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Introduction [LC/ S

>Some Science and Engineering Optimization Problems
>The Nimrod tool family

>Scientific Workflows

>|nteracting with designs

>Towards data intensive workflows

>Conclusions

U THE UNIVERSITY
rcc.uq.edu.au VOF QUEENSLAND

AAAAAAAAA



RESEARCH
COMPUTING
CENTRE

Some Science and Engineering
Optimization Problems

rcc.uqg.edu.au




Air pollution e
Cope, Victorian EPA (in 1990) KC/

1HR OZONE VS REDUCTION IM ROC AND NOx
PAISLEY
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Aerofoil Design —
Kipouros, Cambridge, UK [K:,
>Geometry management using Free Form Deformation — 8 design

variables

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

>|nvestigation 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 maintain practical significance
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Cardiac Science [LC,

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 EL(; e
Kipouros, Cambridge, UK

>Mlicrofluidics
> 10-9 to 10-18 litres amounts of fluids
> Gaining importance in various fields

>Micromixer deals with mixing fluids in the smaIIest scale

>Active vs. passive A XY N
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Electro-chemistry o
Bond, Gavaghan: Monash, Oxford ELC,

CPU
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Nimrod supporting “real” science and engineering KC/

>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 number of
combinations (Nimrod/E)

>Workflows (Nimrod/K)

rcc.uq.edu.au
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Legacy Nimrod family

>

Nimrod/O

Nimrod Portal }
Parameter Section
][] [temp | 1abel | | |noat |+ ||range |~ |from [200 to [300 Points | + | [2

‘g [pressure \ label | | float w | [range w | from ISDDD to |SI:IDD Points | » ’4
EI [concent | 1abel | | [float ~ ||range |~ | from [0.002 to [0.005 Points |~ | [2

[ D]

<] [x] [material | 1abel | | [text ~ | [setect |+ || | Add |fﬂ| Remove j - - - Actuators - - -

| Addanewparameter || adaacomment |

Tasks Section

task rootstart 1 G rid

El task nodestart

iddleware

<

task main

task nodefinish

[ 1

task rootfinish s
=
I Save ] I Cancel and Reload ] l Text mode ] 1L U
OF QUEENSLAND
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Nimrod Development Cycle

Nimrod Portal

Welcome, David Abramean

N’ Status of Alex

Tou cannot shangs the plan after execution has finished

1) Fites

Eloee EX Y

Prepare Jobs using Portal
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““%Instances - NeCTAF x  oGLwww.opengl.org/re. 2} android - opengl e: x

pink and green only * I Tentative Agenda  * ¥ Nimrod - WorkWays x & my.UQ - * | [O]Hoang Nguyen - Ou x e
[ ] https://vm-203-101-224-119.gld.nectar.org.au/web/demo/~/10536/nimrod D & ¥ » =
Apps [ [~} [~ [~ & java Data Flow Computir (il Journal [—] (—] (] Other Bookmarks
2 @ Add ¥ o7 Managev | % Gotov | d e mo (sian out) RESEARCH
COMPUTING
This page belongs to a user group. Any modifications allowed are only applied to this personal site. TR
IMeSSAGESI*ab] 1dem
Nimrod ResourceEditor WorkWays
Workways » demo » Nimrod
ID | Type | Host/Queue Cost | CPUTIme | Waiting Time | Transferring Time | Bytes Transferred | Included
oxp_id label creation_timestamp status 1 ec2 DI_demo @)
20 Dl_demo_1 | 2014-06-02T15:36:59 inactive 3 =3 DI demol2] =]
21 2014-06-05T10:24:31 inactive 3 == demo_targe a
22 2014-06-16T16:15:18 active s ec2 demo_xlarge oo o o o ° )
23 inactive 6 ec2 host (@]
Experiment filename filesize last_modified
Experiment Name DI_demo_3 sched.log.1 3173 Mon Jun 16 17:09:09 2014
Experiment ID 23 stepa.sh 176482 Mon Jun 16 16:41:10 2014
Execution Status inactive steps.sh 177549 Mon Jun 16 16:41:11 2014
Execution Time 194053 asched.log 34832 Mon Jun 16 17:28:11 2014
DI_demo_3.run 529 Mon Jun 16 16:40:35 2014
enfAPLiog.1 ° Mon Jun 16 17:09:09 2014
Jobs asched.log.1 13836 Mon Jun 16 17:09:09 2014
= — steps.sh 177590 Mon Jun 16 16:41:10 2014
mw M M m “T%Instances - NeCTAR x | ocLwww.opengl.org/rec x | 3 android - opengl e= % | [EJpink and green only | ©r Tentative Agenda % i ResourceEditor — % | @ my.UQ- Time Out ¢ % . [O]Hoang Nguyen - OL Lo
/vm-203-101-224-119.gld.nectar.org.au/web/demo/~/10514/resourceeditor

