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�� ��Outline of my Talk:

1. Introduction

2. First Step

� Cholesky and Gauss

3. Symm. Pos. Def. Matrices
(a) LAPACK storages� Full storage� Packed storage� Performance results
(b) New data formats� Recursive storage

– Algorithm

– Recursive BLAS
– Performance results� Hybrid storage
– Performance results

4. Symm. Indef. Matrices

(a) Perturbation Approach

(b) Packed Block Storage� Data format� Performance results

5. More results
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�� ��Recursion: Examples


 Gamma function

� ��� � � ��� � � ��� � � � �� � ��� � � � �

� �� � ��� � � � – factorial if� is integer

� ��� ��� �� �����  !� " # � – Euler’s Integral


 Bessel functions

$ %�  ��� � � $ % &  ��� ��� ' %� $ %

$ %�  ��� � � $ % &  ��� ��� ( $*) %

$ denotes + ,.- ,./ 0  1 , or/ 0 ' 1 Bessel functions
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Cholesky and Gauss
Factorizations

and
Full storage data format
First step of our work
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�� ��� �32 � � 2 � Cholesky Decomposition

45 � 6


 4 – a symmetric or Hermitian, positive definite


 5 and 6 – rectangular matrices or vectors

7 4 � � 2 � , if upper triangular part of 4 is given

7 4 � � � 2 , if lower triangular part of 4 is given

7 � – an upper triangular matrix

7 � – a lower triangular matrix

7 � � � 2 and � � � 2

7 The factored form of 4 is then used to 4 5 � 6
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�� ��� � Gauss Decomposition

45 � 6


 4 is a general real or complex matrix


 5 and 6 are rectangular matrices or vectors

7 4 � 8 2 � �

7 8 is a permutation matrix

7 � is an upper triangular matrix

7 � is a lower triangular matrix

7 The factored form of 4 is then used to solve

4 5 � 6
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Cholesky
Factorization

Full storage data format
The first step of our work

+ 9 +



+ November 27, 2003 +

�� ��� �32 � � 2 � Cholesky Decomposition

45 � 6


 4 – a symmetric or Hermitian, positive definite


 5 and 6 – rectangular matrices or vectors

7 4 � � 2 � , if upper triangular part of 4 is given

7 4 � � � 2 , if lower triangular part of 4 is given

7 � – an upper triangular matrix

7 � – a lower triangular matrix

7 � � � 2 and � � � 2

7 The factored form of 4 is then used to 4 5 � 6
+ 10 +



+ November 27, 2003 +

�� ��Cholesky: 4 � � � 2

4 � 4   
4 '  4 ' ' 9: ; � � �   
� '  � ' '

4 � �   
� '  � ' ' < � 2   � 2 '  
� 2 ' '

4 � 4   4 '  

4 '  4 ' ' � �   �32   �   � 2 '  

� '  �32   � '  � 2 '  � � ' ' � 2 ' '

4   � �   �=2   , � '  � 2   � 4 '  9: ; >4 ' ' � � ' ' � 2 ' '
where

>4 ' '@? � 4 ' ' � � '  �32 '  
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�� ��Cholesky: 4 � � � 2

4 � 4   
4 '  4 ' ' 9: ; � � �   
� '  � ' '

Do recursion


 if A B � then


 �   ? � rcholesky of 4   
 � '  � 2   � 4 '  DC RTRSM


 >4 ' '@? � 4 ' ' � � '  �32 '  C RSYRK


 � ' '? � rcholesky of

>4 ' '
 otherwise


 � ? � 4   

End recursion
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�� ��Cholesky: 4 � � 2 �

4 � 4   4  '
4 ' ' 9: ; � � �   �  '
� ' '

Do recursion


 if A B � then


 �   ? � rcholesky of 4   
 � 2   �  ' � 4  ' C RTRSM


 >4 ' '@? � 4 ' ' � � 2  ' �  ' C RSYRK


 � ' ' ? � rcholesky of

>4 ' '
 otherwise


 � ? � 4   

End recursion
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IF (N == 1) THEN; A(1,1) = SQRT(A(1,1))

