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Abstract: - In this paper, we proposed a new architecture of
multiplier-and-accumulator (MAC) for high-speed arithmetic.
By combining multiplication with accumulation and devising a
hybrid type of carry save adder (CSA), the performace was
improved. Since the accumulator that has the largésielayed in
MAC was merged into CSA, the overall performance ws
elevated. The proposed CSA tree uses 1's-complemdratsed
radix-2 modified Booth's algorithm (MBA) and has the modified
array for the sign extension in order to increasehe bit density of
the operands. The CSA propagates the carries to thé&east
significant bits of the partial products and generées the least
significant bits in advance to decrease the numbeosf the input
bits of the final adder. Also, the proposed MAC aaemulates the
intermediate results in the type of sum and carry lis instead of
the output of the final adder, which made it possile to optimize
the pipeline scheme to improve the performance. Thproposed
architecture was synthesized with 250, 180 and 138m, and 90
nm standard CMOS library. Based on the theoretical and
experimental estimation, we analyzed the results sh as the
amount of hardware resources, delay, and pipeliningcheme. We
used Sakurai's alpha power law for the delay modetg. The
proposed MAC showed the superior properties to thestandard
design in many ways and performance twice as muchsathe
previous research in the similar clock frequency. W expect that
the proposed MAC can be adapted to various fieldsequiring
high performance such as the signal processing area

Keywords: Parallel multiplier, Radix-2, Carry select adder, MAC
& Booth algorithm.

1. INTRODUCTION

Power dissipation is recognized as a critical patamin
modern VLSI design field. To satisfy MOORE'S lawdato
produce consumer electronics goods with more bacagp
less weight, low power VLSI design is necessary.

Fast multipliers are essential parts of digitalnaig
processing systems. The speed of multiply operaitof
great importance in digital signal processing ali a®in the
general purpose processors today, especially sircenedia
processing took off. In the past multiplication wgenerally
implemented via a sequence of addition subtractiod, shift
operations. Multiplication can be considered asedes of
repeated additions. The number to be added is
multiplicand, the number of times that it is addisdthe
multiplier, and the result is the product. Eachpsié addition
generates a partial product.
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In most computers, the operand usually contains the

same number of bits. When the operands are integbras
integers, the product is generally twice the leraftoperands
in order to preserve the information content. Tiépeated
addition method that is suggested by the arithnugiinition

is slow that it is almost always replaced by aroatgm that
makes use of positional representation. It is fobssio

decompose multipliers into two parts. The first tpés

dedicated to the generation of partial products, the second
one collects and adds them.

2. PROPOSED METHOD

In this paper, we proposed a new architecture of
multiplier-and-accumulator (MAC) for high-speedthmetic.
By combining multiplication with accumulation aneéwsing
a hybrid type of carry save adder (CSA), the penfoice was
improved. Since the accumulator that has the lardelsyed
in MAC was merged into CSA, the overall performamess
elevated. The proposed CSA tree uses 1's-complelmased
radix-2 modified Booth's algorithm (MBA) and haseth
modified array for the sign extension in order orease the
bit density of the operands. The CSA propagatesahees to
the least significant bits of the partial produatsl generates
the least significant bits in advance to decrehsenumber of
the input bits of the final adder. Also, the propdsMAC
accumulates the intermediate results in the typsuof and
carry bits instead of the output of the final addenich made
it possible to optimize the pipeline scheme to iover the
performance. The proposed architecture was symsiith
250, 180 and 130 /xm, and 90 nm standard CMOStiibra
Based on the theoretical and experimental estimatioe
analyzed the results such as the amount of hardwaosirces,
delay, and pipelining scheme. We used Sakurailsagtpwer
law for the delay modeling. The proposed MAC showles
superior properties to the standard design in maays and
performance twice as much as the previous reseaarthe
similar clock frequency. We expect that the proplobAC
can be adapted to various fields requiring highfgzerance
such as the signal processing areas.

