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THE CONCEPT OF PERFORMING THE ADDITION OPERATION
IN THE SYSTEM OF RESIDUAL CLASSES

Abstract. The subject of the article is the development of a method for implementing the arithmetic operation of adding
the residuals of numbers, which are represented in the system of residual classes (RNS). This method is based on the use of
positional binary adders. The purpose of the article is to improve the performance of computer systems (CS) and their
components by introducing new ways of organizing calculations based on the use of RNS. Tasks: to analyze and identify
the shortcomings of the existing number systems that are used in the construction of computer systems and components;
explore possible ways to eliminate the identified deficiencies; explore the structure of binary positional adders, taking into
account the scheme for adding two residues of numbers modulo RNS; to develop a method for constructing adders modulo
RNS, which is based on the use of a set of binary single-digit positional adders. Research methods: methods of analysis
and synthesis of computer systems, number theory, coding theory in RNS. The following results are obtained. The paper
shows that one of the promising ways to improve the performance of the CS is the use of RNS. The mathematical basis of
RNS is the Chinese remainder theorem, which states that an integer operation on one large modulus can be replaced by a
set of operations on coprime small modules. This opens up broad prospects for optimizing calculations. On the one hand, it
is possible to significantly simplify the performance of complex and cumbersome calculations, including on low-resource
computing platforms. On the other hand, calculations for different modules can be performed in parallel, which increases
the performance of the CS. Conclusions. The article considers the operation of adding two numbers. This operation is the
basis for both traditional positional number systems and RNS, i.e. forms the computational basis of all existing CS
components. A new method for calculating the sum of the residuals of numbers modulo an arbitrary is proposed, and
examples are given that clearly demonstrate the effectiveness of the proposed method. This method can be used in various
computer applications, including for improving computing performance, ensuring fault tolerance, etc.
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Introduction

One of the components of a computer system (CS)
in the positional binary number system (PNS) is an
adder of two numbers [1-3]. In particular, the
components of the CS are also adders modulo m, of

two numbers. This type of modulo adders is widely
used both in the PNS and in the non-positional number
system in the residual classes (RNS) [4, 5]. So, the
adder of numbers in the RNS will consist of a set of k

n =[log, (m, —1)+1]- bit adders modulo m, (i =1,k).
In this aspect, an urgent scientific and technical

problem is the problem of constructing adders operating
according to an arbitrary modulus m, of the RNS.

If the residues &, and b, of numbers A and B in

the RNS are represented in a binary PNS, then the adder
of two residues a, and b modulo m, is a sequential

collection of n binary one-bit adders.

The purpose of the article is improving the
performance of computing systems and components
through the introduction of new ways of organizing
calculations based on the use of RNS. This is done by
developing a method for performing the operation of
modular addition (@ +b)modm, of two residues of

numbers modulo m, arbitrary, based on the use of a

binary adder modulo M =2"-1. The article provides
examples of concrete execution of the method for
performing the modular addition operation for various

values of the residues & and b,. The analysis of the

considered examples showed the practical
applicability of the method proposed in the article for
performing the operation of modular addition
(3, +b)modm, of two residues of the numbers A and

B modulo m,. The method proposed in the article for

performing the operation of modular addition of two
residues can be used both in the PNS and in the RNS.

Related work

The main theoretical provisions of the number
system in the residual classes were laid in works [6, 7],
as well as in [8-11] and many others [4, 5].
Computational algorithms for integer operations in RNS
were substantiated on the basis of mathematical
methods of number theory and the fundamental Chinese
remainder theorem [12]. In subsequent works, various
applied issues were investigated. In particular,
mathematical models of integer operations in RNS are
investigated in [13]. Papers [8] and [9] are devoted to
error control in RNS. Improving the reliability and fault
tolerance of computer systems was studied in [10, 12]
and also in [14]. The construction of fault-tolerant
computing architectures, including those based on
FPGAs, is studied in [15]. In [10], the computational
aspects of integer arithmetic are investigated as applied
to cryptography problems. In works [16], new directions
are investigated related to the computational processes
of artificial neural networks and intelligent computing.
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It is known that the central, basis of the operation
performed by a computer system (CS) in a positional
binary number system (PNS) is the operation of adding
two numbers.

