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Abstract

The analysis of functional completeness for existing detection systems was conducted. It made it possible to define
information systems with a similar feature set, to assess the degree of similarity and the matching degree of the
means from the "standard" model of risk management system, that considers the recommended ICAO practices and
standards on aviation safety, to justify the advisability of decision-making support system creation, using imprecise
model and imprecise logic for risk analysis at aviation activities. Imprecise models have a number of features
regarding the possibility of taking into account the experts’ intuition and experience, the possibility of more adequate
flight safety management processes modelling and obtaining the accurate decisions that correlate with the initial
data; support for the rapid development of a safety management system with its further functionality complexity
increase; their hardware and sofiware implementation in control systems and decision making is less sophisticated

in comparison with classical algorithms.

Keywords: Bayesian networks; cause-and-effect relationships; decision making; risks; risk factors.

1. Introduction

A decision maker usually assesses the situation in a
limited and imprecise information environment, and
implementation  processes are characterized by
uncertainty, which significantly affects the quality of the
decisions that are made. The reliability increasing of such
decisions can be achieved by creating a methodology that
considers this uncertainty. The probabilistic approach is
based on statistical processing, the evaluation of which is
insufficient due to insufficient sample size. It is known
that the minimising approach allows decisions to be made
based on the best/worst integral assessments that is
inefficient, the expert methods are difficult to apply at the
operational assessment of uncertainty and risks; in
addition, it is difficult to combine quantitative and
qualitative factors in one model.

The imprecise math machine usage is an option
in those cases, where classical methods do not give
an appropriate result, and allow doing formalization
and transformation of quantitative and qualitative
imprecise concepts. Imprecise models [1] have a
number of features regarding the possibility of
taking into account the experts’ intuition and
experience, the possibility of more adequate flight
safety management processes modelling and

obtaining the accurate decisions that correlate with
the initial data; support for the rapid development of
a safety management system with its further
functionality complexity increase; their hardware
and software implementation in control systems and
decision making is less sophisticated in comparison
with classical algorithms.

2. Analysis of recent research and publications

Various aspects of risk management in socio-economic
systems are considered in [8-10], on these studies the
nature of risks appearance is investigated, their
classification and various methods of qualitative and
quantitative assessment, proposed recommendations on
the of risk management and decision-making
conduction under conditions of uncertainty. There are
approaches described for economic and mathematical
methods usage at different stages of risk management
in studies [11-12].

Analysis of current scientific studies represented
that assessments of the risks is most commonly used
with statistical techniques today, including Bayesian
networks, which are effective graphical tools for
representation of cause-and-effect relationships
between multiple variables. At the same time,
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existing and applied in practice methods and tools of
risk management does not fully allow to record
different types of information uncertainties and to
analyse quantitative and qualitative risk specialties
and, consequently, to assess and to manage risk,
taking the enterprise state and characteristics of
internal and external environment into account.

3. Formulating of the article purpose

To develop risk management tools that arise in the
process of aviation activity, for analysis and assessment
of these risks, using a combination of Bayesian
imprecise models to determine the possibility of
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occurrence of undesirable events of various types and
imprecise-logic procedures, to predict the risks damage
to enhance the validity of managerial decisions to ensure
a guaranteed level of safety.

4. Main body

Systems that are based on imprecise logic link the
dynamic processes between input and output by a set
of imprecise rules, using linguistic variables, instead
of complicated dynamic models. The figure 1 shows
the overall structure of the imprecise model of
decision-making.
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Fig. 1. Imprecise decision-making model graph

The principle of the linguistic approach applying at
decision-making in the process of analysis and
management of flights safety is carried out by the terms
"low risk", "permissible risk" and "high risk", however, it
is difficult for the person making the decision to give an
objective evaluation and to describe it using a
mathematical language. The application of methods,

imprecise logic models for risk assessments obtaining
allows getting the comprehensive accounting of various
factors, and there is a possibility for constructing models
of subject areas that are characterized by uncertainty
using imprecise numbers, plural and linguistic variables

2].
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Fig. 2. Functional requirements to «Standard» RMSS model
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Automation  of  identification  processes,
qualitative and quantitative risks analysis through
the support system for decision-making on safety
management, significantly improves the efficiency
of the decision maker.

