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	1. Introduction

When designing embedded systems digital hardware, developers often should reach the necessary performance with the use of limited number of hardware resources. Usage of DSP and VLIW processors can raise the performance by parallelizing the execution of certain instructions and usage of specific instructions those processing algorithms are implemented in hardware.

The most effective hardware usage can be reached by using application specific processors. Today many developers can design application specific processor and implement it in reconfigurable chips. The actual problem is lack of the digital devices design software.

2. Our approach

Our software is intended to design hardware schemes that implement complex data processing algorithms. The system is based on the optimizing compiler that translates high level programming language into hardware description. The system is integrated with high level hardware design software WInter [1] and IEESD [2] that was developed in Gomel State University, Belarus. It provides simulation, debugging and automated testing of digital hardware schemes.

Our system can be used to design application specific processors for embedded systems. Utilizing application specific hardware schemes can have advantages upon standard microprocessors usage. Our approach to digital devices design can reduce the time and cost of embedded system hardware and software development.

Application specific schemes can utilize hardware resources more effectively by parallelizing instructions execution and memory accesses. Wide range of applications that require large volume of calculations can have advantage of parallel processing. The examples of such applications are video and audio data processing. It makes possible to use application specific solutions in portable devices that require high performance, small size and low power consumption.


	
	3. Alternative solutions

Alternative solution is to use DSP or VLIW processors. Our approach can be preferred when the data processing algorithm can be sufficiently speed up by utilizing parallel processing. DSP and VLIW processors have strict restrictions on parallel processing. VLIW processors require that all parallel groups of instructions must be defined at the time of compilation.

Our method of hardware generation is based on the microprogram automaton concept. It is very flexible and it makes possible to parallelize unlimited number of instructions and memory accesses. 

4. Hardware resources usage optimization

When generating parallel processing schemes, one of the most important problems is hardware resources usage. Parallelizing some kinds of instructions requires exponential grow of the quantity of hardware resources. We have developed a number of optimization algorithms that can produce good hardware resources to performance ratio. There can be some optimization criteria, for example, the maximum performance with the limited number of hardware resources, or minimal hardware usage, or good hardware usage to performance ratio. Some kinds of optimization can utilize heuristic methods to evaluate instructions execution frequencies, and parallelize only those of them that will result in maximum growth of performance. There is also possibility for programmer to define implicit parallelism of some program blocks.

5. System components

The software consists of the modules:

a) Complier from the high level programming language into the intermediate representation;

b) Intermediate representation optimizer. It analyses the program, finds instruction and block level parallelism, and executes some other optimization algorithms;
c) Virtual machine executable code generator. This code is used for modeling and scheme generation;

	d) Hardware description generator. It is integrated in IEESD. It generates optimized by the selected criteria hardware description. IEESD can generate the scheme description in Vhdl;
e) Microprogram automaton virtual processor model. It is used for modeling the device activity in IEESD and WInter. It executes virtual machine code. There are two ways to simulate the device in IEESD: the generated scheme modeling and use of the model of virtual processor that execute the generated code. The last option provides higher modeling speed. It can be used for debugging. The virtual processor model in IEESD environment looks like the processor with external pins that are described in the source program;
f) Source code debugger is integrated in IEESD and WInter. It have all usual features of high level programming languages debuggers – step by step execution, breakpoints, viewing variables etc. Besides that, the developer can use automated testing system that run the program on the given set of tests and generates the detailed report.
6. Conclusion

In general, our software package can be useful for embedded systems developers. It covers all design stages from the description of the algorithms in the subset of ANSI C to generation of Vhdl hardware description. More information about this research is located at http://newit.gsu.unibel.by.
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