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Abstract. Making reference, mainly, to the “non-fictionalrretives” domain,

we will suggest, firstly, an operational definitidar highly ambiguous terms
like “elementary events” and “complex events”. Wi then raise the problem
of how to represent these events/complex evenés damputer-suitable form.
We will introduce therefore a language, NKRL (Nawxat Knowledge

Representation Language), expressly specified amdemented for dealing
with narratives and temporal information. Afterwsrdve will show briefly

how this language can be used for questioning afatencing operations on
knowledge bases of “events” formalised accordinthéoNKRL approach.
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1 Introduction

“Event-based” tools and systems seem to be paatigupopular today. They range
from highly formalised systems like event algebjHsand event ontologies [2], to
practical applications like, e.g., narrative-bas@tkeo annotation and editing [3], the
design of event-driven software architectures irgtigg actuator and sensor networks
[4], or the use of an event-centric approach fodefiing policy decision-making in a
business process context [5]. For the great mgjmfit these tools and systems,
however, the term “event” seems to denote simmpra of ‘primitive’ or ‘intuitively
understood’ notion that does not ask for any sbdedinition. When this last is given,
it is often limited to basic statements like “sohieg that happens at a given place
and time”, “something that takes place”, “perduramgities that unfold over time” or
— in the glossary of terms of the Event Proces3iechnical society — “anything that
happens, or is contemplated as happening”.

In the framework of the NKRL project (NKRL = Narieg Knowledge
Representation Language), see [6, 7, 8, 9], we hawe found satisfactory
definitions,even if largely pragmatic and operation&br basic essential notions like
those of tvents and “complex events These definitions have been derived from
work concerning the proper NKRL domain, i.e., tepresentation and management
of non-fictional narrative informatior(or non-fictional narrativey — even if, as we



will show below, extensions to other domains deplivith the notion of ‘event’ are
certainly possible.

In the following, we will first explain informallySection 2, what is denoted by
terms like “elementary/complex events” in a nau@fNKRL context. We will then
show, Section 3, how these informal notions cartrbeslated into precise formal
representation structures that constitute theajitte NKRL language. Section 4 will
supply some details about NKRL and will include taub-sections, the first devoted
to an outlook of the NKRL’s knowledge representatiechniques and the second to
the querying/inferencing procedures. Section 5 edlisists in a short “Conclusion”.

2 Narratives, elementary and complex events

‘Narrative’ information concerns the account of someal-life or fictional story (a
“narrative”) involving concrete or imaginary ‘chatars’. In a NKRL context we are
mainly concerned withrfon-fictional narrative§ like those typically embodied into
corporate memory documents (memos, policy stateanegports, minutes etc.), news
stories, normative and legal texts, medical recordany intelligence messages,
surveillance videos, actuality photos for newspspard magazines, material (text,
image, video, sound...) for eLearning, Cultural Hegé material, etc. We can note
that this choice is only due to very practical ¢omgts — to profit, e.g., from the
financial support of the European Commission — adit will appear clearly in the
following, nothing (at least in principle) couldgvent us from dealing with the whole
“Gone with the wind'fictional-narrativenovel according to an NKRL approach.
More precisely, we assume that (fictional or fictienal) narratives correspond
to the basic layer, thddbula (a Latin word: fable, story, tale, plai@yer’, introduced
by Mieke Bal [10] in her crucial work on the structs of narrative phenomena.
Accordingly, an (NKRL) narrative consists then in saries of logically and
chronologically related events (a ‘stream of eletaen events’) that describe the
activities or the experiences of given charactérem the above, we can immediately
deduce thah narrative coincides, in practice, with a “complexent”— see also [8].
From this definition and other work in adrratology’ context — an introduction to
this discipline can be found in [11] — we can inf®me important characteristics of
“narratives/complex events”, see [9: 2-13] for a renodetailed discussion —
independently, once again, by any ‘fictional/nantifinal’ consideration:

» One of the features defining tkennectedcharacter of the elementary events that
make up the stream concerns the fact that thesehaomologically relatedi.e.,
narratives/complex eventsextend over time This diachronic aspect of
narratives/complex events (a narrative normally dbeginning anendand some
form of developmeptepresents indeed one of their most importantadteristics.

