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Motivation for Stratimikos
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Nonlinear Algorithms and Applications : Everyone for Themselves?
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Nonlinear Algorithms and Applications : Thyra & Model Evaluator!

Trilinos and non-Trilinos 
Preconditioner and Linear 

Solver Capability

NOX / LOCA MOOCHO

Xyce Charon AriaTramonto Aleph
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Stratimikos Overview
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Introducing Stratimikos

• Stratimikos created Greek words "stratigiki“ (strategy) and "grammikos“ (linear)

• Based on the foundation of abstract interface layer Thyra

• Defines class Stratimikos::DefaultLinearSolverBuilder

• Provides common access to:

• Linear Solvers: Amesos, AztecOO, Belos, …

• Preconditioners: Ifpack, ML, …

• Reads in options through a parameter list (read from XML?)

• Accepts any linear system objects that provide

• Epetra_Operator / Epetra_RowMatrix view of the matrix

• SPMD vector views for the RHS and LHS (e.g. Epetra_[Multi]Vector objects)

• Provides uniform access to linear solver options that can be leveraged across multiple 
applications and algorithms

• Future: TOPS-2 will add PETSc and other linear solvers and preconditioners!

Key Points
• Stratimikos is an important building block for creating 

more sophisticated linear solver capabilities!
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Preconditioners and Preconditioner Factories

Create preconditioner pr ec with preconditioner 
operators PL and/or PR such that PLA, or APR, or 
PLAPR is “easier” to solve than unpreconditioned A. 

PreconditionerFactoryBase

createPrec() : PreconditionerBase
initializePrec( in fwdOp, inout prec )

PreconditionerFactoryBase : Creates and initializes PrecondtionerBase objects

<<create>>
prec

• Allows unlimited creation/reuse of preconditioner objects
• Supports reuse of factorization structures
• Adapters currently available for Ifpack and ML
• New Stratimikos package provides a singe parameter-driver wrapper for all of these

PreconditionerBase

getLeftPrecOp() : LinearOpBase
getRightPrecOp() : LinearOpBase
getUnspecifiedPrecOp() : LinearOpBase

Key Points
• You can create your own PreconditionerFactory

subclass!



8

Linear Operator With Solve and Factories

LinearOpBase

LinearOpWithSolveBase

solve( in B, inout X, … )

• Appropriate for both direct and iterative solvers
• Supports multiple simultaneous solutions as multi-vectors
• Allows targeting of different solution criteria to different RHSs
• Supports a “default” solve

LinearOpWithSolveFactoryBase

createOp() : LinearOpWithSolveBase
initializeOp( in fwdOp, inout Op )
initializePreconditionedOp( in fwdOp, in prec,

inout Op)

LinearOpWithSolveBase : Combines a linear operator and a linear solver

LinearOpWithSolveFactoryBase :  Uses LinearOpBase objects to initialize LOWSB objects

LinearOpWithSolveBase
<<create>>

• Allows unlimited creation/reuse of LinearOpWithSolveBase objects
• Supports reuse of factorizations/preconditioners
• Supports client-created external preconditioners (which are ignored by direct solvers)
• Appropriate for both direct and iterative solvers
• Concrete adaptors for Amesos, AztecOO, and Belos are available
• New Stratimikos package provides a single parameter-driven wrapper to all of these!

Key Points
• You can create your own 

subclass!
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Simple Stratimikos Example



10

Simple Stratimikos Example

simple_stratimikos_example.cpp

• Demonstrates how to solve single-RHS linear systems expressed as Epetra objects

Typical steps for “using a solver that accepts Thyra objects”:

A) Setup the environment for the program
=> Read in command-line options

B) Create the input objects using your data structures (independent of Thyra)
=> Read in linear system objects in terms of Epetra objects

C) Wrap your objects as Thyra objects (The “glue”)
=> Use Epetra-to-Thyra wrapper functions

D) Call the solver through Thyra interfaces (Thyra-specific)
=> Create the LinearOpWithSolve[Factory]Base objects and solve …

E) Post process the solution (if needed) using your objects (independent of Thyra)
=> Post process solution and check in terms of Epetra objects (Not Thyra!!!)
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A) Setup the environment for the program

