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Background	and	motivation

§ Various	bids	and	projects
§ CAVES,	MIRACLE
§ OCCAM,	CSoS

§ Is	‘complexity’	one	thing…

§ …or	numerous	quite	distinct	
kinds	of	system…

§ …with	characteristic	
patterns	of	behaviour



Complexity	of	social	simulations

§ Characterising	a	system’s	behaviour	is	challenging
§ Individual	data	of	various	types
§ Spatial	data
§ Network	data
§ Time-series	data

§ Emergent	system-level	properties
§ Individual,	spatial	and	network

§ Numerous	methods	and	statistics	for	each	variable
§ ‘Summary’	of	a	system	difficult



Methods	(Lee	et	al.	2015)

§ Issues	of	non-normal	and	multivariate	data
§ Significance	testing

§ Critique	that	sample	size	can	be	arbitrarily	
increased	until	‘inconsequential’	significance	
observed	(see	also	White	et	al.	2013	Oikos)
§ Coefficient	of	variance	𝜎/𝜇 <	E used	by	Lorscheid

et	al.	(2012,	CMOT)
§ Stonedahl &	Wilensky (2011,	LNCS)	use	GAs	to	
search	for	parameters	that	produce	a	particular	
emergent	effect



Methods	(Lee	et	al.	2015)

§ Time	series
§ Decomposition

§ trend,	seasonal,	cyclical	(irregular	periodicity)	and	
random

§ Dynamic	Time	Warping	for	comparison	
(Keogh	&	Ratanamahatana,	2005,	K&IS)

§ Space
§ Lee	et	al.	mention	several	without	

recommending	any
§ e.g.	Cohen’s	kappa,	Moran’s	I
§ Pontius	(2002,	PE&RS)	compares	at	multiple	

spatial	resolutions



Indicators	(Hetman	&	Magnuszewski 2008)

§ Networks
§ Clustering	coefficients

§ Various	measures	of	how	likely	a	friend	of	a	friend	
is	also	your	friend

§ Assortativity
§ ‘Degree	homophily’	(you	are	more	likely	to	

interact	with	other	people	having	a	similar	node	
degree	to	you)

§ Density
§ How	many	of	the	possible	connections	are	made

§ Denser	networks	more	resilient
§ Network	diameter	also	a	possible	metric



Indicators	(Hetman	&	Magnuszewski 2008)

§ Space
§ Recommend	Moran’s	I

§ -1:	maximally	uncorrelated;	0:	no	correlation;	+1:	
maximally	correlated

§ Time
§ Kurtosis

§ -ve:	thin-tailed;	0:	normal;	+ve:	fat	tailed

§ Power	law:	Hill	tail	exponent
§ Heteroskedasticity:	Analysis	of	ACF

§ Not	strictly	automatable
§ Lag	choice;	inspection	of	ACF	plot



(Not)	Indicators	(Shalizi 2006)

§ Kolmogorov	complexity
§ But	not	computable	and	often	(wrongly)	

interpreted	as	‘gzip’	complexity
§ Still,	there	might	be	an	indicator	there

§ Logical	Depth
§ Ditto	(but	no	gzip equivalent)

§ Minimum	description	length	+	stochastic	complexity
§ Feasible	to	compute
§ But	still	about	the	number	of	bits	you	need	

to	encode	some	dynamics



Possible	indicators	(Shalizi 2006)

§ Complexity	as	the	minimum amount	of	information	needed	to	
encode	a	system	state	for	optimal	prediction	(Grassberger)

§ Grassberger-Crutchfield-Young	complexity
§ ‘Causal	states’:	equivalence	classes	of	historical	states	

such	that	they	have	the	same	probabilities	over	the	
future	states

§ Information	content	of	these	causal	states	as	a	
complexity	measure

§ Power	laws
§ Not	necessarily	complex
§ Things	that	look	like	power	laws	might	be	other	kinds	

of	fat-tailed	distribution



FEARLUS	SPOMM

§ Do	nothing
§ Reward	for	activity	or	outcome

§ Feedback	from	species
§ Reward	individually	or	‘clustered’

§ Feedback	from	neighbours



Previous	analysis	(1)



Previous	analysis	(2)

Add	feedback	
loop	from	
species

Add	spatially-
clustered	incentives



Previous	analysis	(2)

Add	feedback	
loop	from	
species

Add	spatially-
clustered	incentives

Commonality	
where	incentive	
high	enough	that	
nothing	changes?



