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We will review some research effort in high level synthesis of integrated circuits and systems and speculate on possible directions for the VLSI/CAD community to meet the challenge of providing methodology and tools for designing complex system-on-a-chips (SOCs).

Since early 80s, HLS pioneers have been advocating a design paradigm shift from the traditional “capture-and-simulate” approach to a “describe-and-synthesize” one. Unfortunately, over-simplified assumption and too much emphasis on point algorithms/tools instead of realistic methodology development have kept users away from the new playground. Before RTL synthesizers, exemplified by Synopsis’s Design Compiler, become mainstream in the 90s, tons of paper have been written, numerous panels/debates held, and dozens of startups/projects initiated and folded.

Generally, high level synthesis is a binding process from objects in the behavioral domains to objects in the structural domain: operations to functional units, variables/signals to storage units, and data transfers to wires, muxes or buses. What makes synthesis difficult is the interdependency among all subtasks. For example, scheduling of operations into time-steps depends on the types and amount of functional units available, and vice versa. Many techniques have been borrowed from computer architecture and compiler community.

Into the next decade and the so-called “post-PC era,” we are to design for more diversified applications more complex SOCs with heterogeneous building blocks from both internal repository and external suppliers. Reusable silicon intellectual properties (IP) suddenly become indispensable, and software is as important as hardware. Design methodologies/flows are again called for a paradigm shift. How do we put the lessons learned from the past into good use will determine how well we can meet the challenge.

We should deal with both IP creation and usage. We should encourage the accumulation and proliferation of silicon intellectual properties. IP synthesis should address reusability, scalability, verifiability, and testability. SOC integration should deal with design exploration, IP selection and integration, software issues, and test planning. The freedom of IP synthesis will be limited by the emerging protocol of on-chip bus and interface. 

Inevitably, most SOS will be implemented in very deep submicron process technology in which wiring delay becomes dominant and will not be available during traditional logic synthesis stage and above. Therefore, synthesis must be tightly coupled with layout design and verification. We have seen various integration of layout and logic synthesis such as restructuring and buffer insertion/sizing. For high level synthesis, layout information is even far away. Accurate timing estimation/characterization from bottom-up will be an essential issue.

We might have been over-ambitious by trying to automate too much. A more realistic approach in the SOC era is to aid instead of to automate the design process. Given the complex system chips to be design, the design space is enormously large. Designers will appreciate synthesizer that can help them exploring the design possibility at the high level during early stage design.

In addition to training students for the industry and publishing research result to share with the world community, it is interested to see whether this community can have more direct profound impact on domestic IC design, IP authoring, and EDA industry and policy. 

