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Alr pollution
Cope, Victorian EPA (in 1990)

1HR QZONE VS REDUCTION IN ROC AND NOx
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Wildfires
Lynch, Beringer, Uotila Monash U, AU
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Aerofoil Design
Kipouros, Cambridge, UK

* Geometry management using Free Form Deformation — 8
design variables

 Evaluation of the aerodynamic characteristics, Cl, Cd, and
Cm coefficients using Xfoil

* Investigation of the lift to drag trade-off subject to hard
geometrical constraints to the thickness of the airfoil at
25% and 50% of the chord (in order to mainjai '

significance to the design problem)
Chord Length

@ |

A ng|e of \ \\\
attack %
| : :
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Cardiac Science
Sher, Gavaghan, Rodriguez, Oxford

Mcculloch, Mihaylova, Kerckhoffs, UCSD

Heart disease still leading cause of death

Understanding the underlying physiological
mechanisms is cheaper and faster when
experimental studies are performed together
with mathematical models & computer
simulations

Studying pathologies
Developing & Testing drugs




Micromixer optimization
Kipouros, Cambridge, UK

 Microfluidics
—10° to 1018 litres amounts of fluids

— Gaining importance in various fields
 Micromixer deals with mixing fluids in the

smallest scale N\ e N\
. . | g8 )
* Active vs. passive AN

Baffle plate




Electro-chemistry

Dekstop

CPU
Fumehood

Wires for FT
connection to Potentiostat
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The Nimrod Tools Family



Nimrod supporting “real”
science

A full parameter sweep is the
cross product of all the parameters
(Nimrod/G)

An optimization run minimizes

some output metric and returns
parameter combinations that do

this (Nimrod/O) -
Design of experiments limits E
number of combinations (Nimrod/

Workflows (Nimrod/K) =




Legacy Nimrod
family

Plan File

Nimrod Portal

Parameter Section

:)?1 temp | tabel |

| ifloat |~ | [range iVJ from [200 | to [300 | |Points |+ [2

z E |pressure | label |

| [foat ‘V‘ .range I: from §QQU | to f@ﬂj \ ‘rPoims jv

E \ﬂ iconcent \ label | [float L‘ |range ‘v—‘ from jD.DDE 7\ to :DAUDS \ |Points JE 2
(X] m }malerial | 1abel | | text ‘V} |select [V“ _\ | Add ﬂ | Remove ‘
; Add a new parameter 1 ‘ Add a comment ‘

Tasks Section

l:‘ task rootstart
E task nodestart
E task main

E task nodefinish
[+‘ task rootfinish

™ . i N
| Save H Cancel and Reload ‘{ Text mode

Nimrod/O

Nimrod Portal

Nimrod/E

Nimrod/G

Actuators

Grid Middleware

12



Nimrod Development Cycle

Nimrod Portal

Welcome, David Abramson

Status of Alex

xperimont had executed for 3mins and 3secs Experiment

ompleted davidw

task nain

endtask

You cannot chaage th

[y Fites

&) cre. EX e

Prepare Jobs using Portal
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2001 @AM 28] [viviv|Iviv] |
27921 (A B S ViVl |vivivi 9] _
2780 AL BIARARAR [V [ |~V =
7705 CACACACACAREBRT 1GAC ACACACACAMACACACA |~ [« P

do: 1 Status: Done ReQueue Mark as Failed
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Jobs Scheduled Executed Dynamically



“TInstances - NeCTAR % ' ocLwww.opengl.org/re. % 3 android - opengl e: Epink and green only X | WI Tentative Agenda % = ¥ Nimrod - WorkWays * « & my.UQ - Time Out { x @Hoang Nguyen - Ou % L
= C i £ https://vm-203-101-224-119.gld.nectar.org.au/web/demo/~/10536/nimrod O @& ¥
I Apps [ SelfStudy [ interesting (L StarGazing (1] gateways [ java Data Flow Computir [ Journal D: &= (—
¥  @©Add v " Manage v

»| =

ﬁ Other Bookmarks

# Goto v d e mo (Sign Out)

MeSSAEE Lad

Nimrod ResourceEditor WorkWays

WorkWays ) demo ) Nimrod
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Nimrod/G Architecture

Plan File

Nimrod/G Client Nimrod/G Client Rsrc. Scheduler Nimrod/G GUI
Enfuzion API +| | Run File
/ —_—

e

Agent Job Scheduler

A
X

Creator <—

Scheduler Q;sl_z/

DB Server

Globus Legion Actuator
Aﬁtuator

Y
A

Y Y

RM & TS

Globus
enabled node

RM: 1% Resource Manager, TS: Trade Server

<—— Generato

r

Condor

Actu

Agent Agent

ator

Legion enabled RM & T@Condor enabled node.



