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Optimal design of spatial distribution
networks



  

The problem



  

Why is it difficult to locate the facilities?
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The objective function f



  

Computational complexity



  

Scaling analysis



  

Scaling analysis



  

What does this mean?



  

What does this mean?



  

Numerical optimization



  

Is there a geometric solution?



  

Cartograms



  

Cartograms
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Equal-area vs. equal-population projection

Equal-area projection

Equal-population projection
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Optimal network of facilities



  

A few definitions



  

The efficiency of a network of facilities



  

The efficiency of a network of facilities



  

Construction cost



  

Travel cost



  

Total network cost



  

The meaning of !



  



  

What is a realistic value for !?



  

What is a realistic value for !?



  

Optimal networks of optimally located facilities



  

Optimal networks of optimally located facilities



  

Optimal networks of optimally located facilities



  

Different routing strategies



  

Different routing strategies



  

Different routing strategies



  

How realistic is our model?

G. Edward Stephan, Science (1977):

Is there a 2/3 power law for real facilities?
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$ $ $ $ Most commercial 
facilities follow power laws 
with exponents closer to 1 
than to 2/3.



  

A model for commercial facilities



  

Conclusion

We have presented a scaling analysis of the p-median problem, a model for 
the optimal location of facilities.
The density of facilities grows as population density to the 2/3 power.
Cartograms can be used to verify this relation.
We have studied a model of optimal spatial network design with tunable 
parameters for the cost functions involved.
Depending on the parameters we find structures ranging from decentralized 
to hub-and-spoke networks.
We mentioned limitations and extensions of our model.
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