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Abstract :- In the recent years, Reversible Logic has drawentitin of researchers due to its less heat dissgat
characteristics. It has a wide range of applicatiam diverse fields such as ultra low power VLSicuits,
nano computing, quantum computing and optical aging. It has a one to one correspondence betvisenpiut
and output components. Pipelining is also a welbvikm technology for improving the performance of i@ig
systems. We have designed and implemented a newy skip adder /subtractor using pipelining and tyari
preserving reversible logic gates. It can be used &arry skip adder or a carry skip subtractoowting to the
control logic input. The proposed circuit in thiager is far better than its previous versions imgeof delay, gate
count, quantum cost and hardware complexity. fiugposed design is designed and implemented usripy
HDL in XILINX 9.2 version. Experimental results demstrate that the proposed circuit is 68% faster&bdo less

complex than its previous versions.

Index Terms :- Reversible logic, Fault Tolerant, Pipelined, FeammGate, Fredkin Gate, Modified Islam Gate,

Carry skip adder /subtractor.
1. INTRODUCTION

V.N. Landauer [2] and C.H. Bennett [3] , the two
major researchers in reversible logic, have shdwah t
every bit of information lost will generate kTlog2
joules of energy, whereas the energy dissipation
would not occur, if desigining is done with thdphe

of reversible logic gates. Where k (Boltzmann’s
constant) = 1.38x10-23 J and T is absolute
temperature at which computation process is being
performed. Though the energy dissipation for orte bi
loss is a small value but this value can cause
overheating in the circuit which will gradually
decrease the life span of the device. And it hanbe
already proved that reversible circuits are the tmos
important solutions of heat dissipation in circuit
design.

The Von Neumann Landauer (VNL) [2] principle, a
theorem of modern physics, states that ordinary
irreversible logic operation which destructively
overwrites previous outputs incur a fundamental
minimum energy cost. This fact threatens to end
improvements in practical computer performance
within the next few decades. However, computers
based mainly on reversible logic operations caseeu
a fraction of the signal energy that theoreticaliin
approach a approximately 100% as the quality of the

hardware is improved, at a given level of power
dissipation

Fault tolerance is a property which enables aesyst

to continue operating properly even if there is
failure in some of its components. If the systam i
designed by using fault tolerant components, then t
correction and detection of faults is possible.ritia
preserving gates are used to detect such erronsy Ma
error correction techniques are available. Parity
preserving is one of the widely used error detectio
mechanisms in digital logic and data communication
Systems. In parity preserving logic gates, thetyari
of the inputs must match that of the outputs.

One more factor which is more important than the
number of gates used, is the number of garbage
outputs. Since reversible design methods use
reversible gates, where the number of inputs islequ
to the number of outputs, the total number of otgpu
of such a network will be equal to the number of
inputs. Garbage is unavoidable in some cases such
as- single output function of n variables will ragu

at least n-1 garbage outputs, because reversibility
necessitates an equal number of outputs and inputs.

Reversible Logic Function is a Boolean Function
f(x1, x2, x3,....xN) is said to be reversible if it

satisfies the following criteria:

(1)The number of inputs should be equal to the
number of the number of outputs.
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(2)Every output vector should have an unique-
image.

Reversible Logic Gate is an iNput N-output logic
device which provides one to one correspond:
between the input and the output. It helps u
uniquely recover the inputs from the ous.
Garbage refers to the number of outputs which
not used in the synthesis of a given funct
Quantum Cost refers to the cost of the circuiteimis
of the cost of a primitive gate. It is compu
knowing the number of primitive reversible log
gaes (1*1 or 2*2) required to realize the circ
Constant Input is the number of inputs that shi
maintained constant at either 0 or 1 in orde
synthesize the given logical functi

Pipelining is a very popular technique for impray
the performaoe of digital systems. It exploits tl
combinational logic in order to improve throughy
In this technique, we split the combinational lo
into two or more than two separate blocks. /
blocks are connected with a flipflop. Each blocls
about less day than the original block. Since ec
block has its own registers, every block can o
independently, working on two values at the si
time. Thus the cycle time of the machine is redt
because the maximum delay is redu

This paper presents auit tolerant reversible car
skip adder/subtractor using pipelining technolc
The reversible logic gates used in this circuit
Feynman gate, Fredkin Gate and Modified Is
Gate. Firstly, a full adder/subtractor is designsthg
these reversible gic gates. And then a paral
adder/subtractor and a carry skip adder/subtrast
designed with the help of the full adder/subtrac
All these circuits are implemented with the helg
pipelining technology

2.PARITY PRESERVING
LOGIC GATES

REVERSIBLE

A reversible gate is parity preserving gate wt
input parity matches the output parity. These he
basic building blocks fault tolerant reversibleccits.
Following are some of the basic parity presen
logic gates [4].

