
Australian Journal of Basic and Applied Sciences, 11(8) Special 2017, Pages: 56-64 

 

 

AUSTRALIAN JOURNAL OF BASIC AND 

APPLIED SCIENCES 
 

ISSN:1991-8178        EISSN: 2309-8414  
Journal home page: www.ajbasweb.com 

 

 

Open Access Journal 
Published BY AENSI Publication 
© 2017 AENSI Publisher All rights reserved 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

 
 
To Cite This Article: Divya Bansal and manchanda., Fpga Implementation Of Barrel Shifter Using Revesible Logic. Aust. J. Basic & Appl. 

Sci., 11(8): 56-64, 2017 

  

Fpga Implementation Of Barrel Shifter Using Revesible Logic 

 
1Divya Bansal and 2Rachna manchanda 

 
1VLSI student,ECE department,Chandigarh engineering college,Landra (India). 
2Associate professor, ECE department ,Chandigarh engineering college,Landra(India).  

                
Address For Correspondence: 
Divya Bansal, VLSI student,ECE department,Chandigarh engineering college,Landra (India), 

E-mail: Divyabansal74@yahoo.in. 

 

 

A R T I C L E  I N F O   A B S T R A C T  

Article history: 
Received 18 February 2017 

Accepted 15 May 2017 

Available online 18 May 2017                                
                            

 

 

Keywords: 

Reversible logic, Fredkin gate, ternary 
Peres gate, Barrel shifter, MS gate 

 

 

 Background: The most critical issue at the present time is reversible logic gates and the 
quantum circuits which have numerous advantages above binary quantum logic 

circuits. They have various applications in different areas like in digital processing 

systems (DSP), low power Complementary MOSFET circuits, dot quantum cellular 
automata, optical computing, nanotechnology, cryptography, computer graphics, DNA 

computing, quantum computing, communication. Moreover they are fulfilling the basic 

requirement the low power consumption in VLSI circuits due to the reason that no 
information is being lost in reversible circuits. Ternary Feynman Gate, Modified 

Fredkin gate, ternary toffoli gate, and ternary and Modified peres gate etc are the  basic 
reversible logic gates used over here . Barrel shifter has also found its importance in 

Reversible technology. Objective: This paper presents the proposed design of the 

improved bi-directional and Uni-directional barrel shifter using modified Peres gate. 
Results: All the results are being extracted using XLINX ISE Design tool 14.5.  

 

INTRODUCTION 

 

Reversible logic is playing an important role in rising technologies .As power consumption is becoming a 

major issue now a days so reversible logic is the solution to this problem because in this no information can be 

lost. And theoretically there is zero power dissipation in reversible circuits. In order to fulfill the needs of the 

reversiblilty concept there exist one to one map linking output and input. As per R.landauer demonstration in the 

irreversible circuit losing a bit causes wastage of about KTln2 joules of energy where T is absolute temperature 

and k=1.3806488×10−23 m2kg s2k6 (joules kelvin−1) is Boltzmann constant at which process is being applied . 

So in order to improve the efficiency  with which we erase information we use reversible logic as they dissipate 

a little heat. The crucial use of reversible gates is in DSP applications and quantum computing. Multiple-valued 

logic (MVL) are being used to reduce the size of quantum circuit. In  binary logic there exit only two states: 0> 

and 1> so in order to use more states we started using ternary logic where Qutrit state which exit as 

superposition of the two states. 

 

Reversible Logic Gates: 

A Reversible logic gates is n * n reversible circuits where number of input and output are equal . In the 

reversible logic circuit no information can be lost as inputs can be recovered from output .In reversible circuits 

there exist one-to-one mapping between  output and input .A number of dummy output signals which are 

generally known as Garbage Outputs are needed to be generated to sustain the reversibility property of 

reversible gates so as to create equal the number of input and  output. As the data can be recovered by 

computing backward so there is no chance of losing the information. 
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Ternary Quantum Gates:  
Ternary shift logic gates are 1*1  mapped logic gates that operate on single logic qutrit state. Qutrit states of 

ternary quantum logic gates are as follow |0> |1> |2>. Six quantum ternary reversible gates were realized in [10] 

where the multiplication (.) as well as addition (+) are over galois field 3 (GF3) or modulo three . 

 

Muthukrishnan-Stroud gates: 

The family of ion-trap is being realized by Muthukrishnan and Stroud which is feasible 2-qudit primitive 

ternary gates. The MS gate uses one of the unitary transforms as shown in figure1 except buffer. If the first qudit 

(the controlling qudit) is at the utmost value only than the unitary transform are applied on the second qudit (the 

controlled qudit) in M-S gates. 

 

 
Fig. 1: various shift gate 

 

The Figure 2 represents the Muthukrishnan-Stroud gates for ternary logic. Where, input B operate as the 

controlled input and input A as the controlling input. The output P is identical to the input A and Output Q exist 

as the Z-transform of the input B where (Z ∈ {+1, +2, 12, 01, 21) if A = 2, otherwise Q = B. 