Experiment	design

§ Use	Hetman-Magnuszewski indicators
§ Monte	Carlo	sample	in	parameter	space

§ Five	switches	and	dials
§ Policy	design
§ Market	time	series
§ Aspiration
§ Costs
§ Incentive

§ ~100k	runs
§ Analyse	the	results	looking	for	patterns	of	behaviour



Results?
§ 166	variables!
§ Several	are	uncomputable for	a	
significant	proportion	of	runs

§ No	network
§ No	advice	or	exchange	of	land

§ No	dynamics
§ No	change	happens	because	

everyone	is	happy

§ 166	=>	58
§ Remove	vars with	all NA

§ 58	=>	17
§ Remove	vars with	>=	25%	NA

§ Analysis	techniques	don’t	always	
accept	‘NA’s

> summary(data) 
               Dir                  Government    Market           BET             ASP             Incentive             Reward           Preward           Income         
 ./fgridln06-0004:    1   ClusterActivity:7031   flat:12123   Min.   :24.00   Min.   :0.000339   Min.   :  0.01611   Min.   :   0.00   Min.   :0.0000   Min.   :   1.136   
 ./fgridln06-0008:    1   ClusterSpecies :7085   var2:11916   1st Qu.:26.08   1st Qu.:1.988710   1st Qu.: 24.37119   1st Qu.:  64.65   1st Qu.:0.6444   1st Qu.: 101.788   
 ./fgridln06-0015:    1   RewardActivity :6859                Median :28.03   Median :3.912210   Median : 49.81818   Median : 193.15   Median :0.8443   Median : 225.243   
 ./fgridln06-0016:    1   RewardSpecies  :3064                Mean   :28.04   Mean   :3.966137   Mean   : 49.83597   Mean   : 446.46   Mean   :0.7633   Mean   : 478.583   
 ./fgridln06-0019:    1                                       3rd Qu.:30.05   3rd Qu.:5.961505   3rd Qu.: 75.53713   3rd Qu.: 505.22   3rd Qu.:0.9470   3rd Qu.: 539.851   
 ./fgridln06-0025:    1                                       Max.   :32.00   Max.   :7.999750   Max.   : 99.99886   Max.   :2369.34   Max.   :0.9900   Max.   :2391.678   
 (Other)         :24033                                                                                                                                                    
  Expenditure         Bankruptcies        LU.Change        Occupancy.LU.1  Occupancy.LU.2   Occupancy.LU.3   Occupancy.LU.4  Occupancy.LU.5    Occupancy.LU.6    Extinction.SPP.1 
 Min.   :        0   Min.   :0.000000   Min.   :0.000000   Min.   :  0.0   Min.   :  0.00   Min.   :  0.00   Min.   :  0.0   Min.   :  0.000   Min.   :  0.000   Min.   :  6.00   
 1st Qu.:  2463230   1st Qu.:0.000000   1st Qu.:0.000000   1st Qu.:237.0   1st Qu.:  0.00   1st Qu.:  0.00   1st Qu.:310.0   1st Qu.:  0.000   1st Qu.:  0.000   1st Qu.: 11.00   
 Median :  8778750   Median :0.000000   Median :0.000000   Median :278.0   Median :  4.00   Median :  0.00   Median :326.1   Median :  0.000   Median :  0.000   Median : 15.00   
 Mean   : 25579106   Mean   :0.002455   Mean   :0.003332   Mean   :242.1   Mean   : 32.79   Mean   : 15.36   Mean   :326.0   Mean   :  2.565   Mean   :  6.148   Mean   : 23.93   
 3rd Qu.: 26531100   3rd Qu.:0.000000   3rd Qu.:0.000000   3rd Qu.:307.8   3rd Qu.: 11.00   3rd Qu.:  4.00   3rd Qu.:346.0   3rd Qu.:  3.000   3rd Qu.:  3.687   3rd Qu.: 27.00   
