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Abstract: Problem statement: The development cost for Application Specific Inmetgd Circuits
(ASICs) are high, algorithms should be verified aygtimized before implementation. The Digital
Signal Processing (DSP), image processing and mmedfia requires extensive use of multiplication.
The truncated multipliers can easily be implemenisihg Field Programmable Gate Array (FPGA)
devices.Approach: This research presented the comparative studypaft&-3AN, Virtex-4 and
Virtex-5 FPGA devices. The implementation of staddand truncated multipliers is done using Very
high speed integrated circuit Hardware Descriptibanguage (VHDL). Results: Remarkable
reduction in FPGA resources, delay and power waseaed using truncated multipliers instead of
standard parallel multipliers when the full prearsiof the standard multiplier is not required. Thee
devices showed significant improvement for trundataultipliers as compared to standard multipliers.
Results showed that the anomaly in Spartan-3ANageeconnection and maximum pin delay have been
efficiently reduced in Virtex-4 and Virtex-5 devi&eConclusion: The Virtex-5 FPGA device showed
better performance as compared to Spartan-3AN atekM FPGA devices.

Key words: Digital Signal Processing (DSP), Field Programmadbdge Array (FPGA), Spartan-3AN,
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INTRODUCTION (FPGAs) have emerged as a platform of choice for
efficient hardware implementation of computation
Multiplication is a core operation in many intensive algorithms (Maxfield, 2004). FPGA have th
algorithms used in scientific computations such adenefit of hardware speed and the flexibility of
Digital Signal Processing (DSP). Over the years thesoftware. FPGAs enable a high degree of parallelism
computational complexities of algorithms used inand can achieve orders of magnitude speedup over
Digital Signal Processors (DSPs) have been graduallGeneral Purpose Processors (GPPs). This is a adsult
increased. Therefore, DSP requires fast and efficie increasing embedded resources available on FPGA. Th
parallel multipliers for general purpose as well asthree main factors that play an important role RGA
application specific architectures. based design are the targeted FPGA architecture,
In many cases implementation of DSP algorithmElectronic Design Automation (EDA) tools and design
demands using Application Specific Integrated Gtecu techniques employed at the algorithmic level using
(ASICs). In particular, if the processing has to behardware description languages. In FPGAs, the ehoic
performed under real time conditions, such algorgh of the optimum multiplier involves three key factor
have to deal with high throughput rates. This isarea, propagation delay and reconfiguration time.
especially required for image processing applicatio Therefore, FPGA has become viable technology and an
Since development costs for ASICs are high, algord  attractive alternative to ASICs (Maxfield, 2004;
should be verified and optimized before Todmanet al., 2005).
implementation. Applications such as DSP, image processing and
Nevertheless, Very Large Scale Integration (VLSI)multimedia require extensive use of multiplicatimnd
technology has grown up to such stage that a haedwasquaring functions (Sheu and Lin, 2002; Walgtral.,
implementation has become a desirable alternative2003). A full width digital nxn multiplier computebe
Significant speedup in computation time can be2n output as a weighted sum of partial productsu¢Ba
achieved by assigning computation intensive tasks tand Wooley, 1973). If the product is truncated -oits,
hardware and by exploiting the parallelism inthe least-significant columns of the product matrix
algorithms. Recently, Field Programmable Gate Asray contribute little to the final result. To take adtage of
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this, truncated multipliers and squarers do noinfatl  parallel processing and pipelining, but by trunmati
of the least-significant columns in the partialqgwot  that can be multi fold. The objective of this studyto
matrix (Stine and Duverne, 2003; Swartzlander, 1999 present a comparative study of truncated and stdnda
By eliminating more columns the area and powemnultiplier using Spartan-3AN, Virtex-4 and Virtex-5
consumption of the arithmetic unit are significgntl FPGA devices.

reduced and in many cases the delay also decreases.

Though, truncating the multiplier matrix introduces MATERIALSAND METHODS

additional error into the computation.

