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I/O at Argonne National Laboratory  



Argonne: Vital part of DOE National Laboratory System 
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$10B, 22,000 people, 17 labs 
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Computing, Environment, and Life Sciences     
 Directorate: Four Divisions 

Argonne Leadership 
Computing Facility 

Biosciences 
Division 

Environmental 
Science Division 

Mathematics and Computer 
Science Division 

 
And three institutes and facilities   
•! ARM Climate Research Facility 
•! Computation Institute 
•! Institute for Genomics and Systems 

Biology 
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Mathematics and Computer Science 
Division Strategic Areas 

Extreme Computing:  exploring new approaches to 
system software, fault tolerance, and innovative 
programming models for next-generation computers 

Big Data:  formulating novel techniques for managing, 
storing, analyzing, and visualizing the enormous 
amounts of data produced by leadership-class 
computers and large experimental facilities  

Applied Mathematics:  formulating rigorous theory 
leading to fast algorithms, deployed in software on 
leading-edge computing platforms 

Applications:  working with scientists and engineers 
to apply our advanced algorithms and tools to 
applications critical to our society, such as life science, 
climate change, materials, and energy systems 
simulations  



Mira vs. Aurora 

System Feature Mira Aurora  Increase 

Peak Performance 10 PF 180 PF 18x 

Number of Nodes 49,152 >50,000  Similar 

High Bandwidth On-Package Memory, Local Memory, 
and Persistent Memory 786 TB >7 PB 8.9x 

High Bandwidth On-Package Memory Bandwidth 2.5 PB/s n/a Significantly 
higher 

Interconnect Aggregate Node Link BW 2 PB/s n/a Higher 

Interconnect Bisection Bandwidth 24 TB/s n/a Significantly 
higher 

File System Capacity 26 PB >150 PB 5.8x 

File System Throughput 300 GB/s >1 TB/s 3.3x 

Peak Power Consumption 4.8 MW 13 MW 2.7x 

FLOPS/watt 2.1 GF/watt >13 GF/watt 6.2x 

Facility Area 1,536 sq. ft. ~3,000 sq. ft. 2x 
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Outline 

! !+'1%2'#;'@%)2#$3'
! !(HI'D@*$*D2-$%J*/#&'
! !6%<F"*/#&'
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! !N*2*')2*,%&,'D##$:%&*/#&'
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'
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History: I/O research via prototyping 
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Data Model Libraries 
map application abstractions 
onto storage abstractions and 
provide data portability.

HDF5, Parallel netCDF ,  
ADIOS

I/O Middleware  organizes 
accesses from many processes, 
especially those using 
collective !
I/O.

MPI-IO (ROMIO ), PLFS, 
LOGFS

I/O Forwarding  transforms 
I/O from many clients into 
fewer, larger request; reduces 
lock contention; and bridges 
between the HPC system and 
external storage.

IBM ciod, IOFSL, Cray DVS

Parallel Þle system  
maintains logical Þle model and 
provides efÞcient access to 
data.

PVFS, Gfarm, GPFS, Lustre

I/O Hardware

Application

Parallel File System

Data Model Support

Transformations

1996 2000 2004 2008 2012 

PVFS ROMIO 
PVFS2 

PnetCDF IOFSL 
LogFS  

BMI 
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Darshan 

!"#$%&'"$$(')&*+,&-#.(/01&"2&#--$3'#4"01&/500306&"0&-/"75'4"0&
89:&-$#;"/<1&
'
! ! C*O#$%23'#;'*99"%D*/#&)'P'&--:'2#'%&2-,$*2-'%&2#'2@-'1F%":'

-&7%$#&<-&2'#;'2@-')3)2-<)Q'
! ! G%2@#F2'9-$2F$1*/#&'P'1#F&:-:'F)-'#;'$-)#F$D-)'R<-<#$3>'

&-2L#$B>')2#$*,-ST'&#'D#<<F&%D*/#&'#$'(HI'9$%#$'2#'O#1'
2-$<%&*/#&T'D#<9$-))%#&Q'

! ! +:-UF*2-':-2*%"'P'1*)%D'O#1')2*/)/D)T'K"-'*DD-))'%&;#$<*/#&'
;$#<'<F"/9"-'+?()Q'
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Darshan Specifics 