» Spaceis also very important in the narrative/compleemé domain, given th#te
elementary events of the stream occur generallyal defined ‘locations’real or
imaginary ones. The connected events that make ngrative/complex event are
then bothtemporally and spatially bounde8akhtin [12] speaks in this context of
“chronotopeswhen drawing attention on the fact that time apdce in narratives
are strictly interrelated.



» A simple chronological successions of elementagnes/that take place in given
locations cannot, however, be defined as a ‘nagafa complex event) without
some sort ofsemantic coherentand ‘uniqueness of the thehthat characterise
the different elementary events of the streamhil togical coherence is lacking,
the elementary events pertain to different narestiva narrative can also be
represented by a single ‘elementary event'.

* When the constitutive ‘elementary events’ of a atiwe/complex event are
verbalized in NL terms, their ‘coherence’ is norlpaxpressed through syntactic
constructions like causality, goal, indirect speexordination and subordination,
etc. In this paper, we will systematically make wsfethe term ¢onnectivity
phenomenato denote this sort of clues, i.e., to denote twha a stream of
elementary events, i) leads to a ‘global meanimgit tgoes beyond the simple
addition of the ‘meanings’ conveyed by a singlenwatary event; ii) defines the
influence of the context in which a particular evenused on the meaning of this
individual event, or part of it.

» Eventually, narratives/complex events concern thbaliour or the condition of
some ‘actors’ (persons, characters, personagasefigetc.). They try to attain a
specific result, experience particular situationgnipulate some (concrete or
abstract) materials, send or receive messages,sbllydeliver, etc. In shorthey
have a specific ‘role’ in the evefin the stream of events representing the global
narrative) — see, in a very peculiar ‘narratologghtext, the famous seven roles
(the hero, the villain, the princess etc.) desctib®y Viadimir Propp in its
“Morphology of the Folktale” [13]. Note that thesetors or characters are not
necessarily human beings; we can have narrativesecoing, e.g., the vicissitudes
in the journey of a nuclear submarine (the ‘actmharacter’ etc.) or the various
avatars in the life of a commercial product.

Defining a narrative/complex event as‘siream of elementary eventsiould
correspond, once again, to some sort of ‘dull’ migén without being able to specify
what an €lementary evehtan be. In an NKRL context, this point is alsatpmalarly
important from a practical point of view given that we see lateeach elementary
event is separately encoded making use of the NdGRWledge representation tools
According then to a well-known Jaegwon Kim’s defom, see [14, 15], a “monadic”
event — which can be considered as equivalent telamentary event” — is identified
by a triple[x, P, ] wherex is an object that exemplifies tineary property or relation
P at timet (wheret can also be an interval of time); “monadic” metren that then-
ary propertyP is exemplified by a single objegtat a time. To make reference to one
of the recurrent examples in the theoretical disiois about events, “Brutus stabs
Caesar”, the Kimian interpretation of this eventresponds then to the representation
of an individual x, Brutus who, at timet, is characterised by the propery
exemplified by his stabbing of Caesar. Without antg now in the theoretical
controversies raised by this sort of definitione $8: 8-13] for some information in
this context, we can note that, from an NKRL paafitview, a more ‘practically
useful’ — more complete and structured — definitiohelementary event is that
introduced by Donald Davidson [16, 17], particufapopular in the linguistic
domain. This last focuses the representation oélamentary event on thection
verl’ characterising thglobal conceptual categomyf the event more than — as in the



Kimian approach — on thegéneralised propertiésof this event. In this way, the
Davidsonian representation of “Brutus stabs CadsacbmesEE.stab(e, b, c), where

e is anevent variableThe global meaning of this formalism correspotwdsThere is
an evente such thate was a stabbing of Caesar) by Brutus b)". Moreover, as
emphasised above when we have listed some importiatracteristics of
narratives/complex eventgples” have a particular importance in a narrativeOur
preferred formalism for the representationetdmentaryevents is then the so-called
“neo-Davidsoniahapproach: the neo-Davidsonians, see [18, 19, &3ume in fact
that the event argumeatabove must béhe only argument of the (verbal) predicate
this implies then, necessarilthe introduction of thematic (functional) “roles’of
expressing the relations between events and tlagticjpants The formalization of
“Brutus stabs Caesar” becomes then now:

[k[stab(e) & agent(e) = b & object(e) = c] . (2)