In a non-positional number system in residual
classes (RNS), the main operation is the operation of
adding (& +b)modm, the residues a and b, of
numbers A and B according to a given modulus m, .

In this case, the adder of numbers in the RNS will
consist of a set of k n=[log,(m, —1)+1]- bit adders

modulo m, (i =1,_k). Modular binary adders have a
fixed modulus M =2"-1, M =2" or M =2" +1.
This circumstance, in the general case, does not
allow their direct use as modules m. of RNS.
If the modulus m, of the adder of residues a, and
b, of numbers A and B differs from the value of M

by a small amount, then the implementation of the
modular addition operation can be relatively simple.

In the PNS, the most widespread are two options
for the implementation of the operation of modular
addition [16]. For each option, the following modulus
ratios take place.

First variant. There is a ratio of modules
M =m, +1. For the second variant, the ratio of modules

takes place M =m, —1. For the variants considered, the

implementation of the modular addition of residuals is
quite simple. At the same time, in the general case of
choosing the RNS modulus m, , the operation of

modular addition of two residues is a rather laborious
task. In this aspect, an important problem arises of
constructing adders for an arbitrary RNS modulus.

Method for performing the addition operation
in the residual class system

The existing [16] method of adding
(3, +b)modm, the residues of a and b, numbers
modulo m,, based on the use of binary adders, consists

of a combination of the following actions.
— First action. The structure of the adder
modulo m, is determined.

— Second action. The operation of bitwise
addition modulo two residues a and b is

performed.

— Third action. The result S S, ,...S,S, of the
operation of bitwise addition modulo two residues a,
and b is placed in the corresponding binary one-bit
adders (OBA) of the adder structure modulo m, RNS.

— Fourth action. Based on the modular addition
scheme, an algorithm for adding two residues a, and b,

of numbers modulo m, RNS is implemented.
The presented method has limited application.
So, in the case of equality of two residuesa, and b,

the result of modular addition will not always be
accurate. This is due to the fact that the result

S,S,.,...S,S,, does not always take into account the

n“n-1*
relationship between the values of the values of the
modules m,, M and the value of the sum a, +b, of

positional addition.
When developing a new method for adding the
residues a, and b, it is necessary to take into account

the options for the relationship between the values of
the modules m;, M and the value & +b, of the result

of positional addition of the residues of numbers.
Consider a new method for adding the residues of
a, and b, numbers modulo m; .

A new method for implementing the addition
operation from a combination of the following actions.
— First action. For the value of the modulus m. ,

the synthesis of the adder modulo m, is performed.
— Second action. The result of summation a, +b,

is determined.
— Third action. The result of the positional
comparison of the result a +b, of addition and the

value of the modulus of the adder m. is determined.

— Fourth action. If the condition a, +b. <m,,
is fulfilled, the result of the operation is the value of the
sum a, +b,.

— Fifth action. When the condition a, +b, > m,
is satisfied, the result a +b, of positional adding is
bitwise entered into the corresponding
n =[log,(m; —1)+1] bits of the OBA.

— Sixth action. In accordance with the algorithm
for adding two residues a, and b, of numbers modulo,
the operation of adding two residues a, and b, of
numbers modulo is implemented.

Results of implementation of the method
for performing the addition operation
in the residual class system

Let's give examples of the implementation of the
modular addition operation by the new method. We will
consider examples of the implementation of the modular
addition operation in two modes. First mode a +b

<m, and second mode (a+b)>m,. Let m =11.

Example 1. Residues are a, =5 and b =4. The
adder implements the operation of positional addition of
the residues a, = 0101 and b, =0100 in the form

a, +b =1001.

The value of the sum a, +b, =1001 determines the

result of the operation.
Check: (0101+0100) =1001(mod11).

Example 2. Let a, =5 and b, =6. The adder
implements the operation of positional addition of the
residues a, = 0101 and b, =0110 in the form

a +b =1011.
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The value of the positional sum a +b, =1011 of
the residues a, =0101 and b, =0110 is bitwise fed to
the corresponding inputs of the OBA 5,-5,. Thus,
OBA 5,-5, of the adder contain respectively the

values 1011. The modular addition operation is
implemented according to the modular addition scheme
modulo m, =11 [16]. The algorithm for implementing a
modular operation is presented in Table 1 and in Fig. 1.
The unit of the binary digit is supplied to the input OBA
5, and 5,. Fig. 1 shows a scheme of the addition of

residues ¢; = 0101 and b, =0110 modulo m, =11.

a,+b =1110. The value of the positional sum
a, +b =1110 of the residues a =0101 and b, =1001

is bitwise fed to the corresponding inputs of the OBA
5,—5. Thus, OBA 5,-5 of the adder contain
respectively the values 1110. The algorithm for
implementing a modular operation is presented in Table
3 and in Fig. 3. The unit of the binary digit is supplied
to the input OBA 5, and 5, .

