Chapter-13
CUDA dynamic parallelism
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FIGURE 13.1: Fixed versus dynamic grids for a turbulence simulation model.
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FIGURE 13.2: Kernel launch patterns for algorithms with dynamic work variation,
with and without dynamic parallelism.
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int main() {

float *data; (:FDLJ

setup (data) ;

/

== .. >>> (data); :
[E——. >>> (data); :
(.. >>> (data); /:

1
cudaDeviceSynchronize() ; :
return 0; :

1

_global__ void B(float *data)
{

do_stuff (data) ;

X <<< ... >>> (data);
Y <<< ... >>> (data);
Z <<< ... >>> (data);
cudaDeviceSynchronize () ;

do_more_stuff (data) ; \\\\‘; 4‘////

FIGURE 13.3: A simple example of a kernel (B) launching three kernels (X, Y, and Z).
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FIGURE 13.4: A simple example of a hypothetical parallel algorithm coded in CUDA

_global__ void kernel (unsigned int* start, unsigned int* end, float* someData,

float* moreData) ({

unsigned int i = blockIdx.x*blockDim.x + threadIdx.x;

doSomeWork (someData[i]) ;

for (unsigned int j = start[i]l; j < end[i]l; ++3)

doMoreWork (moreDatal[j]) ;

without dynamic parallelism.
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__global__ void kernel_parent (unsigned int* start, unsigned int* end,
float* someData, float* moreData) {

unsigned int i = blockIdx.x*blockDim.x + threadIdx.x;
doSomeWork (someDatal[i]) ;

kernel_child <<< ceil((end[i]-start[i])/256.0) , 256 >>>
(start[i], end[i], moreData) ;

__global__ void kernel_child(unsigned int start, unsigned int end,
float* moreData) ({

unsigned int j = start + blockIdx.x*blockDim.x + threadIdx.x;

if(j < end) {
doMoreWork (moreData[j]) ;

FIGURE 13.5: A revised example using CUDA dynamic parallelism.
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__device__ int wvalue; __device__ void vy () {
_device__ void x() { int value = 5;
value = 5; child<<< 1, 1 >>>(&value) ;
child<<< 1, 1 >>>(&value); }
}
(A) Valid—"value” is global storage (B) Invalid—"value” is local storage

FIGURE 13.6: Passing a pointer as an argument to a child kernel.
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FIGURE 13.7: Completion sequence for parent and child grids.
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FIGURE 13.8: Bezier curve calculation without dynamic parallelism (support code in
Fig. A13.8).
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01 struct BezierLine {

02 float2 CP[3]; s

03 float2 *vertexPos; n Y late o

04 int nVertices; tessellated vertices

05 bi

(o] 3 _global__ void computeBez 1erL1nes_parent(Bez1erl..1ne *bLines, int nLines) ({
07 //Compute a ndex for ea Bezier line

thread‘[dx X + b]ockD1m x*blockrdx x;

08 int lidx =

09 if(lidx < nLines) {

10 Compute the curvature of the line

215 | float curvature = computeCurvature (bLines) ;

12

13 From the curvature, compute the number of tessellation points

14 bLines[lidx].nVertices = min(max((int) (curvature*16.0f),4),MAX_TESS_POINTS) ;
15 cudaMalloc( (void**)&bLines[lidx] .vertexPos,

16 bLines[1lidx] .nVertices*sizeof (float2));

7

18 Call the child kernel to compute the tesse ed poir for each line
19 computeBezierLine_child<<<ceil ((float)bLines[lidx].nVertices/32.0f), 32>>>
20 (lidx, bLines, bLines[lidx].nVertices);

21 }

22 }

23 _global__ void computeBezierLine_child(int 1lidx, BezierLine* bLines,

24 int nTessPoints) {

25 int idx = threadIdx.x + blockDim.x*blockIdx.x;//Cor to this vertex
26 if (idx < nTessPoints) {

27 float u = (float)1dx/(float) (nTessPomts 1);

28 float omu = J0f - u;

29 float BBU[3]. cients

30 B3u[0] = omu*omu;

31 B3u[l] = 2.0f*u*omu;

32 B3u[2] = u*u;

33 float2 position = {0,0); Set tion to z

34 for (int i 0; i < 3; i+4) {

35 A ntribution of the i'th control point to position

36 position = position + B3u[i] * benes[lde] CP[i];

