
Trilinos 101: Getting Started with 
Trilinos 



The Trilinos Home Page 

http://trilinos.sandia.gov 

  Highlights of the web page 
 Download page 
 User documentation 

¥  Getting started page 
¥  User guide 
¥  FAQ 
¥  Individual package documentation 
¥  ÔruntestsÕ make target documentation 
¥  External package capability 



  Instructions for obtaining Trilinos are available in 
  the Trilinos User Guide 

  http://trilinos.sandia.gov/documentation.html 

  Download from the website 
  http://trilinos.sandia.gov/download 

  Obtain a copy from the CVS repository 
¥  Work through existing Trilinos developer. 
¥  Not available for all users 

Obtaining Trilinos 



Tools for Users 

 Mailman 
 Users are encouraged to sign up for 

¥ Users lists for Trilinos and packages of interest 
¥ Announce lists for Trilinos and packages of interest 

 To sign up for a list, go to http://software.sandia.gov/mailman/
listinfo/<name> 

¥ Replace <name> with the name of the list, for example, 
trilinos-users 

 For general questions 
 trilinos-help@software.sandia.gov 



Tools for Users (cont.) 

  Bugzilla 

  http://software.sandia.gov/bugzilla/ 
  Issue tracking tool 

  Accounts for users outside of Sandia require approval 

  Can be used to report bugs or request new features 

  Please provide as much detail as possible (For example: Platform, 
OS, compiler versions, configure options, version of Trilinos, etc.) 



Configuring Trilinos 

  More configuration details in the User Guide 
  http://trilinos.sandia.gov/TrilinosUserGuide.pdf 

  Trilinos uses Autoconf and Automake 
  DonÕt just try Òconfigure, make, make installÓ 

  This will fail in almost every case 
  Result unlikely to be satisfactory if it works (ex MPI/serial) 

  Use --disable-default-packages 
  Enable packages (--enable-<package_name>) 



Configuring Trilinos (cont.) 

  To see all options for a package: 
  cd <package> 

  ./configure --help 

  Example configure invocation scripts 
¥  customizations will be necessary 

¥  Trilinos/sampleScripts/ 

¥  For example redStorm_mpi_reddish1 

¥  Users are encouraged to submit their scripts 



Configuring Trilinos (cont.) 

 Example invoke configure file for reddish: 

  module load PrgEnv-pgi 
module load mpich 
../configure --enable-mpi \ 
CXX=mpicxx CC=mpicc F77=mpif77 \ 
CPPFLAGS="-tp k8-64 -lacml -lpgmp -lpgthread" \ 
--with-blas="-L/usr/pgi-6.0/linux86-64/6.0/lib -lacml -lpgmp -lpgthread" \ 
--with-lapack="-L/usr/pgi-6.0/linux86-64/6.0/lib -lacml" \ 
--enable-ml \ 
--disable-default-packages 
#The lines before ../configure load the proper environment 



Configuring Trilinos (cont.) 

 Platform and machine specific options 

  module load PrgEnv-pgi 
module load mpich 
../configure --enable-mpi \ 
CXX=mpicxx CC=mpicc F77=mpif77 \ 
CPPFLAGS="-tp k8-64 -lacml -lpgmp -lpgthread" \ 
--with-blas="-L/usr/pgi-6.0/linux86-64/6.0/lib -lacml -lpgmp -
lpgthread" \ 
--with-lapack="-L/usr/pgi-6.0/linux86-64/6.0/lib -lacml" \ 
--enable-ml \ 
--disable-default-packages 



Building and Installing Trilinos 

  To build Trilinos type  

  make everything 
  To install Trilinos type 

  make install 



Testing 
  Tests can be run individually after compilation 

  ÔruntestsÕ make targets 
http://software.sandia.gov/trilinos/developer/test_harness/

runtests_make_target.html 

  To run the test suite (the tool will only attempt to run tests that were built), 
after " makeÒ, type 

  make runtests-serial 

  Can run tests for individual packages 



Testing 
  ÔruntestsÕ make targets 

  For MPI use make runtests-mpi 
¥  Must specify TRILINOS_MPI_GO in the environment or as an 

argument to make 

  make runtests-mpi TRILINOS_MPI_GO="'mpiexec -np '"   
  Trilinos/commonTools/test/utilities/runtests Ðhelp 

