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ABSTRACT

The research deals with improving methods and systems of control over power systems based on intellectualization of dispatch
decision support. There are results of developing a principal trigger scheme of the decision support system algorithm. The proposed
model of algorithm visualization in the form of a trigger state network of the computer system provides interaction with power ob-
jects of mining and metallurgical complexes and regions. A new interpretation of components of the network trigger model is intro-
duced. The model is interactively related to both user-operator actions and states of power system components. With that, the state of
the automata model is associated with fulfillment a set of metarules to control the logical inference. There are new forms of present-
ing algorithms controlling knowledgebases that interact with the external environment and aggregate primitives of states, triggers and
transactions of operations and generalize standard visualization languages of algorithms are proposed. This allows unification of
smart systems interacting with the external environment. The authors develop models for representing knowledgebase processing
algorithms interacting with power objects that combine states, triggers and transaction operations and generalize standard visualiza-
tion languages of algorithms. This enables description of functioning database algorithms and their event model, which provides a
reliable unification of smart systems interacting with control objects of mining and metallurgical power systems. The research solves
the problem of building a knowledgebase and a software complex of the dispatch decision support system based on the data of com-
putational experiments on the power system scheme. The research results indicate practical effectiveness of the proposed approaches
and designed models.
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INTRODUCTION

Today, aspects of crisis management under time
pressure including emergencies associated with
power plants, electric grids and mining and metal-
lurgical complex consumers are of particular im-
portance. These situations are emergencies due to
great damage occurring in an extremely limited pe-
riod of time. In such a situation, a decision maker is
unable to respond adequately at the required pace.
There are two main reasons for that — big data re-
quiring error-free evaluation in a short time and psy-
chological pressure on a decision maker due to en-
hanced responsibility. Estimates of the human factor
impacting in dispatch control practices in power sys-
tems of the mining and metallurgical complex indi-
cate that after a year of continuous work reliability
of a dispatcher shift reduces and makes up to 46 %
of the initial one.

Application of smart systems supporting mana-
gerial activity is an efficient trend of control and
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decision-making automation, decision support sys-
tems (DSSs) being the main component here.

Smart hardware and software complexes — the
dispatcher’s advisers — can be considered the most
balanced and effective solution to the problem of
automation of emergency control systems (ECSs)
within the automated dispatch control system
(ADCS) of the power system. They are noted for
relatively low initial costs, no extra requirements to
the existing data infrastructure during implementa-
tion, high technical and economic efficiency. Dis-
patch advisers include software and hardware deci-
sion support complexes, which are implemented by
means of artificial intelligence technologies. To
date, considerable experience has been accumulated
in building DSSs for power systems control [1].

It is necessary to state that to make control over
power system modes smart, unification of produc-
tion of decision support systems is required. Such a
model will ensure dynamic transitions between dif-
ferent forms of knowledge representation within a
single expert system when factors, conditions or re-
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quirements to process control change dynamically in
case of emergencies. Consequently, automation of
emergency control of power systems in the mining
and metallurgical complex by means of the smart
decision support system based on models, methods
and tools of evolution of incorporation of profes-
sional ontologies is an important scientific problem.

The control over such a complicated and hierar-
chical system as a power system is chosen to be an
object of our research. The automated system of dis-
patch control is a complicated man-machine com-
plex based on collection, transmission and pro-
cessing of data of various representation forms.
Therefore, efficiency of the ADCS should be mainly
assessed in terms of evaluating interaction between
the operating dispatch personnel (ODP) and infor-
mation technologies used.

LITERATURE REVIEW

Preliminary analysis reveals that in current so-
cio-economic, technological, managerial, regulatory
and legal conditions, it is efficient to develop and
implement a smart DSS for automation of the dis-
patch emergency control in order to improve effi-
ciency of crisis management in the power system.
DSS building requires application of the best struc-
tural-logical and software solutions accompanied by
a detailed analysis of the existing world experience
in theoretical and practical developments in this
field.

In [2] analyzes the essence of an emergency and
methodology of building control decision support
systems. It is noted that application of classical
methods of controlling complex dynamic systems
with inconsistent decision-making criteria does not
provide a desired result. Efficiency, minimum re-
sources used and the highest controlling impact
should be the criteria [3, 4]. Given that the DSS is a
man-machine system, there is always a problem of
control lag and a task of reducing the time of solu-
tion generation. Consideration of uncertainty, in-
completeness of conditions and criteria for evaluat-
ing a situation is of particular attention in the DSS.
In [5] formulates basic criteria and requirements of
the system approach to building the DSS. The main
ideological principle stated is that “the idea ... of
methodology is accumulation of knowledge in the
computer form of knowledgebases and its subse-
quent use for decision-making”. It is proposed to
divide knowledgebases into the following catego-
ries: universal, problematic and specific [6]. The
ideology of expert systems should be used as the
basic software platform for the DSS [5, 7].

There are over 200 expert systems analyzed and
applied to various areas of science, engineering and
industry.

These systems realize up-to-date principles of
the theory, development, implementation and im-
provement of artificial intelligence systems includ-
ing expert ones.

Separate mention should be made of decision
support systems in power engineering and power
system dispatch control.

Computer modeling of the control processes of
the power equipment of the mining and metallurgi-
cal complex was considered [8].

The paper looks into and analyzes both simula-
tor systems for operational personnel of power fa-
cilities and specialized DSSs developed for the pro-
fessional area of power system management includ-
ing dispatch emergency control of power system
modes [5, 9].

