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Quote du jour… 

“The purpose of computing is insight, not 
pictures”–Richard Hamming 
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*L.Alvarez, in D. Greenberg, The Politics of Pure Science, U. Chicago Press, 1967. 

• Verification  Solving the equations correctly 

• Calibration  Adjusting (“tuning”) parameters 

• Validation  Solving the correct equations 

– Mathematics/Computer Science issue 

– Applies to both codes and calculations 

– Physics/Engineering (i.e., modeling) issue 

– Applies to both codes and calculations 

• Benchmarking  Comparing with other codes 

– Parameters chosen for a specific class of problems 

– “There is no democracy in physics.”* 

Some definitions 

used in V&V 
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The nature of the code development 

is a key aspect to consider. 

• How well do the code developers 
understand what they are working on. 

• In some cases the key developers have 
moved on and are not available… 

• … leading to the “magic” code issue,  
– “Any sufficiently advanced technology is 

indistinguishable from magic.” Arthur C. Clarke 
[Clarke's Third Law] 

– Understanding problems can be nearly 
improssible, or prone to substantial errors, 

– Fixing problems become problematic (bad 
choices are often made!) as a consequence. 
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Diffusion of innovation is useful to 

understand how ideas advance. 
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Figure adapted from “After the Goal Rush: Creating a True Profession of Software Engineering”  
by Steve McConnelll, Microsoft Press 1999 

“So easy, even a  
caveman could  
do it” - Geico 
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“Most daily activity in science can only be 

described as tedious and boring, not to 

mention expensive and frustrating.”  

Stephen J. Gould, Science, Jan 14, 2000. 
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We can see how different the 

user communities can be. 

• If one considers that the journals characterize 

the leading edge of work in an area. 

• For fluid mechanics, the engineering 

community has embraced well-defined 

standards (using V&V) 

• While the physics community tends to embrace 

a standard based on expert judgment. 

• These considerations tend to be reflected in 

practice: 

– Engineers tend to work to achieve a strong evidence 

basis for decisions 

– Physicists tend to provide their evidence based more 

strongly on expertise. 
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I’m going to go through a set of 

examples next from the literature. 

• The examples are taken from the current 

(2009) literature for a small subset of 

journals. 

• They do not reflect a comprehensive study, 

the articles were simply chosen from a 

recent issue of the journal. 

• My working thesis is that any issues are not 

an indictment of the authors, but rather a 

reflection of accepted practice within the 

communities represented by the journals 

chosen. 
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Excerpt from the editorial policy of 

Physics of Fluids 

“Physics of Fluids, published monthly by the American 
Institute of Physics with the cooperation of the 
American Physical Society, Division of Fluid 
Dynamics, is devoted to original theoretical, 
computational, and experimental contributions to the 
dynamics of gases, liquids, and complex or 
multiphase fluids.” 

• There is nothing about accuracy, validation, 
verification, convergence, etc… 

• Everything is in the hands of the editors and 
reviewers, i.e. the experts. 

I’m not picking on Physics of Fluids, 

there are many other examples 
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Example 1: Physics of Fluids 

Neither the experiment or the simulation have 
any error estimate associated with it.  The  
reader cannot have any idea of the quality of 
either.  Is this an acceptable state of affairs? 
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Excerpt from the editorial policy of 

Journal of Fluid Mechanics 

“Journal of Fluid Mechanics is the leading international journal in 
the field and is essential reading for all those concerned with 
developments in fluid mechanics. It publishes authoritative 
articles covering theoretical, computational and experimental 
investigations of all aspects of the mechanics of fluids. Each 
issue contains papers on both the fundamental aspects of fluid 
mechanics, and their applications to other fields such as 
aeronautics, astrophysics, biology, chemical and mechanical 
engineering, hydraulics, meteorology, oceanography, geology, 
acoustics and combustion.” 

• There is nothing about accuracy, validation, verification, 
convergence, etc… 

• Everything is in the hands of the editors and reviewers, i.e. the 
experts. 
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Example 2: Journal of Fluid Mechanics 

Again both simulation and experiment have no 
errors estimates.  Even the viewgraph norm of 
the image isn’t very convincing.  Another telling 
characteristic is that the simulation is described 
in very general and vague terms. More importantly 
the methods used are very old and not very good 
in modern terms (1st order!!!  
How is this good enough?). 
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Journal of Fluid Mechanics (continued) 

This paper is far better from a V&V perspective than 
the other JFM papers.  The method is described a  
bit more than other papers.  They use two grids!   
There is a vague error estimate, but no convergence  
rate. Again, the experimental data is not  
characterized. 
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Journal of Fluid Mechanics (continued) 

This paper is sort of par for the course with JFM. 
Until… 
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A bonus: same article! 

