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About the Workshop

Verification, Validation and Uncertainty Analysis in High-
Performance Computing

Organizers: Laura L. Pullum (Oak Ridge National Laboratory), Robert M.
Patton (Oak Ridge National Laboratory), Thomas E. Potok (Oak Ridge

National Laboratory)

High-performance computing applications (HPC) have historically advanced the
frontier of software complexity, and next generation HPC environments will
increase substantially further. The nature of HPC introduces verification, validation
and uncertainty analysis (VV&U) challenges that are perhaps unique to the field.
Many HPC applications are simulation-oriented which further exacerbates the
difficulties by introducing additional validation requirements and possibilities for
uncertainty in the results. Unfortunately, HPC application software VV&U do not
have a strong tradition since most of the work related to this area has been heavily
focused on tolerance to faults due to hardware failure. This workshop will provide a
forum for evaluating, sharing, and creating ideas for validation, verification, and
uncertainty analysis of HPC applications. For more information go to
http://aser.ornl.gov/events/sc2010

VCL-Uncertainty Analytics/V9/SC10/Nov10
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About the Talk

Workflow Management Support for Uncertainly Analysis
Speaker: Mladen A. Vouk (NC State University)

This talk discusses functionalities of the DOE SDMC FIESTA scientific
workflow support framework (Kepler, Dashboard, Provenance, etc.)
that are relevant in the context of uncertainty analyses for both
tightly and loosely couple problems. It also presents a cloud-based solution
for housing FIESTA (Framework for Integrated SDM Technologies
for Applications) workflows. NC State's Cloud Computing technology -
Apache VCL, service-oriented cloud technology is eminently suitable for
construction of sub-clouds, especially analytics sub-clouds. It currently
supports Scientific Workflow engine such as Kepler, High-Performance
Computing, ample storage, and a range of individual analytics engines and
technologies - such as SAS-based, R-based, SPSS- and Cognos-based
analytics software, Running uncertainty analyses in this domain 1s natural.

VCL-Uncertainty Analytics/V9/SC10/Nov10
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~ 1 zettabyte on Internet; Challenge: collection, collation, finding,

We are experiencing an information explosion

Every day, at least 15
petabytes of new information
are being generated. (in 2010
codified information base
was expected to double
every 11 hours)

S~

42% of managers say they use |

the wrong information at least

80% of new data growth is
once per week-

unstructured content or content
with hidden structures, e.g.
email, blogs, web pages, white
papers, images, video and
audio. A lot is “content in the
wild”.

VCL-Uncertainty _Analytics/V9/SC10/Nov10
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http://www.er.doe.gov/ascr/Misc/GrandChallenges.html

DOE ASCR Grand Challenges

Over two years, 9 reports covering: Biology, Climate, Fusion, High-
Energy (Quantum) Physics, Security, Nuclear Physics, Nuclear
Energy, Modeling and Simulation for Environment, Exascale
Workshop

Grand view (1,327 pages — all 9 reports)

Comput(*): 5,598 references

Data(*) : 2747 references

Analys(*) : 938 + Analytic(*) : 95 references
Uncertain(*) . 762 references

Secur(*) : 582 references (371 from the security report)
Reliab(*) : 220, Fault-toleran (*)

I/O : 142 references (input: 220, output 198 references)
Workflow(*) : 116 references

Cloud(*): 90 references, but only about 5 or so refer to cloud
computing

*\ -
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Strategic

Analytics

e Essential in scientific discovery and in everyday life.

— Data analytics underlie decision support in critical information
technology-based or -assisted systems such as health care,
power grids, transportation systems, military logistics and

tactical systems, intelligence gathering systems, air traffic
control, etc.

— Advanced analytics is also essential for modern financial,
marketing and sales decision making.

— Complexity of associated algorithm and solutions is growing,
and the required analysis response times are getting shorter.
e This indicates a need for a very flexible, dynamic and
mobile computational platform that minimizes
Information technology overhead and maximizes end-
user effectiveness in the end-user domain.

