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Abstract:- This paper has proposed FPGA implementation ofegereduced delay and area efficient 4-input
Binary Coded Decimal (BCD) adder, using simplifisdm and carry vectors with generic architectureday
demand of exact results in computation commergalieation decimal arithmetic in their computatiprogram it
takes lot of time by software support results Wwél obtained but system become slower, so the pedpasper, give
hardware support for decimal arithmetic synthebmas that it reduces on chip area and consumeptessr with
same propagation delay then previously proposeéradtdcould perform complex addition as per thguissment
and tremendous computation efforts for decimal nemsban be easily achieved.

Keywords:. - VLSI design, Carry look ahead adder, Carry sawegdParallel prefix adder, Decimal addition,
Computer arithmetic.

1. INTRODUCTION

The use of hardware support for decimal arithmigtic So the main objective is to design a decimal addtr

becoming more and more important for the hardwamgeneric approach for 4- inputs, in this paperyon

designers and users, because of the growth of decinexpect to improve the known fast BCD adders with

arithmetic in commercial, financial and internesbd more inputs to perform the fast additions.

applications. Binary arithmetic is widely usedthe It can reduce chip area and consume less powén wi

processors, there are some constraints in itsrasethe constant propagation delay then previously proposed

past decades. The use of decimal arithmetic foresoradder. This adder is proposed for fast addition.

reason, they are as follows: First, binary numicarsmot

be represented in decimal arithmetic exactly e.g., The sequence of remaining of plaiper is as

(0.3%6=(0.01001...., it require infinite bits for follows. In Section IlI, brief knowledge about 3Jint

representation so this use approximation butecimal adder with conventional method and prestiou

approximation gives error in output, so we never geroposed BCD adder. In section Ill, our proposed

exact value. generic approach to area-efficient 4-input decimal
Second ,Financial database contain decima ila adders are will be discussed. The simulation residih-

we are using binary hardware then first decimahdsat digit 4-input implementation will be presented in

converted into binary and after computation resulSection IV, and finally, Section V and VI is our

which is in binary from will again convert in deam conclusions and future scope..

data these conversion will increase the propagation

delay.

To remove these drawback, BCD can recode 2. PREVIOUSPROPOSED MODELSOF
each digit of decimal numbers 0 to 9 using fous bit DECIMAL ADDER
(0000) to (1001), respectively as the binary coded The decimal addition with three inpétsB and

decimal (BCD) numbers is used as a commo@ with each input is four digits, the conventional
representation of decimal numbers. So in abousardware are shown in Fig.1 and 2. Where ,FA denote
example of the representation of (33 (0.0011),and full adder and HA denotes half adder.

get finite and exact representation. But when twatidv

BCD no. are added and result is greater than 9 then

there is need to use correction logic which addLQ®1

in each nibble(combination of 4 bit) of result.
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Figure 1 Conventional hardware architecture
performing the addition of three inputs of fourits.

If the input bits are increased the number of &dter
are also increased so the propagation delincreased.
So reduced delay BCD adder is proposed for

calculation.
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Figure2 The hardware for performing the additior
three inputs of four digit

From figure.2 addition of Byput of 4digit reduced
delay BCD adderpropagation delay is reduced, but
chip consumed area is increased due to carry nki
and an analyzer.

So themodification made regarding tt
approach is area-efficient iBput of 4-digit each,
decimal adder presented in [I}jere are three stages
in this adder first stage is adder + analyzerkiesathree
inputs of 4digits and generate sum using carry -
ahead adder(CLA). flere are two signal which
DP(Digit Propagate)and DG(Digit Generate). When
sum of three vad BCD numbers is greater then 9 ¢
19 these conditions are identified by ;. When the sum
of three BCD numbers is 9,8,18 or 19, these cmmd
are identified by DR where, 0 to 3.
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Figure.3-The Architecture of -input Adder+Analyzer
for producing DG & DI

In second stageDG; and DR signals are
sent to carry network which is composed by par
prefix adder to generate the decimal c:

Cout[i] = DG+ DR. Cin[i-1]
And stage 3 is correction stage which added ialfgh
to the binary sums produced by the stage 1 to e
the real decimal sums Results[1E In this 3-input
reduced delay BCD addepropagation delay is reduc
as well aschip consumed area also reduced .
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Figure.4 the oneligit hardware proposed fo-inputs
CSA+ PG Generator circl

But this proposed modeis limited for fixed
number of input digits. i.e. Limited number of dgin
input.

