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Abstract. The paper presents a division device for integers that generates a remainder
and two quotient digits per clock cycle. To enable this, both forward and inverse codes of
values that are multiples of the divisor (B, 2B, and 3B) are precomputed and stored in a
dedicated quotient register block. During each iteration, the previous partial remainder is
left-shifted by two bits (i.e., ) and compared against the stored multiples. The closest match
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is selected and subtracted from , yielding the next partial remainder . Based on the selected
multiple, the corresponding two digits of the quotient are also determined. These operations
are carried out within the Partial Remainder and Quotient Bit Generation Block (GPRaQB).
The proposed architecture enables implementation of the divider using sequential, matrix-
based, or pipelined circuit structures. This study focuses on dividers implemented using
sequential circuits. The correctness of the proposed method is validated both through a
worked example and simulation on Field-Programmable Gate Arrays (FPGAs).

Keywords: multiples of the divisor, remainder shaper, quotient digit shaper,
sequential divisor
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AHHoTanus. Makanana OyTiH caHJapra apHajFaH OeJrill KypbUIFBICHI YChIHbLIA-
JIbI, OJI 9P CAFaTThIK UKJJIC KAIJIBIK MeH OeiHIHIH €Kl MU(PBIH KaasmTacTeipanasl. O
yurin 6enrimTiy eceni MoHnepiHiH (B, 2B, 3B) Typa xoHe kepi KoaTapsl aJiIbIH aja ecer-
TEJiI, apHalibl pETUCTPre caKTanaabl. Op UTEpalMsiia ajaAbIHFbI KaJAbIK €K1 pa3psKa CojiFa
BIFBICTBIPBUIAJIBI () )KOHE aJI/IbIH aJla €CENTEeNreH MOHIEPMEH CalIbICThIpbuIabl. EH jKaKbiH
MOH TaHJAJbII, MOHIHEH aJIbIHBIN TacTajajbl Ja, KaHa KaJAblK ecenteneni. TaHnanraH
MOHTe colikec OeMiH/IIHIH €Kl UG Pl aHbIKTaNaabl. by onepanusiap KaniablK eH OemiHI1
uugprnapbid Kansmracteipy OnmoreiHna (GPRaQB) xy3ere aceippuiazbl. ¥ ChIHBUIFAH ap-
XUTEKTypa 0emrimTi Ti30eKTi, MaTpULAJIbIK HEMece KOHBEHEPIIIK cxemasap/a sKy3ere achl-
pyFa MYMKIHAIK Oepeni. by skymbicTa Ti30€KTi cxemasap HETi31HJe *KY3ere achlpblIFaH
OerimTep KapacThIpbuiabl. ¥ CHIHBIIFAH 9IICTIH IYPBICTBIFbI MbICal apKbLiIbl koHe FPGA
aTGopMachIiHAa MOACIBICY APKbLIBI TEKCEPIII.

Tyiiinai ce3mep: OONTIIITIH ecenl MOHAEPI, KAJABIKTHI KaIbIITACTBIPYIIbI, OOI1HI1
uuprapblH KaJblITaCThIPYIIbI, TI30€KTI OOt
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JICT.2026.26.2.022. (Afbu1. TiN.).

Myaaesiep KaKThIFbICBHI: ABTOpJIap OCBl MaKasiaga MyJieep KaKThIFbICHI KOK ATl
MOTIMAEHII.

YCTPOMCTBA JIEJEHWS YACEJI C IPEJIBAPUTEJBHOM MMOATOTOBKON
KPATHBIX AEJIUTEJIO

C. Toinvimoaes’, C.E. Mamanosa'*, P. bepoubaeé’, JK.E.Temupoeroed’, T. Yunuoaesa’
'MexmyHapOIHBIM YHUBEPCUTET HH(DOPMAITMOHHBIX TEXHONIOTHH, AnMarel, KazaxcTaH;
2AJIMaTHHCKHN YHUBEPCUTET SHEPTETUKU M TEIEKOMMYHHUKAIIUH HMEHH
I'ymapOeka [laykeeBa, Anmatsl, Kazaxcran;

