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ABSTRACT

The article is devoted to the development of models and methods for fault analysis for examinate test patterns. Deductive fault
simulation of digital devices is the most advanced technology that serves the field of design and testing of modern computer systems. At
the same time, fault simulation solves the problem of assessing the quality of the test in the class of single constant defects. However, the
computational complexity of obtaining deductive formulas, estimated as n?, is a rather difficult task for high-dimensional RTL-level
functional circuits, so the deductive method is usually used only for digital circuits represented at the gate level. Next, we propose a
vector method for synthesis deductive formulas for digital schemes represented by RTL elements. This method became possible due to
the element description of any complexity in the form of output states vector for combinational device. The model of xor-relationships
between the wonderful logical functions (or, xor, and) of digital objects is improved, which is convoluted into zero-space. It makes
possible to solve the problems of design and test, machine learning, search for similarities-differences, and destructive components in
processes and phenomena. The advantages of the vector model for a compact description of objects, functions and structures are
determined. It is proposed to replace analytical expressions that require algorithmically complex calculating, with vector data structures
for describing functional logic. Vector-deductive method for synthesis formulas for transporting input fault lists is proposed. It has a
quadratic computational complexity of register operations. The coordinate-vector model of defects is considered, not tied to input
variables, which can be used for efficient processing of complex logic circuits when assessing the quality of synthesized tests. An
algorithm for the synthesis of deductive vectors is presented, which differs from the known ones in the technological parallel processing
simplicity of truth tables and makes it possible to create structural and logical conditions for simulating faults in digital projects of the
gate, register and system description levels. An efficient method for the synthesis of a deductive truth table according to the rule L=T@®F
is proposed. It differs from the known ones by using vector-coordinate parallel xor-operation. It provides the transportation of faults
through a functional element of arbitrary complexity.
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INTRODUCTION. PROBLEM
STATEMENT

Deductive fault simulation of digital devices is
the most advanced technology that serves the field of
design and testing of modern computer systems. At
the same time, fault modeling solves the problem of
assessing the quality of the test in the class of single
constant defects. However, the computational
complexity of obtaining deductive formulas, estimated
as n3, is a rather difficult task for high-dimensional
RTL-level functional circuits, so the deductive method
is usually used only for digital circuits represented at
the gate level.

Next, we propose a method for synthesizing
deductive formulas for high-dimensional circuits
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represented by RTL elements. This method became
possible due to the description of elements of any
complexity in the form of a vector of output states of a
combinational device.

LITERATURE OVERVIEW

In design and test, three main forms of describing
processes and phenomena are used: tabular, analytical,
graph [1, 2], [3, 4], [5, 6], [7, 8]. In this case, the
matrix (table) and the vector are two forms of
describing models that pass into each other. The
vector is a compact form of the truth table in the form
of an ordered sequence of output states, if the input
address components are sorted in ascending order [1,
3], [5, 7], [8].- The matrix, if necessary, expands into a
one-dimensional vector for the convenience of parallel
data processing in register memory. Naturally, it is
enough to simply restore the table or matrix from the
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vector form of the description of the process or
phenomenon. Next, the vector appears as a compact
and technological form of describing objects,
functions, and structures for memory-driven
computing. We are talking about the parallel
processing for a finite set of logical elements
represented by vectors that are in memory. Each
vector defines the state of a logical element at the
address of a location in memory. Therefore, such
simulation is 2-3 orders of magnitude faster than
existing analogues, which is important for reducing
the verification time of digital devices.

Deductive modeling, proposed more than 50
years ago by Armstrong [9], and improved by many
authors, including [2, 4], [10, 11], is still the most
elegant and effective tool for analyzing the quality of
tests and synthesizing tables for finding defects.

In [12, 13], it is proposed to improve the design
process by introducing three levels of the design
hierarchy and redundancy. This reduces the time-to-
market design time and improves the quality of the
yield project.

A technique is proposed to improve the quality of
digital projects based on the technology of self-
checking and self-testing circuits by introducing
redundant elements [14, 15], [17, 18], [20, 21]. This
idea of redundancy was used in this investigation.

