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Evaluation of Backtracking-based Load Balancing
in Highly Parallel Environments
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and TAIICHI YUASAT2

We proposed a parallel programming/execution framework named Tascell. It
enables coarse-grained and well-balanced load balancing for irregular applica-
tions and environments. In order to realize load balancing with lazy partitioning
that minimizes the cost of paralellization, a Tascell worker performs temporarily
backtracking when load balancing is required. In fact, we obtained higher per-
formance than Cilk, which employs logical threads. Tascell supports wide-area
distributed environments, such as WAN connected clusters located on multi-

ple sites. This report explains how we support such environments, focusing on
the message protocol among Tascell workers. Our 18-queens problem solver
achieved a speedup of 150 times compared to its sequential implementation in
C, with 256 cores in four InTrigger clusters. We also report a performance
evaluation with 128 threads of two Niagara 2 processors as a shared memory
highly parallel environment.
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int al12]; // 000000000000

int b[70]; // 000000006+ 00 )x100000
// all 00 joOO00 12000000000000000
// +0004«jo000000000

// bkl 0O00O0ODOOODOOODO

int search (int k, int jO)

int s=0; // 000O0OOOODO
for (int p=j0; p<12; p++) {,//0000000000000
int ap=alpl;
for (each possible direction d of the piece) {
. local variable definitions here ...
if (ap 0000000 d000000000);
else continue;
ap 000000000 pO0000O0a000O
kk = the next empty cell;

if (no empty cell?) s++; // 000
else s += search (kk, jO+1); // 00000
ap 000000000000 a0000O00000O0B0OC0DOO
}
}
return s;

01 PentominoJODOOOOOO COOOODO

Fig.1 C program for Pentomino.

100000000000000000O0
000000000 0000000 TascelOOOOOOODOOOOODODODOOODOOO
oooooooooooooooooooobooooooboobooooooooboboboOoo
0000000000000000000000000000000 InTriggertY000
OO0OOOOCOODOOOOOO SPARC Niagara20 2000000000000 Tascell
goboooboooobooobooboooobooooooo

2. TascellOOO

O000OTascellUO0DOOOOOOOOOOO 3010000000000

21 0000

O000O0Pentomino0 0 0000000000000 0OOOO0OOOOOOO COO
gobobol100oo0oooboobouoboOobOoUobboUOobOoObOOObOObDOUODO
uoboooooooooboooooboooboooobooboloooooboooobObooboOooonooo
gobooooboooooobooooon

goboooooooooobooooOooOoooobooOoOoOboOobOooooOoOoboOooooooboo
goooooooooooobooooooobooooooooooooboobooooooboo

Vol.2010-HPC-126 No.25
2010/8/4

2. make a copy of the board
and spawn a task

1. backtrack
(removing pieces)

a task request

l after spawning

3. return from
backtracking
(setting the

removed pieces) b a
a board copy

4. resume

intratask

A intertask

0 2 Pentomino OOO0O0OO0O0O0OO0OO0OO0OOOTascellJODDOOOODDOOOOO200000000000O0
000000(1)00000000000000 uwndoOOO0OO0OO0O0DOO0DODODDOOOOODOD(2) 000
00000000000 0000000000D0D00D00D0D00000000000(3) redo0 000000
0000000000000 00000(4) 000oooooooo

Fig.2 Spawning a task lazily while performing backtrack search for Pentomino. When a Tascell

worker detects a task request, it (1) backtracks to the oldest task-spawnable point with per-
forming undo operations (i.e., removing pieces), (2) spawns a task for the half of the re-
maining iterations with making a copy of the temporarily restored board, (3) returns from
backtracking with performing redo operations (i.e., setting pieces), and (4) resumes its own
computation.
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Fig.3 Multistage overview of the Tascell framework.
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task pentomino {
out: int s; // 00
in: int k, 10, i1, i2;
in: int af12]; // OO0
in: int b[70]; // OO0

task_exec pentomino {
this.s = search (this.k ,this.iO ,this.il ,this.i2,

&this);
}

worker int search (int k, int jO, int j1, int j2,
task pentomino *tsk)

(|
(]
(]
(]
(]

yx 100000

int s=0; // O00OOOOOCO
// Tascell 000 for O
for (int p : j1, j2)
{
int ap=tsk->alp]l;
for (each possible direction d of the piece) {
. local variable definitions here ...
if(ap 0000000 a0000000O0ODO);
else continue;
dynamic_wind // 0000000000000 OOOOOO
{ // dynamic_wind 100000000
ap 000000000 tsk->b00000¢tsk->al00

{ // dynamic_wind 00O
kk = the next empty cell;
if (no empty cell?) s++; // OO0
else // 00000
s += search (kk, jO+1, jOo+1, 12, tsk);

}

{ // dynamic_wind 0000 O0DO
ap 00000000000 Otsk->a 00000
goooooooo

} // end of dynamic_wind

handles pentomino (int il, int i2) // this O0O0O0O0DO
// 000i1-i2000000000000

// put0000000D0O0ODOO
{//00000000000D00COO0DOOCOO
copy_piece_info (this.a, tsk->a);
copy_board (this.b, tsk->b);
this.k=k; this.i0=j0; this.il=il; this.i2=i2;

¥

// getO0000000OOOOO
{ s += this.s;

} // end of parallel for

return s;

0 4 Pentomino 0 Tascell 00000

Fig.4 Tascell Program for Pentomino.
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Fig.5 Connection among InTrigger clusters for the performance measurements.
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Fig.6 Performance evaluation on Niagara 2.
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Table 3 The elapsed times (s) and the speedups for the benchmark programs on Niagara 2.
C Tascell (Closure) Tascell (L-closure) Cilk
# of workers 1 1 128 speedup 1 128 speedup 1 128 speedup
ts || trer | troies | ts/trer | ts/trcies | troi/troies || troi | trries | ts/trry | ts/trriss | troi/trriss tor | teizs | ts/tor | ts/tcizs | tei/toiss
Fib(44) | 42.7 85.7 1.22 0.498 35.0 70.2 62.0 0.787 0.689 54.3 78.8 268 2.73 0.159 15.6 98.2
Nqueens(16) 149 329 4.94 0.453 30.2 66.6 219 3.57 0.680 41.7 61.3 || 1069 16.1 0.139 9.25 66.4
Pentomino(13) | 30.4 60.6 1.37 0.502 22.2 44.2 33.3 0.873 0.913 34.8 38.1 85.3 1.28 0.356 23.8 66.6
LU(2000) || 86.2 88.2 4.37 0.977 19.7 20.2 86.3 4.51 0.999 19.1 19.1 84.4 4.91 1.02 17.6 17.2
Comp(30000) 16.8 26.9 0.402 0.624 41.8 66.9 18.5 0.349 0.908 48.1 53.0 33.2 | 0.405 0.506 41.5 82.1
Grav(400) 121 114 1.67 0.942 72.5 68.3 138 1.92 0.877 63.0 71.9 277 2.82 0.437 42.9 98.2
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Fig.7 Performance evaluation on InTrigger clusters.
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Table 4 The elapsed times (s) and the speedups for the benchmark programs on InTrigger.

C Tascell (Closure)

# of workers 1 1 256 speedup
ts | trer | treess | ts/troi | ts/troess | trei/trozse
Fib(56) 2835 3763 22.0 0.753 129 171
Nqueens(18) 3574 3933 23.9 0.909 150 165
Pentomino(16) 7304 8564 53.8 0.853 136 159
Pentomino(15) 707 827 13.8 0.855 51.2 59.9
Grav(2500) 4526 4259 24.9 1.06 182 183
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