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Molatomium: A Parallel Programming Model

MOTOHIRO TAKAYAMA, ! Ryusr Sakar,t!
NoBUHIRO KaTO and ToMoFUMI SHIMADAT!

‘We propose a parallel programming model Molatomium, its runtime system,
and its development tools to create effective parallel program easily for multi-
core era. We use both a C-like language named Mol that describes concurrency
and C/C++ that describes high performance serial code Atom. Mol is respon-
sible for both data and task parallelism. It supports data parallelism by using
arrays to represent data dependency flow and to memoize. It also supports
task parallelism by parallel execution of functions that has no dependencies.
Mol code is compiled into byte code and Atom code is complied into native
one, that results in composing a parallel program, as a molecule is composed

by atoms. The runtime system is implemented as a virtual machine to achieve
cross platform compatibility. It schedules atom executions as described in Mol
code, and run them concurrently. We implemented the runtime system on some
x86 POSIX platforms (Linux, Mac, Cygwin) and Cell/B.E., SpursEngine. Each
implementation scaled as the core count increased. Furthermore, we introduce
a graphical editor, debugger, and 3-D visualization to support efficient parallel
programming.
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extern plus(); 1 void *plus(void *a, void *b){
2 return (void *)((int)a + (int)b);
main() { 3}
local fib[0..20];
=0;
fib[1] =

1;
fib[n] := plus(fib[n-2], fib[n-1]);

1
2
3
4
5
6 fib[0]
7
8
9
0 return fib[19];
1
Mol Atom

0 2 Fibonacci 000000 Molatomium 000

Fig.2 Molatomium code to calculate Fibonacci numbers.
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1 extern run_edge(Q);

2 extern run_ccr(Q);

3 extern run_pocs_even(), extern run_pocs_odd(Q);

4 extern get_loop_count();

5 extern get_frame(), put_frame(Q);

6

7 main(Q)

8 {

9 frame(frame_no, input)
10 {
11 local loop;
12 local edge[-1..9] outside(@);
13 local pocs[-1..9] outside(@);
14 local ccr[-1..9] outside(®);
15 local 1line[0..9];

16

17 loop = get_loop_count();

18 edge[i] := run_edge(input, i);

19 ccr[i] := run_ccr(edge[i-1], edge[i], edge[i+1], 1);
20 pocs[i] := (i%2==0)

21 ? run_pocs_even(ccr[i-1], ccr[i], ccr[i+1], loop, i)
22 . run_pocs_odd(pocs[i-1], ccr[i], pocs[i+1], loop, 1i);
23

24 return &line;

25 }

26

27 sync for(i in [0..30]) {

28 put_frame(frame(i, get_frame());

29 }

30 }

03 00000000oooooonO MelOOO
Fig.3 Mol code to describe parallel Super Resolution algorithm.
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Fig.6 N-Queen in IDE Editor.
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Fig.7 N-Queen in IDE Debugger.
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Fig.8 3-D visualization of N-Queen.
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Fig. 10 Evaluation of scalability: Super Resolution.
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