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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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MODULAR REDUCTION BASED
ON THE DIVIDER
BY BLOCKING NEGATIVE REMAINDERS

Abstract. The hardware implementation of a time-critical one of the basic operations of asymmetric crypto-
systems — mod reduction is considered. An accelerated remainder determination method by an arbitrary modulus of
number and the method implementation device based on a divider are proposed. The idea of the negative remainders
blocking during division without restoring the remainder is used. The mod reduction device, possessing the raised
speed is developed. A step-by-step description of the operation of the device and illustrative examples are provided.
The efficiency of the proposed circuit solution is verified on the Artix-7 FPGA from Xilinx for reducible numbers of
different bit (2, 16, 32, 64). Identified and presented in the form of graphs for the dependence of the spent resources
(Look-Up Table, Flip - Flop, Input/Output) of the FPGA Artix-7 on the capacity of the reducible number A.

Key words: asymmetric cryptoalgorithm, cryptosystems hardware implementation, modular reduction.

Introduction. High performance is one of the significant advantages of hardware encryption
compared to software encryption [1]. In addition, the hardware implementation of cryptoalgorithm ensures
its integrity, and encryption and storage of keys is carried out in the encoder board itself, and not in the
computer's RAM. Thus, the implementation of the algorithm itself is protected, which is also an important
advantage. These and other advantages of hardware encryption have led to interest in the hardware
implementation of cryptosystems, especially asymmetric (with public key), since the widespread applica-
tion of asymmetric cryptosystems with secure distribution of public keys is constrained by their low
performance. The asymmetric cryptosystems are applied as independent protection mean for transferring
or storing data as a means of users authentication and as a means of distributing symmetric cryptosystems
keys. The algorithm is based on cryptosystems public-key of such irreversible transformations as the large
numbers expansion into prime factors, the calculation of the logarithm in a finite field, the calculation of
the algebraic equations roots. Procedures for encryption and decryption in asymmetric crypto algorithms
use complex and cumbersome mathematical calculations over very large numbers. Therefore, encryption
and decryption operations are performed much more slowly than in symmetric crypto algorithms. Speed
operating units development for the crypto hardware asymmetric encryption is a critical, despite their high
cost. The most time-critical basic operation in asymmetric crypto algorithms is reduction mod (obtaining
the remainder from division a number by a module P), which is repeated many times. For a hardware
implementation reduction mod different number-theoretic methods are applied to calculate the remainder
when divided by a modulus P, which leads to various devices structures [2-15].

More rapid among the classical algorithms for integer division of numbers is division without
restoring the remainder. The division process itself upon hardware implementation reduces to multiple
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operation of algebraic addition on the adder, and shift the dividend and divisor. In this case, depending on
the remainder sign, the divider is fed to the inputs of the adder either in the forward (with a negative sign
of the remainder) or in the one’s complement (with a positive sign of the remainder). To do this, "XOR"
circuits are included in the "divider-adder register" path, which must function as control inverters. The
inclusion of such circuits into the composition of the division block leads to its complication and
introduces a certain delay in the transfer chains of the operand.

Modular reduction based on the divider by blocking negative remainders. Consider the division
algorithm by shifted dividend which enables to exclude circuit "XOR" from the divider device.

Supposing, from one left to the left of the previous remainder 2r;; divisor R is subtracted. If this
remainder is formed with a positive sign (Sgn=0) at the adder output, then its one’s complement value
(Sgn =1) the positive remainder code r; is transmitted to the remainder register. If, as a result of this calcu-
lation, the remainder of (Sgn=0) is formed with a negative remainder (Sgn=1), then its one’s complement
value (Sgn=0) is blocked and a negative transmission of the remainder of the remainder register inputs. In
the next division step the "old" positive remainder is shifted one bit to the left, then the divider is sub-
tracted from that remainder. Thus, producing a division by blocking negative remnants axes, division
operation is reduced to only implement shift operations and subtractions. In this case, the operation of
adding the divider to the partial remainder is not required. This makes it possible to exclude from the logic
circuitry device's "XOR".