K@ L VCL-Uncertainty Analytics/V9/SC10/Nov10 6



Strategic
Analytics of Uncertainty

* “Lies, damned lies and analytics”

— Uncertainty underlies almost all computational,
analysis, searching, pattern matching, specification,
experimental, etc., activities.

— How to recognize it, express it, and possibly quantify
It Is a key element of risk-analysis.

— Uncertainty analysis Is receiving an increasing
amount of interest as we move to faster computers,
more data, and a greater reliance of all decision
making on data analytics, simulations and
computationally supported experiments.

* Risk = P(unfavorable event) * loss

* Error, upper/lower bound, range, conditional
probability, sensitivity analysis, pattern match,
social behavior variance, etc., etc.
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Analytics Cloud (2)

» A flexible distributed computing model (cloud) works for
many uncertainty computations and that workflow support is
needed to manage that.

e Because

— Computational environment needs to be sensitive to data location,
domain and analytics, as well as security, privacy and preferences
ISsues.

— It needs to optimize workloads/workflows according to identified
“bottlenecks” — from data-models and real physical issues (e.g., data
movement rates, to security concerns, to perceived problems based
on user preferences, to application characteristics, etc.).

— Configuration needs to be flexible (“elastic”) - details depend on
whether differentiated (can be re-configured at will by end-user) or
undifferentiated (can only be used “as is”) resources are used, and
whether analytics moves to the data, or it is possible to move data to
analytics engines.

K@ L VCL-Uncertainty Analytics/V9/SC10/Nov10 3



_ _
Supporting Uncertainty Analysis

* Facilities
— HPC shared and distribtued memory modeling, hybrid models
— Ability to launch a number of what-if simulations, repetitive tasks
— Workflow support
— Storage management
— Sub-cloud generation (Cloud Computing)
— Version management

e There are many uncertainty analytics needs
— Text analytics and uncertainty software
— Statistically-based uncertainty software
— Reliability of model prediction, comparisons
— Risk modeling, security assessment, noise recognition

— Tools for assessing uncertainty in unstructured, qualitative,
guantitative, and “in the wild” data,

K@L - Other e VCL-Uncertainty_Analytics/V9/SC10/Nov10 9



_ _ Strategic
U-Analytics and Security

e Secure Analytics (how to do analytics securely)

— Information technology related security for critical systems often
focuses on the use of intrusion detection, firewalls, and encryption to
protect the infrastructure and the endpomts of data transmission and
exchange.

— This is far from enough. Ensuring that analytics is done in a secure
and privacy-preserving manner is paramount for the soundness of the
recommendations that come from the analytics, and for preserving the
privacy and reputations of individuals and organizations whose data is
analyzed.

— In addition to traditional data security, analysis also has to focus on the
analytics engines and their mode of use, as well as on the training
end-users have received.

« Security Analytics (how to assure security through
analytics)

— Furthermore, analytics can be used to check on the security of -
software-based systems and insure that they are secure and privacy-
preserving.

« Both cases require considerable knowledge of the
domain in which the transactions, data collection, and
KC data processing occur.
CL

VCL-Uncertainty Analytics/V9/SC10/Nov10 10
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Echo System

Service Oriented

enhancing
(SOA) Domain
U-Analvytics
Supercomputers & Other
+ Cloud Services
Bare-Metal & (€.9., wif) Authentication
Virtualized) Authorization
Resources & Accounting Data,
Services o Data,
- Reliability Data
& Fault

Tolerance

o Where are exactly
Provenance ﬁ&‘ Is my data?
Meta-Data =ELUILY

Who is sharing
hardware and O/S
with me?

