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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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THE DEVICE FOR MULTIPLYING POLYNOMIALS MODULO
WITH ANALYSIS OF TWO LEAST SIGNIFICANT BITS
OF THE MULTIPLIER PER STEP

Abstract. We consider a device for multiplying polynomials modulo where two bits of the polynomial
multiplier are analyzed per multiplication step. Such a device can serve as the basic unit for building cryptosystems
based on non-positional polynomial number systems, where the binary representation of the polynomial multiplicand
can show a fragment of the encrypted text, and the binary representation of the polynomial multiplier can serve as a
secret key. The module is a binary representation of the irreducible polynomial of these two polynomials.

Key words: cryptosystem based on a polynomial number system, irreducible polynomials, polynomial
multiplier modulo irreducible polynomials, remainders.

Introduction. Modern computing devices mainly operate in a positional number system. In such
devices, when performing arithmetic operations on multi-bit numbers, it becomes necessary to take into
account inter-bit transfers, which significantly slows down the calculation speed and complicates the
structure of the computer.

In order to significantly improve the performance of computing devices, it is necessary to use number
systems devoid of the disadvantages of a positional number system. Today, such a number system is the
so-called "non-positional number systems", one of which is the "system of residual classes (RNS)" [1].
The use of RNS is an effective way of performing with a large discharge data. In particular, the use of
RNS allows increasing the speed of the operation due to the lack of transfer. These features provide
significant advantages of the RNS over the positional number system when performing modular
operations of addition, subtraction and multiplication. This is especially true if multi-bit numbers act as
operands. In this case, the multi-bit number is grouped into smaller blocks and each block is processed in
parallel, which leads to faster execution of operations on the multi-bit number.

In Kazakhstan, the The Institute of Information and Computational Technologies (of the Ministry of
Education and Science of the Republic of Kazakhstan conducts research and implementations of
cryptographic information protection algorithms based on the non-positional polynomial number system
(NPNS) [2-5]. In particular, algorithms for block symmetric data encryption based on the NPNS were
developed and implemented. Of particular interest are the hardware-software and hardware methods for
implementing NPSS, which can significantly accelerate the process of encryption and decryption of data
due to parallel processing at the level of individual modules and bits inside the module, and key generation
allows for integrity.

The main hardware/software and hardware cryptosystems are polynomial multipliers modulo
irreducible polynomials, where routine calculations are performed to encrypt and decrypt data. In [6-11],
multipliers of polynomials modulo irreducible polynomials were considered, where at each step of
multiplication, the least significant or most significant bit of the polynomial multiplier was analyzed.
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In this paper, we consider a device for multiplying polynomials modulo with an analysis of two bits
of a polynomial multiplier, which allows to accelerate the process of multiplication.

Main part. The functional diagram of the considered polynomial multiplier is shown in figure 1. The
device includes:

a shift register RgB that shifts two bits in the direction of the least significant bit;

a register RgP for storing the module P(x);

partial remainder formers PRF1 and PRF2;

a register of partial remainders of the RgPR;

| B(x) A(x) P(x)
:
—"ReB by [b RgP
1 0
L(1)A(x)
| S

_———— — — — — P(x)

| bL.1
Start

> T s A(x)

| i
Clk | 6 7J
’ . :B_ L()re]

[

| SynU

-

DL.4

Ri+1 r0=Rg

'

CMAdd2

11

R

Figure 1 — The device for multiplying polynomials modulo with analysis of two bits of the polynomial multiplier per step
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logical circuits And3 +~ And11 gates;

logical circuits OR1 and OR2 gates;

delay lines DL.3, DL.4;

cumulative adder modulo two (CMAdd2);

a synchronization unit (SynU), which contains a flip-flop T, a counter of clock signals of the CCS,
logical circuits And2 gates, delay lines DL.1 and DL.2.

The “Start” signal, the clock signals Clk, and the binary representation of the number of shifts K are
fed to the SynU inputs. The polynomial of the multiplier B(x) is fed to the input of the RgB register
through the block of circuits And3, the polynomial of the multiplicand A(x) through the block of circuits
And4, and the irreducible polynomial P(x) is fed through a block of circuits And>5.

