEIENG (V,X)
givar 611 1o V diEmretan ammo v P(V w X).

210 TTapdadelypya oTo ZXAMa 44 n ocipd KANOCEWV TNG ZUYKEVTPWHEVNG ATTOBEIENG
ivar:
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2UyKevTpwuévn_ATTOdEIEn ((D,E,H),(A,B,C,D,E)) ZUYKEVTPWHEVN_ATTOBEIEN
((G,H,)),(A,B,C))

2uykevipwuévn_Amodeign ((C,G),(A,B,C)) Zuykevipwpuévn_ Amédeign ((J,F,1),(A,B,C))

2UyKevTpwuévn_ATTodeIEn ((B,F),(A,B,C)) 2UYKeVTpwUEVN_ATTOdEIEN
((A,J,K),(A,B,C)) To (J,F,I) (A)-BaBuovopei 1o (A,J,K)

To (J,F,l) (B)-BaBuovouei To (B,F)
To (G,H,I) (A,B)-BaBuovopei 1o (J,F,I) To (G,H,I) (C)-BaBuovopei 10 (C,G)
To (D,E,H) (A,B,C)-BaBuovopei 1o (G,H,I).

Mivakag 29: Amé Tnv TpdéTaon gival e0koAo va douue 6Tl tp e n=P(A,B,C,D,H)

15 ia; Iy fi )]
by 03 0z €1 0.1 .35
b 0.1 04 2 04 0.1%
P, 5) P8 C)

7.3 AIATA=H THZ METIZTHZ MNMNI©GANOTHTAZ

210 TTapadelypa TG Tapaypdeou 3.2.3 ava@opikd pe Tn 81adoon CUPBOAwY péow
XOPOWYV, 0 AUECOG OKOTTOG PG eival va Bpouue Troia Xopdr) cupBoAou cival o
meavd va éxel xpnoidotoinBei katd Tn diadoorn. XpnolgotrolwvTtag Tn diddoon Twv
METABANTWY, o1 MOavOTNTEG TOUNAG Yia OAeg TIG duvartég xopdEG MTTOPOUV va
UTTOAOYIOTOUV KOl GUVETTWG N TTI0 TTIBavr) xopdr utropei va Bpebei. Yrdpxel, wotdoo,
Mia 1m0 atroteAeopatiki p€Bodog.

Mapadeiypa: Ocwpoupe £va Pikpd ocUoTNPa atroteAoUEVo atro TIG HETABANTEG A, B,
C pe v mBavétnTa TOPAG TOUuG va TTpoadiopifeTal amd To akOAouBo oUvoAo
meavoTTwy Tou Mivaka 27 kal uttToBEToupE 0TI BEAOUNE va Bpouue Trola dIATagn Tou
(A,B,C) €xer péyiotn mBavoTtnTa.

‘Exoupe 611 n (A,B) didtagn tng péyioTng mBavotnTag eival (a2,b2) kai 611 n (B,C)
didra&n Tng p€yiotng mOavoTnTag ival (c2,b1). Autég dev utTopouv va cuvduaoTouv
oe pia didtagn kai @aivetar 611 TPETEl va uttoAoyiooupe Tnv P(A,B,C) kai va
opicoupE TO PEYIOTO auToU Tou TTivaKa. ‘EXOUlE TOV UTTOAOYICUO:
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n9xP(0.0) = FEDEIEE) - g S DR <l o -
max P(B,C
=X P(AB) —S o = max(P(A B(08,0.7)) =1ax(0.24,016,007,0.28) =028

‘ETol1, n o meavr) didtagn éxel Tnv mavotnTa 0.28 kal £xel TIG KATaoTAoElS (a2,b2)
oTIg dUo TTpwTEG Béoeig. Twpa gival eUKOAO va eAéyEoupe oTov TTivaka NG P(b2,C) 6T
10 C Bpioketal oTnVv KaTdoTtaon c1.

2nMEIVETAI OTI OTOV TTAPATTAVW UTToOAOyIoOuO o Trivakag Tng TouAg P(A,B,C) dev
UTTOAOYIOTNKE TTOTE.

Twpa Ba yivel avaTTapdoTacn Twv UTTOAOYIOUWY cav pia péBodo diadoong yia Tnv
gupeon g mMBavoTepng diataéng. MNpotou To epapudooupe, Ba opicouue ETTAKPIBWG
TNV évvola Tng diaTaéng.

Opiopédg: ‘Eotw V éva ouvolo petaBAntwyv. Mia didtagn u* tou V gival éva oguvoAlo
KATAOTACEWV {q,...,b} TO OTToI0 TTEPIEXEI AKPIBWG Hia KaTAoTaon Ao KABe PeTaBANTA
TOoU V.

‘Eotw W éva uttooUvoho tou V kal w* pia didragn tou W. Tote 1o V - w* gival 10
oUvoAo Twv diata&ewy Tou V TrepIAappBavopévng Kal TG w*:

V- ow*F = {u*\u* pia didragn Tou V, w* S u *1

H péBodog Tng diddoong Bacifetal 0TI TTapakdTw AIToupyieg Babuovounong.

BaBuovounon peyiotou: ‘Eotw V kar W yeitoveg pe Tov dlaxwpioTh S Kal YE TOUG
mivakeg tV, tW kai tS avrioToixa. To V Aéue 6T BabBuovouei péyiota 10 W péow Twv
TTOPAKATW UTTOAOYICHWV:

ts*
ts* = maxtw tv¥=tv—
W/S ts

‘ETo1, n povn diagopd PeTalU TG KavovikAg Baduovounong kal Tng Babuovounong
peyioTou gival 611 To [ €xel aANGEeEl o€ max.
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A¢ onpeiwbBei 6T o1 uttoAoyiopoi Tou TTapadeiypaTtog  TrEpIAaUBAvouV  pia
BaBuovounon peyiotou. ETiong, TO TTPOIGV TWv dUO TTIVAKWY TTOU TTEPIEXOUV TA
oToIxEia Twv KAIKWv SlaipePéva e TOV TTivaKa Tou dlaXwpIoTh €ival avetnpéaoTo
atrd TN Babuovounon peyioTou.

Méyiotn ouvérreia: Auo yeitoveg V kar W pe évav dlaxwploTh S oe €va dEvTpo
dlakAadwoewv gival o€ P€yioTo Babud ouvexn av:

Maxtv =1s = maxtw
VIS W/S

Znueiwon: Edv mpwta 10 V Babuovouei péyiota to W, kal katotmv 1o W Babuovopei
MéyioTa To V, TOTE gival HEYIOTA OUVETTH.

Méyiota opilakd: ‘Eotw V éva olUvoAo petafAntwv kar W SV . To tW givar To
MEyIoTo 6pio Tou tV edv

tw = maxtv
VW

AnAadn,

tW(W*) = Max y*eV -w* tV(y*) .

Aiadoon peyiotou: H diadoon peyioTou eival Trapopola he Tn diddoon oto Genie pe
™ diagopd OTI xpnoigoTroiEiTal n Baduovounon MPeyioTou avti yiad TNV KAVOVIKA
BaBuovounon. ‘ETal, n o1adoon peyioTou artroTeAeiTal ato pia
2uykévtpwon_Meyiotou akoAouBoupevn amd pia Karavour_MeyioTtou amé tnyv idia
KAiKa.

To atmrotéAeopa Tng diddoong peyioTou gival 6T o1 TTivakeg dIaBETouv Ta KATAAANAQ
MEyIoTa OpIa TOU TTARPOUG TTIVAKA.

7.4 ANTI®OAZH AEAOMENQN

‘Eva Bayesian network avatmapioTd €vav KAEIOTO KOOHO e Eva TTETTEPATUEVO GUVOAO
METABANTWYV Kal aimloAoyIKwy ox€aewv. O1 aimioAoyIKEG OoxEoelg dev gival KABOAIKEG,
OAAG avTavokAOUV OXEOEIG KATW ATTO OUYKEKPIYEVOUG TTEPIOPIOUOUG. AG TTAPOUNE YIO
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Tapadelyua, éva diayvwaoTIKO cUoTnUa TO OTToio BacifeTal 0TI CUOKEUEG avaAUoNnG
aipgaTog yia Tn dIAyvwaon yKupoouvng. Movo aoBéveleg Kal ouvageic OxXECEIG yIa TIG
EYKUMOVOUOEG Yuvaikeg avatrapioTavial oto povtédo. ‘ETol, €dv 1o aipa TpoépxeTal
ammd KAamolov Avdpa, n TTEPITTTwon Oev KOAUTITETAI a1t TO MovTého. MTopei o€
KATTOIEG TTEPITITWOEIG Ta eupfjpaTa (findings) atrd deiyua aigaTog apoevikou va gival
aduvarta dedouévou Tou povtéAou. Edv autd ocupfei, n acuvéttela gival eUKOAO va
avixveuBei: n mlavéTnTa TNG atrddeIEng cival undév.

QoT1600, ouxvotepa éva oUvoAlo ammd eupruata civar duvatd ot éva OedouEVO
MOVTEAO Kal TO oucoTnpa dev Ba evavTiwBei o€ autd. Oa ATTOPEPEI KATAVOUEG
MOAVOTHATWY TTPOKUTITOUCEG €K TWV UCTEPWY Ol OTTOIEG MTTOPEI VO paivovTal OXETIKA
akivduveg. To idlo, emiong, oupPaivel €dv Ta atmroteAéopara TG OOKIPAG Egival
EAATTWHATIKA. X€ pIa KaTdoTaon dldyvwong, €va POVo eAATTWHATIKG ATTOTEAEOUO
OOKIMAG UTTOPEI va QEPEI TNV €pEuva o€ HIa VTEAWS AavBaouévn kateuBbuvon.

7.5 ZEIZMOMETPO

O Watson mpaypatotroiei cuyxv@ TnAepwvnuara otov Holmes avagopikd pe 10
oloTnPa cuvayeppou TTou AsiToupyei o€ TTepiTTTwon didppnéng, woTdoo, £wWg TWPA O
OKOTTOG TNG €VEPYOTTOINONG TOU CUvayepHoU NATav MIKPoi oeiopoi. KadBe ¢@opd, o
Holmes otre0del oTriT TOU, yia va diammoTtwaoel 611 OAa cival o€ Tagn. 'ET0I1, TWpa 0
Holmes eykaBIioTd éva CEICUOUETPO OTO OTTITI TOU PE MIa APECN YPAUMA OTO Ypa@Eio
TOU. TO CEIOUOMETPO £XEI TPEIC KATAOTACEIG:

0 yia undevikég dovnoelg, 1 yia PIKPEG dovNOEIG (TTPOKAAOUMPEVEG OTTO PIKPOUG
o€Io0PoUG 1 diepxOuEVa PopTnYad),

2 yia peyaAuTepeg dovnoelg (TTPOKAAOUNEVEG aTTO PEYAAOUG O€IOPOUG A dTopa TTOU
TTEPTTATOUV YUPW OTT’ TO OTTITI TOU).

To dikTUO YyIO QUTO TO CUCTNUO CUVOYEPHOU QAivETAl OTO ZXAMO 49 Kal Ol TTVOKEG
oivovtal otov Trivaka 30.

‘Eva amméysupa o Watson kaAei Eavd Kal avakoIivwvel 0Tl To oUOTAUG cuvayepPoU Tou
Holmes £xel apyxioel va xtuttdel. O Holmes eAéyxel 10 ociouduetpo Kal BAETTel OTi
auto Bpioketalr otnv katdotaon 0. ATTO Tn yvwon TTou €XOUpE PE PBAon TO POVTEAO
ToUu OIKTUOU Ba ptTopoucaue va Trouue OTi Ta gupfpata (findings) épyxovral o€
avtiBeon. Qotdéoo, pia diadoon amodeifewv dev TO @Qavepwvel autd. H TeAIKA
mBeavotnTa yia Tn didppnén cival ion pe 0.48. To mpoPAnPa yia Tov Holmes eivai
Katd 1réoov o Watson kdvel kamola @Apod, KOTA TTOOOV TO CEICUOPETPO Eival
eAATTWHATIKO 1 KaTtd 11600V TO TIPOPRANUA gival OTI £XOUME va KAVOUUE MHE MIO
€CAIPETIKA OTTAVIA TTEPITITWON.
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Xpnaoigotrolwvtag Pévo 1o HovTéAO, Oev utTopoUlue va avTiAngBouue Tn diagopd
METOEU MIAG TTEPITTITWONG TTOU Oev KAAUTITETAI AT TO HOVTEAO KOl MIAG ME
eAaTTwpaTIKG dedopéva. ‘ETol, autd TTOU PTTOPOUE va KAVOUE gival va e@odidooupe
Tov Holmes pe pia ToodTtnTa 110U Ba deixvel MOavEG avTiQAoelg YETAEU SEOOUEVWV
KAl JOVTEAOU.

e e
OO

Ci/ Q)

ZxAua 49: O cuvayeppog Tou Kupiou Holmes pe To oelopOpETPO (A yia TOV CUVAYEPHO,
B yia Tn 81dppnén, E yia Tov o€lopo Kal S yia To CEICUOUETPO).

Mivakag 30: Asopgupéveg TBAVOTNTES YiA TO SiKTUO TOU CEICHOMETPOU. MNMpwTapXIKES
mlavoeTnTteg yia 1o B: 90.5,0.5) kai yia 1o E: (0.1,0.9)

E=y E=n
B=y (0,003,097 (0.01,0.02,0.97
B=n (0.01,0.97 0.04) (0.97.0.020.00
HAER)
E=y E=n
B=y (1,0 (0.99.0.01%
B=n (0.99.0.01% (0.01,0.99%
FrAE R

152




OAIAQN-AIMIAIOZ-NIKOZ MANATQTOMNMOYAOZ

KE®AAAIO 8: ANAINTY=H MONTEAOY zZYIKPOYZHZ
(COLLISION MODEL) ENIBATHIQN MNAOIQN

8.1 AIATYMNQZH TOY NMPOBAHMATOZ-EMNE=HIHZH

levikd utrdpxouv dUO TPOTTOI TTOCOTIKOTTIOINONG Tou piokou. O évag cival péow
OTATIOTIKWV KAl 0 GAOG Péow MPovTéEAwv. To WPEIOVEKTNUA  XPNOIYOTTOINONG
OTATIOTIKWV €ival 0TI Ta OTATIOTIKA aAvOTTaPIOTOUV HOVO To TTapeABOv Kkal dev
AauBdvouv utrown TPoo@aTeg EeAigelg 1 véeg amaimioelg. H povreAotroinon Tou
pioKou aTroTeAEi IO TTPOVONTIKK) TTPOCEYYION, OTTOU Ta PIOKO EKTIHWVTAI TTPOTOU
oupBei TO atuxnua. Auto €pxetal o avTiBeon e TO TTAPEABOV TNG VAUTIAIAKNG
I0TOPIag GTTOU N UI0BETNON KAVOVIOUWY TTPAYHATOTTOIOUVTAV PETA aTTO KATACOTPOPIKA
atuyxnuara. loTtopikd, Aiya atuxnuata éxouv cuuBei pe peyaAa emparnyd okdaen. Ta
OTaTIOTIK&A OTOoIXEia £xouv XpnolyoTroindei yia pia Xovipikh Babuovounon Twv
OTTOTEAEGUATWY ATTO Tn MOVTEAOTTOINGN, WOTOCO0 dev BewpEiTal N CWATH TTPOCEYYION
Tou Béuartog. H undevikr) mOavotnTa dev onUaivel atrapaitnTa 0TI TO CUYKEKPIYEVO
yeyovog dev TTPOKEITAl VO OUMBEL. ZUVETTWG TO aTToTéAeopa aTTd TN PovTEAOTTOINON
atroTeAel TNV KOAUTEPN TTPOCEYYION WG TIPOG TO TIPAYMATIKO ETTITTEDO PIOKOU IO
TTPoCcApagn Kal cUyKPOoUan TWV PEYAAWYV ETTIBATNYWY TTAOIWV.

Ta povrépva okden eivar Aiyétepo mBavd va mpooapdfouv | va TUyKpouoToUv
ecaItiog TeEXVIKAG BAGBNG o€ oxéon MeE Ta TTAAXIOTEPA CUUPBATIKA OKAPN. To yeyovog
QUTO MOG avayYKAZEl va ETTIKEVTPWOOUNE YEVIKA TTEPICCOTEPO OTOUG AVOPWITTIVOUG KOl
OPYQVWTIKOUG TTOPAYOVTEG KOl CUYKEKPIUEVA OTNV  ETTAPKEID  TTPOCOVIWY, TIG
emMOOOEIC KAl TNV TTPOCOXN Twv TTAoNywyv. H onuacia tou avBpwtrivou OTOIXEIOU
MTTOPEI VO ATTEIKOVIOTEI IKAVOTTOINTIKA O€ €va HOVTENO, WOTOCO gival ApKETA SUOKOAO
va atToKOAUPBE yéoa atTd aTATIOTIKG CTOIXEIQL.

To TTOAUTINOTEPO aTTOTEAECUA TTOU €EAyeTal ATTO €va POVTEAO Oev gival TO OUVOAIKG
etTimedo piokou Tou TTPORAETTETAI GAAG n idla n dourl Kal OAol o1 eUTTAEKOUEVOI
TTOPAYOVTEG, KATI TO OTTOI0 CUVEICPEPEI TNV KATAVONOT TWV PINXAVIOUWY ATTOTUXIOG
KAl aTTOQEPEl €vA TTOOOTIKOTTOINKEVO OTTOTEAECHA OTTOTE Hia aTTd TIG EI0AYOPEVEG
TTapapétpoug peTapdAAeTal. H Bewpia aglotmoTiag Tou Bayes kai Ta diktua TmioTng
EKTINAONKAV W 16avikd yI' autdv TO OKOTTO.

O1 pnxaviopoi atroTuxiog yia TTpoodpaén kKal ouykpouon eival TTapduolol Kal Ta
MOVTEAQ QTUXNMATWY €XOUV KOIVO TO HEYOAUTEPO HEPOG TNG OOMNG TOUG KABWG Kal
TTOAANOUG KOIVOUG KOpPBoug. EmmpooBétwg, Ta pOvTéAQ €ival KATAOKEUOQOMEVO HE
TETOIO TPOTTO WOTE VO AVATTOPIOTOUV JOVO Ta peyGAa eTIBatnyd okaen (dnAadn pévo
QUTA TTOU MTTOPOUV VO HETa@EPoUV TTAvw ottd 2000 emBdreg). Ta poviéAa Tng
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olyKpouong Kal NG Trpocdpaéng Bacifovral e TTPONYOUNEVEG EPYATiES TTOU £XOUV
TTpayuatoTroinBei atrd Tov DNV.

lMNa TN povreAoTToinon Tou pPiOKOU OTNV TEPITITWON TNG OUYKPOUONG Kal Tng
TTPocApagns xpnoiyotrolsital n peBodoAloyia Twv dIKTUWV ToTNG. H ouykekpiuévn
MEBOBOG BewpeiTal WG N KAAUTEPN YIa TNV GTTOKGAUWN TwV ££apTHOEWY UETALU TWV
EUTTAEKOUEVWV TTAPAYOVTWY Kal TNG ONUaciag Tou avBpwTrivou Trapdyovta. I’ autév
TO AOYO TO HOVTENO €ival eEQIPETIKG yIA TNV EKTIMNON TOU AVTIKTUTTOU TTOU WTTOPOUV VA
E€Xouv METPO MEIWONG TOou piokou, cupTrepIAapBavopévng TNG EKTIUNONG Tou
QVTIKTUTTOU TTIBAVWV VEWVY KAVOVICUWV.

MNa TNV eKTiNNON Twv ApXIKWV TTIBAVOTATWY Kal TNV TTAAPN KATOOKEUR TWV BIKTUWV
amd Tov DNV, xpnoiyotroindnke n yvwpn S1a@opwyv €I8IKWY KABwg Kal BACEIg
0edouévwv e OTaTIOTIKA aToixeia. Me autdv Tov TPOTTO KATAOKEUAZETAI Mo GTABEPN
Baon mavw oTtnv otroia oTnpifovTal Ol EEAPTACEIS KAl Ol ATTEIKOVIOEIG TTOU €I0dyovTal
oT1o dikTuo. Ta oTaTioTiKG dedopéva XpnaoidoTToinbnkav OTTou autd fTav dlaBéaiya.
2TaTIoTIKG dedopéva atrd GAAOUG TUTTOUG TTAOIWV XpnoidoTroiénkav 6TTou autd ATav
ouvaTtd va TTPOCOPUOCBOUV OTOV TOHED TWV ETIRATNYWY TTAOIWV XWPEIG HEYAAN
OUOKOAia. ZTnv TTEPITITWON TTOU OTATIOTIKA oToIxEia dev ATav dlabéoipa, AREBnke
uTTéYwn N YVWUnN I0IKWV.

H Tmpoomdbeia TNG OUYKEKPIMEVNG €pyaciag ecival n  avdmTuén ouo JIKTUwV
(TTpoodpagng kal ouykpouong) Paciopéva ota ndn utmdpxovia Tou DNV
TIPOCAPUOCHEVWY  OTNV  EAANVIKA  TTPAYMATIKOTNTA.  ZUYKEKPIMEVA, Ta  OikTud
TpotroTTOINBNKAY KATAAANAG  WOoTe va ouoxetiCouv paldi pge OAoug TOoug NAdN
UTTAPXOVTEG TTOPAYOVTEG, TIG OOBAPESG UNXAVIKEG BAGBEG TTOU YTTOpOUV va odnyroouv
o€ TTpoodpagn f olykpouon Kabwg Kal va TTapAAETTouV Toug KOUBOoUG TTou OEV Hag
eVOIQQEPOUV OTN COUYKEKPIUEVN MEAETN KOl AQOPOUV TIG CUVETTEIEG TOU €KAOTOTE
yeyovoTtog (Tmpoodpaén/olykpoucon). Emiong, otnv TrepiTTwon Tng TTpoodpaing
A@BNKe uTTOéWnN Kai n TrepIoXA TTAEUONG TOU OKAPOUG w¢ TTPog 1o BAB0G Tou vePOU
KATI TO oTT0i0 dev aTtreikovi{OTav oTa TTponyoupeva diktua Tou DNV. Or1 PeTaTPOTTEG
QUTEG TOU OIKTUOU 0€ OUVvOUOOMO WE Tn BAon deSOPEVWV VAUTIKWY aTUXNUATWY YyIa
eMNVIKA empBatnyd okden 1Tou AAPONKE ATTd TO UTTOUPYEIO EUTTOPIKAG VAUTIAIOG,
ékavav duvat Tn Onuioupyia evog SlayvwaoTIKOU HOVTEAOU yia Tnv TTPORAEwn
VOUTIKWVY aTuXNUATwy yia Ta eAANVIKA emmiRatnyda mTAoia. ZuyKekpigéva, atrd Tn Bdon
0edouévwv TTapaTNPAONKE TTOI0I TTAPAYOVTEG e@avi(ovTal cuvnBEéoTEPA WG aITia
TToU 0dnyei o€ TTPoadpagn r ouykpouaon Kal KATToIol a1rd auTtoUg XPnoIhoTToInenkav
wg e1oepxodpeva oToixeia (evidence) 01O BIKTUO yIa TOV UTTOAOYIOHO TNG TEAIKNG
mBOavoTNTag aTUXNMaTOG (posterior probabilities). ZTn cuvéxela, TTpayuatoTroInonke
avaAuon euaiocbnaiag yia TNV £€aywyr) CUPTTEPACHATWY WG TTPOG TOV TPOTTO WE TOV
oTT0i0 £TTNEEAZeTal N TEAIKA TTIBavATNTA ATUXAMATOG OTAV £XOUNE £vav, U0 N Kal TPEIG
TAUTOXPOVA TTOPAYOVTEG TTOU MUTTOPOUV VO CUVEICPEPOUV OTnV TEAIKN €KBacn Tng
Tpogapagng (f ouykpouong).