 Max.   :148083900   Max.   :0.965328   Max.   :0.240145   Max.   :358.0   Max.   :625.00   Max.   :625.00   Max.   :625.0   Max.   :210.960   Max.   :253.343   Max.   :199.00   
                                                                                                                                                                 NA's   :4905     
 Extinction.SPP.2 Extinction.SPP.3 Extinction.SPP.4 Extinction.SPP.5 Extinction.SPP.6 Extinction.SPP.7 Extinction.SPP.8 Extinction.SPP.9 Extinction.SPP.10 Occupancy.SPP.1   
 Min.   :  6      Min.   :  6.00   Min.   :  9.00   Min.   : 15.00   Min.   :  9.00   Min.   :  9.00   Min.   :  9.00   Min.   :  9.00   Min.   :  9.00    Min.   :0.00000   
 1st Qu.: 11      1st Qu.: 11.00   1st Qu.: 24.00   1st Qu.: 30.00   1st Qu.: 28.00   1st Qu.: 38.00   1st Qu.: 29.75   1st Qu.: 25.25   1st Qu.: 25.00    1st Qu.:0.00000   
 Median : 14      Median : 13.00   Median : 37.00   Median : 42.50   Median : 36.00   Median : 57.00   Median : 61.00   Median : 42.00   Median : 33.00    Median :0.00000   
 Mean   : 22      Mean   : 20.08   Mean   : 46.38   Mean   : 48.28   Mean   : 49.45   Mean   : 64.25   Mean   : 63.36   Mean   : 50.52   Mean   : 51.62    Mean   :0.07026   
 3rd Qu.: 25      3rd Qu.: 24.00   3rd Qu.: 57.00   3rd Qu.: 58.00   3rd Qu.: 54.00   3rd Qu.: 80.00   3rd Qu.: 81.00   3rd Qu.: 63.00   3rd Qu.: 67.00    3rd Qu.:0.00000   
 Max.   :198      Max.   :194.00   Max.   :199.00   Max.   :164.00   Max.   :199.00   Max.   :197.00   Max.   :198.00   Max.   :194.00   Max.   :199.00    Max.   :0.99902   
 NA's   :4349     NA's   :3502     NA's   :22939    NA's   :23579    NA's   :22893    NA's   :23094    NA's   :23595    NA's   :23593    NA's   :21156                       
 Occupancy.SPP.2   Occupancy.SPP.3   Occupancy.SPP.4  Occupancy.SPP.5  Occupancy.SPP.6  Occupancy.SPP.7  Occupancy.SPP.8  Occupancy.SPP.9  Occupancy.SPP.10    Shannon         
 Min.   :0.00000   Min.   :0.00000   Min.   :0.0000   Min.   :0.0000   Min.   :0.0000   Min.   :0.0000   Min.   :0.0000   Min.   :0.0000   Min.   :0.0000   Min.   :0.001399   
 1st Qu.:0.00000   1st Qu.:0.00000   1st Qu.:0.3881   1st Qu.:0.9695   1st Qu.:0.9560   1st Qu.:0.4704   1st Qu.:0.4995   1st Qu.:0.5010   1st Qu.:0.3618   1st Qu.:1.187059   
 Median :0.00000   Median :0.00000   Median :0.4302   Median :0.9883   Median :0.9821   Median :0.5035   Median :0.5377   Median :0.5352   Median :0.4311   Median :1.192965   
 Mean   :0.06601   Mean   :0.05788   Mean   :0.4030   Mean   :0.9486   Mean   :0.9013   Mean   :0.5040   Mean   :0.5727   Mean   :0.5707   Mean   :0.3690   Mean   :1.203788   
 3rd Qu.:0.00000   3rd Qu.:0.00000   3rd Qu.:0.4686   3rd Qu.:0.9889   3rd Qu.:0.9886   3rd Qu.:0.5398   3rd Qu.:0.5914   3rd Qu.:0.5882   3rd Qu.:0.4783   3rd Qu.:1.200355   
 Max.   :0.99830   Max.   :0.99539   Max.   :0.9889   Max.   :0.9905   Max.   :0.9908   Max.   :0.9898   Max.   :0.9984   Max.   :0.9991   Max.   :0.5619   Max.   :1.617222   
                                                                                                                                                                               
