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= ABSTRACT - Reversible logic has potential for a variety of applications demanding low energy usage since it prevents
information loss and energy waste. The purpose of this work is to design a new Vedic divider circuit with reversible gates. Efficiency
in quantum and ASIC parameters is demonstrated by the Reversible Direct Flag Vedic Division Method (RDFVDM), which has
been devised. Block-level reversible gates are used in the RDFVDM to provide benefits including lower quantum costs and less
trash outputs. The performance of Cadence EDA Tool is validated by simulation trials. Based on a comparative examination utilizing
current methodologies, RDFVDM performs better than comparable designs. Interestingly, it improves energy usage by 26%.
Moreover, RDFVDM performs exceptionally well in terms of quantum cost while employing the RSA cryptographic technique,
efficiently managing 1276,293 constant inputs and 311 garbage outputs.
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1. INTRODUCTION

A divider plays a crucial role in various hardware applications,
including digital signal processing and cryptography. This
study explores the implementation of a reversible array divider
circuit using a non-restoring division algorithm with k-CNOT
gates. The proposed approach aims to minimize garbage outputs
and gate count. Additionally, in the context of RSA
cryptography, double-precision floating-point Vedic dividers
are employed [1]. These dividers combine subtraction and
floating-point multiplication using the Goldschmidt algorithm.
Notably, time delays are minimized by utilizing the Parvartya
Sutra and the Nikhilam Sutra [2][3]. Additionally, a different
study focuses on an RGB to HMMD converter circuit that
makes use of registers, multiplexers, comparator functions,
addition, subtraction, and multiplication reversible modules. In

applications involving low-power video processing, this circuit
is essential. Lastly, taking exact rounding, division from single-
sided approximations, and floating-point data into account, a
scalable reversible binary division circuit is built [4]. Reversible
blocks have been used in research recently to create a big
divider circuit that includes registers and multiplexers. To cut
down on iterations, a different design has been developed that
centre on reversible greatest common divisor (GCD) calculation
[5]. The binary GCD algorithm is updated in this design.
Furthermore, a 32-bit divider is constructed by employing the
antiquated Parvartya Sutra technique [6][7]. The Parvartya
Sutra offers an all-encompassing universal division formula that
is efficient in terms of both power usage and latency when
dividing big numbers. Divider circuits that are now in use are
usually classified as either restoring or non-restoring. Vedic
dividers on the other hand make use of the Nikhilam and
Parvartya Sutras [8]. These dividers play a crucial role in
arithmetic units, involving complex computations that can
impact overall processing speed [9]. In our work, we explore a
novel Vedic sutra design using reversible arithmetic circuit
blocks, optimizing both structural and quantum parameters.
Furthermore, we delve into RSA cryptography, a well-known
public key cryptography technique used for data protection. The
RSA algorithm is used in the Vedic divider implementation,
referred to as "Dhvajanka" (at the highest point of the flag) [10].
Finally, a reversible shift register is used in a fault-tolerant
reversible divider (FTRD) that has a parallel adder. Similarly,
in another scenario, RSA cryptography uses the Vedic divider,
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which uses double-precision floating-point division [11]-[13].
Designing VLSI systems often involves a delicate balancing
act. While speed, gate count and low power usage are all
important, achieving all three simultaneously can be
challenging. Often, area and speed present conflicting
constraints.

This revised version emphasizes the originality of our work by
highlighting the:

e Novel implementation of DFVDM: This has not been
documented in existing literature.

e Utilization of reversible gates: This suggests a focus on
potentially low-power and fault-tolerant design.

2. DFVDM IMPLEMENTATION

The Direct Flag Method, also known as the Flag Method, is a
division technique in Vedic mathematics that provides shortcuts
for dividing any type of numbers. We will break down the steps
involved in this method: Begin with the given dividend and
divisor. Split the divisor into two parts—the first part (usually a
single digit) becomes the new divisor, and the second part
(called the ‘flag”) is retained [14]. For the initial division, divide
the first digit of the dividend by the new divisor. Record the
quotient (Q) and remainder. Next, multiply the new quotient by
the flag and subtract this product from the original dividend.
Divide the result of the subtraction by the new divisor to get the
next quotient and remainder. Repeat this process until you
encounter a negative remainder. When the remainder becomes
negative, adjust the quotient and remainder [15]. Decrease the
quotient by 1 and increase the remainder by the first multiplier
of the new divisor (i.e., the product of the new quotient and the
flag). Continue the process until no negative remainders occur.
Finally, concatenate the quotients obtained at each stage to form
the final quotient. The last remainder is the actual remainder.
Let us illustrate this with an example,

