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Eugene,	
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  Libraries	
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  Photograph	
  CollecEon	
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Quick	
  detour:	
  	
  clarificaEon	
  from	
  
last	
  lecture…	
  

•  StochasEcity	
  and	
  Uncertainty	
  
	
  



DeterminisEc	
  and	
  StochasEc	
  
Processes/Phenomena	
  

•  Examples	
  



Uncertainty	
  

•  Experimental	
  Error	
  
– Measurement	
  error	
  
– StaEsEcal	
  power	
  issues	
  

•  Incomplete	
  Knowledge	
  of	
  System	
  
•  Epistemological	
  Uncertainty	
  
– Laplace’s	
  Demon	
  
– Quantum	
  mechanics?	
  

	
  



Chaos	
  



Chaos	
  

•  Dynamical	
  systems	
  
•  Completely	
  determinisEc	
  
•  Unpredictable	
  outcomes	
  (!)	
  
•  Outcomes	
  can	
  be	
  indisEnguishable	
  from	
  random	
  
•  SensiEve	
  dependence	
  on	
  iniEal	
  condiEons	
  
–  “BuFerfly	
  effect”	
  
–  “impossible	
  precision”	
  needed	
  for	
  predicEon	
  

•  hFp://www.complexityexplorer.org/	
  
•  hFp://experiences.math.cnrs.fr/	
  



Uncertainty	
  in	
  Models	
  

•  Parameter	
  Values	
  
•  AssumpEons	
  
•  AbstracEons	
  
•  SimplificaEons	
  



StochasEcity	
  in	
  Models	
  

•  ProbabilisEc	
  Outcomes	
  
– Decisions	
  
– Parameter	
  values	
  

•  RandomizaEon	
  
– “Random”	
  number	
  algorithms	
  
– ask turtles […], ask patches […] 



Path	
  Dependence	
  

•  “History	
  MaFers”	
  
•  Brown	
  et	
  al.,	
  2005:	
  
– “Path	
  dependence	
  arises	
  from	
  negaEve	
  and	
  
posiEve	
  feedbacks.”	
  

•  Inherently	
  temporal	
  
•  Early	
  events	
  narrow	
  the	
  range	
  of	
  future	
  
possibiliEes.	
  



Path	
  Dependence	
  

•  Three	
  types	
  (definiEons	
  from	
  economic	
  
modelers):	
  
– First	
  degree:	
  	
  mulEple	
  (opEmal)	
  possible	
  paths,	
  
perfect	
  informaEon	
  

– Second	
  degree:	
  	
  imperfect	
  informaEon,	
  path	
  
chosen	
  may	
  turn	
  out	
  to	
  be	
  subopEmal	
  

– Third	
  degree:	
  	
  perfect	
  informaEon,	
  chosen	
  path	
  is	
  
subopEmal,	
  inefficiency	
  



Some	
  fun	
  examples	
  of	
  path	
  
dependence…	
  



Where	
  are	
  you	
  siing?	
  

en.wikipedia.org	
  



Economics/Product	
  Design	
  

•  VHS	
  vs.	
  Betamax	
  

•  HD-­‐DVD	
  vs.	
  Blu-­‐ray	
  

•  QWERTY	
  keyboard	
  



Morphogenesis	
  

•  Turing,	
  A.	
  M.	
  (1952).	
  
"The	
  Chemical	
  Basis	
  of	
  Morphogenesis"	
  (PDF).	
  
Philosophical	
  Transac.ons	
  of	
  the	
  Royal	
  Society	
  
of	
  London	
  237	
  (641):	
  37–72	
  

•  ReacEon-­‐Diffusion	
  models	
  
•  hFps://pmneila.github.io/jsexp/grayscoF/	
  



Biological	
  EvoluEon	
  

•  Codons:	
  	
  geneEc	
  dicEonary	
  
– NucleoEde	
  sequence	
  to	
  amino	
  acid	
  sequence	
  
	
  

commons.wikimedia.org	
  



Fitness	
  Landscapes	
  
•  Sewall	
  Wright	
  

–  "The	
  roles	
  of	
  mutaEon,	
  inbreeding,	
  crossbreeding,	
  and	
  selecEon	
  
in	
  evoluEon".	
  