Figure 2 shows the functional requirements of
the ‘"standard" model of the RMSS risks
management, which integrates the accounting of
qualitative and quantitative factors in risk
assessment [5].

Development of the high quality RMSS depends
on the structural decisions taken in the design
process [3,4,5,6].

Figure 3 represents the general scheme on the
RMSS structure.

The decision maker, in the process of risk
analysis, takes the option of using “Forming
Analysis Model”, which includes the option of using
«Input of risk factors» and “Formation of the rule-
base”. Next sends a message that activates the use of
the Input the analysis purpose. The chosen purpose
of the analysis indicates which input risk factors and
the manager to implement imprecise modelling must
fill in the rule-base. A work area that consists of
rule-bases and fact databases, determines whether it
is possible to execute the "Initiate Imprecise
Conclusion"  option, which calculates the
appropriacy of the function for the output linguistic
variable that characterizes the risk parameter. At the

final stage, the decision maker uses "Perform a risk
assessment", which, in its turn, causes the use of the
"Initiate Imprecise Conclusion".

The interface management system provides a
simple communication between the user, the
subsystem of data and the subsystem of models, and
provides conduction of problem analysis and
modelling for assistance in making management
decisions [7].

Application of the specified method in the tasks
of choosing a support system for decision-making
on risk management will allow: to highlight the
main functions of information systems; to determine
groups of similar systems; to rank systems
according to functional completeness; to determine
systems that outperform others; to compare systems
with the requirements of the "standard" model of
RMSS.

Let us take S = {S;}, (i = 1, m) to implement
various analysed IS risks assessments —

«Systems-expectantsy.

Let us define the set that makes up the
vocabulary of functions implemented by the IS,

in the following form

F=1F, §(j=1,m)
The total number of analysed functions (Table 2)
for the IS was - 35, i.e.; j= 35.
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Table 2 — Analysed IS functions

Code Function name

Group of functions «Risk management at aviation activity»

F1 Support of users’ mode

F2 New project design

F3 Set project properties

F4 Export/Results saving

F5 Import/Results downloading

Group of functions «Risk management»

F6 Risks adding

F7 Risks editing

F8 Risks deleting

F9 Designing of rule-base for risks model

F10 Identification of risks

F11 Risks volume editing

F12 Choice of risks influence domain

F13 Help with risks form fulfilling

F14 Control parameters of risks identification

F15 Risks description

F16 Choice of risks factors

F17 Choice of analysed groups of risks

F18 Qualitative assessment

F19 Quantitative assessment

F20 Integral qualitative and quantitative assessment
F21 Choice of editing method at database support
F22 Accounting of completed projects

F23 Support of different types distribution

F24 Reference to additional sources of risks occurrence
F25 Addition of comments to the give type of risk
Group of functions «Accountingy»

F26 Printing of report

F27 Saving of report

F28 Publication in HTML form

F29 Displaying of the analysis results for the entire observation time
Group of functions «Additional possibilities»

F30 Risks functions graphical form

F31 Client-server support

F32 Web-access to data

F33 Support OLE

F34 Access to methodologies and databases assignments

F35 Assignment of database right
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function is implemented i;m PC X, = 0, ifit

Then, let us represent information in the form of

a matrix X (Table 3), elements of which were

is not implemented.

1, ifj-

determined in the following way: X ;

Table 1.5 — Matrix X elements
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To determine the absolute estimate of superiority
functions AESF of one system over another, the

. 10 10
matrix has been made p = || P i ||, where

correspond to the number of

10
D i

functions, conducted by system S; but not used in

elements

the system Sy , where i,k= I,n. Element p ilko is the

capacity of difference of sets Z; and Z; , i.t.

10 _
Piu = |Fi / Fk|
Matrix p10 = || pilk0 || AESF of one system

over another is given in the table 1.6.

