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ABSTRACT- The project presents a reversible 

implementation of multiplexer and de-multiplexer, 

and evaluation of their quantum cost, gate count, 

garbage outputs and depth of the circuit. The 

simulation results are obtainedinXilinxISE version 

14.1. Reversible logic circuits are designed and 

implemented using Verilog code. The circuit is 

beneficial for further designing of reversible digital 

designs with low power loss. The devices designed 

through this circuit are expected to have a better 

performance as compared to the existing circuits. 

 

I. INTRODUCTION 
  

 Conventional irreversible logic gates like 

two input AND, OR, NOT map two-bit input state 

to one-bit output state. Erasure of one bit and 

impossible to construct input from output 

consequently leads to energy loss. To avoid such 

energy loss two input states can be mapped to two 

output states so that input states can be uniquely 

recovered from output states and under such 

circumstances, a gate is said to be reversible. 

Reversible logic gates differ from Conventional 

irreversible logic gates as they don’t permit 

feedback. The optimized reversible logic circuit 

consider various metrics like quantum cost, 

ancillary input lines, garbage outputlines. 

 The quantum cost of a reversible gate can 

be calculated by counting the numbers of NOT, 

Controlled-V, Controlled-V+ and CNOT gates 

from NCV gate library and integrated qubit gates. 

Integrated qubits are a combination of Feynman 

gate and either controlled V or controlled V+ gate. 

Quantum cost of integrated qubit gate as well as 

1*1 and 2*2 isone. 

The output lines which are not required but 

deliberately need to be added to maintain 

reversibility criterion of a reversible gate are 

known as Garbage Outputs. Garbage outputs are 

always undesired in any reversiblecircuit. 

 Sometimes constant values 0 or 1 are 

deliberately applied to maintain reversibility 

criterion of a reversible gate. These constant values 

are also called as Ancillary Input lines. Ancillary 

inputs are also undesired in any reversible circuit. 

 

II. EXISTING DESIGN 
 

 The Reversible Logic involves the use of 

Reversible Gates which consists of the same 

number of inputs and outputs i.e., there should be 

one to one mapping between input vector lines and 

output vector lines. In reversible computation [2], 

the reversible gates are made to run both forward 

and backward directions. If the device obeys above 

two conditions, it satisfies the second law of 

Thermodynamics which preserves the information 

bits without getting erased and guarantees that no 

heat is dissipated. Certain limitations are to be 

considered when designing circuits based on 

reversible logic (i) Fan out is not permitted in 

reversible logic and (ii) Feedback is also not 

permitted in reversible logic. In Reversible logic 

using outputs we can obtain full knowledge of 

inputs. To overcome the Fan-out limitation, by 

using additional reversible combinational circuits, 

the output lines are duplicated into required number 

of lines that are required to drive the inputs of 

consecutive device. Similarly for Feed- back 

limitation delay elements are used. Reversible logic 

conserves information. 

 Some cost metrics [5][4] like Garbage 

outputs, Number of gates, Quantum cost, constant 

inputs are used to estimate the performance of 

reversible circuits. Garbage outputs are the extra 

outputs which help to make inputs and outputs 

equal in order to maintain reversibility. They are 

kept alone without performing any operations. 

Number of gates count is not a good metric since 

more number of gates canbe taken together to form 

a new gate. Quantum Cost is the number of 

elementary or primitive gates needed to implement 

a reversible logic gate. It is nothing but the number 

of reversible gates (1×1 or 2×2) required to 

construct the circuit. The quantum cost plays an 

important role in logical reversibility. If the 

quantum cost is more, then the area of the circuit 

increases, thereby increasing the propagation delay. 

But quantum cost doesn’t impact heat dissipation. 

Delay is one of the important cost metrics. A 

Reversible circuit design can be modelled as a 

sequence of discrete time slices and depth is 

summation of total time slices. In Digital 

Electronics the binary decoder is a combinational 

logic circuit that converts the binary integer value 

to the associated output pattern. Various proposals 

are given to design of combinational and sequential 

circuits in the undergoingresearch. In this project 

the design of MUX and DEMUX using reversible 

logic with minimum Quantum cost is implemented 
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and these circuits are implemented on FPGA 

SPARTAN – 6. 

 

A. REVERSIBLE LOGICGATES 

 The reversible logic gate consists of same 

number of inputs and outputs as shown in the figure 

2.1. The basic Reversible Logic Gates present in 

the literature are briefed below. The gates that are 

suitable for the design with optimum quantum cost 

can beselected. 

 
Fig.2.1 Simple reversible logic gate 

 

NOT GATE: 

The NOT GATE is the simple Reversible Logic 

gate. It is 1×1 Reversible Logic Gate with the 

quantum cost zero. The Not gate simply shifts the 

complementary of the input to output as shown in 

the figure 2.2. It is the basic primitive gate which 

may involve in construction of reversible logic 

gate, thus owing its own importance in determining 

the quantum cost of designed Reversible logicgate. 

