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t1 https://doi.org/10.1145/3337821.3337899

int fib(int n) { // int fib;(int n) {
if (n <= 2) return 1; //
int r0, ril; /7 int r0, ri;
r0 = fib(n - 1); // r0 = fibg;(n - 1);
rl1 = fib(n - 2); // ri = fibg;41(n - 2);
return r0 + ri; //

} /7Y

if (n <= 2) return 1;;

return r0 + ri;

0 1 C program for Fibonacci. The
right-hand-side comment is shown to easily

identify recursive subcomputations with i.
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1 s,: r0=fib,(50) S5: r1=fib;(49)
2 [ 5,:10=fib,(49) | |5 r1=fibs(48) | | sq: r0=fib(48) | [ s;: r1=fib,(47)|
3 ‘ sg: fibg ‘_sg:fb9 _H_S1o3 "'_Mi1: ..._H_s12:_... _wa: _US_M_ _H_s15:_... ‘

0O 2 Recursive subcomputations in fib;(51) in Fig. 1.
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0 4 Hierarchical “multiple-order”

computation and variable-length addresses
(pedigrees). The circle indicates a

nondeterministic execution order for a pair of

W

subcomputations. When “s” at the root
address “@” contains a pair of
subcomputations {s0,sl}, s0 is at @0 and sl is
at @1l. When s0 contains subcomputations
{s00,s01}, s01 is at variable-length address
@01; when sl contains two pairs of
subcomputations {s10,s11} and {s12,s13}, s12

is at variable-length address @12.
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int fib(int n) {
if (n <= 2) return 1;
int r0, ri;

#pragma hope do_two // may execute in arbitrary order

#pragma hope omissible result(r0, 0) // r0 is the partial result

r0 = fib(n - 1); // may exchange r0 for omission

#pragma hope omissible result(ril, 0) // riis the partial result

ri = fib(n - 2); // may exchange rl for omission

return r0 + ri;

0 5 HOPE program for Fibonacci.
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struct nq_workspace
{
int al[20];
int 1b[40];
int rb[40];
¥
int nqueens(int n, int k, int ix, int iy,
struct nq_workspace *ws)
{
int m[20];
int i;
#pragma hope for // may execute in arbitrary order
for (i = ix; i < iy; ++i)
// m[i] is the partial result
#pragma hope omissible result(m[i], 0)
{
int ai = ws->alil;
if (!(ws->1b[n-1+k-ai] || ws->rblai+k]))
if (k == n - 1)
m[i] = 1;
else
{
ws->1b[n-1-ai+k] = 1;
ws->rblai+k] = 1;
ws->al[il] ws->alk];
ws->a[k]

// recursive call

ai;

m[i] = nqueens(n, k+1, k+1, n, ws);
ws->1b[n-1-ai+k] = 0;
ws->rb[ai+k] = 0;
ai = ws->alk];
ws->a[k]
ws->ali]
¥
else
m[i] = 0;

ws->alil;

aij;

¥

int s = 0;

for (i = ix; i < iy; ++i)
s += m[i];

return s;

}
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0 7 Efficiency (upper half) and execution times (lower half) of parallel systems using multiple

workers on the K computer, in addition to execution times of serial C programs (lower half).

Efficiency is defined as S/n.,, where S is the speedup relative to a sequential C program and n,, is

the number of workers. (Efficiency =1 means an ideal speedup.) HOPE uses 1 to 1024 nodes each

of which uses 7 worker processes. Tascell uses 1 to 1024 nodes each of which uses a single process

with 7 worker threads. In HOPE FT(4), one out of four workers are intentionally stopped with

fault injections.
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