Check: (0101+1001) = 0011(mod11).

Table 2 — Algorithm for executing the result of the
operation forai=5and bi=7

Check: (0101+0110) = 0000(mod11).
OBA The presence The result of
OBA tent | Of@unitatthe | the modular
Table 1 — Algorithm for executing the result 5,-5; conten OBA inputs addition
of the operation for ai = 5 and bi = 6 54 =951 5,—5; operation
OBA The presence of The result of 51 0 +1 1
OBA content a unit at the the modular 52 0 — 0
5,—5; DOS inputs addition 53 1 +1 0
54=51 54-51 operation 54 1 - 0
51 1 +1 0
52 1 - 0
53 0 +1 0
54 1 - 0 (+J
+1 +1 +1
1 1 0 0
¥ ¥ ¥ ¥
J 0 0 0 1 }
+1 +1 9 0 - 1 1 +1 - T
Addition result
i i i ﬁ Fig. 2. Scheme for adding residues

Addition result

Fig. 1. Scheme for adding residues
ai = 0101 and bi = 0110 modulo mi = 11

Example 3. Let ¢, =5 and b =7. The adder

implements the operation of positional addition of the
residues & =0101 and b =0111 in the form

a; +b, =1100.

The value of the positional sum &, +b, =1100 of
the residues a, =0101 and b, =0111 is bitwise fed to
the corresponding inputs of the OBA 5, -5,. Thus,
OBA 5,-5, of the adder contain respectively the

values 1100. The modular addition operation is
implemented according to the modular addition scheme
modulo m, =11.

The algorithm for implementing a modular
operation is presented in Table 2 and in Fig. 2. The unit
of the binary digit is supplied to the input OBA 5, and

5, .
Check: (0101+0111) = 0001(mod11).

Example 4. Let ¢, =5 and b, =9. The adder

implements the operation of positional addition of the
residues a =0101 and b =1001 in the form

ai = 0101 and bi = 0111 modulo mi =11

Table 3 — Algorithm for executing the result of the
operation forai=5and bi=9

OBA The presence of a | The result of
OBA content unit at the OBA the modular
54~ 51 inputs addition
5451 54—51 operation
51 0 +1 1
52 1 — 1
53 1 +1 0
54 1 - 0
2]
+1 +1 1 1 1 0 “
v v ! )
0 0 1 1

-
Addition result

Fig. 3. Scheme for adding residues
ai = 0101 and bi = 0110 modulo mi = 11

Conclusion

The number system in the residual classes is a
promising direction for the qualitative improvement of
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modern computer systems. In particular, the execution of
integer computational operations can be significantly
accelerated by reducing the bit depth of the computations.

Performing operations on a large module can be
replaced by several operations on small modules. And
this is at the heart of the computational operations in
RNS. We have considered the simplest operations of
addition of the remainders modulo an arbitrary. These
calculations are used both in the traditional positional
number system and in the number system in residual
classes.

The article describes a new method for performing
the addition operation (&, +b,)modm, of two residues

a, and b, of numbers modulo.

a binary adder modulo m; of RNS, and also taking into
account the scheme for adding two residues aj and bj of
numbers.

The method for constructing binary adders modulo
m. is based on the structure of an adder modulo

M =2" -1, which consists of a set of sequential binary
one-bit adders.

Examples of executing the method of performing
the addition operation for various values of the residues
a, and b, are given.

The analysis of the considered examples showed
the practical applicability of the method proposed in the
article for performing the modular addition operation.

The proposed method can be used in various
computer applications, including for improving
computing performance, providing fault tolerance, etc.

The addition operation (a, +b)modm, is
implemented based on the use of the structure of
1.

2. PV. Ananda Mohan, "Residue Number

10.
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13.

14.

15.

16.

