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Braun’s Multipliers: A Delay Study

Mohammed H. Al Mijalli

Abstract—Field Programmable Gate Arrays (FPGAs) are
required for real time efficient algorithms for medical imaging
technology. Aim of this paper is to present the delay study of
Braun’s multipliers using Very High speed integrated circuit
Hardware Description Language (VHDL) and implemented on
Virtex-5 FPGA XC5VLX50, and XC5VLX50T devices. The
delay study was analyzed using Analysis of Variance (ANOVA)
method using the software Statistical Package for Social Science
(SPSS). The One way ANOVA method using the SPSS with a
0.05 significance level was used to compare the Virtex-5 FPGA
devices. Multiple comparison tests revealed that the differences
between the FPGA Virtex-5 devices are insignificant.

Index Terms—Braun’s Multipliers, DSP, FPGA, Virtex-5,
VHDL

I. INTRODUCTION

FOR scientific computations, multiplication is an important
and predominance in all digital signal processing (DSP)
applications and its subfields. Application Specific
Integrated Circuits (ASICs) utilizes as special purpose
processor for DSP algorithms. Including ASICs there are
supplementary tools used for DSP includes more powerful
general purpose microprocessors, Field Programmable Gate
Arrays (FPGASs), digital signal controllers, and stream
processors.

The current development in modern FPGA technology has

outnumbered ASICs and reached to such degree that the
hardware implementation has become a desirable substitute,
which makes FPGA a viable and an attractive alternative
technology to ASICs [1].
Numerous research efforts have been presented in literature
to achieve hardware efficient implementation of parallel
multipliers [2-13]. In this study we have used contemporary
Virtex-5 FPGA. The purpose of this paper is to present
Braun’s multipliers design and implementation on Virtex-5
FPGA devices and the statistical evaluation effect of the
Braun’s multipliers delays in XC5VLX50 and XC5VLX50T
devices using one way analysis of variance (ANOVA) using
the statistical Package for Social Science (SPSS) software.

This paper is structured as follows. In section Il, describes
the Braun’s multipliers and its mathematical basis. Section I11
addresses the structural design used in this study. Section IV
presents the FPGA delay results. Finally, section V presents
the conclusion.

Manuscript received April 19, 2012. This work was supported in part by
Cornea Research Chair, the College of Applied Medical Sciences, King Saud
University.

M. H. Al Mijalli is with the Biomedical Technology Department, College
of Applied Medical Sciences, King Saud University, Riyadh 11433, Saudi
Avrabia (e-mail: malmijalli@yahoo.com).

ISBN: 978-988-19252-1-3
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

Il. BRAUN’S MULTIPLIER

Braun’s multiplier is an n x m bit parallel multiplier and
generally known as carry save multiplier and is constructed
with m x (n-1) addres and m x n AND gates. The Braun’s
multiplier has a glitching problem which is due to the ripple
carry adder in the last stage of the multiplier.

A. Mathematical Basis

Consider a generic m by n multiplication of two unsigned
n-bit numbers Y = Y1 .... Yoand X = X,1...Xp

Y=§n2 (1)
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The product P = Py ...PiPg, which results from
multiplying the multiplicand Y by the multiplier X, can be
written as follows:
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IIl. STRUCTURAL DESIGN

FPGA have the benefit of hardware speed and the
flexibility of software. The flexibility of the FPGA allows for
even higher performance by trading off precision and range
in the number format for an increased number of parallel
arithmetic units. The inherent parallelism of the logic
resources on an FPGA allows for considerable computational
throughput even at a low MHz clock rates. In this section a
brief introduction about Virtex-5 from Xilinx is presented.

A. Virtex-5

The Virtex-5 devices [14] are a programmable alternative
to custom ASIC technology. In Virtex-5 FPGAs, advanced
DSP48E slices are available that helps in accelerating
computation intensive DSP and image processing algorithms.
These slices can operate at a maximum frequency of 550
MHz, drawing only 1.38 mW of power at 100 MHz
frequency.

IV. FPGA DELAY RESULTS

The design of Braun’s multipliers 4x4, 6x6, 8x8, and
12x12-bit are done using VHDL and implemented in a Xilinx
Virtex-5 FPGA family; devices including XC5VLX50
(package: ff676, speed grade: -3), and XC5VLX50T
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(package: ff665, speed grade: -3) using the Xilinx ISE 9.2i
design tool [15].

ANOVA is applied to compare the mean delay time for
two devices including XC5VLX50 and XC5VLX50T
FPGAs; using four multipliers 4x4, 6x6, 8x8, and 12x12.
Table 1 summarizes the statistics of latency in Braun’s
multipliers for Virtex-5 XC5VLX50 and XC5VLX50T
FPGAs. The mean value for multipliers in XC5VLX50 and
XC5VLX50T are not similar for 6x6 and 8x8 bit multipliers.

There is a statistically insignificant difference at the 0.05
level in delay time for the two devices [F (1, 38) =.031, p =
.861] compared by using ANOVA multiple comparison tests
at the 0.05 significance level. The test indicates that the mean
of delay time for XC5VLX50 (Mean = 9.02, Standard
Deviation = 2.36) is insignificantly different from the other
device; XC5VLX50T (Mean = 8.89, Standard Deviation =
2.29), which shows that both devices could be used for
medical imaging technology.

Table 1: Statistics of latency in truncated multipliers for FPGAs

. - Std. Error
V|rtgx-5 Bit Width Mean Std. Deviation of Mean

Devices (ns) (ns) (ns)

4x4 6.58 0.2588 0.1158
6 x6 8.14 0.2881 0.1288
XC5VLX50 8x8 8.6 0.1581 0.7707
12x12 12.78 0.1304 0.0583
4x4 6.78 0.5404 0.2417
6 x6 7.82 0.7396 0.3308
KCSVLXS0T 8x8 8.46 0.0548 0.0245
12x12 12.52 0.6221 0.2782

V. CONCLUSION

In this paper we have demonstrated delay study of Braun’s
multipliers utilizing VHDL. The design was implemented on
Xilinx including XC5VLX50 and XC5VLX50T Virtex-5
devices using the Xilinx ISE 9.2i design tool.

The objective is to present a delay study of the Virtex-5
FPGA devices using 4x4, 6x6, 8x8, and 12x12-bit Braun’s
multipliers. The comparison between Virtex-5 devices shows
insignificant results using ANOVA method using the
software SPSS, which shows both devices, could be used for
medical imaging technology.
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