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Abstract: Problem statement: Due to high cost and non reconfiguration of Apgtion Specific
Integrated Circuits (ASICs) in image processingliapfions, for example MPEG video compression
used in CT scan frames requires real time conditiand the algorithms should be verified and
optimized before implementatioApproach: Field Programmable Gate Array (FPGA) provides
reconfiguration and implementation at the same .tilResults. The implementation results of
truncated multipliers on Sparatn-3An FPGA showegphificant improvement as compared to Virtex
and Virtex-E FPGA deviceConclusion: Truncated multipliers can be used in medical imggi
technology such as CT scan.
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INTRODUCTION To achieve hardware efficient realization of a
o ] _truncated multiplier several research efforts hbgen
For large value operands in airthematic operationsyresented in literature (Rais, 2009a; 2009b; Rais,
multiplication has always been hardware-, time- an010).
power- consuming computation. This is more
pronounced in digital signal processing (DSP) MATERIALSAND METHODS

applications  that ~constitute large  number  of prchitecture platform: FPGAs are an ideal platform
multiplications. In the DSP computational complgxit for the implementation of computationally intensive
of algorithms has increased to such extent thay theand massively parallel architecture, as they areligh
require fast and efficient parallel multipliers @sjini  in nature and have high frequency. Here brief
et al., 2007; Gierenzt al., 2010; Konget al., 2008; introductions about Spartan-3, Virtex and Virtex-E
Zemva and Verderber, 2007; Rais, 2009a; 2009b;, Rai§PGAs from Xilinx are presented.

2010;Raiset al., 2010). . ;

SN . . Spartan-3 FPGAs: The Spartan-3 FPGA is from the
R_eallzatlon of DSP__aIgorlthm requires the fifth generation of Xilinx family. Particularly, itis
algorithms should be verified and optimized beforeyoqioneq to meet the needs of high volume, low unit
implementation. ~ For this __purpose, the Fleldcost electronic systems. The family includes eight

Programmable Gate Arrays (FPGAs) have emerged as g, et offering densities ranging from 50,000 te fi
platform qf choice for eff_lClent hardware million system gates (Xilinx, 2009). The Spartan-3
|mplgme_ntat|on _gnd an _atiractive alternative ©EpGA consists of five fundamental programmable
Application SpeC|f_|cIntegrated Circuits (ASICs)d®, functional elements: Configurable logic blocks
2009a; 2009b; Rais, 2010; Ratsal., 2010). (CLBs), input/output blocks (10Bs), Block RAMs,

_ fl'lruncated multipliers do not form all of the least dedicated multipliers (18x18) and Digital Clock
significant columns. The delay, area and powerManagers (DCMs)

consumption of the arithmetic unit significanthdreed oo
as more columns are eliminated. The basic idehisf t Spartan-3 family includes Spartan-3L, Spartan-3E,

technique is to reject some of the less signifigeartial Spartan-3A, Spartan-3A DSP, Spartan-3AN and .the
products. In place of removed partial products s£xtended Spartan-3A FPGAs. SpartanI—SAN cqmblnes
compensation circuit is introduced that to a cartai all the feature of Spartan-3A FPGA family plus lead
extent compensates for the dropped terms, thutechnology in-system flash memory for configuration
reducing approximation error. and nonvolatile data storage.
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Virtex FPGAs. Virtex devices feature a flexible, XCV50E (package: f{g256, speed grade: -8) FPGAgyusin
regular architecture that comprises an array of €LB the Xilinx ISE 9.2i design tool (Xilinx, 2007).
surrounded by programmable 10Bs, all interconnected
by a rich hierarchy of fast, versatile routing res®s. DISCUSSION
The Virtex family comprises of nine members
offering densities ranging from 57,906-1,124,022 Figures 1-2 show the differences in average
system gates (Xilinx, 2001). The abundance of nguti connection delay and maximum pin delay for FPGA
resources permits the Virtex family to accommodatejevices. The reduction in pin delay and the nunafer
even the largest and most complex designs. occupied slices used in truncated multiplier alsovs
Virtex FPGAs are SRAM-based and arethatit is one of the feasible solutions for metiozage
customized by loading configuration data into intdr _processing applications, such as CT scan, wheré mos
memory cells. In some modes, the FPGA reads ity the redundant information can be removed. Take
own configuration data from an external PROM g, mmarize the FPGA device resources utilization for
(master serial mode). V_|rtex dewces_ provide beﬁerstandard and truncated multipliers. Table 4 prestv
perfprmance tha_n previous generations of I:PG'A‘é')ercentage change between the standard to truncated
Designs can a(_:hleve_ synchronous system clock rat msultipliers, which clearly demonstrates that the
Up to 200 MHz including 1/O. occupied slices ranges from 145-170% for Spartan-

Virtex-E FPGAs: The Virtex-E FPGA family delivers 3AN, Virtex and Virtex-E FPGA devices.
high-performance high-capacity programmable logic

solutions. The Virtex-E family offers up to 43,2@ic 20 ) Vineesandared B Vigere. snoed 8 Vistex stadaed
cells in devices up to 30% faster than the Virmity. B Vitex tuncated  BSpartan-3an standared B Spartan-3an trancated

The Virtex-E family delivers a high-speed and
high-capacity programmable logic solution. The &t
E family comprises the eleven members offering
densities ranging from 71,693-4,074,387 systemsgate
(Xilinx, 2002).