 
Fig. 2: Design of MS gate 

 

Realization of ternary gates using MS gate: 

Ternary Feynman Gate (TFG): 

TFG is 2*2 input and output  reversible logic having A and B inputs being mapped to P and Q where P is 

identical A and Q is equal to A+B where B is controlled output and A is controlling input. If input B is kept 

constant at  0 than only the input A can be assigned to the output P and Q.The advantage of this is that it helps in 

avoiding the fan out which is the necessity of the reversible logic. The TFG are being realized using 2 MS gates 

and two shift logics so its quantum cost is 4. The realization of Feynman gate is as shown 

 
Fig. 3: Ternary Feynman gate 

 
Fig. 4: MS realization of ternary Feynman gate 



58                                                             Divya Bansal and Rachna manchanda, 2017 

Australian Journal of Basic and Applied Sciences, 11(8) Special 2017, Pages: 56-64 

 

 

Modified Fredkin Gate: 

Toffoli and Fredkin  introduced Fredkin gate for binary reversible logic which is one of the basic gates in 

quantum computing and reversible.MFG was being introduced by Picton is a multi-valued reversible logic.MFG 

gate is 4 input and 4 output  reversible gate, having input A being  mapped directly to P,input B mapped to Q 

and C mapped to R if A less than B else R is equal to D, S is equal to D if A greater than B than  S is equal to C) 

R,P, S, Q  are the respective outputs of MFG gate. The modified fredkin gate can swap the input D and C if the 

value of A greater than equal to B else they are leftover unchanged. The MFG can be implemented by using 

twenty one shift gates and twenty M-S logic gate thus on the whole no. of quantum gates is 41.The realization of 

modified Fredkin Gate is shown in figure 6.  

 
Fig. 5: Modified Fredkin Gate 

 
Fig. 6: M-S realization of Modified Fredkin Gate 

 

Ternary Peres Gate: 

Ternary Peres gate is considered as significant idea in entire the ternary quantum version and reversible 

computing .In Ternary quantum logic the TPG realization is very much crucial.TPG have 3 outputs where (P is 

equal to A, Q is equal to A+B, R is equal to  AB+C) being mapped to A,B,C  which are the respective inputs. 

The implementation of Ternary Peres Gate is being done by  using  six shift gates and seven M-S gates so the 

entire no. of quantum logic gates is thirteen .The realization of Ternary peres gate is being  shown in figure 7 

and 8. 

 
Fig. 7: Ternary Peres Gate 
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Fig. 8: MS realization of Ternary Peres Gate 

Modified Peres Gate: 

Ternary Peres gate is considered as significant model in entire the ternary quantum version and reversible 

computing . In Ternary quantum gates the Modified Peres Gate realization is very much crucial. Modified Peres 

Gate (MPG) is 2*2 reversible logic, having inputs Aand B being mapped to (P is equal to A, Q is equal to A+B), 

where P, Q are the outputs of the peres gate. The implementation of MPG is being done by using five shift gates 

and four M-S gates thus the total no. of quantum logic gates is 9.Basically it performs the function of and gate 

which is performed by ternary peres gate .But its gate complexity is being reduced. The modified peres gate  

realization is being shown in figure 9 and 10. 

 
Fig. 9: MS realization of  modified Peres Gate 

 

 
Fig. 10: Implementation of Modified peres gate 

 

Barrel Shifter: 

A Reversible Barrel shifter which manages the bit shift operation is combinational logic circuit with n*n 

reversible circuit and k select lines. Unidirectional barrel shifter permit the bits to be shifted only to  right (or 

left), but bidirectional barrel shifter can allow bit to be  shifted as well as rotated . Reversible barrel shifter (n,k)  

consist of n input bits and k control bits .  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11: logarithmic barrel shifter 
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Different  design alternative for reversible barrel shifters that execute the following actions: logical Right 

shift, rotate right, shift right arithmetic, shift left arithmetic, logical left shift, and rotate left are Mux-based data-

reversal barrel shifters, mask-based data-reversal barrel shifters, mask-based two's complement reversible barrel 

shifters, and mask-based one's complement barrel shifters. On the basis of delay and area many design barrel 

shifters are being compared for various operand sizes and have reached the conclusion that  reduction in area is 

being shown by data-reversal barrel shifter than one's complement barrel shifter or two's complement and 

reduction in amount of delay is shown by mask-based data-reversal barrel shifter than the other alternative 

designs. Due to  the reason zero detection and overflow of bits detection is performed in parallel with the 

rotation of bits or shift operation so data-reversal Mask-based barrel shifters are specially eye-catching. One 

more substitute design of  barrel shifter is logarithmic barrel shifter. A logarithmic reversible barrel shifter 

consist of m number of input bits and K select lines that performs the amount of shifting of bits to be performed. 

The irreversible logarithmic barrel shifter has  k = log2n no. of stage in order of  i=0, 1, …, (K‒1).In each and 

every step if control bit signal di  is equal to 1 after that 2i time bit shifting operation is being performed on 

input bits or else the input bits shall not be altered. Using 2×1 multiplexers the irreversible logarithmic shifter is 

being realized. 