37 }

38 A gn the value of the v I ion to the correct array element

39 bLlnes[lldx] vertexPos[idx] = position;

40 }

41 }

42 —global__ void freeverr_exMem(BezierLlne *bLines, int nLines) {

43 Compute a unique index for eac 2zier line

44 int lidx = threadldx.x + blockDim.x*blockIdx.x;

45 if(lidx < nLines)

46 cudaFree (bLines[1idx] .vertexPos) ; Free the vertex memory for this line
47 }

48 int main( int argec, char **argv )

49 Allocate array of s ir emory

50 BezierLine *bLines_h = new Bez;erLlne[N LINES] ;

51 initializeBLines (bLines_h);

52

53 for array of Beziez

54 Bez1erL1ne *bL1nes d;

55 cudaMalloc( (void**)&bLines_d, N_LINES*sizeof (BezierLine));

56 cudaMemcpy (bLines_d,bLines_h, N_LINES*sizeof (Bezi erLine),cudaMemcpyHostToDevice) ;
57

58 computeBezierLines_parent<<<ceil ((float)N_LINES/(float)BLOCK_DIM), BLOCK_DIM>>>
59 (bLines_d, N_LINES);

60

61 freeVertexMem <<<ceil((float)N_LINES/(float)BLOCK_DIM), BLOCK_DIM>>>

62 (bLines_d, N_LINES);

63 cudaFree (bLines_d) ; of lines

64 delete[] bLines_h;

65 }

FIGURE 13.9: Bezier calculation with dynamic parallelism (support code in Fig.
A13.8).
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cudaStream_t stream;

cudaStreamCreateWithFlags (&stream, cudaStreamNonBlocking) ;

computeBezierLine_child<<<ceil ((float)bLines[lidx] .nVertices/32.0f), 32, 0, stream>>>
(1lidx, bLines, blLines[lidx] .nVertices) ;

cudaStreamDestroy (stream) ;

FIGURE 13.10: Child kernel launch with named streams.
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FIGURE 13.11: Quadtree example. Each thread-block is assigned to one quadrant. If
the number of points in a quadrant is more than 2, the block launches 4 child blocks.
Shadowed blocks are active blocks in each level of depth.
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FIGURE 13.12: Quadtree example. At each level of depth, a block groups all points in
the same quadrant together.
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01 _global__ void build_quadtree_kernel

02 (Quadtree_node *nodes, Points *points, Parameters params) {

03 _shared__ int smem(8]; // To store the number of points in each gquadrant
04

05 // The current node

06 Quadtree_node &node = nodes[blockIdx.x]:

07 node.set_id(node.id() + blockIdx.x);

08 int num points = node.num points(); // The number of points in the node
09

10 // Check the number of points and its depth

1Ll bool exit = check_num_points_and_depth(node, points, num_points, params);
12 if(exit) return;

13

14 // Compute the center of the bounding box of the points

15 const Bounding_box &bbox = node.bounding_box();

16 float2 center;

1L bbox.compute_center (center) ;

18

19 // Range of points

20 int range_begin = node.points_begin();

21 int range_end = node.points_end() ;

22 const Points &in_points = points[params.point_selector]; // Input points
23 Points &out_points = points|[(params.point_selector+l) % 2]; // Output points
24

25 // Count the number of points in each child

26 count_points_in children(in_pecints, smem, range_begin, range_end, center);
27

28 // Scan the gquadrants' results to know the reordering offset

29 scan_for_offsets (node.points_begin(), smem);

30

i, // Move points

32 reorder_points (out_points, in_points, smem, range_begin, range_end, center):
2

34 // Launch new blocks

35 if (threadIdx.x == blockDim.x-1) {

36 // The children

ar Quadtree_node *children = &nodes[params.num_nodes_at_this_level];

38

39 // Prepare children launch

40 prepare_children(children, node, bbox, smem);

41

42 // Launch 4 children.

