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Nonlinear Analaysis Product Area

• Sacado: Automatic differentiation via operator overloading of scalar types
• NOX: Globalized Newton-based solvers
• LOCA: Stability, bifurcation and continuation algorithms
• ROL: Optimization
• Tempus: Time integration
• PIRO: Parameters-In-Response-Out: Utility layer
• Thyra: Abstaction Layer for linear algebra, linear solvers and nonlinear 

solvers
• Deprecated: Rythmos and PIKE 
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Nonlinear Product Area Updates
• Sacado (Phipps)

• Library is UVM free
• Tests refactored to be UVM free. Only 

certain DFad use-cases require UVM (and 
this won’t change).

• Paper on performance portability 
published in TOMS:
• https://dl.acm.org/doi/10.1145/3560262

• Ported to HIP in FY22/Q2
• Porting Sacado to the new MDSpan

(C++23) will substantially simplify the 
integration with Kokkos

• NOX/LOCA (Pawlowski/Phipps)
• UVM free
• Householder constraint solver added for 

Tpetra stack
• Ported to HIP
• This FY: bordering algorithms for Tpetra 3

Roofline for Panzer AD Kernels on V100 with DFAD

https://dl.acm.org/doi/10.1145/3560262


Sacado DFAD and HIP
• Sacado DFAD objects do dynamic 

memory allocation at the point of 
use.
• Initialization could happen on host. For 

CUDA, UVM simplified this.
• Temporary DFADs in a device kernel 

could do allocation at runtime
• HIP does not allow for new and delete 

on device!!!
• For CUDA we had a memory pool 

alternative, but that is not supported 
for HIP and will probably be 
deprecated from Kokkos.

• If using DFads with HIP we have 
switched to allocating temporaries 
on host. Be careful to allocate 
temporaries for each thread.
• Shared memory is a better option if 

you have enough

• Best to use SFAD and SLFAD (also 
more performant!)
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Tempus – Time-Integration Package (Ober)

§ Provides time-integration methods for first and second-order 
ODEs
§ Explicit:
§ Implicit:

§ Developed to support advanced analysis techniques
§ Embedded transient sensitivity analysis and UQ capabilities
§ Forward and Adjoint Sensitivities

§ Couples with ROL to provide transient optimization capabilities
§ Provides “out of the box” capabilities
§ Embedded error analysis for variable time steps
§ Temporal solution interpolation
§ Solution history management
§ 47+ Steppers

§ Provides customization capabilities 
§ Ability to incorporate application-specific time steppers
§ Application-specific time-step control for variable time steps
§ Observers – ability to insert application-specific algorithms
§ Time-event management, e.g.,
§ Problem-specific events – switch flipped, x-ray impingement, …
§ Solution/diagnostic/debug/in-situ visualization output

