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NEPINAHWH

Toa egpeuvvnuikd medio tng Texvntic Nonpoolvng (TN) Kal tNg POUMOTIKAG ATAV OTeEVA
ouvbebepéva kata ta mpwta Brpata tng TN, Opwg autd énafe apyotepa va LoxUEL, Kabwg o
Topag tng TN emikevipwOnke oe Bewpntikd mpoPAnuota Kot oAyopibuoug mou mponABav
OPALPETIKA ATIO TOV TPAYUATIKO KOOHO, €VW Ol E€PEUVNTEC OTOV TOPEN TNG POWUMOTIKAG,
Baowlopevol oto UTIORAOPO TOUG OTN UNXAVLIKN KAl TNV nAekTtpoAoyia, emikevipwdnkav otnv
OVATITUEN UNXOVOKIVNTWY Kal aloBnTAplwy cuoTtnUatwy. Ouwg, He TNV cuvexn MPoodo oToug
600 topelc, UTIAPXEL TTAEOV HLO EPELVNTIKA TACN YLOL TNV €K VEOU OUVEVWON TouG. levika, éva
POUTOT 1 omolodnmote AAAO €UdUEG aAUTOVOUO OUOTNUO TIOU AELTOUPYEL O TPOYUATIKO
nieptBaAlov Ba TpEmeL va £XEL TNV LKAVOTNTA va avTIPeTwtilel Tnv EANAewdn mAnpodopiag kat tnv
opeBalotnta os moAamnAa enineda adaipeong, anod dsdopéva acdnTRpwv xapnAov enumédou
MEXPL UYPNAOU eTMESOU YVWOT, OTWC yLa apAaSelypa poUnoBEoelg Kot ETLOPATELG EVEPYELWV.
H SIMAWHATIKA aUTH €PYACio EMKEVTPWVETAL OTO TEAEUTALO KOl OKOTIO €XEL VO SLaTNPROEL TNV
Bdaong yvwong (Bl evdg euduolic mpaktopa, TO00 EVNUEPWHEVN OO0 KOl CUVETTH, EVW EKELVOG
napatnpei ) ektelel evépyeleg oto neptBaAlov oto omoio Bploketal.



