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Abstract. Recently, non-traditional adders have appeared, such as adders with 
a conditional sum and with conditional transfers, adders on three input or two-in-
put fans «exclusive OR (XOR)». The paper considers the construction of functional 
circuits of four-bit binary adders, where bit adders are built based on two and three 
«exclusive OR (XOR)» input gates and on adders with a conditional sum such as 
with parallel transfer circuits. The synthesis of an adder with a conditional sum is 
considered. In conclusion, four-digit adders are compared in terms of the number of 
MOSFETs and speed, which allows you to choose the type of adders when designing 
various digital devices that contain binary adders.
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Аннотация. Кәзіргі уақытта ғылыми басылымдарға шартты қосылғышы 
бар, шартты тасымалдағышы бар және үш немесе екі кірісті екі модульмен 
қосу арқылы құрылған дәстүрлі емес қосылғыштардың түрлері қаралып отыр. 
Қаралып отырған мақалада аталған қосылғыштар арқылы төрт разрядты 
қосылғыштардың құрылымдық сұлбаларын құрып оларды бір-бірімен 
жылдамдықтары және оларды құратын транзисторлардың саны арқылы 
салыстырылды. Салыстыру нәтижесі цифрлық құрылғыларды жобалағанда 
қосылғыштардың тиімді түрін таңдап алуға мүмкіндік береді. 

Түйін сөздер: екілік қосылғыштар, екі немесе үш кірісті екі модульмен 
қосы арқылы құрылған қосылғыштар, параллель тасымалдау сұлбасы, шартты 
қосылғыш

Дәйексөздер үшін: C. Тынымбаев, Ж.Е. Темирбекова, Р.Ш. Бердибаев, 
С.Е. Маманова. Параллель трансферттері бар төрт биттік екілік қосқыштарды 
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doi.org/10.54309/IJICT.2025.22.2.013.

Мүдделер қақтығысы: Авторлар осы мақалада мүдделер қақтығысы 
жоқ деп мәлімдейді.

СРАВНИТЕЛЬНЫЙ АНАЛИЗ ЧЕТЫРЕХРАЗРЯДНЫХ ДВОИЧНЫХ 
СУММАТОРОВ С ПАРАЛЛЕЛЬНЫМИ ПЕРЕНОСАМИ
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Аннотация. В последнее время появились нетрадиционные сумматоры 
такие как сумматоры с условной суммой и с условными переносами, сумматоры 
на трех входовых или двухвходовых вентилях «исключающее ИЛИ». В работе 
рассматриваются построение функциональных схем четырехразрядных 
двоичных сумматоров, где разрядные сумматоры построены на базе двух и трех 
входных вентилей «исключающее ИЛИ» и на сумматорах с условной суммой 
такие как с цепями параллельных переносов. Рассматривается синтез сумматора 
с условной суммой. В заключении осуществляется сравнение четырёхразрядных 
сумматоров по количеству МОП транзисторов и по быстродействию, что 
позволяет выбрать тип сумматоров при проектировании различных цифровых 
устройств, где содержатся двоичные сумматоры.

Ключевые слова: двоичные сумматоры, вентили «исключающее ИЛИ», 
схемы параллельными переносов, сумматор с условной суммой

Для цитирования: C. Тынымбаев, Ж.Е. Темирбекова, Р.Ш. Бердибаев, 
С.Е. Маманова. Сравнительный анализ четырехразрядных двоичных сумматоров 
с параллельными переносами//Международный журнал информационных и 
коммуникационных технологий. 2025. Т. 6. No. 22. Стр. 200–213. (На англ.). 
https://doi.org/10.54309/IJICT.2025.22.2.013.

Конфликт интересов: авторы заявляют об отсутствии конфликта 
интересов.

Introduction
Adders perform arithmetic additions and subtractions of numbers and, togeth-

er with other logical operations, adders form the basis of arithmetic logic device cir-
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cuits that implement several different operations (division, multiplication, raising to a 
power, etc.) that are integral parts of processors of various types. This article is useful 
for specialists in designing any digital accounts where binary adders are used.

