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THE MATRIX PROCEDURES FOR CALCULATION OF IMPORTANCE MEASURES

System reliability/availability is a complex concept that is evaluated based on numerous indices and measures.
There are different methods for the calculation of these indices and measures in reliability analysis. Some of
the most used indices are important measures. These measures allow us to evaluate the influence of fixed
system components or set of components to the system reliability/availability. Importance measures are used
today to allow for various aspects of the impact of system elements on its failure or operability. Analysis of
element importance is used in the system design, diagnosis, and optimization. In this paper new algorithms for
the calculation, some of the important measures are developed based on the matrix procedures. This paper's
goal is the development of a new algorithm to calculate importance measures of the system based on the
matrix procedures that can be transformed in the parallel procedures/algorithms. These algorithms are
developed based on the application of Logical Differential Calculus of Boolean logic for the important
analysis of the system. The application of parallel algorithms in importance analysis allows the evaluation of
the system of large dimensions. Importance specific of the proposed matrix procedures for calculation of
importance measures is the application of structure-function for the mathematical representation of the
investigated system. This function defined the correlation of the system components states and system
reliability/ availability. The structure-function, in this case, is defined as a truth vector to be used in the matrix
transformation. The truth vector of a Boolean function is a column of the truth table of function if the values of
the variables are lexicographically ordered. Therefore, the structure-function of any system can be represented
by the truth vector of 2n elements un-ambiguously.

Keywords: Importance measures; Structure-function; Logical Differential Calculus; Direct Partial Boolean

Derivatives.
Introduction

The estimation of system reliability is complex
problem and is based on the computation of many
indices and measures. One of parts of the reliability
analysis is importance analysis [1, 2]. The importance
analysis allows evaluation of influence of every system
component to the system reliability or availability. This
evaluation is implemented based the special indices that
are named Importance Measures (IMs). Many IMs are
used today to allow for various aspects of the impact of
system elements on its failure or operability. Analysis of
element importance is used in the system design,
diagnosis, and optimization. There are different
algorithms to compute these measures that are caused
by the mathematical representation of investigated
system [3]. Most often used of them is structure
function, Markovian model, Mote-Carlo model etc. The
structure function has been introduced for system
representation as one the first mathematical model and
in case of the system analysis in stationary state can be
interpreted as Boolean function [4]. This function maps
the system components states and system state.

Authors of studies [2, 5, 6] shown that the
reliability analysis of system can be implemented by
application of Logical Differential Calculus. The

algorithms for calculation of frequency indices have
been studied in [6]. The definition and computation of
IMs based on Logical Differential Calculus, in
particular Direct Partial Boolean Derivatives (DPBD),
have been proposed and investigated in [2, 5]. These
derivatives allow investigating of the function value
change depending on the change of the value of the
function variable. The interpretation of the structure
function in term of the Boolean function permits to
study the system state change depending on the change
of the failure or repairing of the component.

The computational complexity of the calculation of
IMs based on the system structure function depends on
the system dimension (number of system components).
Authors of papers [5, 7] propose to use the Binary
Decision Diagram (BDD) for the structure function
representation to decrease the computational complexity
of algorithms for reliability analysis. The application of
BDD in importance analysis of system and IMs
calculation have been considered in [5, 8]. Other
approach of this computational complexity decreasing is
the use of parallel procedure [9, 10]. The correlation of
the parallel algorithms and matrix procedures has been
studied in [11]. Therefore, the transformation of
traditional computational procedures for the calculation
of indices and measures in matrix form is important step
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in the design of parallel algorithms. In this paper we
consider and propose new definition of IMs based on
the matrix procedure and algorithms for their
calculation based on new definitions.  This
transformation of traditional definition of IMs into
matrix form needs the special representation of structure
function by matrix or vector. For this representation is
used the truth vector of structure function introduced in
[11] for definition of Boolean and Multiple-Valued
functions. Some aspects of the matrix algorithms for
calculation of DPBD have been investigated in [12]. In
particular, the matrices to transform of truth vector of
logical function into truth vector of logical derivative
have been proposed. But author of [12] studied the
Logical Differential Calculus for Multiple-valued logic
and didn’t considered specifics of Boolean logic, that is
used in reliability analysis

This paper goal is development of new algorithm
to calculate importance measures of the system based on
the matrix procedures that can be transformed in the
parallel procedures/algorithms. These algorithms are
developed based on the application of Logical
Differential Calculus of Boolean logic for importance
analysis of system. The application of parallel
algorithms in importance analysis allows the evaluation
of system of large dimension.

