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Overview

• Motivation
• Command-line interface examples
• Computing sensitivities with the PERT card
• Writing a PERT card
• easy_pert examples
• Demonstration of sensitivity analysis
• Conclusions
• Future work and outlook
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Making sensitivity analysis via the PERT card accessible

• The PERT card is an efficient way to compute first- and second-order fixed-
source sensitivities to nuclear data
− Addition of fictitious material means no change to original material specifications
− Modest (10%-20%) increase in run time with PERT cards for as many tallies, cells, 

reactions, energy bins, and methods as desired

• Several aspects of using the PERT card can be tedious and error-prone
− Defining the fictitious material

§ Perturbed nuclide atom/weight fraction
§ Perturbed density

− Writing the PERT card(s) to an input deck
− Parsing the unperturbed and perturbed tally results
− Combining the unperturbed and perturbed tally results to calculate sensitivities and 

their statistical uncertainties
• easy_pert abstracts all these steps behind a command-line interface

− Does the heavy lifting for the various steps
− Requires relatively few command-line inputs from the user
− Provides results in a JSON format
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Command-line interface examples
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Command-line interface examples



69/18/23 69/18/23

Computing sensitivities with the PERT card

• PERT card method estimates the change in a tally due to a perturbation in the nuclear 
data via the differential operator method

• Jeffrey A. Favorite demonstrated how sensitivities can be computed
− Expand a tally, 𝑐 𝜎! , that depends on some reaction cross section, 𝜎!, in a Taylor series
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𝑐 𝜎!,#  is the tally calculated with unperturbed nuclear data, 𝜎!,#
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− Use linear propagation of uncertainties to compute the sensitivity statistical uncertainty 
(uncorrelated)
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Jeffrey A. Favorite, “Using the MCNP Taylor series perturbation feature (efficiently)
for shielding problems”, EPJ Web of Conferences 153, 06030 (2017)
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Writing a PERT card

• Define the fictitious material by multiplying the nuclide amount by 1 + 𝑝!,#
m100      1001    2    8016    1
m9999    1001    4    8016    1

• Define a fictitious material density, 𝜌$, to counteract the renormalization of the 
fictitious material atom/weight fractions

𝜌0 =
∑1 𝑓10

∑1 𝑓1,3
𝜌3

∑1 𝑓10	and ∑1 𝑓1,3	are the sum of the fictitious and original material atom/weight fractions, 
respectively
𝜌3 is the unperturbed material density

• For cell 1 filled with material 100 at density 1 g/cc, the PERT card is written as 
“pert1:n    cel=1 mat=9999 … den= 5/3*(-1.0) …”
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easy_pert examples – write
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easy_pert examples – parse
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easy_pert examples – plot
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Sensitivity analysis demonstration
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Conclusions

• easy_pert provides a command line interface to simplify the various steps in 
writing and parsing PERT cards
− Abstracts various tasks away from the user
− Provides outputs in JSON format

• Implements Jeffrey A. Favorite’s method for performing sensitivity analysis and 
computing the sensitivity statistical uncertainties
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Future work and outlook

• Implement a Python API in addition to the command-line interface
• Allow second-order sensitivity analysis and exact uncertainty calculation
• Add capability to write RAND card seeds to generate uncorrelated PERT card 

results


