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1. Introduction platforms, radar installations, robotics, resource-saving tech-

nological complexes, etc., which operate in real time. The

At present, computer-integrated system (CIS) for special ~ development of computational tools puts forward a number
purposes are widely used in space technology, gyroscopic  of tasks related to the need to meet the ever-increasing




requirements for CIS components in terms of performance
speed, representation accuracy of calculation results, relia-
bility, power consumption, weight, dimensions, and cost at
the same time.

One of the main CIS components are the computational
converters of binary-coded information.

Binary-coded operand converters with different systems
of calculus are often the aligning components both at the
input and output of a computing device. Such models of
converters, built using traditional methods, are not typi-
cally computationally loaded. At the same time, they have
a number of constraints meeting which requires hardware
support, which leads to an increase in weight and dimensions,
deterioration of reliability and energy-time indicators, and
increases the cost. For example, the interference-resistant
unweighted Gray code is not applicable for computational
operations, which is why there is a need to convert it into
a binary weighted code. That increases hardware, energy, and
time costs, resulting in a clear decrease in the CIS structure
parameters in general and deterioration of its technical-eco-
nomic indicators.

Computational converters of binary-coded systems that
operating under extreme conditions are mostly built on the
basis of classical tabular methods (CTM) or tabular-algorith-
mic methods (TAM). The CTM tables contain two sets: va-
lues for the input codes (argument) {x;} and values for the out-
put codes (function) {y;}, while the TAM tables include {x;}
and the corresponding values for corrective constants {A;}.

The procedure of conversion implementation comes down
to constructing a read only memory (ROM), consisting of
a decoder for CTM, or a combinational circuit for the TAM
address scheme and numeric memory blocks that store, re-
spectively, the sets {y;} or {A;}.

The advantage of ROM fabricated based on CTM on
a single chip is their small weight and dimensions, high
performance speed and high reliability, and their low cost at
industrial production.

It is known that the volume of ROM depends on the
bit size of the operands, for example, for 7n>32 bits, ROM
volume reaches >1,011 bits. Despite advances in micro- and
nanotechnologies, when manufacturing large integrated cir-
cuits (LIC) with a high degree of integration, there increases
the percentage of defective crystals per plate and, as a conse-
quence, the cost of ROM LIC grows. At the same time, there
is an increase in the number of hidden technological defects,
which reduces the reliability of the product.

The task on compressing the volume of tables is resolved
by applying tabular-algorithmic methods, at which ROM re-
cords corrective constants, most often the results of calcula-
tions for part of the source data set, using the arithmetic and
logical operations. This is not acceptable for special purpose
systems that working in real time, due to the increased time
on time-consuming operations, such as multiplication, divi-
sion, etc. when processing code combinations.

Despite the large number of papers on methods for
converting the binary-coded operands [1-21], there is no
a unified theory for the unconventional method of bitwise
code conversion with different number systems. It is desir-
able that it should contain simple ratios that would link the
values for binary-coded operands not only for different types
of number systems, but also the unipolar codes with a posi-
tional form of notation.

The search for new principles of conversion has led to
the development of the unconventional bitwise tuple-tabular

logical-reverse (BTTLR) method of hardware implemen-
tation, based on the proposed mathematical logic (ML).
It makes it possible to directly convert the value of input
information in the form of a multi-bit binary coded combina-
tion in a single number system into the corresponding value
of output in the form of a binary code of another number
system. A limitation in the application of this method is the
execution of positioning, orderliness, and a unipolar form of
the operand notation.

Thus, a BTTLR method of hardware implementation is
promising for further development and introduction of new
principles for the binary-code conversion designed for special
purposes CIS that covers a rather broad scope of industry
and science.

2. Literature review and problem statement

Traditional methods to convert multi-bit binary-coded
operands do not always meet the high requirements put to
the modern components of special-purpose CIS due to the
large number of additional discrete elements or considerable
time cost. For example, the implementation of converters
based on software algorithm is distinguished by high flexibi-
lity, but they are characterized by a slow information proces-
sing rate and the complexity of computation [1].

Authors of paper [2] examine the transformation of in-
formation using the optimal choice of the generating poly-
nomial. However, obtaining a result using it includes long
arithmetic operations: multiplication, exponentiation, etc.