’Kazaxckuii HallMOHAIBHBIA YHHUBEPCUTET MMEHH anb-Dapadu, . Anmarsl, KazaxcraH.
E-mail: s.mamanova@iitu.edu.kz

TeinbiMOaeB Caxbif6aii — PhD, mpodeccop kadeapsr «KommbroTepHass WHXEHEPHUS»,
MexTyHapOIHBI YHUBEPCUTET MHPOPMALIMOHHBIX TEXHOIOTUH, Anmarsl, KazaxcTan
https://orcid.org/0000-0002-9326-9476;

MamanoBa Ceim0atr — pokropanT PhD, cennop-nexrop xadenpsl «KomnbroTrepHas uH-
KeHepus», MexayHapoIHbI YHUBEPCUTET WH(GOPMAIMOHHBIX TEXHOJOIMH, AJMarhbl,

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License
337



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 2 (26).

Kasaxcran

E-mail: s.mamanova@iitu.edu.kz, https://orcid.org/0009-0001-7277-5492;

bepaubaes Par — PhD, AcconumnpoBannsiii npodeccop kadenpsl Kubepbezonacnoctu
WucTuTyTa aBTOMaTU3aluyd U MHGOPMAIIMOHHBIX TEXHOJIOTHH AJIMaTHUHCKOTO YHUBEPCHU-
TeTa SHEPreTUKU U TeJleKOMMYyHHKaIil umMenu ['ymapOeka JlaykeeBa, Anmarsl, Kazaxcran
https://orcid.org/0000-0002-8341-9645;

TemupbexoBa Kanepke — PhD, Kaszaxckuii HanMoHanbHBIA YHUBEPCUTET HMEHU
anp-Dapadu, Anmarsl, Kazaxcran

https://orcid.org/0000-0003-3909-0210;

YunuobaeBa Toaranaii — PhD, AccommmpoBannbiii npodeccop xadenpsr «Kommbro-
TepHasi MHXKEHEepUs», MeXIyHapoaHbIi yHUBEPCUTET HUH(GOPMAIMOHHBIX TEXHOJIOTHH,
Anmarel, Kazaxcran

https://orcid.org/0000-0002-2657-3697.

© C. TeipimbaeB, C.E. Mamanosa, P. bepaubaces, XK.E. Temup6ekosa, T. Hunnbaesa

AHHOTanus. PaccmarpuBaeTcst yCTpOWCTBO EJIEHUS LEIbIX YHACEI, I1I€ B KaXI0M
LUKJIE JeJeHUs] GOpMUPYETCsl OCTATOK U J1Ba pas3psna yactHoro. [lyis storo B OGioke pe-
TUCTpPa YaCTHOTO MPEABAPUTENHHO MOATOTABIMBAIOTCS MPSIMbIE U OOpATHBIE KOJbI YUCEI
KpaTHbIE K JeJUTENt0. J{s BBIUMCIIEHNS TEKYyIIMX OCTaTKOB M (POPMUPOBAHUS PA3PSIOB
YaCTHOT'O MPEAbIAYIIEro OCTaTka CIBUTAIOTCS Ha JBa pas3psiia BIeBO (4), KOTOpPbIE CpaB-
HUBAIOTCS CO BCEMU 3HaYeHMUsIMU KpaTHoro 3B, 2B u B u Beinensercs ogHo u3 Hux. 3arem
MyTE€M BBIYUTAHUS 3TOTO YUCIIA U3 4 BEIYUCIISETCS YaCTUUHBIN ocTaTok . [1o BIEIEHHOMY
OCTaTKy TaK k€ (OpMHUPYIOTCS pa3psiabl OcTaTka . BblunMcieHus YaCTUYHOTO OCTaTrka U
pa3psAa0B YaCTHOTO OCYILECTBIsAETCS B O10Ke (POPMHUPOBAHMS YACTUYHOIO OCTaTKa U pas-
psanos yactHoro (PUOuPY). Ha ocnose ®YOuPY M0oxHO MOCTPOUTH AENUTENN HA TOCTe-
JIOBAaTEIbHBIX U MAaTPUYHBIX CXEMAX M Ha CXEMaX ¢ KOHBEUEPHOU CTPYKTypoiul. B manHoM
paboTe paccMaTpUBaIOTCS JETUTENN Ha MOCIeI0BaTelbHbIX cxeMax. [IpoBepka npaBuib-
HOCTH(YHKLIIMOHUPOBAHUS 3TUX YCTPOUCTB OCYLIECTBIISIETCSI HA KOHKPETHOM MPUMEpPE U
MyTeM MOJIEIMPOBAHMSI UX HA MPOrpaMMUpyeMbIX joruueckux marpunax (ITJIMC).

