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Implementation in scientific research



Correlation plot

J. MacCallum et al., Journal of General Physiology (2007)



Pearson product-moment correlation coefficient

L. Sripragash and M. Sundaresan, AIP Conference Proceedings 1806, 100002 (2017)



Discrepancy

Tiberga et al.,  Annals of Nuclear Energy, 2020



R-factor

Son, S.-K., Young, L. & Santra, R., Physical Review A 83, (2011).



Mathematical discussion 



Cosine similarity



Euclidean Distance

Introduction to Data Mining

Euclidean Distance

https://www.amazon.com/dp/0321321367


Higher dimension?



Comparing N-dimensional Distributions

1. Construct probability densities using kernel estimation fA(x), 
fB(x)

2. Calculate the discriminant function D and its mean values

In the 10% case the mean value is 0.12, 
indicating that there is a ∼30% probability that 
the average d would exceed this value for 
two identical densities



Why is Euclidean distance not a good metric in high dimensions?

https://stats.stackexchange.com/questions/99171/why-is-euclidean-distance-not-a-good-metric-in-high-dimensions



Discussion

1. Should we narrow the focus to cases with same binning (simulation can always be set to real detector binning), 
or consider how to compare data with different binnings?

2. Is there a way to compare event data that was never in a histogram to begin with?
3. Assuming we find a systematic way to do this comparison, how do we implement it? As a little library we all use 

in ViNYL?



Why do we want to compare simulations with experiments

Verification assesses the degree to 
which a code correctly implements 
the chosen physical model

Validation assesses the degree to 
which a code describes the real 
world.

Greenwald, M., Computer Physics Communications 164, 1–8 (2004)



Why do we want to compare simulations with experiments
Differences between measurements and code results can arise through several sources.

- Model formulation errors – missing or incorrect physics
- Numerical solution errors due to discretization, boundary conditions or 

implementation
- Measurement errors and scarcity 

Greenwald, M., Computer Physics Communications 164, 1–8 (2004)



Why do we want to compare simulations with experiments
1. Verify codes first.
2. Plan a hierarchy of experiments beginning with the simplest physics and geometry.
3. Design experiments jointly by experimentalists and computationalists.
4. Experiments should test crucial features of the model, especially its assumptions or important 
simplifications. Perturbing effects should be minimized. Geometry, boundary and initial conditions must be 
well characterized and documented. Critical measurements should be defined and limitations, uncertainties, 
and sources of error discussed with openness and candor.
5. Document code predictions in advance.
6. While jointly designed, carry out experiments and code runs independently.
7. Make as complete measurements as possible when carrying out experiments. Multiple
diagnostics to measure the same quantities are desirable. Statistically sufficient data sets
should be collected, repeating runs as required. It can be valuable to conduct experiments
at more than one facility if this is practical.
8. Pay special attention to analysis of errors and uncertainties. Use modern statistical
techniques to design experiments and to identify random and bias errors.
9. When analyzing results, don’t paper over differences. The goal is not to prove that a code
is correct, but to assess its reliability and point the way towards improvement.
10. Document process and results including data reduction techniques and error analysis.



Why do we want to compare simulations with experiments

In many cases, it is preferable to make comparisons through “synthetic” diagnostics – that is by 
post-processing simulation data in a manner which is as analogous as possible to the physical diagnostic.

Databases dedicated for comparisons between simulations and experiments: 
- Dynamic and interactive – able to be updated, annotated, appended
- Include metadata (data about the data) for every data item. This would document, for example, where the 
data came from, when it was written, who was responsible for it as well as basic information on the data type, 
size, structure and so forth creating a complete coherent self-descriptive structure
- Include both experimental and modeling data
- Contain all auxiliary data, assumptions, geometry, boundary and initial conditions
- Contain estimations of error
- Regimes well defined
- Able to be queried - searchable by content or by address
- Able to be browsed
- Linked to publications
Greenwald, M., Computer Physics Communications 164, 1–8 (2004)



Oversampling requirements: A function of the X-ray wavelength,
the sample size and the detector pixel size (Miao et al. 2003b)

Quantitative density map (Song et al., 2008)