The disadvantage of known specialized digital conver-
sion systems, which are manufactured by firms Fourier Sys-
tems Ltd. (Israel) [3], Pascolnc. (United States) [4], Phywe
GmbH (Germany) [5], is their high cost.

In addition, there are information converters for the
industrial automation systems [6], which require additional
equipment to align signals from sensors with computational
devices, which leads to the bulkiness of the converter and
increases the cost of the complex in general.

The designed hardware-software platform [7] only par-
tially elininates the above shortcomings, but requires ad-
ditional expenditures for the development of proprietary
software.

The high-performance methods for converting the bi-
nary-coded special-purpose operands include tabular me-
thods [8]. However, when processing multi-bit information,
they require a significant volume of ROM, for example,
a volume of the numeric memory block for operands with
a bit size of n=32 is 32-(2%2-1)=10'! bits. This reduces the
percentage of yield of suitable crystals per plate and, as
a consequence, increases the cost of the product.

Several important results were reported in papers that
relate to the structural organization [9], generation [10],
and determining the best binary cyclic codes [11], however,
their disadvantage is the slow performance of the information
conversion process.

Paper [12] shows that the most widely used codes in
computational equipment are the binary-decimal codes that
satisfy the condition for uniqueness, they have the properties
of additivity, orderliness, balance, parity, additionality. How-
ever, the code «8, 4, 2, 1» hinders the formation of transfer
from a lower tetrad to the higher tetrad. The code with
a «redundant 3» lacks the property of weighting. The code
«2, 4, 2, 1» with an artificial order of weights lacks the



mutually unambiguous correspondence between decimal
digits and their binary codes.

Also of interest are the weighted codes in the binary nu-
meral system [13] whose main advantage is the universality
of number representations, while the drawback is performing
arithmetic operations only at full-bit representation of multi-
bit operands. That reduces the information conversion speed,
which is not always acceptable for the special purpose CIS
components.

The sign-bit number system [14] has a number of ad-
vantages: the possibility of organizing digital information
processing from higher bits to the lower ones; the extensi-
bility of computation bit size. The main disadvantage is slow
performance due to the local distribution of carries when
performing arithmetic operations.

A significant improvement in performance is provided by
a parallel implementation of basic arithmetic operations and
areduction in the amount of memory for function tabulations
when using code combinations in the system of residual clas-
ses (SRC). However, the obstacle to widespread application
of SRC for the specialized computing tools is the complicated
division algorithms (when a result is not an integer) and the
difficulty in locating an overflow [13].

Work [15] fails to provide a description of the method for
an error-free recovery of the original coded information at
a reverse operation. Despite the large number of papers
on the conversion of codes, there are no any grouped set
of different kinds of binary-coded operands, which are the
most needed ones for special-purpose systems. For instance,
there are no descriptions of conversion of the non-weighted
noise-resistant code with a positional notation or a unipolar
noise-like code directly into a binary code of the value for
a transcendent function and vice versa. Therefore, develop-
ment of the method for converting the codes of different
number systems using a common methodological and infor-
mation basis is a promising task.

3. The aim and objectives of the study

The aim of this study is to develop a bitwise tuple-tab-
ular logical-reverse method for converting multibit binary-
coded operands with a positionally-ordered notation based
on mathematical logic for the computer-integrated systems
for special purposes.

To accomplish the aim, the following tasks have been set:

—to generate a set of modern positionally-ordered bi-
nary-coded (POBC) operands for the special purpose CIS
components;

— to define a formalized logical-mathematical model that
would describe the direct and inverse conversion of POBC
multi-bit operands using corrective constants for different
number systems;

— to implement the principles of forming the output bi-
nary-coded operands based on the adjustment of input codes;

—to build a multifunctional model for converting a
noise-resistant code with a positional notation into multi-bit
binary-coded combinations of values for functions sin(x),
tg(x), th(x) and a natural binary code based on BTTLR
method,;

— to verify the proposed BTTLR method based on the
designed physical model that would convert the Gray code
into a weighted binary code and vice versa, utilizing the same
volume of the memory numeric block.

4. Defining the class of positionally-ordered binary-coded
operands for the special purpose converters

The complexity of tasks on managing objects within CIS,
and especially in the special-purpose systems, is explained by
the increased requirements to the basic technical-economic
indicators of their components (such as performance speed,
accuracy, reliability, power consumption, weight, dimensions,
and cost).

