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Abstract: To solve the problems of managing dynamic objects,
the generalized structure of target installations has found wide
application, which is a kind of heterogeneous functional network. At
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control the process of achieving the targets and the replenishment of

DOI: 10.33445/5d5.2019.9.3.3 knowledge. However, the existing means of formalizing logical-
analytical activities of decision-makers are based on classical logic, which dramatically reduces the
quality of decisions taken in conditions of uncertainty. The existing contradiction between the
complexity of decision-making processes for managing dynamic objects and the imperfection of the
formalization apparatus for solving these problems under uncertainty conditions necessitates the
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refinement of the means of formalization and forms the purpose of the article. The authors consider
an approach to supplement the target structure with elements of fuzzy sets. The proposed
formalization apparatus, called the fuzzy structure of target settings, significantly expands the
descriptive capabilities, allows for initial conditions and manipulating knowledge in a wide range to
obtain a solution for controlling a dynamic object, characterized by sharing the generalized structure
of targets and the apparatus of fuzzy sets. The combination of these two approaches allowed, within
the framework of a single formalism, to carry out the designation of the initial conditions not by rigid
boundary values 0 and 1, but by any number from the range [0, 1], thus achieving a more accurate
description of the properties of the modeled domain. At the same time, the rejection of the vertices of
the search, algorithmic, and comparison makes it possible to significantly simplify the structure of
the targets and the computational procedure on it. The description of the subject area obtained in the
article due to the proposed formalization apparatus will allow, as a result of logical inference, to
calculate the value of the membership function at any level of the target structure hierarchy, which
will make it possible to more accurately relate the achieved and planned situations and, accordingly,
make more informed decisions on managing dynamic objects.

Keywords: indistinct structure of targets, formalization apparatus, dynamic object, indistinct
sets, management, functional network.

1. Problem statement

1.1 The generalized structure of targets (GST) provides targeted planning of
processes to achieve a goal with dynamic objects (DO) [1, 2, 3]. The formalization
apparatus (AP) allows to describe the structure of the target model itself; to establish
the truth of the relationship between goals by each aspect of knowledge; to control the
process of goals achievement and knowledge replenishment.

Logical-analytical activities formalization means for decision makers (DM) are
based on classical logic. This feature dramatically reduces the quality of decisions
made in the face of uncertainty.

Thus, the contradiction between the complexity of decision-making processes on
DO management and AP imperfection for solving these problems in conditions of
uncertainty necessitates the refinement of the means of formalization.

1.2. Analysis of recent researches and publications
A network model is a collection of vertices and connections between them

representing the stages and sequence of their implementation during the solution of a
logical-design problem [4].
Network model (NM) can be set as follows

s=(1,C,,C,,...C,,T),

Where: | — set of information units;
C,.C,,..,C, —set of links types between information units;

I"— reflection between | and connections from a given set.
Formally, the network model is presented as follows:

SM ={V,R},

Where: V — set of NM vertices;
R — set of arcs.
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Each vertex is described as follows
V ={V;}={(Sem;,Ul;, NU;, T;, Re z;, PrOz; )}

Where: Sem — goal of the solution search;

Ul,, NU, — hierarchy level number on NM and vertex number on the level;

T, — vertex type;

Rez, — result of the problem solution implementation (numeric or symbolic

value);
PrOz, — definition procedure to get the result of the problem solving.

Generalized GST is presented in Fig. 1.

Fig. 1. Generalized network structure

The following is shown in Fig. 2:

/\ - initial conditions (IC)
- search peaks
- algorithm peaks

@
Y
[ 1 - comparison peaks
(O - vertices of AND

() - vertices of OR types
Fig. 2 Constituent structures of Generalized network structure

Use of IC determines the need to develop tools for the introduction of source data.

Search and summarization of data is implemented by processing information from
the database. The results are numeric values. The results of logical-analytical activity
are represented by the logical values: “true” and “false”. Vertices are used to go from
numeric to Boolean values.

