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What is an Ensemble? ) i,

= Aset of related simulation runs, each sampling a shared
problem space

= Used in parameter studies, sensitivity analysis, and Validation
& Verification

= Each simulation described by:
= Multiple input parameters

= Multiple outputs

= Scalar metrics (e.g. max/min quantities, event times)

Time series (variables changing over time)

Images and videos

3D surface models

2D/3D finite element models



The Magnitude of the Problem ) .

Imagine 1K runs, EACH run has:

10 input parameters

5 scalar outputs

8 outputs over time (time series)
= 6images
= 5 movies (30 sec each)

= Datais stored remotely on the High Performance Computer
(HPC) that ran the simulations

= We need to interpret our results

= How do we make sense of 6K images?

= View 5K movies? (5K * 30 sec / 60 sec / 60 min = 41.6 hours)
= What if we had 10K runs? 60K images? 50K movies?
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Approach - Analysis as a Service i) S,

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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Slycat Models

Sandia
r.h National
Laboratories

= Models of result data, not physics models used by simulations

= Different models provide complementary perspectives

= Main model types

= Canonical Correlation Analysis (CCA)
= Correlations between two sets of variables
= Sensitivity analysis, anomaly detection
= Time Series Clustering
= Time series similarity, shape filtering
= Map output variability to inputs, find outliers
= Parameter Space
= Visual exploration, filtering, image/video retrieval
= Parameter studies, multi-objective optimization

= Each model has multiple levels of abstraction "4




Canonical Correlation Analysis (CCA)JE=.

Point Color = & | Colors =

CCA1 ~ CCA2 CCA3
r? 0.951 0.462 0.350
P 0.067 0.690 0.877
[ weign | [EY
Displacement 0.952
Cylinders 0.906
Year EN 0536 0.338 -0.748
Horsepower 0939 I 0341 -0.033
MPG -0.933 0.263 -0.246
Acceleration 1 -0.505 -0.680 -0.532
Index Cylinders Displacement Weight & |Year MPG Horsepower Acceleration Model Origin
181 B 171 2084 5 18 97 145 ford pinto 1 i
288 i 200 2880 7a 19.8 85 18.2 mercury zephyr & 1
322 4 151 3003 a0 243 90 201 amc concord 1
200 B 200 3012 76 24 81 17.6 ford maverick 1
305 a2 38 85 17 oldsmobile cutlass ciera (diesel) 1
107 B 250 3021 T3 18 a8 16.5 ford maverick 1
382 4 151 3035 az 23 205 amc concord dl 1
171 6 231 3039 75 21 110 15 buick skyhawk 1
73 6 200 3060 a1 202 88 171 ford granada gl 1 |:|
266 6 200 3070 78 208 85 16.7 mercury zephyr 1
201 B 232 3085 76 225 90 176 amc hornet 1
19 8 455 3086 7o 14 225 10 buick estate wagon (sw) 1
10 4 133 3090 70 115 175 citroen ds-21 pallas 2
132 i 198 3102 T4 20 95 16.5 plymouth duster 1
104 i 225 3121 73 18 105 16.5 plymouth valiant 1
[ B 280 2420 71 12 =g} 145 ford mnctann 1 il
6



Canonical Correlation Analysis (CCA)JE=.

Foint Color ~ | & | Colors =
CCAl ~ CCA2 CCA3
Rr? 0.951 0.462 0.350
P 0.067 0.690 0.877
Weight 0.964 0.005 -0.257
Displacement 0.952 0.297 -0.036
Cylinders 0.906 0217 0.008
Year -0.536 0.338 -0.748
Horsepower 0.933
MPG -0.933
Acceleration -0.505
Index Cylinders Displacement Weight & | Year MPG Horsepower Acceleration Model Origin
181 6 171 2984 75 145 ford pinto 1 T
288 i] 200 2990 7a 18.2 mercury zephyr 6 1
322 4 151 3003 20 243 90 201 amc concord 1
200 6 200 3012 76 24 a1 17.6 ford maverick 1
395 oldsmobile cutlass ciera (diesel) 1
107 6 250 3021 73 88 16.5 ford maverick 1
382 4 151 3035 82 23 205 amc concord di 1
171 6 23 3039 75 21 10 15 buick skyhawk 1
373 6 200 3060 a1 202 a8 171 ford granada gl 1 |j
266 B 200 3070 78 208 85 16.7 mercury zephyr 1
201 6 232 3085 76 225 90 17.6 amc hornet 1
19 8 455 3086 70 - 225 10 buick estate wagon (sw) 1
10 4 133 3090 70 115 17.5 citroen ds-21 pallas 2
132 6 198 3102 T4 20 95 16.5 plymouth duster 1
104 6 AT 321 73 105 16.5 plymouth valiant 1
[ =4 28N 2430 71 - oo 44 B ford mnctann 1 -




Sandia

Canonical Correlation Analysis (CCA)®E=..