ELSE IF( N E 0 )THEN; H=N/2

IF( LSAME(LUPLO,’L’) )THEN

CALL RCF( A(1:H,1:H), LUPLO, LINFO)

CALL RTRSM( A(1:H,1:H), A(H+1:N,1:H), &

UPLO=LUPLO, SIDE=’R’, TRANSA=’T’)

CALL RSYRK( A(H+1:N,1:H), A(H+1:N,H+1:N), &

ALPHA=-ONE, UPLOC=LUPLO )

CALL RCF( A(H+1:N,H+1:N), LUPLO, LINFO)

ELSE

CALL RCF( A(1:H,1:H), LUPLO, LINFO )

CALL RTRSM( A(1:H,1:H), A(1:H,H+1:N), TRANSA=’T’)

CALL RSYRK( A(1:H,H+1:N), &

A(H+1:N,H+1:N), ALPHA=-ONE, TRANSA=’T’)

CALL RCF( A(H+1:N,H+1:N), LUPLO, LINFO)

ENDIF

ENDIF

+ 14 +



+ November 27, 2003 +

�� ��Cholesky

RECURSIVE SUBROUTINE RPOTRF( A, UPLO, INFO)

USE LA PRECISION, ONLY: WP = E DP

USE LA AUXMOD, ONLY: ERINFO, LSAME

USE F90 RCF, ONLY: RCF = E RPOTRF, &

RTRSM, RSYRK

IMPLICIT NONE

CHARACTER(LEN=1), OPTIONAL, INTENT(IN) :: UPLO

INTEGER, OPTIONAL, INTENT(OUT) :: INFO

REAL(WP), INTENT(INOUT) :: A(:,:)

... ... Locals declaration ... ...

... ... Testing arguments ... ...

... ... Recursive block ... ...

CALL ERINFO(LINFO, SRNAME, INFO)

END SUBROUTINE RPOTRF
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�� ��Cholesky
RECURSIVE SUBROUTINE RPOTRF( A, LDA, UPLO, INFO)

USE LA PRECISION, ONLY: WP = E DP

USE LA AUXMOD, ONLY: ERINFO, LSAME

USE F90 RCF, ONLY: RCF = E RPOTRF, &

RTRSM, RSYRK

IMPLICIT NONE

CHARACTER(LEN=1), OPTIONAL, INTENT(IN) :: UPLO

INTEGER, OPTIONAL, INTENT(OUT) :: INFO

INTEGER, INTENT(IN) :: LDA

REAL(WP), INTENT(INOUT) :: A(:,LDA)

... ... Locals declaration ... ...

... ... Testing arguments ... ...

... ... Recursive block ... ...

CALL ERINFO(LINFO, SRNAME, INFO)

END SUBROUTINE RPOTRF
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�� ��Cholesky
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�� ��Reference
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Gauss Factorization
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�� ��� � Gauss Decomposition

45 � 6


 4 is a general real or complex matrix


 5 and 6 are rectangular matrices or vectors

7 4 � 8 2 � �

7 8 is a permutation matrix

7 � is an upper triangular matrix

7 � is a lower triangular matrix

7 The factored form of 4 is then used to solve

4 5 � 6
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�� ��� � Gauss Decomposition

A

AA A1 2 3

1 1( 1

A  := A  - L  U       (L  , U  ) := LU(A  )22 22 22 2221

L A

L
L

A

U
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L

UU
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2

U
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^
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^

The Recursive Algorithm without pivoting
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�� ��� � Gauss Decomposition

Do recursion

 if A B � then


 � �  , �  � := rgausslu � 4  �
 �   �  ' � 4  ' C RTRSM


 >4 ' '@? � 4 ' ' � � '  �  ' C GEMM


 � � ' ' , � ' ' � := rgausslu � >4 ' ' �
 otherwise


 �  ? � 4  FHG   

End recursion


 if A BI then


 � � J � 4 J C RTRSM

The Recursive Algorithm without pivoting
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Gauss Decomposition

