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Abstract:

This paper proposes an evolutionary algorithm for solving QAPs with parallel inde-

pendent run on GPUs and gives a statistical analysis on how the speedup can be attained with

this model. With the proposed model, we achieved a GPU computation performance that is nearly

proportional to the number of equipped multi-processors (MPs) in the GPUs. We explain these

computational results by performing statistical analysis. Regarding performance comparison to

CPU computations, GPU computation with a single GPU and two GPUs showed a speedup of

x4.4 and x7.9 on average, respectively.
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on CPU on GPU
GCOde for GPU \
__global _ void kernel() /gri d \
{
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Code dependent on block ID
and thread ID 4 thread 0 thread 0 thread 0 thread 0 thread 0
/1| thread 1 thread 1 thread 1 thread 1 thread 1
) I |
J thread n-1| | thread n-1] | thread n- thread n-1 thread n-1
//main function for CPU
int main() / \ I /
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//kernel call /
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dim3 grid(m,1); /
dim3 block(n, 1, 1); ‘
kernel<<<grid, block>>>();

data copy from main
memory to VRAM

}
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kra30b 0 - - - 30 25.20 045 9224
tai30b 0 - - - 30  3.96 0.39 12.53
kra32 0 - - - 30 10.70 033  59.52
tai35b 0 - - - 30 29.69 2.53  137.72
ste36b 0 - - - 30 17.00 0.73 4510
tai40b 1 0.30 0.30 0.30 |30 6.96 0.30  20.96
tai50b 0 - - - 30  48.07 1.12  147.37

#OPT: Number of success run in 30 runs
T avg = Average time to find acceptable solutions in success runs in second
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//Code for GPU
__global__ void kernel()
{
get seed of random number generator for threadldx.x from VRAM;
t=0;
initialize this subpopulation in this block;
evaluate;
for(int t=1; t<MaxGeneration; t++){
__syncthreads();
reset memory contents related restart;
Evolutionary Code for threadldx.x, blockldx.x;
if (this thread (individual) found an acceptable solution)
set FoundFlag in VRAM to 1;
write the solution to VRAM;
return;
else{
if(FoundFlag in VRAM ==1)//an acceptable solution has found in some other bbck
return;
i
if(t%50==0){
atomicMin(fc_best, perf);//get minimum value ats_minValue in SM
__syncthreads();
if(perf == *fc_best)//if this thread have minimum functional value
atomicAdd(B_count, 1);//add 1 to B_count in SM
__syncthreads();
if(threadldx.x==0){//check restart condition by thread with id 0
if(*B_count > (int)(POOL_SIZE*B_rate+0.5))//satisfy?
*restart_flag = 1;//inform other thread that the restart condition has satisfied
}
__syncthreads();
if(*restart_flag == 1){//restart?
initialize string of this thread;
evaluate;
__syncthreads();
}
}

else
__syncthreads();
H
H
}

//main function for CPU
int main()

{

data copy from main memory to VRAM
//kernel call

dim3 grid(p,1);

dim3 block(128, 1, 1);

kernel<<<grid, block, SM_size >>>();
copy from main memory to VRAM
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tai25b kra30a kra30b tai30b kra32 tai35b ste36b tai40b tai50b
QAP Instances
05 0b0ooodoooooobooonoog
O 2. 000000000000000000000000
Instances tai25b kra30a kra30b
GPU | No of GPU r GPU r GPU r
blocks p Tpag o gaing\MP) A, V\Tpag o gain,|\MP) A, \Tpae o gain,|\M(P) 4,
1 2.02 1.89 1.00 - - 13425 3679 1.00 - - J1ze9 11336 1.00 - -
GPUXx 1
30 021 0.06 9.56 10.03 0.18 J1.35 1.23 2543 [0.79 0.56 |3.17 2.52 3585292 0.25
GPUx2| 60 0.19 0.02 1085 |0.00 0.18 J0.70 0.47 49.10 [0.34 036 |1.63 148 6959 |1.21 0.42
Instances tai30b kra32 tai35b
GPU | Noof GPU r GPU r GPU r
blocks p Tpag o gainpglMP) A, N\Tpag o gainy\M(P) A, \Tpag o gainy,|\M(/P) 4,
1 1431 1364 1.00 - - 56.18 61.11 1.00 - - 92.08 7590 1.00 - -
GPUx 1
30 0.71 0.46 2024 1045 0.25 |2.13 1.80 2635 |1.78 0.35 |3.67 3.56 2512 ]|3.25 0.41
GPUx 2 60 0.46 0.16 30.88 [0.16 0.30 J1.12 0.93 50.11 |0.83 029 J1.65 1.38 5568 |1.66 -0.01
Instances ste36b tai40b tai50b
GPU | No of GPU r GPU r GPU r
blocks p Tpave o0 gain,|MP) 4, |Tpae o gain,|\M@P) A, |Tpwe o gain,|MP) 4,
1 70.82 7323 1.00 - - 19.07 16.43 1.00 - - 212,55 203.64 1.00 - -
GPUx 1
30 2.57 1.89 2754 11.63 094 |1.15 0.62 1656 |0.46 0.69 |8.75 8.65 2429 |6.19 2.56
GPUx2| 60 1.35 0.77 5240 [0.66 0.70 [0.90 0.16 2127 |0.12 0.78 | 428 3.84 4962 |2.72 1.56

0 : standard deviation
I : Results with Gamma distribution estimation

Values of T

p.avg

and M(P) are in second
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//cut] are cut2 are random number in [0,L-1]. cutl < cut2 is assumed.
//unsigned char *parentl, *parent2 are strings of the parents.
//unsinged char *child is a new string to be generated.
for (intj =0;j <L; j++)
child[j] = parent1[j];
for(int i = cutl; i < cut2 ; i++){
for(int j = 05§ <L; j++){
if (parent2[i] == child[j]){
unsigned char tmp = child[i]; child[i] = child[j]; child[j] =tmp;
break;
}
}
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