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Background

• Formal software testing first reference: Kent Beck “Test First Design”, 1999-2002
• First few tests were made for RELAP in 1997 by … George Mesina
• In the 90s the battle of testing ideologies began: 

− TDD: Test Driven Development
− RDD: Requirements Driven Development



Background 2

• Many perspectives on testing:
− Robert C. Martin’s 3 laws for TDD:

• Write no production code except to pass a failing test.
• Write only enough of a test to demonstrate failure.
• Write only enough production production code to pass the test.

− David Farley Red-Green-Blue:
• RED: Write a failing test
• GREEN: Write code to pass the test
• BLUE: Refactor and improve quality



Test Driven Development (TDD) is not always liked

• Casey Muratori (coined the term IMGUI – Immediate Mode GUI 2002):
− Spending too much time developing for tests takes time away from actual use 

cases
− Snapshot-testing is useful
− Acceptance-testing is useful

• ASME NQA-1 does not actually require TDD but rather
− Requirements Specification
− Traceability
− Verification and Validation



What is the RELAP5-3D Testing Philosophy?

1. Regression Testing: Evaluating regression is a high priority.
2. Testing during CI/CD: two phases i) condensed for PRs, ii) full set for CD.
3. Snapshot Testing: Shall be used to evaluate the effect of new/refactored code.
4. Evaluate the performance of key processes.
5. Document test cases and results.
6. Every test shall have an associated requirement.
7. Every requirement shall have at least one associated test.
8. Do not over-sample the parameter space.
9. Do not over-test, evaluate the value added by a test carefully.
10. Prioritize good tests over many tests.

CI/CD: Continuous Integration 
Continuous Development
PR: Pull Request



The RELAP5-3D Test System Requirements

1. Test specifications must be apparent.
2. A test shall execute a command line driven executable.
3. The arguments shall be customizable.
4. A test must have the ability to run several checks.
5. A test must have the ability to link to several requirements.
6. A test must be able to run sub-scripts before running the executable.
7. A test must be able to run sub-scripts after running the executable.
8. A test must be able to run sub-scripts after the checks have executed.
9. A test must be derivable from a template.
10. A test must have the ability to be dependent on another test.



TFCTestSystem

• github.com/tfc-engineering/tfc_TestSystem
• Python script implementing a factory pattern
• Checks are 100% extendible
• Pulled into RELAP5-3D using a git submodule



TFCTestSystem 1

• Create a test directory in your repo
• Clone tfc_PyFactory and tfc_TestSystem 

into test
• Copy 

examples/ExampleTestSystemEXE.py to 
test/run_tests and modify it (chmod u+x 
etc.)

• Create a test/tests folder and place within 
it a file *tests.yaml



TFCTestSystem 2

• Example specifications



TFCTestSystem 3

• Example outputs:



Test Objects



Checks

• 8 basic checks (for now)

• RELAP extended checks



Nice features 1

• Highly parallelizable
• Working in offset “temporary directories” is possible
• Templates with substitutable $MACROS



Nice features 2

• Executable can be assigned globally, YAML local, and test-specific
• Tests can be assigned to different weight-classes, e.g., short, medium, long
• Tests can be assigned time-limits
• A configuration file can be used for style-type items (and other things)
• Tests and checks know about each other



Nice features 3

• Test result database
• Requirements parsing
• Automatic RTM (Requirements 

Traceability Matrix)

DEMO 



Conclusion

• TFCTestSystem is open for everyone to use
• RELAP specific items are protected in the repo
• Meant as a replacement for MATLAB, Octave, SciLab



Questions



Battelle Energy Alliance manages INL for the U.S. Department of Energy’s Office of Nuclear Energy. 
INL is the nation’s center for nuclear energy research and development, and also performs research 

in each of DOE’s strategic goal areas: energy, national security, science and the environment.
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