KuroueBble ciioBa: yncia KpaTHble A€TUTEN0, (POPMUPOBATENIb OCTAaTKOB, POPMHU-
poBaTelb pa3psAI0B YaCTHOTO, JEIHUTEIb MTOCIEA0BATEIBHOTO IEHCTBUS

Jasn  murupoBanusi: C. TemeimOaeB, C.E. MawmanoBa, P. bepaubaes,
K.E. Temup6exoBa, T. Hunubaena (2026). YcTpoiicTBa aeneHUs YUCEN ¢ NpeaBapUTeIb-
HOM MOJATrOTOBKOM KpaTHBIX JENUTEN0 // MexayHapoaHbIi *KypHal HH()OPMALMOHHBIX U
KOMMYHHKAITMOHHBIX TexHojorui. T. 7. No. 26. Ctp. 335-350. https://doi.org/10.54309/
JICT.2026.26.2.022. (Ha anru.).

KoH(auKT MHTEepecoB: aBTOPHI 3asBIISIIOT 00 OTCYTCTBUU KOH(IMKTa UHTEPECOB.

Introduction.
Integer division remains a fundamental operation in digital computing, particularly
in applications involving digital arithmetic, signal processing, and embedded system design.
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As the demand for high-throughput and low-latency computational systems increases,
there is a growing need for efficient division algorithms that can be readily implemented in
hardware. Conventional division methods, while accurate, often incur significant latency
and hardware overhead, especially when executed iteratively with single-bit quotient
generation per cycle.

This study proposes a novel hardware-oriented approach to integer division that
produces two quotient digits per clock cycle, significantly improving computational
efficiency. The technique relies on the precomputation of both forward and inverse codes
for values that are multiples of the divisor (namely, B, 2B, and 3B), which are stored in a

dedicated register block. During each division cycle, the previous partial remainder R,

is shifted left by two bits (i.e., R;_, ) and compared against the precomputed multiples.
The closest matching multiple is selected and subtracted from the shifted remainder to

compute the new partial remainder R;. Concurrently, two quotient digits g;and q;_,
are generated based on this operation.

These calculations are executed within a custom logic unit, the Partial Remainder and
Quotient Digit Generation Block (GPRaQB). The architecture enables the implementation
of division units using sequential, matrix-based, or pipelined circuit designs, offering
flexibility for various hardware applications. In this work, the focus is placed on sequential
circuit implementation. The functionality and correctness of the proposed design are verified
through both analytical evaluation and hardware simulation using Field-Programmable Gate
Arrays (FPGASs). The results demonstrate that the proposed method provides a reliable and
resource-efficient solution for high-performance integer division in digital systems.

Materials and methods.

Unlike addition and multiplication, methods for accelerating integer division have
historically received comparatively less attention. This can be attributed to two main
factors: first, the inherently sequential nature of the division process, wherein each new
quotient digit and partial remainder depends on the outcome of the preceding step; and
second, the relatively low frequency of division operations in many computational tasks.
However, with the widespread adoption of high-speed addition and multiplication units in
modern processors, unoptimised division operations increasingly become a performance
bottleneck, necessitating the development of efficient hardware division techniques.

