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Chapter 1

FFLAS-FFPACK Documentation.

1.1 Introduction

FFLAS-FFPACK is a LGPL-2.1+ source code library for basic linear algebra operations over a finite field. Itis inspired
by BLAS interface (Basic Linear Algebra Subprograms) and the LAPACK library for numerical linear algebra, and
shares part of their design. Yet it differs in many aspects due to the specifities of computing over a finite field:

« it is generic with respect to the finite field, so as to accomodate a large variety of field sizes and implementa-
tions;

* it is a pure source code library, to be included and compiled in the user's software. Its build system is only
used for tests and benchmarks.

1.2 Goals
1.3 Design

1.4 Using FFLAS-FFPACK.

Copying and Licence.

Tutorial. This is a brief introduction to FFLAS-FFPACK capabilities.

Configuring and Installing FFLAS-FFPACK. Explains how to configure/install from sources or from the latest
svn version.

Architecture of the library.. Describes how FFLAS-FFPACK is organized

+ Documentation for Users. If everything around is blue, then you are reading the lighter, user-
oriented, documentation.

+ Documentation for Developers. If everything around is green, then you can get to everything
(not necessarily yet) documented.
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../fflas-ffpack-html/index.html
../fflas-ffpack-dev-html/index.html

2 FFLAS-FFPACK Documentation.

1.5 Contributing to fflas-ffpack, getting assistance.

Version

25.0

1.6 Copying and Licence
The FFLAS-FFPACK library is licensed under the terms of the GNU LGPL v2.1 or later.
See https://www.gnu.org/licenses/lgpl-2.1.html

1.7 Tutorial

no doc.

1.8 Configuring and Installing FFLAS-FFPACK

FFLAS-FFPACK is a header-only package.

Hower configuration process can be tweaked a lot. Configure looks for BLAS routines and Givaro library which are
both mandatory dependencies. See the output of . /configure —help for information about the LAPACK/«
BLAS discovering strategies.

1.9 Architecture of the library.

no doc.
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Chapter 2
Bug List

Global DOUBLE_TO_FLOAT_CROSSOVER

to be benchmarked.

Global FFLAS::details::pack_lhs (int64_t XX, const int64_t X, size_t Idx, size_t rows, size_t cols)

this is fassign
this is fassign

Global FFLAS::details::pack_rhs (int64_t «XX, const int64_t <X, size_t Idx, size_t rows, size_t cols)

this is fassign
this is fassign

Global FFLAS::fconvert (const Field &F, const size_t n, OtherElement_ptr X, const size_t incX, typename
Field::ConstElement_ptr Y, const size_t incY)
use cblas_(d)scal when possible

Global FFLAS::fconvert (const FFLAS_FIELD< FFLAS_ELT > &F, const size_t n, FFLAS_ELT *X, const
size_t incX, const FFLAS_ELT Y, const size_t incY)
use cblas_(d)scal when possible

Global FFLAS::finit (const Field &F, const size_t n, const OtherElement_ptr Y, const size_t incY, typename
Field::Element_ptr X, const size_t incX)
use cblas_(d)scal when possible

Global FFLAS::finit (const FFLAS_FIELD< FFLAS_ELT > &F, const size_t n, const FFLAS_ELT xY, const
size_t incY, FFLAS_ELT xX, const size_t incX)
use cblas_(d)scal when possible

Global FFLAS::fneg (const Field &F, const size_t n, typename Field::ConstElement_ptr Y, const size_t incY,
typename Field::Element_ptr X, const size_t incX)
use cblas_(d)scal when possible

Global FFLAS::fneg (const FFLAS_FIELD< FFLAS_ELT > &F, const size_t n, const FFLAS_ELT =Y, const
size_t incY, FFLAS_ELT xX, const size_t incX)
use cblas_(d)scal when possible

Global FFLAS::fnegin (const Field &F, const size_t n, typename Field::Element_ptr X, const size_t incX)

use cblas_(d)scal when possible
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4 Bug List

Global FFLAS::fnegin (const FFLAS_FIELD< FFLAS_ELT > &F, const size_t n, FFLAS_ELT xX, const size«—
_tincX)
use cblas_(d)scal when possible

Global FFLAS::freduce (const Field &F, const size_t n, typename Field::Element_ptr X, const size_t incX)

use cblas_(d)scal when possible

Global FFLAS::freduce (const Field &F, const size_t n, typename Field::ConstElement_ptr Y, const size_t
incY, typename Field::Element_ptr X, const size_t incX)

use cblas_(d)scal when possible

Global FFLAS::freduce (const FFLAS_FIELD< FFLAS_ELT > &F, const size_t n, FFLAS_ELT xX, const
size_t incX)
use cblas_(d)scal when possible

Global FFLAS::freduce (const FFLAS_FIELD< FFLAS_ELT > &F, const size_t n, const FFLAS_ELT xY, const
size_t incY, FFLAS_ELT X, const size_t incX)

use cblas_(d)scal when possible

Global FFLAS::fscal (const Field &F, const size_t n, const typename Field::Element alpha, typename
Field::ConstElement_ptr X, const size_t incX, typename Field::Element_ptr Y, const size_t incY)
use cblas_(d)scal when possible

Global FFLAS::fscal (const FFLAS_FIELD< FFLAS_ELT > &F, const size_t n, const FFLAS_ELT alpha,
const FFLAS_ELT «X, const size_t incX, FFLAS_ELT xY, const size_t incY)
use cblas_(d)scal when possible

Global FFLAS::fscalin (const Field &F, const size_t n, const typename Field::Element alpha, typename
Field::Element_ptr X, const size_t incX)
use cblas_(d)scal when possible

Global FFLAS::fscalin (const FFLAS_FIELD< FFLAS_ELT > &F, const size_t n, const FFLAS_ELT alpha,
FFLAS_ELT %X, const size_t incX)
use cblas_(d)scal when possible

Global FFLAS:fsquare (const Field &F, const FFLAS_TRANSPOSE ta, const size t n, const type-
name Field::Element alpha, typename Field::ConstElement_ptr A, const size_t Ida, const typename
Field::Element beta, typename Field::Element_ptr C, const size_t Idc)
why double ?

