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Abstract

We present a novel multi-core CPU based parallel algorithm for the cell-connectivity information extraction algorithm,
which is one of the preprocessing steps for volume rendering of unstructured grid data. We first check the synchronization
issues when parallelizing the prior serial algorithm naively. Then, we propose a 3-step parallel algorithm that achieves high
parallelization efficiency by removing synchronization in each step. Also, our 3-step algorithm improves the cache utilization
efficiency by increasing the spatial locality for the duplicated triangle test process, which is the core operation of building
cell-connectivity information. We further improve the efficiency of our parallel algorithm by employing a memory pool for
each thread. To check the benefit of our approach, we implemented our method on a system consisting of two octa-core
CPUs and measured the performance. As a result, our method shows continuous performance improvement as we add
threads. Also, it achieves up to 82.9 times higher performance compared with the prior serial algorithm when we use
thirty-two threads (sixteen physical cores). These results demonstrate the high parallelization efficiency and high cache

utilization efficiency of our method. Also, it validates the suitability of our algorithm for large-scale unstructured data.
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(a) Dataset 1 (b) Dataset 2

(C) Dataset 3

Figure 1. Volume rendering images for the three benchmark datasets
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for each tetrahedron do
for each triangle of the current tetrahedron do
viDs/[3] = three vertex IDs of the current Tri.
sort viDs
hash_key = vIDs[0] mod |hash_table|
List = hash_table[hash_key]
if ( Find the same v/Ds in List ) then
Create a cell connectivity information
else
List - Push current triangle
endif
end for

end for

Table 1. Pseudo-code for the prior VIK’s serial

algorithm of extracting connectivity information
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Connectivity Info. build Ray-casting/frame
Dataset 1 9.33 sec. 1.11 sec.
Dataset 2 1007.05 sec. 8.15 sec.
Dataset 3 2063.04 sec. 2.29 sec.

Table 2. Processing times by unstructured grid volume

rendering algorithm of VTK for three different datasets.
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Step 1. Step 2. Step 3.
Build thread local triangle lists Combine local triangle Remove duplicate triangles and
list into a global list construct cell connectivity information
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Figure 2. Overview of our parallel cell connectivity information extraction algorithm
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The number of primitives Required memory for triangle list(s)
Vertex Tetra Face Boundary face VTK (GB) Ours (GB)
Dataset 1 647,073 3,773,943 7,583,488 71,614 0.41 0.82
Dataset 2 7,320,994 41,257,368 83,385,432 1,741,392 4.41 9.01
Dataset 3 7,659,517 41,939,085 85,051,683 2,347,026 4.47 9.19

Table 3. The information of benchmark unstructured grid datasets. Each column shows the number of vertex,
tetrahedra, face, and boundary faces, and the required memory size for storing triangle lists by two algorithms.
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versions of our parallel algorithm depending on the

number of computing threads.




# of threads 1 2 4 8 16 32 VTK (serial)
Dataset 1 | Ours w/o mem. pool 8.42 4.75 2.94 1.81 1.66 1.80 9.33
Ours 6.71 3.46 2.11 1.33 1.27 1.41 )
# of threads 1 2 4 8 16 32 VTK (serial)
Dataset 2 | Ours w/o mem. pool 216.04 118.43 61.33 36.85 28.63 24.74 1007.05
Ours 188.62 100.11 56.18 31.19 23.50 21.29 )
# of threads 1 2 4 8 16 32 VTK (serial)
Dataset 3 | Ours w/o mem. pool 239.75 142.44 72.21 43.09 32.57 28.18 2063.04
Ours 210.97 125.86 64.08 37.59 28.21 24.89 )
Table 4. Processing times (seconds) of three different cell connectivity extraction algorithms
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