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t. The paper presents the notion and 
on
ept of quasi-obje
tsthat form a representation layer of a temporal intelligent system. Thetasks of su
h a system are brie�y dis
ussed to justify the use of quasi-obje
ts, the origin of the 
on
ept is presented, and the main features ofquasi-obje
ts are outlined. Two examples of quasi obje
ts are presentedand dis
ussed. Finally, advantages of this 
on
ept are brie�y shown.Keywords: quasi-obje
t, temporal intelligent system, heterogeneous domains.1 Introdu
tionModern enterprises that operate in a 
omplex e
onomi
 environment have torea
t to 
hanges of this environment qui
kly and properly [10℄. Any enterprisehas to rea
t to all types of 
hanges: the past, the present and the anti
ipatedones. Analysis of past 
hanges may be the starting point for prognosis, present
hanges in�uen
e 
urrent operations, while anti
ipated 
hanges allow formulat-ing strategi
 plans for the future. It is obvious that the time fa
tor is absolutely
ru
ial in the strategi
 analysis.We assume that the analysis of the environment that respe
ts and re�e
ts its
hanges is performed by an intelligent system. As the analysis is put in the tem-poral 
ontext, the system has to be temporal in its nature to provide a 
ompleteanalysis. By �
omplete� analysis we mean: putting elements of the environmenton the time axis, providing information on past, present and future 
hanges,whi
h is followed by the histori
al analysis, the analysis of 
urrent trends, andanalysis of future 
hanges. Also the 
ausal relationships between e
onomi
 phe-nomena in time have to be taken into a

ount, as they allow a proper evaluationof phenomena and pro
esses in the environment of an enterprise [11℄. Su
h ananalysis will allow better, more a

urate and qui
ker de
isions on the 
urrentand future strategy. 755
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h2 A Temporal Intelligent SystemBy a temporal intelligent system we understand an arti�
ial intelligen
e systemthat expli
itly and dire
tly performs temporal reasoning. Su
h a system not only
ontains a fa
t base, a rule base and an inferen
e me
hanism, but also takesand expresses time in a dire
t way. For an intelligent system to be 
onsideredtemporal, expli
it time referen
es should be found at least in the representationand reasoning layers.Temporal intelligent system may be 
onsidered a de
ision support system ina sense that its purpose is to support de
isions that need an advan
ed temporalanalysis of the environment. To perform this task, the system should be able to:1. represent time � dis
rete and/or dense one, depending on the needs and onthe nature of phenomena being analysed,2. represent 
ausal relationships between a
tions and/or phenomena in the en-vironment, represent 
onditions to perform an a
tion,3. represent pro
esses, among whi
h are 
onditional and 
on
urrent ones,4. analyse future 
hanges.A temporal intelligent system is 
omposed of several layers. The representationlayer 
ontains knowledge about the environment and is 
omposed of several tem-poral knowledge bases. Su
h a division of the representation layer is based onseveral observations. The �rst one 
on
erns heterogeneity of e
onomi
 environ-ment, that is of phenomena observed there, and of the pa
e of 
hanges of thesephenomena. This in turn leads to di�erent time granularities, whi
h justify usingdi�erent representations for the elements of the environment. Moreover, the rep-resentation 
ontaining di�erent temporal formalisms allows depi
ting knowledgeabout the environment in a more pre
ise and 
omplete manner. Using singletemporal formalism may lead to omission of some features, if it is impossible torepresent them with the formalism 
hosen. In 
onsequen
e, the knowledge aboutthe environment would be ��attened�, that is would not 
on
ern some importantfa
ts or features. All these observations justify using several knowledge bases inthe �rst layer of the system. This layer is responsible for a proper representationand des
ription of elements in the heterogeneous environment of the enterprise.Choosing appropriate temporal formalisms ful�ls this task. As these formalismsusually 
ontain inferen
e rules, that are also taken into a

ount in the represen-tation pro
ess (see e.g. [12℄ p. 172; [7℄; [2℄ p. 129nn; [14℄; [15℄; [19℄), they do notonly allow to des
ribe and represent heterogeneous elements of the environmentand their temporal features, but they also provide a way of reasoning about ea
hknowledge bases' behaviour. These temporal knowledge bases are 
alled quasi-obje
ts. This notion, its genesis and main features will be dis
ussed in the nextse
tion.The se
ond � reasoning � layer is responsible for reasoning about the domain.It 
ontains individual inferen
e me
hanism, one for ea
h individual knowledgebase.Next there is an integration layer. Regardless of the reasoning pro
ess 
on-
erning individual parts of the environment, it is ne
essary to integrate the