The hardware complexity and speed of an adder are important parameters and, 
therefore, many variants of single-bit and multi-bit adders with serial, parallel and 
combined carries have been developed (Ugryumov, 2020: 800; Russo et al., 2018).

Materials and Methods 
Traditionally, binary adders are synthesized based on a truth table (Nair et al., 

2018: 1942–55; Timmermann et al., 2018: 1–4). The analytical expressions of the 
sum (Si) and carry (Pi) functions for the i-th digit have the following form:

(1)

where,  – bits of the i-th digits of numbers A and B;

 – carry from the least significant digit.

In the AND-NOT circuits in formula (1),  has the following form (Harris 
et al., 2022: 947; Sazhina, 2021: 140):

(2)

The expression for  using the summation operation modulo two («exclusive 
OR») can be rewritten as follows:

(3)

As can be seen from formula (3), the sum of the i-digit can be formed on 
three-input or two-input «exclusive OR» circuits.

Recently, new approaches to the design of digital circuits have been devel-
oped and are being developed, including adders based on integrated circuits on MOS 
transistors, which are characterized by high speed, low power consumption, where 
the transistor placement density in one chip is calculated in millions.

In this regard, approaches to the development of adders are changing. So-
called adders with a conditional sum (CSA) and adders with a conditional carry 
(CCA) have appeared (Sklansky, 1960: 226–231). In this paper, we will consider a 
four-digit adder with parallel carry on adders with a conditional sum.

To speed up the operations of adding multi-digit numbers, parallel carry cir-
cuits (PCC) have been developed (Cheng et al., 1998: 131–134; Kuo-Hsing et al., 
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2016: 975–989). The formula for calculating the carry  on AND-NOT gates is as 
follows:

(4)

where =  – carry generation function;

=  – carry transfer function.
With a large number of adder bits, the implementation of parallel carry re-

quires logic elements with a large number of inputs and high load capacity. For ex-
ample, to build an eight-bit adder, elements with 8 inputs and a branching factor of 16 
are required, which may exceed the capabilities of basic logic elements. Therefore, 
adders with parallel carry are usually implemented only for a small number of bits. 
In the future, we will consider the construction of multi-bit adders based on four-bit 
adders, where the parallel carry circuit (PCC) is implemented according to the fol-
lowing formulas:

(5)

Fig.1. shows the circuit diagram of the power supply system, constructed ac-
cording to formula (5), where the carries P0, P2, P3 are formed in parallel for a four-bit 
adder.

Four-bit parallel carry adder with three-input «exclusive-OR (XOR)» gates 
SM1

The functional diagram of a 4-bit adder with parallel carry on three-input «ex-
clusive-OR (XOR)» circuits is shown in Figure 2.
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Fig. 1. Functional Diagram of the Parallel Carry Generator for Four-Bit Adders

Fig.2. Functional Diagram of a 4-Bit Adder with Parallel Carries on Three-Input «Exclusive-OR (XOR)» Cir-
cuits

As can be seen from Figure 2, the adder consists of four three-input «exclu-
sive-OR (XOR)» circuits, a PCC circuit, and an output carry generator FVP, where 
the carry is formed at the output of the four-bit adder. The FVP can be constructed 
using the following formula:

(6)

The three-input «exclusive-OR (XOR)» circuit is implemented according to 
the truth table, which is given in Table 1.
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Table 1. Truth Table of the Adder Si for the Three-Input «Exclusive-OR 
(XOR)» Circuit

0 0 0 0 1 0 0 1
0 0 1 1 1 0 1 0
0 1 0 1 1 1 0 0
0 1 1 0 1 1 1 1

From this table we have:
(7)

Figure 4 shows the functional diagram of the  generator constructed accord-
ing to formula (7).

