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Proposal and Evaluation of a Logic Block Architecture
for Reconfigurable Logic

MASAHIRO IIDAT and TOSHINORI SUEYOSHI'

In this paper, we propose a logic block architecture of programmable logic that is suitable
for reconfigurable computing. Our logic block contains configuration data cache for holding
multiple contexts and the LUT (Look Up Table) that has the functions of multi-context and
clustering. The context is a unit of configuration data for circuit. we evaluate implementation
efficiency, implementation area and configuration data bits through mapping some benchmark
circuits. As a result of the evaluation, the implementation density is improved up to about
2.5 times than the conventional logic block using 4-LUT by means of the configuration data
cache. The implementation efficiency is improved about 6% by clustering of LUT. Moreover,
the implementation area and the amount of the configuration data indicate minimum values
respectively by means of the multi-context.
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> Table 6 Impelementation results of ALU16.
L AND
A{D—‘.# XOR LUT 00 LBO 0000 DDDDD.D DDDE
> > ) @) (bits)  (mm?7)
[ not Q 3-LUT 579 667 7,300 88.57
BH] ) < + > 4-LUT 341 429 7,172 62.24
> 5-LUT 354 442 13,096 79.47
b > NE 6-LUT 334 422 23,064 95.68
o> GT > 7-LUT 211 299 28,204 80.40
— 4-LUT*4 191 471 8,505 56.01
e 4 3-LUT*8 184 637 6,876 53.96
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]

07 ALU16 00000
Fig.7 Structure of ALU16.

05 O000O0O0OO0OOOOOOOODOOO
Table 5 Number of logic blocks used for each benchmark

circuit.
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tseng 1,185 957 874 784 698
ACS4 267 179 97 100 83
DIV8 459 391 313 259 209
FFT6 3,982 2,640 1,813 1,622 1,159
DES16 2,194 1,931 950 726 981
MASI 1,000 647 421 406 364
SCU 1,055 839 625 531 534
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Table 7 Ratio of logic block stages in each LUT
granularity to 4-LUT.
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ACS4 1.38 1.00 0.73 0.69 0.50
DIV 1.28 1.00 0.88 0.76 0.76
FFT6 1.32 1.00 0.79 0.84 0.79
DES16 1.28 1.00 0.78 0.78 0.56
MASI 1.05 1.00 0.59 0.68 0.59
SCU 1.31 1.00 0.88 0.81 0.88
oo 1.27 1.00 0.77 0.76 0.68

08 0LUTODOOOODOOODOOO
Table 8 Rate of various inputs actually used in each LUT

granularity.
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100 0.91 1.11 1.47 0.08 0.90
200 17.59 13.38 7.59 9.21 6.55
300 81.50 22.58 19.87 7.23 8.12
400 - 62.94 2407 16.16 18.19
500 - - 47.01 25.62 12.29
600 - - - 41.70 17.96
700 - - - - 35.98
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09 BNOOOO 4-LUTO000O00O0DOOO
Table 9 Number of circuits per the area of 4-LUT in each

BN.

cbcooon 4-LUTO0O0O0O 4-LUT OO
BNO bitO ooo oooo oooooooo
64 4.66 2.93 0.63
128 5.16 4.40 0.85
256 6.02 7.33 1.22
512 7.47 13.20 1.77
1,024 9.91 24.94 2.52
2,048 14.08 48.41 3.44
4,096 21.32 95.35 4.47
8,192 34.22 189.24 5.53

010 LUTOOOO0OO0OD 4-LUTOO0OO000DO0 Re=0.10
Table 10 Delay ratio in every stage ratio of LBs to 4-
LUT (R4=0.1).

cbcooono goooooooooooooo

BNO bitO 0.70 0.75 0.80 0.85 | 0.90
64 bit | 0.87 | 0.93 | 0.99 | 1.05 1.12

128 bit | 0.87 | 0.94 | 1.00 | 1.06 | 1.12

256 bit | 0.88 | 0.95 1.01 1.07 | 1.13

512 bit | 0.90 | 0.96 1.02 1.09 | 1.15

1,024 bit | 0.92 | 0.98 1.05 1.11 1.18
2,048 bit | 0.95 1.01 1.08 1.15 1.22
4,096 bit | 0.99 1.06 1.13 1.20 | 1.27
8,192 bit 1.05 1.12 1.20 1.27 | 1.35

@ 1.50 -2.00
0 1.00 -1.50
00.50 -1.00

Delay Ratio :

Delay coefficient =~ 256
d 128
Rd 4
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Fig.8 Delay ratio to 4-LUT by Rd (Ng/N4=0.75).
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