Example: Dividend = 1732 (D3=1, D2=7, D1=3 and D0=2)
Divisor = 23 (Split into 2 and 3)
Divide1by2: Q2=0,R=1

Multiply Q2 (0) by the flag (3):0x3=0
Subtract 0 from2:2-0=2

Divide2by 1: Q1=2,R=0

Multiply Q1 (2) by the flag (3): 2x3=6
Subtract 6 from 3: 3-6 =-3

Adjust quotient: Q1 =1, R=3

Multiply Q1 (1) by the flag (3): 1 x3=3
Subtract 3 from4:4-3=1
Divide1by1: Q0=1,R=0

Multiply QO (1) by the flag (3): 1 x3 =3
Remainder: 2 (positive)

Result: Quotient = 102, Remainder = 2

In figure 1. The Direct Flag Method in Vedic mathematics
tackles division with a shortcut. You split the divisor in two -
one part becomes your new divisor, the other a guide.
Repeatedly, you try dividing by the new divisor, adjust based
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on a flag-related multiplication, and subtract (16). After these
steps, the remaining number is your remainder, and the
temporary quotients you got give you the final answer. This
method makes division faster, especially for mental math.

v
4x4 Divider
New Divisor :
1
Flag | 4x4 Multiplier
I l Adder/Subtractor
= — 8x8 Comparator )
Divisor T
\_/ T
8x8 Subtractor

= | B

Figure. 1 Block Diagram of DFVDM

i# 3. BLOCK LEVEL IMPLEMENTATION
OF RDFVDM

RDFVDM leverages existing building blocks proposed in
various literature sources. These blocks serve as the foundation
for implementing the division method. They could
include arithmetic  circuits, quantum  gates, or  other
computational elements. When evaluating the performance of
different blocks, several parameters are
considered. Area (referring to the physical space occupied by
the circuit or component), Power (representing energy
consumption during computation), and Delay (measuring the
time taken for a computation to complete) [17].
Additionally, Quantum Parameters (or Quantum Cost) quantify
the resources (such as qubits and gates) required for quantum
computation. The Circuit Implementation (Cl) describes how
well the circuit can be implemented using available quantum
gates, while the Gate Overhead (GO) indicates the additional
gates needed due to error correction and fault tolerance.

3.1 Subtractor/ Adder 8x8

An 8x8 reversible subtractor/adder was created by H. G.
Rangaraju et al. [13] by combining complete adder/subtractor
blocks composed of FG (Fredkin Gate) and PG (Peres Gate).
The following are some of their approach's main points:
Implemented using three reversible gates, a PG gate (QC = 4)
and two FG gates (QC = 1), the reversible half adder/subtractor
yields a garbage output of 2. They also built an invertible full
subtractor/adder by connecting 2 FG and 2 PG gates,
respectively. With the help of these building components, an
eight-bit parallel binary adder/subtractor was successfully built.
In comparison to Lamjed Touil's method, the control input
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performs addition and subtraction operations differently,
improving overall performance. However, Amjed Touil et al.
[4] employed a RAS gate with five inputs and five outputs. The
RAS Gate is a full 1-bit subtractor/adder composed of 2 ASIG
(Ancilla-Swap-Increment-Decrement) blocks. The Quantum
Cost (QC) for this gate is 18, and the Gate Overhead (GO) is 4.

While their approach is interesting, H. G. Rangaraju’s design
outperformed it [18]. The Reversible 8-Bit Adder/Subtractor
consists of one reversible half adder/subtractor and seven
reversible full adder/subtractor units. Inputs include A and B
(both 8-bit) along with a control signal. The outputsare S_D (8-
bit output) and C_D (Carry/Difference output). The circuit has
a total quantum cost of 76. This research contributes to the
advancement of reversible logic and its applications figure 2
illustrates the structure of the reversible 8-bit adder/subtractor.

