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Braun’s Multipliers: Spartan-3AN based Design and mplementation
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Abstract: Problem statement: Multiplication is an essential airthematic opewatifor common
Digital Signal Processing (DSP) applications, sasHfiltering and Fast Fourier Transform (FFT). To
achieve high execution speed, parallel array nligtip are widely usedApproach: The field
Programmable Gate Arrays (FPGAS) is currently tbenidant and viable technology that could be
implemented and reconfigured at the same tResults: The Sparatn-3An FPGA resources utilization
for 4x4, 6x6, 8x8 and 12x12 bit Braun’s multiplien® obtained and Analysis Of Variance (ANOVA)
presents that the 12x12 multiplier has significdifterence than other three multipliers. The mean
delay time for four multipliers shows that as tliwesf multiplier increases the mean delay time als
increasesConclusion: In essence, parallel multipliers based on the FR&hnology can provide
better solution for DSP processor, medical imagind multimedia.

Key words: Application Specific Integrated Circuits (ASICs), rabn’s multipliers, Field
Programmable Gate Array (FPGA), spartan-3AN, Fastrier Transform (FFT), Digital
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INTRODUCTION The objective of this study is to present the ,4x4
. o o - 6x%6, 8x8 and 12x12 bit Braun’s multipliers (Yeo and
_ Real time imaging processes require intensiveRoy, 2005) and their resources utilization of Sarart
?Iglglr;'glﬂclzco;nputgtlonf? fortDlgltaI”S||gnallt!3r|pce.r£g5| 3AN FPGA. Furthermore, ANOVA is applied to see
. Fast and efficient parallel multipliers are, . ; .
required for DSP, General PErpose SignaIpProcessi fheir latency effect in 4x4, 6x6, 8x8 and 12x12 bit
(GPSP) and application specific architecture foPDS
DSP algorithm implementation demands using
Application Specific Integrated Circuits (ASICspsts

for ASICs are high as well as algorithms should be . ) . .
o . o Architecture platform: For hardware implementation
verified and optimized before realization. The

contemporary Field Programmable Gate ArraysOf intensive computations require parallel natumgh

(FPGAs) have emerged as a platform for eﬁciciemfrequency and high density of modern platforms. sThu
hardware implementation of such complex andFPGAs are the suitable platforms for such reabratf

computation intensive algorithms. computationally intensive and massively parallel

There have been reported a number of Studys Omultiplier architecture. Here brief introduction calb
low power multiplier designs; such as investigationSpartan-3 FPGA from Xilinx is presented.
of different multiplier structures (Stouraitis and
Paliouras, 2001) introduction of AND gates into Spartan-3 FPGAs: Xilinx family includes Spartan-3
multipliers to avoid unwanted spurious transition FPGA (Xilinx, 2009) as their fifth generation. Stzar-
through the carry save array (Saravanan and3 is purposely designed to meet the requirements of
Madheswaran, 2008) and switching activity and aredigh volume, low unit cost electronic systems.
of multipliers could be reduced through truncatafn The family comprises of eight member offering
the lest significant bits (Rais, 2009a; Rais, 2009bdensities ranging from 50,000 to five million syste
Rais, 2010a; Rais, 2010b; Ratsal., 2010c; Rais and gates. The Spartan-3 family includes L, E, A and -3
Al Mijalli, 2011a; Rais and Al Mijalli, 2011b). DSP, Spartan-3AN and the extended Spartan-3A FPGAs.
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Specifically, the Spartan-3AN is used as a targetnultiplier for Spartan-3AN for 4x4, 6x6, 8x8 and
technology in this study. Spartan-3AN combinedfal  12x12-bit Braun’s multipliers. Fig. 5 shows the mea
feature of Spartan-3A FPGA family plus leading delay time for the four multipliers, which clearly
technology in-system flash memory for configurationindicates as the size of multiplier increases tream
and nonvolatile data storage. delay time also increases, the same result isradatdor

The Spartan-3 FPGA consists of five fundamentatruncated multipliers (Al Mijalli, 2011).
programmable functional elements: CLBs, IOBs, Block  Table 2 summarizes the FPGA device resources
RAMs, 18x18 bit dedicated multipliers and Digital utilization for standard 4x4, 6x6, 8x8 and 12x1R-bi
Clock Managers (DCMs). Braun’s multipliers.

Table 3 shows the one-way ANOVA on Spartan-
Braun’s multiplier: Braun’s multiplier is an nxm bit 3AN FPGA device. The multipliers 4x4, 6x6, 8x8 and
parallel multiplier and generally known as carrwesa 12x12 are used for this analysis. The statistinalysis
multiplier and is constructed with mx(n-1) addre®la is done by using Statistical Package for SociatiSm
mxn AND gates. The Braun’s multiplier has a glitahi  (SPSS) program. There is a statistically significan
problem which is due to the ripple carry adderhie t difference at the .05 level in delay time for the
last stage of the multiplier. multipliers (F (3, 16) = 76.034, p = 0.000). Theame
values of delay time for the multipliers are conguhby
Basis of braun’s multiplier: Consider a generic m by using one-way ANOVA and post-hoc Tukey HSD

: mult|pI|cat|on_of two unsigned n-bit numbers W, multiple comparison tests at the .05 significaresesl.
1.... Ygand X = X,.1... X

m-1 Table 1. Statistics of mean delay time in Brauntstipliers for
Y=>Y2 Spartan-3AN FPGA

=0 Bit Std. Std. Error of

FPGA devices width mean (ns) deviation (ns) meah (

1 4x4 12.06 0.7162 0.3203
X = ZX_Zi Spartan-3AN 6 x6 13.46 0.5177 0.2315

= ! 8x8 17.22 0.9365 0.4188

12x12 19.84 1.2837 0.5741

The product P = R, ...P;P,, which results from
multiplying the multiplicand Y by the multiplier Xgan

