Monitoring & Display

Simulations run for hours - days
Motivation: Conserve computer & human time

Time step data produced as the sim runs
f(x,t)
f(x,y.t)

Goal: Check results from anywhere on Internet

Check input data
Display on personal computer, laptop



Simulation Programs

Append data to variables
at each time step.

Generalize Approach
to Monitoring

Any program that writes a structured netCDF
file can be automatically monitored in ElVis.
Reads netCDF & template. Updates display.

netCDF File

Variables — “unlimited” time
dimension

Attributes, Units

|

Template File
Graph descriptions
Presentation style
Annotation

HTTP Web Server

Leverage HTTP server & web
directories instead of developing
custom data server &protocol.

HTTP Served

) . .
Directories

ElVis
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Power to electrons




Sim Runs Listed on Web Page

@ TRANSP MPI Runs - Mozilla Firefox [=)(@)(x]
File Edit View History Bookmarks Tools Help
43 N ?49 ﬁ |\6\ http://w3 pppl.gov/itransp/transpgrid_monitor_mpi I' | ‘V @
‘ £ Journal of Science ... X I)Virtual Worlds May ... X “Q MDSplusTrainingD... X ['H]TCL not working 0... X ] '©| TRANSP MPI Runs x | |©| TRANSPGrid Analy... X Mé\ D3D:136869W05 x ‘ v
TRANSP FriSep 11 13:44:21 2009
MPI Runs Selection criteria: Run ID=AIl Project=All Owner=All

For further details of a
run, click on the link
left of the Run ID.

[*[ RunID

[Project[Year| Owner [ Status |

Remarks

E[IBBBGQWOS [D3D [09 [solomon [success|Completed on kestrell60.pppl.gov (R4)

[ [ ]

[successon Wed Sep 9 21:27:13 EDT 2009

[

[Mark  [Restart mark set to: 4.950000 / 4.960000 (sec) - cpu time = 2.837 (hrs)

[

[trmpi  [8

Run ID: | |
Project: | |
Owner: | |

| set selection criteria |

Click on "Set" to filter
runs. (Comparisions are
case insensitive. "All"
or an empty field are
equivalent. An asterisk
stands for a set of
characters.)

[globus [Globus account: pshr0082

[ [shot  [Shot: 136869
[.[137188B03 [D3D [09 |budny [LOOK [Ready Since 2009/08/13:22:02:38

|stopped [Thu Aug 13 21:50:48 EDT 2009: abort on kestrell60.pppl.gov (R4) during runtrx

|Mark [Restart mark set to: 0.4090000 / 0.4095000 (sec) - cpu time =0.7827 (hrs)

[globus [Globus account: pshr0007

[trmpi  [8

|
|
|
|
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|
|
|

[shot  [Shot: 137188

[..[18830M02 [MAST [07 [mvalov

[success [Completed on kestrell74 pppl.gov (R4)

[

[success[on Wed Sep 9 07:35:45 EDT 2009

[

[Mark [Restart mark set to: 0.2245821 / 0.2255821 (sec) - cpu time =0.5117 (hrs)

|
[ ] |
[ [ ]

[globus [Globus account: pshr0070

[ ] [ [ ]

[trmpi  [8

[..[18830M03 [MAST [07 [mvalov

|success [Completed on kestrell78.pppl.gov (R4)

[ [ [

[success [on Wed Sep 9 07:56:00 EDT 2009

] |

|Mark [Restart mark set to: 0.2255821 /0.2265821 (sec) - cpu time =0.7850 (hrs)

[trmpi  [8

[globus [Globus account: pshr0070

[.[37065Y02 [WRK [88 [ludescheLOOK [Ready Since 2009/09/08:18:28:58

|stopped \Tue Sep 8 18:28:53 EDT 2009: abort on sunfire45.pppl.gov (R4) during runtrx

|globus [Globus account: pshr0005

|
I
[ I [
|
|
|

[ [shot  [Shot: 37065
[ [trmpi  [4
’_‘ |lrexe \/p/tra nspusers/ludesche/transp/codesys

x Find:

Done

[[] Match case

Click on

run ID to
monitor

data.