REFERENCES

R.S. Alford, "Computer Systems Engineering Management”, CRC Press, 2018. https://doi.org/10.1201/9781351070829.
Springer International  Publishing, Cham, 2016.

Systems",
https://doi.org/10.1007/978-3-319-41385-3.

P.V. Mohan, CDAC, Bangalore, "Implementation of Residue Number System Based Digital Filters”, A Quarterly
Publication of ACCS, (n.d.). https://journal.accsindia.org/implementation-of-residue-number-system-based-digital-filters/
(accessed August 16, 2020).

J.O0. Tuazon, "Residue number system in computer arithmetic”, Doctor of Philosophy, lowa State University, Digital
Repository, 1969. https://doi.org/10.31274/rtd-180816-2270.

F. Barsi, P. Maestrini, "Error Correcting Properties of Redundant Residue Number Systems", IEEE Transactions on
Computers. (1973) 307-315. https://doi.org/10.1109/T-C.1973.223711.

M.G. Arnold, "The residue logarithmic number system: theory and implementation”, in: 17th IEEE Symposium on Computer
Arithmetic (ARITH’05), 2005: pp. 196—205. https://doi.org/10.1109/ARITH.2005.44.

M.Z. Garaev, A.A. Karatsuba, "The representation of residue classes by products of small integers”, Proceedings of the
Edinburgh Mathematical Society. 50 (2007) 363-375. https://doi.org/10.1017/S0013091505000969.

S. Timarchi, K. Navi, "Efficient Class of Redundant Residue Number System", in: 2007 IEEE International Symposium on
Intelligent Signal Processing, 2007: pp. 1-6. https://doi.org/10.1109/WISP.2007.4447506.

P.V. Ananda Mohan, "Error Detection, Correction and Fault Tolerance in RNS-Based Designs”, in: P.V. A. Mohan (Ed.),
Residue Number Systems: Theory and Applications, Springer International Publishing, Cham, 2016: pp. 163-175.
https://doi.org/10.1007/978-3-319-41385-3 7.

V.M. Amerbaev, R.A. Solovyev, A.L. Stempkovskiy, D.V. Telpukhov, "Efficient calculation of cyclic convolution by means
of fast Fourier transform in a finite field", in: Proceedings of IEEE East-West Design Test Symposium (EWDTS 2014), 2014:
pp. 1-4. https://doi.org/10.1109/EWDTS.2014.7027043.

T.-C. Huang, "Self-Checking Residue Number System for Low-Power Reliable Neural Network", in: 2019 IEEE 28th Asian
Test Symposium (ATS), 2019: pp. 37-375. https://doi.org/10.1109/ATS47505.2019.000-3.

V. Krasnobayev, A. Kuznetsov, A. Yanko, K. Kuznetsova, "Correction Codes in the System of Residual Classes”, in: 2019
IEEE International Scientific-Practical Conference Problems of Infocommunications, Science and Technology (PIC&ST),
2019: pp. 488-492. https://doi.org/10.1109/PICST47496.2019.9061253.

D.l. Popov, A.V. Gapochkin, "Development of Algorithm for Control and Correction of Errors of Digital Signals,
Represented in System of Residual Classes"”, in: 2018 International Russian Automation Conference (RusAutoCon), 2018:
pp. 1-3. https://doi.org/10.1109/RUSAUTOCON.2018.8501826.

P.V. Ananda Mohan, "Specialized Residue Number Systems", in: P.V.A. Mohan (Ed.), Residue Number Systems: Theory and
Applications, Springer International Publishing, Cham, 2016: pp. 177-193. https://doi.org/10.1007/978-3-319-41385-3_8.

M. Karpinski, S. Ivasiev, |. Yakymenko, M. Kasianchuk, T. Gancarczyk, "Advanced method of factorization of multi-bit
numbers based on Fermat’s theorem in the system of residual classes", in: 2016 16th International Conference on Control,
Automation and Systems (ICCAS), 2016: pp. 1484-1486. https://doi.org/10.1109/ICCAS.2016.7832500.

V. Krasnobaev, A. Kuznetsov, V. Babenko, M. Denysenko, M. Zub, V. Hryhorenko, "The Method of Raising Numbers,
Represented in the System of Residual Classes to an Arbitrary Power of a Natural Number”, in: 2019 IEEE 2nd Ukraine
Conference on Electrical and Computer Engineering (UKRCON), 2019: pp- 1133-1138.
https://doi.org/10.1109/UKRCON.2019.8879793.