Client
(End-User)
Portal

U-Analytics
K Cloud S
CL VCL-Uncertainty_Analytics/V9/S

In-situ processing?
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Sc:ence CENTER bt

Key Partners

How to do it: Workflows + Cloud

Using Department of Energy
Scientific Data Management Center for Enabling Technologies

Framework for Integrated SDM Technologies for Applications
(FIESTA)

https://sdm.lbl.gov/twiki/bin/view/SDMCenter/WebHome

Using Open Source Kepler Workflow Technology
(https://kepler-project.org)

Using NCSU VCL Cloud Technology
(http://vcl.ncsu.edu)

K@ L VCL-Uncertainty Analytics/V9/SC10/Nov10 12
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Why Workflows Work?

o Uncertainty analysis often requires

— Repeated data movements

— Thousands of runs and possibly runs at many
different locations (perhaps with different parameters)

— Job monitoring
— Post-simulation data transfers
— Post-processing analytics

— Frequent repetition of the all of the above after the
models, data, or inputs have been changed

— Other ...
 Many workflow support systems exist

C L VCL-Uncertainty Analytics/V9/SC10/Nov10 13
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Example — Computational
Astrophysics

« Dr. Blondin is carrying out research in the field of

Circumstellar Gas-Dynamics. The numerical hydrodynamical

code VVH-1 is used on supercomputers, to study a vast array of
objects observed by astronomers both from ground-based
observatories and from orbiting satellites.

The two primary subjects under investigation are interacting
binary stars - including normal stars like the Algol binary, and
compact object systems like the high mass X-ray binary SMC
X-1 - and supernova remnants - from very young, like SNR

1987a, to older remnants like the Cygnus Loop.

Other astrophysical processes of current interest include
radiatively driven winds from hot stars, the interaction of
stellar winds with the interstellar medium, the stability of

radiative shockwaves, the propagation of jets from young
stellar objects, and the formation of globular clusters.

VCL-Uncertainty Analytics/V9/SC10/Nov10
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The Big Picture: Supporting the Scientist

From “Napkin Drawings”

.. to Executable Workflows

Conceptual SWF

, L — ""| Executable SHF
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John Blondin, NC State
Astrophysics
Terascale Supernova Initiative Lj’““ — -
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Scientific Workflow Automation (e.g., Astrophysics 2007)

In conjunction with John Blondin, NC State University
Automate data acquisition, transfer and visualization of a large-scale simulation at ORNL

] 'fgggef?lztse (t;) Logistic Network
Input S 50+GB each) L-Bone or bbcp Local Mass
Data Storage 14+TB)
»
VH1+
Depo
Local 44 Proc,
Data Cluster I I
_ - data sits on local nodes for weeks
H lghly Output Provenance

Parallel ~200x500
Compute  files

Viz Viz Software
Wall

— _ lel‘Vlgl,SC.L\.-lll‘lUVJ-.U 16
CL Viz Client

Web
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4 file:/C:Documents and Settings/vouk/Desktop/Blondin¥Workflow3. >aml
File Edit Miew ‘Workflow Tools ‘Window Help

eeaKaZPN@»mucooe

Cumpanentsl Data |

[

H

Search @supercomputer_user: vouk
ssupercomputer_host: sdm7.csc.necsu.edu
| PN Director #localcluster_user: vouk

[] Search repositary #localcluster_host sdm7.csconesu.edu
ewflow_dir: homehoukMWFLOW!

[ Search ” Reset ] ®supercomputer_bin: homehoukbing
#localcluster_bin: homehouk/bin/
@ Cormponents
@ Projects . .
- @ Discipines Synchronous automation of a s.ubmlt-tra.nsfer-analyze
- Y Statistics workflow (based on Astrophysics/Blondin Workflow)

Submit Job to Supercomputer via S5H;
Run simulation in parallel;
Prepare results for bulk transfer.

Transfer results from supercomputer
to post-processing.

