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Abstract :- In this Paper, we are working at 4 bit QSD
multiplier. In the QSD multiplier, 4 Bit QSD adder is
using. QSD adder contains the addition block which is
design by Reversible Logic Gate in proposed design along
with pipeline by use Clock Pulse. Proposed QSD adder will
use in 4 * 1 multiplier and 4 * 1 multiplier is using in 4 * 4
multiplier. As we can see from the results session, the delay
is getting reduce for the proposed QSD 4-bit multiplier.
Normally 4 bit, QSD multiplier is showing the delay 49.978
ns while proposed 4 Bit QSD multiplier is giving the delay
of 38.919 ns. So from the results session, it is clear that
proposed 4-bit QSD multiplier is working fast.

Keyword :- Carry free addition, Fast computing, FPGA,
Quaternary Signed Digit, VHDL, VLSI.

l. INTRODUCTION

In digital systems like signal processors and computers, the
arithmetic operation performs the paramount role. The system
speed rises with the increasing multiplication speed. In the
traditional system of binary number, a carry can propagate
with entire path of the consequential digit to a large
paramount. Hence the time of integration is depending on a
length of word [18].

The arithmetic functions are greatly used and perform the
consequential roles in the system of sundry digital like the
signal processors and computers. The representation of QSD
number has attracted the interest of large number of
researchers. Correspondingly, the recent technological
advances for ICs (Integrated Circuits) enlarge the scale of
arithmetic circuits that felicitous for an implementation of
VLSI. Therefore, the arithmetic operations may suffer from
kenned quandaries comprising the constrained bits number
and propagation time-delay, and the intricacy of circuit.

The subtraction/integration operation of QSD uses the super-
tuned minter’s number for any of size of operand. A multiplier
is formed of adders and the partial engenderer’s product. For
the testing accommodation and in order for results
verification, we have opted to execute all units by utilizing the
contrivance of programmable logic.

The single digit (1-digit) QSD is represented by the single
binary (3-bit) equipollent as below:

3 =101
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2 =110
1 =111
0 =000
1 =001
2 =010
3=011

In order to convert the data of n-bit binary to the equipollent
data of g-digit QSD, we need to convert certain data of n-bit
binary into the binary data of 3g-bit. To accomplish a target,
we need to split the 7™, 51 and 3™ bit, that is, the aberrant bit
(usually from LSB to- MSB) into the two parts. But we are not
able to split a MSB. If ‘1’ is the aberrant bit then, it’s split in
to 0 & 1 and if it’s O then, it’s split into the 0 & 0. The
example of splitting methodology of the binary number
1101101 makes it very clear. This is shown in the below
example:

110 1 101
K a K a
110 011 001

Hence, we require splitting a binary data (1) q—times (for
example, for the conversion of quaternary number (2-bit), a
splitting is of 1-time; and for converting the quaternary
number of 3-digit the split is of 2-times and many more). In
every splitting, the single extra-bit is created. So, needed
binary bits for the conversion are as follows:

QSD equipollent (n) = (Total numbers of bits engendered after
divisions) — (extra bit engendered due to splitting)

n=3q-{1*(g-1)}
=@q+1) )

The binary number bits will be the 9, 7, 5, and 3, and so on for
converting it to an equipollent QSD-number. Currently, each
3-bit may be converted to an equipollent QSD-bit that
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according to an equation (3.2). The following number of
examples provided will make out the things very clear.

Let, (-155)10=(101100101), have converted to the QSD
equipollent (101100101),, it is of 9-bit data. Where 3™ -bit is
‘1, the 5™ bit is ‘0> and the 7™ -bit is ‘1. Hence, from
equation (3.2), we may express verbally with its QSD-
equipollent is of the 4-digit. Therefore, according to a
technique of splitting that expressed verbally above data
binary, the data may be expressed as:

1 0 1 1 0 0 1 01
X a4 X a »
\1 [:'I. _1/ 010 . L iij 00 1,

il —

2 1 1

Hence, a QSD-equivalent of the number (101100101)2 is
(3211)

