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New Computation Model Queue Machine and Its Application
to Parallel Functional Programming Languages

ATUust MAEDAt and MASAKAZU NAKANISHIT

We present a new evaluation scheme for expressions called queue machine model of ezecution
which enables automatic (implicit) parallel execution of functional programming languages
with very small synchronization overhead without special hardware support.

In purely functional languages, multiple function call can be evaluated parallely without
changing semantics of the program. But when implemented naively, synchronization overhead
to wait for termination of all subcomputations becomes prohibitive. Moreover, local context
information usually stored in stack must be maintained in garbage-collected heap. So overhead

of memory management also increases when compared to sequential implementations.

In this paper, we show that by emulating execution model of queue machines and by re-
placing stacks with queues, the overhead can be drastically reduced and parallel function
invocation can be implemented efficiently on stock hardware.

Preliminary measurement of prototype implementation based on this technique is presented.
The measurement shows that, although programs compiled with our prototype compiler run
slower than other implementations on sequential machines, they show good scalability and
run faster than sequential implementations when executed with two or more processors.
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®1  thread B & LT (B )

Table 1 Number of threads vs. elapsed time (in seconds).

IR EA (fib 35) MIxHEER | (tak 27 18 9) ALK 1 1
LL (1 thread) 17.66  (1.00) 7.76  (1.00)
LL (2 threads) 8.69  (0.49) 3.92  (0.51)
LL (3 threads) 6.86  (0.38) 2.77  (0.36)
LL (4 threads) 4.92  (0.28) 2.11  (0.27)
GCC (B8%) 9.35  (0.53) 3.98  (0.52)
CMU CL (&#) 14.33  (0.81) 4.84  (0.62)
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