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ITCS 5145 Parallel Computing 
Test 2 CUDA program question 

 
 

  
Qu. 21 Write a CUDA program that transposes an N x N matrix. Transposition of a matrix means swapping 
values in the columns and rows across the diagonal. For example: If the original matrix contains: 
 

0 1 2 3 
4 5 6 7 
8 9 10 11 
12 13 14 15 

 
the transposed matrix contains: 
 

0 4 8 12 
1 5 9 13 
2 6 10 14 
3 7 11 15 

 
The initial matrix is held in the integer array A[N][N] and the result is to be held in the integer array B[N][N]. 
You do not need to copy the result back to A. 
 
Use one CUDA thread to copy one element from array A to array B. Organize the kernel structure to a square 2-
D grid of square 2-D blocks. Each block is organized as 16 x 16 threads. With these constraints, use the 
minimum number of blocks necessary, given N as a defined constant. Your code must take into account any 
value for N. 
 
You may assume that the program has code to store initial values in the array A. Declare all variables and arrays 
needed 
 
Note: The C library function double ceil(double x) returns the smallest integer value greater than or equal to x. 
Use this to round a number up. 
 
Provide comments in your code to help the grader! If I do not understand the code, I will assume it is incorrect.  
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#include <stdio.h> 
#include <cuda.h> 
#include <stdlib.h> 
 
#define N 17  // size of arrays 
 
__global__ void transpose (int *a, int *b) { 
 int col = blockIdx.x*blockDim.x+threadIdx.x; 
 int row =blockIdx.y*blockDim.y+threadIdx.y; 
 int index1 = col + row * N; 
 int index2 = row + col * N; 
 if ( col < N && row < N) b[index1]= a[index2]; 
} 
 
int main (int argc, char **argv ) { 
 int i,j; 
 int size = N * N *sizeof( int); 
 int  a[N][N], *devA, *devB; 
 int gridsize = (int) ceil((double) N/16); 
 
         for (i = 0; i < N; i++) { // put some numbers into array 
                  for (j= 0; j < N; j++) { 
                          a[i][j] = j + N * i; 
                  } 
        } 
 
 printf("Initial values"); 
 
       for (i = 0; i < N; i++) { 
                  printf("\n"); 
                  for (j= 0; j < N; j++) { 
                          printf("%3d  ",a[i][j]); 
                  } 
         } 
 
 printf("\nN = %d, grid size = %d\n",N,gridsize); 
 
 dim3 block (16,16); 
 dim3 grid (gridsize, gridsize); 
    
 cudaMalloc( (void**)&devA, size );  
 cudaMalloc( (void**)&devB, size ); 
 
 cudaMemcpy( devA, a, size, cudaMemcpyHostToDevice); 
 
 transpose<<<grid, block>>>(devA, devB);  
  
 cudaMemcpy( a, devB, size, cudaMemcpyDeviceToHost); 
 
 printf("Results"); 
 for (i = 0; i < N; i++) { 
  printf("\n"); 
  for (j= 0; j < N; j++) { 
   printf("%3d  ",a[i][j]); 
  } 
 } 
 printf("\n"); 
  
 cudaFree( devA); 
 cudaFree( devB); 
  
 return (0); 
} 
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