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CASoS 
Engineering Simple Answers about Complex Systems

• Model to learn how to influence complex systems of national or 
global scale

• Public policy is vehicle for influencing large complex systems

• Policy people want simple answers to complex questions 
H t d th t t d d t– How to nudge the system toward good outcomes

– How to avoid pushing the system to catastrophic failure 
modes

– How risky is each option

• Different levels of focus characterize complexity modelers and 
li lpolicy people.

• Uncertainty analysis sometimes helps provide metrics and 
information to bridge the gulf

ICCS 2011
26 June – 1 July 2011

information to bridge the gulf
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Engineering Routine Uncertainty Analysis as 

Due DiligenceDue Diligence 

• Create design of experiment to answer the question efficiently

• Run the model many times with different inputs• Run the model many times with different inputs.

• Perform Sensitivity Analysis (SA) to determine which inputs 
have the most effect on outputsp

• Run uncertainty quantification (UQ) to identify sources of model 
uncertainty and how best to reduce it

• Run statistical significance tests to gauge reliability and quality 
of study results

R t til ti f t l l f fid h d• Repeat until satisfactory levels of confidence reached.
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CASoS 
Engineering Simple Sensitivity Analysis 

•Parameter sweeps
– Run model many times
– Vary single model input– Vary single model input 

while holding all others 
fixed 

– Plot output vs each input– Plot output vs. each input
•Pros: 

– Fast to set up
– Easy to interpret

•Cons: 
– Takes a lot of runsTakes a lot of runs 
– Ignores interactions 
– Only looks at small portion 

of parameter space
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Engineering Meta-modeling for Sensitivity Analysis

• Far fewer model runs needed (~1%)

• More flexible and stable estimates

D t i i t ti ff t• Determine interaction effects

• Fast, approximate model results for 
input combinations that weren’t run

• Best bets: Gaussian process, radial 
basis functions , adaptive splines, 
and polynomial chaos expansion

ICCS 2011
26 June – 1 July 2011 5



CASoS 
Engineering

Best Practices for Uncertainty Analysis of 
Complex Models

• Define policy inputs as numerical ranges rather than 
categorical choices whenever possibleg p

• Run simple parameter scans to get a feel for effects
• Run near-orthogonal Latin hypercube space-filling design 

on small sets of runs (n = ~200)
• Document sensitivity and interactions with meta-models
• Trace uncertainty from sources to results• Trace uncertainty from sources to results
• Apply uncertainty to rank policy options
• Look for interesting peaks and troughs in state space andLook for interesting peaks and troughs in state space and 

distributions
• Use uncertainty to guide further refinement
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Engineering Pandemic Influenza Case Study: 

Communicate Modeling Results g
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Engineering Pandemic study generated 

lots and lots of data
TABLE 1: 90% compliance

Combinations with infected attack rate 10% or less are green, 25% to10% are pink

ID Factor None ASsd CTsd CTsd,ASsd S S, ASsd S,CTsd S,CTsd,ASsd
0.75 None 2780 1872 1111 624 221 207 124 119

T 1560 765 373 241 164 150 122 117
Q 984 562 267 237 178 151 125 141
P 711 379 217 184 161 138 114 123P 711 379 217 184 161 138 114 123

Q,T 600 324 218 159 140 132 119 120
Q,P 329 298 166 160 148 129 121 130
Pex 251 208 149 150 146 134 106 111

Q,Pex 267 187 138 145 122 117 104 108
1.00 None 4965 3843 3941 3013 2274 1296 199 170

T 4111 3064 2741 1815 666 399 157 129
Q 3599 2665 2007 1321 718 420 174 145
P 3192 2190 1214 735 278 250 143 129

Q,T 2823 1880 924 638 334 213 135 133
Q,P 2545 1531 617 415 249 196 144 128
Pex 1776 1035 598 371 218 194 140 130

Q,Pex 1287 614 323 257 207 178 128 144Q, e 8 6 3 3 5 0 8 8
1.25 None 6246 4916 5436 4375 4723 3588 506 278

T 5554 4228 4581 3540 3268 2090 233 173
Q 4989 4064 3963 3239 2810 1964 314 230
P 4587 3480 3344 2551 1455 791 180 162

Q,T 4334 3353 2925 2174 1350 767 200 172
Q,P 3952 3007 2432 1513 670 504 173 172
Pex 3117 2291 2007 1338 675 350 168 137