154




GAIAON-AIMIANIOZ-NIKOZ MANAIQTOIMOYAOZ

8.2 KATAZKEYH AIKTYOY NIZTHX ME XPHXH TOY
NMPOrPAMMATOZ GENIE

Mapakdtw TTapatiOetar To dikTuo TioTNG (Bayesian network) TTou avagépetal oTo
aruyxnua TG ouykpouong. ApxIka Ba etreénynBouv 6Aol ol KOUBoI TTou epgavidovtal
oT1o JiKTUO Kal O0Tn ouvéxela opifovTal ol apxIkéG TBavoTnTeg (prior probabilities) yia
ToV KGBe KOUPOo. ETTiong, TTapatiBeTal n Hop@r) Tou JOVTEAOU TTOU XPNOIYOTTOIEITAl VIO
TOUG UTTOAOYICHOUG Twv TEAIKWV TTIBavoTATWY (posterior probabilities). TENog, yiveTal
YEVIKN ava@opd TnG Asiroupyiag Tou Tpoypdauuatog GENIE.
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HUMAN ELEMENT & RISK MODELING

Shipping industry is run by the human element. The human factor contributes in all
the life stages of a ship, namely in design, construction, operation, manning,
maintenance and repair. It comes from different backgrounds, cultures and
educational levels, but nevertheless, shares the same basic set of capabilities and
vulnerabilities [120].

Eigth (8) basic aspects of human nature must be highlighted (Figure 1):

The Assessment factor: It is vital to ensure that the assessment of the
situation from a crew member is at least enough to deal effectively with real-
time situations.

The Risk-Taking procedure: The inevitability of taking risks in a modern
environment must be taken under consideration. Furthermore, it is essential
that the perception of risk from the human element is distinctively different
from the probability with which events actually occur.

The Decision Making process: Experience does not always lead to
expertise, when expertise always requires experience. Understanding the
components of a good decision and recognise a bad decision before making
it, is the key.

Human Mistakes: Fundamental strength of human nature is the ability to
make mistakes and learn-recover from them. Essential part of the
optimization of human element. These depend much on organisational culture
as on individual competence.

Fatigue & Stress: How to avoid them and lessen their impact is the subject
of constant research. Workload is more associated with the actual demands,
than the experience.

Learning & Development: People evolve all the time and it must be ensured
that they learn the right things at the right time. Well-timed & effective training
strengthen an organisation.

Cooperation: Cooperation consists of both working as individuals to achieve
goals and working as part of a team with common goals. Effective “people”
skills are required, as well as technical task skills.

Communication: Clear transmission of a message, in addition to endorsing
the responsibilities of both listener and messenger, guarantee successful
communication between crew members.
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Figure 1: Aspects of the Human Centered Design process for ships.

Various previous researches and efforts have resulted in the paramount importance
of the human factors in shipping incidents and their worst cases — accidents [121],
[122]. Specialists have concluded that in the vast majority of cases, the incidents
were caused by one (or the combination of some) of the following causes: Poor crew
competence, fatigue, lack of communication, lack of proper maintenance, lack of
application of safety culture & protocols or other procedures, inadequate training,
poor situation assessment, stress [121], [122], [123], [124], [125]. This general
conclusion contributes to the fact that many of the serious accidents that have taken
place, might have been averted if some of the above deficiencies did not exist, or had
been confronted properly [121].

The purpose of an analysis of the human element as a factor in marine accidents,
has been to identify technologies and other measures to improve maritime safety, by
analyzing the effects of maritime simulators, detection systems (radar, paper chart,
etc), collision avoidance systems and related technological innovations. The main
objective of a research like this, is to identify significant risk reduction factors and
identify cases of assessment of the qualities (or lack thereof) of specific risk reduction
schemes for maritime safety [123]. Therefore, considering the fact that the human
error is probably the major cause of marine accidents, a continuous improvement of
safety culture and knowledge of crew members can minimize or nullify the number of
marine accidents caused by human errors. The emphasis in reducing the risk of
marine accidents should be placed mostly on the human factor and less on
technological solutions. The importance of technological solutions should not be
overlooked, but must be taken under consideration only to improve the human
element and help it perform in a more effective level [121].
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The different aspects of the risk in the shipping industry are presented below [126]:

1. Economic Risk, which includes the loss of property or revenue in general.

2. Personal Risk, namely the loss of life or the existence of injuries (minor or
major) due to occupational accidents. Many researchers add the emotional
condition worsening to the personal risk.

3. Societal Risk, which consists of multiple deaths/injuries in a single accident.

4. Environmental Risk, the pollution or environment alteration levels, as a
result of an accident.

The majority of the projects use a two-level approach. The first level composes of a
broad and aggregate analysis of a large sample of accident data, in order to identify
in general, which factors influence risk in the shipping industry. The second level
produces an in depth analysis of a limited sample of accidents for which investigative
information is collected or available. Based on the information elicited, the cause of
each of these accidents has been identified and an assessment of what a specific
risk reduction scheme might accomplish to each scenario has been made [6]. Other
risk assessment methods include the identification of the hazard in an investigated
database, followed by the evaluation of the frequency of each accident type. An
approximation of the accident consequences comes next and a calculation of various
risk measures (deaths, accidents, etc) concludes the assessment [127].

Organisational and Management [ssues
Safery cullure Salleqy rraining —_—
Safery climabe

Personnel Issuwes

Siress Health and Wellbeins
Shiftwork Decision Making |
Situation awareness  Coamnouniecalien
Fatigue Trainmg ¢g. CEM

Desipn [ssues

Aulamation

Figure 2: Categorization of human factors, based on their contributing level.

Depicted above (Figure 2), is a categorization of human factors, based on the level
each human factor contributes to the incident, or its avoidance. On the first level, the
underlying causes are the organisational-management issues that do not have an
immediate effect on the incident, but produce the canvas, in which other causes
influence more directly the outcome (good or poor). On a second level, the personnel
issues constitute the immediate causes that affect the operational level in a more
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immediate manner. Finally the design issues are separated from the rest and include
automation, which in return depicts the level in which the human element contributes
to the incident (or avoidance) [128].

Systemic influences on HUMAN performance

= d

Figure 3: Human element in the centre of the shipping industry.

Concluding, obvious is the fact that human performance has a central role in
sustaining the shipping industry (Figure 3). The human element is the only factor that
influences and shapes crucially, all the major pillars of shipping. Organisation,
environment (both physical and working), tasks & responsibilities, technological
innovations are simultaneously shaped and manipulated by people on a consistent
basis. Thus, it is vital to study human performance in both ship design and risk
modelling [122].
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BAYESIAN NETWORKS (BN)

The BNs, or belief networks, probabilistic or directed acyclic graphical models are
probabilistic graphical models (types of statistical models) that represent a set of
random variables and their dependencies via a directed acyclic graph (DAG). For
example, a Bayesian network could represent the probabilistic relationships between
diseases and symptoms. Given symptoms, the network can be used to calculate the
probabilities of the presence of various diseases.

Formally, Bayesian networks are DAGs whose nodes represent random variables in
the Bayesian sense: it may be observable quantities, latent variables, unknown
parameters and assumptions. Edges represent dependencies and nodes that are not
connected represent variables that are conditionally independent. Each node is
associated with a probabilistic function that takes as input a particular set of values
for variables of the parent node and gives the probability of the variable represented
by the node. Similar concepts can be applied to non-guided and possibly cyclic
graphs such as the Markov networks. Generalizations of the Bayesian networks, that
can represent and solve decision problems under uncertainty are called influence
diagrams [68], [69], [70], [71],[72], [73], [76].

Example 1:

Suppose you leave your house, observing the grass in your garden is wet. There are
three possible scenarios:

1. It was raining previously.
2. The sprinkler was activated.

3. Both the effect of rain and the sprinkler made the grass wet.

Then the situation can be modelled with the following Bayesian network (Figure 4).
All three variables have two possible values, T (for true) and F (for false). As depicted
below, we can extract the probabilities of the “child” node GRASS WET, through the
probabilities of its “parent” nodes, RAIN and SPRINKLER.
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SPRINKLER RAIN

SPRMNELER

GRASS WET

GRASS WET
SPRINKLER RAIM| T F
F F 0.0 1.0
F T 0.8 0.2
T F 0.9 0.1
T T 0.99 0.01

Figure 4: A Bayesian Network for the “wet grass” scenario.

Example 2:

The next example produces a quite more complex BN (Figure 5). The alarm in your
house is triggered. There are two possible scenarios:

1. There is a burglary happening.
2. An earthquake is happening.
6.

Automatically these scenarios become our “parent” nodes, with the triggering (or not)
of the alarm becoming their “child” node. Through the same process the probabilities
of the ALARM node are calculated. Now we can spot a differentiation, in comparison
to the previous example. The triggering of the alarm, causes either John or Mary to
call home, both with different probabilistic matrixes from each other. The result is that
the ALARM “child” node, now becomes a “parent” node to its “child” nodes JOHN
CALLS and MARY CALLS, with different probabilities for each scenario.

P(B) PE)
T F T F
Burglary )| 0.001 0.999 Earthquake } |0.002 0.998

P{A|B.E)

s E| T F

T T |095 0.0

T F 0.949 0.06
Alaren FTlo29 o7

F F | 0.0010.999

POIA) P(MIA)
o] RHL NS Al T F
JohnCalls)| T | 0.90 0.1 MaryCalls) | 7| 0.7 0.3

F]0.05 0.95 F|0.01 0.99

Figure 5: A Bayesian Network for the “triggered alarm” scenario.
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The BNs are widely used, even in addition to enhancing the reliability of other
methods. There are many examples of application:

Firstly, we analyze with the help of a BN, the circumstances surrounding the tasks
performed in the workplace and lead to falls. With variables like the adoption of
wrong postures and inadequate knowledge, a correlation is made, with the duration
of work and accident rates. The BNs allow the dependency relationships between
different causes of accidents [68].

Elsewhere we see accident analysis model for developing appropriate security
measures, cost-effective. Quantitative BN accident analysis by incorporating HFACS
is used, for presentation of the corresponding preventive measures and the
categorization of preventive measures, with the help of evidential reasoning
approach and Best-fit method [69].

For modelling the actions of individuals and the dependencies between them, in a
dynamic system of a tanker in a collision scenario, Bayesian Belief Networks (BBNSs)
are proposed. With this method, the above are treated by using binary trees. Internal
and business-organizational system factors (IFs & MOFs) are studied. With this
method, the probable sequence of dangerous events and isolated critical activities in
ship operation are determined [70].

BN is used for categorization of traffic accident according to the severity of injuries,
because of their ability to make predictions without initial assumptions. Therefore, we
produce graphical representations of complex system with interrelated components.
A case study of 1536 accidents on motorways in Spain was examined [71].

Two alternative algorithms are applied for BN model construction, based on data
from inspections of ships from Port State Control. Models containing an additional
hidden variable representing the entire system are featured, which connect the
participation of accident-incident with the findings of inspections [72].

Finally, to view the dependencies of safety (at various levels) and safety assessment
in buildings with metal frames, BNs were used. The model predicts accurately the
safety management potential, by calculating the probability of risks and analyzing the
causes of accidents, based on their relationship in the BNs [73].
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SPAR-H

The weaknesses of human reliability analysis (HRA), have resulted in the creation of
over 50 methods. Many shaping performance factors (PSF), used in HRA methods,
are not directly observable and measurable. More recently, the US Nuclear
Regulatory Commission has published the Standardized Plant Analysis Risk -
Human Reliability Analysis (SPAR-H) Method to take account of the potential for
human error. [76].

SPAR-H uses checklists or worksheets to identify the factors that influence human
performance (Figure 6). It was originally used as a screening tool in HRA and was
constructed based on a cognitive & information processing model of human
behaviour and reactions (as the one shown below) [129].

Human Behavior Model
Individual Factors

Inf) f Short Term
flow o
Working)
Information~——p. v E
Filters Mcmory
—
Perception
Processing
Tk Deman e Response P A—— TS
Charactenstics Mcmory
Environmental / \ ; ;
- ong Term
and Situational ¥
Fact R Memory
actors ’

Figure 6: Factors that influence human behaviour (and performance), according to the
SPAR-H method.

SPAR-H worksheets (both for diagnosis-type and action-type activities) are used for
the quantification of the Human Error Probabilities (HEPs), by considering the
Performance Shaping Factors (PSFs) that decrease or increase the probability
(likelihood) of error [129].

Namely these PSFs (Figure 7) are:
e Available time
o Complexity
o Fitness for duty

e Procedures
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SPAR-H Influences on HEPs

While performance is a complex process, SPAR-H utilizes these
influences to estimate HEPs
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Figure 7: Influences of the SPAR-H method on HEPs.

There is a difference between the HRA researchers and practitioners engaged in
HRA. The Bayesian networks provide a framework for addressing the weaknesses of
HRA on both angles. Initially, the gap between research and practice of HRA is
bridged by building a BN version of the widely used SPAR-H method [26].

The SPAR-H method, as we find in our references, has been presented in a modern
version, along with instructions, definitions, improvements in uncertainty and
increased detail regarding the dependency calculations for HEP. Comparisons
between this version and other modern HRA methods are also included [27].

Frequently, subjectivity in the calculation of human error probability (HEP), is
introduced. This is dealt in advance, with the coding of information in a BN, which is
updated with all available information. The possibility of the production of a SPAR-H
model with information from two or more sources, when observations missing, is
examined [28].

Comparing the SPAR-H method with other methods such as SLIM, BNs, the first
thing observed, is that all three are methodologies for human factor analysis and that
they constitute a good approach to minimize human error. To find a methodology for
maintenance analysis, by introducing the human factor, a case study for turbine
operation is presented. The possibility of human error and the advantages and
disadvantages of the application of each method are analyzed [29].
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Finally it must be noted that the SPAR-H is particularly prevalent method with various
uses in biology, for definition of diversity at DNA level [30], up to the economy and to
determine the reliability of the real estate market in sales [31].

1 Investigating Human Element in Collision Accidents of Containerships

In order to investigate the Human Element in Collision Accidents of Containerships,
we use the BN method. For the construction of the final BN, the following path was
selected:

1. A generic BN was constructed with basic nodes, describing in an initial stage,
the path leading to Task Error.

2. The generic BN was reviewed and enrichened with more nodes, containing
secondary factors that lead to collision, with changed connections. The
structure of the Generic model was finalized.

3. A detailed BN was developed with the insertion of added nodes (primarily with
the help of the TRACEr and SPAR-H methods) to the final generic model.

4. The detailed model was reviewed, with the addition of more nodes and the
change of connecting arrows. This model represents a change of philosophy
regarding the chain of events leading to collision.

5. Our detailed model was finalized, containing Safety Il elements. This was
followed with the population of our model.

Generic Bayesian Network:

STAGE 1 - Basic Generic BN:

It was our goal, to start constructing the BN around vital and of crucial importance
nodes. These nodes (representing basic factors) are of paramount importance to the
model and it is common ground that any BN model leading to the collision of two
ships, must contain them. This generic model is basic and becomes the pillar for any
further changes. The following figure (Figure 8) depicts our primal approach to such a
model.
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Figure 8: Basic generic model for the identification or not of the Task Error.

Originally, our final destination is the “Task Error” node, considering the fact that a
task error will most certainly lead to collision. The brainstorming process concludes
that three nodes must be added — diagnosis, decision making and action. “OOW
Diagnosis”, which contains the message perception, is a child node of the
“Encounter Type”, because diagnosis contains the information of the type of
approach between the two ships and leads to both “OOW Decision Making” and
“Task Error” directly. The decision making process node, transfers its probability to
the “O0OW Action”, which is connected to the task error. With the factors above, we
conclude the basic human role leading to collision (diagnosis-> decision->action-
>error). Expanding our model, it was our belief that “Non Bridge Equipment
Failure” should be taken under consideration (rudder failure, etc.), explaining the
non-human part of the correct or wrong action. Therefore, such a node is created,
which leads to the action node. Furthermore, a parent node of non bridge equipment
failure is inserted, named “Maintenance”. Reasonable is the fact that an equipment
failure is more likely, when proper maintenance is overlooked.

In order to add the elements, that influence the above basic nodes, we create the
“OO0W Vigilance”, to determine the level of alertness of the human factor. Naturally,
connecting arrows transfer the probability of this node to both diagnosis and decision
making process. From this point on, the incorporation of factors that have an impact
on the human element in a more direct way starts. The parent nodes for vigilance,
include “OOW Tasks/Responsibilities” (mainly workload and separation of
activities), “Human Performance” (internal and external factors that shape the human
functioning), “Communication” (external, between crew members of different ships, or
between ship and harbour) and “Bridge Design”. To make the latter more exact,
two parent nodes are created for bridge design, “Layout” (location of machines and
visibility issues) and “HMI Problems” (machine error, or misinterpretation of
machine readings).
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STAGE 2 - Final Generic Model Presentation:

Figure 9 depicts a graphical representation of causal relations between different
parameters. The network consists of a set of nodes representing random variables
and a set of links connecting these nodes, illustrated by arrows. The correlations of
the nodes are derived either from previous researches and publications, or from
logical dependencies among them. The model reveals explicitly the probabilistic
dependence between the set of variables. Each variable could have a number of
states, and has assigned a function that describes how the states of the node
depend on the parents of the node, i.e. a conditional probability table (CPT). This
network will form the basis for the further enhancement of its structure by
incorporating data either from TRACEr method, SPAR-H method or from both of
them for each preselected scenario and it will lead to more detailed and complex
BN’s. The respective nodes of the generic model describing a particular function of
the responsibilities of crew and the remaining factors that can affect the outcome of
the collision are listed below. The following presentation (Figure 9) is colour-labelled,
and an explanation of the colour grouping is provided.

Figure 9: Final Generic BN of the identification or not of the CN.
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Target node

1. Collision (yellow colour)

The identification of the collision course is the target node of this Bayesian Network
while the primary goal of its function is the calculation of the posterior probability.

Parent nodes

2. Nodes related to detection (blue colour)

These nodes (i.e. visual detection node and navigational system detection node)
describe whether the operator has detected the danger, either with visual means or
navigational equipment.

3. Nodes related to non bridge equipment (orange colour)

These nodes (i.e. maintenance) describe whether non bridge equipment may failure,
as well as if the maintenance routines of technical systems onboard are followed.

4. Nodes related to external communication (red colour)

The node describes whether the officer receives an external warning signal.

5. Nodes related to HCD (sky blue colour)

These nodes (i.e. bridge design layout node) describe whether the bridge is designed
to enable the operator to perform his tasks properly. They reflect the bridge
arrangement, the user interface and the design of the work station (ergonomic
conditions). The further elaboration of these nodes will be based on the TRACEr
taxonomy.

6. Nodes related to collision (green colour)

These nodes (i.e. encounter type node) describe the remaining distance to collision
and the type of the ship-ship encounter.

7. Nodes related to Operator (lavender colour)

These nodes (i.e. OOW performance node and OOW responsibilities node) reflect
the attitude of the operator towards the predefined task he has to perform and
indicate the duties for which he is responsible. The evaluation and the prediction of
the human performance in events with scalable effects/consequences will be derived
from this section of the BN.
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This last generic BN is final and consists of some changes, in comparison to the
basic generic BN. These differences are:

e The “Task Error” node is replaced with “Collision (incl. Safety II
Elements)”, which is our requested goal. This happened for a more clear
view of our objective and for better understanding of the BN, as well as to
identify the factors that optimize the avoidance of collision.

e The “OOW Diagnosis” node is replaced with “OOW Detection”, for the
specification of the factor that is represented in this node. Diagnosis was
evaluated as a node that contains the decision making process, which must
be included in a separate node.

o “OOW Assessment” replaces the “OOW Decision Making” to broaden the
decision making factor.

e “Human Performance” is incorporated to the “OOW Vigilance”, forming the
“OOW Performance” node for a generalization of the meaning. This new
node influences the “OOW Action” as well.

o “OOW Competence” is added as a parent node for OOW performance, in
order to represent the physical and mental capabilities of the human element.

o “External Communication” replaces the communication node (for clearer
separation from the internal communication) and influences the detection
node directly, rather than the performance node.

o “Encounter Type” now influences directly only the collision node, to point out
that collision can happen, without the interference of the human element.

o “Distance to Collision” is an added parent node that influences directly the
collision, detection and action nodes.

o ‘“Layout” is now included in the “Bridge Design” node.

o The “Bridge Design” node influences the “OOW Performance” like before, but
serves also as a parent node to “Visual Detection”, a new node inserted for
pinpointing the layout effect. This new node influences the “OOW Detection”.

e A parent node “Weather Conditions” is produced, for visual detection. The
importance of weather (rain, fog, etc.) for visibility is highlighted.

e Finally, “Navigational System Detection” is added and serves as a child
node of HMI problems and a parent node for OOW detection, for the
separation of machine errors from the interface of human and machines.

This generic model constitutes the first layer of the final BN for this scenario (collision
course). Most of the aforementioned nodes were enriched with more parental nodes
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based on the proposed methodology. illustrates the expansion of the “OOW
Competence” node by integrating in a second layer the performance shaping factors
(PSF’s) from TRACEr taxonomy (Figure 10).

Figure 10: Expansion of the node “OOW Competence” by incorporating data from the
TRACEr methodology.

Detailed Bayesian Network:

As proposed before, we continue our research by expanding our generic model (in all
stages) with more detailed approaches. For the construction of the final BN, the
following path was selected, consisting of detailed methods:

STAGE 1 - General Detailed Approach:

In the first stage, we tried to build a BN with the majority of nodes being parent
nodes, in order to be used as a “pool” of factors for integration to our generic model.
Starting from the expanded model for human competence, extracted from the
TRACEr method, we added initial parts from the SPAR-H method (describing the
bridge design & equipment) plus decision based nodes, leading to identification of
CN course with radar. This detailed model (Figure 11) was the only one built prior to
our generic model attempts.
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Figure 11: Bayesian Network leading to identification of CN course with radar, with the
aid of the TRACEr (PSFs) and SPAR-H methods (Bridge Design/Layout).