  Installation Tests 
 Make a good ÒlinkingÓ test 

  <prefix>/examples 



Improving Efficiency 

 Also discussed in the Trilinos User Guide 
 Build only the packages that are needed 
 After Trilinos has been ported to a machine 

¥ ÔmakeÕ instead of Ômake everythingÕ 

 make Ðj n 
¥ n is the number of jobs to create 
¥ Not supported by all versions of ÒmakeÓ 

 --cache-file=config.cache, or simply -C 
./configure -C É 

¥ Be sure to blow away if errors occur 
¥ Some put removal command in invoke-configure 



Linking to Trilinos Libraries 

  Makefile.export system makes linking easy 
  Files created in the include directory during install 

  Makefile.export.<package_name> files  
¥  Useful macros 

  <PACKAGE_NAME>_INCLUDES 
  <PACKAGE_NAME>_LIBS 
  Makefile.export.<package_name>.macros files 

¥  More macros including 
    <PACKAGE_NAME>_CXXFLAGS 
  <PACKAGE_NAME>_CXX 

  Use the macros in application makefiles 



Linking to Trilinos Libraries 
  Example (include these lines in your makefile): 

TRILINOS_PREFIX=/common/Trilinos/8.0.4 
include $(TRILINOS_PREFIX)/include/Makefile.export.epetra.macros 
include $(TRILINOS_PREFIX)/include/Makefile.export.epetra 

INCDIR=$(EPETRA_INCLUDES) 
LIBDIR=$(EPETRA_LIBS) 
CXXFLAGS=$(INCDIR) $(EPETRA_CXXFLAGS) $(EPETRA_DEFS) 
CXX= $(EPETRA_CXX) 

  Include one Makefile.export.<package> file for every directly 
used package 



Where to Find Help 

  Getting started link 

  http://trilinos.sandia.gov/getting_started.html 
  Online FAQ section 

  http://trilinos.sandia.gov/faq.html 
  Trilinos User Guide 

  http://trilinos.sandia.gov/documentation.html 



Where to Find Help (cont.) 

  Submitting a bug report or feature request 
  Please provide as much detail as possible 
  Attach the appropriate config.log if applicable 
 http://trilinos.sandia.gov/bugs.html 

  For general questions 
 trilinos-help@software.sandia.gov 

  Trilinos Home Page 

  http://trilinos.sandia.gov 



Trilinos 101 (Part II) 

Creating and managing linear 
algebra data in Trilinos:  

Data management using Epetra  

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, 
for the United States Department of Energy under contract DE-AC04-94AL85000.




// Header files omittedÉ 
int main(int argc, char *argv[]) { 
  MPI_Init(&argc,&argv); // Initialize MPI, MpiComm 
  Epetra_MpiComm Comm( MPI_COMM_WORLD );                       

A Simple Epetra/AztecOO Program 

  // ***** Create x and b vectors ***** 
  Epetra_Vector x(Map); 
  Epetra_Vector b(Map); 
  b.Random(); // Fill RHS with random #s                   

// ***** Create an Epetra_Matrix  tridiag(-1,2,-1) ***** 

  Epetra_CrsMatrix A(Copy, Map, 3); 
  double negOne = -1.0; double posTwo = 2.0; 

  for (int i=0; i<NumMyElements; i++) { 
    int GlobalRow = A.GRID(i);  
    int RowLess1 = GlobalRow - 1;  
    int RowPlus1 = GlobalRow + 1; 
    if (RowLess1!=-1)  
       A.InsertGlobalValues(GlobalRow, 1, &negOne, &RowLess1); 
    if (RowPlus1!=NumGlobalElements)  
       A.InsertGlobalValues(GlobalRow, 1, &negOne, &RowPlus1); 
    A.InsertGlobalValues(GlobalRow, 1, &posTwo, &GlobalRow); 
  } 
A.FillComplete(); // Transform from GIDs to LIDs 

// ***** Map puts same number of equations on each pe *****         

  int NumMyElements = 1000 ; 
  Epetra_Map Map(-1, NumMyElements, 0, Comm); 
  int NumGlobalElements = Map.NumGlobalElements(); 

// ***** Report results, finish ***********************     
  cout << "Solver performed " << solver.NumIters()    
          << " iterations." << endl 
          << "Norm of true residual = "  
          << solver.TrueResidual()  
          << endl; 

  MPI_Finalize() ; 
  return 0; 
} 

  // ***** Create/define AztecOO instance, solve ***** 
  AztecOO solver(problem); 
  solver.SetAztecOption(AZ_precond, AZ_Jacobi); 
  solver.Iterate(1000, 1.0E-8); 

// ***** Create Linear Problem ***** 
  Epetra_LinearProblem problem(&A, &x, &b);           

// Header files omittedÉ 
int main(int argc, char *argv[]) { 
Epetra_SerialComm Comm();                      



LAL Foundation: Petra 
  Petra provides a Òcommon languageÓ for distributed 

linear algebra objects (operator, matrix, vector) 

  Petra provides distributed matrix and vector services. 