Vertices AND and OR are used to implement logical generalizations of the
comparison results.
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The initial conditions mark the initial statements on the basis of which the truth
of the rule, depicted by the network model, is verified.

Such models are an alternative to predicate knowledge representation models.

NM usage advantages:

1. Simplicity of representation and processing of the network model in a
computer.

2. The ability to build effective algorithms to control the correctness and
completeness of knowledge formalization about the subject area.

NM disadvantage is the need to develop special procedures to display the total set
of knowledge.

Knowledge processing (for formalization of which the network models are used)
differs depending on the type of these models.

A well-known approach is when goals are structured and streamlined and rational
options are chosen for their achievement [1, 5]. Construction of hierarchical structure
of goals is also considered in the works through the relationship of necessity and
sufficiency. However, this relationship determines the nature of each target separately.
At the same time, the essence of the relationship between pairs of goals is not explored.

Use of GST in the development of solutions is as follows. First of all, initial
conditions are indicated. On their basis, the values of the vertices of the first level are
defined, then those of the second level, etc. to the vertex of the highest level of
hierarchy. The value of this vertex is a response to the user or recorded for further
processing.

However, the use of only values 0 and 1 for the use of DOs in the process of
solutions development for IC definition and carrying out of subsequent actions on GST
under uncertainty of a different nature leads to the unjustified results.

Reuter’s default logic, MacDermott and Doyle’s non-monotonic logic, etc. are
used to overcome the incompleteness of the original data.

Probabilistic Bayesian Logic; Dempster-Shafer theory; indistinct sets and
indistinct logic; confidence factors are used to display fuzziness of knowledge and their
processing.

Therefore, the improvement of AP is relevant which will allow to make decisions
on the management of dynamic objects in conditions of uncertainty and incomplete
information.

1.3. Stage performance

Goal of the article Development of formal-logical apparatus built on the basis of
GST to ensure the implementation of decision-making tasks for DOs management
under non-stochastic uncertainty.

2. Basic material

2.1 Correctness of decision making on DOs management is based on the following
provisions [6-10]:

1. The end result of purposeful activity is a set of targets. The need to achieve
(relevance) target is determined by the situation. Targeted options are the means to
achieve goals.
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2. Achievement of current targets is ensured by the implementation of solutions.

3. Logical connections between targets and means of their achievement are taken
into account when choosing a rational option.

4. The set of means to achieve the targets, their composition and interrelations
should correspond to the level of knowledge about the subject area. The effectiveness
of the management system is increased with the knowledge of the subject area.

In general, decision making is characterized by a list of problems
P =(p, P, ... P,), restrictions on possible actions O =(o,0,,..,0,) and consists in
development of a set of targets 7 = (y,, u,, ..., v,) , Which is to be achieved, possible
options to achieve them D =(d,, d,, ..., d,) and selection of a rational set of options
D"=(d,,d,,...d), D'cD [8]

NM shall include targets expressed by some formulas. They determine the nature
of the target and reflect the Aleutian and Deontic aspects of knowledge about it. The
fact of the target achievement in a situation is determined by a certain characteristic
function. The conjunctive and disjunctive nature of the components determines their
necessity and sufficiency to achieve the target.

The relevance of ND target is characterized by the deontic aspect of knowledge
and is determined by the corresponding truth of TD or FD value.

Target y is called conjunctive if

X, AXyg A AXy =Y, 1)
Y X AXy A AX (2)

Target y corresponds to “AND” vertex in the hierarchical structure of targets (Fig.
3a) and expressions (1) and (2) are true (Tp) for it.

2 |

/ | AN
7/ N

/ | ~
a5 v A

Fig. 3a Conjunctive target

2.2. The Aleutian aspect of knowledge characterizes opportunities, but not a fact
of the target achievement. The target is achievable if the corresponding formula takes
the value Ta.

