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Abstract. Temporal knowledge representation aspeds are of primary interest in
the dedsion-making context when the problems of dynamic behaviour, process
control, monitoring, tempora constraints for data validity, and dagnaosis are
concaned. Some exceptional fedures of domain, espeddly dynamic
comporents, require alditional means for knowledge representation, data
verificaion, and asarance of efficient dedsion-making processs. The
integration passhilities of temporal data representation, synchronisation of
dedsion-making and information procesing are discussed in this reseach
work. In order to handle temporal uncertainties and manage prediction, it is
necessry to design a nceptual model that would enable us to spedfy
reguirements to dedsion support systems of this kind. An approach to temporal
information management in enterprise @ntrol processss is proposed, by using
evauation rets (the extension of Petri nets). Attention is paid to the
representation o dedsion support processs, in which some future states are
important to be prevented and appropriately to ad on them. The integration
posgbilities of red-time process control with retrospedive analysis and
prognosis comporents will be described in a dedsion support system aimed at
the environment contamination appli cation domain.

Keywords: dedsion support system, temporal information, knowledge
representation, data vali dity, evaluation rets.

1 Introduction

The problems addressed in this reseach are that of developing the method that
integrates problem solving and model-based knowledge aquisition and representation
describing a dynamicdly changing environment in an efficiently working dedsion
suppat system. The technology for building such intelligent systems must provide
methods for aqquisition, structural representation of many types of knowledge, and
assurance of reasoning with resped to time[3].

Applicaion aress where time and change play an important role are process
control, resource management, planning, diagnosis, fault detedion, etc. Our universe
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of discourse is concerned with dedsion-making aimed at the evaluation of the
eologicd situation of aregion. In this environment protedion domain it is necessary
to ded with dynamic behaviours and temporal constraints on data validity, trends in
given time intervals, diagnosis and fault detedion of red processes functioning. Some
exceptiona feaures of dynamicdly changing components require alditional means
for qualitative knowledge representation, data verificaion, validation and assurance
of reasoning with resped to temporal data in order to oktain conclusions about the
problem.

Some temporal reasoning aspeds have been proposed in knowledge-based systems
as expert-system tools and prototype [6], [7], [14]. In some knowledge-based system
the data about functioning in past are represented in historicd database and the system
can obtain the statisticd analysis [5]. Co-ordinated functioning of multiple agents has
explicitly been expressed in the context of distributed problem solving, based on the
extended bladkboard methoddogy [13], [14]. The tempora bladkboard approach was
developed for red-time processcontrol in [6].

The problems arising in conceptua modelling of static and dynamic asped
representations ded with a difficulty to represent the communication between objeds
and their interadion with resped to time. Dynamicdly changing environment, facts,
and knowledge impaose time nstraints. In many conceptual models the behavioural
aspeds of information systems have been considered (methoddogies like ACM/PCM
[2], REMORA [17], TEMPORA [18], BIER [19]). Some receit models integrate
objed-oriented concepts in a wnceptual design and reduce the complexity of design
tasks by spedfying objed classes, inheritance links and adions in these dasses.
Different mathematicad schemes are used for creaing formal descriptions of dynamic
systems, such as: data flow and state transition diagrams, temporal logic techniques,
Petri-net classes, abstrad communicaling methods, etc. However, the problem of
expresgon of behavioural aspeds of a dynamic gplicaion domain (temporal
relationships of processinteradion and their determination in time, synchronisation of
dedsion making and information processng, communicaion between objeds, etc.)
causes a necessity for additional techniquesto spedfy the requirements of information
systems of thistype.

A unified framework was developed by using evaluation rets (E-nets) following
[16] throughout the analysis of dynamic aspeds of applicaion domain [8-9, 12] and
relating the use and analysis of information structures with the strategy of dedsion-
making in time. The E-nets allow us to expressformally and visualy the behavioural
aspeds of events, processes, and adions in paralel and hierarchicd manner without
making the schemes cumbersome. In addition, the introduced temporal parameters
allow a more predse mnsideration of behavioural aspeds of complex processs.

