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ABSTRACT 
 

Now-a-days, most commercial Field- Programmable Gate Arrays (FPGAs) are based 
on fracturable look-up tables (LUTs). A fracturable LUT based FPGA can operate in 
two modes: one without shared input and other with shared inputs. This paper 
investigates area and critical path delay of 6-LUT based fracturable FPGAs for 
different cluster sizes and cluster inputs. It is found experimentally that compared to 
non-fracturable 6-LUT based FPGAs, the fracturable 6-LUT based FPGAs with cluster 
sizes 7 to 10 show significant improvement in the area-delay results, with different 
chosen values of cluster inputs. 
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INTRODUCTION 
The reconfigurability of Field Programmable Gate Arrays 

(FPGAs) allows them to be used in myriad application areas such 
as networking,1 data security2 and image compression,3 among 
others. However, FPGA-based implementations are comparatively 
larger and slower in comparison to the Application-Specific 
Integrated Circuit (ASIC) implementations.4 The choice of logic 
block in an FPGA is an important parameter which influences the 
area and delay of an FPGA. Hence, the logic element chosen 
should lower this area and performance gap. Prior research 
works5–9 on FPGA architectures were based on homogeneous 
logic blocks, with most of the studies using a k-input look-up 
table (LUT) as the logic element. The flexibility of LUTs is the 
prime reason for their widespread use in FPGAs. However, the 
area of LUTs increases exponentially with the increase in their 
size. Therefore, LUTs with larger inputs are not generally used. 
Some of the recent studies have investigated alternative FPGA 
architectures based on fracturable LUTs.10–13 A fracturable LUT 
can operate either as a single larger LUT or be split into two 
smaller LUTs using input sharing. Fracturable LUTs involve 

sharing of inputs which enables FPGA designers to get the 
benefits of comparatively larger input LUTs. This paper 
investigates fracturable 6-input LUT based clusters with different 
cluster inputs and cluster sizes. The impact of fracturable LUTs on 
FPGA area as well as performance has been evaluated using VTR 
tool flow. 

The contribution of the paper is as given here: 
• This paper evaluates area as well as critical delay for 

various fracturable LUT-based FPGA architectures. 
• Further, the area as well as speed of these fracturable 

architectures is compared with the non-fracturable 
LUT-based FPGAs. 

The rest of the paper is categorized as under: Section II outlines 
the related work in the field of FPGA logic block architectures. 
Section III describes a fracturable LUT-based FPGA architecture. 
The methodology used for evaluation of different FPGA 
architectures has been discussed in Section IV. Section V presents 
the area as well as delay results. The conclusion and future work 
are summarized in Section VI. 

RELATED WORK  
The earlier published studies5–9 on FPGAs were based on 

homogeneous logic blocks. J. Rose et. al. 5 used an arbitrary logic 
block for investigation whereas the research study6 was based on a 
k-input LUT. Experimentally, it was found that 3 or 4-input LUTs 
are most efficient in terms of area. Further, the studies7–9 
investigated the impact of various logic blocks on FPGA speed 
performance.  

Relative to the prior studies5–9 which investigated the impact of 
homogeneous logic elements on FPGA area or performance, the 
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research works14–19 focused on the FPGAs based on group of 
LUTs forming a logic cluster. These studies evaluated the impact 
of different cluster parameters on FPGA area or speed or both.  

Further, the studies10–13 evaluated FPGA architectures based on 
fracturable LUTs. The research works 10,11 introduced a fracturable 
LUT based logic module. It was found experimentally that the 
proposed adaptive logic element improved performance by 15% 
and area by 12% as compared to traditional BLE4 based FPGAs. 
The study12 combined edge recovery technique with LUT 
balancing in order to reduce the number of fracturable LUTs in 
the mapping. G. Zgheib et. al.13 evaluated fractuable k-LUT based 
FPGAs for different cluster sizes. Three choices for shared inputs 
were considered for investigation. However, the results do not 
show any improvement as compared to non-fracturable 
architectures. 

