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Ways to get involved with simsopt
• 100% open source. Anyone can fork the repository and edit the code. 

github.com/hiddenSymmetries/simsopt

• Can install via pre-compiled binaries (python ”wheels”), conda package, 
containers (Docker, Singularity, & Shifter), or source.

• Simsopt slack channel. Let me know if you need an invite.

• Group meeting on zoom every Monday 9am Eastern. Announcements on 
slack #developers channel.

• Would be nice if more Hidden Symmetries team members contributed code. 
Please contribute!

• Lots of code has been contributed by people not funded by Simons.
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Includes API documentation scraped from source code
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SIMSOPT • All configurations scaled to minor 
radius and |B| of ARIES-CS

• Fusion alpha birth distribution
• ANTS code, with collisions
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Single-stage optimization of coil shapes for quasisymmetry (Giuliani et al, arXiv):

εeff3/2 <5×10−9

Collisional heat flux

16 coils,
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...... SPEC

Before optimization After optimization

Combined VMEC+SPEC optimization for quasisymmetry + good flux surfaces (Phys Plasmas (2021))

Optimization of SPEC configurations with pressure & current for good surfaces (A Baillod et al):

R [m]

OptimizedUnoptimized



8

Coils for precise quasisymmetry & excellent confinement (F Wechsung et al)

Optimization of near-axis configurations for quasi-isodynamic (R Jorge et al)

Fast derivative-based 
stochastic optimization 

available:

stage_two_optimization_stochastic.py

in simsopt/examples/2_Intermediate/
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Finite-beta optimization with self-consistent bootstrap current:

VMEC

SFINCS (kinetic 
bootstrap calculation)

Candidate configurations for EPOS: (Coils by J Smoniewski)
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Alpha-particle loss mechanisms (E Paul)

Virtual casing, BNORM replacement (D Malhotra, et al, B Medasani)
VirtualCasing.from_vmec('wout_li383.nc', nphi=300)

Old BNORM code New virtual 
casing module

er
ro

r

BNORM

PPCF (2020)

New 
module

Resolution
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Optimization problems are represented as a directed acyclic graph
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Graph framework handles: 

• Dependencies & caching

• Assembly of global state vector from free dofs

• Naming of dofs

• Chain rule for derivatives

B Medasani, F Wechsung



• There is no single simsopt executable. Problem specification with a python script (not a 
static input file) allows flexible modes of operation: notebooks, dynamic resolution, etc.
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mpi = MpiPartition()
vmec = Vmec("input.QH_nfp2", mpi=mpi)

# Define objective function:
qs = QuasisymmetryRatioResidual(vmec, np.arange(0, 1.01, 0.1))

prob = LeastSquaresProblem.from_tuples([(vmec.aspect, 6, 1),
(vmec.mean_iota, 0.42, 1),
(qs.residuals, 0, 1)])

for step in range(4):  # Optimize in 4 steps.
# Add Fourier modes to the parameter space:
max_mode = step + 1
vmec.boundary.fixed_range(mmin=0, mmax=max_mode,

nmin=-max_mode, nmax=max_mode, fixed=False)
vmec.boundary.fix("rc(0,0)")

# Increase code resolution:
vmec.indata.mpol = 3 + step
vmec.indata.ntor = vmec.indata.mpol

# Run this optimization step:
least_squares_mpi_solve(prob, mpi, grad=True)



• There is no single simsopt executable. Problem specification with a python script (not a 

static input file) allows flexible modes of operation: notebooks, dynamic resolution, etc.

• Any python function can go into the objective.

• A simsopt objective function is a standard python function. Can be used by any other 

python function or library.

• You can optimize with any new surface discretization or coil discretization without 

touching any code in simsopt itself. Minimizes bugs.

• Includes both derivative-based problems with analytic/automatic-differentiation/adjoint 

derivatives, and derivative-free problems.

• Mix of fast analytic derivatives (e.g. Biot-Savart) with automatic-differentiation for non-

time-critical parts (e.g. finite coil thickness).
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91% test coverage, with Github Actions continuous integration.
> 400 test cases run automatically every commit.
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To do
• Although pre-compiled binaries (“wheels” & conda packages) & 

containers (Docker, shifter, & singularity) help, installation can 
still be complicated, especially vmec/spec.

• Long wish list of objectives: Quasi-isodynamic, MHD stability, 
other measures of confinement, turbulent transport, etc.

• Key piece we haven’t gotten to: system for calling external 
standalone MPI physics codes.

• Would be nice if more Hidden Symmetries team members 
contributed code. Please contribute!
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In stage 1, final objective is very sensitive. Can we understand & 
resolve this?
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• Optimization runs differ 

only in random 

perturbation to initial 

condition

• Persists for all 

optimization algorithms 

& surface discretizations

(RZFourier, Garabedian, 

Henneberg, real-space) 

tried so far



Discussion questions
• We have limited person-power, so can’t do everything. 

What should be prioritized?

• What is everybody working on with simsopt now?

• What are you planning on contributing to simsopt in the 
coming months?

• Are there projects/tasks someone should be hired to do?

• Possible collaborations?

• How is the Monday meeting format going?
18



19

SIMSOPT
• All configurations scaled to minor 

radius and |B| of ARIES-CS
• Fusion alpha birth distribution
• ANTS code, with collisions

With coils
Fixed boundary