Received (Haniinua) 14.12.2021
Accepted for publication (ITpuitnsita 1o apyky) 02.02.2022

Kpacno6aeB BikTop AHaToJilHOBHY — JIOKTOP TEXHIYHHX HaykK, mpogecop, mpodecop kadenpn eleKTPOHIKH 1 yIpaBIsTIounX

cucreM, XapKiBChbKHi HarlioHansHuH yHiBepcuteT iMeHi B. H. Kapasina, Xapkis, Ykpaina;

Victor Krasnobayev — Doctor of Technical Sciences, professor, Professor of Electronics and Control Systems Department,
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine;

e-mail: v.a.krasnobaev@karazin.ua; ORCID ID: http://orcid.org/0000-0001-5192-9918.

46


http://orcid.org/0000-0002-6446-5523

ISSN 2522-9052 CyuacHi indopmariiiai cucremu. 2022. T. 6, Ne 1

Komman Cepriii OsexcaHApOBHY — JOKTOP TEXHIYHHX HayK, JOLEHT, AOLEHT Kadenpu Oe3mexu iHopMamiiHUX cHCTEM i
TeXHOJIOTiH, XapKiBchbKuii HallioHanpHKUH yHiBepcuteT iMeHi B. H. Kapasina, Xapkis, YkpaiHa;
Sergey Koshman — Doctor of Technical Sciences, professor, asc. professor, Professor of Information Systems and
Technologies Security Department, V. N. Karazin Kharkiv National University, Kharkiv, Ukraine;
e-mail: s.koshman@karazin.ua; ORCID ID: http://orcid.org/0000-0001-8934-2274.

KoBanpuyk JIMuTpo MukojaiioBuy — acmipant kadeapu Oe3mekd iHGOpMAmiiHUX CHCTEM 1 TEXHOJOTIH, XapKiBChKHi
HalioHaabpHU# yHiBepcuTeT iMeni B. H. Kapasina, Xapkis, Ykpaina;
Dmytro Kovalchuk— PhD student of Information Systems and Technologies Security Department, V. N. Karazin Kharkiv
National University, Kharkiv, Ukraine
e-mail: kovalchuk.d.n@ukr.net; ORCID ID: https://orcid.org/0000-0002-8229-836X.

