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A Different Scaling Problem

We run thousands of related

. . Simulation Size
simulations to sample a shared  (radiional scatabvily)
problem space (an ensemble), ¢
but we lack scalable tools to
analyze or visualize the results

as a whole. /\. Simulation Count

(Ensemble Scalability)

Data C lexit
Ensemble Challenges: ala LomPa

- Data Management: How do we interactively explore remote
ensemble data as it scales?

* Interpretation: How do we understand thousands of runs
as a group?

 Representations: \What visual abstractions can we use to
reveal group behaviors? N,



Slycat — Analysis as a Service

Slycat Server with Remote Desktop Delivery
HPC-based agents operate on ensemble data in place
Slycat server stores and manipulates analysis models

Models are visualized remotely, interactively, and

collaboratively

Models support sensitivity analysis, anomaly detection,
and parameter space exploration
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}’. Ensemble Use Cases

 Sensitivity Analysis -I -I

— Model Understanding

— Model Simplification
« Anomaly Detection i.l i.l
— Unique Features :
— Debugging .
« Parameter Space
Exploration
— Optimization
— Solution Robustness

— Result Clustering
* Ensemble Comparison
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MUItiple Levels Of Abstraction Laboratories

* Ensemble summaries (correlations or similarities

Night | Day | Rainbow

201589842 1001622 = 9968924
63 2.014554... 10.04121... 100.1923.. 1997.840.. 403.0082.. 1.05-7 1982.193... 555054038 131.2295... 3210.063... 47336747 9.72e9 16.13963... 1 0 -1 -1 -1 1 -1 |
199702996 9932171 9922954 = 2003034 3964023 1.03e-7 2013508 5509054 . 1311682 . 3213252 4681876 9759 1579526 1 1 0 1 0 0 1T
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Multiple Levels of Abstraction

* Ensemble summaries (correlations or similarities

 Individual runs relative to the group (distributions or
behaviors

CCA1 ~ CCA2 CCA3 CCA4

RZ 0.993 0.972 0.953 0.367

P 0.000 0.004 0.080 0.863

x25 -0.663 0.088 0.011 0.132

x14 -0.661 -0.059 0.024 -0.086

x22 -0.268 -0.041 0.001 0.105

x21 -0211 -0.024 0.022 -0.231

x15 -0.180 0.001 -0.007 -0.113

x19 -0.104 0.145 0.046 0.186

x13 -0.093 0.131 0.052 -0.312

x10 0.061 -0.045 -0.041 0.003

x23 ooss 0.904 0.351 -0.070

x8 1 -00%50 0.365 -0.925 -0.001

x24 0.028 0.026 0.024 0.228

x4 0.027 -0.005 -0.025 0.082

X6 -0.024 -0.035 -0.038 0.033

x20 0.024 0.098 0.002 0427

m= 0,948 oo

y1 -0.947 -0.164 -0.104

y4 0047 B -0.382 0.046

y3 0.001 0.940 0.081

Index x1 x2 x3 x5 x6

62 201589842 10.01622._. 9968924 402 2568. 3e-7

63 2.014554... 10.04121... 100.1923.. 1997.840... 403.0082... 1.05e-7 1982.193... 55.5054038 131.2295... 3210.063.. 473.36747 9.72e9 16.13963... 1 0 - =l - 1 =l D
134‘ 1.99702996 9.932171... 9922954 . 2003.034... 396.4023._. 1.03e-7 2013.508... 55.09054... 131.1682... 3213252 468.1876... 9.75e-9 15|,79526,, 1 1 0 1 0 0 -1} M
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Multiple Levels of Abstraction

Ensemble summaries (correlations or similarities

Individual runs relative to the group (distributions or
behaviors

Run-specific data (numeric values, images, or videos

-0.947

2014554,
1.99702996 9932171 2013508 5509054 . 1311682 . 3213252 4681876 9759 15.79526. .