/ /
/ /  A)  Pr ogr am set up code
/ /

/ /
/ /  Read opt i ons f r om command- l i ne
/ /

st d: : st r i ng mat r i xFi l e = " " ;

…

St r at i mi kos: : Def aul t Li near Sol ver Bui l der l i near Sol ver Bui l der ;

CommandLi nePr ocessor cl p( f al se) ;  / /  Don' t  t hr ow except i ons

/ /  Set  up command- l i ne opt i ons f or  t he l i near  sol ver  t hat  wi l l  be used!
l i near Sol ver Bui l der . set upCLP( &cl p) ;

c l p. set Opt i on(  " mat r i x- f i l e" ,  &mat r i xFi l e
, " Def i nes t he mat r i x  and per haps t he RHS and LHS f or  a l i near  syst em t o be sol ved. "  ) ;

…

CommandLi nePr ocessor : : EPar seCommandLi neRet ur n par se_r et ur n = c l p. par se( ar gc, ar gv) ;
i f (  par se_r et ur n ! = CommandLi nePr ocessor : : PARSE_SUCCESSFUL )  r et ur n par se_r et ur n;

See the file simple_stratimikos_example.cpp for more details …
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B) Create the input objects using your data structures 

/ /
/ /  B)  Epet r a- speci f i c  code t hat  set s up t he l i near  syst em t o be sol ved
/ /
/ /  Whi l e t he bel ow code r eads i n t he Epet r a obj ect s f r om a f i l e,  you can
/ /  set up t he Epet r a obj ect s any way you woul d l i ke.   Not e t hat  t hi s next
/ /  set  of  code as not hi ng t o do wi t h Thyr a at  al l ,  and i t  shoul d not .
/ /

* out  << " \ nReadi ng l i near  syst em i n Epet r a f or mat  f r om t he f i l e \ ' " <<mat r i xFi l e<<" \ '  . . . \ n" ;

#i f def HAVE_MPI
Epet r a_Mpi Comm comm( MPI _COMM_WORLD) ;

#el se
Epet r a_Ser i al Comm comm;

#endi f
RCP<Epet r a_Cr sMat r i x> epet r a_A;
RCP<Epet r a_Vect or > epet r a_x,  epet r a_b;
Epet r aExt : : r eadEpet r aLi near Syst em(  mat r i xFi l e,  comm,  &epet r a_A,  NULL,  &epet r a_x,  &epet r a_b ) ;

i f ( ! epet r a_b. get ( ) )  {
* out  << " \ nThe RHS b was not  r ead i n so gener at e a new r andom vect or  . . . \ n" ;
epet r a_b = r cp( new Epet r a_Vect or ( epet r a_A- >Oper at or RangeMap( ) ) ) ;
epet r a_b- >Random( ) ;

}

i f ( ! epet r a_x. get ( ) )  {
* out  << " \ nThe LHS x was not  r ead i n so gener at e a new zer o vect or  . . . \ n" ;
epet r a_x = r cp( new Epet r a_Vect or ( epet r a_A- >Oper at or Domai nMap( ) ) ) ;
epet r a_x- >Put Scal ar ( 0. 0) ;  / /  I ni t i al  guess i s  cr i t i cal !

}

Create the Epetra objects any way that you would like …
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C) Wrap your objects as Thyra objects (The “ glue” )

/ /
/ /  C)  The " Gl ue"  code t hat  t akes Epet r a obj ect s and wr aps t hem as Thyr a
/ /  obj ect s
/ /
/ /  Thi s next  set  of  code wr aps t he Epet r a obj ect s t hat  def i ne t he l i near
/ /  syst em t o be sol ved as Thyr a obj ect s so t hat  t hey can be passed t o t he
/ /  l i near  sol ver .
/ /

RCP<const  Thyr a: : Li near OpBase<doubl e> >
A = Thyr a: : epet r aLi near Op(  epet r a_A ) ;

RCP<Thyr a: : Vect or Base<doubl e> >
x = Thyr a: : cr eat e_Vect or (  epet r a_x,  A- >domai n( )  ) ;

RCP<const  Thyr a: : Vect or Base<doubl e> >
b = Thyr a: : cr eat e_Vect or (  epet r a_b,  A- >r ange( )  ) ;

Turning Epetra objects into Thyra objects is easy!