Point Color - | & Colors -

R

p

x25  —

x14 L

x22 -

x21 -

x15 -

x19 u

x13 |

x10

x23

x8

x24

x4

x6

I

y1

y4
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x13 x14 x15 " va 2
1879708 0 E 1 0 0 -1 1 E E 0 <] 0 125644 125651 0112325 0506280 w0 1 1 o o 1 1 1 1 ° 1 0 125451
1765306 1 1 0 1 -1 1 0 0 0 1 Kl 0 12812c  [EEEEI 0107720 0620620 W50 Y 1 ] 1 1 1 ° o ] 1 1 ] 1283 eNTM
16.44826... 1 1 il 0 1 0 Eil = 1 0 0 Eil 125552 125650 021765 0556342 e 1 1 1 ] 0 1 1 1 ° o 1 1258 027
1676014 0 1 1 1 o = = o o Eil Eil Eil 125218 125231 00063738 -0.40205 170018 9 1 1 1 1 1 o 0 4 1 1 128 408837
17.42041.. 0 K 1 0 = 1 1 0 1 1 = 4 12538 125386 0113548 05641720 mase, o 1 1 o 1 1 1 o 1 ' 1 1 156 anMa
17.24976... 0 1 1 0 1 -1 1 1 1 1 1 A 125008 125913 00783382 -0.636071 VM. 0 1 1 o 1 1 1 1 1 1 ' 1 126913 007E3R
18.32602.. 0 0 0 0 0 -1 0 0 0 1 1 1 127907 0088015 -0.642756 newe o ] ¢ ] o 1 ® o ] 1 1 ' 12712 00N
1536151 1 0 1 -1 1 -1 1 0 0 < 1 0 127101 0111734 0408377 1994181 1 o 1 4 1 1 1 o ? 1 ' 8 27 aTM
16.46174... 1 <] -1 0 1 0 il 0 1 1 0 1 125641 125647 0211544 0648527 ~|  1gasira -1 1 1 ] 1 o 1 o 1 ' 0 1 9% oansu

« m v -

lecmnr- £ colors - : Point Color - | & Colors =
ceat ccAz CCA3 v ccad

R? 0993 0.972 0.953 0.367

P 0.000 0.004 0.080 0.865

X8 -0.050 0.365 0925 |EE— 0001 -

x23 0058 0.904 - 031 0,070

X6 0024 0035 0053 B 0.033

x13 0093 0131 0.052 0312 |=

x19 0104 0.145 0.046 0.186

x10 0061  0.045 0.041 0.003

x16 0013 -0.030 0.034 0187

xi1 -0013 0.042 0.026 0.060

x4 0027 0005 0.025 0.082

x4 0028 0.026 0.024 0228

x14 0661  -0.059 0.024 0.086

X1 0211 0024 0.022 0231

X7 0.010 0.005 0.021 0192 .

250

ya 0047 0922 0.382 0.046 0948

y2 098 0.252 0164 0.100 0.001

¥ 0947 0.255 0.164 0104 0.047
x13 x14 x15 x16 x17 x18 x19 v x13 ¥ ¥4
1879708 0 ] = 3 0 ] 1 ] ] 0 -1 o 125644 125651 1879706... 0 = = 0 0 -1 1 -1 -1 0 -1 0 125644 125051 0112325 -0.596289
17.65306... 1 1 0 1 -1 1 0 0 0 1 -1 0 128128 12813 17.65306... 1 1 0 1 -1 1 0 0 0 1 -1 0 B 2e: o073 0620030
16.44826.. 1 1 = 0 1 0 = il 1 0 0 -1 125552 125560 16.44826... 1 1 -1 0 1 0 1 -1 1 0 0 = 126852 125650 021766  -0.566342
16.76014.. 0 1 1 1 0 = = 0 0 Eil Eil Eil 125218 125231 1676014 0 1 1 1 0 il < 0 0 Eil Eil = 126218 125231 00063738 -0.40205
17.42041. 0 Eil 1 o = 1 1 0 1 1 = = 12538 125388 17.42041. 0 = 1 0 1 1 1 0 1 1 = = 12638 125336 0113543 0541720
17.24976... 0 1 1 0 1 1 1 1 -1 1 1 -1 125008 125913 8 17.24976... 0 1 1 0 1 = 1 1 = 1 1 1 125008 125913 00783382 0636071
18.32602.. 0 0 0 0 0 1 0 0 0 1 1 1 127907 127912 [RREENE 1832602 0 0 0 0 0 -1 0 0 0 1 1 1 127912 0083015 -0.642756
15.36151.. 1 0 1 = 1 = 1 0 0 il 1 0 127101 127113 1536151... 1 0 1 -1 1 -1 1 0 0 -1 1 0 127113 0111734 -0.408377
16.46174... -1 i =) 0 1 0 = 0 1 1 0 1 125641 125647 16.46174... 1 -1 -1 0 1 0 = 0 1 1 0 1 126641 125647 0211544 0645527
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Canonical Correlation Analysis (CCA)®E=..

