
Geosciences HPC Workshop
26 September 2006

Overview of NCAR Cyberinfrastructure
Support for the Atmospheric and 
Related Sciences

Tom BettgeTom Bettge
Director of Operations and Services Director of Operations and Services 

Computational and Information Systems LaboratoryComputational and Information Systems Laboratory



Geosciences HPC Workshop
26 September 2006

The NCAR MissionThe NCAR Mission

To understand the behavior of the atmosphere and related To understand the behavior of the atmosphere and related 
physical, biological, and social systemsphysical, biological, and social systems

To support, enhance and extend the capabilities of the universitTo support, enhance and extend the capabilities of the university y 
community and the broader scientific community, nationally and community and the broader scientific community, nationally and 
internationallyinternationally
–– Provide robust, accessible, innovative and advanced services Provide robust, accessible, innovative and advanced services 

and toolsand tools
–– Capacity and capability supercomputingCapacity and capability supercomputing
–– Create an Earth System Knowledge EnvironmentCreate an Earth System Knowledge Environment

To foster the transfer of knowledge for the betterment of life oTo foster the transfer of knowledge for the betterment of life on n 
EarthEarth

From 1959 Blue Book:  “…..requires facilities and 
technological assistance beyond those that can be 
made available at individual universities.”
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OutlineOutline

High Performance ComputingHigh Performance Computing
Mass StorageMass Storage
Research Data Archive (RDA) StewardshipResearch Data Archive (RDA) Stewardship
Data Analysis and Visualization ServicesData Analysis and Visualization Services
Earth System GridEarth System Grid
Computational Science Computational Science –– Toward Petascale ComputingToward Petascale Computing



Geosciences HPC Workshop
26 September 2006



Geosciences HPC Workshop
26 September 2006

Communities ServedCommunities Served

Universities and Affiliates

NCAR

CSL - The Climate System Laboratory at NCAR
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The Computing Resource PieThe Computing Resource Pie

NCAR Computing ResourcesNCAR Computing Resources
–– Climate Simulation LaboratoryClimate Simulation Laboratory

multimulti--agency access for large climateagency access for large climate--related projectsrelated projects
–– UCAR CommunityUCAR Community

UniversityUniversity
NCARNCAR
NCAR Director’sNCAR Director’s
ReserveReserve

Facts and FiguresFacts and Figures
–– Active Users:  Active Users:  13451345
–– Projects:Projects:

CSLCSL 4747
UnivUniv 412412
NCARNCAR 283283

Directors 
Reserve

5%
NCAR
24%

CSL
47%

Universities
24%
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The Science PieThe Science Pie

Near the of FY2006, the combined peak production Near the of FY2006, the combined peak production 
supercomputing capacity at NCAR was over 15 TFLOPssupercomputing capacity at NCAR was over 15 TFLOPs

Roughly 64% ofRoughly 64% of
that capacitythat capacity
was used was used 
for climate for climate 
simulation simulation 
andand
analysisanalysis

IPCC
0.2%

Cloud Physics
2.7%

Upper Atmosphere
0.4%

Basic Fluid Dynamics
4.3%

Astrophysics
4.4% Atmospheric Chemistry

2.5%

Oceanography
6.1%

Weather Prediction
15.2%

Miscellaneous
0.8%

Climate
63.5%
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Managing NCAR HPC ResourcesManaging NCAR HPC Resources

Goals:Goals:
–– Fulfill missionFulfill mission
–– Ensure users/groups/ Ensure users/groups/ 

projects/proposals get fair projects/proposals get fair 
shareshare

–– Ensure equitable accessEnsure equitable access
–– Resource utilization is Resource utilization is 

maximizedmaximized
–– Flexibility exists to give Flexibility exists to give 

important projects priority important projects priority 
accessaccess

–– Flexibility exists to allocate Flexibility exists to allocate 
unanticipated scientific unanticipated scientific 
opportunitiesopportunities

Methods:Methods:
–– Allocation ProcessAllocation Process

Peer ReviewPeer Review
–– Resource SchedulingResource Scheduling

Recognizes Desired Recognizes Desired 
DistributionDistribution

–– Queue Priority StructureQueue Priority Structure
Premium Premium –– Regular Regular ––
Economy Economy -- StandbyStandby

–– Resource LimitsResource Limits
Wallclock TimeWallclock Time
Job SizeJob Size
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Allocation ProcessAllocation Process

University CommunityUniversity Community
–– Review Panel of peers from scientific community Review Panel of peers from scientific community 
–– Atmospheric and related sciences, lAtmospheric and related sciences, large allocation arge allocation 

requestrequest requires associated NSF grantrequires associated NSF grant
–– “seed” allocations to unsponsored graduate students, “seed” allocations to unsponsored graduate students, 

postdocs, and new faculty are availablepostdocs, and new faculty are available
–– Life of grant allocation period (term allocation)Life of grant allocation period (term allocation)
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Allocation ProcessAllocation Process