In the earlier works on fracturable FPGAs, the impact of 
varying cluster inputs has not been discussed. Also, area-delay 
tradeoffs in case of fracturable LUTs were not examined. The 
present research work investigates fracturable 6-LUT based 
FPGAs with varying cluster sizes as well as cluster inputs in 40nm 
technology. 

FRACTURABLE  LUTS 
A fracturable LUT has two different operating modes: normal 

and fractured. In normal mode, the fracturable LUT acts as k-input 
LUT whereas in fractured mode, the fracturable LUT is split into 
two (k-1) LUTs with shared inputs. These two modes of 
fracturable LUTs are shown in figure 1.  

The important parameters in a fracturable LUT-based logic 
cluster are: 

1. LUT size (k): the total number of inputs given to a 
LUT.   

2. Cluster size (N): number of basic logic elements 
(BLEs) in a cluster. 

3. Cluster inputs (I): number of distinct inputs to a 
cluster. 

4. Shared inputs (S): the number of inputs shared in 
fractured mode. 
 

 
Figure 1: Fracturable LUT: two operating modes. 
 

In the present study, we use fracturable 6-input LUTs, where 
each 6-LUT can be split into two 5-LUTs with input sharing. In 

the experiments, all the inputs are shared in fractured mode. 
FPGA architectures use logic cluster sizes varying from 7 to 10. 

METHODOLOGY  
This section describes the methodology used to evaluate the 

area and speed of FPGAs employing fracturable LUT based logic 
blocks. The present study uses 20 MCNC benchmark circuits that 
have been widely used in FPGA architecture based research 
works. The VTR CAD flow is used for the evaluation of the 
impact of benchmark circuits on the area and performance of the 
fracturable-LUT based FPGAs. 

 

 
Figure 2: VTR CAD flow. 

 
As illustrated in figure 2, there are two inputs to the VTR CAD 

flow, one is benchmark circuit and the other is FPGA architecture 
description file.20 Further, ODIN II21 performs elaboration and 
partial synthesis of the Verilog code so as to create a netlist. Then, 
ABC tool is used to do logic synthesis as well as mapping of the 
logic into k-LUTs and flip-flops. Finally, VPR tool is used for the 
clustering, placement and routing of the benchmark circuit.22  

RESULTS  
In the present study, we evaluate the impact of different cluster 

parameters on the area and performance of fracturable LUT based 
FPGAs. For all the experiments, LUT size is chosen to be 6 
whereas cluster size is varied from 7 to 10. The experiments are 
repeated for three different values of cluster inputs, I. Fracturable 
6-LUTs involve sharing of all the inputs in fractured mode. The 
area-delay results obtained for fracturable FPGAs are compared 
with that of non-fracturable FPGAs. 

 
Area results for fracturable 6-LUT vs. non-fracturable 6-LUT 
based clusters for different cluster inputs 

Here, we will evaluate the effect of varying cluster inputs on 
total FPGA area for different cluster sizes in case of fracturable as 
well as non-fracturable 6-LUT based FPGA clusters. The 
variation of geometric mean of total FPGA area for cluster sizes 7, 
8, 9 and 10 is illustrated in figure 3, 4, 5 and 6 respectively. As 
shown in the graph, the fracturable LUT based FPGA 
architectures exhibit better area results as compared to non-
fracturable FPGAs and the graphs show similar trend in area 
results for all the cluster sizes. 
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Figure 3. Total FPGA Area for different cluster inputs in fracturable 
6-LUT and non-fracturable 6-LUT based clusters (Cluster size, N=7). 
 

 
Figure 4. Total FPGA Area for different cluster inputs in fracturable 
6-LUT and non-fracturable 6-LUT based clusters (Cluster size, N=8). 
 

 
Figure 5. Total FPGA Area for different cluster inputs in fracturable 
6-LUT and non-fracturable 6-LUT based clusters (Cluster size, N=9). 
 

