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Abstract— Reversible logic is emerging as one, low cost 

substitution for the existing methods with respect to its 

speed, less power consumption and area. Adder design is a 

very fundamental and important part of any processor and 

optimal design of such adders gives efficient output in the 

form of better working processors. We are proposing a 

better Binary and BCD adders. The designs of these adders 

are cored to optimize total cost, delay in processing and area 

occupied. A modification we are proposing in BCD adder 

stages to remove the redundant part present in the circuit 

allowing the design to work more efficiently. We would 

explore the utilization of negative control lines for detection 

in overflow logic of BCD adder which significantly cuts off 

total cost, time delay and counts of individual gates, 

outcome of such utilization is high speed BCD adder with 

optimum area. This results in vast possibilities in the field of 

reversible computing. 
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I. INTRODUCTION 

In today’s specialized world, warm contemplations, 

reliability issues and proficiency have gotten to be major 

concerns. Nowadays, exploration is being done to outline a 

system with high performance, speed and exceptionally low-

power scattering or in a perfect world no warmth era. As 

power utilization is a noteworthy requirement in designing 

of VLSI circuits so we have to change to that computing 

world where no data misfortune exists in light of the fact 

that according to Landauers rule, on all of computation, 

conventional computerized frameworks disperse KTln2 

amount of vitality [1], where K is Boltzmanns steady and T 

is the temperature at which the calculation is performed [2]. 

Bennett demonstrated that this vitality scattering would not 

happen if the same numbers of data bits are generated, i.e. 

no data misfortune exists. Present irreversible advances 

scatter a great deal of heat in terms of bit misfortune which 

decreases life of the circuit. Alllogical operations in today’s 

established PCs are irreversible [3]. It implies extraction of 

information from the respective output is unrealistic [4]. 

Then again, reversible calculation has a notable element of 

special balanced mapping in the middle of inputs and output 

which lessens the main issue of force dissemination with no 

in order loss [5].  In this paper drop with respect to gate 

count as well as Quantum cost and the run time of synthesis 

can be improved [6, 7]. 

II. BLOCK DIAGRAM AND DESIGN 

 
Fig. 1: 1-bit Full Adder 

A fulladder can be fabricated taking into account 

Equation above. The piece graph of a 1-bit fulladder is 

appeared in Fig.1. The fulladder is made out of 2 half 

adder’s and an OR gate for figuring complete 

si = aibi     (1.1) 

ci+1 = ai .bi+ ai. ci + bi . ci   (1.2) 

III. SOME OF REVERSIBLE GATES 

A. CNOT Gate or Feynman  

The Reversible 2*2 gate with Total amount of cost of one 

having mapping input (A, B) to output (P = A, Q= A^B) . 

 
Fig. 2: Reversible Feynman/CNOT Gate(FG) Fredkin gate 

The Fredkingate is a computational circuit which is 

appropriate reversible logic. It is all inclusive, above 

Fig.2shows the symbol of reversible Feynman/CNOT gate 

Fredkingate, which implies that any consistent operation can 

be developed totally of Fredkingate.  

In software engineering, the Toffoli gateway 

(likewise CCNOT gate), developed by Tommaso Toffoli, is 

a general reversible rationale gate, which implies that any 

reversible circuit can be built from Toffoli gates. It is 

otherwise called the "controlled-controlled-not" gateway, 

which portrays its activity  

 
Fig. 3: Feynman / CNOT Gate Symbol 

B. All Inclusiveness of Toffoli-Gate 

Here reversible gateway should have the equal input and 

output bits, categorizing guideline Fig.4 shows the Toffoli 

gate. For one information bit, in this two conceivable 

reversible gateways. “One of them is NOT”. Additional is 

personality gateway which maps its input to the output 

unaltered. For two data bits, the main none-inconsequential 

gateway is the prohibited NOT gate which XOR the 

principal bit to the second piece and leaves the primary 

piece unaltered. 

 
Fig. 4: Toffoli Gate Symbol 
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C. 1-Bit Reversible Full-Adder 

In this diverse varieties of Toffoli gateway. 2x2 Toffoli-gate 

is generally called CNOT passage/Feynman gateway. An 1-

bit reversible fulladder has arranged by means of recently 

nxn positive-controlled Toffoli gateways showed up in 

Fig.5. In this future outline direct and has a gateway to 

calculation of 4 to 0 trash output. 

 
Fig. 5: 1-Bit Reversible Full Adder 

D. 4-Bit Reversible BCD Adder Design (Design 1) 

BCD codes makes calculation and analysis more simple in 

processor design. A BCD adder plays a major role in these 

designs. A conventional BCD adder is constructed using 

Full Adder circuit with an overflowing detector circuit. In 

this design we have proposed a 4-bit reversible BCD adder 

using proposed reversible full adder circuit (NAF A) and an 

overflow detector circuit as shown in Fig 6. The 

overflowing detector circuit has been designed using two 

3*3 negative controlled Toffoli gates and a positive 

controlled Toffoli gate. The use of negative logic reduces 

the gate count and hence aids the requirement. In this design 

two reversible 4-bit full adders (NAF A) are used to realize 

the reversible BCD adder. 

 
Fig. 6: Proposed $-Bit Reversible Full Adder Design 

(NAFA) 

E. Modified 4-Bit Reversible BCD Adder Design (Design 

2) 

A BCD code consists of numbers from 0 to 9 and any value 

greater than the range is corrected by adding 6 (0 I 10) to the 

resulting value. There is a need to detect this overflow of the 

resulting value. Hence we have designed overflow logic 

using negative controlled Toffoli gate followed by a 4-bit 

reversible full adder to add 6 to the resulting value. But we 

need to add l's only for 2nd and 3rd bits. Hence we need 

only two 1-bit adders to perform the same instead of 4-bit 

full adder as discussed in previous section. Hence we 

modified the previously proposed BCD adder design with 

the one as shown in Fig 7. 