B5 AS B0 o |

B7 A7 B6 AS B1 A1

| B4 s ‘s; A3 B2 A2

l.+.lv‘.vl;‘.‘. i
RFA/S |- RFA/S RFA/S RFA/S | | REA/S | | RFA/S

l l . I A

C.D8 s p7 S_D6 5_D6 s_D4 $_D3 s_02 s_b1 $_Do

|C

RFA/S RHA/S

Figure 2. Reversible Adder 8x8 /Subtractor

3.2 8x8 Comparator

Let us say the inputs are A and B. A=B equals 1 when A and B
are equal. When A exceeds B, output A>B equals 1. A<B equals
1 when B exceeds A. Table 3.1 displays the 1-bit comparator's
truth table. The 1-bit comparator's Boolean expression is
provided by

(A>B)=AB' 1
(A<B)=A'B @)
(A=B)=(A® B) @)
“Table 1. Truth Table for 1-bit Comparators

INPUT OUTPUT

A B A>B A<B A=B

0 0 0 0 1

0 1 0 1 0

1 0 1 0 0

1 1 0 0 1

The most important bit is used for comparison by the MSB
Comparator. Figure 3 depicts the MSB comparator's
construction. One MIG gate and two F2G gates are needed. A
and B are the inputs. The outputs are P, Q, and R. Upon
receiving an input of B, the first F2G gate produces an inverted
output of B'. The MIG gate produces the outputs P(A>B) and
R(A=B) from two inputs, A and B'. The MIG gate's final output
is routed to another F2G gate to generate Q(A\B). P, Q, and R
are the inputs of the reversible 1-bit comparator.F2G gate has
two quantum costs, compared to seven for MIG gate. F2G gate
is another name for the double Feynman gate. The overall
quantum cost of the MSB comparator is 11. In this case, four
constant inputs with the value 0 are employed. There are five
outputs of waste. G represents the trash outputs [19].
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B— — g A— > g
1. F2G6 5 > R (A=B)
0—: —>g 00— Mia > P (A>B)
0—> B — — B
I F2G |— Q(A<B)
0 — g

Figure 3. Reversible MSB Comparator

The NFT Block is used to compare the following important bits.
In figure 4, an NFT block is shown. A and B are the inputs of
the NFT block. The NFT Block consists of one F2G gate and
one NFT gate. Whereas the NFT block produces output AB.
The quantum cost of the NFT gate is 5. The quantum cost of
NFT Block is 7. This block has two constant inputs that are both
set to 0. The letter A stands for one of three waste outputs.

00— — A
A——  NET > A<B
B. - A
— —> A
——> F2G |~ A>B
0 > —= A

Figure 4. Reversible NFT Block

Figure 2 displays the block diagram for a 1-bit comparator. One
TVG gate, two MIG gates, and one NFT block are needed for a
1-bit comparator. A and B are the inputs. The outputs of the
NFT blocks are connected to MIG gates. P, Q, and R are the
outputs of the block before it that are inserted into the MIG
gates. The MSB comparator provides P to the first MIG gate,
which generates A>B, and Q to the second MIG gate, which
generates A P, Q, and R are the outputs, and A and B are the 8-
bit inputs. The MSB comparator receives the two most
important input bits, A7 and B7, while the 1-bit comparator
receives the remaining inputs. Every comparator displays the
matching input's comparison result. The outcome of the 8-bit
inputs is provided by the last comparator. The connections of an
8-bit comparator are shown in figure 5. The overall quantum
cost of the MSB comparator is 11. The quantum cost of the NFT
gate is 5. The quantum cost of NFT Block is 7. The quantum
cost of the 8x8 reversible comparator is 179. The total consists
of 47 garbage outputs and 33 constant inputs. The reversible 8-
bit comparator consists of one MSB comparator block and
seven 1-bit comparator blocks. The 8-bit inputs are A and B,
and the outputs are P, Q, and R. The 1-bit comparator receives
the remaining inputs, whereas the MSB comparator receives the
two most crucial input bits, A7 and B7. Each comparator shows
the comparison result for the matched input. The result of the
eight-bit inputs is given by the last comparator. Figure 4 depicts
the connections of an 8-bit comparator. The MSB comparator
has a total quantum cost of 11. The NFT gate has a quantum
cost of 5. NFT Block has a quantum cost of 7. The 8x8
reversible comparator has a quantum cost of 179. 33 constant
inputs and 47 trash outputs make up the total.
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Figure 5. Reversible 8-bit Comparator 3.3.4*4 Multiplier

