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J. Wu, A. Sim -- LBNL 
S. Klasky, J. Choi -- ORNL 

C. S. Chang -- PPPL 

Project Goals/ Research Challenges 

•  Create&a&framework&to&allow&researchers&to&conduct&
distributed&analyses&on&extreme&scale&data&efficiently&
and&easily&&

•  Increase&the&data&handling&capability&of&collabora@ve&
workflow&systems&by&leveraging&ADIOS,&and&
FastQuery&to&provide&selec@ve&data&accesses&&

•  Enable&large&interna@onal&projects&to&make&near&
realL@me&collabora@ve&decisions&&

•  Allow&workflows&to&be&modified&dynamically&for&
evolving&user&requirements&&
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•  Increase&the&produc@vity&of&diverse&teams&of&scien@st&by&
crea@ng&an&efficient&collabora@ve&data&management&
system&which&can&
–  Componen@ze&the&I/O&abstrac@on&for&data:&chunks,&streams,&
files&

–  Record&and&capture&data&provenance&for&all&stages&of&the&
collabora@ve&scien@fic&workflow&

•  Create&a&paradigm&for&KSTAR&scien@sts&to&collaborate&
during&and&between&shots&for&analy@cs&to&make&realL@me&
decisions&

•  Silly&thought&“Exascale&compu@ng&has&similar&data&
challenges,&so&leverage&each&other&to&build&common&reL
examine&research&tools&and&technologies&for&ICEE.”&

Ultimate Goals 

•  Big&Data&is&taking&the&world&by&storm!&
•  KSTAR&has&similar&characteris@cs&

–  Volume&:&&
–  Velocity&
–  Variety&

•  Square&Kilometer&Array&has&similar&aspects&(explains&my&
recent&trip&to&Perth)&

•  Shots&grow&from&1s&to&500s&
–  Move&from&files&to&streams,&from&a_er&shot&to&during&shot&analysis&

•  Must&understand&how&we&can&accelerate&workflows&
–  Dynamic&workflows,&minimize&data&movement,&maximize&produc@vity&
–  Can&write&equa@ons&to&op@mize&collec@ve&services&

•  Good&news&is&that&KSTAR&is&a&solvable&problem&for&the&3Vs,&
and&Fusion&scien@st&have&collaborated&for&years.&

Why Now? 
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Create an I/O Abstraction 
•  An&I/O&abstrac@on&framework&&

•  Provides&portable,&fast,&scalable,&easyL
toLuse,&metadata&rich&output&&

•  Change&I/O&method&onLtheLfly&

•  Abstracts&the&API&from&the&method&
hap://www.nccs.gov/userLsupport/
centerLprojects/adios/&

•  Provides&typical&
10X&performance&
improvement&for&
synchronous&I/O&
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Create a Staging Area with the Same 
Abstraction 

•  Ini@al&development&as&a&research&effort&to&minimize&I/O&overhead&

•  Draws&from&past&work&on&threaded&I/O&

•  Decouples&the&I/O&performance&from&the&File&System&

Hasan&Abbasi,&Maahew&Wolf,&Greg&Eisenhauer,&Scoa&Klasky,&Karsten&Schwan,&Fang&Zheng:&DataStager:&scalable&data&staging&services&for&petascale&applica@ons.&
Cluster&Compu@ng&13(3):&277L290&(2010)&
Ciprian&Docan,&Manish&Parashar,&Scoa&Klasky:&DataSpaces:&an&interac@on&and&coordina@on&framework&for&coupled&simula@on&workflows.&Cluster&Compu@ng&
15(2):&163L181&(2012)&

Applica'on*

Writer*

Storage*

Staging*Area*Using&Staging&for&I/O&

Run$me'Overhead'comparison'for'all'
evaluated'scheduling'mechanism'16'Stagers'

Scheduling&technique&
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•  All&data&chunks&are&from&a&
single&producer&
–  MPI&process&

–  Single&diagnos@c&
•  Ability&to&create&a&separate&

metadata&file&when&“subL
files”&are&generated&

•  Allow&code&to&be&integrated&
to&streams&

•  Allows&variables&to&be&
individually&compressed&

•  Format&is&for&“dataLinL
mo@on”&and&“dataLatLrest”&
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Create Self-describing Format for Data Chunks/
Streams 

Data in File Vs. Data Stream 

•  Research&issues&in&streamLbased&data&process&
–  Priori@za@on&of&data&streams&for&“individual”&consumers&