Q,Pex 2686 1889 1138 641 422 285 163 153
1.50 None 7134 5625 6462 5264 6104 5007 1659 534

T 6541 5038 5743 4527 5120 3882 484 239
Q 5986 4979 5166 4353 4566 3709 867 438
P 5573 4293 4632 3592 3627 2278 293 197

Q,T 5288 4268 4328 3460 3362 2297 338 239
Q,P 4902 3854 3778 2900 2706 1465 270 220
Pex 3967 3053 3124 2370 2046 1117 246 179

Q,Pex 3485 2660 2376 1618 1285 702 247 189
2.00 None 8230 6525 7729 6334 7790 6675 5256 2241

T 7794 6001 7192 5721 7139 5903 3100 641
Q 7285 6084 6701 5732 6636 5736 3873 2108
P 6923 5307 6227 4938 5964 4704 1246 389

Q,T 6687 5445 6002 4987 5744 4720 1771 639
Q,P 6182 4940 5478 4394 5141 3943 855 400
Pex 5233 4020 4611 3559 4144 3156 659 336

Q,Pex 4710 3652 3984 3030 3492 2459 559 335
2.50 None 8850 7107 8473 6996 8610 7631 7035 4310

T 8540 6619 8075 6449 8159 7034 5676 2004
Q 8087 6791 7649 6570 7721 6885 5996 4135
P 7777 5997 7246 5761 7268 6038 3788 860

Q,T 7584 6187 7042 5867 7077 6051 4429 1765
Q,P 7112 5662 6519 5308 6534 5417 3014 813
Pex 6131 4698 5617 4378 5413 4306 2043 602

Q,Pex 5604 4389 5031 3897 4764 3780 1469 581
3.00 None 9237 7545 8929 7465 9091 8213 8062 5656

T 9003 7054 8623 6956 8776 7722 7157 3758
Q 8626 7261 8259 7139 8410 7606 7216 5447
P 8384 6472 7933 6302 8052 6902 5687 1897
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Q,T 8188 6697 7768 6515 7861 6921 6004 3465
Q,P 7753 6194 7284 5909 7396 6340 4983 1786
Pex 6803 5216 6353 4964 6327 5155 3803 1135

Q,Pex 6276 4906 5832 4561 5758 4663 3124 971
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Scatter plot of pandemic study results shows numbers 
of people infected and variability in model runs 

ICCS 2011
26 June – 1 July 2011 9



CASoS 
Engineering

Desirable Outcomes and Low Variability 
Characterize Robust Policies

No 
Treatment

• Each policy tried on 100 random social 
networks

• 2 780 cases expected with no treatment

Social 
Distancing

• 2,780 cases expected with no treatment
• Closing schools is best single option

- Mean = 137 cases
- Moderate variation

Closing 

- Moderate variation

• Social distancing is not as effective
- Mean = 987 cases
- Wide variation g

Schools

Social

Wide variation

• Both policies in conjunction create robust 
solution

- Mean = 118 cases Social 
Distancing

AND
Closing 

Mean  118 cases
- Narrow variation

• Robust solution:
- Good outcome
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g
Schools- Most stable to uncertainty
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Engineering Re-casting model results
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Engineering Tradeoffs: Effectiveness and Predictability
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Engineering Isolating Categories for Layered Interventions

ICCS 2011
26 June – 1 July 2011 13



CASoS 
Engineering

Rankings by Categories

• Behind the scenes• Behind the scenes 
analysis permits 
confident 
assignment of bestassignment of best 
approaches

• Simple presentation p p
helps convey results 
in actionable form

P li k d i• Policy makers desire 
robust options: 
concurrently good 

f d lperformance and low 
risk options 
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Engineering Summary

•Routine uncertainty analysis of complex system 
models

Whi h li i k d h– Which policies can make good changes
– Which policies can create undesirable changes
– How risky is each policy option– How risky is each policy option

•Communication between modelers and policy people is 
paramountp
– Eyes often glaze over at tables, equations and graphs
– Colorful graphs and 3-d response surface plots work
– Conceptually, uncertainty analysis is easy for many policy 

people to grasp, but details are not
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