The 4-bit RCA consists of one Peres gate and three HNG gate. G \ 85 o | sz as I — Bo g
A and B are 3-bit inputs. S is 4-bit output and CO is the Carry I LIl I | 1]
output. The quantum cost of HNG gate is 7. The quantum cost
of 4-bit RCA is 22. It has 4 constant inputs which are set as 0. s P e o
PG gate has a single garbage output and HNG gate has two T T ! I T1 T
garbage outputs. Hence, the total garbage output of Reversible Cosig 8 ssg e sig @ S g
4bit RCA is 7. The construction of the circuit is shown in figure
6 and 7. Figure 6. Reversible 4-bit RCA
o bB] o bl2] o bl] o bl0] o a3l 0 a[2] 0 a[1] 0 af0]
FG FG FG FG FG FG FG FG
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(3:0] [3:0] [1:0]
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1] | [32]
0 | 4 bit Reversible RCA |
I : 2 |l
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Figure 7. Reversible 4x4 Vedic Multiplier
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3.3 8/4 Divider

Division algorithms play a crucial role in computing quotients
and remainders when dividing two numbers. Among the various
approaches, two common types stand out: Slow Division
(Restoring  Division) and Fast  Division  (Non-Restoring
Division). The former restores the remainder at each step,
resulting in additional complexity due to extra operations. In
contrast, non-restoring division simplifies the process by
avoiding the restoration of the remainder during intermediate
steps. Non-restoring division becomes particularly valuable
when efficiency is a priority. Here’s how non-restoring division
works: 1. Inputs: Dividend (D) with n bits. - Divisor (d) with
m bits. 2. Initialization: Accumulator (A) is set to 0. - Quotient
(Q) is initialized to D. 3. Repeat the following steps until the
count reaches zero: Shift A and Q left by one bit. - If the most
significant bit (MSB) of A is 1, perform an addition (A = A - d).
- If the MSB of A is 0, perform a subtraction (A = A +d). -
Update QO based on the MSB of A (Q0 =0 if MSB(A) =1, else
Q0 = 1). - Decrement the count. 4. At the end: - If A <0,
perform an addition (A = A +d). - If A > 0, the process stops.
5. The quantum cost of a 5-bit reversible adder or subtractor is
46. However, the total quantum cost of the circuit in DFVDM
(Direct Flag Vedic Division Method) is 305, with a constant
input of 40. 6. Reversible Adder/Subtractor: - This component
is critical for non-restoring division. - It operates on two n-bit
inputs (A and B) and produces two n-bit outputs (Sum and
Borrow). - The quantum cost reflects the resources needed for
reversible computation. 7. Remember: While non-restoring
division is efficient, it requires careful handling of intermediate
results.

INPUTS

Dividend = 1732 Divisor = 23
OPERATION

New divisor= 2 Flag =3

D3=1, D2=7, D1=3 and D0=2

Stepl:

Division: D3/New Divisor => 1/2 => Q2=0 & R=1
Multiplication: Q2 x Flag=>0x3=0

Checking: RD2>0 => 17>0; Condition satisfied
Subtraction: RD2-0=17-0=> 17

Start
A=0
M=Divisor
Q=Dividend
Count=N
!
Yes ¢ No
Shift left A,Q Shift left A,Q
A=A+M A=AM

No

Yes
A<0Q
Count=Count-1 Qo-1
No

Count=0

Ye
A=A+M

W

Figure 8. Flow Chart of RSA algorithm
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Step 2:

Division: (17) divided by (2)

Quotient ((Q_1)): (8)

Remainder ((R)): (1)

Multiplication: (Q_1) multiplied by the divisor ((3)): (8 \times
3=24)

Checking: Is the result of the multiplication greater than (24)?
(RD1 > 24)

Since (13) is not greater than (24), the condition is not satisfied.
Adjusting: Decrease (Q_1) by (1) and add the new divisor to the
remainder:

New (Q_1): (7)

New (R): (3)

Multiplication: (Q_1) multiplied by the divisor ((3)): (7 \times
3=21)

Checking: Is the result of the multiplication greater than (21)?
(RD1>21)

Yes, (33) is greater than (21), so the condition is verified.

Final Subtraction is (RD1 - 24 =33 - 21 =12)

Step 3:

Division: (12) divided by (2)

Quotient ((Q_0)): (6)

Remainder ((R)): (0)

Multiplication: (Q_0) multiplied by the divisor ((3)): (6 \times
3=18)

Checking: Is the result of the multiplication greater than (18)?
(RDO > 18)

Since (2) is not greater than (18), the condition is not satisfied.
Adjusting: Decrease (Q_0) by (1) and add the new divisor to the
remainder:

New (Q_0): (5)

New (R): (2)

Multiplication: (Q_0) multiplied by the divisor ((3)): (5 \times
3=15)

Checking: Is the result of the multiplication greater than (15)?
(RDO > 15)

Yes, (22) is greater than (15), so the condition is satisfied.
Final Subtraction is (RD0 - 15 =22 -15=7)

So final Output:

Quotient (Q): (086).