Epetra-to-Thyra wrapper functions are found in Thyra_EpetraThyraWrappers.hpp
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D) Call the solver through Thyra interfaces 

/ /
/ /  D)  Thyr a- speci f i c  code f or  sol v i ng t he l i near  syst em
/ /
/ /  Not e t hat  t hi s code has no ment i on of  any concr et e i mpl ement at i on and
/ /  t her ef or e can be used i n any use case.
/ /

/ /  Readi ng i n t he sol ver  par amet er s f r om t he par amet er s f i l e and/ or  f r om
/ /  t he command l i ne.   Thi s was set up by t he command- l i ne opt i ons
/ /  set  by t he set upCLP( . . . )  f unct i on above.
l i near Sol ver Bui l der . r eadPar amet er s( out . get ( ) ) ;

/ /  Cr eat e a l i near  sol ver  f act or y gi ven i nf or mat i on r ead f r om t he
/ /  par amet er  l i s t .
RCP<Thyr a: : Li near OpWi t hSol veFact or yBase<doubl e> >

l owsFact or y = l i near Sol ver Bui l der . cr eat eLi near Sol veSt r at egy( " " ) ;

/ /  Set up out put  st r eam and t he ver bosi t y l evel
l owsFact or y- >set OSt r eam( out ) ;
l owsFact or y- >set Ver bLevel ( Teuchos: : VERB_LOW) ;

/ /  Cr eat e a l i near  sol ver  based on t he f or war d oper at or  A
RCP<Thyr a: : Li near OpWi t hSol veBase<doubl e> >

l ows = Thyr a: : l i near OpWi t hSol ve( * l owsFact or y, A) ;

/ /  Sol ve t he l i near  syst em ( not e:  t he i ni t i al  guess i n ' x '  i s  cr i t i cal )
Thyr a: : Sol veSt at us<doubl e>

st at us = Thyr a: : sol ve( * l ows, Thyr a: : NOTRANS, * b, &* x) ;
* out  << " \ nSol ve st at us: \ n"  << st at us;

/ /  Wr i t e t he l i near  sol ver  par amet er s af t er  t hey wer e r ead
l i near Sol ver Bui l der . wr i t ePar amsFi l e( * l owsFact or y) ;

• This part of the code has nothing to do with Epetra!
• This is really only a trivial interaction with Thyra!
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/ /
/ /  E)  Post  pr ocess t he sol ut i on and check t he er r or
/ /
/ /  Not e t hat  t he bel ow code i s based onl y on t he Epet r a obj ect s t hemsel ves
/ /  and does not  i n any way depend or  i nt er act  wi t h any Thyr a- based
/ /  obj ect s.   The poi nt  i s  t hat  most  user s of  Thyr a can l ar gel y gl oss over
/ /  t he f act  t hat  Thyr a i s  r eal l y  bei ng used f or  anyt hi ng.
/ /

/ /  Wi pe out  t he Thyr a wr apper  f or  x t o guar ant ee t hat  t he sol ut i on wi l l  be
/ /  wr i t t en back t o epet r a_x!
x = Teuchos: : nul l ;

* out
<< " \ nSol ut i on | | epet r a_x| | 2 = "  << epet r aNor m2( * epet r a_x)  << " \ n" ;

* out  << " \ nTest i ng t he sol ut i on er r or  | | b- A* x| | / | | b| |  comput ed t hr ough t he Epet r a obj ect s . . . \ n" ;

/ /  r  = b - A* x
Epet r a_Vect or epet r a_r ( * epet r a_b) ;
{

Epet r a_Vect or epet r a_A_x( epet r a_A- >Oper at or RangeMap( ) ) ;
epet r a_A- >Appl y( * epet r a_x, epet r a_A_x) ;
epet r a_r . Updat e( - 1. 0, epet r a_A_x, 1. 0) ;