1. The structure function of system

Let’s a system consist of n components. The
system can have two possible state in point of view of
its availability: working and failure. Every component
state is designated as x; (i = 1,...,n) where the i-th
component working state is interpreted as xi = 1 and
Xxi=0 indicates the component failure. The set of
components states (xi, ..., Xn) i named the state vector.
The system availability depends on components states.
Every system component is characterized by the
probability of its state. The probability of the i-th
component failure is gi = Pr{x; = 0}. The probability of
the i-th component working is pi = Pr{ xi =1} = 1 — qi.
These initial data allow analysis in stationary state that
doesn’t take into account the changes of the system and
its components depending the time [1, 5, 6].

The evaluation of the investigated system needs
forming its mathematical representation. One of
possible mathematical representation is the structure
function, which maps the sets of components states
system state. Taking into account the notations of
components states the structure function ¢(x) of the
system of n components is defined as [5]:

o(X) = (X1, ..., xn): {0,1}"—> {0, 1}.

The system analysis takes into account next
assumption [13]:

a) the system and its components have two states:
up (working) and down (failed);

b) all system components are relevant to system;

c) the failure and repair rate of the components are
constant;

d) repaired components are as good as new;

e) the system structure function is monotone non-
decreasing that mean any component failure can not
cause improve of the system working (reliability) [4, 6].

The equation of the structure function agrees with
the Boolean function. It allows us to use mathematical
approach of Boolean algebra for the structure function
investigation. In particular, in papers [2, 5] the approach
of Logical Differential Calculus has been used for
importance analysis of the system represented by the
structure function. In paper the analytical representation
of the structure function in form of formula has been
used. Such representation causes the specific of
algorithms for calculation of importance measures. In
this paper we propose to develop algorithms for
calculation of importance measures based on the matrix
procedures that can be transform into parallel regular
algorithms. The application of parallel algorithms
allows using proposed procedures for calculation of
importance measures for system with large dimension.

The development of matrix procedures assumes
the representation of initial data by matrix or vector.
Therefore, the structure function should be defined by
vector or matrix. In Boolean algebra there is the
representation of Boolean function by truth vector [11].
The truth vector of Boolean function is column of the
truth table of function if the values of the variables are
lexicographically ordered [11, 12]. Therefore, the
structure function of any system can be represented by
truth vector of 2" elements un-ambiguously:

X = [xO x® x@ _ x@-T.

For example, consider the trivial system of three
components (n = 3) in Fig. 1, a. The structure function
of this system is shown as truth table is shown in
Fig. 1, b. According to this truth table the truth vector of
the structure function of the considered system

x=[00000111]".

Let us mention the useful property of the truth
vector. The number of the truth vector element in binary
representation corresponds to values of function
variables for this function value if components of the
truth vector is number from 0 to 2"-1 [11]. For example,
consider the truth vector element x® = 1 of the structure
function of the system in Fig.1. The state vector for this
function value is defined by the transformation of the
parameter i = 5 into binary representation:
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i0=5= (il, i2, i3)2 = (1: 0, 1)-

Therefore, the state vector for the 5-th element of
truth vector x of the considered structure function in
Fig. 1 is (X1 X2 X3) = (1 0 1). It allows us to declare that
the element x® = 1 agrees with the structure function
value ¢(1,0,1)=1.

o
X,
a)

Values of variables, Function values,
X1, X2, X3 o(X)
0 00 0
0 01 0
0 10 0
0 11 0
1 00 0
1 01 1
1 10 1
1 11 1

b)

Fig.1. Example of system (a)
and its structure function’s truth table

2. Logical Differential Calculus

A Logical Differential Calculus is part of algebra
logic for investigation of dynamic properties of logical
function by logical derivatives. There are different types
of logical derivatives [14, 15]. One of them is logical
derivatives that is often interpreted as logical difference
and defined by equation:

op(x)
OXi

= 0(0;.%)® (1. %),

where symbol @ is operation XOR and the operand
»(0i, X) is the structure function value when the i-th
component is in state 0 (xi = 0), and the second operand
o(Li, x) is the structure function value when the i-th
component is in state 1 (x; = 1).

