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Current focus: Vortex 2

e @ » What is VORTEX2?

VORTEX2 is by far the largest and most ambitious
effort ever made to understand tornadoes.

We expect over 100 scientists and over 40 science
and support vehicles to participate in this unique, fully
nomadic, field program during its second and last field
season, May/June 2010. The National Science
Foundation (NSF) foundation and the National
Oceanic and Atmospheric Administration (NOAA) are
contributing over $10 million towards this effort.
Participants will again be drawn from over a dozen
universities, and several government and private organizations. International participants will be
drawn from lItaly, Netherlands, United Kingdom, Germany, Canada and Australia.

The basic questions driving VORTEX2 are simple to ask, but hard to answer:

E"EEEE T ~hallanss Af Ahoandina

Fully nomadic field program studying tornadoes during May/June 2010
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“"VORTEX2 2010

May 1, 2010 to June 15, 2010

~6 weeks, 7-days per week
Some down days when weather is calm

With Oklahoma University (Keith Brewster) and Univ
North Carolina Chapel Hill (Craig Mattocks)
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LEAD I/ Vortex 2 run'schedule.: daily 01 Ma "

15h WRF Forecast
° >
14h WRF
° >
13h WRF
° >
12h WRF 23:00
A > EDT
11th WRF
° >
10h WRF
>
8:00 9:0010:0011:00 12:00 13:00
EDT EDTEDT EDT EDT EDT
127 137 147 157 167 177
. . 2 7 RUC data:

8:00EDT/12z forecast start kicks off with 10Z RUC,
9:00EDT/13z forecast start kicks off with nZ RUC, ...
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LEAD Il VORTEX2 Workflow

User-Selected Domain Center
e Our field guy will advise daily on area of interest

1000x1000 4-km WRF Domain

Initialized with ADAS-10 and Rapid Update Cycle
RUC-13km

Our edge?

e Dynamic forecasting allows binding to most recent
initial conditions data.

e Oklahoma Univ’s assimilation tools gives radar data and
better cloud modeling.
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= ADAS-10 data:
gsiftp://gridftp.bigred.iu.teragrid.org:2812//N/dc/projects/lead /ldm/pub/other/lead/ADAS/10km/ad2010040621.nc

ARPSINTRP
(ADAS

WREFStatic

: Analysis)
Lolcatlon - \ arps2wrf generates namelist
selection, -~ file so direct feed of cc
1km, 1000 x . ARPS2WRF params not needed
1000 (CC / \
params)** ARPSTRN ’ \
Terrain |
( ) Y WRF MODEL
EXT2ARPS
(NAM Lateral) /
. NCL scripts
Mobile web |
site |
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I. Size
Total Number of Tasks

Number of Parallel Tasks - max
number of parallel tasks (width)

Longest Chain - number of tasks in
longest chain

LEAD II: not large on any of these
dimensions.

II. Resource Usage

Max task processor width — max
concurrent processors.

e LEAD II: 16 on Windows box,
>1000 on Big Red

Total Computation time

e LEAD II: Time budget is one hour;
still working on optimal
distribution.

Data Sizes - sizes of inputs, outputs
and intermediate data products

e Qursis <100 GB.

[1I. Structural pattern

Sequential
Parallel

Parallel-split - one task's output
feeds to multiple tasks.

Parallel-merge - multiple tasks
merge into one task.

Parallel-merge-split - parallel-
merge and parallel-split.

Mesh - task dependencies are
interleaved.

LEAD II: Several nodes are parallel
but merge within node before
control transferred.

akrishnan and Plale, under review
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- High Level View

* Trident activities control run of jobs on large-scale
computing resources

Supercomputing
‘ Resources

Trident
Scientific
Workflow

S

L}

Cloud Computing
LEAD-in-a-box Resources
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~ Executing workflow from Trident

Sz @‘*

Real-Time
Public Data Sources

T Data Search

Running inside
Linux Clusters

Running inside Windows Box

Running inside
Windows Box

WRF
—> Pre-Processing

—

WRF

Post-Processing

.

WRF
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/ Workflow
~Rapid Update Cycle (RUC)

data ingest

> fe—

FTP to Local
File System

Pull result Local File system
into Big Red
file system
and to
Windows file Data Catalog
system Y
Y Web % Spiders ~/I
= Service <Cralwer> /1N [

Interface

Invocation
from activity.