We should note the peculiarity in the design and manu-
facture of special purpose converters. That implies that one
knows in advance the input set of the converted operands
in a single number system and the corresponding output set
of the same or a completely different number system of the
converted binary-coded operands [16—18].

A customer often demands that high performance speed,
high accuracy, high reliability, good weight-and-size indices,
low cost, small energy consumption and reversibility should
be simultaneously ensured [19-21].

Conversion reversibility is characterized by that in the
application of a reverse operation, the source information is
restored without errors [22—25].

Fig. 1 shows a set of binary-coded operands for the direct
and inverse conversion, which are most in demand in the
special purpose CIS.

The principal attributes of the models of computational
information converters for special purposes are positioning,
orderliness, representation of the binary-coded operands in
the form (0, +1), codes with a positional unipolar notation,
codes from different number systems.

An analysis of the set of existing binary-coded operands
(Fig. 1) confirms the variety of their notation systems. Some
of them do not contain computational operations and are
applied to match the input information source and the com-
putational unit of a special-purpose CIS.

The problem is that there are no simple correlations lin-
king the values for different types of the positionally-ordered
binary-coded operands regardless of number systems and the
form of notation.

Positionally-ordered binary-coded operands
for special-purpose systems

3
[ 1

‘ Codes of numeric operands ‘ ‘ Codes of controlling operands
I T

‘ Non-weighted codes }—<—{ Non-uniform codes ‘

Weighted codes _‘
[ |

Gray codes with a positional
notation

Uniform codes ‘

Binary-decimal codes ‘

Skitbitz codes

Noise-like codes with
a unipolar positional —

notation Diamond codes

Walsh-Peli codes with a unipolar -
positional notation

Lippel codes

»-{ Libov and Craig code ‘
Walsh-Hadamard codes with a =
unipolar positional notation ]

‘ Codes of binary-decimal fractions r*;‘ Codes of decimal fractions ‘

Corrective codes ‘

Fig. 1. A set of different kinds of binary-coded operands that
are employed in special-purpose systems



To this end, it is proposed to reproduce a unified formal-
ized model to describe the procedure of converting codes of
different kinds based on mathematical logic.

5. Formalized logic-mathematical model for converting
binary-coded operands of various types

A logic-mathematical model (LMM) for the formalized
description of the procedure to convert the positionally-or-
dered input operands into respective output binary-coded
operands is constructed using corrective constants derived
from the XOR operation within Zhegalkin algebra.

A special feature of the formal logic is that one defines the
location (position) of unity «1» and zero «0».

Let the positionally-ordered converted set X and its
corresponding predefined converted set Y of binary-coded
sequences be recorded in the following form:

X =(, Xy e Xy 2, 2), } o
Y:(yn—1 yn—Z "'yn—i y1 yo)

A bitwise difference between the code sequence that
is converted and the code sequence that has been conver-
ted, when using the properties of the Zhegalkin algebra’s
XOR operation, takes the form:

Ay=X®Y =
=(x, @y, ) ... (2, ®y,,)...(x,®y,)(x,Dy,), (2)
where
(4, @Y,0)=A, ... (%, ®y,,)=
=A, e (0, @y)=A (2, @y,)=A,.

A positionally-ordered code of the difference is a correc-
tive constant Ag that is represented in the following form:

Ag=(A A, A AAY). 3)

n—1 n-2 n—i** 1
Code sequence (3) maintains positionality and orderliness:
0<A, <A <A, <..<A <...<A <A,
0>A>A,>...>A ,>..>A ,>A . (4)

The positionally-ordered sequence of the converted code
(direct code) is calculated using LMM, recorded in the fol-
lowing form:

Y=X®A, =
=(x, ®A,)..(v, @A, ). (v, @A)...(x,®4,). (5)
The positionally-ordered sequence of the inverse code

(inverse transform) based on the properties of the XOR ope-
ration is calculated from formula:

X=A, @Y=

= (An—1 ®yn—1)"'(An—i ®yn—z) (A1 ®y1) (AO ®y0) (6)

It follows from formulae (3), (5) and (6) that the repre-
sentation of the set of direct and inverse codes employs the

same set of codes of corrective constants, that is, the same
volume of tables.