This type of derivatives allows us to investigate the
result of the system component state change, but this
derivative is not fixed the direction of the state change.
This flaw can be leveled by the use of other type of
logical derivatives that is named Direct Partial Boolean
Derivatives (DPBD) [14].

In analysis of Boolean functions, a DPBD allows
identifying situations in which the change of a Boolean
variable results the change of the value of Boolean
function. In case of reliability analysis, DPBD allows

investigation the influence of a structure function
variable (=component state) change on a function value
change (=system state). Therefore, a DPBD of the
structure function permits indicating components states
(state vectors) for which the change of one component
state causes a change of the system state
(availability) [2].

DPBD can be used to analyze how a specific
change of component state (from 0 to 1 or from 1 to 0)
affects the system functionality (from 0 to 1 or from 1
to 0). This derivative for the system structure function
change from j to jwith respect to variable x; change

fromato 3 is defined as:

%:{@(ai,X)(—) ijro(@.x) o T},

where ¢(ai, X) = (X1, X2,..., Xi-1, @, Xi+1,.-., Xn),

a,j {0, 1}

< is the symbol of equivalence operator (logical bi-
conditional);

A denotes Boolean operation AND and ~ is a
negation of the argument.

The matrix interpretation of DPBD can be
introduced for the truth vector of DPBD that is
calculated based on the truth vector of the structure
function. According to the definition of the DPBD

dp(j—7)/ox(a—a) the truth vector of this
derivative is calculated as [12]:
ox(i- 1)
o (a—>a)

:(p(i,a) v (X)),(P(i,ﬁ) A5 (x))

where X is the truth vector of the structure function;
As(X) is the vector literal calculated according to:

2s(X) = 25 ([XO x® . x@™]T) =
= [sX® sox® . sox@ N7 fors e {j, | };

P is differentiation matrix of the dimension

2™1x2" of the variable x; for | e{a, a } that is formed as:
PW-M,_ R0 1M, ,,

matrices M,, and M_, are diagonal matrices of the
dimension 21x2"t and 2™'x2™ accordantly.

The vector literals 2j(x) and A,(x) indicate the
variables values (state vectors) for which the structure
function has value j and ] (the system state j and )
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accordantly. The matrices P®® and P®® indicate the

variables values (state vectors) for which value xi is a
and a.

For example, compute the truth vector of the
DPBD with respect to the second variable x.
X(L—0)/dx,(1—0) for the structure function of the
system shown in Fig.1. The truth vector of this system
structure functionisx =[00000 1 1 1]". According to
the equation for the calculation of truth vector of DPBD
we have:

x(1—0)

S0) " P ACOHPE 200)

where vector literals are A44(x) =[000001 1 1]" and
Ao(X)=[11111000],

PeY =M, ®[0 1]®M, =

iy

00100000
10 10]/{00010000
= ®fo 1]® = !
01 01, /00000010
0000O00O0O0 1]
P =M, ®L 0]®M, =
(1 0 00 00 0 O]
10 10]/{01000000
= ®@ 0]® =
01 01/ /00001000
0000010 0]

0] [1] [0

X1—0) " (pzo) _10] 1] |0

ax2(1—>o)_(P( 200} P A09)=( 1] |
1| [o] |o

The truth vector of DPBD éx(1— 0)/éx,(1—0)

doesn’t depend on the variable X, and has only one non-
zero value that agree with the variables values: x; = 1
and xs = 0. The state vector (x1 x3) = (1 0) allows us to
declare only one situation of the system failure
depending the fault of the second component. It is
possible if the first component is in the working state
and the third component was fault before the breakdown
of the second component.

