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Dynamic Load Balancing by Using Nested Functions and
Its High-level Description

MASAHIRO YASUGI,t TSUNEYASU KOMIYAt and TAIICHI YUASAf®

In this paper, we show that we can write a program with “Lazy Task Creation”-based
load balancing where callers’ variables are accessed by using nested functions provided as an
extension to C by the GNU C compiler. We also show that we can describe a behavior corre-
sponding to backtracking. Our scheme accepts a lower-level description than the original LTC.
A task can be created not only to process a continuation but also to process an specified part
for parallel execution. The low-level description can be used for the distributed computing
such as cluster computing. Since the low-level description is sometimes undesirable, we also
discuss its high-level description. We also enhanced GCC to reduce allocation overhead and
maintenance overhead of nested functions. The results of preliminary performance measure-
ments on various shared-memory parallel computers exhibit near-ideal speedups and quite

low parallelization overhead.
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int f(int x) {
int y = x * x;
int g(int z) { return x +y + z; }
return h(g, 0);
}
01 00000

Fig.1 Nested functions.
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5. Lazy Backtracking Task Creation
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int fib(proc_env pr,
int (*bkf) (req_buf_t *), int k){
int s = 0;
int restp = 1;
int ret = 1;
void **saved_req_port_p;
int result_buf;
int result_port;
/* 00000000000000 bk */
int bk(req_buf_t *req_buf_p){
if (ret) ret = bkf(req_buf_p);
if(ret) return 1; /x OOODOOOOO */
if (restp){
task_buf_t *tbp =req_buf_p->task_buf_p;
int *tpp =req_buf_p->task_port_p;
restp = 0;
/* save info for "request back" */
saved_req_port_p =req_buf_p->req_port_p;
/* result not available yet */
result_port = 0;
/» 000000000000 =/
tbp->f = tf_fib;
tbp->sender = pr->myid;
tbp->a.tl.result_buf_p = &result_buf;
tbp->a.tl.result_port_p = &result_port;
tbp—>a.tl.k = k-2;
/* 0000000000 =/
finish_write_before_write();
atomic_write_int (*tpp, 1);
return 1;
}

return O;

if(k <= 2) return 1;
else {
restp = 1; /x 0000000 %/
POLL(pr->req_port, bk);
s += fib(pr, bk, k-1);
if(restp){ /* 0ODOD0O0O =/
restp = 0; /x O0OO0O0O =/
s += fib(pr, bk, k-2);
Yelsed{
/+* 0D0DO000000O00Oog =/
while(atomic_read_int(result_port) == 0)
/* 000000000000 %/
steal_run_task(pr,saved_req_port_p,1);
start_read_after_read();
s += result_buf;
}

return s;

0 8 Fibonacci OOOOOODOOOO
Fig.3 Load balancing code for Fibonacci.
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int try_piece(proc_env pr, int (*bkf) (req_buf_t *),

int k, int i){

int s = 0; /* the sum of solutions */
int d; /* direction */
int n = ps[i]l.n; /* number of directions */
/+ 0000000000o0ogo:
gooooooooooooooooooooo
goooooooooooo */
int bk(req_buf_t *req_buf_p){
int ret;
int kk=k,1;

int *pss = ps[i].pss[d];
/* UNDO: remove the piece
(temporary backtrack) */
pr—>ali] = 0; /* 000000 *
pr->b[kk=k] = 0; /+* 000 b 00000 *
for(1=0;1<4;1++) pr->b[kk += pss[1]] = 0;
ret = bkf(req_buf_p);
/* REDO: put the piece
(cancel temporary backtrack)x*/
pr->blkk=k] = i+’A’; /* OO0 b 000 */
for(1=0;1<4;1++) pr->bl[kk += pss[1]] = i+’A’;
pr->ali] = 1; /* 000000 =/
return ret;
}
for(d=0;d<n;d++){
int kk=k,1;
int *pss = ps[il.pss[d];
/* room available? */
for(1=0;1<4;1++)
if ((kk += pss[1]) >= 70 || pr->blkk] !=0)
goto Ln;
/* DO: put the piece */
pr->blkk=k] = i+’A’; /+ OO0 b OO0 =%/
for(1=0;1<4;1++) pr->b[kk += pss[1]] = i+’A’;
pr—>ali] = 1; /x» OO0O0O0Og =/
/* find the first empty location */
for (kk=k; kk<70; kk++)
if ( pr->b[kk] == 0 ) break;
/* recursive search */
s += search(pr, bk, kk);
/* UNDO: remove the piece
(backtrack) */
pr—>ali] = 0; /* 000000 =/
pr->blkk=k] = 0; /* 000 b O0OOOO %/
for(1=0;1<4;1++) pr->b[kk += pss[1]] = 0;
Ln:
continue;
}
return s;

}

/
/

0 4 Pentomino JODOOOOOOOOOO
Fig.4 Temporary backtracking code for Pentomino.
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Fig.5 Record of task transfer by Pentomino search on 8 processors.
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Table 1 Single PE execution time compared to sequential
C programs (sec).

Program Processor C | LBTC (/C)
SPARC 2.36 | 7.88 (3.33)
Fibonacci PowerPC 1.94 3.52 (1.81)
Pentium 0.537 1.20 (2.24)
SPARC 14.4 23.0 (1.60)
Pentomino | PowerPC 9.41 12.4 (1.32)
Pentium 3.76 4.61 (1.23)
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Table 2 Performance Enhancement.
Program Processor (@] LBTC closure L-closure Cilk Cilk-S
Fibonacci SPARC | 0.80 | 3.47 (4.34) | 1.29 (1.61) | 0.96 (1.20) | 3.27 (4.08) -
Pentium 0.50 1.07 (2.16) 0.95 (1.91) 0.80 (1.62) 2.52 (5.09) -
Pentomino | SPARC | 4.47 | 8.09 (1.81) | 6.58 (1.47) | 4.85 (1.09) | 18.2 (4.08) | 8.96 (2.01)
Pentium | 3.68 | 4.36 (1.19) | 4.28 (1.16) | 3.90 (1.06) | 9.94 (2.70) | 7.19 (1.95)
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{
int bk2(request *req){
int r = 1;
if (r) r = bkl (req);
if (r) return r;
hand
return 0;
}
body
}
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Fig.6 Translating a task request handler into a nested
function.
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{ i }
return r;
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Fig.7 Translating a initially-finally clause into a nested

function.
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