Proceedings	
  of	
  the	
  Sixth	
  Interna.onal	
  Congress	
  on	
  Gene.cs	
  

•  MulEple	
  Peaks	
  

Trait	
  value	
  

Fitness	
  



Fitness	
  Landscapes	
  

•  Dynamic	
  
•  MulEdimensional	
  

en.wikipedia.org	
  



ClassificaEon/OpEmizaEon	
  Algorithms	
  

•  Markov	
  Chain	
  Monte	
  Carlo	
  
•  Emergent	
  Sorware	
  
•  GeneEc	
  and	
  evoluEonary	
  algorithms	
  
•  Simulated	
  evoluEon	
  
– Fitness	
  funcEons	
  



Others	
  

•  Language	
  evoluEon?	
  
•  Culture?	
  



SpaEal	
  Models:	
  	
  Path	
  Dependence,	
  
StochasEcity	
  and	
  Uncertainty	
  

•  Brown	
  et	
  al,	
  2005:	
  
– “Many	
  models,	
  therefore,	
  produce	
  varying	
  results	
  
because	
  of	
  stochas*c	
  uncertainty	
  in	
  their	
  
processes.”	
  

•  PredicEon?	
  
– Aggregate	
  similarity	
  
– SpaEal	
  similarity	
  

•  Overfiing	
  



•  explain	
  (not	
  predict)	
  	
  
•  guide	
  data	
  collecEon	
  	
  
•  illuminate	
  core	
  dynamics	
  	
  
•  suggest	
  dynamical	
  analogies	
  	
  
•  discover	
  new	
  quesEons	
  	
  
•  promote	
  a	
  scienEfic	
  habit	
  of	
  mind	
  	
  
•  bracket	
  plausible	
  range	
  of	
  outcomes	
  	
  
•  illuminate	
  uncertainEes	
  	
  
•  offer	
  crisis	
  opEons	
  in	
  near-­‐real	
  Eme	
  	
  
•  demonstrate	
  trade-­‐offs	
  	
  
•  challenge	
  prevailing	
  theories	
  	
  
•  expose	
  conflict	
  between	
  knowledge	
  and	
  data	
  	
  
•  train	
  pracEEoners	
  	
  
•  discipline	
  policy	
  dialogue	
  	
  
•  reveal	
  the	
  simple	
  to	
  be	
  complex	
  



Lab/Brown	
  et	
  al.	
  Model	
  

•  Pitalls/pointers?	
  
•  Heterogeneity?	
  
•  UElity	
  funcEon?	
  
•  StochasEcity?	
  



Brown	
  et	
  al.	
  Model	
  

•  What	
  were	
  the	
  authors’	
  2	
  hypotheses?	
  



Brown	
  et	
  al.	
  Model	
  

•  What	
  were	
  the	
  authors’	
  2	
  hypotheses?	
  
– “Our	
  first	
  hypothesis	
  was	
  that	
  a	
  model	
  (and	
  a	
  
system)	
  with	
  more	
  and	
  stronger	
  feedbacks	
  would	
  
be	
  more	
  path	
  dependent	
  than	
  a	
  model	
  with	
  fewer	
  
and/or	
  weaker	
  feedbacks”	
  

– “Our	
  second	
  hypothesis	
  was	
  that	
  where	
  the	
  
environment	
  is	
  relaEvely	
  homogenous,	
  land-­‐use	
  
histories	
  would	
  be	
  more	
  path	
  dependent	
  than	
  
where	
  the	
  environment	
  is	
  variable.”	
  



Brown	
  et	
  al.	
  Model	
  

•  What	
  did	
  they	
  find?	
  



Brown	
  et	
  al.	
  Model	
  

prediction accuracies overall and in the variant region were worst in Case 1.4,
in which the model outcomes were all variations on two cases, i.e., development of
the northwestern or southeastern peak of aesthetic quality. The predictions were, in
fact, much worse than random. However, note that the model still predicted very
well what was not developed in Case 1.4. The second extreme case (Case 1.5) had a
very small invariant region and low overall prediction accuracy; its predictive ability
overall and in the variant region was essentially equivalent to random.