The truth vectors of other DPBDs of this system
for analysis of its failure can be calculated similar. They
are shown in Table 1. According to these derivatives,
the considered system fails depending the fault of the
second component in case if the third component was
not functioning and the first component has been
working. The fault of the third component cause the
system failure in two situations: the first component
should be in the working state and the second
component can be fault or working.

Table 1
The truth vectors of DPBDs for the system failure
analysis (the system is shown in Fig.1)

Vj‘gﬁgles x(1=0) | ox(1—=0) | ox(1—=0)
a0 | an(150) | ax(1-0)
000 _ _ _
001 - - 0
010 _ 0 _
011 _ 0 0
100 0 _ _
101 0 - 1
110 0 -
111 1 0 1

The analysis of system restore can be implemented
by the similar way, but the derivatives
x0-1)/x(0—-1), x0->1)/x,0—-1) and

x(0—1)/ox,(0—1) are used in this analysis. These

derivatives investigate the system restore (the chance
system state from zero to one) depending the component
state change from zero to one.

Let us consider the application of DPBD in
reliability analysis of the system, in particular in
importance analysis to compute the measures for the
evaluation of the influence of the changes of the system
component to the system state.

3. Importance Measures

One of the first of Importance Measures (IMs) has
been introduced by Birnbaum [16]. These measures
allow evaluating the influence of the fixed system
component changes (failure or restore) to the system
failure or working. In paper [2] new DPBDs-based
method for calculation of IMs has been developed. The
well-known IM as Birnbaum Importance (BI), Structure
Importance (SI) and Criticality Importance (Cl) have
been defined in terms of DPBD. Let us summarize these
definitions of IMs (Table 2) for the system failure based
on DPBDs.

According to the definition of SI in Table 2 this
measure can be considered as relative number of
situations in which a given component is critical for the
system activity. It can be defined as proportion of
system state for which the fault of the fixed component
causes the system failure in space of possible system
states. The number of such caused system state can be
defined by DPBD 0 ¢(1—0)/0xi(1—0) and nominated

as p%. The Sl of the i-th component is defined as [2]:
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(1-0)

SI _pl

i 2n—1

where 2"-1 is a size of the DPBD.

Table 2
Importance Measures Definitions

Importance

Meanin
Measure &

The SI concentrates only on the
topological structure of the system. It is
defined as the probability of the system
failure depending on the failure of the
component breakdown based on the
topological specific of the system

The BI of a given component is defined
BI as the probability that the component is
critical for the system work.

The CI of a given component is
calculated as the probability that the
CI system failure has been caused by the
component failure, given that the
system is failed.

SI

The BI of component i defines as the probability
that the i-th system component is critical for system
failure. It is probability of the system failure if the i-th
system component was fault. This probability can be
defined as the probability of all critical states. These
states is computed by the DPBD 0 ¢(1—0)/0xi(1—0)

[2]:
Bl; = Pr{op(1—0)/x(1—0) < 1}.

One very often used IM is Cl. This measure is
defined similar to the BI, but take into account of the
probability of the i-th component fault [1]. Therefore,
this measure can be calculated based on DPBD to:

cl =gl 2
U

where ¢ is the probability of the i-th component fault
and U is the system unavailability that is calculated
based on the structure function as:

U = Pr{e(x) = 0}.

The considered IMs are computed based on the
DPBD. The definition of the structure function by truth
vector allows us to compute these measures based on
the matrix procedures.

4. Matrix procedures for Importance
Measures calculation

The SI of the i-th component can be computed by
the matrix procedure as:

o - 0ux(i> j)ox(a—a)
. =

where Oy is number of non-zero values of the truth
vector of DPBD ox(j — j)/ox,(a — a).
The BI of the i-th component is defined as the

probability of all critical states that are indicated by
non-zero values of the truth vector of DPBD:

BI, =Pr{ox(1—0)/x (1 —0) <1},

The CI of the i-th component is calculated based
on Bl.