  Equitability          Richness      Kurtosis.Population Hill.Tail.Population Kurtosis.LandUse.GL1 Hill.Tail.LandUse.GL1 Kurtosis.LandUse.GL2 Hill.Tail.LandUse.GL2 Kurtosis.LandUse.GL3 
 Min.   :0.0000002   Min.   : 1.000   Min.   : -1.941     Min.   :  1.840      Min.   : -2.000      Min.   :  1.634       Min.   : -1.998      Min.   :  0.563       Min.   : -1.996      
 1st Qu.:0.0000005   1st Qu.: 7.000   1st Qu.: 71.987     1st Qu.:  2.241      1st Qu.:  5.049      1st Qu.:  9.226       1st Qu.: 12.434      1st Qu.:  8.334       1st Qu.: 12.549      
 Median :0.0000005   Median : 7.000   Median :172.076     Median :  2.358      Median : 32.557      Median : 10.455       Median :147.594      Median : 27.497       Median : 20.042      
 Mean   :0.0116957   Mean   : 7.222   Mean   :130.577     Mean   :  3.658      Mean   : 70.950      Mean   : 11.041       Mean   :108.491      Mean   : 88.660       Mean   : 78.557      
 3rd Qu.:0.0000006   3rd Qu.: 7.000   3rd Qu.:179.723     3rd Qu.:  2.609      3rd Qu.:163.643      3rd Qu.: 12.013       3rd Qu.:195.005      3rd Qu.:110.749       3rd Qu.:195.005      
 Max.   :0.5090747   Max.   :10.000   Max.   :190.760     Max.   :624.500      Max.   :195.005      Max.   :477.500       Max.   :195.005      Max.   :624.500       Max.   :195.005      
                                      NA's   :10350       NA's   :13993        NA's   :4170         NA's   :9976          NA's   :9787         NA's   :23271         NA's   :9823         
 Hill.Tail.LandUse.GL3 Kurtosis.LandUse.AL1 Hill.Tail.LandUse.AL1 Kurtosis.LandUse.AL2 Hill.Tail.LandUse.AL2 Kurtosis.LandUse.AL3 Hill.Tail.LandUse.AL3 Kurtosis.Suitability.GL1 
 Min.   :  0.390       Min.   : -2.000      Min.   :  6.419       Min.   : -1.986      Min.   :  0.379       Min.   : -1.672      Min.   :  0.402       Mode:logical             
 1st Qu.:  4.481       1st Qu.:  2.687      1st Qu.: 26.771       1st Qu.: 15.822      1st Qu.:  2.804       1st Qu.: 13.240      1st Qu.:  3.817       NA's:24039               
 Median : 12.243       Median : 24.433      Median : 96.499       Median : 30.020      Median :  6.487       Median : 17.269      Median :  8.490                                
 Mean   : 51.383       Mean   : 41.054      Mean   :154.759       Mean   : 94.410      Mean   : 13.395       Mean   : 79.532      Mean   : 28.805                                
 3rd Qu.: 36.748       3rd Qu.: 92.315      3rd Qu.:313.500       3rd Qu.:195.005      3rd Qu.: 13.494       3rd Qu.:195.005      3rd Qu.: 20.496                                
 Max.   :622.500       Max.   :195.005      Max.   :609.500       Max.   :195.005      Max.   :291.500       Max.   :195.005      Max.   :608.500                                
 NA's   :22554         NA's   :4177         NA's   :20329         NA's   :9796         NA's   :20650         NA's   :9806         NA's   :21673                                  
 Hill.Tail.Suitability.GL1 Kurtosis.Suitability.GL2 Hill.Tail.Suitability.GL2 Kurtosis.Suitability.GL3 Hill.Tail.Suitability.GL3 Kurtosis.Suitability.AL1 Hill.Tail.Suitability.AL1 
 Mode:logical              Mode:logical             Mode:logical              Mode:logical             Mode:logical              Mode:logical             Mode:logical              
 NA's:24039                NA's:24039               NA's:24039                NA's:24039               NA's:24039                NA's:24039               NA's:24039                
                                                                                                                                                                                    