The analysis enables concluding that the auto-
mation object should be a man-machine complex as
a whole which makes and implements managerial
decisions. Automation of control dispatch decision-
making is implemented through DSSs based on ef-
fective use of professional knowledge formalized in
a system of ontologies. Thus, relevance of the prob-
lem of automatizing power system mode control by
developing and implementing DSS tools into the
ADCS environment is confirmed. The solution of
this problem is formulated as an integral task of de-
veloping and implementing methods of incorporat-
ing professional ontologies for automation of power
system operation modes in standard and emergency
conditions.

Numerous research works are devoted to for-
malization and systematization of ontologies as tools
of representing professional knowledge.

In [10] interprets an ontology model as general
formalism for scientific knowledge systematization.
Problems and tasks solved in ontological infor-
mation systems are focused upon. Languages and
environments for working with ontologies are ana-
lyzed. In [11], current approaches to representation
and use of knowledge in smart systems are reviewed
and systematized. Special attention is paid to onto-
logical models of knowledge representation. In addi-
tion, knowledge description languages and tools for
working with knowledge are described in detail.

In [12, 13] are devoted to methods of automatic
building of ontologies by automata programming.
Methods of building an ontological model of a sub-
ject area based on situational modeling are consid-
ered. In [14] studies the most general approaches to
objectivization and formalization of knowledge in
smart systems. Formal logical and probabilistic
models for knowledge representation were consid-
ered. In [15] is fundamental and generalizing in rela-
tion to the field of building knowledge bases of in-
telligent systems. In [16] deals with formation of
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ontologies taking into account specifics of applied
professional areas providing one of the possible
classifications of ontologies and principles of ontol-
ogy engineering. In [17] considers problems of
compliance of ontology models with peculiarities of
professional areas. In [18] studies possibilities of
applying ontology models to training and advising
smart systems. In [19] systematizes methods of ap-
plying ontologies and semantic technologies to
knowledge control systems. In particular, applica-
tion of ontology models and semantic networks to
knowledge control systems is proposed. In [20] de-
scribes new technologies of ontology synthesis and
knowledge control. In [21] considers ontology as a
basic tool of big data representation, storage and
control. In [22] provides ontology tools for manage-
rial decision support.

There are a large number of definitions of the
concept “Ontology” depending on subject areas,
tasks to be solved, formalisms used, and the degree
of representation detail. One of the most common
definitions of the ontology is given by Gruber T. In
[21] “Ontology” is a formal, explicit, precise defini-
tion (specification) of a shared conceptualization".
In general, we can state that ontology is a system of
formalisms used to describe a subject area. Ontolo-
gies are presented by different structural and linguis-
tic models depending on the tasks to be solved.

THE PURPOSE OF THE ARTICLE

The research aims at automatizing smart emer-
gency dispatching support of power systems by
standardizing mathematical and structural-logical
models of production forms of professional ontolo-
gies, procedures of generating elementary rules of
productions and their networks, developing syntax
of productions and their formal-linguistic basis.

According to the problem and the research aim,
the objectives of the article are formulated as fol-
lows:

—development of a unified formal ontology
model of the production form of professional
knowledge of dispatch emergency control over pow-
er systems based on the theoretical-set model of se-
mantic network clusters;

— development of formal grammar of generat-
ing production rule syntax of the structural-linguistic
ontology model based on the transaction scheme of
the smart system’s state;

— development and testing of the DSS software
complex for smart support of practical emergency
dispatching of the power system based on a new
structure of the DSS kernel as an interpreter of the
metarules program.

MAIN PART. THE DECISION SUPPORT SYS-
TEM OF EMERGENCY DISPATCHING OF
THE POWER SYSTEM

Let us develop a unified structural and logical
model of the production form ontology of profes-
sional knowledge representation. We take a model
of the semantic network of the ontologies hierarchy
as a basis. Let us introduce a formal rule of product
representation in terms of semantic network clusters:
the production rule R is a set of semantic network
clusters Ns, such that

Nglust ={N Clust : i=1 nCIust} (1)

V(NC|USt)((NCIUSt C|USt N Clust c NS )’ (2)

are interrelated by the following ratio:

R L N C|USI N N ClUSt, (3)
'—1

where Lop is a logical operation, AND (A) or OR (V)
are connectives combining the first n-1 clusters of
the semantic network. The operation NOT (—) is ap-
plied with n=1 and usually implemented in
knowledgebases into the semantic conditional com-
ponent (antecedent) of the production; — is a logical
implication operation [23, 24].

Introducing connectives of conjunction (A) and
disjunction (v), we can write for the production of
the type “AND””:

R: NCIust NSC£ustA.“/\Nscnluit_)Ngr:ust,
n- (4)
R: /\ Ng,IUSt—> NCIust’
for the production of the type “OR”:
R: NCIust NCIust V.. NSCnIuit NCIust’
()

R: \/ NCIust_)NCIust.

We should indicate that logical operations real-
ized in relation to semantic network clusters refer
also to the marker of activation (actualization) of
these clusters: active is 1 (true), inactive is O (false).

Activation or actualization of the semantic net-
work (its cluster/segment) will be interpreted as im-
plementation of the semantic network (or its identi-
fier) into a controlled area of memory (“a message
board”) for its participation in operations of the
smart system [25, 26], [27, 28].

Let us assume that when interpreting semantic
network clusters included in expressions (1), (2) and
(3), each cluster is treated as a single linguistic con-
stant or a meaning of a linguistic variable in any op-
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erations within the current formal system. For prac-
tical implementation, the amount of semantic net-
work clusters can be very significant, so it is advisa-
ble to use cluster identifiers or cluster indices result-
ed from their dynamic separation taking into account
relevant contexts.