Figure 2 shows the structure of the PRF, which consists of an modulo adder two and a multiplexer
MS, containing blocks of circuits And1’, And2’ and OR’, the inverter NOT of which is input to the most
significant bit order bit (MS) of the doubled value of the remainder 7;_;. The inverter NOT output is
connected to the control input of the block of circuits And2’ and the control bit of the circuit block And1’
is supplied with the most significant bit MS, the value of the doubled remainder 2r;_;, without inversions.
The information inputs of the block of circuits And2’are supplied with the bits of the doubled remainder
2r;_4, and the information inputs of the block of circuits And1’ are connected to the outputs of MAdd2.

r ro=A(x)

Figure 2 — Functional diagram of PRF Figure 3 — Functional diagram CMAdd2

When Mg =1 (21;_1>P(x)), the result of summing 2r;_; @ P(x) is fed through And1’to the output of
the block OR’. In this case, a partial remainder r; =2r.ymod P(x) = 2r.; @ P(x) is formed. At
Mg= 0 (2r;; < P(x)), the value 2r;_; is output through the blocks of And2’ and OR’circuits, a partial
remainder r;=2r;; is formed.

The structure of the cumulative adder modulo two (CMAdd2) is shown in figure 3, which consists of
an adder modulo two (MAdd2), an intermediate remainder register RgR, where the values R; = R;_; @ r;
are stored. As well as the values ry=A(x), which is formed by the “Start” level at by = 1 (where by-bit of
the binary representation of the polynomial multiplier B (x)).

The operation of the multiplication begins with the input to the input SynU signal “Start”. By this
signal, the polynomial multiplier B(x) is received in the RgB register through the And3 circuit block, and
the binary representations of the polynomial-irreducible polynomial module P(x) are received into the RgP
register through the And5 circuit block. The binary representations of the polynomial A(X) are received
through the block of circuits And4. The “Start” signal also writes the binary representations of the number
of shifts — K to the CCS. After receiving the binary representations of the polynomial B(x) in the least
significant bits of the register RgB, the values of the representations b, and b, are fixed. The positive
output of the flip-flop, where the value of the bits by is fixed, is connected to the inputs of the blocks of
circuits And7 and And10, and the inverse output of this flip-flop is connected to the input of the block of
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circuits And6. The positive output of the flip-flop, where the value of bit b, is recorded, is connected to the
inputs of the block of circuits And8. The value of the multiplicand A(x) with a shift by one bit in the
direction of the most significant bits (L(1) A(x)) is fed to the inputs of the block of circuits And6 and
without a shift, it is fed to the inputs of the block And7. With a value of b, = 1, the binary representations
of the polynomial A(x) without a shift is fed to the input of the register RgR CMAdd2 and with a shift by
one bit in the direction of the most significant bit, it is fed to the moves of the block of circuits OR1. The
outputs of OR1 are connected to the first inputs of the PRF1, and to its second inputs are fed binary
coefficients of the polynomial P(x). At the same time, the value of the first partial remainder 1, is formed
at the outputs of PRF1. With a value of b; = 1, the value of r1 is fed to the inputs of the CMAdd2 through
the blocks of circuits And8 and OR23. At the same time, at the its outputs, the value of the intermediate
remainder R, = Ry € 1y is formed, which is stored in the register RgR.

In parallel with the formation of the intermediate remainder R;, the value of the partial remainder r,
with a shift by one bit in the direction of the most significant bit one is fed to the inputs of the PRF2. The
value of the remainder 1, is generated at the outputs of the PRF2, which is stored in the register RgPRF2.
Since the time of formation and r; fixations in RgPRF?2 is longer than the time of formation and fixations
of the intermediate remainder R;, the delay time on the DL.1 of the “Start” signal is determined by the
total delay of PRF1, PRF2 and the registers RgB and RgPRF2. Thus, before the “Start” signal arrives at
the input of the flip-flop T from the output DL.1, the partial remainder r; is fixed in the register RgPRF2,
and the intermediate remainder R, is registered in the register RgR CMAdd2.