2 Resear ch peculiarities of arapidly changing environment

A digtinctive feaure of rapidly changing systems is the dynamism property related
with a state dchanging in time and spacemeasurements. The environment of this type
is usually charaderised by the spaceof states changing, where eah state is geady in
time for a short period. The cmplexity of structures of processes, multiple
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subsystems with their own complex mechanism interading as internal or external
parts, time and spacdgeographicd dependencies, a grea volume of data aquired
from the processes, and multiple-criteria dedsion making are esential features for the
analysis and representation of such an appli cation domain.

A dynamicdly changing environment imposes time anstraints. Many problems
are to be solved simultaneously [15]. The values of the observed parameters may
change dynamicdly, depending on time and the events occurring. Solution of
different problemsis interfered with one another. For instance, the high concentration
of harmful material thrown out into the ar is related with the risk fadors referring
prevention of linksthat are of biologicd significance and time-dependent, etc.

Another essential asped of such an applicaion domain is its gatial dimension.
While in many other application domains the problems of study are within a very
predse ad, usually, narrow frameworks. For instance, the contamination problem of
an enterprise (e.g. manufacory, firm, and pant) deds with spatialy varying
phenomena of unbounded limits.

It is worth mentioning a periodicity property that is displayed in a dynamicdly
changing area The periodicity components may depend bah on the nature seasons of
ayea, aweek cycle, aday or the like. The tasks performed in human adivities are
also repeded periodicdly most often. When defining an appropriate time schedule, it
is no less important to corredly formulate and represent periodicd iterations,
repetitions, on the basis of which dedsions will be made. Besides, we dso face
incidental occurrences that may manifest themselves in cyclic processs. However,
the analysis of random phenomena, when there is no exact knowledge on such
occurrences, is addressed to probabili stic prediction problems.

The omplexity of environment reseach problems consists in the complexity of
criteria and differences of attitudes.

3 Temporal information management

Temporal information in the dedsion suppat system is bound up with the
evolution of process behaviour. Some sub-goals may be determined dynamicdly
during the functioning of the system that adds complexity to scheduling and timing
analysis. These feaures should be nsidered as regquirements to the reasoning
method in order to apply them in prevention of some future states.

The main temporal concepts (categories) are distinguished in the dedsion suppart
system (seeFig. 3.1) following by [1], [7].

T is a time scde and t;LJT are time moments denoted on this <de. The
representation of moments on the time scde depends on the granuarity of
measurements of time. The hierarchicd structure of granularity of time exists between
time scales. According to the property of continuity of time, the time interval can be
defined by starting and terminating moments (i.e., “begin-time’ and “end-time”): 7=
[ti,tj], wherei<j and k isthe index of the interval.

The duration of time interval Az, can be defined by numericd expresson of
difference Az = t- ;. In the discrete time, perception of the time interval can be
defined as a sequence of time moments on the time scde: rkdz{ti B (RN i
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Fig. 3.1. The semantic model of temporal caegories distinguished in DSS

A period and a base define the periodicd time, where the period can be defined as
duration of an interval, and the base may be ather atime moment t; or a time interval
Tk -

The set of temporal relations can be defined between the moment and interval
events. A moment event can be represented with “begin-time” equa to “end-time”
restriction on the defined time scde T.
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There exist different temporal concepts in such a dedsion-making context.
Concretely defined and relative time terms are of different significance in
constructing plans, imitating and forecating future processes. The retrospedive
analysis deds with the assessment of completed events.

The planned terms can be aljusted dependent on the red situation in task
exeautions. For example, if tasks are delayed, adjusted time moments are acceted as
the planned ones, but their adjustments must be mnsidered by evaluating the final
results of task executioninaDSS

It is important to have a mechanism that would enable to reason urder partial
information of event occurrences and their temporal relations. To this end, a set of
temporal relations is introduces in DSS acmrding to Allen temporal logic [1] and, in
addition reveded some temporal relations between the moment and the interval
events as presented in [7].