Konnenuis BUuKoHaHHA onepauii 104aBaHHA
Yy cucTeMi 3aJMIIKOBHUX KJaciB

B. A. Kpacno6aes, C. O. Kommvan, /1. M. KoBanbpuyk

Anoranis. IIpexmerom crarTi € po3poOka MeTo Iy peaiizamii apudMeTHIHOT onepaii JoAaBaHHs 3aIHIIKIB YHCE, IO
npexacraBieni y cucremi 3amumkoBux kiaciB (C3K). Lleit meron 3acHOBaHHMIT Ha BHKOPHCTAHHI MO3HIIMHHUX JABIHKOBHX
cymaropiB. MeTol0 ctarTi € migBHIIEHHsS NPOAYKTHBHOCTI Komm'totepHux cucteM (KC) Ta iX KOMIIOHEHTIB 3a paxyHOK
3aCTOCYBaHHs HOBMX METOJIB opraHizauii oOuncnens, siki 3acHoBaHi Ha BukopuctanHi C3K. 3amaui: mposectu anami3 Ta
BUSBUTH HEJOJIIKM ICHYIOUMX CHCTEM YMCIIEHHS, 1110 BUKOPHCTOBYIOTHCS MPH MOOYI0BI KOMIT'IOTEPHUX CHCTEM Ta KOMIIOHEHTIB;
JOCIIINTA MOXUIMBI IIUISIXM YCYHEHHSI BUSIBICHHMX HENOJIKIB; JOCIIIUTH CTPYKTYypYy ABIHKOBUX ITO3HLIIHMX CyMaTopiB 3
YpaxyBaHHSIM CXEMH JIOIaBaHHS JBOX 3IMIIKIB gucen 3a MoxyineM C3K; po3podutn Meron moOymoBH cyMaTopiB 3a MOJyJIeM
C3K, sxwuii 3acHOBaHMI HAa BUKOPHCTaHHI HAO0OpY ABIKOBHX OJHOPO3PSIHUX IMO3MILIIHUX cyMaropiB. MeToan A0CTiTKeHHS
METOJH aHaTi3y Ta CHHTE3y KOMII'TOTEPHHUX CHCTEM, Teopis uucen, Teopis koxysanHs y C3K. Otpumano HacTynHi pe3yJbTaTH.
VYV poboti mokasaHo, IO OJHHMM i3 MNEPCIEKTUBHMX HamnpsMiB migsuiieHHs npoxykruBHocTi KC e 3acrocyBanns C3K.
Marematnunoro ocHoBoro C3K € kuraiicbka Teopema Mpo 3alWIIKH, SKa CTBEPKY€E, IO LIJIOYMCIIOBA OMEpalis 3a OJHUM
BEIUKAM MOJyJieM Moxe OyTH 3amiHeHa HabopoM omepamiii 3a B3a€EMHO NMPOCTUMH MallUMH MOAyJsiMH. Lle BinkpuBae mmpoxi
MEPCIEKTUBU onTuMi3auii o0uucnens. 3 ogHOro OOKY, MOKHA CIPOCTHTH BUKOHAHHS CKJIAQJAHUX 1 TPOMI3IKUX OOYHMCIEHb, Y
TOMY YHCII Ha MaJIOPECypCHHX OOYMCIIOBANBHHUX IulaTGopmax. 3 iHIIOro OOKy, OOYHMCIEHHS 3a PI3SHUMH MOAYJISIMH MOXYTb
BHUKOHYBATHCh IapaleNbHo, Mo miaBuinye npoayktuBHIiCTs KC. BHCHOBKH. Y CcTaTTi pO3IISTHYTO OIEpalilo JOJaBaHHS JBOX
gucen. L{g omepailis € OCHOBOIW SIK JUI TPAAWIIHHUX MO3MIINHHHUX cucTeM uucieHHsa, Tak i jias C3K, ToOto ckiamae
00YnCITIOBAIEHY OCHOBY BCix KoMrnoHeHTiB KC. 3anponoHoBaHO HOBHI METO OOUYHCIICHHS CyMH 3JIMIIKIB YHCEJ 32 JOBUIEHUM
MOJyJIeM 1 HaBeIeHO INPHKIAAN, IO HAOYHO JEMOHCTPYIOTH e(EeKTHBHICTH 3alponoHOBaHOrO Merony. lleit meroxm MosxHa
BUKOPUCTOBYBATH y PI3HUX KOMITIOTEPHHX IOJATKaX, 30KpeMa I MiABHIICHHS MPOAYKTHBHOCTI OOYHMCIICHB, 3a0€3MeUeHHS
BIZIMOBOCTIMKOCTI Ta iHIII.

Kinio4oBi cnoBa: cuCTeMa YHCICHHS; CHCTEMa 3aJIMIIKOBHX KIJAciB, HETMO3HMIIHHA KOJOBAa CTPYKTypa; OIeparis
JIOJTaBaHHSI; MO3UIIIHHIIA JBINKOBHIA CyMaTop.

