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Abstract: In the problem of finding minimum spanning tree, to reduce the sum of the lengths of all the 
edges, we introduce some new points or vertices, these points are called Steiner points which makes the 
graph a Steiner Tree. The main purpose of adding these new vertices to the graph G is to ensure the 
reachability of each vertex is minimum. In this article, we apply the theory of Steiner points to Railway 
Junction. 
 
Keywords: Tree, Steiner Points, Steiner Tree, Railway Junction. 

 
Introduction: Steiner tree problem, or minimum Steiner tree problem, named after Jakob Steiner, is 
playing a major role for a class of problems in combinatorial optimization. Steiner tree problems can be 
designed in many ways, they all require an optimal interconnect for a given set of objects and an 
objective function. Given an undirected graph with non-negative edge weights and a subset of vertices, 
the Steiner tree problem in graphs finds a tree of minimum weight that contains all vertices, but may 
include additional vertices. 
       
The Steiner tree problem in graphs perceived as a generalization of two well-known combinatorial 
optimization problems: the shortest path problem and the minimum spanning tree problem. If a Steiner 
tree problem in graphs contains exactly two terminals, it reduces to finding a shortest path. If, on the 
other hand, all vertices are terminals, the Steiner tree problem in graphs is equivalent to the minimum 
spanning tree. The Steiner tree problem has many applications, in finding an optimal way to build roads 
and railways to connect a set of cities, in circuit theory and so on. 
 
Consider the following graph with 3 vertices, we are looking to find minimum spanning tree that 
connects all the three vertices: 
 

 

Fig. 1: Steiner Point 

 
On the left side, we are given an equilateral triangle with length 1. The minimum spanning tree for this 
triangle must include any of the two edges and hence the length will be 2, as given in the middle. 
Though the Steiner tree adds one more point to the graph, called Steiner point: the point in the middle 

of the triangle as in the right side. With this extra Steiner point, now the total cost becomes  (1.732 
approx.) based on the fact that the angle in the middle is 120 degree. Thus Steiner tree further optimise 
the MST problems by adding additional points to the given network. 
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Theorem 1: (a) No two edges of an ST can meet at an angle less than 120'. (b) An ST has no crossing 
edges. (c) Each Steiner point of an ST is of degree exactly three. 
 
Theorem 2: A Steiner tree for a graph with n points contains at most n – 2 Steiner points. 
Proof: Suppose that an ST has k Steiner points. Then it has n + k – 1 edges. Since each Steiner point has 
three edges and each terminal at least one, the number of edges must be at least (3k + n)/2; the division 
by 2 accounts for the fact that each edge is counted at two vertices. It follows that:  
n + k – 1 ≥ (3k + n)/2 (or) n – 2 ≥ k 
 
Definition: In a graph G, a Steiner tree (ST) with the maximum n – 2 Steiner points is called full Steiner 
tree (FST). 
 
Corollary 1: Each terminal is of degree one in an FST 
 
Corollary 2: For n ≥ 4 there exists at least two Steiner points in an FST which are adjacent to two 
terminals. 
 

 

Fig. 2: Steiner Points for K3 and K4 Graphs 

 
The above is the example of Steiner tree for the complete graph K3 and K4 graphs. Here, (a, d) are 
complete graphs with 3 vertices and 4 vertices respectively, (b, e) represents the minimum spanning 
trees of the graph, and (c, f) represents the Steiner trees of the respective graphs. The vertices s, s1 and s2 
are called Steiner points. 
 
In this article, we are exhibiting the connection between the Steiner points and the railway junction by 
showing two examples. The first example has a Steiner tree with one Steiner point, while the other has a 
Steiner tree with two Steiner point. 
 
Railway Junction: A railway junction refers to a railway station situated on or close to a junction where 
lines to multiple destinations depart, having minimum with three incoming lines. 
 
Problem of A Railway Junction: We express the railway stations in the form of graph as below for the 
clear representation of the Steiner points. 
 



UGC Approved Journal - Journal No 43832 

 

 
Journal Published by IMRF Journals | Mar 2018 Edition                                                        |    46  
 

Steiner point is used in the Railway signals for the development of railway signals network, and in the 
signal diversions. The designed structure shows the connection between the stations from Chennai 
Central railway station is routed via Basin Bridge. We can identify that Basin Bridge station is acting as a 
Steiner point for the graph.  
 
 

 

Fig. 3: Graphical Representation of the Railway Map of Basin Bridge Junction 

 
The significant point is that the train comes from Thiruvallur via Vyasarpadi could not reach Central 
station without crossing Basin Bridge and the same for the train which comes from Ponneri via 
Korukkupet could not reach Central without crossing Basin Bridge. As in the definition of Steiner tree, 
the Steiner point Basin Bridge minimizes the distance between the stations and it helps reaching the 
other. The following is another example with two Steiner point: 
 

 

Fig. 4: Graphical representation of the railway map of Basin Bridge and Korukkupet Junction 

 
From Fig. 4, the railways stations Vyasarpadi, Chennai Central can be reached through Basin Bridge and 
the stations Chennai Beach, Tondiarpet can be reached Korukkupet. Here, the stations Basin Bridge and 
Korukkupet are functioning as Steiner points so as to connect the places with minimum distance. Trains 
can reach the destination Tondiarpet from Chennai Central after crossing two Steiner points Basin 
Bridge (s1) and Korukkupet (s2).  
 
Conclusion: In this article we have presented Steiner points and Steiner tree and highlighted the 
importance of Steiner point running in the railway routes. This shows that all the railway junctions 
possesses Steiner points, removal of which makes the link between the stations a disconnected one.  
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