Production activation (logical realization of im-
plication) occurs on the basis of calculation (ante-
cedent) of logical expressions

n-1 n-1
ANG" or Vv NGUt (6)

If the result of the expression is true, the pro-
duction consequent Ns,°"®t is written into the con-
trolled memory area (“the message board").

As is known, in a general case a production
model is defined by a tuple of the following form
[15], [17], [29, 30]

R=<S,L A— B 0>, (7)

where: is the class of situations for which the pro-
duction R is adequate; L is a production trigger con-
dition; 4 — B is the kernel (structure) of the produc-
tion; Q is an informal substantiation of the produc-
tion.

Let us formalize the main part of the production
— its kernel, taking the concept of building produc-
tions by semantic network clusters proposed in the
work as a basis proposed in the work.

The basic terminal alphabet of the production is
a set of clusters of the semantic network of the
knowledgebase:

Z: A[ :{S}U NSCIUSt’
NJ enNd, ®)
NI < Ng.

When building productions, only clusters of a
given alphabet should be used. For example, for the
ci-th context:

. C:
Ng? ={Ng [k=Lny} 9)

where ny is the number of clusters related to the ci-th
context.

We formalize the production kernel. Let us in-
troduce interpretation of the semantic network of the
production Ns as a network of clusters based on the
formalism of semantic networks and taking into ac-
count evolution of ontologies in the hierarchical sys-
tem of knowledge representation

Ns —< NSCIUSt, I Clust,GCIust >, (10)

where: NSt ={NSUt i =1 nC!"} s a set of clus-
ters (concepts) that form a semantic network of the

production; 1"t =i, =1,n} is a set of connec-
tives among  clusters  Ng®'  (concepts);

G ={g,,a=1ng} is a set of incidence reflec-

tions of connectives onto clusters (concepts).

In (10), the model components have the follow-
ing content. Connectives between semantic subnet-
work clusters 1" ={i;,1 =1,n;}mean connection
of completely identical statements from facts of dif-

ferent clusters, i.e. i1t can be defined as
V(s |si € f; e NG s e f e NG,
(5; =5, )it i (s;,5,) > s, (1)
where the incidence reflection looks like
gq:C=(s)sefinsefy, (12)

Thus, production synthesis within the devel-
oped theoretical —set interpretation is described as a
procedure of concatenation of clusters of semantic
network subsets of the knowledgebase meeting the
following condition:

Clust Clust Clusty .
I(Ng1 o Ny Ny )

n-1 n-1
(NS =s) V(NS =san) > (13
(NG NG NG™ < R).

According to (13), the minimum production can
be expressed as follows (Fig. 1).

Clust

Clust
N Sn-1

Fig. 1. Combination of clusters of semantic

networks making minimum production
Source: compiled by the authors

After combining clusters and making the pro-
duction, the latter is a directed graph in the follow-
ing form
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R= GCIust’

14
GClust :{V (GCIust): A(GCIust)}v ( )

where: is a set of clusters of the semantic net-
WOrK, V (Ggyst) = NS ={N§"™ k =1, ngyed;
AGcust) is a set of connectives between clusters.

Let us introduce a separate interpretation of ver-
tex transit for combining clusters Gciast (as for the
production directed graph), which depends on the
problem conditions and, in general, can be arbitrary:

I Clust _ (PSC|USt, PeCIust) (15)

where: PRs is an incidentor of primary nodes (clus-

ters) of production links,
PE (NG, NGUS) = 571,571 e NS™. is an inci-

dent or of finite nodes (clusters) of production

links, PE (NG NG =57 577 & NG™.
Now the general formal model of the product
graph R looks like

G R{V(Gclust)i A(Gclust)’ I R)}’
GR :{V(G)Clust' A(G)Clust’ PSR ' I:)ER)'

We develop a formal production language.
Since production interpretation depends on the con-
text, it is necessary to consider groups (classes) of
contexts when building a formal language.

We define a set of contexts for interpreting the
production

CR={cili=Ln.},

(16)

A7)

where n¢ is the number of contexts (subject areas).
The set of context classes for production is

GRe ={gn|§ci Im=1n,4}, (18)
where  ng is the number of context classes.

Then, the cluster of the semantic network of the
production associated with the ¢ —th context is:

NG = G =4V (G AlG s b

N 19)
Ng < N.
Taking into account the possibility to classify
segments (clusters) of the semantic production net-

work by contexts g-- , we can write

ClustC
i
Ng

={{R_}{R_}..4R° (20)
194 29,4 n

)
9

i
g9m

c.
where {leg;i} is a production rule making a seg-

ment (cluster) of the semantic network and corre-

C:
sponds to the classification feature O -

We assume that the knowledgebase is standard-
ized and the singled out clusters of the network are
not doubled, while properties of knowledgebase
productions should be the following:

n
C. Ci G C ] C
Ny =" URT ..URT _ = R™ |
R “1gg URogq U ng i mgl mgr (21)
Ng
RS NRS _.NARY _=NRY_ =0, 22
19%'m 29y d ngg mql mgr, (2)
Cj (& Ci
Vngﬁ]i (ngrcni QNR ] (23)
VRS VRS (RS _ #RS ). (24)
POm  O9m = PYm a9m

In (21) essentially describes the N® production
network of the Ci-th context with respect to which
inductive or deductive inferences are possible.

Let us introduce production syntax and the pro-
duction network:

<Production network> ::

[<production>];

< Production> :: = < production type> <clus-

ter> [<cluster>] < cluster>;

< Production type> :: = AND | OR;

<Cluster> :: = <semantic network>.

It should be noted that to expand a production
network in RAM, it is necessary to specify incidence
of the network graph.