Given that it is not required to form the partial of dividing, the functional device driving circuit of the
mod reduction number is represented in Figure 1.

Figure 1 shows that the registers RgA and RgP are used to store the reducible number A and the mo-
dule P, that the numbers A and P enter through the AND1, OR1 and AND2 gates, respectively, according
to the "Start" signal. There are no "XOR" between the RgP register and the CM adder, and the blocking of
the negative remainder (2r;.;-P) is performed by the signal Sgn=0, which is fed to the control inputs of the
block of AND4 gates, the information inputs of which are fed bits from the outputs of the adder. The
ANDS gates is used to output the calculated remainder from RgA by the signal "End of operation". The
adder, the NOR gates, and the AND gates block form the partial remainders generator (PRG), where the
partial remainders 1,=2r;,-P are sequentially calculated. The schematic shown in figure 1 is called a
sequential action number reduction device. In this circuit, the partial remainders calculated at each step of
bringing mod r; are received in the upper bits of the register RgA, which in the next step are shifted one bit
to the left.

Matrix scheme of the device for reduction of numbers on the module with a shift by one bit in
the direction of the high bit. When constructing matrix schemes for reducing the number modulo the
partial remainders from the output of the next partial remainders generator is transmitted with a shift of
one bit to the left by the inputs of the next partial remainders generator (PRG;,,). In this case, the structure
of the partial remainders generator i has the form shown in figure 2.

If T (transfer) 2r;.; > P, the transfer will be formed from the adder sign T=1 and wherein Sgn=0. By
the signal T=1, the positive difference 2r;; — P (i.e. r;) from the output of the transmitter is transmitted
through the AND2 gate to the outputs of the partial remainders generator. If 2r;; < P, then the value 2r;,
from the input is transferred unchanged to the outputs of the partial remainders generator through the
ANDI gate, by means of the signal Sgn = 1. The AND1, AND2 and OR gates form the multiplexer MS.

Figure 3 shows the matrix diagram of the device for modifying the numbers with a shift by one bit in
the direction of the high bit of the number given. The device contains the register RgP for storing the N-bit
module P, the register RgA for storing the 2N-bit reducible number A, N of the formers of partial residuals
PRG.1 + PRG.N, the delay element DL.

The information outputs of the register RgP are connected with the information inputs of the
PRG.1 = PRG.N / 2 for transmitting the values of P. The information outputs of the RgA register of the
number A are connected with the inputs of all the PRG.1. + PRG.N.

Initially, the remainder R, is determined by the N high bits of the 2N-bit number A. The remainder R,
shifted by one bit to the left is 2R,. 2R, together with the bits attached to it, following the low bits of R,
from the register RgA, represent the number A; = (R + a,.;). The PRG.1 defines the remainder R; modulo
P of the number A;.
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Figure 1 — The device of reduction of number A on P module on the basis of the divider with blocking of the negative remainders

2='i.1

Figure 2 — Functional diagram of the partial remainders generator (PRG)
(T - transfer from the sign bit of the adder, 3n-sign of the remainder)

The formation of the number A; (i = 1 + N), which is sent to the PRG.i to determine the remainder R;
modulo P, is carried out similarly. The resulting remainder R;.;) from the output of the PRG.i-1 is shifted
left by one bit towards the high-order bits and the next bit of the low-order bit of the number A is added to
it, which follows the bit used in the previous step to form A; ).
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Figure 3 — Matrix scheme of the device for reduction of numbers on the module with a shift one bit to the left

Ultimately, the inputs ay of the number A and the partial remainder 4R,y from the outputs of the
PRG.N-1 are fed to the inputs of the PRG.N from the register RgA. At the outputs of the PRG.N the final
result is formed Ry.; = R.

Consider the operation of the device to reduction 2N-bit number A on the N-bit module R.

At the signal "Start", which is sent to the input device, and the value of P is taken in the register RgP.
The value of the number A from the input is taken into the RgA register. Level +1 is sent to
PRG.1 + PRG.N.