! ! =F&/<-'"%1$*$3';#$'D@*$*D2-$%J*/#&'#;'*99"%D*/#&'(HI'
–! (&)2$F<-&2*/#&'%)'%&)-$2-:'*2'1F%":'/<-'R;#$')2*/D'-V-DF2*1"-)S'#$'*2'

$F&'/<-'R;#$':3&*<%D'-V-DF2*1"-)S'
–! 8*92F$-)'?I6(W'(HI>'C?(4(I>'*&:'"%<%2-:'XN!Y'*&:'?.-28N! ';F&D/#&)'

! ! C%&%<*"'*99"%D*/#&'%<9*D2'
–! Z#F&:-:'<-<#$3'D#&)F<9/#&'9-$'9$#D-))'
–! =-D#$:)')2$*2-,%D*""3'D@#)-&'D#F&2-$)>'/<-)2*<9)>'*&:'@%)2#,$*<)'
–! =-:FD-)>'D#<9$-))-)>'*&:'*,,$-,*2-)':*2*'*2' C?([!%&*"%J-RS'/<-'

! ! 8#<9*/1"-'L%2@'(ZC'Z\>'8$*3>'*&:'0%&FV'-&7%$#&<-&2)'
–! N-9"#3-:')3)2-<4L%:-'#$'-&*1"-:'13'%&:%7%:F*"'F)-$)'
–! (&)2$F<-&2*/#&'%)'-&*1"-:'7%*')#]L*$-'<#:F"-)>'-&7%$#&<-&2'

7*$%*1"-)>'#$'D#<9%"-$')D$%92)'
–! .#')#F$D-'D#:-'<#:%KD*/#&)'#$'D@*&,-)'2#'1F%":'$F"-)'
–! .#'K"-')3)2-<':-9-&:-&D%-)'

! ! ^&*1"-:'13':-;*F"2'*2'.^=68>'+08!>'*&:'.86+'
'

@_9`HHLLLQ<D)Q*&"Q,#7H$-)-*$D@H9$#O-D2)H:*$)@*&'
' 10 



Job Level 
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a'#;'$F&/<-'%&'(HI'
'

+DD-))')%J-'@%)2#,$*<'

�'�D�U�V�K�D�Q���D�Q�D�O�\�V�L�V���W�R�R�O���H�[�D�P�S�O�H

FX ���r�<�Z�d�Y�I�•�����<�g�h�P�<�[�Ÿ�W�]�D�Ÿ�h�k�Z�Z�<�g�s�•�d�Y���d�g�]�G�k�E�I�h���<���Ä�Ÿ
�d�<�O�I���+�������N�Q�Y�I���h�k�Z�Z�<�g�Q�v�Q�[�O���p�<�g�Q�]�k�h���<�h�d�I�E�j�h���]�N�����›�$��
�d�I�g�N�]�g�Z�<�[�E�I

FX �0�P�Q�h���N�Q�O�k�g�I���h�P�]�q�h���j�P�I�����›�$���D�I�P�<�p�Q�]�g���]�N���<���È�É�Ç�•�Å�Ä�Ã��
�d�g�]�E�I�h�h���j�k�g�D�k�Y�I�[�E�I���h�Q�Z�k�Y�<�j�Q�]�[���¥�d�g�]�G�k�E�j�Q�]�[���g�k�[�¦��
�]�[���j�P�I���!�Q�g�<���h�s�h�j�I�Z���<�j�����"� 

FX �0�P�Q�h���d�<�g�j�Q�E�k�Y�<�g���<�d�d�Y�Q�E�<�j�Q�]�[���Q�h���q�g�Q�j�I���Q�[�j�I�[�h�Q�p�I���<�[�G��
�D�I�[�I�N�Q�j�h���O�g�I�<�j�Y�s���N�g�]�Z���E�]�Y�Y�I�E�j�Q�p�I���D�k�N�N�I�g�Q�[�O�•���[�]��
�]�D�p�Q�]�k�h���j�k�[�Q�[�O���[�I�I�G�I�G�•

��������

���r�<�Z�d�Y�I���Z�I�<�h�k�g�I�Z�I�[�j�h�•�����Ú���]�N���g�k�[�j�Q�Z�I���Q�[�����›�$