 
Figure 6. Total FPGA Area for different cluster inputs in fracturable 
6-LUT and non-fracturable 6-LUT based clusters (Cluster size, 
N=10). 
 
Critical path delay results for fracturable 6-LUT vs. non-
fracturable 6-LUT based clusters for different cluster inputs 

Area and delay are two important metrics which are used to 
examine various FPGA architectures. Here, we will investigate the 
impact of varying cluster inputs on the critical delay values of 
fracturable as well as non-fracturable FPGAs for different cluster 
sizes. Figure 7, 8, 9 and 10 show how the geometric mean of 
critical delay changes with the cluster inputs for clusters of size 7, 
8, 9 and 10 respectively in case of fracturable and non-fracturable 
FPGAs.  

For all the cluster sizes shown in the graphs, it is clear that the 
delay results are better for fracturable FPGAs in comparison to the 
non-fracturable ones. However, the best delay values are obtained 
for fracturable 6-LUT based FPGA with cluster size 10 using 40 
cluster inputs. 

 
 

 
Figure 7. Total Critical path delay for different cluster inputs in 
fracturable 6-LUT and non-fracturable 6-LUT based clusters (Cluster 
size, N=7). 
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Figure 8. Total Critical path delay for different cluster inputs in 
fracturable 6-LUT and non-fracturable 6-LUT based clusters (Cluster 
size, N=8). 
 

 
Figure 9. Total Critical path delay for different cluster inputs in 
fracturable 6-LUT and non-fracturable 6-LUT based clusters (Cluster 
size, N=9). 
 

 
Figure 10. Total Critical path delay for different cluster inputs in 
fracturable 6-LUT and non-fracturable 6-LUT based clusters (Cluster 
size, N=10). 

Area-delay trade-off in fracturable 6-LUT vs. non-fracturable 6-
LUT based clusters for different cluster inputs 

Area-delay product is used as the criteria to compare the quality 
of different FPGA architectures. The FPGA architecture which 
yields minimum value for area-delay product is considered best. 
Figure 11, 12, 13 and 14 show the geometric mean of the area-
delay product versus cluster inputs for cluster sizes 7, 8, 9 and 10 
respectively.  

As can be seen in the graphs, fracturable architectures exhibit 
lower values of area-delay product as compared to that of non-
fracturable ones for the cluster sizes 7 to 10. The results 
demonstrate that any fracturable 6-LUT based cluster of size 7 to 
10 is a reasonably good choice. Specifically, the area-delay 
product is found to be lowest for fracturable 6-LUT based cluster 
of size 10 with 40 distinct inputs. 

 
 

 
Figure 11. Area-delay product for different cluster inputs in 
fracturable 6-LUT and non-fracturable 6-LUT based clusters (Cluster 
size, N=7). 
 

 
Figure 12. Area-delay product for different cluster inputs in 
fracturable 6-LUT and non-fracturable 6-LUT based clusters (Cluster 
size, N=8). 
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Figure 13. Area-delay product for different cluster inputs in 
fracturable 6-LUT and non-fracturable 6-LUT based clusters (Cluster 
size, N=9). 
 

 
Figure 14. Area-delay product for different cluster inputs in 
fracturable 6-LUT and non-fracturable 6-LUT based clusters (Cluster 
size, N= 10). 

 

CONCLUSION 
This paper examines area as well as delay of FPGA 

architectures based on fracturable 6-LUTs. The impact of varying 
cluster sizes for different cluster input values has been 
investigated. The experimental results demonstrate that the 
fracturable 6-LUT based FPGA architectures exhibit better area as 
well as delay results as compared to the non-fracturable FPGAs 
for all the cluster sizes from 7 to 10. Specifically, the fracturable 
6-LUT based size 10 cluster using 40 cluster inputs is found to 
have the lowest area-delay product. 

In the future, we would like to explore more fracturable LUT 
based FPGAs with different LUT sizes and considering different 
values of shared inputs in fractured mode. 
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