  Has 3 implementations under development. 



Perform redistribution of distributed objects: 
¥  Parallel permutations. 
¥  ÒGhostingÓ of values for local computations. 
¥  Collection of partial results from remote processors. 

Petra Object 
Model 

Abstract Interface to Parallel Machine 
¥  Shameless mimic of MPI interface. 
¥  Keeps MPI dependence to a single class (through all of Trilinos!). 
¥  Allow trivial serial implementation. 
¥  Opens door to novel parallel libraries (shmem, UPC, etcÉ) 

Abstract Interface for Sparse All-to-All Communication 
¥  Supports construction of pre-recorded ÒplanÓ for data-driven communications. 
¥  Examples:   

¥  Supports gathering/scatter of off-processor x/y values when computing y = Ax. 
¥  Gathering overlap rows for Overlapping Schwarz. 
¥  Redistribution of matrices, vectors, etcÉ 

Describes layout of distributed objects: 
¥  Vectors: Number of vector entries on each processor and global ID 
¥  Matrices/graphs: Rows/Columns managed by a processor. 
¥  Called ÒMapsÓ in Epetra. 

Dense Distributed Vector and Matrices: 
¥  Simple local data structure. 
¥  BLAS-able, LAPACK-able. 
¥  Ghostable, redistributable. 
¥  RTOp-able. 

Base Class for All Distributed Objects: 
¥  Performs all communication. 
¥  Requires Check, Pack, Unpack methods from derived class. 

Graph class for structure-only computations: 
¥  Reusable matrix structure. 
¥  Pattern-based preconditioners. 
¥  Pattern-based load balancing tools. 

Basic sparse matrix class: 
¥  Flexible construction process. 
¥  Arbitrary entry placement on parallel machine. 



Petra Implementations 

 Three version under development: 

 Epetra (Essential Petra):   
  Current production version.  
  Restricted to real, double precision arithmetic. 
  Uses stable core subset of C++ (circa 2000). 
  Interfaces accessible to C and Fortran users. 

 Tpetra (Templated Petra):   
  Next generation C++ version.  
  Templated scalar and ordinal fields. 
  Uses namespaces, and STL: Improved usability/efficiency. 

 Jpetra (Java Petra):   
  Pure Java. Portable to any JVM.   
  Interfaces to Java versions of MPI, LAPACK and BLAS via interfaces. 



Typical Flow of Epetra Object 
Construction 

Construct Comm 

Construct Map 

Construct x Construct b Construct A 

¥  Any number of Comm objects can exist. 
¥  Comms can be nested (e.g., serial within MPI). 

¥  Maps describe parallel layout. 
¥  Maps typically associated with more than one comp object. 
¥  Two maps (source and target) define an export/import object. 

¥  Computational objects. 
¥  Compatibility assured via common map. 



Details about Epetra Maps 

  Note:  Focus on Maps (not BlockMaps). 

  Getting beyond standard use caseÉ 



1-to-1 Maps 

  1-to-1 map (defn):  A map is 1-to-1 if each GID appears 
only once in the map (and is therefore associated with only 
a single processor). 

  Certain operations in parallel data repartitioning require 1-
to-1 maps.  Specifically: 
  The source map of an import must be 1-to-1. 

  The target map of an export must be 1-to-1. 
  The domain map of a 2D object must be 1-to-1. 

   The range map of a 2D object must be 1-to-1. 



2D Objects: Four Maps 

  Epetra 2D objects: 
  CrsMatrix, FECrsMatrix 
  CrsGraph 
  VbrMatrix, FEVbrMatrix 

  Have four maps: 
  RowMap: On each processor, the GIDs of the rows that processor 

will ÒmanageÓ. 
  ColMap: On each processor, the GIDs of the columns that 

processor will ÒmanageÓ. 
  DomainMap: The layout of domain objects  

 (the x vector/multivector in y=Ax). 
  RangeMap: The layout of range objects  

 (the y vector/multivector in y=Ax). 

