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Abstract. The paper considers some elements of the calculation systems as functional objects.
The formal foundations of calculus of systems proposed by the authors were preceded by
research on the development of a mathematical apparatus that allows formalizing the
procedures for developing system-object simulation models of processes and systems. In the
work, the previously developed formal apparatus is supplemented by the context operator, and
some theorems related to the structural and functional characteristics of the modeled objects
are formulated and proved. In particular, using the context operator, the statement is proved
that the connection of a nodal object with the external environment generates the same
connections of other nodal objects whose functions are realized due to the functions of the first
nodal objects. It is shown that this statement is true for both incoming and outgoing
connections with respect to a nodal object. Intrasystem connections are considered that are also
capable of generating connections for their contextual node objects. In addition, the paper
proposes a new formal record of the function of a nodal object for a situation when it is
implemented due to the functions of other nodal objects. The proposed formalisms are
considered on the example of a system-object model of an abstract system. In the future, based
on the calculus of systems, optimization algorithms for system-object simulation models will
be formulated according to various optimization criteria.

1. Introduction
To solve the problems of informational and analytical support of the activities of organizational
systems, the authors developed a system-object method of knowledge representation (SOMKR),
which has a number of significant advantages. Its advantages include the possibility of a graphical
representation of knowledge, the possibility of formalizing these graphical representations, and the
ability to transform a graphical representation into a simulation model. The formalization of the MPSE
leads to the need for more formalization of the system-object approach ‘“Node-Function-Object”
(NFO-method), on which this method of knowledge representation is based.

Here are some research results in this direction, obtained with the use of the algebraic apparatus for
calculating the objects of Abadi-Kardeli [1].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1


mailto:zhikharev@bsu.edu.ru

AIDTTS 2020 IOP Publishing
Journal of Physics: Conference Series 1801 (2021) 012025  doi:10.1088/1742-6596/1801/1/012025

2. Materials and methods

Let us consider some elements of the calculus of systems as functional objects using the example of an
abstract system, the graphic-analytical representation of which is shown in Picture 1. It should be
noted that the notation of input and output stream objects, as well as other elements of the system-
object model, are used in the work in accordance with previously developed formal foundations
calculus systems described in [2,3].
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Figure 1. System-object model of abstract system.

In accordance with the calculus of systems as functional objects [3], we consider the formal
representation of the model in the following form:
M=(L,S,C), 1)
where:
L - is the set of stream objects of the model (hierarchy of system connections) [3]. Each stream
object is represented by a set of named fields containing the values of the stream object [3].
For the considered example, the set has the form:
L={11,12,15,14,15,l6,17, 15,15} (2
S —is the set of nodal objects of the model (subsystems) [7]. A nodal object in terms of calculation
systems as functional objects:

s=[(L?, L); f(L?)L!; (O?, O!, Of)] (3)
For the considered example, the set has the following form:
S={31,32,33,S4,55,36} (4)
C is the set of connections of the system, and the element of the set consists of three components:
c={Sout,Sin, | }: Sout€S, Sin€S, leL (5)

Thus, an element of the set C is a connection of two subsystems. However, any system-object
model has modeling boundaries, i.e. context. As can be seen from Picture 1, the node object s; is
actually not connected to any other node object. To account for such situations, it is proposed to
introduce a permanent nodal object scontext, which is a black box from the point of view of the model
and representing the external environment of the simulated system. Then the set of nodal objects of the
model will take the following form:

S={51,52,53,54,55,6,Scontext} (6)

In view of the foregoing, the set of relationships of the considered model can be written in the
following abbreviated form:

Cz{(scontextySSyll)y (SCOnteths4l|2)l (531 Scontext:IS): (53' SCOnIeXt1I4)1 (54: scontextnls): (55133!|6)! (33:S6nl7): (53134-|8) )

(S6,Ss:l9) } (7)

Thus, the sets (2,6,7) fully take into account the structural characteristics of the system-object
model under consideration. However, it can be noted that in the model shown in Figure 1, the
functions of the nodal objects s; and s, are realized by the nodal objects of the lower levels. Let's
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consider in more detail these nodal objects: s; = [(L?, L!); f(L?)L!; (O?, O!, Of)].
The function of a nodal object, in fact, is realized due to the functions of nodal objects of the lower
tier. For the formal designation of "nesting” functions we will use the following format:

Sy. f
s;.f= {Sg.f (8)
Sy f
Moreover, the function of the node s, is also realized due to the functions of the nodal objects of
the lower tier
S,.f= {zsg
s{.f= 6 9
1 S3.f ( )
Sy.f

Let’s consider the functions of the presented nodal objects taking into account the stream objects-
parameters of the functions and stream-objects - the results of the functions, for example, for the node
object s; the function has the form:

sp.f = (13, 1)1, 14, 15 (10)

As can be seen from formula 10, one and two stream objects act as stream objects-parameters of
the function of the node object s;, and objects three, four, and five act as stream objects-results.

