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How do Scale-Free Networks Form?
—preferential attachment
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� Start with 3 node 2 edge path. Add nodes one at a time: average degree

� Roulette wheel selection based onp(k )—1000 nodes
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Preferential Attachment: 1000 nodes, m=1
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738 236 1

Uniform Random Graph: 2103 Nodes



Polar Plot Examples, October 2009 4



Polar Plot Examples, October 2009 5

Scale-Free Metrics for SATS General Aviation Model

� Gravity model for �ow between airports (log 10 2102 = 3 :33)

� Monte Carlo simulation of high traf�c day

Data Set # of Airports Avg Shortest Hops C (1)

Jets 2102 2.8 0.195

SingleIFR 2323 4.94 0.07

SingleVFR 2985 2.93 0.158

MultiVFR 2415 3.86 0.057

Piston 2274 4.14 0.047

Turbo 2266 4.17 0.047
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SATS 2103 Jet Airport Data

2010 Demand Projection
Monte Carlo Simulation
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1404

2103 Airports: SATS 2010 Jet Data Set
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Discrete-Event Simulation

� Entities arePlanes(sorted, �xed length list)

� Beta Distributed Points areCities

� Each City has a Normally distributedPopSize

� Euclidean Distance betweenCities

� O/D selected preferentially based onPopSize

� Power law�tness generated via simulation
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Node Degree
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Hub Route Results

100 Most Fit for Hub Selection
Weight = 1/(1+log fit)

O Select w/o Fitness
D Select w/ Fitness

No Flights < 200 Units
Flights > 2000 use Hub
Fitness Fixed after 5,500 Flights
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72% Hub Routes
65,000 Flights
Fitness Fixed
3 Norm Population

Degree Distribution: 1000 Nodes, 2000 Planes
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Hits per Node
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Hub Route Results

100 Most Fit for Hub Selection
Weight = 1/(1+log fit)

O Select w/o Fitness
D Select w/ Fitness

No Flights < 200 Units
Flights > 2000 use Hub
Fitness Fixed after 5,500 Flights
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33282 10

Hit Distribution: 1000 Nodes, 2000 Planes

72% Hub Routes
65,000 Flights
Fitness Fixed
3 Norm Population
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Node Degree
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34% Norm (600,30)
12% Norm (1800,90)

Hub Route Results

No Flights < 200 Units
Flights > 2000 use Hub
Fitness Fixed after 5,500 Flights

O/D Select w/o Fitness
74% of Flights use Hubs

100 Most Fit for Hub Selection
Weight = log (hits per node)
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Hits per Node
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Hub Route Results

No Flights < 200 Units
Flights > 2000 use Hub
Fitness Fixed after 5,500 Flights

O/D Select w/o Fitness

74% of Flights use Hubs

100 Most Fit for Hub Selection
Weight = log (hits per node)
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Conclusions

� Population Density, Flight Delay not enough for Scale-Free

� Power Law cdf forNode Fitnessneeded to observe Scale-Free Network

� Visualizationscheme for degree distribution

� Insightis goal of simulation

� Simulation code is in C (about 500 lines)

– rngs.c and rvgs.c libraries (S. Park)

– approx. 300 lines of codes for utilities

� NFFP program bene�ts