CCA1 ~ CCA2 CCA3 CCA4
0993 0.872 0953 0367
0.000

Night | Day | Rainbow

-0663
-0.661
-0.268
-0211
-0.180
-0.104
-0.093
0061 f
0058
1 -00%50
0.028
0.027
-0.024
0024

-0.164 -0.104

0047 B -0.382 0046

0.940

10.01622

10.04121... 1982.193... 55.5054038 131.2295...

3210.063... 473.36747 9.72e9

16.13963...
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Ensemble Use Cases: ()
Sensitivity Analysis

Laboratories

« Understanding a user’s model
 Validating a user’s model

odel
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Canonical Correlation Analysis:
All-to-all correlations
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Ensemble Use Cases: ol
Sensitivity Analysis

« Understanding a user’s model
 Validating a user’'s model
« Simplification of a user’'s model
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Ensemble Use Cases: @g&,}g;ggﬁes
Sensitivity Analysis

« Understanding a user’s model
 Validating a user’'s model

« Simplification of a user’s model -!I
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Ensemble Use Cases:
Sensitivity Analysis

Simplification of a user’'s model

NELD

2641 runs each with 266 inputs, 9 outputs
Reduce input variables 266->21

X222

X214
X203
X139
X51
X218
X80
X104

X218
X148
X43
X176
X87
X11
X140
X31
X207
Xe5
X103
X3
X180
X192
X185
X112
X167

CCA1 -
0.935
0.004
0.968
0.145
-0.115
0077
-0.053
-0.035
0.032
-0.030
-0.028
0.028
0.028
0.027
-0.027
0.027
0.026
0.026
0.025
-0.025
0.025
-0.023
0.023
0.022
-0.022
0.022
0.022
0.022
0.021
-0.021
0.021
-0.021
-0.021
-0.021
-0.021
0.020
-0.020
-0.020
-0.020
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Ensemble Use Cases

* Anomaly Detection
— Unique Features
— Bugs

& Colers =
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Ensemble Use Cases Laboratories

* Anomaly Detection
— Unique Features
— Bugs

Fiter — || X Adis | ¥ s = | Point Golor = | (2] Selection Action ~ | Show All | Close Al Pins | & | Celors ~ | | ©

X165 X166 X167 X168 X169 X170 X171 X172 X173 X174 Y1 Y2 Y3 Y4 Y5 v Y6 Yi v Y8 x Y9 X

20149 1904 73 474441 99,2431 9.98764 g 0 . 0 5 005974

198826 200689 4 458933 ¢ 100.253 9 95674 9 3 0.806005973 54

1.99989 194265 1936.04 467146 2 100.112 10,4378 569601 5 7 49 0651365179 ¢ 6005982 2 25.21724326

2014 2001.18 2074.05 466162 322965 100.872 997433 181908 : 0.873019129 0.806005919  2.00601035 25.21429857

127 272 398.73 459.965 ; 10.3823 1211540675 1227624894 0708435692  0.692010261 080600578 2006010346  0.009990074 2547607018
448.569 200309 19287 192877 129.93 403.276 466.109 21268 997167 10.1189 122588209 1239466861  0.903276468 087321105 0806005825 2006010351  0.009990055  25.36332508
444443 1.98574 2059.94 2069 6 13488 398,049 473473 3246.89 100.169 10.2991 1222093926 1235143620 0708792891  0.661667356 0806005631  2.006010347  0.009990059  24.93623792
448501 1.98146 19412 1932.63 130,659 401,897 472204 3216.28 99,4821 10,0807 1233320799 1246638444  0.707909729  0.87183629 080600577  2.006010356  0.003990049  25.12692826 (\
450,485 1.99288 20348 204859 124.758 399.816 472362 272,05 59,3001 10.3145 123601527 1248742444 0903638043 0691395249 (8 0806005778 2006010339 0003990069 2511932134 ¢
‘ [P — v
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Ensemble Use Cases

* Anomaly Detection
— Unique Features
— Bugs

Filler XAds~ YAdsw FointColore (Z Selection Actionw | Show All Close AllPins & Colorsw | ¢

g
£

oxo

Y3 Ya Y5 - |Y6 Y7 v-|Y8 x Y9

X X172 X173 X174 A4 Y2
0.009930071

X165 X166 X167 X168 X169 X170
190473 201041 123 847 397753 4 99.2431 998764 12:26436119 0675864682

2006 89 184363 135517 401.202 2 100.25: 995674 1221151537 9 0.90188686
1942 65 135 26 8 1228569601 0 0.708278449 0.661366179

2001.18 134,024 0.8730191.

