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Abstract: Reversible logic has shown wide applications in emerging technologies such as quantum computing, 

optical computing, and extremely low power VLSI circuits. Recently, many researchers have focused on the 

design and synthesis of efficient reversible logic circuits. In this work, as an example of reversible logic 

sequential circuits, we propose a novel reversible logic design of the Universal Shift Register. Here, we 

proposed a D-flip-flop whose efficiency is shown in terms of garbage output, constant input and number of 

reversible gates.  Using this D flip-flop, efficient universal shift register is proposed.  Universal shift register is 

a register that has both right and left shifts and parallel load capabilities. The proposed designs were 

functionally verified through simulations using Verilog Hardware Description Language. 
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I. Introduction: 
In digital circuit design and synthesis, energy loss is an important consideration.  Higher levels of 

integration and the use of new fabrication processes have dramatically reduced the heat loss over the last 

decades. Landauer's [1,2] principle states that logic computations generate KT log 2 Joules of heat energy for 

every bit of information that is lost, where Kis Boltzmann's constant and T the absolute temperature at which 

computation is performed. This amount may not seem to be significant, but it will become relevant for the 

complex circuits.  Reversible design is the design that does not result in any information loss. It naturally takes 

care of heating generated due to the information loss. Bennett [3] showed zero energy dissipation would be 

possible only if the network consists of reversible gates. Thus reversibility will become an essential property in 

future circuit design[4].  Most traditional gates used in digital design are not reversible. For example the AND, 

OR and EXOR gates do not perform reversible operations. Of the commonly used gates, only the NOT gate is 

reversible. A set of reversible gates is needed to design reversible circuits. Several such gates have been 

proposed over the past decades. Among them are the controlled-not (CNOT) proposed by Feynman [5], Toffoli 

[6], Fredkin [7] and Peres [8]gates. Traditional design methods use, the number of gates as a complexity 

measure.   From the point of view of reversible logic we have one more factor which is more important than the 

number of gates used, namely the number of garbage outputs. Since reversible design methods use reversible 

gates, where the number of inputs is equal tothe number of outputs, the total number of outputs of such a 

network will be equal to the number of inputs. The existing methods [9] use the analogy of copying information 

from the input of the network, therefore introducing garbage outputs -information that we do not need for the 

computation. In some cases garbage is unavoidable, since reversibility necessitates an equal number of outputs 

and inputs. 

This paper is organized as follows: Section 2 gives the brief introduction of the reversible logic gates 

and gates required for the present work. In Section 3, the designs of multiplexers and D-FFs with Fredkin gate,    

Reversible Universal shift register and its implementation are described.   The simulation and Synthesis results 

are shown in section 4.   Finally, Section 5 concludes with scope for further research 

 

II. Basic Reversible Gates 
There are a number of existing reversible gates in the literature. 

Some of the basic reversible logic gates are, 

Feynman gate: Figure 1 shows a 2x2 Feynman gate [5]. The input vector is I (A, B) and the output vector is O 

(P, Q) and the relation between input and output is given by    

 P=A, Q = A⊕B. 
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Figure 1: Feynman gate 

 

Double Feynman gate (F2G): Figure 2 shows a 3x3 Double Feynman gate. The input vector is I (A, B, C) and 

the output vector is O (P, Q, R) and output is defined by 

 P = A, Q = A⊕B, R = A⊕C 

 
Figure 2: Double Feynman gate 

 

Fredkin Gate: Figure 3 shows a 3*3 Fredkin gate [7]. The input vector is I (A, B, C) and the output vector is O 

(P, Q, R). The output is defined by 

 P=A,Q=A′B⊕AC and R=A′C⊕AB 

 
Figure3:  Fredkin gate 

 

Peres Gate:Figure 4 shows a 3*3 Peres gate [8]. The input vector is I (A, B, C) and the output vector is O (P, Q, 

R). The output is defined by 

 P = A, Q = A⊕B and R=AB⊕C.  

 
Figure 4: Peres gate 

 

III. Proposed Work 
There are many existing designs [12] to demonstrate the working of universal shift register. In these designs, 

different reversible gates are used to realize various components.  In this paper, authors have used only one type 

of reversible gate, i.e. Fredkingate for realizing multiplexer and D-FF and hence 4-bit universal shift register.   

 

3.1 Fredkin gate used as 2 to 1 multiplexer 

 Initially, the component 2 to 1 multiplexer [10] which is shown in Figure 5.  This is demonstrated using one 

fredkin gate.  It has two garbage outputs, and zero constant inputs.   