We develop a formal language of the model
representation of the production network of the pro-
fessional area of the ontologies hierarchy.

Let us assume that the formal language of the
production belongs to a certain class of semantic
networks GCs in the current context —

= <production>

G | — 3 RS Gi
ka ,k —1, ns (k\/ Rk (S N gC|). (25)
- m

We define the production language for the sub-
ject area c; € C and the m-th network class as follows
LG) T =<=® \NB PR SR>,

9 9m  9m 9m 9

(26)

where: G is the formal grammar of the production
network; >® is the main terminal alphabet of the
production network; N® is an auxiliary finite non-
terminal alphabet; PR is rules of substitution (pro-
duction) of the formal network grammar

Ja,3b,(a,b) e PR :a—b; §is a starting nontermi-
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nal symbol of the grammar G;
NR ﬂZR -2, pR C((NRUZR)+X(NR UZR)*).
Now let us set the rules of formal grammar P
on the production network for the language L(G);c?i
m

N" —P% [P [P,

@7)

P NCIustN Clust, (28)
NRa™™ = Nz | [INsa], (29)
NCIust N Nscv (30)

where: F’chi is the network production. If the seg-

mentation feature is the contextual one gg,
Pe; Pe Clust Clust
1 — " .
N _ng,ﬁ;’ Ng NRre ™ are corresponding

clusters of semantic networks specified as a produc-

tion antecedent and consequent; Ng, is a semantic
network referred to the cluster of the antecedent

network; N is a semantic network referred to the
cluster of the consequent network.

Let us generalize the language of context pro-
duction subnetworks for all the classes of

knowledgebase contexts on production networks
L(G)R =< =R NR,PR SR >, (31)

where: TR =NR ={ngy Ik=1Lng} is all the con-
text networks of production knowledgebase net-

. R _ R R R .
works; N _{{Nslgcmo },{NSzgrcno }"'{Nsnggﬁ? 3
R
Nsmgc = {subnetwork, subnetwork class, net-
m
work_layer}.

Let us summarize formal grammar rules - P®
for the whole level of the production network taking
into account that there are four non-terminals in the

formal language of the production network L(G)R

Ns — <network layer>;
<network layer> -
class> <subnetwork>;

<subnetwork

<network_class> — VJ, ({Nsmgco }< Ng);
m
<subnetwork> — VNg, (Ng, € Ng);

<production> — Pc? :
9m
Let us develop a structural and linguistic model
of the ontology for the production network

knowledgebase — KBp. We use the generalized for-
mula

0 . =<XP RP FP>.

32)

PgFii productions are the concepts of the production
m

network ontology, which in general case form mul-

tiple concatenations among themselves. For a net-

work of any context, we have
XP=NP={P |Im=1np}=

—{{NGEINGS Kk =1, ng e} M=1np}

(33)

or
—{N RIUStN Soust | k=1, nCIust}:
={{Nm Im=1n.}}.

Since for a given knowledgebase (KBp), local
context productions have connectives, the set of re-
lations between them is not empty— R+ &.

To define a set of F” interpretation functions,
we will assume that part of the productions (or se-
mantic subnetworks forming these productions) can
be used to interpret other productions of the current
KBp level. In this case, the production subnetworks
can be divided into situational groups - classes - sub-
sets of interpretive productions (with index 1) and
subsets of interpretive products (with index 2), as
shown in the expression

N® ={{N{3ANSID, (34)

where NFUNZX =NRis the whole set of produc-

tions of the level, NlRﬂ NZR =J.

Then the interpretation function fj in general
will be

1 0pERR R3S, Rat 1 ))D = (R, 1), (35)
H(Rll S Nl ) El(RZl, R22,...,R2k (S R25
(R = T (Ry}. Ra3.-R3})).

where Op is the product aggregation operation. For
production networks such an operation is usually a
logical production sequence, the content of which is
combination of output and input clusters.

On the basis of the developed structural-set
models, the formal model of the unified ontology of
production networks for professional ontologies hi-
erarchy of the “network structure with possibility of
expansion” type is obtained, which is expressed as
follows
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N
oR =< Ul[Nf}UNZRj],RR, FR>. (36)
J:

Here is an example of practical use of the de-
veloped mathematical models of production network
representation and a model of professional ontology
OR of production networks of the knowledgebase
KBR. The developed mathematical models are invar-
iant with respect to the subject areas. As an example
of the professional area, let us choose a logical de-
scription of dispatcher personnel’s actions for opera-
tional switching during emergency responses as
shown in [31].

Let us introduce a set of atomic statements re-

ferring to the same context co, where co = “Elimina-
tion of process disturbances when disconnecting
buses of 150-330-750kV”’:
S:1% is “short circuit”, S, is “on”, S3® is “buses or
equipment in the thermal power station area”, S, is
“connected t0”, S5 is “differential bus protection»,
S¢¢ is «connection”, S;° is “breakdown (disturb-
ance)”, Ss@ is “connection switcher”, So® is “false
performance”, S1o® is “protection of autotransform-
er”, Su® is “or”, Si° is “switching off”, S is
“power station”, S1,° is “belongs™, Sis° is “substa-
tion”, Sie® is “state — without voltage”, S is
“power supply of consumer”, Sis® is “MV of power
station”, S1o® is “state — out of service” , Sy is
“ACR”, Sun® is “ATS”, S»% is “duty personnel”,
S23% is “must (has t0)”, S is “provide voltage t0”,
S2s% is “consumer”, Sx™ is “quantity”, S is “two
bus systems”, Sy is “bus sectionalizing switch
(BSS)”, Sx% is “conduct testing”, Sz® is “switch
off”, S is “conduct simultaneously”, Sz is “type
of equipment”.