  
Fig. 2.2 NOT Gate and its Truth Table 

 

FEYNMAN GATE (FG): 

Feynman gate [4] is a 2×2 reversible gate as shown 

in below figure 2.3. The Feynman gate is also called 

as CNOT gate i.e., controlled NOT gate. The 

Feynman gate is used to duplicate of the required 

outputs since Fan-out is not allowed in reversible 

logic gates. The Quantum Cost of FG is 1. This is 

also the primitive gate owing its importance in 

determining quantum costmetric. 

 
Fig. 2.3FeynmanGateanditsTruthTable 

 

DOUBLE FEYNMAN GATE (F2G): 

Double Feynman Gate[4] is a 3×3 reversible gate. 

The outputs P, Q, R are defined as the functions of 

inputs as shown in the figure 2.4. The quantum cost 

of F2G is 2. This gate can also be used for 

duplicating outputs. 

 
Fig.2.4 Double Feynman Gate and its Truth Table 

 

TOFFOLI GATE (TG): 

Toffoli Gate [8] is 3×3 reversible gate. The outputs 

P, Q, R are defined as the functions of inputs as 

shown in the below figure 2.5. The Quantum Cost 

of TG is 4. 

 
Fig.2.5 Toffoli Gate and its Truth Table 

 

FREDKIN GATE (FRG): 

Fredkin Gate [12] is a 3×3 reversible gate. The 

outputs P, Q, R are defined as functions of inputs as 

shown in the below figure 2.6. The Quantum Cost 
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of FRG is 5. This project mainly surrounds around 

Fredkin gate. 

 
Fig.2.6 Fredkin Gate and its Truth Table 

 

PERES GATE (PG): 

Peres Gate [5] is a 3×3 reversible gate. The outputs 

P, Q, R are defined as functions of inputs asshown 

in the below figure 2.7. The Quantum Cost of PG is 

4. 

 
Fig.2.7 Peres Gate and its Truth Table 

 

TR GATE: 

TR Gate [5] is a 3×3 reversible gate. The outputs P, 

Q, R are defined as functions of inputs as shown in 

the below figure 2.8. The quantum cost of TRG 

gate is given by 4. 

 
Fig 2.8 TR Gate and its Truth Table 

 

BASIC GATES USING REVERSIBLE GATES  

 Considering our circuit requirements we 

need todesign AND gate and OR gate using 

reversible gates. Here fredkin gate is used to design 

AND and OR gates as shown in figure 2.9. 

Importance is given to fredkin gate because it gives 

optimistic performance at less Quantum Cost for 

designing AND and OR gates. 

 
Fig.2.9 AND Gate using fredkin and OR Gate 

using fredkin 

 

B. EXISTING MUX 

 Fredkin gate has been chosen for 

comparison with design presented. Existing design 

implementation by using FRG gates has quantum 

cost of 15 and require total of three FRG gates for 

implementation. A fredkin gate (FRG) is a 3X3 

reversible gate has three inputs (A, B, C) and three 

outputs (P, Q, and R). The output of Fredkin gate is 

defined as follows: P=A, Q=A’B+AC,R=A’C+AB 

having quantum coast of 5. Any reversible circuit 

can be designed using it. 

 
      Fig.2.10. Block diagram of Fredkin gate 

 

 
Fig.2.11. Reversible 4:1 multiplexer using Fredkin 

gate 

 

III. IMPLEMENTED DESIGN 
 

A. INTRODUCTION 

 Before implementing any particular 

function based on reversible logic, design 

constraints need to be optimized according to 
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requirements [15]. So, while designing a reversible 

logic circuit we should have following features: 

 Minimum number of quantum cost 

 Minimum number ofgarbage output 

 Least number of reversible gates required 

 One to one corresponding between input 

and output 

 

B.R Gate 
 R-gate is a 3x3 gate as shown in Fig.3.1. It 

has three inputs (A, B, C) and three outputs (P, Q, 

and R). The output is defined as P=A, Q=AB, 

R=A’B+AC having quantumcost of 4. 

 
Fig.3.1 Block diagram of R gate 

 

 The truth table for particular gate is shown 

in table1 which maintains principle of reversibility. 

The advantages of R gate over other existing 

reversible gates lie in terms of quantum cost, 

garbage output, quantum depth and constant inputs 

andnumber of quantum gates. 

 

C. MULTIPLEXER DESIGN USING R GATE 

 Reversible multiplexer (MUX) is required 

to select certain inputs form various input source. 

In this project, we have presented a design of 4:1 

multiplexer and de-multiplexer using R gate instead 

of FRG gate and improvement is achieved in terms 

of delay, quantum cost, number of gates, garbage 

output and quantum depth over the existing be 

stone. The design of 4:1 MUX has 2 selection lines 

(S0,S1) and 4 input lines (I0,I1,I2,I3) requires three 

R reversible gates and output variable is denoted by 

Z. The design of 4:1 multiplexer. Is                                                                                                                                                                                                                                                                                                                                                                       

shown in Fig.3.2 below. The reversible circuit 

requires total quantum cost of 12 as compared to 15 

quantum cost in the existing. 

