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Presentation Handout

Partitioning Design Process

This design process is based on the theory that 90% of the execution time is spent in 10% of an applications code. It would therefore be very desirable to make that 10% of code execute quickly, hence improving the overall performance of the application. As a result, the emphasis of this design route is on partitioning an application into a software part and a hardware part. The application is initially profiled to highlight the “hotspot” functions i.e. the regions where most of the processing time is spent. The results from this are used to manually partition the application into two sets. One set will run on host machine’s CPU (software components), and the other will run on the FPGA (hardware components). These two sets of components will need to communicate with one and other, so it is necessary to implement process synchronisation and inter-process communication. Simulation is performed to obtain design verification and performance results, which will be fed back into the design process for the next iteration. The design stops when there is no more performance advantage in promoting functions to hardware.

ASIP Design Process

The basis of this design process is to develop a processor that can be mapped onto the gates of an FPGA. This processor should then be able to execute programs using the gates of the FPGA and external memory. This is different to the partitioning method highlighted above as the application is simulated on the FPGA rather than executed directly upon the gates. In order for this to work, code will need to be generated specific to the processor we implement. Therefore the C compiler GCC will need to be re-targeted to compile programs for our processor. It is intended to optimise the instruction set of our processor in relation to our chosen application. This will be performed by several iterations of a design loop, in which the instructions that are most and least frequently used will be identified. This will enable us to remove instructions that are deemed redundant. Simulation will be used to verify that the version of the software run on the ASIP is functionally equivalent to the original software implementation.  The outputs of the two programs are compared to identify differences that may signify errors in either the compiler or the processor model.  Due to architecture differences, e.g. floating point vs. fixed-point arithmetic, reasonable tolerances and methods of comparison must be identified.  It is envisaged that the development cycle of the processor model will terminate when one of two outcomes occurs.  Either the maximum number of gates on the FPGA will be reached, or the processor will have developed such that any modifications to the instruction set will have a detrimental effect on the execution speed. 

Application

The non-trivial application we chose to implement in our system was the compression/decompression and encryption/decryption of sound. This was deemed non-trivial, as the two processes are both computationally intensive on there own. The instruction mix of the two methods is different, with the compression of sound using mostly real numbers while cryptography uses large integers. It was decided upon to use MP3 to perform the compression and to use RSA together with PGP (Pretty Good Privacy) to perform the encryption.

Partitioning Design Model
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ASIP Design Model
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