OL Oewplieg Evepyelwv eival edpalwpéveg AoyLkEG Bewpleg, PAoLOPEVEG OTNV KAQGLKN AOYLKN,
OVETTUYUEVEG Yl TNV OUAAoyLoTIK Sladikaoia mavw oe Topeic mou adopolv Suvapikd
petaBaliopeva meplpdAlovta. ETol, €xouv TNV SuvATOTNTA VA OVTLUETWITIOOUV EYYEVWC TIG
oA\ayEC TTOU TTPOKAAOUVTOL OO EVEPYELEG OTa TePLBAANovTa autd. Mia amod TG eEEXOUOEC
vAwooec evepyelwv eilval o Aoylopog upPdaviwv (AZ), o omoiog €XeL APKETA XpHolua
XOPAKTNPLOTIKA yla TNV avamnapactocn nAnpodopiog altiotntog Kal akoAouBLwv evepyelwy,
XOPAKTNPLOTIKA TIoU Tov SLadopomololv amd GAAOUG TaPOpOoOUG GoppaAilopouc. O AZ
OVATIOPLOTA AETITOUEPWC TNV CUVEXWG UETORAAAOUEVN yvworn, EMLTPENOvVIAE otn Sladikaoia
GUAAOYLOTLKNG va UTEOAOYIOEL TLG EMOPAOTELS LA akoAouBiag yeyovotwy, Katd Thv mapodo Tou
Xpovou, oto mepBaiiov. AsSopévou OtL n  amoBnkeuuévn mAnpodopia oe pia BI dev eival
TIAVTOTE OWOTH), UTIAPXEL EMLONC OVAYKN YLloL £V LNXOVIOUO avaBswpnong nenolbnoswyv Kadbwg
AapBavovtat véeg mAnpodopies. O topéag tng AvaBewpnong MemotBricewv (AlM) okomo £xeL va
OVTIUETWITIOEL TETOlEG aM\ayEG o€ piae Bl Jta mio yvwotd tng mepoxng AGM aflwpara,
TPOKUTITEL avaBewpnaon menolBnoswv av, £xovrog o faon yvwoewv K kal pia mAnpodopia a,
EVOWMOTWVOUUE auTh tnv TAnpodoplia oe pla véa Baon yvwong K' xwpig va dnuioupynBel
OlOUVETTELO O£ QUTH. AUTO ONUOIVEL OTL OPLOPEVEG OTTO TIG TIEMOLONOELG OTNV APk BAon yvwong
Ba mpémnel va avabewpnBouv, aAAd OxL OAeg, KabBwg Ba pokAnBel dokomn anwAela MOAUTLUWY
mAnpodoplwyv. AUTO TTOU KAVEL TA TIPAYHUOTA AKOUA TILo TEPITAOKA eival OTL oL TIEMOLBNOELG oE
pla Bl €xouv AOYIKEG OUVEMELEG, OMOTE OTav avaBewpnBel pla memoibnon, mpémel va
anodooloBel Kal MOLEG Ao TIG CUVETELEG TNG Ba TpEmel va dtatnpnBoulv, aAAd kot moleg Ba
npénel va adatpebouv. Etol, n avabswpnon yvwong dev umopel va BewpnBel pa TETPLUUEVN
Stadkaoia, kKabBwg elvat MBAVOV va UTIAPXOUV TIEPLOGOTEPOL OTTO £VAG TPOTIOL YLa TNV EKTEAECN
™NG. A0 TNV oKoTild Tou AZ, £XOUV YIVEL EKTEVEIC EPYAOLEC YLO TNV EMLOTNULKA EMEKTACH TWV
YAwoowv evepyelwy, KaBwE Kal Tou KUpLou ¢poppailopol tou AZ. Qotdoo, eAAXLOTN IPOCOXN)
€xeL 600¢el oto mMpoPAnua NG avtépatng avabewpnong (610pbwong) piag Br otov AZ otav pLa
napatipnon avtBaivel tnv Adn e€ayopevn yvwaon, Mopa TNV EKTEVH EPEUVA OTOV TOUEA TNG All.

Aebopévou OTL n TPEXoUoa TAON OTOV cuvadr EPEUVNTIKO TOUEN E€ival va EVIOMLOTOUV
anoteAeopatikol TpOmoL cuvSuaouoU TNG EUPECNG MAGVWY epyactwVv UPnAoL emmédou e TNV
EKTENEDN €pYAOLWV XOUNAOU €TUMESOU 1) ToV €Aeyxo £dopuoCIUOTNTOG, N TTapouoa epyacia
OTOXEVEL OTNV EVOUVAUWON TETOLWV CUVOUAOUWY, HECW EVOC yevikol dopuaiiopol, uPniol
ETUNESOU, TIOU avolpel OPLOPEVEG QMO TIG M PEOALOTIKEG UTOBECEL UTIAPXOVIWYV AUCEWV.
Mpoteivoupe €va mAaiolo epyaciag and tnv okormid tou AZ, pali pe pia Answer Set Programming
(ASP) kwdikomoinon tou AN alyopiBuou mou pag emtpénel avobswpnon menoldOnoswy
Baolopévn otnv aflwpatomnoinon tou AZ. Aaupdavoupe umodn TO00 TNV EMLOTNLLKN 000 KOl TNV
un emotnuikn mepintwon, Pacwduevol otnv avamnopdotaocn Mbavwv Koopwv (MK), yia va
UTTOPECOUE VO OplOOUUE ONUOCLOAOYIKA TNV KATAOTOON TWV TEMOoOnoswv evog sudpuolg
npaktopa. Opilloupe TUTIKA TNV €vvola tn¢ avabewpnong MeNolBnoewv Kowng AOYLIKAG ToU
AapBavel unddn Stadopetika idn yvwong, OMwWE N TPOYUATIKA yvwan (f ekelvn mou éxoupe
napatnpnosL oto epLPAAov), n mpokabopLopévn yvwaon, N e€ayOpuevn ywwon aAld Kot n yvwon
TIOU €lval MPOG TO MAPOV Ayvwotn ot epds. Mapouctdloupe pio pebodoloyia kat pia ASP
Kwdwomoinon mou pmopel va uAomolnosl Tov mapandvw ¢oppaliopd, mavw otnv omoia