43 build_guadtree_kernel<<<4, blockDim.x, 8 *sizeof(int)s>>>

44 (children, points, Parameters(params, true));

45 }

46 }

FIGURE 13.13: Quadtree with dynamic parallelism: recursive kernel (support code in
Fig. A13.13).
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node &node, Points *points,
points, Parameters params) (

__device__ bool check_num _points_and_depth (Quadtree_:

.max_depth
or 1) |
_begin(), e = node.poi s_end () ;
dx.x ; it < end ; it += blockDim.x)

if (params.depth >= paran

if(it < end)
points[0] .set_point(it, points[1l].get_point(it));

}
return true;

return £

}
Count the number of points in each adrar
device__ void count_points_in_children(const Points &in_points, int* smem,
int range_begin, int range_end, float2 center) ({
if (threadIdx.x < 4) smem[threadIdx.x] = 0;
__syncthreads();
col te t 1mbe f points
for( iter=range_begin+threadldx.x; iter<range_end; iter+=blockDim.x) {
float2 p = in_points.get_point(iter); Load the ordinates of the point
if(p.x < ¢ r.x & p.y >= center.y)
atomicAdd (&smem[0], 1); p-left pc
if(p.x >= center.x && p.y >= center.y
atomi mem(1l], 1); D-2
if(p.x < center.x && p.y < center.y)
atomicAdd (&sm 1); Bottom-left point
if(p.x >= center.x && p.y -
atomicAdd (&smem(3], 1); ght [ t
_syncthreads();
}
an quadrants’ results to n reordering offset

fsets(int node_points_begin, int* smem) {

+ smem[i-1]; equential sc

smem2(i] += node_points_begin; 3lobal offset

_syncthreads () ;

. void reorder_points(
Points& out_points, const Points &in_points, int* smem,
int range_begin, int range_end, float2 center) {
&smem(4];

2adIdx.x; i ters+=blockDim.x) {

1
des
t2 point (iter); Load tk coordinate f the pc
enter.y)

2 p = in_points.get
.x<center.x && p.y>
dest=atomic.

if (p.x>=center.
dest=atomi

zente

=atomicAdd (&s

enter.x && p. ter.y)

atomicAdd (&smem2[3],1); ttor 1t point

out_points.set_point(dest, p);

070 __syncthreads();

FIGURE 13.14: Quadtorle}e with dynamic parallelism: device functions (support code in

Fig. A13.14).
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// Prepare children launch
__device__ void prepare_children(Quadtree_node *children, Quadtree_node &node,

}

const Bounding box &bbox, int *smem) {
int child offset = 4*node.id(); // The offsets of the children at their level

// Set IDs

children[child_offset+0].set_id(4*node.id()+ 0);
children[child_offset+l].set_id(4*node.id()+ 4);
children([child_offset+2] .set_id(4*node.id()+ 8);
children[child_offset+3].set_id(4*node.id()+12) ;

// Points of the bounding-box
const float2 &p_min = bbox.get_min() ;
const float2 &p_max = bbox.get_max();

// Set the bounding boxes of the children
children(child_offset+0].set_bounding box (

p_min.x , center.y, center.x, p_max.y); // Top-left
children([child_offset+1].set_bounding box (

center.x, center.y, p_max.x , p_max.y); // Top-right
children[child _offset+2].set_bounding_box (

p_min.x , p_min.y , center.x, center.y); // Bottom-left
children[child offset+3].set_bounding box (

center.x, p_min.y , p_max.x , center.y); // Bottom-right

// Set the ranges of the children.

children[child_offset+0].set_range (node.points_begin(), smem[4 + 0]);
children[child offset+1l].set_range(smem[4 + 0], smem[4 + 11);
children[child_offset+2].set_range(smem[4 + 1], smem[4 + 2]);

[

children([child offset+3].set_range(smem([4 + 2], smem[4 + 3]);

FIGURE 13.14: (Continued)
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Some inline vector math functions

_ forceinline__ _ device__ float2 operator+(float2 a, float2 b) {
float2 c;
C.X = a.x + bx; c.y = a.y + b.y;
return c;

}

_ forceinline__ _ device__ float2 operator -(float2 a, float2 b) {
float2 c;
CiX = a.xX - b.x; c.y = a.y - bay;
return c;

}

_ _forceinline__ _ device__ float2 operator*(float a, float2 b) {
float2 c;
(i P Y Mt o ks o cayi=a by
return c;

