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Introduction
This document describes a set of BrepMesh tests that were run on different test models. The main goal of these tests is to check the correctness of current BRepMesh triangulation work in sequential and parallel modes. 
Environment definition
Tests were run on following configuration:

Hardware:

Processor: Intel Core CPU 6300, 2 cores, 1.86GHz, 1.86GHz, 
RAM: 2.00 GB
Software:

OS:  Microsoft Windows XP Professional Service Pack 3 32bit.
OCCT: 9238 OCC revision from trunk.

OSD_PerfMeter was used for time measurement. Average time of 10 tests was taken into account.
Task definition
In order to familiarize with work of the BrepMesh, especially with its parallel part, and to improve it following sub-tasks were defined:

· Learning of the BrepMesh framework. Analysis of the basic algorithms used in BrepMesh from parallelization point of view.
· Development of a testing framework (set of scripts covering various types of surfaces for automatic testing) for BRepMesh. 
· Analysis of failed test cases with Intel Parallel Studio and identification of code sections which are not thread-safe.
· Development of technical solutions to fix not thread-safe cases.

Testing Summary
BrepMesh testing results are represented in the following table:

	Number of Test
	Model
	Associated Mantis Bug ID
	Summary

	1
	15_cylinder_head.brep
	-
	OK

	2
	Fillet.brep
	-
	OK

	3
	OCC234.brep
	-
	OK

	4
	OCC58b.brep
	-
	OK

	5
	SECC19_1_IZQ.brep
	-
	OK

	6
	shading_017.brep
	-
	OK

	7
	shading_058.brep
	-
	OK

	8
	shading_125.brep
	-
	OK

	9
	shading_158.brep
	-
	OK

	10
	shading_177.brep
	-
	OK

	11
	TR12J.brep
	-
	OK

	12
	Sphere.brep
	-
	OK

	13
	BugVisu.brep
	0021798
	OK

	14
	RailBosh.step
	0022641
	KO



	15
	square.brep
	0022778
	KO



	16
	523-assy-all_asm.brep
	-
	OK


Results
In scope of BrepMesh testing task next results were achieved.

· Clear vision about how BrepMesh works was formed. Current state of BrepMesh parallelization techniques was considered. Also the main algorithms for processing shapes, edge discretization, face discretization were considered.
· Testing of BRepMesh algorithm on various types of surfaces was done after familiarizing with the framework. First of all two DRAW commands incmesh and mpincmesh were identified to test BrepMesh. It is very inconvenient to have two separate commands to test same functionality in different modes. So, it is proposed to make a single one. Also it was noticed that it is not possible to mesh the shape in parallel mode inside STL export functionality.
· Then each test case was run in sequential and parallel modes. As a result, most models were correctly triangulated in both modes. During the performance testing the problem with time measurement was found. Now there is no timer in OCC to measure time of parallel programs. Existing timers showed that average time in parallel mode is much less than in the sequential one in most of test cases. But there are some models where parallelization even slows down the execution. After additional research it was found out that these models have only one face (Test №5, Test №12, Test №15). So, it is proposed not to handle single face models in parallel.
· Test cases №13, №14, №15 were taken from Mantis BugTracker. Bug 0021798(Test №13) was fixed by latest integrations and others are still reproduced.
· After testing by means of Intel Parallel Studio on given models it was found out that there are no code blocks which are not thread-safe. And it is not necessary to parallelize Update() method of BRepMesh_IncremetalMesh for that moment because it is not even a hotspot of current functionality. May be it is necessary to make tests on other models to provide more precise analysis.

· Remarks on the results of tests have been developed. Test scenarios can be found at: \\WARHAMMEX64\Share\Tests.
Proposals
· Develop a single command for BrepMesh testing. Flag IsParallel should be passed to this command as third parameter. Add BrepMesh status checking for parallel mode of this method. 
Status: issue in Mantis - http://tracker.dev.opencascade.org/view.php?id=22799
· Avoid using of parallel execution when shape contains only one face. Parallel time is more then corresponding sequential time in such cases (see Test №5).
Status: issue in Mantis - http://tracker.dev.opencascade.org/view.php?id=22867
· Check why maximum deflection reported by a command trinfo doesn't correspond to the passed deflection, and possible deflection (1.1 * passed deflection) as well.
Status: issue in Mantis -  http://tracker.dev.opencascade.org/view.php?id=22868
· Add support for parallel meshing into STL export functionality. 
Status: issue in Mantis - http://tracker.dev.opencascade.org/view.php?id=22866
· Implement new special timer for parallel programs performance measurement, because the existing ones display wrong results if the number of threads is more than number of physical CPU cores or if balancing of the calculations across the threads is bad.
Status: issue in IMT - http://upap.nnov.opencascade.com/issues/382.
Appendix

Following results were obtained during testing: 

Test № 1

	Test model: 15_cylinder_head.brep

	Sequential Mode
	Parallel Mode

	Deflection: 0.1
	Deflection: 0.1

	114982 triangles

77040 nodes

Maximal deflection: 0.1857
	114982 triangles

77040 nodes
Maximal deflection 0.1857

	Elapsed time: 1.1187
	Elapsed time: 0.7218

	Test result: OK
	Test result: OK
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Test № 2

	Test model: Fillet.brep

	Sequential Mode
	Parallel Mode

	Deflection: 0.01
	Deflection: 0.01

	3995 triangles
2384 nodes

Maximal deflection: 0.0093
	3995 triangles

2384 nodes

Maximal deflection: 0.0093

	Elapsed time: 0.0312
	Elapsed time: 0.0218

	Test result: OK
	Test result: OK
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Test №3
	Test model: OCC234.brep