A set of facts of semantic network clusters that
form productions:

f, =(sf0,s§°,s§°), f, =(s§°,s§°,s§°),
f3=(51°,55,5¢) fa=(57,55.55°)
fo= (5555 98) fo=(s5,55858)
fr=(s57s0518) fa=(533,56°,5)
fo = (520,520,55) oo = (55 55,5%)
=50 o =(9.555)
f13:(5§°|5§3’51c70)’ f14:(5$°!5§%’5f§)’
fis =(3§°’3ff'5f3)’ fi =(5$°!53C%’5§%),

C C C C C C
fi7=(57.553,551) fig =(513,533,5%%

_ CO C CO _ C, C, C,
fi9 = (13,533, 571) , fo0 =(S5°, 528,555 ,
C, C, C, C, C, C,
fo1=(55°,57",518) fap = (535,533,528
C, C, C, C, C, C,
fo3 =(557,528,52%) , fos =(533,523,522) ,

C C C C
fos = (555,53.53") o5 = (53,53, 58)

We create subnetworks with a relevance index

N1RCO ={f10, fas fiz, fa0, f22, T2}l

NleCO ={fy, f,., 3, f4, f5, f5, f7, fg1 fq, f1o,

fi1, fio 31
C
Nsz ¢ ={f10, f11, f12, f13, f14, f15, f16, f17,

fig, f1g, foas f25, foe 1

The interpretation function for the production
network level will look like this

10PN D, (Ny® D1 = Ny 1)

Thus, the structural-linguistic model of the unified
professional ontology of production networks is built.

Let us specify the operation within the product
transaction model

Ojk =< Dy, lik, Ci >,
Cik =< Noik s Aoik >

where: IDi where IDik is an identifier (number) of
the current operation; li is the parameter of the
operation start; Cik is a command (operation
block); No is the name of a command (opera-

(37)

tion); Ao = {8 1k=1n,} 50 operands (parame-
ters) of a command (operation).

Now let us detail graphical interpretation of one
state of performing the transaction algorithm of the
program system considering the introduced models
and show it in Fig. 2.

Fig. 2 shows all the components of the above
formal models — a state, a trigger, a transaction and
operations. They are important for program imple-
mentation. When visualizing the algorithm of trans-
actions, we can limit ourselves to displaying the op-
erations and their parameters.

Implementation of the proposed visualization
model requires developing a formal language to
branch a scheme of the functioning algorithm of the
trigger state program machine.
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Fig. 2. Visualization of one state of the program system
Source: compiled by the authors

Let us consider that the program is a subset of
the set of graph paths of the state network

Prog =B,

Bprog = i [i=1np},

by = {Si,k'si,k+1""’si,nbi }

VSik VSik 41 VK (Sik € S ASjki1 € Si A
AK=212,....n5)  Sik < Siks1s

B

(38)

prog & N,

where: Prog =By, is a program (an algorithm of

performing a series of transac-
tions); B yrog :{bi|i:1,nb} is a set of branches

(paths) of the program algorithm; b; is the i-th
branch of the program algorithm specified as a rigid
sequence of the trigger network’s states; Ns is a
complete network of states.

The resulting algorithm visualization model in
the form of a trigger state network of the program
system interacts with the external environment. The
operations in the model can be considered at differ-
ent levels. If operations are considered as elementary
commands of the format

<operation code> <operand codes>,
the model enables reflecting the operation of an au-
tomata processor or an interpreter at a low machine
instruction level.

If operations are considered as complete ex-
pressions (or their sequential sets), the model ena-

bles visualizing structural algorithms in high-level
programming languages.

If operations are considered predicates with re-
spect to a set of parameters, the model allows im-
plementing the functional approach at a higher level
of structural functional programming.

Besides, if operations are considered as queries
in relation to a database (SQL queries) or a
knowledgebase (packages of metarules), the model
allows describing the process of data and knowledge
management by forming query packages — transac-
tions. The model can represent parallel computation-
al processes by running several states from a single
trigger.

The developed formal apparatus of the trigger
model representation of the software complex opera-
tion allows us to proceed to the synthesis of the
structure and description of functioning methods of
the DSS. Taking into account the specifics of the
professional subject area, the generalized structural
scheme of including the DSS in the emergency con-
trol cycle of power systems is given in Fig. 3.

Fig. 3 shows directions of the input (input arc )
and output (output arc I1) information paths. A pow-
er plant or its component (power object) is consid-
ered as a control object (CO) — (block 2). The con-
trol subject (CS) (block 3) is represented by the ODP
of the power plant as instantiation of the decision
maker. The DSS (block 1) acts as an information
interface between the CS and the CO. In its turn, the
role of hardware software interface between the
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Fig. 3. Context diagram of the generalized structural scheme of the DSS inclusion into the

emergency control cycle of power systems
Source: compiled by the authors

DSS and CO is performed by the operating infor-
mation controlling complex of ADCS tools (block 4)
[32, 33]. The tools of the operating information and
controlling complex (OICC) convert physical indica-
tors of the power system’s mode into digital codes
which are fed to the DSS triggers. The DSS receives
aims and objectives from the ODP, as well as mana-
gerial decisions to be justified, and provides formed
recommendations for final decision-making. Codes
of managerial decisions (actions) and generated nu-
merical control parameters are sent to the ADCS.
The ADCS tools direct and realize controlling phys-
ical actions in relation to power objects’ equipment.
Guided by the general contextual scheme, let us
carry out detailization of the DSS structure corre-
sponding to requirements of the tasks to be solved.
The DSS should process knowledge based on me-
tarule transactions. The developed structural dia-
gram of DSS decomposition is shown in Fig. 4.
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Fig. 4 shows not only the structure of the DSS,
but also its connection with the ADCS tools of the
power system. This circumstance enables two opera-
tional modes of the smart system in parallel — the
asynchronous interactive mode with user participa-
tion (a decision maker — the ODP of the power
plant) and practically autonomous (automatic) real-
time mode of technological processes of the control
object.