The examples on the rules of inference of new fads are constructed on the basis of
an exadly reveded set of tempora relations and represented in Table 1. The set of
evident relations between the moment and interval events is denoted as R. The
semantics of marking the temporal relations corresponds to Allen’s temporal relations
[1]. For example, = means equal among interval events, 0 — overlap, m — meets, > —
ealy, < — later, d — during, df - during finishes, sd - starts during, etc. For the
representation of relations among the moment events we introduced pdnts (e.g., g .>.
g —the moment event g is ealy to the moment event g).

Table 1. Examples of inferencerules of temporal relations

No Inferencerule Subset of temporal relations applied for
therule
1 eeRe,eRe; [ e Re RO{=., >., <.,=,>,<}
2 e=e,e0Re ] e Re; RL{f, >, <, <o, 0>, =, d, df, <m,
m>}
3 a<eaRel e<e RO{d, sd, df}
4 ede,eoRe [ e de RO{d, sd, df}
5 e<eeRell e<e RU{<o, <m}
6 e>6&Rell e>6 RL{o>, m>}
7 e>e aRell e>6 RU{d, sd, df}
8 eede,gRe  esde RLU{d, sd, df}
9 esde,edies] ede;
10 eRe,e,<me; U e <6 RLI{d, sd, <m}
11 e dfe, e<me [ e <m
€
12 em> e, em el g >
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No Inferencerule Subset of temporal relations applied for
therule

13 e .se,e<ell g .<eg
14 e .se,e>ell 6.>6

15 e .se,65Re [ g <g RLI{d, df, m>, >, 0>}
16 e.de,e,Re; [ e .de; RLI{d, sd, df}

17 e .se,esde; e .56

18 e .<e eRell g .<g RL{=, d, sd, df, m>, >}

19 e fe,e<oel e .de;
20 e fe,eo<me l e .se
21 e fe,em el e .>6

If the information on metricd data of events is known, we can construct rules and
get measures and more predse information about the duration, starting and finishing
moments, etc. The examples of rule cnstructions for inference of metricd temporal
relations are represented in Table 2.

Table 2. Examples of the rules of inference of new metrical temporal relations

22 W, nEjtm o
e'(<)e e (<)"e O %el ©) e3',ifA(ey) = |
H e"< eg.ifA(ep)isunknown
23 e'(d)" e e (d)" ey O e (df)n+mez,
24 el” (gj)” e2" reZ, (gj)m 63" D e]_‘ (gj)n+mes,
25 - —
<. fn <
o (<o ey e (<o ey O a0 &M<
e "(.<.)""e",ifn>m
26 e]_“ (<)n e2' ,eZ“ (<O)m eS, EI el (<)n+m e3'

The measures of duration of time intervalsn, mand j are gplied in these rules. We
denote the starting time moment of the interval event as e’ and by e“ - the ending
time moment. We suppaose that time moments are fixed with resped to the same time
scdeT.

Determining the gpropriate time scale of the problem is of major importance
when formulating it in mathematicd terms and dedding ypon it corredly.
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4 Representation techniques of behavioural aspects

The method d integration problem solving and model-based rule leaning within an
extensive model of different knowledge types, describing a rapidly changing
applicaion domain is introduced by using evaluation rets (E-nets — the extension of
Petri nets). The structure and behavioural logic of E-nets give new feaures of
conceptual modelling as compared to Petri nets. E-nets have much more complex
behaviour logic of transition work, some types of the basic transition structures, and
detailed operations with token parameters. An exceptional feaure is the fact that the
E-net transition can represent a sequence of smaller operations with transition
parameters connected with events.