After the formation of 1, and R, the “Start” signal from the output of DL.1 is fed to the input of flip-
flop T and puts it in a single state, which allows the first clock signal Clk11 to go to output Andl. Clkl
from the output of Andl is fed to the input of the RgB register and shifts it by two bits to the right, and in
its lower bits the value of bits b; and b, of the polynomial B(x) is fixed. At the same time, the Clkl
decreases the value of the counter by one. Clkl, after a delay by the time of shifting the register RgB, the
element DL.2 is fed to the input of the block of circuits And10. At b, = 1 the value r, from the outputs of
RgPRF2is supplied through the blocks of circuits OR3 to the inputs of the circuit CMAdd2, where the
value of the intermediate remainder R, = R; @ r;, is calculated and it is stored in RgR CMAdd?2.

At the same time, the partial remainder r, is shifted by one bit toward the higher one with the clock
signal Clk1 through the block of circuits And9 with a delay for the time of writing R2 in RgR in DL.3 is
fed to the inputs of the PRF1 through the block of circuits OR1. At the outputs of PRFI1, a partial
remainder 3 = 2r,modP (x) is formed, which with a value of b; = 1 is fed through the blocks of circuits
And8 and OR3 to the inputs of CMAdd2, where an intermediate remainder R; = R, @ r3 is formed.
During the formation of intermediate remainder R;, the value of the remainder r; from the outputs of the
PRF1 with a shift by one bit to the higher side is fed to the inputs of the PRF2 and the intermediate
remainder forms the output of which r, = 2rsmodP (x), which is stored in the register RgPRF2. Thus,
before entering the next pulse of Clk2 in the circuit in the register RgPRF2 we have a partial remainder 1y,
in the register RgR CMAdd2 the value of the intermediate remainder Rj;.

Other remainders are similarly formed in RgR and RgPRF2. After the last clock signal is supplied to
RgR, the final result Rg is generated. At the same time, the CCS generates a signal “End of operations”,

which is delayed by the DL.4 elements for the time the remainder rg and Rg are PRFs, we are able to

increase the speed.

Consider the example of multiplication of polynomials modulo.

Let A(x) = x+x*x+1; B(x) = xX+x’+x*+1; P(x) = x*tx+1. Binary representations of these
polynomials: A =110011, B=101101, and P=1000011,. The calculation results are given in tablel.

To implement the device “for multiplying polynomials modulo with analysis of two bits of the
polynomial multiplier per step” was used FPGAs from the company Xilinx, family Artix-7. Table 2 shows
the total number of Artix 7 FPGAs (xc7al00t). The work of this device for polynomials with a power of m
=6+ 12 was tested on it.

Figure 4 shows the timing diagram of the device for polynomials A(x) = 110011,, B(X) = 101101,
and P(x) = 1000011,, which implement the operation R(x) = A(x)*B(x)mod P(x) with power m = 6. As
can be seen from the timing diagram, the output data are the values of partial remainders (r;, 1;+;) and
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Checking:

Table 1 — The sequence of operations

Clock

- Start Clk1 Clk2
signals
b: b'_='D‘_. b;.=l b3=1= Bs=]. b5=1,b4=0
— % — -
;;Iﬂ:;ﬁi{[}}é})—(i}lﬁlm L r:=2rzmodP(X)= | rs=2rsmodP(x)=
p 0010010 1001000
1100110
PEF1 el ® @
1000011 1000011 1000011
—_— 0010010 0001011
0100101 r3<P(x) r57P(x)
11=P(x) c Y T
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Table 2 — Total number of Artix 7 FPGA resources (xc7al00t)