Global FFLAS::fswap (const Field &F, const size_t N, typename Field::Element_ptr X, const size_t incX,
typename Field::Element_ptr Y, const size_t incY)
use cblas_dswap when double

Global FFLAS::fswap (const FFLAS_FIELD< FFLAS_ELT > &F, const size_t N, FFLAS_ELT %X, const size«
_tincX, FFLAS_ELT Y, const size_t incY)

use cblas_dswap when double

Global FFLAS:ftrsm (const Field &F, const FFLAS_SIDE Side, const FFLAS_UPLO Uplo, const
FFLAS_TRANSPOSE TransA, const FFLAS_DIAG Diag, const size_.t M, const size_t N, const
typename Field::Element alpha, typename Field::ConstElement_ptr A, const size_t Ida, typename
Field::Element_ptr B, const size_t Idb)

« must be non zero.
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Global FFLAS:ftrsm (const FFLAS_FIELD< FFLAS_ELT > &F, const FFLAS_SIDE Side, const
FFLAS_UPLO Uplo, const FFLAS_TRANSPOSE TransA, const FFLAS_DIAG Diag, const size_t M, const
size_t N, const FFLAS_ELT alpha, const FFLAS_ELT xA, const size_t Ida, FFLAS_ELT =B, const size_t
Idb)

«a must be non zero.

Global FFPACK::buildMatrix (const Field &F, typename Field::ConstElement_ptr E, typename
Field::ConstElement_ptr C, const size_t Ida, const size_t B, const size_t *T, const size_t me,
const size_t mc, const size_t lambda, const size_t mu)
is this :

Global FFPACK::Invert2 (const Field &F, const size_t M, typename Field::Element_ptr A, const size_t Ida,
typename Field::Element_ptr X, const size_t Idx, int &nullity)
not tested.

Global launch_fger_dispatch (const Field &F, const size_t nn, const typename Field::Element alpha, const
size_t iters, Randlter &G)
test for incx equal
test for transpo

Global launch_MM_dispatch (const Field &F, const int mm, const int nn, const int kk, const typename
Field::Element alpha, const typename Field::Element beta, const size_t iters, Randlter &G)
test for IdX equal
test for transpo

Global launch_MM_dispatch (const Field &F, const int mm, const int nn, const int kk, const typename
Field::Element alpha, const typename Field::Element beta, const size_t iters, const int nbw, const bool
par, Randlter &G)

test for 1dX equal
test for transpo

Global printvect (std::ostream &o, vector< T > &vect)

does not belong here
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Global FFPACK::Protected::GaussJordan (const Field &F, const size_t M, const size_t N, typename
Field::Element_ptr A, const size_t Ida, const size_t colbeg, const size_t rowbeg, const size_t colsize,
size_t P, size_t xQ, const FFPACK::FFPACK_LU_TAG LuTag)

+ Algorithm 2.8 of A. Storjohann Thesis 2000,

« Algorithm 11 of Jeannerod C-P., Pernet, C. and Storjohann, A. Rank-profile revealing Gaussian
elimination and the CUP matrix decomposition , J. of Symbolic Comp., 2013

Class ftrsmLeftUpperNoTransNonUnit< Element >

» Dumas, Giorgi, Pernet 06, arXiv:cs/0601133.
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Chapter 4

Todo List

File debug.h

we should put vector printing elsewhere.

Global FFLAS::fadd (const Field &F, const size_t N, typename Field::ConstElement_ptr A, const size_«
t inca, const typename Field::Element alpha, typename Field::ConstElement_ptr B, const size_t incb,
typename Field::Element_ptr C, const size_t incc)
optimise here

Global FFLAS::fassign (const Field &F, const size_t N, typename Field::ConstElement_ptr Y, const size_t
incY, typename Field::Element_ptr X, const size_t incX)
variant for triagular matrix

Global FFLAS::fassign (const FFLAS_FIELD< FFLAS_ELT > &F, const size_t N, const FFLAS_ELT «Y, const
size_t incY, FFLAS_ELT xX, const size_t incX)
variant for triagular matrix

Global FFLAS::fconvert (const Field &F, const size_t m, const size_t n, OtherElement_ptr A, const size_t
Ida, typename Field::ConstElement_ptr B, const size_t Idb)
check if n == Ida

Global FFLAS::fneg (const Field &F, const size_t m, const size_t n, typename Field::ConstElement_ptr B,
const size_t Idb, typename Field::Element_ptr A, const size_t Ida)
check if n == Ida

Global FFLAS::fnegin (const Field &F, const size_t m, const size_t n, typename Field::Element_ptr A, const
size_t lda)
check if n == Ida

Global FFLAS::fscal (const Field &F, const size_t n, const typename Field::Element alpha, typename
Field::ConstElement_ptr X, const size_t incX, typename Field::Element_ptr Y, const size_t incY)
check if comparison with +/-1,0 is necessary.

Global FFLAS::fscal (const FFLAS_FIELD< FFLAS_ELT > &F, const size_t n, const FFLAS_ELT alpha,
const FFLAS_ELT =X, const size_t incX, FFLAS_ELT «Y, const size_t incY)
check if comparison with +/-1,0 is necessary.

Global FFLAS::fscalin (const Field &F, const size_t n, const typename Field::Element alpha, typename

Field::Element_ptr X, const size_t incX)

check if comparison with +/-1,0 is necessary.
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Global FFLAS::fscalin (const FFLAS_FIELD< FFLAS_ELT > &F, const size_t n, const FFLAS_ELT alpha,
FFLAS_ELT X, const size_t incX)
check if comparison with +/-1,0 is necessary.

Global FFLAS::Protected::igemm (const enum FFLAS TRANSPOSE TransA, const enum
FFLAS_TRANSPOSE TransB, size_t rows, size_t cols, size_t depth, const int64_t alpha, const
int64_t xA, size_t Ida, const int64_t «B, size_t Idb, const int64_t beta, int64_t «C, size_t Idc)
use primitive (no Field()) and specialise for int64.