Pomt Color - | & Colrs - Point Color - | | Colrs ~
ceat ccaz v CCA3  CCA4 ceat ccaz v
0.972 R 0993 0.972
0.004 P | 0000 0.004
0.904 x23| 0058 0.904
X8 0050 0.365 X8 0050 0.365
x19) 0.104 0.145 x19) 0.104 0.145
x13| 0.093 0.131 13, -0.003 0.131
x20 0024 0.098 x20 0024 0.038
X1 0001 1 003 X1 0001 o 003
x25 0663 0.088 x25 0663 0.088
x18, 0.019 0.071 x18, 0.018 0.071
X2 0015 0.069 x| 0015 0.069
x14, 0661 1 0059 x14, 0661 1 0059
x10 0.061 0.045 x10 0.061 0.045
x17 0013 0.042 A7 0013 0.042
x| 0013 0.042 x| 0013 0.042
y4 0047 0922 0.922
y3 0001 0330 y3 0001 0330
v 097 0.255 Y1 0947 0.255
y2 | 0948 0252 y2 | 0948 0252
x13 x14 x15 x16 x7 x18 x19 x20 x21 x22 x23 x24 x25 ¥ y2 ¥3 ya %e x13 x14 x15 x16 ¥1 73 ¥3
18.79708... O -1 -1 0 0 -1 1 -1 -1 i -1 0 125644 125651 0.112325  -0.596289 ~ 18.79708... 0 -1 -1 12.5644 125651 0.112325
17.65306... 1 1 0 1 -1 1 0 0 0 _ 0 128128 12813 0107733 -0.629639 o 17.65306... 1 1 0 128128 12813 0107739
16.44826... 1 1 -1 0 1 0 -1 -1 1 0 -1 125552 125559 0.21766 -0556342 16.44826.. 1 1 -1 125552 125559 021766
16.76914.. 0 1 1 1 0 -1 -1 0 0 -1 125218 125231 0.0963738 -0.40295 16.76914... 0 1 1 125218 125231 0.0963738
17.42041.. 0 -1 1 0 -1 1 1 0 1 -1 12538 125386 0113548 -0.641729 17.42041.. 0 -1 1 12538 125386 0113548
17.24976... 0 1 1 0 1 B 1 1 B i 125008 125013 00783382 0636071 17.24976... 0 1 1 125008 125013 00783382
18.32602... 0 0 0 0 0 -1 0 0 0 1 127907 127912 0.088015  -0.642756 18.32602... 0 0 0 127907 127912 0.088015
1536151 1 0 1 -1 1 -1 1 0 0 0 127101 127113 0111734 -0.408377 15.36151... 1 0 1 127101 12713 0111734
16.46174. 1 -1 -1 0 1 0 -1 0 1 1 125641 125647 0211544 0645527 ~ 16.46174.. 1 -1 -1 ; 125641 125647 0211544
0 v e
me Cor~ | & Cobrs - : Pomt Color - | & Colrs -
ccaz v cca3  coa ceat CeAz -
0.972 R 0993 0.972
0.004 P | 0000 0.00¢
0.904 x23 0.058 0.904
0.365 X8 0050 0365
0.145 x19, 0.104 0.145
0.131 x13| -0.093 0.131
0.088 x20 0024 0.098
a1 o0 X1 0001 o 003
0.088 x25 -0.663 0.088
0.071 x18| 0.019 0.071
0.069 X2 0015 0.069
1 005 x14, 0661 1 00859
0.045 x10 0.061 0.045
0.042 x17| 0013 0.042
0.042 0013 0.042
y4  0.047 0.922 0.047 0922
y3 0001 0330 0330
vt 097 0.255 0.947 0.255
y2 | 0948 0252 0.948 0252
r x8 x9 x10 x1 x12 x13 x14 x15 x16 x17 x18 x19 x20 x21 x22 x23 x24 r X8 X9 x10 x11 x12 x13
182.413... 55.0126884. 130.5827 .. 3265.493... 472.0426.. 1e-8 18.79708... 0 -1 -1 0 0 -1 1 -1 -1 o -1 55.01268... 130.5827.. 3265493 . 4720426 1e8 18.79708.
06.855... 55.0713326: 128.84612 3261.108... 4715129 .. 9.94e-9 17.65306... 1 1 0 1 -1 1 o 0 o 1 -1 55.07123.. 128.84612 3261.108.. 4715120.. 004e0 17.65306.
185.202. 129.6938... 3250.644.. 4736237... 9.88e-9 16.44826.. 1 1 -1 0 1 0 -1 1 1 o 0 5450010... 120.6038.. 3250.644... 4736237 088ed 16.44826.
11.051... 559895524, 120.4544 . 3270.775... 466.1781.. 0.3e9 1676914, 0 1 1 1 0 -1 -1 0 0 -1 -1 111.051... 55.18955... 129.4544... 3270.775... 466.1781... 9.3e-0 16.76914.
92181... 54.9916435 130.8676... 3255.024.. 4706131 1.01e-8 17.42041.. 0 -1 1 0 -1 1 1 0 1 1 -1 92181... 5499164 130.8676... 3255.024... 470.6131.. 1.01e-8 17.42041
55. 3252.437... 471.2273.. 9.88e-9 17.24976.. 0 1 1 0 1 -1 1 1 -1 1 1 12995 5552438.. 130.4673.. 3252437.. 4712273.. 9.88e-9 17.24976.
3210.376... 473.5294.. 1.01e8 18.32602... 0 0 0 0 0 -1 0 0 [ 1 1 02658.. 5536366... 129.3746.. 3210376.. 4735294.. 101e-8 18.32602.
05.220... 55.0195357. 129.1802... 3223.862... 4682243.. 1.03e-8 1536151... 1 0 1 -1 1 -1 1 0 0 -1 1 05.220... 5501953 120.1802.. 3223862 . 4682243 . 103e8 15.36151
13.967. 130.6208... 32350643 4653050.. 0.6e9 1646174 1 1 1 0 1 0 -1 ) 0 1 1 [ ~ D13967.. 5451650 . 130.6208.. 32350843 465. 3“50‘ 9.6e-9 16.46174.
« W Fi