–  Priori@za@on&of&data&streams&for&“collabora@ve”&consumers&

•  Move&work&to&data&or&data&to&work?&

Data&Genera@on&
(Experiments&or&
simula@ons)&

Data&Hub&

Analysis&

Analysis&

Analysis&

Data&Stream&

MemoryLtoLmemory&data&delivery&(code&coupling)&
Transparent&workflow&execu@on&
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New ICEE STREAM Method 

•  New&module&for&ICEE&
–  Designed&for&WAN&
communica@on&

–  Using&EVPath&package&(GATech)&
•  Advantages&
–  FFS:&Data&transforma@ons&for&
high&performance&applica@ons&

–  Easy&to&build&an&overlay&
network&

–  CoD&(CLonLDemand)&features&to&
process&data&while&moving&

Socket&
TCP/IP&

Connec@on&Manager&
(TransportLindependent)&

Fast&Flexible&Serializa@on&
(FFS)&

I/O%framework%

Other&
Module&
(ATM,)&

…&

Applica@on&

Wide&Area&Network&(WAN)&

EV
Pa

th
%

ICEE System Overview 

Milestone PHASE I CommissioningPHASE IIIPHASE II

KSTAR Project
Start

CR DPD PVR TSER ASER FCS FER BO Assembly
Finish

1st
Plasma

Facility Construction Facility Design Basic Facility Construction 

Main Tokamak System
Concept
Definition

Conceptual
Design

Tokamak Systems R&D

- Vacuum Vessel / Cryostat 
& Support Structure

- PFC / In-Vessel Coils

- Superconducting Magnets

Ancillary Systems

Assembly & Operation

Ancillary Systems R&D

- Aux. Heating Sys
- Vacuum Pumping Sys
- Power Supply Sys
- Diagnostic Sys
- Control & Data Sys

KSTAR SUMMARY SCHEDULE [Update 3D]

Engineering Design 

Final Design & Preproduction Test 

Engineering Design 

Final Design 

Fabricate Conductor 

Engineering Design 

Final Design 

Prepare Area
& Assembly Tooling

Integrated
Sys Test

First 
Plasma

TF 00 TF1-6

PF1-4

Basic
Design

Fabricate Baseline 
Ancillary Systems

Fabricate
PFC / Others

Fab. PF-5U PS Fab. TF PS Fab. PF-1,3UL PS Fab. PF-2,7 PS Fab. PF-4UL, 5L, 6UL PS 

Deliver ECH Deliver ECH 
Local I&C

Install 
Basic Diag.

Fab. VV Fab. Cryostat / Support Structure

Fab. Inboard Limiter

TF/VV Upper
PF/CS

Lower
PF

Assemble & Install

Ports / Others

PF6-7 PF5

Fabricate T.F.S.C.M.
TF7-10 TF11-16

Fabricate P.F.S.C.M.
BKG

Special Facility Construction 

Special Facility Engineering Design Research Building

Nb3Sn 8T Nb3Sn 7T Nb3Sn 8T Nb3Sn 4T

NbTi 12T

Start Date                       951228
Data Date                       010531

Raw&Data&

Experimental&Data&
Genera@on&

FastBit&
Indexing&

ICEE&
Server&

Index&
Analysis& Analysis&

FastBit&
Query&Processor&

Data&Hub&

Staging&Area&

Provenance&
Repository&

Remote&Staging&Site&
(Korea&NFRI,&…)&

Local&Site&
(LBNL,&ORNL,&PPPL,&…)&

Network&Stub&

Data&
Mining&
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Knowledge Discovery In 
Collaboratories 

•  Collec@ng&provenance&data&
–  Data&lineage&(tracking&inputs&and&outputs,&metadata,&data&
loca@ons,&…)&

–  Data&access&paaerns&&
•  Mining&hidden&knowledge&to&support:&
–  Parameter&sensi@vity&study&(UQ,&…)&

–  Access&predic@on&and&data&prefetching&to&reduce&latency&
–  Informa@on&for&performance&tuning&

–  Extract&common&knowledge&

•  Such&ac@vity&should&be&performed&transparently&and&
efficiently&!&Transparent&plugLin&approach&

Mining Provenance Data of I/O 
•  Provenance&module&for&middleware&
•  Store&and&index&user&data&access&

ac@vi@es&
•  Transparently&integrated&with&

scien@fic&and&visualiza@on&
applica@ons&(e.g.,&VisIt)&

•  Mining&provenance&data&for&IO&
prefetching,&autoLtuning&
applica@ons,&etc.&

IO Service!