ẋ(t) = f(x(t),p, t)
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<latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="Cka8dIOG1Nul/r3xA4ChTpjhY6A=">AAACEHicbVBLSwMxEJ6tr1qrVq9egkVoQcquHtSDIHjxWMHaQltKNs22odkHyaxYlv0hXvwrXjyoePLmvzHbVtTWgcD3yCQznxtJodG2P63c0vLK6lp+vbBR3NzaLu0Ub3UYK8YbLJSharlUcykC3kCBkrcixanvSt50R5eZ37zjSoswuMFxxLs+HQTCE4yikXql445Pceh6iZdWOv0Qk29+n6YVrB7+0IxhlZwTu1cq2zV7UmQRODNQhlnVe6UP8zSLfR4gk1TrtmNH2E2oQsEkTwudWPOIshEd8LaBAfW57iaT5VJyYJQ+8UJlToBkov7uSKiv9dh3zc1sVj3vZeJ/XjtG77SbiCCKkQds+pEXS4IhyZIifaE4Qzk2gDIlzKyEDamiDE2eBROCM7/yImgc1c5qzrUNediDfaiAAydwAVdQhwYweIAneIFX69F6tt6maeWsWWy78Kes9y+Cn5+O</latexit><latexit sha1_base64="Cka8dIOG1Nul/r3xA4ChTpjhY6A=">AAACEHicbVBLSwMxEJ6tr1qrVq9egkVoQcquHtSDIHjxWMHaQltKNs22odkHyaxYlv0hXvwrXjyoePLmvzHbVtTWgcD3yCQznxtJodG2P63c0vLK6lp+vbBR3NzaLu0Ub3UYK8YbLJSharlUcykC3kCBkrcixanvSt50R5eZ37zjSoswuMFxxLs+HQTCE4yikXql445Pceh6iZdWOv0Qk29+n6YVrB7+0IxhlZwTu1cq2zV7UmQRODNQhlnVe6UP8zSLfR4gk1TrtmNH2E2oQsEkTwudWPOIshEd8LaBAfW57iaT5VJyYJQ+8UJlToBkov7uSKiv9dh3zc1sVj3vZeJ/XjtG77SbiCCKkQds+pEXS4IhyZIifaE4Qzk2gDIlzKyEDamiDE2eBROCM7/yImgc1c5qzrUNediDfaiAAydwAVdQhwYweIAneIFX69F6tt6maeWsWWy78Kes9y+Cn5+O</latexit><latexit sha1_base64="wuzg3KexSiIjxLsrkFHfXvimebQ=">AAACG3icbVDLSsNAFJ34rPUVdelmsAgtSEl0oS6EohuXFYwttKVMppN26OTBzI1YQj7Ejb/ixoWKK8GFf+OkjaitFwbOOfcx9x43ElyBZX0ac/MLi0vLhZXi6tr6xqa5tX2jwlhS5tBQhLLpEsUED5gDHARrRpIR3xWs4Q4vsnzjlknFw+AaRhHr+KQfcI9TAlrqmkdtn8DA9RIvLbd7ISTf/C5Ny1A5+KEZgwo+w1bXLFlVaxx4Ftg5KKE86l3zXY+msc8CoIIo1bKtCDoJkcCpYGmxHSsWETokfdbSMCA+U51kfFyK97XSw14o9QsAj9XfHQnxlRr5rq7MdlXTuUz8L9eKwTvpJDyIYmABnXzkxQJDiDOncI9LRkGMNCBUcr0rpgMiCQXtZ1GbYE+fPAucw+pp1b6ySrXz3I0C2kV7qIxsdIxq6BLVkYMoukeP6Bm9GA/Gk/FqvE1K54y8Zwf9CePjC2m8oRA=</latexit><latexit sha1_base64="BrzKeqM/1YJP6FVd0P3/ZG3rcDo=">AAACG3icbVDLSgMxFM3UV62vUZdugkVoQcqMCupCKLpxWcHaQjuUTJppQzMPkjtiGeZD3PgrblyouBJc+Ddm2oraeiFwzrmP3HvcSHAFlvVp5ObmFxaX8suFldW19Q1zc+tGhbGkrE5DEcqmSxQTPGB14CBYM5KM+K5gDXdwkeUbt0wqHgbXMIyY45NewD1OCWipYx62fQJ910u8tNTuhpB887s0LUF5/4dmDMr4DFsds2hVrFHgWWBPQBFNotYx3/VoGvssACqIUi3bisBJiAROBUsL7VixiNAB6bGWhgHxmXKS0XEp3tNKF3uh1C8APFJ/dyTEV2rou7oy21VN5zLxv1wrBu/ESXgQxcACOv7IiwWGEGdO4S6XjIIYakCo5HpXTPtEEgraz4I2wZ4+eRbUDyqnFfvqqFg9n7iRRztoF5WQjY5RFV2iGqojiu7RI3pGL8aD8WS8Gm/j0pwx6dlGf8L4+AJq/KEU</latexit><latexit sha1_base64="BrzKeqM/1YJP6FVd0P3/ZG3rcDo=">AAACG3icbVDLSgMxFM3UV62vUZdugkVoQcqMCupCKLpxWcHaQjuUTJppQzMPkjtiGeZD3PgrblyouBJc+Ddm2oraeiFwzrmP3HvcSHAFlvVp5ObmFxaX8suFldW19Q1zc+tGhbGkrE5DEcqmSxQTPGB14CBYM5KM+K5gDXdwkeUbt0wqHgbXMIyY45NewD1OCWipYx62fQJ910u8tNTuhpB887s0LUF5/4dmDMr4DFsds2hVrFHgWWBPQBFNotYx3/VoGvssACqIUi3bisBJiAROBUsL7VixiNAB6bGWhgHxmXKS0XEp3tNKF3uh1C8APFJ/dyTEV2rou7oy21VN5zLxv1wrBu/ESXgQxcACOv7IiwWGEGdO4S6XjIIYakCo5HpXTPtEEgraz4I2wZ4+eRbUDyqnFfvqqFg9n7iRRztoF5WQjY5RFV2iGqojiu7RI3pGL8aD8WS8Gm/j0pwx6dlGf8L4+AJq/KEU</latexit><latexit sha1_base64="BrzKeqM/1YJP6FVd0P3/ZG3rcDo=">AAACG3icbVDLSgMxFM3UV62vUZdugkVoQcqMCupCKLpxWcHaQjuUTJppQzMPkjtiGeZD3PgrblyouBJc+Ddm2oraeiFwzrmP3HvcSHAFlvVp5ObmFxaX8suFldW19Q1zc+tGhbGkrE5DEcqmSxQTPGB14CBYM5KM+K5gDXdwkeUbt0wqHgbXMIyY45NewD1OCWipYx62fQJ910u8tNTuhpB887s0LUF5/4dmDMr4DFsds2hVrFHgWWBPQBFNotYx3/VoGvssACqIUi3bisBJiAROBUsL7VixiNAB6bGWhgHxmXKS0XEp3tNKF3uh1C8APFJ/dyTEV2rou7oy21VN5zLxv1wrBu/ESXgQxcACOv7IiwWGEGdO4S6XjIIYakCo5HpXTPtEEgraz4I2wZ4+eRbUDyqnFfvqqFg9n7iRRztoF5WQjY5RFV2iGqojiu7RI3pGL8aD8WS8Gm/j0pwx6dlGf8L4+AJq/KEU</latexit><latexit sha1_base64="BrzKeqM/1YJP6FVd0P3/ZG3rcDo=">AAACG3icbVDLSgMxFM3UV62vUZdugkVoQcqMCupCKLpxWcHaQjuUTJppQzMPkjtiGeZD3PgrblyouBJc+Ddm2oraeiFwzrmP3HvcSHAFlvVp5ObmFxaX8suFldW19Q1zc+tGhbGkrE5DEcqmSxQTPGB14CBYM5KM+K5gDXdwkeUbt0wqHgbXMIyY45NewD1OCWipYx62fQJ910u8tNTuhpB887s0LUF5/4dmDMr4DFsds2hVrFHgWWBPQBFNotYx3/VoGvssACqIUi3bisBJiAROBUsL7VixiNAB6bGWhgHxmXKS0XEp3tNKF3uh1C8APFJ/dyTEV2rou7oy21VN5zLxv1wrBu/ESXgQxcACOv7IiwWGEGdO4S6XjIIYakCo5HpXTPtEEgraz4I2wZ4+eRbUDyqnFfvqqFg9n7iRRztoF5WQjY5RFV2iGqojiu7RI3pGL8aD8WS8Gm/j0pwx6dlGf8L4+AJq/KEU</latexit>