Time Series Clustering LUE

Outputs ~ | Wawveform Color ~ | & | | Colors ~

= J
e
—
Index %eval... x1 X2 X3 x4 x5 X6 X7 x8 X9 x10 x1 x12 x13 x14
23 24 20000361 10.04949_.. 9925328 .. 2011.914... 401.2103... 1.06e-7 2006.656... 55.05989... 129.7966... 3268.11149 470.0290... 9.93e-9 15.26303... 1 -1 0 -
167 168 1.993353... 9.963320... 100.4101... 2001.158... 402.9389... 1.08e-7 2003123, 54.94335... 131.2485... 3264.187... 47209454 .. 9.49e-9 15.47683... 1 -1 0 D
11 12 2.004108... 9.901151.. 1007241, 1987.446... 403.8844... 1.05e-7 2002.165... B4.78205... 129.3826... 3212.987... 4705796... 1.04e-8 18.99820... 1 1 -1
200 201 2.008251... 10.07148_. 99.97773... 2014.467_.. 403.4763... 1.08e-7 1984.652_. 54.84660... 130.6540_.. 3244227 . 4674471.. 9.16e-9 18.66870... 1 1 1
216 297 1.985837... 9.901750... 99.41313... 2012724 400.7812... 1.03e-7 2016.740... 54.85083... 130.3785... 3271.122_. 470.3725.. 1.03e-8 16.72950.. 0 -1 0
83 84 1.983529... 10.07519... 100.3302... 20192948 396.7897... 0.68e-8 1989.047_.. 54.77803... 129.1175... 3268.862... 471.1920... 1.07e-8 15.60676... 1 1 0
93 94 2.007278... 9.904732... 100.6390... 2013.482... 403.5888... 1.02e7 2002.257... 54.86975... 128.9330... 3249.452... 465.3982... 1e-8 15.35407... -1 1 0
12 13 2.003089... 10.08284... 99.75980... 2017.6772 397.9412... 9.76e-8 2010.572... 54.83109... 129.1311... 3211.580... 467.9350... 9.25e-9 16.24109... 0 1 1
177 178 1.988344... 9.965131... 100.1508... 2007.612... 397.5120... 9.84e-8 2012.308... 54.79425... 129.5205... 3260.883... 467.3043... 1.03e-8 16.08143... 1 0 0
95 96 2.019685... 10.04000_.. 100.8501... 1983.903... 398.1303... 9.2e-8 2014.832... 55.34505... 130.0946... 3233.372... 4717763... 9.45e-9 17.90207... 1 1 1
104 105 2.018962... 10.04664_.. 1001415, 2016.039... 402.9501... 9.26e-8 2007.387... 55.24107... 130.7¥533... 3268.721... 473.1061... 9.76e-9 15.48047... 1 0 0 -
[N m | r
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Time Series Clustering e