Predictor!
Engine!

Context-based Training Set!

Provenance!
Service!

Provenance 
DB!

ADIOS!

Context Mining 
Engine!

File System!

Scientific 
Applications!
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J.&Choi,&H.&Abbasi,&D.&Pugmire,&S.&Klasky,&J.&Qiu,&G.&Fox,&“Mining&
Hidden&Mixture&Context&With&ADIOSLP&To&Improve&Predic@ve&
PreLfetcher&Accuracy”,&escience&2012&
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Stream-based Dynamic Workflow 

•  Integra@ng&I/O&system&with&workflow&concept&
–  To&support&seamless&data&processing&

–  To&provide&endLtoLend&data&access&pipeline&
•  Various&strategies&
– Management:&centralized,&hierarchical,&distributed,&…&

–  Execu@on&models:&sta@c,&dynamic,&justLinL@me,&…&

– Workflow&defini@on:&scripts,&languageLbased&defini@on,&
embedded,&…&

•  EVPathLbased&WAN&communica@on&
–  MemoryLtoLmemory&coupling&through&WAN&or&between&
ins@tu@ons&

–  Tested&between&ORNL&and&LBNL&
–  Integrate&with&RDMA/Globus&“if&necessary”&

•  CoD&(CLonLDemand)&
–  Dynamic&code&genera@on&
–  Inves@ga@ng&data&processing&with&CoD&on&transmirng&nodes&
(relay&nodes,&routers,&network&H/W,&etc.)&

•  S@ll&need&to&address&the&“difficult”&challenges&
–  Where&are&the&“workflows”&stored&and&communicated?&
–  How&do&we&allow&for&Adap@ve&workflows?&
–  How&do&we&minimize&the&data&movement?&

Collaborative Data Analysis 
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Diving into Some Detail 

• How&to&pinpoint&interes@ng&data&records&
• How&to&find&interes@ng&features&

Pinpointing the Interesting data: 
FastBit Index 

•  Problem:&given&a&large&data&collec@on,&quickly&find&records&sa@sfying&userL
specified&condi@ons&
–  Example:&in&billions&of&highLenergy&collision&events,&find&a&few&thousand&

based&on&energy&level,&number&of&par@cles&and&so&on&
•  Solu6ons%

–  Algorithmic%research:&developed&new&indexing&techniques,&achieved&
10L100&fold&speedup&compared&with&exis@ng&methods&

–  Efficient%soFware:&available&open&source,&received&a&R&D&100&Award&
•  Enabled%science%%

–  Laser%Wakefield%Par6cle%Accelerator:&FastBit&acts&as&an&efficient&backLend&
for&iden@fying&and&tracking&par@cles&(lower&le_&figure)&

–  Combus6on:&FastBit&iden@fies&igni@on&kernels&based&on&user&specified&
condi@ons&and&tracks&evolu@on&of&the&regions&

•  Tes6monial%�FastBit&is&at&least&10x,&in&many&situa@ons&100x,&faster&than&
current&commercial&database&technologies��–"Senior"So)ware"Engineer,"
Yahoo!&

1999!
Start!
research!

2008!
- R&D100 Award!
- Yahoo! begin use!

2001!
 WAH!
published!

2004!
WAH!
patented!

2006!
- Query Driven Vis!
- Published theory!

2007!
- FastBit released!
- BioSolveIT begin use!

[Wu, et al. 2009]!
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SPEED: >10X Faster than CommON DBMS 

"  Queries&5&out&of&12&most&
popular&variables&from&
STAR&(2.2&million&
records)&

"  Average&aaribute&
cardinality&(dis@nct&
values):&222,000&

"  FastBit&uses&WAH&
compression&

"  DBMS&uses&BBC&
compression&

"  FastBit&>10X&faster&than&
DBMS&

"  FastBit&indexes&are&30%&
of&raw&data&sizes&

5-dimensional!
queries!

>10X faster!

[Wu, Otoo and Shoshani 2002]!

•  The&figure&below&compares&the&sizes&of&a&bitmap&index&
against&a&BLtree&index&(for&1,000,000&records)&
–  Bitmap&index&could&be&much&smaller&than&the&widely&used&BL
tree&index&

•  General&strategies&for&controlling&index&sizes&
–  Reduce&precision&(binning),&reduce&granularity&(indexing&blocks),&
complex&bitmap&encoding&

SIZE: Can be Controlled 
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WHY IS NOT EVERYONE RUSHING 
TO USE FASTBIT? 