A matrix procedure can be transform in parallel
procedure according to [12]. For example, the flow
diagrams for the calculation of the derivative vectors
ox(1—0)/ox1(1—0), OX(1—0)/0x2(1—0) and
oX(1—0)/ox3(1—0) for the structure function of the
system in Fig. 1 are presented in Fig. 2. These diagrams
illustrate the possibility to use parallel procedures for
the calculation of DPBD.

To illustrate the analysis of system based on SI, Bl
and CI using DPBDs consider the system in Fig. 1 and
compute these measures for all system components.
Values of IMs for this system are computed in Table 3.
According to these IMs, the first component has the
most influence on the system failure from point of view
of the system structure, because the values of the SI, BI
are greatest for this component. The CI is maximal for
the second and third components and, therefore, it
indicates the first component as non-important taking
into account the probability of failure of this component
(it is minimal for this component, i.e. g1 = (1 — pi) =
0.10).

Table 3
IMs for the system in Fig.1
Component X1 X2 X3
Probability of component state, p; | 0.90 | 0.70 | 0.65
Sl 0.75 1 0.25 | 0.25
Bl 0.90 | 0.32 | 0.27
Cl; 0.46 | 0.49 | 0.49

So, DPBDs are one of possible mathematical
approaches that can be used in importance analysis, and
they allow us to calculate all often used IMs (Table 2).
Mathematical background of its application for the
definition of IM has been considered in papers [2, 5]. In
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this paper new algorithm for the calculation of DPBD
based on a parallel procedure is developed.

ax(1-0)/ax1(1—0)

%

——

X(1-0)/Ox2(1—0)

P P PO O O O O X

=)

P P P OO o o o X
o

P P P OO O o o X
o

Fig. 2. Calculation of DPBDs based on parallel
procedures

Conclusion

In this paper the new algorithms are proposed for
the calculation of IMs based on the matrix procedures.
These algorithms are based on the use of the DPBDs.
The computational complexity of the proposed
algorithm is less in comparison with algorithm based on
the typical analytical calculation (Fig. 3).

1000 1 — Analitical
800
= Parallel
500
Ewo
17200 1
C —
0
1 2 30 g4 5. 6 7 3 9 10
Number of components, n

Fig. 3. Computation time for calculation of DPBDs
based on analytical and parallel procedures

The proposed algorithm for the calculation of IMs based
on the parallel procedures can be used in many practical
applications.
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MATPUYHI MTPOLEAYPHU JIS1 OBYUCJIEHHSA BAXKJINBOCTI OHIHOK
KOMIIOHEHTIB CUCTEMHA