The papers [16, 19], [22] develop the topic of the
quality of digital projects based on redundancy, which
is no more than 25 % of the functionality that solves
the problems of self-testing for digital and relay-
contact circuits, as well as the stable operation of
circuits in the event of faults.

Further, the implementation of deductive
modeling based on the vector form of the description
of redundancy logic of faults transportation [5, 6], [7,
8] is proposed, which makes it possible to
significantly simplify the modeling algorithms to
process large-scale digital circuits.

THE AIM AND OBJECTIVES OF THE
RESEARCH

Purpose of the research — developing method
for synthesizing deductive formulas for high-
dimensional circuits represented by RTL-elements
based on the proposed model for describing elements
of any complexity in the form of an output states
vector for combinational device.

Objectives:

1) to improve a model of xor-relationships
between wonderful Boolean functions that collapses
into zero-space;

2) to develop a vector-deductive method for
synthesizing formulas for transporting input fault lists.
Applying a coordinate vector model of defects, not
tied to input variables, for efficient processing of
complex logic circuits;

3) to develop an algorithm for the synthesis of
deductive vectors. Developing an efficient method for
synthesizing a deductive truth table according to the
rule: L=T@F for transporting faults through a
functional element of arbitrary complexity.

PRESENTATION OF THE MAIN RESEARCH
MATERIAL

The basis for measuring processes and
phenomena in a discrete (binary) space is a metric,
which operates with three axioms (reflexivity,
symmetry, and transitivity) of cyclic or closed
interaction between 1,2,3 components. Induction
(inductio) — the logical receipt of a conclusion from
the particular to the general, where the correctness is
guaranteed by a sufficient or exhaustive amount of
factual data. Deduction (deductio) is the logical receipt
of a conclusion from the general to the, where the
correctness is guaranteed by the truth of the premises-
axioms leading to the truth of the consequences-
theorems.

The axiom of convolution (testing) of the space
of processes and phenomena works for deduction:
“xor-the ratio of distances between a finite number of
components closed in a cycle is always equal to zero”
[1] ®?=1di = 0.

Naturally, the xor-sum of distances between closed
functional objects represented in vector form is also
equal to zero.

But the fact is also true that xor is the sum of
qubit [1, 8] function vectors as objects (and = 0001, or
= 0111, xor = 0110), shown in Fig. 1 is zero.

xor@and@or= mmmm
=0000 0 0 0 O 0
xor=and@®or

and=xor@or
or=xor@and

=)

11 0 1
01 0 1
1 e 1

Fig. 1. Convolution of boolean functions
Source: compiled by the author

Thus, it turns out that the xor-relationships of the
two mentioned functions are equal to the third one.
Together, three functions (Xor, And, Or) convolution
to zero by means of the xor-relation: X@A@®O=0.
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The proposed method based on a Lemma of the
convolution of three functions in two variables: there
are only 4 pairs of logical functions connected by an
xor-relation, which result in an xor-function:

1 2 3 4
®=0110 D=0110 &=0110 @=0110
A=0001 V=1000 X,=0011 X,=1100
v=0111 A=1110 X,=0101 X,=1010

Here, the first two options can indeed be
considered as pairs of logical functions, the interaction
of which gives the xor-function. The other two are
degenerate functions of one variable that create an xor
operation. If we consider that the second option is the
inverse of the first one, then we can conclude that only
two logical functions (and, or) are able to create an
xor-vector during xor-interaction.

The practical significance of the lemma on the
convolution of functions is as follows:

1) The xor operator is a unique and universal
measure of the similarity-difference of any cyber-
physical processes and phenomena.

2) Only two logical functions (and, or) create an
xor-operation by their difference. Even more
interesting is that the difference of two logical
functions (and, or) is equal to their difference.
Performing an xor operation on logical functions (and,
or) is equal to an xor operation.

3) Two functions from one variable (inversion
and repetition) also create an xor interaction.