}

const  doubl e
nr m_r = epet r aNor m2( epet r a_r ) ,
nr m_b = epet r aNor m2( * epet r a_b) ,
r el _er r = (  nr m_r /  nr m_b ) ;

const  bool
passed = ( r el _er r <= t ol ) ;

* out
<< " | | b- A* x| | / | | b| |  = "  << nr m_r << " / "  << nr m_b << "  = "  << r el _er r
<< "  < t ol = "  << t ol << "  ? "  << (  passed ? " passed"  :  " f ai l ed"  )  << " \ n" ;

E) Post process the solution (if needed) using your objects 
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Stratimikos Parameter Lists
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Stratimikos Parameter List and Sublists

<Par amet er Li st name=“ St r at i mi kos” >
<Par amet er  name=" Li near  Sol ver  Type" t ype=" st r i ng"  val ue=“ Azt ecOO" / >
<Par amet er  name=" Pr econdi t i oner  Type" t ype=" st r i ng"  val ue=" I f pack" / >
<Par amet er Li st name=" Li near  Sol ver  Types" >

<Par amet er Li st name=" Amesos" >
<Par amet er  name=" Sol ver  Type" t ype=" st r i ng"  val ue=" Kl u" / >
<Par amet er Li st name=" Amesos Set t i ngs" >

<Par amet er  name=" Mat r i xPr oper t y" t ype=" st r i ng"  val ue=" gener al " / >
. . .
<Par amet er Li st name=" Mumps" > . . .  </ Par amet er Li st >
<Par amet er Li st name=" Super l udi st " > . . .  </ Par amet er Li st >

</ Par amet er Li st >
</ Par amet er Li st >
<Par amet er Li st name=" Azt ecOO" >

<Par amet er Li st name=" For war d Sol ve" >
<Par amet er  name=" Max I t er at i ons" t ype=" i nt "  val ue=" 400" / >
<Par amet er  name=" Tol er ance" t ype=" doubl e"  val ue=" 1e- 06" / >
<Par amet er Li st name=" Azt ecOO Set t i ngs" >

<Par amet er  name=" Azt ec Sol ver " t ype=" st r i ng"  val ue=" GMRES" / >
. . .

</ Par amet er Li st >
</ Par amet er Li st >
. . .

</ Par amet er Li st >
<Par amet er Li st name=" Bel os" > . . .  </ Par amet er Li st >

</ Par amet er Li st >
<Par amet er Li st name=" Pr econdi t i oner  Types" >

<Par amet er Li st name=" I f pack" >
<Par amet er  name=" Pr ec Type" t ype=" st r i ng"  val ue=" I LU" / >
<Par amet er  name=" Over l ap" t ype=" i nt "  val ue=" 0" / >
<Par amet er Li st name=" I f pack Set t i ngs" >

<Par amet er  name=" f act :  l evel - of - f i l l " t ype=" i nt "  val ue=" 0" / >
. . .

</ Par amet er Li st >
</ Par amet er Li st >
<Par amet er Li st name=" ML" > . . .  </ Par amet er Li st >

</ Par amet er Li st >
</ Par amet er Li st >

L
in

ear S
o

lvers
P

reco
n

d
itio

n
ers

Sublists passed 
on to package 

code!

Top level parameters

Every parameter 
and sublist not in 
red is handled by 
Thyra code and is 

fully validated!
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Automatically Generated Parameter List Documentation
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Li near  Sol ver  Type :  st r i ng = Amesos

# Det er mi nes t he t ype of  l i near  sol ver  t hat  wi l l  be used.
# The par amet er s f or  each sol ver  t ype ar e speci f i ed i n t he subl i st " Li near  Sol ver  Types"
#   Val i d val ues:  " Bel os" ,  " Amesos" ,  " Azt ecOO"

Pr econdi t i oner  Type :  s t r i ng = ML
# Det er mi nes t he t ype of  pr econdi t i oner  t hat  wi l l  be used.
# Thi s opt i on i s onl y  meani ngf ul  f or  l i near  sol ver s t hat  accept  pr econdi t i oner  f act or y obj ect s!
# The par amet er s f or  each pr econdi t i oner  ar e speci f i ed i n t he subl i s t " Pr econdi t i oner  Types"
#   Val i d val ues:  " None" ,  " I f pack" ,  " ML"

Li near  Sol ver  Types - > 
Azt ecOO - > 

Out put  Ever y RHS :  bool = 0
# Det er mi nes i f  out put  i s cr eat ed f or  each i ndi v i dual  RHS ( t r ue or  1)  or  i f  out put
# i s  j ust  cr eat ed f or  an ent i r e set  of  RHSs ( f al se or  0) .