Qutputs ~ | Waveform Color - | & || Colors ~ Qutputs ~ | Waveform Color ~ | & || Colors
=)

x13 x14 x15 x16 x17 x18 x19 %20 x21 x22 x25 ¥ y2 ¥3 ¥4 x13 x14 x15 x16 x17 x18 x19 x20 x21 x22 %23 x24 x25 y1 y2 ¥3
15.26303... 1 -1 o -1 o -1 o 1 o -1 12.5566 125581 010653 -0.39331 - 15.26303... 1 -1 o -1 o -1 0 1 o -1 -1 -1 12.5566 12.5581 0.10653
15.47683... -1 -1 0 1 -1 0 -1 0 -1 0 12.3562 123581 0116945  -0.392361 EI 1547683 -1 -1 0 1 -1 0 -1 0 -1 -1 1 0 12.3562 12.3581 0.116945
18.99820_.. -1 1 -1 o o 1 -1 0 o 0 125111 125125 0141976 -0.441417 1899820 -1 1 -1 o 0 1 -1 0 o -1 -1 0 12511 125126 0.141976
18.66870... 1 1 1 -1 1 1 -1 -1 1 -1 126201 126214 0132601 -0.438397 1866870 1 1 1 -1 1 1 -1 -1 1 -1 0 -1 12,6201 12,6214 0132601
16.72950... 0 -1 0 1 1 -1 1 0 -1 0 125319 125333 0130688  -0.424059 16.72950... 0 -1 o 1 1 1 1 0 -1 -1 o 0 125319 125333 0.130688
15.60676... 1 1 o 1 -1 o -1 0 -1 0 12,6204 126226 0142433 -0.39242 15.60676... 1 1 0 1 -1 0 1 0 -1 -1 -1 0 12,6204 12.6226 0.142433
15.35407_. -1 1 0 -1 1 -1 0 0 -1 -1 123019 123033 0125366 -0.306268 1535407 . -1 1 0 -1 1 1 0 0 -1 -1 1 -1 12.3019 12.3033 0.125366
16.24109.. 0 1 1 -1 -1 o o -1 1 -1 124587 124603 0132339 -0.400903 16.24109.. 0 1 1 -1 -1 0 0 -1 1 -1 0 -1 12.4587 12.4603 0132329
16.08143... -1 o o 1 1 o E 0 E E 122595 12261 0136149 -0.40379 16.08143... 1 0 o 1 1 o = 0 E = 1 = 122505 12261 0136149
17.90207... -1 1 1 1 1 1 0 -1 1 126121 126131 00878843 -0.444152 17.90207 .. -1 1 1 -1 1 1 0 -1 -1 -1 1 1 126121 12,6131 00878843
1848047 . -1 o o o 1 o o 1 o 1 126721 126731 00946023 -0.443972 ~ 1848047 . -1 0 0 o 1 0 0 1 0 -1 -1 1 12.6721 12.6731 0.0946023
« [ " > 15 0 i
Outputs ~  Waveform Color - & | Colors ~ Outputs ~  Waveform Color ~ & || Colors ~

x13 x14 x15 x16 x17 x18 x19 x20 x21 x22 x25 n ¥z 3 ya x13 x14 x15 x16 x17 x18 x19 x20 x21 x22 x23 x24 x25 n ¥2 ¥

16.00244. 1 -1 1 -1 0 1 1 1 1 1 128279 128285 0216947 -0611071 16.00244.. 1 -1 1 El o 1 1 1 1 0 0 1 128279 128285 0216047

773528, 1 -1 0 1 0 -1 1 -1 -1 -1 121044 12105 0220012 062199 773528, -1 0 1 0 -1 1 -1 -1 1 0 - 121948 12195 0229012

1683720, 1 0 0 0 1 il 1 1 1 128837 128843 0210843 065830 16.63720.. 1 0 0 0 1 il 1 1 1 1 0 1 128837 128843 0210843

1646174, 1 = o 1 0 = 0 1 125641 125647 0211544 0645527 16.46474... 1 il Eil 0 1 0 il 0 1 1 0 1 125641 125647 0211544

1732475 -1 1 -1 1 0 0 -1 -1 1 125893 125899 0220129 -0.632387 732475, 1 A 1 o o -1 -1 1 1 1 1 125893 125809 0220129

16.48960.. 0 -1 -1 0 1 1 -1 -1 -1 126135 12614 019382  -0.653767 16.48960_. 0 -1 A 0 1 1 -1 -1 -1 1 -1 1 126135 12614 019382

18.42732.. 0 -1 0 0 1 -1 0 0 1 127388 127375 0177596 -0.660527 1842732, 0 -1 0 0 1 -1 0 0 1 1 0 1 127368 127375 0177595 [RRCRIg

17:31043.. 0 il 0 il 0 il 0 1 0 127256 127263 0471364 0632351 1731943.. 0 Eil 0 il 0 Eil 0 1 0 1 0 1 127256 127263 0471364

18.22031... 1 1 1 1 1 0 0 1 0 129192 129198 0166358  -0.659559 18.22031.. 1 1 1 1 1 o 0 1 0 1 1 1 120192 129198 0165358 [REIES

16.66238... 1 1 0 1 1 1 1 0 -1 125708 125714 0187011  -0.628806 16.66238... 1 1 0 1 1 1 1 0 -1 1 0 125708 125714 0187011