Must be 1-to-1 maps!!! 

Typically a 1-to-1 map 

Typically NOT a 1-to-1 map 



Sample Problem 
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Case 1: Standard Approach 

  RowMap  = {0, 1} 

  ColMap  = {0, 1, 2} 
  DomainMap  = {0, 1} 
  RangeMap  = {0, 1} 
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  First 2 rows of A, elements of y and elements of x, kept on PE 0. 
  Last row of A, element of y and element of x, kept on PE 1. 

PE 0 Contents 

[ ] [ ] [ ]3 3,... 0 1 2 ,...y y A x x= = ! =

PE 1 Contents 

  RowMap  = {2} 

  ColMap  = {1, 2} 
  DomainMap  = {2} 
  RangeMap  = {2} 

Notes: 
  Rows are wholly owned. 
  RowMap=DomainMap=RangeMap (all 1-to-1). 
  ColMap is NOT 1-to-1. 
  Call to FillComplete: A.FillComplete(); // Assumes 
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Case 2: Twist 1 

  RowMap  = {0, 1} 

  ColMap  = {0, 1, 2} 
  DomainMap  = {1, 2} 
  RangeMap  = {0} 
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  First 2 rows of A, first element of y and last 2 elements of x, kept on PE 0. 
  Last row of A, last 2 element of y and first element of x, kept on PE 1. 

PE 0 Contents 
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PE 1 Contents 

  RowMap  = {2} 

  ColMap  = {1, 2} 
  DomainMap  = {0} 
  RangeMap  = {1, 2} 

Notes: 
  Rows are wholly owned. 
  RowMap is NOT = DomainMap  

      is NOT = RangeMap (all 1-to-1). 
  ColMap is NOT 1-to-1. 
  Call to FillComplete:  

A.FillComplete(DomainMap, RangeMap); 
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Case 2: Twist 2 

  RowMap  = {0, 1} 

  ColMap  = {0, 1} 
  DomainMap  = {1, 2} 
  RangeMap  = {0} 
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  First row of A, part of second row of A, first element of y and last 2 elements of x, 
kept on PE 0. 

  Last row, part of second row of A, last 2 element of y and first element of x, kept on 
PE 1. 

PE 0 Contents 
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PE 1 Contents 

  RowMap  = {1, 2} 

  ColMap  = {1, 2} 
  DomainMap  = {0} 
  RangeMap  = {1, 2} 

Notes: 
  Rows are NOT wholly owned. 
  RowMap is NOT = DomainMap  

      is NOT = RangeMap (all 1-to-1). 
  RowMap and ColMap are NOT 1-to-1. 
  Call to FillComplete:  

A.FillComplete(DomainMap, RangeMap); 
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What does FillComplete Do? 

  A bunch of stuff. 

  One task is to create (if needed) import/export 
objects to support distributed matrix-vector 
multiplication: 
 If ColMap ! DomainMap, create Import object. 

 If RowMap ! RangeMap, create Export object. 

  A few rules: 
 Rectangular matrices will always require: 

A.FillComplete(DomainMap,RangeMap); 

 DomainMap and RangeMap must be 1-to-1. 



The Trilinos Tutorial Package 

  Trilinos is large (and still growingÉ) 
  More than 900K code lines 

  Many packages 
¥  a lot of functionalitiesÉ 
¥  É and also a lot to learn 

  What is the best way for a new user to learn Trilinos? 

  Using a Trilinos package of course: Didasko! 



Didasko Contents 

  Tutorial document: 
  Tiered intro to Trilinos: Best way to get started. 

  16 chapters covering: Epetra, EpetraExt, Triutils, AztecOO, Belos, 
IFPACK, Teuchos, ML, Amesos, Anasazi, NOX, Zoltan, Tpetra. 

  Available from Trilinos website. 

  Working code: 
  62 example programs. 



What DIDASKO is not 

  DIDASKO, as a tutorial, cannot cover the most advanced 
features of Trilinos: 
  Only the ÒstableÓ features are covered. 

  Turn on (global) : --enable-didasko. 

  Turn on (package) --enable-package-name: 
 configure --enable-didasko --enable-epetra  
turns on Didasko Epetra examples. 

  DIDASKO is not a substitute of each packageÕs 
documentation and examples, which remain of 
fundamental importance. 