4) The triad of logical functions (and, or, xor)
forms a vector metric for calculating structural:

S(a, b) = aj . A bi! D(a, b) = 3qj (&) bi!
i=1n i=1n
and normalized similarity-difference  estimates
between processes and phenomena:

= (aj. A b
1_1( li:l,n l), Dn(a, b) —
2?:1(31 i=\{,n bi)

5) The disjunction operation (or) creates a
common metric of unit values of coordinates to
measure the norm of similarity-difference of two
processes or phenomena.

A deductive-vector method for fault modeling is
proposed.

The simulation consists of two phases:

1) Synthesis of deductive formulas based on
vector description RTL-logic.

(o, @ b))
i=1n
\
=1,

z:inz 1 (ai .

L

2) Simulation of logic faults when applying test
actions by using the constructed deductive formulas.
The formula itself hereinafter is considered as a
derivative of the vector form of the functional
element, fault lists input variables and input test
action.

To form vectors corresponding to functions of
input variables, it is necessary to synthesize or have a
truth table for functions of n variables.

On Fig. 2 presented tables for four, three, two and
one variables, as well as some column functions for
which it is necessary to synthesize deductive vectors
for modeling or transporting faults through a given
functional element.

When synthesizing deductive vectors (formulas),
all column vectors corresponding to input variables
Xy, X,, X5, X, are used, as well as a column vector
that defines a logical function, for example, A (and) or
O (or), or X (xor), or F, E (other functions).

As an example, consider functions-columns-
variables

X; =0011, X, = 0101,

as well as a logical output state vector O=0111 for
constructing a deductive vector.

Next, we consider the triangle of Xxor-
relationships for the vector modification of the
deductive fault modeling method using deductive
formulas, the synthesis of which is proposed in Fig. 3.

Table coordinates - binary vectors are processed
according to the following rules:

X3 =% B xq,x; ={0,1} > x; = 1,X; = 0011,
X3 =% @ x, =1100,x, =0,
;=% ®x, =0011,x; =%, P x, =0,
X, =% 6G0=0011640=0011,
X, =%, @ x;, x; = {0,1}.

Here, a new original single fault model is
introduced, tied to the coordinates of the column
vectors representing the component vectors of the gate
model x; = 0011, x, = 0101,Y = 0111.

Derived from the columns of the following truth
table:

=ik lo|lo|x
<
mlolk|lo|x
N
Rk |klo|<
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Fig. 2. Truth tables for some logic functions

On Fig. 3a, a new model of single faults is
introduced, tied to the coordinates of a vector
representing the model of a logical object. In this case,
the list-vector of checked defects is formed by
performing an xor-operation between the functionality
and the test set, which are also specified in vector
form. On Fig. 3b shows the procedures for
synthesizing deductive formulas for the algorithm for
transporting defects to the output of a logic element,

Vector fault simulation

T=0001 T=1000 T=0100 T=0010
F=0111 F=0111 F=0111 F=0111
L=0110 L=1111 L=0011 L=0101

L — vector single fault model

Source: compiled by the author

but with the description of functionalities and defects
in vector form. The functions of variables X;,X, are
set in vector form. Then the vector coordinates are
inverted if the state of the input variable X; is equal to
1. A disjunction (conjunction) of the obtained vectors
is performed, and then the inversion procedure is
applied to the resulting vector if the output state of the
logic element is equal to one.

Deductive vector simulation

XZ =
X1%3 00 01 10 11
b1 0011 0011 0011 0011
% 0101 0101 0101 0101
Q 0111 0111 0111 0111

¥*=%,@x, 0011 0011 1100 1100
X,=%,@®x, 0101 1010 0101 1010
I=Q@y 0111 1000 1000 1000
L X,vXx, XX, XX, XX,

b

Fig. 3. Deductive-vector or-logic modeling:

a— model of single faults; b — procedures for the synthesis of deductive formulas
Source: compiled by the author
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SYNTHESIS

Process of synthesis for deductive fault transport
functions for the logical element and is shown in
Fig. 4.

Process of synthesis for deductive vectors
(formulas) for transporting input fault lists through the
logical element xor is shown in Fig. 5a. An interesting
fact is that the analytical formula L=X;X, v X; X, for
transporting lists of input defects to the output of the
logical xor-element is the same for all test inputs. On
Fig. 5b shows the procedure for synthesizing fault

Vector fault simulation

vectors L, which are dependent on the test vector T
and the vector function F.

