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Abstract:

One-to-one mapping from input to output is the
necessary condition for a reversible computational
model transiting from one state of abstract machine
to another. Probably, the biggest motivation to study
reversible technologies is that, it is considered to be
the best effective way to enhance the energy
efficiency than the conventional models. The
research on reversibility has shown greater impact to
have enormous applications in  emerging
technologies such as Quantum Computing, QCA,
Nanotechnology and Low Power VLSI.

In this paper, we have realized novel reversible
architecture of Linear Feedback Shift Register
(LFSR) and Parallel Signature Analyzer (PSA) and
have explored these in terms of delay, quantum cost
and garbage. While approaching for LFSR, we have
shown new reversible realization of Serial Input
Serial Output (SISO) and Serial Input Parallel
Output (SIPO) registers up to N-bit and analyzed
their delay, quantum cost & garbage in terms of some
lemmas, which will outperform the existing designs
available in literature.
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INTRODUCTION

Objectives Of The Project :

The main objective is to design an reversible
implementation of a digital linear feedback shift
register (LFSR) using reversible logic gates.

Other objectives are given below.

e To design both non-reversible and reversible
versions  of  linear  feedback  shift
register(LFSR)  along  with  analytical
evaluation of the design complexities both in
terms of garbage outputs and constant inputs
requirements.

e To optimize the shift registers optimizing
techniques are also implemented .

e To design reversible linear feedback shift
register(LFSR) with proposed reversible logic
gates.

Motivation:

The present invention and motivation is relates to a
linear-feedback shift register (LFSR) design using
reversible logic gates.

One of the major goals in modern circuit design is
reduction of power consumption. As demonstrated by
R.Landauer in the early 1960s, irreversible hardware
computation, regardless of its realization technique,
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results in energy dissipation due to the information
loss [1]. Reversible logic circuits have theoretically
zero internal power dissipation because they do not
lose information. Hence,. In 1973, Bennett showed that
in order to avoid KTIn2 joules of energy dissipation in
a circuit, it must be built using reversible logic gates
[2]. A circuit is said to be reversible if the input vector
can be uniquely recovered from the output vector and
there is a one-to-one correspondence between its input
and output assignments, i.e. not only the outputs can
be uniquely determined from the inputs, but also the
inputs can be recovered from the outputs [4-6].

In computing, a linear-feedback shift register (LFSR)
is a shift register whose input bit is alinear function of
its previous state.

The most commonly used linear function of single bits
is exclusive-or (XOR). Thus, an LFSR is most often a
shift register whose input bit is driven by the XOR of
some bits of the overall shift register value.

The initial value of the LFSR is called the seed, and
because the operation of the register is deterministic,
the stream of values produced by the register is
completely determined by its current (or previous)
state. Likewise, because the register has a finite
number of possible states, it must eventually enter a
repeating cycle. However, an LFSR with a well-chosen
feedback function can produce a sequence of bits
which appears random and which has avery long cycle.
Applications of LFSRs include generating pseudo-
random numbers, pseudo-noise sequences, fast digital
counters, and whitening sequences. Both hardware and
software implementations of LFSRs are common.

The mathematics of a cyclic redundancy check, used to
provide a quick check against transmission errors, are
closely related to those of an LFSR.

LITERATURE SURVEY
Today's computers erase a bit of information (in the
sense used here) every time they perform a logic
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operation. These logic operations are therefore called
"irreversible." This erasure is done very inefficiently,
and much more than KT is dissipated for each bit
erased.

If we are to continue the revolution in computer
hardware performance we must continue to reduce the
energy dissipated by each logic operation. Today,
because we are dissipating much more than kT, we can
do this by improving conventional methods, i.e., by
improving the efficiency with which we erase
information.

An alternative is to use logic operations that do not
erase information. These are called reversible logic
operations, and in principle they can dissipate
arbitrarily little heat. As the energy dissipated per
irreversible  logic  operation  approaches the
fundamental limit of In 2 x kT, the use of reversible
operations is likely to become more attractive. If
current trends continue this should occur sometime in
the 2010 to 2020 timeframe. If we are to reduce energy
dissipation per logic operation below In 2 x KT we will
be forced to use reversible logic. Nano
technologyshould let us build mole quantities of logic
elements. Unless energy dissipation per logic operation
can be reduced below KT, the raw cost of electricity
might well prove prohibitive and the system might
quickly overheat.

