
HAL Id: inria-00073597
https://inria.hal.science/inria-00073597

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Optimization of an LU Factorization Routine Using
Communication/Computation Overlap

Frédéric Desprez, Stéphane Domas, Bernard Tourancheau

To cite this version:
Frédéric Desprez, Stéphane Domas, Bernard Tourancheau. Optimization of an LU Factorization
Routine Using Communication/Computation Overlap. [Research Report] RR-3094, INRIA. 1997.
�inria-00073597�

https://inria.hal.science/inria-00073597
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  


de  r ech er ch e 


INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Optimization of an LU Factorization Routine Using
Communication/Computation Overlap
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compute block row of U :

PBDTRSM

update trailing submatrix :

PBDGEMM
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exchange local pivot line
and local current line :

DGESD2D
DGERV2D

IDAMAX
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singularity found !!

broadcast local pivot line :
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and pivot information
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no yes
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matrix size (in double precision)

optimal blocksize : 8
blocksize : 64
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^ `�q'}kj�~F~ u � `�nJ} ^ jm~��z`�o ^ ` � & �tru � jm~A{�o ^ `dy � � u o tru ��«Jjm~A{�hi`�~A{Fo ^ `py � � u o � ~J� uNt a1j�o ��u ~�hªo u o ^ ` ��t�tr� � ^ o"~�` � � ^J¨XuNt ©"xF`�jm~J� ^A� ¦�`z«zy tru }�`�hih uzt h� ~5o ^ `�y � � u op} u ¦�l�a'~F} u ~Jo � ~JlA`�o ^ `�{A`7} u a�y u h � o ��u ~é«;�X~A{ � ~��1o ^ `�y � � u o�jm~A{ � oih�y u h � o ��u ~é« ¨�tru j�{A}kj�hro � ~A��o ^ `
¦ u }kj�¦Qy � � u o tiu ��«Q©k©�©

u ����· � � A"j�h � ~1hior`�y�bN« � e � ��
 � h u �z` t ¦ j�yAyW`�{ ¨ qFjm~FjmhrqJ~A} ^Atiu ~ u lAhp`7n¯} ^ j�~A�z` u � }7l trt `�~Jo�jm~�{ t `kjm¦éy � � u o tiu ��©
´|lAod~ u ��«Wy tru }�`7hrh uNt h'b��'j�~A{®��j t `�� uzti�J� ~��X«A`7n¯} ^ j�~A� � ~A� tiu �
hk« � ~Ahroi`kjm{ u �"�
j � o � ~A��� uzt o ^ `�} u a'yA¦�`�o ��u ~ u �
��� R6S6d�� h!o u � uzti� ©

u ����· � � A"j�h � ~1hior`�y µ « ¨ lAo
� � o ^ o¬� u a uzt `py tiu }�`�hrh uzt h�� uzti�J� ~��X©
]
^ ` � a'yXj�}�o u ��o ^A� h u yAo � a ��� jmo ��u ~ � h�}�¦�`kj t ¦�q h ^�u �
~ u ~ � � �zl t ` �A© � ~ o ^ `4o u y u ��o ^ ` �X�zl t `z«���`1}�jm~ hr`�`

o ^ jmopy tru }�`�hih uzt h1b�jm~A{ ��j t `�} u a'yA¦�`�oi`�¦�q � {A¦�`�{Al ti� ~A�'o ^ `�~ u ~�� u yAo � a ��� `�{ ��� R6S6d�� h�`7n¯`7}�lAo ��u ~ª©�¢
�Óoi` t «£o ^ ` t ` � h�j
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step 4

step 5

DGER

of pivot information
asynchronous send

DGMAX2D call :
find pivot and its position

asynchronous send
of matrix row

PDLASWP call

DGEBx2D call :
broadcast local pivot row

� � �zl t `�� A � ~A` � or` t jmo ��u ~ u � u yAo � a ��� `7{ ��� R�S6d�� h tiu lAo � ~A`z©