Resources Number
LUT 63 400
FF 126 800

|
ofor |
I

110011
101101
B PlE:0] 1000011
1 clk 0
0 000101
B r1[6:0] 0010110
L] 0101000

Figure 4 — Diagrams of the formation of intermediate remainders for polynomials with power m = 6
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intermediate remainders (R;, Ri+1). In this case, after applying the “Start” level, the value ro = A(x) with the
value by = 1 through the block of circuits And7 is recorded in PrR CMAdd2 as r=R¢=110011. At the same
time, the value of r0 with a shift by one bit to the left is fed to the input of PRF1 and r1 = 0100101 is
formed at the output of PRF1. With a value of bl = 1, the value rl is fed to the input of CMAdd2, where
the operation is performed then R1=R0(r1*b1)=110011. Then, at the same time, r1 with a shift by one bit
to the left is fed to the input of PRF2 at the output of which an intermediate remainder
r2=2r1modP(x)=0001001 is formed, which is stored in RgPRF2. This ends the action of the “Start” signal.
With a clock signal Clk1 with a value of b2 = 1, the contents of RgPRF2 are transmitted to the inputs of
CMAdd2. Where R2=R10(r2*b2)=111010 is formed. At the same time, r2 from the outputs of RgPRF2
with a left shift by one bit is fed to the input of the PRF1 at the output of which a partial remainder
r3=2r2modP(x)=0010010 is generated, which is fed to the inputs of CMAdd2, forming
R3=R2[(r3*b3)=101000. At the same time, r3 with a shift by one bit to the left is fed to the inputs of the
PRF2, forming r4=2r3modP(x)=0100100, which is stored in RgPRF2. After applying the clock signal
Clk2 as the value is b4 = 0, then R4=R3[1(r4*b4)=101000. Also the signal Clk2 doubles the value r4 is
transmitted to the inputs of the filter 1 at the output of which the value r5=2r4modP(x)=0001011, which is
fed to the inputs of CMAdd2, where the final balance R5 = R4[(r5 * b5) = 100011 is formed.

Table 3 — The amount of resources spent

m, bit LUT % FF %
6 202 0.32 130 0.10
271 0.43 185 0.15
10 398 0.63 252 0.20
12 591 0.93 332 0.26

Table 3 shows the amount of the main resources LUT and FF used and their percentage of the total
for polynomials with power m =6 + 12.

Conclusion. As can be seen from the considered the device for multiplying polynomials modulo with
analysis of two bits of the polynomial multiplier per step, the multiplication process can be accelerated
almost twice. Similarly, to accelerate the multiplication of polynomials modulo per step of multiplication,
you can analyze more than two bits of the multiplier.
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KAJIAM CAVBIH KOBEATKIITEPIH EKI PA3PSITAPBIH TAJIJIAY APKbLIbI
MOJIMHOM/IAP/IbI MOJYJIb BOMBIHIIA KOBENTETIH KYPBLIFBI

Annoranusi. KP bxFM FK kapactsl AKnaparTbiK )KOHE €CenTeyilll TEXHOJOTHsIAp WHCTUTYTHIH/A OeHno3u-
UsUIBIK Kenmywrerikrep ecentey kydeci (BKEX) nerizinae nepexrepai mudpiayablH CUMMETPHSIIBIK alrOPUTMI
’KaCaJIbIHBII, OJ1 IPOrPaMMaJIBbIK )KOJIMEH icke KOochlIFaH. Jlepekrepai mmdpiay xoHe Kepi mudpiay KbUiaMIbIFbIH
apTTBIPY YIIIH aTajfaH KPUIITOXKYHE MPOrpaMMAaIbIK-aNapaTThIK HEMECe alapaTThIK JKOJIMEH iCKe KOCBUTYBI
mymkiH. Mynnaii BKEX HeriziHze KypbuUiFaH KpUNTOXYHeae NepeKkTepil Inudpay >KbUIIaMIbIFBIHBIH ©Cipiiayi
OHBIH KYpaMBIHJAFbl alapaTTblK MOIYJbACPAIH Mapalliesib )KYMbIC jkacaybiMeH Oainanbicthl. BKEXK-re cylieHin
KYPBUIFaH KPHUIITOXKYHEIepIiH Herisri OJ0TbIHA KONMYIIENIKTepi KeNTIpUIMEHTIH KOIMYIIENIKTEep MOy apKbUIbI
KOOCUTETIH KYphUIFbUIAp kKaTajpl. MyHIall KYpbUIFbUIAp/AA JSPeKTepAl MudprayFa jxoHe Kepi mudpiaayra Kaxer
apuQMeTHKaIBIK aMaigap OPbIHAANA/IbL

