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What is Problem ? .History of 4CT

The Four Color Theorem says that any map can be The Four Color Problem dates back to 1852 when
colored using four colors in such a way that Francis Guthrie, while trying to color the map of
adjacent regions (i.e. those sharing a common counties of England, noticed that four colors

sufficed. Then this problem had been known for
many famous mathematicians, including
DeMorgan, Caley. It was open until 1976. It was

finally proved by Appel and Haken using
KComputers ! /

Graph Coloring

We may view “Map Coloring” as “Graph Coloring”. If you
look at US map coloring (See the right picture), you may think
of “graph” such that its vertex set is capital of each state, and
edge is in if and only if two states are adjacent. Here, graph
consists of vertices and edges. Graph coloring means a vertex
coloring such that all adjacent vertices receive different colors.
Note that US map can be written as a graph in the plane such
that no edges have cross. Such a graph is called “planar
graph”. So the 4CT is equivalent to say that every planar
graph is 4-colorable. Below is a planar graph with coloring.

—

boundary segment, not just a point) receive
different colors. We shall discuss applications of
Map Coloring, the Four Color Theorem and Graph
Coloring.

The proof of the 4CT uses computers. Right now, graph coloring is one of center topics in Mathematics and Computer Science.
It is also used for some practical applications. The 4CT and graph coloring now create rich theory and million of applications.

Applications of Graph Coloring

1. Channel Assignment Problem

People are now using cellular phone a lot. But in order to use, we
need to assign channel to each cellular phone. The problem is
that if you assign same channel to two different cellular phones, it
may be confused. This would happen only if these two cellular
phones are “close” . How many channels are necessary ? Here,
we draw a graph as the right picture. The vertex set is each base
point, and edge is in if and only if there is a danger for confusion.
Then the problem is equivalent to the following; How many
colors are necessary for this graph ??

2. Coloring Graph on Surfaces

It would be convenient if we could just consider graphs on plane.
But for our applications, or even in practice, we need to deal with
graphs on surface. The right picture shows a graph on torus.
Torus is known to be “Doughnut” . The question is; how many
colors are necessary for graphs on the torus ? The answer is

“7” . But we know more. Almost all graphs on torus need at
most 5 colors !
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