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Our CPES workflow: muficale,
multi-physics, multcodes.(2004)
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Why talk about this at a Visualization meeting?

A All of the data being moved needs to be
analyzed/visualized.

A All of the data being coupled needs to be
visualized, to aid in debugging the science of
complex physical phenomena.

A How do you determine if there is a problem whe
coupling 10 codes, each running on over 10K
cores?

I Visualization is a key to aid in the developmerg
and understanding of the science.




Service Oriented Architecture

A 1/0 servicesEfficient Adaptable I/O support is critical

I This I/O service should be componentized so that it allows codes t
switch between and tune different methods easily.

I For example, a user may easily switch betweerd@sed 1/O to
memory-base I/O or to switch formats without changing any code, :
the while maintaining the same data model when switching I/O
components.

A Codecoupling service€Codecoupling services includes codes thz
can run on the same or different machines, codes that are tightly
coupled (memoryto-memory), as well as codes that are loosely
coupled (exchange of data through files).

A Automatic online (iftransit) data processingervices

I Examples : generating summary statistics, graphs, images, movies
etc. Efficient data movement services for distributing and archiving

B data are critical. ,




Service Oriented Architectu2

A Workflow engine orchestrates the execution of the components
within a simulation as well as exd-end application workflows

A Monitoring ServicedDynamic reatime monitoring of largescale
simulations (during execution) is critical
A Automated collection of provenance
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A Interfaces and portals

I Powerful, but simple to use, user interfaces (e.g., dashboards) pro
critical access to the simulation process and the data products for
understanding and exploration, as well as management andcontro




FIESTA

Framework for Integrated Erith-end SDM Technologies and Applications

A Adaptable I1/O

Dashboard
Wide-area
Dashboard. S movement

Workflow

Code Coupling. {
coupling
WANdata movement.

Provenance.

and
metadata

} Provenance

Adaptable I/O

o Do Do Do Do o

Visualization.

Bl Foundation technologies

B Enabling technologies

Approach: Place highly annotated, fast, easy-to-use I/O methods in the code,

which can be monitored and controlled; have a workflow engine record all of the

i nformation; visualize this on a dash
.. and have everything reported to a database
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ADIOS: Adaptable I/O System

AOverview |
!

“External
I Allows plugins for different I/O |mplementat|on cciorif e o i
I Abstracts the API from the method used for 1/C .

ASimple API, almost as easy as F90 wi
Statement

ASynchronous and asynchronous . IIII
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transports supported with no code
changes

AChange 1/0 method by changing XML
file only.

AADIOS buffers data.

AADIOS allows multiple transport
methods per group
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E

J. Lofstead, F. Zheng, S. Klasky, K. Schwan, Input/output APIs a
Data Organization for High Performance Scientific Computing
PDSW 2008.

Chimera I/O Performance (weak scaling)

10000 ¢
A Introd Ce ADIOS i : | —4#—NpI —¥—WPI CIO0 ——FOSI¥ =*0RI: ]-I5|
: g .
A GTC: 60% raw BW. 5 | T xseal
A Used multiple files, 2 . : __,/
by allowing scientist 2 |
to choose the best s
number of files based |
on their physics. = o1 |
A Chimera 1000x bettel
Z Lin, Y XiaoHolod W Zhang, W Deng, o _— e A IR i ' 2192
S Klasky, J Lofstead, C Kamath, and . )
N Wichmann Advanced simulation of . Elat mt;nlmur'? value f_n:-m 5tr_unst|t{1h9 resitﬁgl;.frun
electron heat transport in fusion plasmas * Error pars show maximum tume Tor the me e
SciDAQ009,Journal of Physics: Conferenc * Parallel HDF5 was hand coded by Chimera team A

Seriesl80, 012059 (2009).
A C S Chang et alWholevolume integrated

gyrokinetic simulation of plasma turbulence
in realistic diverteetokamakgeometry ADIOS 1.0: SC 2009 Release
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http://gk.ps.uci.edu/zlin/bib/SciDAC09p.pdf
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BP File Format.

Process Process Process Process Vars Attributes | Index Offsets
Group 1 | Group 2 Groupn | Group Index | Index Index and Version #

AJ. Lofstead, F. Zheng, S. KI a
Met adata Rich 1 O Methods for
IPDPS 2009, IEEE Computer Society Press 2009.

A Necessary to have a hierarchical view of the data (like
HDFD5).

A Necessary to have ways ¢asy extend arraysithout
moving data.

