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In recent years, GPUs have acquired the ability to perform general purpose computation. In this 
paper, for CUDA GPUs, we propose a method to parallelize Somers  fast sequential algorithm 
to solve the N-Queens problem. The proposed method partitions a given instance of the 
N-Queens problem into sub-problems which can be computed in parallel. Then, the 
sub-problems are sent to VRAM on a GPU so that each sub-problem is dynamically allocated to 
a thread. Experimental results on an NVIDIA GeForce GTX480 and a 2.93 GHz Intel Core i3 
CPU show that the proposed method solves the 19-Queens problem 24.5 times faster than 
Somers  sequential algorithm and that the proposed method is twice faster than  Feinbube et 
al. s existing method for CUDA GPUs.  
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1  

   m 
N  3 4 5 6 

15 882 6990 44714 231519 
16 1118 9844 70906 419408 
17 1393 13510 108466 724001 
18 1710 18132 160850 1199146 
19 2720 23866 232174 1916187 

N  
m task 

nTasks nTasks  
task[0..nTasks-1] 

int genTasks (int N, int m, int task [ ]){ 
int pos[m], col[m], neg[m]; 
int nTasks = 0; 
for(int number = 0; number < Nm / 2; number++){ 
  int arrange = number; 
  // number  
  for(int i = m - 1; i >= 0 ; i--){ 
    pos[i] = col[i] = neg[i] =1<<(arrange%N);  
    arrange /= N; 
  } 
  //  
  int i; 
  for(i = 1; i < m; i++){ 
    if(((pos[i-1]>>1)&col[i])||(col[i-1]& 
        col[i]) ||((neg[i-1]<<1)&col[i])) 
      break; //  
    pos[i] |= (pos[i-1]>>1); 
    col[i] |= col[i-1]; 
    neg[i] |= (neg[i-1]<<1); 
  } 
  if(i == m)  

task [nTasks++] = number; //  
 } 
return nTasks; 
} 

- 78 -

The 16th Game Programming Workshop 2011



2 m (s) 
 (NVIDIA GeForce GTX560 Ti  

 
3.4  

GPU kernel CPU
2  CPU m

N

GPU VRAM   
 

3.5 ( ) 
32

 

  

 

VRAM d_task

m

3
N ( )  

 
 

 
(NVIDIA GeForce GTX560 Ti  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 CPU  
 

x
BLKSZ A

{A[x k BLKSZ]|0 k N 1}
32

32
 

   m 
  N 3 4 5 6

15 0.4743 0.1187 0.1311 0.4117
16 2.2142 0.4864 0.4615 0.7059
17 4.9520 3.0319 2.8333 3.4173
18 33.7653 21.241 20.1843 20.9399
19 227.9136 162.475 156.3656 156.6231

    ( , ) 
 
  N 

 
(8, 160) 

 
(40, 32) 

15 0.1379 0.1286 
16 0.4615 0.4595 
17 2.8333 2.8319 
18 20.1843 20.1781 
19 156.3657 156.3528 

typedef unsigned long long ULL; 
ULL nTasks;  //  
int *task; // CPU  
int *d_task; // (GPU ) 
ULL cnt; // CPU  
ULL *d_cnt; // (GPU )  
unsigned  counter; //  
unsigned *d_counter; // (GPU ) 
 
// MP :  
// BLKSZ :  
counter = BLKSZ * MP; 
nTasks = genTasks (N, m, task); 
 
cudaMalloc((void**) &d_cnt, sizeof(ULL)); 
cudaMalloc((void**) &d_task,  
 sizeof(int)* nTasks); 
cudaMalloc((void**) &d_counter, 
 sizeof(unsigned)); 
cudaMemset(d_cnt,0,sizeof(ULL)); 
cudaMemcpy(d_task,task ,sizeof(int)* 
 nTasks,cudaMemcpyHostToDevice); 
cudaMemcpy(d_counter, &counter, 
 sizeof(unsigned), 
 cudaMemcpyHostToDevice); 
 
NQPart<<< MP, BLKSZ >>>(N, m, d_cnt, 
 nTasks, d_task, BLKSZ, d_counter); 
 
cudaMemcpy(&cnt,d_cnt, sizeof(ULL), 
 cudaMemcpyDeviceToHost); 
cudaFree(d_cnt); 
cudaFree(d_task); 
cudaFree(d_counter); 
 
cnt *= 2;  //  

- 79 -

The 16th Game Programming Workshop 2011



 
 
 
 
 
 
 
 
 
 

3  
 

 
Fermi GPU

16 1 
16

  
GPU

1
 

 
3.6 ( ) 

m

  