2.1 Feynman Double Gate (F2G)

It is a 3*3 gate with input vector I(A,B,C) and put
vector O(P=A, Q=/F B, R=AFC). The quantum
cost of this gate is two [6].

A — P=A
B | F2G —— Q=A&B

Fig.1 Feynman Double Gate

2.2 Fredkin Gate (FRG)

It is a 3*3 gatewith input vector 1(A,B,C) and outp!
vector O(P=A, Q=AB XOR AC, R=A'C XOR AB).
The quantum cost of this gate is five

A — P=A
B | FRG | Q=ABBRAC
cC —t . R=A'CEAB

Fig.2 Fredkin Gal
2.3 Modified |lam Gate (MIG)

It is a 4*4 gate wh input vector I(A,B,C,l) and
output vector O(P=A, Q= A XOR B, R=AB XC
C, S= AB XOR D). The quantum cost of this gate
seven[7].

A— —P=A
B—] —Q=A&B
| MIG — R=AB&C
D —S=AB'®D

Fig.3 Modified Islam Gate
3. CONVENTIONAL WORK

3.1. Fault Tolerant Full Adder/Subtractor
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The following figure shows the previous version
reversible fault tolerant full adder/subtractor.was
designed using two Feynman Double gates, two
Fredkin gates and two Modified Islam gates[1].

|—P-AGB
0 F2G
0 g2
1 g4
B — j Cin _T 5
AT wie [°H |
0— MIG FRG 0,f FRG
—] 9, . 7
i -i % j
g3
F2G |-»C/B
0}
o

g8

Fig.4 Previous Full Adder/Subtractor
3.1. Fault Tolerant Parallel Adder/Subtractor

The basic building block of parallel adder/subtoact
is full adder/subtractor. The given figure showse th

previous 4-bit Fault Tolerant Parallel
adder/subtractor. It was designed using 4 fault
tolerant Full Adder/Subtractor with propagate

(p_FT). This design worked as a single unit which
includes both parallel adder and subtractor. The
control line ctrl was used to select adder or sdbar
according the control logic input i.e. when ctrlOist
acted as a parallel adder and when ctrl was dtéda
as parallel subtractor [8].

B Lo By el E._:_Tn B

[ L] 1

Fig.5 Previous Fault Tolerant 4-Bit Parallel
Adder/Subtractor

3.3. Fault Tolerant Carry Skip Adder/Subtractor

In the carry skip adder, delay was reduced dukeo
carry computation. In the full adder/subtractor
operation, if either input was a logical one, thedl c
would propagate the carry/borrow input to its
carry/borrow  output. Hence, the nth full
adder/subtract or carry/borrow input (C/B)n, would
propagate to its carry/borrow output, (C/B)n+1, whe
Pn = A XOR B. In addition, the multiple full

adders/subtractors, making a block can generate a

“block” propagate signal P to detour the incoming
carry/borrow around to the block’s carry/borrow

output signal. The given figure shows the previous
four bit fault tolerant carry skip adder/subtractor
block. It was quickly determined by each block,ttha

whether the block’'s carry/borrow input was

propagated to its carry output. If the block pragtag

P was one, the block carry/borrow input Cin was
propagated as the block carry/borrow output Cout

[9].

B A ol | [l m A o | Ll
T I I I R I I A I
O p FT as] p.FE ol PFT — p FT = S
1 % ] v = |
LS =n arm T
| 1T
FRE FRG

Fig.7 Proposed Fault Tolerant Full Adder/Subtractor
with propagate (p_FT)

4.PROPOSED WORK

41.  Proposed Fault  Tolerant  Full
Adder/Subtractor with propagate (p_FT)
The fault tolerant full adder/subtractor with

propagate(p_FT) is shown in the Fig.7 It is des@yn
using Two Modified Islam Gate (MIG), One Fredkin
Gate (FRG) and One Feynman Double Gate (F2G).

