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decompose a block column :

PDGETF2

in the current
processor column ?

yes

broadcast pivot information :

IGEBS2D

receive pivot inforamtion :

IGEBR2D

not swapped in pdgetf2 :
exchange part of rows exchange rows :

PDLASWP
PDLASWP

compute block row of U :

PBDTRSM

update trailing submatrix :

PBDGEMM

next block column

no
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exchange local pivot line
and local current line :

DGESD2D
DGERV2D

IDAMAX

maximum value :
searching for local

searching for maximum
value between each

processor of the

DGMAX2D

pivot = 0 ?
yes

no

have pivot ?

yes

no

singularity found !!

broadcast local pivot line :

DGEBS2D DGEBR2D

and pivot information

DSWAP

swap local pivot line

have current line ?

yes

no yes

and local current line :

scale column by pivot
and update local matrix :

DSCAL
DGER

no

have current line ?

next column

and pivot information
receive pivot line :

current block column :
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matrix size (in double precision)

optimal blocksize : 8
blocksize : 64
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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
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idle during PDGETF2 pivoting time of rows

pivoting during PDGETF2
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��� 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©

è âªãªè ê



0

1000

2000

3000

4000

5000

6000

7000

8000

0 2000 4000 6000 8000 10000 12000 14000 16000 18000

M
flo

ps

Size of the matrices (doubles)

ScaLAPACK LU on a 16x16 grid
optimized LU on a 16x16 grid

� � �zl t `�� A � n¯yW` ti� a�`�~Jo±j�¦ t `�hrlA¦�oih u ~1j�b  '4b !� ti� {ª« u ~
j s j t jm� u ~ª©

0

5

10

15

20

25

30

0 500 1000 1500 2000 2500 3000 3500 4000 4500

ga
in

 in
 %

matrix size (in double precision)

predicted gain
experimental gain

� � �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 `�bzbh ^Au �ho ^ `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`�hroaFjmo tr� n�h ��� `�o ^ j�o}kjm~ ¨ `2j�¦�¦ u }kj�or`�{é© ]^A� hE�X�Nl t `
} u ~;� t a�h|o ^ jmoo ^ `��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� } ^
y tiu � � {A`7hpj�� uJu {'¦ u j�{ ¨ j�¦ j�~A} � ~A�W©

2

4

6

8

10

12

14

16

18

20

22

0 2000 4000 6000 8000 10000 12000 14000 16000 18000

%
 s

pe
ed

-u
p

Size of the matrices (doubles)

speed-up in % on a 8x8 grid
speed-up in % on a 16x16 grid

� � �zl t `�bzb AKv!j � ~ u ~�o ^ ` � ' ��j�~A{®b� '4b !� ti� {Ahk« u ~Fjs j t jm� u ~

2

4

6

8

10

12

14

16

18

20

22

0 200000 400000 600000 800000 1e+06 1.2e+06 1.4e+06

%
 s

pe
ed

-u
p

number of double in local matrix

speed-up in % on a 8x8 grid
speed-up in % on a 16x16 grid

� � �zl t `6b µ A~v�j � ~ u ~'o ^ ` � ' ��jm~�{®b  '®b��� tr� {Ah�«Ajmhj
�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`�jmhh ^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 lAhy � � 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©

ãªã ÞED � � � �



0

50

100

150

200

250

300

350

400

450

500

200 400 600 800 1000 1200 1400 1600

ga
in

 in
 %

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
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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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Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
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