 
Fig. 7: Proposed 4-Bit Reversible BCD Adder Design 

F. Modified 4-Bit Reversible BCD Adder Design (Design 

2) 

A BCD code consists of numbers from 0 to 9 and any value 

greater than the range is corrected by adding 6 (0 I 10) to the 

resulting value. There is a need to detect this overflow of the 

resulting value. Hence we have designed overflow logic 

using negative controlled Toffoli gate followed by a 4-bit 

reversible full adder to add 6 to the resulting value. But we 

need to add l's only for 2nd and 3rd bits. Hence we need 

only two I-bit adders to perform the same instead of 4-bit 

full adder as discussed in previous section. Hence we 

modified the previously proposed BCD adder design with 

the one as shown in Fig 8. 

 
Fig. 8: Proposed $- Bit Modified Reversible BCD Adder 

Design 

IV. METHODOLOGY 

A. Reversible Binary Full Adder 

The methodology adapted is to ripple the carry through each 

stage of full adder circuit. Thus the proposed 4-bit reversible 

full adder is the cascade of four I-bit full adders with a 

Quantum cost of 48 and delay of 40LL.The delay 

calculation process has been shown diagrammatically in Fig 

9. According to the design, for each group of 2*2 and 3*3 

Toffoli gate, delay is found to be  

(4.1) 

Since there are 8 such pairs, the total delay for a 4-

bit reversible full adder is found to be 40Δ. the general 

expression to find delay for an n-bit reversible binary adder 

is as shown below: 

(4.2) 
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Fig. 9: Delay Calculation in 4-Bit Reversible Full Adder 

Design  

B. Reversible BCD Adder 

A binary coded decimal is a form of number system in 

which every four bits of a number is represented by its 

equivalent value. For example, a decimal number 45 is 

represented as 0100 0101 in BCD system. This makes things 

simple and facilitates the logic designer to understand the 

logic. While designing a combinational circuit using BCD 

logic, we may need to perform different operations on it 

such as addition, subtraction, etc. While performing any 

operation, there may be chances of overflowing the range of 

the number system. In such a case, a detector and corrector 

circuit needs to be present. During BCD addition if there is 

any overflow, the logic to correct is to add 6 (0 I I 0) to the 

resulting data. The design methodology involves detecting 

overflow of the resulting sum from 4-bit reversible full 

adder and then adding 6 to it using another 4-bit reversible 

full adder. In this proposed design, we have used cascade of 

two negative controlled Toffoli and a positive controlled 

Toffoli gate to detect the overflow and have used  nother 4-

bit reversible binary adder to correct it by adding 6 (0110) to 

the output of first full adder. By this the quantum cost has 

been found to be 113 with gate count of 35 and delay of 

97LL In case of modified full adder (Design 2), we have 

removed the redundancy present in the reversible BCD 

adder proposed (Design I) as we need only two I-bit full 

adder instead of 4-bit full adder. This will reduce the delay 

as well as area. 

V. COMPARISON 

A. Reversible Binary Full Adder 

N-bit reversible parallel fulladder described by the total 

amount of cost 12n, deferral of IOn, 4n ancilla inputs and 

zero garbage outputs. Exactly once appeared differently in 

relation to [10], [12] the total amount of cost future plot has 

reduced by18.75% for an 8-bit-adder and also 7.5% of delay 

was improved compared to [11]. Below Table-I provide the 

examination of n-bit full reversible combined fulladder. 

Table-II provides the rate change in total amount of cost for 

different bits. 

 
Table 1: Comparison Of N-Bit Reversible Full Adder 

 
Table 2: Quantum Cost Comparison of N-Bit Reversible 

Full Adder 

B. Reversible BCD Adder 

 
Table 3: Comparison of 4-bit reversible BCD adder 

In [9] six designs and in [10] four works on BCD-

adder’s are given based on aultering the parameters like 

Ancilla given inputs, garbage outputs, total amount of cost 

and also the delay. This plan with least Ancilla inputs and 

unwanted outputs compared here. 

 
Table 4: Quantum Cost Comparison of N-Bit Reversible 

BCD Adder 

When compared to the previous works, the 

proposed BCD adder using reversible binary full adder has 

better quantum cost. The results of all the previous works 

and our proposed design have been summarized in Table III. 

The percentage improvement in quantum cost when 

compared to [8] is 94.69% and delay improvement is 

135.05% compared to [10]. Though the ancilla inputs and 

garbage outputs are more compared to [10], the quantum 

cost and delay has been optimized to a greater extent. The 

quantum cost comparison of n-bit reversible BCD adder is 
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as shown in Table IV. The modified BCD adder designed is 

much more efficient than proposed BCD adder (Design 1). 

For a 4-bit adder, the percentage improvement in quantum 

cost when compared to design I is 25.5% and also 21.25% 

improvement in delay. Hence it is much more efficient than 

the proposed design 1. Table V gives the comparison of n-

bit reversible BCD adder. 

VI. CONCLUSION 

In this design, we are proposing a reversible Binary adder 

with optimum cost and optimum delay compared to 

preceding designs. Functionality of every plan is utilized 

using Xilinx ISE tool. The utilization of negative-control 

lines in this design for detection of overflow logic of BCD 

adder has significantly cuts off time delay and count of gates 

which leads to the outcome of high speed BCD adder with 

optimum area usage. We come upon conclusion that 

employing of negative control lines cuts off the count of 

gate with optimum area of usage, for processing of 

particular signals, resulting vast possibilities in the field of 

reversible computing.  
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