. —P=A®B
0 F2G
0 ..
1 3
B — j Cin j 4
MIG
o— MIG FRG |-C/B
0— [ g5

ctrl

Fig.7 Proposed Fault Tolerant Full Adder/Subtractor
with propagate (p_FT)
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4.2. Pipdined
Adder/Subtractor

Fault Tolerant 4-bit Paralld

Full adder/subtractor is the Basic building blodlka
parallel adder/subtractor. The given figure show-
bit Fault Tolerant Parallel adder/subtractor whis!
designed using four fault tolerant fi
adder/subtractor. Also, a flipflop is added betw
the second and third block as per the pipelit
process.

B A3 B2 A2 Bl Al B0 A0

| i ]
[ ] [ 1 [[ [0 [ [fe

p FT p_FT C]k p FT L pFT  —
r N C3B3 CUB Cin

Z4B4 ‘ ‘

P3 $3/D3 P2 52D2 P1 S1D1 PO S0DO

Fig.8 Pipelined Fault Tolerantkit Parallel
Adder/Subtractor

4.3 Pipelined Fault Tolerant 4-bit Carry Skip
Adder/Subtractor

The proposed Fault Tolerant Carry S
Adder/Subtractor is the sanas the previous versio
Only the full adder/subtractor used in the desig
that of the proposed version and a flipflop is u
between the second and third block. This make:
carry skip adder/subtractor less hardware com
and faster than its previous version.

B3 A3 Cl B2 A2 Cul ik B 71 c‘m B"O TU crd
C4B4 Cin
o o 1 g e e
‘ CaB3 ‘ €282 [ Bl ]
S3D: s2pa| P2 S1D1 S0Do | PO
31 ’7
FRG FRG

g g Cout
Fig.8 Pipelined Fault Tolerant Carry Skip
Adder/Subtractor

5. RESULTS AND COMPARISON

Verilog HDL in Xilinx 9.2 simulator has been tak
in use to implement this design. 9, Fig.10 and

Fig.11shows comparison of proposed design of
adder/subtractor, parallel adder/subtractor angy«

skip adder/subtractor in terms of gate count
delay respectively.

Delay | Gate | Constant| Garbage
Count | Input Output
Previous Full 3.433 6 7 8
Adder/Subtractc
Proposed Full 3433 | 4 4 5
Adder/Subtracto

Table 1.Comparison between Gate Count and Dr
of Previous and Proposed Full Adder/Subtre

Delay | Gate | Constant| Garbage
Coun | Input Outpu
Previous Paralle| 11.323| 20 28 32
Adder/Subtractor
Proposed 3.64 16 16 20
Parallel
Adder/Subtractor

Table 2.Comparison between Gate Count and Dr
of Previous and Proposed Parallel Adder/Subtr

Delay | Gate | Constant| Garbage
Count | Input Output
Previous Carry | 12.547| 28 31 40
Skip Adder
/ Subtractor
Proposed Carry | 4.451 | 20 19 28
Skip Adder
/Subtractor

Table 3Comparison between Gate Count and Di
of Previous and Proposed Carry S
Adder/Subtractor

The Fig. 12 shows simulation results of propo
fault tolerant full adder and full subtractor w
propagate, Fig. 13 shows simulation results
pipelined fault tolerant -bit parallel adder and
parallel subtractor and Fig.14 shows simula
results of pipelinedfault tolerant ~bit carry skip
adder and carry skip subtrac

Fig.9 Simulation result of Fault Tolerant Fi
Adder/Subtractor without pipelil.
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Fig. 10 Simulation result of Fault Tolerant Paral
Adder/Subtractor with Pipelining

Fig. 11 Simulation result of Fault Tolerant-bit
Carry Skip Adder/Subtractor

6. CONCLUSION AND FUTURE SCOPE

A less hardware complex and faster carry :
adder/subtractor with the help of pipelini
technology has been achievethe proposed carl
skip adder/subtractor have delay lower in compar
to the previous cay skip adder/subtractor. So the
are good reasons to believe that a less hard'
complex architecture of carry skip adder/subtra
can ke easily achieved. In future, ¢ can use this
pipeline technology in many other devices suct
multipliers, encoders and decoders as this teclyc
is gaining attention among researchers and schi
This technology reduces the maximum delay wl
in the end makes the device efficient and 1
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