�<�E�E�I�h�h���h�Q�v�I���P�Q�h�j�]�O�g�<�Z

���[�<�Y�s�v�Q�[�O���+�<�g�<�Y�Y�I�Y�����›�$�•�����<�g�h�P�<�[



System Level: Aggregated View of Data Volume �(�[�D�P�S�O�H�����V�\�V�W�H�P���Z�L�G�H���D�Q�D�O�\�V�L�V
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System Level: I/O Mix  

A#9'bc':*2*'9$#:FD-$HD#&)F<-$)'%&)2$F<-&2-:'L%2@'N*$)@*&'#7-$'2@-'<#&2@'#;'EF"3>'dcbb'
#&'(&2$-9%:'Z\H?')3)2-<'*2'+$,#&&-Q'6F$9$%)%&,"3>'2@$--'#;'2@-'2#9'9$#:FD-$HD#&)F<-$)'
*"<#)2'-VD"F)%7-"3'$-*:'-V%)/&,':*2*Q'

=#)'>306&$#/6(&1'#$(&
13<5$#4"01&"2&7(01(&
151-(013"01&?3)>&
(<-3/3'#$&<(#15/(<(0)1 '
2#'1-_-$'F&:-$)2*&:'
9$#9-$/-)'#;'D#<9"-V'
<*2-$%*")')FD@'*)'
D#&D$-2-Q'

:"<-#/306&13<5$#4"01&"2&&
)5/@5$(0)&<3A306&"2&B5371&
?3)>&(A-(/3<(0)#$&7#)#&2#'
*:7*&D-'#F$'F&:-$)2*&:%&,'
#;')F9-$&#7*-'-V9"#)%#&)>'
%&-$/*"'D#&K&-<-&2';F)%#&>'
*&:')F9-$)#&%D'D#<1F)/#&Q'''

 1
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9/"'(11306&$#/6(C1'#$(&1(31<"6/#->3'&
7#)#1()1&2#':-7-"#9'*'eN'7-"#D%23'
<#:-"'F)-:'%&':-7-"#9%&,'-*$2@UF*B-'
@*J*$:'<*9)Q'
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Sharing data with the community 

! ! 8#&7-$)%#&'F/"%/-)'D*&'*&#&3<%J-'*&:'$-4D#<9$-))':*2*'
! ! 8#<9*D2':*2*';#$<*2'%&'D#&OF&D/#&'L%2@'*&#&3<%J*/#&'

<*B-)'%2'9#))%1"-'2#')@*$-':*2*'L%2@'2@-'D#<<F&%23'%&'1F"B'
! ! A@-'+08!'(HI'N*2*'=-9#)%2#$3'9$#7%:-)'*DD-))'2#'9$#:FD/#&'

"#,)'D*92F$-:'#&'(&2$-9%:'
! ! 0#,)';$#<'dcbc'2#'dcbe>'L@-&'<*D@%&-'L*)'$-/$-:'

DE:F&*+,&G#)#&H(-"13)"/I&J)#414'1&

5&%UF-'"#,'K"-)' bYd>bfg'

8#$-4@#F$)'
%&)2$F<-&2-:'

gdb'<%""%#&'

N*2*'$-*:' dYQd'9-2*132-)'

N*2*'L$%_-&' YQg'9-2*132-)'

http://www.mcs.anl.gov/research/projects/darshan/data/ 
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Darshan Future(s) 

! ! C%&%&,'N*$)@*&':*2*'
–! I&,#&, 'L#$B'F&:-$''

CQ'G%&)"-_'R5(58S'
! ! =-D#&)2$FD/&,'L#$B"#*:)'

–! X#L'L-""'D*&'L-'$-9$#:FD-'2@-''
(HI'#9-$*/#&)';$#<'2@-''
D#<9$-))-:' N*$)@*&'"#,h'

! ! =-K&%&,'N*$)@*&'
–! 6F99#$/&,'&-L'%&2-$;*D-)'
–! 8*92F$%&,'<#$-'%&;#$<*/#&'

R-Q,Q>'(HI'9*_-$&)S'
–! C#$-'D#<9*D2',$*<<*$41*)-:'

$-9$-)-&2*/#&'#;'"#,)''
'
'
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Draft of February 20, 2015 at 16 : 52
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Figure 3.11: Maximum I/O throughput of each application across all its
jobs on a platform, and platform peak.

modern USB thumb drives (writes average 239 MB/s and reads average 265

MB/s on the 64 GB Lexar P10 USB3.0 [52]).