Three levels of knowledge representation are distinguished in the system: the
semantic model of spedfication of static aspeds of the target system, the model of
behavioural analysis of the target system and the model of multiple objedive
dedsion-makings. The level of dedsion-making deds with the anaysis of
information obtained from the static sub-model taking into acount al possble
measurement points reveded in dynamic sub-model of such a system.

The modelled system is regarded as dired mapping of the red enterprise system,
and dedsions can be based on dedsive fads and foll ow rather deterministic rules. The
introductions of E-nets formal means allowed the reducing of the semantic distance
between the adual system functioning and reasoning model.

4.1 Formal description of E-nets

Following [18] it is posshble to consider the E-net as a relation on (E,My,=,Q,¥),
where E is a mnnected set of locations over a set of permissble transition schemes, E
is denoted by a four-tupple E=(L,P,R,A), where L is a set of locations, P is the set of
peripheral locations, R is a set of resolution locdions, A is a finite, non-empty set of
transition dedarations; M, is an initial marking of a net by tokens;, =={¢j} is a set of
token parameters; Q is a set of transition procedures; ¥ is a set of procedures of
resolution locétions.

The E-net transition is denoted as & =(s, t(a),q) in [18], where s is transition
scheme, t(a) is transition time and ¢; is a transition procedure. In order to represent
the dynamic aspeds of complex processes and their control in a changing
environment, it is impossible to restrict ourselves to using only one temporal
parameter t(a) that describes the delaying of the adivity, i.e. the duration of
transition. The transition description is extended as a;=(s,t;",4t,,/M;,q;), and described
in[]. Where s is atransition schema and i is the index of transition. t° is defined as a
planned moment of transition firing, t"7T", and T'=T[{t,’}, where T is the time scde
and {t,’} is the set of time moments determined approximately, relatively, etc. At is
the duration of the transition working time; /Tt; is the periodic transition time; g, LQ is
a transition procedure, which acording to the rules of transition maps MxL’ x=" into
MxL" x=* and determines the flow of tokens myLM with parameters {&';} from input
locations {b’;}; to output locéations, taking into acount the results of procedure
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W( r'y,r")) at the adua time moment t', where =,=*[J = are the sets of token
parameters =={&}.

The cmmon transition schema s is presented graphicdly in Fig. 4.1. It may
consist of the subsets of locations (L';,L";,¢/(r’i,r";)), where L’; is the set of input
locaions of the transition in which we separate the subset of input periphera
locaions P'j; L”; isaset of output locaions of the transition in which we separate the
subset of output peripheral locaions P”;; r’; is the locdion of complex input
conditions of transition (i.e., input resolution locaion); r”; is the resolution locaion
for the transition output; ¢( r’;,r";) is the procedure of resolution locations. A period
and a base define aperiodicd time /Tt;, where the period is defined as duration of an
interval, and the base may be dther atime moment t; or atime interval 1.

2]

I
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Figure 4. 1. The E-net transition schema

A parameter of token aaqquires a value acording to its identification, when the
token is introduced into the location b(&). Such a cmbination of locations with the
tokens in them, the parameters of which obtain concrete values, describes a situation
for processexeadtion at atime moment t; :

— —

M., = ati I\/Iti_1

t

where Mti _; isthe state before the moment t;, a is the transition applied at the

—

moment t;, M, isthe state after the transition application.. Such an urderstanding of

the transition procedure enables us to introduce the time aspeds into the procedure of
control of processes and to determine operations with token parameters in the time
dimension. An exceptional feaure is the fact that the E-net transition can represent a
sequence of smaller operations with transition parameters conneded with the
event/process Operations are described in the transition procedure with these
parameters.

The E-nets suppart a top down design in a graphicd representation manner. The
hierarchicd construction of a dynamic model is smplified by representing maao-
transition and maao-locaion constructions. The input locétions L;' of the transition
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correspond to the pre-conditions of the adivity. The output locaions L;” correspond
to past-conditions of the adivity. The complex rules of transition firing are spedfied
in the procedures of resolution locaions % and express the rules of process
determination.