General Description:

The target node is “Identification of CN with Radar”. The only node leading to the
target node, is “Decision Making” which has two parent nodes, “Decision
Planning” (the plan made for countering the incident) and “Mis-Projection” (the
way human decision is applied). These factors contribute with their probability
matrixes directly to the decision process. Another parent node for decision making is
the “Message Perception” factor, that describes the way human element is able to
identify (and possibly assess) the situation. Afterwards, message perception is
analyzed to our two basic categories of factors: “Bridge Design/Layout” (bridge
technology and locational design characteristics-expanded with the aid of the SPAR-
H method) and “Performance Shaping Factors” (expanded with the TRACEr
method). As observed in the figure above the parent nodes for bridge design (SPAR-
H) are: “Selection error”, “Late detection”, “Information/data entry”, “No
detection”, “Mis-see”, “Mishear”, “Visual misperception”, “Repeat error”, “Mis-
read”, “Timing error”. All the above describe the essence of Bridge design/layout,
including the Human-Machine Interface. For the PSFs, five main sub-categories are
selected, based on the TRACEr method:

o “Personal Factors”: This factor consists of all the personality traits and the
characteristics that influence human performance in an individual level.
Parent nodes of personal factors are “Emotional condition”, “Fatigue”,
’Stress”, “Intoxication”.
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o “Communication/Information”; All the factors influencing the
communication between crew members, as well as the information exchange,
are located as parent nodes under the communication/information node.
These are “Ambiguous”, “Wrong”, “Lack”, “Miscommunication”,
“Language problems”.

¢ “Training Competence”: Training is crucial for gaining experience, which
mathematically leads to incident/accident aversion (or decreased probability).
The parent nodes of training competence are “Lack of experience”, “No
training”, “Lack of orientation”, “Inadequate training-competence”.

¢ “Internal/External Environmental”: Included in this node, are the rest
internal (inside of the vessel) factors that were not proposed in the previous
subcategories, in addition to external factors and factors of environmental
origin. Namely “Time of day”, “Weather’, “Business climate”,
“Atmosphere on the vessel”.

o “Organizational Factors”: The final parent node of the PSFs, is grouping the
factors that present the company view regarding the procedures and safety in
general. These are “Organizational culture”, “Time pressure”,
“Organizational structure”, “Organizational policies”, “Supervision”,
“Procedures”, “Operations”, “Staffing characteristics”.

All the above nodes will be thoroughly explained in the final detailed model section of
our report.

STAGE 2 - Consolidated Detailed Approach:

Having established our generic models and the general detailed BN, we proceeded
with the integration of our general detailed model to the basic generic model. This
consolidation was partial, meaning that the addition of nodes was not complete. This
action was part of our research in early level, in order to determine the response of
our model with the addition of extra information. It was our belief that with the gradual
integration (Figure 12), future problems regarding the model could be avoided (or
countered effortlessly and quick) having been solved in a smaller level.
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(5]

Figure 12: Partial integration of our general detailed BN to our basic generic BN.

The connecting node is Human performance. The node “Performance Shaping
Factors” has been coincided with the “Human Performance” node as a gate for the
integration of the two models. On the other hand both the generic model and the
PSFs part of the detail model have been intact and have been incorporated in each
other exactly the way they were constructed. Based on this approach our next final
model is built, where many more factors are incorporated to the generic model and
added changes are applied. The different target nodes that we use through our
models should not confuse because each time the target node i8s selected based on
the continuity of our approach. The final model uses the required target node
“Collision (Incl. Safety Il Elements)”. As explained before, this approach was made in
an early stage of our approach, thus the “Task Error” node.
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STAGE 3 - Final Detailed Approach:

Figure 13: Final detailed BN with the integration of our final generic model and general
detailed model components to the consolidated detailed BN model.

Changes in the final model

Our final detailed model (Figure 13) is characterized by a sum of changes, in
comparison to our previous models. As described before, the basis was the final
generic model. Based on this model we continued the incorporation of added
elements to our final detailed model, always around the final generic approach which
remained (almost) intact. These elements were differentiated from our consolidated
model. Namely, the changes were:

174




OAIAQN-AIMIAIOZ-NIKOZ MANATQTOMNMOYAOZ

e The “OOW Competence” node is now influenced only by the “Training
Competence”, “Organizational Factors” and “Personal Factors” nodes. It was
common ground that these nodes should influence directly the competence

node, extracted from the TRACEr method.

o The “Lack of Experience” and “Lack of Orientation” nodes have been joined in
the “Lack of Experience/Orientation” node because orientation aboard a
ship is a clear product of experience.

¢ The “Communication/Information” node is renamed to “Communication with
Bridge Team”, in order to highlight the fact that it describes the internal
communication within the ship. The “Ambiguous” node, which was parent
node to communication, has been removed because its essence is described
in both the “Wrong” and “Lack” parent nodes. Furthermore, this new node
now influences only “OOW Action” directly, because all the expert group
judgements in our disposal agreed that internal communication contributes to
the model in a higher level (action taking process) than the parent nodes of
competence.

e The “Internal/External Environmental” node is renamed to “Working
Conditions” which is a more general term and describes better the factors
represented. In addition to this change, “Bussines Climate” has been included
in the “Atmosphere on the vessel’ node and therefore it is not presented. Like
the communication node, we believe that working conditiond do not influence
the competence node directly, but instead the “OOW Performance” node and
has been moved in a higher level of our model.

o “Visual Detection” is now the child node of “Time of Day”, “Familiarisation”
and “Visibility” (taken from the DNV FSA). For obvious reasons a
connecting arrow makes “Weather” the parent of “Visibility”, because the
weather conditions (rain or fog for instance) influence the visibility from the
bridge. Thus, the probability of weather conditions influences visual
detectiond through the visibility node.

¢ “Navigational System Detection” now has three parent nodes taken from the
DNV FSA, “Paper Chart Detection”, “ECDIS used” and “Radar
Detection”.

o “Bridge Design” is renamed to “Bridge Layout” for better sepparation of the
term from the HMI problems.

e Six new parent nodes, from the SPAR-H method, are inserted. These are:
“No Detection”, “Timing Error”’, “Late Detection”, “Visual
Misperception”, “Mishear” and “Mis-see”. All these parent nodes influence
directly the “HMI Problems” node, while only the last three influence the
“Bridge Layout” node directly.
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Target node

Collision (incl. Safety Il Elements) (yellow colour)

The collision accident is the target node of this Bayesian Network while the primary
goal of its function is the calculation of the posterior probability. It is highlighted that
this node includes safety Il elements, which that our BN can work both ways: either
identifying the factors that contribute to the collision, or finding the factors that
influence the avoidance of collision (not necessarily the same).

Parent-Child nodes

Nodes related to Personal Factors (pale blue colour)

These nodes (i.e. stress, intoxication) describe the factors that influence the human
element in a personal level. They contribute to both the physical and mental condition
of the crew and are of paramount importance.

Nodes related to the Organization (dark blue colour)

These nodes describe the sum of operations, rules, procedures and opinions that
represent the organization’s view on safety. In short, the organizational factors
include the safety climate and culture of the organization.

Nodes related to Training (tan colour)

These nodes describe the level of training, but also the level of experience and
orientation that characterizes the crew of the ship.

Nodes related to Working Conditions (lime colour)

These nodes describe the factors that influence the working environment in both
internal and environmental way. Factors like weather and the general atmosphere on
the vessel, contribute to the shaping of the environment where the human element
operates.

Nodes related to Communication (red colour)

These nodes depict the factors of the internal information within the ship. They
include the factors that determine the quality of communication between crew
members (e.g. wrong communication, lack of communication).
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Nodes related to detection (rose colour)

These nodes (i.e. visual detection node and navigational system detection node)
describe whether the operator has detected the danger, either with visual means or
navigational equipment.

Nodes related to non bridge equipment (orange colour)

These nodes (i.e. maintenance) describe whether a non bridge equipment may
failure, as well as if the maintenance routines of technical systems onboard are
followed.

Node related to external communication (green colour)

This node describes whether the officer receives an external warning signal.

Nodes related to HCD (light turquoise colour)

These nodes (i.e. bridge design layout node) describe whether the bridge is designed
to enable the operator to perform his tasks properly. They reflect the bridge
arrangement, the user interface and the design of the work station (ergonomic
conditions). The further elaboration of these nodes will be based on the TRACEr
taxonomy.

Nodes related to collision (green colour)

These nodes (i.e. encounter type node) describe the remaining distance to collision
and the type of the ship-ship encounter.

Nodes related to Operator (lavender colour)

These nodes (i.e. OOW performance node and OOW responsibilities node) reflect
the attitude of the operator towards the predefined task he has to perform and
indicate the duties for which he is responsible. The evaluation and the prediction of
the human performance in events with scalable effects/consequences will be derived
from this section of the BN.
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Human Centered Design (HCD) for Ships

In this chapter, elements of Human Centered Design are provided and the way our
Bayesian Network model nodes can be influenced from them, is identified:

Habitability: Habitability is the way of providing conditions that are good enough to
live in or on. Habitability influences “Fatigue” (for instance spacious rooms provide
good sleeping conditions and thus result in less fatigue), “Emotional Condition” (f.e.
crew recreational areas result in better mood individually) and “Atmosphere on the
Vessel” (f.e. good accommodations improve working conditions and the business
climate on board).

Maintainability: Maintainability is the ability to produce the work needed to keep a
machine or a structure in good condition. Maintainability affects “Maintenance” for
obvious reasons (keeping the non bridge equipment operational and in good
condition) as well as “Radar Detection” and “Navigational System Detection” (the
existence of navigational system detection is proportional to the good maintenance of
machines).

Occupational Health & Safety: This element influences “Stress” and “Personal
Factors”, which are affected from occupational health and “Organizational Culture”,
“Procedures” and “Policies”, nodes that implement the safety standards of a
company, as well as the way the organization understands the concept of safety.

Survivability: Survivability is the ability to survive difficult and even fatal situations.
This element influences “Lack of Experience”, “No Training”, “Inadequate Training”,
because the ability to survive is directly connected to the training of people in difficult
scenarios. Survivability affects “Familiarisation” (the level of good responses and
procedures followed in critical situations), as well as “Time Pressure” (familiarisation
relieves the pressure of time), “Organizational Culture” (full assimilation individually of

the safety culture of the company).

System Safety: influences all the parent nodes of “HMI Problems”, because the
results of the use of machines from the human element can be identified there.

Controllability: The concept of controllability denotes the ability to move a system
around in its entire configuration space using only certain admissible manipulations.
Controllability influences by definition the “HMI Problems” (the poor interaction of
humans and machines consist of the ability to control the machines). It also affects
“External Communication” (as a part of human-machine interaction) and “Training
Competence” (because human element needs specific training in order to use
correctly the machine equipment).
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Manoeuvrability: the quality of being manoeuvrable. Manoeuvrability affects all the
parent nodes of “Training Competence” (training is a prerequisite for the ability to
manoeuvre), “Non Bridge Equipment Failure” (because the failure for example of the
rudder affects the ability to manoeuvre) and “Familiarisation” because familiarisation
with the equipment and difficult situations leads to successful manoeuvres.

Workability: is the capability of being put into effective operation. Workability
influences “Familiarisation” (the level of being familiar with the occupational tasks),
“O0OW Tasks/Responsibilities” (f.e. clear responsibilities and tasks lead to acceptable
and over the edge workability), “Training Competence” (training makes workability
better) and “Organizational Factors” (f.e. good organizational factors help the correct
tasks and goals achievement). Last but not least, “Atmosphere on the Vessel’ (good
business climate makes workability easily achieved).
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MODEL PRESENTATION

PARENT NODES
1. Intoxication

In this node, we try to depict the influence of the use of drugs, alcohol and other
substances (per scripted or not) on mariner's performance. It is crucial to point out
the fact that such cases occur quite frequently on board, but are often underreported,
due to fear of responsibility taking and punishment, from the mariner’s perspective.
Most certainly, heavy (or sometimes light) uses of intoxicating substances result in
human error, in even the most simple of procedures and tasks. Per scripted
medications (strong antibiotics f.e.) could also lead to performance incapability.

States of “Intoxication”:

e YES

™ Node properties: Intoxication

General Definition l Format ] User properties ]

d_Add Selnset I ]
|
b |yes { 0.02
no 0.53

The probabilities for the population of the probability matrix of the “Intoxication” node
were selected from our literature review [118].

2. Emotional Condition

In this node, the effect of an individual’s general emotional condition is presented.
Many seafarers have highlighted the fact that experiencing extreme emotional
conditions, for example during a big argument, may have many negative effects on
their performance in even the simplest acts. The importance of emotional condition
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(or emotional conflict) and the stress that is produced, has been taken under
consideration by many organizations (military, etc.), thus many psychological tests
are performed to prevent such incidents prior to the ship’s trip.

States of “Emotional Condition”:

e UNSTABLE
e STABLE

-
= Node properties: Emotional Condition

—

General Definition | Format I User properties |

3_Add Selnset 3x | 2| % |

» | unstable

0.0

stable

0.99

The probabilities for the population of the probability matrix of the “Emotional
Condition” node were selected from our literature review [114].

All the remaining nodes (54) of our model are presented in Appendix.
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RESULTS PRESENTATION

In this part of our report, we present the results of running our model, based on
several case studies extracted from database. These case studies are divided into
the following categories:

¢ Normal scenarios
e Abnormal scenarios

e Critical scenarios

The case studies are examined, in order to verify the correct function of the final
detailed model. Additionally, case studies confirm the completion of the Bayesian
model, because the nodes examined cover all the possible factors described in the
narrative and no additional nodes are required.

Each case study starts with the narrative of the accident/incident. Afterwards the
categorization process identifies whether the scenario is a normal, an abnormal, or a
critical scenario, followed by the extraction of evidences, directly from the narrative.
The results are collected for our two main target nodes: “OOW Performance” and
“Collision (Incl. Safety Il Elements”. The results are obtained from the GENIE BN
program runs for our final detailed Bayesian Network model, with the addition (each
time) of evidence to the previous evidence(s). These results depict the influence of all
evidence based factors to our target nodes, in a group degree.

CASE STUDY #1

The following (normal) scenario is an actual incident (id1719).

Narrative (main):

At about 2147 local time on 14 November 2009, the Hong Kong registered general
cargo ship JoshuMaru collided with the Republic of Korea fishing vessel No.3 Dae
Kyung in approximate position 32_ 13.77 N 127_ 21.3’ E, about 72 nm (nautical
miles) southeast of Seogwipo, Jeju-Do (Cheju-Do), the Republic of Korea. At the time
of the collision, the weather was cloudy, the visibility was about 3 to 6 nm, the wind
was northwest to west force about 7 to 6 and the sea state was rough with heavy
swells. Following the collision, No.3 Dae Kyung took in water, became semi-
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submerged and finally foundered on the next day. Seven out of the total nine
crewmembers onboard were lost (four dead and three missing). The remaining two
were rescued by the crew of JoshuMaru and afterwards conveyed by Korea Coast
Guard to hospital for treatment in Seogwipo. On the other hand JoshuMaru incurred
some scratches to paintwork and slight indentation in the ship’s stem and at the port
bow. The investigation revealed the following contributory factors: The Third Officer
of JoshuMaru did not comply with Rule 7, Rule 8 and Rule 15 of COLREGS1. Based
on scanty radar information, he first took actions by making a succession of small
alterations of course to port just to keep own ship further away from No.3 Dae Kyung
when he saw the light (the masthead light) of No.3 Dae Kyung at about 20_ on own
ship’s starboard bow at ranges of 6 and 3 nm respectively. He did not call the Master
even though the movement of No.3 Dae Kyung was causing concern afterwards. He
continued altering course slowly then hard to port instead of taking action to avoid
crossing ahead of No.3 Dae Kyung when he saw the red light (the port sidelight) of
No.3 Dae Kyung at about 20_ and 10_ on own ship’s starboard bow (crossing
situation) at ranges of 1.5 and 0.5 nm respectively until collision occurred, and(] The
bridge team of No.3 Dae Kyung did not comply with Rule 5 of COLREGS. They did
not maintain a proper and effective lookout and, consequently, not aware of the
presence of JoshuMaru until the moment collision occurred.

Narrative (Radar, Lack of experience):

Based on scanty radar information and assumption that the target would be set
towards own ship by the prevailing strong wind and heavy swells, he took avoiding
actions by making a succession of small alterations i.e. 10° of course to port just to
keep own ship further away from the target. Despite the actions taken at about 2125
and 2135 respectively, the target was observed remaining on almost the same visual
bearing on own ship’s starboard bow but at a closer range. This indicated that risk of
collision still existed.

External Error mode: The 3rd officer misinterpreted the data from the radar thinking
that the other vessel was on an opposite course.

Internal Error mode: He changed his course to port in order to give the other vessel
more space to pass on an opposite direction. He did not realize that he should
change course to starboard.

Training Competency Experience: He just started keeping the “8 to 12” watch
independently as the OOW when he joined JoshuMaru in April 2009.

The following evidences derived from the narrative and the report of the case
scenario.

e Time of day : NIGHT (el)
e Lack of Experience/Orientation : YES (e2)
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o \Weather : WINDY (e3)
o Procedures : POOR (e4)

o Visual Misperception : YES (e5)
e Visibility : GREATER THAN 1nm YES (e6)
¢ Radar Detection : NO (e7)

Not directly stated in the report. Rather “NO” considering scanty radar

e OOW Assessment : WRONG (e8)

The Figure 14 demonstrates the calculation of the posterior probability of the OOW
Performance node based on the aforementioned evidences. As depicted, the
influence of weather (windy state) is greater than the influence of time of day, lack of
experience/orientation and procedures factors for the OOW performance node. The
visual misperception factor influences the performance in a far higher level than time
of day, lack of experience and procedures, but less than weather, which exceeds as
in this scenario. These

the most important factor for human performance,
conclusions are elicited from the addition of evidence to the previous one.
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Probability of the OOW Performance node (POOR state)

Analysis of a normal situation (collision scenario)

0,1406

0,141
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0,1223
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Figure 14: Probability estimation of the POOR state of the “OOW Performance” node,

based on the evidences from the normal scenario of the case study #1.
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The Figure 15 demonstrates the calculation of the posterior probability of the collision
node based on the aforementioned evidences. As identified above, all the evidences
affect the target node “Collision” in a similar manner, except the “OOW Assessment”
factor, which radically reduces the probability of the no state of the collision node,
making collision certain. Concluding, assessment is of crucial importance for the
avoidance of collision. These conclusions are elicited from the addition of evidence to
the previous one.

Probability of the collision node (No

Analysis of a normal situation (collision scenario)
1,2

0,9938 0,9937 10,9934 0,9933 0,9924 0,9925 0,9902

1
0 .
el e2 e3 e4d e5 eb e/ e8

Evidences

o
o0

state)
o
(@)

o
o

o
N

Figure 15: Probability estimation of the NO state of the “Collision” node, based on the
evidences from the normal scenario of the case study #1.
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CASE STUDY #2

The following abnormal scenario is an actual incident (id1862).

Narrative:

At 0518 on 13 December 2010, the FRISIA ROTTERDAM collided with the
CLEANTEC west of Denmark.

The bulk carrier CLEANTEC, en route from Klaipeda to Paranaguo, was fully laden
and had just passed Skagen as the container vessel FRISIA ROTTERDAM, en route
from Aarhus to Bremerhaven and approaching from astern on the port side, struck
the port side of the CLEANTEC with her bow. The CLEANTEC had to be towed to
the shipyard in Odense due to the heavy damage she sustained. She was not able to
continue her voyage until 10 January 2011.

The OOW on FRISIA ROTTERDAM identified the CLEANTEC visually and on the
radar shortly before 0500. He was able to recall a bearing of 20° on the starboard
side at a distance of 2.5 nm. She was moving at about 15 knots and his
understanding was that she would certainly pass his vessel. The OOW saw the
vessel visually and in the radar and interpreted the information incorrectly. Because
of this, he did not introduce avoiding measures.

The following evidences derived from the narrative and the report of the case
scenario.

e Fatigue : YES (el)
Not directly stated in the report. Rather “Yes” considering early morning time
e Time of day : NIGHT (e2)
Not directly stated in the report. Rather “NIGHT” considering early morning time
e OOW competence : LOW (e3)
Insufficient action for CN avoidance
e HMI Problems : YES (e4)
e Visual Detection : YES (e5)
e OOW performance : POOR (e6)
e Distance to collision : CPA LOWER THAN 3 MILES (e7)

o Navigational system detection : YES (e8)
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The Figure 16 demonstrates the calculation of the posterior probability of the OOW
Performance node based on the aforementioned evidences. The conclusions elicited
from the figure are that OOW competence is the paramount factor for human
performance in this scenario. Low human competence increases the probability of
poor performance by 340%. The other contributing factors affect performance in a
similar manner. These conclusions are elicited from the addition of evidence to the
previous one.

Probability of the OOW Performance

node (POOR state)

o
=

Analysis of an abnormal situation (collision scenario)
0,6

0,493
0,5 0,4845

°
~

o
w

o
N}

0,1311 0,1418

el e2 e3 e4
Evidences

Figure 16: Probability estimation of the POOR state of the “OOW Performance” node,
based on the evidences from the abnormal scenario of the case study #2.

The Figure 17 demonstrates the calculation of the posterior probability of the collision
node. As depicted, time of day slightly decreases the probability of collision
avoidance, when low competence decreases it even more. In addition, HMI problems
decrease radically the probability of collision avoidance. On the other hand, the
existence of visual detection increases the probability to the previous levels and then
poor human performance and distance to collision reduce it even more. The correct
navigational system detection radically increases it once again. As assumptions, HMI
problems, visual detection and navigational system detection influence the probability
of collision avoidance in the greatest level, followed by competence, performance
and distance collision that influence it in a smaller scale. The increases and
decreases of the probability, reside to the fact that visual detection and navigational
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system detection evidences are positive, where all the other evidences are negative.

These conclusions are elicited from the addition of evidence to the previous one.

Probability of the collision node (No state)

0,995
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0,97
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0,96
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Analysis of an abnormal situation (collision scenario)
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0,9854
0,9801
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Evidences

evidences from the abnormal scenario of the case study #2.

CASE STUDY #3

The following abnormal scenario is an actual incident (id1755).

Narrative (main):

Figure 17: Probability estimation of the NO state of the “Collision” node, based on the

Car carrier CYGNUS ACE departed from Mikawa Port, Aichi Pref. for Yokohama Ku,
Keihin Port, Kanagawa Pref. with her master and 18 crew members. Multi-purpose
cargo ship ORCHID PIA departed from Kashima Port, Ibaraki Pref. for Yeosu Port,
Republic of Korea with her master and 15 crew members. The two vessels collided
with each other at eastward offshore Oshima island, Tokyo at around 02:13, March
10, 2009. At the time of the collision, the CYGNUS ACE was proceeding
southeastward, to adjust the time of arrival at Yokohama Ku, while the ORCHID PIA
was proceeding southwestward. As a consequence of the accident, ORCHID PIA
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was sunk and all of the crew (16 people) went missing. The CYGNUS ACE sustained
damage in the bow section including ruptures leading to flooding, but no casualties to
her crew.

Narrative (VHF, -):

“It is considered highly probable that Vessel A was called twice by vessel B on the
VHF at about 2:05, but did not respond.”™It is considered probable that since Officer
A was at the chart table making entry to the ship’s logbook when vessel B called
vessel A on the VHF, he could not respond to the calls from vessel B.”

User Material: The 2nd officer did not respond to the VHF call from the other vessel.