For a variety of expression formulas:

X AXy A AX, > M Ty (3)
MTyY X AX, A AX, 4)

take the values Ta, then the target y is called conjunctively attainable (Fig. 3b).
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Fig. 3b. Conjunctively achievable goal

The actions of the system to move from a situation to that where vy is true are
indicated as m1y.
2.3. The target is disjunctive (Fig. 3c), if:

X, VX Vv X, Y, (5)

Y X VX VeV X, (6)

Fig. 3c. Disjunctive target

If the following formulas (T4) are truth:
X VX V..vx, >MTy, (7)

MTyYy =X VX V..VvX,, (8)
then the target will be disjunctively achievable (Fig. 3d).

( Mty
X

Fig. 3g. Disjunctively achievable target
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The truth of each component of expressions 1 and 2 is a required condition for the
truth of a conjunctive target. The truth of at least one of the formulas 5 and 6 is a
required and sufficient condition for the truth of a disjunctive goal, regardless of
knowledge aspects.

However, the need and the possibility of achieving the targets are not identical.
That is, the considered means for describing targets based on NM are not enough.
Consider the characteristic function of the following form to link the actual processes
and the objectives described by proposed AP [11]:

Het) = Ao (@)= 0@ A g (@) A npy (), (9)

Where, « — situational variable describing the state of the problem environment;

@ (a,1),

~ ¢, (a,1),

certain state of the problem environment.
Pragmatic truth Tp of elementary formulas ¢, («,t) are determined on the basis of

information about the observed signs of the situation « .

t — moment of time; ¢, (a,t):{ — elementary logical formula expressing a

2.4. Thus, Deontic Tp, Aleutian T and pragmatic truth of Tg occur for each NM
target. They characterize the necessity, possibility and fact of the target achievement,
respectively (Fig. 4).

Fig. 4. Unity of Deontic, Aleutian and pragmatic truth of the target

In combination, the dual nature of "AND" and "OR" vertices in no way resolves
the contradictions in the designation of the initial conditions.

The use of four-valued logic — “true”, “false”, “indefinitely” and “contradictory”
as well as of eight- or sixteen-digit logics, does not solve the problem in principle.
Finally, an unambiguous decision is made (often rude and incorrect) about assigning
the value 0 or 1 to the IC as a result of definition.

A possible way to go out of this impasse is an attempt to combine the structure of
targets and indistinct sets within a single apparatus and to get indistinct GST.

Collection of ordered pairs is called as indistinct subset A of a set X [4, 12]

A={(x pa (X))} vx e X, (10)
where .,(x) — membership function.

Example of construction for different DO flight altitudes is presented in Fig. 5.
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ua(t)

Low medium large extra-large

1000 ' 3000 ' 5000 = 7000 & 9000 H ]

Fig. 5. Linguistic “height” variable

2.5. Linguistic variables are divided into numeric and non-numeric. Numeric is a
linguistic variable for which the base variable is defined on a numeric set. Thus, the
linguistic variable “Height” is numeric and its value (indistinct variables) are indistinct
numbers. Each indistinct variable in fig. 6 conditionally corresponds to the trapezoidal
membership function. Thus, the indistinct variable “average” is defined as:

« average  {(1000[0), (2000[1), (3500[L),(4500[0}}.

Now any vertex of a nanosecond can have any value from the interval when the
initial conditions [0, 1] are indicated. Known operators can be used in the process of
determining the values of the membership functions of the vertices of subsequent
levels: Zadeh max-min, Mamdani min, Arithmetic, Larsen Product, Boolean, Bounded
Product, Standard Sequence, Drastic Product as well as Gougen and Godelian.

The outcome of the procedure is to obtain indistinct solution. The specific solution
Is obtained by converting the solution (indistinct subset) to a scalar.

Thus, GST and its logical inference are greatly simplified.

First, the transition is performed from the rigid boundary values 0 and 1 to more
“soft” values of the membership function from the range [0, 1].

Secondly, GST itself is simplified. There is no need in search, algorithmic and
comparison vertices.