The value of P from the outputs of the register RgP is sent to the inputs of all PRG.1 + PRG.N/2. At
the same time, the N high bits of the number A (ie, Ry) from the outputs of the PRG register of the number
A with a shift of one bit to the left in the direction of the higher bits are sent to the inputs of the PRG.1.
In this case, the low bit of the shifted code Ry from the register RgA is appended to the bit a,; of the
number A, forming the number A;. At the output of PRG.1, a partial remainder R; modulo P of the
number A, is formed. Next, the value of R; with a shift by one bit in the direction of the higher bit, as well
as the bits a,, of the number A from the register PRG form A, and are sent to the inputs of the PRG.2. In
this case, at the output of the PRG.2, a partial remainder R,, etc. At the final stage, the partial remainder
Rn.1y from the outputs of the previous PRG.N-1 is shifted by one bit towards the most significant bit and
the bit ag of the number A from the RgA register is sent to the inputs of the PRG.N and the remainder Ry
is formed at its outputs. The “End of operations” signal, which is formed at the output of the delay element
DL, the remainder Ry ) is output to the device.

The time of formation of the result Ty is determined by the total time of the signal passing through
the PRG, 1.€. Tfr =N/2 * TPRG-

The following is an example of a 2N-bit reduction of the number A by the N-bit module P.

a11010090807060504030201d

LetA=89410={0 01101111110

N=12; P =35,,=100011,.

The high 6 bits of the binary code of the number A determine the value Ry = 001101, = 13,.
By shifting the remainder Ry to the left by one bit, appending the next bit as of A, we get
AIZL(I) R0+a5=2R0+a5=2710.

For clarity, all calculations by definition of the remainder R = A mod P are given in table 1 in the
decimal number system.
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Table 1 — The order of calculation of R = A mod P

1 stage Ay = L(1Ry + as = 2610 + 110 = 2710 R,=27mod35 = 275,
PRG,

2 stage Ay = L()R, + ay = 5410 + 119 = 5540 R,=55mod35 = 20,
PRG,

3 Stage A3 = L(l)Rz + az = 4010 + 110 = 4110 R3:41m0d35 = 1610
PRG,

4 stage Ay =L(DRs +ay = 1240 + 130 = 131 Ry=13mod35 = 13y,
PRG,

> stage As = LR,y + ay = 2650 + 119 = 2740 Rs=27mod35 = 275,
PRG:

6 stage Rg=54mod35 = 19
PRGg() A6 = L(l)Rs + dg = 54’10 + 010 = 54’10 6 R=1910 10

For check R = 894 mod 35 = 194,.

Matrix scheme of the device to reduction the numbers on the module with a shift by two bits to
the high bit. Figure 4 shows the functional diagram PRG;, which consists of three binary adders Adderl,
Adder2, Adder3, four groups of circuits AND1, AND2, AND3, AND4, and a group of circuits OR. The
left inputs of the adders are supplied with the number A;, formed from the partial remainder R;.;), shifted
two bits to the left high bit with the addition of two bits am.i + 1) an-2i) of the number A from the register
RgA.

The 3P value from the Rg3P register is sent to the right-hand inputs of the Adder3, and twice the 2P
value of the registers is sent to the right-hand inputs of the Adder2. The value of P from the outputs of the
register RgP is sent to the right inputs of Adderl. The lowest inputs of all adders send a level +1, which
translates 3P, 2P and P from the return code to an additional one, which allows from (4R G-1) T Ane2i + 1) An-2i))
simultaneously subtract P, 2P and 3P on the adders Adderl, Adder2, Adder3, respectively. At the same
time, the T3, T2 and T1 transfer signals, and the values of the signs Sgn3, Sgn2 and Sgnl, are generated at
the outputs Adderl, Adder2, Adder3, which are sent to the control inputs of the group of circuits ANDA4,
AND3, AND2, ANDI allowing the issuance of the partial balance R; the input of a group of circuits OR
from the outputs of the corresponding adder.