1. QSD ADDITION

In QSD number system carry propagation chain are eliminated
which reduce the computation time substantially, thus
enhancing the speed of the machine. As range of QSD number
is from -3 to 3, the addition result of two QSD numbers varies
from -6 to +6. Table | depicts the output for all possible
combinations of two numbers. The decimal numbers in the
range of -3 to +3 are represented by one digit QSD number.
As the decimal number exceeds from this range, more than
one digit of QSD number is required. For the addition result,
which is in the range of -6 to +6, two QSD digits are needed.
In the two digits QSD result the LSB digit represents the sum
bit and the MSB digit represents the carry bit. To prevent this
carry bit to propagate from lower digit position to higher digit
position QSD number representation is used. QSD numbers
allow redundancy in the number representations. The same
decimal number can be represented in more than one QSD
representations. So such QSD represented number which
prevents further rippling of carry is chosen.

A. Steps for Carry free addition

To perform carry free addition, the addition of two QSD
numbers can be done in two steps [4]:

Step 1: First step generates an intermediate carry and
intermediate sum from the input QSD digits i.e., addend and
augend.

Step 2: Second step combines intermediate sum of current
digit with the intermediate carry of the lower significant digit.
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So the addition of two QSD numbers is done in two stages.
First stage of adder generates intermediate carry and
intermediate sum from the input digits. Second stage of adder
adds the intermediate sum of current digit with the
intermediate carry of lower significant digit.

This addition process can be well understood by following
examples:

Sum QSD representation QSD coded
number
-6 22,12 12
-5 23,11 11
-4 10 10
-3 11,03 11
-2 12,02 02
-1 13,01 01
0 00 00
1 01,13 01
2 02,12 02
3 03,11 11
4 10 10
5 11,23 11
6 12,23 12

Table I. QSD Number Representation for Carry free

To perform QSD Addition of two numbers A = 113 and B =
107 (both numbers are +’ve, and performing addition like
113+107). First convert the decimal number to their equivalent
QSD representation:

(113)10=1x 43 +3 x 42 + 0 x 41 + 1x 40= (13 0 1), QSD
(107)10=1x 43 + 2 x 42 + 3 x 41 + 0x 40= (1 2 2 3)s QSD

Now the addition of two QSD numbers can be done as
follows:

A=113 1501
B=107 1223
Decimal sum 2524
1C 01 0 1

IS 21 2 0
S1U111 3 1 3 0
carry 0

The sum output is (3 1 3 0)2 QSD which is equivalent to
(220)10 and carry output is 0. From these examples it is clear
that the QSD addition design process also will carry two
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stages for subtraction. The QSD representations according to
these rules are shown in Table 3.1 for the range of -6 to +6. As
the range of intermediate carry is from -1 to +1, it can be
represented in 2 bit binary number but we take the 3 bit
representation for the bit compatibility with the intermediate
sum. At the input side, the addend Ai is represented by 3
variable input as A2, Al, A0 and the augend Bi is represented
by 3 variable input as B2, B1, BO. At the output side, the
intermediate carry IC is represented by IC2, IC1, ICO and the
intermediate sum IS is represented by 1S2, IS1, 1S0.The six
variable expressions for intermediate carry and intermediate
sum in terms of inputs (A2, Al, A0, B2, B1 and B0). So we
get the six output expressions for, 1C2, IC1, ICO, 1S2, IS1 and
IS0.Using 6 variables K-map, the logic equations can be
derived for the intermediate carry and intermediate sum. Using
these equations block diagram can be designed.

1. MULTIPLIER DESIGN

There are generally two methods for a multiplication
operation: parallel and iterative. QSD multiplication can be
implemented in both ways, requiring a QSD partial product
generator and QSD adder as basic components. A partial
product, M;, is a result of multiplication between an n-digit
input, An.1-Ao, with a single digit input, Bi, where i = 0..n-1.
The primitive component of the partial product generator is a
single-digit multiplication unit whose functionality can be
expressed as shown in Table Il.

X 3 2 -1 0 1 2 3
3lole6[3]o[-3]-6]-9
2|6 |al2]o0]2]-4]-6
A3 21 ]o]a]2]-3
ololololololo]o
1321 ]o]1]27]3
2|64l 2]0 246
396303 ]6]09

Table I1. The outputs of all possible combinations of a pair of
multiplicand (A) and multiplier (B).