Scientific Workflows and
Nimrod



Nimrod/K Workflows

* Nimrod/K integrates Kepler with
— Massively parallel execution mechanism
— Special purpose function of Nimrod/G/O/E
— General purpose workflows from Kepler

— —

i A R N

| Authentication |

Gul .. ...Kepler GUI Extensions...
Vergil [ Documentation |
Smart
Kepler SMS Re-run / Provenance
ObJect Failure
Framework
Manager Recove ry 1

Kepler
Corg - Ptolemy
Extensions




Workflow Threading

 Nimrod parameter combinations can be
viewed as threads

* Multi-threaded workflows allow
iIndependent sequences in a workflow to
run concurrently
— This might be the whole workflow, or part of

the workflow

* Tokens in different threads do not interact
with each other in the workflow



Complete Parameter Sweep

File Ecit Yiew Insert Tools Desktop MWindow Help

SIS ERIREEE

Parameter Sweep

MATLAB: Rabbit E-C coupling model e e e
Reorder Tags L _______ i

Graph results U

» Using a MATLAB actor provided by
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» Local spawn

600

 Multiple thread ran concurrently on | _

a computer with 8 cores (2 x quads) | .,

» Workflow execution was just under | « //

8 times faster

 Remote Spawn “17

o+~ rrrrr—rrrr+rrrr T T T T T T
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Nimrod/EK Actors
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Optimization with Nimrod/OK



Nimrod/OK Workflows

* Nimrod/K supports parallel
execution

* General template for search
— Built from key components

« Can mix and match d;)
optimization algorithms

Define search space gglect search space points

23



Using different optimisers

DefineSearchSpace

Nimrod /K Director

SelectPoints

—‘ Disilaiz



Hybrid Optimization

DefineSearchSpace
SelectPoints
Parameter Sweep

Voltammet%ze tricl
metric2

etric3
etric4

SimplexOptim

ChooseBest

SweepToArray

Matlab Contours

etricl . .
metric2 Nimrod /K Director

metric3
metric4




Execution Engines



Nimrod over Clusters

Jobs / Nimrod experiment

Nimrod
Actuator, e.g., SGE, PBS, LSF, Condor

e 1
g 2 xseioen Local Batch System

-

D .
EnFUZIQn CLOUDFUZIER
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Nimrod over Grids

« Advantages
— Wide area elastic

computing R

— Portal based point-of-presence independent of
location of computational resources

— Grid level security

— Computational economy proposed
 New scheduling and data challenges

— Virtualization proposed (Based on .NET!)

» Leveraged Grid middleware
— Globus, Legion, ad-hoc standards

28



Leveraging Cloud Infrastructure

Centralisation is easier
— (Clusters vs Grid)

Virtualisation improves interoperability and scalability
— Build once, run everywhere

Computational economy, for real
— Deadline driven
* “| need this finished by Monday morning!”
— Budget driven
» “Here’s my credit card, do this as quickly and cheaply as possible.”
Cloud bursting

— Scale-out to supplement locally and nationally available
resources

29



Number of Running Jobs
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Nimrod’'s Grid Economy is
Cloud bursting

Resource #jobs completed Total job time M/ o Job runtime
(h:m:s) (mins)

East 818 1245:37:23 91/5.7

EC2 613 683:34:05 67/14.2

Task Parallelism
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Workways

Interacting with Workflows



WorkWays

Ease of use of Sl
Science Gateway - ._

Workflows as service

|O through portlets

Extensibility

— Different IO mechanisms, protocols and

topolgy
— Different Ul clients

Currently Kepler as the workflow engine



Motivation

* Support human-in-the-loop workflows

— Ability to perform 10 operations with a
continuously running workflow

» Benefits
— Insights into workflow execution
— Steer the execution



WorkWays

Leverage various eX|st|ng technologles

- Hepler workflow o ——
— Nimrod family toolkit e :

— Liferay portal

Virtual desktops
AAF

Various Web-based visualization tools
— Parallel coordinates
— Para-view Web



|OACctor

 Generic actor

— Simplify the creation of (new) IO actors
— Instantiate an I0OActor & provide the actor

definition
* |OActor definition

— Actor name

— Number of (supported)
clients

— Operation: input/output/inout
— Additional information

{

}

actor: "ImageInOutActor”

{

}

operation: "inout"
input_type: "text"

prompt: "Choose an area in

output_type: "binary"
display_type: "image"
action: "subarea™
wait_client: true
wait_for_input: true

the image™”



|OPortlet

 Web Ul client

» Vaadin framework
— framework for building rich Web applications

« JSR-286 portlet

— Ul elements generated based on requests
from connected |OActor

— Limited Ul elements






Micro-mixer design
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Micromixer Optimization
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Micromixer optimization
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Airfoil Design




2D airfoil optimization
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2D airfoil optimization
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Conclusions

Workflows are useful for scripting complex
computational science and engineering
problems

Conceptually easy to add optimization

User interaction requires new workflow
actors

Integration to a Science Gateway allows
very powerful workflows to be exposed to
wider communities.