Causality Level: Communication about intentions and discussions about navigational
plan would have probably prevented the accident.

External Error mode: The accident report is not very clear on this point. What can be
said based on the data recorder is that the 2nd officer did not answer the calls by the
other vessel. But there are no suggestions as to why.

Internal Error mode: The 2nd officer did not answer the VHF calls by the other ship.
Therefore information could not be exchanged/not transmitted.

Symbolic Barriers: The seaman who was supporting the officer on the watch could
have heard the calls and warned the officer. The seaman however was on the wing
on look-out duties and did therefore not hear the VHF calls and could not warn the
officer.

Narrative (Radar, inadequate training/ instruction, lack of experience):

“According to the statement of officer A, he first detected vessel B on the radar off the
port bow of vessel A at about 2:00, and that the ARPA indicated that the vessel B
was to pass ahead of vessel A.”It is considered probable, therefore, that since officer
A, due to his lack of expertise in handling of ARPA, was unable to perform
watchkeeping duties properly over the radar, he did not notice that vessel B was in
fact in a position to pass astern of vessel A.
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User Material: It is indicated in the report that the second officer has serious
deficiencies in handling the radar. He expected the other vessel to pass in front of
him, when it really would have passed after him.

Causality Level: The 2nd officer had a wrong understanding of the situation which led
him to the assumption that the other vessel would pass in front of him in several
minutes when it really would pass behind him. This evaluation of the situation was
not causal to the accident which later occurred. However, the evaluation of the
situation has probably had some effect on his decisions.

External Error mode: The perceived information from the radar was interpreted
wrongly. The accident report states that the 2nd officer did see the other vessel on
the radar, but he expected the other vessel to pass in front of him whereas the
analysis suggests that the vessel would have passed astern.

Internal Error mode: The 2nd officer did not apply the COLREGS properly. He should
have kept his course. Instead he initiated a collision avoiding maneuver.

Psychological Error Mode: this maneuver was executed in the wrong direction.

Personal Factors: The 2nd officer was convinced that the other vessel would pass in
front of him. This misinterpretation of the radar data led him to the wrong decision not
to act.

External Environment: It is indicated that the 2nd officer was not provided with the
regular guidance and direction concerning safe navigation by the master. It is also
indicated, that the 2nd officer was lacking experience.

Incorporeal Barriers: The CPA/TCPA alarm sounded twice. The first time the 2nd
officer felt that there was no danger as he expected the other vessel to pass in front
of his vessel within several minutes. When the alarm sounded again 2minutes later,
officer A started a left turn to avoid collision. The seaman who was supporting the
officer on the watch should have seen the other vessel, seen that the vessel would
pass astern and warned the officer. The seaman however claims he has only seen
the other vessel several seconds before the accident. The VHF communication that
was initiated by the other vessel should have worked as a barrier. The officer did not
react to the calls. Looking at the predictions given by the relative vectors of the radar
should have shown the operator that the other vessel was to pass in front of the own
vessel.
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Narrative (Radar, inadequate training/ instruction, lack of experience):

The 2nd officer was watching the radar, seeing the other vessel, but did not realize
that the other vessel was changing course until it was too late.

Location where error occurred: Furthermore it is indicated as being probable that the
officer might have misjudged the movement of the other vessel with which they latter
collided. He “did not notice that the compass bearings of vessel B had veered
leftward in relation to his vessel.”

Causality Level: It is indicated in the report that the first officer has serious
deficiencies in handling the radar. It is indicated as being probable that the officer has
misjudged the movement of the other vessel with which they later collided. He “did
not notice that the compass bearings of vessel B had veered leftward in relation to
his vessel.” Had he realized in time how critical the situation really was, and had the
2nd officer realized that the vessel turned in a collision course, he could have started
with countermeasures earlier and might have prevented the accident.

External Error mode: The 2nd officer did not perceive the change in course. The
change in course was visually not detected.

Internal Error mode: The 2nd officer did only realize too late that the other vessel
turned on a collision course and did therefore only react too late so that the collision
could not be prevented.

Psychological Error Mode: There is no detail on the reasons to be found in the report.
By method of being able to eliminate the other reasons from the report, it can be
assumed that the 2nd officer did not see the change of course because he did not
expect the other vessel to change into his course.

Competency Experience: It is indicated in the report that the 2nd officer was
inexperienced and did also not get the needed guidance on safety navigation.

Incorporeal Barriers: The master did only look at the radar to analyse the situation.
Had he properly looked out through the window he would have seen that the other
vessel was changing course.

The following evidences derived from the narrative and the report of the case
scenario.

e OOW Tasks/Responsibilities : EXTREME (el)
Not directly stated in the report. Rather “Extreme” considering multitasking on board
e Mishear : YES (e2)
¢ Inadequate Training-Competence : YES (e3)
e Training Competence : INADEQUATE (e4)
e Organizational Factors : POOR (e5)
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o External Communication : NO (e6)
e OOW Detection : WRONG (e7)
e Encounter Type : CROSSING (e8)

The Figure 18 demonstrates the calculation of the posterior probability of the OOW
Performance node based on the aforementioned evidences. From the figure below,
training competence exceeds as the paramount factor for human performance,
increasing rapidly the probability of poor performance. Inadequate training
competence follows with a smaller change in human performance. The rest factors
influence performance in a similar manner. These conclusions are elicited from the
addition of evidence to the previous one.

Probability of the OOW Performance
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Figure 18: Probability estimation of the POOR state of the “OOW Performance” node,
based on the evidences from the abnormal scenario of the case study #3.
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The Figure 19 demonstrates the calculation of the posterior probability of the collision
node based on the aforementioned evidences. OOW detection is without question
the most important factor, reducing the probability of collision avoidance from 98.9%
to 7.3%. All the other factors contribute with slight changes. These conclusions are
elicited from the addition of evidence to the previous one.
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Figure 19: Probability estimation of the NO state of the “Collision” node, based on the
evidences from the abnormal scenario of the case study #3.

CASE STUDY #4

The following critical scenario is an actual incident (id1914).

Narrative (main):

The general cargo ship Martin Princess and the container ship Renate Schulte
collided on 27 June 2009 whilst navigating in the Aegean Sea close to Bozcaada
Island. Marti Princess was southbound, Renate Schulte northbound. On Martin
Princess, the OOW and the master had just made an alteration in course to pass
behind the stern of another ship (llgaz) and were coming back to the original
heading.
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Both crew members did not see Renate Schulte ahead until a few minutes before the
collision. On board Renate Schulte, the OOW was monitoring llgaz. Marti Princess
was noticed at about 2200 on radar when she was between four and five nautical
miles apart. When the ships were about two nautical miles away, Renate Schulte
called Marti Princess by her name on the VHF radio on more than one occasion to
establish her intentions. However, no reply was heard. Some time later, the look-out
reported that he could see both sidelights — evident that Marti Princess was dead
ahead on a reciprocal course. At about 2209, both ships began to take evasive
actions. But now, very close to one another, there was insufficient room to turn and
avoid the collision. At 2210 the ships collided with Renate Schulte’s bow striking the
port side of Marti Princess’ cargo area. Both vessels were unable to proceed and
salvors were contacted to separate the two vessels.

Narrative (Radar, PSF time of day):

The alteration of Marti Princess to her previous course resulting from a lack of
situation awareness resulted in a close-quarters situation with Renate Schulte. Whilst
the master managed to intervene and succeeded in his maneuver to avoid a potential
collision between llgaz and his ship, none of the crew members focused on the wider
context in order to determine the consequences of their maneuvers vis-a-vis the
northbound Renate Schulte. None of the crew members on Marti Princess was
aware of the developments and close-quarters situation which had by then
developed between the ships. The OOW asked the master for authorization to steer
back to the original course once the stern of llgaz was cleared. The master however
was not aware of the situation that had developed between them and Renate
Schulte.

External Error mode: Renate Schulte was only perceived on the radar after the
maneuver bringing the vessel back to its original course was already started.

Internal Error mode: Traffic monitoring was not done with enough care and situation
awareness.

External Environment: Dark, no moonlight.

Symbolic Barriers: The report indicated that barriers were missing. The report
mentions a proper look-out, effective monitoring of equipment, AlS equipment was
not interfaced with radar sets (the list of vessels stored in the AIS system was
therefore not readily available when needed.

Narrative (AIS, PSF stress):

When steering back on the original course, did the master of the Martin Princess
notice another ship almost dead ahead. The vessel appeared to be very close. The
master proceeded to the AIS to check the vessel's name, but was unable to identify
it. Then the master called the ship on his starboard side (without saying a name).
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Approximately 30 seconds later the master repeated this call via VHF. This call was
not responded to by the Renate Schulte.

Location where error occurred: Extracting information from AIS

External Error mode: The master proceeded to the AIS to check the vessel’'s name,
but was unable to identify it.

Internal Error mode: The master checked the AIS for the vessel name, but could not
detect it.

Personal Factors: At that point the master was already in a slight panic as he saw the
situation develop and didn’t know what to do.

Narrative (VHF, -):

When the ships were little more than 2 nautical miles apart and it became clear the
they were on a collision course, did the OOW of Renate Schulte try to call Marti
Princess twice (using her name!), but without reply which suggests that the OOW
and master of Martin Princess did not perceive the call.

Operator who performed the error: Officer on watch

Personal Factors: No reason is given in the report as to why Marti Princess did not
receive the VHF call from the other vessel and did not reply. However, with the traffic
situation that they were in and the traffic monitoring they were doing, they might have
been distracted.

Incorporeal Barriers: The report indicated that barriers were missing. The report
mentions a proper look-out, effective monitoring of equipment, AIS equipment was
not interfaced with radar sets (the list of vessels stored in the AIS system was
therefore not readily available when needed.

The following evidences derived from the narrative and the report of the case
scenario.

e Stress: HIGH (el)

e Mis-see: YES (e2)

¢ No Detection : YES (e3)

e Late Detection : YES (e4)

o Working Conditions : DIFFICULT (e5)

Not directly stated in the report. Rather “DIFFICULT” considering darkness, without
moonlight

o External Communication : NO (e6)

e Distance to Collision : CPA LOWER THAN 3 MILES (e7)
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The Figure 20 demonstrates the calculation of the posterior probability of the OOW
Performance node based on the aforementioned evidences. From the figure below,
working conditions exceed as the paramount factor for human performance,
increasing rapidly the probability of poor performance. The rest factors influence
performance in a similar manner. These conclusions are elicited from the addition of
evidence to the previous one.
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Figure 20: Probability estimation of the POOR state of the “OOW Performance” node,
based on the evidences from the critical scenario of the case study #4.
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The Figure 21 demonstrates the calculation of the posterior probability of the collision
node based on the aforementioned evidences. Distance to collision is recognized as
the most important factor in this scenario, resulting to the greatest decrease in the
collision avoidance probability. Lower decreases, but still very important, are
produced by difficult working conditions and the lack of external communication. The
rest factors influence performance in a similar manner. These conclusions are
elicited from the addition of evidence to the previous one.

Analysis of a critical situation (collision scenario)

0,998
0,996 |—0,9952
0,9946 0,9943 TR

0,994 '
0,992 0,9914

0,99

0,9883
0,988
0,986
0,9841

0,984
0,982

0,98
0,978

el e2 e3 e4 e5 eb e’/
Evidences

Figure 21: Probability estimation of the NO state of the “Collision” node, based on the
evidences from the critical scenario of the case study #4.
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CASE STUDY #5

The following(critical)scenario is an actual incident (id1717).

Narrative (main):

On 27 February 2010 the Finnish flagged vessel GLOBAL CARRIER was on a
routine voyage from Turku, Finland bound for Oxelésund, Sweden with a cargo of
semitrailers and trucks. There was dense fog in the archipelago but pilot assistance
was not considered because the Master was licensed to carry out piloting. The
Master had previous experience of this fairway in similar visibility conditions.
GLOBAL CARRIER approached the archipelago with a speed of 16.2 knots and
navigation was carried out by the OOW, the 1st Officer and the Master was on the
bridge. Two radars were in operation, one in 0.75 NM range and the other in 1.5 NM
range. The electronic chart display was also in use. When passing Ljungskar the
speed was still 16.2 knots and the distance to harbour was 0.6 miles. At this stage
the Master was in charge of navigation. The speed was reduced to 12.8 knots after
passing Ljungskar. There was no communication concerning the maneuvers
between the team members on the bridge. The speed should normally have been 6
knots when passing Ljungskar. Chief Officer released the first Officer about ten
minutes prior the approach to harbour. The Master did order the Chief Officer for look
out as there was no dedicated watchman for lookout. By this order the Chief Officer
lost his situational awareness. GLOBAL CARRIER collided with the alongside
moored M/V ECOSTAR G.O in Oxeldsund port with the speed of 7.2 knots.

Narrative (Radar, weather):

The master did not realize that he was already further in the harbour than he thought.
He thought that he was at a distance of 0.9nm from the harbour when in reality he
was at a distance of 0.34nm from the pier.

User Activities: Radar display range used by the Master was 0.75 NM which
according to the Master could have been one of the reasons for misinterpretation the
radar picture. The Master thought he had more space before approaching the
harbour basin for the manoeuvre. The other radar beside the Master was on 1.5 NM
range and not observed by anyone. The master misunderstood/misinterpreted the
0.75nm radar.

External Error mode: Looking at the radar screen and misinterpreting the scale of the
same and from the information that the master received from the chief officer telling
him that he has spotted a red buoy, the master assumed that this must be the first
one indicating a distance of 0.9nm from the harbour. In reality, the vessel was
already in the harbour.
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Internal Error mode: The master did not realize that he was already further in the
harbour that he thought. He thought than he was at a distance of 0.9nm from the
harbour when in reality he was at a distance of 0.34nm from the pier.

External Environment: Visibility was very poor.

Incorporeal Barriers: The COLREGs state that in reduced visibility vessels must
proceed at a safe speed. According to the accident report, Global Carrier was too
fast. Furthermore, the Safety Management System was not fully implemented
onboard.

The following evidences derived from the narrative and the report of the case
scenario.

e Operations : POOR (el)

e Organizational Culture : POOR (e2)

o Staffing Characteristics : POOR (e3)

o Weather : FOG (e4)

e Lack of Experience/Orientation : NO (e5)

e OOW Tasks/Responsibilities : EXTREME (e6)

e Communication with Bridge Team : SUBSTANDARD (e7)
e Radar Detection : NO (e8)

e OOW Detection : NO DIAGNOSIS (€9)

The Figure 22 demonstrates the calculation of the posterior probability of the OOW
Performance node based on the aforementioned evidences. In this scenario, OOW
tasks/responsibilities are by the far the most influencing factor, resulting to an
increase of almost 7% to the poor performance probability. A much smaller increase
is noted due to the weather factor. Another important fact is that existence of crew
experience/orientation slightly decreases the probability of poor performance. The
rest factors influence performance in a similar manner. These conclusions are
elicited from the addition of evidence to the previous one.
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Analysis of critical situation (collision scenario)

__ 0,25
[
=]
8
w
o 0,204
(@]
o 0,2
()
(]
°
o
c
]
g 0,15 0,13713 0,1371
£
1S
3]
b
()
a 0,1
=
(o]
o
[]
<
e
s 0,05
>
£
°
1]
o)
e o
a.
el e2 e3 e4 e5 e6
Evidences

Figure 22: Probability estimation of the POOR state of the “OOW Performance” node,
based on the evidences from the critical scenario of the case study #5.

The Figure 23 demonstrates the calculation of the posterior probability of the collision
node based on the aforementioned evidences. The contributing factor of paramount
importance in this scenario, is OOW detection. The lack of human detection,
decreases the probability of collision avoidance from 99.05% to 16.56%. The
increases and decreases of the probability, reside to the fact that visual detection and
navigational system detection evidences are positive, where all the other evidences
are negative. The rest factors influence performance in a similar manner. These
conclusions are elicited from the addition of evidence to the previous one.
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Figure 23: Probability estimation of the NO state of the “Collision” node, based on the

evidences from the critical scenario of the case study #5.
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SENSITIVITY ANALYSIS

The results of running our final detailed Bayesian Network model for collision are
presented above. As described, the results presentation documents the interaction of
evidences to our two target nodes “OOW Performance” and “Collision (Incl. Safety Il
Elements)”. To identify this interaction, every extracted evidence was added to the
previous one, in order to produce a final probability for both human performance and
collision, in a grouping mode.

The sensitivity analysis is used to study the influence of each evidence separately
and with different dynamics. Evidences are isolated from one another and the
influence of each one is identified on both human performance and collision for four
basic probabilistic scenarios. In the previous result presentation the addition of
evidence was constructed with the “worst case scenario”, which means that each
evidence was added to the previous one with evidential probability equal to one (1)
which is by definition the worst case scenario.

In the sensitivity analysis process, evidences are studied separately from the others
and in addition, we add the following probabilistic values for research:

o State “0”. In this state, the probability of the evidence has the exact value
from the program run.

o State “-50%”. In this state, we define the probability of our evidence, equal to
50% of the state “0” value.

o State “+50%”. In this state, we define the probability of our evidence, equal
to 150% of the state “0” value.

o “Worst Case Scenario”. In this state, we define the probability of our
evidence, equal to one (1), which is by definition the worst case scenario. If
the state “+50%” exceeds the number one (1), it automatically falls to the
“worst case scenario”, as no probability is greater than one.

Based on these values, for each evidence of each case study, both the response of
both the “OOW Performance” and the “Collision (Incl. Safety Il Elements)” node are
identified and studied. Thus, the sensitivity analysis diagrams for both our target
nodes are created for each scenario.
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CASE STUDY #1

The following evidences derived from the narrative and the report of the case
scenario #1.

o Time of day : NIGHT (el)
e Lack of Experience/Orientation : YES (e2)
o Weather : WINDY (e3)
o Procedures : POOR (e4)
e Visual Misperception : YES (e5)
e Visibility : GREATER THAN 1nm YES (e6)
o Radar Detection : NO (e7)
Not directly stated in the report. Rather “NO” considering scanty radar

OOW Assessment : WRONG (e8)

The Figure 24 demonstrates the Sensitivity Analysis of evidences, through the
probability calculation of the OOW Performance node based on the aforementioned
evidences. As depicted below, the most contributing factors in the differentiation of
the poor performance probability (individually), are the weather and the time of day
factors. Weather increases dramatically the probability, especially in the WCS (1.5%
increase) and alters the performance probability in the “-50%” state. Time of day on
the other hand, contribute significantly in the “-50%”, “+50%” and worst case
scenarios. Additionally lack of experience/orientation and visual misperception alter
the probability importantly, only in the WCS. From all the above we come to the
conclusion, that individually, the most important factor is weather, followed by time of
day. Lack of experience and visual misperception make slight contributions, with poor
procedures being the least important factor.
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Figure 24: Sensitivity analysis of the POOR state of the “OOW Performance” node,
based on the evidences from the normal scenario of the case study #1.
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The Figure 25 and the Figure 26 demonstrate the Sensitivity Analysis of evidences,
through the probability calculation of the Collision node based on the aforementioned
evidences. We present two graphs, because the probability differentiation caused by
€8 in the wcs, is too great that the rest results can’t be identified. Thus we provide
two figures, one excluding e8 and one including it. As a result we come to the
conclusion that assessment is the factor of paramount importance because it single-
handedly decreases the probability of CN avoidance from 99% to almost 7%.
Afterwards, it is noticeable that time of day is the next most important factor with
significant changes in all stages, but much less than the assessment factor.
Continuing the sensitivity analysis, visual misperception affects all stages in a lesser
form, with visibility having a slight lower influence. Other factors contribute
insignificantly.

Figure 25: Sensitivity analysis of the NO state of the “Collision” node, based on the
evidences from the normal scenario of the case study #1 (e8 excluded).
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Figure 26: Sensitivity analysis of the NO state of the “Collision” node, based on the
evidences from the normal scenario of the case study #1 (e8 included).

CASE STUDY #2

The following evidences derived from the narrative and the report of the case
scenario #2.

e Fatigue : YES (el)
Not directly stated in the report. Rather “Yes” considering early morning time
o Time of day : NIGHT (e2)
Not directly stated in the report. Rather “NIGHT” considering early morning time
e OOW competence : LOW (e3)
Insufficient action for CN avoidance
e HMI Problems : YES (e4)
e Visual Detection : YES (e5)
o OOW performance : POOR (e6)
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¢ Distance to collision : CPA LOWER THAN 3 MILES (e7)

o Navigational system detection : YES (e8)

The Figure 27 demonstrates the Sensitivity Analysis of evidences, through the
probability calculation of the OOW Performance node based on the aforementioned
evidences. The most influencing factor, as extracted from the following figure, is the
OOW competence. Low competence propels the poor performance probability (in the
wcs) to almost 45%. Competence influences all the other states, contributing with the
most significant changes. Another lesser factor, is fatigue with slight changes in all
states (except the “0” state). The other factors are negligible in comparison with
competence and fatigue.

Figure 27: Sensitivity analysis of the POOR state of the “OOW Performance” node,
based on the evidences from the abnormal scenario of the case study #2.
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The Figure 28 demonstrates the Sensitivity Analysis of evidences, through the
probability calculation of the Collision node based on the aforementioned evidences.
The most influencing factor considering all states is the OOW performance.
Afterwards visual detection influences the CN avoidance probability in a similar way
with performance, though in a smaller range. Finally, noticeable changes in the wcs
are made from the HMI problems factor and in the “-50%” from the navigational
system detection. These results are logically acceptable.

Figure 28: Sensitivity analysis of the NO state of the “Collision” node, based on the
evidences from the abnormal scenario of the case study #2.
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CASE STUDY #3

The following evidences derived from the narrative and the report of the case
scenario #3.

e OOW Tasks/Responsibilities : EXTREME (el)
Not directly stated in the report. Rather “Extreme” considering multitasking on board
e Mishear : YES (e2)
¢ Inadequate Training-Competence : YES (e3)
e Training Competence : INADEQUATE (e4)
e Organizational Factors : POOR (e5)
o External Communication : NO (e6)
o OOW Detection : WRONG (e7)
e Encounter Type : CROSSING (e8)

The Figure 29 demonstrates the Sensitivity Analysis of evidences, through the
probability calculation of the OOW Performance node based on the aforementioned
evidences. In the wcs, the most influential factor is the OOW tasks/responsibilities.
Generally the factor that influences all the states with significant changes is training
competence. Finally another point of reference is the organizational factors with
smaller influence to the poor performance probability.
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Figure 29: Sensitivity analysis of the POOR state of the “OOW Performance” node,
based on the evidences from the abnormal scenario of the case study #3.
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The Figure 30 and Figure 31 demonstrate the Sensitivity Analysis of evidences,
through the probability calculation of the Collision node based on the aforementioned
evidences. We present two graphs, because the probability differentiation caused by
e7 in the wcs, is too great that the rest results can’t be identified. Thus we provide
two figures, one excluding e7 and one including it. The most influential factor is by far
the human detection, decreasing rapidly the collision avoidance probability in all
states. Following the oow detection, external communication provides the most
significant changes, although not compared to the detection influences. Finally lesser
changes in the wcs and “-50%” are made by the tasks/responsibilities and training
competence. The rest factors are insignificant in comparison to these factors.