Si

Pi-1ai bi

Fig. 4. Functional Diagram of the Si Generator on Three-Input «Exclusive-OR (XOR)» Circuits

Four-bit parallel carry adder with two-input «exclusive-OR (XOR)» gates. 
The functional diagram of such an adder is shown in Figure 5.

As can be seen from Figure 5, each bit adder consists of two exclusive OR 

circuits. The inputs of the first circuit (0.1, 1.1, 2.1, 3.1) are fed with bits , , 

 and , respectively. In this case, at the outputs of each bit of the adder, half-

, ,  and  are formed, which 
are fed to the first inputs of the second  «exclusive-OR (XOR)» circuit (0.2, 1.2, 2.2, 
3.2), and the input carry Pin is fed to the second inputs of the “exclusive OR” circuit 
0.2. From the output of the PCC, the carries P0, P1, P2 are fed to the second inputs of the 
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exclusive OR circuit 1.2, 2.2, 3.2; at the outputs of the circuits 0.2, 1.2, 2.2, 3.2, the 
sum bits S0, S1, S2, S3are simultaneously formed. The output carry Pout is also formed at 
the outputs of the third bit, which is implemented according to formula (6).

Fig.5. Functional Diagram of a 4-Bit Adder with Parallel Carries, Where Each Adder Bit Is Built on Two «Ex-

clusive-OR (XOR)» Circuits

Figure 6 shows a functional diagram of one bit of the adder on two «exclu-
sive-OR (XOR)» circuit.

ai

bi

Si

Pi

Si
1

Fig. 6. Functional Diagram of One Bit of the Adder on Two «Exclusive-OR (XOR)» Circuits

Results and discussion
Four-bit parallel carry adder on conditional sum adders (SM3). Literature 

older than 10 years needed to compare existing adders with newly developed adders 

[7-8]. In single-digit adders with a conditional sum, in the process of addition  

calculates the sum  and the sum = . The choice of one of them is 
determined by the value of the corresponding transfer generated by the BSC scheme. 
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The truth table of the conditional sum adder is shown in Table 2.
Table 2. The truth table of the conditional sum adder

0 0 0 0 1 0 0 1
0 0 1 1 1 0 1 0
0 1 0 1 1 1 0 0
0 1 1 0 1 1 1 1

From the first part of Table 2 we have

.
(8)

From the second part of Table 2 we get

.
(9)

From formulas (8) and (9) it is easy to see that

= 
to minimize transistors in bit adders, we transform formula (8) as follows.

;                    

(10)

Using formula (10), it is possible to implement an «exclusive-OR» circuit 
and, adding the MUX multiplexer circuit, it is not difficult to build a one-bit adder 
with a conditional sum, which is shown in Figure 7. 

Let us consider the operation of the i-th digit of the adder with a condition-

al sum. After applying the bits  на to the inputs of the OR-NOT (1) and 
XOR-NOT (1) circuits, at the output of the OR-NOT circuit (2) we obtain the sum 

 and at the output of INERTOR 2 we obtain the values sums = . 

The sum  is supplied to the input (0) of the MUXi multiplexer, and the value  is 

supplied to the input (1). Based on the transfer value Pi, the value  or  is output 
to the output of the MUXi multiplexer, forming the value Si.

Figure 8 shows the circuit of the adder of the third most significant digit, 
where the third digit of the sums S is simultaneously formed at the output of the 
MUX3 multiplexer, and the sign multiplexer MUX3H generates the output transfer Pout, 

choosing one of two transfers = =  by carrying P2.
Figure 9 shows a functional diagram of a four-bit adder with parallel carry on 

adders with a conditional sum.
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Fig. 7. Functional Diagram of the I-Th 
Digit of the Adder With a Conditional Sum

Fig. 8. Functional Diagram of the Most Signif-
icant Digit of the Adder with a Conditional Sum

Fig. 9. Functional Diagram of a Four-Bit Parallel Carry Adder Using Conditional Sum Adders