Process of synthesis for deductive functions for
the repeater and inverter logic is shown in Fig. 6,
which shows the same expressions for transporting
fault lists to the outputs of elements without any
filtering.

Here the lines x;=%;®x,, x,=%,®x, form the
ratio of the inversion of the state vector to the unit
value of the input signal, and the line L=Q@®Y inverts
the vector if the element's output value is equal to one.

Deductive vector simulation
1 =1

.

Y=1

xx; 00 01 10 11
£ 0011 0011 0011 0011
2 0101 0101 0101 0101
Q 0001 0001 0001 0001
T=0001 T=1000 T=0100 T=0010 %=%@x; 0011 0011 1100 | 1100
F=0001 F=0001 F=0001 F=0001 ¥o=Ra@x; 0101 1010 0101 1010
L=0000 L=1001 L=0101 L=0011 L=Qey 0111 1000 1000 1000
L — vector single fault model L X, X, XX, X% X, VX,

Fig. 4. Deductive-vector and-logic modeling
Source: compiled by the author

Vector fault simulation

T=F@L YR L=TEF

Deductive vector simulation

T=0001 T=1000 T=0100 T=0010 e e
F=0110 F=0110 F=0110 F=0110 X =%@x; 0110 1001 1001 0110
L=0111 L=1110 L=0010 L=0100 %,=%,®x; | 0110 0110 0110 0110
L — vector single fault model i-o@v %X, V Xy X
a b

Fig. 5. Deductive-vector xor-logic modeling:

a — synthesis of deductive vectors; b — synthesis of fault vectors
Source: compiled by the author
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X

X

Fig. 6. Synthesis of deductive functions for the repeater and inverter
Source: compiled by the author

ALGORITHM The initial information for the execution of the
vector algorithm is the truth table and the input data
set. The main points of the algorithm are discussed in
the following table, shown in Fig. 7, which shows the
vector synthesis procedures for two input sets: 10011
and 10001, marked in red.

Algorithm of the deductive vector synthesis
method for simulation and/or transporting faults
makes it possible to process functionally complex
RTL-level digital systems.

1 23 4 5 6 7 8 9 10 11 12 13 14 1516 17 18 19 20

lﬂﬂﬂﬂ nnmu

0 0 - 0 1 0 o -
0 0 0 0 ooo. 000 1010 0 .
001 00 10 1 1. 001 00 10 10.
0011010 10. BEEE o 1 o 1 1.
S EE o 1 101. 010 0 0 1 100.
ol 1 100. 001 0 1 1 1 101.
BEEE o 1 1 1 1. 01100 1 1 10.
S o 1 1 10. R o 1 1 1 1.
10000000 1] HEEEE 00
Hoe i o o o offf 2001100 0 1]
100 0 0 1 1. BEEE o o o 10.
1 1.0 0 0 10. 101100 0 1 1.
0000101. 1100 0 0 100.
0100100. 110 1 0 o0 101.
100 0 1 1 1- 1 1 1.0 0 0 110.
111 0 1 10. 111110 1 1 1.

Fig. 7. Synthesis of deductive vectors for a function of 4 variables
Source: compiled by the author
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Algorithm for synthesis deductive vectors using
the input set 10011 as an example:

1) Setting the input vector and output state within
the truth table.

2) Inverting the columns of the table in
accordance with the single values of the variables of
the input vector. The result of the inversion is shown
in columns 6-9.

3) Determination of rows-addresses in these
columns (6-9), corresponding to the unit values of the
coordinates of the column vector 5 output states.

4) Formation of zero (single) coordinates, if the
output state of the function is 1 (0), in the deductive
vector 10 at all vector addresses marked in green,
where all other coordinates are equal to one (zero).