The Recursive Algorithm with partial
pivoting:
Do recursionQ if R S T thenQ UWV XZY O XZY P X\[ ] rgausslu U_^ X`[

Q Forward pivot ^ a by V X b LASWPQ O XcX P X a ] ^ X a b R TRSMQ d^ aca e ] ^ aca f O a X P X a b GEMMQ UWV a Y O aga Y P aca [ ] rgausslu U d^ aca [
Q Back pivot ^ X by V a b LASWP, V ] V a V X

Q otherwiseQ pivot ^ X , O X e ] ^ XihkjlXcX and
P X ] jmXcX

End recursionQ if R S n thenQ Forward pivot ^ o by V b LASWPQ O P o ] ^ o b RTRSM
where – V X and V a are permutation

matrices.

+
23

+



+ November 27, 2003 +

�� ��References


 B.S. Andersen, F. Gustavson, A. Karaivanov,
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Czȩstochowa, pages 63–76.


 Presented at the SIAM Conference on Parallel
Processing and Scientific Computing, 1999, San
Antonio, USA.


 Presented at the PARA2000 Workshop on Applied
Parallel Computing, 2000, Bergen, Norway.

+ 24 +



+ November 27, 2003 +

Cholesky Factorization
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�� ��Symmetric/Hermitian matrix

np q r ldap s r memory neededp lda t np uv

wwwwwwwwwwwww
x y z y { | | | | | |x } z y ~ x } z } { { | | | | |x � z y � x � z } { ~ x � z � ~ { | | | |x � z y � x � z } { � x � z � ~ ~ x � z � � { | | |x � z y � x � z } { � x � z � ~ � x � z � � ~ x � z � � { | |x � z y � x � z } { � x � z � ~ � x � z � � � x � z � � ~ x � z � � { |x � z y � x � z } { � x � z � ~ � x � z � � � x � z � � � x � z � � ~ x � z � � {� � � � � � �� � � � � � �

�������������

The mapping of 7 t 7 real symmetric or complex Hermitian matrix for
the LAPACK algorithm using the full storage. Lower triangular case.
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�� ��Symmetric/Hermitian matrix

np q r ldap s r memory neededp lda t np uv

wwwwwwwwwwwww
x y z y { x y z } { � x y z � { � x y z � ~ � x y z � � � x y z � � � x y z � � �| x } z } { { x } z � ~ � x } z � ~ � x } z � � � x } z � � � x } z � � �| | x � z � ~ { x � z � � � x � z � � � x � z � � � x � z � � �| | | x � z � � { x � z � � � x � z � � � x � z � � �| | | | x � z � � { x � z � � � x � z � � �| | | | | x � z � � { x � z � � �| | | | | | x � z � � {� � � � � � �� � � � � � �

�������������

The mapping of 7 t 7 real symmetric or complex Hermitian matrix for
the LAPACK algorithm using the full storage. Upper triangular case.
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�� ��Symmetric/Hermitian matrix

np q r memory neededp n t � n �� � ��� p � �

wwwwwwwww
x y z y {x } z y ~ x } z } �x � z y � x � z } � x � z � { �x � z y � x � z } { � x � z � { � x � z � { �x � z y � x � z } { { x � z � { � x � z � ~ � x � z � ~ �x � z y � x � z } { ~ x � z � { � x � z � ~ { x � z � ~ � x � z � ~ �x � z y � x � z } { � x � z � { � x � z � ~ ~ x � z � ~ � x � z � ~ � x � z � ~ �

���������

The mapping of 7 t 7 real symmetric or complex Hermitian matrix for
the LAPACK algorithm using the packed storage. Lower triangular

case.
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�� ��Example; packed data storage

