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(3)  

Here, one of the edges between nodes A and B has been removed. As a result, nodes A and B 
have an even degree of two and four respectively while nodes C and D each have an odd 
degree of three. Therefore there are only two vertices with an odd degree so a Eulerian path is 
possible for this network. However, for the path to cross each and every edge once and only 
once, the path must start at a node of odd degree and end at a node of odd degree. One of the 
possible paths for this graph is shown on graph 4 with arrows showing the direction of the path.  
 
 
 
 
 
 
 
 
 
 
 

 (4)  
This specific path starts at node C then continues to node B, then A, then D, back to B, then C, 
before ending at node D. While this layout has proven to have a Eulerian path, any layout with 
one bridge removed would also have a Eulerian path as there would always be two nodes with 
an even degree and two nodes with an odd degree because of the layout of the original graph. 
In fact, if the outer edge between nodes A and B was removed, the resulting graph would be the 
same as the one featured. Also, if either one of the edges between nodes B and C was 
removed the resulting graph would simply be a reflection of the graph pictured so the path 
shown would still be possible so long as it was flipped vertically.  

 



There are also other ways than removing one edge to alter the original graph so that 
there is a solution. One of them is to add an edge between nodes to the graph. This would 
result in a graph with eight edges and four nodes like the possible example in graph 5.  

 
 
 
 
 
 
 
 
 
 
 

 
 
(5) 

In this example, one edge has been added between nodes A and D. this causes both nodes As A



resulting graph would be the reflection of the graph pictured here, and the path featured could 
also then be reflected to fit the resulting graph. 

While adding or removing one edge results in a Eulerian path and satisfies the 
requirement of a path that crosses each bridge once and only once, it does not satisfy the 
additional requirement of a path that starts and ends at the same point. A path that crosses 
each edge once and only once and that starts and ends at the same point is called a Eulerian 
circuit or Eulerian cycle. For this to occur, no vertex of the graph can have an odd degree 
because if there is an odd degree, then the path has to either start or end there, but it cannot do 
both. If the path starts at the node with odd degree, the path leads out, comes back, then goes 
out again,but there is not another edge so it can come back and end there as well. If the path 
ends at a vertex of odd degree, it is a similar situation with pairs of edges being used to come in 
then go out and the remaining edge being used to come in at the end, but there is no other edge 
that could have been used to leave at the very beginning of the path which means the path 
started at another point. With the graph made from the Königsberg bridges, removing or adding 
only one edge is not enough to make all four vertices have an even degree. For that to occur, at 
least two bridges have to be added and at least two bridges have to be removed. For the added 
edges, the first edge can be added between any two nodes, but the second edge has to be 
added between the two nodes not connected by the first added edge so that all nodes than 
have an even degree. For instance in graph 7, the first edge can be added between nodes A 
and D, but nodes B and C still have odd degrees so the second edge has to be added between 
them. For the removed edges, any edge can be the first edge removed, but in order to end with 
all nodes having an even degree, the second edge removed has to be one of the edges 
between the nodes not connected to the first edge removed. For example in graph 8, the edge 
between vertices A and B is removed first, but nodes C and D still have odd degrees so the 
second edge removed has to be the one connecting those two nodes. If all nodes on the 
resulting graphs have an even degree, then the graph is a Eulerian circuit and a path can be 
started at any vertex and end at that same vertex thus fulfilling the extra requirement of the 
Königsberg bridge problem.  
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