4.2 Modelling and behavioural analysis of the target system

The knowledge representation framework supparts organisational principles of
information in a static semantic model. The model of behavioural analysis of the
target system shows the dynamics of observable processs. One of its charaderistics
is a ned for a lot of data to properly model and verify these problems. A predse
structure of information with resped to their time and geographicd links must be
congtructed. An adequate imitation model of the behavioural analysis allows us to
predict a further evolution of the target system and to increase the quality of dedsion-
making.

First of all, a dynamic model (DM), based on the etension of E-nets, is
congtructed for the dm of expression of behavioural aspeds of the adivities: the
interadion and causal execution of events and processes, operations on objed classs,
life cycles of processes. The hierarchicd construction of DM is smplified by the
representation of maao-transitions and maao-locaions. A dynamic sub-model is
designed using E-nets at various levels of representation.

An example of the E-net graphicd schema & one level of abstradion of the
representation is presented in Fig. 4.2. The structure of processs for distribution of
raw materials in an enterprise and formation of harmful materials is represented in
such a schema.

A semantic description of positions and transition of this net is as follows: raw
materias (pg,--.P1n) are recaved from suppliers and are registered in the supply
departments of the enterprise (ay).

These raw materias (by,...,b;,) may be distributed internally (a,) as follows: one
part of the materials (b,,...,b,,) may be left in storehouses, or open in the territory (as),
another part is rejeded as defedive (bs,...,bsy), and a third part (by,...bs) may be
delivered dredly into the production technologicd processs (ay).

Defedive materials may be distributed (transition az) as follows. one part
(bs,...,bs,) may be left in storehouses or open in the enterprise territory (as), a second
part (bs,....0sn) May be pre-processed (ag) before entering the production, a third part
(bs,...,bsy) may be sent diredly to the production technologicd processes, and a fourth
part (ps,....P3n) May be returned to the suppliers. During the production technologica
processs (a;) the materials may be distributed as follows: one part (byy,...,b11y) IS
used for ready or half-ready products (ag), another part (by,,...,b1o) is emitted into the
territorial air (ag), a third part (bys,...,bisy) isincluded in effluent water (a;0), and a
fourth part (byg,....014) forms waste materials (a;1). In the cae they stay in the
storehouses or in the open, raw materials may evaporate, be split or washed away with
arain water (as).
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Fig. 4.2. The E-net structure of processes for distribution of materialsin enterprise

In order to formali se the functioning of an E-net, we must describe the structure of
positions by their parameters and the procedures of transitions with resped of
resolution locaions and thus to spedfy the flow of information (or messages) in the
target system.
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Another level isadecompaosition of transitions that are semantically sufficient for a
detailed analysis. The design and decomposition of the processes of distribution of
harmful materials in the water is presented more in detail in [9, 12]. The
representation of dedsion-making proceses for evaluating water padlution is
described, too.

A semantic model of the information base is constructed acording to the objeds
reveded in the DM.

The analyst of the environment contamination evaluation system determines the
type of problem by using the knowledge @out the types of abnormal situations (e.g.
alarms, faults, etc.). To make such a diagnosis we must know the topdogy of the
domain for controlli ng such abnormal situations.

The topdogy is described by the semantic sub-model of static components and
constructed by using three types of abstradions of the chosen entities (aggregation,
generalisation, and transformation). This is the scheme of “workspace” of an
operating memory that represents content relationships between objed types and
classs.

The DSSmust be &le of extrading common and spedfic knowledge, representing
dynamic and static aspeds of information environment and using it in red dedsion
situations.

5 Decision support performance

Reseach of the information and dedsion proceses with important dynamic
components is associated with the analysis of red system conditions at the moment of
dedsion-making. A red situation is the result of system development adivities
(history) and, in order to evaluate the situation in a dedsion suppat system, a
retrospedive analysis of the adivities is made. The dedsions made have adired
eff ect on a further development of a system.