Network crawl of THREDDS

Crawl Every 5 Minutes

(XML) catalogs s
Rapid refresh RUC collection i
registration; index

Lucene Index

Support data and search via a
web service API or
command-line client
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Trident activity:
data gathering,
staging by proxy
to Linux-based
Data Catalog

errain Data ADAS-10 Rapid Update
‘ ’ Cycle (RUC) 13km
Rpem—ps
rident activity:

ARPSTRN |—>1 ARPSINTRP ARPS2WRF rly stage

processing on
IU Big Red

Location
selection,
1km, 100

NCL SCI‘iptS Trident activity:
| WRF MODEL invok¢ WRF and

l processing
on Windows
HPC Server

Mobile web
site
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_ Invecation of LinuxM%o/
Windows-hosted Workflow

Many scientific applications need a Linux environment to
execute
Options to run Linux applications from Windows are:

e Port the application to Windows

e Use Linux emulator

e Proxy activity to Linux services
Cygwin, a Linux emulator, can run most Linux
applications

LEAD-in-the-box demonstrated for first time at SCO9
Trident orchestrated workflow activities running Linux
applications through Cygwin

Microsoft External Research, Apr 2010 with Post-talk edits



Demonstration workflow

Y

Namelist file
configuration

using WRF
Domain Wizard Windows HPC pack)

WREF ported in to
Windows.
(Uses MSMPI from

—~() ™ WRF Domain Wizard

) ¢ WDW User-defined Data Type WWEMQJ—Q NameList File Path Output files (>

pﬁﬂ—uj ™ wee Gjpl—o—f(;awm’Elp—o—uijmvm t-j}_

& Shared WRF
Q’ Number of Processes

© Shared Input Folder

) NCL File Path .‘ VaporGui File Name

I Name Q Wrf2Vdf File Name L 09
p Wrf Output Q WrfVdfCreate File Name

a o

. Wrf Output Files
NCL Scripts (linux) running

Visualization using

inSide CngIH Vapor
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Workflow Runs Inside Cygwin

>
/ 71
RecycleBin  Micro
Trident...

Workflows ~ 2

4 ;' Trident Workflow

4 = Oceanography
e Cove
4 ;= Sample
%la Ocean Cur
%la Ocean Cur
4 ['= My WorkFlow
& SCDemo

Chart
Condition

Control Flow

-

> Data
Database
NetCdf
OpenDap

oft  ImageMagic...

25 sCDemo - Workflow Composer

(3] new Fopen | sove v

E‘Jsaveﬁ\sv ¥ Import v Monitor Se
Composer Provenance
® 0 © vl =
22| Sequentiaioriflowactivity
= @ = @
VIRF Domain Wizard WRF

s )
MoxSerips

% vasor

Utilities
Web Service Activi

Windows Workflow

Ry

Kl
Processing Status | Input Output Parameters |  Data Products | performance |
| Event | | Details |
SCoemo Created
SCDemo Started
SequentialWorkflowActivit Executing
T xeculing
TypelnitializerSetterd Closed
WRF Domain Wizard Exacuting
RF Domain Wizard Clossd
Executing
Closed
e

SCDemo - 1/14/2010 2:40:36 PM Running. . .

. . (8] x]
convert -depth 8 —rotate @ —density 144 —crop 852.736x700.9+147.949+31
/tmp/tiffcap3_B@02.ps tiff:/tmp/tiffcap3_B002.tiff

cm(l

e Total Sl.,e. 4 hytes
1 values

Number of Dimensions: 1
Dimensions and sizes: 11
iCoordinates
[Number Of ﬂttvlbutes: 1

illValue 99
convert -—de 8 -rotate @ —density —crop 852.736x700.9+147.949+31

£

0.54 /tmp/tiffcap3_t Phbes. ps ti tmp/tlffcap3 R RATY

ng
Total Size:

1
Nunher of Dime[iim
Dinensions an

Applications  Processes |Services| Pevfovmance] Netwovking] Users ]

PID | User Name ] CPU ] Memory (... | Comman &
LOCAL ... oo 1,140K
Administ... 00 1,560K bash -l
Administ... 00 1,712K cmd jc™
Administ. .. 6,868K "E:\D2IA
SYSTEM 1,936 K C:iwindc
SYSTEM 9,504 K C:\Windc
SYSTEM 2,680K CiiWindc
Administ... 55,444 K "C:\Prog
Administ. .. 1,476 K "Ciwinc
Administ. .. 22,080K C:\windc
Administ... 2,776K "C:\Prog
SYSTEM 7,896K  Ci\windc
Administ. .. 2,432K
SYSTEM 6,960 K
SYSTEM 6,084 K
SYSTEM 2,704K
NETWO... 3,156K
Administ. .. 4,292K
SYSTEM 2,248K
SYSTEM 1,288K  C:\windc
SYSTEM 2,504K CiiWwindc