For war d Sol ve - > 
Max I t er at i ons :  i nt = 400

# The maxi mum number  of  i t er at i ons t he Azt ecOO sol ver  i s  al l owed t o per f or m.
Tol er ance :  doubl e = 1e- 06

# The t ol er ence used i n t he conver gence check ( see t he conver gence t est
# i n t he subl i s t " Azt ecOO Set t i ngs" )

Azt ecOO Set t i ngs - > 
Azt ec Sol ver :  st r i ng = GMRES

# Type of  l i near  sol ver  al gor i t hm t o use.
#   Val i d val ues:  " CG" ,  " GMRES" ,  " CGS" ,  " TFQMR" ,  " Bi CGSt ab" ,  " LU"

Conver gence Test :  s t r i ng = r 0
# The conver gence t est  t o use f or  t er mi nat i ng t he i t er at i ve sol ver .
#   Val i d val ues:  " r 0" ,  " r hs" ,  " Anor m" ,  " no scal i ng" ,  " sol "

. . .
. . .

See Doxygen documentation for Stratimikos::DefaultLinearSolverBuilder!
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Output of Default Parameter Values

<Par amet er Li st name=" St r at i mi kos" >
<Par amet er  name=" Li near  Sol ver  Type"  t ype=" st r i ng"  val ue=" Azt ecOO"  / > 
<Par amet er  name=" Pr econdi t i oner  Type"  t ype=" st r i ng"  val ue=" I f pack"  / > 

</ Par amet er Li st >

&'����

	����
�����
�
�
(���)�	����
�����	�	 ��
(��

�	���
*�����	�	 ��*
'����
+
'
)

<Par amet er Li st >
<Par amet er  name=" Li near  Sol ver  Type"  t ype=" st r i ng"  val ue=" Azt ecOO" / >
<Par amet er Li st name=" Li near  Sol ver  Types" >

<Par amet er Li st name=" Azt ecOO" >
<Par amet er Li st name=" For war d Sol ve" >

<Par amet er Li st name=" Azt ecOO Set t i ngs" >
<Par amet er  i sDef aul t =" t r ue"  name=" Azt ec Sol ver "  t ype=" st r i ng"  val ue=" GMRES" / >
<Par amet er  i sDef aul t =" t r ue"  name=" Conver gence Test "  t ype=" st r i ng"  val ue=" r 0" / >
. . .

</ Par amet er Li st >
<Par amet er  i sDef aul t =" t r ue"  name=" Max I t er at i ons"  t ype=" i nt "  val ue=" 400" / >
<Par amet er  i sDef aul t =" t r ue"  name=" Tol er ance"  t ype=" doubl e"  val ue=" 1e- 06" / >

</ Par amet er Li st >
<Par amet er  i sDef aul t =" t r ue"  name=" Out put  Ever y RHS"  t ype=" bool "  val ue=" 0" / >

</ Par amet er Li s t >
</ Par amet er Li s t >
<Par amet er  name=" Pr econdi t i oner  Type"  t ype=" st r i ng"  val ue=" I f pack" / >
<Par amet er Li st name=" Pr econdi t i oner  Types" >

<Par amet er Li st name=" I f pack" >
<Par amet er  i sDef aul t =" t r ue"  name=" Over l ap"  t ype=" i nt "  val ue=" 0" / >
<Par amet er  i sDef aul t =" t r ue"  name=" Pr ec Type"  t ype=" st r i ng"  val ue=" I LU" / >

</ Par amet er Li s t >
</ Par amet er Li s t >

</ Par amet er Li st >

������
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Parameter List Validation
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Error Messages for Improper Parameters/Sublists

&'����
0
1�
�
�	���
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#2�
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<Par amet er Li st >