Even today the use of reversible logic operations can
be a useful heuristic in the design of systems that use
very little power. To achieve a completely reversible
system (which erases no bits at all) is very difficult. As
we allow more and more bits to be erased during
normal system operation, it becomes easier and easier
to design the system. Today's systems erase a bit for
every logic operation they perform and are very
dissipative. Systems that perform some operations in a
reversible fashion can dissipate less energy and might
prove competitive (particularly in niche applications)
today.
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Reversible logic is becoming a popular emerging
paradigm because of its applications in various
emerging technologies, like quantum computing, DNA
computing, optical computing, etc. It is also
considered an alternate low power design
methodology. A reversible circuit consists of a cascade
of reversible gates without any fanout or feedback
connections, and the number of inputs and outputs
must be equal. There exists various ways by which
reversible circuits can be implemented like NMR
technology, optical technology, etc.

Reversible computing is a model of computing where
the computational process to some extent is reversible,
i.e., time-invertible. In a computational model that uses
transitionsfrom one state of the abstract machine to
another, a necessary condition for reversibility is that
the relation of the mapping from states to their
successors must be one-to-one. Reversible computing
is generally considered an unconventional form of
computing.

Existing method:

LFSRs have long been used as pseudo-random number
generators for use in stream ciphers (especially in
military cryptography), due to the ease of construction
from simpleelectromechanical or electronic circuits,
long periods, and very uniformly distributed output
streams. However, an LFSR is a linear system, leading
to fairly easy cryptanalysis. For example, given a
stretch of known plaintext and corresponding
ciphertext, an attacker can intercept and recover a
stretch of LFSR output stream used in the system
described, and from that stretch of the output stream
can construct an LFSR of minimal size that simulates
the intended receiver by using the Berlekamp-Massey
algorithm. This LFSR can then be fed the intercepted
stretch of output stream to recover the remaining
plaintext.

The linear feedback shift registers (LFSR)are designed
by using conventional gates and existing reversible
logic gates etc. using the Boolean expressions.
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Proposed method:

The development in the field of nanometer technology
leads to minimize the power consumption of logic
circuits. Reversible logic design has been one of the
promising technologies gaining greater interest due to
less dissipation of heat and low power consumption.
In the digital design, the linear feedback shift
register(LFSR)is a widely used process.

So, the reversible logic gates and reversible circuits
for realizing linear feedback shift register(LFSR)s
using reversible logic gates is proposed. The proposed
design leads to the reduction of power consumption
compared with conventional logic circuits.

INTRODUCTION TO REVERSIBLE LOGIC
GATES

Reversible computing:

Reversible computing is a model of computing where
the computational process to some extent is reversible,
i.e., time-invertible. A necessary condition for
reversibility of a computational model is that the
relation of the mapping states of transition functions to
their successors should at all times be one-to-one.
Reversible computing is generally considered an
unconventional form of computing.

There are two major, closely related, types of
reversibility that are of particular interest for this
purpose: physical reversibility and logical reversibility.
A process is said to be physically reversible if it results
in no increase in physical entropy; it is isentropic.

These circuits are also referred to as charge recovery
logic or adiabatic computing. Although in practice no
non stationary physical process can be exactly
physically reversible or isentropic, there is no known
limit to the closeness with which we can approach
perfect reversibility, in systems that are sufficiently
well-isolated from interactions with unknown external
environments, when the laws of physics describing the
system's evolution are precisely known.
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Probably the largest motivation for the study of
technologies aimed at actually implementing reversible
computing is that they offer what is predicted to be the
only potential way to improve the energy efficiency of
computers beyond the fundamental von Neumann-
Landauer limit of KTIn(2) energy dissipated per
irreversible bit operation.

As was first argued by Rolf Landauer of IBM, in order
for a computational process to be physically reversible,
it must also be logically reversible. Landauer's
principle is the loosely formulated notion that the
erasure of n bits of information must always incur a
cost of nkin(2) in thermodynamic entropy. A discrete,
deterministic computational process is said to be
logically reversible if the transition function that maps
old computational states to new ones is a one-to-one
function; i.e. the output logical states uniquely defines
the input logical states of the computational operation.