                                                                                                                                                                                    
                                                                                                                                                                                    
                                                                                                                                                                                    
                                                                                                                                                                                    
 Kurtosis.Suitability.AL2 Hill.Tail.Suitability.AL2 Kurtosis.Suitability.AL3 Hill.Tail.Suitability.AL3 Kurtosis.Profitability.GL1 Hill.Tail.Profitability.GL1 Kurtosis.Profitability.GL2 
 Mode:logical             Mode:logical              Min.   :195              Mode:logical              Mode:logical               Mode:logical                Mode:logical               
 NA's:24039               NA's:24039                1st Qu.:195              NA's:24039                NA's:24039                 NA's:24039                  NA's:24039                 
                                                    Median :195                                                                                                                          
                                                    Mean   :195                                                                                                                          
                                                    3rd Qu.:195                                                                                                                          
                                                    Max.   :195                                                                                                                          
                                                                                                                                                                                         
 Hill.Tail.Profitability.GL2 Kurtosis.Profitability.GL3 Hill.Tail.Profitability.GL3 Kurtosis.Profitability.AL1 Hill.Tail.Profitability.AL1 Kurtosis.Profitability.AL2 
 Mode:logical                Min.   : -1.951            Mode:logical                Mode:logical               Mode:logical                Mode:logical               
 NA's:24039                  1st Qu.: -1.951            NA's:24039                  NA's:24039                 NA's:24039                  NA's:24039                 
                             Median :195.005                                                                                                                          
                             Mean   : 97.375                                                                                                                          
                             3rd Qu.:195.005                                                                                                                          
                             Max.   :195.005                                                                                                                          
                                                                                                                                                                      