Global FFLAS::Protected::MatF2MatFI_Triangular (const Field &F, Givaro::FloatDomain::Element_ptr S,
const size_t Ids, typename Field::ConstElement_ptr const E, const size_t Ide, const size_t m, const
size_tn)
do finit(...,FFLAS_TRANS,FFLAS_DIAG)
do fconvert(...,FFLAS_TRANS,FFLAS_DIAG)

Global FFPACK::getTriangular (const Field &F, const FFLAS::FFLAS_UPLO Uplo, const
FFLAS::FFLAS_DIAG diag, const size.t M, const size.t N, const size.t R, typename
Field::ConstElement_ptr A, const size_t Ida, typename Field::Element_ptr T, const size_t Idt, const bool
OnlyNonZeroVectors=false)
just one triangular fzero+fassign ?

Global FFPACK::getTriangular (const Field &F, const FFLAS::FFLAS_UPLO Uplo, const
FFLAS::FFLAS_DIAG diag, const size_t M, const size_t N, const size_t R, typename Field::Element_ptr
A, const size_t Ida)

just one triangular fzero+fassign ?

Global FFPACK::Invert2 (const Field &F, const size_t M, typename Field::Element_ptr A, const size_t Ida,
typename Field::Element_ptr X, const size_t Idx, int &nullity)

this init is not all necessary (done after ftrtri)

Global FFPACK::LUdivine (const Field &F, const FFLAS::FFLAS_DIAG Diag, const
FFLAS::FFLAS_TRANSPOSE trans, const size_t M, const size_t N, typename Field::Element_ptr
A, const size_t Ida, size_t «P, size_t «Q, const FFPACK::FFPACK_LU_TAG LuTag, const size_t cutoff)

std::swap ?

Global FFPACK::Protected::RandomKrylovPrecond (const PolRing &PR, std::list< typename PolRing::«+
Element > &completedFactors, const size_t N, typename PolRing::Domain_t::Element_ptr A, const
size_t Ida, size_t &Nb, typename PolRing::Domain_t::Element_ptr &B, size_t &ldb, typename PolRing«
::Domain_t::Randlter &g, const size_t degree=_ FFLASFFPACK_ARITHPROG_THRESHOLD)

swap to save space ??

don't assing K2 cxnoc x N but only mas (c,noc) x N and store each one after the other

Module field

biblio
Global launch_fger_dispatch (const Field &F, const size_t nn, const typename Field::Element alpha, const
size_t iters, Randlter &G)

does nbw actually do nbw recursive calls and then call blas (check ?) ?

Global launch_MM_dispatch (const Field &F, const int mm, const int nn, const int kk, const typename
Field::Element alpha, const typename Field::Element beta, const size_t iters, Randlter &G)

does nbw actually do nbw recursive calls and then call blas (check ?) ?
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Global launch_MM_dispatch (const Field &F, const int mm, const int nn, const int kk, const typename
Field::Element alpha, const typename Field::Element beta, const size_t iters, const int nbw, const bool
par, Randlter &G)

does nbw actually do nbw recursive calls and then call blas (check ?) ?
Module MMalgos

biblio

Module simd

biblio
Global test_colechelon (Field &F, size_t m, size_t n, size_tr, size_t iters, FFPACK::FFPACK_LU_TAG LuTag,
Randlter &G, bool par)

check Ida

Global test_det (Field &F, size_t n, int iter, Randlter &G)

test with stride

Global test_redcolechelon (Field &F, size_t m, size_t n, size_t r, size_t iters, FFPACK::FFPACK_LU_TAG
LuTag, Randlter &G, bool par)
check Ida

Global test_redrowechelon (Field &F, size_t m, size_t n, size_t r, size_t iters, FFPACK::FFPACK_LU_TAG
LuTag, Randlter &G, bool par)
check Ida

Global test_rowechelon (Field &F, size_t m, size_t n, size_tr, size_t iters, FFPACK::FFPACK_LU_TAG LuTag,
Randlter &G, bool par)

check Ida
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Chapter 5

Topic Index

5.1 Topics

Here is a list of all topics with brief descriptions:

CHECKER . . . . e e 41
FFLAS-FFPACK . . . . 41

FRELAS . o e 42

Interfaces . . . . . L e 42
Matrix Multiplication Algorithms . . . . . . . . . . . . e 42
SIMD Wrapper . . . . . o o e e e e 42
FRPACK . o e 43
FFLAS-FFPACK fields . . . . . . . . o e e e e e 43
RNS . e 43
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Chapter 6

Namespace Index

6.1 Namespace List

Here is a list of all namespaces with brief descriptions:

FRLAS o o 45
FFLAS:: ftranspose_impl . . . . . . . . . 190
FFLAS:BLASS . . . . 191
FFLAS:csr_hyb _details . . . . . . . o e e e 197
FFLAS::CuttingStrategy . . . . . . . . o e e e e e 197
FFLAS:details . . . . . . e 198
FFLAS:details_spmv . . . . . . . 206
FFLAS:ElementCategories . . . . . . . . . . . o 0 206
FFLAS::FieldCategories

Traits and categories will need to be placed in a proper filelater . . . . . . . ... ... .... 206
FFLAS:MMHelperAlgo . . . . . . . o o e 207
FFLAS::ModeCategories

Specifies the mode of action for an algorithmw.r.t . . . . . . .. ... .. ... ... .. ... 207
FFLAS::ParSeqHelper

ParSeqHelper for both fgemm and ftrsm . . . . . . . . . ... oo o oo 208
FFLAS::Protected . . . . . . . . . . e e 208
FFLAS:sell_details . . . . . . . . . e e e e 222
FFLAS:sparse_details . . . . . . . . . 223
FFLAS:sparse_details_impl . . . . . . . . . 237
FFLAS::StrategyParameter . . . . . . . . . . . . e e e e 277
FFLAS::StructureHelper

StructureHelper for ftrsm . . . . . . L L 277
FFLAS:vectorised . . . . . . . L 278
FFLAS:vectorised::unswitch . . . . . . . . . oL 283
FFPACK

Finite Field PACK Set of elimination based routines for dense linear algebra . . . . . . . . .. 286
FFPACK::Protected . . . . . . . . . e 389
GIVaro . . o e e 396
MKL_CONFIG . . . . e e e e e e e 396
RecInt . . . o o 396
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Chapter 7

Hierarchical Index

7.1 Class Hierarchy

This inheritance list is sorted roughly, but not completely, alphabetically:

AlgoChooser< ModeT, ParSeq > . . . . . . . . . . . e
AlgoChooser< ModeCategories::ConvertTo< ElementCategories::RNSElementTag >, ParSeq > . . . .
ALL< V> o
ALL< false, V... > . . . e e e
ALL<true, V... > . o e e e e
ALL<> L
ArbitraryPrecIntTag . . . . . . . . .
AreEqual< X, Y > . . . L
AreEqual< X, X > . . . L
Argument . ..o e e
array< T > . . e e e
associatedDelayedField< Field > . . . . . . . . . . . L
associatedDelayedField< const FFPACK::RNSIntegerMod<RNS > > . . . . . . .. ... ... .. ..
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Chapter 8

Data Structure Index

8.1 Data Structures

Here are the data structures with brief descriptions:

AlgoChooser< ModeT, ParSeq > . . . . . . . . . . e 397
AlgoChooser< ModeCategories::ConvertTo< ElementCategories::RNSElementTag >, ParSeq > . .. 397
ALL<V > o 397
ALL< false, V... > . . . e e e 398
ALL<true, V.. > . o e e e e 398
ALL<> e 398
ArbitraryPrecintTag

Arbitrary precision integers: GMP . . . . . . . L 398
AreEqual< X, Y > L L 399
AreEqual<< X, X > . L . e 399
Argument . .. 399
array< T >

STLClass . . . . . o e 400
associatedDelayedField< Field > . . . . . . . . . . 400
associatedDelayedField< const FFPACK::RNSIntegerMod< RNS > > . . . .. .. ... .. ... .. 401
associatedDelayedField< const Givaro:Modular< T, X > > . . . . . . .. ... . L. 401
associatedDelayedField< const Givaro::ModularBalanced< T > > . . . . . .. .. .. ... ... ... 402
associatedDelayedField< const Givaro:ZRing< T > > . . . . . . . . . . . i 403
T o 403
Bench< Elt > . . . . o e 403
Bini . . 406
Block . . . e 406
BlockTransposeSIMD< Field, Simd, > . . . . . . . . . . . . . . . e 406
callLUdivine_small< Element > . . . . . . . . . . e 408
callLUdivine_small< double > . . . . . . . . . . . e 409
callLUdivine_small< float > . . . . . . . . . . . e 410
CharpolyFailed . . . . . . . e 410
Checker_Empty<< Field > . . . . . . . . e e 410
Checkerlmplem_charpoly< Field, Polynomial > . . . . . . .. .. ... .. ... ... .. ....... 411
Checkerlmplem_charpoly< Givaro::ZRing< Givaro::Integer >, Polynomial > . . . . ... .. ... .. 412
Checkerlmplem_Det< Field > . . . . . . . . . . . e 413
Checkerlmplem_fgemm< Field > . . . . . . . . . . 414
Checkerlmplem_ftrsm< Field > . . . . . . . . . . e 416
Checkerlmplem_invert< Field > . . . . . . . . . . 417
Checkerlmplem_PLUQ< Field > . . . . . . . . . 417
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ClassiC . . . . e e 418
Column . L 419
CompactElement< Element > . . . . . . . ... 419
CompactElement< double > . . . . . . . . 419
CompactElement< float > . . . . . . . . L e 419
CompactElement<<int16_t > . . . . . . . . 420
CompactElement<int32_t > . . . . . . . L e 420
CompactElement<intB4_t > . . . . . . . L 420
compatible_data_type<< Field > . . . . . . . . . e 421
compatible_data_type< Givaro::ZRing<double > > . . . .. .. .. .. ... .. ... ... ..., 421
compatible_data_type< Givaro::ZRing<float > > . . .. .. .. ... ... ... ... ... ... 421
Compose< H1,H2 > . . . . . . . e 422
array< T >::const_iterator

STLiteratorclass . . . . . . . . . . e e e e 423
string::const_iterator

STLiteratorclass . . . . . . . . . . e e 423
vector< T >::const_iterator

STLiteratorclass . . . . . . . . . . e 423
array< T >:const_reverse_iterator

STLiteratorclass . . . . . . . . . . e e e 423
string::const_reverse_iterator

STLiteratorclass . . . . . . . . . . e e e 423
vector< T >:const_reverse iterator

STLiteratorclass . . . . . . . . . 424
Simd128_impl< true, true, false, 2 >::Converter . . . . . . . . . . 424
Simd128_impl< true, true, false, 4 >::Converter . . . . . . . . . . .. 424
Simd128_impl< true, true, false, 8 >::Converter . . . . . . . . . . .. 424
Simd128_impl< true, true, true, 2 >::Converter . . . . . . . . L 425
Simd128_impl< true, true, true, 4 >::Converter . . . . . . . . L 425
Simd128_impl< true, true, true, 8 >::Converter . . . . . . . . L L 425
Simd256_impl< true, false, true, 8 >::Converter . . . . . . . . . . ... 426
Simd256_impl< true, true, false, 2 >x:Converter . . . . . . . . . . . 426
Simd256_impl< true, true, false, 4 >::Converter . . . . . . . . .. 426
Simd256_impl< true, true, false, 8 >::Converter . . . . . . . . .. 427
Simd256_impl< true, true, true, 2 >::Converter . . . . . . . L 427
Simd256_impl< true, true, true, 4 >::Converter . . . . . . . L 427
Simd256_impl< true, true, true, 8 >::Converter . . . . . . . . .. 428
Simd512_impl< true, true, false, 8 >::Converter . . . . . . . . . . ... 428
Simd512_impl< true, true, true, 8 >::Converter . . . . . . . . L 428
ConvertTo< T >

Force conversion to appropriate element type of ElementCategory T . . . . . . . .. ... .. 429
Coo< ValT, IdXT > . . . . . e e e e e 429
Coo< Field > . . . . . e 431
Coo< ValT, IdXT > . . . . . e e e 432
CooMat< Field > . . . . . . 434
count_nonconst_lIvalue_reference< T > . . . . . . . . . e 435
count_nonconst_Ivalue_reference<const T &, O... > . . . . . . . . . i e 435
count_nonconst_Ivalue_reference< T &, O... > . . . . . . . . . . .. e 435
count_nonconst_Ivalue_reference< T, O... > . . . . . . . . . e 435
count_nonconst_lvalue_reference<<> . . . . . . . .. . e 436
CsrMat< Field > . . . . . . e 436
DefaultBoundedTag

