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CMA: A Ultara Low Power Reconfigurable Accelerator

NoOBUAKI OZAKIAND YOSHIHIRO YASUDAAND Y OSHIKI SAITOAND
DAISUKE IKEBUCHIAND MASAYUKI KIMURAAND AMANO
HIDEHARUAND HIROSHI NAKAMURAAND UsAMI KIMIYOSHIAND
MIDARO NAMIKIAND MASAAKI KONDOAND{#1#1,#1,11,11,11,12,13,14,15

CMA (Cool Mega-Array) is a high energy-efficiency reconfigurable accelerator for battery-
driven mobile devices. It consists of a large processing element (PE) array without memory
elements for mapping the data-flow graph of the application being executed, a small simple
programmable micro-controller for data management, and a data memory. Unlike traditional
coarse grained reconfigurable processors in which each PE provides registers and context mem-
ory, a CMA rduces power consumption by doing away with that for switching of hardware
context and storing intermediate data in registers and their clock distribution. Although the
data-flow graph mapped on the PE array is static during execution, various application pro-
grams can be implemented by making the best use of flexible data management instructions in
the micro-controller. When the delay time of the PE array is shorter than the data handling
time taken by the micro-controller, the supply voltage for the PE array is scaled to reduce the
power consumption without degrading the performance. In contrast, when the delay time of
the PE array is longer, wave pipelining is applied to enhance performance of the PE array.

A prototype CMA chip (CMA-1) with 8 x 8 PE array with 24-bit data width was fabricated
on the basis of 2.1x 4.2-mm 65-nm CMOS technology, and achieves sustained performance of
2.5-GOPS/11.2-mW. This energy efficiency is comparable to that of the most-energy-efficient
accelerators that have been reported.
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Fig.1 (a)Dynamically Reconfigurable Processors and
(b)CMA architecture

00000000000000000000000O0
00000000000000000000000O0
0000 PEOOOOOOOOOODOOOOOOO
PEOOOODOOOOOOOOOOOOOOOOOO
000000000000000000000000
000000000000000000000CMA
000(1)0000000000000000000
00(2)PE0DDDOONOOOOORBPEIDODDDD
000000000000000000000000
O00O000OOPEOOOOOOODOO (2)0000
0000000000000 (1)0000000PE
00000000000000000000000O0
000000000000PEOOOOOOOOO (2)
00000000000000000 (1)00000
OOPEODOOOOOOOOOOOOOODOOOOO
000000000000000000000000
000000000 PEOOOOOOOOOOOOO
000000000000000000000000
00000000000000
010CMAOOOOOOOOODOOOOOOO
00000000 (0 1(a)) 0000 PEOOOOO
0000000000 (O 1(a)(Regs)) 000000
ALUOODOOOOPEOOOOOOOOODOODOO
00000000000D0O00O00000000PED
ALUODOOO00000000000 (O 1(a)(Context
Mem.)) 00000000000000O0O0000O0O
0O00000000o0ooooYe99Yggooooon
0000000000 PEODOOOOOOOOOOO

ESS2011
2011/10/20

7—‘l747n:>FD—3&
i BRIBRLOZRSE

IIIIIIIII'IIII II 3
lll'llllll II E
] [
e |
e -l
rmee . i
T 0
= ¥
=

1 s -
S R
=

1 e
T “ulm

\all

D EE - 7 X L AER L

02 CMA-1000000
Fig.2 Chip photograph of CMA-1.
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Fig.3 Block diagram of CMA-1
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Fig.5 Timing diagram of application execution on CMA
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