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encouraging route directness and demand coverage.
A substantial subset of the literature posits that
multiple objectives should be considered. Among
the proposed multiobjective models are those that
trade off maximal covering of demand against min-
imizing cost, those that seek to both minimize cost
and maximize accessibility, and those that trade off
access with service efficiency.

Network Flow Analysis

Most networks are designed to support the flow of
some objects across them. The flow may be water
through a river network, traffic across a road network,
or current through electricity transmission lines. To
model flow, networks must be able to support the con-
cepts of capacity and flow direction. In the context of
geographic information systems (GIS), network
capacity is implemented as an attribute value associ-
ated with features. The concept of flow direction can
be assigned with an attribute value but more accu-
rately is a function of the topological connections to
sources and destinations of tlow (sinks). Using flow
direction, GIS can solve problems such as tracing up-
or downstream.

Beyond simply modeling the concept of flow, there
is a large family of problems known as network flow
problems. The focus of these is on finding the optimal
flow of some objects across the network. [t may be
that the optimal solution is the one that determines the
maximal flow through the network from a source to a
sink without violating capacities. Another problem
tries to find the minimal cost flow of commodities
across the network from a set of sources to a set of
destinations. This problem is sometimes referred to as
the transportation problem, and there are efficient
algorithms (such as the network simplex algorithm)
for optimal solution under certain conditions. When
congestion on the network causes the cost of travers-
ing its edges to vary with the amount of flow moving
across them, the network is said to have convex costs,
and advanced methods allow for the solution of such
problems.

Challenges for Network
Analysis in GISci

There are two primary challenges for researchers
interested in network analysis and GISci. First, the
implementations of network analysis in current

GIS software are in their infancy. In the most recent
network analysis software package from the industry-
leading software developer, there are only four pri-
mary network analysis functions. There are many
network analytical techniques and methods that have
not yet been integrated into GIS.

Second, many network analysis problems are
extremely difficult to solve optimally. These are
so difficult that even modestly sized instances of
these problems cannot be solved by enumeration
or by linear programming methods. The GISci
community must accept the challenge of reformu-
lating problems, developing new solution tech-
niques, and, when necessary, developing good
heuristic or approximate methods to quickly find
near-optimal solutions. Last, there has recently
been increased interest in the use of simulation
methods, such as agent-based modeling and cellu-
lar automaton models to generate optimal solu-
tions to network problems. While addressing these
issues, network analysis will continue to be one of
the most rapidly growing elements of GISci. It has
a deep body of theory behind it and a great diver-
sity of application that encourages continued
research and development.
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See also Geographic Information Science (GISci);
Geographic Information Systems (GIS); Geometric
Primitives; Network Data Structures; Optimization;
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Further Readings

Current, J. R., & Marsh, M. (1993). Multiobjective
transportation network design and routing problems:
Taxonomy and annotation. European Journal of
Operations Research, 65, 4—19.

Dantzig, G. B., & Ramser, J. H. (1959). The truck
dispatching problem. Management Science, 6, 80-91.
Dijkstra, E. W. (1959). A note on two problems in connexion

with graphs. Numerische Mathematik, 1, 269-271.

Evans, J. R., & Minieka, E. (1992). Optimization algorithins
for nerworks and graphs (2nd ed.). New York: Marcel
Dekker.

Flood, M. M. (1956). The traveling salesman problem.
Journal of the Operations Research Society, 4, 61-75.
Magnanti, T. L., & Wong, R. T. (1984). Network design and
transportation planning: Models and algorithms.

Transportation Science, 18, 1-55.





