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Abstract: Growth of research m the field of effective digital computing systems leads to the need of efficient
digital design approaches. Reversible logic concept is the result of this necessity. This design approach creates
low power efficient digital circuits with improved performance. In the CPTU/ALT bus provides the path for data
flow and covers major area of the CPU. As the conventional buses are irreversible in nature when data flows
through these buses it consumes power and additional hardware is required to sink the generated heat.
Moreover by designing a bus using reversible technology power requirement 1s decreased with the removal
of need of heat sink. In this study, we focus upon the designing of common bus structure using reversible logic
approach. Common bus structure provides an effective way to provide the facility of communication between
computer subsystems. The proposed approach for reversible realization of common bus system 1s simulated
and synthesized for ModelSim simulator and Xilinx Software, respectively.
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INTRODUCTION

Digital computing systems have various sub systems
which coordmate and communicate for the generations of
required results. Common bus is the solution to this
requiremnent. It provides an efficient scheme of mformation
transfer between various registers in a computer system.
Generally, common bus structure is designed using
multiplexer circuits to connect registers requiring
communication of data bits.

Earlier any digital circuit was designed using AOI
design approach. AOI approach utilised available digital
logic gates such AND OR and NOT gates to design
digital circuits and systems. These digital logic gates may
be referred to as conventional digital logic gates. These
conventional logic gates have n input signals and a single
output signal (generally n>1). So, these conventional
digital logic gates tend to cause loss of information after
the operation. This loss of information 1s the mam cause
of heat loss from any digital computing system.

In the year 1961, Landauder has given the formula
kTIn 2 joules to calculate the energy loss per bit loss. This
leads to the calculation of generated heat from the digital
system (Landaure, 1961). Later in the year 1970
G.E. Moore has proposed that compoenent density for umit
chip area increases by approximately 2 times in every
18 month’s time span as shown in Fig. 1 (Moore, 1965).

This increase in component density leads to the
increase in the amount of heat generation exponentially.
leads to the degeneration of
performance and efficiency of the digital systems.

After that in year 1973, C.H. Bennett has proposed
that the process of heat generation from any digital
system can be removed or reduced by redesigning
the digital circuits with reversible logic approach
(Bennett, 1973 ). This method ideally creates lossless
digital circuits and systems. Reversible logic concept aims
to design any target digital system using reversible
design entities only. Here basic design entities are
reversible logic gates only. Various digital circuits have
been already designed using these reversible logic
gates with reduced heat generation and improved
performance. In this study, we have proposed a design
approach for the reversible realization of common bus
architecture.

This phenomenon

Common bus structure: Any computer system performs
different operations with the help of arithmetic logic unit.
Various sub systems of a computer system have a need of
communication with each other for performing desired
operation. Common bus system is the most suitable
solution for this communication requirement problem
(Fletcher, 1980; Floyd, 2006; Mano, 1979). Various
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Fig. 1: Moore’s Law
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Fig. 2: Common bus structure

subsystems 1 a computer system are connected through
comimon bus structure. Generally common bus 13 designed
using multiplexer circuit as shown in Fig. 2.

This Fig. 2 shows that the common bus i1s a
comnection for four 2 bit registers here. Similarly other
subsystems may also be connected through commeon bus.
Here depending upon the combinations of the selection
line applied source register is selected whose binary data
15 transferred on the bus. After that the destination
register 1s selected which receives the data from the
comimon bus.

Reversible logic gates: These are digital logic gates
with equal number of input and output signals
(Saravanan and Manic, 2013; Toffoli, 1980; Fredkin and
Toffoli, 1982). Information regarding the applied mputs
signals may be generated at any nstant by knowing the
generated output signals due to one-to-one mapping
between input and output signals. Some examples of
reversible logicgates are Feynman, Toffoli, Fredkm,
Peres, TKS, Sayem and VSMT gates, etc. (Feynman,
1985, Peres, 1985; Thaplival and Srinivas, 2005a, b;
Kamani et al., 2015; Shukla et al., 201 4; Haghparast and
Navi, 2008). Figure 3 shows some examples of reversible
logic gates with some descriptions.
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Fig. 3. Examples of reversible logic gates; block diagram and output equations of: a) Feynam gate; b) Toffoli gate; c)
Fredkin gate; d) Peres gate; e) sayem gate and f) VSMT gate

Performance parameters: In reversible design
approach researchers have to consider the requirement
of optimization of some performance parameters
(Thapliyal and Ranganathan, 2009; Shukla et al., 201 6a, b;
Nietal, 2010, Alietal, 2011). Some of these performance

parameters are as follows.

Total reversibile logic gates: It 15 defined as the total
number of reversible logic gates utilised in designing the
digital circuit using reversible design approach. Ideally
single reversible logic gate should be used to design any
digital circuit (Shukla ef al., 201 5a-c¢; Haghparast et al.,
2011; Syamala and Tilak, 2011). Although, minimum
reversible logic gates are aimed by reversible circuit
designers.

