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3. Exercises on Graph theory  

Euler path and Dijkstra's algorithm 
 

In all the exercises, graphs are represented as matrices. 

Theoretical exercises 

3.1 Does the complete graph with 5 nodes contain an Euler path/cycle? And what 

about the complete graph with 4 nodes? 

 

3.2 Find an example for a directed graph with at least one negative edge, in which 

Dijkstra's algorithm won't work properly. Demonstrate the execution of the 

algorithms, and explain why the input it provides is wrong. 

 

3.3 A professor of Computer Science suggests the following solution to the fact that 

Dijkstra's algorithm does not work for graphs with negative edges: 

 Find the minimal weight in the graph (which is negative), and add the 

absolute value of that minimum to all weights in the graph. 

Is this suggestion good? Prove or disprove. 

 

3.4 For each of the following versions of the shortest path problem, show how 

Dijkstra's algorithm can be used to solve it, without changing Dijkstra's 

algorithm. In other words, show a reduction from the new problem to the 

original shortest paths problem.  

Hint – Dijkstra's algorithm can be executed more than once if needed. But try to 

use the minimal number of executions. 

a. Shortest detour problem: given a graph G, a source node s, a target node t, 

and some node v≠ s,t, find the shortest path from s to t that does not go 

through v. 

b. Shortest stop-by problem: given a graph G, a source node s, a target node t, 

and some node v≠ s,t, find the shortest path from s to t that goes through v. 

c. The same as the orininal shortest paths problem, but G has weight on both 

its edges and nodes. The length of a path will be defined as the total sum of 

edge and node weights along the path. 
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Practical exercises 

3.5 Write a function Euler(G) which gets an undirected graph G, and prints "Euler 

cycle", "Euler path", or "No Euler", if the graph has, respectively, an Euler 

cycle, path or none. 

For example, for the following graph the function will print "Euler cycle". 

G=[ [0,1,1,0], 

        [1,0,1,0], 

        [1,1,0,0], 

        [0,0,0,0]  ]  

 

Hint: the graph may include loops (edges from a node to itself). Make sure you 

understand why this requires special treatment, and that your code handles this. 

 

3.6 Build (manually) the matrix that represents the graph from http://optlab-

server.sce.carleton.ca/POAnimations2007/DijkstrasAlgo.html. 

Then run the function dijkstra(G, source) we saw in class on it with O as source. 

 

3.7 Add to the implementation of dijkstra(G, source) a list prev (mentioned in the 

slides in class). At the end of the algorithm,  prev[i]  = the previous node in the 

shortest path from source to node i. Change the last line to  

   return dist, prev 

 

3.8 After completing question 3.7, write a function spath(G,s,t) which gets a 

weighted graph G, source node s and target node t, and returns the shortest path 

from s to t. The path will be returned as a list. 

For example: 

G=[ [0,1,1,1],  

        [1,0,1,0], 

        [1,1,0,0], 

        [1,0,0,0]  ]  

 

>>> spath(G, 3, 1) 

 [3,0,1]   
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