Vol. 43 No. 5

goooooooo

May 2002

obogbgoguoboogad
guooobboboouooooon

0O o o of

g

O O O ofe

oogofteeg o o oOff

ooooooooooooobooooooboboOoOoOoooooOoboOoOobOOoOobOOOODOODDDObOD
goboooooOo0ooOoOoO0OoO0obboOoOOOO0OOOOOO00OOOO0O0O0OOO0OO0O000O0O0
gdboooooooooooooooooooooobooOoOoOO0ObO0O0b00oOooOooooooo
00320000000000000000000000000000 9.14%000000 94.75%0
00o0ooooooooooooooMIPSR-30000000000000000000O0000O
0000000287 %0 00000 100%00000000000000

An Architecture Level Area Estimation Method
for Pipelined Processors

AKICHIKA SHIOMI,t HIROYUKI KUsu,te MAKIKO ITOHttoe
and MASAHARU IMATTt

This paper proposes an architecture level area estimation method for pipelined processor,
that can be used for design space exploration in an early stage of processor design. The
proposed method utilizes the number of pipeline stages, number of user defined resources,
number of instructions, and data bit width. The experimental results using some derivative
processors based on MIPS R3000 instruction set demonstrate the effectiveness of the proposed
method. Area estimation error was up to 9.14% and fidelity of estimated value was at least
94.75% for 32 learning samples; and estimation error was up to 2.87% and fidelity was at least

100% respectively for 5 evaluation samples.
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Fig. 1

The processor model to assume.
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Table 1  Specification of processors used for estimation of parameters.
ooooooo ooo
0oo Whyipe | Ninst | Npes | Waata Ares Acnt Apipe Aser AREA
BASE3a 3 53 17 32 | 40961.24 | 1253.45 6252.09 | 2345.73 | 53323.10
BASE3c 3 53 18 32 | 41118.13 | 1262.05 6252.09 | 2345.73 | 53500.98
BASE4a 4 53 17 32 | 41287.83 | 1619.28 | 10743.79 | 2347.30 | 54823.76
BASE4b 4 53 17 32 | 41287.83 | 1729.25 | 11624.84 | 2347.30 | 56080.71
BASE4c 4 53 18 32 | 41444.71 1657.26 | 10743.79 | 2347.30 | 54941.80
BASE5a 5 53 17 32 | 41488.21 1762.37 | 17341.07 | 2369.45 | 56873.70
BASES5b 5 53 17 32 | 41488.21 1858.05 | 18222.13 | 2369.45 | 57728.75
BASES5c¢ 5 53 18 32 | 41645.10 | 1747.01 16941.16 | 2369.45 | 56726.58
MA3a 3 53 17 32 | 54612.10 | 1363.41 6478.38 | 2252.41 | 71699.80
MA3c 3 53 18 32 | 54768.99 | 1408.66 6479.23 | 2252.41 | 72436.92
MA4a 4 53 17 32 | 54938.69 | 1837.05 | 11064.19 | 2381.09 | 74378.75
MA4b 4 53 17 32 | 54938.69 | 1828.29 | 11930.28 | 2381.09 | 75758.97
MA4c 4 53 18 32 | 55095.57 | 1796.57 | 11064.19 | 2381.09 | 74565.05
MAba 5 53 18 32 | 55565.49 | 1959.04 | 16448.98 | 2403.24 | 77657.14
MAS5b 5 53 18 32 | 55565.49 | 1964.35 | 17315.07 | 2403.24 | 78621.05
MAS5c 5 53 19 32 | 55722.38 | 1866.68 | 16448.98 | 2403.24 | 77674.17
ML3a 3 52 15 32 | 47246.55 | 1603.88 5971.95 | 1803.45 | 62617.19
ML3c 3 52 16 32 | 47403.44 | 1401.73 5986.05 | 1803.45 | 63048.88
ML4a 4 52 15 32 47573.14 1818.69 10037.22 1932.13 64546.11
ML4b 4 52 15 32 | 47573.14 | 1849.16 | 11330.59 | 1932.13 | 65677.05
ML4c 4 52 16 32 | 47730.03 | 1743.98 | 10037.22 | 1932.13 | 64553.89
ML5a 5 52 15 32 | 47773.53 | 1776.81 15355.25 | 1954.27 | 65383.66
ML5b 5 52 15 32 | 47773.53 | 1903.28 | 16648.61 1954.27 | 66743.16
ML5c 5 52 16 32 | 56492.23 | 1797.67 | 15355.25 | 1954.27 | 65509.77
MAL3a 3 55 18 32 | 55038.52 | 1658.66 6904.80 | 2534.34 | 74132.08
MAL3c 3 55 19 32 | 55195.41 1683.75 6918.91 | 2534.34 | 73866.75
MAL4a 4 55 18 32 | 55365.11 1852.12 | 11490.61 | 2663.02 | 77081.62
MAL4b 4 55 18 32 | 55365.11 | 2030.44 | 12356.70 | 2663.02 | 77873.43
MAL4c 4 55 19 32 | 55521.99 | 1884.30 | 11490.61 | 2663.02 | 77086.38
MAL5a 5 55 19 32 | 55991.91 | 2012.36 | 16875.40 | 2685.17 | 80482.55
MALS5b 5 55 19 32 | 55991.91 | 2104.79 | 17741.49 | 2685.17 | 80575.08
MALS5c 5 55 20 32 | 56148.80 | 1936.61 16875.40 | 2685.17 | 80514.84
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Table 2 Value of adjusted multiple correlation R,