O. 3aiiyesa, I1. Ceonsauex, A. Dopzau

HamiifHiCTB/TOTOBHICT CHCTEMH € CKJIAIHUM OaraTOrpaHHHMM ITOHSITTSM, SKa OI[IHFOETHCS Ha OCHOBI 0araTthox
MOKa3HUKIB. [CHYIOTh Pi3HI METOIM PO3PaxyHKy LMX IOKa3HHMKIB NMpHW aHali3i HamiHocTi. OgHUMH 3 HaWOLIbII
4acTO BUKOPHUCTOBYBAHHX € TIOKa3HHKAMHU OI[IHKH BaXKIMBOCTI KOMIIOHEHTIB CHCTEMH, SKi JO3BOJIIOTH OLIHUTH
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BIUIMB OJHOTO a00 JEKUIbKOX KOMIIOHEHTIB CHCTEMH Ha 11 HaJiiHiCTh/HOCTYNHICTh. ChOrO/IHI BUKOPHCTOBYIOTHCS
MipU Ba)KJIMBOCTI, 1100 BpaxyBaTH pi3HI aCIEKTH BIUIMBY €JIEMEHTIB CHCTEMH Ha ii BiIMOBY a00 mpane3aaTHICTb.
AHali3 BaXJIMBOCTI €JIEMEHTIB BHKOPHUCTOBYETHCS MpPH NPOEKTYBaHHI, MIarHOCTHIII Ta ONTHUMIi3amii cucTeMu. Y
JaHii CTaTTi po3poOJIeHI HOBI aTOPUTMH PO3PAXYHKY NESKHAX OIIIHOK BAXKIIMBOCTI KOMITOHEHTIB CHCTEMH Ha OCHOBI
MaTpUYHHX Ipolexyp. MeToro maHOi poOOTH € pPo3poOka HOBOTO ANTOPUTMY [UI PO3PaxyHKY IOKa3HHKIiB
BaXXJIMBOCTI CHCTEMH Ha OCHOBI MATPHYHHUX TMPOMERyp, SAKi MOXYTh OyTH TIepeTBOpeHI B MapaiesbHi
nponexypw/amroputMu. L{i amroputmMu po3poOJeHI Ha OCHOBI 3aCTOCYBaHHS JIOTIYHOTO AH(EPEHIialbHOTO
oOurciaeHHss OyineBOl JIOTIKM Ui aHaji3y Ba)KIMBOCTI CHCTEMH. 3aCTOCYBAaHHS ITapalieIbHUX AITOPHTMIB IIPH
aHaJIi31 BaXXIIUBOCTI JI03BOJISIE OI[IHIOBATH HAMIWHICTh CUCTEMH BEJMKOI po3MipHOCcTi. CrenugivHO 0COONUBICTIO
3alpONOHOBAHMX MaTPUYHHUX IPOLEAYp A PO3PAaXyHKY IOKa3HHMKIB Ba)KIMBOCTI € BHKOPUCTAHHS CTPYKTYPHOL
GyHKIIT 1718 MareMaTHYHOro IIOJAHHS JIOCHIZDKYBaHOi cuctemu. Ll (QyHKUIiS BU3HA4ae OJHO3HAYHE
CHIBBITHOIIICHHS JUISl BCIX MOJKJIMBUX IO€HAHb CTaHIB KOMIIOHEHTIB CHCTEMH 1 HaJiiHICTIO/TOTOBHOCTIO CHCTEMHU.
CrpykTypHa (QYHKIIS B IbOMY BUIIAKy BU3HAYAETHCS SIK BEKTOP ICTUHHOCTI, SIKUH BUKOPUCTOBYETHCS B MATPUYHUX
nepeTBOpeHHsAX. BekTop ictuHHOCTI OyneBoi ¢yHKuii sBise cob00 CTOBMELb TAONMMI ICTUHHOCTI JUIS 3HAueHb
3MIHHUX, YIOPSAKOBAaHUX B JIEKCUKOTpadidHOMY HOPSAAKY. Byab-ika cTpykTypHa (YHKIiS CHCTEMH MOXE OyTH
OJTHO3HAYHO TIPE/ICTaBICHa BEKTOPOM iCTHHHOCTI, SIKUH CKIIaHaeThes 3 2" eIeMEeHTIB.

Kao4oBi ciaoBa: OLIHKKA BaXXJIIMBOCTI KOMIIOHEHTIB, CTPYKTypHa (YHKIIA; JOTiYHE TUQepeHIiaabae
YHCIICHHS; JIOTIYHI CIIPSIMOBAHI MOXI1/IHI.