Numerous architectures have been proposed to improve the performance of
hardware division units. Traditional digitrecurrence schemes, built on the SRT algorithm
family, remain foundational in modern designs. SRT methods iteratively shift the partial
remainder and conditionally update it via addition or subtraction of the divisor, reducing
arithmetic operations through signeddigit quotient sets (Harris et al., 1997). Comprehensive
treatments of these algorithms and their hardware implications are found in canonical texts
(Koren, 2017; Parhami, 2010).

Extensions of SRT to higher radices, such as Radix4 and Radix8, enable the generation
of multiple quotient bits per cycle, thereby reducing total iteration counts. However, this
advantage often incurs greater hardware complexity, particularly in quotient selection logic
and lookup tables, which grow significantly with the radix size (Gorodecky et al., 2023; Liu
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et al., 2025). Early work demonstrated that highradix implementations impose substantial
memory demands, which can offset iteration gains in some applications (Taylor, 1985).

Beyond classical digitrecurrence schemes, alternative highspeed division methods
have emerged. Hybrid approaches combining Goldschmidt and Mitchell algorithms have
been shown to achieve high throughput with efficient hardware resource utilization,
particularly on FPGA platforms (Yang, 2025). Likewise, binary logarithmbased division
architectures with pipelined stages and errorcorrection structures offer reduced logic
complexity while maintaining precision (Ngo et al., 2025).

FPGAoriented design explorations, such as those reconsidering integer divider
structures for soft processors and embedded systems, further illustrate the variety of
modern implementation strategies (Matthews et al., 2019). Energyefficient approximate
logarithmic dividers for integrated circuits also demonstrate favorable tradeoffs in area
and performance (Arya et al., 2022).

Matrixbased division schemes use arrays of adders to compute partial remainders
and quotient bits in parallel. While these designs can offer low latency and inherent
parallelism, their main limitation is the generation of only one quotient bit per row,
constraining throughput in highperformance systems (Nikmehr et al., 2007, Nand et al.,
2023). Comprehensive comparisons of matrix and iterative architectures highlight the
tradeoffs between parallelism, resource usage, and speed (Obshta et al., 2024).

Recent innovations also include datadependent divider designs optimized for
areacritical applications, illustrating how adaptive hardware structures can improve
efficiency (Patankar et al., 2023). Scalable constant division architectures tailored for
FPGA implementation provide further evidence of ongoing efforts to balance performance
and hardware cost (Gorodecky et al., 2023).

Across these studies, the central challenge remains the tradeoff between iteration
count, hardware complexity, and resource usage, motivating continued architectural
innovations in divider design.

As presented in J. E. Tornton: 1955 (US Patent 3,293,418), an enhanced division
unit is described that produces two quotient digits ;, fj —q and the corresponding next
partial remainder during each division cycle. The system architecture includes:

* Aregister for the dividend ,

* Aregister for the divisor , and

* A two-bit left-shift chain embedded in the dividend register.

Upon completion of the division process, the upper bits of the dividend register
contain the remainder , while the lower bits store the final quotient .

Computation of Multiples and Remainder.

To accelerate the division process, the architecture leverages the preparation of
multiples of the divisor: B,2B,3B. These are computed as follows:

. 2B is obtained by a single-bit left shift of the value stored in the divisor
register B,
. 3B is calculated by summing B+2B using a dedicated binary adder,
. Inverted values B,2B,3B are derived by inverting outputs from the
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respective blocks (using NOT gates).
These prepared values are used to compute subtraction candidates during each cycle:
4R;_4,4R;_, — B,4R;_, — 2B,4R;_; — 3B where 4R;_; is the result of
shifting the previous remainder two bits to the left.