	Sequential Mode
	Parallel Mode

	Deflection: 0.01
	Deflection: 0.01

	234 triangles

235 nodes

Maximal deflection: 0.0238
	234 triangles

235 nodes

Maximal deflection: 0.0238

	Elapsed time: 0.0156
	Elapsed time: 0. 0187

	Test result: OK
	Test result: OK
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Test №4

	Test model: OCC58b.brep

	Sequential Mode
	Parallel Mode

	Deflection: 0.01
	Deflection: 0.01

	163686 triangles

87289 nodes

Maximal deflection: 0.1749
	163686 triangles

87289 nodes

Maximal deflection: 0.1749

	Elapsed time: 8.025
	Elapsed time: 4.4281

	Test result: OK
	Test result: OK
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Test № 5
	Test model: SECC19_1_IZQ.brep

	Sequential Mode
	Parallel Mode

	Deflection: 0.01
	Deflection: 0.01

	448794 triangles

225299 nodes

Maximal deflection: 0.032
	448794 triangles

225299 nodes

Maximal deflection: 0.032

	Elapsed time: 423.6187
	Elapsed time: 428

	Test result: OK
	Test result: OK
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Test № 6

	Test model: shading_017.brep

	Sequential Mode
	Parallel Mode

	Deflection: 0.01
	Deflection: 0.01

	18534 triangles

11020 nodes

Maximal deflection: 0.0397
	18534 triangles

11020 nodes

Maximal deflection: 0.0397

	Elapsed time: 0.3187
	Elapsed time: 0.2125

	Test result: OK
	Test result: OK
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Test № 7

	Test model: shading_058.brep

	Sequential Mode
	Parallel Mode

	Deflection: 0.01
	Deflection: 0.01

	51706 triangles

27481 nodes

Maximal deflection: 0.0096
	51706 triangles

27481 nodes

Maximal deflection: 0.0096

	Elapsed time: 0.6125
	Elapsed time: 0.3281

	Test result: OK
	Test result: OK
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Test № 8

	Test model: shading_125.brep

	Sequential Mode
	Parallel Mode

	Deflection: 0.01
	Deflection: 0.01

	83149 triangles

42978 nodes

Maximal deflection: 0.6275
	83149 triangles

42978 nodes

Maximal deflection: 0.6275

	Elapsed time: 4.0937
	Elapsed time: 2.1656

	Test result: OK
	Test result: OK
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Test № 9

	Test model: shading_158.brep

	Sequential Mode
	Parallel Mode

	Deflection: 0.01
	Deflection: 0.01

	8266 triangles

4750 nodes

Maximal deflection: 0.4066
	8266 triangles

4750 nodes

Maximal deflection: 0.4066

	Elapsed time: 0.3156
	Elapsed time: 0.1968

	Test result: OK
	Test result: OK
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Test № 10
	Test model: shading_177.brep

	Sequential Mode
	Parallel Mode

	Deflection: 0.01
	Deflection: 0.01

	97918 triangles

51338 nodes

Maximal deflection: 0.0098
	97918 triangles

51338 nodes

Maximal deflection: 0.0098

	Elapsed time: 1.4625
	Elapsed time: 0.8156

	Test result: OK
	Test result: OK
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Test № 11
	Test model: TR12J.brep

	Sequential Mode
	Parallel Mode

	Deflection: 0.1
	Deflection: 0.1

	120043 triangles

76057 nodes

Maximal deflection: 0.4344
	120043 triangles

76057 nodes

Maximal deflection: 0.4344

	Elapsed time: 1.4218
	Elapsed time: 1.0437

	Test result: OK
	Test result: OK
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Test № 12
	Test model: Sphere.brep

	Sequential Mode
	Parallel Mode

	Deflection: 0.1
	Deflection: 0.1

	142446 triangles

71382 nodes

Maximal deflection: 0.1762
	142446 triangles

71382 nodes

Maximal deflection: 0.1762

	Elapsed time: 31.9156
	Elapsed time: 33.3093

	Test result: OK
	Test result: OK
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Test № 13
	Test model: BugVisu.brep (BUG 0021798)

	Sequential Mode
	Parallel Mode

	The error code “Self Intersecting Wire” is retuned.
	The error code “Self Intersecting Wire” is retuned.

	Test result: NA
	Test result: NA


Test № 14
	Test model: RailBosh.step (BUG 0022641)

	Sequential Mode
	Parallel Mode 

	Deflection: 0.1
	Deflection: 0.1

	97066 triangles

63158 nodes

Maximal deflection: 0.0997
	97066 triangles

63158 nodes

Maximal deflection: 0.0997

	Elapsed time: 1.1437
	Elapsed time: 0.8531

	Test result: KO
	Test result: KO
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Test № 15
	Test model: square.brep (BUG 0022778)

	Sequential Mode
	Parallel Mode

	Deflection: 0.001
	Deflection: 0.001

	226 triangles

174 nodes

Maximal deflection: 0.000886
	226 triangles

174 nodes

Maximal deflection: 0.000886

	Elapsed time: 0.0062
	Elapsed time: 0.0062

	Test result: OK
	Test result: OK
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	AFTER NURBS
	AFTER NURBS

	2148 triangles

1135 nodes

Maximal deflection: 6.7388e-5
	2148 triangles

1135 nodes

Maximal deflection: 6.7388e-5

	Elapsed time: 0.0281
	Elapsed time: 0.0281

	Test result: KO
	Test result: KO
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Test № 16
	Test model: 523-assy-all_asm.brep

	Sequential Mode
	Parallel Mode

	Deflection: 0.01
	Deflection: 0.01

	20334 triangles

13787 nodes

Maximal deflection: 0.0099
	20334 triangles

13787 nodes

Maximal deflection: 0.0099

	Elapsed time: 0.2312
	Elapsed time: 0.175

	Test result: OK
	Test result: OK
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