Cryptography applications, also requires not anly
significant number of multiplication and squaring
functions but also large integers (Stallings, 2006)
Achieving efficient realization of the multiplicat

Mathematical basis of truncated multipliers:
Considering the multiplication of two n-bit inpu
and Y, a standard multiplier performs the following
operations to obtain the 2n bit product P:

may have a significant impact on the specific o1
applications in terms of speed, power dissipatiod a P=XY=)R2= (Z)g 2)(2 y2) Q)
area. Many research efforts have been presented in =0 '

literature to achieve hardware efficient impleménota
of a truncated multiplier. The basic idea of these
techniques is to discard some of the less sigmifica
partial products and to introduce a compensatio
circuit that partly compensates for the droppedier
thereby reducing approximation error (Jati al.,
1999; Van et al., 2000; Kidambi et al., 1996;
Strollo et al.,, 2005; Lim, 1992; Kuang and Wang,

where, x y; and P represent the ith bit of X, Y and P,
respect|vely Figure 1 shows the standard architect
of 6x6-bit parallel multiplier, where HA and FA atfee
'half and full adders respectively. Equation 1 can b
expressed by the sum of two segments: The most-
significant part MP and the least-significant gt

2n-1 n-1

2006). Garofaloet al. (2008) presented a truncated P= MP+ LP=) P2+ PZ (2)
multiplier with minimum square error for every irtpu i=0 i=0

bit width. Rais (2009a; 2009b) presented design and

implementation of fixed width standard and trundate The standard 6x6-bit parallel multiplier can alteo
multipliers using FPGA devices. divided into three subsets: The most-significantt pa

Truncated multiplication provides an efficient MP, input correction IC and the least-significaratrtp
method for reducing the power dissipation and afea LP. Equation 2 can be rewritten as follows:
rounded parallel multiplier. High speed multiplicait
is desired in DSP which is normally achieved by P=MP+IC+LP ()

cell FA: cell HA:

Fig. 1: The architecture of a standard 6x6-bit W&renultiplier
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Yo Virtex-4 FPGAs. Viretx-4 FPGAs are produced on a
state-of-the-art 90 nm copper process, using 300 nm
wafer technology (Xilinx, 2007). It consists of ¢er
platform families i.e., LX, SX and FX. Virtex-4 P

core blocks include the IBM Power PC (PPC) 405 32-
XaYz bit Reduced Instruction Set Computer (RISC)
processor; tri-mode Ethernet Media Access Controls
(MACs) 622 Mbps-6.5 Ghbps serial transceivers,
dedicated DSP slices and high speed clock managemen
circuitry.

XYa Virtex-4 devices consumes approximately 50% the
power of respective Virtex-1l Pro devices due tatist

and dynamic power reduction enabled by triple-oxide
technology and reduced core voltage and capacitance
respectively. The Virtex-4 FPGA family comprises of
CLBs, Block RAMs, XtremeDSP Slices and DCMs.

cell AO:

Virtex-5 FPGASs. The Virtex-5 devices built on a 65nm
state-of-the-art copper process technology are a
programmable alternative to custom ASIC technology.
The Virtex-5 LX platform also contains many hard-IP
system-level blocks, including Block RAM/First In
First Out (FIFO), second generation 25x18 DSP slice
SelectlO technology with built-in digitally-conttet
impedance, ChipSync source-synchronous interface
blocks, enhanced clock management tiles with

Pi; Pic Pg Pg P2 Pe

Fig. 2: The architecture of a truncated 6x6-bitaiat
multiplier

The fixed width multiplier can be obtained dirgctl
by removing the LP region and introducing the IC
region to obtain MP' region, which is truncated

multiplier as shown in Fig. 2 and given by Eq. 4: integrated DCM and Phase Locked Loop (PLL) clock
generators and advanced configuration options.
P=MP+IC (4) In addition to the regular programmable functional

elements, Virtex-5 family provides power-optimized
Architecture platform: Due to the parallel nature, high high speed serial transceiver blocks for enhaneeidls
frequency and high density of modern FPGAs, theyconnectivity, tri-mode Ethernet MACs and high-
make an ideal platform for the implementation ofperformance PPC 440 microprocessor embedded
computationally intensive and massively parallelblocks. Virtex-5 devices also use triple-oxide

architecture. A brief introduction about state-oétart ~ technology for reducing the static power consunmptio
FPGAs from Xilinx is presented. Their 1.0 V core voltage and 65nm implementation

process leads also to dynamic power consumption

] reduction as compared to Virtex-4 devices.