8x8 and 12x12-bit Braun’'s multipliers are done gsin
VHDL and implemented in a Xilinx Spartan-3AN
XC3S700AN (package: fgg484, speed grade: -5) FPGA
using the Xilinx ISE 9.2i design tool. A one-way BNA P E

is applied to find out the effect of different nipiliers on i §1 :
the mean delay time for Spartan-3AN device. Ry :
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DISCUSSION

FPGA layouts of the standard 4x4, 6x6, 8x8 and
12x12-bit Braun’s multipliers are shown in Figs4.l1-

Table 1 illustrates the statistics of delay in Brau Fig. 1: FPGA layout of 4x4-bit Braun’s multiplier
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speed grade:-5)

Average connection

Table 2: FPGA resource utilization for standardura multipliers for Spartan-3AN XC3S700AN (packatgy484,

Maximum pin
delay (ns)

Total equintle

gate count

Bonded
(372)

16
24
32

Occupied

Four input

Braun’s

delay (ns)

slices (5888)

17
40

LUTSs (11776)

multiplier

Bit width
4x4

3.425

1.336

1.007

1.325

1.020

192

450

798
1770

32

Standard

2.835
4.187

75
133

Standard

6 x6
8x8

69
152

Standard

4.626

48

Standard 295

12x12

Table 3: Multiple comparisons of delay time (ng)flaur Braun’s multipliers using Tukey's HSD posiehtest

Confidence Interval

95%

Upper bound

Lower bound

Sig.

Std. error

Mean differenog-J)

(I) Multipliers  (J) Multipliers
6x6
8x8

4x4

0.245
-3.515

.048
-6.805

0.110
@O0

oam

0.57498
0.57498
0.57498
0.57498
0.57498
0.57498
0.57498

-1.40000

-5.16000*

-6.135
3.045
-2.115

-9.425

-7.78000*
1.40000
-3.76000*

12x12
4x4
8x8

248.
-5.405

0.110
@O0

oam

6%6

-4.735
6.805

-8.025

-6.38000*
5.16000*
3.76000*

-2.62000*
7.78000*
6.38000*
2.62000*

12x12
4x4
66

513.
2.115
-4.265

0.000
0.000

0oaz

8x8

5.405

0.57498
0.57498
0.57498

-0.975
9.425

12x12
4x4
6%6

8x8
*: The mean difference is significant at the .0le

6.13

4.735

0.000
0.000
0.002

12x12

8.025

0.57498
0.57498

4.265

0.975

Fig. 2: FPGA layout of 6x6-bit Braun's multiplier

19.84

Braun's multipliers
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Fig. 4: FPGA layout of 12x12-bit Braun’s multiplier
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Fig. 5: Mean delay time for the Braun’s multipliers

Fig. 3: FPGA layout of 8x8-bit Braun’s multiplier
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The test indicates that the mean value of the dittay  Rais, M.H. and M.H. Al Mijalli, 2011b. Field

for multiplier 4<4 (Mean = 12.06, Standard Deviation programmable gate arrays based realization of
= 0.72) is significantly different from>&8 multiplier truncated multipliers. Am. J. Applied Sci., 8: 681-
(Mean = 17.22, Standard Deviation = 0.94) an& 12 684. DOI: 10.3844/ajassp.2011.681.684
multiplier (Mean = 19.84, Standard Deviation = 1.28 Rajs, M.H., 2009a. FPGA design and implementation
There is also significant difference between thiayle of fixed width standard and truncated 6x6-bit
time for multiplier 112 and the others three. multipliers: A comparative study. Proceedings of
However, the delay time for>X4t multiplier does not the 4th IEEE International Design and Test
differ significantly from 66 multiplier. workshop. pp: 1-4. DOI:
CONCLUSION 10.1109/IDT.2009.5404081

) Rais, M.H., 2009b. Efficient hardware realizatioh o
~ We have presented hardware design and truncated multipliers using FPGA. World Acad.
implementation of FPGA based parallel architectare Sci. Eng. Technol., 57: 741-745.
standard Braun's multipliers utilizing VHDL. The Rais M.H. 2010a. Hardware implementation of

design was implemented on Xilinx Spartan-3AN - ncated multipliers using Spartan 3AN, Virtex-4
XC3S700AN FPGA device using the ISE 9.2i design .4 virtex-5 devices. Am. J. Eng. Applied Sci., 3:

tool. The objective of this study is to present thel, 201-206. DOI: 10.3844/ai
. g . . -206. : 10. jeassp.2010.201.206
6x6, 8x8 and 12x12 bit Braun’s multipliers and thei Rais, M.H. 2010b. Hardware design and

resources utilization of Spartan-3AN  FPGA. imolementation of fixed width standard and
Furthermore, ANOVA is applied to see their latency t P ted 4x4. 6x6. 8x8 and 12x12 bit multipli
effect in 4x4, 6x6, 8x8 and 12x12 bit Braun's runcate ’ ’ an It muttipliers

multipliers. The ANOVA presents that the 12x12 and ~ YSiNg FPGA. AIP Conf. Proc., 1239: 192-196.

8x8 multipliers have significant difference tharhet i DoL: 10'1063/1'34597_48
two multipliers. The delay time for# multiplier does ~ Rais, M.H., B. M. Al-Harthi, S.I. Al-Askar and F.Hl-
not differ significantly from &6 multiplier. The mean Hussein, 2010c. Design and field programmable
delay time for four multipliers shows that as tlmesof gate array implementation of basic building blocks
multiplier increases the mean delay time also nses. for power-efficient baugh-wooley multipliers. Am.
J. Eng. Applied Sci., 3: 307-311. DOI:
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