 

Proposed Modified Unibarrelshifter: 

The proposed modified unidirectional barrel shifter is being designed by means of quantum Modified 

Fredkin gates (MFG) , quantum ternary Feynman gates (TFG) and modified ternary Peres gates (TPG). The 

modified unidirectional barrel shifter can only shift the input bits to left. A four bit modified unidirectional 

barrel shifter has two stages (ki, i = 0, 1). In this proposed ternary barrel shifter the TPG at the input is being 

replaced by modified peres gate which performs the same function but its MS gate complexity is reduced. The 

total number of quantum gates being used to implement modified unibarrelshifter are 198 and no. of garbage 

outputs being produced are 3. The Modified unidirectional barrel shifter Implementation is being shown in 

figure 12. 

 

 
 

Fig. 12: Implementation of Modified ternary unidirectional barrel shifter 

 

Proposed Modified Bibarrelshifter: 

The proposed modified bidirectional logical barrel  shifter being a non-rotational barrel shifter can perform 

shifting operation in both direction  left as well as right which has a controlling bit (K) for deciding  the track of 

the shift. If the controlling  bit K is being rest at 0 only then the bidirectional barrel shifter will perform left shift 

operation otherwise it will it will shift the bits to right direction. Four-bit ternary reversible modified bi-

directional barrel shifter  has two stages (ki, i = 0, 1)  which is being implemented by quantum ternary Modified 

Fredkin gates (MFG), quantum ternary Feynman gates (TFG) and modified Peres gates (TPG). In order to evade 

the fan-out the quantum Feynman gate is being used. The ternary MFG are implemented as 2*1 multiplexer 

where as  MPG gates  is implemented as AND gate. The (4, 2) ternary quantum bi-directional  barrel shifter has 

been shown in figure 13 has i3,i2,i1,i0 as input data and s1,s0 as select inputs. The total number of quantum 

gates being used to implement modified Bibarrelshifter are 396 and no. of garbage outputs being produced are 5. 

The Implementation of Modified ternary Bidirectional barrel shifter is shown in figure 13. 
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Fig. 13: Implementation of Modified ternary bidirectional barrel shifter 

 

Simulation  Results: 

Proposed Uni Barrelshifter:  

Proposed Uni-barrel shifter can only perform as left shifter.  According to the values of (k0,k1) the 

unibarrelshifter performs the shift of bits . As the value of control bit changes the amount of shift also changes 

as if value of control bit is 00 than no shift will be performed  but if control bit is assigned 01 value than the 

input bits will get shifted to left by one bit. The simulation results of uni-barrel shifter are shown in figure 13 

and 14. 

 

 
Fig. 13: Simulation results of uni-barrel shifter 

 

 
Fig. 14: Simulation results of uni-barrel shifter 

 

Proposed Bibarrel Shifter:  

In the proposed ternary Bibarrelshifter if K=0 it performs as left shifter but if K=1 it perform as  right 

shifter. But on the basis of control signal s the amount of shift is being decided for example if value of s is 00 no 
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shift is performed but if 01 by one bit left shift is performed. The simulation results of Bi-barrel shifter are 

shown in figure 15 and 16. 

 

 
 

Fig. 15: Simulation results of Bi-barrel shifter 

 

 
Fig. 16: Simulation results of Bi-barrel shifter 

 
Unidirectional Barrel Shifter 

n=4, k=2 

 Total number of Quantum 
Gates 

Ternary Quantum Gate Calculation 
Complexity 

Garbage Output Delay 

Modified design 198 97ε+101γ 3 1.79ns 

Existing design 202 100ε+102γ 4 5.06ns 

Bidirectional Barrel Shifter 

n=4, k=2 

 Total number of Quantum 
Gates 

Ternary Quantum Gate Calculation 
Complexity 

Garbage Output Delay 

Modified Design 

 

396 192ε+204γ 5 1.271ns 

Existing design 428 211ε+217γ 8 4.78ns 

 

2. Calculation Number of Quantum Gates, garbage output and gate calculation complexity: 

Overhere we had compared  the  parameters of the Modified barrel shifter  with the previous  barrel shifter 

designs. The table below shows the compared results of Modified and existing barrel shifter design in terms of 

no.quantum gates, garbage outputs produced , delay and ternary quantum logic gates complexity .The compared 

results are being shown in the table below. 

The compared results of modified and previous design shows that our Modified reversible ternary barrel 

shifter  shows the improved results than the existing barrel shifter design in terms of no. of quantum logic gates 

and garbage output produced. If the total no of quantum gates being used to design the ternary barrel shifter are 
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being reduced due to which our quantum cost will also get reduced. Modified unidirectional reversible barrel 

shifter uses 198 quantum gates will the existing work used 202 quantum gates. Similarly the proposed 

bidirectional reversible barrel shifter uses 396 quantum gates while the existing work used   428 quantum gates 

to design the barrel shifter. 

 

Conclusion: 

We have presented an approach to realize the unidirectional and bidirectional barrel shifter which consumes 

less power and the less no.of gates in its implementation than previous existing designs.The garbage output 

produced is also less as compared to previous and is more efficient. This work can form an important move in 

CMOS technology as it has the application in the various fields like quantum computing ,nanotechnology ,DSP 

technology and in designing of  low power CMOS circuit.  
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