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SUNDIALS provides robust and efficient adaptive time integrators with sensitivity capabilities for ODEs and DAEs along with an efficient
nonlinear solver package for incorporation in large-scale scientific application codes

Flexible Design and Data Structures Adaptive Methods

Suite of adaptive ODE and DAE time Integrators and nonlinear SUNDIALS paCkageS are built on common APIs for vectors, matrices, SUNDIALS provides highly efficient integrators through use of adaptivity
solvers e : . L. . and_ algebraic SQIVGrS m_akif‘g It stra_ightforward to switch betw_ee_n = Estimate the time step error, E(At), using an embedded method of one lower
* Adaptive time integrators with forward and adjoint sensitivity analysis options or provide application-specific data structures and optimized order (RK) or direct error estimate (LMM)
capabilities solvers.

= Accept step if ||E(AY)||wrms < 1; Reject it otherwise

» Written in C with interfaces to Fortran and C++ The NVector, SUNMatrix, SUNLinearSolver, and SUNNonlinearSolver APIs

Designed to be easily incorporated into existing codes define modules following the same object oriented design: T o |
« Packages are built on shared vector, matrix, and solver abstract classes - Module-specific content structure is stored as a “black-box” ptr 1Yllwems = \ N 2_: wi Yi)? " RTOLly;| + ATOL; | S
 Users can supply their own data structures and solvers or use SUNDIALS + Module operations defined by API are implemented at user-level Adaptivity can give much more
supplied modules _ _ _ _ efficient (and accurate) results
PP » Function pointers to operations are stored in module ops struct , |
Availability and support »  Only a subset of operations are required for each package * Choose next step so that |[E(AT)T] wews s expected to be smal
» Used worldwide with more than 160,000 downloads in 2022 +  SUNDIALS supplies several optional module implementations, or users » CVODE(S) and IDA(S) also allow oraer adaption
 Available from the LLNL software site, GitHub, and Spack under the BSD can supply their own = ARKODE supplies advanced “error controllers” which adapt steps to meet
3-Clause license . User guides document the APIs other criteria (e.g., minimize failed steps, smooth transitions in step sizes)
« Extensive user documentation and user support email list with an archive NVector AP :
on Google Groups ; Multirate Methods
) <, VECTOE MODULES ) . New SUNDIALS development has focused on flexible and high-order multirate
SUNDIALS Packages SERIAL e | PTHREADS OPENMP methods that evolve different processes with different step sizes. For an IVP
\ ) (MPI) | \ J IR ; ; N
The SUNDIALS library consists of six packages: “oPENMP | cuon | mee V[ svaL @) =fl&y)+ ey +ffLy),  teltt]  y(t) =y,
) \ )\ ) \ ) I —
DEV a single step y, —» y, ., of macroscale size H=¢,_, - t, proceeds as:
1( 1 [ MPIMANY | ( ) 1. Let: zy =y
ARKODE: adaptive step, explicit, implicit, additive, and multirate Runge- _ RAAR [ Kokkos f| vector J [ MPI*+X > For eaéh slc?w stage 7, i=2,..s
Kutta methods for ODEs — MANY | PARHYP | oo | triLinos | “
h .
dy _VECTOR J{ (ypre) a : a. Define: 7,(2) = Xicy v (Of (tn + ¢H, ) + Ti2h w; ;1) fE(ty + ¢H, 7).
M(t)— = = :
(t) dt fl (t; J’) + fZ (t; Y); y(tO) yO SUNLinearSolver API b. Evolve: U(T) — fF(T, U) 1 Ti(T), T E [TO,iJTf,i]» U(To,i) =7z,_..
!
CVODE(S): adaptive order and step implicit linear multistep methods for LINEAR SOLVER MODULES : c. Let: z; = v(17;). Slow timeline
SUNNonlinearS ' fit
ODES DIRECT olver API . Implicit Implicit Implicit
(%) Variant with forward ’ Y ( Y ( LAPACK [ LAPACK | 3. Let: Yn+1 = Zs: Yn Y{S}QY{ ) H{S}QYE){S} YES{S}O Yn+1
Y _ — and adjoint DENSE BAND DENSE BAND . . Step 2 licabl Neerens R :
e f(t; Y): Y(tO) = Yo sensitivity analysis NONLINEAR =P 2D Mdy USE any dpplicable RS TN NN AN
capabilities KLU SUPERLU_MT || superLu_pisT || CUSOLVER SOLVER algorithm of sufficient accuracy “33‘3? RN I REE RSl NRUANEN
IDA(S): adapt 9 d step BDF (implicit I tistep) methods f * ® — —\ 4 ol =s (including another multirate method) e e T
: adaptive order and step implicit linear multistep) methods for T MAGMA | . 1 oneMKL |[ Kokkos ' ‘ ¢ R
DAEs ____Dense Ginkgo Dense  J(__ Kernels | | el = Adaptivity may be performed for both v(tx) v(tn +a1H)  w(tn +cH)  u(tn +c3H)
r « H and for the fast IVPs.
F(t,y,y') =0, y(to) = Vo, y'(ty) = ¥o ITERATIVE ﬂ,ﬁ? Fast timeline
> . = New support for ImEx at slow scale
[ SPGMR ] [SPFGMR] [SPTFQMR] [ SPBCG ] [ PCG ] PETSC SNES
KINSOL: Newton and accelerated Picard and fixed-point methods for : g
nonlinear systems
. . . : - At - ials
The choice of algebraic solvers used underneath SUNDIALS is » https://computing.linl.gov/projects/sundials Lo
F(u)=0 G(u) =u critical to parallel scalability. > Carol S. Woodward, LLNL, woodward6@IInl.gov 3
n
» Daniel R. Reynolds, SMU, reynolds@smu.edu
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