ẍ(t) = f(ẋ(t),x(t),p(t), t)
<latexit sha1_base64="pcvKR2qM6cdqw7tgTZz5Jt6j83U=">AAACQHicbVC7SgNBFJ31GeMramkzGJQIEnZV0EYI2lhGMA/IhjA7mU2GzD6YuSuGZT/Nxk+ws7axUMTWytlkxZh4YeCcc+/h3jlOKLgC03w25uYXFpeWcyv51bX1jc3C1nZdBZGkrEYDEcimQxQT3Gc14CBYM5SMeI5gDWdwlfYbd0wqHvi3MAxZ2yM9n7ucEtBSp9A4wHa3G0BsewT6jhvfJ0kJDvEF/hHcpGTPDhz90kkWjpj2dwpFs2yOCs8CKwNFlFW1U3jSW2jkMR+oIEq1LDOEdkwkcCpYkrcjxUJCB6THWhr6xGOqHY8CSPC+VrrYDaR+PuCROumIiafU0HP0ZHqomu6l4n+9VgTueTvmfhgB8+l4kRsJDAFO08RdLhkFMdSAUMn1rZj2iSQUdOZ5HYI1/eVZUD8uWydl6+a0WLnM4sihXbSHSshCZ6iCrlEV1RBFD+gFvaF349F4NT6Mz/HonJF5dtCfMr6+ARmssAo=</latexit>