The proposed divider architecture is equipped with three binary adders for computing
the required subtractions and a combinational logic unit composed of AND, OR, and NOT
gates to process sign information and select valid outcomes. These components work in
tandem to determine the appropriate partial remainder and generate two quotient digits
per cycle. However, this implementation is hardware-intensive due to the inclusion of four
full binary adders, leading to increased logic area and power consumption. To mitigate this
drawback, recent design improvements aim to retain the use of precomputed multiples while
replacing a portion of the adders with comparator circuits. This hybrid approach effectively
reduces hardware complexity without compromising the throughput advantages of producing
two quotient digits per cycle. As such, the divider represents a class of high-speed division
units with preloaded multiplicands and optimized arithmetic-logical structures for enhanced
efficiency in digital systems.

Table 1 — Division Architectures Comparison

Architecture Quotient Iteration Count Hardware Memory | Speed | Flexibility
Digits per (n-bit division) Complexity
Cycle
Classical Sequential (1-bit) 1 n Low Low Low High
SRT Radix-2 1 n Medium Medium Medium
SRT Radix-4 2 n/2 High High High | Medium
SRT Radix-8 3 n/3 Very High Very Very | Low
High High
Matrix Division 1 n Very High Low Low
Proposed Architecture: 2 n/2 High Medium | High | Medium
Precomputed Multiples
Divider (2-bit)

Asshownin Table 1, a comparative analysis of different divider architectures highlights
the trade-offs between iteration count, hardware complexity, and overall performance. While
traditional sequential and Radix-2 SRT methods offer simplicity and low hardware demands,
they suffer from higher latency due to single-bit quotient generation per cycle. High-radix
SRT implementations (e.g., Radix-8 and Radix-16) significantly reduce iteration counts but
at the cost of increased memory usage and complex digit selection logic, which complicates
implementation and scaling.

In contrast, the proposed architecture-Precomputed Multiples Divider (2-bit per cycle)-
achieves a favorable balance. It provides a twofold reduction in iteration count compared to
classical methods while avoiding the high memory overhead associated with high-radix SRT
designs. The use of precomputed values and selective replacement of arithmetic units with
comparators contributes to moderate hardware complexity and enhanced operational speed,
making the architecture particularly suitable for FPGA-based and embedded implementations.
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Thus, the proposed method demonstrates a practical and efficient solution for accelerating
integer division in digital systems.

Sequential division devices, where a partial remainder and two quotient digits are
formed in each division cycle.

The block diagram of the dividing device, where a partial remainder and two
quotient digits are formed in each cycle, is shown in Fig. 1.

The circuit contains a divisible Register, which consists of two parts RgAl and
RgAZ2, having a left shift circuit by two digits, a register of multiples of the divisor (RgMD),
which consists of two registers Rg3B and RgB (Fig. 2) at the outputs of which forward

and reverse codes of multiples to the divisor are formed - 3B, 2B, Band 3B, 2B, B, a
generator of partial residues and quotient bits (GPRaQB), the SB synchronization block,
and the AND1-ANDG6 circuits, which serve to receive operands and output the results of
the remainder R and the quotient of the division. The synchronization block (SB), which
includes (Fig. 3) reversible counter RC, Trigger T, circuits AND7, ANDS, delay lines DLO
and DL2, the SB inputs receive a “Start” signal, a clock signal CS, a binary code for the

number of shifts N, which is determined by the ratio N=¥, where is the bit depth of
the divisible A, -the bit depth of the divider B. The outputs of the SB generate the signal
“Operand reception”, “Shift” and “End of operations (EO)”.

As can be seen from Fig. 1, the RgMD register is connected to the GPRaQB. The
GPRaQB outputs are connected by the RgA register to transmit the next remainder from

the GPRaQB output, and also with the RgA2 register to transmit the value of the Qirdi—1
quotient bits in each cycle. The outputs of the RgA 1 register are connected to the GPRaQB
input via the AND4 circuit.