5) Determination of the deductive DNF for a
given input set (10011 and 10000) by the deductive
vector, which is necessary to verify the algorithm:

L=[X;X,X5X, VX XXX, VX X, X5X, V
V X X, X3X,]A(T=1001) =
= (X1 X X5X, VX XXX, V X X X5X, V
VX1 X;X5X,)D1=
= XX X3 VX Xy VXX, VXX, VXX,V
VX3X, VXXX,

The formation of the deductive vector for the
input set 10000 is shown in columns 11-20, and the
verification is presented as follows:

L=[X;X,X5Xs VX XXX, VX X, X5X, V
V X X, X3X,]A(T=1000) =
= (X1 X X5X, VX XXX, V X X, X5X, V
V X1 X, X5X,)P0=
= X X5 X3X, VX X X5 X, V X X, X5X, V
vV XX, X5X,].

The presented algorithm for the synthesis of
deductive vectors is distinguished by the technological
simplicity of parallel processing of truth tables. This
makes it possible to create structural and logical
conditions for modeling faults in digital systems of
gate, register and system description levels.

The manufacturability metric of data structures is
determined by the simplicity of the algorithm. The
ideal data structures are those that provide one line of

code to execute the processing algorithm.

In the case of the deductive vector synthesis
algorithm, for a given input set with a 1(0)-output
state, only two procedures are performed in order to
transport faults through a functional element:

1) Inverting the columns of the truth table by the
unit coordinates of the input set — obtaining a
deductive table of input values.

2) Formation of 0(1)-coordinates of the deductive
vector according to the read addresses of the inverted
table corresponding to 1(0)-coordinates of the vector
of output states of the functionality — obtaining a
vector of output values.

The algorithm can be reduced to one procedure -
obtaining a deductive truth table for an input set of a
given functionality.

Synthesis of the deductive truth table according to
the rule:

L:T@F e Li = Ti 69 Fi'

Here T is a test data set (truth table row) by input
and output coordinates; T; is the coordinate of the
input set; F a truth table for a given functionality; F; is
the vector column of the truth table; L deductive truth
table; L; is the column vector of the deductive truth
table; @ — a coordinate-vector operation on columns.

To explain the last algorithm, in one line of code,
the column R is added (Fig. 8), which denotes the
states of the deductive truth table relative to the order
of the input sets of the original functionality F.

After receiving a deductive truth table unordered
by input codes, it is restructured to the form of the
original table, but with a different (deductive) output
vector R=f(F). The result — the deductive table — should
be considered columns 1-4, 10, as well as columns 12-
15, 22. In fact, the whole algorithm is reduced to the
synthesis of the deductive output state column L (R) for
the initial truth table F based on the test set T.

RESULTS COMPARISION

To compare the computational complexity of
obtaining deductive formulas, the following is an
analytical classical procedure for analyzing the or-
element, which operates with Boolean equations, for
which complex solvers are required [1, 8]:

L[T = (00,01,10,11), F = (X1 v X5)] =

= L{(x1X2 v X1X9 v X1 X2 Vv X1X2) A[(X{ ® Tyg v X0 ® Trp) ® Teg)[} =

= (x1x2){[(X1 ®0) v (X2 ®0)] ® O}v (x1xo K[(X1 ©0) v (X D] @ Tv

v (xx2{[(X1 @) v (X2 @ 0)] ®Tv (xqx o {[(Xq &) v (X, ©1)] 1} =

= (x1x2)(X1 v X2) v (X1x2)(X1 A X2) v (x1X2)(X1 A X2) v (X1X2)(X1 A X2).
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34 56 78 9101

12 13 14 15 16 17 18 19 20 21 22

I!IZEIZIIIZEEII

0 .o
00 0 01 0 0.1
001001011.1
001101010.1
010001101.1
010111100.1
011001111.0
011101110.1
100000001.1
100110000.0
101000011.1
101100010.1
110000101.0
110100100.1
111000111.1
11 1 10110.1

0 .o
0o 0 001.1
0010 0 1 01 0B
ofof1/1 0101 1]8
0/1(0/0 0110 ofjj@
01011110 186
02100111 0]jiB
of1/1/1 0111 1|8
1lEEEE o o o oJE
10011000 1]
1010000 1 0ffe
1011000118
1010000 10 offfe
11010010 18
11100011 0B
11111011 1]JE

Fig. 8. Synthesis of deductive truth table by L=T@F

Source: compiled by the autho

Naturally, the processing of vector models is a
more technologically advanced procedure, where the
computational complexity of obtaining deductive
formulas for defect transportation for a function of n
variables is equal to Q=n(N+F). If we take into
account that N+F, as procedures for inverting vectors
N and their subsequent assembly F into a vector
function (union or intersection), are equal to the
number of variables N+F=n, then the computational
complexity estimate in vector operations is Q=n(N+
F)= n2. At the same time, it should be noted that the
analytical algorithm for the synthesis of deductive
formulas has cubic computational complexity.

