
�>���G �A�/�, �i�2�H�@�y�R�j�R�j�j�k�y

�?�i�i�T�b�,�f�f�T���b�i�2�H�X���`�+�?�B�p�2�b�@�Q�m�p�2�`�i�2�b�X�7�`�f�i�2�H�@�y�R�j�R�j�j�k�y

�a�m�#�K�B�i�i�2�/ �Q�M �N �J���v �k�y�R�e

�>���G �B�b �� �K�m�H�i�B�@�/�B�b�+�B�T�H�B�M���`�v �Q�T�2�M ���+�+�2�b�b
���`�+�?�B�p�2 �7�Q�` �i�?�2 �/�2�T�Q�b�B�i ���M�/ �/�B�b�b�2�K�B�M���i�B�Q�M �Q�7 �b�+�B�@
�2�M�i�B�}�+ �`�2�b�2���`�+�? �/�Q�+�m�K�2�M�i�b�- �r�?�2�i�?�2�` �i�?�2�v ���`�2 �T�m�#�@
�H�B�b�?�2�/ �Q�` �M�Q�i�X �h�?�2 �/�Q�+�m�K�2�M�i�b �K���v �+�Q�K�2 �7�`�Q�K
�i�2���+�?�B�M�; ���M�/ �`�2�b�2���`�+�? �B�M�b�i�B�i�m�i�B�Q�M�b �B�M �6�`���M�+�2 �Q�`
���#�`�Q���/�- �Q�` �7�`�Q�K �T�m�#�H�B�+ �Q�` �T�`�B�p���i�2 �`�2�b�2���`�+�? �+�2�M�i�2�`�b�X

�G�ö���`�+�?�B�p�2 �Q�m�p�2�`�i�2 �T�H�m�`�B�/�B�b�+�B�T�H�B�M���B�`�2�>���G�- �2�b�i
�/�2�b�i�B�M�û�2 ���m �/�û�T�¬�i �2�i �¨ �H�� �/�B�z�m�b�B�Q�M �/�2 �/�Q�+�m�K�2�M�i�b
�b�+�B�2�M�i�B�}�[�m�2�b �/�2 �M�B�p�2���m �`�2�+�?�2�`�+�?�2�- �T�m�#�H�B�û�b �Q�m �M�Q�M�-
�û�K���M���M�i �/�2�b �û�i���#�H�B�b�b�2�K�2�M�i�b �/�ö�2�M�b�2�B�;�M�2�K�2�M�i �2�i �/�2
�`�2�+�?�2�`�+�?�2 �7�`���M�Ï���B�b �Q�m �û�i�`���M�;�2�`�b�- �/�2�b �H���#�Q�`���i�Q�B�`�2�b
�T�m�#�H�B�+�b �Q�m �T�`�B�p�û�b�X

�_�2���H�@�i�B�K�2 �;�2�Q�K�2�i�`�v �b�v�M�i�?�2�b�B�b
�J���i�i�?�B���b �>�Q�H�H� �M�/�2�`

�h�Q �+�B�i�2 �i�?�B�b �p�2�`�b�B�Q�M�,

�J���i�i�?�B���b �>�Q�H�H� �M�/�2�`�X �_�2���H�@�i�B�K�2 �;�2�Q�K�2�i�`�v �b�v�M�i�?�2�b�B�b�X �a�B�;�M���H ���M�/ �A�K���;�2 �T�`�Q�+�2�b�b�B�M�;�X �h�û�H�û�+�Q�K �S���`�B�b�h�2�+�?�-
�k�y�R�j�X �1�M�;�H�B�b�?�X �I�L�L�h �, �k�y�R�j�1�L�a�h�y�y�y�N�=�X �I�i�2�H�@�y�R�j�R�j�j�k�y�=





















































































































































































82 CHAPTER 3. REAL-TIME GLOBAL ILLUMINATION WITH POINTS

Most HLoD methods have only focused on single-view extraction. De®ning a
cut sequentially ± even if all cutting processes [Rit+09] or collections of nodes are
treated in parallel [Hu+09] ± does not exploit modern graphics architectures to the
fullest. In particular, when all cuts have to be adaptive, a non-uniform distribution
of computational workload is common. Balancing this workload is an important
issue.

It turns out that many of the recent light-gathering methods rely on such a large
number of views to be effective [Bun05; Chr08; Rit+09], but only little work has
been devoted to this task. In particular, one key problem is to de®ne a parallel
many-cut algorithm which can be balanced on a ®ne-grained parallel architecture
within and amongthe views' LoD extraction. This issue motivated us to address
all views at once and to generate many LoDs in parallel instead of processing the
views independently.

GPU LoD selection, such as in the context of intersection test acceleration [Zho+08;
Lau+09; Gor+10] and parallel link creation for radiosity [Mey+09], can be done
ef®ciently on modern graphics architectures [Eis+09].

We exploit the fact that graphics pipelines are best suited for high numbers of
threads (Sec. 3.5.2). Sequential-over-n and parallel-in-each-view approaches do
not produce enough threads to be ef®cient (Sec. 3.6.2). We demonstrate how our
approach can be successfully applied to smooth indirect shadows [Rit+08] and
natural illumination from environment maps, among others.

3.5.2 ManyLoDs

Our algorithm computes a multi-cut in a BVH, corresponding to the many LoDs
from a large number of viewpoints, using ®ne-grained parallelism that ®ts modern
GPUs. We will use the following terminology: A BVH is a hierarchical set of nodes
with a tree structure: BVH := f N i g. A node-viewis a pair (N i ; Vj ) corresponding
to a node in the BVH and a given view. Further, we de®ne a cut C through a
BVH according to a criterion c, which is a scalar function of node-views, with the
property:

8N i ; N j ; Vk : c(N i ; Vk ) � c(N j ; Vk ) , level(N i ) < level(N j );

that is, c decreases monotonically with increasing BVH level. In our experiments c
is de®ned as the pixel size of nodeN i in view Vj or 0 if the node is culled. The cut C
is the set C := f (N i ; Vj ) j c(N i ; Vj ) < � & c(parent(N i ); Vj ) > � g, where parent(N i )
is the parent node of N i and � a user-de®ned threshold. We de®ne a node-view
(N i ; Vj ) asvalid iff c(N i ; Vj ) < � .

We will now describe our algorithm for a general parallel machine that can append
elements to lists, i. e. using pre®x scan [Ble89] (Sec. 3.7) or geometry shader vertex
stream output (Sec. 1.3). Further, we assume that a BVH is given. We will ®rst
describe our basic method and then extend it to an incremental and a lazy-update
approach. Details for a geometry-shader implementation are given in section 3.5.3.






























































































