Based on the DSS diagram and the developed
formal trigger model of visualization of the software
system functioning, a generalized algorithm of DSS
operation is developed and shown in Fig. 5. For
simplicity, the diagram does not show all attributes
of states, transactions, and operations. Algorithm
stages are represented by states to which consecutive
sections are linked. Algorithm branching is per-
formed on completion of a section, or on the result
of a particular operation. The s7 state is terminal and
contains no operations
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Fig. 4. Diagram of DSS decomposition within the framework of controlling industrial object

(power system)
Source: compiled by the authors
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Fig. 5. Fragment of the expanded triggering scheme of the DSS functioning algorithm

Source: compiled by the authors

The diagram (Fig. 5) reflects all the basic com-
ponents of algorithms — linear sections of work exe-
cution, branching and returning (cycles). This par-
ticular scheme is extended and contains entire pro-
gram blocks as operations, which can also be repre-
sented by a similar scheme. One transaction in the
body of a transaction can be another transaction.
One transaction in the body of a transaction can be
another transaction this nesting is implemented by a
mechanism returning each operation the TRUE or
FALSE logical value. The suggested mechanism of
presenting algorithm schemes uses minimal tools of
visualization, allows compact and adequate presen-
tation of functioning, work scenarios and algorithms
of software complexes execution.

The developed functional scheme of the DSS is
an event-driven complex. There are 13 main states
(stages) of the system in the generalized model of
DSS functioning. According to the developed func-
tioning model, the activity of each state is indicated
by its labeling (e. g. #(s0) = 1). All parameters of
formal models of states that characterize cycles of
the DSS operation are shown in Fig. 6.

Algorithm execution starts from the state so.
The state can be activated by the user (operator) or
externally by means of the ADCS OICC via the Ty
trigger. The trigger throws the flag vo, and activates

the state so. The state, in turn, generates the wy char-
acter which is passed to the Py transaction. If the in-
put character is accepted, the transaction is started
and executed in the transaction order. The “Choice”
operation implements four branching options for the
following stages of the DSS algorithm execution.
When the operator selects the “Stop” operation,
transition to the stop state with the corresponding
stop operations of the current process takes place. In
addition, the stop condition can be generated by the
external environment via the trigger Ta1.

When using the interrupt mechanism, self-
diagnostic procedures for the smart system can be
implemented. The DSS architecture is designed in
such a way that its algorithm has multiple entry
points and is activated by event triggers, which also
involves processing its own failures. Such events
can be the system’s own failures. In this case, inter-
ruption and processing of the emergency occur.

Software implementation of the DSS algorithm
requires storage and transmission of multiple signals,
identifiers, flags, and state results. Besides, transmit-
ting actual parameters to operations and returning the
results of intermediate calculations is required. A
stack is used for this purpose. The stack can be pro-
vided by the compiler of the selected platform of a
development and a programming language.
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Fig. 6. Formal models of state steps of the DSS functioning algorithm
Source: compiled by the authors

Using the mechanism of stack saving and pa-
rameter tracing, the error-free movement of the sys-
tem in the state space with the possible branching
and cyclic returns is provided. Based on the devel-
oped above structural decomposition scheme of the
DSS included in the control framework of an indus-
trial object (power system), we can synthesize a
structural and logical trigger model and determine
functioning methods of the decision support system
kernel. According to the established classical archi-
tecture of smart systems, the DSS kernel includes its
two main modules — the logical inference block
(LIB) and the knowledgebase [34, 35]. The LIB re-
ceives a problem in a formalized form and solves it
by manipulating knowledgebase concepts [36, 37].
In this case, the mechanism of knowledge pro-
cessing is usually defined in advance and is rigidly
bound to the forms of knowledge representation in a

particular system and subject area. Changes in the
professional area, structure or way of formalizing
the knowledgebase entail the need to process the
LIB. Besides, the classical approach clearly specifies
a kernel: the LIB is a software module (usually a
machine code) that processes knowledge representa-
tion structures known to it in the knowledgebase,
while knowledgebases are rules of logical inference
formalized to a certain degree within a particular
subject area.

However, in complex structured, hierarchically
organized professional fields, such as emergency
control of power system modes, the classical scheme
of the DSS kernel does not allow using all forms of
knowledge representation of the subject area in a
single smart system. Therefore, the context of the
study addresses the problem of simultaneous use of
different forms of knowledge presented in the form
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of ontologies and evolutionarily generalizing each
other. This approach cannot be implemented within
the framework of the classical structure of the DSS.

In order to overcome this problem, a new struc-
tural-logical architecture of the DSS kernel is pro-
posed and methods of its functioning are deter-
mined. The proposed architecture is shown in Fig. 7.
Fig. 7a shows the DSS kernel in the form of a single
generalized block operating in the control environ-
ment of an industrial object — a power system. As
can be seen, the DSS kernel is connected with the
external object, receives from it parameters of func-
tioning and ontologies of knowledge processing me-
tarules formed on their basis. Recommendations and
managerial decisions, as well as data sets for visuali-
zation and publication are generated at the output of
the kernel

Fig. 7b shows the classical two-module archi-
tecture of the DSS kernel. However, as noted above,
it cannot be implemented within the framework of
the research tasks solved and in an integrated subject
environment under consideration.