Figure 30: Sensitivity analysis of the NO state of the “Collision” node, based on the
evidences from the abnormal scenario of the case study #3 (e7 excluded).
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Figure 31: Sensitivity analysis of the NO state of the “Collision” node, based on the
evidences from the abnormal scenario of the case study #3 (e7 included).

CASE STUDY #4

The following evidences derived from the narrative and the report of the case
scenario #4.

e Stress: HIGH (el)

o Mis-see: YES (e2)

o No Detection : YES (e3)

e Late Detection : YES (e4)

o Working Conditions : DIFFICULT (e5)
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Not directly stated in the report. Rather “DIFFICULT” considering darkness, without
moonlight

o External Communication : NO (e6)

e Distance to Collision : CPA LOWER THAN 3 MILES (e7)

The Figure 32 demonstrates the Sensitivity Analysis of evidences, through the
probability calculation of the OOW Performance node based on the aforementioned
evidences. In this case study, the poor performance probability is mainly affected
from the working conditions factor, with an increase of 11% in the wcs (and major
changes in all states). The other point of interest, is stress with significant changes in
all states, second only to working conditions. Other factors are negligible.

Figure 32: Sensitivity analysis of the POOR state of the “OOW Performance” node,
based on the evidences from the critical scenario of the case study #4.
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The Figure 33 demonstrates the Sensitivity Analysis of evidences, through the
probability calculation of the Collision node based on the aforementioned evidences.
Most influential in the worst case scenario, are working conditions, external
communication and distance to collision, with external communication making very
important alterations to the CN avoidance probability in all states. Fourth influential
factor is stress with changes of lesser significance in all states.

Figure 33: Sensitivity analysis of the NO state of the “Collision” node, based on the
evidences from the critical scenario of the case study #4.
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CASE STUDY #5

The following evidences derived from the narrative and the report of the case

scenario #5.

e Operations : POOR (el)

e Organizational Culture : POOR (e2)

¢ Staffing Characteristics : POOR (e3)

o Weather : FOG (e4)

e Lack of Experience/Orientation : NO (e5)

e OOW Tasks/Responsibilities : EXTREME (e6)

¢ Communication with Bridge Team : SUBSTANDARD (e7)
o Radar Detection : NO (e8)

e OOW Detection : NO DIAGNOSIS (€9)
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The Figure 34 demonstrates the Sensitivity Analysis of evidences, through the
probability calculation of the OOW Performance node based on the aforementioned
evidences. The first three factors are insignificant in comparison to OOW
tasks/responsibilities, which prove once again the most influential stand-alone node,
in all states. Following tasks/responsibilities, weather is the next most influential
factor in al nodes.

Figure 34: Sensitivity analysis of the POOR state of the “OOW Performance” node,
based on the evidences from the critical scenario of the case study #5.
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The Figure 35 demonstrates the Sensitivity Analysis of evidences, through the
probability calculation of the Collision node based on the aforementioned evidences.
We present two graphs, because the probability differentiation caused by €9 in the
WCS, is too great that the rest results can’t be identified. Thus we provide two figures,
one excluding €9 and one including it. OOW detection proves to be the most
influential factor in all states, especially in the wcs where the probability of CN
avoidance decreases from 99% to 18% only from this factor. Afterwards, weather
and tasks/responsibilities once more prove very influential, with significant probability
alterations in all states. Finally, important probability decrease in the wcs is caused
by the lack of radar detection.

Figure 35: Sensitivity analysis of the NO state of the “Collision” node, based on the
evidences from the abnormal scenario of the case study #5.
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Figure 36: Sensitivity analysis of the NO state of the “Collision” node, based on the
evidences from the abnormal scenario of the case study #5.
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DYNAMIC BAYESIAN NETWORKS (DBNS)

A Dynamic Bayesian Network (DBN) is a Bayesian Network which relates variables
to each other over contiguous time steps (often referred to as time slices). The term
“‘dynamic” means the modelling of a dynamic system and does not mean the graph
structure changes over time. This is often called a Two-Timeslice BN because it says
that at any point in time T, the value of a variable can be calculated from the internal
regressors and the immediate prior value (time T-1). Dynamic Bayesian networks
allow variables in a Bayesian network to be time dependent, in order to model time
series or sequences. DBNs are common in several scientific fields, such as robotics,
and have shown potential for a wide range of data mining applications. DBN is a
generalization of hidden Markov models and Kalman filters [76].

= = W o=

26.7
14 68
2.663 1
-9.356
2138
o @5 1 15 2 25 3 35 4
= s

Figure 37: A simple dynamic Bayesian network.

Figure 37 shows a simple dynamic Bayesian network with a single variable X. It has
two links, both linking X to itself at a future point in time. The first has the label (order)
1, which means the link connects the variable X at time t to itself at time t+1. The
second is of order 2, linking X(t) to X(t+2) [101].

Dynamic Bayesian networks extend the number of prediction types available, shown
below.

e Predict the value of variables at future time steps (prediction).

e Predict the value of variables that are unobserved (do not have evidence) at
the current time (filtering).

e Predict the value of unobserved variables in the past (smoothing).

219



http://en.wikipedia.org/wiki/Bayesian_Network
http://www.bayesserver.com/BayesianNetworks.aspx
http://en.wikipedia.org/wiki/Hidden_Markov_models
http://en.wikipedia.org/wiki/Kalman_filter

OAIAQN-AIMIAIOZ-NIKOZ MANATQTOMNMOYAOZ

(a) (b)

Figure 38: A simple BN and a dynamic Bayesian network.

Dynamic Bayesian networks can contain both nodes which are time based
(temporal), and those found in a standard Bayesian network. They also support both
continuous and discrete variables. Evidence is what we know about the current value
of variables, when we wish to make predictions. Evidence on a standard node in a
Bayesian network, might be that someone's Gender is Female, or someone's age is
37, however for a time based (temporal) node in a dynamic Bayesian network,
evidence consists of a time series. As with predictions in a standard Bayesian
networks, we get not only the predicted values, but also variances for continuous
variables and probabilities for discrete states, indicating the uncertainty in the
prediction [101].

DYNAMIC BN MODELS PRESENTATION

In this section two different dynamic Bayesian network models are presented. A high
sensitivity part is extracted from the final detailed model (namely describing the
personal factors nodes) and this is converted into a small-scale dynamic Bayesian
network. These dynamic BNs, differ in the number of parent nodes that are turned
into a dynamic state. Afterwards, random selected evidence are used for both
dynamic models and the conclusions are presented. The BN used and converted in a
dynamic form, consists of 4 parent nodes (FATIGUE, STRESS, EMOTIONAL
CONDITION, INTOXICATION) and 1 child node (PERSONAL FACTORS) all of
which were previously explained and analyzed in both their meaning and importance.

Converting a BN into a dynamic state, consists of a special process in the GeNie
program.
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These steps are:

1. Creating the Bayesian Network.
2. Activating the temporal plate.
3. Adding temporal arcs.

4. Setting the temporal probabilities.

DYNAMIC BN MODEL #1 (one “parent” node in the temporal
plate)

Firstly a static BN containing five nodes: FATIGUE, INTOXICATION, STRESS,
EMOTIONAL CONDITION, PERSONAL FACTORS is created with four arcs going
from each “parent” node individually to the PERSONAL FACTORS node, as
indicated by the normal BN creation.

Perzonal Factors

Figure 39: The static BN containing the nodes related to Personal Factors.

Adding and activating the temporal plate, converts our network to a temporal
network.

Temporal plate: this is the part of the network area where the nodes in the plate are
stored. Nodes in the plate are the only nodes that are allowed to have temporal arcs.
This area also shows the number of time-slices for which inference is performed.
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@ GeNIe - [Network1: main model]

?_‘J File Edit WYiew Tools MNetwork MNode Diagnosis Layout Window Help
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Init Conditions Temporal Plate (10 slices) Term Conditions |

Figure 40: The temporal plate used by the GeNie program.

In the Dynamic Bayesian Network Model #1, the temporal plate includes the
FATIGUE “parent” node as well as the PERSONAL FACTORS “child” node. The
“parent” nodes, are populated based on the probabilities of the final detailed BN,
used before in our research. The temporal plate can be dragged and placed
anywhere in the workspace. The boundaries of the different areas can be changed
by dragging them as well. These boundaries are also used to layout the network
when it is unrolled explicitly. Temporal types of nodes can be changed by dragging
them to one of the three other areas. After enabling the temporal plate, the Personal
Factors node is dragged first and the Fatigue node second (in this order) to the
temporal plate.

The network now has three contemporal nodes and two temporal nodes. The
temporal arc can be added by clicking on the arc button and drawing an arc from the
parent (Fatigue.1) to the child (Fatigue). When the mouse button is released, a
context menu appears to enable setting the temporal order of the arc. A temporal arc
with order 1 as shown in the Figure 41 below since the outcome depends on the
existence of fatigue or not. On the selection of the order a temporal arc will be
created between the (Fatigue., and Fatigue;) nodes as shown in Figure 41.
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Init Conditions Temporal Plate (10 ﬁme steps) I." Tg-(m Conditions |

Fatigue
7]
II

Personal Factors

" -

Figure 41: Addition of Fatigue and Personal Factors to the temporal plate (DBN #1).

After the completion of the above process, the final version of the DBN #1 is the
following:

Intoxication

Emeotional Condition

Init Conditions Temporal Plate (10 i@me steps) ."I Tgl’m Conditions

Fatigue
[7]
II

Personal Factors
[7]

Figure 42: The first Dynamic Bayesian Network constructed.
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The next step is to add the static and temporal probabilities for the above network.
Setting the temporal probabilities is slightly different than setting the static ones. In a
temporal network, every node in the plate needs a CPT for every incoming temporal
arc with a different temporal order. Just like setting the CPT for static nodes, the
CPTs for temporal nodes can be set by double-clicking on the node in the network
area and clicking the definition tab. When a node has incoming temporal arcs, the
appropriate temporal CPT can be selected from a list and the CPT parameters can
be set. It must be noted, that the node with the temporal arc must have a number of
probability matrixes set, equal to the number of the order plus one (in the DBN #1,
order 1 = 2 probability matrixes). All the following probabilities, excluding the t=1
Fatigue probability matrix, which is populated by logic, are extracted from our static
BN.

Probability matrixes of the nodes in the DBN #1..

EMOTIONAL CONDITION

*®= Node properties: Emotional Condition

General Definition l Format ] User properties ]
J.Add Seelnsert Ix %
|
b | unstable | 0.01
stable 0.99
INTOXICATION
F ==

®= Mode properties: Intoxication

General Definition IFDrrnat] User |
3_Add Seelnsert X
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STRESS

' | —
™= MNode properties: Stres’

General Definition |Fnrrnat| Ize

J.Add Seelnsert x|

high

0.24

nomal

0.76

FATIGUE (t=0)

General

Definition

Format I User properties I

JoAdd Sehnset 3¢ [ Bn 2|9 | 12 [l | @ E o [0 <]

b | yes

0.05

no

0.35

FATIGUE (t=1)

General Definition | Format I Iser properties I

JoAdd Zclnsert Tx | 2% 3 e W@ E v = <]

(Sedf) B-11

YES

no

b | yes

0.05

0.1

no

0.95

0.5

PERSONAL FACTORS

™ Node properties: Personal Factors

e—

General Definition | Format I Iser properties I

JoAdd Sehset 3x | By B9 [ H 1 W @ E o |

Fatigue = yes
Intordcation |2 yES = no
Emotional Con... |2 unstable = stable = unstable = stable
Stress high nomal high nomal high nomal high nomal
b | poor 0.95905 0.8635 0.9415 0.805 0.937 079 0.91 0.7
good 0.04095 0.1365 0.0585 0.195 0.063 0.21 0.09 0.3
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™ MNode properties: Personal Factors L= [ et

General  Definition ]Forrnat] User pmperties]
3_Add Selnsert Ix wl e |

Fatigue no
Intoodcation yES no
Emational Con... unstable stable unstable stable
Stress high normal high nomal high normal high nomal
b | poor 0.8635 0 545 0.805 0.35 075 0.3 0.7 0
good 0.1365 0455 0.195 0.65 021 0.7 0.3 1

PROGRAM RUNS

Performing inference on a DBN similar to performing inference on a static BN. It is
just a matter of setting evidence and updating the posterior beliefs by right-clicking
the network area,clicking Network-> Update Beliefs, or pressing F5. However, with
temporal networks, some extra steps need to be taken.

Setting temporal evidence: Evidence have been collected for the temporal network
and now they must be added. Before the addition of evidence, the number of time-
slices of the temporal network needs to be set by clicking on Network->Slice Count.
The number of time-slices denote the time-period of interest, in this case it is set to
10 as shown in the figures below:
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ﬂ File Edit View ToolslNEMnrklNode Learning Layout Window F

MNetwork Properties o oo Dme o f A
Update Beliefs s IE=S=d LA
Update Immediately Ctrl+F3

Invalidate Values
Clear All Targets
Clear All Evidence

Clear All Decisions

Algorithm 3

| Dynamic Models b || « | Enable Temporal Plate
Continuous Models 3 Time Step Count...
Probability of Evidence Ctrl+E Unroll

Annealed MAP

Value of Information

Init Condition:

Strength of Influence
Obfuscate...

Enable Diagnosis

Enter the number of time steps to which dynamic
networlc will be unrolled during inference and after
invoking the "Unroll® command.

Time step count:

o]

Figure 43: Setting the Time Slice Number for the DBN #1.

After setting the number of time-slices, evidence can be added by right-clicking
“Personal Factors” and selecting evidence from the context menu. Because this is a
temporal node, a form appears where evidence can be added for every time-slice.

The following random evidence pattern is selected for this program run of 10 time
slices (0-9):

{good, good ,good, poor, good, poor, good, good, poor, poor}.

The figure below demonstrates the addition of evidence.
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Evidence
good
good
good
poor
good
poor
good
good
poor

(3= -= HL N Y- B E R L B LS HE ) —

Copy

Faste

Clear Al

Figure 44: Setting the evidence for the DBN #1.

After inference is called, the temporal network has its beliefs updated. The updated
beliefs for a temporal node can be obtained by placing the cursor on the checkmark
icon for the “Fatigue” node and the evidence for the “Personal Factors” node can be

viewed similarly.

Personal Factors

Figure 45: Obtaining the updated beliefs of “Fatigue” by placing the cursor on the

checkmark (DBN #1).
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B .
@ Evidence
t{l) = good
t{1) = good
t(2) = good
| t(3)=poor
ne steps) t(4) = good
t(3) = poor
t(6) = good
t(7) = good
t(3) = poor
t{%) = poor

poor [
good [

Figure 46: Obtaining the updated beliefs of “Personal Factors” by placing the cursor

on the checkmark (DBN #1).
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RESULT PRESENTATION

The updated beliefs for a temporal node can also be obtained by double-clicking on
the nodes and selecting the Value tab. This tab contains the updated beliefs for all
time-slices of that node not only in floating point numbers, but also as an area chart,
contour plot, and time-series plot. As described above, dynamic BN model results
have a variety of presentation ways in the GeNie BN program. The program run
results are presented in all the ways, containing explanations.

AREA PLOT (lal) : It represents the relative contributions of each data over time.

Genen:lll Deﬁn'rtionl Forrnatl User properties  Value |

Temporal probability distibutions: | 7 o i | i
Time 1] 1 2 3 4 5 [ 7 8 9
P!‘_fes 0.0161092..F 0.03315975...; 0.02512579 : 024744854 : 00263887 02474455 0.0251752...: 0.0253471...: 023767616 ¢ 023306128

na 058385075 : 09668024 : 097087421 : 0.75255106 : 057361122 ¢ 0.7525541 ¢ 057082475 ¢ 057065283 : 076232384 : 0.76693872
1
g _— = _—
NE
G-
=S
4]
3]
2]
1
G T T T T T T T T 1
] 1 2 3 4 1 7 ] 9

Figure 47: Area Plot of the “Fatigue” temporal node of the DBN #1.
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General I Definition I Format I IUser properties  Value
Temporal probability distributions: | ol 3 b | i
Time 0 1 2 3 4 5 6 7 8 5

» [ poor 0 0 0 1 0 1 0 0 1 1
[ ] good 1 1 1 0 1 0 1 1 0 0
< >
1

2] T T | U h 0 |

'?: A A h |

‘& h [ 4 h [ 4 h |

] N A h

] h [ 4 h [ 4 h |

3] L | 4 A | -

2] h | 4 h | 4 -

1 h | 4 uwr u

G T T ‘Ir T ‘Ir T T ‘
] 1 2 3 4 5 -] T 3 9

Figure 48: Area Plot of the “Personal Factors” temporal node of the DBN #1.

CONTOUR PLOT ( EE): It represents a three dimensional space with the
dimensions: time (x-a xis), state (y-axis), and probability of an outcome at every point
in time (the color). This representation is especially useful for temporal nodes that

have many states, while the other two representations are more useful for temporal
nodes with not too many states.

Generall Da‘ln'fﬂonl Fnrrnatl User properties  Value |

Temporal probability distributions: | P
Time 0 1 2 3 4 ] & 7 g 9
b |ves 0.0161092..F 0.0331975...; 0.02912579 : 0247443854 : 0.0263887...: 02474455 : 0.0291752...; 00253471, 023767616 : 0.23306128
no 058385075 : 09668024 : 057087421 : 0.75255106 : 0973671122 : 0.7525541 : 097082479 : 0.97065283 : 0.76232384 : 0.76693872
VES
no
0 1 2 3 4 5 6 7 2 9 10

Figure 49: Contour Plot of the “Fatigue” temporal node of the DBN #1.
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General I Definition I Format I User properties  Value I
Temporal probability distributions: i
Time 0 1 2 3 4 5 6 7 ] 9
» | poor 0 0 0 1 1 1] 1] 1 1
good 1 1 1 0 1 0 1 1 0 0
poor
good
] 1 2 3 4 &) 5 7 ] !Ii 1ID

Figure 50: Contour Plot of the “Personal Factors” temporal node of the DBN #1.

TIME SERIES PLOT (B#): It represents the contribution of a data/s over each
instance of time.

Genevﬁll Deﬂnitionl Forrnatl User propertiss  Value |

Temporal probability distibutions: | EET | bed | i
Time 0 1 2 3 4 3 [ 7 8 9
b [#] yes 0.0161092...F 0.03315975...: 002912579 : 0.24744854 | 0.0263887...¢ 0.2474459 : 0.0251752... 0.0293471...¢ 0.23767616 | 0.23306128
[#] no 0.98385075 : 0.5668024 : 057087421 : 0.75255106 : 097361122 ;¢ 0.7525541 ; 0.97082479 : 0.57065283 ; 0.76232384 ; 0.76693872

1 »
0.8 W’f‘—‘\'—l

06
0.4
2 M A,,’///).—0
04 - : . . . i : .
o 1 2z 3 4 5 ] T 8 5

Figure 51: Time Series Plot of the “Fatigue” temporal node of the DBN #1.
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Genemll Deﬁn'rtionl Forrna’[l Iser properties  Value

Temporal probability distributions: | P [ i A | | i
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Time 0 1 2 3 4 ] & 7 8
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Figure 52: Time Series Plot of the “Personal Factors” temporal node of the DBN #1.

An alternate option to view the temporal beliefs is by switching the plate nodes in the
DBN to Bar-chart view. To view nodes as Bar Charts, select Node-> View As -> Bar
chart from the Menu bar. The bar charts for the temporal nodes will display each
state probability over time as shown in the figure below:
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- intoxication 2 Emotional Condition
yes 29% [ unstable 14%E
no 1% I [
stable  36%|[ ™ o .
high  42% ]
normal 52% I | [
Init Conditions Temporal Plate I1Di[me steps) I." Tﬁrfm Conditions |
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no || T

w _  Personal Factors
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Figure 53: Bar-Chart display of the temporal beliefs of the DBN #1 for the random
selected evidence series.

From figures 45, 47, 49, 53 it is obvious the fact that fatigue state probabilities
respond perfectly well with the evidence series used as an input to the “Personal
Factors” node. For example, the choosing of “POOR” evidence in time slice 3, results
to the increase of the “YES” state and decrease of the “NO” state for FATIGUE,
which is the logical result-outcome. This can be spotted in each evidence change.

From all the above, the TIME SERIES PLOT is selected as the best display
method to continue with, because of its comprehensiveness and simplicity.
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RESULTS EXPLANATION — COMPARISON WITH STATIC BN

In this section a thorough explanation of the results is produced, as well as a
comparison with the same BN, only this time in its static form, highlights the small but
vital differences of the time slices (dynamic factor) insertion. The results are focused
on the FATIGUE node, which is a “parent” node in this current DBN. In this manner,
the two models are compared only on the “Fatigue” node, because the comparison
must be made for the nodes in the Temporal Plate (the others are static-the same)
and the target node (Personal Factors) is used for the evidence insertion — thus the
dynamic probabilities are selected from the user (selected evidence sequence) and
there is no meaning in comparing them with the static ones .

Below, a static BN is depicted, created with the exact same nodes and connections
from the DBN #1. Because of its static character, this BN is simple, without a
temporal plate and time slices insertion. All the probability matrixes of the nodes are
identical to the same nodes from the Final Detailed BN Model created before in this
research.

_) Emotional Condition

unstable 1%
o) Intoxication stable 99% [ o) Shress
ves 2% bigh  24%]10]
no 98% [ n 176% =

-

Fatigne

wes 3%
no 93%

!

-
'7\ ) Personal Factors

pmrll%’i]
m|

good 19%:
|
Figure 54: Static version of the Personal Factors part, including its parent nodes and
the run results.

o

[}
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Running the static model, with the “Personal Factors” node as target node, produces
the following results: POOR state 21% (0.21), GOOD state 79% (0.79).

The static BN results have two ways of depicting themselves on a dynamic BN plot:
Either as a dot, for a single time slice, supposing that the BN structure changes for
each time period, or as a single line starting from the probability value given from the
static BN run. The second method is correct, assuming that the dynamic BN'’s
structure and original probability matrixes are unchanged throughout the studied time

period (slices). Considering this assumption, the second option is selected.

STATIC STATIC

DBN #1 DBN #1 BN BN
STATE STATE STATE STATE

TIME

SLICE | yes no yes No

0 0,016109253 | 0,983890747 | 0,05 0,95

1 0,033197596 | 0,966802404 | 0,05 0,95

2 0,02912579 | 0,970874210 | 0,05 0,95

3 0,24744894 | 0,75255106 | 0,05 0,95

4 0,026388778 | 0,973611222 | 0,05 0,95

5 0,2474459 0,7525541 0,05 0,95

6 0,029175214 | 0,970824786 | 0,05 0,95

7 0,029347171 | 0,970652829 | 0,05 0,95

8 0,23767616 | 0,76232384 | 0,05 0,95

9 0,23306128 | 0,76693872 | 0,05 0,95
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"FATIGUE" (STATIC BN & DBN #1 COMPARISON)

1 2 3 4 5 6 7 8
TIME SLICES

—8— YES STATE (DYNAMIC) ~ —@—NO STATE (DYNAMIC) ~ —®—YES STATE (STATIC) —@— NO STATE (STATIC)

Figure 55: Time Series Plot, containing the comparison of state probabilities between

the static BN and the DBN #1 for the “FATIGUE” node.