Apart from the theoretical implications, what expdad above is particularly
important because it supplies us with‘pmragmatically useful’ and ‘operational’
criterion for recognizing and isolating — in someyy for ‘defining’ — “elementary
events” The criterion consists then in the identificatiavithin the description in
natural language (NL) terms of the global strearpresenting a narrative/complex
event, of a specific ‘generalized natural languggedicate: this represents then the
‘core’ of a new elementary event. The predicataesponds usually to a verb — to
stick to the previous example, recognizing “stafs™a verb in the NL chain “Brutus
stabs Caesar” should be sufficient for signallimg presence of an elementary event —
but, according to the neo-Davidsonian approacls fhiedicate can also, in case,
correspond to a noun (...Janemblealong the park...) or an adjective (“worth
several dollars...”) when these last hayaredicative functionOf course, a drawback
of this criterion concerns the fact that its ufilis limited to the recognition of the
elementary components of narratives/complex everpsessed in NL terms, while
narratives are “multimedia” in essence — a photpragenting President Obama
addressing the Congress, or a short video showireg tnice girls on a beach are
surely narrative documents (the first includingyoah elementary event) but they are
not, of course, NL documents. A classical way dfigg around this problem consists
in annotating multimedia narratives in natural laage see, e.g., [21]. In [3],
Lombardo and Damiano propose a method for anngtatial editing video fragments
(i.e., video narratives) with respect to their setitacontent where the basic unit of
description — corresponding then to our ‘elemenewgnts’ — are “beats” defining
“... the minimal units for story advancement thatlwikposed to the audience” [3:
707]. The criteria used to identify the “beats” in an enguous and repeatable way
are not, however, completely defined.

3 Representing Elementary and Complex Events

Eq. 1 above — an-ary form of representation — shows clearly thatrtbes so popular
W3C proposals like RDF(S), OWL or OWL 2 — see [22, 24] — areat least in their
standard format unable to supply a basis for representing eleangrgvents on a



computer. All the W3C representations are, in fa€the binary type, based on the
classical attribute — value model, where a property/attribute can only bbimary
relationshiplinking two individuals or an individual and a valuThe inadequateness
of this approach to take into account complex regméational problems like those
linked with narratives, spatio-temporal informatioand any sort of events and
complex events is now widely recognized see, £8,,26, 27, 28, 29].

Note that the argument often raised in a W3C cdntad stating that any
representation making use wfary relations can be always converted to one making
only use of binary relationsvithout any loss of expressivendssincorrect with
respect to the last part of the sentence. It is itnUfact that, from a pure formal point
of view, anyn-ary relationship witm > 2 can always be reduced, in a very simple
way, to a set of binary relationships. This podisjbis well illustrated, among other
things, by the successful representation of the NKRore in the terms of a (W3C)
binary language like RDF, see [30]. However, tlistfdoes not change at all the
intrinsic, ‘semantic’n-ary nature of a simple statement like “Bill gives a book to
Mary” that, to be understood, requires to be takeiis entirety This means — see
also Eq. 1 above — to make use of a semantic @diof theGIVE type that
introduces itghree arguments, “Bill”, “Mary” and “book” througtthree functional
relationships (roles) likesSUBJECT (or AGENT), BENEFICIARY and OBJECT, the
whole n-ary construction being — this is the central peintified and necessarily
managed as a coherent block at the same. tmdy in this way it will be possible to
infer, in a querying/inferencing context that, e.the above elementary event is
linked, in the framework of a wider narrative, toother elementary event relating
Mary’s birthday; for the formal details see, e[85].

Efforts done, in a strict W3C context, to extendittbinary languages using some
n-ary features have not been very successful until nee, or more details, [9: 17-
21]. Another way of trying to adapt/extend the ttiadal ‘binary’ tools to take into
account complex, dynamic situations consistseducing the notion of “role” from
its normal status of ‘functional relationship’ tbet of ‘static’ concept or classee [9:
138-149] for a discussion about this topic. Theske-concepts can then be used
within all sorts of complexbinary schemata or pattern® represent causality,
mereology, participation etc. A well-known exampté this approach is the
“Descriptions and Situations (DS)” model, see [3ifplemented as a plug-in
extension to the DOLCE system [32], an (OWL-basegper ontology’. A recent
variation on this approach is represented by EModel-F, see [33], based in turn on
a reduced version of DOLCE, DOLCE+DnS Ultralite (DUsee http://www.loa-
cnr.it/ontologies/DUL.owl.

