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Compiling Technique based on Dataflow Analysis for Functional
Programming Language Valid

Eiichi TAKAHASHI, Rin-ichiro TANIGUCHI and Makoto AMAMIYA

In this paper, we present a compiling method to translate a functional programming language Valid into an
object code executable on a commercially available shared memory multiprocessor (a Sequent Symmetry S2000).
Since the cost of process management is very high in such a machine, we exploit coarse-grain parallelism at func-
tion application level, and the function application level parallelism is implemented by fork-join mechanism.
The compiler translates Valid source programs into controlflow graphs based on dataflow analysis and then
serialized instructions within graphs according to flow arcs such that function applications which have no data

dependency with each other are executed in parallel.

We report results of performance evaluation of the compiled Valid programs on Sequent S2000 and discuss

usefulness of our method.
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function fibo (n:integer) return (integer)
= if n < 2 then 1 else fibo(n-1)+fibo(n-2) ;

Fig. 1 Example of controlflow graph.

if p(x) then qt(y) else qf(z) if ExpPc then EXPt else EXPf

y X z refered in EXPtor EXPf

(a) (b)

Fig. 2 Controlflow graph of conditinal expression.
(a) Example of graph.
(b) Structure of graph.

for (x, y) init (t1(a), f2(b)) do for (v1,v2,..,vn) init (E1,E2,...,,.En) do EXP

If p(x) then return (g(xj Y, 2))

else recur (h1(x), h2(y)) relored In EXP

1
(a) (b)
Fig. 3 Controlflow graph of recurrence expression.
(a) Example of graph.
(b) Structure of graph.
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bitork call 1

b2:fork call 2

bn:fork call n

jeinb1

Joln b2

Join bn

Fig. 4 Code scheduling.
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Table 1  Execution time in seconds of the Valid program and the C program
for the nine benchmark programs.
VAR A PN FA4 X FEATHERT (sec.) C program (sec.) A¥—Fi
mult 128 1.037 10.68 10.30
mult 256 9.613 80.99 8.425
nqueen 10 4.695 47.84 10.19
gsort 10 4.451 25.72 5.778
sum 10%/1 5.279 7.619 1.443
sum 10%/10 0.848 1.487 1.754
sum 105/100 0.121 0.677 5.595
sum 108/1000 0.047 0.569 12.11
fibo 30 6.694 4.805 0.718
Speed up Speed up
9 T T T T T T T 9 T T T L T
8 - A 8 P
7k mult (128) -7 7k T
o6l o 6l /{/, .
kS 5 F 3 51 ,//ﬂqueen(
84T 6 4r
@3 ? 3k e
2 . 2 | Pt SUNNTNE L .
C program (128) G aqy A
1 r o S e T 1 [ oG naveen(10)..gasert (1024)..5
0 1 1 ] 1 ! I I 0 1 1 1 ! 13 1 ]
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
no. of processors no. of processors
Speed up
9 9 T T T T T
8 8 C proqram‘;
7 7k .
g" 6 [ % 6 |-
8 5 8 5+
& 4 8‘ 4 +
2 3k ? 3
2 | s b
1rgd Co3i=10007 1F .
0 1 1 1 I 1 1 0 1 | i 1 1 I 1
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

. of processors

no. of processors

Fig. 6 Speedup graphs for nine benchmark programs.
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