Table 1.6 — Matric of the absolute functional superiority

S1 S2 S3 sS4 S5 S6 S7 S8 ST si

9 |o

S1 0 9 6 10 9 9 6 10 71 7

S2 5 0 4 4 3 3 3 6

S3 11 13 0 14 13 11 11 15 1| 14
4

S4 6 4 5 0 4 4 4 5 51 6

S5 7 5 6 6 0 5 5 8 51 7

S6 7 5 4 6 5 0 3 8 6| 8

S7 9 10 9 11 10 8 0 14 1| 11
1

S8 2 2 2 1 2 2 0 2| 3

S9 5 5 7 5 6 8 o] s

S10 7 10 9 10 9 10 8 11 7] 0

Relative estimate of the system S; absorption
range regarding system Si was found by means of

the matrix A =Hhik

, which elements Hhiku were

determined in the following way:
11

Dix

Matrix H = thkH that gives characteristics to

the relative correlation of the programming tools
(table 1.7) in the part of duplicated functions there

hy, = p,»lko +P:k0 ,(0<h, <1
Table 1.7 — Matrix of the relative correlation of programming tools
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

S1 1 0,762 0,476 0,714 0,667 0,667 (0,571 [0,905 [0,762 [0,667
S2 0,640 |1 0,480 [0,840 0,800 [0,800 [0,600 [0,920 [0,800 [0,600
S3 0,625 10,750 |1 0,688 0,625 0,750 0,438 0,875 0,563 [0,438
S4 0,600 [0,840 0,440 |1 0,760 [0,760 (0,560 (0,960 [0,720  [0,600
S5 0,609 [0.870 0,435 0,826 |1 0,783 10,565 0,913 0,783  [0,609
S6 0,609 [0,870 [0,522 0,826 0,783 |1 0,652 10,913 10,739 0,565
S7 0,667 10,833 [0389 0,778 0,722 0,833 |1 0,833 10,667 0,556
S8 0,655 (0,793 [0483 (0,828 0,724 [0,724 0,517 |1 0,724 0,621
S9 0,696 0,870 0391 0,783 0,783 (0,739 [0,522 {0,913 |1 0,696
S10  |0,667 |0,714 (0333 [0,714 [0.667 [0.619 0476 0,857 0,762 |1
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Relative esteem of the similarity degree of systems .S;

and Sy is described with the matrix G = H gikH elements

of which H i H are determined as:

1
P i
00 °
ik

g = (0= g, =1

Matrix G = H gikH represents relative correlations

of the program environment is given in the table

Relative esteem of the similarity degree of
systems S; and Sy is described with the matrix

G= "gik" elements of which H giku are determined as:

11
_ Pu
gik 00 9(0Sgik <1
ik
Matrix G = ||g @ || represents  relative

correlations of the program environment is given in
the table 1.8.

Table 1.8
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
S1 1 0,53 0,37 0,48 0,46 0,46 0,44 0,61 0,57 0,500
S2 0,53 1 0,41 0,72 0,71 0,71 0,53 0,74 0,71 0,484
S3 0,37 0,41 1 0,36 0,34 0,44 0,25 0,45 0,30 0,233
S4 0,48 0,72 0,36 1 0,65 0,65 0,48 0,80 0,60 0,484
S5 0,46 0,71 0,34 0,65 1 0,64 0,46 0,67 0,64 0,467
S6 0,46 0,71 0,44 0,65 0,64 1 0,57 0,67 0,58 0,419
S7 0,44 0,53 0,25 0,48 0,46 0,57 1 0,46 0,41 0,345
S8 0,61 0,74 0,45 0,80 0,67 0,67 0,46 1 0,67 0,563
S9 0,57 0,71 0,30 0,60 0,64 0,58 0,41 0,67 1 0,571
S10 0,50 0,48 0,23 0,48 0,46 0,41 0,34 0,56 0,57 1
Then we build logical matrices of superiority Elements of matrix G, ::
P = pr}{” , of similarity gl = {1’ i (gu<€)NE#k)
. ’ 0,if gul€,)V (i=k)
G, = H g&” and of exception
H,= Hhﬁ” on the basis of matrices P, H and G. Where, € ,, €, €, 11 lues of
Elements of matrices P, are calculated according to superiority P.H,,G,

the following formula:
KT 0if pule,) o (i=k)
Elements of matrix H,:
L0 hyle,)u =k

The logical matrix of superiority F =H pi” for

liminal value £, = 10 is shown in the table 1.9.