The Con
ept of Quasi-obje
ts 757
Temporal knowledge


base 1


Inference mechanism n


Temporal knowledge base

n


Temporal knowledge

base 2


Representation

layer
 Fact base manipulation mechanism


Inference mechanism 2
Inference mechanism 1


Inference results base
Results integration

mechanism


General

knowledge


base


Integrated knowledge

on fact bases


.
 Rule base
 Inference mechanism


User interface


Reasoning

layer


Integration

layer


Fig. 1. General ar
hite
ture of a temporal intelligent system with quasi-obje
ts (tem-poral knowledge bases) in the �rst layertemporal knowledge from the �rst layer, in order to obtain a general knowledgebase. Having su
h knowledge base the system is able to reason about 
hangesin the environment treated as a whole. The need for integration 
omes dire
tlyfrom the idea of quasi-obje
ts: ea
h of them is formalised in a di�erent way,there o

ur di�eren
es in time granularity and semanti
 ones. Also the type ofknowledge in ea
h quasi-obje
t is di�erent, be
ause 
hara
teristi
s of elementsof the environment are di�erent.The last layer of the system is the one performing integrated reasoning andthe analysis of future 
hanges.The general ar
hite
ture of the system, with the �rst layer 
ontaining quasi-obje
ts (temporal knowledge bases), is presented in Fig. 1.Although ea
h of the layers in the system is worthy of a detailed des
ription,in the paper we will fo
us on the basi
 
on
ept linked with this ar
hite
ture,
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hnamely the 
on
ept of quasi-obje
ts, that 
onstitute the layer responsible fortemporal knowledge representation. The next se
tion is devoted to this 
on
ept.3 The Con
ept of Quasi-obje
tsA quasi-obje
t is an individual knowledge base 
on
erning a sele
ted elementof the environment (domain), formally represented by the means of a temporallogi
, 
ontaining temporal knowledge and inferen
e rules spe
i�
 for the sele
tedlogi
. Therefore the representation layer 
onsists of a spe
tre of n knowledgebases (quasi-obje
ts), where n is the number of domain elements represented.The term �quasi-obje
t� refers to the obje
t-oriented paradigm, and empha-sizes the fa
t, that despite some similarities with this paradigm, the 
on
ept ofquasi-obje
ts does not adopt me
hani
ally all the assumptions of the paradigm.Using the term �quasi-obje
t� is justi�ed be
ause � as Beynon-Davies points out� �there is no 
ommon agreement on what obje
t paradigm really is� [3℄ p. 103.It seems that there is mu
h freedom in using the term �obje
t�.Although the 
on
ept of quasi-obje
ts adopts some notions form the obje
t-oriented paradigm, the two 
on
epts are not identi
al. The 
omparison of bothparadigms is presented in Table 1.4 ExamplesFormally, a quasi-obje
t is de�ned as:
QOn = {Kn, An, Rn, On} (1)where:

Kn � knowledge in a quasi-obje
t n,
An � axioms of a logi
 used to formalize knowledge,
Rn � rules 
hara
teristi
 of a given logi
,
On � assumed ontology of time.Let us 
onsider two examples of quasi-obje
ts. The �rst one 
ontains knowl-edge on legal barriers to entry to a market spa
e, the se
ond one � knowledge on
apital barriers to entry. A

ording to the above de�nition, the �rst quasi-obje
tis built of the following elements:a) KnowledgeKnowledge in this quasi-obje
t 
on
erns the need of obtaining a li
en
e, a
-
ording to the Polish law on e
onomi
 a
tivity [16℄. It is en
oded in the LTRlanguage [20℄ in the following way1:Attributes(li
en
e, {who_issues, who_gets})Attributes(is_issued, {what})Attributes(valid, {what},_,)Granularity(day)1 Basi
 