Several actuah-ary models that, among other things, can be usedp@sent in
computer-usable ways elementary events teen described in the literature, see [9:
22-33] for a review. The-ary model used in NKRL can be denoted as:

(Li (Pj (R1a1) (R2a2) ... (Rnan))) , 2

whereL; is the symbolic label identifying (‘reifying’) th@articularn-ary structure
(e.g., the global structure corresponding to theasentation of previous “John gives
a book to Mary” examplelp; is a conceptual predicatBy is a generic “functional
role” and ax the corresponding predicate argument (e.g., thévidhhls JOHN_,
MARY_ etc.). Note that each of tk a)) cells of Eq. 2taken individually represents



a binary relationshipin the W3C (OWL, RDF...) languages style. The madinpis
here that, as already statéfte whole conceptual structure represented by (&trhe
considered globally.

Similarities between neo-Davidsonian expressiomsefementary events like that
of Eq. 1 and the formal structure of Eq. 2 are emtd However, some important
differences exist. To avoid both the typical amiiigs of natural language and
possible ‘combinatorial explosion’ problems — dee discussion in [9: 56-61] — both
the (unique) conceptual predicate of Eq. 2 andassociated functional roles are
‘primitives’. Predicate®; pertain in fact to the seBEHAVE, EXIST, EXPERIENCE,
MOVE, OWN, PRODUCE, RECEIVE}, and the functional roleRq to the set
{SuBJ(ect), OBJ(ect), SOURCE, BEN(e)F(iciary), MODAL(ity), TOPIC,
CONTEXT}. Two special operatorgjate-1 and date-2 — that can bessimilated to
functional roles — are used to introduce the tempimformation associated with an
elementary event: see, e.g., [9: 76-86, 194-20t]afadetailed description of the
formal systemused in NKRL for the representation and managemériemporal
information The NKRL representation of specific elementary é¢ver that
corresponds to theoncrete instantiationqcalled ‘predicative occurrencép of
general structures in the style of Eq. 2 — is thaort ofcanonical representation.

Several predicative occurrences — denoted by tkgmbolic labelsL; and
representing formally a (possibly structured) sétetementary events — can be
associated within the scope of second order stregtcalled binding occurrence's
These are, in practicéabelled listsformed of a“binding operator Bn" with its
arguments The operators are those used in NKRL to reprefi@nt‘connectivity
phenomenathat guarantee thglobal coherence of narrative/complex eversgse
Section 2 above. They areALTERN(ative), COORD(ination), ENUM(eration),
CAUSE, REFER(ence) — the ‘weak causality operator’, introductag arguments
where the second is necessary but not sufficienexplain the first —GOAL,
MOTIV(ation) — the ‘weak intentionality operator’, whetfge first argument is not
necessary to realise the second, which is howew#icient to explain the first —
COND(ition), see [9: 91-9B The general expression of a binding occurrendesis:

(Bnk args argy ... argn), ©)

Eq. 3 is particularly important in an NKRL contex¢cause it supplies also the
formal expression — once again, a ‘pragmatic/opiersl’ form of definition — of the
notion of “narrative/complex event"The argumentarg; of Eq. 3 can, in fact, i)
correspond directly td; labels — i.e., they can denote simply the presesfce
particular elementary events represented formallpradicative occurrences — or ii)
correspond recursively to new labelled lists in Bgformat In the first case, the
global narrative/complex event represents meralychronological stream of
elementary events, temporally characterized, wtadr¢hese events have the same
logical/semantic weightand the operatorBn corresponds toCOORD (or
ENUM/ALTERN). In the second case, we can suppose, e.g., thiaea sequence of
events — an Eq. 3 list of theOORD... type — represents theAUSE of another
sequence of events. The global representation isfriarrative/complex event will
then correspond to an Eq. 3 list labelledC#g8JSE, having as argumentsg; the
COORD... list including the elementary events at the origirthe complex event and
asarg, the COORD... list including the elementary events that represegéther the



consequence, see also the simple example at thefeBdction 4.1 below. What
expounded above is in agreement with the remanieesged by several authors — see
[34] for example — about the possibility eisualizing under tree form the global,
formal expression of a narrative/complex event mauef several elementary events

4 A Short Description of the NKRL system

After having introduced, in the previous Sectiotie general theoretical framework
underpinning the NKRL approach to the narrative/ptax events problem, we will

now illustrate briefly some points concerning itsncrete implementation — see [9]
for a complete description.

