
Eurographics Symposium on Parallel Graphics and Visualization (2026)
S. Rizzi, C. Gueunet, S. Dutta (Editors)

Supplementary Material

A. Kreskowski and G. Rendle and B. Froehlich

Virtual Reality and Visualization Research Group, Bauhaus-Universität Weimar, Germany

A: Notes on In-Kernel Bounding Geometry Computation

In-Kernel Bounding Volume Computation. It is beneficial to al-
low the rendering component to cull meshlets when they are not
contained in the viewing frustum. This can be enabled by calcu-
lating a bounding volume for each meshlet, which can be com-
pared with the view frustum. Our implementation includes dif-
ferent approaches to creating bounding volumes, which are com-
pared in Figure A. In the first approach, we use the implicit axis-
aligned bounding box (AABB), which can be derived from the in-
dex of each meshlet’s parent block. This bounding volume is not
as tight-fitting as other approaches, but avoids additional computa-
tional overhead during the extraction stage. In the second approach,
we explicitly compute a tight-fitting AABB for the meshlet using
subgroupMinMax operations. This does not incur any significant
overhead because the vertices required for the calculation are al-
ready available. The third approach computes bounding spheres
containing the extracted vertices. We utilize the most straightfor-
ward method for bounding sphere creation [Lar08], which per-
forms two in-kernel passes through the vertices: one to establish
the sphere center and one to find the minimum radius that contains
all vertices, given the established center. This approach is therefore
more computationally demanding than AABB methods (see gray
bars in Figure A). Although bounding spheres may offer a benefit in
certain mesh rendering scenarios, we notice that when meshlets are
extracted from small, compact blocks, there is little added culling
benefit from bounding spheres. Accordingly, we recommend em-
ploying one of the AABB-based representations.

In-Kernel Normal Cone Computation. In addition to cluster
frustum culling, it is common practice to perform cluster back-
face culling based on normal cones [SAE93], which describe the
spread of normal vectors within a cluster of triangles with a cone
direction vector and an opening angle. This data allows clusters to
be backface-culled according to the viewing position [Kap25]. To
achieve conservative and effective cone culling, tight normal cones
need to be derived from the per-face normals of the triangles to be
rendered. Approximating the per-face normals by volume gradients
does in general not guarantee the creation of conservative normal
cones. Deriving exact per-face normal vectors for the triangles that
comprise our meshlets is also not directly possible within an un-
modified PMB kernel, because (by design) no thread has access to
all the vertices of the triangles extracted from its occupied cell(s),
since extraction overhead is distributed across all threads within the
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Figure A: Comparison of complete frame times for the shown cam-
era perspective for which the isosurface (consisting of meshlets)
is rendered either using only mesh shaders (no cluster culling is
performed, in green) or using task and mesh shaders (with task
shaders performing cluster culling, in blue). The extraction time
strongly varies depending on the desired bounding volume (and
normal cone) computation. While the offline reference approach
benefits from cone-based culling, our real-time extraction method
does not, since the cost of creating normal cones outweighs the
culling savings when the extracted isosurface is not drawn often
enough.

workgroup. To experimentally address this, we build a hybrid be-
tween PMB and classical MC approaches, allowing each thread of
the PMB kernel to temporarily extract the (up to) 12 vertices cre-
ated by its cell in a classic MC manner, which allows the triangles
to be built and face normals to be calculated.

This use of registers and computation, together with the nor-
mal cone computation itself [AMHH∗18], outweighs the benefits
of cone-based backface culling at draw time (see Figure A). An
important factor here is the lack of explicit control that our ap-
proach has over the shape of the created meshlets, meaning that the
normal spread of a meshlet cannot be limited to a specific value.
Accordingly, we do not recommend the use of normal cones for
our approach. However, we note that more complex pipelines that
employ in-pipeline occlusion culling [KRF22] are likely to be able
to discard many back-facing clusters during occlusion tests, mean-
ing that future investigations into efficient normal cone extraction
methods may have value.
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B: Additional Performance Measurement Figures

Complementary Dynamic Isosurface Exploration Graphs The
performance graphs in Figure B complement our descriptions and
evaluation of the dynamic isosurface exploration scenario in Sec-
tion 4.3 of the main document.
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Figure B: Combined extraction and draw times encountered in a dy-
namic isosurface exploration scenario for the proposed meshlet ex-
traction and rendering approach (Ours), compared to the extraction
and draw times of the four most competitive non-meshlet extraction
modes of PMB and the draw times of the offline-optimized meshlet
reference, which serves as a best-case reference where no time is
spent on extraction during runtime. In addition to the combined ex-
traction and draw times (solid lines), we also plot the corresponding
pure draw times (dashes) of the online extraction approaches.