4 � �����
G   G  ' G  J G  �

G '  G ' ' G ' J G ' �

G J  G J ' G J J G J �

G �  G � ' G � J G � �
�����

G � � � �� : � � �G � � � � �¡ ¢ , £ � � ,¥¤ ¤ ¤ ,.¦§
UPLO = ’U’G   G  ' G ' ' G  J G ' J G J J G  � G ' � G J � G � �

UPLO = ’L’G   G '  G J  G �  G ' ' G J ' G � ' G J J G � J G � �

¨ ¢ � ! � ©ª � � A � A � � � F ( � � «

If A � � « « « then ¨ ¢ � ! � ©ª ��� ¬ « « ¬ « « , saving¦ ­ ­ ¬ « «
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�� ��Cholesky, a packed and full data storage
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Cholesky factorization, UPLO=L, Intel Pentium III, @ 500 MHz, Atlas
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�� ��Cholesky, a packed and full data storage
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New Algorithms
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�� ��A computer memory hierarchy

¯ CPU¯ Registers¯ Level-1 Cache¯ Level-2 Cache

¯ Level-3 Cache¯ Local Memory¯ Shared Memory¯ Distributed Memory¯ Secondary Storage 1
¯ Secondary Storage 2
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Symmetric/Hermitian
Positive Definite Matrices

Recursive Packed
Storage

Data Format
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�� ��Cholesky: 4° � � 2

4 � 4   
4 '  4 ' ' 9: ; � � �   
� '  � ' '

4 � �   
� '  � ' ' < � 2   � 2 '  
� 2 ' '

4 � 4   4 '  

4 '  4 ' ' � �   �32   �   � 2 '  

� '  �32   � '  � 2 '  � � ' ' � 2 ' '

4   � �   �*2   , � '  � 2   � 4 '  9: ; >4 ' ' � � ' ' � 2 ' '
where

>4 ' '@? � 4 ' ' � � '  �32 '  
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�� ��Cholesky: 4° � � 2

4 � 4   
4 '  4 ' ' 9: ; � � �   
� '  � ' '

Do recursion


 if A B � then


 �   ? � rcholesky of 4   
 � '  � 2   � 4 '  DC RTRSM


 >4 ' '? � 4 ' ' � � '  � 2 '  C RSYRK


 � ' '@? � rcholesky of

>4 ' '
 otherwise


 � ? � 4   

End recursion
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�� � �Cholesky, Packed Storage

np q r memory neededp n t � n �� � ��� p � �

wwwwwwwww
x y z y {x } z y ~ x } z } �x � z y � x � z } � x � z � { �x � z y � x � z } { � x � z � { � x � z � { �x � z y � x � z } { { x � z � { � x � z � ~ � x � z � ~ �x � z y � x � z } { ~ x � z � { � x � z � ~ { x � z � ~ � x � z � ~ �x � z y � x � z } { � x � z � { � x � z � ~ ~ x � z � ~ � x � z � ~ � x � z � ~ �

���������

The mapping to array-subscript order of a q t q matrix for
LAPACK Cholesky Algorithm using packed storage. Lower

triangular case.
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�� ��Cholesky, Recursive Packed Storage

np q r memory neededp n t � n �� � ��� p � �

wwwwwwwww
x y z y {x } z y ~ x } z } �x � z y � x � z } � x � z � �x � z y � x � z } { { x � z � { � x � z � { �x � z y � x � z } { ~ x � z � { � x � z � ~ � x � z � ~ �x � z y � x � z } { � x � z � { � x � z � ~ { x � z � ~ � x � z � ~ �x � z y { � x � z } { � x � z � { � x � z � ~ ~ x � z � ~ � x � z � ~ � x � z � ~ �

���������

The mapping to array-subscript order of a q t q matrix for the
Cholesky Algorithm using the recursive packed storage. The
recursive block division is illustrated. Lower triangular case.
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�� ��Cholesky, Recursive Packed Storage

np q r memory neededp n t � n �� � � � p � �

wwwwwwwww
x y z y {x } z y ~x � z y � x } z } �x � z } � x � z � �x � z y � x � z } { { x � z � { �x � z y � x � z } { ~ x � z � { �x � z y � x � z } { � x � z � { �x � z y { � x � z } { � x � z � { �

x � z � { �x � z � ~ � x � z � ~ {x � z � ~ ~ x � z � ~ �x � z � ~ � x � z � ~ � x � z � ~ �x � z � ~ � x � z � ~ �
���������

The mapping to array-subscript order of a q t q matrix for the Cholesky
Algorithm using the recursive packed storage. The recursive block division

is illustrated. Lower triangular case.
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�� ��Cholesky, Recursive Packed Storage

Packed storage

I � ­ ,± � ²I F ( ³� ¦

m-p

p

m-pp
LAPACK packed storage memory map

I �I � � � F ( words
buffer of± �± � � � F ( words

Recursive packed storage memory mapI �I � � � F ( words
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�� ��Cholesky, Recursive Packed Storage

Packed-storage

m-p

p

m-pp

LAPACK packed-storage memory map

I �I � � � F ( words
buffer�I � ± � �I � ± � � � F ( wordsI �I � � � F ( words

Recursive packed-storage memory map
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�� ��Cholesky, Recursive Packed Storage

+ 44 +



+ November 27, 2003 +

�� ��Cholesky: 4° � � 2

4 � 4   
4 '  4 ' ' 9: ; � � �   
� '  � ' '

Do recursion


 if A B � then


 �   ? � rcholesky of 4   
 � '  � 2   � 4 '  DC RTRSM


 >4 ' '@? � 4 ' ' � � '  �32 '  C RSYRK


 � ' '? � rcholesky of

>4 ' '
 otherwise


 � ? � 4   

End recursion
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�� ��The Recursive RTRSM and RSYRK

By simple algebraic manipulations

RTRSM:

5   4 2   � ´ 6   µ¶ µ·>6  ' � 6  ' � ´�  5   4 2 '  ¸¹

5  ' 4 2 ' ' � ´ >6  ' µ¶ µ·

RSYRK:

º   � » º   � ´ 4   4 2   µ· ¼ µ½

º '  � » º '  � ´ 4 '  4 2   ¸ ¹

º ' ' � » º ' ' � ´ 4 '  4 2 '  µ· ¼ µ½
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�� ��Cholesky: packed vs. full data storage

500 1000 1500 2000 2500 3000
0

50

100

150

200

250

300

350

400
Cholesky factorization, UPLO=L, Intel Pentium III, @ 500 MHz, Atlas

Matrix size

M
flo

ps

dpotrf (Full data storage)

dpptrf (Packed data storage)

rdpptrf (Recursive packed data storage)
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�� ��Cholesky
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�� ��Cholesky, Recursive Packed Storage
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�� � �Cholesky, Packed Storage
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The mapping to array-subscript order of a q t q matrix for
LAPACK Cholesky Algorithm using packed storage. Lower

triangular case.
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�� ��Cholesky, Block Packed Hybrid Storage
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The mapping to array-subscript order of a q t q matrix for
LAPACK Cholesky Algorithm using block packed hybrid storage.

Lower triangular case.
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�� ��� �32 Implementation for Lower Blocked Hybrid Format

do ¾ = 1, ¿ ! ¿p À.Á � ÁÂ Ã

do Ä = 1, ¾ÆÅ �Ç È Èp Ç È ÈÅ É ÈËÊ ÉÍÌ ÈËÊ ! Call of Level-3 BLAS SYRK

do Îp ¾ �� r ¿Ç Ï Èp Ç Ï ÈÅ É ÏÊ ÉÐÌ ÈËÊ ! Call of Level-3 BLAS GEMM
end do

end doÉ È È ÉÑÌ È Èp Ç È È ! Call of Cholesky Kernel subroutine
do Îp ¾ �� r ¿É Ï È É Ì È Èp Ç Ï È ! Call of Level-3 BLAS TRSM
end do

end do
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�� ��Symmetric Indefinite Matrix