System peak - 240 GB/s

I/O
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 5 
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Mira: Jobs I/O Throughput

Figure 3.12: Number of jobs with a given I/O throughput and total number
of bytes on Mira
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Thanks to Huong Luu (UIUC) for providing this 
figure. 
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CODES: Enabling Co-Design of Exascale Storage 
Architectures and Science Data Facilities 

K>(&6"#$&"2&)>(&:,GLJ&-/"M(')&31&51(&>36>$I&
-#/#$$($&13<5$#4"0&)"&(A-$"/(&)>(&7(1360&"2&
(A#1'#$(&1)"/#6(&#/'>3)(')5/(1&#07&
731)/3@5)(7&7#)#C30)(013N(&1'3(0'(&2#'3$34(1O&
&
! ! 6-2'#;'<#:-")>'2##")>'*&:'F/"%/-)'%&2-&:-:'

2#')%<9"%;3'D#<9"-V'<#:-"')9-D%KD*/#&'*&:'
:-7-"#9<-&2'

–! 8#<<#&"34F)-:'<#:-")'R-Q,Q>'&-2L#$B%&,S'
–! !*D%"%/-)'2#'%&O-D2'*99"%D*/#&'L#$B"#*:)'

! ! 5)%&,'2@-)-'D#<9#&-&2)'2#'F&:-$)2*&:'
)3)2-<)'#;'%&2-$-)2'2#'NI^'+68='

6-$7%D-)'

?$#2#D#")'

X*$:L*$-'

G#$BM#L)'
G#$B"#*:)'

6%<F"*/#&'R?N^6S'
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CODES simulations 

! ! Z*)-:'#&' H,JJ 'R=-&))-"*-$'I9/<%)/D'6%<F"*/#&'63)2-<S'
:-7-"#9-:'13'=-&))-"*-$'?#"32-D@&%D'(&)/2F2-'

! ! X?8'&-2L#$B)'
–! .4*$3'B4DF1-'&-2L#$B'R(ZC'Z"F-'\-&->'8$*3'WAY'*&:'8$*3'W^f')-$%-)QS'
–! N$*,#&M3'R8$*3'W8ec')3)2-<QS'

! ! ZF$)2'1Fi-$'*$D@%2-D2F$-)'
–! .Q'0%F>'EQ'8#9->'?Q'8*$&)>'8Q'8*$#2@-$)>'=Q'=#))>'\Q'\$%:-$>'+Q'8$F<->'*&:'8Q'C*"2J*@&Q'I&'2@-'$#"-'#;'1F$)2'1Fi-$)'%&'

"-*:-$)@%94D"*))')2#$*,-')3)2-<)Q'(&'?$#D--:%&,)'#;'2@-'dcbd'(^^^'8#&;-$-&D-'#&'C*))%7-'N*2*'62#$*,-'RC66AS>'?*D%KD'
\$#7->'8+>'+9$%"'dcbdQ'

! ! =-)#F$D-'*&:'E#1'C*&*,-<-&2'%&'N*2*'+&*"3/D)'
^&7%$#&<-&2)'

–! .Q'0%F>'WQ'j*&,>'WQ'6F&>'EQ'E-&B%&)>'=Q'=#))Q'j+=.)%< `'X*:##9 'j+=.'6%<F"*/#&'63)2-<Q'+DD-92-:'2#'88\$%:'dcbYQ'

! ! 5&:-$)2*&:%&,'Z-@*7%#$'#;'C-2*,-&#<%D)'G#$BM#L)'#&'
CF"/48"#F:'63)2-<)'

–! GQ'A*&,>'EQ'E-&B%&)>'!Q'C-3-$>'=Q'=#))>'=Q'k-l<F2@F >'0Q'G%&B"-$>'WQ'j*&,>'AQ'0-@<*&>'*&:'.Q'N-)*%Q'N*2*4+L*$-'=-)#F$D-'
6D@-:F"%&,';#$'CF"/D"#F:'G#$BM#L)`'+'!%&-4\$*%&-:'6%<F"*/#&'+99$#*D@Q'(&'?$#D--:%&,)'#;'8"#F:8#< 'dcbmQ'
N-D-<1-$>'dcbmQ'

18 

http://www.mcs.anl.gov/research/projects/codes/ 
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Aesop Programming Language 