From the above chart, it is clear that the dynamic factor adds to the probabilities
variety. For example, in the used evidence sequence, the probability of the DBN
states varies between the values of {0, 1}, based on the inference called. These
conclude to the “up and down” variations of the state probabilities, between time

slices.

Based on the probability sequence inserted through the PERSONAL
FACTORS node, it is apparent, that the POOR state selection results in a
dramatic increase of the YES state in “Fatigue” (which means a dramatic
decrease of the NO state in “Fatigue”). Vice versa, whenever the evidence
sequence is GOOD for the Personal Factors, the YES state of Fatigue is
increased and the NO state is decreased, which is logically correct.

Another conclusion extracted from the chart is that each time slice probability
differs from the previous and the following one by insignificant amount (for the
same evidence in the Personal Factors node). For example for two time slices
with the state GOOD selected in the Personal Factors node, the YES (and
consequently the NO) states differ for the Fatigue node (although by a small
amount). Obvious is the fact that each state is independent.

As observed, the first time slice for the DBN is different in comparison to the
others. The GOOD state is selected for time slice 0 and the resulting
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probability values for Fatigue have a biggest divergence from the other time
slice probability values of Fatigue (for GOOD state of the Personal Factors),
that converge to a specific value. This reveals an important disadvantage of
the GeNie BN program, which assumes that the first time slice is the status
quo (initial run) of the created BN and only the following time slices contribute
to the probability variations. Thus the “useful” time slices are reduced from ten
to nine, where the response of the DBN can be researched.

e On the other hand, the static BN states are of fixed value, because the
evidence are unchanged, through the time slices. These values are resulting
from the initial static BN run. This confirms that the probability values in a
static BN are unchanged, due to the exception of the time factor.

238




OAIAQN-AIMIAIOZ-NIKOZ MANATQTOMNMOYAOZ

DYNAMIC BN MODEL #2 (two “parent” nodes in the temporal
plate)

Following the first attempt on studying the dynamic nature of BNs, a second Dynamic
Bayesian Network (DBN #2) is created, again containing the same five nodes:
FATIGUE, INTOXICATION, STRESS, EMOTIONAL CONDITION, PERSONAL
FACTORS. Four arcs going from each “parent” node individually to the PERSONAL
FACTORS node, as indicated by the normal BN creation.

In the Dynamic Bayesian Network Model #2, the temporal plate includes the
FATIGUE and STRESS “parent” nodes as well as the PERSONAL FACTORS
“child” node. The “parent” nodes, are populated based on the probabilities of the
final detailed BN, used before in our research. After enabling the temporal plate, the
Personal Factors node is dragged first and the Fatigue and Stress nodes second (in
this order) to the temporal plate.

The network now has two contemporal nodes and three temporal nodes. The
temporal arc can be added by clicking on the arc button and drawing an arc from the
parent (Fatigue:) to the child (Fatigue;) and from the parent (Stress.i) to the child
(Stressy). When the mouse button is released, a context menu appears to enable
setting the temporal order of the arc. A temporal arc with order 1 as shown in the
figure (67) below since the outcome depends on the existence of fatigue or not, in
addition to the existence of stress or not. On the selection of the order a temporal arc
will be created between the (Fatigue.: and Fatigue;) and between the (Stress:; and
Stress) nodes as shown in figure (67).

Init Conditions Temporal Plate (10 §me steps) / Term Conditions |

Personal Factors

Fatigue
L7
II
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Figure 56: Addition of Fatigue, Stress (among their temporal arcs) and Personal
Factors to the temporal plate (DBN #2).

After the completion of the above process, the final version of the DBN #2 is the
following:

SR Emotional Condition

Init Conditions Temporal Plate :11}i{me steps) ."I Term Conditions |

Perzonal Factors

Fatigue
17
II

Figure 57: The second Dynamic Bayesian Network constructed.

The next step is to add the static and temporal probabilities for the above network. In
a temporal network, every node in the plate needs a CPT for every incoming
temporal arc with a different temporal order. Just like setting the CPT for static
nodes, the CPTs for temporal nodes can be set by double-clicking on the node in the
network area and clicking the definition tab. When a node has incoming temporal
arcs, the appropriate temporal CPT can be selected from a list and the CPT
parameters can be set. It must be noted, that the node with the temporal arc must
have a number of probability matrixes set, equal to the number of the order plus one
(in the DBN #1, order 1 = 2 probability matrixes). All the following probabilities,
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excluding the t=1 Fatigue and the t=1 Stress probability matrixes, which are
populated by logic, are extracted from our static BN.

Probability matrixes of the nodes in the DBN #1..

EMOTIONAL CONDITION

- B
*®= MNode properties: Emotional Condition

General  Definition | Format I User properties I

JoAdd Zelnsert Tx | 2 | H

¢ | unstable 0.01
stable 0.95
INTOXICATION

" -
*®= Mode properties: Intoxication

General Definition IFnrrnatI User |
3. Add Selnsert IK |

| ANEE .02

STRESS (t=0)

General Definition | Format I User properties I

JoAdd Seinsert 3x | By B (% (B2 (Wl | @ E % [0 ]

¢ | high 0.24
normal 0.76
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STRESS (t=1)

General Definition |F::|rmat| User pmp&rti&al

JoAdd Seinsert x| By 2 (%) (BT (Ll | @ E 9 (=1 <

(Self) ft-1] high nomal
# | high 0.24 0.35
niormal 076 0.65

FATIGUE (t=0)

General Definition |Fnr1'nat| User pmpa’ti&al

JoAdd Selnset % [ B B2 (%) (B 12 i | @ E % [0 4]

k| vES 0.05
o 0.95

FATIGUE (t=1)

General Definition |annat| ser pmpati&al

JoAdd Jenset 3¢ [ By B % H 1T || @ E = <]

(Seff) j-11 yes no
b |yes 0.05 0.1
no 0.55 05

PERSONAL FACTORS

|

General  Definition IFurmatl User pmp&l’ti&ﬂl
J.Add Delnset 3% [ Bz 2| %) | B 12 (Wl | @ E oo |

Fatigue =l yes
Intoodcation | yes = no
Emotional Con... |=] unstable = stable = unstable = stable
Stress high nomal high nomal high nomal high nomal
b | poor 095505 0.8635 09415 0.805 05937 079 0.51 07
good 004055 0.1365 0.0585 0.195 0.063 0.1 0.09 03

242




OAIAQN-AIMIAIOZ-NIKOZ MANATQTOMNMOYAOZ

s Mode properties: Personal Factors ==
General  Definition l Format ] User properties ]
3_Add Dclnset Ix W) H O @ E
Fatigue no
Irtoxication yes no
Emational Con... unstable stable unstable stable
Stress high normal high normal high normal high nomal
b | poor 0.8635 0.545 0.805 0.35 0.79 0.3 0.7 0
good 0.1365 0.455 0.155 0.65 0.21 0.7 0.3 1

PROGRAM RUNS

Setting temporal evidence: Evidence have been collected for the temporal network
and now they must be added. Before the addition of evidence, the number of time-

slices of the temporal network needs to be set by clicking on Network->Slice Count.
The number of time-slices denote the time-period of interest, in this case it is set to

10 (similar to the DBN #1 in order to study the differences), through the known
process.

After setting the number of time-slices, evidence can be added by right-clicking

“Personal Factors” and selecting evidence from the context menu. Because this is a

temporal node, a form appears where evidence can be added for every time-slice.

The following same random evidence pattern is selected for this program run of 10
time slices (0-9):

{good, good ,good, poor, good, poor, good, good, poor, poor}.

After inference is called, the temporal network has its beliefs updated. The updated

beliefs for a temporal node can be obtained by placing the cursor on the checkmark
icon for the “Fatigue” node, the “Stress” node and the evidence for the “Personal
Factors” node can be viewed similarly.
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Fatigue

Figure 58: Obtaining the updated beliefs of “Fatigue” by placing the cursor on the
checkmark (DBN #2).

N [

aar k- 4 . 1

Tempp— —=—
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high lr'v"
normal []

O Personal Factors 1

Figure 59: Obtaining the updated beliefs of “Stress” by placing the cursor on the
checkmark (DBN #2).

& ™
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(0} = good
t(1) = good
t{2) = good
t(3) = poor
t{d) = good
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t(9) = poor

poor M
good []
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Figure 60: Obtaining the updated beliefs of “Personal Factors” by placing the cursor
on the checkmark (DBN #2).
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RESULT PRESENTATION

The updated beliefs for a temporal node can also be obtained by double-clicking on
the nodes and selecting the Value tab. This tab contains the updated beliefs for all
time-slices of that node not only in floating point numbers, but also as an area chart,
contour plot, and time-series plot. As described above, dynamic BN model results
have a variety of presentation ways in the GeNie BN program. The program run
results are presented only in the Time Series Plot format, for reasons previously

stated.

Geneiall Deﬁn'rtinnl Fnrrnatl Iser properties  Value

Temporal probability distibutions: | el 1 fed |
Time 0 1 2 3 4 5 [ 7 8 9
b [[#] high 0.0940143..F 014742165 i 0.10294489 | 0.84106773 | 0.0735004...; 0.84093866 | 0.10464532 | 0.1069485 | 0.80225328 | 0.79166955
[#] nomal 0.50558566 : 0.85257835 : 0.85705511 : 0.15853227 : 0.92605958 : 0.15506134 | 0.89535468 ;| 0.8530515 ; 0.15774672 | 0.20833045
1
08 2
0.6
0.4
0.2
u’ T T T T T T T T T 1
] 1 2 3 4 5 6 T 2 9

Figure 61: Time Series Plot of the “Stress” temporal node of the DBN #2.

Genemll Deﬁn'rtionl Forrnatl User properties  Value

Temporal probability distributions:
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Time 0 1 2 3 4 ] & 7 ) 9
b [[#] yes 0.0161092.. ; 0.0331999...: 0.0285881.... 0.25540776 : 0.02559734 : 0.25651253 | 0.0230543...0 0028743 : 0.27319964 : 027935079
[#] no 0983853077 0.9668 : 0597101189 : 074455224 | 097440266 : 074448747 : 0.570945659 0971257 ¢ 0.72680036 : 0.72060321
1 —
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Figure 62: Time Series Plot of the “Fatigue” temporal node of the DBN #2.

= x

General | Defirition | Format | User properties  Value I

Temporal probability distributions:

Time 1] 1 2 3 4 5 3 7
b |[2] poor 1] 0 0 1 0 1 0 i]
(] good i ] ] i i i] ] i

-1 .- i i i F
0.8
0.6
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1 2 3 4 5 6 7 ] 5

Figure 63: Time Series Plot of the “Personal Factors” temporal node of the DBN #2.
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Finally the bar chart is presented. The bar charts for the temporal nodes will display
each state probability over time as shown in the figure below:

© intoxication > Emotienal Condition

SR unstable 1%

' |
ne 95%\! % stable  99% \! =

Init Conditions Temporal Plate (10 §jme steps) ! Term Conditions |
o Stress
high | __dede A0
noermal v
w Personal Factors
1 poor
] Fatigue ﬁ’*‘”’gﬂﬂd VAN~

ves|
|

T

Al

Figure 64: Bar-Chart display of the temporal beliefs of the DBN #2 for the random
selected evidence series.

From figures 58, 59, 61, 62, 64 it is obvious the fact that fatigue state probabilities
respond perfectly well with the evidence series used as an input to the “Personal
Factors” node. For example, the choosing of “POOR” evidence in time slice 3, results
to the increase of the “YES” state and decrease of the “NO” state for FATIGUE,
which is the logical result-outcome. In the same manner, “HIGH” Stress probability is
increased in time slice 3 and “NORMAL” state probability is decreased. This can be
spotted in each evidence change.
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RESULTS EXPLANATION — COMPARISON WITH STATIC BN

In this section a thorough explanation of the results is produced, as well as a
comparison with the same BN, only this time in its static form, highlights the small but
vital differences of the time slices (dynamic factor) insertion. The results are focused
on the “child” node, which is the product of this DBN. In this manner, the two models
are compared only on the “Personal Factors” node, which is the target node of this
whole process. As stated above, running the static model, with the “Personal
Factors” node as target node, produces the following results (figure 65): POOR state
21% (0.21), GOOD state 79% (0.79).Considering this assumption that the dynamic
BN’s structure and original probability matrixes are unchanged throughout the
studied time period (slices), the time series plot below is extracted:

STATIC STATIC

DBN #2 DBN #2 BN BN
STATE STATE STATE STATE

TIME

SLICE yes no yes no

0 0,016109233 | 0,98389077 | 0,05 0,95

1 0,033199999 | 0,9668 0,05 0,95

2 0,028988109 | 0,97101189 | 0,05 0,95

3 0,25540776 | 0,74459224 | 0,05 0,95

4 0,02559734 | 0,97440266 | 0,05 0,95

5 0,25551253 | 0,74448747 | 0,05 0,95

6 0,029054311 | 0,97094569 | 0,05 0,95

7 0,028743 0,971257 0,05 0,95

8 0,27319964 | 0,72680036 | 0,05 0,95

9 0,27939079 | 0,72060921 | 0,05 0,95
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"FATIGUE" (STATIC BN & DBN #2 COMPARISON)
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Figure 65: Time Series Plot, containing the comparison of state probabilities between
the static BN and the DBN #2, for the “Fatigue” node.

From the above chart, it is clear that the dynamic factor adds to the probabilities
variety. For example, in the used evidence sequence, the probability of the DBN
states varies between the values of {0, 1}, based on the inference called. These
conclude to the “up and down” variations of the state probabilities, between time
slices.

e Based on the probability sequence inserted through the PERSONAL
FACTORS node, it is apparent, that the POOR state selection results in a
dramatic increase of the YES state in “Fatigue” (which means a dramatic
decrease of the NO state in “Fatigue”). Vice versa, whenever the evidence
sequence is GOOD for the Personal Factors, the YES state of Fatigue is
increased and the NO state is decreased, which is logically correct.

e Another conclusion extracted from the chart is that each time slice probability
differs from the previous and the following one by insignificant amount (for the
same evidence in the Personal Factors node). For example for two time slices
with the state GOOD selected in the Personal Factors node, the YES (and
consequently the NO) states differ for the Fatigue node (although by a small
amount). Obvious is the fact that each state is independent.

e As observed, the first time slice for the DBN is different in comparison to the
others. The GOOD state is selected for time slice 0 and the resulting
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probability values for Fatigue have a biggest divergence from the other time
slice probability values of Fatigue (for GOOD state of the Personal Factors),
that converge to a specific value. This reveals an important disadvantage of
the GeNie BN program, which assumes that the first time slice is the status
quo (initial run) of the created BN and only the following time slices contribute
to the probability variations. Thus the “useful” time slices are reduced from ten
to nine, where the response of the DBN can be researched.

e On the other hand, the static BN states are of fixed value, because the
evidence are unchanged, through the time slices. These values are resulting
from the initial static BN run. This confirms that the probability values in a
static BN are unchanged, due to the exception of the time factor.

STATIC STATIC

DBN #2 DBN #2 BN BN
STATE STATE STATE STATE

TIME

SLICE high normal high normal

0 0,094014343 | 0,90598566 | 0,24 0,76

1 0,147421650 | 0,85257835 | 0,24 0,76

2 0,10294489 | 0,89705511 | 0,24 0,76

3 0,84106773 | 0,15893227 | 0,24 0,76

4 0,073900423 | 0,92609958 | 0,24 0,76

5 0,8409387 0,15906134 | 0,24 0,76

6 0,104645320 | 0,89535468 | 0,24 0,76

7 0,106948500 | 0,8930515 | 0,24 0,76

8 0,80225328 | 0,19774672 | 0,24 0,76

9 0,79166955 | 0,20833045 | 0,24 0,76
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"STRESS" (STATIC BN & DBN #2 COMPARISON)

1,00

00 ——e—
0,80 ® Py Py

><).\></.\><f.\></. .'\><.—v
. ¥ V 14 \ / 1

0’20 ./.\/
0,10
0,00

0 1 2 3 4 5 6 7 8 9
TIME SLICES

—@— HIGH STATE (DYNAMIC) —@— NORMAL STATE (DYNAMIC)
—0— HIGH STATE (STATIC) —®— NORMAL STATE (STATIC)

Figure 66: Time Series Plot, containing the comparison of state probabilities between
the static BN and the DBN #2, for the “Stress” node.

From the above chart, it is clear that the dynamic factor adds to the probabilities
variety. For example, in the used evidence sequence, the probability of the DBN
states varies between the values of {0, 1}, based on the inference called. These
conclude to the “up and down” variations of the state probabilities, between time
slices.

e Based on the probability sequence inserted through the PERSONAL
FACTORS node, it is apparent, that the POOR state selection results in a
dramatic increase of the HIGH state in “Stress” (which means a dramatic
decrease of the NORMAL state in “Stress”). Vice versa, whenever the
evidence sequence is GOOD for the Personal Factors, the HIGH state of
Stress is increased and the NORMAL state is decreased, which is logically
correct.

e Another conclusion extracted from the chart is that each time slice probability
differs from the previous and the following one by insignificant amount (for the
same evidence in the Personal Factors node). For example for two time slices
with the state GOOD selected in the Personal Factors node, the HIGH (and
consequently the NORMAL) states differ for the Stress node (although by a
small amount). Obvious is the fact that each state is independent.
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As observed, the first time slice for the DBN is different in comparison to the
others. The GOOD state is selected for time slice 0 and the resulting
probability values for Stress have a biggest divergence from the other time
slice probability values of Stress (for GOOD state of the Personal Factors),
that converge to a specific value. This reveals an important disadvantage of
the GeNie BN program, which assumes that the first time slice is the status
quo (initial run) of the created BN and only the following time slices contribute
to the probability variations. Thus the “useful” time slices are reduced from ten
to nine, where the response of the DBN can be researched.

On the other hand, the static BN states are of fixed value, because the
evidence are unchanged, through the time slices. These values are resulting
from the initial static BN run. This confirms that the probability values in a
static BN are unchanged, due to the exception of the time factor.

DBN #1 & DBN#2 COMPARISON

As a final addition to the presented research, a final comparison is made between the
two Dynamic Bayesian Networks produced. In order to better comprehend the use
and responsiveness of the DBN method, it is of vital importance to examine the
differences of the same network elements in the same manner, under different
circumstances. For example, the following comparison is based on the “Fatigue”
node, which is dynamic (inside the temporal plate) in both DBN #1 & DBN #2), for the
same evidence sequence. In this manner, the influence of the addition of an extra
dynamic node is examined.

DBN #1 DBN #1 STATIC BN | STATIC BN
STATE STATE STATE STATE
TIME
SLICE yes no yes no
0 0,016109253 | 0,983890747 | 0,016109233 | 0,98389077
1 0,033197596 | 0,966802404 | 0,033199999 | 0,9668
2 0,02912579 | 0,970874210 | 0,028988109 | 0,97101189
3 0,24744894 | 0,75255106 | 0,25540776 | 0,74459224
4 0,026388778 | 0,973611222 | 0,02559734 | 0,97440266
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0,2474459 0,7525541 0,25551253 | 0,74448747
0,029175214 | 0,970824786 | 0,029054311 | 0,97094569
0,029347171 | 0,970652829 | 0,028743 0,971257

0,23767616 | 0,76232384 | 0,27319964 | 0,72680036
0,23306128 | 0,76693872 | 0,27939079 | 0,72060921
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Figure 67: Time Series Plot, containing the comparison of state probabilities between
the DBN #1 and the DBN #2, for the “Fatigue” node.

Having discussed the conclusions for each DBN’s “Fatigue” node, these two nodes
are juxtaposed with each other. Obvious is the fact that in a massive percent the
values of the states are quite similar. The difference by eye is clear, only in the final
two time slices (8, 9). The following two conclusions are extracted:

the others in a Dynamic Bayesian Network.

Firstly and most important is the fact, that each node is dependant to the
other nodes of the Dynamic Bayesian network. Besides having similar state
probabilities throughout the time slices, the probabilities differ (even by
insignificant amounts for the majority of the time slices), for the same
evidence sequence. This practically means that each node is dependent to
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o Secondly, as observed from the time series plot, after many time slices, the
DBN #2 state probabilities are different by a larger margin than those of DBN
#1. Carefully studied, it is common ground that in time slices 8 & 9, the YES
state for fatigue (DBN #2) is of higher probability value than the same for DBN
#1. This leads to the assumption that more nodes existing in the temporal
plate equals to higher negative probability values for the same evidence
sequence, as the time continuum progresses.
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GENERAL CONCLUSIONS & ASSUMPTIONS

Two Dynamic Bayesian Networks were created, each with different number of
temporal “parent” nodes, and both were compared to each other and to a third, static
Bayesian network of the same nodes and initial probability matrixes. With the use of
the Time Series Plot, this study comes to the following conclusions and assumptions:

Sequential data comes in two main forms: temporal (time-series) data, which
is generated sequentially by some causal process, and sequence data, where
we are more agnostic about the generating mechanism. For modelling time-
series data, it is natural to use directed graphical models, which can capture
the fact that time flows forward. Arcs within a time-slice can be directed or
undirected, since they model “instantaneous” correlation. If all arcs are
directed, both within and between slices, a DBN is created. DBNs are quite
popular because they are easy to interpret and learn: because the graph
is directed, the conditional probability distribution (CPD) of each node
can be estimated independently.

Comparing figures 62, 63 & 72, 73, 74, a general assumption can be
extracted. The probabilities of a temporal “parent” node’s states in _a
DBN, for _a given evidence series, are variable, for every possible
number of other temporal “parent” nodes. This result is obvious from the
fact that two identical BNs with different number of temporal “parent” nodes,
always for the same evidence series, lead to insignificantly different
probability values for the common temporal “parent” node, namely for
‘FATIGUE”. The fatigue states have the slightly different probabilities
throughout the time slices in both DBNs, which means that each parent node
is dependent through the time continuum, despite the fact that the evidence
insertion is made through the “Personal Factors” node which is the common
target of all the “parent” nodes. This proves the dependence of each “parent”
node in the DBN.

Furthermore, it is obvious from figure 77, that as the time slice continuum
progresses, the negative states gain in probability value, for each eaxtra
parent node turned into temporal state.

For the entirety of the research, the DBN is highlighted as a useful tool in
Human Centred Design. The Human Element is of dynamic nature, it is
changing every second. Having this in mind the time slices factor makes
the BNs more adaptive to every change. This is really important,
considering the fact that with the static BN method, the calculation of
probabilities for 10 different scenarios (each for a different time slice), would
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require 10 different mini-BNs. The Dynamic BN has the ability to predict these
scenarios and adapt to them, with the use of the dynamic factor (setting
probabilities for both t=0 and t=1 time slices), saving precious calculation
time. The adaptability of the DBNs make them exceed from their
predecessors.
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APPENDIX

PARENT NODES

1. Intoxication

In this node, we try to depict the influence of the use of drugs, alcohol and other
substances (per scripted or not) on mariner’s performance. It is crucial to point out
the fact that such cases occur quite frequently on board, but are often underreported,
due to fear of responsibility taking and punishment, from the mariner's perspective.
Most certainly, heavy (or sometimes light) uses of intoxicating substances result in
human error, in even the most simple of procedures and tasks. Per scripted
medications (strong antibiotics f.e.) could also lead to performance incapability.