Investigating LMM for direct and inverse transforms has
showed that their characteristic features are:

—the absence of lengthy arithmetic operations, which
improves performance speed;

— the lack of additivity eliminates the expectation to rep-
resent operands only in full-bit form for further conversion,
which makes it possible to process operands from high-order
bits to low-order bits and vice versa. That speeds up the pro-
cess of information processing;

— the scalability of bit size, which improves the accuracy
of information representation;

— the possibility of parallel information processing, which
reduces the time of delay to derive a result;

— the possibility to represent direct and inverse coded
operations at the same volume of tables of corrective con-
stants, which reduces the overall memory volume compared
with classical tabular methods (CTM).

Desire to compress the volume of tables that store infor-
mation to generate the results of representation of the output
binary-coded operands has led to the implementation of ap-
propriate principles aimed to condense information.

6. Principles of forming the output binary-coded
operands based on the input code correction

It is known that the method is characterized by the com-
bination of techniques for applying the principles and means
of hardware implementation [22—25].

The principle of formal logic underlies the design of the bit
tuple-tabular logic-reverse (BTTLR) method for the hardware
implementation of high-speed conversion of multi-bit bina-
ry-codes operands by the components of special-purpose CIS.

At the stage of preliminary preparation, we perform the
procedure to level the bit size of the operands. We insert «0»
after comma (after a lower bit), or before a comma, we in-
sert «0» before a higher bit.

Since the emergence of «1» and «0» in the binary-codes
operands X and Y at a bit size n>8 are equally likely, there
is a possibility to use the array of input information X with
further adjustment.

The principle of determining the difference between the
positionally-ordered binary-coded operands X and Y is built
based on the logical XOR operation.

The principle of forming the output set of respective multi-
bit unipolar positionally-ordered binary-coded operands im-
plies the adjustment of the input set of independent variables
using low-bit constants.

Search for compacting the set of corrective constants has
led to the application of the principle of decomposition of the
structured multi-bit input and output codes based on the low-bit
tuples followed by determining the difference between them.

Examples of tuple decomposition of the sets of input X
binary-coded operands with corresponding numbers and the
positionally-ordered subsets of low-bit tuples 7, in the gene-
ral form are given in Table 1.

Examples of tuple decomposition of the sets of the corre-
sponding input X binary-coded operands with corresponding
numbers and the positionally-ordered subsets of low-bit tu-
ples 7, in the general form are given in Table 2.

Table 3 gives, in the general form, the relational model
of binary-coded operands of the respective number and the
subsets of tuples of corrective constantns A calculated from
formula (2).



Table 1
Relational model of tuples and domains
of the converted code sequence X
No. of set Subset of tuples of Subset of Subset of
of ope- higher bits X tuples of the | tuples of lower
rands X 8 i-th bits X bits X
Xi Xn-1,1 Xn-2,1 ¥n-3,1 Xn-4,1 e X e X3,1 X2,1 X1,1 Xo,1
X Xp1,2Xp-22Xn-32Xp-42 | - Xi2.. | X32X22X12%X02
X Xnt e Xn-2k Xn-3 Xn—df | X i3 | X3 X2k X1fe X0k
Xr Ty Tix Vmx
Table 2

Relational model of tuples and domains
of the code sequence Y that has been converted

No. of set Subset of Subset of
Subset of tuples of

of oper- higher bits ¥ tuples of the | tuples of lower

ands ¥ 8 i-th bits Y bits ¥
Y Yn-1,1Yn-21Yn-31Yn-4,1 Yt Y31Y21Y1,1Yo1
Yy Yn-12Yn-22Yn-32Yn-42 wYi2 e Y32Y22Y12Y02
Y, Yn-1k Yn-2k Yn-3k Yn—4k Y i3 Y3k Y2k Y1k Yo
Yr Ty Tiy Ty

Table 3

Relational model of code sequences
of the tuples of corrective constants A and domains

No. of set Subset of Subset of
Subset of tuples of

of con- higher bits A tuples of the | tuples of lower

stants A 8 i-th bits A bits A
Ay Ap 11 An 21003100 41 A | A31Ag1 A1 Aoy
Ay A2 D22 D300 0| o Ajo.. |Ag2As9 A1 App
Ay Aptk Dn2k Dn3pDnsp | - Aige [ A3pAopArplog
Ar LSV LN Tmy

The principle of forming the output code combination Y is
based on the application of the logical operation of conca-
tenation.