3.1 TheKnowledge Representation Aspects

NKRL innovates with respect to the curremttological paradigmsy adding to the
usual bntologies of conceptan ‘ontology of (elementary) evehtse., a new sort of
hierarchical organizatiowhere the nodes correspondriary structures in the style
of Eg. 2 aboveln the NKRL's jargon, these-ary structures are calledetmplate’
and the corresponding hierarchy — i.e., the ontolaigelementary events — is called
HTemp qierarchy of templatgsTemplates can be conceived as the canonicahalor
representation ofeneric classes of elementary evdiks “move a physical object”,
“be present in a place”, “produce a service”, “dJegkive a message”, etc.

Note that, in the NKRL environment, aantology of conceptgaccording to the
traditional meaning of these terms) not only exidtst it represents an essential
component of this environment. The ‘standard’ argglis called HClasshierarchy
of classef structurally and functionally, HClass i@t fundamentally differerftom
one of the ontologies that can be built up by usoms in a ‘traditional’ Protégé
style, see [35]. An (extremely reduced) representaif HClass is given in Figure 1 —
HClass includes presently (April 2010) more thad0®,concepts.

When a specific elementary evergertaining to one of the ‘general classes’
represented by templates must be encoded, thesponding template imstantiated
giving rise to a predicative occurrence To represent then a simple elementary event
(corresponding to the identification of the surfgmedicate “offer”) like: “British
Telecom will offer its customers a pay-as-you-gay@ Internet service in autumn
1998", we must select firstly in the HTemp hiergr¢he template corresponding to
“supply a service to someone”, represented in gfpeupart of Table 1. This template
is a specialization of the particulOVE template corresponding to ‘transfer of
resources to someone’ — Figure 2 below reproducésgment of the ‘external’
organization of HTemp. In a template, the argumehthe predicate (thex terms in
Eq. 2) are concretely representeg variables with associated constraintsese are
expressed as HClass concepts or combinations akepts) i.e., the two ontologies,
HTemp and HClassre then strictly intermingled



Search: accident_ -

O h_class
@ [ rikrl_grammar
&[] non_soral_concept
® [J sortal_concept
@ 3 entity_
@ [ siation_
& [ actiaty_
& [Jcondifion_
@[] generic_condition
& [ nepative_candition
© [ positve_tondition
& [Jprocess_
& [Jreified_svent
© [ accident_
© [ indusinial_accident
@ [ physical_accident
@[ road_accident
© 3 compary_related_event
@ T entertalnmentishow.
@ [ festivity_
@ ] first_ime_event

Fig. 1. Partial representation of HClass, the ‘traditiomaitology of concepts.

Table 1. Deriving a predicative occurrence from a template

name Move:TransferOfServiceToSomeone

father Move:TransferToSomeone

position 4.11

natural language descriptioriTransfer or Supply a Service to Someone”

MOVE SUBJ varl: [var2]
OBJ var3
[SOURCE var4: [var5]]
BENF var6: [var7]
[MODAL var8]
[TOPIC var9]
[CONTEXT varl0]

{[modulators]}

varl = human_being_or_social_body
var3 = service_

vard = human_being_or_social_body
varé = human_being_or_social_body
var8 = process_, sector_specific_activity
var9 = sortal_concept

varl0 = situation_

var2, varb, var7 = geographical_location

cl) MOVE SUBJ BRITISH_TELECOM
OBJ payg_internet_service
BENF (SPECIF customer_ BRITISH_TELECOM)
date-1: after-1-september-1998
date-2:




When creating @redicative occurrence (an instance of a templéite) c1 in the
lower part of Table 1, the role fillers in this ocrence must conform to the
constraints of the father-template For example, in occurrencecl,
BRITISH_TELECOM is an individual, instance of the HClass conagptpany_: this
last is in  turn, a specialization of human_being_or_social_body.
payg_internet_service is a specialization dfervice_, a specific term ofocial_activity,
etc. The meaning of the expressionBENF (SPECIF customer_
BRITISH_TELECOM)” in cl is self-evident: the beneficiaries (roBENF) of the
service are the customers ofSPECIF(ication) — British Telecom. The ‘attributive
operator’, SPECIF(ication), is one of the four operators used far get up of the
structured arguments (expansior) conceptual predicates liK@OVE, see [9: 68-
70]. In the occurrences, the two operatdate-1 anddate-2 materializethe temporal
interval normally associated with an elementaryrgvsee again [9: 76-86, 194-201].

