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This dissertation presents techniques to improve the performance of mixed-mode virtual machines (VMs),
which use both an interpreter and a dynamic compiler. Such VMs are widely used for implementing
runtime systems of programming languages and have good steady-state performance and short startup

times.

Production systems can be characterized with various performance metrics other than the steady-state
one, such as the startup time and response time to changes of program behavior, total performance of

multiple programs in a system, and the time to debug a problem in a runtime system.

The first contribution of this dissertation is a technique to increase the execution speed of an interpreter.
In a mixed-mode VM, the interpreter executes a piece of code until it is dynamically compiled, and most
of the code in a newly started program and the code executed just after changes of program behavior are
not compiled. We improved interpreter performance by up to 30% by eliminating redundant memory

loads for fetching bytecode instructions.

The second contribution is a technique to reduce the inefficiency caused by a dynamic compiler's memory
allocation pattern. Efficient memory usage helps to avoid thrashing and keeps the total performance of
multiple programs good even under high loads. We performed in-depth analyses of Java memory usage
and found a large amount of unused memory in the system library's free list. We reduced 78% of its

physical memory consumption by explicitly releasing its page frames.

The third contribution is a technique to reduce the overhead of the trace-and-replay mechanism of a
dynamic compiler. A dynamic compiler is very difficult to debug because simply rerunning the same
program does not necessarily reproduce the problem. We devised a technique to implement a
trace-and-replay functionality for the dynamic compiler by recording all inputs to the compiler with a
small overhead. We utilized a process dump to reduce the amount of data recorded during the execution

of a program.
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