Virtex-E devices have up to 640 Kb of faster (250
MHz) block SelectRAM, but the individual RAMs are
the same size and structure as in the Virtex family 0.0 1
They also have eight DLLs instead of the four imt&st . 6x6 — 818 fxiz
devices. Each individual DLL is slightly improvedthv
easier clock mirroring and 4x frequency multiplioat
The Virtex-E devices built aggressive 6-layer metalFig. 1: The average connection delay for Virtex-E,
0.18 um CMOS process. . Virtex and Spartan-3AN for standard and

Virtex-E devices feature a flexible, regular truncated multipliers
architecture that comprises an array of CLBs
surrounded by programmable 10Bs, all interconnected
by a rich hierarchy of fast, versatile routing neses.

084

%

Average connection delay (ns)

04

o Virtex-c-standared @ Virtex-e-truncated B Virtex standared

VirteX-E FPGAS are SRAM'based and are Customized _so |m Virtex truncated mSpartan-3an standared @ Spartan-3an truncated
by loading configuration data into internal memory _§4_0
cells. Designs can achieve synchronous system clock:
rates up to 240 MHz including I/O or 622 Mb/s using L ’
Source Synchronous data transmission architectures. é =0
1.0 H
RESULTS oo |

Multipliers

FPGA Design and implementation: The design of
standard and truncated multipliers are done using
VHDL and implemented in a Xilinx Spartan-3AN Fig. 2: The maximum pin delay for Virtex-E, Virtex
XC3S700AN (package: fgg484, speed grade: -5), ¥irte and Spartan-3AN for standard and truncated
XCV50 (package: fg256, speed grade: -6) and ViEex- multipliers
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Table 1: FPGA resource utilization for standard &mncated multiplier for Spartan-3A(\Rais, 2010) XC3S700AN (Package: fgg484, speed

grade:-5)
Four Input Occupied Total Average
LUTs slices Bonded equivalent connection Maximum
Bit width multipliers ~ (11776) (5888) IOBs (372) gatount delay (ns) pin delay (ns)
4x4 Standard 30 16 16 180 1.421 3.598
Truncated 18 11 12 111 1.272 2.705
6%6 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 aindcated multiplier for Virtex XCV50 (Package2ff, speed grade:-6)

Four Input Occupied Total Average
LUTs slices Bonded equivalent connection Maximum
Bit width Multipliers (11776) (5888) I0§372) gate count delay (ns) pin delay (ns)
4x4 Standard 30 16 16 180 1.343 2.449
Truncated 18 11 12 111 1.389 3.132
6x6 Standard 67 36 24 402 1.469 3.933
Truncated 43 24 18 261 1.251 2.759
8x8 Standard 121 62 32 726 1.437 4.254
Truncated 76 40 24 456 1.466 4.596
12x12 Standard 289 148 48 1734 1.628 4.830
Truncated 164 87 36 984 1.478 3.460

Table 3: FPGA resource utilization for standard aindcated multiplier for Virtex-E XCV50E (Packadg256, speed grade:-8)

Four Input Occupied Total Average
LUTs slices Bonded equivalent connection Maxirmaim
Bit width Multipliers (11776) (5888) I0Bs (372) gatount delay (ns) pin delay (ns)
4x4 Standard 30 16 16 180 1.193 2.141
Truncated 18 11 12 111 1.009 2.113
6x6 Standard 67 36 24 402 1.264 4.449
Truncated 43 24 18 261 1.004 2.196
8x8 Standard 121 62 32 726 1.148 2.775
Truncated 76 40 24 456 1.308 3.437
12x12 Standard 289 148 48 1734 1.358 4.361
Truncated 164 87 36 984 1.267 3.644

Table 4: Percentage change between the standattuandted multiplier for spartan-3AN (Rais, 20Mijtex and Virtex-E FPGA devices

Bit width (Multipliers) Four input LUTs (11776) Ougpied slices (5888) Total equivalent gate count

4x4 (Standard/Truncated) 166.7% 145.4% 162.2%

6x6 (Standard/Truncated) 155.8% 150% 154%

8x8 (Standard/Truncated) 159.2% 155% 159.2%

12x12 (Standard/Truncate) 176.2% 170.1% 176.2%
CONCLUSION Virtex and Virtex-E FPGAs. The truncated

multipliers can be used in medical imaging

We have presented hardware design an
implementation of FPGA based parallel architecturSeChnomgy’ such as CT scan, due to reduced

for standard and truncated multipliers using VHDL'L?islic;l;rt?:r?ofor]:eaIFtliDrr?eAcoigsiortzus possibilities - of
The design was implemented on Xilinx Spartan-3AN '
XC3S7OOA_N, Virtgx XCV50 and ertex—_E XCV50E ACKNOWLEDGEMENT
FPGA devices using the ISE 9.2i design tool. The
FPGA devices used almost same number of occupied The researchers acknowledge the assistance and
slices but their average connection and maximum pithe financial support provided by the Cornea Redear
delays are different; which clearly indicates thia¢  Chair, College of Applied Medical Sciences, King
Spartan-3AN is better FPGA device than otherSaud University.
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