ATtarraH KeOeWTy KYPBUIFBICHIHIA KOOEHTim peTiHae mupplaHaTEIH MOTiHHIH Oip Oeiri OombIT TaOBUIATHIH
KOIMYIIETIKTIH eKUTiK Ko3((HUIHEeHTTepl, al KOOEUTKIII peTiHae KYMHs KiNT PeNiH aTKAapaThIH KOIMYIIETIKTiH
ekinik kod(duipentrepi 6ona anaapl. Moysb peTiHe KOFapbIAAFbl KOIMYIIETIKTErl KEeNTIPIIMEHTIH KOIMYIie-
JIKTEepiHiH OIpiHiH eKLTK KO3 GUIIMEHTTEP] abIHAIbIL.
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Kenmymenikrepai mMomyns OoibIHIIA KeOSWTymiH eki Tocimi Oap. BipiHmIiciHoe KONMYIIETIKTepIiH eKiTiK
kodpdunueHTTepin Oip-OipiHe KeOeTin, omxaH coH KOOEHTIHIAIHI MOIynmbre KenripeMis. MyHna KeOeHWTy yaKbITHI
KOIMYIIETIKTepAl KoOeUTyre KeTeTiH YaKbITICH KOHE OHBI MOIYJbIe KENTIPY YaKbITTAphIMEH aHbIKTanambl. OHBIH
ycriHe keOeHTiHAl pa3psaTapbl MOYJb pa3psATapbl CaHbIHAH achlll KeTedi. MyHJal jkaraaiia KeOeHTy KypbLi-
FBICBIHBIH KYpaMbl KypJIeiieHe .

ExiHun TociiHIE KONMMYIIENIKTepAi MOAyJb OoifbIHIA KOOEUTy ycTiHme KeOeilTy amanbl OipHerie Kajaam
apKbUIbl OpbIHanansl. Kagam canel keOEHTKil OONBINT TaOBUIATHIH KOIMYLIETIKTIH eKUIK KO3(p(QHUIUEHTTEePIHIH
caHbIMEH (pa3psATapbIMEH) aHBIKTAJIa/bI.

KebeiiTy iy op KagaMbIHa OYPBIHFBI AJIbIHFAH MKEKEJICHTeH ri-1 KaJIbIK )KOFaphl pa3psika Kapait 0ip paspsaka
JKBUDKBITBUIBIN (SIFHU eKire KeOeHTuim), skekenereH Kaniaslk KanbimracTeiprbin (JKKK) xipicine Oepineni. KKK
eKire keOeUTuIreH 2ri-1 KaIIbIKTBI MOy KENTIPIN Il KaJABIFBIH KaTBINTACTRIpaasl. OaH opi ri KaJIBIFEl 0JIaH
OypbIH anmblHFaH apaiblk Ri-1 KangplFblHa €KUTIK MOIYJIBMEH KOCBHIHIBUIAHBIN, Ri apanblK KaJIbIFbIH KalbllTac-
TeIpaabl. JKorapelnaH KepiHIN TypraHnaid, KeOSHTYNiH op KaJaMblHIa KaJABIKTapIbl JKEKEICHI'eH KaJIbIITACTHIPY
YCTiHIE KOMIMYIIETIKTep i KOOCHTY ®KoHE OJapAbl MOAYIIBIe KENTipy Olepanusuiapsl Oip Kamamaa OpbIHAaIa bl

Maxkamaga xkeOeHTymiH op KagaMblHOa KOOEHTKIIl KeNMMYIIENKTepiHIH €Ki pa3psaTapblH Talgay apKbUIbI
KOIMYLIETIKTepi MOIyJb OoiibIHIIA KOOSHTETIH KYpbUIFbl Kapanajbl. KeOeilTy KypbUIFBICHIHBIH KYPbUIBIMABIK
cy10achl, OHBIH JKYMBIC JKacay peTi, keOeHTy KYpBUIFBICBIHBIH KypaMblHa KipeTiH jKeKeJIEeHIeH KaJABIKTap Kajblll-
TaCTBIPFBILIBL, KYPaMbIHIA JKMHAKTAFBIIBI 0ap €Ki MOMYJIbMEH JKYMBIC )KACAWTBIH KOCHIHABUIAFBIIIBI Kapaniabl.
Kapanran kenmyuenikrepai MoIyjbMeH KeOeHTYy KYpbUIFBICBIHBIH kyMbIchl Xilinx kommanusceiably [TJIMC-in
(Artix-7) icke KOCY apKbUIbl TEKCEPIITreH.