It is suggested to replace the LIB with the soft-
ware processor - an interpreter which executes the
byte-code of knowledgebase processing programs.
Translated sets (packages, series, sequences) of me-
tarules ontologies act as such programs. This makes
it possible to build a LIB as a universal processor

(interpreter) which does not depend on the problem
area and task structure. Metarule packages (pro-
grams) implement ration information interaction
between the interpreter and the knowledgebase. So,
it is logical to call them “transactions”.

Metarules receive actual parameters for pro-
cessing from an external control object (in this case -
the OICC of the ADCS of the power system). As can
be seen from the new scheme, when comparing it
with the classical architecture, the transaction (the
metarule program) is both part of the knowledgebase
and part of the LIB. The main advantage of such
DSS kernel scheme is separation of the LIB archi-
tecture and methods of functioning from specifics of
the knowledgebase. The logical inference is treated
as execution of a metarule program translated into
the low-level byte-code. This ensures versatility of
the interpreter and increases its efficiency.

On the basis of the received formal and struc-
tural-logical models, the software complex of emer-
gency control support system of the power system is
developed.

The main setting panel of the software complex
for a subset of emergencies with selection of triggers
and real-time monitoring of sensor point parameters
is shown in Fig. 8.
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Fig. 7. New structure of the DSS kernel as an interpreter of the metarule program
Source: compiled by the authors
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Fig. 8. Setting emergency control parameters
Source: compiled by the authors

To illustrate and confirm practical operability
of the DSS software package, a severe emergency is
selected with confirmed calculation of the emergen-
cy mode of the 330 kV grid of the JSC DTEK
Dnipro Power Grid. It should be noted that modes
of cascade emergencies being especially serious are
of particular interest. However, the developed math-
ematical models and practical implementation of the
DSS software package are invariant in relation to the
types of emergencies and do not require additional
adjustment. All that is needed is the layout of an ap-
propriate knowledgebase. When the dispatcher’s
operational materials are worked out, the mentioned
problem can be solved.

Operation of the DSS when controlling a specific
emergency is under consideration — shutdown of the
OHL 150kV L-81 (Pavlogradskaya-330 Substation -
PATES-330) for repair; emergency shutdown of OHL
330 kV L-234 overhead power line (Pavlogradskaya-
330 Substation - PATES-330). The emergency mode is
characterized by reduction of voltage at the 150kV BS
of Pavlogradskaya-330 and the current overload of the
OHL 150kV L-82 (Pavlogradskaya-330 Substation -
PdTES-330). Power flows through autotransformers of
the mentioned substations exceed permissible load lev-
els in emergency modes caused by shutdown of the
OHL 330kV L-234 (Pavlogradskaya-330 substation -
PATES-330).

Basic settings of the software package are as fol-

lows: the diagram of the 330kV power network of
DTEK with summer 2020 parameters; Sensor points
and monitored mode parameters are indicated for the
network. The bottom panel of Fig. 8 shows the corre-
sponding design substitution diagram. The following
triggers are selected: 1) L-82-1 1> 710 A, 2) L-82-2 I>
710 A, 3) 2 BS 150kV U < 135kV. The interrogation
cycle is 10s. The time of triggers interrogation start and
the DSS logging mode are set.

The controlled type of emergencies leads to a
voltage drop at 2 150kV BS of Pavlogradskaya-330
Subsection by 113.7kV (76% of U,) and a current in-
crease on the OHL 150kV L-82 up to 1339 (162% of
l,). The corresponding parameter releases are shown in
the panel graphs.

When the software system is running, accidental
releases of controlled parameters are registered, corre-
sponding triggers are activated, and transactions are
started. The result of the logic output is displayed on
the panel shown in Fig. 9.

The DSS cycle results in regulatory-
instructional materials of dispatch control obtained
from professional ontologies of the knowledgebase
as well as recommendations of control corrective
actions, their values and directions of change based
on calculated sensitivity matrices. In addition, there
is a possibility to use the knowledgebase as a data-
base with sampling of necessary data for analysis.
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Line disconnected emergency L-330 kV #234 (SS Pavlogradskaya-330 — SS PDTES-330)

Emergency parameters

Parameters:

Current overload L-150kV #82 to — 1126 A (136%)

Line is repaired L-150 kV #81 (SS Pavlogradskaya-330 — SS PDTES-330)
Line disconnected emergency L-330 kV #234 (SS Pavlogradskaya-330 — SS PDTES-330)

Reducing voltage on bus 150kV SS Pavlogradskaya-330 to — 113.7 kV (76%)

Regulatory decision

Document Title Instructions DS-8 ~

Source Section 6.8,6.8.2

Operating personnel Objective Check operation of the protections

Operating personnel Objective Check overloading of transit lines and autotransformers

Operating personnel Objective L-234 test with voltage and turn on under the supervision of the dispatcher

Operating personnel Objective Wait 30 minutes

Operating personnel Objective L-234 retest with voltage and turn on under the supervision of the dispatcher

Operating personnel Objective Check condition: If this line is not disconnected within two hours hd
Consideration of control actions sensitivity Selection KB concepts

Operation: overcurrent reduction on L-82 A | | semantic links ol | | L-330 kV #234 il

Stage 1 - to reduce consumption On L-150 kV Dn-1 X

Voltage sensitivity — 0,28 L-234 relation 1 Bus 330 kV SS PD TES-330 ~

Current sensitivity — 8,32 L-234 relation 1,2 Bus 330 kV SS Pavlograd-330

Stage 2 - to reduce consumption On L-150 kV Dn-2 L-234 normal current 57 A

Voltage sensitivity - 0,23 L-234 flow direction SS PVL-330 - SS PD TES-330

Current sensitivity — 8,32 L-234 voltage 330 kV

To reduce consumption On L-150 kV Dneprovskaya mine

Toreduce consumztion On L-150 kV Svitp:nine g v L-234 state emergency shutdown

W

Fig. 9. Panel of decisions made and knowledgebase sampling
Source: compiled by the authors

CONCLUSIONS

The paper presents the results of development
of mathematical and structural-logical ontology
models of products for the automatized emergency
dispatching support system of the power system.
The developed models are generalized for the classi-
cal output machine model. A new interpretation of
the trigger model of the DSS components is intro-
duced.