Use standard field operations, but keeps track of bounds on inputand output . . . . . . . . .. 437
DefaultTag

No specific mode of action: use standard field operations . . . . . . ... ... ... ..... 437
DelayedTag

Performs field operations with delayed mod reductions. Ensures result is reduced . . . . . . . 437
DivideAndCoNnqUEr . . . . o o o i e e e e 437
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ElementTraits< Element >

ElementTraits . . . . . . . . . e e e e 437
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ElementTraits< int32_t > . . . . . . . . . e e e e 440
ElementTraits< int64_t > . . . . . . . . . e e e 440
ElementTraits< int8_t > . . . . . . . . . e 440
ElementTraits< RecIntrint< K> > . . . . . . . 0 00 0L 441
ElementTraits< RecInt:rmint< K, MG > > . . . . . . . . . . . . e 441
ElementTraits< RecIntruint< K> > . . . . . 0 0 0 o o e 441
ElementTraits< uint16_t > . . . . . . . . . . e e 442
ElementTraits< uint32_t > . . . . . . . . L e 442
ElementTraits< uint64_t > . . . . . . . . L L 443
ElementTraits< uint8 t > . . . . . . . . . . e e 443
EllMat< Field > . . . . . . e e e 443
Failure

Aprecondtionfailed . . . . . . . . L 444
FailureCharpolyCheck . . . . . . . . L e 446
FailureDetCheck . . . . . . . . . e e e e 446
FailureFgemmGCheck . . . . . . . . . 446
FailurelnvertCheck . . . . . . . . . o e e 446
FailurePLUQCheck . . . . . . . . e e e e e 446
FailureTrsmCheck . . . . . . . . . e e e e e 446
FieldSimd< _Field > . . . . . . . . e e e 447
FieldTraits< Field >

FieldTrait . . . . . . . e e e e e 453
FieldTraits< FFPACK::RNSInteger< T > > . . . . . . . . . . o e 453
FieldTraits< FFPACK::RNSIntegerMod<< T > > . . . . . . . . . . . o i 454
FieldTraits< Givaro:Modular< Element > > . . . . . . . . . . .. . . ... e 455
FieldTraits< Givaro::ModularBalanced< Element > > . . . . . . . .. .. ... ... ... ...... 455
FieldTraits< Givaro:ZRing< double > > . . . . . . . . . . . . . . . 456
FieldTraits< Givaro:ZRing<float > > . . . . . . . . . . ... 457
FieldTraits< Givaro::ZRing< Givaro:integer > > . . . . . . . . . . .. o 457
FieldTraits< Givaro:ZRing<<int16_t > > . . . . . . . . . . 458
FieldTraits< Givaro:ZRing<int32_t > > . . . . . . . . . 459
FieldTraits< Givaro:ZRing<intB4_t > > . . . . . . . . . . . 459
FieldTraits< Givaro::ZRing< RecIntruint< K> >> . . .. . .. ... . 0o o oL 460
FieldTraits< Givaro:ZRing< uint16_t > > . . . . . . . . . . o o e 460
FieldTraits< Givaro:ZRing< uint32_t > > . . . . . . . . . o 461
FieldTraits< Givaro:ZRing< uint64_t > > . . . . . . . . . . . 462
Fixed . . . e e e e e 462
FixedPrecIntTag

Fixed precision integers above machine precision: Givaro:recint . . . . . . . . ... ... .. 462
ScalFunctionsBase< Element, typename enable_if< is_floating_point< Element >::value >::type >::FloatingPointTestDistributic

463
ForStrategy1D< blocksize_t, Cut, Param > . . . . . . . . . . . . . e 463
ForStrategy2D< blocksize_t, Cut, Param > . . . . . . . . . .. e 466
ftrmmLeftLowerNoTransNonUnit< Element > . . . . . . . . . . . .. .. ... . 470
ftrmmLeftLowerNoTransUnit< Element > . . . . . . . . . . . . . . . . 470
ftrmmLeftLowerTransNonUnit< Element > . . . . . . . . . . . . . Lo 470
ftrmmLeftLowerTransUnit< Element > . . . . . . . . . . . 470
ftrmmLeftUpperNoTransNonUnit< Element > . . . . . . . . . . . .. . ... ... .. ... ...... 470
ftrmmLeftUpperNoTransUnit< Element > . . . . . . . . . . . .. o 470
ftrmmLeftUpperTransNonUnit< Element > . . . . . . . . . . . . .. . . 470
ftrmmLeftUpperTransUnit< Element > . . . . . . . . . . . . . . 471
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ftrmmRightLowerNoTransNonUnit< Element >
ftrmmRightLowerNoTransUnit< Element >

ftrmmRightLowerTransNonUnit< Element >
ftrmmRightLowerTransUnit< Element >
ftrmmRightUpperNoTransNonUnit< Element >
ftrmmRightUpperNoTransUnit< Element >

ftrmmRightUpperTransNonUnit< Element >
ftrmmRightUpperTransUnit< Element >
ftrsmLeftLowerNoTransNonUnit< Element >
ftrsmLeftLowerNoTransUnit< Element >

ftrsmLeftLowerTransNonUnit< Element >
ftrsmLeftLowerTransUnit< Element >
firsmLeftUpperNoTransNonUnit< Element >

Computes the maximal size for delaying the modular reduction in a triangular system resolution

ftrsmLeftUpperNoTransUnit< Element >
ftrsmLeftUpperTransNonUnit< Element >
ftrsmLeftUpperTransUnit< Element >
firsmRightLowerNoTransNonUnit< Element >
ftrsmRightLowerNoTransUnit< Element >
ftrsmRightLowerTransNonUnit< Element >
ftrsmRightLowerTransUnit< Element >
ftrsmRightUpperNoTransNonUnit< Element >
ftrsmRightUpperNoTransUnit< Element >
ftrsmRightUpperTransNonUnit< Element >
ftrsmRightUpperTransUnit< Element >
GenericTag