"Operand
reception™ | |3ﬂ B

iB B B

Shife

I
[ [
]
START
s 1} A GPRaQB
N —D_ - _;I_J

oY

R +

Fig. 1. Functional diagram of a divider with preliminary preparation of multiples, where in each cycle the

value of the partial remainder and two bits of the remainder are formed
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Fig. 2. Registers of multiples of the divisor (RgMD)
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o4 R .} *
s
Transfer of A; to the nput of the GPRa(B
B Y | i

L DL
RSC

ED
Outputting R; and (); to the sutput

L2
Fig. 3. The structure of the synchronization unit (SU)

Consider the operation of the dividing device.

The “Start” signal generates the “Receive operands” control signal, which, using
the ANDI circuit, the most significant digit of the dividend is written into the RgA1
register via the OR1 circuit. The least significant digits of the number A are received
into the RgA2 register, while multiples of 3B are simultaneously received into the Rg3B
register via the AND2 circuit, and the divisor B is received into the RgB register of the
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block BRgMD. The “START” signal also receives the code of the number of shifts K via
the ANDS circuit and is written into the reversible counter RSC.

The “Start” signal (Fig. 3), delayed on the delay lines DL.0 for the time of receiving
the operands, is fed to the S input of the trigger T and sets it to the one state, which allows
the first clock signal T ANDI to pass to the input of the circuit AND7, forming the “Shift”
signal, which shifts the registers RgA1 and RgA2 by two digits to the left. Also, the
“Shift” signal decreases the reading of the counter RC by one. The “Shift” signal, delayed
on DL.1 for the time of shifting the registers RgA1 and RgA2, is fed to the second input of
the circuit ANDA4, to the first input of which the A;_4R; ,+a;, a; a i shifted by
two digits is fed with the addition of two digits @;4+1@; from the outputs of the circuit
AND4, the number A; is fed to the inputs of the GPRaQB. In the GPRaQB, the number
A, is compared with the multiples 3B, 2B, B and selects one of them, which allows one
of the multiples 3B, 2B, B to pass to the input of the adder AD, where the remainder is
calculated. The selected multiples also form the bits of the quotient G- @i—1 the cycle
ends with the supply of the remainder dir @i—1 to the inputs of the register RgA,
and the reception of the bits of the quotient in the least significant bits of the register
RgA, By this time (Fig. 3), the second AND2 arrives at the input of the AND7 SB,

through which the execution of the second division cycle begins: the contents of RgA;
and RgA,. are shifted by two bits, the counter reading is reduced by one, in the register

RgA,, the number A,=4R; isformed. The bits of the quotient are moved to the left
by two places in the GPRaQB A,=4R; are compared with the multiples of 3B, 2B, B
and one of them is selected, according to which the next remainder R, is formed and
the bits of the quotient ¢g;_,, q;_5, the multiples are accepted into the register RgA,

and RgA,.

Other remainders and quotient bits are formed similarly. In the last cycle, the
division counter (DC) is reset. At the same time, it produces the “End of Operations” signal
EO, which switches the T trigger to the “0” state. At the same time, the clock signal is
prohibited from entering the circuit. The delayed EO signal on DL.2 produces the contents

of the RgA, register, which is output through the ANDS circuit, and simultaneously the

quotient Q bits are output from the RgA, register through the AND6 circuit.

Former of partial remainders and quotient bits based on three comparison schemes.

Figure 4 presents the functional diagram of the Partial Remainder and Quotient
Bit Generation Block (GPRaQB). This block comprises three main components:

* the Multiple-to-Divider Selection Block (MDSB),

» the Private Discharge Formation Unit (PDFU),

* the Remainder Formation Block (RFB).

The MDSB is implemented using three parallel comparison circuits (CC-1, CC-2,
CC-3), along with associated logic gates AND9, AND10, and AND11. The input value

A; = 4R;_, is simultaneously fed to the left inputs of all comparison circuits. The

right inputs receive the precomputed multiples of the divisor: B, 2B, and 3B, respectively.
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The comparisons are performed in parallel, enabling fast decision-making. The
output behavior of each comparator is as follows:

* CC-1 generates a logical ‘1’ at Output 1 when A. < B and at Output 2 when
A; = B;

¢ CC-2 outputs ‘1’ at Output 1 if AE < 2B, and at Output 2 if Ai = 2B;

*  CC-3 behaves similarly, producing “1”at Output 1 for 4; < 3B, and at Output

2for A; = 3B.