TR R

T 33 ﬁ.d:er; /“|-:T'-\ ;:Id-e-:z ,-"j“..' Th ,ﬂ:;:le:]-.- /é'i;
el ! +1

gl sent
i AR 1 Al -
ANDQ AND3 AND 2 AanNDl
OR1
R

Figure 4 — Functional diagram of the partial remainders former
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Figure 5 shows a diagram of the device for modifying numbers. The device contains the register RgP
for storing the N-bit module P, the register Rg3P for storing the tripled module 3P, the register RgA for
storing the 2N-bit reducible number A, N / 2 of partial formers of the residual frequency generator PRG.1. .3.

E 3P
Staet +i
L L]
-
IgF Rg3P
2F| F 3P
- ® »
- - - ‘ ‘
=l Prca &l PRG2 l—a s —=2! PRGNS
¥ L . 3
-|: t & ] o 4’ [

Figure 5 — Matrix scheme of the device to reduction the numbers on the module with a shift of two bits to the left

The information outputs of the register RgP are connected with the information inputs of
PRG.1 + PRG.N/2 for transmitting the values P and 2P. The value of 2P is formed by transferring P with
a shift of one bit to the left. The information outputs of the Rg3P register are also connected to the inputs
of the PRG.1 + PRG.N/2. By this connection, the value of the tripled module 3P nepen is transmitted. The
information outputs of the RgA register of the number A are connected with the inputs of all the
PRG.1. + PRG.N/2.

Initially, the remainder R, is determined by the N bits of the 2N-bit number A. The remainder R,
shifted two bits to the left is 4R,. 4R, together with the two bits attached to it, following the lower bits of
R, from the register RgA, represent the number A; = (4Ry + a1y an-2)). The PRG.1 defines the remainder
R, modulo P of the number A;.

The formation of the number A; (i = 1 =+ N/2), which is sent to the PRG.i to determine the remainder
R; modulo P, is carried out in a similar way. The resulting remainder R.,) from the output of the PRG.i-1
is shifted to the left by two bits towards the high-order bits, and the next two lower bits of the number A
are added to it, which follow the two bits used in the previous step to form A; ;.

A; = L(2)Ri—1 + an—2i4+1an—2=4Ri—1 + Qn_2i+1an-2;

Ultimately, the inputs a; and a, of number A and the partial remainder 4R, ».1) from the outputs of
the PRG.N/2-1 are sent to the inputs of the PRG.N/2 from the register of RgA. At the outputs of the
PRG.N/2, the final result is Ry,2 = R.

Consider the operation of the device to reduction 2N-bit number A on the N-bit module R.

At the signal "Start", which is sent to the input of the device, the value of 3P is taken to the register
Rg3P, and the value of P is taken to the register of RgP. The value of the number A from the input is taken
into the RgA register. Level +1 is sent to PRG.1 + PRG.N/2.

The value of 3P from the outputs of the register Rg3P, 2P and P from the outputs of the register of
RgP is fed to the inputs of all PRG.1 + PRG.N/2. At the same time, the N high bits of the number A (i.e., Ry)
from the outputs of the RgA register of the number A with a shift of two bits to the left in the direction of
the higher bis are sent to the inputs of the PRG.1. At the same time, the ag.1) an-2) of the number A are
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joined to the low-order bits of the shifted code R, from the register RgA, forming the number A;. At the
output of PRG.1, a partial remainder R; modulo P of the number A, is formed. Further, the value of R,
with a shift of two bits in the direction of the high bit, as well as the bits a, 3) an.4) of the number A from
the register RgA form A, and are sent to the inputs of the PRG.2. In this case, at the output of the PRG.2, a
partial remainder R,, etc. At the final stage, the partial remainder Ry,.; from the outputs of the previous
PRG.N/2-1 with a shift of two bits towards the most high bit and the bits a, a; of the number A from the
RgA register send to the inputs of the PRG.N/2 and at its outputs, the remainder Ry, is formed. The “End
of operations” signal, which is formed at the output of the delay element DL, the remainder Ry, is output
to the device.