Default is generic
GenericTag

Generic ring

Grain
has_minus_eq_impl< C >
has_minus_impl< C >

has_mul_eq_impl< C >
has_mul_impl< C >
has_operation< T >
has_plus_eq_impl< C >
has_plus_impl< C >
HelperFlag
HelperMod< Field, ElementTraits >

HelperMod< Field, ElementCategories::MachinelntTag >

HelperMod< Field, FFLAS::ElementCategories::Arbitrar

HelperMod< Field, FFLAS::ElementCategories::FixedPrecIntTag >
HelperMod< Field, FFLAS::ElementCategories::MachineFloatTag >

is_all_same< Args >
is_all_same< T, Args... >
is_all_same<>
is_simd< T >

isSparseMatrix< Field, M >
isSparseMatrix< Field, Sparse< Field, SparseMatrix_t::
isSparseMatrix< Field, Sparse< Field, SparseMatrix_t::
isSparseMatrix< Field, Sparse< Field, SparseMatrix_t::
isSparseMatrix< Field, Sparse< Field, SparseMatrix_t::
isSparseMatrix< Field, Sparse< Field, SparseMatrix_t::
isSparseMatrix< Field, Sparse< Field, SparseMatrix_t:
isSparseMatrix< Field, Sparse< Field, SparseMatrix_t::

472

yPrecintTag> . . . ... . ... ... ... ..

COO0 > >
CO0_Z0 > >
CSR > >
CSR_HYB > >
CSR_Z0 > >

ELL > >
ELL simd > >
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isSparseMatrix< Field, Sparse< Field, SparseMatrix_t::ELL_simd_ ZO > > ... ... ... ... ... 486
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isSparseMatrix< Field, Sparse< Field, SparseMatrix_t:HYB_ZO>> . .. .. ... ... ... .... 487
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isSparseMatrix< Field, Sparse< Field, SparseMatrix_t::SELL_ZO > > .. ... ... ... ...... 487
isSparseMatrixMKLFormat< F, M > . . . . . . ... 488
isSparseMatrixSimdFormat< FEM > . . . . . . . L 488
isZOSparseMatrix< F; M > . . . . . L L e e 488
isZOSparseMatrix< Field, Sparse< Field, SparseMatrix_t::COO_ZO >> . .. .. .. ... ... ... 489
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lterative . . . . . e e e 490
array<< T >:iterator

STLiteratorclass . . . . . . . . . . e 490
string::iterator

STLiteratorclass . . . . . . . . . e 490
vector< T >:iterator

STLiteratorclass . . . . . . . . . . e e e 490
LazyTag

Performs field operations with delayed mod only when necessary. Result may not be reduced . 490
IMItsS<T > . . . e e e 491
limits<char > . . . . e e e 491
limits< double > . . . . . . L e 491
limits< float > . . . . . L e 492
limits< Givaroz:integer > . . . . . . L e 493
imits<int > . . . . . e e e 493
Imits<long > . . . . L e e 494
limits<longlong > . . . . . . . . e 494
limits< RecIntzrint< K> > 0 0 0 0 0 o 0 e 495
limits< Reclntruint< K> > . . . . . 0 0 L0 0 496
limits< shortint > . . . . . . . e 496
limits< signed char > . . . . . . L L 497
limits<unsigned char > . . . . . . . e 498
limits< unsignedint > . . . . . . L e e e e 498
limits< unsigned long > . . . . . L e e e e e e 499
limits< unsigned longlong > . . . . . . . . L e e e 499
limits< unsigned shortint > . . . . . . . . e 500
MachineFloatTag

Floatordouble . . . . . . . . . e 501
MachinelntTag

Short, int, long, long long, and unsigned variants . . . . . . . .. ... ... 501
MMHelper< Field, AlgoTrait, ModeTrait, ParSeqTrait > . . . . . . . . .. . ... ... ... .. .... 501
ModeTraits< Field >

ModeTraits . . . . . . . e e e e e 506
ModeTraits< Givaro::Modular< Element, Compute > > . . . . . . .. .. ... ... ... .. .... 507
ModeTraits< Givaro::Modular< Givaro::Integer, Compute > > . . . . . . . .. .. ... ... .. ... 507
ModeTraits< Givaro::Modular< int16_t, Compute > > . . . . . . . . . . . .. ... .. ... ..., 507
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ModeTraits< Givaro::Modular< int8_t, Compute > > . . . . . . . . . . .. ... 509
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Generated on Sat Apr 26 2025 00:00:00 for FflasFfpack by Doxygen



30 Data Structure Index
ModeTraits< Givaro::ModularBalanced<int16_t>> . . . .. . ... ... ... .. .. ... ..... 511
ModeTraits< Givaro::ModularBalanced<int32_t> > . . . . . . ... ... ... ... ... ..... 512
ModeTraits< Givaro::ModularBalanced<int8_t>> . . . . .. ... ... ... ... ......... 512
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ModeTraits< Givaro::ZRing< Givaro::lnteger > > . . . . . . . . . . . .. 514
ModularBalanced<<T > . . . . . . . e e e 514
ModularBalanced<<T > . . . . . . . . . e e e e e e 514
ModularTag

This is a modular field like e.g. Modular<T> or ModularBalanced<T> . .. .. .. .. 514
Montgomery<T > . . . . . e e e e e e 514
need_field_characteristic< Field > . . . . . . . . . . . . e 515
need_field_characteristic< Givaro::Modular< Field > > . . . . . . .. ... .. .. .. .. ... 515
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STLiteratorclass . . . . . . . . . . e e e e 522
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STLiteratorclass . . . . . . . . . . e e 523
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Nt K > e e 523
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Simd128_impl< true, true, false, 4 > . . . . . . .. L 571
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Simd128_impl< true, true, true, 2 > . . . . . L e 591
Simd128_impl< true, true, true, 4 > . . . . .. 601
Simd128_impl< true, true, true, 8 > . . . . L L L 609
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Chapter 9