Ç

wwwww
x y y x y } x y � x y �

x } } x } � x } �

x � � x � �x � �
�����
Ò Ó

Ç
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x y y

x } y x } }

x � y x � } x � �x � y x � } x � � x � �
�����

A diagonal pivoting method is used to factor Ç asÇ p Ô Ì ÕÖ Õ Ì Ô rØ×Ù ÚÛ Ü Ý p Þ ß Þ or

Ç p Ô Ì ÉÖ ÉàÌ Ô rØ×Ù ÚÛ Ü Ý p Þ á Þ

� Ô is a permutation matrix� Õ and É are unit upper and lower triangular matrices,
respectively� Ö is a symmetric block diagonal with� t� and� t � diagonal
blocks.
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�� ��Bunch-Kaufman Pivoting Strategy
â p �� � ã� q � � � ; äp åx æ y åp ç èé ê åx } y å rØë ë ë r åx ì y åí

if ä Eî

if åx y y åï â ä then ðp � ñ Ô yp ò

elseó p åx ô æ åp ç èé ê åx y æ rØë ë ë åx æDõ y z æ r åx æ ö y z æ å rë ë ë r åx ì æ åí

if ó åx y y åï â ä } then ðp � r Ô yp ò
else if åx æ æ åï â óðp � and choose Ô y so � Ô Ì y Ç Ô y � y yp x æ æ
elseðp � and choose Ô y so � Ô Ì y Ç Ô y � } yp x æ y
end

end
end
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Perturbation Approach
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�� ��Perturbation Approach

� Perturbation approach with iterative refinement.

� Perturbation approach with the
Sherman-Morrison-Woodbury formula.

� Ç � Õ÷ Ì �õ yp Ç õ yÅ Ç õ y Õ � ò � ÷ Ì Ç õ y Õ �õ y÷ Ì Ç õ y r

where Ç isÁ -by-Á , Õ and÷ areÁ -by- Ä matrices
( Ä must be small).

� Mixed approach.
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�� ��Perturbation Approach

Recursive Perturbation-Based Algorithm

We add a small number ø B « to each divisor ùG ùûú ø :
G � G �ü ý A �G � ø

where

ü ý A �G ��� ¨ ¢ ý A �G � ifG þ� «

� ifG � «
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�� ��Symmetric Indefinite Matrix
Numerical Experiments

We ran two kind of experiments:� Experiments (denoted by Series 1), the random matrices are
generated by the LAPACK subroutine DLAGGE.

� Experiments (denoted by Series 2), the matrices Ç are of the
following typea:

Ç p ÿ �

� Ì ò r
where ÿ is a diagonal matrix with small entries, � is a random
matrix with large entries, and ò is the identity. The entries ofÿ are chosen to be less than � .

aSuggested to us by John Reid.
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�� ��Symmetric Indefinite Matrix
Perturbation Approach

CPU times on the IBM SMP (4xPPC604e/332Mhz) of
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�� ��Symmetric Indefinite Matrix
Perturbation Approach

Errors on the IBM SMP (4xPPC604e/332Mhz) of
DSYSV (—), P DSYSV (- - -) and DPRSIV (. . .)
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�� ��Symmetric Indefinite Matrix
Perturbation SMW Approach

CPU times on the IBM SMP (4xPPC604e/332Mhz) of
DSYSV (—), P DSYSV (- - -) and DPRSIV (. . .)
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�� ��Symmetric Indefinite Matrix
Perturbation SMW Approach

Errors on the IBM SMP (4xPPC604e/332Mhz) of
DSYSV (—), P DSYSV (- - -) and DPRSIV (. . .)
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�� ��Symmetric Indefinite Matrix
Mixed Approach