Remainder: (7).

The flow of the RSA algorithm will be,

e  Select primary number p&q public key= {e,n}
N=pxq
®(n)=(p-1)x(w-1) private key= {d}
Choose e ,1<e< ®(n) &Gced [ @(n), e] =1
d=e-1 mod ®(n), Figure 8 additionally included clarified
information of the RSA algorithm flow.

4. RDFVDM IN RSA ALGORITHM.

RSA Key Generation involves two keys: a public key and a
private key. The keys are produced as follows: Select two big
prime numbers: Decide on two different prime numbers, p and
g. Using the formula (n = p \cdot q), get the modulus (n). Both
the public and private keys use this value. Calculate the Totient
Function of Euler: The count of positive integers less than (n)
that are coprime—that is, have no common factors—with (n) is
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provided by Euler's totient function, represented by the symbol
(\phi(n)). (\phi(n) = (p-1) \cdot (g-1)) for RSA. Select the
Exponent of Public Key ((e)): Choose an integer (e) such that
(\gcd (e, \phi(n)) =1 and (1 < e < \phi(n)). (e), the public key
exponent, is made available. Determine the Exponent of Private
Key ((d)): Determine the value of (d) so that (d \equiv e"{-1}
\mod \phi(n)).

Bl BO Al AO
1 Digit 4 { 1 Digit 1 Digit 4 { 1 Disit
Dividend Divisor
4>| 2x2 Vedic divider ’

Reminder |

Quotient ‘
r. 0000000000000 1

Dividend = Divisor
Divisor = Reminder

GCD Divisor

Figure 9. Block Diagram of GCD

The private key's exponent (d) is kept secret. Public Key: The
public key is the pair ((n, e)). The public exponent is (), while
the modulus is (n). Private Key: The private key consists of the
pair ((n, d)). The private exponent (d) and the modulus (n) are
the same. GCD, or greatest common divisor, their greatest
common divisor, or GCD figure 9, is the largest positive integer
that divides both numbers. It is necessary to ensure the public
key exponent (e) and the coprimary of the totient function
(\phi(n)). Keep in mind that for secure RSA key generation,
comprehension of these procedures is necessary.

An 8x8 multiplier, subtractor 8x8, comparator 8x8, divider 8x8,
and GCD 8x8 are needed for the RSA algorithm. The RSA

Jbjects = -
Simulation Objects for god

Sl SIBI1H)
Object Name
Bg ap-0)
&y B0
B aapB:0]

B ab[E:0]

<3

L RO

= OO0

£ ] By w11[7:0)

1 B ws[13:0]
25 w1070 = . o
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algorithm has a quantum cost of $1276. There are 293
consistent inputs, and 311 garbage outputs are produced.

4.1 An illustration of the RSA Cryptographic
Algorithm’s key generation concept

o Letp=5 and g=7 e Lletp=11 & ¢=19
e n=pxq=>5x7=35 e n=pxq=11x19=
o )= (p-1) x(g-1) 209

= 4x6 = 24 *  ¢(n)=(p-1)x(g-1) =
o lete=23 10x18 = 180

Let e=166, Here 1 <
166 < 180 and GCD
(166,180) =2

Here1<23<24 & °
GCD (23,24) =1
e d=23-1mod24=1

e  Secret key is e The value of e needs
{23,35} to be adjusted
e Public key = {1} e because the GCD of e

and ¢(n) is not equal
to 1.

e Suppose e=167. In
this case, 1 < 167<
180 and GCD
(167,180) = 1.

e d=167-1mod 180
equals 13.

e  Secret key is
{167,209}.

o {13} is the public
key.

i 5. THE RESULTS AND DISCUSSION

51 The Results from the Simulation
Figure 10 Greatest Common Divisor (GCD) Calculation Inputs:
Number 1 (aa, ab): 00100100 Number 2 (ND, FL): 00010010
Output: GCD (g): 00010010, Figure.11.RSA Algorithm Output
Inputs: p (prime number): 0101q (prime number): 0111e (public
exponent): 00100011 Output: Public key (n,e): (00100011,
00110101) Private key (d):01.