Collect Connection Permisions Submit Job Transfer Files

Post-processing Visualization Processing Visualization Display
Srornen s ot st ot o Slicing and dicing for processing Use Ensight to generate images Display the image/animation
by visualization cluster of the simulation

| #
— |l

execution finished, [
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4 fite:/C:/Documents and Settings/voukl. . .low3.xanl#Collect Connection Permisions |._||E|r£|
File Edit Wiew ‘Workflow Tools  wWindow  Help

ReFaZP @D mm e

A
| O |
SiringConst
S5H Connect to Supercomputer
Expression
+ "od "+ wilow_dir + *; pwd; hostname"
Configuration Display
SSH Conngct to LocalClugter B
StringConsi2 output

|A
— |4
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4 file:/C:/Documents and settings/vouk/Deskiop/BlondinWorkflow3.xanl#Submit Job
File Edit Wiew ‘orkflow Tools  window  Help

RAQFQIP>N@=» mm) e

S[(=]/e3

Submit job via SSH by
involing script "SubmitJob on
the computational platform

SubmitJob
Expression
* "Submitting Job script" + input + "in Please Wait...\n"

| ptalerny, ackar, lib, Expression |

Expression2

supercomputer_bin+input +*~
+ wilow_dir

result

P

KC VCL-Uncertainty Analytics/V9/SC10/Nov10

19



NC STATEUNIVERSITY

An Extended View of an Actor

Control Plane
(light data flows)

Provenance,
Tracking &
Meta-Data

(DBs and Portals)

Execution
Plane
(“Heavy
Lifting”
Computations
and flows)

Synchronous or Asynchronous?

K@ L VCL-Uncertainty Analytics/V9/SC10/Nov10 20



NC STATEUNIVERSITY

'3

Actor In a Broader Sense

K| jar:file:/C:/Kepler/build/kepler. jar! forg/sdm/spa/Ssh2Exec. jaya
File Tools Help

FEAFd e i e i i i i s r i iidr i i i iidriirridriidiiiidsriiriridsriisriiids
fidF SsShZExec
.l"ﬁﬁ

<p>Connects to a remote host using 3shd protocol.

</ pr<prError conditions this actor must respond robustly to:
<ulx>

<lixWrong identity £ile given.</li>

<lirHost unreachable.</liz

<lirLogin unsuccessful.«</li>

<lirJ3ession dies prematurely.</lix

<fuals

</ pr<p>This actor will keep the session open until it receives a different™
< >

Out

Network/” Cloud”

[ Bsub < code_run

------------ where code_run is a script --------------
code run

#! /bin/csh

source /usr/local/lsf/conf/cshrc.Isf

#BSUB -W 5

#BSUB -n 100

mpiexec ./code

#BSUB -0 /share/vouk/WFLOW/code.out.%J
#BSUB -e /share/vouk/WFLOW/code.err.%J
#BSUB -J codevouk

21
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Parallel & Virtual

Multiple instances of the
Workflow using Kepler.

LB Lo "
SEHENPHO®meD0e

S———

o : _ Also allows asynchronous

SGEREADPHOSmE0e

S CCCIErT : processing.

Wrcke e
GQEFEDPNOS mw =0 e

B file:/C:Mocumants and Settings/vouk/esktop/londinkorkflow3.xml
Ble Edt Yew Worlflow Took Window el

aaFdallPllosmes-oe

Componects | Data J 8
& supercompuler_user: vouk
Sawch PH Direcior ® supsrcompuier_host sdmS cscncsu adu
@ localduster_user: wouk
® localcusier_Nost sam7 cacncsw ety
whow_dir MameAauWFL OV
@ SUpBrCOMpUler_bin: Momesouk/bin/
® localcus ber_bin: homeioukbin
- yre— 3
5 @ DotoTogut ) _
s ) Dsta Optration Synchronous automation of a submit-transfer-analyze
¥ : Duts Output workflow (based on Astrophysics/Blondin Workflow)
& Dwrector
% @ Fie Systern
i W Genersl Purpose
- = - =@ ;\x‘nw R:’mbml \.blb te &wrw;tlwm via S5H, Transfer results from supercompuler
Compeskubdar un simulation in paraliet; to post-processing.
—— = B Foun Compote Actor Prapare resulls for bulk transfer "

