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- US Interstate highways

- Passenger airline

- US portion of the Internet

() 1988 Matt Rostgheng
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vertices within radius r

Effective dimension: measures the volume of a neighborhood as a
function of radius
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Distribution and collection networks

- There is a “root vertex” acting as
a source or sink of the commodity
distributed, e.qg., oil, trains, sewage

- Vertices are households,

busmesses, frain stations. | ) root

- Edges: pipes, tracks, roads, cables.

Boston commuter train network



Cost of building the network

Cost is assumed proportional to the sum of the lengths of the edges

<+ root <+ root

minimum spanning tree
star graph real network (MST)



Efficiency

Paths to the root should be straight, so that journeys are efficient

s € 001 <+ root <+ root

minimum spanning tree
star graph real network (MST)



Route factor

The route factor for vertex i compares actual and ideal

path length: Lo
qdi = 3

10
where [;o Isthe distance along the edges of the network

from vertex i to theroot and d;y 1S the direct Euclidean
distance.

Example: \/ / \/,

oot , /

q; = 1.53



Real networks are close to i1deal

route factor edge length (km)
network n | actual MST star | actual MST star
sewer system 23922 1.59 293 1.00 498 421 102998

gas pipelines
(Western Australia) 226 1.13  1.82 1.00 | 5578 4374 245034

gas pipelines

(rural Illinois) 490 1.48 2.42 1.00 6547 4009 99595
Boston commuter
trains 126 1.14 1.61 1.00 599 499 3272

Table 1: Number of vertices n, route factor ¢, and total edge length for some real
networks, along with the equivalent results for the star graphs and minimum
spanning trees on the same vertices.



Network growth model




lmproving the route factor

Define aweight for each possible edge between vertices
i (unconnected) and j (connected): w;; = d;; + Bljo  with
Ienthof distance
d;;: length of edge betweeni andj, newedge  toroot
Ljo . distance to the root along the shortest path through
network, °
£ . non-negative parameter.

Add the edge with the global minimum weight.
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(a) MBTA
commuter
trans

(c) Minimum
Spanning
tree

(d)

(b) star graph

(d) model
(8=04)



(a) MBTA
commuter
trans

(c) Minimum
Spanning
tree

(d)

(b) star graph



Cartograms

L ung cancer cases among the male population of the state of New Y ork
1993 to 1997
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e 70,000 AP
newswire stories,
1994-1998

e Statesscaled in
proportion to
number of stories
from that state



New Y ork lung cancer cases
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