Thus, irthe next Section our proposed mot
modified the previous model with reduced delay
high area efficiency through gene approach of 4-
input.
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3. PROPOSED GENERIC ARCHITECTURE OF
AREA- EFFICIENT DECIMAL ADDERWITH
FOUR INPUTS

Theproposed model is consisting of FP¢
implementation of generic reduced delay and
efficient 4-input BCD adderlt is the modificationof
Area Efficient 3input Decimal adders using simplifi
carry and sum vectorspresented i [].Using proposed
geneator circuits and the recursive (ration of
correction terms, thigproposed decimal adders co
perform efficient summations with 'm' inputs with!
number of digits of operands. Thpeoposed BCD adde
consists of four stages, each input is divided - bits.

In proposed design h perform decimal
addition with 4 inputs A,B,C,D witleach input is n-bits
andsent to the CSA+PG Generator to product the
sums and arries with digit propagatic and generation
signals, then using Carry Network obtain the real
decimal carries, in the last stage the sums ce
computed by adding the digit sums carries with
correction values using carry save adders (CSA9n-

bit carry look-ahead adders (CLAgince the correction

signals for each digit are computed by Carry Nekwol
a parallelprefix way, the carry propagation for the |
stage can be removed.

A[(4%)+3:4%] B[(4%)+3:4%] C[(4*)+3:4*] D[(4*)+3:4%]

|
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Figure.5. The onéeligit hardware of our proposed CS,
PG Geerator circuit

As there are four inputs, use adrry save adde(CSA)

to produce sumsS[(4*)+3:4%] and the carrie

C[(4*i)+3:4*i] of four inputs first. The use of following
signals to indicate the conditions of sums and

corresponding logical expressions, in the desigPGf
Generator, are shown in Table I. The digit genere
signal is composed of &it signals, which identifies

the sums are greater thanl® ol 29. The digit
propagation signal is composed ¢bit signals, which
identifies the sums are equal to 7, 8, 9,17, 187,28
and 29 since the decimal cains may be 0, 1,2 and
depending upon the carputs from the lower digits

Table I: The digit generation and propagation signals
identifying the conditions of sums in each ¢

Signals Conditions of the sum in each digit
DGj[1] >9
DGi[2] >19
DGi[3] >29
DR[1] =9
DP[2] =8
DPR([3] =7
DR[4] =19
DPR([5] =18
DPR[6] =17
DR[7] =29
DR8] =28
DR[9] =27

The addition of #puts of n-bits architecture
can reduced the delay and it is more area effis
Figure.6The architecture of our proposed N- digit four
input decimal Adder
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4. SUMULATIONRESULTS

The code which has beepropose are generic area-
efficient decimal adders with four inputs using VHI
programming and synthesized usingXilinx software
having modelsim 5.4a with project navige.

Let's take numerical examps and their simulation
resut's snapshots for diffirent-bits for each 4-inputs

Examplel.

When, No. of bits(n)=16,
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No. of digits (m) =4
A=7865
B=3482
C=9634

D=3482
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Figure.7.1 Simulation results of Examples-
Example2.
When, n=24 and m=6
A=347621

B=567438
C=236547

D=686461
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Figure.7.2- Smulation results of Examples-2

5. CONCLUSION

The Proposed FPGA implementationesfegic
area efficient four input i.e., each having m- tighnd
n-bits, adder using CSA and CLA is coded in VHDL.
This adder presents minimum delay compare to
previous adder and it acquire less chip area ameepo
consumption is also lesser than other adder bygusin
power prime.

This generic approach for 4-inputéuture can
be perform addition for multiple input. In futurethis
generic approach for 4-input, is further can befquar
addition for multiple inputs with reduced delay drigh
area efficiency.
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