}

__forceinline__ __device__ float length(float2 a) {
return sqgrtf(a.x*a.x + a.y*a.y);

}

Device function that computes the curvature of a line
_device__ float computeCurvature(BezierLine *bLines) {
int bidx = blockIdx.x;
float curvature = length(bLines[bidx].CP[1] - 0.5f* (bLines[bidx].CP[0]
+ bLines[bidx].CP[2]))/length(bLines [bidx].CP[2]
- bLines[bidx].CP[0]);
return curvature;

}

void initializeBLines(BezierLine *bLines_h) ({
//Set initial point to zero (last is last point in the previous segment)
float2 last = {0,0};
for(int 1 = 0; 1 < N_LINES; i++){
Set first point of this line to last point of previous line
bLines_h[i].CP[0] = last;
for(int j = 1; j < 3; Jj++) {

Assign random coordinate between 0 and 1
bLines_h[i].CP[j].x = (float)rand()/(float)RAND_MAX;
: gn random coordinate between 0 and 1

bLines_h[i].CP[j].y = (float)rand()/(float)RAND_MAX;

}

last = bLines_h[i].CP[2]; keep the last point of this line
//Set number of tessellated vertices to zero

bLines_h[i] .nVertices = 0;

}

FIGURE A13.8 : Support code for Bezier Curve calculation without dynamic

parallelism.
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FIGURE A13.13 : Support code for quadtree with dynamic parallelism: definition of
points and bounding box.
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FIGURE A13.14: Support code for quadtree with dynamic parallelism: definitions and
main function.
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}

// Copy constructor. Changes the values for next iteration
__host _ device  Parameters(const Parameters &params, bool) :
point_selector ((params.point_selector+l) % 2),
num nodes at this level (4*params.num nodes at this level),
depth (params.depth+1),
max_depth (params.max_depth),
min_points_per node(params.min points per node) {}

// Main function
void main(int argc, char **argv) {

}

// Constants to control the algorithm
const int num points = atoi(argv(0]);:
const int max_depth = atoi(argv(l]);
const int min points_per node = atoi(argv[2]);

// Allocate memory for points

thrust::device vector<float> x_d0(num_points);
thrust::device vector<float> x dl(num_points);
levice vector<float> y dO(num_points);
evice vector<float> y dl(num_points);

// Generate random points

Random generator rnd;

thrust::generate(
thrust::make zip iterator(thrust::make tuple(x d0.begin(), y dO.begin())),
thrust::make_zip iterator(thrust::make tuple(x_d0O.end(), y_dO.end())),
rnd) ;

// Host structures to analyze the device ones
Points points_init[2];
points_init[0].set(thrust::raw_pointer_cast(&x d0(0]),
thrust::raw_pointer_ cast(&y _d0[0]));
.
)

points_init[1].set(thrust::raw_pointer_ cast(&x d1[0])
thrust::raw_pointer_cast(&y_d1(0]));

// Allocate memory to store points

Points *points;

cudaMalloc((void **) &points, 2*sizeof (Points)):

cudaMemcpy (points, points init, 2*sizeof (Points), cudaMemcpyHostToDevice);

// We could use a close form...
int max nodes = 0;

for (int i=0, num nodes at level=l ; i<max depth ; ++i, num nodes at level*=4)
max_nodes += num_nodes_at level;

// Allocate memory to store the tree

Quadtree node root;

root.set_range (0, num_points);

Quadtree node *nodes;

cudaMalloc((void **) &nodes, max_nodes*sizeof (Quadtree node));
cudaMemcpy (nodes, &root, sizeof (Quadtree node), cudaMemcpyHostToDevice);

// We set the recursion limit for CDP to max_depth
cudaDeviceSetLimit (cudaLimitDevRuntimeSyncDepth, max depth);

// Build the quadtree

Parameters params(max_depth, min_points_per node);

const int NUM_THREADS PER _BLOCK = 128;

const size t smem size = B*sizeof (int);

build_quadtree_kernel<<<l, NUM_THREADS_PER BLOCK, smem_size>>>
(nodes, points, params);

cudaGetLastError();

// Free memory
cudaFree (nodes) ;
cudaFree (points) ;

FIGURE A13.14: (Continued)
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