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Types of Testing

• Conformance, Interoperability 
– Kindrick, Sauter, Matthews, “Improving Conformance and 

Interoperability Testing”, in StandardView, March 1996

• Syntax, Structure, Semantics
• Verification, Validation
• Representation, Presentation
• Manual, Automated
• Falsification
• Coverage Analysis



Characteristics of Testing

• Purpose
• Methodology
• Test cases, models, files
• Criteria
• Tools
• Results
• Certification



CAD PMI Testing Project
• Measure the conformance of CAD software and derivative files

to ASME tolerance standards

• 11 test case definitions (2D drawing) based on Y14.5 and Y14.41
– Approximately 100 PMI annotations and documentation

– Expert review

• 8 (of 11) test cases modeled in CATIA, Creo, NX, SolidWorks
– Verification of CAD models to test cases (CADIQ)

• Generate derivative STEP, JT, and 3D PDF files
– Validation of derivative files to CAD models (CADIQ, STEP File Analyzer)

– Testing by Implementor Forums

• Two verification and one validation reports

• https://go.usa.gov/mGVm



CAD PMI Testing Project



Two Types of Test Cases

• Combined Test Case
– Not a complete specification of PMI

• Fully-toleranced Test Case
– Each feature is adequately controlled and constrained

• Geometric and dimensional tolerances,
datums, and modifiers

• Not necessarily best practice or how you might 
tolerance a part



Combined Test Case





Fully-toleranced Test Case





CAD PMI Testing Project

• Test Case Browser
• Interactive coverage analysis of annotations

• https://pages.nist.gov/CAD-PMI-Testing/



CAD PMI Testing Project

• Verification of CAD models and validation of 
derivative files 
– Characteristics of graphic and semantic PMI

– High-level synthesis of raw results

• Report generic results from the CAD systems
• Interactive browser for raw results
• Exploratory data analysis



Semantic (Representation) PMI Error



Graphical (Presentation) PMI Error



Raw Results



High-level Results



Exploratory Data Analysis



Bad Testing

• IFC – Industry Foundation Classes (building industry)
• Current IFC Certification Testing is good

– Well-defined test cases, methodology, criteria

• Some previous IFC testing was not as good
– Lipman, Palmer, Palacios, “Assessment of conformance and interoperability 

testing methods used for construction industry product models”, in Journal of 
Automation in Construction, 2011.

– Poorly characterized test cases

– Unrealistic test purposes

– Meaningless test criteria



Testing Lessons Learned

• Purpose
• Methodology
• Test cases, models, files
• Criteria
• Tools
• Results



Testing Lessons Learned

• Purpose
– Very specific

– Did not consider other possible uses of the CAD models

• Methodology
• Test cases, models, files
• Criteria
• Tools
• Results



Testing Lessons Learned

• Purpose
• Methodology

– Costly, time-consuming

– Consider efficiency

• Test cases, models, files
• Criteria
• Tools
• Results



Testing Lessons Learned

• Purpose
• Methodology
• Test cases, models, files

– Driven by ASME Y14 annotation standards

– Not necessarily common practice or common geometry

– Distribution of tolerances skews results

• Criteria
• Tools
• Results



Testing Lessons Learned

• Purpose
• Methodology
• Test cases, models, files
• Criteria

– Scope

– Dependent on purpose and tools

• Tools
• Results



Testing Lessons Learned

• Purpose
• Methodology
• Test cases, models, files
• Criteria
• Tools

– Who validates the validator?

• Results



Testing Lessons Learned

• Purpose
• Methodology
• Test cases, models, files
• Criteria
• Tools
• Results

– Raw vs. high-level vs. statistical

– Skewed by distribution of annotations

– Not weighted



Testing Lessons Learned

• Good testing is challenging
• Good testing is time-consuming
• Good testing requires funding



Resources
• NIST CAD PMI Testing Project - https://go.usa.gov/mGVm

– Interactive Test Case and Verification Results Browser
https://pages.nist.gov/CAD-PMI-Testing/

• STEP File Analyzer - https://go.usa.gov/yccx

• CAx-IF - https://www.cax-if.org/

• JT-IF - http://www.prostep.org/en/projects/jt-implementor-forum.html

• 3D PDF-IF - http://www.3dpdfconsortium.org/implementor-forum/

• AP242 Benchmark Testing - http://benchmark.ap242.org/