States of “Intoxication”:

e YES

™ MNode properties: Intoxication

General Definition l Format ] Iser properties ]

JoAdd Selnsert Ix %]
|
k| yes | 0.02
no 0.58

The probabilities for the population of the probability matrix of the “Intoxication” node
were selected from our literature review [118].

2. Emotional Condition

In this node, the effect of an individual’s general emotional condition is presented.
Many seafarers have highlighted the fact that experiencing extreme emotional
conditions, for example during a big argument, may have many negative effects on
their performance in even the simplest acts. The importance of emotional condition
(or emotional conflict) and the stress that is produced, has been taken under
consideration by many organizations (military, etc.), thus many psychological tests
are performed to prevent such incidents prior to the ship’s trip.
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States of “Emotional Condition”:

e UNSTABLE
STABLE

-

= Node properties: Emotional Condition

d_Add Selnsert T

General Definition l Format ] User properties ]

)

b | unstable | 0.01
stable 0.99

The probabilities for the population of the probability matrix of the “Emotional
Condition” node were selected from our literature review [114].

3. Stress

In this node, the stress factor is introduced. Stress is a particularly broad concept that
can’'t be easily interpreted. It includes anxiety, psychological pressure, the feeling of
nervousness, apprehension, fear or worry — all of which are called stressors,
meaning causes of stress. Some of the above are justified but most are a product of
overreaction. Stressors react to the psychological condition of humans, impairing
their judgement and decreasing their competence or performance levels, leading
them to errors. This vast selection of stressors makes the quantification of stress

extremely difficult.

States of “Stress”:

e HIGH
e NORMAL

™ Node properties: Stress

General Definition lFDrrnat] User
d_Add Seelnsert TX

» | high |

0.24

normal

0.76
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The probabilities for the population of the probability matrix of the “Emotional
Condition” node were selected from expert group judgements.

4. Fatigue

The fatigue node describes, whether the mariner is tired. Furthermore it quantifies
fatigue, in order for us to decide if his competence is decreased- a measure to
determine if fatigue is extreme or not. Fatigue is based on a variety of facts, like
sleep hours, malnutrition or even emotional condition (emotional fatigue). Clear is the
assumption that fatigue is inevitable, even if all its causes cease to exist.

States of “Fatigue”:

e YES

= Node properties: Fatigus

General  Definition IFD'"T'E'tI User
d_Add Seelnsert 3x

b |yes | 0.05
o 0.95

The probabilities for the population of the probability matrix of the “Fatigue” node
were selected from our literature review [116].

5. Staffing Characteristics

In modern era shipping, automation has infiltrated the structure of ships, having
severe impacts on manning levels and their characteristics. The assumption that no
machine could ever replace completely the human presence on board exists, but
ship complements decreased radically. Shipping companies have benefited from the
increased presence of automation, although the workload for human is heavier.
Common complaint of mariners is that manning levels minimize even further,
resulting to more difficult and time pressured tasks. Furthermore, crew members are
hired, that many times lack the requested characteristics (for instance training or
experience) to complete their tasks, adding to the workload of the rest crew
members. All of the above are included in this node.
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States of “Staffing Characteristics”:

e GOOD
POOR

™ MNode properties: Staffing Characteristics
—

General Definition ] Format ] User properties ]

JoAdd Delnset 3w %)
|
b | good | 0.9938
poaor 0.0062

The probabilities for the population of the probability matrix of the “Staffing

Characteristics” node were selected from our literature review [109].

6. Operations

In this node, all the facts or conditions of a ship’s functioning are included. These
operations, based of course on the human element, include monitoring, operability
assessment, on board advisory, troubleshooting, etc. It is vital for the organization or
the company, to have on board productive and experienced people, on the above

actions, for money and time saving.

States of “Operations”:

e GOOD
POOR
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™ Node properties: Operations

General Definition lFDrrnatl ser
A_add Stelnsert I

» | good | 0.9969
poar 0.0031

The probabilities for the population of the probability matrix of the “Operations” node

were selected from our literature review [109].

7. Supervision

In this node we include the crucial role of supervision, as an organizational factor.
Supervision actually is the overseeing of all the tasks of crew members, both
internally and externally (in and out of ships). Supervision is based on the chain of
command inside the organization, meaning the superior supervises everybody below
himself in a dendritic way. Supervision is crucial for the balanced functioning of a

ship.

States of “Supervision”:

e GOOD
POOR

™ Node properties: Supervision

General Definition lFu::rrnat] User
J_Add Selnset Tx

b | good | 0.9519
poar 0.0081

The probabilities for the population of the probability matrix of the “Operations” node

were selected from our literature review [109].
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8. Procedures

In this node, the importance of following good procedures inside the environment of
a ship is included. Procedures are algorithmic responses to certain situations, written
and accepted by the organization and based on international standards. Crew
members must be trained on these procedures and follow them to the letter. For
example the most common procedures are the emergency procedures (for fire
extinguishing, etc.).

States of “Procedures”:

e GOOD
e POOR

™ Node properties: Procedures

General Definition anrrnat] Iser|
3_Add Selnset IX

b | good | 0.45
poor 0.55

The probabilities for the population of the probability matrix of the “Procedures” node
were selected from our literature review [118].

9. Organizational Policies

In this node we include all the courses or principles of actions adopted by the crew
members and the organization in general, which are proposed by governments or
other organizations, like the IMO. It goes without saying, that these policies must be
adopted and inserted in the culture of the crew members.

States of “Organizational Policies”:

e GOOD
e POOR
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™ Mode properties: Organizational Pelicies

General  Definition l Format ] User properties ]
JoAdd Selnsert 3 ]
|
b | good | 0.9931
poor 0.0019

The probabilities for the population of the probability matrix of the “Organizational
Policies” node were selected from our literature review [109].

10. Organizational Structure

Organizational structure defines how activities such as task allocation, coordination
and supervision are directed towards the achievement of organizational aims. It can
also be considered as the viewing glass or perspective through which individuals see
their organization and its environment. A good example of the organizational
structure is the chain of command on board (the captain considered to be the
superior).

States of “Organizational Structure”

e GOOD
e POOR

.
™ Node properties: Organizational structure

General Definition l Format ] |ser properties ]

3_Add Selnset 3x %]
|
b | good | 0.9542
poar 0.0058

The probabilities for the population of the probability matrix of the “Organizational
Structure” node were selected from our literature review [109].

11. Time Pressure

In this node we include the paramount importance of timing to the procedures, tasks
and action on board a ship. Timing is a huge factor and many times the deciding one,
in order to determine whether an action was right or wrong. For example if the OOW
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is late in his post, a major collision accident can occur, a collision that could be
avoided if he was on time in his post. The pressure of time is also a major factor in
decision making and action taking, for example in manoeuvring.

States of “Time Pressure”:

e YES

-
™ Node properties: Time pressure

General Definition l Format ] User properties ]

S Add Selnset 3x %,
|
b |no | 0.68
yes 0.32

The probabilities for the population of the probability matrix of the “Time Pressure”
node were selected from our literature review [118].

12. Organizational Culture

Organizational culture is the behaviour of humans within an organization and the
meaning that people attach to those behaviours. Organizational culture is really
important because it depicts the view of the organization and its members on several
issues, like safety on board (safety culture).

States of “Organizational Culture”:

e EXCELLENT
e STANDARD
e POOR

-
™ Mode properties: Organizational Culturej

General  Definition l Format ] Iser properties ]

3. Add Zchnset Tx )
|
b | excellent | 0.25
standard 0.5
poar 0.25
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The probabilities for the population of the probability matrix of the “Organizational
Culture” node were selected from our literature review [115].

13. Weather

In the weather node, we take into consideration every climatic or environmental
phenomenon that can affect the living on board, or any ongoing task. An example
could be heavy rain, which decreases the visibility of the OOW, or the extreme cold
that can decrease human competence.

States of “Weather”:

GOOD
STORM-RAIN
WINDY

FOG

™ Node properties: Weather

General Definition anrrnat] User
3 _Add Zclnset %

I
b | good | 0.3
stom_rain 0.02
i windy 0.16
fog 0.02

The probabilities for the population of the probability matrix of the “Weather” node
were selected from our literature review [116].

14. Time of Day

Many times, human performance differentiates, depending the time of day. For
example the majority of people having their biological clock adjusted to sleep during
night time, can’t perform effectively on a night shift. Of course night time influences
other factors, such as visibility.

States of “Time of Day”:

o DAY
e NIGHT
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™= Node properties: Time of Day

General Definition ann'natl User
d_Add Selnsert Ix
|

b | day | 0.5
night 0.5

The probabilities for the population of the probability matrix of the “Time of Day” node
were selected from our literature review [115].

15. Atmosphere on the Vessel

In this node, all the characteristics that shape the atmosphere on the vessel are
included and their relationship with the working conditions is explained. Atmosphere
on the vessel is a general term that describes the total of business climate factors,
such as the cooperation of crew members, their willingness to complete their tasks
and communicate, as well as the relationships between them.

States of “Atmosphere on the Vessel”:

e GOOD
POOR

™ Node properties: Atmosphere on the E

General Definition l Format ] Iser properties ]
3 Add Selnset 3K )
|
» | good | 0.69
poor 0.3

The probabilities for the population of the probability matrix of the “Atmosphere on
the Vessel” node were selected from our literature review [118].

16. Lack of Experience/Orientation

This node describes the level of experience lack that characterizes the mariners on
board. Experience is of paramount importance because it represents the real time
scenarios, where training competence is actually put on use and all these scenarios
add to the mariner’'s insights. It goes without saying, that lack of experience has
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negative influences to training competence, as does lack of orientation of the ship
and of the needed tasks.

States of “Lack of Experience/Orientation”:

¢ NO
e YES

General Definition | Format I User properties I
JecAdd elnsert 3x | B | % | =
|

B | no { 0.5945
yes 0.0051

| |

The probabilities for the population of the probability matrix of the “Lack of
Experience/Orientation” node were selected from our literature review [109].

17. No Training

In this nodes the effects of complete absence of training, are taken into
consideration. Naturally, complete absence of training leads with mathematical
certainty to human error.

States of “No Training”:

e NO
e YES

™ Node properties: No training

General Definition |Fun'r|at| User
3. Add Seclnsert 3% |

k| no 0.91
yES 0.09
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The probabilities for the population of the probability matrix of the “No Training” node
were selected from our literature review [118].

18. Inadequate Training-Competence

In this node, we include the negative effects of inadequate training. Inadequate
training refers to the presence of training, which is incomplete or includes wrong
characteristics.

States of “Inadequate Training-Competence”:

e YES

] S
™ MNode properties: Inadequate tra.inim

General Defintion l Format ] User properties ]

3_Add eelnsert Ix @l ®H O1E
|
b |no { 0.9949
yes 0.0051

The probabilities for the population of the probability matrix of the “Inadequate
Training-Competence” node were selected from our literature review [109].

19. Familiarisation

This node describes whether the officer on watch on the bridge has the experience of
cruising a particular ship, under the different circumstances, in the area.

States of “Familiarisation”:

e QUITE FAMILIAR
o FAMILIAR
e NOT FAMILIAR

276




OAIAQN-AIMIAIOZ-NIKOZ MANATQTOMNMOYAOZ

= MNode properties: Familiar‘isaticr.

General Definition l Format ] User properties ]

Joadd Selnsert Ix %
|
* | quite_familiar | 0.9
familiar 0.05
not_familiar 0.05

The probabilities for the population of the probability matrix of the “Familiarisation”
node were selected from our literature review [116].

20. Maintenance

This node describes whether the maintenance routines of technical systems on
board are followed or not. We show the importance of frequent maintenance on the
overall quality of facilities. The lack of maintenance can result in unhealthy and
hazardous working environments aboard ships.

States of “Maintenance”:

e FOLLOWED
NOT FOLLOWED

*®= Node properties: Maintenance

General Definition lFt:rrnat] User
3 _Add Selnsert I

p | followed | 0.8
not_followed 02

The probabilities for the population of the probability matrix of the “Maintenance”
node were selected from our literature review [116].

21. OOW Tasks/Responsibilities

This node indicates the tasks and responsibilities for which the officer in charge of
the ship is responsible. Tasks represent the amount of workload that an individual
has to process in a given amount of time. The range of these tasks varies, from the
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correlation of workload with time of rest, to the excessive amount of paperwork
handling on board.

States of “OOW Tasks/Responsibilities”:

e NORMAL
e HIGH
EXTREME

™= Node properties: OOW Tasks/Responsibilities

General Definition l Format ] User properties ]

3_Add Selnsert Ix @) |
|
b | nomal | 0.1
high 0.8
extreme 0.1

The probabilities for the population of the probability matrix of the “OOW
Tasks/Responsibilities” node were selected from our literature review [116].

22. External Communication

This node describes the level and quality of communication between crew members
located on the bridge of our ship, with crew members on board another ship, with
which our vessel is in collision course with. Furthermore, external communications
could depict the transmissions between a ship and a harbour. Obvious is the fact that
could external communication could minimize the human error element, or help
rectify poor results.

States of “External Communication”:

e YES
e NO
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™ Node properties: External Communication

General Definition l Format ] User properties ]

3_Add Srelnsert Ik )
|
b |yes | 0.3
I no 07

The probabilities for the population of the probability matrix of the “External
Communication” node were selected from our literature review [116].

23. Paper Chart Detection

This node describes the ability to detect a dangerous course on the paper chart given
that the paper chart is updated with information of danger causes. The attention of
the navigator has a strong impact on the detection part of this node.

States of “Paper Chart Detection”:

e YES

*™ Node properties: Paper Chart Detection

General Definition l Format ] User properties ]

JoAdd Seclnsert 3 %)
|
b |yes | 0.95
I o 0.05

The probabilities for the population of the probability matrix of the “Paper Chart
Detection” node were selected from our literature review [115].

24. ECDIS used

This node describes whether the ECDIS is in use or not. The states of this node
represent the “ON/OFF” button, used in the evaluation of the effect of ECDIS.
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States of “ECDIS used”:

e YES

™ Node properties: ECDIS used

General Definition lFurrnat] ser
d_Add Selnsert Ik

b | Yes | 0.555
I Mo 0.001

The probabilities for the population of the probability matrix of the “ECDIS used” node
were selected from our literature review [115].

25. Radar Detection

The radar detection node, determines whether the officer has the ability to detect
danger through the radar. This, of course, depends on whether distinguishing the risk
through radar is possible.

States of “Radar Detection”:

e YES

™ MNode properties: Radar Detection

General  Definition l Formiat ] User properties ]

3 Add Delnsert 3x %
|
b |ves { 0.97
I no 0.03

The probabilities for the population of the probability matrix of the “Radar Detection”
node were selected from our literature review [115].
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26. Language Problems

In this node the effect of language problems, to the internal communication factor,
are suggested. For obvious reasons, different languages on board (due to the
multicultural nature of the shipping industry), as well as different cultural
backgrounds, present a huge setback for the mariners, making communication more
difficult.

States of “Language Problems”:

¢ NO
e YES

™ Node properties: Language Problems

General Definition l Format ] User propertiss ]

JoAdd Selnsert I %l
|
b | no | 0.87
I yes 013

The probabilities for the population of the probability matrix of the “Language
Problems” node were selected from our literature review [118].

27. Wrong

This node includes the effects of wrong communication between crew members.
Wrong communication, which practically means communication in a wrong way and
with incorrect means, makes communication harder.

States of “Wrong”:

e YES
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™= Node properties: Wrong

General Definition anrrnat] User
d_Add Selnset Ix

b | no | 0.995
yes 0.005

The probabilities for the population of the probability matrix of the “Wrong” node were
selected from our literature review [109].

28. Lack

This node represents the complete absence between crew members, which
increases the probability of error.

States of “Lack”:

YES

= Node properties: Lack

General Definition ann‘nat] ser
3 _Add Selnsert 3K

I
b | no | 0.5955
I YES 0.005

The probabilities for the population of the probability matrix of the “Lack” node were
selected from our literature review [109].

29. Miscommunication

This node includes the effects of miscommunication between crew members.
Miscommunication consists of both the wrong message dispatch, as well as the
wrong message reception. The level of miscommunication determines the level of
poor internal communication.
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States of “Miscommunication”:

YES

= Node properties: Miscommunication

General  Definition l Format ] User properties ]

JoAdd Selnsert T %
|
b |no | 0.995
I yes 0.005

The probabilities for the population of the probability matrix of the
“Miscommunication” node were selected from our literature review [109].

30. Mis-see

This node represents the wrong reading, both from the officer on watch and from the
detection systems. In other words, mis-see refers to the human element and its
incapability to watch the readings correctly, as well as the fact that machines are not
always precise and can oversee external elements.

States of “Mis-see”:

e YES
™= Node properties: Mis—see-

General Definition anrrnat] User
d_Add Seelnset IX

b | no | 0.74
yES 0.26

The probabilities for the population of the probability matrix of the “Mis-see” node
were selected from our literature review [118].
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31. Mishear

This node contains the influence of wrong detection by hearing, of the human
element, in both an external environmental (f.e. not hearing another ship
approaching) and human-machine interfacing way (f.e. not hearing an alarm).

States of “Mishear”:

YES

= Node properties: I".-'II:-,hear.

General Definition anrrnat] User
3_Add Selnsert IK

b | no | 0.74
yes 0.26

The probabilities for the population of the probability matrix of the “Mishear” node
were selected from our literature review [118].

32. Visual Misperception

This node describes the wrong impression created on the human element, from the
act of visual detection. This wrong impression is created from both the wrong location
design of the bridge and the poor interface of the human element and the machines.

States of “Visual Misperception”:

YES
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*®™ Node properties: Visual Misperception

General Definition l Format ] User properties ]

oAdd elnsert 3x %,
|
b [ no | 0.52
yes 0.13

The probabilities for the population of the probability matrix of the “Visual
Misperception” node were selected from our literature review [116].

33. Late Detection

This node describes the delay of the detection process from both the human element
and the machine factor. Late detection is crucial, as the importance of timing is
highlighted as a paramount factor for the correct action.

States of “Late Detection”:

YES

™= Node properties: Late Detection

General  Definition l Format ] User properties ]

A_Add Selnset Tx %)
|
k| o | 0.74
yES 0.26

The probabilities for the population of the probability matrix of the “Late Detection”
node were selected from our literature review [118].

34. Timing Error

This node describes the effects of timing error in human-machine interface. Timing
error namely is the poorly timed interaction of human and machines (f.e. the delayed
perception of a machine reading from the OOW).
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States of “Timing Error”:

e GOOD
POOR

™= Mode properties: Timing Error

General Definition anrrnat] User
d_Add Seelnset IX

} | good | 0.75
I poar 0.25

The probabilities for the population of the probability matrix of the “Timing Error” node
were selected from expert group judgements.

35. No Detection

This node represents the negative effects of the complete absence of the detection
process, either from the navigational systems, or from the officer on watch during the
human machine interaction.

States of “No Detection”:

e YES

™= Node properties: No detection

General Definition anrrnat] User|
d_Add Selnsert I

b | no | 0.74
I yes 0.26

The probabilities for the population of the probability matrix of the “No Detection”
node were selected from our literature review [118].
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36. Distance to Collision (CPA)

This node describes the geometrical distance of two ships in collision course. It is
obvious that such a factor is important, considering the fact that a greater distance to
collision, provides the officer on watch with more time, in order to complete the
assessment, decision making and action processes for avoidance of collision.

States of “Distance to Collision (CPA)”:

CPA MORE THAN 3 MILES
CPA LOWER THAN 3 MILES

= Node properties: Distance to collision (CPA)

General Definition ] Farmat l User properties ]

3_Add Zclnsert 3x %] | =
|
b | CPA_MT 3miles | 05
i CPA_LTmile 05

The probabilities for the population of the probability matrix of the “Distance to
Collision (CPA)” node were selected from expert group judgements.

37. Encounter Type

This node describes the geometrical trajectories of two ships in collision course. The
way two ships in collision course approach each other, is of paramount importance,
because it determines factors of the decision making process (for example a head on
collision trajectory could provide the OOW with more visibility than a crossing
collision trajectory).

States of “Encounter Type”:

e OVERTAKING
e HEAD ON
e CROSSING
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™= MNode properties: Encounter Type

General Definition | Format I User properties I

Elmp,dd }:Insert =1 | i | b7 |

|
b | overtaking | 0.22
head_on 02
crossing 0.58

The probabilities for the population of the probability matrix of the “Encounter Type”
node were selected from our literature review [119].

CHILD NODES

38. Personal Factors

This node describes the physical and mental state of the officer on watch and
indicates his ability to perform his duties as navigator of the ship.

States of “Personal Factors”:

e POOR
e GOOD

General Definition | Format I User properties I

3. Add Selnsert 3k | 2% ®H 2|

Parent Fatigue Intosication | Emotional ... Stress
State YES YES unstable high
b | poor | 0.7 0.35 0.3 0.7
good 03 0.65 0.7 03¢

The probabilities for the population of the probability matrix of the “Personal Factors”
node were selected from expert group judgements and our literature review [115].
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39. Organizational Factors

This node describes how well the vessel operator deals with organizational issues
and how well the operator promotes a good organizational mindset among its
employees. The “organizational factors” term, refers to both the technical
characteristics and vessel design, in addition to work procedures, instructions, drills
and attitude.

States of “Organizational Factors”:

e GOOD
POOR

= | B st

General  Definition I Format I |User properties I

3.Add Selnsert 3 | CEI VR > ||Enrevage "'I w = T | @E

Parent (Weight) =1 Time pressure (1) [=] Organizational Polici...  |[= Organizational Culture (1) [=] Organizational struct ...
State no yES good poor excellert standard poor good poor
b | 1 0 1 0 1 1 0 1 0
0 1 0 1 0 0 1 0 1

General Definition | Format I Iser properties I

JoAdd Selnsert Ix | D AN ||Enremge vI w = B wl @ E 0

Parent (Weight) |=] Staffing Charactensti... |2 Procedurss (1) = Operations (1) = Supervision (1)
State good poor good poor good poor good poor
} | good 1 1] 1 0 1 1] 1 1]
poor 1] 1 0 1 1] 1 1] i

The probabilities for the population of the probability matrix of the “Organizational
Factors” node were selected from expert group judgements.

40. Training Competence

This node describes the quality of training with which the human element on board a
ship, has been shaped. This term also refers to previous experiences and
orientations that make crew members more efficient.
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States of “Training Competence”:

e ADEQUATE
e ACCEPTABLE
e [INADEQUATE

General Definition | Fomat I User properties I

I Add Selnset 3% [ Bn B | %) | Bl 1E [average <] W E T B

Parent (Weight) |=] Mo training (1) [F] Inadeguate training-... | Lack of experence...
State 315) ¥YES §15) ¥YES §l5) ¥YES
b | adequate | 0.9 0 0.5 0 0.5 0
acceptable 0.1 1] 0.1 1] 0.1
N inadequate i : i : i 1

The probabilities for the population of the probability matrix of the “Training
Competence” node were selected from our literature review [114].