File Index

9.1 File List

Here is a list of all files with brief descriptions:

anithprog.C . . . . e e e 771
autotune/charpoly.C . . . . . . e 771
examples/charpoly.C . . . . . . . . e 772
fSYrk.C o o 773
fSYtrf.C o 773
firtri.C . o e 774
autotune/plug.C . . . . . e e 775
examples/plug.C . . . . . . e e 776
winograd.C . . . . L 776
benchmark-charpoly-mp.C . . . . . . . . 777
benchmark-charpoly.C . . . . . . . . e 778
benchmark-checkers.C . . . . . . . . . . e 778
benchmark-dgemm.C . . . . . . . . e 779
benchmark-dgetrf.C . . . . . . . . L e 780
benchmark-dgetri.C . . . . . . . . e 781
benchmark-dsytrf.C . . . . . . . L 781
benchmark-dtrsm.C . . . . . . . . e 782
benchmark-dtriri.C . . . . . . . e 782
benchmark-fadd-IvI2.C . . . . . . . . L 783
benchmark-fdot.C . . . . . . . . . e 783
benchmark-fgemm-mp.C . . . . . . . .. 784
benchmark-fgemm-rns.C . . . . . . . L 785
benchmark-fgemm.C . . . . . . . e 787
benchmark-fgemv-mp.C . . . . . . L 787
benchmark-fgemv.C . . . . . . L 789
benchmark-fgesv.C . . . . . . . e 792
benchmark-fsyr2k.C . . . . . . . e 792
benchmark-fsyrk.C . . . . . . . L e 793
benchmark-fsytrf.C . . . . . . . . e 793
benchmark-firsm-mp.C . . . . . . . 794
benchmark-firsm.C . . . . . . . L 795
benchmark-firsv.C . . . . . L 795
benchmark-firtri.C . . . . . . e 796
benchmark-inverse.C . . . . . . . . e 796
benchmark-lqup-mp.C . . . . . . L e 797
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benchmark-lqup.C . . . . . . L e 798
benchmark-plug.C . . . . . . . e 798
benchmark-quasisep.C . . . . . . . . . e 799
benchmark-storage-transpose.C . . . . . . . . L 800
benchmark-wino.C . . . . . . L e 801
MaiNPage.doXy . . . . . o e e e e e e e e 802
det.C . e 802
matmul.C . . . e e 802
rank.C . . . e 803
SOIVE.C . o o e 803
checker_charpoly.inl . . . . . . L 803
checker_detinl . . . . . . L e e 804
checker_empty.h . . . L L 804
checker_fgemmu.inl . . . . .. e 804
checker_ftrsm.inl . . . . . L L L e 805
checker_invertinl . . . . . L L L e 805
checker_plug.inl . . . . . L 805
checkers.doXy . . . . . . . e 806
checkers_fflas.h . . . . . . L e e e e 806
checkers_fflas.inl . . . . . . L L e 806
checkers_ffpack.h . . . . . . 807
checkers_ffpack.inl . . . . . L e 807
config-blas.h . . . . L e 808
config.h . L L 815
fflas-ffpack/config.h . . . . . . 818
fflas-ffpack-config.h

Defaults for optimised values . . . . . . . . . . . L 821
fflas-ffpack-default-thresholds.h . . . . . . . . . . .. 822
fflas-ffpack-thresholds.h . . . . . . . . o 823
fflas-fipack.doxy . . . . . . . e 823
fflas-ffpack.h

Includes FFLAS and FFPACK . . . . . . . o 823
fllas.doXy . . . . e 823
fflas.h

Finite Field Linear Algebra Subroutines . . . . . . . . . . . .. ... . o oo 823
fflas_bounds.inl . . . . .. L e 825
fflas_enum.h . . . L e 825
fflas_fadd.h . . . . . . 826
fflas_fadd.inl . . . . . e e 827
fflas_fassign.h . . . . L 828
fflas_fassign.inl . . . . .o 829
fflas_faxpy.inl . . . .o 829
fflas_fdot.inl . . . . . . e 830
filas_fgemmu.inl . . . L e 831
fgemm_classical.inl . . . . . .. 833
fgemm_classical_mp.inl

Matrix multiplication with multiprecision input (either over ZoroverZ/pZ) . . . . . .. ... .. 833
fgemm_winograd.inl . . . .. 835
matmul.doxXy . . . . . e e e e e e e e 837
schedule_bini.inl

Biniimplementation . . . . . ... L 837
schedule_winograd.inl . . . . . . L 837
schedule_winograd_acc.inl . . . . . . . . 838
schedule_winograd_acc_ip.inl . . . . . . . 839
schedule_winograd_ip.inl . . . . . . . e 839
fflas_fgemwv.inl . . . . L 840
fflas_fgemv_mp.inl . . . oL e 841
fflas_fgerinl . . . . .o 842
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filas_fger_mp.nl . . . L L e 843
fflas_freduce.h . . . . . . e e e 844
fflas_freduce.inl . . . . . . L e e e 845
fflas_freduce_mp.inl . . . L L L e 847
fflas_freivalds.inl . . . . . . L e 847
fflas_fscal.h . . . . . . e e e e 847
fflas_fscal.inl . . . . . .. e e e e 848
fflas_fscal_mp.inl . . . . L 849
fflas_fsyr2k.inl . . . . . L 850
fflas_fsyrkinl . . . . 850
fflas_fsyrk_strassen.inl . . . . . . L 852
fflas_ftrmm.inl . . . . L e e 853
fflas_ftrsm.inl . . . . L e e 854
fflas_ftrsm_mp.inl

Triangular system with matrix right hand side over multiprecision domain (either over Z or over