•  Challenge:&using&indexes&can&significantly&speed&up&data&
accesses,&but&building&indexes&takes&a&lot&of&@me&

•  Observa6on:&building&index&requires&reading&all&raw&data,&
which&can&be&very&@me&consuming&

•  Solu6on:&avoid&reading&data&from&disk&by&building&indexes&
in&transit&

Periodic!
Data!
Generation!

T1, TN+1, ..! S1!

S2!

SN!

T2, TN+2, ..!

TN, T2N, ..!

Storage!
System!

I1, IN+1, ..!

I2, IN+2, ..!

IN, I2N, ..!

Compute Node! DART Server!

Staging Node!

Schematics of In Transit Indexing 

Split data by 
time step!

Staging node builds 
index directly from 

the given data!
Details in paper:!
Kim et al, LDAV, 2011!
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In Transit Indexing Reduces Read Time 

Data Sizes!
Small: 3.6GB!
Medium: 27GB!
Large: 208GB!
Large2: 173GB!

•  Gerng&data&from&other&processors&could&be&400x&faster&than&
gerng&data&from&disk&

Franklin @ LBNL!
•  ~10000 nodes!
•  8 cores!
•  8 GB memory!
•  Lustre file 

system!

400X!

Knowledge Discovery & Data Mining 
Problems 

•  Discovering&and&mining&knowledge&from&the&workflow&
provenance&data&
–  Accumulated&and&collected&provenance&informa@on&

–  Study&the&viability&of&predic@ng&data&access&requirements&for&the&
en@re&set&of&users.&

–  Various&clustering&or&classifica@on&algorithms&(e.g.&modelLbased&
clustering,&highLdimensional&data&clustering,&pairwise&data&clustering,&
support&vector&machine,&etc.)&can&be&used&

•  Data&access&paaern&recogni@on&
–  Increasing&data&preLcaching&chances&to&reduce&data&acquisi@on&latency&&
–  Keeping&up&with&a&quickly&evolving&set&of&user&requirements&

–  The&data&access&paaerns&can&be&used&to&select&indexing&op@ons&for&the&
data&and&to&minimize&the&data&movement&in&workflow&orchestra@on.&
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Validating workflows 
•  Valida@ng&workflows&for&changing&condi@ons&based&on&

machine&learning&
–  Knowledge&discovery&in&the&collaborator&workflow&system&can&validate&

realL@me&or&nearLline&workflow&condi@ons&based&on&the&previous&
cases.&

–  Plan&to&study&adap@ve&CBR&for&the&dynamic&workflow&valida@on&model&
to&validate&the&changing&condi@ons,&and&provide&the&workflow&system&
with&learning&capabili@es.&

Mobile access to  
remote workflow monitoring 

•  To&explore&tablet&mobile&compu@ng&support&in&collabora@ve&
environment,&plan&to&study&the&following&
–  Remote&monitoring&and&control&of&the&workflow&and&data&analysis&

•  Mobile&distributed&access&to&the&monitoring&informa@on&for&the&workflow&
and&data&analysis,&through&tablets&with&iOS&or&Android&OS&

•  Tablet&access&to&monitor&and&update&the&workflow&

•  Tablet&access&to&the&results&of&the&workflow&
•  Tablet&access&to&analysis&results&and&science&discovery&

–  Explora@on&of&mobile&tablet&compu@ng&in&science&
•  Exploring&mobile&tablet&compu@ng&as&a&compu@ng&resource&for&data&
analysis&

•  Exploring&mobile&tablet&compu@ng&as&a&collabora@ve&tool&
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•  ICEE&is&inves@ga@ng&&ways&to&op@mize&the&realL@me&decision&
making&process&for&the&interna@onal&KSTAR&experiment&
–  New&method&in&I/O&abstrac@on&fort&WAN&data&movement&with&

efficient&data&I/O&on&LCFS&and&small&clusters&
–  Research&state&of&the&art&indexing&and&queries&into&I/O&pipelines&
–  Research&the&inclusion&of&COD&+&workflows&embedded&into&data&

streams&
–  SCL13&paper&in&prepara@on&

•  Many&challenges&remain&
–  Op@mizing&indexing&@me&–&data&movement&@me&
–  Op@mize&queries&across&ensembles&of&workflows&
–  RDMA&over&the&WAN&from&KSTAR&to&LBNL/ORNL/PPPL&
–  Op@miza@ons&of&ensembles&of&workflows&
–  Crea@on&of&new&services&for&the&larger&CS/physics&community&

Summary 