Table 1.9 — Logical matrix of superiority

S1 S2 S3 S4 S5 S6 S7 | S8 S9 S10
S1 0 1 1 1 1 1 1 1 1 1
S2 1 0 1 1 1 1 1 1 1 1
S3 0 0 0 0 0 0 0 0 0 0
S4 1 1 1 0 1 1 1 1 1 1
S5 1 1 1 1 0 1 1 1 1 1
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S6 1 1 1 1 1 0 1 1 1 1
S7 1 1 1 0 1 1 0 0 0 0
S8 1 1 1 1 1 1 1 0 1 1
S9 1 1 1 1 1 1 1 1 0 1
S10 1 1 1 1 1 1 1 0 1 0
Logical matrix of similarity G , = || g i(,)( || for liminal value € , = 0,5 is given in the table 1.10.
Tablel.10 — Logical matrix of similarity
S1 S2 S3 S4 S5 S6 S7 S S S10
S1 0 1 0 0 0 0 0 1 1 1
S2 1 0 0 1 1 1 1 1 1 0
S3 0 0 0 0 0 0 0 0 0 0
S4 0 1 0 0 1 1 0 1 1 0
S5 0 1 0 1 0 1 0 1 1 0
S6 0 1 0 1 1 0 1 1 1 0
S7 0 1 0 0 0 1 0 0 0 0
S8 1 1 0 1 1 1 0 0 1 1
S9 1 1 0 1 1 1 0 1 0 1
S10 1 0 0 0 0 0 0 1 1 0
Logical matrix of functionality for information systems exception f1 , = ||h I-Z | for the level
E, = 0,8 is given in the table 1.11.
Table 1.11 — Logical matrix of functionality for information systems exception
S1I S2 S3 S4 S5 S6 S7 S8 S9 SIO
S1 0 0 0 0 0 0 0 1 0 0
S2 0 0 0 1 1 1 0 1 1 0
S3 0 0 0 0 0 0 0 1 0 0
S4 0 1 0 0 0 0 0 1 0 0
S5 0 1 0 1 0 0 0 1 0 0
S6 0 1 0 1 0 0 0 1 0 0
S7 0 1 0 0 0 1 0 1 0 0
S8 0 0 0 1 0 0 0 0 0 0
S9 0 1 0 0 0 0 0 1 0 0
S10 0 0 0 0 0 0 0 1 0 0
exception H, =|h)|[the graphs of advantage (fig.
On the basis of logic matrix of P 0 H ’kH srap ge (fig

exceptionp()zupl%“, of similarity Go:Hgngand

4), similarity (fig. 5) and exception (fig. 1.6) of the

system.
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s Al
) 82)

Fig. 1.6. Graph of system exception at = (0,8

5. Conclusions

All the systems take an advantage over S3, but systems
S8 and S10 have also an advantage over the system S7.
Practically all systems have similar functions with S2,
S8 and S9, and the lack of connections with S10 can be
explained by the presence of unique risk assessment
functions; S2 is absorbed by many systems, but in some
cases, there is a mutual absorption present, and S8
absorbs all of them.

According to everything written above, one can
say that to increase the effectiveness of risk
management we need of risk management
formalization and automation at different stages.
Such a task can be solved by developing a support
system for risk management decision. RMSS should
be based on modern methods of information
processing at conditions of material uncertainty and
allow to conduct risk analysis, production,
evaluation and effective decision-making. To
provide this, the system should use models that
integrate qualitative and quantitative factors that
determine aviation risks at any stage of the activity.

References

[1] Akperov G.I., Dolyatovskii V.A. (1999)
Upravlenie  proektami:  uchebno-metodicheskii
kompleks  [Project management: educational-
methodical complex]. Rostov-na-Donu: IUBiP (In
Russian).