The time of formation of the result Ty is determined by the total time of the signal passing through
the PRG, 1.e. Tfr =N/2 * Tpkg.

Table 2 shows the conditions for the formation of the smallest positive remainder R; at the outputs of
the adders depending on the values of the transfers T3, T2, T1 and signs Sgn3, Sgn2 and Sgnl.

Table 2 — The order of formation of the partial remainder R;

Transfers Signs Formation R; at the outputs of adders N

T3 T2 T1 Sgn3 Sgn 2 Sgn 1 Adder3 Adder2 Adderl '

1 1 1 0 0 0 R; - - -

0 1 1 1 0 0 - R; - -

0 0 1 1 1 0 - - R; -
0 0 0 1 1 1 - - - R; = 4;

There is an example of a 2N - bit number A reduction according to an N - bit module P.

_ _ (A1141099dga7Ad6A50403d20d10
Letd =8940 = { 0" 00 P T T T Y T T 1 o
N=12; N/2=6;

P= 3510:10001 12, 2P:7010 n 3P:10510.

The higher RgP bits of the binary code of the number A determine the value Ry = 001101, = 13,¢. By
shifting the remainder Ry to the left two bits, by adding the following bits as a, of number A, we get
Ay = L(2)Ry + (asay) = 4Ry + (asay) = 5219 + 310 = 5510.

For clarity, all calculations by definition of the remainder R = A mod P are given in table 3 in the
decimal number system.

Table 3 — The order of calculation of R = A mod P

Ay = L(2)Ry + asay = 5219 + 319 = 5519 T3=T2=0
I stage Adder3 Adder2 Adder1 T1=1
PRG _ 55 55 55 Sgn2= Sgn 3=1
! 105 70 35 Sgnl1=0
—50 —25 +20 R1:2010
AZ = L(Z)Rl + asd; = 8010 + 310 = 8310 T3=0
2 stage Adder3 Adder2 Adderl T1=T2=1
PRG 83 83 83 Sgn3=1
2 105 70 35 Sgnl= Sgn2=0
-22 +13 +48 R,=134,
A3 = L(2)R, + ajag = 41319 + 219 = 5449 T3=T2=0
3 stage Adder3 Adder2 Adder1 T1=1
PRG _54 54 54 Sgn2= Sgn3=1
3 105 70 35 Sgnl1=0
=51 -16 +19 R3=R=19,,

For check R = 894 mod 35 =19,,.
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Implementation on FPGA. Checking the algorithm for reducing the number mod on the basis of a
divider with the blocking of negative remainders was carried out on Field Programmable Gate-Array
(FPGA). Unlike conventional digital microcircuits, the logic of the FPGA is not determined in the manu-
facture, but is set at the design stage of a particular device, through the appropriate programs.

For design, a debugging environment is used that allows you to set the desired structure of the digital
device in the form of a program in special languages for describing the equipment Verilog, VHDL,
AHDL, etc. To do this, the Nexys 4 Board of the programmable logic integrated circuit Artix-7 from the
company Xilinx (figure 6). To describe the scheme of reducing the number by modulus, the language
Verilog is chosen [16-20].

)

=
& L

Figure 6 — Nexys FPGA Board
Table 4 shows the number of basic resources FPGA Artix-7 (XC7A100T-1CSG324C).

Table 4 — FPGA Artix-7 Resources

Resource Number
LUT (Look-Up Table) 63400
FF (Flip-Flop), 126800
10 (Input / Output) 210
BUFG (architecture-independent global buffer) 32

To enter input data and a visual display of intermediate results FPGA Board is provided by all
essential ports and peripheral device, the main ones are 16 switches, 16 LEDs, as well as USB-UART
bridge, DDR2 128MB and others. Figure 7 shows a time diagram of the operation of the number reducing

device 4,,.,, =187,, =10111011, with 8 module with P =14,, =1110, a capacity of 4. The highest
bits of the number A are 7, =11,, =1011, . According to the figure 7, on the rising edge of the clock pulse
CP1, the contents of register A are shifted to the left by one bit and the register is formed (2r0 + a3) =23.

