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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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Аннотация. Мақалада бүтін сандарға арналған бөлгіш құрылғысы ұсыныла-
ды, ол әр сағаттық циклде қалдық пен бөліндінің екі цифрын қалыптастырады. Ол 
үшін бөлгіштің еселі мәндерінің (B, 2B, 3B) тура және кері кодтары алдын ала есеп-
теліп, арнайы регистрге сақталады. Әр итерацияда алдыңғы қалдық екі разрядқа солға 
ығыстырылады () және алдын ала есептелген мәндермен салыстырылады. Ең жақын 
мән таңдалып, мәнінен алынып тасталады да, жаңа қалдық есептеледі. Таңдалған 
мәнге сәйкес бөліндінің екі цифры анықталады. Бұл операциялар қалдық пен бөлінді 
цифрларын қалыптастыру блогында (GPRaQB) жүзеге асырылады. Ұсынылған ар-
хитектура бөлгішті тізбекті, матрицалық немесе конвейерлік схемаларда жүзеге асы-
руға мүмкіндік береді. Бұл жұмыста тізбекті схемалар негізінде жүзеге асырылған 
бөлгіштер қарастырылады. Ұсынылған әдістің дұрыстығы мысал арқылы және FPGA 
платформасында модельдеу арқылы тексерілді.
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Аннотация. Рассматривается устройство деления целых чисел, где в каждом 
цикле деления формируется остаток и два разряда частного. Для этого в блоке ре-
гистра частного предварительно подготавливаются прямые и обратные коды чисел 
кратные к делителю. Для вычисления текущих остатков и формирования разрядов 
частного предыдущего остатка  сдвигаются на два разряда влево (4), которые срав-
ниваются со всеми значениями кратного 3B, 2B и B и выделяется одно из них. Затем 
путем вычитания этого числа из 4 вычисляется частичный остаток .  По выделенному 
остатку так же формируются разряды остатка  .  Вычисления частичного остатка и 
разрядов частного осуществляется в блоке формирования частичного остатка и раз-
рядов частного (ФЧОиРЧ). На основе ФЧОиРЧ можно построить делители на после-
довательных и матричных схемах и на схемах с конвейерной структурой. В данной 
работе рассматриваются делители на последовательных схемах. Проверка правиль-
ностифункционирования этих устройств осуществляется на конкретном примере и 
путем моделирования их на программируемых логических матрицах (ПЛИС).

Ключевые слова: числа кратные делителю, формирователь остатков, форми-
рователь разрядов частного, делитель последовательного действия.

Для цитирования: C. Тынымбаев, С.Е. Маманова, Р. Бердибаев, Ж.Е. Те-
мирбекова, Т. Чинибаева (2026). Устройства деления чисел с предварительной под-
готовкой кратных делителю // Mеждународный журнал информационных и ком-
муникационных технологий. Т. 7. No. 26. Стр. 172–187. https://doi.org/10.54309/
IJICT.2026.26.2.012. (На англ.).  
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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   
is shifted left by two bits (i.e.,  ) and compared against the precomputed multiples. 
The closest matching multiple is selected and subtracted from the shifted remainder to 
compute the new partial remainder . Concurrently, two quotient digits 
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 (FPGAs). 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 



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

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License177

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 and the corresponding next 
partial remainder during each division cycle. The system architecture includes:

•	 A register for the dividend ,
•	 A register 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 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:  

where 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 

Digits per 
Cycle

Iteration Count 
(n-bit division)

Hardware 
Complexity

Memory Speed Flexibility

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 

High
Very 
High

Low

Matrix Division 1 n Very High Low Low
Proposed Architecture: 
Precomputed Multiples 
Divider (2-bit)

2 n/2 High Medium High Medium

As shown in 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 RgA1 and 
RgA2, 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 - 3В, 2В, В and  a 
generator of partial residues and quotient bits (GPRaQB), the SB synchronization block, 
and the AND1-AND6 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, AND8, delay lines DL0 
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  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 
quotient bits in each cycle. The outputs of the RgA1 register are connected to the GPRaQB 
input via the AND4 circuit.

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)

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 AND1 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 AND8 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 AND1 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 AND4, to the first input of which the shifted by 
two digits is fed with the addition of two digits   from the outputs of the circuit 
AND4, the number   is fed to the inputs of the GPRaQB. In the GPRaQB, the number 

is compared with the multiples 3B, 2B, B and selects one of them, which allows one 
of the multiples  to pass to the input of the adder AD, where the remainder  is 
calculated. The selected multiples also form the bits of the quotient   the cycle 
ends with the supply of the remainder   to the inputs of the register  
and the reception of the bits of the quotient in the least significant bits of the register 

 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   
and  are shifted by two bits, the counter reading is reduced by one, in the register 

, the number  is formed. The bits of the quotient  are moved to the left 
by two places in the GPRaQB  are compared with the multiples of 3B, 2B, B 
and one of them is selected, according to which the next remainder    is formed and 
the bits of the quotient  the multiples are accepted into the register  
and .

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  register, which is output through the AND5 circuit, and simultaneously the 
quotient Q bits are output from the  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 
 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   and at Output 2 when 

•	 CC-2 outputs ‘1’ at Output 1 if   and at Output 2 if  
•	 CC-3 behaves similarly, producing ‘1’ at Output 1 for  and at Output 

2 for 
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



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

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License183

Fig. 5. Functional diagram of the GPRaQB amplifier on two comparison schemes

When the value of   is transferred to the output via the AND9 and OR4 
circuits. In this case,  The PDFU circuits generate the =00 bits.

At 2В> ³B, a single signal is formed at the output of the AND10 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  a single signal is formed at the output of the circuit 
AND11, which leads to the execution of operations   In this case, 

at the ratio  the signal from the output 2 of the CC-3 leads to 
the execution of operations  while at the outputs of the circuits AND12 
and AND13 of the PDFU, bits  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–AND11, OR1–OR5), 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/
OR1, respectively. The operand  is fed to both comparison circuits and the right input 
of the adder via AND8.

Comparison Logic and Operation Modes.
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Step    
CC-1 outputs ‘1’ at output 1, activating AND1 to pass B to CC-2 and blocking 3B through 
AND2.

 : 

CC-2 selects  which is added to  in AD to compute , 
forming quotient digits 

  
No subtraction occurs; the adder simply passes with quotient digits 

.
Step 2:   

             CC-1 outputs ‘1’ at output 2, enabling 3B to be passed to CC-2 and blocking B via     
AND1.

If    
CC-2 selects  and the adder performs  forming 

If   
CC-2 selects  and quotient digits 

Each decision is driven by control logic involving CC-1 and CC-2 outputs, routed 
through specific AND and OR gates. The quotient bits  are generated using 
AND9–AND11 and finalized via OR4 and OR5.

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 

The senior five bits of the binary code of the number A are determined by the 
value  Adding the next two bits  of the number A to the 
remainder  shifted to the left by two digits gives the number
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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.

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  In the timing diagram, the 
quotient bits obtained in each clock are presented in binary form:  
. In the diagram, it is clear that the value of bits   in the 
second and third clocks has an analog value. The final value of the quotient Q is formed by 
concatenating the bits  which is the number 

The remainder R on the last (4th bar) shows the remainder value 
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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