Then the complete record of the function of the nodal object s; can be represented as follows:

ss5. f(11,19)16
Sz-f(11'17)16 - { 56-f(17)19
s3.f(le)13, 14,17, 18
s4-f(12,1g)15

s1- (13, 12)13, 14,15 = (11)

3. Results and discussion
Let’s consider the node ss in more detail, in terms of calculus of systems, this node object is presented
in the form:

ss = [(L?={ly 1o}, L!={l¢}); f(L?)L!; (O?, O!, Of)] (12)

To determine the context of a nodal object, we introduce into the calculus of systems a special
operator that defines the context of the node, in other words, the connection of the system with the
outside world. One of the nodes of the model will act as a parameter of such an operator. Further, such
an operator will be denoted as «kontext(s)», for example, for the node s;, the functional of this
operator can be represented in the format of the following expression:

([Scontext' S1, 11]
[Scontext S112]
context(s;) = [S1, Scontext: 13] (13)
[S1, Scontext: 4]
[Sl' Scontext 15]
That is, the context operator returns a list of relations between the node object and external node
objects, in general, the operation of the context operator can be described as the following expression:
context(s) = {[Souts Sin» 1] € C|Sout € S-Uvs;, € s.U} (14)
Applying the context operator to node ss, we obtain the following expression:
[Scontext' Ss, l1]
context(sg) = [se, S5, 1o] (15)
[s6,53,16]

It can be seen from formula 15 that the stream object I; is an incoming connection in relation to
node ss, while the source of the stream object I, is the external environment Seoneext. It’s not difficult to
notice that the right statement will be:

Statement 1.
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Any connection with = {Scontext: Sin, 1} that makes up the context of the s;, node (incoming
connection in relation to the sin node) is also an incoming connection with the node s * if the function
of the node s * .f is implemented including node functions s;,.f.

That is, if there is such a connection that is incoming in relation to a certain node and the source of
communication is the external environment Scnex, then this connection will also be incoming for
nodes whose functions are implemented using the function of the first node directly or indirectly
(through the functions of third node objects )

Formally, this statement can be written as follows:

V¢ = {Scontexts Sins 1}|C € context(s;,) — ¢ € context(s*|s*.f = {Sin' f) (16)
Evidence. To prove relation 16, we consider an arbitrary node s such that:
context(S)={Scontext:S:1} a7
and also the node s * such that:
s.f= {5 (18)
By the terms we know that s.f=f(1), then:"the right formula will be:
s*.f= {S'f(l) - s f() = {S' HONR {Scontext> S, 1} € context(s™) (19)

From formula 19 we see, that the existence of the connection {Scontext,S,1} guarantees the existence
of the connection {Scontext;5*,1} When the condition 18 fulfilled. By this means, returning to example of
an abstract system, which its graphoanalytic representation is represented on picture 1, we can
conclude, that the connection  {Scontext:Ss,l1} guarantees the existence of other two incoming
connections of nodal high level objects {Scontext,S1,11} and {Scontext»S2,11}-

It should be noted, that the formula 16 also can be right for outcoming connections of the system,
which have a successor in the form of a special nodal object Scontext, i-€.:

V¢ = {Sgut» Scontext 1}|C € context(syyt) = € € context(s*|s*.f = {SO‘“' f) (20)
Evidence. To prove relation 20, we consider an arbitrary node s such that:
context(s)={s,scontext,l}, (21)

and also the node s * such that:
sf= {5 22)

By hypothesis, we know that s.f = f (...) I, that is, the result of the operation of node s is a stream
object I, then the formula:

s*.f= {S'f(“')l - s*f(.)]l = {S'f("')l = {S, Scontexts 1} € context(s*) (23)

It can be seen from formula 23 that the existence of the connection {s, scontext, I}, as in the first
case in the incoming connection, guarantees the existence of the connection {S *, Scontext, 1} Under
condition 22. Considering the example of the system model shown in Picture 1, we can conclude that a
connection, for example, {Ss, Scontext» Is} guarantees the presence of a connection of a top-level node
ObjeCt {51, Scontexts IS}

By analogy with connections in which the external environment acts as a source or receiver, we
consider the internal connections of the system. Those that connect two nodal objects located at
different levels of the hierarchy. For example, the I; connection (see Picture 1) connects two nodal
objects s3 and sg. Obviously, the following holds.

Statement 2.

Any connection ¢={sq,Sin,}, constituting the context of the node sin (incoming connection with
respect to the node sin), is also an incoming connection with respect to the node s * if the function of
the node s * .f is implemented including using the function of the node sin.f and has parameters of the
above functions place the stream object I, i.e. si,.f = f (I, ...) and s * .f = f (I, ...). Formally, this
statement can be represented as:

V¢ = {Sout Sin, 1}|C € context(s;,) = ¢ € context(s*|s*.f(],...) = {Si“'f(l’ "')) (24)
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As can be seen from the formula, the direction of communication in this case does not play any
role. Thus, the connection (s3, S, |7) of the system, the model of which is shown in Picture 1,
guarantees the presence of connection (ss, Sy, I7) since the function of the node s, is realized, including
due to the function of the node s.

4. Conclusion
In the work, the possibility of formalizing the system-object method “Node-Function-Object” and the
system-object-based method for representing organizational knowledge based on it is investigated.
The expediency of using for calculating systems as functional objects of calculating objects of Abadi-
Kardeli [1] is shown.

In terms of the proposed calculus, the aggregation of systems as elements of the “Node-Function-
Object” is ensured and their decomposition is facilitated.

The results show the feasibility of constructing a formalized theory of system-object analysis and
modeling by expanding and improving the calculus of special objects as systems in the framework of
the NFO method.
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