Partial remainder is formed », =18 - P =4, which is transferred to register A. In the following clock pulse

CP2 feed the contents of register A is shifted left by one bit and the register is formed (27, + a,) = 18.
Partial remainder r, = 18 — P = 4 is formed, which is transferred to register A. In the next clock pulse CP3,
the contents of register A are shifted to the left by one bit and the register is (27, + a;) = 9 formed. Partial
remainder 3 = 9 — P = -5, while transmission r; in register A is blocked and in it the old remainder (9) is
saved. With the last clock pulse CP4, the contents of register A are shifted to the left by one bit and the
register is formed (2r; + a¢) = 19, partial remainder r,=R=19 - P =35,
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Figure 7 — The diagram for an 8 - bit number algorithm

Figure 8 — The diagram for a 16-bit number algorithm

The figure 8 shows a similar diagram for the reducible number 4 = 27317, with a resolution of
16 mod P = 209, with the bit 8. The clock pulses CP1 - CP8 forms r, =4, r, =201, r; =—-192, r, = —174,
rs =—139, re =—68, r; = 73 and rg = 147 — 209 = —62, respectively. Thus R=27317 mod 209 = 147.

Also remainder values were calculated for the number of A with the bit 32 and 64. Figure 9 shows the
dependence of resources expended FPGA Artix-7 driven on the bit number A. In this figure, LUT (Look-
Up Table) — conversion table, FF (Flip-Flop) - triggers, 10 (Input/Output) - inputs/outputs.

—A—LUT|
—a—FF
—e—|0

s

25—- /

150

Resource

Figure 9 — Number of resources expended

The number of used resources LUT and FF does not exceed even 1% of the resources Artix-7. This
allows you to use this FPGA for numbers greater bit spine than 64.

To determine the speed of the process of reducing the number module, an internal FPGA generator
with a frequency of 100 MHz was used. It is known that the running time of the algorithm is directly
proportional to half the length of the input bit. Knowing these data, you can calculate the elapsed time for
reducing the number to a module:

t=(k/2)/f, (1)

where k is the bit of the reducible number A, f'— frequency of the FPGA. For example, you can determine
the speed for a 16-bit number, which will be 80 ns.

—— 246 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 2. 2019

Conclusion. Number reduction mod is based on divider with blocking negative remainder to
optimize the structure of the device for reducing number mod. Implementation of the device on FPGA
Artix-7 (XC7A100T-1CSG324C). It shows the possibility of the applicability of divider with blocking
negative balances to bring the numbers mod.
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' AlMaThI HepreTHKa xKoHe GailaHbic yHHBEpeuTeTi, AnMaThl, Kazakcran,
*YITTHIK aBHALMSUTBIK YHUBEpCHTeTi, Kies, Ykpauna,
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TEPIC KAJIJIBIKTAP/IbI BYFATTAUTBIH BOJIY
K¥PbUIFbBICHI HET'T3IHJAE CAH/1bI MOAYJIBI'E KEJTIPY