1739149 0 0 1 1 0 1 -1 - -1 0 125482 125488 0185049 -0.638975 «~|  17.39149.. 0 0 0 1 1 -1 -1 1 1 0 125482 125488 0185049 -
« [ 0 I K [ i e
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Time Series Clustering e

Qutputs ~ | Waveform Color - | & | Colors -

Outputs - | Waveform Color - | & || Colors ~

—

=) o
x8 x9 x10 x11 x12 x13 x14 x15 x16 7 x18 x19 x20 x21 x22 x23 x24 x25 x13 x1a xas x16 x17 x18 x19 x20 x21 x22 x23 x24 x25 ¥y v
550508037 1207066 326811149 4700290 993e.9 1526303 1 - 0 A 0 A 0 1 0 A 1 A 1526303 1 = 0 = o = o 1 0 Ei = = 125566 125581 039331~
549433655, 1312405 3264187 4720454 949e9 1547683 -1 - 0 1 -1 0 -1 o Bl 4 1 o [E  saress -1 0 1 1 0 -1 0 -1 A 1 0 123562 123581 0382301 [5]
B4782057T; 1203626 3212087 4705795 104e8  18.99820. A 1 Bl 0 0 1 -1 0 o Bl Bl 0 18.00820... -1 1 A 0 0 1 -1 0 0 Bl A 0 125111 125125 0441976 0441417
548466015, 130.6540... 3244227... 467.4471... 91689 18.68870... 1 1 1 Bl 1 1 1 -1 0 1 18.86870... 1 1 1 Eil 1 1 il il 1 A 0 Bl 126201 126214 0432601 0438307
548508354/ 1303765 3271122 4703725 103e8 1672950 0 - 0 1 1 Bl 1 0 A Bl 0 0 16.72950.. 0 B 0 1 1 b 1 0 B 4 o o 125319 125333 0130688 0424059
547780315 129.1175. 3266862 4711920 107e-8 1560676 1 1 0 1 -1 0 0 A A A 0 15.60676... 1 1 0 1 1 0 1 0 -1 A A 0 126204 126226 0142433 039242
548607531 128.9330 . 3240452 4653982 1e-3 1535407 1 1 0 -1 1 -1 0 0 -1 A 1 4 15.36407... -1 1 0 < 1 1 0 0 A Bl 1 A 123019 123033 0425366 | -0.396268
548310003/ 120.1311 3211560 4679359 925e.9 1624100 0 1 1 -1 -1 0 o -1 1 4 0 4 16.24100... 0 1 1 il = 0 0 Eil 1 A 0 Bl 124587 124603 0432339  -0.400003
5479425141 1295205, 3260883, 4673043 10388  16.08143.. 1 0 0 1 1 0 B o Bl Bl 1 Bl 16.08143... -1 o 0 1 1 o B 0 B 4 1 = 122505 12261 0136149 040379
[BBEIB08GG 10.0040... 3233372 4717763 94509 17.90207... 1 1 1 -1 1 1 0 = b 1 1 17.90207... -1 1 1 -1 1 1 0 -1 -1 A 1 1 126121 126131 0444152
552410769 1307533 . 3266721 4731061 97669 1848047 -1 0 0 0 1 0 0 1 0 A A 1 v 18.48047.. -1 0 0 0 1 0 0 1 0 B -1 1 126721 126731 0443072~
« [ i ] r |3 [ 0 S—
Qutputs - | Waveform Color - | & || Calors - Outputs - | Wiaveform Coor - | & || Cobrs +

X8 %9 x10 X1 x12 x13 x4 x15 x16 x17 x18 x19 %20 x21 x22 x23 x24 x13 x14 x15 x16 x17 x18 x19 x20 x21 %22 x23 x24 x25 y1 y2