 
Fig.3.2. Implemented reversible 4_to_1 MUX 

using R gates 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

D. DE-MULTIPLEXER DESIGN USING R 

GATE 

 On the other hand, De-multiplexer 

(DEMUX) is the reverse of multiplexer. It is a 

device, which is taking as input signal and selecting 

one of many output data lines, which is connected 

to the single input. 1:4 De-multiplexer design by 

using R gate has been implemented has one data 

input I, two select lines(S0,S1) and four outputs 

(Z0,Z1,Z2,Z3), is shown in Fig. 3.3. 

 
Fig.3.3. Implemented Reversible 1_to_4 DEMUX 

using R gates 

 

IV. SIMULATION RESULTS 
 

 The implemented multiplexer circuits are 

designed and simulated On software tools Xilinx 

ISE version14.1. Simulation waveform of existing 

multiplexer is shown in Fig using Xilinx software. 

The below figures shows the simulation output of 

implemented, existing mux, demux are shown in 

below figures. The input values can be send from 

test bench to so weather the design is working 

properly are not. We can send any number of input 

combinations from test bench.  The RTL (Register 

Transfer Logic) can be viewed as black box after 

synthesize of design is made. It shows the inputs 

and outputs of the system. By double-clicking on 

the diagram we can see gates, flip-flops and 

MUX.Below figure shows the RTL block diagram 

of existing, implemented MUX and DEMUX using 

XILINX-ISE14. From the block diagram we can 

say implemented mux design has two inputs i[3:0] , 

s[1:0] select lines and one output y. 

 
Fig.5.1 RTL block of existing mux 
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Fig.5.2 RTL block of implemented mux 

 

 
Fig.5.3 RTL block of implemented de-mux 

 

The RTL schematic of existing, implemented 

MUX, DEMUX is as shown in below figure, RTL 

schematic is nothing but. howthe R-gates are 

connected internally to get the output. 

 

 
Fig.5.4 RTL schematic of existing mux 

 

 
Fig.5.5 RTL schematic of implemented mux 

 
Fig.5.6RTL schematic of implemented de-mux 

 

Technology schematic means nothing but FPGA 

design of im                                                                                                                                     
plemented method. From the technology schematic 

we can observe how the design looks in FPGA 

implementation. Below figures show the 

technology schematic of implemented, existing 

MUX and DEMUX. 

 

 
Fig.5.7 technology schematic of existing MUX 

 

 
Fig.5.8 technology schematic of implemented 

MUX 

 

 
Fig.5.9 technology schematic of implemented 

DEMUX 

 

The device utilization summery is shown 

above in which its gives the details of number of 

devices used from the available devices and also 

represented in %. Hence as the result of the 
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synthesis process, the device utilization in the used 

device and package is shown below. 

 

 
Fig.5.10 synthesis report of existing MUX 

 
Fig.5.11 synthesis report of implemented MUX 

 

 
Fig.5.12 synthesis report of implemented DEMUX 

 

 
Fig.5.13 simulation output of existing mux 

 

 The above figure shows the simulation 

result of existing multiplexer when simulated using 

XILINX ISE tool.  The mux has 4 inputs I of size 1 

bit each i,e [3:0] and two select lines s[1:0]. The 

mux provides respective output based on select 

signals, and the final output of MUX is observed at 

output Y of size I bit.   

 

 
Fig.5.14 simulation output of implemented mux 

 

The above figure shows the simulation result of 

implemented multiplexer when simulated using 

XILINX ISE tool.  The mux has 4 inputs I of size 1 

bit each I.e. [3:0] and two select lines s[1:0]. The 

mux provides respective output based on select 

signals, and the final output of MUX is observed at 

output Y of size I bit.   

 

 
Fig.5.15 simulation output of implemented de-mux 

 

The above figure shows the simulation result of 

implemented DE-multiplexer when simulated using 

XILINX ISE tool.  The mux has 1 inputs I of size 1 

bit and two select lines s[1:0]. The mux provides 

respective output based on select signals, and the 

final output of MUX is observed at output Y of size 

4 bits.   

 

V. CONCLUSION 
 

 From the simulation results it has been 

observed and noted that the implemented design for 

4:1 multiplexer has better performance as 

compared to the existing one. In terms of quantum 

cost, gate count, garbage output, total cost, delay 

and quantum depth. The implemented design 

shows the 20% reduction in terms of quantum cost 

and quantum depth with no increase in garbage 

outputs and constant inputs. Also implemented 

circuit is more efficient in terms of overall cost of 

circuit by29.2%. These method is developed 

for4x1mux and the work can been tended toward 

development of nx1 mux. Reversible R logic gate 

is applicable form any combinational circuits as it 

is also been tested for some of the generic logic 

circuit like DE multiplexer, decoder etc., and 
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proves to reflect the improved results for these 

circuits as showing for benchmark circuit MUX 

4x1. Here circuit is simulated using Verilog and 

reliability of reversible logic can also be tested at 

transistor i.e. Technology level and even the 

circuits can be tested and compared for power and 

performance at scaled technology nodes. 
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