Thirdly, the result of the logical conclusion on GST with the use of one of its
known or modified procedures is a certain value of the membership function at any
level of the hierarchy of the target structure allowing to make an unambiguous decision
to achieve the target with a dynamic object.

Conclusion

Thus, a mathematical tool is proposed to formalize decision-making tasks for
dynamic objects management which is distinguished by sharing the generalized
structure of targets and the apparatus of indistinct sets. The combination of these two
approaches allowed, within the framework of a single formalism, to carry out the
designation of the initial conditions not by the rigid boundary values 0 and 1 but by
any number from the range [0, 1]. Thereby, more accurate description of the properties
of the simulated subject area is achieved.

The refusal of the search, algorithmic and comparison vertices greatly simplified
the structure of the targets and greatly simplified the computational procedure.
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A more accurate description of the subject area at the expense of the proposed
formalization apparatus will allow, as a result of logical inference, to obtain the value
of the membership function at any level of the target structure hierarchy which will
make it possible to more accurately relate the achieved and planned situations and,
accordingly, make more informed decisions on dynamic objects management.
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Annomayusa: ]J{ns peumieHus 3agad  yIpaBieHUs IUHAMHYECKUMU OOBEKTaMH HIMPOKOE
IIpUMEHEHNE Haluia 0000IeHHas! CTPYKTYypa IIeJIEBbIX YCTAaHOBOK, SIBJISIOLIASICS PA3HOBHUIHOCTHIO
HEOJIHOPOAHON (PyHKIMOHATBHON ceTu. [Ipu 3TOM ammapaTt ¢opmanu3aiuy Mo3BOJSIET OMUCHIBATh
CTPYKTYPY CaMoO#l I€JI€BOM MOJENN, YCTAHABIMBATh UCTUHHOCTh OTHOILICHHN MEXIY LIEIISIMU IO
Ka)XJIOMy M3 acCleKTOB 3HAHUM, KOHTPOJMPOBATH MPOILECC JOCTUKEHHUS LENEBbIX YCTAaHOBOK U