1303141 3253774 4654450 . 010e-9 16.00244 . 1 -1 1 -1 0 1 1 1 1 0 0 16.00244 .. 1 -1 1 -1 o 1 1 1 1 o 0 1 12.8279 12.8285
3258560... 472.0115.. 042e-9 17.73528 . -1 -1 o 1 0 -1 1 2l 1 0 17.73528... -1 -1 0 1 0 -1 1 -1 -1 1 0 -1 121944 12195
3227.030... 469.0221... 9.18e-9 16.63729.. 1 o o o 1 -1 1 1 1 1 0 1 16.63729... 1 0 0 o 1 -1 1 1 1 1 0 1 12.8837 128843
32359643 465.3050... 9.6e-9 1646174 . -1 -1 -1 o 1 0 -1 0 1 1 0 1 16.46174.. 1 -1 -1 o 1 0 -1 0 1 1 0 1 12.5641 12.5647
3222561 468.8110.. 9.24e-9 1732475 -1 1 -1 1 0 0 -1 -1 1 1 1 1 17.32475.. -1 1 -1 1 o 0 -1 -1 1 1 1 1 125893 12.5899
3272205.. 466.1509.. 101e-8 16.48960.. 0 -1 -1 o 1 1 -1 -1 -1 1 -1 1 16.48960... 0 -1 -1 o 1 1 -1 -1 -1 1 -1 1 126135 12614
3246.306... 467.7524 . 047e-9 18.42732.. 0 -1 o o 1 -1 0 0 1 1 0 1 18.42732.. 0 -1 0 o 1 -1 0 0 1 1 0 1 127368 127375
3237420 4727793 . 105e-8 1731943 0 -1 o -1 0 -1 0 1 0 1 0 1 17.31943.. 0 -1 0 -1 0 -1 0 1 o 1 0 1 127256 127263
3233.820... 473.4758... 1.05¢-8 18.22031... 1 1 1 1 1 0 0 1 0 1 1 1 18.22031... 1 1 1 1 1 0 0 1 o 1 1 1 129192 12.9198 -0.659559
3217.256... 471.0630... 1.02e-8 16.66238.. 1 1 o 1 1 1 0 -1 1 0 -1 16.66238... 1 1 0 1 1 1 1 0 -1 1 0 12.5708 125714 -0.628806
3239276.. 4735574 . 11e8 1739149 0 o -1 -1 0 1 -1 -1 -1 1 1 0 - 17.39149.. 0 0 -1 -1 0 1 -1 -1 -1 1 1 0 12.5482 12.5488 -0.638975
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¥3

Outputs ~ | Waveform Color - | & | Colors - Qutputs ~ | Waveform Color - | & || Colors -

x13 x1a xas x16 x17 x18 x19 x20 x21 x22 x23 x24 x25 n ¥2 yva
16.56932... 1 7.64008... -1 -1 1 1 el 0 1 0 -1 el -1 -1 12173 121753 0473853 0421634 .
1 0 122708 : 1777832.. 0 = 1 1 ] 0 -1 -1 el El 1 125384 125401 0170262 -0.428493
17.59739... -1 0 A 1 1 -1 - A 0 A A 0 12309 123112 18.82668.. 0174184 0449185
1544852 1 - 0 Bl o 1 1 0 0 Bl 0 0 124881 12494 B
1726222, 0 B 0 0 o B 0 B 4 o o 123607 123631
15.43372... 1 -1 A -1 1 0 -1 -1 -1 A 1 -1 120395 120422
16.04425.. 0 1 1 0 = il 1 -1 0 A 1 = 122761 122795
15.40804.. 1 1 0 1 = 0 1 Eil 1 i = 0 125435 125462
16.00244.. 1 B = o 1 1 1 1 0 o 1 128279 128285
773528... -1 0 1 0 -1 1 -1 1 0 -1 121944 12195
16.63729.. 1 0 0 0 1 -1 1 1 1 1 0 1 128837 1258843
‘ [ i
Outputs - | Waveform Color - | & || Colers - Outputs - | Waveform Calor ~ | & | Colors -
x13 x14 x15 x16 x17 ¥2 x13 x1a xas x16 x17 x18 x19 x20 x21 x22 x23 x24 x25 ¥ 2 ¥3 I
1764008 1 = 1 1 -1 0 1 0 -1 El el -1 12473 124753 0473653 1764008 1 E 1 1 = 0 1 0 E el el 1 12173 121753 0473853 0421634 .
1777832.. 0 = 1 1 0 E 0 -1 El El 1 125384 125401 0170262 -0.428493 17.77832.. 0428493
1 0174184 18.82668.. 0443185
1 -0.429404
16.40554.. 1 0423
1750730, A 0 el 1 1 -1 -1 -1 0.421
15.44852... 1 -1 0 A1 0 1 1 0 2 0.419194
726222, 0 -1 0 0 0 -1 0 12.3607
15.43372.. 1 -1 A A = 0 -1 -1 -1 A 1 120305 120422 0180622 -0.387062 1203
16.04425.. 0 1 1 0 =

1 -1 0 - Bl 122781 122795 0307713 4 120781 122785
15.40894... 1 1 0 1 = 0 1 -1 1 = -1 0 125436 125462 0400235 125 125462

v




Parameter Space
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Parameter Space e