3. DEVELOPMENT

The basic multiplication principle is twofold i.e.
evaluation of partial products and accumulatiorthef shifted
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partial products. It is performed by the successidditions of
the columns of the shifted partial product matrikhe
‘multiplier’ is successfully shifted and gates thppropriate
bit of the ‘multiplicand’. The delayed, gated insta of the
multiplicand must all be in the same column of gfefted
partial product matrix. They are then added to fottme
product bit for the particular form. Multiplicatiois therefore
a multi operand operation. To extend the multipiara to

increased efficiently. We applied 2 stage pipelinio the
MAC to MIPS processor and as a result we were abiget
the result of matrix multiplication which was usggd image
processing in our MIPS processor that supports MAC.

4. MULTIPLIER AND ACCUMULATOR UNIT

In the majority of digital signal processing (DSiplications

both signed and unsigned numbers, a convenient eumbthe critical operations are the multiplication aetumulation.

system would be the representation of numbers ia’stw
complement forma
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Fig.1. Basic multiplication principle
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The MAC (Multiplier and Accumulator Unit) is used
for image processing and digital signal proces¢ibgP) in a
DSP processor. Algorithm of MAC is Booth's radix-4
algorithm, Modified Booth Multiplier, 34-bit CSA an
improves speed. MIPS was implemented as micro psoce
and permitted high performance pipeline impleméonast
through the use of their simple register orientestriction
sets.

Although those algorithms (radix-4 algorithm,
pipelining, etc ) are widely used technique foresprg up
each part, the MAC on specific processor cannoture at
100% efficiency. Due to the reasons of lower spafeMAC,
MIPS instruction "mul" (multiplication) takes longgme than
any other instruction in our MIPS processor. To liove
speed of MIPS, MAC needs to be fast and MIPS masth
special algorithm for "mul" instruction. One of timeethods
we chose was to design multi-clock MAC instead reé-@lock
MAC which improved the speed of MIPS. In generdle t
instruction set of MIPS processor includes complexks like
multiplication and floating point operation whictas multi
execution stage. Therefore, system clock of thegssor was
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Real-time signal processing requires high speed lagt
throughput Multiplier-Accumulator (MAC) unit thabosumes
low power, which is always a key to achieve a high
performance digital signal processing system. Timpgse of
this work is, design and implementation of a lowpo MAC
unit with block enabling technique to save powaersthy, a 1-
bit MAC unit is designed, with appropriate geonedrithat
give optimized power, area and delay. The delaythe
pipeline stages in the MAC unit is estimated basedvhich a
control unit is designed to control the data floetvieeen the
MAC blocks for low power. Similarly, the N-bit MA@nit is
designed and controlled for low power using a adnlvgic
that enables the pipelined stages at appropriate. tiThe
adder cell designed has advantage of high operdtspeed,
small Gate count and low power.

In general, a multiplier uses Booth’s algorithm and
array of full adders (FAs), or Wallace tree insteddhe array
of FA’s., i.e., this multiplier mainly consists tife three parts:
Booth encoder, a tree to compress the partial ptsdsuch as
Wallace tree, and final adder . Because Wallaceigd¢o add
the partial products from encoder as parallel assipte, its
operation time is proportional to, where is the bem of
inputs. It uses the fact that counting the numbielr’® among
the inputs reduces the number of outputs into. éal r
implementation, many (3:2) or (7:3) counters areduso
reduce the number of outputs in each pipeline stép. most
effective way to increase the speed of a multipieo reduce
the number of the partial products because mudggibn
proceeds a series of additions for the partial pctsd To
reduce the number of calculation steps for theiglgrtoducts,
MBA algorithm has been applied mostly whereWallaee
has taken the role of increasing the speed to hédoartial
products. To increase the speed of the MBA algorjtmany
parallel multiplication architectures have beeneagshed
.Among them, the architectures based on the Baugloi&y
algorithm (BWA) have been developed and they hasenb
applied to various digital filtering calculations #ultiplier
can be divided into three operational steps. Titst i radix-2
Booth encoding in which a partial product is getetafrom
the multiplicand X and the multiplier Y . The sedois adder
array or partial product compression to add altipbproducts
and convert them into the form of sum and carrye Tast is
the final addition in which the final multiplicatioresult is
produced by adding the sum and the carry. If theegss to
accumulate the multiplied results is included, a ®1éonsists
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of four steps, as shown in Fig. 1, which showsadperational
steps explicitly.