PresentationFontC... LOCAL ... 5,636K  Ci\windc

rdpclip.exe Adrminist. .. 1,992K  rdpclip

services.exe 628 SYSTEM 3,596 K  C:\windc

Slsve.exe 372 NETWO... 7,720K  C:\windc

Smss.exe 460 SYSTEM 396K \Systemf

SMSvecHost.exe 1700 LOCAL ... 7,620K "C:\winc

spoolsv.exe 1412 SYSTEM 6,852K Ciiwindx|

4 »

_FillUalue
G conver = i
0.54 /tmp/ti] Image Name
audiodg.exe
bash.exe *32
cmd.exe
ConsoleApplication....
csrss.exe
csrss.exe
csrss.exe

Uariable: cmd
Type: string
Total Size: 4

1

Nunbe
Dimensions an
iCoordinates:
[Number Of Attr
_FillValue :|
conver
/tnp/ti

deveny.exe *32
dwm.exe
explorer.exe
freesn.exe *32

0.54

Uariahle: :
Type: str inetinfo.exe

ing
Total Size: jusched.exe
LogonULexe
lsass.exe

Ism.exe

msdtc.exe
msvsmon.exe
nvSCPAPISvr.exe ...
nvvsvc.exe
nvvsve.exe

_FillUalue
a> conver

Uariable: cmd
Type: string
Total Size: 4

1

Nunmber of Dime|
Dimensions an
iCoordinates:
[Number Of Attr
_FillUalue i
@8> tif£2
=30 +lat_2=60"

Uariable: cmd
Type: string

Total Size: 4 [V Show processes from all users

}f’rocesses: 61 !&PU Usage: 8% iﬁhysncal Memory: 25%
Of Attributes: 1
_FillUalue : -999
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INCAR

NCL NCAR Command Language

I sﬂ—rd'l .dv-nm""""' Tty

NCL Home> Application examples> Models || Data files for some examples

Example pages containing: tips | resources | functions/procedures

WRF

WREF Helicity

48°N

47°N

46°N

45°N

44°N

43°N

41°N

LEAD REAL-TIME WRF Init: 2001-06-11_12:00:00

Storm Relative Helicity (m-2/s-2)

Storm Relative Helicity (m-2/s-2)

Visualization
using NCAR
Command
Language (NCL)
scripts for radar,
helicity
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_ Mobile Website

* Mobile website

e Maintains
config.xml file

e Queries config.xml

adds xml
Config.xml & Workflow Run

XPath on config.xml

. . getDate, getTime, query
ﬁ Ie usl ng QueryHandler.ashx (Query is done on date,
QueryHand |er time and ncl variable)

°® Displays plots make XmlHttpRequest get response and

and send get parameters display the plots

® Each workflow run
e Generates log xml
file
e Adds xml data to
config.xml file

Wrf NCL Mobile
(wrfout) (png images) Website
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Select Date [« Date of the workflow run

/ Select Date
3/5/2010

3/4/2010
3 h O n e 3/4/2010  [v| ¥102:00:00(7101:00:00 <— Time of the workflow run

PressureLeveIsE] = NCL variable
-Search
oresenta-
. PN 2, 0
tion SoNRSE L

Y Ui ,
:A‘ {4

7

P

-..-.". "If‘b

o o 17 of 19 °6ll;o;

Navigation Bar Caption of the plot

NCL Plot
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Overarching goal: Tools thatenablereal

time activity on volumes of real time

Trident activities that interact with real
time constantly refreshing weather data
sources.

Trident accessible repositories capable of
programmatic delivery of the precise
result that workflow binding requires
(e.g., OGC WCS and WFS in FAA NextGen
air traffic control).

Workflow aware scheduling solution
across cloud.

LEAD-in-a-Box (24 core box) that meets
local mesoscale needs. E.g., continuous
energy output of wind farms (Lidar, WRF);
agriculture
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, F Experiments wit ent —

A Future Direction

* Support for job executions in Cloud computing and other

local clusters Grid Computing
Partial R

Tow G2
7 LLADPORIAL o TeraGrid

Trident

Cloud Computing

Scientific
Workflow
\\\i £ Windows Azure
o _ NONp
Individual Job LeEramazon
LEAD-in-a-box Exetiihione “  webservices"

Local Clusters
Py
‘J’

Windows
HPC Server 2008

od@rtable Batch System (PBS)

IBM Load Leveler
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Team members

Oklahoma
Univ
- Field guy for

U Vortex2 ’ ;
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