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This paper was the first to quantify the speed advantage of cluster-based logic blocks.  

In 1999, most commercial FPGAs, like the Altera Flex and Xilinx Virtex FPGAs already had 
cluster-based logic blocks.  However, the modeling and evaluation of these sorts of architectures 
was still in its infancy.  In the previous year, Betz had shown that cluster-based logic blocks led 
to improved density.  The real advantage of clustered-based logic blocks, though, was speed, as 
this paper demonstrates.  In doing so, this paper opened up an entirely new research area, setting 
the framework for numerous packing algorithms that have become a fundamental part of any 
FPGA CAD flow. 
In this paper, the authors first described a CAD flow and evaluation metric suitable for 
evaluating these sorts of architectures.  They then carefully presented a parameterized cluster 
architecture, inherited from previous work by Betz, which provided a way of speaking and 
reasoning about variants of cluster-based logic blocks. The authors then presented the T-VPACK 
algorithm which was the first published timing-driven clustering algorithm for this architecture.  
Using a careful experimental methodology, they concluded that cluster-based logic blocks can 
significantly improve the speed of an FPGA, and showed that the “sweet spot” for the cluster 
size was approximately seven to ten logic elements; such cluster sizes became the standard in  
academic and commercial architectures for years. 

The real value of this paper was that it set the framework for future researchers to develop new 
clustering algorithms and new cluster architectures.  Later clustering algorithms, such as 
RPACK, iRAC, DVPack, and P-T-VPACK all built upon this framework.  Going forward, 
clustered logic blocks are becoming even more important; very recent work by the same research 
group has significantly expanded the design space of clustered logic blocks, but have maintained 
many of the underlying assumptions, evaluation methodology and architectural framework 
presented in this paper. 
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