 Hill.Tail.Profitability.AL2 Kurtosis.Profitability.AL3 Hill.Tail.Profitability.AL3 Kurtosis.LandUseMarket.GL1 Hill.Tail.LandUseMarket.GL1 Kurtosis.LandUseMarket.GL2 
 Mode:logical                Min.   :-2                 Mode:logical                Min.   :-1.5               Mode:logical                Min.   :-1.5               
 NA's:24039                  1st Qu.:-2                 NA's:24039                  1st Qu.:-1.5               NA's:24039                  1st Qu.:-1.5               
                             Median :-2                                             Median :-1.5                                           Median :-1.5               
                             Mean   :-2                                             Mean   :-1.5                                           Mean   :-1.5               
                             3rd Qu.:-2                                             3rd Qu.:-1.5                                           3rd Qu.:-1.5               
                             Max.   :-2                                             Max.   :-1.5                                           Max.   :-1.5               
                             NA's   :12123                                          NA's   :12123                                          NA's   :12123              
 Hill.Tail.LandUseMarket.GL2 Kurtosis.LandUseMarket.GL3 Hill.Tail.LandUseMarket.GL3 Kurtosis.LandUseMarket.AL1 Hill.Tail.LandUseMarket.AL1 Kurtosis.LandUseMarket.AL2 
 Mode:logical                Min.   :-1.5               Mode:logical                Min.   :-1.476             Mode:logical                Min.   :-1.476             
 NA's:24039                  1st Qu.:-1.5               NA's:24039                  1st Qu.:-1.476             NA's:24039                  1st Qu.:-1.476             
                             Median :-1.5                                           Median :-1.476                                         Median :-1.476             
                             Mean   :-1.5                                           Mean   :-1.476                                         Mean   :-1.476             
                             3rd Qu.:-1.5                                           3rd Qu.:-1.476                                         3rd Qu.:-1.476             
                             Max.   :-1.5                                           Max.   :-1.476                                         Max.   :-1.476             
                             NA's   :12123                                          NA's   :12123                                          NA's   :12123              
 Hill.Tail.LandUseMarket.AL2 Kurtosis.LandUseMarket.AL3 Hill.Tail.LandUseMarket.AL3 Kurtosis.SubPopBids.CBRDelayedChange Hill.Tail.SubPopBids.CBRDelayedChange Kurtosis.EstateSize 
 Mode:logical                Min.   :-1.476             Mode:logical                Min.   : -1.986                      Mode:logical                          Min.   : -1.981     
 NA's:24039                  1st Qu.:-1.476             NA's:24039                  1st Qu.: 35.026                      NA's:24039                            1st Qu.: 64.218     
                             Median :-1.476                                         Median : 45.020                                                            Median :149.298     
                             Mean   :-1.476                                         Mean   : 44.178                                                            Mean   :115.805     
                             3rd Qu.:-1.476                                         3rd Qu.: 61.682                                                            3rd Qu.:161.802     
                             Max.   :-1.476                                         Max.   :195.005                                                            Max.   :185.016     
                             NA's   :12123                                          NA's   :10350                                                              NA's   :10350       
 Hill.Tail.EstateSize Kurtosis.Account   Hill.Tail.Account  Kurtosis.Profit   Hill.Tail.Profit     Kurtosis.Age      Hill.Tail.Age     Kurtosis.LandUseChange Hill.Tail.LandUseChange 
 Min.   : 11.38       Min.   : -1.4126   Min.   :  0.3503   Min.   : -1.898   Min.   :2.000e+00   Min.   : -1.3890   Min.   :  6.813   Min.   : -2.000        Min.   :    1.443       
 1st Qu.:326.00       1st Qu.: -1.2024   1st Qu.:198.1640   1st Qu.: 46.395   1st Qu.:7.000e+01   1st Qu.: -1.2001   1st Qu.:198.491   1st Qu.:  0.775        1st Qu.:  442.291       
 Median :362.50       Median : -1.1998   Median :199.3160   Median :158.793   Median :1.630e+02   Median : -1.2001   Median :198.500   Median : 23.503        Median : 3220.835       
 Mean   :311.34       Mean   : -0.8584   Mean   :198.0996   Mean   :121.733   Mean   :2.129e+14   Mean   : -0.7711   Mean   :198.447   Mean   : 52.694        Mean   : 5087.670       
 3rd Qu.:372.50       3rd Qu.: -1.1995   3rd Qu.:199.7775   3rd Qu.:174.730   3rd Qu.:4.024e+03   3rd Qu.: -1.2000   3rd Qu.:198.500   3rd Qu.: 98.133        3rd Qu.: 6604.875       
 Max.   :408.50       Max.   :192.8140   Max.   :782.6600   Max.   :192.996   Max.   :4.504e+15   Max.   :189.9630   Max.   :739.500   Max.   :195.005        Max.   :27110.500       
 NA's   :24032                                                                NA's   :2988                           NA's   :6         NA's   :4170           NA's   :23587           
 Kurtosis.LandManagerChange Hill.Tail.LandManagerChange Vendors.N.Subnet Vendors.N.Edge Vendors.N.Node Vendors.Diameter Vendors.Subnet.Dia Vendors.Mean.Path.Len Vendors.Assortativity 
 Min.   :-1.214             Min.   : 193.3              Min.   :0        Mode:logical   Mode:logical   Mode:logical     Mode:logical       Mode:logical          Mode:logical          
 1st Qu.:66.906             1st Qu.: 196.2              1st Qu.:0        NA's:24039     NA's:24039     NA's:24039       NA's:24039         NA's:24039            NA's:24039            
 Median :90.024             Median : 197.4              Median :0                                                                                                                      
 Mean   :73.817             Mean   : 434.7              Mean   :0                                                                                                                      
 3rd Qu.:91.563             3rd Qu.: 198.8              3rd Qu.:0                                                                                                                      
 Max.   :94.093             Max.   :7858.5              Max.   :0                                                                                                                      
 NA's   :10290              NA's   :23975                                                                                                                                              
 Vendors.Density Vendors.Cluster.Coeff Vendors.Local.Cluster.Coeff Vendors.Closeness.Centrality Vendors.Closeness.Var Vendors.Centraln.IX Vendors.Degree.Var Neighbours.N.Subnet 
 Mode:logical    Mode:logical          Mode:logical                Mode:logical                 Mode:logical          Mode:logical        Mode:logical       Mode:logical        
 NA's:24039      NA's:24039            NA's:24039                  NA's:24039                   NA's:24039            NA's:24039          NA's:24039         NA's:24039          
                                                                                                                                                                                 