!"#$%&*0'/(#1(&)(#<&-/"75'4N3)I&@I&<#P306&-/"6/#<<306&"2&
731)/3@5)(7&1(/N3'(1&(#13(/O&
&
! ! .-L'9$#,$*<<%&,'"*&,F*,-'Rn')F99#$2'"%1$*$%-)S'

–! Z*)-:'#&'8'L%2@'D#&DF$$-&D3'-V2-&)%#&)'
–! N-)%,&-:';#$'%<9"-<-&/&,':%)2$%1F2-:'&-2L#$B')-$7%D-)'
–! +%<)'2#'1-'@%,@"3'9$#:FD/7-'P')-UF-&/*"'M#L'L@%"-'9$#,$*<<%&,'
–! +%<)'2#'1-';*)2'P'D#&DF$$-&2'-V-DF/#&'

! ! (<9"-<-&2-:'*)'6#F$D-4A#46#F$D-'2$*&)"*2#$'
–! A$*&)"*2#$'L$%_-&'%&'X*)B-"">'%&O-D2)'<*D$#'D*"")'%&2#'2@-')#F$D-Q'
–! IF29F2)'9"*%&'8'

! ! \%2'$-9#)%2#$3'*2'git://git.mcs.anl.gov/ aesop '

20 

NQ'k%<9->'?Q'8*$&)>'kQ'X*$<)>'EQ'CQ'G#J&%*B>'6Q'0*&,>'*&:'=Q'=#))Q'+^6I?`'^V9$-))%&,'D#&DF$$-&D3'%&'@%,@4'9-$;#$<*&D-'
)3)2-<')#]L*$-Q'(&'?$#D--:%&,)'#;'2@-'g2@'(^^^'(&2-$&*/#&*"'8#&;-$-&D-'#&'.-2L#$B%&,>'+$D@%2-D2F$-'*&:'62#$*,-'R.+6S>'
EF&-'dcbdQ''



Mercury RPC Framework  

=(/'5/I&31&#0&H9:&1I1)(<&2"/&51(&30&)>(&7(N($"-<(0)&"2&>36>&
-(/2"/<#0'(&1I1)(<&1(/N3'(1O&G(N($"-<(0)&31&7/3N(0&@I&)>(&
8GFQ&!/"5-&?3)>&D/6"00(&-#/4'3-#4"0O&
&
! ! ?#$2*1"-'*D$#))')3)2-<)'*&:'&-2L#$B'2-D@&#"#,%-)'
! ! ZF%":)'#&'"-))#&)'"-*$&-:';$#<'(I!60>'.-))%- >'"&-2>'*&:'#2@-$)'
! ! ^oD%-&2'1F"B':*2*'<#7-<-&2'2#'D#<9"-<-&2'D#&2$#"'

<-))*,-)'
'
'
'
'
'
'

Overview

Function arguments / metadata transferred with RPC request
– Two-sided model with unexpected / expected messaging
– Message size limited to a few kilobytes

Bulk data (more later) transferred using separate and dedicated API
– One-sided model that exposes RMA semantics

Network Abstraction Layer
– Allows deÞnition of multiple network plugins
– Currently MPI, BMI (TCP/IB/GM), SSM (TCP/MPI/IB)
– More plugins to come

Client Server

RPC proc

Network Abstraction Layer

RPC proc

Metadata (unexpected
+ expected messaging)

Bulk Data (RMA transfer)

4

http://www.mcs.anl.gov/research/projects/mercury/ 
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Outline 

! !+'1%2'#;'@%)2#$3'
! !(HI'D@*$*D2-$%J*/#&'
! !6%<F"*/#&'
! !A##")''
! !6D%-&/KD'L#$BM#L)'
! !N*2*')2*,%&,'D##$:%&*/#&'
! !?*$*""-"'(HI'*F2#2F&%&,'
'
'
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Decaf Motivation 

^V*<9"-'#;'*')9-D%KD'L#$BM#L'%&'D#)<#"#,3'RX+88S'

23 

! ! +""')D%-&D-'9$#1"-<)'@*7-'<F"/9"-'D#&&-D2-:')2-9)>'%Q-Q>'
L#$BM#L)Q'

! ! 8@*""-&,%&,'2#'*F2#<*2-'2@-)-'L#$BM#L)'#&'2@-'DF$$-&2'X?8'
%&;$*)2$FD2F$-)Q''