on
epts of the LTR theory are presented in Appendix A.
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ts 759Table 1. Obje
ts vs. quasi-obje
ts.CLASSIC OBJECT NOTIONS QUASI-OBJECT NOTIONSObje
t � a pa
kage of data and pro
e-dures Quasi-obje
t � temporal representation and tem-poral inferen
e rules of a spe
i�
 logi
Obje
t � 
omposed of state (value)and behaviour (operations) Quasi-obje
t � state (in a given moment) and evo-lution rulesObje
t � data stru
tures and algo-rithm Quasi-obje
t � knowledge and inferen
e rulesObje
t � attributes and methods Quasi-obje
t � features resulting from a given tem-poral logi
, and knowledge base evolution rulesObje
t � represents a real-world phe-nomenon Quasi-obje
t � represents a real-world phe-nomenonObje
t � a symbol representing one ormore real-world �beings� Quasi-obje
t � represents a sele
ted segment of thedomain (environment)Obje
ts � grouped into 
lasses Quasi-obje
ts may be grouped into 
lasses but notne
essarilyClass hierar
hy and inheritan
e No 
lass hierar
hy nor inheritan
ePossible 
hanges with referen
e to ob-je
ts:� value of attribute� domain of attribute� a set of attributes� 
omposition of obje
ts� 
lass membership of an obje
t� types of relations between obje
tsand/or 
lasses� a set of methods des
ribing obje
t'sbehaviour
Possible 
hanges with referen
e to quasi-obje
ts:� appearan
e/disappearan
e of obje
ts (resultingfrom 
hanges in the domain)� a set of rules des
ribing obje
t's behaviour� a set of inferen
e rules 
onne
ted to a quasi-obje
t� 
ausality relationships between quasi-obje
ts(domain elements)� features (attributes) of quasi-obje
ts (domain el-ements)

If TT1: li
en
e(issuing_authority, enterprise)TT2: is_issued(TT1)O

urs(TT2)Then O

urs(valid(TT1), instant(TT2))If TT2: valid(TT1)O

urs(TT2)Then Holds_on(valid(TT1), period(TT3))Period(TT3) Equals [5y, 50y℄b) Axioms of the knowledge representation logi
The LTR theory is based on Vila and S
hwalb's IP-CD theory [19℄, thereforeaxioms 
onne
ted with this quasi-obje
t are as follows:IP1: ¬(i < i),IP2: i < i' ⇒ ¬(i' < i),IP3: i < i' ∧ i' < i� ⇒ i , i�,
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hIP4: i < i' ∨ i' < i ∨ i = i',IP5.1: ∃i' (i' < i),IP5.2: ∃i' (i < i'),IP6: begin(i, p) ∧ end(i', p) ⇒ i < i',IP7.1: ∃i begin(i, p),IP7.2: ∃i end(i, p),IP8.1: begin(i, p) ∧ begin(i', p) ⇒ i = i',IP8.2: end(i, p) ∧ end(i', p) ⇒ i = i',IP9: i < i' ⇒ ∃p (begin(i, p) ∧ end(i', p)),IP10: begin(i, p) ∧ end(i', p) ∧ begin(i, p') ∧ end(i', p') ⇒ p = p'.Axioms IP1-IP4 provide a stri
t linear order of time points, axioms IP5.1.and IP 5.2. mean that a set of time points is unbounded, axiom IP6 provides anordering of interval's endpoints, axioms IP7-IP8 assure an unique startpoint andendpoint of any interval, axioms IP9 and IP10 state that for a given ordered pairof timepoints an interval exists.Moreover, the standard syntax and semanti
s of the 1st order predi
ate 
al-
ulus (see e.g. [8℄, p. 43-54) is in for
e. It is augmented with temporal predi
atesHolds, O

urs, Holds_at, Holds_on (details are to be found in [20℄).
) LTR inferen
e rulesThe LTR theory is based on the 1st order predi
ate 
al
ulus, and be
auseit assumes points and intervals of time as basi
 temporal entities, therefore theinferen
e rules 
hara
teristi
 of this theory en
ompass predi
ate 
al
ulus rulesand mixed point-interval TCSP.d) Time ontologyA

ording to the LTR theory assumptions, the basi
 temporal entities arepoints and intervals. The set of temporal relations is given as {<, begin, end,next, previous, immediateBefore, immediateAfter}. Time is ordered by a stri
tlinear order.The se
ond quasi-obje
t is built of the following elements:a) Knowledge on 
apital barriers to entryIt is en
oded using Allen's temporal logi
 [1℄:o