CONCLUSION

Thus, the proposed synthesis of the deductive
truth table according to the L=T&F rule is the most
efficient method, which differs from the known ones
by using a single vector-coordinate parallel xor-
operation, which ensures the transportation of faults
through a functional element of arbitrary complexity.
The full deductive matrix Q of a functional element of
arbitrary complexity from n variables for the analysis
2™ of input actions to obtain the quality of the test has
the dimension Q= 2" x (2™+n).

The practice of applying deductive analysis based
on L=TEF in a broad sense is determined by the need
to diagnose destructive components in quantum,
digital, cyberspace, physical, technical, energy,
transport, network, social, legal, economic processes,
and phenomena.

The scientific novelty of the
determined by:

1) improvement of the xor-relationship model
between the logical functions or, xor, and, which
collapses into zero-space;

2) development of a vector-deductive method for
synthesizing formulas for transporting input fault lists,
which has a quadratic computational complexity of
register operations;

3) the development of an effective method for the
synthesis of a deductive truth table according to the
rule L=T@F, which differs in the use of a single
vector-coordinate parallel xor-operation, which makes
it possible to ensure the transportation of faults
through a functional element of arbitrary complexity.

The practical significance of the research results:

1) determining the advantages of a vector model
for a compact description of processes, phenomena,
functions and structures;

research is
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2) to replace analytical expressions, that require
algorithmically complex calculating, with vector data
structures for describing functional logic;

3) using coordinate-vector model for defects that
is not tied to input variables, which can be used for
efficient processing of complex logic circuits when
assessing the quality of generated tests;

4) development of an algorithm for the synthesis

tables. It makes it possible to create structural and
logical conditions for modeling faults in digital
projects of the gate, register and system description
levels.

The fault analysis time is reduced due to the
deductive redundancy of the element and circuit
models.

The obtained results can be used for technological

of deductive vectors, which differs from the known solution of modeling, testing and diagnostics
technological simplicity of parallel processing of truth  problems.
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AHOTALIS

