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A multi-code verification test 
system
 Perform code verification in a consistent manner
 Across multiple computational physics codes
 Overview of components and brief discussion 
 Future talks (one today!) will describe the 

components in depth
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Why a multi-code verification 
test system?
 Enable standardized code verification testing
 Objective evaluation of accuracy & convergence
 Objective basis for comparison across codes
 Ensure consistency and repeatability
 Multi-code verification is not “code-to-code 

comparison”
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Anatomy of a multi-code 
verification test system
 Definitions for verification test problems
 Test problem exact solutions
 Input deck generation & simulation 

execution
 Code verification analysis
 Documentation & archiving
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Definitions for verification test 
problems
 Specification of problem parameters
 Specification of computational setup

– Code independent, e.g. Lagrangian vs 
Eulerian, to extent possible

 Specification of code outputs 
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Definitions for verification test 
problems
 Proposed standard definitions for Sedov, 

Noh, and Riemann published
– “Standardized Definitions for Code 

Verification Test Problems”, 
LA-UR-14-20418. 

– Attached to the end of this document!
 Revised versions will be published as we 

add more problems.
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Example of standardized definition for 
verification test problem
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Test problem exact solutions

 Code verification requires highly accurate –
preferably “exact” - problem solutions

 For shock hydrodynamics, many individual exact 
solution codes have been written, but:
– They exist in disparate locations
– No standardized input or output format
– Users must add own plotting package, etc.

 Need a single, standardized toolbox for these 
codes
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ExactPack: An Exact Solution 
Analysis Package 
 New software package for exact solution codes 
 Enables plotting of exact solutions
 Easily extended to new problems
 Use as stand-alone code or as a python package 
 Code is robust, reliable, and maintainable
 Currently contains several compressible hydro 

problems: Noh, Sedov, Riemann, Guderley, …
 Will be available soon for public usage. 

Presentation by Bob Singleton immediately 
following!
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Input deck generation & 
simulation management
 Need a reliable, repeatable, robust way to 

generate code input decks
 Consistency across codes with arbitrarily 

different input formats
 Use LANL “common model framework” (CMF) 

templates
 Problem-specific information stored in LANL 

V&V System (VVS) repository
 Build documentation from this repository
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Using CMF templates and VVS 
problem definitions for a code 
verification study

Code File
(code specific/problem specific)

e.g. hydro options, BC’s

Input Templates
(code specific/

problem independent)

Suite Input Decks
(code specific/

problem specific)

Run specification
(code specific/

problem specific)

Build Decks

From VVS repository

Run Calculations

Problem File
(code independent/
problem specific)

e.g. grid sizes and
problem parameters

Suite Results
(code specific/

problem specific)

From CMF repositoryProblem description
(code independent/
problem specific)

Analyze 
& Document
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Verification Pedigree and 
Reproducibility
 Pedigree of verification test suite results

– Which problem
– With what code settings
– Done by who and when
 Ability to reproduce code test results:

– Same problem in same code with 
specified version

– Same problem in different code
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We are developing a standardized 
method for code verification analysis 
within the ASC program at LANL

Evaluate global error metrics

• Metrics
• Weighting
• Mapping between grids

Standardize

w
o
r
k
f
l
o
w Perform convergence analysis

• Error model
• Method for calculating 

convergence rate
Standardize

Generate exact solution
ExactPack

Standardize

Perform calculations 
on series of grids

• Problem definitions
• Input decks
• Grids

Standardize

Present verification results

• Plot format
• Report format

Standardize

Choices to be made
(et al.)

Compare physical variables
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Working on a standardized format 
for presenting convergence results
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Automated documentation

 Sphinx tools with RST markup language
 Store problem definition and skeleton of analysis 

report in repository
 Generate analysis results using standardized script
 Human-readable report in HTML, PDF, LaTex, etc.
 Generate “stoplight” metrics as required
 Distribute results to stakeholders
 Archive results at some interval (e.g. time-based or 

release-based)
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A multi-code verification test 
system
 Perform code verification in a consistent manner
 Across multiple computational physics codes
 Overview of components and brief discussion 
 Future talks (one today!) will describe the 

components in depth

Thank you, you’ve been a great audience!