A mesh refinement study is included in an Appendix! 
They even use three grids, but then let us down by 
not even giving us a convergence rate or error  
estimate.  So close, yet so far! 
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Journal of Fluid Mechanics (continued) 

This paper is really the low point for my JFM study. 
There isn’t even a hint of error analysis, nor the  
merest description of the code aside from the mesh 
used.  I can’t see how this is acceptable scientifically! 
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Excerpt from the editorial policy of 

Physical Review Letters 

“Physical Review Letters, published by the American Physical 
Society, is charged with providing rapid publication of short 
reports of important fundamental research in all fields of 
physics. The journal should provide its diverse readership with 
coverage of major advances in all aspects of physics and of 
developments with significant consequences across 
subdisciplines. Letters should therefore be of broad interest. ” 

“Mathematical and computational papers that do not have 
application to physics are generally not suitable for Physical 
Review Letters.” 

• There is nothing about accuracy, validation, verification, 
convergence, etc… 

• Everything is in the hands of the editors and reviewers, i.e. the 
experts. 
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Example 3: Physical Review Letters 

The issues with this paper are simple. The numerical 
methods are not described, error is not quantified, 
the experimental data has unquantified error.  The  
paper reports to put modeling, computing and  
experiment together yet quantified none although the 
comparison seems good. 
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This paper was highlighted by this Journal presumably 
because the picture looks so darn good!  This seems 
like the the viewgraph norm personified.  Again, nothing 
whatsoever is quantified experimentally or  
computationally. 
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Science Magazine: Editorial Policy 
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Science often has a “news” article 

about the research papers. 
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The research article in Science. 

The strongest “evidence” is the likeness of the above 
picture with photographs of the actual sun.  All the  
details and evidence of numerical quality is in  
supplementary material.  I decided to look at it. 
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Thank God for supplementary material! 

Very disappointing!  In fact new questions were raised. 
The references had to be examined to find any details. 
No V or V can be found. 
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OK, let’s look at those references 
There is a little, but not much in the Ap. J. paper. 

Let’s look at that thesis.  There is no V or V. 

The method is described albeit not specifically.  There  
isn’t any verification at all. 
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Magazine 

Editorial Guidance: Writing a peer review 

• Are the claims convincing? If not, what further evidence is 

needed? 

• Are there other experiments or work that would strengthen the 

paper further? 

• How much would further work improve it, and how difficult 
would this be? Would it take a long time?  

• Should the authors be asked to provide supplementary 

methods or data to accompany the paper online? (Such data 

might include source code for modelling studies, detailed 

experimental protocols or mathematical derivations.) 

• Have they provided sufficient methodological detail that the 

experiments could be reproduced? 

• Is the statistical analysis of the data sound, and does it 

conform to the journal's guidelines?  
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The proportionality of global warming to 

cumulative carbon emissions  
by H. Damon Matthews, Nathan P. Gillett, Peter A. Stott & Kirsten 
Zickfeld - Nature 459, 829-832 (11 June 2009) | doi:10.1038/

nature08047 

Editor’s summary: To date, efforts to describe and predict the climate 

response to human CO2 emissions have focused on climate sensitivity: 
the equilibrium temperature change associated with a doubling of CO2. 

But recent research has suggested that this 'Charney' sensitivity, so 
named after the meteorologist Jule Charney who first adopted this 

approach in 1979, may be an incomplete representation of the full Earth 

system response, as it ignores changes in the carbon cycle, aerosols, 
land use and land cover. Matthews et al. propose a new measure, the 

carbon-climate response, or CCR. Using a combination of a simplified 
climate model, a range of simulations from a recent model 

intercomparison, and historical constraints, they find that — 

independent of the timing of emissions or the atmospheric 
concentration of CO2 — emitting a trillion tonnes of carbon will cause 

1.0–2.1 °C of global warming, a CCR value that is consistent with model 
predictions for the twenty-first century. 

Again, the magazine has a laypersons news story plus an 
Editor’s summary of the article.  For Nature, all the  
numerical work that I could find was related to climate 
change.  Its important to note that these papers  
are significant in terms of much larger geopolitical 
dynamics with massive economic consequences too. 



SAND-2009-????P 

Results 

HD Matthews et al. Nature 459, 829-832 (2009) doi:10.1038/nature08047 

Observational estimates of CCR. CCR estimated from the 

C4MIP simulations11. 