MoTNoJIHeHUsI 3HaHWU. OJHAKO CYMIECTBYIOIIME CPEICTBAa (PopMaTu3aiyy JIOTHKO-aHATUTHIECKOM
JEeSTebHOCTH JIUI, IPHHUMAOIINX PEIIeHUs, 0a3upyroTCs Ha KJIACCHYECKOW JIOTHKE, YTO PEe3KO
CHMKAET KA4eCTBO TMPUHUMAEMBIX pPEIICHHH B YCIOBHIX HeompeneneHHOCTH. CylecTByloiee
MPOTHUBOPEUUE MEXAY CIOXKHOCTHIO IIPOLIECCOB NPHUHATUSA PEIICHUH 10  YINpaBJIEHUIO
JUHAMHYECKMMHU OOBEKTaMHU W HECOBEpIIEHCTBOM amnmapara (opMaiu3aluyd JUisl perieHus
yKa3aHHBIX 33]]a4 B YCIIOBUSX HEOMPEIEICHHOCTH OOYCIOBIMBAIOT HEOOXOTUMOCTh AOPabOTKH
cpenctB (Gopmanuzauud U QOpMHUpPYET Iefb CTaThu. ABTOpaMU paccMaTpUBAETCsl MOJXO/,
MO3BOJISIIOIIMMA JTOMOJHUTE CTPYKTYPY LIENEBBIX YCTAaHOBOK 3JIEMEHTAMU HEYETKHUX MHOKECTB.
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[TpeioskeHHBIN anmapat GpopMaau3aliy, Ha3BaHHbIM HEYETKON CTPYKTYPOH LEJIEeBBIX YCTAaHOBOK,
CYLIECTBEHHO PaCHIMPSET ONUCATENIBHBIE BO3MOKHOCTH, ITO3BOJISIET O3HAYATh HAYAJIbHBIE YCIIOBUS U
MaHUIYJUPOBaTh 3HAHUSMU B LIMPOKOM JMAalla30HE JJs IOJYy4YEHHUsS pPELICHHs] Ha YIpaBlIeHUE
JUHAMUYECKUM 0OBEKTOM, OTJIMYAOLINICA COBMECTHBIM HCII0JIb30BaHMEM 0000IEHHON CTPYKTYPbI
[IEJIEBBIX YCTAHOBOK M ammapara HEYEeTKUX MHOXecTB. OObeJMHEHHE ATHX JBYX MOIXOI0B
MO3BOJIMJIO B paMKax €IUHOro (hopMajii3Ma OCYILECTBIIATh O3HAYMBAHME HayalbHbBIX YCIOBUH He
KECTKUMH rpaHUYHBbIMU 3HaueHussMH 0 u 1, a mo0bIM unciaom u3 auamnasona [0, 1], yem nocturaercs
0oJiee TOUHOE OITMCAHUE CBOICTB MOAEIUpyeMOil TpeaMeTHo oGnactu. I1pu 3TOM 0TKa3 OT BepIInH
IIOMCKOBBIX, aJITOPUTMUYECKUX U CPABHEHMSI I1O3BOJISIET 3HAUUTENBHO YIPOCTUTH CaMy CTPYKTYpPY
LIEJIEBBIX YCTAaHOBOK M BBIUMCIMTEIBHYIO IIpouenypy Ha Heil. IlolydeHHOe B cTaTbe onmcaHue
MPEeIMETHOM O0JIaCTH 3a CYET MPEJIOKEHHOTo ammapara (popManu3anuu Mo3BOJIUT B pe3yibTare
JIOTMYECKOTO BBIBOJIA BEIYMCIUTh 3HAU€HUE (PYHKLIUHU IIPUHA/IIEKHOCTH Ha JIFOOOM YpPOBHE HEPAPXUU
CTPYKTYpbl LIEJIEBBIX YCTAaHOBOK, YTO IIO3BOJUT TOYHEE COOTHOCUTH JOCTUTHYTBIE U
3aIUIAHUPOBAHHbBIE CUTYAIMM M, COOTBETCTBEHHO, IPUHUMATh 0ojiee 0OOCHOBaHHbIE PELICHUS 10
YIIPABJICHUIO TUHAMHUYECKUMHU 0OBEKTaMH.

