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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 ICAQ 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.
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1. Introduction

A decision maker usually assesses the situation in
a limited and imprecise information environment, and
implementation processes are characterized by uncer-
tainty, which significantly affects the quality of the de-
cisions that are made. The reliability increasing of such
decisions can be achieved by creating a methodology
that considers this uncertainty. The probabilistic ap-
proach is based on statistical processing, the evaluation
of which is insufficient due to insufficient sample size.
It is known that the minimising approach allows deci-
sions to be made based on the best/worst integral as-
sessments that is inefficient, the expert methods are dif-
ficult to apply at the operational assessment of uncer-
tainty 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 ap-
propriate result, and allow doing formalization and
transformation of quantitative and qualitative imprecise
concepts. Imprecise models [1] have a number of fea-
tures 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 de-
velopment of a safety management system with its fur-
ther 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-eco-
nomic systems are considered in [8-10], on these stud-
ies 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 conduc-
tion under conditions of uncertainty. There are ap-
proaches 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 repre-
sentation of cause-and-effect relationships between
multiple variables. At the same time, existing and ap-
plied in practice methods and tools of risk management
does not fully allow to record different types of infor-
mation uncertainties and to analyse quantitative and
qualitative risk specialties and, consequently, to assess
and to manage risk, taking the enterprise state and char-
acteristics of internal and external environment into ac-
count.

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 impre-
cise models to determine the possibility of 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 guaran-
teed 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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Figure 1 — Imprecise decision-making model graph

The principle of the linguistic approach applying
at decision-making in the process of analysis and man-
agement 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 math-
ematical language. The application of methods, impre-
cise logic models for risk assessments obtaining allows
getting the comprehensive accounting of various fac-
tors, and there is a possibility for constructing models
of subject areas that are characterized by uncertainty

using imprecise numbers, plural and linguistic varia-
bles [2].

Automation of identification processes, qualita-
tive 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].
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Fig.2. Functional requirements to «Standard» RMSS model

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 fac-
tors» 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, de-
termines whether it is possible to execute the "Initiate
Imprecise Conclusion" option, which calculates the ap-
propriacy of the function for the output linguistic vari-
able that characterizes the risk parameter. At the final
stage, the decision maker uses "Perform a risk assess-
ment", which, in its turn, causes the use of the "Initiate
Imprecise Conclusion".

The interface management system provides a sim-
ple communication between the user, the subsystem of
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data and the subsystem of models, and provides con-
duction of problem analysis and modelling for assis-
tance 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 com-
pleteness; 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 vari-
ous 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§(i=1m)
The total number of analysed functions (Table 2)
for the IS was - 35, i.e.; j= 35.

Electronic data RMSS on the basis of imprecise logic
processing system
Subsystem of Subsystem of
External data 1> imprecise data imprecise
models aug?\g;ed
< > g
\= < _ systems
Data base Interface
management
system
A
\ 4
Aviation
expert
Fig.3. General scheme on RMSS structure
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
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F24 Reference to additional sources of risks occurrence
F25 Addition of comments to the give type of risk
Group of functions «Accounting)

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

Then, let us represent information in the form of a
matrix X (Table 3), elements of which were determined

in the following way: Xij =1, if j-function is im-

plemented i-m PC Xij = O, if it is not imple-

mented.

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

. 10 _
has been made |P°° = || p,1k°|| , where elements ~ ference of sets Ziand Zy, it. P = ||:| / Fk|

where i,k= 1,n. Element pilf is the capacity of dif-

210 __ || yn10
P2 correspond to the number of functions, con- Matrix P~ = || Pik || AESF of one system
ducted by system S; but not used in the system Sy,  over another is given in the table 1.6.