                                                                                                                                                                                 
                                                                                                                                                                                 
                                                                                                                                                                                 
                                                                                                                                                                                 
 Neighbours.N.Edge Neighbours.N.Node Neighbours.Diameter Neighbours.Subnet.Dia Neighbours.Mean.Path.Len Neighbours.Assortativity Neighbours.Density Neighbours.Cluster.Coeff 
 Mode:logical      Mode:logical      Mode:logical        Mode:logical          Mode:logical             Mode:logical             Mode:logical       Mode:logical             
 NA's:24039        NA's:24039        NA's:24039          NA's:24039            NA's:24039               NA's:24039               NA's:24039         NA's:24039               
                                                                                                                                                                             
                                                                                                                                                                             
                                                                                                                                                                             
                                                                                                                                                                             
                                                                                                                                                                             
 Neighbours.Local.Cluster.Coeff Neighbours.Closeness.Centrality Neighbours.Closeness.Var Neighbours.Centraln.IX Neighbours.Degree.Var Advisors.N.Subnet Advisors.N.Edge    Advisors.N.Node 
 Mode:logical                   Mode:logical                    Mode:logical             Mode:logical           Mode:logical          Min.   : 0.0000   Min.   :   1.000   Min.   : 12.0   
 NA's:24039                     NA's:24039                      NA's:24039               NA's:24039             NA's:24039            1st Qu.: 0.0000   1st Qu.:   1.000   1st Qu.:595.0   
                                                                                                                                      Median : 0.0000   Median :   1.000   Median :625.0   
                                                                                                                                      Mean   : 0.2486   Mean   :  38.984   Mean   :572.5   
                                                                                                                                      3rd Qu.: 0.0000   3rd Qu.:   1.842   3rd Qu.:625.0   
                                                                                                                                      Max.   :26.3400   Max.   :1281.920   Max.   :625.0   
                                                                                                                                                        NA's   :19026      NA's   :19026   
 Advisors.Diameter Advisors.Subnet.Dia Advisors.Mean.Path.Len Advisors.Assortativity Advisors.Density Advisors.Cluster.Coeff Advisors.Local.Cluster.Coeff Advisors.Closeness.Centrality 
 Mode:logical      Min.   : 1.000      Mode:logical           Min.   :-2.500         Min.   :0.000    Min.   :0.000          Min.   :0.000                Mode:logical                  
 NA's:24039        1st Qu.: 1.000      NA's:24039             1st Qu.:-1.139         1st Qu.:0.000    1st Qu.:0.000          1st Qu.:0.000                NA's:24039                    
                   Median : 1.000                             Median :-0.485         Median :0.000    Median :0.000          Median :0.000                                              
                   Mean   : 2.017                             Mean   :-0.691         Mean   :0.001    Mean   :0.018          Mean   :0.012                                              
                   3rd Qu.: 1.000                             3rd Qu.:-0.262         3rd Qu.:0.000    3rd Qu.:0.000          3rd Qu.:0.000                                              