Reversible circuits

To implement reversible computation, estimate its
cost, and to judge its limits, it is formalized it in terms
of gate-level circuits. For example, the inverter (logic
gate) (NOT) gate is reversible because it can be
undone. The exclusive or (XOR) gate is irreversible
because its inputs cannot be unambiguously
reconstructed from an output value. However, a
reversible version of the XOR gate—the controlled
NOT gate (CNOT)—can be defined by preserving one
of the inputs. The three-input variant of the CNOT
gate is called the Toffoli gate. It preserves two of its
inputs a,b and replaces the third ¢ by c\oplus (a\cdot
b). With ¢=0, this gives the AND function, and with
a\cdot b=1 this gives the NOT function. Thus, the
Toffoli gate is universal and can implement any
reversible Boolean function (given enough zero-
initialized ancillary bits). More generally, reversible
gates have the same number of inputs and outputs. A
reversible circuit connects reversible gates without
fanouts and loops. Therefore, such circuits contain
equal numbers of input and output wires, each going
through an entire circuit.
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Some of reversible gates:

Feynman / CNOT Gate:

The Reversible 2*2 gate with Quantum Cost of one
having mapping input (A, B) to output (P = A, Q=
A"B).

A P=A

.
Fig 3.1 Reversible Feynman/CNOT gate (FG)

TABLE 3.1: Truth Table For CNOT Gate

INPUT OUTPUT
a b
0 0 0 0
0 1 0 1

LINEAR FEEDBACK SHIFT REGISTE

A linear feedback shift register (LFSR) is the heart of
any digital system that relies on pseudorandom bit
sequences (PRBS), with applications ranging from
cryptography and bit-error-rate  measurements, to
wireless communication systems employing spread
spectrum or CDMA techniques.

The equivalent to the world of electronics would be the
Linear Feedback Shift Register (LFSR), in which the
output from a standard shift register is cunningly
manipulated and fed back into its input in such a way
as to cause the function to endlessly cycle through a
sequence of patterns.

Many-to-oneimplementations:

LFSRs are simple to construct and are useful for a
wide variety of applications, but are often sadly
neglected by designers. One of the more common
forms of LFSR is formed from a simple shift register
with feedback from two or more points, or taps, in the
register chain (Fig 4.1).

February 2017

Page 307



ISSN No: 2348-48435

Technology, Management and Research

A Peer Reviewed Open Access International Journal
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Fig4.1. LFSR with XOR feedback path.

LFSR Generator Implementations:

Linear feedback shift registers can be implemented in
two ways. The Fibonacci implementation consists of a
simple shift register in which a modulo-2 sum of the
binary-weighted taps is fed back to the input. (The
modulo-2 sum of two 1-bit binary numbers yields O if
the two numbers are identical, and 1 if the differ:
0+0=0, 0+1=1, 1+1=0.)

Dt pant

|_;.n=' Bt Bna Bns Y g §!
& & & &2 {+
Fig4.4. Fibonacci implementation of LFSR.

REVERSIBLE LFSR

The power dissipation of devices is increasing with the
technological advancement day-by-day, thereby
making it the major limitation of technology.
Reversible logic gates due to its ability to reduce
power dissipation attracted researcher’s attention.
Irreversible gates produce energy lossdue to the
information bits lost during computation process.
Information loss occurs due to less no. of generated
output signals than what is applied. According to R.
Landauer’s principle[1], given in 1961, irreversible
logic gates dissipates KTIn2 joules of energy for the
loss of 1-bit information, where K is the Boltzmann
constant and T is the absolute temperature at which
operation is performed which means that the power
dissipation is directly proportional to the number of
information bit loss. Charles Bennet, in 1973 [2],
proposed that, to avoid heat dissipation, logic circuit
must be built from reversible circuit since there no
information loss occurs. At first, in the design of
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reversible logic circuits, design was limited to
combinational logic circuits and it was just because of
the convention that the feedback is not allowed in the
reversible computing [19]. But, in 1980, Toffoli [4]
has shown that the feedback is allowed in reversible
computing. According to Toffoli [11], a sequential
network is reversible if its combinational part is
reversible. The recent works focus on optimizing the
reversible sequential designs in terms of number of
reversible gates and garbage outputs. The shift
registers are the most exhaustively used functional
devices in digital system design for multiple bits
storing & shifting of the same if required. In this
paper, we are presenting reversible realization of two
shift registers naming Serial-in Serial-out and Serial-in
Parallel-out for their application in designing sequence
pulse generator. We will also present novel reversible
architecture of Linear Feedback Shift Register (LFSR)
and Parallel Signal Analyzer (PSA). In computing, the
input bit of LFSR is a linear function of its last state.
The starting value of the LFSR is termed seed, and due
to the deterministic operation of the register, the bit
stream produced is completely determined by its
current (or previous) state.