C: Pseudocode for our Region Analysis Stage using Task
Shaders and Extraction Stage using Mesh Shaders

Listing 1 Region Analysis Task Shader.
(cmp. Figure 4 in the main document)

1 ////////////////////////////////////////////////////////////

2 //SUMMARY: //

3 // Find occupied cells and count vertices & primitives of //

4 // isosurface geometry created by subblocks with //

5 // subblock sizes (SBS) -> (stats_SBSxyz). //

6 // Subsequently create subblock regions which create //

7 // meshlets honoring desired geometry count limits. //

8 ////////////////////////////////////////////////////////////

9 /*Executed by exactly 32 threads, each analyzing distinct 2x2x2

10 regions of our 256 cell subblock to encode every occupied

11 cell with an 8 bit index. Meshlets created from 2x2x2 regions

12 are guaranteed to honor geometry count limits, so we fall

13 back to those regions if others produce too much geometry */

14 for Thread Ti=0..31 in subgroup:

15

16 //helper variable to count number of subblocks created

17 subblock_count_per_thread = 0;

18 i =get_local_thread_id();

19

20 /////////////////////////////////////////////////////////

21 // Each thread calculates statistics for its subregion //

22 // corresponding to a subblock with SBS 2x2x2 //

23 /////////////////////////////////////////////////////////

24 stats_SBS222 =analyze_SBS222(i);

25

26 /////////////////////////////////////////////////////////

27 // Top-down hierarchical region analysis. //

28 // Using a subgroup operation, threads sum up //

29 // vertex and index counts for entire 8x8x4 block //

30 /////////////////////////////////////////////////////////

31 stats_SBS884 =subgroupClusteredAdd(stats_SBS222, 32);

32

33 if(fulfills_meshlet_constraints(stats_SBS884) ) then:

34 submit_subblock_info_for_extraction(stats_SBS884);

35 //only count the 8x8x4 block on one thread

36 subblock_count_per_thread = 0 == i ? 1 : 0;

37 else:

38 //if meshlet from 8x8x4 block too large, analyze further

39 //calculate geometry and cell counts for 4x4x4 subblocks

40 stats_SBS444 =subgroupClusteredAdd(stats_SBS222, 8);

41 if(is_region_occupied(stats_SBS444) ) then:

42 if(fulfills_meshlet_constraints(stats_SBS444) ) then:

43 submit_subblock_info_for_extraction(stats_SBS444);

44 // only count the 4x4x4 block on one out of 8 threads

45 subblock_count_per_thread = (0 == (i mod 8)) ? 1 : 0;

46 else:

47 if(is_region_occupied(stats_SBS222) ) then:

48 submit_subblock_info_for_extraction(stats_SBS222);

49 // count the 2x2x2 block on each thread

50 subblock_count_per_thread = 1

51

52 //obtain total number of active subblocks

53 num_active_subblocks =subgroupAdd(subblock_count_per_thread);

54

55 only Thread T31:

56 spawn_num_extraction_workgroups(num_active_subblocks);

Listing 2 Meshlet Extraction Mesh Shader.
(cmp. Figure 4 in the main document)

1 ////////////////////////////////////////////////////////////

2 // SUMMARY: //

3 // Retrieve region size and active cells per thread. //

4 // Then execute Parallel Marching Blocks extraction //

5 // and meshlet boundary computation. //

6 ////////////////////////////////////////////////////////////

7 /*For this stage, we do not impose any limit on the extraction

8 group size on top of current hardware and extension

9 limits. To allow sufficiently large extraction regions,

10 smaller thread counts (e.g. 32 in the GL_NV_mesh_shader

11 extension) can be compensated for by allowing threads

12 to work on several cells. */

13

14 for Thread Ti=0..n−1 in subgroup:

15

16 /*the region analysis shader provides global write offsets

17 for vertices, triangles and meshlet descriptors */

18 global_offsets =get_global_offsets(local_workgroup_id);

19 i =get_local_thread_id();

20 //retrieve occupied cell index

21 cell_id =read_occupied_cell_id_from_task_mesh_interface(i);

22

23 //reserve space for up to 3 unique positions and normals

24 num_verts = 0; v_pos[3] = {}; v_nor[3] = {};

25 num_verts, v_pos, MC_case =extract_PMB_vertices(cell_id);

26 v_nor =sample_normals_at_vertices(num_verts, v_pos);

27

28 /*this synchronization refers to the in-kernel stream

29 compaction explained in detail in the original paper

30 "Parallel Marching Blocks: A Practical Isosurfacing

31 Algorithm for Large Data on Many-Core Architectures"

32 by Liu, Clapworthy, Dong and Wu (2016)

33 For details refer to their supplementary pseudocode

34 and our own implementation in the provided framework*/

35 local_offset

36 =synchronize_vertex_offsets_across_workgroup(num_verts);

37

38 //this computation happens across the entire workgroup and

39 //is carried out using subgroup communication as well as

40 //additional shared memory for synchronizing boundary

41 //information across different workgroups

42 bounds

43 =compute_meshlet_bounds_coop(num_verts, v_pos, v_nor);

44

45 write_unique_positions_to_storage_buffer(num_verts, v_pos);

46 write_unique_normals_to_storage_buffer(num_verts, v_nor);

47 resolve_and_write_triangle_indices(num_verts, MC_case);

48

49 only Thread Tn−1:

50 stats =compute_counts_and_offsets(local_offset, MC_case);

51 write_meshlet_descriptor(stats, bounds);
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