Table 1.6
Matric of the absolute functional superiority
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
Sl 0 9 6 10 9 9 6 10 7 7
S2 5 0 4 4 3 3 3 6 3 6
S3 11 13 0 14 13 11 11 15 14 14
S4 6 4 5 0 4 4 4 5 5 6
S5 7 5 6 6 0 5 5 8 5 7
S6 7 5 4 6 5 0 3 8 6 8
S7 9 10 9 11 10 8 0 14 11 11
S8 2 2 2 1 2 2 3 0 2 3
S9 5 5 7 7 5 6 6 8 0 5
S10 7 10 9 10 9 10 8 11 7 0
Relative estimate of the system Sy absorption 11
range regarding system Si was found by means of the hik = —5 P 5 (O = hik <1
matrix h = ||hik|| , which elements ||hik|| were Pi + Pik
determined in the following way: Matrix H = ||hik || that gives characteris-

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

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 0,750 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 0,565 0,913 0,783 0,609
S6 (0,609 0,870 0,522 0,826 0,783 1 0,652 0,913 0,739 0,565
S7 10,667 0,833 0,389 0,778 0,722 0,833 1 0,833 0,667 0,556
S8  [0,655 0,793 0,483 0,828 0,724 0,724 0,517 1 0,724 0,621
S9 [0,696 0,870 0,391 0,783 0,783 0,739 0,522 0,913 1 0,696
S10 (0,667 0,714 0,333 0,714 0,667 0,619 0,476 0,857 0,762 1

Relative esteem of the similarity degree of systems S; and Sk is described with the matrix G = || Oik ||
elements of which || ik || are determined as:
p11
_ ik
ik = p:go ,(0=0gy =1

ik

Matrix G = || ik || represents relative correlations of the program environment is given in the table
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Relative esteem of the similarity degree of systems S; and S is described with the matrix G = || Oik ||

elements of which || ik || are determined as:

p11
Oik :%’(OS Oik <1
Pik
Matrix G = || ik || 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 0,533 0,370 0,484 0,467 0,467 0,444 0,613 0,571 0,500
S2 (0,533 1 0,414 0,724 0,714 0,714 0,536 0,742 0,714 0,484
S3 (0,370 0,414 1 0,367 0,345 0,444 0,259 0,452 0,300 0,233
S4 (0,484 0,724 0,367 1 0,655 0,655 0,483 0,800 0,600 0,484
S5 (0,467 0,714 0,345 0,655 1 0,643 0,464 0,677 0,643 0,467
S6  [0,467 0,714 0,444 0,655 0,643 1 0,577 0,677 0,586 0,419
S7  |0,444 0,536 0,259 0,483 0,464 0,577 1 0,469 0,414 0,345
S8 (0,613 0,742 0,452 0,800 0,677 0,677 0,469 1 0,677 0,563
S9 (0,571 0,714 0,300 0,600 0,643 0,586 0,414 0,677 1 0,571
S10 (0,500 0,484 0,233 0,484 0,467 0,419 0,345 0,563 0,571 1
Then we build logical matrices of superiority Po = || pi?(| , of similarity Go = ||g,?(|| and of
exception H o = || hi?( || on the basis of matrices P, H and G. Elements of matrices P, are calculated accord-

ing to the following formula:
p-0= 1, if (pikSgp)m(i¢k)
fk 0,if pucep)w  (i=k)
Elements of matrix H,:

oO,if hik(gp)u (i =k)
Elements of matrix G, ::
g-o _ 1, if (9ik Sgp)m(iqtk)
Tk 0,if glep)w (i=k)

Ho _{1, if (g <) =K)
ik —

Where, £, &R, £ Po’l_lo’c;‘o

g liminal values of superiority

. . . 0 - . .
The logical matrix of superiority Po = || Pik || for liminal value &, = 1O is shown in the table
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Logical matrix of superiority

1.9.Table 1.9
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5 is given in the table 1.10.
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Logical matrix of functionality for information systems exception Ho = ||hik|| for the level

e, =0,8is given in the table 1.11.

g

Logical matrix of functionality for information systems exception
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On the basis of logic matrix of exception Po = || pi‘,’( || , of similarity Go = ||gi?< || and exception

H o — ||hi(,)< || the graphs of advantage (fig. 4), similarity (fig. 5) and exception (fig. 1.6) of the system.
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Fig. 4 - Graph of system advantage at = 10

=0,6:

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 func-
tions 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 sys-
tems, 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 manage-
ment we need of risk management formalization and
automation at different stages. Such a task can be
solved by developing a support system for risk manage-
ment decision. RMSS should be based on modern
methods of information processing at conditions of ma-
terial uncertainty and allow to conduct risk analysis,
production, evaluation and effective decision-making.
To provide this, the system should use models that in-
tegrate qualitative and quantitative factors that deter-
mine aviation risks at any stage of the activity.
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