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A Data Driven Virtual Hardware
Using an FPGA Integrated with DRAM
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WASMII is a virtual hardware system using an SRAM based reconfigurable multi-context
FPGA that virtualizes hardware with dynamic reconfiguration and a data driven control
mechanism. However, the time required for loading configuration data from the off-chip
memory tends to be a sever bottleneck of the performance, since the number of configuration
contexts that the WASMII chip can provide is small. With recent advanced technologies of
semiconductors, an FPGA and DRAM can be implemented into a single chip. Using column
buffers of DRAM array as configuration memory for an FPGA, the large number of configu-
ration contexts can be stored in the chip and switched quickly. In this paper, we present a
novel virtual hardware system called HOSMII using such a DRAM type multi-context FPGA.
The architecture of HOSMII is described in detail and the performance is evaluated through
simulation. According to the simulation results, a combination optimization problem using
neural networks can be soived on HOSMII 17 times as fast as on WASMII at maximum. It is
also shown that HOSMII can achieve from 2 to 65 times better performance than that of a
high-speed general purpose workstation in some practical applications.
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Table 1 Estimated parameters.

NG A—F WASMII HOSMII
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Table 2 Evaluated systems.
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®3 7 I7HHOKE (NQ)
Table 3 Results of graph decomposition (NQ).

VAT A WMENR—VR  PER-V¥K l3cd:d
WA /HO1 578 11 66.7 MHz
HO1m 322 10 66.7 MHz
HO2 666 19 66.7 MHz
HO2m 500 18 66.7 MHz
HO4 1,280 20 66.7MHz
HO4m 1,024 19 66.7MHz

&4 UI7HEORE (QUE)
Table 4 Results of graph decomposition (QUE).

YRT A WHEN-VH BES-VH HifedE
WA /HO1 1,400 11 20.8MHz
HOIm 510 5 22.7MHz
HO2 1,336 12 20.8MHz
HO2m 381 7  22.7MHz
HO4 1,117 12 20.8MHz
HO4m 383 11 22.7MHz

®5 7 I77580%% (EE)
Table 5 Results of graph decomposition (EE).

VAT N MEN-VE PES—YH By
WA/HO1 8,127 9 50.0MHz
HO2 8,127 11 50.0MHz
HO4 8,622 15 50.0MHz

®6 7 I 73EOKE (FFT)
Table 6 Results of graph decomposition (FFT).

VAT A WEAN-VH WEA-UY BifeRE
WA /HO1 4,608 2 19.2MHz
HO2 5,760 5 19.2MHz
HO4 10,368 6 21.3MHz
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®T7 ANb—r LYy EHHE (KB)
Table 7 Utilization of input token registers (KB).

T AT NQ QUE EE FFT
WA/HOL | 2.8 153 67.0 675
HO1lm 2.0 7.8  67.0 675
HO2 1.4 161 355 47.3
HO2m 1.1 58 355  47.3
HO4 0.9 119 256 70.9
HO4m 0.8 3.9 256 70.9
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®8 ~R~—Yey X
Table 8 Page hit rate.

Y AT A NQ QUE EE FFT

WA T71.7% (87/112) 73.9% (51/69) 91.7% (12/11)  100.0% (18/18)
HO1 100.0% (100/100)  100.0% (141/141)  100.0% (13/13)  100.0% (18/18)
HOlm 100.0% (137/137)  100.0% (30/30) 100.0% (13/13)  100.0% (18/18)
HO2 100.0% (323/323) 100.0% (163/163)  100.0% (11/11)  100.0% (45/45)
HO2m | 100.0% (401/401)  100.0% (163/163)  100.0% (11/11)  100.0% (45/45)
HO4 100.0% (69/69) 100.0% (222/222) 100.0% (15/15)  100.0% (63/63)
HO4m 100.0% (93/93) 100.0% (590/590)  100.0% (15/15)  100.0% (63/63)
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Fig.6 Execution time per iteration (NQ).
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Fig.7 Execution time per iteration (QUE).
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K9 =9 MM -2 VEXRORAEYS
Table 9 Incidence ratio of inter-unit token transmission.

YA7 AL | NQ (%) QUE (%) EE (%) FFT (%)
HO2 10.4 0.1 2.1 2.2
HO2m 14.1 0.2 2.1 2.2
HO4 15.5 0.3 3.8 1.5
HO4m 19.4 0.5 3.8 1.5
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Fig.10 Utilization ratio of inter-unit connection
networks.
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Table 10 Breakdown of the operation time (NQ).

Exec  Miss Hit Token  Stall
VAT A (%) (%) (%) (%) (%)

WA 16.5 81.5 0.1 1.8 0.0
HO1 89.1 0.0 0.9 10.0 0.0
HOlm 91.2 0.0 1.3 7.5 0.0
HO2 86.6 0.0 3.0 10.4 0.0
HO2m 87.7 0.0 3.8 8.5 0.0
HO4 78.2 0.0 7.3 13.0 1.5

HO4m 79.2 0.0 7.5 13.0 0.3

®11 LHEMHONK (QUE)
Table 11 Breakdown of the operation time (QUE).

Exec  Miss Hit Token  Stall
VAT A (%) (%) (%) (%) (%)
WA 36.1 56.9 0.1 6.5 0.0
HO1 85.5 0.0 0.5 14.0 0.0
HO1lm 95.5 0.0 0.1 4.4 0.0
HO2 85.7 0.0 0.5 13.8 0.0
HO2m 93.6 0.0 0.5 5.9 0.0
HO4 84.7 0.0 0.7 14.6 0.0
HO4m 88.6 0.0 1.6 9.3 0.5

Fi12 LAERHOWR (EE)
Table 12 Breakdown of the operation time (EE).

Exec  Miss Hit Token  Stall
YAFA | (%) (%) (%) (%) (%)

WA 88.5 4.4 0.0 7.1 0.0
HO1 92.5 0.0 0.0 7.5 0.0
HO2 89.3 0.0 0.1 10.6 0.0
HO4 85.3 0.0 0.1 14.6 0.0

#13 LHEEHONR (FFT)
Table 13 Breakdown of the operation time (FFT).

Exec  Miss Hit Token  Stall
Y AT A (%) (%) (%) (%) (%)

WA 85.7 0.0 0.0 14.3 0.0
HO1 85.6 0.0 0.1 14.3 0.0
HO2 79.7 0.0 0.3 20.0 0.0
HO4 77.0 0.0 0.3 22.7 0.0
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