A Bp is metadata rich.

A Tested at scal€l40K processors for X@Ewith ove
In a single file for the 2009 Joule run.

A Used by many codes for restarts and analysis ou

— e —
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dzi . t -ZALE0 AYPINAEIeEE PG NBE NB |

from 3D and 1D domain decompositioinsim physics runs

Uniform Pixie Restarts, Read Performance, 8 3D variables, 3D domain GTC Particle Data (62 GR) writtan In ADIOS-5¢ from 32K cores
decomposition

8 15 /// ; | .‘/;“j ‘-’.\"‘
|/ 32GBlsreading |/ 35 GB/s on XT4 for
-/ Pixie3D data. il reading

5 |} GTC particle data

-
-

e keaders

A M. Polte J. Lofstead J Bent G. Glbson s Klasky, Q. Liu, M.
Parashar, N . PodhorszKki, K.
eat it too: High read performance in wrdptimized HPC 1/O

S

mi ddl eware fil e for matso, PDS

A Reading of data from the same number of processors, more

processors, or less processors results in high performance readi

I Compared to other parallel file formats, ADIEB® at least as fast when
reading in all of the variables from a file.

Center for Plasma Edge Simulation “atiuonad Labmr




bpls(can extract any portion of data).

A $time /ccd projle2e/pnorber/ADIOS/ADIOS/trunktils/ bpls bpls - record.bp-v
of groups: 1
of variables: 32
of attributes: 0
time steps: 10 starting from 1
file size: 162 GB
bp version: 1
Group record:
double /time {10} = 0.003 / 0.03
integer fAtime {10} =3/ 30
double /dt {10} = 0.001 / 0.001
integer /nvarscalar = 8
integer /dimensions/nxd+2 scalar = 1026
integer /dimensions/nyd+2 scalar = 514
integer /dimensions/nzd+2 scalar = 514
double Narivl {10, 514, 514, 1026} =1/1
double /var/v2 {10, 514, 514, 1026} 2.07946e06 / 3.43263e08
double NMar/v3 {10, 514, 514, 1026}-%.17581e10 / 1.24015€10
double Nariv4 {10, 514, 514, 1026}-3.65092e13 / 3.65092€13
double Aharlv5 {10, 514, 514, 1026}-¥.95953el11 / 7.95953¢€l11
double Narlv6 {10, 514, 514, 1026}-6.184178 / 0.0123478
double Narlv7 {10, 514, 514, 1026}-6.000488281 / 0.984914
double Nar/v8 {10, 514, 514, 1026} =0/0
byte /name/vl_name {20} = 32/ 111
byte /name/v2_name {20} = 32/ 94
byte /name/v3_name {20} = 32/ 94
byte /name/v4_name {20} =32/94
byte /name/v5_name {20} = 32 /94
byte /name/v6_name {20} =32/94
byte /name/v7_name {20} =32 /94
EEmeee. byte /name/v8 name {20} = 32/ 101

EE: EM integer bconds{48} =-4 /7 gPES

::::' CENTER real Om2.091s
[Sn =i a& as =8
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ADIOS BP VisitMatlab Readers

D8: out
Cycle: 3

.‘
G

= 1000

Arz=adiosread(meshfile,'/coordinates/values");
Avar=adiosread(pfile,'pot3d','/node_data[1]/values’);
Avisit BP reader is parallel.

AGives us a 2x speedup for XGC data over other popular file
formats.

Matlab jobs will also be allowed to be submitted from the
dashboard.

L LLLL
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Use staging nodes to focus on buffered asynchronous
/O to focus on aggregates not peaks

A Abbasi, H., Wolf, M., Eisenhauer, G., Klasky, S., Schwan, K., and Zheng, F. 2009.
DataStagerscalable data staging services for petascale applicatiofsdredings of the
18" ACM international Symposium on High Performance Distributed CompHifigC

- »
Computational Nodes =

'09.

AReduces performance linkage
between |I/O subsystem and
application

AEnables optimizations based
on dynamic number of writers

| v

I/0 Nodes

AHigh bandwidth data extraction
from application
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But can we do more than just I/0O?

A H. Abbasi, J. Lofstead, F. Zheng, S.
Klasky, K. Schwan and M. Wolf,
"Extending 1/O through High 100

Visible I/0O Overhead Comparison for CHIMERA

Performance Data Services", Cluster

1

Computing 2009, New Orleans, LA,
August 20009.
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data filtering
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