In fad dedsions bea some risk elements, and, naturally, the goa is posed to
deaease the aror probability in a dedsion made by ensuring the information
completenessand reliability. First of all, the problem and its dructure ae identified in
the dedsion-making processand a survey of the necessary data performed. Later on,
other possble models for solving the problem are analysed. Spedfic operation
performing variants are correlated with these models. In the next stage, an optimal
planis sleded out of aset of posdble dternative dedsions.

Therulesin agiven system will be interpreted by the set of transitions A={a,, a,,...,
a,} of the E-net. The locaions L={by, b,,..., b} will correspond to conditions (fads),
so that the oondition of applicability of each rule wnsists of simultaneous
acomplishment of a cetain totality of conditions {b;,,... bi. Each condition from the
given totality may be a @mpound vedor, i.e.,, may consist of the set of elementary
conditions. The “truth” or “fasities’ of various combinations of elementary
conditi ons determine the rule gplicability. The transition having a resolution locaion
allows the situation to be described by using various combinations of conjunctions
and dgunction among M(by). The result of arule may be d@ther the combination of
conditi ons making another rule, or afinal inference
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The purpose of the analysis of the rule system is finding the sequence of the rules
implying the fad we ae interested in. The net alows representation of various
procedures forming sequences of rules that may include mnseaitive, reaurrent,
parallel or mixed inferences.

Red-time subsystem is embedded in the target system as a @ncurrent computing
system related with the monitoring of data. The monitoring subsystem conneded with
expert subsystem must deted the faults of process performance The time for
obtaining a solution is often strictly limited. These cnditions impose strict deadlines
on the obtaining a dedsion and maintaining the functioning correaness

The system behaviour defines a set of temporal dependencies. The system works as
multiple agent system. The monitoring subsystems are worked as agents in parallel
and the important information is writing on the temporal information registration
window (TIRW). The TIRW is organised for co-operation of agents at different levels
of abstradion.

The topdogy of harmful materials constructed as static semantic model is used in
co-operation work of agents.

The temporal information management requires handling the following kind of
information described in [6] as foll ows:

e past values will usually be “exadly known” on the used time scde and stored
with time parameters (the temporal relations among them can be deduced
using e.g. dates and time);

e current values are established at the current time moment and can be assumed
as“partially known” and “dependent”.

o future values are used to represent expeded o predicted vaues (their
management presents more difficulty due to the lack of knowledge éout the
exad instant at which they will be produced).

The example of TIRW for controlling of some important parameters of sewage
charaderisticisshownin Fig. 5.1.

The information is affeded by level of uncertainty. If the uncertainty is associated
with the value itself, we ded with information with confidence measure, for instance,
the concentration of copper (Cu) will be 0,04 mg/l with the amnfidence of 90% in time
ts. If the uncertainty is associated with temporal occurrence of the values, we ded
with another kind of information, for instance in the next 60 min the cncentration of
Cu will be 0,04 mg/l. The tempora occurrences of values are important in
constructing of rules of the knowledge base.

The mnditions of complex process control cause the necessty to work with the
evolution of processfunctioning variables. Besides, it is necessary to work with future
values, in order to seaure prognosis and managing predictions of undesirable
functioning. The process control subsystem must deted such fads: what the
maximum value of parameter was in concrete time interval; the number of times a
value excealed a predefined reference value (i.e., the limitations of concentrations of
harmful materials in the sewerage water), as well as the temporal delay between the
maximum of a variable, and the maximum effed on another variable.
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Fig. 5.1. The example of temporal information registration window

The accesble degree of values affeds another parameters, which are time
dependent. When the causal facts occur (e.g., the temperature of sewage exceals the
limits and/or the cncentration of harmful materials read the greaest permissible
limitations), the dependent fad gets a status (e.g., Alarm=on). Such fad entered in
TIRW adivates another agent which function is to influence the technologicd
process If such situation does not occur, then the dependent fadt will not occur.