The results from Case 2.1 (table 4) re-confirm that it is very difficult to predict the
right spatial outcomes consistently when there are multiple possible paths of
development possible, even when we were able to reproduce the aggregate spatial
patterns and if we knew perfectly the model that produced that outcome. Note the
high standard deviation in developed accuracy and invariant undeveloped region
that is accurately predicted, possibly indicating a path dependent process that is at

Figure 1. Results from Case 1.1: A) predicted map of development for the first run of the
model (white areas are developed), B) frequency of development (pi,j) for each cell (lighter
shades indicate higher frequency), C) invariant developed (black), invariant undeveloped
(white) and variant regions (gray), and D) the reference map.
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Case	
  1.1	
  
•  No	
  aestheEc	
  quality	
  
differences	
  

•  No	
  density	
  preference	
  
•  Weak	
  closeness	
  to	
  
faciliEes	
  preference	
  



Brown	
  et	
  al.	
  Model	
  

Case	
  1.3	
  
•  AestheEc	
  quality	
  peaks	
  
•  Strong	
  density	
  
preference	
  

•  Weak	
  closeness	
  to	
  
faciliEes	
  preference	
  

•  Weak	
  aestheEc	
  quality	
  
preference	
  

least partly (and in this case fully) captured by the model. Case 2.1 (figure 3) had no
invariant developed region and did no better than random at predicting the
locations of development within the variant region. Case 2.2 (figure 4), in which we
gave agents a new preference to be near the western edge of the map, did no better at
predicting the values of the landscape pattern statistics, i.e., except for MPS. Results
from both cases were not significantly different from the observed pattern metric
values. However, Case 2.2 performed better in terms of overall accuracy than did the
model that actually created the reference map (table 4). In addition, there was an
invariant region that was relatively accurately predicted, for both developed and
undeveloped regions.

Running the model for Washtenaw County produced results with varying degrees
of match to the 1995 development map (table 5). The user’s accuracy of the
development maps, averaged across model runs for each case, was generally low,
ranging from 3.5 to 18.6 percent, and decreasing with later starting times. The

Figure 2. Results from Case 1.3. See caption for figure 1 for description of figures A, B, C,
and D.
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Brown	
  et	
  al.	
  Model	
  

Case	
  2.1	
  
•  AestheEc	
  quality	
  peaks	
  
•  Strong	
  density	
  
preference	
  

•  Weak	
  closeness	
  to	
  
faciliEes	
  preference	
  

•  Strong	
  aestheEc	
  
quality	
  preference	
  

Table 4. Results from second set of demonstrations. Results for Case 2.1 are from 31 runs of
the model used to generate the reference map. Results from Case 2.2 are from 31 runs of the
model in which agents have an additional preference to be near the west edge.

Case 2.1 Case 2.2

Ave. % Dev Correct (std. dev.) 35.1 (33.6) 64.1 (6.1)
Ref Map

LPI 7.5 7.4 (0.4) 7.2 (0.8)
MPS 26.9 22.6 (3.0) 22.3 (3.5)
ED 7.1 7.0 (0.4) 7.1 (0.7)
MNN 575.6 549.6 (102.2) 527.7 (91.6)

ID (user’s acc.) 0 (na) 266 (94.0)
IU (user’s acc.) 8006 (98.8) 8877 (99.0)
C/R 4.433 8.092
VC/VRD 0.954 0.936

Figure 3. Results from Case 2.1. See caption for figure 1 for description of figures A, B, C,
and D.
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Hypothesis	
  1	
  

•  “Our	
  first	
  hypothesis	
  was	
  that	
  a	
  model	
  (and	
  a	
  
system)	
  with	
  more	
  and	
  stronger	
  feedbacks	
  would	
  be	
  
more	
  path	
  dependent	
  than	
  a	
  model	
  with	
  fewer	
  and/
or	
  weaker	
  feedbacks”	
  

•  NetLogo	
  results:	
  



Hypothesis	
  2	
  

•  “Our	
  second	
  hypothesis	
  was	
  that	
  where	
  the	
  
environment	
  is	
  relaEvely	
  homogenous,	
  land-­‐use	
  
histories	
  would	
  be	
  more	
  path	
  dependent	
  than	
  where	
  
the	
  environment	
  is	
  variable.”	
  

•  NetLogo	
  results:	
  



Brown	
  et	
  al.	
  Model	
  

•  Washtenaw	
  County,	
  MI	
  Model	
  
•  ImplicaEons	
  for	
  policy?	
  
– Desired	
  outcomes	
  

•  PredicEon	
  results?	
  
•  Overfiing?	
  
•  AbstracEons/SimplificaEons?	
  
•  What	
  would	
  you	
  add?	
  
•  Take	
  home	
  from	
  model?	
  


