
� � � � � � � � � 	 
 � � 
� � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � �  � � ! � � � � � � �

" # $ % & ' (
) * + $ * , - . / . % % ( % 0 1 "
2 3 ( 4 . & 5 ( 6 % 7 * / & $ 3 8
9 * 8 ( 6 : ; 3 * < " = $ & 8 & > . $ & * ' +
) * % % ( < $ & 5 ( 0 1 " 6 % 7 * / & $ 3 8 +

? @ A A B C C D A E B F G H I J K L M N O G P I J K Q R I C S T F I N B A U B F V W X
? Y O H H B A U I Z B [ G \ \ B N I J K

9 # 8 8 . / ]

� � � � � � � � � 	 
 � � ^� � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � �  � � ! � � � � � � �

_ ( ] $ * = . / . % % ( % 0 1 " = ( / , * / 8 . ' < ( ` - . / . % % ( % & + 8
) * + $ a / ( . b : * c ' `

? R I C S d A A B C C U I e B f g O \ F I C S d A A B C C B C h C B B S U I e B i
? j B C C d K B U N d J C e I C C I O J U I e B f g O \ e C K C h U O U d H k l U B C i
? m B C O G N A B A O J U B J U I O J B \ \ B A U C f g O \ d A U I Z B d K B J U C i

n . < $ * / + . , , ( < $ & ' 7 = ( / , * / 8 . ' < ( `
? @ P P H I A d U I O J k B E d Z I O N
? D l C U B e d J F o H B C l C U B e d N A E I U B A U G N B

2 3 ( b ( ] , . < $ * / & + : . $ . . < < ( + + + & > (



� � � � � � � � � 	 
 � � p� � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � �  � � ! � � � � � � �

- . / . 8 ( $ ( / + q . / & ( :
? r G e k B N O \ A O e P G U B J O F B C W A O e P G U B L V W X N d U I O
? R d U d F I C U N I k G U I O J f k H O A S h A l A H I A h s R k H O A S h N d J F O e i
? t I H B d A A B C C C I u B f v w x k l U B C U O v j [ i
? t I H B C I u B f C e d H H v y j [ d J F H d N K B v w x T v z w j [ i
? D l C U B e d N A E I U B A U G N B f { d N d K O J { t D d J F D { w { V X t D i

| ( + # % $ + / ( = * / $ ( :
? [ B C U O \ e G H U I P H B f s T } ~ i N G J C
? @ Z B N d K B C � B N B J O I C l f w ~ � B N N O N W z ~ � A O J o F B J A B i

� � � � � � � � � 	 
 � � �� � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � �  � � ! � � � � � � �

0

5

10

15

20

25

30

64 256 1k 4k 16k 64k 256k 1M

M
B

/s
ec�

Data Block Size

PFS_DD_032n Max Bandwidth - 32 Compute Nodes (6 I/O Nodes, 64k SU, R1.2.6)

’Naive-(BLOCK)-16M’
’Naive-(BLOCK,BLOCK,BLOCK)-16M’

’Naive-(CYCLIC)-16M’
’Naive-(Random)-16M’



� � � � � � � � � 	 
 � � �� � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � �  � � ! � � � � � � �

0

5

10

15

20

25

30

35

40

64 256 1k 4k 16k 64k 256k 1M

M
B

/s
ec�

Data Block Size

PIOFS_DD_032n Max Bandwidth - 32 Compute Nodes (8 I/O Nodes, 32k SU, level 23)

’Naive-(BLOCK)-16M’
’Naive-(BLOCK,BLOCK,BLOCK)-16M’

’Naive-(CYCLIC)-16M’
’Naive-(Random)-16M’

� � � � � � � � � 	 
 � � �� � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � �  � � ! � � � � � � �

� . $ . . < < ( + + + & > ( � : . $ . a % * < b + & > ( � & + $ 3 ( + & ' 7 % ( 8 * + $
& 8 = * / $ . ' $ , . < $ * / . , , ( < $ & ' 7 = ( / , * / 8 . ' < ( �

9 8 . % % : . $ . . < < ( + + ( + . / ( + % * c ' * $ * ' % ] , * / 8 # % $ & ;
: & 8 ( ' + & * ' . % : & + $ / & a # $ & * ' + a # $ , * / * $ 3 ( / + . + c ( % % � ) � ) � 0 )
. ' : | . ' : * 8 �
� . $ . : & + $ / & a # $ & * ' ] & ( % : + . $ 8 * + $ . � � = ( / , * / 8 . ' < (
: & , , ( / ( ' < ( � . $ $ 3 ( % * c ( ' : � � a # $ : . $ . . < < ( + + + & > ( ] & ( % : +
* / : ( / + ; * , ; 8 . 7 ' & $ # : ( : & , , ( / ( ' < ( + �



� � � � � � � � � 	 
 � � �� � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � �  � � ! � � � � � � �

" # / ' . 8 ( , * / $ 3 ( + & 8 = % ( . = = / * . < 3
? D U N d I K E U \ O N � d N F I e P H B e B J U d U I O J O \ o H B V W X
? � C B C B � I C U I J K I J U B N \ d A B C f B � K � � r V � i

) * 8 = # $ ( ' * : ( = + ( # : * < * : ( `

for each data block (db) in local data chunk:
compute offset (o) of db in the file
write db at offset o
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Initialize
Repeat

Compute
Communicate
Perform I/O
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k = process_rank();
if (k >= GroupSize)

Wait for GO signal;
Perform I/O Operation;
if (k < N - GroupSize)

Send GO signal to process (k + GroupSize);
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setup asynchronous receives for data blocks;
barrier_synchronize();
One node:

send request for all data blocks to all I/O nodes
wait for all asynchronous receives to complete;

0 1 " 4 * : ( + `

create list of disk blocks containing requested data;
sort list of disk blocks;
for each disk block (double buffering)

read the block from disk;
send pieces of the block to appropriate nodes;
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if (target node)
allocate buffer space;

forall local data blocks db:
send db to appropriate target node
(based on target distribution);

if (target_node)
save data to file;
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k = process_rank();
allocate buffer space;
set up a receive for target data;
barrier_synchronize();
foreach local data block db

send db to the proper node;
wait for all messages to arrive;
write out the buffer;
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k = process_rank();
if (k < Pio)

allocate buffer space;
for (r = 0; r < nrounds; r++)

barrier_synchronize();
foreach local data block db in this round

send db to the proper node;
if (k < Pio)

wait for all messages to arrive;
write out the buffer;
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