[2] Dik V.V. (2000) Metodologiya
formirovaniya  reshenii v  ekonomicheskikh
sistemakh i instrumental'nye sredy ikh podderzhki
[Methodology of forming solutions in economic
systems and instrumental environments for their
support]. Moscow, Finansy i Statistika Publ., 300 p.
(In Russian).

[3] Dik V.V. (2011) Sistemy podderzhki
prinyatiya reshenii: uchebnoe posobie.[ Decision
Support Systems: Training Manual.] Moscow,
EAOI Publ., 368 p. (In Russian).

[4] Zade L.A. (1976) Ponyatie lingvisticheskoi
peremennoi i ego primenenie k prinyatiyu
priblizhennykh reshenii. [The concept of a linguistic
variable and its application to the adoption of
approximate solutions]. Moscow, Mir Publ., 168 p.
(In Russian).

[5] Telnov Yu.F. (2006) Intellektual'nye
informatsionnye sistemy v ekonomike: ucheb.
posobie. []. Moscow, SINTEG Publ., 316 p. (In
Russian).



24 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2017. N3(72): 15-25

[6] IEEE 1471-2000 Recommended Practice
for Architectural Description of Software-Intensive
Systems, 2001

[7] Trakhtengerts E.A. (1998) Komp'yuternaya
podderzhka  prinyatiya  reshenii:  Nauchno-
prakticheskoe izdanie. Seriya "Informatizatsiya
Rossii na poroge XXI veka". [Computer support of
decision-making: Scientific and practical
publication. Series "Informatization of Russia on the
threshold of the XXI century"]. Moscow, SINTEG
Publ., 376 p. (In Russian).

[8] Ferat, S. A (2000) Baesian Network
Approach to the Self-organization and Learning in
Intelligent Agents. Dissertation submitted to the
Faculty of Virginia Polytechnic and State University
in fulfilment of the requirements for the degree of
Doctor of Philosophy in Electrical and Computer
Engineering, 251 p.

[9] Heckerman, D. A (1995) Tutorial on

MSR -TR-95-06. Redmond, WA (USA), Microsoft
Research, 57p.

[10] Murphy, KP. (2001) An introduction to
graphical model. Computer Science. 19 p. Available at:
http://www.cs.ubc.ca/~muchyk/papers/intro_gm.pdf

[11] Zolotova, T.V. (2010) Modeli i metody
upravleniya riskom i ikh primenenie k ekologo-
ekonomicheskim sistemam: dis. d-ra. fiz.-mat. nauk:
05.13.17 [Models and methods of risk management
and their application to ecological and economic
systems: the dissertation of the doctor. physico-
mathematical sciences: 05.13.17]. Moscow, 330 p.
(In Russian).

[12] Simonov, C.B. (2003) Sovremennye
kontseptsii upravleniya informatsionnymi riskami
[Modern concepts of information risk management].
Izvestiya  Yuzhnogo federal'nogo universiteta.
Tekhnicheskie nauki. Vol. 33, No. 4, pp. 119-120.
(In Russian).

learning with Bayesian networks. Technical report Received 22 May 2017

B.IIL. Xapqemcol, B.M. Auaekcees’, C.I. Pynac3, O.B. Ko:xoxina*

3acTocyBaHHA HeYiTKHX Moje el P aHATI3I pU3UKIB B POrpaMHOMY cepeI0BHIIi
Hamionanpauit aBiamifiauit yaiBepcuret, mpocit. Kocmonata Komaposa, 1, Kuis, Ykpaina, 03680
E-mails: 'kharch@nau.edu.ua; *oalexeiev@yahoo.com; *rudassi@mail.ru; *kozhokhina@gmail.com

