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Outline

● GMA(P) and its long history
● Reasons for the creation of gmapy
● Two operating modes: scipy.sparse or TensorFlow
● Implementation progress of agreed actions:

– Renormalization of PFNS spectra and covariance matrices
– Use of several spectra (e.g., 252Cf(s.f) and 235U(nth,f))
– Modern readable format for GMA database
– USU estimation

● Concluding remarks
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The birth of GMA

A “Generalized Least Squares Method” developed by W. P. Poenitz

https://nds.iaea.org/standards/Reports/extract-from-indc-usa-85.pdf
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GMA + PPP correction → GMAP

https://nds.iaea.org/standards/Reports/ANL-NDM-121.pdf

https://nds.iaea.org/standards/Reports/Min-Max-PPP.pdf
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GMAP Features

● Written in Fortran-77
● Two modes of inference:

– Generalized Least Squares (GLS)
– Iterative GLS scheme (to address PPP)

● Reads in comprehensive GMA database !



6

Why modernize?

● It’s difficult to extend GMAP (with confidence)
● Fortran for high-performance computing and not data analysis
● Popular package ecosystems (e.g. of Python) not usable
● GMA database a treasure of information yet not easily accessible
● Only way to easily “analyze” data is GLS via GMA
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gmapy

● Python package backwards-compatible with GMAP
● Many verification & validation tests to prove that
● Many limitations of GMAP removed
● Flexible and advanced inference algorithms beyond GLS
● Design and modularity facilitate extensions
● On GitHub at https://github.com/iaea-nds/gmapy
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Two operating modes:
scipy.sparse versus Tensorflow
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Implementation of Action:
Spectrum and Covariance 

Renormalization

Prior covariance matrix imposed on unnormalized and discretized Φ(E)

Spectrum normalization performed during propagation, e.g., 
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Implementation of Action:
Possibility of Several Spectra

● Motivation: Make also use of 235U(nth, f) measurements in the fit
● Technically, not yet implemented
● Code extension straight-forward
● GMA Database needs to be extended as well
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Implementation of Action:
Modern readable GMA format

Meaning based on keywords, not positions
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Implementation of Action:
Modern readable GMA format
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Implementation of Action:
Modern readable GMA format

Straight-forward addition of new datablock and dataset types
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Implementation of Action:
USU estimation beyond GLS

● Motivation:
– Data inconsistencies in GLS don’t impact uncertainties
– Low evaluated uncertainties in STD2017 led to addition 

energy-independent, fully correlated uncertainties (USU)
● Goal: Implementation of a statistically sound and data-driven way 

to assess USU in the Neutron Standards Project
● Extension of the GLS method to a Bayesian hierarchical model 

accounting for “uncertain uncertainties” accomplished
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Concluding remarks

● Significant progress in the development of gmapy
● Modular Python code facilitating extensions
● Easier programmatic access to GMA database
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