41. OOW Competence

Competence is a combination of knowledge skills and attitude. This node reflects the
officer’'s on watch knowledge, the level of training, the way he utilizes the given
knowledge and the attitude he has towards his tasks.

States of “OOW Competence”:

o EXCELLENT
STANDARD
LOW

General Definition | Format I User properties |

JoAdd Selnset 3% [ By B | %) | Bl 1T [avermge | W m BB W @ E

Parent (Weight) [=] Personal Factors (1) [=] Organizational Facto... |2 Training Competence (1)
State poor good good poor adeguate acceptable | inadequate
b | excellent | 0 0 0 0 1 0 0
standard 0 1 1 0 0 1 0
low 1 0 0 1 0 0 1
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The probabilities for the population of the probability matrix of the “OOW
Competence” node were selected from expert group judgements.

42. Working Conditions

Working conditions can best be described as the ability of each individual to work by
putting aside distractions and other factors. A very common problem for seafarers,
when working conditions are poor, is the lack of concentration an willingness to
complete their tasks, due to several internal, external and environmental factors.

States of “Working Conditions”:

e GOOD
MODERATE
e DIFFICULT
General Definttion l Fomat ] User properties ]
JcAdd Selnsert T B % 3 |a'u'emge W T TR O PE
Parent (Weight) |=] Atmosphere on the v... Time of Day (1) Weather (1)
State good poor day night good stomm_rain windy fog
b | good 1 0 1 0 1 1] 1] 0
moderate 0 0 0 0 0 1 1 0
difficult 0 1 0 1 0 1] 1] 1

The probabilities for the population of the probability matrix of the “Working
Conditions” node were selected from expert group judgements and our literature
review [115].

43. Visibility

This node defines the probability distribution for the visibility, conditional on the
weather.
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States of “Visibility”:

e GREATER THAN 1 NAUTICAL MILE
LOWER THAN 1 NAUTICAL MILE

General Definition | Format I Iser properties I

Joadd Jelnset 3¢ (B B (% H 1T (W @ E @

Weather | good stom_rain windy fog
¥ | Greater_than_1_nm | 1 0.75 1 0
Lower_than_1_nm 0 0.25 1] 1

The probabilities for the population of the probability matrix of the “Visibility” node
were selected from our literature review [115].

44. Visual Detection

Visual detection indicates whether the OOW visually detects the danger. For the
collision scenario, the danger to detect is the fact that the vessel is heading towards
another ships (on collision course). His ability depends of course on whether it is
physically possible to see the danger. However, also his attention, how familiar the
area is and whether navigational aids are used, will influence this node.

States of “Visual Detection”:

e YES
e NO

= e g oo S, N =2 ==

General Defintion | Fomat I User properties I

JoAdd Selnset Fx [ B 2| %) [ H 12 | D E oo |

Familiarisation |1 quite_familiar
Vigibility =] Greater_than_1_nm =
Bridae Layout |1 standard [  beyond_standard 1  below_standard = standard |
Time of Day day night day night day night day night
I b | yes | 0.99 0.8 0.59 059 0.73 07 0.5 085
o 0.01 0.2 0.01 0.1 027 0.3 0.1 0.15 ¢
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= Mot propris v O S, M -\ ==

General Definition I Format I User properties I
oAdd Selnset 3k [ Bn 2|8 [ 212 (W @ E oo |

Familiarization =
Wisibility Lower_than_1_nm = Greater_than_1_nm
Bridge Layout |-  beyond_standard =1 below_standard = standard =  beyond_standard
Time of Day day night day night day night day night
b |yes 0.95 0.8 0.65 06 0.95 0385 093 0.9
na 0.05 0.2 0.35 04 0.05 0.15 0.02 0.1

= e i vt . . o=

General Definition I Format I User properties I
JcAdd Selnsert 3% [ Bz B2 (9% [ B 12 (Wl | @ E oo |

Familiarisation familiar
Vizibility =] Lower_than_1_nm
Bridoge Layout |©1  below_standard =] standard [  beyond_standard [ below_standard
Time of Day day night day night day night day night
b [ves 0.87 08 0.99 1] 1 1 0.984 1]
no 013 02 0.01 1 1] 1] 0.016 1

= s e vt e . o=

General  Definition I Format I |ser properties I
oAdd Selnsert Fx [ Bz 2| %) [ H 12 | @ E oo |

Familiarisation |=1 not_familiar
Visibility = Greater_than_1_nm =
Bridoe Layout |21 standard =  beyond_standard =  below_standard = standard
Time of Day day night day night day night day night
b [yes 0.984 1] 059 1] 1 0 0.584 1]
no 0.016 1 0.01 1 1] 1 0.016 1:

= ot operies it i S A

General Definition | Format I User properties I

JoAdd Selnset Fx | By 2|9 (B 12 Wl | @ E oo |

Familiarzation pmiliar
Visibility =] Lower than_1_nm
Bridge Layout |1 standard =]  beyond_standard =]  below_standard
Time of Day day right day night day night
I ¥ yes 0584 9 099 3 0984 0
na 0.016 1 0.01 1 D06 1
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The probabilities for the population of the probability matrix of the “Visual Detection”
node were selected from expert group judgements and our literature review [114],
[115].

45. Bridge Layout

This node describes whether the bridge is designed to enable the OOW to perform
his tasks properly. The node reflects user interface, the design of the work station
(ergonomic conditions) and bridge arrangement.

States of “Bridge Layout”:

e STANDARD
BEYOND STANDARD
e BELOW STANDARD

= Nosspoperissisge o TN D e

General Definition | Format I Iser properties I
JoAdd Selnsert 3% | Bz B |9 H 12 (| @ E % |

HMI Problems = no
Visual Misperception |= o = yes
Missee =] no = yes = no = yes
Mlshear no yes no yes no yes no yes
p | standard { 0.8 0.75 0.75 07 0.75 07 0.7 0.65
beyond_standard 0.2 0.1 0.1 0.05 0.1 0.05 0.056 0.02
below_standard 0 015 0.15 0.25 0.15 0.25 0.25 0.33

General Definition | Fommat I User properties I

SoAdd Selnset x| B 2% (B 1B || @ E oo |

HMI Problems = yes
Wisual Misperception |5 no =] yes
Mig-see = no =] yes =] no = yes
Mlshear no yES no yes no yes no yes
p | standard 0.75 0.7 0.7 0.65 0.7 0.2 0.2 0.1
beyond_standard 0.1 0.05 0.05 0.02 0.05 1] 0 0
below_standard 0.15 0.25 0.25 0.33 0.25 0.8 0.8 0.9
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The probabilities for the population of the probability matrix of the “Bridge Layout”
node were selected from expert group judgements and our literature review [116].

46. HMI Problems

The human-computer interface can be described as the point of communication
between the human user and the computer. The flow of information between the
human and computer is defined as the loop of interaction. HMI problems consist of
the interruption (or decrease in quality) of this flow. For example, the wrong radar
tuning by the officer on watch, is a HMI problem.

States of “HMI Problems”:

e NO
e YES

™ Node properties: HMI Pmblemz’ _ AE'!

General Definition | Format I User propertiss I

JcAdd Seelnsert 3 | i | % | ¥ 1= ||Ean.-|E|ge 'rl w o T | e

Parert (Weight) |1 Miz-zee (1) = Mlzhear (1) = Wisual Misperception... |l
State o ¥yES no ¥yES o yes
k| no { 1 (1] 1 0 1
yes 0 1 1] 1 (1] 1

General Definition | Format I User properties I

JcAdd Seelnsert 3K | 2 | ] | ¥ 1= ||E'U'E|EQE: vl w = T | ]

Parent (Weight) [=] Timing Emor (1) =] Mo detection (1) [ Late Detection (1)
State good poor no YES no YEs
k| no 1 0 1 0 1 (1]
yes 1 1] 1 0 i

The probabilities for the population of the probability matrix of the “HMI Problems”
node were selected from expert group judgements.
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47. Navigational System Detection

The node describes whether the OOW has detected the danger on either the
charts, the radar or because of a collision alarm.

States of “Navigational System Detection”:

e YES
¢ NO

™ MNode properties: Navigational system détectic:n_ ‘ | | e
- - —

General Definition | Format I Uzer properties I
JoAdd Selnsert 3x | B @ %) (B 12 | d | @ E 0 |

Faper Chart D... |2 YES
HMI Problems |[=1 no = YES
ECDIS used (= fes = Mo = Yes = Mo
Radar Detection yes nao YES no YES no YES no
b |yes | 1 1 1 1] 0.8 0.8 0.8 0
no 0 0 0 1 0.2 0.2 0.2 1

™ Mode properties: Mavigational system détectic:n_ ‘ ESERCE X
— = ol

General Definition I Format I User properties I

JoAdd elnset 3x [ Bz B2 %) [ H 12 || @ E o |

Paper Chart D... |2 no
HMI Problems |= no = yes
ECDISused |2 fes = MNa = fes = Mo
Radar Detection yes no yes no yes no yes no
b [ves 1 1] 0.8 1] 02 0 0.8 0
na 0 1 0.2 1 02 1 02 1

The probabilities for the population of the probability matrix of the “Navigational

System Detection” node were selected from our literature review [114], [115].
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48. OOW Performance

The node describes how well the OOW performs his tasks. It includes personal
condition, bridge design and competence.

States of “OOW Performance”:

e EXCELLENT
STANDARD
e POOR

S Note popuiescowperoree ] e

General  Definition | Format I User properties I
S Add Zelnset 3% By 2% [ B 1E | @ E o |

Working Condi. {2
Bridge Layout |[= standard
OOW Tasks/... |2 nomal = high = extreme
QOW Compet. . excellent standard o excellent standard low excellent standard
b | excellent | 0.53 0.8 0.35 08 06 015 07 0.55
standard 0.07 02 0.6 0.2 04 06 0.3 0.45
poor 0 0 025 1] 0

1] 0.05 0
S Note popuiescowperoree ] e

General  Definition | Format I User properties I
S Add Zelnset 3x By 2% [ B 1E || @ E o |

Working Caondi.. good
Bridge Layout =S| beyond_standard
OOW Tasks/ . = nomal = high =
QOW Compet. . lowe excellent standard o excellent standard liowy excellent
b | excellent 0.1 0.95 0.85 04 0.a 06 015 07
standard 0.55 0.05 0.15 0.55 02 04 0.6 03
poor 0.35 0 0 1] 0. 0

1] 0.05 25
™= Node properties: OOW Performance l _ | 5|

General Definition | Farmat I User properties I
JoAdd Selnset 3¢ | Bn 2% [ B IE | @ E o |

Working Condi..
Bridge Layout =] below_standard
QoW Tasks/ . extreme = nomal = high
QOW Compet.. standard e excellent standard [y excellent standard o
p | excellent 055 01 05 0.75 0.3 08 06 015
standard 045 0.55 01 025 065 02 04 06
poar 1] 0.35 1] 1] 0.05 1] 1] 025
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™= MNode properties: OOW Performance l

General Definition | Format | User properties |

_ e

JoAdd Selnset T [ By B2 (%) (3 12 W @ E % |
Waarking Condi.. =
Bridge Layout = standand
QOW Tasks/ ... |2 extreme = nomal = high
QOW Compet... | excellent standand o ecellent standand o ecellent standand
b | excellent 0.7 0.55 01 0.8 06 0.15 07 0.55
standard 0.3 0.45 0.55 0.2 04 06 0.3 0.45
poor 0 0 0.35 0 0 0.25 0 0

™= Node properties: OOW Performance l

- R

General Definition | Format I User properties |
Fohdd Selnset 3% | By B | %) [ B 1B | @ E 00|
Waorking Condi..
Bridge Layout = b
QOW Tashks/ . = extreme = normal =
OOW Compet... Iy excellent standard [ excellent standard [ excellent
b | excellent 0.1 06 05 1] 05 07 1] 075
standard 055 04 05 02 0.1 0.3 02 0.25
poar 0.35 1] 1] 08 1] 1] 08 1]

™ MNode properties: OOW Performance l

e R

General  Definition | Format I User properties I
FoAdd Selnset 3% [ By 2 (% (B 12 || @ E % |
Working Condi..| moderate
Bridge Layout |eyond_standard =
QOW Tasks/ ... high = extreme = normal
COW Compet... | standard low excellent standard low excellert standard low
b | excellent 06 1] 0.7 0.55 0 0.75 0.55 0
standard 04 0.2 0.3 0.45 01 0.25 0.45 0.2
poor 0 0.8 0 0 0.9 0 0 02

™= Node properties: OOW Performance I _ 15@&

General  Definition I Format I User properties I
ScAdd Selnsert Fx | By B | %) [ H 1D |l | @ E o0 |
Worlking Condi.. El
Bridge Layout below_standard =
QOW Tasks/... | high = extreme El nomal
QOW Compet... | excellent standand o excellent standard o excellent standard
b | eccellent 06 05 1] 05 04 0 0.7 0.55
standard 04 05 0.2 05 05 0.1 03 0.45
poor 1] 1] 08 1] 01 09 1] 1]
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S Node roperi oo s ] [ e

General  Definition I Format I User properties I

. Add Selnset 3% [ Bny 2| %) (B 12 || @ E o |

Warking Condi..
Bridoe Layout standard =
QOW Tashks/ .. =] high =] extreme =]
QOOW Compet. .. [ excellent standard [ excellent standard [y excellent
b | excellent 0 06 05 1] 05 04 1] 0.75
standard 02 04 05 02 05 05 01 0.25
poar 08 1] 1] 0.8 1] 01 09 1]
S Voo operie oW Peferrce ) [ e
General Definition I Format | User properties |
JoAdd Selnset Fx By B %) (3 1B (W @ E
Warking Condi.. difficult
Bridge Layout beyond_standard
OOW Tasks/.. nomal = high = extreme
QOW Compet... standard low excellert standard low excellent standard o
b | excellent 06 1] 07 0.55 1] 06 05 1]
gtandard 04 0.2 03 0.45 0.2 04 04 0.1
poar 1] 0.8 1] 1] 0.8 1] 0.1 05

™= MNode properties: OOW I"».=_-|'fc:||'1'1'lui|n'::aI

General  Definition I Format I User properties I

el - 2 (bime

JoAdd Delnset 3k By 2|9 | M 12 W @ E % |

Warking Condi..

Bridge Layout = below_standarn
QOOW Tasks/... |2 extreme = nomal = high
QOW Compet... | excellent standard low excellert standard lowe excellert standard
b | excellent 0& 05 0 06 05 0 0.5 04

standard 04 04 0.1 0.4 05 0.1 0.5 05
poor 0 0.1 09 0 0 09 0 0.1
= N g ooW peorarce ) [ T
General Definition | Format I IUser properties I
o Add Seelnset % | By 2| %) | B 12 |l | @ E o0 |
Warking Condi..
Bridge Layout below_standard
OOV Tashks/ .. = high = extreme
OOV Compet... o excelent standard o excelent standard o
b | excellent 0 0.5 04 0 0.1 1] 0
standard 01 05 05 01 05 04 0.05
poar 09 0 0. 09 04 0& 0.95
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The probabilities for the population of the probability matrix of the “OOW
Performance” node were selected from expert group judgements our literature review
[114], [115].

49. OOW Detection

This node describes whether the prison officer has identified the danger-risk by
optical means or by the use of navigational equipment.

States of “OOW Detection”:

e CORRECT
WRONG
e NO DIAGNOSIS

= e peprics cow e I WD e

General  Definition | Format I User properties |

Jeadd Selnsert ¢ | B2 @B (%) | H B MO R & @E %)

Farert = OOW Performance = Bdemal Communicat... |2 Misual Detection
State excellent standard poor yes no yes o
b | comect | 0.9 0.7 (1] 05 (1] 05 (1]
wrong 01 0.3 0 0.1 0 01 (1]
no_diagnosis 1] 0 1 0 1 0 1

= Node properties: OOW Detection '

General Definttion | Format I User properties I

T - -

J.Add Zclnset 3x Bz 2% | H B MO E D @ @ E v

Farent = Wisual Detection =] Mavigational system ... |[= Distance to collision ...
State YES Mo yES o CPA_MT3... [CPA_LT 3mile
b | comect 0.9 0 0.9 0 0.5 0
Wrong 01 0 0.1 0 0.5 0
no_diagnosis 0 1 ] 1 ] 1

The probabilities for the population of the probability matrix of the “OOW Detection”
node were selected from expert group judgements and our literature review [114],

[115].
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50. OOW Assessment

This node describes whether the OOW is making the correct assessment of the
situation based on his observations.

States of “OOW Assessment”:

e CORRECT
WRONG

= it e con e O WD

General Definition | Format I User properties I
Johdd Selnset 3% | By 2 %) | H 12 & @ E o |

QOW Perform... |2 excellent = standard

DOV Detection comect WIang no_diagnosis comect WIang no_diagnosis

b | comect 0595988 1] 1] 0.555534 1] 1]
Wrong 1.2e-005 1 1 1.6e-005 1 1

= tose poperis oW Aseoner O W=

General Definition | Format I User properties I
JcAdd Jelnsert x| By B9 [ B IR |l | @ E o0 |

QOW Perdam... |2 standard = poar

0OV Detection comect Wrong no_diagnosis comect Wrang no_diagnosis

b | comect 0995534 1] 0 0.9959968 1] 1]
Wrong 162005 1 1 32005 1 1

The probabilities for the population of the probability matrix of the “OOW
Assessment” node were selected from our literature review [114].
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51. Communication with Bridge Team

Depending on the existence of a Bridge Resource Management system, the node
describes the level and the quality of the communication between the bridge
personnel.

States of “Communication with Bridge Team”:

e BEYOND STANDARD
STANDARD
e SUBSTANDARD

3 Node ropeis oot e .

General  Definition | Format I IUzer properties I

ELEAdd g*-EInsert = | E | GQ | *OE |Iauemge VI w @ | u' @ E Yo

Parent (Weight) (= Wronag (1) =l Miscommunication (1) | Lack (1) =] Language Problems (1)
State no yes no yes no yes no yes
beyond_standard | 0.1 0 0.1 0 0.1 0 0.1 0
standard 0.9 0 0.9 0 0.9 0 09 0
substandard 0 1 0 1 0 1 0 1

The probabilities for the population of the probability matrix of the “Communication
with Bridge Team” node were selected from expert group judgements.

52. Non Bridge Equipment Failure

The node indicates the reliability of the non bridge equipment, like for example the
steering system (based on statistics/generic data).

States of “Non Bridge Equipment Failure”:

e FUNCTION
e NOT FUNCTION
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®= Ncde properties: Non Bridge Equipment Failure |

General Definition | Format | Iser properties |
J.Add Seelnsert x| B % | =
Maintenance | followed | not_followed

p | function 0.595561 0595961
not_function 3.5=005 0.00035

The probabilities for the population of the probability matrix of “Non Bridge Equipment
Failure” node were selected from our literature review [115].

53. OOW Action

The node defines whether the OOW, given he or someone else has discovered
the danger, acts correct or not to avoid an accident.

States of “OOW Action”:

e CORRECT ACTION
WRONG ACTION

= s oo S = e

General  Defintion | Format | User properties I
JAdd Selnsert x| B2 B | %) [ M B || @ E o |

Mon Bridge Equi.. |l function El

DOV Assessment [ comect = wrang =

Communication ... | beyond_sta..| standard | substandard | beyond sta..| standard | substandard | beyond sta...

b | comect_action | 0.399996 0555952 0.59558 1] ] 1] 0.001
wrong_action de-006 22006 2e-005 1 1 1 0.999
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= Noteproparies oo scicr S W =

General Definition | Format I User properties I
JoAdd Selnset x| By 2 %) [ X 1E |l | @ E 00 |

Mon Bridge Equi.. |2 not_function

QOW Assessment |- comect = Wrang

Communication ... | beyond_sta..| standard | substandard | beyond_sta..| standard | substandard

b | comect_action 0.001 0.001 0.001 0.001 0.001 0.001
wrong_action 0.599 0.955 0.955 0.959 0.959 0.555

The probabilities for the population of the probability matrix of “OOW Action” node
were selected from expert group judgements and our literature review [114], [115].

TARGET NODE

54. Collision (Incl. Safety Il Elements)

This final node is our required target node. It indicates whether the ships will finally
collide, producing a collision accident.

States of “Collision (Incl. Safety Il Elements”:

e NO
YES

™ MNode properties: Collision (incl. Safety II elem_ 13@&

General Definition | Format I User properties I
S.Add Selnset 3% [ By B2 %) [ HOIE || @ E |

QOW Action (=]
OOW Detection |- comect =
Distance to co... |2 CPA_MT3miles = CPA_LT3mile = CPA_MT 3miles
Encourter Type | overtaking head_on crossing overtaking head_on crossing overtaking head_on
k| no | 0.9599 0.95999 0.9999 0.9999 0.9999 0.9999 0.59999 0.59999
yes 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
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= Node properties: Collision (incl. Safety I eleme_ -__ElnEh -5

General Definition I Format I User properties I

J.Add Selnset 3% [ By 2% (B 12 W @ E o |

QOW Action comect_action
QOW Detection wrong = no_diagnosis
Distance to co... = CPA_LT 3mile = CPA_MT3miles =
Encounter Type | crossing overtaking head_on Crossing avertaking head_on crossing avertaking
k| no 0.59959 0.5999 0.95999 0.9555 0.5999 0.5555 0.5559 0.5555
yes 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

™ Node properties: Collision (incl. Safety II elemen_i:_ ‘_ P X

General  Definition | Format I User properties I

JcAdd Selnsert 3x [ By 2% [ 3 12 d | @ E o0 |

QOW Action =
QOW Detection = comect
Digtance to co... | CPA_LT3mile = CPA_MT3miles = CPA_LT3mile
Encourter Type | head_on Crossing overtaking head_on Crossing overtaking head_on Crossing
b [no 0.9959 0 5595 0.3 0.28 0.25 0.245 0.22 0.15
YES 0.0001 0.0001 07 0.72 075 0.755 0.78 0.81

™ Node properties: Collision (incl. Safety I elem_ ‘_ R X

General Definition | Format | User properties |

Johdd Selnset 3x By B2 9% [ H 12 | @ E 00|

DOW Action wrong_action
QOW Detection |=] wrong =
Distance to co... |2 CPA_MT 3miles = CPA_LT 3mile = CPA_MT 3miles
Encounter Type | overaking head_on crossing avertaking head_on crossing avertaking head_on
k| no 0.15 0.13 0.11 01 008 0.01 0.25 023
yEs 0385 087 0.85 05 052 0.55 075 077
™= MNode properties: Collision (incl. Safety]lelemen_is_ ‘_E
General Definition | Format I IUser properties I
JoAdd Selnset Fx | By 2| %) (B 12 || @ E |
QOW Action
OOW Detection = no_diagnosis
Distance to co_.. = CPA_MT3miles = CPA_LT 3mile
Encounter Type | crossing avertaling head_on Crossing overtaking head_on crossing
b |no 0.01 025 023 021 022 018 014
yes 0.99 0.75 077 0.79 078 022 0.26
The probabilities for the population of the probability matrix of “Collision (Incl. Safety

Il Elements” node were selected from expert group judgements and our literature

review [116].
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