MATPUYHBIE NPOLHEAYPBI JJIA BBIYNCJIEHUA BA’JKHOCTHBIX OIIEHOK
KOMIIOHEHTOB CUCTEMBbI

E. 3anyesa, Il. Ceonauex, A. @opzau

Hane>KHOCTB/TOTOBHOCTE ~ CHCTEMBI  SIBJISIETCS  CJIOKHBIM ~ TIOHATHEM, OLCHUBa€MBIM Ha  OCHOBE
MHOT'OYHUCIICHHBIX MOKa3aTeael. CyllecTBYIOT pa3Hble METO/Ibl pacyeTa 3THX Iokaszareneil. OqHUMHU U3 HanboJee
4acTO MCIOJIB3YEMBIX SBJSIOTCA IOKa3aTeIH OLEHKH BaKHOCTH KOMIIOHEHTOB CHCTEMBI, KOTOpPbIE IO3BOJSIOT
OLICHUTH BIHMSHHAE OJHOTO MM HECKOIBKMX KOMIIOHEHTOB CHCTEMBI Ha €€ HaleKHOCTb. CEromHs HCIONB3YIOTCS
Mepbl BaXKHOCTH, YTOOBI YYECTh pa3JIMYHBIC AaCMEKThl BIHMSHUS JICMEHTOB CHUCTEMBI Ha €€ OTKa3 HIH
paboTococOOHOCTh. AHANM3 BAKHOCTH 3JIEMEHTOB HCIIONB3YETCS TPH TNPOSKTHPOBAHHM, IHATHOCTHUKE U
ONITHMU3AIMY CUCTeMBl. B maHHOI cTaThe pa3paboTaHbl HOBBIE aNTOPUTMBI pacueTa HEKOTOPBIX OIIEHOK BAXKHOCTH
KOMITOHEHTOB CHCTEMBI HAa OCHOBE MAaTpPHUHBIX mpoueayp. Llenpio maHHOHM paboThl siBisieTcsl pa3paboTKa HOBOTO
aJITOpUTMa ISl pacdeTa IoKa3aTeseil BaXKHOCTH CHCTEMBI HA OCHOBE MaTPHUYHBIX NMPOILEYp, KOTOPhIE MOTYT OBITh
mpeoOpa3oBaHbl B apajelbHble IPOIeIypsl. DTH alrOPUTMBI pa3paboTaHBl HA OCHOBE MPHUMEHEHHUS JIOTHYECKOT0
audepeHInanTbHOT0 HCUHCIIEHHsT OyJIeBOW JIOTUKY JIJIsl aHAJIM3a BaKHOCTU cUcTeMbl. [IpruMeHeHne napauienbHbIX
AITOPUTMOB B AaHAJIM3€ BAXKHOCTH IIO3BOJISET OIICHWBATh HAJEKHOCTh CHUCTEMBI OOJBIION pa3MEpHOCTH.
Crermuyeckoif 0COOEHHOCTBIO MPEIVIOKEHHBIX MAaTPUYHBIX NPOLEAyp UL pacdera IOKa3aTeled BaXHOCTH
SIBIISICTCA MCIIOJIb30BaHUE CTPYKTYPHOUW (YHKIIMH JJII MAaTEMaTHYEeCKOTO MPEICTAaBICHHUS HCCIEIyeMOH CHCTEMBI.
Ota QyHKIHMS ONpe/ersieT 0JHO3HAYHOe COOTHOUICHHE ISl BCEX BO3MOXHBIX COUYETAHUIl COCTOSIHMIT KOMIIOHEHTOB
CHCTEMbI M HaJIe)KHOCTBIO/JIOCTYITHOCTIO cHcTeMbl. CTpyKTypHast (YHKIHS B 3TOM Cllydae OIpENesieTcsl Kak
BEKTOP MCTHHHOCTH, KOTOPBII MCIOJIB3YyeTcss B MaTPUUYHBIX INpeoOpa3zoBaHMsX. Bekrtop ncruHHOCTH OyneBoit
GyHKIMK TIpencTaBisieT coOoi cronber) TaONWIBl MCTHHHOCTH JUIS 3HAYEHWH IEPEMEHHBIX YHMOPSJOYEHHBIX B
nekcukorpaguyeckom nopsizake. Jlrobas crpykTypHas (QyHKIUS CHCTEMBl MOXKET OBITh OJHO3HAYHO IPEACTaBIICHA
BEKTOPOM MCTUHHOCTH, KOTOPBIH COCTOUT U3 2" SJIEeMEHTOB.

KaroueBble cjioBa:  OLEHKM  Ba)XKHOCTH  KOMIIOHEHTOB;  CTPYKTypHas  (YHKIMS,  JIOTHYECKOE
i depeHnnanbHOe HCUUCIICHUE; JIOTHYECKHe HallpaBIeHHbIe IPOU3BOIHbIC.
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