Knwouesvie cnoga: HeueTkas CTPYKTypa LEJIEBBIX YCTAaHOBOK, ammapar (GopMaius3aiui,
JTMHAMUYECKUN 00BEKT, HEYETKOE MHOXKECTB, YIpaBJieHUe, (PyHKIIMOHAIbHAS CETh.
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Anomauyia: Jlnsa BUpINICHHS 3aBAaHb YOPABIIHHSA JWHAMIYHUMH OO €KTaMH IIIHPOKE
3aCTOCYBaHHS 3HAWIIa y3arajdbHEHAa CTPYKTypa IITbOBUX YCTAaHOBOK, IO € PI3HOBUIAOM
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HeoHOpinHOI (GyHKIIoHanbHOI Mepexi. [lpu mpoMy amapar Qopmainizarii J03BOJIsIE OMHCYBAaTH
CTPYKTYpPY camoi IIJTbOBOT MOJIEITi, BCTAHOBIIOBATH ICTUHHICTD BITHOCHH MIX HUIAMH IO KOXKHOMY
3 acCIMEeKTIB 3HaHb, KOHTPOJIIOBATH MPOIEC JOCATHCHHS IUILOBUX YCTAHOBOK 1 TIOTIOBHEHHS 3HAHb.
Onnak icHyr4i 3aco0u (hopmatizallii JIOTiKo-aHaATITHYHOI TIsUTbHOCTI 0Ci0, SK1 TPUIMAIOTh PIllICHHS,
0a3yloThCcsl Ha KJIACHYHIM JIOTIII, IO PI3KO 3HUXKYE SKICTh NPUHHATUX PIIMICHb B yMOBax
HEBH3HAYEHOCTI. [CHyI0Ue MPOTUPIUYS MK CKJIQIHICTIO MTPOIIECIB IPUUHATTS PIIICHB 3 YIIPABIiHHS
JUHAMIYHUMH 00’€KTaMHU 1 HEAOCKOHATICTIO amapaTty (opmaiizamii A BUPINICHHS 3a3HAYCHHX
3aBJaHb B YMOBaX HEBU3HAUCHOCTI 3yMOBIIIOIOTH HEOOXIIHICTH JOOIpAIfOBaHHSI 3aco0iB
(dhopmaizaltii i popMyIIFOE METY CTATTi. ABTOpAMHU PO3IIISIAETHCS MiAXI, IO JO3BOJISE JOIMOBHUTH
CTPYKTYpPY UIJbOBUX YCTAaHOBOK €JIEMEHTAMHU HEYITKUX MHOXMH. 3alpoNOHOBAaHUU amapar
(dhopmaitizalii, Ha3BaHUK HEYITKOI CTPYKTYPOIO IIBOBHX YCTAHOBOK, ICTOTHO PO3IIMPIOE OIKMCOBI
MOJKJIUBOCTI, J03BOJISIE O3HAYATH TOYATKOBI YMOBHM 1 MAaHIMYJIIOBAaTH 3HAHHSAMH B IIMPOKOMY
Jiama3oHi A7 OTPUMAHHS PIMICHHS HAa YIPaBIiHHA JUHAMIYHUM 00’ €KTOM, IO BiAPI3HSIETHCS
CHUIBHUM BUKOPHUCTAaHHSIM Yy3arajlbHEHOI CTPYKTYpU IUUIbOBUX YCTAHOBOK 1 amapaTy HEYITKHUX
MHOXHUH. O0’€THaHHS KX JIBOX IIAXOIB JIO3BOJIMIIO B paMKaX €IMHOIO (popMaiIi3My 31HCHIOBATH
MMO3HAYECHHS TOYAaTKOBUX YMOB HE KOPCTKUMH rpaHuYHUMH 3HauYeHHsAMU 0 1 1, a OyAb-SIKUM YHCIIOM
3 miana3ony [0, 1], yuM gocsraeTbcst OUIBII TOYHHUI OIMKMC BJIACTUBOCTEH MOJIEILOBAHOI IPEAMETHOT
obnacrti. Ilpu oMy BigMOBa BiJ BEPIIMH IOIIYKOBUX, AITOPUTMIYHHMX 1 IMOPIBHSIHHS J03BOJISE
3HAYHO CIIPOCTUTH CaMy CTPYKTYpPY IUIBOBUX YCTAHOBOK 1 OOYMCIIOBaJIbHY IMPOLEAYpPY Ha HIH.
OTpuMaHuii B CTaTTi OMKUC MIPEAMETHOT 00J1aCTi 32 paXyHOK 3alpONIOHOBAHOTO anapaTy ¢popMaizarii
JI03BOJIUTh B PE3YyJIbTATi JIOTIYHOTO BHCHOBKY OOYHMCIMTH 3HAYCHHS (DYHKII MPUHAICKHOCTI HA
Oy/Ib-sIKOMY PiBHI i€papXii CTPYKTYpH IUIBOBHX YCTAaHOBOK, 1110 JO3BOJIMTH TOYHIIIE CIIBBIIHOCUTH
JOCSTHYTI 1 3aljlaHOBaHi CHUTyamii i, BIATMOBIAHO, MpUAMAaTH OiLTBII OOIPYHTOBaHI pIlICHHS 3
yIpaBIiHHS AUHAMIYHUMH 00’ €KTaMH.

Knwouosi cnoea: HeviTka CTpyKTypa HUTLOBUX YCTAaHOBOK, anapat ¢opmaiizaiii, AMHaMI9HA]
00’€KT, HeUiTKa MHOXKMHA, YIPaBIiHHA, (YHKI[IOHAJIbHA MEepexKa.
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