These output signals serve as selection flags that determine which multiple of the
divisor will be used for computing the partial remainder and which quotient bits will be
formed. The logical structure ensures parallelism, minimizes delay in the decision path, and
eliminates the need for sequential selection logic.

Fig. 4. Functional scheme of formation of partial remainder and quotient digits on three comparison schemes
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Fig. 5. Functional diagram of the GPRaQB amplifier on two comparison schemes

When A.<B, thevalueof A ; 1s transferred to the output via the AND9 and OR4

circuits. In this case, R;=A;=4R;_,. The PDFU circuits generate the q;q;_,=00 bits.
At 2B> 3B, a single signal is formed at the output of the ANDI10 circuit, which
allows the inverse code to be transmitted through the OR2 circuit to the input of the adder
AD. In this case, the operations = +1 are performed and = are formed in the PDFU.
At the ratio 2B<C A4;<3B, a single signal is formed at the output of the circuit
ANDII1, which leads to the execution of operations R,=A, + 2B +1. In this case,

q:qi—1=10,, attheratio 4,>3B, the signal from the output 2 of the CC-3 leads to

the execution of operations R;=A: + 3B +1_ While at the outputs of the circuits AND12
and AND13 of the PDFU, bits g;qi_1=11,. are formed.

The advantage of the GPRaQB on three comparison circuits is the simultaneous
comparison of operands.

Former of partial remainders and quotient bits based on two comparison schemes.

Figure 5 illustrates the functional diagram of the remainder and quotient digit
generation unit (GPRaQB), which consists of an adder (AD), two comparison circuits (CC-
1, CC-2), logic gates (AND1-ANDI11, OR1-ORS5), and a NOT gate.

The doubled divisor value (2B) is supplied to the right input of CC-1, while either B
or 3B is selectively passed to the right input of CC-2 through gates AND1/OR1 and AND2/

ORI, respectively. The operand 151,-_' is fed to both comparison circuits and the right input
of the adder via ANDS.
Comparison Logic and Operation Modes.
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Step 1: A; < 2B
CC-1 outputs ‘1’ at output 1, activating ANDI to pass B to CC-2 and blocking 3B through
AND?2.

IfA; = B:

CC-2 selects B, which is added to A]-_* inADtocompute R, = A, + B+ 1,
forming quotient digits q:qi—, = 01
idi-1 2-
IfA; < B:

No subtraction occurs; the adder simply passes R; = A;, with quotient digits
qiqi—1 = 003. .

Step2: 4; = 2B

CC-1 outputs ‘1’ at output 2, enabling 3B to be passed to CC-2 and blocking B via
ANDI.

If 1f A, < 3B: _

CC-2 selects 2:5’_1 and the adder performs Ri = Ai + 2B + 1, forming
qiq;—1 = 105.

IfIf A; = 3B:

CC-2 selects 3B, leading to R; = A; + 3B + 1, and quotient digits
qiqi—1 = 115.

Each decision is driven by control logic involving CC-1 and CC-2 outputs, routed
through specific AND and OR gates. The quotient bits g;and q; 4. are generated using
AND9-ANDI11 and finalized via OR4 and ORS.

Implementation Consideration

A known drawback of the two-comparator-based GPRaQB design is the sequential
nature of CC-1 and CC-2 operations, which introduces delay and reduces efficiency in high-
frequency applications.

To validate the correctness and performance of the algorithm, the divider based on
three parallel comparison circuits (as shown earlier in Fig. 4) was modeled and tested using
FPGA implementation. A specific case of dividing a number by a divisor was simulated to
ensure correct generation of remainders and quotient bits.