B HTEMP - Hierarchy of Templates

% [ Experience:
©- [ Experience:GenericSituation
@ [T ExperienceMaluedSituation
@ 3 own:
© 3 Own:Property
© [ Own:Control
[ own:awailabilityor
@ 3 wn:BelnPossession
& [ Produce:
©- [ Exist
© [ Raceive:
@ [ Behave:
@ 3 Behave-Focus
@ 3 Behave:Attitude
@ 3 Behave:HumanFroperty
[ mave:
@ I mave TransferToSomenne
© [ Move:TransferOfServiceTaSomeane
D hove TransferOfversion/PatOfSerice
[ Move:TransterFinancialResourcaToSomeons
D Move: Transferknowledge
[ Move:TranstematerialThingToSomeone
©- [ move:AutonomousDisplacerent
@ [ MoveForcedChange
@ [ Move:ForcedChangeOfState
D hiove TransformProduct
% 3 mave:ForcedChange OfLocation
D hove MoveAProcess
@[3 Move MoveAnEntity
D Move:MoveAnAnimateEntity
% ] Mave:MovesninanimataEntity
D Move:MoveAFinancialltern
@[3 Move Transmitinfarmation
[ Move: Genericinfarmation
D Move:Structuredinfarmation

Fig. 2. ‘MOVE’ etc. branch of the HTemp hierarchy.

More than 150 templates are permanently inserténl firemp; HTemp,the
NKRL ontology of eventxorresponds then to a sort ‘chtalogue’ of narrative
formal structureswhich are very easy to extend and customize.



To supply now an at least intuitive idea of how @anplete narrative/complex
event is represented in NKRL, and returning to Thble 1 example, let us suppose
we would now state that: “We can note that, on M&008, British Telecomlans to
offer to its customers, in autumn 1998, a pay-as-youpgyd) Internet service?’,.
where the specific elementary event correspondintpe offer is still represented by
occurrencel in Table 1.

To encode correctly the new information, we mustoitluce first anadditional
predicative occurrencéabelled ag2, see Table 2, meaning that: “at the specific date
associated witle2 (March 1998), it can be noticed, modulatbs(erve), that British
Telecomis planningto act in some way” — the presence gkaond surface predicate
in the NL expression of the complex event denotes presence of a second
elementary eventbs(erve) is atemporal modulatdr see [9: 71-72], used to identify
a particular timestampwithin the temporal interval of validity of an ebentary event.
We will then add ainding occurrence3 labelled with aGOAL Bn operator, see the
previous Sectionto link together the conceptual labels (the planning activity) and
cl (the intended result). The global meaning®fcan be verbalized as: “The activity
described irc2 is focalised towardsGOAL) the realization o€1”. In agreement with
the remarks at the end of the last Sectich,— the representation of the global
narrative/complex event — can also representeter tree formhavingGOAL as top
node, and two branches where the leaves.are2 andL, = cl.

Table 2. Binding and predicative occurrences

c2) BEHAVE SUBJ BRITISH_TELECOM
MODAL planning_
{ obs }
datel: march-1998
date2:

Behave:ActExplicitly (1.12)

*cl) MOVE SUBJ BRITISH_TELECOM
OoBJ payg_internet_service
BENF (SPECIF customer_ BRITISH_TELECOM)
date-1: after-1-september-1998
date-2:

Move:TransferOfServiceToSomeone (4.11)

c3) (GOAL c2 c1)

3.2 TheQuerying/Inferencing Aspects

Reasoningin NKRL ranges from thelirect questioningof a knowledge base of
narratives represented in NKRL format — by meansesrch patterng; (formal
queries) that unify information in the base thatikthe use of &iltering Unification
Module (Fum), see [9: 183-201] — tbigh-level inference procedureBhese last make
use of the richness of the representation to d@shaldhteresting’ relationships among
the narrative items stored within the base; a etagaper on this topic is [6].