The result of concatenation is the following form of the
multi-bit positionally-ordered binary-coded combination:

Y=n,..0,..7,.

The totality of employment of the specified principles
has allowed us to form directly (bypassing the cost of the
procedure for information adjustment of different number
systems) a set of multi-bit polyfunctional binary-coded
operands.

Volume of the set of corrective constants Ay, for each tuple
at the same length of bit size 7 is calculated from formula:

V,=r-(2' —1) bits. ()

At the parallel conversion of n-bit codes, the volume of
tables of corrective constants is derived from formula:

V= I:(nz/r)-(ZT —1)] bits.

When compared to the classical tabular method, the
volume of stored tables reduces owing to that r<<n by ap-
proximately:

VCTM/VBTTLR = n'(2n _1)/(712/7’)'(2" _1) =
= (r/n)~(2"”) times.

Verification of the information compression principles
is confirmed by the specific examples [22, 24—-27] shown
in Tables 4, 5, and the histogram in Fig. 2.

The relational model of decomposition of values for the
positionally-ordered non-weighted noise-resistant Gray code
and the corresponding values for the measured binary code of
functions Y;=sin(x), Yiz=tg(x), Yin=th(x) for n=8 are given
in Table 4.

Table 4

Relational model of values for the Gray code
and output binary codes of functions

Decomposi- Decomposition values for respective
tion values omp " respect
. functions based on tuples in the binary
for the input
No. . : number system

of noise-resis-

tant (INR)
t .

Y code Y=sin() | Yig=tg®) | Ya=th(x)

INRy | INRy | Yig | Yos | Yig | Yog | Vi | You
1 0001 | 1000 |.0011 | 0010 |.0010 | 0010 |.0011 | 0010
2 0001 | 1001 |.0011 | 0100 |.0011 | 0100 |.0011 | 0110
3 0001 | 1011 |{.0011 | 0110 |.0011 | 0110 |.0011 | 1000
4 0001 | 1010 |.0011 | 1010 |.0011 | 1010 |.0011 | 1010
5 0001 | 1110 |{.0011 | 1110 |.0011 | 1100 |.0011 | 1110
6 0001 | 1111 {.0011 | 1100 | .0011 | 1110 |.0100 | 0000
7 0001 | 1101 |.0100 | 0000 |.0100 | 0000 |.0100 | 0100
8 0001 | 1100 {.0100 | 0100 |.0100 | 0010 |.0100 | 0110
9 0001 | 0100 |.0100 | 0110 |.0100 | 0100 |.0100 | 0100
10 | 0001 | 0101 |.0100 | 1000 |.0100 | 0000 |.0100 | 1100
11 0001 | 0111 |{.0100 | 1010 |.0100 | 1100 |.0100 | 1100

Note: INRy; INR, are the values for the higher and lowe tuples,
respectively, of the noise-resistant Gray code

The relational model of decomposition of values for the
non-weighted positionally-ordered noise-resistant Gray code
and the corresponding tuples of values for the corrective con-
stants A are given in Table 5.

An analysis of values in the tuples of corrective constants
for functions sin(x), tg(x), th(x) reveals the multitude of the
same values, indicating information redundancy.

In order to visualize results of the tuple decomposition of
structured corrective constants derived from formula (2), we
constructed a histogram shown in Fig, 2.



Table 5

Relational model of values for the Gray code
and values for the corrective constants

Decomposition values for the correc-
Decomposition tive constants based on tuples of the
No. | . values _for the_ binary-coded combinations for respec-
of | input noise-resis- tive functions
entry | tant (INR) code ) B )
INR4 INRy Aig | Agg | Atg | Asg | Aren | Ao
1 0001 1000 | 0010 | 1010 | 0011 | 1010 | 0010 | 1010
2 0001 1001 {0010 | 1101|0010 | 1101 | 0010 | 1111
3 0001 1011 | 0010 | 1101|0010 | 1101 [ 0010 | 0011
4 0001 1010 | 0010 | 0000 | 0010 | 0000 [ 0010 | 0000
5 0001 1110 {0010 | 0000 | 0010 [ 0010 | 0010 | 0000
6 0001 1111 | 0010|0011 | 0010|0001 0101 | 1111
7 0001 1101 | 0101 | 1101|0101 | 1101 0101 | 1001
8 0001 1100 | 0101 | 1000 | 0101 | 1110|0101 | 1010
9 0001 0100 {0101 {0010 {0101 [ 0000 | 0101 | 0000
10 0001 0101 |0101 [ 1101 | 0101 [ 0101 | 0101 | 1001
1 0001 0111 [0101 [ 1101 | 0101 | 1011 | 0101 | 1011
N 18
16
14
12
10
8
6
4
2
0
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 A