QA & ¥ » =

[~} (—]  java Data Flow Computir [0 Journal (] - (L] Other Bookmarks
Nimrod [— WorkWays
demo R L

name description | key secret serviceandpoint computeia [ Type |[HosvQueus [cost [cPUTIme |waitingTime | Transferring Time

NimrodPorta | Nimrod Portal | ba78841d410048208874539634194 | 001b84ad2dacdacsge7c52004a2ad | hitpa:/inova.ro.noctar.org.au:8773/servicos/Clo 1 oc2 DI_demo ° ° ° °
B oc2 Di_demo_2 |0 o o °
3 ac2 demo_arge | 0 ° ° °
s ac2 demo_xiarge | 0 ° o °

Now Remove B ec2 nost ° ° ° o

Name* NimrodPortal

Description*  Nimrod Portal

Service Endpoint:

https:iinova.re.nectar.

Key* ba78841d41ce48ae8!

e | No file chosen Sricsd

[ Choose

Secret® ©01b84a42dac4acsar

e | No file chosen Upload

| chooze

id name - description
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Nimrod/K Workflows KC/

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

] ]

— IF'_> —> IF'_>

Provenance
Framework )




Workflow Threading [LC/ e,

>Nimrod parameter combinations can be
viewed as threads

>Multi-threaded workflows allow
independent 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
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Complete Parameter Sweep R((&=

File Edit ¥iew Insert Tools Desktop Window Help
Parameter Sweep ) ) D2EE| L|RQAO®|w |08 0 0O
MATLAB: Rabbit E-C coupling model

X

Reorder Tags

13—
Graph results I
1257 L
12~

115+

14~

105177

* Using a MATLAB actor provided by Kepler

o Local Spawn KyygATP CkiygADPERCAZ
* Multiple thread ran concurrently on a
computer with 8 cores (2 x quads)
* Workflow execution was just under 8 times | ™
faster //
* Remote Spawn “1/
 100’s —1000’s of remote processes L
rcc.uqg.edu.au SR DN SO DSOS DS S S O




Nimrod/EK Actors [LC/ e

Experimental Design

Daniel Plotter
MatlabExpression-Nimrod

Lenth Plotter

Nimrod Director

~ [ 1 s o 15
Full Sweep Interpolator st - e
o}
File Writer | |

°

°

°

»

°

»

°

@
T T
oo e
Nbhow

>Actors for generating and analyzing
designs

>Leverage concurrent infrastructure
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v
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Nimrod/OK Workflows [L(; S

>Nimrod/K supports
parallel execution

Nimrod Director

>General template for
search

>Built from key
components

>Can mix and match
optimization algorithms

U THE UNIVERSITY
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Interacting with Workflows

Workways (Hoang Nguyen)
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WorkWays [LC/ o

>Ease of use of
Science Gateway

>\Workflows as service

>|0 through portlets

>Extensibility

>Different IO mechanisms, protocols and topolgy
>Different Ul clients

>Currently Kepler as the workflow engine
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WorkWays [LC/ o

>Leverage various existing technologies
> Kepler workflow et
> Nimrod family toolkit “‘@""ﬂ@m
> Liferay portal

>Virtual desktops
>AAF

>\Various Web-based visualization tools
> Parallel coordinates
> Para-view Web
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Parallel Coordinates

Select source:kdATGWjaBSQxCIlgyAADL
[ Autoscale

1

6

id
00
80
60

40

20y

10

pres_diff

pres_diff

58.603101...
134.77303...
117.42423...
64.675433...
62.974059.

|C]C]D[j Shawing;ll‘lsmws

s

22.473513...
22.252634...
22.252634...
22.473513...
20.673513...