Decaf 

! ! N-D*;`')#]L*$-'2@*2'-V9*&:)'#&-'!"#$%"! '"%&B'%&2#'*'
&'('%"!)*

! ! N*2*M#L`'#&-'"%&B'%&'2@-'L#$BM#L',$*9@'-V9*&:-:'2#'-V9$-))'
D#&2$#"'*&:':*2*'<#7-<-&2Q*

! ! (2'%&D"F:-)':*2*')-"-D/#&>'9%9-"%&%&,>'1Fi-$%&,>'*&:'$-)%"%-&D-Q'
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^V9*&:%&,'#&-'"%&B'%&'*'
L#$BM#L'%&2#'*'

:*2*M#L'D#&)%)/&,'#;'
$-F)*1"-'9$%<%/7-)Q''

'
?$#:FD-$>'D#&)F<-$>'
*&:':*2*M#L'*$-'*""'

9*$*""-"'2*)B)Q'
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Swift/T workflow language 

! ! 6L%]HA`''0*&,F*,-'*&:'$F&/<-';#$':*2*M#L'*99"%D*/#&)'

25 

(int r) myproc (int i, int j)
{
    int f = F(i);    
    int g = G(j);
    r = f + g;
}

! ! !R'S'*&:'\R'S'%<9"-<-&2-:'%&'&*/7-'D#:-'#$'-V2-$&*"'9$#,$*<)'

! ! !R'S'*&:'\R'S'$F&'D#&DF$$-&2"3'%&':%i-$-&2'9$#D-))-)'

! ! $'%)'D#<9F2-:'L@-&'2@-3'*$-'1#2@':#&-'



Data locality in Swift/T   

! ! E#%&2'L#$B'L%2@'5&%7-$)%23'8*$"#)'((('R69*%&S'
! ! ?$#1"-<)'

–! 0#*:'1*"*&D-$'%)'&#2'"#D*"%234*L*$-'
–! A*)B)'D#<<F&%D*2-'2@$#F,@'2@-'9*$*""-"'K"-')3)2-<'R1#_"-&-DBS'

! ! I1O-D/7-)`'
–! (<9$#7-'2@-'9-$;#$<*&D-'#;'%&2-$42*)B'D#<<F&%D*/#&''

•! N*2*'"#D*"%23'
–! (&7-)/,*2-'2@-'2$*:-#i)'1-2L--&':*2*'"#D*"%23'*&:'"#*:41*"*&D-'%&'

L#$BM#L'-V-DF/#&'
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Approach 

! ! X-$DF"-)'
–! 9-$)%)2-&2'B-3'7*"F-')2#$-'1*)-:'#&'C-<D*D@-:'
–! I&4:-<*&:':-9"#3<-&2'#;')-$7-$)'#&'*99"%D*/#&'&#:-)'

! ! N*2*'9"*D-<-&2'#7-$'2@-')-$7-$)'
–! 8#&)%)2-&2'@*)@%&,'R#$%,%&*"'C-<D*D@-:S'
–! 0#D*"%234*L*$-'R%<9"-<-&2-:S'
–! 0#*:4*L*$-'RF&:-$'%<9"-<-&2*/#&S'
–! 8*9*D%23'*L*$-''

! ! .-L'6L%]'"*&,F*,-'D#&)2$FD2)'
–! 6#]'"#D*/#&`'1-)2'-i#$2'2*)B'9"*D-<-&2'
–! X*$:'"#D*/#&`'-&;#$D-':*2*'"#D*"%23''

27 

^V9"#%/&,':*2*'"#D*"%23'%&'6L%]HA'L#$BM#L)'F)%&,'X-$DF"-)Q'!$*&D%)D#'=#:$%,#'NF$#>'E*7%-$'\*$D%*'Z"*)>'!"#$%&'()*%"*>'E-)F)'
8*$$-2-$#>'EF)/&'CQ'G#J&%*B>'*&:'=#1-$2'=#))Q'?$#DQ'.^656'G#$B)@#9'dcbm'Q''
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c'

bcccc'

dcccc'

ecccc'

mcccc'