Tyiiin ce3mep: OEHMO3NINSIIBIK KOIIMYILICIIKTEDP €CEITey JKYHeci, KeATIpiIMEHTIH KOIIMYIIENKTep, KOIMyIle-
JIKTEp.i KeNTIPUIMEHTIH KOIIMYLIETIKTEp apKbIIbl KOOEHTY, KAJIIBIKTap KaJIbIITaCThIPFBILIBL.

M. H. Ka.nnMo.mlaeBl, C. TLIHI,IMﬁaeBl, C.T HaTlOKZ, M. K. l/lﬁpanMons, M. M. Ma¥r3om'
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YCTPOMCTBO YMHOXXEHHWS TOJJUHOMOB 110 MOJIY.JIIO
C AHAJIM30M 3A HIAT IBYX MJIAJJHIUX PA3PAJ10OB MHOKUTEJISI

Annoranusi. B UHcTuTyTe MHGOpManMoHHBIX M BerauciauTesbHbIX TexHostornit KH MOH PK paspaboransl u
MPOTrPaMMHO PEaN30BaHbl AJITOPUTMBI OJIOYHOTO CHMMETPUYHOrO MIM(POBAaHUS JaHHBIX Ha 0a3e HEMO3UIIMOHHON
noiauHoMuanbHOW cuctembl cuncienus (HIICC). OcoOblif mHTEpec NpeicTaBisIOT MPOrpaMMHO-allapaTHhIe U
ammapatable crocoOs! peamm3anuss HIICC, koTopble MO3BONSIOT CYIIECTBEHHO YCKOPUTH MPOIecC MU(POBaHUSI U
pacmm(poBaHUs AaHHBIX 32 CUET IapajuleNIbHON 00pabOTKM AAaHHBIX HAa YPOBHE OTICIBHOTO MOAYIS M Pa3psiioB
BHYTpPH KaXKI0TO MOAYJISI.

IIpu mporpamMMHO-aIapaTHON M ammapaTHO# peanusaimii kpunrocucteM Ha 0aze HIICC ocHOBHBIM OJ10KOM
SBIISIETCSl YMHOXKUTENb MTOJMHOMOB 110 MOJYJIIO HEIPUBOJAUMBIX ITOJIMHOMOB, I'I€ MPOU3BOMASATCS CIIOKHBIC BBIYHC-
JIeHUs TI0 IMU(POBAHUIO U PACIIU(PPOBAHUIO NaHHBIX. B TaKMX YMHOXUTENAX B KaueCTBE MHOKMMOTO BBICTYIAeT
(parMeHT WUPPUPYEMOTO TEKCTa, & MHOXHTEIIEM SIBISETCS IIOJIMHOM, KOTOPBIA CIIy)KHT CEKPETHBIM KJIFOUOM, a
MO/IyJIb BBIOWPAETCsl M3 MHOKECTBA HEITPUBOJUMBIX MTOJIMHOMOB.

CymiecTByeT /Ba IoaXoja K YMHOXKEHHUIO MOJIMHOMOB 10 MOAyN0. B mepBom moxaxoxe nBoudHbIE KO3 DU-
IUEHTH! [OJIMHOMOB MHOXHTENS U MHOKMMOTO YMHOXKAlOTCS Ha YCTPOWCTBE YMHOKEHHUS NOJIMHOMOB, 3aT€M 3TO
MIPOM3BEJICHUE TPHUBOJIUTCSA IO MOJIYNIO HETPHBOAMMOTO IOJMHOMA. [Ipy TakoM Ioaxoje BpeMsl YMHOKEHUS
MOJIMHOMOB TTO MOJYJIFO CKJIa/IbIBACTCSl U3 BPEMEHN YMHOKEHHS TIOJIMHOMOB M BPEMEHH NPHUBEACHUS IPOU3BEICHUS
MOJIMHOMOB TI0 MOZYJIIO HEIPHBOANMOTrO MoirHOMa. KpoMe 3Toro, pe3ynbraT yMHOKEHHS TTOJMHOMOB BBIXOAUT 32
pa3psAAHON CETKON MOJYJIsI, UTO YCIIOKHSIET CTPYKTYpY YCTPOHCTBA YMHOKCHHS.

