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A Formal Theory for Reasoning About Action, Knowledge and Time

Abstract: Aiming at achieving a proper regulation of their behavior in real-world
environments, participating agents need to reason not only about the specifications
of the environment they inhabit, but also about their own knowledge concerning
its current state by exploiting information acquired at run-time. Considering the
highly dynamic nature of most complex domains, the study of knowledge evolution
over time is a critical aspect. In this thesis, we develop a unified formal theory of
action, knowledge and time using the language of the Event Calculus and automate
the process of reasoning about a wide range of commonsense phenomena.

Traditionally, epistemic reasoning has been structured around the highly ex-
pressive but computationally expensive "possible worlds" specifications. Recent
theories adopt alternative representations for knowledge, dismissing the accessibil-
ity relation of possible worlds and promising more efficient reasoning in classes of
restricted expressiveness. The framework we propose combines the full expressive
power of the possible worlds semantics with the benefits of alternative approaches,
building on a proper handling of a type of causal dependencies that emerge among
partially known world aspects. We investigate the properties of these so called
hidden causal dependencies and develop a provably sound and complete axiom-
atization that is independent of the underlying formalism. We show correctness
properties by studying the correlation of the theory with an epistemic formalism
that implements the standard definition for knowledge, based on a recently pro-
posed branching version of the Event Calculus.

Furthermore, we investigate a number of different extensions of the basic
axiomatization augmenting the mental state of intelligent agents with essential
cognitive skills, such as the ability to remember and forget, to reason about
physical actions, to handle complex ramifications in partially observable domains,
and others. We demonstrate the potential of the theory by modeling complex
benchmark problems proposed in relevant literature, as well as scenarios that
emerge in the highly demanding nascent field of Ambient Intelligence. Finally,
we also describe the design of a reasoner that can accommodate both epistemic
and online reasoning and present a way to implement the framework using logic

programming languages.
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Mo Tvaikn Oewpio Xviroyriotikig pe paon ™ Apdon,
™ I'véon kot to Xpovo

Hepidnqyn: Me otoyo Vv emitevén pog opba opiopévng coumepipopds oe
PEOAMOTIKO TTEPPAALOVTO, Ol PETEYOVTEC TPAKTOPEG OMOLTEITOL VO EKTEAOVV
dlepyaoieg GLAALOYIOTIKNG Ol HOVO AapPavovtog vIoOyYN TIG TPOSYPUPES
0V TEPPAAAOVTOC 61O Oomoio €mMOPOVV, GAAG Kou pe Pacm tn yvoOon Tov
dwfétovv yoo TV TPEYOLGO KATAGTAOT), ASOTOIDVTAG TANPOPOPIN TOL
amoktdtol 6g Ypdvo ektéAEoNG. Xvvumoroyifovtag TV WwiTePO SVVOUIKN
@OoN TV TEPIocOTEPWV cOVOET®OV TEdiwV, N HEAETN NG KAMUAK®ONG TNG
YVOoNG o oxéon pe 10 xpovo ocvviotd po e&icov kpioun mopdpeTpo. Xta
mAaicl TG Tapovoas STPPr)C OVOTTOGGOVUE 0L EVOTOINUEVH TOTIKH
Oewpia opoong, yvaang koi ypovov pe xpnon tov Aoyiopov Zvufdviov Kot
OLTOUOTOTTOLOVIE TN OOIKACI. GLAAOYIOTIKNG Yoo €va €uph  QAGUA
(QOIVOLLEV®V KOWVNG AOYIKTC.

[Mapadoctokd, 1 CLALOYIOTIKT YVAOONG TPOOIYPAPETOL YOP® OO TNV
W00UTEPA EKPPACTIKT, OAAG damoavnpr] LVTOAOYIOTIKA HEBodo TtV Thovmdv
koouwv. H tpé€yovca épevva v1o0etel eVOAAAKTIKEG OVOTAPACTACELS Y100 TN
YVOOT, amaAeipovtag T oYEon TPOSPucHOTNTAS TV TOAVAV KOGU®OV Kol
TOPEYOVTAG EYYVNOELS OMOOOTIKNG €EUy®MYNG CLUTEPACUATOV G KAAGELS
wepopiopévng exkppaotikotntag. To mlaiclo epyacioag mov mpoteivovpe
oLuvOLALEL TNV TANPN EKEPOCTIKN SVVOUN TNG ONUOGIOA0YiNG TV TOavOV
KOCU®V UE TO OPEAN TV EVOALUKTIK®V TPOoceYYicemV, PacilOpuevo otov
OmOd0TIKO YEPIOUO OGS KATNYopilog oTntdv e€0PTHGEMY OV OVOKVTTOLY
HETOED TAPAUETP®Y KOGUOL 7OV eivan puepikag avtiinmtés. E&etdlovue Tig
W010TNTEC OVTOV TOV ETOVOUOULOUEVMV KPDPOV QITIOKOV ECOPTHOEDY Kol
OvVOTTOOoOLHE o opB kKou mANpPN aflopotomoinor, aveEdptnin Tov
vrokeipevov oppolopod povtelomoinone. H amdoeiln tov wbwmrtov
opBoTMTaGg emTLYYAVETOL LEG® TNG GLOYETIONG LE VA VEO POPUOAIGUO TTOV
viomotlel Tov kabiepopévo opiopd yvoong Kot Paciletor otnv TpoceaTog
npotabeica kdoomn evog dtakAadilopevou Aoyiopot Zopufavtov.

EmnpdoBeta, peretdpe éva mAnbog emextdoewv g Pacikng
a&lopaToToiNoNG OV EXAVEAVOLV TN VONTIKY] IKOVOTNTA EDGVAV TPUKTOPWOV
LE ONUOVTIKEG YVOOTIKEG OeEIOTNTEG, OMMG TNV WKOVOTNTA dlTNPNONS M
OTTMOAELNG YVAOOTG, TN OLVATOTNTA GUAAOYICTIKNG MG TPOS PLGIKES EVEPYELEG,
TO YEPOUO GVOVOETMOV TOPEVEPYEUDV GE PEPIKMG TOPATNPN G TEPPALAOVTOL



Vi

k.a. Tlapovoualovpe ™ OSvvoukn ¢ Bewploag péocw povielomoinong
TPOPANUATOV avapopdg oe cuVaEY| TEdiN, KOOMG eniong HEc® Gevapiny Tov
OVOKVTITOVV GTNV WiTEPA amonTnTiKy Tteployn g Atdyvtne Nonpoosvvng.
Téhog, mapovcidlovpe 10 oyedoud €vog €pYOLEIOV GLAAOYIOTIKNG TOV
umopel va vmoomnpifel amoOKINON YVOONG GE TPUAYHOTIKO YPpOVO Ko
mepLypdeove tov TPOTMo Tov pmopel va viomombel to gvpvTEPO TAGIG1O
ePYOciog Pe xpNon YAMOOOV AOYIKOV TPOYPOUUATIGLOD.

AgEaig-khewowd:  XvAloylotik) AAloyng kot Awtotnrog, Emotnuikn
YvAloyotikn, Aoywopdg ZvuPdviov, I'voowxn Poumotikn, Awdyvtn
Nonuoovvn

Enémnmg Kabnyntg:
Anuntpng IMieEovadrng

Kobnyntg Emomung YrnoAoyiotodv
[Mavemotuo Kpnng
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