4 @ Workdiow Cortral

= i workfiow Documentistion I necion Permisions bimit Tranafor Files
==& ® Eentatin
- = - " 1 Docewer
& Figun

® oo
® L
® Pobvgen
» Rectange
& Monkee Inage Postprocessing Visualizabon Processing Visualization Display
= i workfiow Ingat 2
0 resuts found.
> = Siicing and dicing for processing Use Ensight to generate images Display tho imago/animation
By visualization cluster of the simulation

Using VCL - .

Windows, Mac and Linux Clients

C VCL-Uncertainty _Analytics/V9/SC10/Nov10 22



CPES Fusion Simulation Workflow

Fusion Simulation Codes: (a) GTC; (b) XGC with M3D

GOAL:

— automate remote simulation job submission

— continuous file movement to secondary analysis cluster for dynamic
visualization & simulation control

— ... with runtime-configurable observables

Ao

# locallobDir fusr)!hame prorbient).hpociooes

Submit
Simulation
Job

Submit
FileMover
Job

&

File Tools Help

.JobSubmitAndStatus.LogDisplay =|(B][x]

JobSubmithctar: submit job jobd..
JobSubmitactor: Job jobd is submitted, it's real joblD is: 69721 nid00004
Jobiubmithctor: submit job jobS...

JobStatushctor: Status of job jobd: Wait

JobSubmitactor: Job jobS is submitted, it's real joblD is: 69722 nid00004
JobStatushctor: Status of job jobS: Wait
JobStatushctor: Status of job job4: Wait
JobStatushctor: Status of job jobS: Wait
JobStatushctor: Status of job job4d: Wait
JobStatushActor: Status of job jobS: Wait
JobStatushctor: Status of job job4: Running
JobStatushctor: Status of job jobS: Wait
JobStatushctor: Status of job jobd: Running

Aol

WaliForMowerFinish
'''''' v o
!

Execution Log
(=> Data Provenance)

-

Overall architect (& prototypical user): Scott Klasky (ORNL)
WEF design & implementation: Norbert Podhorszki (UC Davis)




https://kepler-project.org/users/projects-using-kepler

Other Projects Using Kelper

 Dozens of projects are using Kepler to solve a variety of technical
challenges. For example,

* Real time sensor data analytics

K@L VCL-Uncertainty Analytics/V9/SC10/Nov10 o



A Grid-enabled Workflow System for
Reservoir Uncertainty Analysis*

WORKFLOW
: Flow Madel e i

S —
Cbservation

Sensor

L ok Metadata

v Task
Ensembla |- Farming
"mm= % of Models Sensors
L L N r
= Evolve 10
o Assimilaton oy Covarance
Analysig
E H
Halman Compuls _ ___J Obsenation
b4

Y

(@ Tasks —p= Ciontrol Flow

| pataSete -- + Daia Flow

Enabling Technologies: Grid and Workflow support via Condor-G,
DAGMan, and Stork.

(*) From the paper by Emrah Ceyhan, Gabrielle Allen, Christopher White and Tevfik Kosar,
K@L Center for Computation & Technology, Louisiana State University, Baton Rouge, LA 70803, USA,
Proceedings of CLADE'0S (in conjunction with HPDC'08), p 45-52, Boston, MA, (2008).
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NCSU College of Management