VRAM
d_task[]

d_task[]
d_task[]

*d_counter
*d_counter
d_task[]

*d_counter

*d_counter
  

GPU 4  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4 GPU  
 

  

// pos[ ] :  
// col[ ] :  
// neg[ ] :  
// bitmap[ ] :  
__shared__ int pos[N*BLKSZ]; 
__shared__ int col[N*BLKSZ]; 
__shared__ int neg[N*BLKSZ]; 
__shared__ int bitmap[N*BLKSZ]; 

__global__ void NQPart(int N, int m, ULL* d_cnt, 
    ULL nTasks, int* d_task,  

int BLKSZ, unsigned *d_counter){ 
unsigned anumber =  
           blockIdx.x * blockDim.x + threadIdx.x; 
            //  
unsigned number = threadIdx.x; 
            // 1  
unsigned cnt = 0;  // cnt :  
unsigned c; // c :  
int x = number+m*BLKSZ;  //  
int mask = (1 << N) - 1; 
//  
// bitmap, pos, col, neg  
initialize(N, m, number, bitmap, pos, col,  
         neg, mask, BLKSZ, d_task, anumber); 
for(;;) { 
  if (bitmap[x]) { 
    unsigned bit = -bitmap[x] & bitmap[x]; 
    bitmap[x] ^= bit; 
    if (x == number + (N-1)*BLKSZ) cnt++; 
    else { 
      x += BLKSZ; 
      pos[x] = (pos[x - BLKSZ] | bit) >> 1; 
      col[x] = col[x - BLKSZ] | bit; 
      neg[x] = (neg[x - BLKSZ] | bit) << 1; 
      bitmap[x] = mask &  
                 ~(pos[x]) & ~(col[x]) & ~(neg[x]); 
  }  } 
  else { 
    x -= BLKSZ; 
    if (x < number + m *BLKSZ){ 
      c = atomicAdd(d_counter, 1); 
      if(c < nTasks){  
        //  

// bitmap, pos, col, neg  
        initialize(N, m, number, bitmap,  
         pos, col, neg, mask, BLKSZ, d_task, c); 
        x = number+m *BLKSZ; 
      } 
      else{ 
        atomicAdd(d_cnt, cnt); 
        return; 
} } } } } 
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   /  
GTX280 30 48 
GTX480 15 160 
GTX560 8 160 

N CPU GTX280 GTX480 GTX560
15 0.877 0.171 0.116 0.131 
16 5.816 0.625 0.327 0.461 
17 40.773 3.714 1.769 2.833 
18 301.139 26.664 12.355 20.184 
19 2335.402 206.197 95.062 156.365 

N GTX280 GTX480 GTX560
15 5.12 7.56 8.43
16 9.30 17.78 15.31
17 10.97 23.04 17.56
18 11.29 24.37 18.14
19 11.32 24.56 18.18

- 81 -

The 16th Game Programming Workshop 2011



7 (s) 
(NVIDIA GeForce GTX560 Ti  

 
8  

(NVIDIA GeForce GTX560 Ti  

 
9 (s) 

 (NVIDIA GeForce GTX560 Ti  

 

N = 17, 18, 19
N = 20

 
Feinbube [11] N=16 N-Queens

GPU Feinbube
GPU [11] 16-Queens

NVIDIA GeForce GTX275 
1.6(s) GTX295 1.1(s)
Feinbube  [11]

GTX275 GTX280
 2   

 
4.2  

( ) (
) 9

 
( ) N = 19

( )
( )

8
( ) (
)& ( )

( )
( ) 19

 
( ) N = 19

( )
( )

41
( ) (
)& ( )

( )
( )

56 (
)

 
( )& 

( ) N  19
( )& (
) 68
 

( ) (
)

 

5.

GPU N-Queens
GPU

2 CPU Somers
24.5  

7 N = 17 N = 16 6.3
N = 18 N = 17 7

N=19 N=18 7.7
N = 

20
N = 27 529.5

N = 27
 

GPU
GPU

 
       

[1] J. Somers, The N Queens Problem: a Study in
Optimization, 
http://www.jsomers.com/nqueen_demo/nqueens.html
. 

N     
15 0.025 0.016 0.064 0.124 
16 0.026 0.012 0.395 0.454 
17 0.034 0.030 2.756 2.840 
18 0.031 0.038 20.085 20.175 
19 0.030 0.053 156.286 156.388 

N /  /  /  
15 0.2016 0.1290 0.5161 
16 0.0572 0.0264 0.8700 
17 0.0119 0.0105 0.9704 
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