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Predict-first modeling and experimental demonstration of a fully 
noninductive scenario in NSTX-U (Task 1)

• Year 1: Implement capability to perform interpretive 
and predictive simulations for NSTX and NSTX-U
– Will use both STEP (single time point OMFIT module) 

and predictive TRANSP (for time-evolving)

• Year 2 and 3: Perform predictions for upcoming NSTX-U 
campaigns

• Year 4: Implement improved predictive and H&CD 
models based on experimental data and perform 
predictions for upcoming NSTX-U campaigns

• Year 5: Implement new TGLF version optimized for low 
aspect ratio and validate in high beta plasmas

https://iopscience.iop.org/article/10.1088/1741-4326/abb918/meta
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EFIT-AI project is designed to accelerate EFIT reconstructions for 
real-time purposes

Make EFIT 
device 

independent 
and more 
portable

Use machine 
learning to 
accelerate 

EFIT

Develop new 
EFIT-AI tool

Gather existing 
equilibrium 

reconstructions 
from various 

devices
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• Hosted on https://gitlab.com/efit-ai/efit

• CMake used as build system to enable 
enabling/disabling I/O and machine-specific 
information

• Compatible with modern GNU, INTEL, PGI Fortran 
compilers

• Continuous integration and continuous delivery using 
gitlab.com to ensure every push can run in production

EFIT is being modernized and made portable

S. Kruger and T. Bechtel

https://gitlab.com/efit-ai/efit


7 NSTX-U - 27 Sept 2021

• Tests Magnetic, MSE, Er 
Correction, and kinetic 
EFITs, and generation of 
Green’s function tables

• Currently there is no 
regression for NSTX
– Require mhdin.dat & 

kEQDSK file on gitlab

Continuous integration and continuous delivery automatic 
regression testing



8 NSTX-U - 27 Sept 2021

• Sphinx is 
a documentation 
generator that 
translates a set of 
plain text source files 
into various output 
formats

The EFIT documentation is being revamped with Sphinx
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• Identical agreement with 
both versions of the code 
down to machine 
precision

EFIT-AI has been shown reproduce to standard EFIT at DIII-D

EFIT01
EFIT-AI
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• Read external-coil, vessel, 
magnetic probe geometry, and 
computational grid, then computes 
magnetic responses (Green 
functions) 

• Input fortran namelist (mhdin.dat)

• Output binary files for response 
(rv6565.ddd,fc6565.ddd rfcoil.ddd, 
…)

EFUND generates Green’s function look up tables for EFIT

DIII-D

NSTX-U



11 NSTX-U - 27 Sept 2021

• Allocatable array sizes based on MACHINEIN
• dprobe.dat file is automatically generated to increase reliability

– Requires lumping diagnostics into one toroidal location

Machine dependent parameter sizes have been added to the
EFUND mhdin.dat input file

EFUND EFIT
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• S. Sabbagh was instrumental 
• Green’s functions stored at

– /p/nstx/efit_GA/efit_support_file
s/green

• Available resolutions
– 65x65, 129x129, 257x257, 513x513

• Proper tables chosen by shot
– 0 (NSTX)
– 106806 (NSTX)
– 112811 (NSTX)
– 200000 (NSTX-U)

Green's function tables for EFIT-AI have been generated for NSTX 
and NSTX-U

R(m)

Z(m)
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• EFIT01 and EFIT-AI
simulated using kEQDSK
fetched from MDS+ 
generated by phoenix 
code

• Minor differences between 
the two versions of EFIT

EFIT-AI shows good agreement with NSTX EFIT01

EFIT01
EFIT-AI
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module purge
module load gcc/9.3.0
setenv link_efit
/p/nstx/efit_GA/efit_support_fil
es/NSTX/
/p/nstx/efit_GA/efit/build/efit/
efit 129

Running EFIT-AI using the command line on portal

• Starting with kEQDSK:
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efit_ai checkbox sets Green’s 
function tables and 
executable into the standard 
OMFIT workflow

EFIT-AI has been setup to run inside of OMFIT
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• Three steps for device independent generation of kEQDSK
– Dynamic map of experiments data to ITER IMAS data structure
– Generate equilibrium IMAS constraints from experimental IMAS
– Generate EFIT kEQDSK input files from equilibrium IMAS constraints 

We are leveraging OMAS machine mappings and OMFIT classes 
to generalize creation of kEQDSK EFIT input files

O.M. 
Meneghini
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• EFIT01
• EFIT-AI + omas kEQDSK

EFIT-AI equilibrium generated from OMAS kEQDSK shows good 
agreement with EFIT01
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• Thomson from HFS and LFS used 
to constrain equilibrium due to 
fast parallel heat conductivity

• Used regularly for NSTX(-U)

Isothermal Te constraints useful for  EFIT equilibrium reconstructions
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Isothermal Te constraints into EFIT has been setup in OMFIT

Original
Isothermal constraint

G. Avdeeva
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• Take existing equilibrium, and 
modify it to get desired Jt and 
P, or change elongation

• Used extensively at GA for 
integrated modeling

• Example of pedestal pressure 
scan from the OMFIT 
PRO_create module

Modify equilibrium mode is available with EFIT-AI
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OMFIT STEP module provides useful tool that utilizes EFIT for 
integrated modeling for steady-state transport

• STEP uses IMAS centralized data 
structure to pass information 
between codes

• A standard predictive workflow
– TGYRO to predict temperature, 

densities
– ONETWO for current evolution 

(still runs on iris)
– EFIT-AI for equilibrium 

(now machine independent)
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• Initial test of the 
workflow

• Boundary and 2MW 
NBI heating taken 
from NSTX 
discharge 141716 
at 470 ms

• Initial profiles 
created with OMFIT 
PRO_create module

STEP standard self-consistent workflow is beginning to be applied 
to NTSX and NSTX-U
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• A new portable device independent version of EFIT is 
being developed under the EFIT-AI project

• Publicly available on portal
– /p/nstx/efit_GA/efit/build/efit/efit

• NSTX(-U) users are welcome to test the version
– Email: mcclenaghanj@fusion.gat.com

• EFIT-AI is being utilized for kinetic EFIT and STEP

Conclusions

mailto:mcclenaghanj@fusion.gat.com
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• Gitlab regression 
– Require mhdin.dat & kEQDSK file on gitlab.com

• MDS+ servers
– Intermittent and blocked connections
– Upgraded version to allow parallel data fetching

• SQL server from GA
– Public account to have read access

• kinetic EFIT database

Where we could get some extra help