 
Figure 5: 2 to 1 mux 
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3.2 4 to 1 multiplexer  

 
Figure 6: 4 to 1 mux 

 

Figure 6 shows 4 to 1 multiplexer using 2 to 1 multiplexers. This is realized using 3 fredkin gates.  It has 6 

garbage outputs, and zero constant inputs.  

 

3.3 D-Flip-flop 

This is the novelty of our work which is different from other existing designs.  Here the D-FF is 

designed using mutilplexers.  Figure 7 shows the design of master-slave D-FF using mutilpexers.  There are two 

2 to 1 mutiplxers each acts as D-latch. This is realised using two fredkin and two feynman gates. Feynman gates 

are used to avoid fanout problem.   It has 4 garbage outputs and 2 constant inputs. 

 
Figure 7: D-flip-flop 

 

3.4 Universal Shift Register 

Universal shift register is a register which stores binary data and can be shifted left or right when a 

clock signal is applied.   All modes of operation such as serial-in serial-out (SISO), serial-in parallel-out (SIPO), 

parallel-in serial-out (PISO) and parallel-in parallel-out (PIPO) can also be performed upon the occurrence of 

clock.  Figure 8 shows our proposed universal shift register which consists of 4 D flip-flopblocks and four 4-to-1 

multiplexers. 

 
Figure 8: universal shift register 

 

The four multiplexers have two common selection inputs S1 and S0. Input 0 in each multiplexer is 

selected when S1S0 = 00, input 1 is selected when S1S0 =01, and similarly for other two inputs. The functional 

characteristic of the register is given in table 1. 

 

Table 1: Functional table 
Mode control 

register operation 
S1 S0 

0 0 No change 

0 1 Shl 

1 0 Shr 

1 1 Parallel load 
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When S1S0 = 00, the present value of the register is applied to the D inputs of the flip-flops. This 

condition forms a path from the output of each flip-flop into the input of the same flip-flop, so that the output 

recirculates to the input.  When S1S0 = 01 enables shift left operation with the serial input transferred into the 

rightmost flip-flop. When S1S0 = 10 shift right operation results with the serial input going into the leftmost 

flip-flop. Finally when S1S0 = 11, binary information in parallel input lines is transferred into register, 

simultaneously during next clock pulse.  

Thus in the design of the 4- bit reversible universal shift register four 4:1 MUXes will have 4×1 = 4 

garbage outputs, four D-FFs have 4x4=16 garbage outputs and 8 constant inputs. Thus, the total of the 4 bit 

universal shift register have 28 gates, 20 garbage outputs and 8 constant inputs. 

 

IV. Simulation And Verification 
The proposed designs were functionally verified through simulations coding their designs in the 

Verilog Hardware Description Language. In order to achieve this, we built a library of reversible gates in 

Verilog HDL and use it to code the proposed designs of sequential circuits. The library contains the Verilog 

codes of reversible gates such as the Fredkin gate, the Toffoli gate, the Peres gate, Feynman gate etc. We have 

created test benches for every reversible sequential circuits proposed in this work to verify their functionality. 

The functional verification of Verilog HDL codes is done using the ISim simulator and synthesis is done using 

XST synthesizer.  The simulation results are shown in figure9-11 and the synthesis results are shown in 

figure12-15.  

 
Figure 9: Simulation result of 4-bit universal shift register 

 

 
Figure 10: Simulation result of 4-bit universal shift register 

 

 
Figure 11: Simulation result of D-FF 
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Figure 12: Synthesis diagram of D-FF 

 

 
Figure 13: Synthesis diagram of 4 to 1 mux 

 

 
Figure 14: Synthesis diagram of top view of universal shift register 

 

 
Figure 15: Synthesis diagram of expanded view of universal shift register 
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V. Conclusion 

In this work, the authors have presented the novel design of reversible universal shift register.  Here all 

the components are based on multiplexers. The present work differs from the existing approaches in the 

literature that have optimized the reversible sequential circuit designs in terms of number of reversible gates and 

garbage outputs. The reversible designs are functionally verified at the logical level by using Verilog hardware 

description language. The simulation and synthesis results are also presented. One of the limitations of our work 

is that it does not calculate the delay and quantum cost of the reversible sequential circuits. The next future step 

in the design of reversible sequential circuits is to investigate synthesis of reversible sequential circuits with 

above parameters. 
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