CPU times on the IBM SMP (4xPPC604e/332Mhz) of
DSYSV (—), P DSYSV (- - -) and DPRSIV (. . .)
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�� ��Symmetric Indefinite Matrix
Mixed Approach

Errors on the IBM SMP (4xPPC604e/332Mhz) of
DSYSV (—), P DSYSV (- - -) and DPRSIV (. . .)
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�� ��Perturbation Approach, Numerical Results

É Õ and ÉÖ É Ì

CPU times on the IBM SMP (4xPPC604e/332Mhz) of
DSYSV (—), DGESV (- - -) DPSYSV (+) and
RPSMWSYSV (. . .)
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�� ��Symmetric/Hermitian Indefinite Matrices
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�� ��Symmetric Indefinite Matrix

Ç

wwwww
x y y x y } x y � x y �

x } } x } � x } �

x � � x � �x � �
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A diagonal pivoting method is used to factor Ç asÇ p Ô Ì ÕÖ Õ Ì Ô rØ×Ù ÚÛ Ü Ý p Þ ß Þ or

Ç p Ô Ì ÉÖ ÉàÌ Ô rØ×Ù ÚÛ Ü Ý p Þ á Þ

� Ô is a permutation matrix� Õ and É are unit upper and lower triangular matrices,
respectively� Ö is a symmetric block diagonal with� t� and� t � diagonal
blocks.
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�� ��Bunch-Kaufman Pivoting Strategy
â p �� � ã� q � � � ; äp åx æ y åp ç èé ê åx } y å rØë ë ë r åx ì y åí

if ä Eî

if åx y y åï â ä then ðp � ñ Ô yp ò

elseó p åx ô æ åp ç èé ê åx y æ rØë ë ë åx æDõ y z æ r åx æ ö y z æ å rë ë ë r åx ì æ åí

if ó åx y y åï â ä } then ðp � r Ô yp ò
else if åx æ æ åï â óðp � and choose Ô y so � Ô Ì y Ç Ô y � y yp x æ æ
elseðp � and choose Ô y so � Ô Ì y Ç Ô y � } yp x æ y
end

end
end

+ 77 +



+ November 27, 2003 +

�� ��Symmetric Indefinite Matrix

n� � , memory needed� n < � n � � � F ( � ( �

��������
G  �  �G ' �  � G ' � ' �G J �  � G J � ' 	 G J � J �
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The mapping of 7 < 7 real symmetric, complex
symmetric or complex Hermitian matrix for the

LAPACK algorithm using the packed storage. Lower
triangular case.
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�� ��Symmetric Indefinite Matrix

n� � , lda� ­ , nb� ( , memory needed� ¬ �
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symmetric or complex Hermitian matrix for the

algorithm using the block packed overlapped storage.
Lower triangular case.
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�� ��Symmetric Indefinite Matrix
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algorithm using the block packed overlapped storage.
Lower triangular case.
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�� ��Symmetric Indefinite Matrix

SUBROUTINE SSPTRF( UPLO, N, AP, &

IPIV, INFO)

!
CHARACTER UPLO

INTEGER INFO, N

!
INTEGER IPIV( * )

REAL AP( * )
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�� ��Symmetric Indefinite Matrix
uplo = ’l’ , n� � , lda� ­ , nb� ( , length of AP� ( �
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�� ��Symmetric Indefinite Matrix
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�� ���� � 2 , Four Factorization Algorithms, SGI Lib
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�� ���� � 2 , Four Factorization Algorithms, Atlas Lib
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�� � �Symmetric Matrices

More Results
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�� ��Factorization
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�� ��Inversion
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�� ��Factorization
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�� ��Inversion
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New Data Storage Formats for Dense Matrices Lead to
Variety of High-Performance Algorithms

The slides can be obtained from:
http://www.imm.dtu.dk/ � jw/lectures/031202b.ps or
http://www.imm.dtu.dk/ � jw/lectures/031202b.pdf
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