urs(unstable(DER), p) ⇒ holds(high(barier), p)& holds(high(barrier), p') & before(p, p') ∨ meets(p, p')
∨ overlaps(p, p')o

urs(high(barrier), p1) ⇒ o

urs(in
rease_of(OP), p2)
∨ o

urs(in
rease_of(DER), p2) & before(p2, p1)e
ause(in
rease_of(rate), p3, in
rease_of(
apital, p4)& before(p3, p4) ∨ meets(p3, p4) ∨ overlaps(p3, p4)(DER � dollar ex
hange rate, OP � oil pri
es)b) Axioms of logi
 � Allen's theoryAs knowledge in this quasi-obje
t is formalized using Allen's theory, the partof this obje
t are axioms 
on
erning interval relations [18℄ p. 7:
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ts 761A1: ∀p, p' ∈ P, R ∈ AR ∃p': (R(p, p')) � given any interval there existsanother interval related to it by a relation from Allen's set of relations, whereAR denotes this set.A2: ∀p, p' ∈ P, R ∈ AR ∀R' ∈ AR-R : R(p, p') ⇒ ¬R'(p, p') � relationsare mutually ex
lusiveA3: relations have a transitive behavior, a

ording to Allen's transitive table[1℄, p. 836.
) Inferen
e rulesAllen's interval logi
 is based on the 1st order predi
ate 
al
ulus, thereforeits inferen
e rules are the same as in this 
al
ulus, augmented with qualitativeTCSP, be
ause only intervals are 
onsidered as basi
 temporal entities.d) Ontology of timeAllen assumes a time ontology 
onsisting of basi
 temporal entities � intervalsand 13 basi
 temporal relations between time intervals (see [1℄; [2℄).5 Quasi-obje
ts in a Temporal System � AdvantagesUsing the 
on
ept of quasi-obje
ts in a temporal intelligent systemmay reveal thesame advantages as those pointed out with referen
e to obje
t-oriented paradigm(see e.g. [13℄, p. 218). Speaking in terms of a temporal system, these advantageswould be as follows:1. the 
on
ept of quasi-obje
ts will make the 
onstru
tion and maintenan
epro
ess of a knowledge base spe
tre easier. In 
ase of 
hanges (resulting e.g.from 
hanges of domain elements) only one knowledge base will have to be
hanged (
ompare to obje
ts' 
hanges � [13℄, p. 254);2. ea
h quasi-obje
t may be represented with means of di�erent temporal logi
,thanks to this the reality will be depi
ted in a more pre
ise way;3. knowledge divided into fragments, put into quasi-obje
ts, will be more 
learand ordered;4. with quasi-obje
ts, a temporal intelligent system will be more domain-oriented.In 
ase when ea
h knowledge base is 
onstru
ted separately, it is more easyto understand and to represent fragments of the environment;5. The 
onstru
tion pro
ess of a representation layer, based on quasi-obje
t
on
ept, is easier than 
onstru
ting a traditional knowledge base, not dividedinto fragments;6. Division of a knowledge base into quasi-obje
ts makes the formalization of
hanges of domain elements easier, and enables modelling of domain's dy-nami
 aspe
ts.Knowledge representation may be assessed a

ording to di�erent 
riteria. Inregard of the 
riteria presented in [21℄, p. 31, the knowledge representation basedon temporal formalisms, and organised in the form of quasi-obje
ts, is:1. 
lear � temporal formalisms, arising from 
lassi
al logi
, allow an easy iden-ti�
ation of the domain represented,
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h2. pre
ise � espe
ially in the temporal aspe
t, thanks to the expli
it notion oftime,3. natural � it presents the reality being modelled in an easy way, moreover,due to the features of temporal logi
s it is 
lose to human 
ommonsensereasoning and per
eption,4. e�
ient � allows an easy a

ess to the knowledge needed. It is so be
ause therepresentation layer is divided into separate quasi-obje
ts (a

ess to knowl-edge on a sele
ted fragment of the environment) and be
ause of expli
ittemporal referen
es (a