} u a'a�lA~ � }kj�o ��u ~�y ^ j�hr`�o u `�nJ} ^ j�~A�z`�o ^ `�y � � u o tru ��© � ~ o ^ ` ¨Xu oro u a u ��o ^ `/�X�zl t `z«éy tru }�`7hrh uNt hFb�jm~A{��Fj t `�~ u
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idle during PDGETF2 pivoting time of rows

pivoting during PDGETF2

� � �zl t ` � A"¤ u a'yXj tr� h u ~ u ��o ^ ` v�j�~Joro�{ � jm� t jma-� uzt�u yAo � a ��� `�{1j�~A{'~ u ~�� u yAo � a ��� `�{��z` t h ��u ~Ah�©

a uNt ` � {A¦�`-A�o ^ `7q j t ` t `�}7` � � � ~A� o ^ `1y � � u o � ~J� uzt aFjmo ��u ~4jm~A{ `�nJ} ^ jm~A� � ~�� tru �
h�{Al ti� ~��4o ^ ` u yAo � a ��� `�{ ��� R6S6d�� h
`�nJ`�}�l�o ��u ~ª© ]
^ lAhk«Jo ^ ` t `�j t `�~ u a uNt `p} u a'a�l�~ � }kj�o ��u ~�y u hro �Dy ^ jmhi`z© ]
^ `7q1j t ` u �z` t ¦ j�yAyW`�{ ¨ q ��� R6S6d�� hX©
����� � ��� ��� !���� '	" )+����� ,��*�#" ,

¢p¦�¦é`�nJyX` ti� a'`�~Jo±j�¦ t `�hrlA¦�oih ^ j��z` ¨ `7`�~®y tru {AlA}�`7{ u ~4o¬� u's j t jm� u ~4hiqJhror`7a'h�j�~A{4j'  sÇµ hrqJhroi`�a®«W� � o ^ �zj ti��u lAh
� tr� {
h ��� `N© ]
^ `po¬� u6s j t jm� u ~-. � e ��¡Ç« ] `�~A~�`�hrhi`�` �� J¢�«Ajm~A{'¡£q u ~é«¯� t j�~A}�` 2 ^ j��z`d~ u oÇo ^ `�h±j�a'` u yW` t j�o � ~A��hrqJhroi`�a�j�~A{� o�jmyAyW`kj t `�{ o ^ jmo � o!¦�`�jm{Ah�o u { ��� ` t `�~Jo�`7n¯yW` ti� a�`�~Jo±j�¦ t `�hilA¦�orh�© ]
^ ` t `4j t `�� u l t { � � ` t `�~Jo�� tr� {�h ��� `�h�A�� '5�X«�
)' �.Ó¡£q u ~ 2�« � ' �A«"j�~A{ b 
 ' b�
 . � e ��¡	27© ]
^ `®b�
Fy tru }�`7hrh uNt hF  s"µ hrqJhroi`�a � h�¦ u }kj�or`�{ jmo�o ^ `F¡ªjm´
e
­ .°´ uzt {�`kjmlAnQ«
� t jm~�}�` 2�©
¢p¦�¦Wo ^ ` t `�hilA¦�orh ^ j��z` ¨ `�`7~'hrl�}�}�`�hih¬�ÓlA¦�¦�q t lA~�� � o ^ o ^ `dor`�hio|{ ti� �z` t�� ~A}�¦�lA{A`�{ � ~�o ^ `� J}�jz¡Q¢ s ¢p¤�¥ ��� �Dj�}�o uNtr��� j �

o ��u ~�yXj�} � jm�z` � ~ uNt {A` t o u oi`�hroÇo ^ `
} uNtrt `�}�or~�`�hrh u �Qo ^ ` u yAo � a ��� j�o ��u ~�hk© ]
^A� h�{ tr� �z` t } u a�yA¦�`�or`7h�o ^ `p��� �Dj�}�o uNtr��� j�o ��u ~u ~4j�aFjmo ti� n�$ j�~A{Fo ^ `�~5h u ¦��N`�h
o ^ `!hrqJhroi`�a½��� � � � ©Ç­¬opjm¦�h u y tiu � � {A`7hp{ ��� ` t `�~Jody u hrh ��¨A� ¦ � o � `�h�o u �zj t q'o ^ `�`�nJ`��
}�lAo ��u ~�yXj t jma�`�or` t h"hilA} ^ jmh ¨ ¦ u } � h ��� `z«J~JlAa ¨ ` t�u �ªy tiu }7`�hrh uzt h�«A~JlAa ¨ ` t�u �ª} u ¦�lAa'~Ah u �ªo ^ ` tr� � ^ o � ^ j�~A{��¬h � {A`%.Ëe���  2
a1j�o ti� n � «é©�©k©]
^ ` t `�hrlA¦�oih u ~ s j t j�� u ~Fhiq¯hior`�a�hpj t `�h ^Au �
~ u ~®� � �Nl t `7h��A«Qb��A«ébzb�jm~�{ b µ © ]
^ `�­¬´
x   s"µ�t `�hrlA¦�oih2j t `�� � �N`�~� ~1� � �zl t `�h�b7�6j�~A{�bk��©
� � �Nl t `
�
h ^Au �
h�jw} u a�yXj ti� h u ~ ¨ `�o¬��`�`�~ u yAo � a ��� `�{�jm~A{!~ u ~�� u y�o � a ��� `�{ t `�hrlA¦�oihª� uzt b�
�'�b 
�� ti� {ª© ]
^ ` u yAo � a ��� `�{

�z` t h ��u ~ � tiu �
h��Dj�hror` t . � ~ x � u yAh 2�o ^ jm~ o ^ `®~ u ~�� u yAo � a ��� `�{ª« ¨ `Û� uzt ` ¨ `�} u a � ~A� jm¦�a u hro�yXj t jm¦�¦�`�¦¬©§­¬~A{�`�`�{ª«do ^ `u y�o � a ��� j�o ��u ~F� uztr� h ¨ `�oior` t � uNt hraFjm¦�¦�a1j�o tr� nFh ��� `7h .
	 �N�B� '>& � � � o ^ & � «�o ^ `�~JlAa ¨ ` t�u ��y tru }�`�hih uzt } u ¦�lAa'~�h 2¨ `�}kjml�hr`'o ^ `�y � � u o � ~A��} u a�a�lA~ � }kj�o ��u ~Ah
j t `6j�¦�¦�`7n¯`7}�lAor`7{�{Al tr� ~A� ��� R6S�d�� hW©p¢w�Óor` t o ^A� hd¦ � a � o�«Ao ^ `�y � � u o � ~���o � a'`¨ `�} u a�`�h�a uNt ` � a'y uzt o³jm~Jopjm~�{4} u a�a�lA~ � }kj�o ��u ~Ah�}kj�~A~ u o ¨ `�} u a'y�¦�`7or`�¦�q u �N` t ¦°j�yAyX`7{ ¨ qFo ^ ` ��� R�S6d�� h�`�nJ`�}7lAo ��u ~
o � a�`z© ]
^A� h � h�} u ~ � t a�`�{ ¨ q�o ^ `
} u a'y�¦�`7n � o¬q�jm~Wjm¦�qJh � hk© ]
^ `p� � �zl t `�b���h ^Au �
hÇo ^ `
y t `�{ � }�oi`�{1j�~A{�o ^ `
`7n¯yW` ti� a�`�~Jo±j�¦
�¯j � ~�� uNt j���'1��� tr� {ª©"� uzt `kj�} ^ aFjmo tr� n�h ��� `z«�o ^ `!y t `�{ � }7or`�{ �¯j � ~ � h
� � �z`�~ ¨ q'o ^ `�a � ~ � a�lAa u � o ^ `�o u o±jm¦éo � a'` u �
��� R�S6d�� h�j�~A{Fo ^ `!o u o³jm¦Q} u a'a�lA~ � }�jmo ��u ~�o � a'`w� uzt y � � u o � ~A�W©
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� � �zl t `pbk� A s t `�{ � }�oi`�{'jm~�{�`7n¯yW` ti� a�`�~Jo±j�¦z�¯j � ~ u ~�j
��'"�
� ti� {ª« u ~4j s j t j�� u ~é©