Ycccc'

fcccc'

gcccc'

pcccc'

p' bf' ed' fm' bdp'
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&

D
66

/(
6#

)(
7R

&
)>

/"
56

>
-5

)&
S

=
T

+
1U

&

V&W"/P(/&0"7(1&SAX&--0U&

F3$(C'"-I&J)/"06&J'#$#@3$3)I&C&D66/(6#)(7&K>/"56>-5)R&
YZ[\&]$(1&A&[Q^&=TI)(1&SH_WU&

\?!6' X^=850^6' X^=850^6'0I8+0(Aj'
Fusion Linux cluster 
•! 320 nodes, 2 x quad core, 36 GB RAM 
•! Infiniband QDR (4 GB/s) and gigabit ethernet 
•! GPFS: up to 2500 MB/s 



Outline 

! !+'1%2'#;'@%)2#$3'
! !(HI'D@*$*D2-$%J*/#&'
! !6%<F"*/#&'
! !A##")''
! !6D%-&/KD'L#$BM#L)'
! !N*2*')2*,%&,'D##$:%&*/#&'
! !?*$*""-"'(HI'*F2#2F&%&,'
'
'
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CLARISSE: Data staging coordination 

! ! E#%&2'L#$B'L%2@'5&%7-$)%23'8*$"#)'((('R69*%&S'
! ! 8@*""-&,-)'

–! 8#&DF$$-&2'9*$*""-"':*2*'M#L)''
–! 0*DB'#;':*2*')2*,%&,'D##$:%&*/#&''

–! +<#&,'*99"%D*/#&)''
–! Z-2L--&'*99"%D*/#&)'*&:'2@-')3)2-<'

–! (&D$-*)%&,')2#$*,-'@%-$*$D@3'
–! 8F$$-&2'X?8'62#$*,-'(HI')2*DB':%oDF"2'2#'#9/<%J-'

! ! \#*"`'#i-$'&#7-"'<-D@*&%)<)';#$':*2*')2*,%&,'D##$:%&*/#&'2#'
%<9$#7-''

–! 0#*:'1*"*&D-'
–! =-)%"%-&D-''
–! ?*$*""-"'(HI')D@-:F"%&,'

30 

!Q'()*%"*>'\*$D%*>'EQ>'8*$$-2-$#>'EQ>'=#))>'=Q'ZQ>'*&:'k%<9->'NQ>'qC*B%&,'2@-'8*)-';#$'=-;#$<%&,'2@-'(HI'6#]L*$-'62*DB'#;'
^V2$-<-46D*"-'63)2-<)r>'^+68'dcbeQ'^:%&1F$,@>'6D#2"*&:>'dcbeQ'
''



CLARISSE 

'
! ! .#7-"':*2*')2*,%&,'"%1$*$3'
! ! 6-9*$*2-:':*2*'*&:'D#&2$#"'M#L'R6N.4"%B-S'
! ! 8#&2$#"'1*DB9"*&-'

–! I&'2#9'#;'*'9F1H)F1')F1)2$*2-'R-Q,Q'Z-*D#&'D#<<F&%D*/#&'1*DB9"*&-S'
–! 5)-:';#$''

•! (HI')D@-:F"%&,''
•! 0#*:'1*"*&D-'
•! =-)%"%-&D-'
•! CF"/9"-')2*,-'D##$:%&*/#&'R-Q,Q'`'*,,$-,*/#&>')2#$*,-'(HIS''

! ! N*2*'9*2@'
–! 8#""-D/7-'*&:'%&:-9-&:-&2'(HI'
–! 8#&2$#"'1*DB9"*&-'F)-:';#$'D##$:%&*/#&'
–! +:*9/7-'1Fi-$%&,'''
–! 6F99#$2';#$'9*$*""-"'L#$BM#L)'RN-D*;S'''
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+99"%D*/#&'b' +99"%D*/#&'d'

6@*$-:')-$7-$)'

(HI'&#:-)'

!%"-')3)2-<'

.#:-'8#&2$#""-$'

+99"%D*/#&'8#&2$#""-$'

\"#1*"'8#&2$#""-$'

CLARISSE hierarchical control 
infrastructure 
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Dynamically eliminating loaded server 

c' dc' mc' fc' pc' bcc' bdc' bmc' bfc'

=-<#7-:'"#*:-:')-$7-$'

.#2'$-<#7-:'"#*:-:')-$7-$'