SN

r
7.0432184...
5.6269441...
5.6269441...
6.4432184...
6.4432184...

Scatter Plot
R vol_ratio vorticity
= 12
\ —
\ 1
v
[ \KBD* B
'
00 — 0.55 6,000 -
0.50 4,000
50
0.45 - 2,000
R vol_ratio vorticity highlight
146.46258... 0.5806850... 8657.8278... 1
192.93288... 0.6547361... 12075.028... O
173.03288... 0.6547361... 10763.367... O
146.46258... 0.6140777... 8711.6081... O
146.46258... 0.6140777... 8541.2647... 0O

highlight obj_value

-0.2564219...
-0.0420302...
-0.0535837...
-0.2240487...
-0.2222665...
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22 Apps @l [~} [~] & java Data Flow Computis [l Journal [~} =] [ Other Bookmarks
»® @©Add v . Manage ¥  Edit Controls 4 Goto v Timos (Sian Out
MESSAEE Lo 1 Timos
LBM_Micromixer_Feedback Nimrod ResourceEditor WorkWays

‘WorkWays Timos LBM_Micromixer_Feedback

Workflow # 1 + x  WorkflowEditor
10_ParCoords_Portlet F -+ x J
Select source kdATGW]jaBSQxCIgyAADL File Edit View workflow Tools Window Help
T s Ty ey @ QU G0 @ o b e 5 5] @)
0 )| Workflow

Define Search Space Actor

——
. o)

UpdateOpumalSolution

id pres_diff s r R vol_ratio | vorticity highlight

1 58.60310.. 22.47351.. 7.043218.. 146.4625.. 0.580685.. 8657.827.. 1 -0.256421...
2 53.11668.. 22.47351.. 6.443218.. 126.5625.. 0.614077.. 7430.800.. O -0.203306...
3 134.7730.. 22.25263.. 5.626944.. 192.9328.. 0.654736.. 12075.02.. O -0.042030...
4 117.4242.. 22.25263.. 5.626944.. 173.0328.. 0.654736.. 10763.36.. O -0.053583...
s 25.51072.. 20.84131.. 5.139428.. 50.07372.. 0.676396.. 2793.132.. 0 -0.043426...

o Cmax 4000
@ outputdsr */workwaysfs/ 291143

[ EIE) showing anes rows

- bt ald nectar org,

P . -
o stateTemplate: */workwaysts/ Pacaviow/ Templates/LB M/ bm_template pvsem”

o cscript. - e

Submit

. <1 T Il I

execunng: 12592 ms. Memory: 265072K Free: 134256K (53%)
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Micromixer optimization Workflow (zn

Define Search Space Actor

trigger Nimrod/K Director

UpdateOptimalSolution

Simplex Optim Aqtor

_
OParallelCoordinatgs

parametqr Rt 1 output

bjective Value
0.2*pre_diff/33.6119 - 0.4*vor/5722.9881 ||;°“‘°“‘ J
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Airfoil Design (&
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2D airfoil optimization (=

Nimrod Director

String Replace

SelectPointsActor

Simplex Optim A

DefineSeanfchSpaceActor
trigger

Parallel ordinates

\

Compute xfoi

String Replace3

pattem, .
replacement S =
string ToEdi e string()

SampleDelpy
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2D airfoil optimization
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Data Intensive Workflows
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Use Case: Microscopy
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Use Case: Personal Genomics
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Use Case: Cardiac Science [L(;
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Conclusions [K; e,

>Workflows are useful for scripting complex computational science and
engineering problems

>Conceptually easy to add optimization
>User interaction requires new workflow actors

>|ntegration to a Science Gateway allows very powerful workflows to
be exposed to wider communities.

>Placing a common file system under the workflow engine seems to be
promising
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