0.009330054
0.0099¢ 8
0.003390

448327 20149
443865
446 646

445963

198826
1.99989
20134

398.284 - L 322199 100.112 10.13
398.085 466.162 322965 100.872 957433 18191

1936.04

2071.05

444,443 1.98574 205834 2069.6 13488 396,049 473479 324689 100.169 102891 12.22093928 1235143529 0708792891  0.661687356 _ 0.806005831 2006010347 0009990059 2493623792
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Ensemble Use Cases

* Anomaly Detection
— Unique Features
— Bugs

Filler~ || X Axis ~ | Y Ads ~ Point Color~ | Seleclion Adlion ~ | Show Al Close All Pins & Colors » | ©

x > x >

4

0

E
g =
= 2
oxoe oxo
20149 190473 201041 3 474441 3 9.98764 12.26436119 4 8 5 200601
443865 1.98826 2006.89 184363 3.5 458,933 2 0 9.95674 2 3 6168634847 0 2006010351
446,646 1.99989 194265 1936.04 ] 467 146 2 1241760385 7
445963 20134 2001.18 2071.05 134.024 466.162 5 2 : 12.37248521 9 6.0763 0 0.009
. i v
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Ensemble Use Cases

* Anomaly Detection
— Unique Features
— Bugs

& Seledion Adion~ | Show All Close All Pins & | Colors | ©

Filler~ || XAxis ~ | ¥ Ads = | Point Color =

g z 8
£ § g
oxXo oxo oxo

X169 X170 Xar X172 X173
7.7 474 441 99 2431 998764 4 & 6 2006010348 00039900
K 7 0.80 200601 0. 054

401202 468933 100, 9 2 37
0 2.00601 0.009990058

| = | X165 X166 X167 X168

20149 1904 73 2010.41
1.98826 2006 89 194363
1.99989 1942.65 1936.04
20134 2001.18 2071.05

398284 467,146 100.112 10.1. 2 £
100.872 9.97433 12.23181908 7 0 pA 0.00¢ 8 25,2142

26

134024 398.085
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Ensemble Use Cases Laboratories

* Anomaly Detection
— Unique Features
— Bugs

Filler~ || X Axis ~ | Y Ads ~ Point Color~ | Seleclion Adlion ~ | Show Al Close All Pins & Colors » | ©

g z 8 8
£ § g g
oxXo oxo oxo ©XD

20149
1.98826

1904 73
2006 89
194265
2001.18

2010.41
184363

397753 474441 992431 3 4 64682 3 & 3 8 2006010348

401202 468933 100, 956 2 3 2 3 0 6.16 7 0 200601 90054

1.99989
20134

1936.04
2071.05

398284 467146 100.112 2 G 3 0 2.006010345 0.009990058

134024 398.085 66. 100.872 9.97433 12.23181308 2 7 o 2.00601035 0.009990058
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Ensemble Use Cases

* Anomaly Detection
— Unique Features
— Bugs

Filler~ || XAdis ~ | Y Axs = Point Color - | & Selection Action | Show All Close AllPins & || Colors = | ©

P = = o =
- § 8 d >
oxe oxo oxXD oxo oxo

20148
198826
1:99989
20134

1904 73
200689
194265
200118

2010.41 3 32 998764 £ 4 6468, 1062376
194363 35 5 4 100 9 35674 . 3 2 3 8868 0662129275
1936.04 2 8 100.112 4176 9 66179
2071.05 134.024 6 100.872 1819 r 3019129
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Ensemble Use Cases Laboratories