AHHOTanMsl. ACUMMETPUSUIBIK KPUNTOXYHEJIEepAiH YakbIT OOMBIHIIA KypAedi Herisri onepauusuiapiap Oipi
OoutbIn TaOBUTATHIH MOJYJIre KENTIpYy ONEpalMsChIHBIH aIlllaparThl TYPJE XKY3ere achIpyblybl KapacThIpbuiabl. Kes-
KeJIreH MOJYJIb OOWBIHIIIA KAJIBIKTHI Ta0y 9fIiCi )KOHE Tepic KaJIIbIKTapAbl OYFaTTalThIH 06Ty KYPBUIFBICH HETI3iHIe
9/IiCTi JKYy3€ere achlpaThlH KYPBUIFBICH! YCHIHBUIAABL. JKOFaphl bUIAAMABIKIIEH MOAYJITE KEITipy KYPBUIFBICHI Oepi-
Jeqi: aTam aiTKaHaa, 9p TYPIIi JKeKeJlereH KaJAbIKTapAbl KYPacTHIPYIIbUIAP HETi3iHAer Oip KoHe eKi OipiiKKe KenTi-
pLIeTiH CaHIBI KBUDKBITATBIH MATPUIAIBIK MOIYJBre KENTipy KYPBUIFbUIAphl. ¥ CHIHBUFAH Ti30€KTi memimMaepIin
tuimainiri Xilinx-gen Artix-7 FPGA-ma oprypmi paspsarst (2, 16, 32, 64) kenripineTiH caHmap YIIiH TEKCEPUIi.
Artix-7 FPGA -ubig xymcanran ammnapartap Kopsl (Look-Up Table, Flip-Flop, Input/Output) MeH kenTipijerin caH
Pa3pAATHUIBIFBI OOWBIHIIA TOYENILIITT TpadUKTEp TYPiHAC aHBIKTAIBIN KEJITIPiIreH.

Tyiiin ce3mep: aCHMMETPUSIIBIK KPUIITOAITOPUTMIEP, KPUIITOXKYHENIep i annapaTThl )Ky3ere acbpy, MOJyJIbre
KeNTipy.
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NPUBEJEHUE YU CJIA IO MOAY.JIIO HA OCHOBE JAEJIUTE/JIBHOT'O YCTPOMCTBA
C BJIOKNPOBKOU OTPULATEJIBHBIX OCTATKOB

AunHoTanusi. PaccmarpuBaercs anmnaparHasl peanu3aius KpUTHYHOMN 110 BpeMEHH OJTHOM 13 0a30BbIX OMEpaIuii
ACMMMETPHUYHBIX KPUIITOCHCTEM - TIPUBEJCHUS 10 MOYJIt0. [IpeiaraeTcss MeTo | OnpeieieHUs] OCTaTKa M0 MPOU3-
BOJIbHOMY MOJIYJIIO OT YHCJIa U YCTPOMCTBO peaiu3alii MeToJa Ha OCHOBE JEIUTEIbHOTO YCTPOHCTBA C OJIOKH-
POBKO#i OTPHUIATEIBHBIX OCTATKOB. [IpUBOAMUTCS yCTPOWCTBO MPUBEACHHS 10 MOJYJIIO, 00JIaJaf01Iee MOBBIIICHHBIM
ObICTpO/ICHICTBHEM: @ MMEHHO, MATPUYHBIC YCTPOWCTBA MTPUBEACHHS YHCEI 110 MOAYIIO CO CIBUIOM HPUBOAUMOIO
YKCla Ha OJMH W J[Ba pa3psjia Ha OCHOBE pa3iM4HbIX (hOpMHUpOBaTeneil YacTHUHBIX OCTaTKOB. [IpuBoOAsTCS molia-
TOBBIE OMKCaHUsI pabOT YCTPOHCTB M MILTIOCTPAIIMOHHBIE TPUMeEPBl. PaboTOCIOCOOHOCTD MPEIIOKEHHBIX CXEMHBIX
pemenns nposepeH Ha [TJIMC Artix-7 ot XilinX Ay mpUBOJUMBIX YHCEN Pa3IMdHOMN paspsaHocTu (2, 16, 32, 64).
BbisiBiieHBI W TpUBEACHBI B BUjE TIpadMKOB 3aBHUCHMOCTH 3aTpadeHHbIX pecypcoB (Look-Up Table, Flip-Flop,
Input/Output) [TJINC Artix-7 oT pa3psiiHOCTH TPUBOAUMOTrO YKcia A.

KiroueBble ¢10Ba: aCHMMETPHUYHBIA KPUIITOAITOPUTM, alliapaTHAs peaau3alus KPHUITOCUCTEM, MPUBEICHUE
10 MOJYJIO.
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