Konuenuusi BEINOTHEHUSI ornepanuu CJI0KCHUA
B CUCTEME OCTATOYHBIX KJIACCOB

B. A. Kpacuo6aes, C. A. Komwmas, /1. H. KoBansuyk

AnHortanus. Ilpeamerom cratbu sBisieTcs pa3pabOTKa METOJA pealM3aluM apUPMETHYECKOH OIepalun CIOXCHUS
OCTaTKOB YHCEJ, KOTOpBIE MPEICTaBlIeHBI B cucTeMe ocTaTouHbIxX kiaccoB (COK). JlanHbIi MeTOZ OCHOBAH Ha HCIIOJIB30BAHUH
MO3UIMOHHBIX JBOMYHBIX CyMMarTopoB. LlesibI0 CTaThH SBIAETCS MOBBIMIEHHE MPOU3BOJUTEIBHOCTH KOMIBIOTEPHBIX CHCTEM
(KC) 1 nx KOMITIOHEHTOB 3a CUET BHEIPEHMS HOBEIX CIIOCOOOB OpraHHM3aIMY BEIYHCIICHNH, OCHOBAaHHEIX Ha Hcronb3oBaHny COK.
3amaum: TPOBECTH aHANM3 M BBUIBUTH HENOCTATKH CYIIECTBYIOIIMX CHCTEM CUHCICHUS, KOTOpBIE HCHOJB3YIOTCS IIpH
MOCTPOCHUH KOMIBIOTEPHBIX CHCTEM M KOMIOHEHTOB; HCCIIEIOBATh BOSMOXKHBIE ITyTH yCTPAHEHUS BBHIIBICHHBIX HEIOCTaTKOB;
HCCIIEI0BATh CTPYKTYPY ABOMYHBIX MO3UIMOHHBIX CYMMAaTOPOB C YYETOM CXEMbI CIIOXKEHHS JBYX OCTATKOB YHCEIN II0 MOJYIIIO
COK; pa3paboraTb MeTO] IOCTPOEHHSI cyMMaTopoB 1o Moayio C3K, KoTopbli OCHOBaH Ha HCIOJIB30BaHUHM HA0Opa JBOMYHBIX
OJHOPA3PSAAHBIX MO3UIMOHHBIX CyMMaTOpoB. MeToABI HMcCJIe0BAHMS: METOJIbl aHAINW3a U CHHTE3a KOMIIBIOTEPHBIX CHUCTEM,
Teopust uucen, teopus komuposaHus B COK. Ilomydens! crnepyromue pe3yabTaTsl. B pabore mokaszaHo, 4TO OJHMM U3
MEePCIECKTUBHBIX HampaBieHui mosblmeHns npousBoautenbHoctu KC spnsercs npumenenne COK. Marematnueckoii 0oCHOBOM
COK sBasiercst KuTaiickasg TeopeMa 00 OCTaTKax, KOTOpas yTBEPXKAACT, YTO LEIOYUCICHHAsI ONepanys N0 OJHOMY OOJBIIOMY
MOJYJII0O MOXKET OBITh 3aMeHeHa Ha0OpOoM Oneparii IO B3aWMHO INPOCTHIM MajbIM MOJIYJISIM. DTO OTKPBIBAET LIMPOKHE
MEPCIICKTUBHI U ONTHUMU3alUK BEMHUCIeHH. C OIHOI CTOPOHBI, MOXKHO 3HAUUTENILHO YHPOCTUTH BBHIIOJHEHUE CIOXHBIX U
I'POMO3IKHX BBIYUCIECHHH, B TOM YHCIIE Ha MAJOPECYpPCHBIX BBIYUCIUTEIBHBIX IIaTGopMmax. C Apyroit CTOPOHBI, BEIYUCICHHS 10
pa3sHBIM MOIYJISIM MOTYT BBINOJNHATECS Mapauie]bHO, YTO moBbImaer mnpousBoautensHocts KC. BeiBoabl. B crarthe
paccMOTpeHa onepanysi CyMMHPOBaHUS ABYX YucelN. JlaHHas omepanys JIEKUT B OCHOBE KaK I TPaJUIHOHHBIX TMO3HIIHOHHBIX
cucreM cumcneHus, Tak U 11 COK, T.e. cocTaBisieT BBIYUCIUTENBHYIO OCHOBY BCEX CYMIECTBYIOHNIMX KOMIOHEHTOB KC.
[pennosxeH HOBBIM METOJ BEIYHUCICHUS] CyMMBI OCTaTKOB YHCEI IO TPOM3BOJILHOMY MOMIYIIIO M IPHBEAEHBI IPUMEPHI, HATTISITHO
JIeMOHCTpHpyomue 3(hPEeKTHBHOCTh MPEUIOKEHHOTO MeTona. JIaHHBI METOA MOXKeT OBITh HCIONB30BAaH B Pa3IUIHBIX
KOMITBIOTEPHBIX ~IMPWJIOXKEHHUAX, B TOM YHCIE JUIS TIOBBIMICHUS HPOW3BOJMTEILHOCTH BBIYHCICHUH, oOecreueHus
0TKa30yCTOMYUBOCTH U JIp.

KnrmoueBpie ciioBa: cuCTeMa CUHCICHHUS, CHCTEMa OCTaTOYHBIX KIAcCOB; HEMO3WIMOHHAsS KONIOBas CTPYKTYpa,
oTepanys CI0KEHHS; TO3UIMOHHBINA IBOMYHBIA CYyMMATop.
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