                   Max.   :41.730                             Max.   : 0.515         Max.   :0.169    Max.   :0.333          Max.   :0.762                                              
                   NA's   :19026                              NA's   :22625          NA's   :19026    NA's   :19026          NA's   :19026                                              
 Advisors.Closeness.Var Advisors.Centraln.IX Advisors.Degree.Var Advisees.N.Subnet Advisees.N.Edge    Advisees.N.Node Advisees.Diameter Advisees.Subnet.Dia Advisees.Mean.Path.Len 
 Mode:logical           Mode:logical         Mode:logical        Min.   : 2.000    Min.   :   2.000   Min.   : 91     Mode:logical      Min.   : 1.000      Mode:logical           
 NA's:24039             NA's:24039           NA's:24039          1st Qu.: 2.200    1st Qu.:   3.382   1st Qu.:396     NA's:24039        1st Qu.: 1.000      NA's:24039             
                                                                 Median : 6.105    Median :  67.489   Median :459                       Median : 2.741                             
                                                                 Mean   : 7.781    Mean   : 101.103   Mean   :488                       Mean   : 3.404                             
                                                                 3rd Qu.:11.077    3rd Qu.: 169.477   3rd Qu.:625                       3rd Qu.: 4.716                             
                                                                 Max.   :30.361    Max.   :1181.000   Max.   :625                       Max.   :40.000                             
                                                                 NA's   :22756     NA's   :22756      NA's   :22756                     NA's   :22756                              
 Advisees.Assortativity Advisees.Density Advisees.Cluster.Coeff Advisees.Local.Cluster.Coeff Advisees.Closeness.Centrality Advisees.Closeness.Var Advisees.Centraln.IX Advisees.Degree.Var 
 Min.   :-4.500         Min.   :0.000    Min.   :0.000          Min.   :0.000                Mode:logical                  Mode:logical           Mode:logical         Mode:logical        
 1st Qu.:-1.168         1st Qu.:0.000    1st Qu.:0.000          1st Qu.:0.000                NA's:24039                    NA's:24039             NA's:24039           NA's:24039          
 Median :-0.676         Median :0.000    Median :0.064          Median :0.013                                                                                                              
 Mean   :-0.847         Mean   :0.001    Mean   :0.060          Mean   :0.025                                                                                                              
 3rd Qu.:-0.364         3rd Qu.:0.001    3rd Qu.:0.095          3rd Qu.:0.039                                                                                                              
 Max.   : 0.562         Max.   :0.030    Max.   :0.370          Max.   :0.419                                                                                                              
 NA's   :23025          NA's   :22756    NA's   :22756          NA's   :22756                                                                                                              
  LandUse.ACIX      OwnerChange.ACIX LandUseChange.ACIX   Yield.ACIX        Income.ACIX       
 Min.   :-0.08044   Min.   :-0.111   Min.   :-0.153     Min.   :-0.07358   Min.   :-0.06782   
 1st Qu.:-0.01767   1st Qu.: 0.016   1st Qu.:-0.003     1st Qu.:-0.01287   1st Qu.:-0.01053   
 Median :-0.00316   Median : 0.037   Median : 0.001     Median : 0.00392   Median : 0.00624   
 Mean   : 0.00894   Mean   : 0.043   Mean   : 0.031     Mean   : 0.02426   Mean   : 0.03149   
 3rd Qu.: 0.01437   3rd Qu.: 0.061   3rd Qu.: 0.041     3rd Qu.: 0.03101   3rd Qu.: 0.04127   
 Max.   : 0.61778   Max.   : 0.813   Max.   : 0.451     Max.   : 0.67105   Max.   : 0.68553   
 NA's   :37         NA's   :10290    NA's   :4170       NA's   :37         NA's   :37         

	



Workflow

§ Dimensionality	reduction	and	simplification
§ Principal	components	analysis	(PCA)
§ Feature	selection
§ Discretization

§ Classification
§ Clustering
§ Other	unsupervised	machine	learning

§ Mapping	to	ontological	features
§ Supervised	machine	learning

§ Decision	trees?
§ Something	Bayesian?



(No)	conclusion

§ Lots	of	indicators	mean	a	significant	task	to	analyse	
all	the	data

§ Indicators	need	to	have	‘null’	or	NA	data	when	not	
computable

§ Reject	these	runs?	(Not	complex?)
§ Use	numbers	representing	‘normal’

§ Data	analysis	techniques	need	no	NAs
§ Previous	work	does	suggest	there	may	be	
identifiable	links	between	ontological	properties	in	
FEARLUS-SPOMM	and	patterns	of	dynamics
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