Fig. 2. Histogram of the number of corrective constants
for the direct and reverse conversion of a noise-resistant code.
Note: Nis the number of identical values
of corrective constants

«Co-processor for computing values for the «direct> and
«inverse» functions; «Converter of binary code into unipolar
inverse codes, and vice versa» [22, 24, 25].

They differ from those already known, given the multi-
functionality, by low hardware cost for the implementation of
tables and by the improved reliability, by the increased time
between failures, by high-speed performance owing to the use
of the logical operations «AND», «OR», XOR only.

7. Multifunctional model of the noise-resistant code
conversion into a set of operands for function values

One means of hardware implementation [22, 24—27], based
on the BTTLR method, is a multifunctional model (Fig. 3) for
converting the noise-resistant non-weighted Gray code into
the respective binary function codes Y=sin(x), Vi =tg(x),
Ya=th(x) and a binary code.

The algorithm for generating the output values for the
respective operands based on model (Fig. 3) after traditional
preparatory operations implies the following:

1. Record the Gray code into the register for code inputs.

2. Recognize the respective Gray code combination by
using a matching address scheme.

3. Read the tuples of corrective constants from memory’s
NB, which were recorded previously.

4. Corrective constants appear at the computational re-
gister inputs by the corrective feedback.

5. Triggers of the register change their state, under
the action of unities from the corrective constant, to the
opposite state.

6. The generated corresponding function code appears at
the register outputs and at the inputs of the gate block.

7. The function code is received at the gate block outlet
under the influence of the generated pulse.

8. The corresponding function’s value appears by the reverse
information link at the inputs of the converter inside the crystal,
which are connected to the external bus «input/outputs.

It should be noted that the conversion algorithm has the
same structure of operations when representing the code values
for functions Ys=sin(x), Yig=tg(x), Yn=th(x) and a binary code.

—H—
A

|_. Rg »|Combina-{—
Fig. 2 shows the redundancy (multitude < tional
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The proposed method has been develo-

ped and protected by patents for invention:
«Multifunctional tabular-logic co-processors;

Fig. 3. Model of the Gray code conversion into
the function codes and a binary code



In Fig. 3, symbols and digits Rg 1, «Combinational circuit
of address» 2, 13, 23, 29, «<NB» 12, «T» 7, «G» 22 denote
the input/output register, combinational circuits of address,
memory’s NB, a trigger, a block of gates; digits 9, 10, 18, 19,
28, 34 are the external control buses: «trigger start», «reset»,
«run to represent functions Y;=sin(x), Yi;=tg(x), Yin=th(x)
and a binary code, respectively.

A special feature of the model (Fig. 3) is the uniformity
of topologies for 4 elements «AND» and 4 combinational cir-
cuits of address. In addition, 4 conversion procedures utilize
a single memory’s NB that stores constants, and a single re-
gister that performs the functions of receiving an input code
and adjusting it to the output code. It facilitates the work
of the builder, reduces the number of errors when designing
topologies. A two-fold decrease in the number of registers
and the use of a single memory’s NB reduce hardware costs,
lower power consumption, and improve reliability.

9. Discussion of results of examining a logic-reverse
operation when restoring the converted code

We have experimentally confirmed verification of the
model for converting the Gray code with a positionally-or-
dered notation into a binary code, and vice versa, conversely,
at the designed bench shown in Fig. 4.

Fig. 4. Multifunctional educational-research bench

In Fig. 4:

Examined blocks:

1a — converters of the Gray code into a binary code and
vice versa (these include: a coded disk, engine, control and
visualization system, power supply);

1b — Barker code (it includes: a code generator, analytical
unit that generates correlation functions).