ess to knowledge from any point/interval of time),5. adequate to the domain (
hanging in time) and to the tasks of the system(temporal analysis),6. modular � fragments of knowledge are independent (be
ause quasi-obje
tsare independent), but at the same time there are 
ausal relationships betweenthem. Nevertheless 
hanges in one knowledge base (quasi-obje
t) do notentail 
hanges in other knowledge bases.Summing up, the advantages of the proposed representation 
ome from the ad-vantages of the 
on
ept of quasi-obje
ts and from the advantages of temporallogi
s. The latter are dis
ussed e.g. in [9℄; [4℄; [6℄.6 Con
lusions and Future Resear
h Dire
tionsTo the best of our knowledge, up till now in the literature 
on
erning intelligenttemporal systems only one knowledge base, and in 
onsequen
e only one logi
alformalism has been assumed. If there was a need for integrating representationsof elements in the domain, it was performed �beyond� the system (see e.g. [5℄;[17℄). Su
h a solution 
ould lead to a loss of information and knowledge, as ithas been pointed out in the paper. The 
on
ept of quasi-obje
ts is an answer forthe need to represent heterogeneous domains as pre
isely as possible.It seems that this 
on
ept may lead to a better and more pre
ise representa-tion of knowledge about 
omplex, 
hanging domain of enterprise's environment.It is so despite some di�
ulties that may arise due to the ne
essity of formaliz-ing knowledge using several temporal formalisms, and to the ne
essity of subse-quent integration in higher layers of the system. With a more pre
ise temporalknowledge representation, de
isions generated by the system would be also morepre
ise and a

urate.The 
on
ept of quasi-obje
ts 
onstitutes a �rst step in a way leading to 
on-stru
tion of a heterogeneous temporal intelligent system. Su
h a representationmay 
ause signi�
ant problems that will have to be solved while working on nextsystem's layers. On
e you have more than one formalism to represent di�erentquasi-obje
ts, there must be developed a te
hnique to merge their semanti
sand/or inferen
e pro
edures. In other words, having more than one logi
 lan-guage with its own formal semanti
s, putting them together may lead to anunde
idable logi
. If you want to reason on the (temporal) knowledge you haveon all the quasi-obje
ts in your system, you have to map all the languages (both
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ts 763their syntax and their formal semanti
s) in a 
ommon language. If you have norestri
tion on temporal languages, the 
ommon language will very probably beFOL in all its expressiveness. And then you will have an unde
idable language.Therefore, having these serious possible problems in mind, the future work will
on
ern mainly developing an integration pro
edure (se
ond layer) and infer-en
e me
hanisms � to reason both about individual quasi-obje
ts and mergedknowledge gained from them.Referen
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 Con
epts of the LTR TheoryThe LTR theory is based on the 1st order predi
ate 
al
ulus. The set oftemporal relations is given as {<, begin, end, next, previous, immediateBefore,immediateAfter}. Time is ordered by a stri
t linear order, points and intervalsare basi
 temporal elements. Basi
 axioms of the LTR theory are to be foundin [20℄, of 
ourse standard axioms of the 1st order predi
ate 
al
ulus also arein for
e. Predi
ates of the LTR are based on Allen's time theory. The Holdspredi
ate is used both for points and intervals. The holds_on predi
ate 
on
ernsholding of a feature over an interval, and holds_at � holding of a feature in atime point.The most important feature of the LTR theory, that needs more explanationhere, 
on
erns the so-
alled temporal tokens. They are used to link propositionswith their times, whi
h means a temporal quali�
ation of propositions. Tokensmay also be predi
ates' arguments. The method 
omes from a temporal argu-ments method, where time is introdu
ed as one or more additional arguments,for example: Valid(a
t, t1, t2)Tokens, instead, link propositions with the time of o

urren
e, e.g.:Valid(a
t, tt1)whi
h allows for the following interpretations: begin(tt1) = 01/01/1990 � thestarting point for token tt1; or period(tt1) = [01/01/1990; 31/12/1990℄ � aninterval over whi
h a token tt1 is valid. It 
an be therefore said that a tokenrepresents a spe
ial temporal 
ase of a temporal proposition.A law arti
le is formalised in the LTR theory as a rule or rules, that expressrelations between the o

urren
es of events (under 
ertain 
onditions) and theire�e
ts, being the holding of 
ertain features. The LTR language is a rule one,and does not need any assumption on reasoning method.