The results do contain estimates of observational errors. 
Numerical “error” consists of comparing the results 
from different codes.  The uncertainty is defined as  
the spread in outcomes from the codes.  
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Method’s summary 

The paper also includes a summary of the methods 
used plus online supplementary materials. 
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C4MIP? 

Journal of Climate Article:  Volume 19, Issue 14 (July 2006) pp. 3337–3353  

Climate–Carbon Cycle Feedback Analysis: Results from the C4MIP Model 
Intercomparison 

P. Friedlingstein, L. Bopp, P. Rayner P. Cox R. Betts, C. Jones W. von Bloh, V. 

Brovkin P. Cadule, S. Doney, M. Eby, H. D. Matthews, A. J. Weaver, I. Fung J. 
John, G. Bala, F. Joos K. Strassmann, T. Kato, M. Kawamiya, C. Yoshikawa, 

W. Knorr, K. Lindsay, H. D. Matthews, T. Raddatz and C. Reick, E. Roeckner, 
K.-G. Schnitzler, R. Schnur, and N. Zeng, 
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“The plural of 'anecdote' is not ‘evidence’.” 

Alan Leshner, publisher of Science 

“...what can be asserted without evidence can 

also be dismissed without evidence.”  

by Chirstopher Hitchens 
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Excerpt from the editorial policy of 

JFE 

“Journal of Fluids Engineering disseminates technical 

information in fluid mechanics of interest to 

researchers and designers in mechanical 
engineering. The majority of papers present original 

analytical, numerical or experimental results and 

physical interpretation of lasting scientific value. 

Other papers are devoted to the review of recent 

contributions to a topic, or the description of the 
methodology and/or the physical significance of an 

area that has recently matured.” 



SAND-2009-????P 

Excerpt from the editorial policy of 

JFE (i.e. the fine print) 

“Although no standard method for evaluating 

numerical uncertainty is currently accepted by the 

CFD community, there are numerous methods and 
techniques available to the user to accomplish this 

task.  The following is a list of guidelines, 

enumerating the criteria to be considered for 

archival publication of computational results in the 

Journal of Fluids Engineering.” 

Then 10 different means of achieving this end are 

discussed, and a seven page article on the topic. 
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Excerpt from the editorial policy of JFE  

(digging even deeper, more fine print!) 

“An uncertainty analysis of experimental 

measurements is necessary for the results to be 

used to their fullest value. Authors submitting 
papers for publication to this Journal are expected 

to describe the uncertainties in their experimental 

measurements and in the results calculated from 

those measurements and unsteadiness.” 

• The numerical treatment of uncertainty follows 

directly from the need to assess the experimental 

uncertainty. 

• This gives a sense of the difference in communities. 
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Excerpt from the editorial policy of 

JFE 

“The Journal of Fluids Engineering will not consider any 

paper reporting the numerical solution of a fluids 

engineering problem that fails to address the task of 
systematic truncation error testing and accuracy 

estimation.  Authors should address the following 

criteria for assessing numerical uncertainty. ” 

The differences in approach are substantial. 

Other journals in each field have similar statements. 
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Example from JFE 

Wow! What a difference.  Three grids and some degree 
of quantification.  Much more than other papers, but 
still not enough. 
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Example from JFE 

No experimental data, and the reference solution has 
no quantification of its quality. 
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Example from J. Appl. Mech. 

No editorial statement on numerical simulation accuaracy. 
The example is chosen from a number of experiments 
presumably because the end products looked so much  
alike.  Really nothing else is done to quantify the errors. 
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“A computer lets you make more mistakes 

faster than any invention in human history 

— with the possible exceptions of handguns 

and tequila.”  

Mitch Ratliffe, Technology Review, April, 1992 
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“Dilbert isn’t a comic strip, it’s a 
documentary” – Paul Dubois 
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A new proposed definition 

for Verification 

Verification is the process of determining that 

a model is implemented correctly and 

estimating its numerical errors. 

• The benefit of this definition is subtle 

– The correctness of a model’s implementation is 

central 

– The fact that even a correct model has numerical 

error is defined and that these errors should be 

estimated. 
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A new proposed 

definition for Validation 

Validation is the process of assessing the 
quality of modeling a physical process and 
the magnitude of error associated with the 
simulation (inc. numerical error, verification).  

• The benefit of this definition is subtle 
– The appropriateness of a model for a physical 

circumstance is central. 

– The fact that even an appropriate model has 
errors (uncertainty) is defined. 

– This process must include model verification as a 
key part of the complete validation. 