� � �Nl t `�bzb
h ^Au �
h
o ^ `p�¯j � ~ � ~�yW` t }�`�~Jorh u �z` t ~ u ~ � u yAo � a ��� `7{��N` t h ��u ~�� uNt � ' ��j�~A{®b�
 '1b�
�� tr� {Ahk©é­¬o�}kjm~ t `kj�} ^
b � 
 � uNt hia1jm¦�¦Wa1j�o tr� n�h ��� `�hk«Qj�~A{'hio±j�q1j ¨Xu �N`p� 
 � uzt o ^ `�¦°j t �N`�hro
aFjmo tr� n�h ��� `�o ^ j�o
}kjm~ ¨ `2j�¦�¦ u }kj�or`�{é© ]
^A� hE�X�Nl t `
} u ~;� t a�h|o ^ jmo
o ^ `��Jj � ~'y tiu � t `�hih � �z`�¦�q�{A`�} t `kjmhi`�h�� uNt j�aFjmo ti� n�h ��� `�� t `kj�or` t o ^ j�~4�z�B�/' & � ©
� � �Nl t `Fb µ�� hdo ^ `�h±j�a'`�jmh�� � �Nl t `Fbzb ¨ l�o�o ^ `�n �¬} uJuzt { � ~Xjmoi`�h�j t `�`�nJy t `7hrhr`7{ jmh�j6�ÓlA~A}7o ��u ~ u �|o ^ `�hrl ¨ �DaFjmo ti� n

h ��� `.� uzt j4h � ~��z¦�`�y tru }�`7hrh uNt ©�­¬o!h ^Au �
h�o ^ j�o�o ^ `'�Jj � ~ { u `�h�~ u o�{A`�yW`�~A{ u ~�o ^ `'o u o±j�¦|aFjmo tr� nFh ��� ` ¨ lAo u ~A¦�q u ~
o ^ `�h ��� ` u �
o ^ `�hrl ¨ �¬a1j�o ti� nFo ^ jmo u ~�`�y tru }�`�hih uNt�u �
~Ah�© ]
^A� h � h�{�lA`�o u o ^ ` ¨ ¦ u } � hi}kjmoior` t `�{ { � hio ti��¨ lAo ��u ~ � ^A� } ^
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� � �zl t `6b µ A~v�j � ~ u ~'o ^ ` � ' ��jm~�{®b 
 '®b�
�� tr� {Ah�«Ajmh
j
�ÓlA~�}�o ��u ~ u � o ^ `�aFjmo ti� n�h ��� ` u ~ j�h � ~A�z¦�`�y tru }�`7hrh uNt « u ~
j s j t jm� u ~ª©

� � �Nl t `4b��Fh ^�u �
h�j�} u a�yXj ti� h u ~ ¨ `7o¬�|`�`7~ o ^ ` u y�o � a ��� `�{ jm~A{�~ u ~�� u yAo � a ��� `�{ t `�hrlA¦�oih�� uNt j4� ' ��� ti� { u ~�j
­¬´
x   s"µ ©p� uNt hia1jm¦�¦QaFjmo ti� }�`�hk«�o ^ ` u yAo � a ��� `�{F�z` t h ��u ~5� uNtr� hpa�lA} ^ �Dj�hror` t o ^ jm~4o ^ ` ¨ jmh � }��N` t h ��u ~ ¨ `�}kj�lAhr`�o ^ `
y � � u o � ~A� � hp} u a'y�¦�`7or`�¦�q u �z` t ¦°jmyAyW`�{ ¨ q1o ^ ` ��� R6S�d�� h�`7n¯`7}�lAo ��u ~ª©�� uzt ¦°j t �N`�a1j�o ti� }7`�hk«�o ^ ` t ` � h
~ u �Jj � ~Fh � ~A}�`�o ^ `
y � � u o � ~A� � h ^ j t {A¦�q u �N` t ¦°jmy�yX`�{é© ]
^ `��¯j � ~'}kj�~1`7�z`�~ ¨ `�~A`��Jjmo � �N`�jmh
h ^Au �
~ u ~4� � �zl t `6b7�X©é­¬~��Djm}�o�«Ajmhiq¯~�} ^�tru ~ u lAh
} u a'a�lA~ � }kj�o ��u ~�h j t ` u �Óoi`�~�hi¦ u �|` t o ^ jm~ ¨ ¦ u } �J� ~A�d} u a�a�lA~ � }kjmo ��u ~Ah�«³`�hryW`�} � jm¦�¦�q�� uNt ¦ j t �N`"a'`�hih±j��z`�h�©�¤ u ~Ahr`�
JlA`7~¯oi¦�q¯«
o ^ `2j�hrqJ~A} ^Atiu ~ u lAh
y � � u o � ~A� � h u �Óor`�~�hr¦ u ��` t o ^ jm~ � ~�o ^ ` ¨ jmh � }d�z` t h ��u ~Fjm~A{ � o�¦�`kjm{�h|o u � uzt hr`�yX` t � uNt a1j�~A}�`�h�� ^ `�~� o � h ^ j t {A¦�q u �z` t ¦ j�yAyW`�{ª©
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matrix size (in double precision)