Pont Color = | & | Colern-= Fiter + || X Axis - | Y Axis ~ | Point Color - || (| Selection Action ~ | Show Al | Close Al Pins | &a| | Colors - || ©
ceat v ccAz  CcA3
R 0,951 0462 0.350
P 0.067 0.690 0.877
Weight 006t WE— 0005 0257
Displacement 0952 | 0297 .03
Cylinders 0906 MEENEENES 0217 0.008
Year 0536 0338 0748
Horsepower 0839 I 031 -0.033
-0.933
Acceleration 0508 0680 0532
ingex  Cylinders | Displacement | Weight + Year upG Horsepower  Accoleration  Model
181 [ 7 2984 7 s ord pinto 1 2
288 5 200 2000 7 182 mercuty sephyt 6 1
22 “ 151 003 80 243 % 201 ame concord 1
| 200 3 200 a1z 18 24 a1 128 ford mavenc 1
[ Gldshobile culiass cé (esel) q
L3 250 3021 73 fara mavetick 1
4 151 3035 amc concord df 1
B = S 2 S 38 B R ! Cylinders Displacement Horsepower v - | Acceleration Model Origin
8 200 3050 81 202 8 7 ford granada ol 1 |08 oldsmobile cullass ciera (diesel) 1
! P 2 i o g i34 IR ! 200 6 200 3012 s 24 81 176 Tord maverick 1
& cl . i 225 o e amc hotoet ! 322 4 151 3003 80 201 amc concord 1
B 455 2088 70 -azs 10 buick estals wagon (sw) 1 . 5 70 = - o mercury zepnr s |
|1 4 132 2080 70 15 7.5 atroen ds-21 paas 2 181 6 171 2084 75 145 ford pinto 1
132 3 o8 sz [ 185 plymouth duster 1 o s 120 pora - o5 peugeot =04 (sw) 5
|10 (3 225 3121 73 105 165 S bt b 261 6 200 2965 78 158 ford fairmont (auto) 1
o P nen a3 tocst e -
Fiter~ || X Axis-~ | Y Axi - | Pont Color - || 7| Selecton Aclon - Show All Close Al P | | Golors~| | © Fiter - | X s ~| Y Axis - | Pont Color- | ] Selection Acten - | Show Al | Cose AllFirs | &) | Colors - || &
x > x > x a5
3 3 o 455
4 4
5 5
o o H
[ [ H
2 £ § e
3 5 H
&
oxo o= 1680
Index Cyiinders Displacement Weight x '~  Year PG Horsepower v - | Acceleration Model Origin Index Cyiinders Displacement Weight x - ~ | Year PG Horsepower v - | Acceleration Model Origin
205 oldsmobile culass ciera (diesel) 1 NE:S oldsmobile cutiass ciera (diesel) 1 -
200 5 200 3012 75 17.6 ford maverick 1
288 6 200 2990 7 182 mercury zephyr 6 1 3 [
181 5 7 2084 75 145 ford pinto 1
261 6 200 2965 78 85 158 ford fairment (auto) 1 |




Parameter Space ) .

Point Color = | & | Colors =

. 1241760,

0 1211540 1227624, 0.708435... 0.692010.. . 2006010, 0.009990... 2547607... 1717
0 = = 0 1 = 1 1225882, 12.39466... 0.903276... 0873211 0.806005... 2.006010... 0.009990... 2536332... 190
1 1 = 0 0 1 0 1222093, 1235143 0.708792... 0661687 . 0.806005... 2.006010... 0.009990... 2493623 804
0 1 1 1 =il 1 = 12.33820... 12.46638... 0.707909... 0.871836.. 0.806005... 2.006010... 0.009990... 2512692 1114
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Parameter Space
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Parameter Space ) .

Fiter » | X Axis » | ¥ Axis « | Point Color » | | (' | Selection Action » | Show All | Cloze AllPins | & || Colors = || ¢
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Fiter » | X Axis » | ¥ Axis « | Point Color » | | (' | Selection Action » | Show All| Close AllPins | & || Colors = || ¢
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Fiter » | X Axis » | ¥ Axis « | Point Color » | | (£ | Selection Action » | Show All| Cloze AllPins | & || Colors = || ¢
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Fitter » | | X Axis » ¥ Axis » | Point Color » || (&' | Selection Action » | Show All| Close AllPins | & || Colors | | ¢
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Fiter » | X Axis » | ¥ Axis « | Point Color » | | (' | Selection Action | Show All| Cloze AllPins | & || Colors = || ¢
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Parameter Space

~ | Point Color ~ | Media Set » l-l.?.' |l Close AlPins | & || Colors -

| |R10A R11A IR124 R13A R14A R15A R17A
1.716831998... 345093155 § 84 3 o e T .. 107124157, 245745646, 227646297 1.26355036.. 1.63746688.. 377010135.. 3.5 29.. 16772746-1 ~
6.00202261... 472010981, 3.341688806... & 2. 1 F33... 2 2. 9821408272 113780356:,. 409588491 . 170566999 . 182489431 157830198, 38.. 113

1.90184638... 767187258, 1.6581: 2 0002... 570026 .. 215821715.. 1.20953769.. 1.13109497.. 261091125... Z266620541.. 2.00139109... 1.8005016%1 L




Slycat™ Provides ) .

= |nsights into previously unsuspected behaviors in simulation
models (relationships, anomalies).

= Multiple models with varying perspectives on the data.

= 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.