Sructured Data

Business Intelligence Internet Sources
Analytics Cloud (source web sites) —
Workflow
Enabling Technology: | _
. 1B/ Cortent DD
VCL + IBM Ana|ytICS Malfftic:i =l racd 1o
Crawler Frocess
Ak L ikl
= -
é- ! i Collected Documaent s
D pzloy Doarmain
P arels -
1. Ust of Suros Weh Stes:
2. Lis of domain leeywords: BlgSheets Filter Bty
a. TA Model; e
¥ %
E 5
&=
=
B2 Content T
Analytics FParser Indesx Fesult Sk
and Indexer o
B Fal
. L -
* Original slide is courtesy, 3
Dr. Kouri, NCSU BioSci
S ) 1BV Content
Initiaive, Raleigh, Oct 2010 @—Foportsand Visudizaion—ts  Analytics Text
VCL-Uncertainty_Analytics/V9/SC10/Ngimaer 26
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Analytics Cloud VCL Analytics Images

VCL

VCL Centipede Crawler Images

K@ L VCL-Uncertainty Analytics/V9/SC10/Nov10

In Beta-Testing %

@ iGold
s,
|

“do

Data Banks

Dashboard
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Domain
U-Analvtics
& Other

Services
(e.q., w/f)

Supercomputers

+ Cloud
Bare-Metal &
Virtualized)

Resources &
Services

Authentication
Authorization
Accounting

Reliability
& Fault
Tolerance

Provenance %L&
Meta-Data =€ecurity

Client
(End-User)
Portal

U-Analytics
K Cloud o
CL VCL-Uncertainty_Analytics/V9/SC10/Now

Training &
Education
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CHEIENThe FIESTA Framework

for workflow management

Supercomputer 8
+ —
Analytics Auth
Cloud

myAdmin

Orchestration Provenance Data,
Meta-data,
Processed Data

VCL-Uncertainty Analytics/V9/SC10/Nov10



Workflow Generator Wizard

e Web Form

— User fills in the AT Sy
options in the .
webform and clicks
on the submit button.

artar relation Template

o L I b rary Request or

XML file Actor

— Contains the actors (Workfiow)

and the templates v a <
 Generator weh_form .

— Extracts the | Y

information from the p \ e

Generator

Query

web form and uses o  # Drag & Drop
the library to build the L _J

workflow. _ Architecture
— It uses Kepler to view

and execute the Level 2 Support
workflow. PP
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Dashboard

Some Characteristics

'3

Functionality: e.g., At a glance view the
status and health of a simulation.
Scientists can monitor running
simulation or explore and manipulate
data from past simulations from any
web browser.

Ease of use: e.g., Doesn’t require the
end user to be an expert on File
Systems or Visualization tools

Collaboration: e.g., Alow scientists to
collaborate and focus just on the
science. The eSimMon dashboard
organizes users and collaborators
simulation runs (shots).

Annotation: e.g., Users can annotate
shots and search through several shots
archived.

Data Reduction and Abstraction: raw
data into

Analysis: Provides several types of
analysis tools

Etc.

VCL-Uncertainty Analytics/V9/SC10/Nov10

) Monitoring Job: pf6D - Mozilla Firefox

file Edit View Higory Bookmarks Tools Heip

gl & AL W oo,

Main Page - Machine M i

Ittps//esimmon.ccs.or

Shot: pf6o

Horing Job: pied x |ush

nl.gov/ userspagesjobMonitonng. php?job= pfi) Simachines jaguarpf Bic olname= shiouSijobstat

3Igbms&a‘_‘

ar_flow_1d_o
psi_s

® Simulation [-*
Job Name [-*

_ie 1d ]
Lyie _1d_omid L
T hen_ us_1.d_fa
Yo o

] i
e

|

WL -

| ExB_shy

L flow_shell_volum
L Full_weight_ts

L T_tavg

Bl _
L1

e

Graphics Layout Analy ks L
Al = lg;ﬂ = 5
v b 1d | Variable View I‘
ar_k s

Data (movie) View

acros K |» Mo

.

