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Introduction

Field Programmable Gate Arrays

Metrics
Performance Time

Reconfiguration Time

Resources Available

Xilinx Virtex 2 XCV2000E

Partially 
Reconfigurable by 

Combinational Logic 
Block (CLB) columns

CLB

CLB

CLB

Example Xilinx FPGA Chip
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Reconfiguration Overhead

• Reconfiguration delay is crucial in dynamic reconfigurable 
architecture if it is exploited at runtime.

• Project: Study the trade-off between reconfiguration delay and 
performance of implemented task on FPGA device.

• Reconfiguration delay is highly correlated with the physical layout of 
the implementation.

• In Xilinx, reconfiguration is column by column.

• Number of columns of the layout of design is highly correlated with 
reconfiguration delay
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Project Description

Task: 

Implementation on FPGA devices 

Performance

Application Clock 
Frequency

Vs.

Configuration Time

Number of CLB 
Columns

Objective:
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FPGA-based Compilation Flow

SimulationSimulation

SynthesisSynthesis

Write to ChipWrite to Chip

Hardware Description 
Language VHDL

ModelSim SE 5.7g

Synplify Pro 7.6.1

Report performance 
and area

Place and RoutePlace and Route Xilinx Place and Route Tools

+ Xilinx COREGen
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Experimental Analysis

• Metrics used (Xilinx Place and Route Tools Provided):
– CLB Columns constrained
– Maximum Clock Frequency
– Maximum Pin Delay
– Average Delay of 10 Worst Nets

• Applications:
– Matrix Multiply
– Fast Fourier Transform
– 2-D Discrete Cosine Transform
– JPEG
– Others: CORDIC, Multiply Accumulator, Comb Filter, etc.
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Experimental Data: Matrix Multiplier
Matrix Multiplier CLock Frequency vs. CLB Columns
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Experimental Data: Fast Fourier 
Transform

FFT Clock Frequency vs. CLB Columns
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Experimental Data: 2-D Discrete 
Cosine Transform

2-D Discretre Cosine Transform Clock Frequency 
vs. CLB Columns
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Experimental Data

1.233E-091.810E-092.207E+084.532E-092Direct Digital Synthesizer

1.120E-091.677E-090.000E+000.000E+002Sine/Cosine Look Up Table

2.388E-093.060E-091.837E+085.443E-092Multiply Accumulator
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Application: JPEG
Image Block
8 x 8 Pixels

RGB->YCrCb

2-D Disc. Cosine 
Transform

Quantize

Encoding

YCrCb->RGB

Inverse 2-D Disc. 
Cosine Transform

Image Block
8 x 8 Pixels

Decoding

Inverse Quantize

JPEG encoding steps JPEG decoding steps 
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Application: JPEG
JPEG Application Frequencies
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Conclusion
• Studied the trade-off between reconfiguration delay and 

performance in implementation of applications on FPGA 
device

• Compared performance at different layout area for 
implementation

• Results show the following:
– In several cases, by having a more relaxed area constraint, the 

performance can be improved by the tool and in some cases it 
doesn’t for the following reasons:

• I/O dominated applications
• FPGA CAD tools are not matured enough to try small area for better 

performance