The single-digit multiplication produces M as a result and C as
a carry to be combined with M of the next digit. The range of
both outputs, M and C, is between -2 and 2.

3 3
— S 0 I S
Single-dizt
Q5D Multipher
3 3

Fig 1. A single-digit QSD multiplier
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The implementation of an n-digit partial product generator
uses n units of the single-digit QSD multiplier. Gathering all
the outputs to produce a partial product result presents a small
challenge. The QSD representation of a single digit
multiplication output, shown in Table IlI, contains a carry-out
of magnitude 2 when the output is either -9 or 9. This prohibits
the use of the second step QSD adder alone as a gatherer. In
fact, we can use the complete QSD adder from the previous
section as the gatherer. Furthermore, the intermediate carry
and sum circuit can be optimized by not considering the input
of magnitude 3. The QSD partial product generator
implementation is shown in Figure 2.

Mult QSD Represented QSD Coding
Number Number
-9 21,33 21
-6 22,12 12
-4 10 10
-3 11,03 11
-2 12,02 02
-1 13,01 01
0 00 00
1 01,13 01
2 02,12 02
3 03,11 11
4 10 10
6 12,21 12
9 21,33 21

Table I11. The QSD representation of a single-digit
multiplication output

Bj 2 1 [ El B
Single-digit Step 2 3
Q5D ipli Q5D ddder S Mn
Al 2 la Ml 2 s ol 2 a
Q5D Carry/Sum
G
3 ls cl2 la sI2 s
Single-digit Step 2 3
QSD QSD 4dder © [—— Mn-l
Anz 3 la M ] B < _3_ A
QSD Carry/Sum
Generator 5
—a 5
£ c|—2_ —{B
Single-digit Step 2 3
QsD QSD Adder S [—— M2
A1 2 la ml 2 s cl 2 fa
QSD Carry/Sum
Generator
£ c| 2 1a s 2 My
Single-digit
Q5D Multipliey
ap 32 la M2 Mo

Fig 2. The n-digit QSD partial product generator

An n x n-digit QSD multiplication requires n partial product
terms. In an iterative implementation, a 2n digit QSD adder is
used to perform add-shift operations between the partial
product generator and the accumulator. After n iterations, the
multiplication is complete. In contrast, a parallel
implementation requires n partial product circuits and n-1
QSD adder units. A binary reduction sum is applied to reduce
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the propagation delay to O(log n). The schematic of a 4x4
parallel QSD multiplication is shown in Figure 3.
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Fig 3. The 4x4 parallel QSD multiplication circuit
V. PROPOSED METHODOLOGY

QSD is a carry free addition which is performing for increase
the speed of the desire system . In the normal QSD for
addition of carry and sum till to present time normal full adder
is using for addition .

A. Methodology 1
We will apply Peres gate based full adder by which we can

further improve the performance of the delay .We design the
full adder Peres reversible logic gate based .

A — — P=A A P=A
PERES

B | GATE |—aq=AEB B a=A%B

& = — R=ABEC C g R=ABSC

Fig 4. Peres Gate

The input vector is | (A, B, C) and the output vector is O (P,
Q, R). The output is defined by P = A, Q = AB and R=AB C.
Quantum cost of a Peres gate is 4. In the proposed design
Peres gate is used because of its lowest quantum cost.

A B C P Q R
0 0 0 0 0 0
0 0 1 0 0 1
0 1 0 0 1 0
0 1 1 0 1 1
1 0 0 1 1 0
1 0 1 1 1 1
1 1 1 1 0 0

Table IV. Peres gate Truth Table
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A full- adder using two Peres gates is as shown in fig . The
quantum realization of this shows that its quantum cost is 8
two Peres gates are used A single 4*4 reversible gate called
PFAG gate with quantum cost of 8 is used to realize the
multiplier.

A—=e G,=A
Peres ) [ -
Gate (A®B
B—9 e ® G,=A®B
‘ Peres
AB Gate
0—=8 o S=AGB®C,

Cout= (AGBIC/,®AB

X
Cp———

Fig 5. Full adder Using two Peres gates
B. Methodlogy?2

In this we apply the pipelining for further reduce the delay of
the circuit . Firstly we apply pipelining in the in the QSD carry
sum generator and then we apply the pipeline in the bit
transfer values of carry and sum . In the pipeline we can
transfer more than one clock by a single clock .

