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Exercise 1 (Mandelbrot Warm-up (CUDA))

In the lecture, you learned about Dynamic Parallelism, which allows a CUDA kernel to launch new
kernels. The Mandelbrot set, and in particular the Mariani-Silver algorithm, is a good example where
this can be useful for rendering.

As a short warm-up, complete two basic Mandelbrot functions.
a) Complete the function escapeCount according to the Mandelbrot iteration.
b) Color the Mandelbrot set using the normalized escape count

escapeCount

maxIterations’

Use the following polynomial color palette:
R=9(1—-t), G=15(1-t)** ~ B=85(1-1)%
Use __saturatef to clamp values to the interval [0, 1] and then scale the resulting values to uchar.

Exercise 2 (Dynamic Parallelism (CUDA))
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(a) Naive (34.6 ms) (b) Dynamic Parallelism (24.5 ms) (c) Draw Borders (24.5 ms)

Figure 1: Results when implemented correctly. Performance measured on an NVIDIA GeForce RTX
2060 Super

Now implement the mandelbrotMarianiSilverKernel. Follow the general idea shown on slide 23
of the lecture. However, consider that the API is somewhat different in the framework.



a) Each kernel call receives the full output image colorImage, the currently processed image-space
rectangle parentImageRect, and the corresponding rectangle in the complex plane parentCom-
plexRect. Compute the complex-plane rectangle for the current CUDA block.

b) If the current rectangle is small enough, call the predefined function computeRectDirectly.

c) Compute the escape values of all border pixels. Distribute this work across all threads of the
block. The following helper functions are provided:
e borderPointCount(width, height) returns the number of border pixels of a rectangle.

e borderPoint (index, blockRect) returns the pixel coordinates of the border point with the
given index.

e pixelToComplex(px, py, imageRect, complexRect) maps a pixel position to the corre-
sponding point in the complex plane.

It is fine if borderPointCount is performed by all threads.

d) Add the launch of mandelbrotMarianiSilverKernel from within the kernel to subdivide the
current rectangle further.