[IpoBeneno aHaii3 pyHKIIOHAIEHOI 3aBEPIIEHOCTI ICHYIOUMX CHCTEM BUSBICHHS (DakTopiB pusuky. Lle maio
3MOTYy BU3HAYUTH iHGOPMAITiiHI CHCTEMH 3 aHAJIOTIYHUM HaObopoM (PYHKIIiH, OIIHUTH CTYITHB MMOAIOHOCTI Ta
CTYIiHb BiJIIOBIHOCTI 3ac00iB 3a JOMOMOTO0 "CTaHIApTHOI" MOJIENi CHCTEMH YTNpPaBIiHHS PU3HKAMH, B
SKIM pO3INIANAOThCs pEeKOoMeHAoBaHI mnpakTuku Ta craHgaptd IKAO mono Oesmeku aBiamii, 1mo0
BUIIPABIIATH JOMUIBHICTh CTBOPEHHS CHCTEMH IIATPUMKH TPHAHSITTS PIllleHb, BUKOPHUCTOBYIOYM HETOUHI
MOJIeTIi Ta HETOYHIi JIOTIiKH JJIsl aHaJi3y pU3UKIB y aBialiiHii aisutbHOCTI. HespiBHIOBaHI MOZET MarOTh psij
0cOoONMMBOCTEH MIONO MOXKIMBOCTI BpaxyBaHHs 1HTYilii Ta JOCBiy €KCHEpTiB, MOMJIMBOCTI OilbLI
aJICKBaTHOTO MOJICITIOBAHHS ITIPOIIECIB YIPABIiHHA 0E3MEKO0 MOIBOTIB Ta OTPUMAHHS TOYHMX PILlIeHB, SKi
CITIBBITHOCATHCS 3 TIOYATKOBUMH JAHUMHU; MTIATPUMKA ITIBUAKOTO PO3BUTKY CUCTEMH YIIPaBIiHHS O€3MEKOI0 3
il mojganpIor (QyHKIIOHATBHICTIO, 30UIBIIEHHSM CKIIQJHOCTI; IX amaparHe i mporpaMHe 3a0e3ledYeHHS B
CHCTEeMax YIpaBIiHHS Ta MPUAHATTS PillleHb € MEHII CKJIQHUM y TOPIiBHSIHHI 3 KIITACHYHUMU aJrOPUTMAMH.

Kurouogi ciioBa: 0alieCiBCbKi MEPEKi; MPUHHATTS PillIeHb; MPUIMHHO-HACTIIKOBI 3B'SI3KH; pU3UKHY; (pakTOpH
pU3UKY.
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[IpoBeneH ananu3 QyHKIMOHAIBHON MOJHOTHI CYIIECTBYIOIIUX CHCTEM HIACHTH(QHKAIUU (HAKTOPOB PUCKA.
OTO TMO3BOJUIO ONPEIACIUTh WH()OPMAIMOHHBIC CHUCTEMbl C aHAJOTMUYHBIM HAOOpOM (YHKIUH, OLIEHUTH
CTEIeHb CXOJCTBAa W CTCNEHb COOTBETCTBHUS CPEJACTB U3 «CTAaHAAPTHOW» MOJECIH CUCTEMBI YIIPaBICHUS
pUCKaMH, B KOTOpPOH paccMaTpHBAIOTCSI pPEKOMEHIyeMble NpakTHKA W craHmaptel UKAO B obGmactn
0€301acHOCTH TIOJIETOB, JIsi 0OOOCHOBaHUSI ILIEIeCOOOPa3HOCTH CO3/aHHsI CUCTEMbI MOIICPKKH MPHHSATHS
pElIeHU C KCHOJB30BAHUEM HETOYHOW MOJEIHM W HETOYHOH JIOTMKU aHalli3a PHCKOB B aBUAIMOHHOM
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JesSTeNbHOCTH. HeTouHbIe MOIETH UMEIOT Pl 0COOEHHOCTEH OTHOCUTEIBHO BO3MOXKHOCTH yUueTa HHTYHIIUN
U OIBITa DKCIEPTOB, BO3MOXKHOCTH OoOJiee aJeKBAaTHOTO MOJIEIMPOBAHHUSA MPOIECCOB YIPABICHUS
0€301MacHOCTHIO TIOJIETOB M MOMYYEHHS] TOYHBIX PEIICHUH, KOTOPbIE KOPPEIUPYIOT C HCXOTHBIMHU JTAHHBIMHU;
MoJIZICPIKKa OBICTPOrO Pa3BUTHUS CUCTEMbI YIIPABJICHHs 0€30IaCHOCTBIO C YBEIHMUECHHEM €€ (DYHKIIMOHATBHON
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