tShpar]'ct_?tr;]B FPGAt.S Tf;?l_Spafrtanl-B 'IZtPGA beIQPES to Advanced DSP48E slices are available in Virtex-5

q et dgtenera Itort]h ||nxd amfl 3;] h IS Ispem II % FPGAs that helps in accelerating computation intens
estlgmle to mee te nee _ljc’ho ¢ '9 i VOIUme, tOW funé SP and image processing algorithms. These slaes ¢

cost electronic systems. € tamily CcOnsists o operate at a maximum frequency of 550 MHz, drawing

member offering densities ranging from 50,000 tee fi o
million system gates (Xilinx, 2008a). 283’811)')38 mW of power at 100 MHz frequency (Xilinx,

The Spartan-3 FPGA consists of five fundamenta
programmable functional elements: CLBs, 10Bs, Block RESULTS
RAMs, dedicated multipliers (18x18) and Digital €fo
Managers (DCMs), Spartan-3 family includes SpartanFPGA design and implementation results: The
3L, Spartan-3E, Spartan-3A, Spartan-3A DSP, Spartardesign of standard and truncated 4x4, 6x6, 8x8 and
3AN and the extended Spartan-3A FPGAs. Particylarlyl2x12-bit multipliers are done using VHDL and
the Spartan-3AN is used as a target technologhit t implemented in a Xilinx Spartan-3AN XC3S700AN
study. Spartan-3AN combines all the feature of(package: fgg484, speed grade: -5), Virtex-4 XC40QX4
Spartan-3A FPGA family plus leading technology in- (package: ff668, speed grade: -12) and Virtex-5
system flash memory for configuration and nonvidati XC5VLX40 (package: ff676, speed grade: -3) FPGAs
data storage. using the Xilinx ISE 9.2i design tool.
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Table 1: FPGA resource utilization for standard aindcated multiplier for Spartan-3AN XC3S700AN ¢gage: fgg484, speed grade:-5)

Four-input Occupied Bonded Total Average Maximum
Bit LUTs slices I0Bs equivalent connection pinadel
width Multipliers (21776) (5888) (372) gate count elay (ns) (ns)
4x4 Standard 30 16 16 180 1.421 3.598
Truncated 18 11 12 111 1.272 2.705
6x6 Standard 67 36 24 402 1.238 4.873
Truncated 43 24 18 261 1.096 2.722
8x8 Standard 121 62 32 726 1.085 3.968
Truncated 76 40 24 456 1.072 3.641
12x12 Standard 289 148 48 1734 1.079 3.766
Truncated 164 87 36 984 1.307 3.971
Table 2: FPGA resource utilization for standard findcated multiplier for Virtex-4 XC4LX40 (packad#68, speed grade: -12)
Four-input Occupied Bonded Total Average Maximum
Bit LUTs slices I0Bs equivalent connection pinael
width Multipliers (36864) (18432) (448) gate count delay (ns) (ns)
4x4 Standard 30 16 16 180 1.014 2.225
Truncated 18 11 12 111 0.954 2.137
6x6 Standard 67 36 24 402 0.914 2.519
Truncated 43 24 18 261 0.904 2.137
8x8 Standard 121 63 32 726 0.807 2.137
Truncated 76 40 24 456 0.787 2.137
12x12 Standard 289 149 48 1734 0.951 2.653
Truncated 164 86 36 984 0.856 2.295
Table 3: FPGA resource utilization for standard fandcated multiplier for Virtex-5 XC5VLX50 (packagff676, speed grade: -3)
Four-input Occupied Bonded Total Average Maximum
Bit LUTs slices I0Bs equivalent connection pinael
width Multipliers (28800) (7200) (440) gate count elay (ns) (ns)
4x4 Standard 22 15 16 154 0.927 1.990
Truncated 11 6 12 77 0.773 1.140
6x6 Standard 46 28 24 322 0.955 1.757
Truncated 27 14 18 182 0.854 1.730
8x8 Standard 83 30 32 581 0.826 1.697
Truncated 50 19 24 350 0.765 1.500
12x12 Standard 190 88 48 1330 1.107 2.845
Truncated 117 65 36 819 1.027 2.611
Flgure .3 shows the comparison of numper of 180 T/ Spartans AN Standard Py
occupied slices for Spartan-3AN, Virtex-4 and \irte 5 " T _0— spanan3aNTncated 7
FPGA devices for standard and truncated multipliers £ *® 7 4 virexs standard 4
which clearly indicates that the virtex-5 FPGA d&vi & ' T —c¢- vinexd Truncated /’ 3
utilizes fewer resources than Spartan-3AN and Yide 2 % | - # - Vitexs Standard |
deViCeS. E 60 T Virtex-3 Truncated /‘ /,L
. . R | | e
Table 1-3 summarize the FPGA devices resource : L =-¢
utilization for standard and truncated 4x4, 6x63 &nd 0 k«"::"“ | |
12x12 bit multipliers. ° » e s o
The four input Look-Up-Tables (LUTs) for Muléali
Multipliers