The NKRL rules are characterised by the followirgeral properties:



« All the NKRL high-level inference rules can be ceived asimplicationsof the
type:

X iff Y, and Y2 ...and Y, . [N

* In Eqg. 4,X corresponds either topaedicative occurrence; or to asearch pattern
pi andY; ... Y, — the NKRL translation of theéasoning stepghat make up the
rule — correspond tpartially instantiated templatesThey include then, see the
upper part of Table 1 abovexplicit variablesof the formvar..

» According to the usual conventionslogic/rule programmingsee [33: 105-170] —
InferenceEngine understands each implication as a proceduféhis reduces
‘problems of the formX to asuccession of ‘sub-problemé; and ... Y.

» Eachyi is interpreted in turn as procedure callthat tries to convert — using, in
case,backtracking procedures ¥ into (at least) a successful search pattgrn
These last must then be able to unify (using th@dg#rdFum module) one or
several of the occurrencef the NKRL knowledge base.

» The succes®f the unification operations of the pattgrnderived fromY; means
that the ‘reasoning step’ represented Yyhas been validatednferenceEngine
continuedrying then to validate the reasoning step corregfing toYi..

 In line with the presence of the operator ‘andEm. 4, the implication represented
by Eq. 4is fully validated iff all the reasoning steps Y- ... Y, are validated.

All the unification operationgi/c; required from the inference procedures make use
only of the unification functions supplied by thétéring Unification Module Fum)
introduced above. Apart from being used for direct questioningoperationsfFum
constitutes as well, therefore, therter core of the InferenceEngine modules.

From a practical point of view, the NKRL high-leveference procedures concern
mainlytwo classes of rules, ‘transformations’ and ‘hymstes’ see, e.g., [6].

Let us consider, e.g., the ‘transformations’. Theskes try to adapt, from a
semanticpoint of view, a search pattegn that failed (that was unable to find a
unification within the knowledge base) to tleal contentof this base making use of
a sort of analogical reasoning They attempt then tautomatically ‘transform’p
into one or moredifferent p1, p2 ... pn that are not strictly ‘equivalent’ but only
‘semantically close’(analogical reasoning) to the original one. Inrangformation
context, thehead X of Eq. 4 is then represented by a search pattern,

Operationally, a transformation rule can be coregias made up of laft-hand
side the antecedent- i.e. the formulation, in search pattern fornaftthe ‘query’ to
be transformed — and of one or maight-hand sidesthe ‘tonsequent(s)- the
NKRL representation(s) of one or more queries (gegaatterns) to be substituted for
the given one. Denoting witlhA the antecedent and witls all the possible
consequents, the transformation rules can thexpressed as:

A(var) = Cs(varj), var Ovar (5)

With respect to Eq. 4 abovg,coincides now withA — asearch pattern- while the
reasoning stepgs, Y2 ... Y, are used to produce tbearch pattern(sgs to be used in
place ofA. The restrictiorvar, O var; — all the variables declared in the antecedent



must also appeamn Cs — assures the logical congruence of the riléme formal
details are given, e.g., in [9: 212-216].

Let us consider a concrete example, which concarnscent NKRL application
about the ‘intelligent’ management of ‘storyboards’the oil/gas industry, see also
[37]. We want then ask whether, in a knowledge lvetsere are stored all the possible
elementary and complex evemtdated to the activation of a gas turbine, we can
retrieve the information that a given oil extrac®running. In the absence of a direct
answer we can reply by supplying, thanks to a foansation rule like thatt{1) of
Table 3, other related events stored in the knogddzhse, e.g., an information stating
that the site leader has heard the working noigkeobil extractor, see Figure 3.

Table 3. An example of ‘transformation’ rule.

t11: “working noise/condition” transformation

antecedent:
OWN SUBJ varl
OBJ property_
TOPIC running_
varl =  consumer_electronics, hardware_, diagnostic_tool/system, surgical_tool,

technical/industrial_tool, small_portable_equipment

first consequent schema (conseql):

EXPERIENCE SUBJ var2
OBJ evidence_
TOPIC (SPECIF var3 varl)

var2 = individual_person
var3 = working_noise, working_condition

second consequent schema (conseq2):
BEHAVE SuBJ var2
MODAL industrial_site_operator

Being unable to demonstrate directly that an indakapparatus is running, the fact that an openat
can hear its working noise or note its operatioaapect can represent a proof of its running statu

oY

Expressed in natural language, this result can drapbrased as: “The system
cannot assert that the oil extractor is runnind,ibcan certify that the site leader has
heard the working noise of this extractor”.