Monitor Data for a Run

[J] Match case

Stopped polling.

@ Mozilla Firefox [=](=](x)
File Edit View History Bookmarks Tools Help
<« ) @ [ (8l http://w3.pppl.gov/transp/EIVis/136869W05_D3D_dm.htm ] @~ @,
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x Find: | |

Automatically
checks for new
data.

Adds to display



Variety of Graph Displays

EIVis - 7654 efeibush- rh pppl.gov  (6/17/09)

[5] /home/ efeibush/Elvis/14145a_monitor_file.nc -
I< |
- Graph Location File : 115.000
Row | 1= Column [ 1= {Rue Stop
time
Variables 114.0 5L
=] 1150 @
Pi_NB_total [99] @) @) — 116.0 i
~ 117.0
1_NB_total [99] @) O 118.0
Te(rho) [S0 x 99] [ Transpose i%gg
Tirh: 50 x99 anspose 121.0 r
i(tho) [50 x 99] [ Transp 1210
ne(rho) [50 x 99] [] Transpose 123.0 -
- 124.0
I_BS(@rho) [50 x 99] [J Transpose 125.0 ol
Pe_OH(rh 50 x 99 [ Transpose © 126.0
e_OH(tho) [50 x 99] ranspos S 127.0
P_eq(rho) [51 x 99] [J Transpose e 128.0 B
= 129.0
q_eq@tho) [51 x 99] [ Transpose 2 1300 L
ni_FUS(rho) [50 x 99] [ Transpose ° 131.0 ~
s eAl S S| = 132.0 =] r
[ Transpose = 1 133.0 -
=1 o 134.0 2t <
[ por | | crear | [ clearan | » 1350 B I
Templates : A Ly N -5 E
|therma| | v| | Save I | Delete | 0 |2 = 4 ==
; 0 010 0.20 0.30 040 O. 50 0 60 0.70 0 80 0 90 5
[vI Show Panel in Template rho_zone (-) R_grid (m)
| e Pe_FUS(rho) Psi(RZ)

All time indexed curves in 1 graph. f(x,y,t) — color map plot
Color gradient, red to blue,
shows time order. animates in time



Contour Plot

(&) EIVis - 7654 efeibush-rh.pppl.gov (9/2/09) (=)(o])(x]
File Desktop Window Graph Options Help ’ ———————— I +T ’ -T | Reset Labels | QuickLook
[5] /home/efeibush/Elvis/data/psiRZiter.cdf 7 ol | |
<0 I I | |
= i Fi i q
Graph Location File Monitor ’_‘ 275.000
Row | 1= Column | 1=  Rate 00:10 || Re-download | _— | :
~Variables (2)8
4
6.
8.
Graph Variables X Axis Index Y Axis
R grid [56] 0] O O
Z grid [81] O ] ()
time [12] O ® )
PsiR,Z) [56 x 81 x 12] [] Transpose [v] Plot 3D
|z
1T
| Plot | | clear | | crearan | 15 ‘ /
~Templates N L \ 117/ _L,'.}’ -
14603_monitor_fil vl||i e
I =1} pre=mNW\l[////Z===mn
Save || Delete || Reload | 3 4 5 6 7 8 9 10
[vi Show Panel in Template R grid (m)
Psi(R,Z
| Hide I R,Z)

Requested by users for comparison to other programs.



