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Case Study 66       Degree-Constant Minimum Spanning Tree

Degree-Constraint Minimum Spanning Tree Problem

Problem Description

Finding the minimum spanning tree problem is a well-known problem in the area of network optimization. A spanning tree T of network G= (N,A) is a connected acyclic sub-graph that spans all nodes. Given that with each arc of (i,j) ( A is associated a cost cij, the objective is to find a tree that spans the network and has the minimum cost. The degree-constrained minimum spanning tree problem finds the minimum spanning tree of a network but with the added provision that the tree contains exactly k arcs incident to a given root node, say, node 1.

The degree-constrained minimum spanning tree problem has a number of applications. For example, in computer networking, the root node might be a central processor with a fixed number of ports, and the other nodes might be terminals that need to connect to the processor. 

The aim of this project is to build a decision support system that will allow the user to solve the degree-constrained minimum spanning tree problem. Below we provide a network flow formulation of the problem.

Network Flow Formulation

The decision variables for this problem are as follows:


[image: image1.wmf].

)

,

(

,

0

,

)

,

(

1

A

j

i

all

for

otherwise

selected

is

j

i

arc

if

x

ij

Î

î

í

ì

=


The following is a network flow formulation of the degree-constrained minimum spanning tree problem.
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Where, |N| = n. The objective is to find a tree of minimum cost. The first set of constraints shows that the degree of the root tree should be equal to k. The second constraint shows that the total number of arcs in the final solution should be equal to the total number of nodes in the network minus 1. In a network with n nodes, the corresponding spanning tree has n-1 arcs. The third set of constraints is the cycle elimination constraints. The final set of constraints is the binary constraints. 

The degree-constrained minimum spanning tree problem can be solved using a Lagrangean relaxation algorithm. To learn more about this problem and Lagrangean relaxation, we refer the students to Ahuja et al. (1993). 

Excel Spreadsheet

1. Build a spreadsheet that presents the cost cij for all (i,j) ( A. 
2. Build a spreadsheet that presents the node-arc incidence matrix of the graph G.  
User Interface

1. Build a welcome form.

2. Build a form that includes the following controls:

a. Insert a frame titled “Problem Data.” The frame includes the following:

i. Three text boxes where the user types in the total number of nodes, the total number of arcs, and the degree of the root node (k).

ii. Two option buttons that allow the user to choose whether to type in the data or read the data from the file. If the user chooses to type in the data, two tables appear (one with dimensions A by 1 and the other n by A) where the user types in the cost coefficients (cij) and node-arc incidence matrix. If the user chooses to read the data from a file, upon selection, a text box appears where the user types in the name of the file (the location of Spreadsheets 1 and 2).

b. Insert a command button titled “See an Example.” When the user clicks on this button, a frame opens that includes the following:

i. The statement of an example of the degree-constrained minimum spanning tree problem.

ii. A mathematical formulation of the stated problem.

iii. The optimal spanning tree and corresponding optimal cost.

iv. A graphical representation of the optimal degree-constrained spanning tree.

c. Insert a frame titled “Solve the Problem.” The frame has two option buttons that allow the user to choose either Excel or the Lagrangean relaxation algorithm to solve the problem. Insert a command button that, when clicked on, solves the problem using the approach selected by the user.  

d. Insert a frame titled “Sensitivity Analysis.” In this frame include a combo box to allow the user to choose a parameter, such as the degree of the root node or arc costs, for the sensitivity analyses.

e. Insert a frame titled “Reports.” Include a number of option buttons to allow the user to open one of the reports presented below.

Design a logo for this project. Insert this logo in the forms created above. Pick a background color and a font color for the forms created. Include the following in the forms created: record navigation command buttons, record operations command buttons, and form operations command buttons as needed. 

Reports

1. Report the results from the sensitivity analysis.

2. Report the optimal spanning tree and the optimal objective function value.

3. Give a graphical representation of the optimal solution.

Reference
Ahuja, R.K., Magnanti, T.L., Orlin, J.B., “Network Flows: Theory, Algorithms, and Applications.” Prentice Hall, 1993.












































































































































































































































































66








� EMBED Equation.3  ���
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