In order to identify necessary data, management and control structures, and
information procesdng abiliti es, one has to imitate a ognitive task in the dedsion
suppart system.

The murses of dedsion management and the basic sequences of functional
reasoning are joined with information processs as a result of which the evaluation
states are obtained. By a dedsion we mean reasoning (evaluation, determination,
resolution, etc.) that has to follow certain adions. An ordinary determination - from
certain assumptions to certain generalised conclusions may serve as a preliminary
preparation of these adions.

A preliminary preparation of adions, however, is “stimulated” not only by
preliminary assumptions and hypotheses but also is gimulated by the ams and goals
of dedsion-makers. Automatic generation of aternative solutions implies the use of
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semi-automatic methods for comparing these solutions. The cmplexity of the
dedsion making task consists in finding the best dedsion under multiple aiteria. As
the number of alternative increases, multi-criteria evaluation involves a mechanism
for rejeding a number of those dternatives.

Analysing the posdble choice mechanisms (under lack of information about the
importance of criteria, or asaiming the aiteria ae equivalent), the accetable dedsion
variant seems to be not so easily chosen. It is expedient to make a doice acordingto
a weighed criterion. Then the basis for choosing the dedsion variant is qualitative
information on the relative importance of eat separate aiterion.

The essential part of a dedsion suppart system is the model of a dedsion process
Referring to the dedsion suppart performance analysisin isimportant to represent the
relationships between the individual steps in dedsion-making and the @ntrol network
ensuring proper application of the information environment and the knowledge base.
A description of this metamodel must include the model of goals, plans and must
represent the pradice and strategy of reasoning of spedalist-experts in making the
dedsion. At the stage of analysis and evaluation of the enterprise performance, the
use of this meta-model could all ow:

e to recognise what changes in the environment may induce dangesin dedsion
godls;

» to dedde is the situation relevant for the ready applicaion of existing rules or
not;

» to spedfy the process of identificaion of possible murses of adions and
aternatives and to control the dhoice of concrete variant of these adions by
evaluating attradivenessof the consequences of eat adion.

The multiple objedive dedsion making level deds with the analysis of information
obtained from the static sub-model taking into account all possble measurement
points reveded in dynamic sub-model of such a system. The task structure
relationship with information elements, the murse of dedsion-making processes and
presentation of alternative variants of dedsions are represented in this aib-model. The
modelled system is regarded as dired mapping of the red enterprise system, and
dedsions can be based on dedsive facts and foll owed rather deterministic rules.

Conclusions

The mnsideration of red time process control is organised by the integration of
retrospedive analysis and prognosis components. The level of representation of
dynamicd aspeds shows the dynamics of observable processs. The monitoring
subsystems are worked as agents in paralée and the temporal information window
organises the communication.

The multiple objedive dedsion making level deds with the aalysis of
information obtained from the static sub-model taking into acount al posshle
measurement points reveded in temporal window of dynamicdly changed
information.
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The modelled system is regarded as dired mapping of the red enterprise system,
and dedsions can be based on dedsive fads and follow rather deterministic rules.
Further adions, operations, etc. are determined through the mechanism of co-
operation of agents, which are working by using the temporal information registration
window.

The method o applying E-net formalism to represent dedsion-making processis
introduced. The use of E-nets to represent consecutive, reaurrent, parallel processes
and to model them in time dl ows formali sation of all possble dedsion, which may be
determined by concrete conditions at red time point. Extending the set of maao
trangitions, introducing different levels of detailing, and using resolution location
procedures, it is posshble to formali se the behaviour of complex processs as well as
the knowledge without making the scheme cumbersome.

References

1. Allen JE. Maintaining Knowledge a&ou Temporal Intervals. Comnunications of ACM
(267). 1983, 832-843.

2. BrodieM.L., SilvaE. Active and Passve Comporent Modelling: ACM/PCM. In T.W. Olle,
H.G. Sol, A.A. Verrijn-Stuart (Eds.) Information Systems Design Methodologies: a
Comparative Review. North-Holland. IFIP. 1982, 41-91.