Constant input signals: Constant mnput signals are
additional high or low input signals required to be applied
to complete the working of the designed reversible
circuits (Sengupta ef al., 2011; Thunuguntla et al., 2012,
Shukla et al, 2015a-c). These signals are actually
overhead signals required for the design, so are
considered as  adversely
parameters. Thus, this performance parameter is also

affecting  performance

minimized by the reversible circuit designers. Ideally
zero constant inputs should be applied to the designed
reversible circuit.

Garbage output signals: These are defined as
additional output sighals generated from the designed
reversible circuit apart from the desired output
signals (Thapliyal and Vinod, 2007, Nagamam et af., 2011,
Shukla et al., 2016a, b). These signals tend to increase the
amount of heat generation from the designed reversible
circuits, thus are required to be minimized by the
researchers. Ideally no garbage output signal should be
generated from the designed reversible circuit.

Increase in the garbage output signals leads to
degrade the required performance of the designed
reversible circuit.

Quantum cost: Quantum cost of any reversible design 1s
generated by calculating quantum cost of basic (1x1 and
2x2 size) reversible logic gates (Thapliyal et al., 2013;
Frank, 2005; Sayem and Ueda, 2010). Calculation of
quantum cost of reversible design 1s calculated by taking
cost of 1x1 size logic gates equals to zero whereas
2x2 size gate as one. This parameter is also minimized
by the reversible circuit designers to enhance the
performance of the reversible design.

These parameters are optimized to improve the
performance and efficiency of digital reversible circuits
and systems. Till now various reversible designs have
been already proposed by reversible circuit designers
(Mahfuzzreza et al., 2013). Optimized designs for different
designs are being also presented by the researchers with
improved performance parameters measures. It includes
reversible realization of various combmational and
sequential digital circuits along with storage circuits and
systems.

Reversible realization of digital circuits: In this
approach, various reversible logic gates are used to
design the aimed digital circuit (Guan et al, 2011;
Shukla ef al., 2015a, b). Designed reversible circuits are
planned with optimized performance parameters. An ideal
reversible design should have following performance
parameters:

»  Simgle reversible logic gate required

s No constant input signal applied

s Zero garbage output signals generated
»  No feedback connection in the design
*  Low quantum cost

2086



J. Eng. Applied Sci., 12 (11): 2984-2989, 2017

clk g9
B
1 224
D, Q825
o &
0 1

VSMT Gate

g3 ¢33 32 g3l g0

Fa

VSMT Gate

829 g28 27 g26

2 line common bus

Fig. 4: Proposed design

Table 1: Selection of registers through common bus
Selection lines

Selected register Sy 5,
A 0 0
B 1 0
C 0 1
D 1 1
MATERIALS AND METHODS

Proposed design: We propose a common bus structure to
comnect four registers of 2 bits each. As shown in Fig. 4,
four 2 bits registers A, B, C, D are connected through
common bus using multiplexers only. In our proposed
design approach for reversible realization of common bus
circuit, registers are designed using Feynman, Fredkin and
Sayem gates whereas multiplexer circuits are designed
using VSMT gates only.

Here two selection lines S, and 3, are applied n
VSMT gates to select any of the desired register out of
four connected registers A, B, C, D as shown in Table 1.
As shown m Table 1, combination of selection mputs
applied to the multiplexer circuits will select the desired
registers and its signals will be transferred to the bus
line.

Fig. 5: Simulated waveform of the proposed design
RESULTS AND DISCUSSION

Simulation and result analysis: Proposed design for the
reversible realization of common bus structure is Fig. 5.
Simulated waveform of the proposed designsynthesized
and simulated for Xilnx software and ModelSim simulator
respectively. Simulation result for proposed design 1s
shown in Fig. 5. Tt clearly conforms to the desired working
of the common bus as mentioned in Table 1.

As no earlier designs are proposed for the reversible
realization of common bus structure this approach may be
considered as the first approach for the same. Tn the
proposed design, total number of reversible logic gates
used 1s 23 which generate a total of 34 garbage output
signals.
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CONCLUSION

Various subsystems of a computer ALU require a
medium of communication for proper functioning and to
generate required results. Simple wires are replaced by
common bus structure to provide an efficient scheme of
commumcation in this regard. Generally multiplexer
circuits are used to design common bus to connect
various subsystems. In this study, we have proposed an
approach for reversible realization of common bus
structure to connect four 2 bit registers. This design
utilizes 23 reversible logic gates and generates a total of
34 garbage output signals. Proposed design 1s simulated
with ModelSim simulator. Simulated waveform of
proposed circuit conforms to the desired working of the
common bus. The proposed design may be further
optimized and utilized for designing low loss high
performance digital systems.
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