standard error Se and parameter «;.

Aser Apipe Acnt

R 0.93 R 0.94 R 0.86
Se 83.83 Se 1207.64 Se 99.54
o 436 | a5 069 | ag 332.95
as 2.58 | ag 2.55 | ag ~312.62
as 1.55 ar 42.77 a1 1769.70
ey | —211.00 a1l —47.98
19 57.03

13 —11400.26
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Table 3 Comparison of estimated area and measured

value.

0oo ooo 0000 | 00 [%)
BASE3a | 53323.10 | 52514.78 —1.52
BASE3c | 53500.98 | 52775.57 —1.36
BASEda | 54823.76 | 57006.83 3.98
BASE4b | 56080.71 | 57006.83 1.65
BASE4c | 54941.80 | 57406.11 4.49
BASE5a | 56873.70 | 61372.67 7.91
BASESb | 57728.75 | 61372.67 6.31
BASESc | 56726.58 | 61910.44 9.14
MA3a 71699.80 | 66165.64 —7.72
MA3c 72436.92 | 66426.43 —8.30
MA4a 74378.75 | 70657.69 —5.00
MA4b 75758.97 | 70657.69 —6.73
MA4c 74565.05 | 71056.97 —4.70
MA5a 77657.14 | 75830.83 —2.35
MAS5b 78621.05 | 75830.83 —3.55
MAS5c 7767417 | 76368.60 —1.68
ML3a 62617.19 | 58219.75 —7.02
ML3c 63048.88 | 58480.54 —7.25
ML4a 64546.11 | 62460.80 —3.23
ML4b 65677.05 | 62460.80 —4.90
ML4c 64553.80 | 62860.08 —2.62
ML5a 65383.66 | 66575.65 1.82
ML5b 66743.16 | 66575.65 —0.25
ML5c 65509.77 | 67113.42 2.14
MAL3a | 74132.08 | 67441.03 —9.03
MAL3c | 73866.75 | 67701.82 —8.35
MALda | 77081.62 | 72019.61 —6.57
MAL4b | 77873.43 | 72019.61 —7.52
MAL4c | 77086.38 | 72418.89 —6.05
MAL5a | 80482.55 | 77279.29 —3.98
MAL5b | 80575.08 | 77279.29 —4.09
MAL5c | 80514.84 | 77817.05 —3.35
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Fig. 2

Comparison of estimated area and measured value.
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Table 4 Comparison of estimated area and measured value of evaluation samples.

ooooooo oo
ooo Npipe Ninst Nres Waata Apes ooo oooo 00 [%]
oo1 5 52 11 32 | 39342.69 | 55744.05 | 56621.30 1.57
oo2 4 57 12 32 | 54495.14 | 72470.61 70388.39 —2.87
oo 3 3 49 10 32 | 48054.42 | 58034.46 | 57390.48 —1.11
004 5 54 11 32 | 39342.69 | 57939.35 | 57262.45 —1.17
oos 4 59 12 32 | 54495.14 | 72524.87 | 71081.50 —1.99
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Fig.3 Comparison of estimated area and measured value of evaluation samples.
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