PROPOSED REVERSIBLE LFSR

Linear Feedback Shift Register (LFSR) is used to
generate periodic sequence, but it does not produce all
zero sequence until it starts from all zero. A LFSR can
be constructed by doing exclusive-OR on the outputs
of two or more of the FFs together and applying this
output to one of the FFs. The figure5. 20 shows the
design of 3 bit reversible LFSR

Q
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Fig5..20. Realization of pulse triggered reversible
LFSR
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Feynman gate is used to operate exclusive-OR
operation on feedback path whereas it is also used
between any two FFs to copy the output. Q1, Q2 and
Q3, at initial point of time should not start with all 0
otherwise, LFSR produces all O pattern output for
every clock pulse applied. If the flip-flops are loaded
with a seed value (anything except all 0s) and if the
LFSR is triggered, it will generate a pseudorandom
pattern of 1s and 0s. The pattern count of LFSR equals
to 2n— 1, where n is the number of flip-flops. The
patterns have an approximately equal number of 1’s
and 0’s.

TABLE 5.11ILA 3-BIT REVERSIBLE LFSR
PARAMETERS

PARAMETERS
LFSR Ouantum Cost Delay Garbage
Oc D G
Proposed Dest 38 38 7

PROPOSED REVERSIBLE PSA

A LFSR of any length will produce huge number of
patterns. To avoid having to check the outputs of
severalhundred thousand or more vectors, a parallel
signal analyzer (PSA) is used to minimize the number
of data at the outputs of the Application Specific
Integrated Circuit (ASIC). PSA is same as the LFSR
with exclusive-OR gates between the flip-flops of shift
register.

CIE _]
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Fig5.21. Realization of 3 bit Reversible PSA

Figure 21 shows the diagram of Reversible PSA. PSA
can be used as LFSR if the inputs Ain, Bin and Cin all
held at 0, PSA will produce exactly the same bit
pattern as LFSR. Inputs Ain, Bin, etc. are multiplexed
with the outputs of ASIC. Each bit stream is applied
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through the LFSR to the ASIC inputs & the output of
ASIC is read into the PSA. As each new bit stream is
applied, the PSA will perform an exclusive-OR of the
last pattern’s outputs with the current pattern’s output
to generate a new value in the PSA. This is quite
similar to a calculator performing addition of a series
of numbers. Instead of using addition, the PSA
performs an exclusive-OR of the series of 1s and 0s
together to get the new result. The value of quantum
cost, delay and garbage is shown in table5.1V.

TABLES. 1IV. A 3-BIT REVERSIBLE PSA
PARAMETERS

PARAMETERS
LESR CQuantum Cost Delay Garbage
Oc D G
Proposed Design 40 40 9

Screen Shots
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Sub Tech’nology schematic:

e Advantages:

- 1. Area Efficient circuits.
2. Low power Circuits
3. High speed circuits

Applications:

Pattern generators like LFSR (Linear Feed Back Shift
Registers) can produce random patterns with low
hardware requirements and is preferred choice for
testing. It is categorized under pseudo-random test
pattern generators which can produce a random pattern
S o T — .5 for every clock cycle applied to it

CONCLUSION AND FUTURE SCOPE

Due to the feedback function, a LFSR can produce a

: sequence of random bits which has a very long cycle.

@ The repeating sequence of bit patterns of an LFSR
allows it to be used as a frequency divider or as a
counter when a nonbinary pattern is acceptable. In this

paper, we have demonstrated novel architecture of
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pulse triggered and edge triggered SISO & SIPO
registers and analyzed their quantum cost, delay and
garbage in terms of some lemmas. Using the registers
we have shown an example of sequence pulse
generation with minimized delay & cost. Lastly, we
have realized reversible architecture of LFSR and PSA
which can be used for random bit generation. Due to
the ease in construction, the novel architecture of
LFSR & PSA can be used in military cryptography.

However, as the reversible LFSR is a linear system, it
leads to most easy cryptanalysis. We are trying to
simulate the demonstrated circuits in Xilinx using
Verilog for its FPGA prototyping and will focus to
design a reversible BIST for digital systems.
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