A general hardware architecture of this MAC is

shown in Fig. 2. It executes the multiplication my®n by
multiplying the input multiplier X and the multigland Y .
This is added to the previous multiplication restilias the
accumulation step.

The N-bit 2’s complement binary number can be

expressed as

N-2
X=-2M"1gp 1+ Z 2", ;€ 0,1
=0
If (1) is expressed in base-4 type redundant sigit d

form in order to apply the radix-2 Booth’s algorith
NF2—1

X = ; A Ay

=Dy 24 1y,
If (2) is used, multiplication can be expressed as
Nj2-1
XxYy= ) d2*v.
=)

5. RESULTS AND DISCUSSION

Fig.2. Simulation Results of MAC

The developed MAC design is simulated and verified
their functionality. Once the functional verificati is done,
the RTL model is taken to the synthesis procesagutiie
Xilinx ISE tool. In synthesis process, the RTL mbddl be

If these equations are used, the afore-mentione@onverted to the gate level netlist mapped to acifipe

multiplication—accumulation results can be exprésse

Nl aN-l
P=XxY+7= Z d:2Y + E 22l
=0 3=l

Each of the two terms on the right-hand side ofig5)
calculated independently and the final result isdpced by
adding the two results. The MAC architecture impeted by
(5) is called the standard design.

If -bit data are multiplied, the number of the
generated partial products is proportional to. tdeo to add
them serially, the execution time is also propadioto the
architecture of a multiplier, which is the fastastes radix-2
Booth encoding that generates partial productsaakidallace
tree based on CSA as the adder array to add th@alpar
products. If radix-2 Booth encoding is used, thenbar of
partial products, i.e., the inputs to the Wallaget is reduced
to half, resulting in the decrease in CSA tree .stie@ddition,
the signed multiplication based on 2’s complemenmhibers is
also possible. Due to these reasons, most currsed u
multipliers adopt the Booth encoding.

Proposed MAC Architecture:

In this section, the expression for the new arittiene
will be derived from equations of the standard glesiFrom
this result, VLSI architecture for the new MAC wille
proposed. In addition, a hybrid-typed CSA architeetthat
can satisfy the operation of the proposed MAC vi#
proposed.
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technology library. This MAC design can be synthedion
the family of Spartan 3E. Here in this Spartan 2ify,
many different devices were available in the Xili8E tool.

In order to synthesis this design the device nanasd
“XC3S500E” has been chosen and the package as ‘BG32
with the device speed such as “-4”. The design &Qvis
synthesized and its results were analyzed as fellow

mac] Project Status

Project File: mac] ise Current State: Syntheszed
Module Name: fop bt + Enmors: NoEnars
Target Device: 1 Ae4ia 0 + Wamings: Dbamings
Product Version: SE 107 Foundaton Simulaty + Routing Results:
Design Goal Baanced + Timing Constraints:
Deesign Strategy: iy Defaul [unloched] + Final Timing Score;
mac] Parlition Summary [

No partition information was found.
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Fig.3. Device utilization summary
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6. SUMMARY

=>The developed MAC design is modelled and is sited
using the Modelsim tool.

=>The simulation results are discussed by consideri
different cases.

=>The RTL model is synthesized using the Xilinx Itdo
Spartan 3E and their synthesis results were disdusgth the
help of generated reports.
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7. CONCLUSION

A 16x16 multiplier-accumulator (MAC) is presentad this
work. A RADIX -4Modified Booth multiplier circuits used
for MAC architecture. Compared to other circuitse Booth
multiplier has the highest operational speed asd tardware
count. The basic building blocks for the MAC unitea
identified and each of the blocks is analyzed fis i
performance. Power and delay is calculated forbibeks. 1-
bit MAC unit is designed with enable to reduce tibtal power
consumption based on block enable technique. Using
block, the N-bit MAC unit is constructed and théatgpower
consumption is calculated for the MAC unit. The pow
reduction techniques adopted in this work. The MAAit
designed in this work can be used in filter reaioss for
High speed DSP applications.
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