Let the dividend A=2743 . divisor B=11010,

_ _ M2 Q13 Q1909 Ay A7 Qg Az Ay lz Az Ay 4y
A=27%310={¢" 1 01 o0 10 1 10 1 113

B:110102 - 2610: 2B25210, 3B:?810
The senior five bits of the binary code of the number A are determined by the

value R,=01010, = 10;,. Adding the next two bits a-a, of the number A to the
remainder R, shifted to the left by two digits gives the number
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A, = (2) RgHayas)=4RyHa,ag)= 40+2=42,.
For clarity, all calculations for determining the remainders and digits of the quotient
are given in the table in the decimal number system.

Table 2 — The order of performing the operation of dividing the dividend A by the
divisor B.

Cycles Enrollment of balances Formation g;q;_;

Al :4R0+(ﬂ?ﬂ,6)z 40+2:42w

1 52242=46, while B= A; < 2B therefore, _
R, =42-26=16 (796 = 01

AZ =4R1+(a5r14)= 64+3=6710

2 7867252, while 3B>4; = 2B therefore, _
R,=67-52=15 G594 = 10

Ag :4R2+((13(12): 50+]:6110

3 7861252, while 3B>4; > 2B therefore, G3q, = 10
Ry=61-52=9

A4 =4Rg+(ﬁlﬂ,g)= 36+3=3910

4 5223926, then 1o = 01

R;=39-26=13

Q=01101001, = 105,4: R=13,,:
Check A=(Q*B) +R= (105*26) +13=2743,

To verify the operation of the dividing device, a behavioral simulation was
performed in the Vivado 2017 software package. The device was described using the Verilog
programming language. The simulation made it possible to verify the correct functional
operation of the device at the logic description level, without including time characteristics
or physical modeling in the calculation. The main tasks of the simulation were to identify
errors in logic and verify the interaction of components at the signal level.

After performing these tests and checks, no critical errors were found in the logic
of the device. Figure 6 shows the simulation result, which shows that it took a total of four

clock signals to divide the numbers A=2743,, by B= 26,,. Inthe timing diagram, the

quotient bits obtained in each clock are presented in binary form: 01,,10,, 10,,01,,.
. In the diagram, it is clear that the value of bits gsqs = 10 ¥ g3q, = 10 in the
second and third clocks has an analog value. The final value of the quotient Q is formed by

concatenating the bits 01101001, whichis the number Q= 10 510-

The remainder R on the last (4th bar) shows the remainder value R=13,,.

Results and discussion.

The current study demonstrates the feasibility and correctness of a divider architecture
that generates two quotient bits per cycle through the use of precomputed multiples and
comparison-based logic. However, further enhancement of performance is possible by
optimizing the architectural variants for specific timing and structural trade-offs.
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In future work, attention will be focused on designing a sequential divider variant
operating over three clock cycles per full division step. This approach is expected to reduce
logic complexity while maintaining acceptable performance for resource-constrained
systems, such as low-power FPGAs or embedded processors.

Another promising direction involves the development of a matrix-based divider
structure capable of performing division operations in just two clock cycles. By leveraging
the parallelism of matrix interconnections and reducing propagation delays, this architecture
has the potential to significantly improve throughput, especially in high-speed computing
applications.

Further research will also explore power—performance trade-offs, logic minimization
techniques, and pipelined implementations suitable for ASIC design or integration into
arithmetic logic units (ALUs).

Conclusion.

In this paper, a structural diagram of a dividing device with preliminary preparation
of multiples of the divisor has been proposed and validated. Two functional variants were
developed, enabling each division cycle to compute the partial remainder and generate
two bits of the quotient through the use of two or three comparison circuits. This approach
effectively reduces the number of division cycles by half compared to classical methods.

Fig. 6. Result of FPGA dividing device simulations for the example where dividend A= and divisor B

The architecture was modeled using Verilog HDL and verified through simulation
on an FPGA platform. As illustrated in Figure 6, the divider successfully processed
the example division by , generating the correct quotient and remainder , with all logic
operations performing as expected.

These results confirm the correctness and efficiency of the proposed design and
demonstrate its suitability for implementation in hardware-based digital arithmetic systems.
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