Bo BTOpOM moxxone yMHOXKEHHE MOJMHOMOB II0 MOIYJIIO ONEparys pa3OuBaeTCsl Ha IIard, YUCIO KOTOPBIX
OTIPENENSAETCS YUCIOM JBOMYHBIX KO (PHUIMEHTOB (pa3psAaHOCTHIO) MMOJIMHOMA — MHOXHUTENS. [Ipu 3TOM Ha KaKaoM
Iare MpeablIyIui YaCTUIHBIA OCTAaTOK Ti-1 mepemaeTcs co CABUIOM Ha OJIUH pas3psi B CTOPOHY CTAapIIETO pa3psija
aToro ocrarka (ri-1 ymMHOXaeTcs Ha JiBa) Ha BXOJbI clieayromero ¢popMmupoBarens 4acTHYHbIX octaTtkoB (DYO) n
MIPOM3BOJINTCS €0 IPUBEICHUE 110 MOJYJIF0 HEMPUBOAMMOTO MOIYJIs, (POPMHUPYS YaCTHUYHBIH ocTaToK ri. OCTaToK ri
IIPU €MHUYHOM 3HAUEHHH aHAIM3UPYEMOro pa3psaa MHOKHUTENS MOJAeTCsl Ha BXOJbl HAKAIUIMBAIOIIEr0 CyMMaTopa
10 MOJIYJIIO JIBa, T/I€ BBIYHUCIISIETCS] IPOMEKYTOUYHBIH OCTATOK ITyTEM CIOKEHHMS 110 MOAYJIIO IBA YACTUYHOTO OCTATKa
Tl C MPOMEXyTO4HBIM ocTaTkoM Ri-1. [Ipu 3TOM Mogxoe yMHOKEHHUST HETPYTHO 3aMETHTh, YTO IIPH (GOPMHPOBAHUN
OYepeTHOr0 YaCTHYHOTO OCTaTKa OIepanysi YMHOXKEHHUS MOJMHOMOB COBMEIIAETCS C OINepalyell NMpHuBeAeHHUs II0
MOJIYIIIO.
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B nanHO#l paboTe paccMaTpUBAETCsl YMHOXKHTEb MOJTHHOMOB [0 MOJIYJIIO, T/I€ Ha KaXIOM IIare YMHOKEHHS
aHAJM3UPYETCsl IBA pa3psiia MOJIMHOMA — MHOXHTEIS, YTO TMO3BOJSIET YCKOPUTh Mpoliece YMHOXeHus. B pabore
MPUBOJSITCS (DPYHKIMOHAIBHBIE CXEMbl YMHOXHTENS M €r0 KOMIIOHEHTOB, MPUMEp yMHOXEHUs. B 3akiodeHun
MPUBOJUTCS peain3alus pacCMOTPEHHOro ycrpoiictBa ymHoxenust Ha [IJIMC ¢upmer Xilinx (cemeiictBa Artix-7).
PaboTa mpeayiokeHHOTO yCTpOHCTBa YMHOXEHHUS ONMpoOMpoBaHa AJIs MOJIMHOMOB, UMEIOIINX CTereHb m=6+12, u
OTIPEJIeNICHO ISl HUX KOJIMYECTBO 3aTPaYCHHBIX PECYPCOB.

Kﬂlﬂ‘leBBIe CJI0Ba: KPUIITOCUCTEMA Ha OCHOBE MOJUHOMHUAIBHOM CHCTEMBI CUHCJICHUA, HCTIPUBOJUMBIC
IMMOJIMHOMBI, YMHOKHUTCJIb TOJIMHOMOB 11O MOAYJIFO HETPUBOJUMBIX TOJIMHOMOB, (l)OpMI/lpOBaTeJ'II/I OCTaTKOB.
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