The research results enable the following con-
clusions:

—there are developed mathematical and struc-
tural-logical models of unification of the production
ontology of professional knowledge of dispatch
emergency control in the power system based on
clusters of semantic networks to form inductive log-
ical inference models;

—the formal syntax grammar of production
rules, the functional scheme of transaction of one

state of the smart system to form the emergency dis-
patch control knowledgebase is developed:;

—on the basis of the automata model of the
trigger scheme of the DSS functioning algorithm
with multiple entry points into the computational
process and a new structure of the DSS kernel in the
form of a metarule interpreter, the DSS software
package to form the emergency dispatching control
of the power system mode is developed and tested.

Further research includes developing diagrams
of knowledgebase interpretation and the inductive
inference block that functionally overlap, unlike the
classical architecture of smart systems. It is suggest-
ed to include the ontology selector in the structure of
the DSS to select the form of knowledge and data
representation online, as well as modules of dynamic
formation, validation and replenishment of ontolo-
gies.
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AHOTALIS

Jlociti[pkeHHS TIPHCBsTUeHE BIOCKOHAJIEHHIO METO/IIB 1 CHCTEM KepyBaHHs €HEprocHCTeMaMH Ha OCHOBI IHTEJEKTyai3arii mif-
TPUMKU NIPUHHATTS JTUCIIETYEPCHKUX pillleHb. BukitageHo pe3ynbraTi po3poOKH MPUHIMIIOBOI TPUITEPHOH CXEMH alroputMy QyHK-
LIOHYBaHHS CHCTEMH i ITPUMKH MPUHHSATTS pillleHb. 3alpolOHOBaHa MOJIEIb Bi3yali3allii adropUTMIB Y BUTIISI TPHT€PHOI Mepexi
CTaHIB KOMITIOTEpHOI CHCTEMH, sika 3a0e3redye B3a€eMOIII0 3 €HEproo0'eKTaMy TipHHIONO0YBHHX, METAIypTriHHHX KOMIDIEKCIB i
perioniB. BeeseHa HOBa iHTepIIpeTallisi KOMIIOHEHTIB MepeXeBOi TPUTTepHOH Moxeni. Mozens iHTepakTHBHO NOB'I3aHa SIK 3 JisSMH
KOpHUCTYBa4a-oreparopa, TaK i 3 CTaHaMH KOMIOHEHTIB eHeprocucTeMH. [Ipu 1boMy CTaH aBTOMAaTHOI MOJIEI TOB'SI3Y€EThCA 3 BUKO-
HAaHHSAM IaKeTa MEeTalpaB Il JUIS YIIPaBIIiHHS JIOTIYHUM BHCHOBKOM. 3aIpOIIOHOBaHI HOBI (DOPMU MOA@HHS aJrOPUTMIB yIPaBIiHHA
6azaMu 3HaHb, SKi B3a€EMOJIIOTH i3 30BHILIHIM CEepelOBHIIEM i 00’€HYIOTh NPUMITHBHU CTaHIB, TPUrepiB 1 TpaH3aKUiil onepariii i
y3araJlbHIOIOTh CTaH/IapTHI MOBH Bidyasizauii anropurmis. Lle no3Bose yHibiKyBaTH IHTENEKTYalbHI CHCTEMH, SIKi B3a€EMOJIIOTS i3
30BHIIIHIM cepenoBHIIeM. Po3pobiieHi Moznerni MmojaHHs aaropuTMiB oOpoOkK 0a3 3HaHb, SIKI B3a€EMOAIIOTH 3 €HEProod'eKTaMu i
yHIQIKyIOTh CTaHH, TPUTEPH 1 TPAH3AKLI onepalliii B y3arajibHeHI cTaHAapTHI MOBH Bi3yasizauii anropurmis. e no3Bonse onucya-
TH QJITOPUTMH poOOTH 0a3 TaHUX 1 IX IMOJi€BY MOAEINb, 110 3a0e3nedye HaiifHy yHiI]iKallilo IHTeJIeKTyaJbHOI CHCTEMH, sIKa B3a€EM O-
Ji€ 3 00'eKTaMU KEpYBaHHS €HEProcHCTeM i pHUYO00YBHHX 1 METAIYpPriiHUX KOMIUIEKCiB. Po3B's3aHa 3a1aua noOyj0BY Oa3u 3HaHb
i MPOrpaMHOro KOMIUIEKCY JHCIETYEPChKOI CUCTEMH MiATPUMKH MPUHHATTS PIlICHb HAa OCHOBI JaHMX, OTPMMAHHUX B pE3yNbTaTi
00YMCITIOBAJILHUX EKCIIEPUMEHTIB Ha CXEMi €HeprocHcTeMu. Pe3ynbTaTn IOCHiIKEHHS MOKa3alu NMPaKTHYHY e(EeKTHBHICTD 3aIpo-
TOHOBAHUX ITiIXOIB 1 pO3pOOICHUX MOIEIEH.
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