standard and truncated multipliers for Spartan-3AN,

Virtex-4 and Virtex-5 FPGA devices are shown inFig. 3: The number of occupied slices for Spartan-

Fig. 4. The same phenomenon is observed here as
compared to number of occupied slices for all the

3AN, Virtex-4 and Virtex-5 for standard and
truncated multipliers

devices. Figure 5 illustrates the total equivalgate Figure 6 and 7 show the average connection delay
count obtained for standard and truncated multiplie and maximum pin delay for Spartan-3AN, Virtex-4 and

for ~ Spartan-3AN, Virtex-4 and Virtex-5 FPGA vVirtex-5 FPGA devices for standard and truncated
devices. multipliers respectively.
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Multipliers
Multipliers
Fig. 4: The four input LUTSs for Spartan-3AN, Virtdx  Fig. 6: The average connection delay for Spartah;3A

and Virtex-5 for standard and truncated Virtex-4 and Virtex-5 for standard and

multipliers truncated multipliers
8 T T T T T T T
000 B N -1 Spartan-3AN Standard ~ —{— Spartan-3AN Truncated __ |
_ 1800 + T Spartan-3AN Standard - . —d— Virtex4 Standard —¢ - Virtex4 TRuncated
% 1600 + —O— Spartan-3aN Truncated // ‘2 6 T— — #— Vitex-3 Standard Virtex-3 Truncated —
T 1400 + —&— Virtex 4 Standard 7 £ |
£ 1200 T —¢ - Vintest Truncated 71~ - = 4 /_,/-\'""'---..____
£ 1000 + _ # = Virtex-3 Standard / d /$ : éﬁi
: z EE)
ER) ﬁ"/L’:’:; = |
= 200 ——,&-’ =% '
0 - | | 0
44 66 8:<§ 1212
14 66 8§ 12412
Multipliers
Multipliers
Fia. 5 The total valent gat ¢ for Spart Fig. 7. The maximum pin delay for Spartan-3AN,
Ig. o= The lotal equivaient gate count 1or Spartan Virtex-4 and Virtex-5 for standard and
3AN, Vlrtex—4_apd Virtex-5 for standard and truncated multipliers
truncated multipliers
CONCLUSION

DISCUSSION

In this study we have presented hardware design
and implementation of FPGA based parallel
architecture for standard and truncated multipliers
utilizing VHDL. The design was implemented on
Xilinx Spartan-3AN XC3S700AN, Virtex-4 XC4LX40

to 73.86% as compared to Spartan-3AN and Virtex- nd Virtex-5 XC5VLX40 FPGA devices using the ISE

FPGA devices is decreased from 68.75-58.78%; 2 desi_gn tool. The objective is to present a
Another important feature is also visible in Figs3hat comparative study of the standard and truncated

the Virtex-5 FPGA device almost uses same resourcé?umpl_iersj The Frunce}ped _multiplier shows muchreno
for standard multiplier as the truncated multiplfer reduction in device utilization as compared to géd

the Spartan-3AN and Virtex-4 FPGA devices multiplier. The standard and truncated multipliers
The abnormality in average connection.delay and'shows that the average connection delay and maximum

: . . . pin delay have been significantly reduced in Vitx-
maximum pin delay for Spartan-3AN device (12><12—b|tand Virtex-5 EPGA devices. The Viretx-5 EPGA

multiplier for standard and truncated multiplierish yo.;ic05 achieves better result than Spartan-3AN and
been significantly reduced in Virtex4 and Virtex-5 yjiey 4 FPGA device and is a viable FPGA device fo
FPGA devices as shown in Fig. 6 and 7, Table 1-3n50e processing, multimedia and digital signal
respectively. processing.
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