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Implementing Functional Programs Based on the SPMD Model

MITSUHIRO NAKAIZUMI,t HONG SHEN,! HIROAKI KOBAYASHI!
and TADAO NAKAMURA!

Functional languages, which are different from the imperative ones, are characterized with
the referential transparency, high programming productivity, and the ease of program veri-
fication. However, they are prevented from wide acceptance due to the inefficiency of their
implementation on conventional computers. Parallel execution of functional programs utiliz-
ing their potential parallelism is a promising way to solve this problem. This paper studies the
parallel execution of functional programs based on the SPMD model. We realize the parallel
execution of functional programs on parallel computer IBM SP2. The experimental results of

benchmark programs reveal the perspective of the execution model.
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Combining Forms

apply ° fog:x=f:(gix)

apply-to-all o o fr<xl, w xn>=<fixl, .., f:xn>

cons {) {f, g) : x =<fix, gix>

Primitive Functions
idix=x
add : <xl,..xn> =x] +X2+ ... +Xxn
mul: <xl,.xn>=x] *x2% .. *xn
distr : <<xl, ..., Xn>, y> = <<x1, ¥>, ..., <X0, Y>>
trans : <x1, ..., xn> = <yl, ..., yn>

3 yj is the sequenc
of jth elements of xi 's
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Fig. 1 Typical combining forms and primitive functions of FL

def mmul = a:(0:IP)o(al: distl) o distro [s1, transos2] where
{
def IP= add o (@ :mul) otrans
b
2 TFRKFL w775
Fig. 2 FL program Performing matrix multiplication
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Fig. 3 Reduction graph of the matrix multiplication
program
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Fig. 4 Examples of message passing subroutine
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20x20 8824 8000
30x30 28834 27000
40x40 67244 64000
50x50 130054 125000
4Queens 1442 827
5Queens 6952 4083
6Queens 35768 21165
7TQueens 170148 101215
8Queens 873318 520831
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