CrarTs TpHCBsUCHA PO3poOLi Mojenell Ta METOAIB UIS aHANi3y HECNpaBHOCTEH. [leTyKTHBHE MOJEIIOBAHHS HECIPaBHOCTEH
U(POBUX TPHCTPOIB € MEPEeOBOI0 TEXHOJOTIEI0, SKa OOCIyroBye 00NAacTh MPOEKTYBAHHS 1 TECTYBAHHS CYyYacHHX KOMITIOTEPHUX
cucteM. [Ipu 1IbOMy MOJIEITIOBAaHHS HECTIPABHOCTEH PO3B’s3ye 3aady OIIHKU SKOCTI TECTy y KJIaci OAMHOYHHX KOHCTAHTHHX JIe(eKTiB.
OnHak OGYHMCITIOBANBHA CKIIJHICTh OTPHMAHHS JETyKTHBHHUX (POPMYJ, IO OIIHIOETHCS SK N°, € JOCHTH CKIAJHUM 3aBJaHHAM IS
¢yukuionanbHux cxeM RTL-piBHS Bennkoi po3MipHOCTI, TOMY IEAYKTUBHHI METO.H, SK IPaBHJIO, BUKOPHUCTOBYETHCS TINBKU JUIS
M(ppOBHUX CXeM, TPEICTaBICHUX Ha PiBHI BeHTWIIB. [laji MPOMOHYEThCS METOJ CHHTE3y ACAYKTUBHUX (OPMYI UL CXeM BEIHMKOT
po3mipHocrTi, npeactaBnennx RTL-enementamu. JlaHuii MeTon cTaB MOXIIMBUM 3aBISK{ OIKCY €IEMEHTIB Oyab-sKOi CKIAJHOCTI y
BUTJISII BEKTOPA BHUXiTHUX CTaHIB KOMOIHAIIHHOTO MPUCTPOIO. Y IOCKOHATIOETHCS MOETb XOr-BiIHOIIEHb MK «4yTOBUMHY JOTTYHUMH
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¢GyHKUissME DUGPOBUX 00'€KTIB, SIKA 3rOPTAETHCS B HYJIb-IIPOCTIP, IO A€ MOXIIMBICTH PO3B’SI3yBaTH 3a/adi TEXHIYHOI AIarHOCTHKH,
MAalIMHHOTO HABYaHHS, ITOLIYKY IMOAiOHOCTI-BiIMIHHOCTI, AIarHOCTYBaHHS NECTPYKTHBHHX KOMIIOHEHTIB y IIpoIlecax Ta SIBHIIAX.
BuzHavaloThcsl mepeBard BEKTOPHOI MOAENi Ui KOMIAKTHOTO OMNHCY 00'ekTiB, (yHKIiiH Ta cTpykTyp. IIpomoHyeThCsl 3aMiHHTH
AQHATITUYHI BUPa3y, II0 BUMAraiTh AITOPUTMIYHO CKIAJHUX OOYHMCIIOBAadiB-aHATI3aTOPIB, HA BEKTOPHI CTPYKTYPH AAHUX U1 OMHCY
¢byHkuioHanbHOI JOTiKH. IIpONOHY€EThCS BEKTOPHO-IACAYKTUBHHUI MeTon cuHTe3y (OpMyJ Uisl TPAHCIOPTYBaHHS CIHCKIB BXITHHX
HECNIPABHOCTEH, KU Mae KBaJpaTH4YHY OOUHCIIOBAIBHY CKJIAJHICTh PEriCTpOBUX onepaiii. Po3risnaeTbess KOOpAMHATHO-BEKTOPHA
MoJeNnb Ae(eKTiB, He MPUB's3aHa 10 BXiAHUX 3MiHHHUX, sIKa MOKe OyTH BUKOPHCTaHa JJI1 e(eKTUBHOI 0OpOOKH CKIIaHHX JIOTIYHUX CXEM
JUIS OIIHKH SIKOCTI CHHTE30BaHUX TeCTiB. HamaeThcs anropuT™M CHHTE3y NEAYKTHBHUX BEKTOPIB, SKHU BIPi3HAETHCSA BiJl BiIOMHUX
TEXHOJIOT1YHOIO ITPOCTOTOIO Mapae’IbHOi 0OpOOKH TaOIHIb ICTHHHOCTI Ta JJa€ MOJIMBICTh CTBOPIOBATH CTPYKTYPHO-JIOTIYHI YMOBH IS
MOJIETIOBAaHHS HECIPAaBHOCTEH y IM(POBUX IMPOEKTax BEHTHJIBHOTO, PETICTPOBOTO Ta CHCTEMHOTO piBHIB omucy. IIpomoHyerscs
e(eKTHBHUI METOJ CHHTE3y ACAYKTHBHOI TaOnmIli icTHHHOCTI 3a mpaBwioM L=T@F, skuil BiApi3HAETHCS BiJl BIIOMUX 3aCTOCYBAaHHSIM
€MHO{ BEKTOPHO-KOOPMHATHOI MapaieNIbHOl Xor-onepartii, mo 3ade3nedye TPaHCIOPTYBaHHS HECIIPAaBHOCTEH depe3 (YHKIIOHAIBHUH
€JIEMEHT JIOBLIbHOT CKIIaAHOCTI.

Keywords: BextopHa (opma JOTiKH; ICIYKTHBHA MATPHIS; TaOMHIs iCTHHHOCTI; HEAYKI(sl; ACAYKTHBHO BEKTOPHHH METOI;
uudpoBa cxema; BEKTOpHA MOIeb Ae(eKTiB
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