] »
e alta_f ratia
Pion_densdty -~ ee—
e dengdty
ion__density_id_favg saxl
_ion__density_1d_omid
Tea
LSRN

L T E——
'y [

Analysis Tool
e Menu

(0:100) - 1078 (1:07), stopped

A

ion__density
(' Variable "@=

= o] o'

]
0 {0100) - 1078 (2107). stopped

Annotation
Tools

P

0 (0:00) - 1078 (1:07), stopped

P,

b

@ (0r00) - 1078 (1:07). stopped

Portable Dashboard
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http://vcl.ncsu.edu

How to do U-Analytics in a Cloud

Virtual Computing Laboratory Technology is
Open Source

http://incubator.apache.org/projects/vcl.html

Current NC State University VCL installation — Private Cloud:
. 2000+ blades

. About 800+ in General mode, about the same in HPC
mode, and several hundred in various test-beds

« open to 40,000+ NCSU students and faculty, different pilots
and partner accounts, through Shibboleth all UNC System
campuses have access to VCL (cca 250,000 students).

. 250,000+ reservations per year + 10.5 million CPU hours
. Linux, Windows environments

K@ L VCL-Uncertainty Analytics/V9/SC10/Nov10 32
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Reservation Times:
From 30 min to open-ended

Load Times:

Current VCL SerVICeS From 30 sec to 20 min

(service dependent, 80+% in less than 2 min)

Actual sole-use bare-metal, or virtual images
HaaS, laaS, PaaS, AaaS, [SaaS, CaaS]

/ I \
Undifferentiated Resources
o / | ey N\
ingle Seat g/lgzlitggle Synced || gorvers 'Aggregates
(VCL-Desktop) (VCL-Class) (VCL-Server) (VCL-Cloudlets)
OO
U1,

Ao

Differentiated Resources

Labs, e.g., System Z
w Other clouds, ... |l (mainframes) Supercomputers

@ E” Storage

K@ L VCL-Uncertainty Analytics/V9/SC10/Nov10 33




Accommodates Different Models

 Range
— Tightly coupled (often numerical models running over grids)
— Loosely coupled (often embarrassingly parallel)
— Movable Data
— Immovable Data

o Adaptablility, Hybrid models (part tightly, part loosely
coupled)

e Analytics
— Text Analytics
— “Classical Analytics” — Statistics

— Visual Analytics
— Other

K@ L VCL-Uncertainty Analytics/V9/SC10/Nov10



/2 Home | Virtual Computing Lab (VCL) - Windows Internet Explorer - |EI|£|

@—\:} = I‘IL http:/fvd.nesu.edu/ j *y || X% If’ Live Search 2

Fle Edit View Favorites Tools Help ¥ @Convert - [Select 3 Contrbute [ JEdit - []Post toBlog

Xy - B - [ mm - Page- Safety - Tooks - (@~

'i:.?’ Favorites it Home | Virtual Computing Lab (VCL)

NC STATE UNIVERSITY  Office of Information Technology OIT Units | Help Desk | Sysnews | Search OIT View site with S5 enabled

to see login form

VIRTUAL COMPUTING LAB
powered by Apache VCL .

VCL LOGIN

Log in with NC5U WRAP
View al authentication options

WCL MEWS

Congressman Price kicks off

1 MC Bio-Prepared
Current Reservations L .
Remote Access Service NetApp’s Support Enables
Help & Support NC State’s Mext Generation b

- @ A MCSU provides a remote access service that allows you to reserve a computer Cloud Computing Research
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current Reservation Aggregate Environments — Sub-Clouds (VCL-Cloud)
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“U-Analytics Cloud” — under the hood
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Summary

« Uncertainty analysis in many situations needs both
cloud computing and workflow management
support.

e VCL plans include cloud federation, analytics and
uncertainty analytics sub-clouds)

 VCL experience: clouds work if utilization and
reliability are high, end-user access is easy,
functionality Is diverse and modifiable.
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* For atest-account on VCL, please send emalil
vouk@ncsu.edu
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