Methodology 1 and Methodology 2 is working for the QSD
adder. QSD adder is using in QSD multiplication . QSD adder
is using in figure 5. Figure 5 is showing the block diagram for
4*1 multiplication . In this block we apply the proposed
methodology of adder. This block is used for 4*4
multiplication.

V. RESULTS

In the results session , we show the QSD 4 Bit multiplication .
For design QSD 4*4 bit multiplication , we use Peres gate
based Reversible Logic gate for addition . It is getting used in
multiplication of 4*1. Now 4*1 multiplier is using in 4*4
multiplication. For compare the results , we show the results
for QSD multiplication by simple adder and QSD multiplier
by Reversible Logic gate. For execute the program , we are
using Sparten 2 device family , Device name is XC2S515,
Package is CS144 and speed grad is -6. Complete FPGA
device Family is XC2S15-6CS144.

A. QSD 4 Bit Multiplication

In Figure 6, 4 bit QSD multiplier RTL schematic is showing.
In QSD 4 bit multiplier A and B are the input of 12 bits while
C is a output of 30 bit. In the output we get 30 bit of
multiplication.

WWWw.ijisrt.com 17


http://www.ijisrt.com/

Volume 1, Issue 9, December — 2016

Lq (i b _ﬂ | 3
d L | g
” 1
B9, = R .
[ > > j[m CA P M
s ot
S
‘ J
—triae ] N — e AT
~
> ik
>
b ] s il
B—-=>_w .
oAy
b

Fig 6. RTL of QSD 4 Bit Multiplication
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Fig 7. Output Waveform for 4 Bit QSD multiplier

Figure 7 is showing the output waveform for the QSD 4 bit
multiplier. Inputs are

A= (5)10 = (0011)4
B = (14)10 = (0032),

Output is coming (1012)4 in QSD and (70)10 in the decimal.
QSD 4 bit multiplier is giving the delay of 49.978 ns delay for
4*4 QSD multiplier .

B. Proposed QSD 4 Bit Multiplier

In Figure 8, 4 bit QSD multiplier RTL schematic is showing.
In QSD 4 bit multiplier A ,B and clock are the input. In this A
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and B are the input of 12 bits while C is a output of 30 bit. In
the output we get 30 bit of multiplication.

Fig 10. Output Waveform for Proposed QSD 4 bit Multiplier

Figure 10 is showing the output waveform for the QSD 4 bit
multiplier. Inputs are

A= (5)10 = (0011)4
B= (14)10 = (0032)4

Output is coming (1012)4 in QSD and (70)10 in the decimal.
QSD 4 bit multiplier is giving the delay of 38.919 ns delay for
4*4 QSD multiplier .

Design Delay(ns)
QSD 4 Bit Multiplier 49.978 ns
Proposed QSD 4 Bit 38.919 ns

Multiplier

Table V. Comparison Table for QSD 4 Bit Multiplier and
Proposed QSD 4 Bit Multiplier

VI. CONCLUSION AND FUTURE SCOPE
A. Conclusion

In this Research, we are improving the performance of 4 bit
QSD multiplication. As we know, QSD multiplication is fast
multiplication process. But we can further increase the QSD
multiplication process. For improving the speed of
multiplication, we have to reduce the delay. For reduce the
delay we are working at the reversible logic gate along with
pipelining. We are applying these methodology in the QSD
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adder. QSD adder is using in the QSD multiplication. For
show the delay of existing and proposed design, we are
working on XC2s15-6CS 144 design. As we can see from the
results session that delay is getting reduce by applying
reversible logic gate. Normally, 4 Bit QSD multiplication is
giving the delay of 49.978 ns while the proposed QSD 4 Bit
multiplication is showing the delay of 38.919 ns.

B. Future Work

In the Future, we can further reduce delay by use some other
reversible logic gate like MOG and COG. In the future, we
can use MIG and COG bhased gate for further reduce the delay.
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