SP2 : ScaLAPACK LU on a 3x3 grid
SP2 : optimized LU on a 3x3 grid
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SP2 : gain on a 4x4 grid
SP2 : gain on a 2x2 grid

SP2 : predicted gain on a 4x4 grid

� � �zl t `�b�� A�v�j � ~ u ~'j µ ' µ jm~A{�� '���� tr� {ª« u ~�jm~�­¬´
x
  s"µ ©

� ,-�.�.�
; %.)����.����� ���J%��Ç%6 "&����� ��
¢
�Ëor` t j.{A`�hi} tr� yAo ��u ~ u �|o ^ `'����jm¦�� uNtr� o ^ a � ~� J}kjz¡£¢ s ¢p¤�¥�«Qj�} u a�yA¦�`�or`�jm~Xj�¦�q¯h � h u ��} u a�yA¦�`�n � o¬q ^ jmh ¨ `�`�~�y t `��
hr`7~¯oi`�{ª© ]
^A� h�o ^ ` uzt `7o � }kjm¦da u {A`�¦
jm¦�¦ u �
h�o ^ `F} u a�yAlAo±j�o ��u ~ u ��o ^ ` u yAo � aFjm¦ ¨ ¦ u } � h ��� `�� uNt o ^ ` ¨ ¦ u } � hi}kjmoior` t `�{
{A`�} u a'y u h � o ��u ~ª© ]
^ lAhk« � o � h
y u hrh ��¨ ¦�`�o u�^ j��z`�o ^ ` ¨ `�hiopyW` t � uzt aFjm~A}7`p� � o ^ j�h � a�yA¦�`
y t `��¬} u a'yAlAo³jmo ��u ~ª©]
^ `'hi`�} u ~A{�yXj t o ^ j�h�y t `7hr`�~Jor`7{ o¬� u4u yAo � a ��� j�o ��u ~�h ¨ jmhi`�{ u ~�} u a'a�lA~ � }�jmo ��u ~4²F} u a'yAl�o±jmo ��u ~ u �N` t ¦°jmyé©�­¬~
o ^ `�o¬� u }kjmhi`�hk« u l t j � a-��j�h|o u � ^A� {A` ��o ^ `�o � a�` u ��h u a�` ¨A� ��} u a'a�l�~ � }kjmo ��u ~�y ^ j�hr`�h�©"�Al t o ^ ` t a uzt `N« � o
jm¦�¦ u �
h"o ut `7{AlA}�`�o ^ ` � {A¦�`po � a'` u ��h u a'`dy tru }�`7hrh uNt h�o ^ jmopj t `��
j � o � ~A� t `�hrl�¦�oih
� tiu a u o ^ ` t o u } u ~¯o � ~¯l�`�o ^ `�`�nJ`�}7lAo ��u ~é©
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Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
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