2 — power supply unit (Uy=5V; Uy=+12V, U3=—12 V).

3 — generator of noise signals.

4 — oscilloscope S1-55.

5 — combined digital device Shch4300.

6 — Acer Extensa 5220 laptop (connected to the genera-
tor of noise signals).

Experimental tests have confirmed that values for a binary
code (direct conversion) and for the Gray code (reverse con-
version) are generated using the same volume of memory’s NB.

The experiment has confirmed a 100-% recovery verifica-
tion of the input code applying the developed physical model,
which implements the method proposed.

Thus, this study into the proposed method and model has
confirmed the convergence between theoretical and practical
results.

The drawback is the application of the proposed method
only for the special-purpose control systems components.

In the future, it is of interest to investigate the effect of
length (uniform and non-uniform) of tuples’ bits on the bina-
ry-coded operations.

The in-depth research into these issues should be
based on the predefined technical characteristics of the
designed CIS.

10. Conclusions

1. We have analyzed and formed a class of modern posi-
tionally-ordered binary codes that are most effectively imple-
mented based on the proposed method for the components
of special-purpose CIS. That made it possible to expand the
scientific and technical base for designing computational
information converters.

2. A logic-mathematical model has been proposed, whose
special feature is: the presence of simple correlations linking
values for different types of positionally-ordered binary-
coded operands regardless of number systems; the ease of
hardware implementation; the absence of lengthy arithmetic
operations. In combination, this accelerates the design pro-
cess of computational information converters.

3. We have implemented the prin-
ciples of generation of output binary-
coded operands based on the adjust-
ment of input codes, which formed the
base for the development of a bitwise
tuple-tabular logic-reverse conversion
methods, specifically:

— the principle of formal logic that
ensures the formalization of the conver-
sion process;

— the principle of determining the
difference between the input and output
multi-bit codes using the properties of the
logical XOR operation. That provides for
a decrease in the volume of tables of cor-
rective constants by not less than 2 times,
and improves performance speed;

—the principle of forming an output set of respective
multi-bit unipolar positionally-ordered binary-coded ope-
rands using the adjustment of the input set of operands.
That has made it possible to reduce the number of registers
by 2 times, to decrease power consumption, and to improve
reliability;

— the principle of decomposition of the structured multi-
bit input and output codes for low-bit tuples and with the
subsequent determining the difference between them, which
has allowed us to identify a large number of identical values
for tuples;

— the principle of generation of the output code combi-
nation based on applying the logical operation of concate-
nation, which has made it possible to speed up the process of
forming the input value for the respective code.

4. We have developed a multifunctional model for con-
verting the Gray code values with a positional notation into
the codes of values for transcendental functions and a natural
binary code. A special feature of the model is:

—the conversion algorithm has a uniform structure of
operations, ensuring high regularity of implementation when
representing many functions;



— the uniformity of topologies for 4 elements «AND»,
4 combinational circuits of address facilitate the work of
a builder, reducing the number of errors in design;

— it reduces the number of registers by 2 times and utilizes
one numeric memory block for 4 conversion procedures, re-
sulting in lower power consumption and increased reliability.

5. A special feature of the developed bitwise tuple-
tabular logic-reverse method for converting various kinds of
binary-coded multi-bit operands with a positionally-ordered
notation is:

— the formalization of the process of their conversion,
owing to the employment of formal logic. This expands the
scope of their application and simplifies the process of con-
verting binary-coded multi-bit operands;

— high performance owing to the high degree of paralle-
lism in the information processing;

— the possibility of a tuple build-up that provides in-
creased accuracy;

—the restoration of the input code without an error
during logic-reverse procedure using the same volume of
tables of corrective constants.

6. Based on the developed structural, functional, and
fundamental electrical circuits, we have constructed
a physical model to investigate the code conversion
procedure, which is built into a multifunctional edu-
cational-research bench. Verification of the theoretical con-
clusions has been confirmed by the results of the experi-
mental study.
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Busnauenns noxaznuxa 0ns OUiHKU ePeKmusHOCHI CUCTEMHUX
onepauiii € HAUBANCUCTUUM eMaANOM Ol ONMUMIZAUTT MEXHOJL0-
2ivHux npouecis 0Ydv-aK020 nionpuemcmea. Ileii xpox 3ymoeaoe
cmanuil pesxcum QYHKUIOHYSAHHS BCIX 1020 CUCMEMHUX NPOUECIS.