NCAR CommunityNCAR Community
–– Support NCAR scientific missionSupport NCAR scientific mission
–– Allocated annually by the NCAR DirectorAllocated annually by the NCAR Director
–– 12 month allocation period (monthly allocation)12 month allocation period (monthly allocation)

Climate System Laboratory (CSL)Climate System Laboratory (CSL)
–– Review Panel from Climate Programs (multiReview Panel from Climate Programs (multi--agency)agency)
–– Climate Change Science Program (multiClimate Change Science Program (multi--agency)agency)
–– LargeLarge--scale, long running simulations of the Earth’s scale, long running simulations of the Earth’s 

climate systemclimate system
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HPC Production Platforms HPC Production Platforms 

IBM IBM Power5Power5 p575p575

78 878 8--way nodes way nodes 

624 single core 1.9 GHz624 single core 1.9 GHz
Federation SwitchFederation Switch
4.7 Tflop Peak 4.7 Tflop Peak 
55 TB Disk Storage55 TB Disk Storage
210 kW210 kW

IBM IBM Power4Power4 p690p690

76   876   8--way nodesway nodes
31 3231 32--way nodes  way nodes  
1600 1.3 GHz pes1600 1.3 GHz pes
Colony SwitchColony Switch
8.3 Tflop Peak 8.3 Tflop Peak 
29 TB Disk Storage29 TB Disk Storage
400 kW400 kW

IBM Cluster e1350IBM Cluster e1350
SuSE LinuxSuSE Linux

132 2132 2--way nodes  way nodes  

264 2.2 GHz Opteron pes264 2.2 GHz Opteron pes
Myrinet SwitchMyrinet Switch
1.2 Tflop Peak 1.2 Tflop Peak 
6 TB  Disk Storage6 TB  Disk Storage
48 kW48 kW

IBM Power5IBM Power5 IBM Power4IBM Power4 Linux ClusterLinux Cluster
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Sustained Production GFLOPs Sustained Production GFLOPs 

Estimated Sustained GFLOPs at NCAR (Production Systems)
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High Utilization High Utilization 

Average % Utilization of Production
Systems

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

O
ct

-0
2

Ja
n-

03

A
pr

-0
3

Ju
l-0

3

O
ct

-0
3

Ja
n-

04

A
pr

-0
4

Ju
l-0

4

O
ct

-0
4

Ja
n-

05

A
pr

-0
5

Ju
l-0

5

O
ct

-0
5

Ja
n-

06

A
pr

-0
6

Ju
l-0

6

M
on

tly
 A

ve
ra

ge
 U

til
iz

at
io

n
bluesky blackforest

lightning bluevista



Geosciences HPC Workshop
26 September 2006

Short Queue Wait Times……Short Queue Wait Times……
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HPC Computational CampaignsHPC Computational Campaigns

DefinitionDefinition
–– Address capability or capacity computation which is otherwise Address capability or capacity computation which is otherwise 

difficult to obtain within NCAR’s resource scheduling mechanismsdifficult to obtain within NCAR’s resource scheduling mechanisms
–– Support near realSupport near real--time computational need  time computational need  

Recent ExamplesRecent Examples
–– CCSM climate simulations for participation in IPCC (24x7 use of CCSM climate simulations for participation in IPCC (24x7 use of 576 576 

processors over 1 year)processors over 1 year)
–– MHD Turbulence simulation with 1536MHD Turbulence simulation with 153633 grid points requiring grid points requiring 

100,000 pe hours100,000 pe hours
–– March 2006 realMarch 2006 real--time weather forecasts in support of field program time weather forecasts in support of field program 

for the Megacity Impacts on Regional and Global Environments for the Megacity Impacts on Regional and Global Environments 
(MIRAGE) in Mexico City(MIRAGE) in Mexico City

–– Spring 2004Spring 2004--2006 experimental, real2006 experimental, real--time convective storm time convective storm 
forecasts with WRFforecasts with WRF

–– SummerSummer--Fall 2005Fall 2005--2006 Atlantic hurricane forecasts with WRF2006 Atlantic hurricane forecasts with WRF
–– Summer 2006 special access by students in the ASP Colloquium Summer 2006 special access by students in the ASP Colloquium 

“The Art of Climate Modeling”“The Art of Climate Modeling”
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IBM BlueGene/L at NCARIBM BlueGene/L at NCAR

Blue Gene/L is managed by a 
partnership:
– NCAR
– University of Colorado – Boulder
– University of Colorado – Denver

Scalable platform for 
prototyping petascale 
applications.

Blue Gene/L will soon be 
deployed as a TeraGrid 
resource.