Filmstrip Layout for Selecting Graphs

B EIVis - 7654 efeibush-rh.pppl.gov  (9/2/09) [BEE
File Desktop Window Graph Options Help === === H +T H -T H Reset Labels ‘ [ QuickLook |

[ ihome/ ereibush/ Enis data/plssmacit 22 T T T R Eﬂ

- ] | . T . - | 5

Graph Location File Monitor M

Row | 4= Column | 1= ' Rate 00:10 | Re-download
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T
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max Z on flux surface [51]

min Z on flux surface [51]

3.50

Toroidal field [109 x 109]
R component of poloidal field [109 x 109]

Z component of poloidal field [109 x 109]
flux surfaces R(rho,theta) [S1 x 151]

flux surfaces Z(rho,theta) [S51 x 151] 3 __

flux surfaces R(rho,theta) [51 x 151] -
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sink rate due to ionization by beam ions [50 x 2]
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Alternative Technique:

Time Step Image Sequences

Larger datasets — too large for PC download
Complex vis rendering on server side

— Visit

— Rescale images to global min/max

Sequence of images = movie

— Download images from URLs instead of variables
— Fast enough for informative images

Display program can show multiple runs
— compare time steps




Image Sequence from GTC

$nap005 10.0ut

snap00790.out snap00860.out snap00930.out $nap01000.out



XGC Image Sequence

Frame 0001/4086 Frame 1000/4086 Frame 2000/4086 Frame 3000/4086 Frame 4000/4086
50000.00 y

25000.00




Monitoring & Display Systems

* Incorporated user feedback

* Experience from
— TRANSP
— CPES
— SWIM (Plasma State netCDF file = 1 time step)
— MSE
— GTC/GTS /GTCneo



Visualization Client

Pe_FUS(tho)

Eliot Feibush

Visualization Techniques for Monitoring Simulations

QIEEE Princeton Plasma Physics Laboratory =PPPL

Automated Data Monitoring
Scientific Graphics Display

f(x,y,t) data for Psi(R,Z) is downloaded
and visualized in the client program.
Having the data locally improves

T interactive exploration.

Visualizing Time Indexed Data in a Single Graph
A color gradient legend, from blue to red, is applied to f
(x,t) curves of Pe_FUS(rho). The color sequence
conveys the time ordering in one static graph. The
yellow triangles in the legend box control scrolling the list
The client periodically checks for new
data and automatically adds it to the graphs.

of time indices.

Filmstrip Layout
Scientists need to
organize an
increasing number of
graphs. Thumbnails
are shown in
scrollable column.
Variables highlighted
for selected graph.
Easy to learn layout
based on digital
photo and slide
program paradigm.
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HTTP Served Directories

HTTP Web Server

Scientists can monitor long
running programs from anywhere
on the Internet.

Leverage use of HTTP server and
web directories to send data to
client instead of developing
custom data server and protocol.

Power to electrons

Client checks URL for new data.
Adjusts polling rate to
simulation’s update rate

throughout the run.

- Integrated Animation

f(x) data in the top row is
interactively examined with

| digital readout by dragging
"l the cursor along time axis.
i Animation is advanced

simultaneously to closest
time step in second & third

- rows. This feature was

requested by user.

Implementation
Client software written in
Java for portability of single
version.

Runs as trusted applet in
browser or as Java
application to access more
memory.

Visualizations can be saved
to PostScript or PDF files for
publication quality output.

http://w3.pppl.gov/elvis

Simulations

Monitoring Variables with Graph Templates
Simulation programs on cluster or super-computer
write monitor data to netCDF files. Variables are
defined with an “unlimited” dimension in time.
Append data to variables at each time step.

APl in client reads netCDF file stored at URL.

Any program that writes a structured
netCDF file can be automatically monitored.

Template file is paired with netCDF file to
specify variables to plot. Load new run with
established presentation. Compare runs.

netCDF File Template File
Variables Graph
Attributes descriptions
Units Presentation style
Annotation

Monitor Data
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Monitoring with Sequence of Image Files
Gyrokinetic Toroidal code produces data too large to
download so an image is rendered for each time step.

Client downloads images sequentially to display animation
and checks for new images when last image is displayed.
Images are rescaled to global range at end of run.

A portable movie maker program combines images into a
movie file and avoids copying the images to another platform.




