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s Add more memory
s Increase on-chip cache/primary memory

» Increase system integration
s Add I/O controllers, graphics accelerators

s Enhance computational capability
s Increase parallelism in all forms




» Instruction level parallelism
s Pipelining
» Superscalar
» Very Long Instruction Word

» Application level parallelism
» Parallel programming
» Multiple threads
» Multiple processes




» Issue multiple instructions in each cycle
s Multiple issues are not due to pipelining
s Several functional units of the same type, e.g. ALUs

» Dispatcher reads instructions, decides which can run in
parallel

s In VLIW, dispatcher complexity moved to compiler




» Multiple threads share functional units
s Independent hardware state of each thread duplicated

s Types of multithreading:

s FIne grained
Switch between threads on each cycle

. Coarse grained
Switch between threads only on costly stalls




» Combine superscalar and multithreading

s From superscalar
Issue multiple instructions per cycle

s From multithreading
Hardware state for several programs/threads

» Result

Issue multiple instructions from multiple threads in
each cycle