* Anomaly Detection
— Unique Features
— Bugs

Filler~ | KAds ~ | YAds = PointColor= | Selection Adlion ~ | Show Al Close AllPins & Colors = | ©
> x > x > x > x >
4 1 1 A
L 0 | 0 0 |
IR 1 1 1 ] 1
g z ] g 5 8
- § q g > 8
oxo oxo oxo oxo oxXo® oxo®
20149 190473 201041 3 3 9.98764 6468 1062376
1.98826 2006.89 184363 3.5 4 8 100, 9.95674 2 2. 345940 62129275
1.99969 194265 1936.04 ] 8 467 146 9 100.112 2 6 3 0661366179
2014 200118 2071.05 134.024 456,162 100.872 1 2 3019129
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« Parameter Space Exploration
— Results Clustering

— Design Optimization

— Model Tuning
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« Parameter Space Exploration

— Design Optimization

— User Model Tuning Taylor Anvil Demo

Best height
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« Parameter Space Exploration
— Results Clustering
— Design Optimization
— Model Tuning

Ensemble Use Cases

Fiter= XAis= YAds= PointColore ImageSel (| SelectionAction~ SNhow All| Closs AllPins & Colors«

Best radius =
min y value

©

Best heigh
dark blue

Index simulD  x ji ndrf_last = Imagel @~ Image2 Image3 o« Imaged Images Images Image? Images

248 ) 3015390000 0.9785 0.019853 fileffiynodgpf  fle:ynxiapf  filedlynwgpt. fiedlynxiapl . fladlynxigpf - fledynxigpf filefynxigpf.  file /fymwiapt
240 0 2526830000 0.9785 19853 0 9 fle Mymogpl fle/Mynwgpl file:dlynxigel..  fleMynigpl. fle/lynxigpl  flesyngpl . e yngpt ..
244 : 121410000 0.9785 319 - flymcigpi fle/ynwigpl . fleMynigel. Flecilyncdgpl. . Bledilyosigpt flelynugpl . fslynxigpt.-
22 3 07300000 0 5 file:/Nynxigpl.. Fle:/ynagpl fita Jynxigpl /gt yrodgpt.. file: Aymxiget...
176 607300000 0019142 [ fleMynxigpt . fle/Myncigpt . fle:/Mymogpl . Flefynigpl.. fleilynxgpt . Fle-iynd/gpf. flefymagpf. . fleMymuigpt

180 161 807300000 2621410000 03131 03535 0018142 0 6 file Mymwigpl. .. fle/Aynxigpt . File:/lynx/gpl fle:/lyndgpl... fledynx/gpt . i Mynx/gpf.. file: Mynxigpt.

11 ane sazanannn £ 24n¢ ngcos fnsgun Slotinglant Sl biingd  Glaboylen  Gaifnclnd  Glailsolat  Elaibuiank  Eaifuningd  Glaibmyinel
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Ensemble Use Cases

« Parameter Space Exploration
— Results Clustering
— Design Optimization
— Model Tuning

Filter » || XAs ~ Y Axs » | Point Color = Image Sel~ || I | Selection Action ~ | Sho Close AlPins & | Colors=  ©

Worst radius =
max y value

rst heigh
dark red

Index odrf_tast « v = | ndhf L.. Imagel o+ Image2 Image3 Imaged Image5 Images Image? Image8
204 205 807300000 3210570000 09785 fle/Mymcdapd.., Fle MynwigpF . fle:Mynxsgpl . e Mynwiapt, . Fleiyma/gpl. . fleynxiget. e /Mymaged. fie.Mynuigpt -

136 607300000 2621410000 0.5785 0.020183 file/Mymigpt...  fle/Mynwigpl . File:Mynwigel . fle:/ynxiget . fle/Aynxigef .. fle-/ynigef.  le:/Mynxigef... fle:/Mymoigpd |