<Par amet er  name=" Li near  Sol ver  Type"  t ype=" st r i ng"  val ue=" Azt ecOO" / >
<Par amet er Li st name=" Li near  Sol ver  Types" >

<Par amet er Li st name=" Azt ecOO" >
<Par amet er Li st name=" For war d Sol ve" >

<Par amet er Li st name=" Azt ecOO Set t i ngs" >
<Par amet er  name=" zt ec Sol ver " t ype=" st r i ng"  val ue=" GMRES" / >

</ Par amet er Li st >
</ Par amet er Li st >

</ Par amet er Li s t >
</ Par amet er Li s t >

</ Par amet er Li st >

&����
�
����

�
�
���
�
����
�300���	���
�����
�
��(4)
"	��

'�
��	��0

Er r or ,  t he par amet er  { name=" zt ec Sol ver " , t ype=" st r i ng" , val ue=" GMRES" }
i n t he par amet er  ( sub) l i st " Real Li near Sol ver Bui l der - >Li near  Sol ver  Types- >Azt ecOO- >For war d 

Sol ve- >Azt ecOO Set t i ngs"
was not  f ound i n t he l i st  of  val i d par amet er s!

The val i d par amet er s and t ypes ar e:
{

" Azt ec Pr econdi t i oner "  :  st r i ng = i l u
" Azt ec Sol ver " :  s t r i ng = GMRES
…

}
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Error Messages for Improper Parameters/Sublists

&'����
0
1�
�
��
�	�	
�
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"����
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�
����
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<Par amet er Li st >

<Par amet er  name=" Li near  Sol ver  Type"  t ype=" st r i ng"  val ue=" Azt ecOO" / >
<Par amet er  name=" Pr econdi t i oner  Type"  t ype=" st r i ng"  val ue=" I f pack" / >
<Par amet er Li st name=" Li near  Sol ver  Types" >

<Par amet er Li st name=" Azt ecOO" >
<Par amet er Li st name=" For war d Sol ve" >

<Par amet er Li st name=" Azt ecOO Set t i ngs" >
<Par amet er  name=" Azt ec Sol ver "  t ype=" i nt " val ue=" GMRES" / >

</ Par amet er Li st >
</ Par amet er Li st >

</ Par amet er Li s t >
</ Par amet er Li s t >

</ Par amet er Li st >

&����
�
����

�
�
���
�
����
�300���	���
�����
�
��(4)
"	��

'�
��	��0

Er r or ,  t he par amet er  { par amName=" Azt ec Sol ver " , t ype=" i nt " }
i n t he subl i st " Def aul t Real Li near Sol ver Bui l der - >Li near  Sol ver  Types- >Azt ecOO- >For war d Sol ve-

>Azt ecOO Set t i ngs"
has t he wr ong t ype.   The cor r ect  t ype i s " st r i ng" !
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Error Messages for Improper Parameters/Sublists
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<Par amet er Li st >

<Par amet er  name=" Li near  Sol ver  Type"  t ype=" st r i ng"  val ue=" Azt ecOO" / >
<Par amet er  name=" Pr econdi t i oner  Type"  t ype=" st r i ng"  val ue=" I f pack" / >
<Par amet er Li st name=" Li near  Sol ver  Types" >

<Par amet er Li st name=" Azt ecOO" >
<Par amet er Li st name=" For war d Sol ve" >

<Par amet er Li st name=" Azt ecOO Set t i ngs" >
<Par amet er  name=" Azt ec Sol ver "  t ype=“ st r i ng"  val ue=" GMRESS" / >

</ Par amet er Li st >
</ Par amet er Li st >

</ Par amet er Li s t >
</ Par amet er Li s t >

</ Par amet er Li st >
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Er r or ,  t he val ue " GMRESS" i s  not  r ecogni zed f or  t he par amet er  " Azt ec Sol ver "  i n t he subl i st " " .

Val i d sel ect i ons i ncl ude:  " CG" ,  " GMRES" ,  " CGS" ,  " TFQMR" ,  " Bi CGSt ab" ,  " LU" .
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Future Plans for Stratimikos
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