ZIDZ) .. e 854
fflas_ftrsvinl . . . . e e e 855
fflas_helpers.inl . . . . . L e 855
IGEMMLAOXY . . . . o o e e e e e e 857
IgEMMLN L e e e 857
IgeEMMLINL . L e e e e e e 857
igemm_Kkernels.h . . . e e e 858
igemm_kernels.inl . . . . . L 858
igemm_tools.h . . . L e e 859
igemm_tools.inl . . . L e e e e e 859
fflas_levell.inl . . . . . L e 860
fflas_level2.inl . . . . L e 862
fflas_level3.inl . . . . . e e e e 865
fflas_pfgemm.inl . . . L L 867
fflas_pftrsm.inl . . . L e 868
fflas_simd.h . . . . e 869
SIMA.AOXY . . . . o e e e e 871
SIMA128.inl . . . e e e 871
simd128_double.inl . . . . . L L e e 871
simd128 float.inl . . . . . . e e e e e e 872
simd128_int16.inl . . . . . L e e 872
simd128_int32.inl . . . . L L e 872
simd128_intB4.inl . . . . . L L e 873
Simd256.inl . . . L e 873
simd256_double.nl . . . . L L e e e e 874
simd256_float.inl . . . . L L e e e e 874
simd256_int16.inl . . . . L L L 875
simd256_int32.inl . . . .. L e e e 875
simd256_intB4.inl . . . . . L L e e e e 876
simdS12.nl . . e e 876
simd512_double.inl . . . . L e e 877
simd512_float.inl . . . . . L e e 877
simd512_int32.inl . . . . . L e e 878
simd512_int64.inl . . . . . L e e e e 878
simd_modularinl . . .. L e e e e 879
fflas_sparse.h . . . . L 879
fflas_sparse.nl . . . . L 883
COO.h o e 885
COO_SPMMLINL . . . L . o 886
COO_SPMV.INL . o o L e e e 887
coo_utils.inl . .. e e e 887
o= 1 o 888
CSI_psSpmmuinl . . L L 888
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CSI_PSPMV.INL . L o o e 889
CSI_SPMMLINL . . . L 890
CSI_SPMV.INL . . L L e e e 891
csr_utilsiinl . . L L e e 892
csr_hyb.h . 893
csr_hyb_pspmm.inl . . .. 893
csr_hyb_pspmvinl . . . L e e 894
csr_hyb_spmmuinl . . . L 894
csr_hyb_spmvinl . . . L 895
csr_hyb_utils.inl . . . .o 895
ellh e 896
ell_pspmmuinl . . . L e e 896
ell_pspmvinl . . L 897
el_spmmuinl . . . . e 898
ell_spmwvinl . . o L 899
ell_utils.inl . . . . L e 899
ell_simd.h . . e 900
ell_simd_pspmv.inl . . . L 901
ell_simd_spmv.inl . . . . L e 901
ell_simd_utils.inl . . . . . L e e 902
hyb_zo.h . e e e 903
hyb_zo_pspmm.inl . . . . e e e e e 903
hyb_zo_pspmv.inl . . . . e 903
hyb_zo_spmm.inl . . . . L e e e 904
hyb_zo_spmv.inl . . . . e e e 904
hyb_zo_utils.inl . . . . L e 905
read_sparse.n . . .. e e e e e 905
sellh o e 906
sell_pspmvinl . . L L e 907
sell_spmv.inl . . L e 907
sell_utils.inl . . . L e 908
sparse_matrix_traits.h . . . . . L 909
Utils.h o e 910
fflas_transpose.h

Transpose the storage of the matrix (switch between row and col majormode) . . . . . . . .. 911
fpack.doxy . . . . 912
ffpack.h

Set of elimination based routines for dense linearalgebra . . . . . . . . ... ... .. .... 912
fipack.inl . . e 921
fipack_bruhatgen.inl . . . . L 922
fipack_charpoly.inl . . . . . . e 924
ffpack_charpoly_danilevski.inl . . . . . . . e 924
ffpack_charpoly_kgfast.inl . . . . . . . . 925
ffpack_charpoly_kgfastgeneralized.inl . . . . . . . . . ... 925
fipack_charpoly_kglu.inl . . . . . . e 926
fipack_charpoly_mp.inl . . . . . . e 926
fipack_det_mp.inl . . . . e 927
ffpack_echelonforms.inl . . . . . . . . 928
fipack_fgesvinl . . . L e 929
fipack_fgetrs.inl . . . . . L e 929
fipack_frobenius.inl . . . . . L 930
fipack_fsytrfinl . . . . L 931
fipack_ftrssyr2k.inl . . . . . 932
fipack_firstrinl . . . . . 932
fipack_ftririnl . . . . L e 933
fipack_invertinl . . . . L L 933
fipack_krylovelim.inl . . . . . .. 934
fipack_ludivine.inl . . . . L e 934
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fipack_ludivine_mp.inl . . .. 935
fipack_minpoly.inl . . . . L 936
fipack_permutation.inl . . . . L 936
fipack_plug.inl . . . . 939
fipack_plug_mp.inl . . . . e 939
fipack_pplug.inl . . . . e 940
fipack_rankprofiles.inl . . . . . .. L 941
field-traits.h

Field Traits . . . . . . . . e 942
fileld.doxy . . . . 944
rns-double-elt.h

Rns elt structure with double support . . . . . . . . . . ... L 944
rns-double-recint.inl . . . . L L L L 945
rns-double.h

Rns structure with double support . . . . . . . . . .. 945
rns-double.inl . . . L L e e e e e e 946
rns-integer-mod.h

Representation of zZ/pZ using RNS representation (note: fixed precision) . . . ... ... .. 946
rns-integer.h

Representation of Z using RNS representation (note: fixed precision) . . . . . . . .. ... .. 947
TNS.N e e 948
RSNl . L e e 948
interfaces.doxy . . . . .. e e e e e 948
fllas_c.h . . . e e e 948
fllas_L1_inst.C . . . . . . e e 960
fflas_L1_insth . . . . . . e 961
fflas_L1_inst_implem.inl . . . . . L 962
fllas_ L2 inst.C . . . . . . e e e e 963
fllas_ L2 inst.h . . . . e e e e 964
fflas_L2_inst_implem.inl . . . . . L 965
fflas_L3 inst.C . . . . . .. e 967
fflas_L3_inst.h . . . . . e 968
fflas_L3_inst_implem.inl . . . . . .. 969
fflas_Ivl1.C

C functions calls for level 1 FFLAS infflas-c.h . . . .. .. ... ... .. ... ... . .... 970
fflas_IvI2.C

C functions calls for level 2 FFLAS infflas-c.h . . . . . ... ... ... ... ... ... 974
fflas_IvI3.C

C functions calls for level 3 FFLAS infflas-c.h . . . . . ... .. ... .. ... ... . ..., 980
fflas_sparse.C

C functions calls for level 1.5 and 2.5 FFLAS infflas-c.h . . . . . ... .. ... ... ... .. 981
ffpack.C

C functions calls for FFPACK in ffpack-c.h . . . . . . . . . . ... ... . 982
ffpack_C.h . . . e 1002
fipack_inst.C . . . . . 1022
fi