200 807300000 3015990000 0.9785 0.020183 filaMyrddapd. . fleynwigpt . e fymedgpl . file Mymiapt . e Aymelgpl . Sle/ynigpt e iymuigal.. file/ilynxiapt

182 07300000 2626830000 0.9785 0 fie/Nynxiget... e Mymwigpl. e Mynwigel.. fleMynxigel.. fleMynxigel .  Ble/Myniget. . fle:/Mynigsf... e /Mynige (\
220 507300000 3210570000 03089667 09785 0020071 0.108 fla /Mynipd. fle/ynuigpl  fileMynscigpl . fleMynwigpt . fle fyniopl . fla-Mynsigpf file:/ymdgpf. fila Mynwiopt &
218 807300000 3015390000 03089667 08785 0.020071 flo/Mynuigpd... e Mynwigpl . fleMynxigpf. e Mymuigpt e ynxigpl . fle ymdigpf. e /ynxigpl /gpl

12 213 0700000 fonoger oo £ no0n7s lafneinod  Slafoioot  Sla(uoviool SlaMosient o lloeiond  Sla oot Sla Moot ot = ™
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Ensemble Use Cases

« Parameter Space Exploration
— Results Clustering
— Design Optimization
— Model Tuning

Filter » || XAs ~ Y Axs » | Point Color = Image Sel~ || I | Selection Action ~ | Sho Close AlPins & | Colors=  ©

_Wo st radius Best height

Best radius

Index odrf_tast « v = | ndhf L.. Imagel o+ Image2 Image3 Imaged Image5 Images Image? Image8
204 205 807300000 3210570000 09785 fle/Mymcdapd.., Fle MynwigpF . fle:Mynxsgpl . e Mynwiapt, . Fleiyma/gpl. . fleynxiget. e /Mymaged. fie.Mynuigpt -

136 607300000 2621410000 0.5785 0.020183 file/Mymigpt...  fle/Mynwigpl . File:Mynwigel . fle:/ynxiget . fle/Aynxigef .. fle-/ynigef.  le:/Mynxigef... fle:/Mymoigpd |

200 807300000 3015990000 0.9785 0.020183 filaMyrddapd. . fleynwigpt . e fymedgpl . file Mymiapt . e Aymelgpl . Sle/ynigpt e iymuigal.. file/ilynxiapt

182 07300000 2626830000 0.9785 0 fie/Nynxiget... e Mymwigpl. e Mynwigel.. fleMynxigel.. fleMynxigel .  Ble/Myniget. . fle:/Mynigsf... e /Mynige (\
220 507300000 3210570000 03089667 09785 0020071 0.108 fla /Mynipd. fle/ynuigpl  fileMynscigpl . fleMynwigpt . fle fyniopl . fla-Mynsigpf file:/ymdgpf. fila Mynwiopt &
218 807300000 3015390000 03089667 08785 0.020071 flo/Mynuigpd... e Mynwigpl . fleMynxigpf. e Mymuigpt e ynxigpl . fle ymdigpf. e /ynxigpl /gpl

12 213 0700000 fonoger oo £ no0n7s lafneinod  Slafoioot  Sla(uoviool SlaMosient o lloeiond  Sla oot Sla Moot ot = ™
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« Parameter Space Exploration
— Results Clustering
— Design Optimization
— Model Tuning

Filter » || XAis ~ Y Axs » | Point Color = Image Sel~ || | Selection Action » | Show Al Close All Pins & | Colors» | ©

Index ~ imagel ©- Image2 Image3 Imaged Image5 Images Image? Image8

48 867100000 0012452 15202 fieMyniapl.  Fle Mymxigpf . e Mymeigpl. RleMynwigpt . Bleiymogpt . Fle/ynxigpt. e /Mymdapt... Sl Myrsdgpt -

57 ¢ 00000 3015980000 0.012492 01 fle:/Mymocigpf.. fle:/Mymxigpf . file:/Mlynwigef .. file:ynxiget.. e /Mymxigpf .. fle/Mynxigef.  fle:/iynxigef... fle:/Mynxigpt

