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Abstract

Recently, mobile devices like smart phone have become multifunctional. High performance and
prolongation of time driven by a battery are required along with it. Coarse Grained
Dynamically Reconfigurable Processors (CGDRPs) have been paid considerably attention as an
accelerator. CGDRP has an array of processing elements (PEs) and memory modules. ~ Some
CGDRPs provide multiple sets of configuration data called hardware contexts, and execute
application programs by switching them in one or a few clock cycles. Since the data flow graph
of the target computation can be directly mapped and executed with the numerous PEs in the PE
array, the required performance can be achieved. However, CGDRPs still have energy can be
saved. One is the frequent dynamically reconfiguration of the PE operations and their
interconnection. Another is for storing of intermediate results in PE registers. The large clock
tree distributed in the PE array for the dynamic reconfiguration and intermediate storing also
consumes a lot of power.

Therefore, | proposed a highly power efficient media accelerator architecture called Cool Mega
Array or CMA. CMA architecture consists of a large PE array using combinational circuit, micro
controller for data management, and the data memory. PE array reconfigures application by
application, and maintains flexibility by using large scale array. PE array can be extended
without being bothered decrease of energy efficiency because of the clock tree localized to micro
controller. CGDRPs are bothered by difference of delay of each PE operations for increasing the
pipeline stage, on the other hand, CMA can reduce this overhead and control performance easily
by using combinational circuit.

In this thesis, | propose CMA-1 which has 8 x 8 PE Array, and optimize implementation
method of application and control method. When implementing an application to CMA, place
operations for single data in the vertical direction of the PE array and use direct-link
preferentially in order to reduce delay of PE array. Additionally, | have extended the bit width of
input data to PE array and reduced the frequency of data fetch in order to reduce workload of
micro controller. As a result, CMA-1 has achieved 2.72 GOPS/11.2 mW (247 MOPS/mW).
This result is 10 times the power efficiency of MUCCRA-3 implemented in the same area using
same 65nm CMOS process, and highest level power efficiency in the world. Wave-pipelining
improves power efficiency 2.1 times when the supply voltage to PE array is lowered below
0.6V.Next, | optimize connection network of PE array. 22% area
and 23% power reduction were achieved without impairing the flexibility by providing links that
share the same constant value for the PEs in the same row in PE array.

Then, | compared offload engine style CMA and co-processor style CMA. As a result,
co-processor style CMA reduced 24.8% area, and achieved 2.7 times improvement of
performance. Therefore, | revealed that co-processor stile accelerator is suitable for small-scale
system using 65nm CMOS process in order to enhance power efficiency.