Figure 10 a) shows the circuit of the MUXi multiplexer using MOS transistors. 
The operating rules of the multiplexer are shown in Figure 10 b.
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1Si

Pi-1

Si
0

Si

а)

0
0
0
1
1
0
0
1

1
1
0
1
1
0
1
1

б)

Fig. 10. Functional Diagram of the Multiplexer a) and the truth table of the multiplexer b)

A distinctive feature is the construction of a multi-bit adder with a condition-
al sum, confirmed by patents received for the invention (Tynymbaev et al., 2023; 
Tynymbaev et al., 2023; Tynymbaev et al., 2023).

Comparative analysis of parallel carry adders (Hwang et al., 2022: 358–369; 
Cheng et al., 2021: 131–134). The comparison is carried out by the number of MOS 
transistors that need to be implemented in various adders and by the delay time on the 



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2025. Vol. 6 Іs. 2.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License211

logic elements for the formation of sum and carry bits.
When counting MOS transistors, we will use Table 1, which shows the sym-

bols and diagrams of gates on MOS transistors and the number of transistors for 
the implementation of the corresponding gates, compiled according to work (Chan-
drakasan et al., 2015: 498–523).

To implement the CPP (Figure 1) according to Table 1, only 76 MOS transis-
tors will be required.

According to Figure 2, four three-input «XOR» circuits are required for the 
operation of the adder (Figure 3).

According to Figure 3, the number of transistors for building one three-input 
circuit «XOR» is 38 transistors.

To build a VVP (Figure 2), 16 MOSFETs will be required. Since there are 
four adders in the number of multipliers, the total number of MOSFETs required is 
N1=76+38×4+16=244 transistors. The time for the formation of the digits of the sum 
is τAD1= 3τPCC+3τAD=6τLE

According to Figure 5, the number of two-input circuits «exclusive 
OR» is 4. To build one two-input circuit, 32 transistors will be required, then 
N2=7(32×4)+76+16=220 transistors. The time of formation of the sum is τAD2= 3τPC-

C+6τAD=9τLE; 
According to Figure 9, the number of a single-digit adder is four. To build the 

first three digit adder with a conditional sum (Figure 7), you will need (22×3)+4+6=76 
transistors. It will take 30 transistors to build a three-bit adder, represented in table 3. 
Then the total number of transistors is N3=76+76+30=182 MOSFET transistors. The 
time of the formation of the amounts τAD3= 3τPCC+6τAD=6τLE.

A minimum number of 182 MOS transistors is required to build a four-bit 
adder based on conventional sum adders, but its performance is determined by the 
amount of delay - 9τLE.      
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Table 3. Gate Circuits and the Number Of MOS Transistors for Their Imple-
mentation

The 
sym-
bol 

of the 
valves

Valve circuits
Number 
of transi

stors

The 
symbol

Valve circuits
Number 

of 
MOSFETs

  А

  

A
P

N
𝐴̅𝐴 2 A B C A

B

А ∨ В ∨ С С 6
A B

A

B А ∨ В 4

A B

A

B

А&В 
4

A
B A&B

A
B A&B 6

A
B A⋁B A

B A⋁B 6

A B C

A

B

А&В&С 

C

6 (0)        (1)

MUXi
Ci-1

(Si   )1Ci
1(Si   )0Ci

0

Si(Сi)

Ci-1

0Ci

Выход

Ci
1

6

Conclusion
Based on two and three input XOR circuits and a conditional sum adder and 

the formation of parallel carries, four-bit adders (SM1, SM2 and SM3) with parallel 
carries were obtained. Comparing them in terms of speed showed that the fastest 

effective of them is an adder of the  type, which is based on three-input XOR 
circuits. In terms of hardware costs (number of MOS transistors), will be built on the 
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basis of adders with a conditional sum. It is shown that on the basis of four bit adders 
it is possible to obtain a multi-bit binary adder with parallel-serial transfers.
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