X1: 2,000,000 ps

Figure 10. Simulation results for 2-digit GCD
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Figure 11. Simulation results for RSA algorithm

5.2 ASIC Parameters

Surface Area, Leakage Power in Nw, Dynamic Power, Total
Power in nW (sum of leakage and dynamic power), and Delay
in ps are all displayed in Table 1 of the 2-Digit Vedic Divider.
Comparing Other Methods Similar to [6,], [1], [3], [5], and [12]
are area and delay. Notable improvements in power
consumption were reduced by around 16% (due to reversible
gates). 2-Digit Greatest Common Divisor (GCD), The overall

power is 235274.608 nW, dynamic power is 217471.916 nW,
leakage power is 17802.692 nW, and area is 2854. (sum of
leakage and dynamic power). Delay: 11948 ps Comparison:
Power consumption was reduced by around 19% compared to
[6]. Area reduction of about 3%. It is fascinating to see how
different architectural choices impact power efficiency and area
utilization.

‘7 Table 1. Shows the 2-digit Vedic divider's area power and delay results

Parameter Proposed method (6) 1) (3) (5) (12)
Area (no of Gate’s) | 2775 2833 2891 2928 3165 3122
Power (nW) 227577.350 272589.67 303922.02 311127.21 321313.12 342492.62
Delay (ps) 11199 11388 11661 11707 12088 12655

“Z Table 2. Results of Area, Power & Delay for a 2-Digit

GCD
Parameter Proposed method (6) 1) 3) (5) (12)
Area (no of Gate’s) 2855 2944 3089 3125 4242 4624
Power (nW) 235275.618 291343.87 313299.3 323433.3 333198.4 399845.3
Delay (ps) 11948 11988 12892 12994 15196 16679

Table 3 displays the ASIC parameters of the suggested and
current RSA algorithms. The suggested RSA algorithm's area is
6266. The suggested RSA algorithm has a power of 3159842.00

“Z Table 3: RSA algorithm results for Area Power and
Delay

nW. Table 2 shows that compared to [6], there is an
approximate 17% decrease in power usage and a 9% reduction
in area.

Parameter Proposed method (6) 9) (5) (12)

Area (no of Gate’s) 6266 6890 11313 9915 11915
Power (nW) 31,59,742.03 38,26,667.5 76,26,000 54,55,646.09 74,55,646.09
Delay (ps) 6957 7100 9974 13218.3 15988.08
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5.3 Quantum Parameters

The quantum cost in the suggested method is 432. superior to
current techniques in comparison to 5: A 40% gain
Improvement of 5.09% as compared to 6 In contrast to 12 and
52.77% growth There are 104 constant inputs and 87 garbage
outputs. Comparing the results with the current approaches
(constant inputs and garbage output), 5, 6: Garbage Output is
113 while Instant Inputs are 97. There are 103 constant inputs
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and 89 garbage outputs. Fixed Inputs: 103 Trash Production:
114 GCD with two digits: 514 is the quantum cost. RSA has
125 constant inputs and 131 garbage outputs. The algorithm
Cost in Quantum: 1276 293 constant inputs; 311 constant
outputs for trash Additional information about the quantum
parameters of the RSA and GCD algorithms may be found in
figures 8 and 9.

i Table 4. Comparing proposed and used Vedic Divider methods quantum mechanically

Quantum Parameters Proposed RDFVDM method (6) (5) (12)
QC 432 454 605 660
Cl 104 103 97 102
GO 87 89 113 114

6. CONCLUSION

Reversible Decimal Floating-Point Dividers (RDFVDMs)
utilize less power compared to conventional dividers. These
innovative dividers blend ancient VVedic arithmetic with decimal
logic, resulting in reduced space and effective energy utilization
in RDFVDM design. Notably, RDFVDMs surpass previous
research in terms of both area and latency, leading to an
impressive  improvement in energy consumption of
approximately 26%. Reversible logic plays a crucial role in
cryptography, especially for security applications. Unlike
traditional irreversible logic, reversible logic uses less energy,
making it advantageous for cryptographic purposes. In the
realm of quantum optics, consider the following parameters:
The cryptography algorithm of the SA of Quantum Cost is
1276. Recurring Inputs is 293 and Outputs of Garbage is 311.
RDFVDM: Quantum Cost: 432.104 Constant Inputs. The
output of garbage is 87.
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