IBM BlueGene/LIBM BlueGene/L
1024 21024 2--way nodes  way nodes  
2048 0.7 GHz pes2048 0.7 GHz pes
5.73 Tflop Peak 5.73 Tflop Peak 
25 kW25 kW

BlueGene/LBlueGene/L
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NCAR Mass Storage SystemNCAR Mass Storage System

NCAR MSS - Data Holdings
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MSS Read Response TimeMSS Read Response Time
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Research Data Archives at NCARResearch Data Archives at NCAR

Collection of reference datasets used in atmospheric Collection of reference datasets used in atmospheric 
and related sciences and related sciences 
Over 600 datasets currently archivedOver 600 datasets currently archived
1010--20 new datasets added annually20 new datasets added annually
The RDA is maintained by 9 staffThe RDA is maintained by 9 staff
First established about 40 years agoFirst established about 40 years ago
All data on the MSSAll data on the MSS
–– Over 550K filesOver 550K files
–– Over 110 TB of dataOver 110 TB of data

Selected data is online……………Selected data is online……………

dss.ucar.edu



Research Data Archive, 
Service and Growth - FY06

Service:
• Unique users topped 5000

• majority (4.4K) on the 
public web servers (DSS 
server + CDP)

• Data provided is 93 TB
• 2:1 ratio, MSS to Web

Growth:
• Added 6.5 TB (9%) for total = 
76 TB on MSS

• Added 3.8 TB (39%) for total 
= 13.6 TB on web servers

0

1000

2000

3000

4000

5000

6000

Unique Users

MSS Web Special Requests

0

10

20

30

40

50

60

70

80

90

100

Data Provided

T
B

0

10

20

30

40

50

60

70

80

RDA on MSS

Before FY06 New FY06

9/21/06, final FY06 metrics tbd 10/06
0

2

4

6

8

10

12

14

16

RDA on Web Servers



Geosciences HPC Workshop
26 September 2006

Visualization and Analysis Platform for Visualization and Analysis Platform for 
oceanic, atmospheric, and solar Research oceanic, atmospheric, and solar Research 
(VAPoR)(VAPoR)

Key conceptsKey concepts
1.1. A A visual data discovery environmentvisual data discovery environment tailored toward the specialized needs  tailored toward the specialized needs  

of the geosciences CFD communityof the geosciences CFD community
2.2. Desktop viz and analysis of terascale datasets Desktop viz and analysis of terascale datasets in both large spatial and in both large spatial and 

temporal scalestemporal scales
3.3. Interactively steer the analysisInteractively steer the analysis
4.4. Employ multiresolution data representation as a Employ multiresolution data representation as a data reduction techniquedata reduction technique

This work is funded in part through NSF ITR program grant.

Size: Full    1/8    1/64  1/512

www.vapor.ucar.edu
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ORNL:  Climate storage &
computational resources

LANL:  High-resolution ocean
models & computing

USC/ISI:  Computational grids,
& grid-based applications

NCAR:  Climate change
predication and scenarios

LBNL:  Climate storage 
facility

LLNL:  Model diagnostics
& inter-comparison

ANL:  Computational grids,
& grid-based applications

The Earth System Grid
(ESG)

www.earthsystemgrid.org

http://www.earthsystemgrid.org/
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ESG: An Operational DataGrid for Climate Research
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NCAR and the TeraGrid  NCAR and the TeraGrid  

Announced at TG2006 in Indianapolis, June 2006
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Preparing POP for the PetascalePreparing POP for the Petascale

Parallel Ocean Program (POP)Parallel Ocean Program (POP)
–– Developed at Los Alamos National LaboratoryDeveloped at Los Alamos National Laboratory
–– Used with CCSMUsed with CCSM
–– Used to simulate basin flows and general oceanic circulation at Used to simulate basin flows and general oceanic circulation at 

very high resolution (0.1 degree) very high resolution (0.1 degree) –– “eddy resolving”“eddy resolving”
Performance EnhancementsPerformance Enhancements
1.1. Eliminate land points (from 2D to 1D data structure).Eliminate land points (from 2D to 1D data structure).
2.2. Redesign internal data structure (fixed block sizes, reduce loadRedesign internal data structure (fixed block sizes, reduce load

imbalance).imbalance).
3.3. Apply Space Filling Curves to improve scalability (enhance load Apply Space Filling Curves to improve scalability (enhance load 

balance).balance).
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POP 0.1 DegreePOP 0.1 Degree
BG/L ImprovementBG/L Improvement

Courtesy of John Dennis, NCAR

ideas 2 & 3:
blocks + SFC

idea 1:
1D data structures
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Questions and DiscussionQuestions and Discussion


	Overview of NCAR Cyberinfrastructure Support for the Atmospheric and Related Sciences�
	The NCAR Mission
	Outline
	Communities Served
	The Computing Resource Pie
	The Science Pie
	Managing NCAR HPC Resources
	Allocation Process
	Allocation Process
	HPC Production Platforms 
	Sustained Production GFLOPs 
	High Utilization 
	Short Queue Wait Times……
	HPC Computational Campaigns
	IBM BlueGene/L at NCAR
	NCAR Mass Storage System
	MSS Read Response Time
	Research Data Archives at NCAR
	Visualization and Analysis Platform for oceanic, atmospheric, and solar Research (VAPoR)
	NCAR and the TeraGrid  
	Preparing POP for the Petascale
	POP 0.1 Degree� BG/L Improvement
	Questions and Discussion