Te, wo 6ci 6e3 euUHAMKY MEXHON02IMHI NPOUECU NOBUHHI Oymu
ONMUMI306aHI 3 GUKOPUCIAHHAM Y3200MCEH020 KpUmepito onmu-
Mmizauii, € axciomotro. Ilpu ybomy maxa moxcausicnmo 3abdesnery-
€MbCS MINLKU 6 00HOMY BUNAOKY — AKUO Y 6CIX PYHKUIOHATLHUX
cucmemax 6 AKOCMi Kpumepito onmumizayii 6UKOPUCMOBYEMbCS
dopmyaa edpexmuenocmi. Came maxuil nioxio zadesneuye max-
cumizauito Qinancoeux MojicauU8ocmell 6J1ACHUKA NiONpuemMcmea.

IIpoonema nonseac 6 momy, wo6 ceped Ge3nivi oUiHOUHUX
noKasnuxis, 00Haxoeux 3a popmanrvhumu o3naxamu, i0ewmu-
Qixyeamu maxy cmpyxmypy, saxa éionosioae cmpyxmypi opuei-
HavHoi popmyau epexmusnocmi.

s npaxmuunozo eupiwenns upo20 3a60anns 6 0aHull 4ac
6U3HAYMEHI KILACU eMATOHHUX MOoOelell onepauii, KoNceH 3 AKUX
Mae ce0to pynxuionanviy cnpamosanicmo. Ilpu ybomy naiidinow
PO3POOIEHUMU € KIAACU eMATIOHHUX MOOeel NPOCMUX onepaii.

Ilo sionowennio 0o xnacie emanonnux mooeJeil onepauii
3 po3nodinenumu napamempamu, 3adaua supiwena 01 onepa-
UIUHUX NPOYECie 3 00HAK06010 MPUBAICIIO 8 UACT, A MAKONC O
npouecis, 3 pizHor0 mpusanicmio pecypcosiooa4i no euxooy.

Y npononosaniii poomi eusznauaemvcs oomedxncenul xKnac
Modeieil onepauiii 3 po3noodijeHuMu napamempamu piznoi mpu-
eanocmi no 6xody. Cmeopenns maxozo xaacy onepauii € 0ocumso
CKAAOHUM 3A80AHHAM, OCKLIbKU Heo0XiOHO épaxosyeamu gak-
mop uacy i 3ade3nenyeamu MONCIUBICMb 3ICMABIEHHS Onepauiii-
HUX NPOUeCie pPi3Hoi mpueaiocni.

s eupimenns yboz0 3asdanns, Ha nepwomy emani, Oyau
copmosani enobanvri modeni npocmux onepauii piznoi mpuea-
Jlocmi 3 6u3Hauenoro pelimuneosoi egpexmuenicmio. Ha nacmyn-
HOMY emani, WASAXOM KOMNO3UYTE, POPMYEAUCS emaLOHHI MOOe-
Jii onepauiii 3 po3noodienumu napamempamu wooo UX00y pizHoi
mpueanocmi.

Poszsumox memooy eepupixauii, 3a paxynox eusnauen-
Hsl KJlacy onepayiil 3 po3noodileHuUMU napamempam no 6xooy
pi3noi mpueanocmi y uaci, icmomio nidsuwye HaoiiHicmob
i docmogipnicmo pe3yivmamis éepuixayii ouinouHo20 noxas-
nuxa. Ipoyedypy eepudpixauii neoo6xiono nposodumu ons Kkpu-
mepito aKwo nepeddauacmocs oz0 BUKOPUCMOBYBEAMU 6 AKOC-
mi noxaznuxa epexmugnocmi

Knmouosi cnoea: eepuixauis oyinounozo noxasuuxa, one-
pauia 3 po3nodienumMu napamempamu, Kaiac onepayii, memoo
sepuixauii

0 0

1. Introduction

A basis of the principle of operation of any enterprise is the
execution of system operations. The task of system manage-
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ment is to determine parameters of operations, which provide
results of system functioning maximally coordinated with the
purpose of its owner [1, 2]. In turn, the aim of an owner of an
enterprise is to maximize its investment opportunities [3].