51 54 867100000 2821410000 0.012492 0.1 S /nynaiapd. . BleMynuigpf . Rl ymidgpl . i Mynigpt . fle /ynwiapl . fleMyrodgp Fle:Iymidgpl... e iymapt 3

Ll 2 £67100000 3210570000 0012482 fio/Nynxiget... SleMymwigpl. e Mynwigel.. fleMymxigel. fleMynxigel .  Ble/Myniget.  flo:/Mynigsf... e /Mynige (\
233 234 867100000 3015980000 0.3110333 09785 0.014737 4 fila /Mynigpé . fle:iMymaigpt  file-/flynscigpl file: Mymdpf . file:Mynwigpl  fle-Mynsigpf file:/Mynx/gpf  fila Myn/opé

225 226 867100000 2626830000 03110333 0.5785 0.014737 fio/Nynxiget.. fle /Mynwigpl . fileMynxigpl . file Mynmuigpt  fle Mynxigpl . fle Mynxigpf. fle /Mymdgpf. . fle/Mynxigpt &
77 ne ARTANANAN. AAALTANN LRLLLCEL] narme anaT Fla [Mrvelnnd fila Mamvwionnd Fila: [Mreined fila Mhamvinnd Fa [nvelnnd fila Mhavvined e v lound
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* Dial-A-Cluster Plugin

Max Temperature “ Selection 1 | Selecion2 = Zoom Difference Do Not Color .
Mean Temperature
0 (o]
Min T e
emperature o)
i o |4 - 00 °
Max Dew Point o [ [« °
0 o] . o
o]
Mean Dew Point o o
- oY o o ot 3
{ ) o o o £ 00 10 0 E £ » Doy
Min Dew Point ‘ I Q@QO © (o] fe] . X Mean Humidty =)
Oo o s y
Max Humidity 0 (o} Cp k) C &
Uean Humidgty ) ov o o
Min Humidity - |
Max Sea Level 24
Pressure -
— ‘J - { °
. = L] "W =0 ] 0 »
0 1 Chuster
—_—
City State Time ... Popul... Latitu... Longi... Avera... Avera... Annu... Avera... Avera... Avera...
Las Vegas Nevada Pacific 544806 36.1667 148 70.7286 27 5025 268 87421 9.96231 28392 =
Portland Oregon Pacific 534093 45 5167 121317 553618 716432 4145 1.5603 909799 511809
Oikdshoma .. Oiklahoma  Central 532006 354333 965113 57191 69 8467 19.45 943216 948995 22610
Tucson Anzona Mountain 528483 322167 10533 68 9623 37 3467 1646 13194 982412 0845246 0l
Albuquerque New Mexico Mountain 496801 35,0833 105.35 stz 41.5%7 955 529648 9.86432 3211%
Adlanta Georga Eastern 483108 375 836167 £9.0628 65.8%45 5105 537186 849246 291457
Long Beach California Pacific 467851 33.766T nismw 67.397 618794 951 450503 9 228643
Kansas City Missoun Central 463985 391 34167 51113 664296 4149 10.608 9.15075 458291
Fresno California Pacific 456574 3611 182 67.6683 523643 1.67 5.52261 8.34673 32084
New Orle Lowsiana Central 455188 2995 8993313 674422 71,6005 4947 787186 910553 4 41457
Cleveland  Ohio Eastem 449188 41.4667 803813 471256 69.0879 478 996734 852513 577387
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Slycat Provides

* Insights into previously unsuspected behaviors in
simulation models (relationships, anomalies).

* On-demand remote exploration of terabytes of results
without moving the data (reducing time/storage costs).

« Many-to-many correlations for sensitivity analysis.
« Ubiquitous web-based delivery for easy collaboration.

* [terative Design Optimization: explore parameter space,
rank & quantify result, export, resample refined space,
generate refined ensemble