Tempus Steppers
• Forward Euler
• Backward Euler
• Explicit Runge-Kutta (ERK) (15+)
• Diagonally Implicit Runge-Kutta (DIRK) 

(20+)
• Newmark, HHT-a, Leapfrog
• IMEX-RK (+Partitioned) (3+)
• BDF2
• Trapezoidal
• 1st Order Splitting
• Subcycling

§ Other features
§ Generate consistent initial conditions
§ FSAL when possible
§ Extensive verification & unit testing
§ Documentation (Doxygen)

Italicized – latest development 



Tempus Development

• Removed deprecated code for major Trilinos 14.0 release.
• Begun examples of Tempus usage.
• Removal of internal usage of ParameterLists (still can construction from them and provide one with 

current parameters).
• Improvements to forward and adjoint sensitivity analysis capabilities for L2M Embedded 

Components
o Enable separate sensitivity ModelEvaluators (MEs) in Forward Sensitivity Analysis (FSA) 

integrators.
o Allow 2nd adjoint ME for pseudo-transient adjoint integrator.



ROL (Ridzal)

§ Reminder:  ROL 2.0 released in April 2021.
§ Update:  ROL 1.0 interfaces will be maintained until October 2023, subject to the established 

Trilinos deprecation process.
§ ROL 2.0 transition website:

https://github.com/trilinos/Trilinos/blob/master/packages/rol/Version-2.0.md
§ New functionality in 2022:
§ Module for Optimal Experimental Design (OED) with capabilities to solve A, C, I, R, and D-optimal 

design problems. Leverages ROL's existing API.  Example: Optimal sensor placement.
§ .NL file solver for ROL.  ROL can now be used as an optimization backend to algebraic modeling 

languages like AMPL, Pyomo, and JuMP since they export problems in this format.
§ Functionality planned for 2023:
§ Methods to minimize the sum of smooth and nonsmooth functions. This class of problems arises 

in sparse estimation and control, imaging, risk-averse optimization and constrained optimization.
§ Easily maintainable, “self-generating” Python interface to ROL.
§ Several usability improvements: parameter list validation, better finite differencing, etc.

https://github.com/trilinos/Trilinos/blob/master/packages/rol/Version-2.0.md


PIRO (Perego and Tezaur)
Provides driver classes for:
• solving nonlinear (time-dependent) problems 

(NOX, Tempus, Epetra/Tpetra solver stack),
• continuation problems and bifurcation analysis 

(LOCA),
• time-dependent problems (Tempus),
• computation of forward and adjoint sensitivities
• snapshot PDE-constrained optimization (ROL)

Updates:
• It can build if Epetra is disabled, although testing 

coverage should be improved.
• Added forward-only transient tests using Tempus 

Plan for FY23:
• Switch to ROL2
• Enable transient PDE-constrained optimization
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modeled ice speed observed ice speed Inverted basal parameter

PDE-constrained optimization to calibrate an ice-sheet model of 
Greenland by matching observations of surface ice velocity
(Perego, Siam News, 2022)