TPOooapUOlOULE TIC UTIAPYXOUOEC LOXUPEG Bewpleg evepyelwv o €va TILO PEAALOTIKO TAQioLO.
Mapouotaloupe emiong €vav alyoplBuo Beltiotomoinong mou otoxeVel otn PBeAtiwon tng
OMOTEAECUATIKOTNTOC TNG UAOTIONONG Hag. TEAOC, avadEpou e TILBAVEG LEANOVTIKEG EMEKTACELG
KOl BEATIWOELG TOU CUOTHUATOC KOG, KABWE KoL TTwG TO £pY0 AUTO UTOPEL va amoTteA£oeL T BAon
ylo TIEPOLTEPW ETIEKTAOELC TOU Ba pmopolV va umoothnpiouv €va mAouclotepo cUVOAO
XOPAKTNPLOTIKWY KOG AOYLKAG.
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ABSTRACT

The fields of Artificial Intelligence (Al) and Robotics were strongly connected in the early days of
Al, but have since diverged as practitioners of Al focused on problems and algorithms abstracted
from the real world, while roboticists, building on their background in mechanical and electrical
engineering, concentrated on sensory-motor functions. With advancements in both fields, there
is now a renewed interest in bringing the two disciplines closer together. Robots, or any other
autonomous entity inhabiting real-world domains, need to deal with incomplete information and
uncertainty at various levels of abstraction, from low-level sensory data to high-level knowledge,
such as action preconditions and effects. This thesis concentrates on the latter, aiming to keep
the Knowledge Base (KB) of an agent both up-to-date and consistent, while performing world-
changing or observation actions.

Action theories are well-established logical theories, based on classical logic, for reasoning about
domains involving dynamically changing environments. Thus, they can inherently deal with
change caused by actions. One of the most prominent action languages is the Event Calculus (EC),
which incorporates certain useful features for representing causal and narrative information that



differentiate it from other similar formalisms. The EC explicitly represents temporal knowledge,
enabling reasoning about the effects of a narrative of events along a time line. Given that the
logical theory stored in a KB is not always correct, there is also a need to revise KBs as new
information is received. The area of belief revision addresses such a change to a KB. In the well-
known AGM postulates, belief revision emerges when one has a knowledge base K and a formula
a, and the issue is how to consistently incorporate a in K to obtain a new KB K'. This means that
some of the beliefs in the original KB must be retracted, but not all of them, since this would be
an unnecessary loss of valuable information. What makes things more complicated is that beliefs
in a knowledge base have logical consequences, so when giving up a belief one has to decide as
well which of the consequences to retain and which to retract. Thus, belief revision is non-trivial
as several different ways for performing this operation may be possible. From the EC perspective,
there has been extensive work on epistemic extensions of action languages, in general, as well as,
on the main EC formalism. However, little attention has been paid to the problem of automatically
revising (correcting) a KB in the EC when an observation contradicts the already inferred
knowledge, despite mature work on the belief revision field.

As the current trend in related research is to identify efficient ways to couple high-level task
planning with low-level task execution or feasibility checking, the current work aims to empower
such combinations, through the delivery of a more generic high-level formalism that lifts some of
the unrealistic assumptions of existing solutions. We propose a generic framework in the context
of the EC, along with Answer Set Programming (ASP) encodings of the revision algorithm,
accommodating belief revision on top of EC axiomatizations. We consider both the epistemic and
non-epistemic case, relying on the possible-worlds representation to give formal semantics to an
agent's belief state. We formalize notions of commonsense revisions that take into consideration
different knowledge states, such as factual (or observed) knowledge, default, inferred and also
unknown knowledge. We present a methodology and an ASP encoding that can implement the
formalism, in which we adapt the existing powerful action theories in a more realistic setting. We
also present an optimization algorithm aiming to improve the efficiency of the implementation.
Finally, we discuss possible future expansions and improvements of our framework and how this
work can form the substrate for further extensions concerning a richer set of commonsense
features, along with formal results showing that it is generic enough to be applied to different EC
dialects.



