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General-purpose instruction processors have dominated computing for a long time. However, they tend to lose performance when dealing with non-standard operations and non-standard data not supported by the instruction set format. The need for customizing instruction processors for specific applications is particularly acute in embedded systems, such as cell phones, medical appliances, digital cameras and printers. One way of supporting customisation is to augment an instruction processor with programmable logic for implementing custom instructions and another method is to implement them using existing FPGAs. 

Digital embedded systems typically contain one or more programmable processors to run application-specific software. A processor can be general-purpose with extensive tool and operating system support, or special-purpose with better performance and less versatility. Microcontrollers and embedded controllers are special kinds of programmable processors used to control the embedded system and monitor its environment, while digital signal processors (DSP processors) are ideal for high data rate computations.

Advantages of DSP processors include high performance in repetitive, numerically intensive tasks. Disadvantages include generally high cost. A recent study also indicates that many commercially available DSPs lack adequate compiler support

Application-specific integrated circuits (ASICs) give the highest performance possible

to embedded system designers. ASICs consist of logical function cells, such as nand and nor gates, and reusable macro blocks, such as adders and multiplexers. ASIC tools have developed to the extent that simple behavioral specifications can be synthesised rather quickly. Even so, ASICs are not commonly used in the prototyping stage of system design cycle because they offer no programmability and their cost is high.

Application-specific instruction-set processors (ASIPs) are an emerging design paradigm that offers an intermediary solution between ASICs and programmable processors Typically, ASIPs consist of custom integrated circuitry that is integrated into a programmable processor core. ASIPs usually feature a small instruction set that contains a selection of standard instructions that are useful in the application, and a number of specialised instructions that take advantage of the custom IC functions. Such specialised instructions might perform filtering, Viterbi decoding, channel encoding and decoding, etc. Advantages of ASIPs include high performance and increased design flexibility because late design changes can be accommodated by updating the application software running on the ASIP. However, system-level design tools for ASIPs are currently not commercially available. It seems that the main reason for this is the increased complexity in compiler construction. As a consequence, 75-90 percent of embedded system software code is written in assembly language.

Other common components include custom analog circuits and field-programmable gate arrays (FPGAs). Recently, the emergence of FPGA chips has significantly fa-cilitated fast prototyping of embedded systems. FPGAs contain a regular grid of logic cells which can be rapidly reconfigured. Although FPGAs are commonly used during system design they are usually replaced in the final product with custom circuitry, such as ASIC chips, due to higher performance and lower cost. However, sometimes reconfigurability is an essential part of the functionality of the product and FPGAs must be used. In virtual hardware systems the complete design is partitioned into sub-circuits. Only one of these sub-circuits is configured in the FPGA at a time, and reconfiguration takes place when necessary. The reconfiguration overhead is negligible if the circuit is employed hundreds or thousands of times before a reconfiguration step occurs. The great variety of components used in hardware-software systems implies that much effort must be put on interface design. The specification and implementation of hard-ware- software interfaces can present a real problem. It is commonly believed that in-terface design is the key factor that differentiates successful and unsuccessful codesign methodologies from each other. Interface related problems arise from the many complex design issues involved, including handshaking protocols, multiparty scheduling, and mutual exclusion.
Why are ASIPs used?

In a hardware-software co-design methodology, the hardware and software components of an embedded system are designed jointly. Once the designer has determined which parts of the system functionality will be implemented in hardware, and which parts in software, then each of the hardware and software components are designed separately using appropriate tools (hardware synthesis, code generation and hardware-software cosimulation tools). Depending upon the results of simulations, the original design specification may be re-repartitioned and the process reiterated until the system requirements are satisfied. 

Embedded systems, increasingly include ASIPs (Application Specific Instruction Set Processors). The key advantage of these programmable components is a tradeoff between efficiency and flexibility since software allows late change in the design cycle and reuse of existing hardware components. 

Retargetable code generation  tools play an crucial role in  the ASIP design process since many instruction set architectures have to be evaluated.  The target architecture may be changing in order to minimise cost, speed, code size, and power consumption and/or to increase performance of the whole system. This is achieved by designing its architecture, generating code for it, and then evaluating the code for desired performance. 

It has been shown that by using ASIPs, a significant reduction in power consumption in devices can be achieved. For instant, 50% power reduction for ISDN-hands free phone. Large instruction word allowed for low clock frequency (France Telecom). 50% power reduction in GSM application (Alcatel). Two ASIPs replaced 8 commercial DSPs 50 MIPs at 20Mhz instead of 116 Mhz (Italtel)

ASIPs Synthesis:

Study the selected processor architecture (preferrably one with available synthesisable VHDL description.) To identify the variable parameters of the selected processor. To trim the processor description as needed by the application and synthesise the processor. This processor will then be tested by simulating various applications on it.