With respect now to thkeypothesis ruleghese allow us to build up automatically a
sort of ‘causal explanationfor an elementary event (a predicative occurregte
retrieved within a NKRL knowledge base. In a hygasil context, the ‘head of Eq.

4 then represented by a predicative occurregicéccordingly, the ‘reasoning steps’
Yiof Eq. 4 — called ‘condition schemata’ in a hypaikecontext -must all be satisfied
(for each of them, at least one of the correspandiwarch patterns must find a
successful unification with the predicative occooes of the baséh order that the
set ofcy, ¢z ... cn predicative occurrences retrieved in this way canriterpreted as a
context/causal explanation of the original occuren,.

For example, to mention a ‘classic’ NKRL examplege §6], let us suppose we
have directly retrieved, in a querying-answering dmo information like:
“Pharmacopeia, an USA biotechnology company, hasived 64,000,000 dollars
from the German company Schering in connection with R&D activity” that



corresponds then to. We can then be able to automatically construsingsa
‘hypothesis’ rule, a sort of ‘causal explanatiorf’ this event by retrieving in the
knowledge base information like: i) “Pharmacopera é5chering have signed an
agreement concerning the production by Pharmacagesanew compoundcf) and

ii) “in the framework of the agreement previoushentioned, Pharmacopeia has
actually produced the new compouneb) (

occurrences Inference Rule Data structure Running area Results

The result n° : 1/2 -- Match wit

The start pattern

1 oW
SUBd{ect) : oil extractor :
DBJ{ect) : property
TOPIC ¢ running

{3}

date-1 rnull

date-2 inull

is instance of:

The result for the Consequent 1

rirt2.c24:
1 EXPFERIEHCE
SUBJ{ect) : INDIVIDUAL PERSOH 104 : GP1Z COMPLEX
0BJ{ect) ¢ evidence
MODAL (ity) : { SPECIF hearing INDIVIDUAL PERSOH 104 )
TOPIC : { SPECIF working noise OIL_EXTRACTOR 1 )
{3}
date-1 1671072008 1671072008
date-2 inull

iz instance of:Experience:ValuedSituation
Hatural language description :
THDIVIDUAL PERSOH 104 has heard the working noise of the oil extractor.

The result for the Consequent 2

wirt2.cll:
1 BEHRVE
SUBJ{ect) : THDIVIDUAL PERSOH_104 : GP1Z COMPLEX
MODAL {ity) : site leader
{obs }
date-1 $1671072008
date-2 inull

is instance of:Behave:Role
Hatural language description :
We can remark, on October 16, 2008, at 08hilé, that THDTVIDUAL PERSOH 104 fulfils the function of site leader

Fig. 3. Using the NKRLInferenceEngine in a ‘transformation’ context.

A recent development of NKRL concerns the possjbihif using the two above
modalities of inferencén an ‘integrated’ way see [9: 216-234]. More exactly,is
possible to make use of ‘transformations’ wheferenceEngine is working in the
‘hypothesis’ environmeniThis means that, whenever a search patteis derived
from the ‘condition schema’ of a hypothesis implement a step of the reasoning
process, we can use #s it is — i.e., in conformity with its ‘father’ conditioschema
— but also ina ‘transformed’ form if the appropriate transforniat rules existThe
advantages are essentially that i) a hypothesimée@do failcan now continuéf a



transformedp; is able to find an unification within the knowlezipase, getting then
new values for the hypothesis variables; ii) thimtegy allows us to explore in a
systematic ways all the possitieplicit relationships among the data in the base.

4 Conclusion

NKRL deals with the representation and managememle@mentary’ and ‘complex’
events by making use ofary and second order knowledge representationtstas:
One of its main characteristics concerns the amitif anontology of eventt the
usual ontology of conceptslts inference solutions employ advanced causatt a
analogical-based reasoning techniques to dealthgtlevents and their relationships.

NKRL is also a fully operational environment, impiented in two versions (file-
oriented and Oracle-based) and developed thanksvieral European projects. Many
successful applications in many different domafreng ‘terrorism’ to the ‘corporate’,
‘cultural heritage’ and ‘legal’ domains, to the ragement of ‘storyboards/historians’
for the gas/oil industry...) have proved the pradtiddity of this tool.
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