3. Caplinskas A. General Introduction to Artificial Intelligence In K.Wang, H.Pranevicius
(Eds.) Ledurer Notes of the Nordic-Baltic Summer School on Applications of Al to
Production Engineeing. KTU Press Techndogija. Kaunas. 1997, 1-38.

4. Chaturvedi A.R. Acquiring Implicit Knowledge in a Complex Domain. Expert Systems with
Applications. 1994. Vol. 6, No.1, 23-36.

5. Clifford J., Warren D.S. Forma Semantics for Time in Databases. ACM Trans. Database
Systems. No.8. 1983, 214-254.

6. Crespo A., Botti V., Barber F., et all. A Temporal Blakboard for Red-time Process
Control. In L.Motus (Ed.) Engineering Appli cations of Artificial Intelligence Vol.7. No.3.
1994, 255-266

7. De S., Pan S.,, Whinston A. Tempora Semantics and Natural Language Processng in
Dedsion Support System. Information Systems. VVol.12. Nol. 1987, 29-47.

8. Dzemydiene D. Data Reliability Problems for Impartial Multicriteria Dedsion Support.
Informatica, Vol.3. No.3. 1992, 393-417.

9. Dzemydiene D. Representation o Dedsion Making Proceses for the Ecologicd
Evauation System. In Proc. of the IFAC/IFORS/TIMS Workshop “Support Systems for
Dedsion and Negotiation Proces®es’. Warsaw. 1992 103-110.

10. Dzemydiene D., Pranevichius H. Description o a Dynamicdly Changing Environment in a
Dedsion Support System. In Proc. of the Baltic Workshop on National Infrastructure
Databases: Problems, Methods, Experiences. Vilnius, Vol.2. 1992, 102-111.

11 Dzemydiene D., Pranevicius H. Integration of Aggregate Approach in Knowledge
representation o Multimodal Transport Evaluation System. In J.Barzdin$ (Ed.) Proc. of
Third Internationa Baltic Workshop “Database and Information Systems”. Riga. Vol.1.
1998, 139-151

12. Dzemydiene D. An Approach to Modelling Expertise in the Environment Pollution
Evduation System. In Databases and Information Systems. J. Barzdins, A. Caplinskas
(Eds.) Kluwer Academic Publishers. Dordrecht/BostoryLondon. 2001, 209-220.

13. Jagannathan V. Redizing the Concurrent Bladkboard Model. In Bladkboard Architedure
and Applications. Academic Press New York. 1992.



172

14. Lane D.M., McFadzean A.G. Distributes Problem Solving and Red-time Mecdhanisms in
Robot Architedure. Engineeing Applications of Artificial Intelligence Vol. 7. No.2.
1994, 105-117.

15. Motus L. Trends in Artificial Intelligence Applicaions for Red —Time Control (A
Speaulative Study). In Proc. IFAC Artificia Intelligencein Red Time Cortrol. Vaencia
Spain. 1994, 31-41.

16. Noe JD., Nutt GJ. Maao E-nets for Representation o Parallel Systems. IEEE
Transactions on Computers, Vol.C-22 N 5. 1973, 718-727.

17. Rolland C. Event Driven Synchronisation in REMORA. In H. Kangasslo (Ed.) Third
Scandinavian Reseach Seminar on Information Modelling and Data Base Management.
Ser B. Vol.22. Tampere. 1984, 245-275.

18. TEMPORA Esprit 2 Projed, Concepts Manual, 1993.

19. Schreft M. Behaviour Modelling by Stepwise Refining Behaviour Diagrams. In Entity-
Relationship Approach: the Core of Conceptua Modelling. H. Kangassalo (Ed.). North-
Holland. 1991, 119-134.