W/3)(&4<(&SYZ&"-(/#4"01`&YQa^Z&-/"'(11(1`&YZ[\+YZ[a&1(/N(/1U&

Detect loaded server 
Reconstruct server map 

New epoch with fewer servers 

33 



FCFS scheduling versus no scheduling 

34 

c' Yc' bcc' bYc' dcc' dYc'

b'

d'

W/3)(&4<($30(&2"/&)?"&-#/#$$($&'$3(0)1&?3)>&aX\Z&-/"'(11(1&(#'>&C&b"&
1'>(75$306&

c' Yc' bcc' bYc' dcc' dYc'

b'

d'

W/3)(&4<($30(&2"/&)?"&-#/#$$($&'$3(0)1&?3)>&aX\Z&-/"'(11(1&(#'>&C&F:FJ&
1'>(75$306&

c' Yc' bcc' bYc' dcc' dYc'

b'

d'

W/3)(&4<($30(&2"/&)?"&-#/#$$($&'$3(0)1&?3)>&c^XZ&-/"'(11(1&(#'>&C&F:FJ&
1'>(75$306&



Outline 

! !+'1%2'#;'@%)2#$3'
! !(HI'D@*$*D2-$%J*/#&'
! !6%<F"*/#&'
! !A##")''
! !6D%-&/KD'L#$BM#L)'
! !N*2*')2*,%&,'D##$:%&*/#&'
! !?*$*""-"'(HI'*F2#2F&%&,'
'
'
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Parallel I/O tuning motivation 

! ! XF,-'9*$*<-2-$')9*D-'#;'2@-')2#$*,-'(HI')#]L*$-')2*DB'
! ! N#<*%&'B&#L"-:,-'%)'%&D$-*)%&,"3'@*$:-$`')#]L*$-'*&:'

@*$:L*$-'D#<9"-V%23'
'

3
6 

(HI'!#$L*$:%&,'

?*$*""-"'!%"-'63)2-<)'

X%,@40-7-"'(HI'0%1$*$3'

(HI'C%::"-L*$-'

+99"%D*/#&'

Z"#DB'*"%,&<-&2>'D@F&B%&,>'-2DQ'

8#""-D/7-H%&:-9-&:-&2'(HI>':*2*')%-7%&,>'D#""-D/7-'1Fi-$')%J->'&F<1-$'#;'
*,,$-,*2#$)>'-2DQ'

62$%9%&,'F&%2>')2$%9%&,';*D2#$>')2$%9%&,'"*3#F2>'D*D@%&,>'9$-;-2D@%&,>'-2DQ'

62#$*,-':$%7-$)''



Modeling ROMIO collective I/O 

Analytical models 
for operation 

counts and sizes 

Data-driven 
performance 

models 

Analytical 
communication 

models 

Performance 
communication 

models 

Analytical 
storage 
models 

Performance 
storage 
models 

nodes (n) 
access size (sp) 

aggregators (na_pset) 
cb size (scb) 

Performance 
prediction 

Application-agnostic data 

Operation 
benchmarks 

Analytical 
model 

!Q()*%"*>'?Q'Z*"*9$*B*)@>'6Q'G%":>'NQ'k%<9->'=Q0*2@*<>'=Q=#))>'?QX#7"*&:Q'8#""-D/7-'(HI'2F&%&,'F)%&,'*&*"3/D*"'*&:'<*D@%&-'
"-*$&%&,'<#:-")Q'(&'?$#D--:%&,)'#;'(^^^'8"F)2-$'6-92-<1-$'dcbYQ''
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Conclusion 

! ! 62#$*,-'%)'9*$2'#;'*'@%,@'-&:'D#<9F/&,'-D#)3)2-<Q'
! ! X%)2#$%D*""3')2#$*,-'(HI'@*)'1--&'*')-D#&:4D"*))'

D%/J-&Q'
! ! Z%,':*2*'$-UF%$-)',"#1*"')#"F/#&)'''

–! !F&:*<-&2*"'$-:-)%,&'#;'2@-')#]L*$-')2#$*,-'(HI')2*DB'
–! (&2-,$*/#&'L%2@'$-)#F$D-'<*&*,-<-&2>')D@-:F"-$>'*&:'

L#$BM#L')3)2-<)'
–! 6#]L*$-':-K&-:')#"F/#&)'

! ! (&2-,$*/#&'#;'1%,':*2*'*&:'X?8')2*DB)'
'
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