IEMS 452 Combinatorial Optimization

To: Prof. Coullard

From: Robert Lien and Feng Yang

Title: Node Cover – Maximum Covering 



  Set Covering Problem – Using a Greedy Heuristic

1. Problem Statement 

The set covering problem is to find the smallest set of cover nodes from among a finite set so that every node is covered (within a given coverage distance) by a cover nodes.

	Input 
	N:  A set of nodes in a plane

	
	C :  the coverage distance

	
	

	Decision Variables
	Xj : Xj = 1 if we locate at candidate site j; Xj = 0 otherwise. 

	
	

	Formulation
	Minimize                
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	                                Xj = 0, 1           for all j

	
	Where A=[aij] : if node j can cover node i then aij = 1; otherwise, aij = 0.

	Feasible Output
	A set of nodes selected as cover nodes and all nodes in N can be covered by these cover nodes within distance C.  

	
	

	Infeasible Output
	Infeasibility is not an issue for this problem because, in the worst case, we can select cover nodes at each node to satisfy all the constraints. 


2. Required Problem Input

The inputs required by GIDEN solver are as follows:


C : coverage distance. 

3. Algorithm 

	1. Create: a matrix A (covered node by location node), 



a demand node array D



a facility location array L 

2. For each node 
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For each node 
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If distance ddl ≤ C,  then let adl = 1, otherwise = 0.

3. Reduction Techniques (loop until no more changes)

(Column Reduction)

For each node 
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For each node 
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If ail’  ≤ ail for 
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, then set L(l’) = elim

(Row Reduction 1)

a. For each node 
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If 
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b. For each node 
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If adl = 1, then set L(l) = chosen





c. And For each 
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If ad’l  = 1, then set D(d’) = elim.





Exit loop b.

(Row Reduction 2)

For each node 
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For each node 
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If ad’i  ≤ adi for 
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then set D(d’) = elim

4. Until all demand nodes D are eliminated, do

Set max = 0, 

Let ind be an indicator variable for locations L
For each node 
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If 
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Set L(ind) = chosen

For each 
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If ad’l  = 1, then set D(d’) = elim

The location array will detail whether each location has been chosen (chosen).   


Solver Animation Sets: 

Initial (cyan): nodes that have not been selected or eliminated as cover nodes

Acquired (green): nodes selected as cover nodes


Eliminated (light gray): nodes eliminated as possible cover nodes 

Label Information: 


Edge labels: edge length for each edge e less than coverage distance 


Node labels: numbers from 1 to n, the total number of nodes. 


    Node numbers will be followed by a ‘C’ if the node is considered covered.

Output Information: 

The set of cover nodes will be colored green as well as the adjacent edges with lengths less than the coverage distance.  All other nodes will be colored cyan.  All other edges will be invisible.

Note: 

As an extension to the “node cover” problem, we also considered the maximum covering model. 

  


Maximum Covering Problem

1. Problem Statement 

The maximum covering problem is to find a set of facilities from among a finite set of candidate facilities so that the total demands covered is maximized. 

	Input 
	An undirected network N = (G, l, s), where l ( RA and s ( N.

	
	hi  : demand at node i  

	
	P :  number of facilities to locate 

	
	C :  the coverage distance

	
	A : if candidate site j can cover demands at node i then aij = 1; otherwise, aij = 0. 

	
	

	Decision Variables
	Xj : Xj = 1 if we locate at candidate site j; Xj = 0 otherwise. 

	
	Zi : Zi = 1 if node i is covered; Zi = 0 otherwise

	
	

	Formulation
	Maximize                
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	Subject to:              
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	                                Xj = 0, 1           for all j

	
	                                Zi = 0, 1           for all i

	
	

	Feasible Output
	A set of nodes selected to locate a facility and the total number of facility nodes is no more than P.   

	Infeasible Output
	If the number of facility nodes turns out to be more than P, then the solution is infeasible. 


2. Required Problem Input

The inputs required by GIDEN solver are as follows:

1) A network with finite number of nodes and no edges. 

2) User-specified data field “Demand”, which contains the demand level for each node. 

3) C: coverage distance. 

4) P: number of facility to locate. 


3. Algorithm 

	5. Create a coverage matrix A with aij =1 if the distance between the two nodes i and j is no more than the coverage distance C. 

6. Use column reduction technique to eliminate from the facility candidate set  those nodes that are dominated by some other nodes. 

For each node j in the given network

      if there is a node k such that aij  ≤aik for all i , then eliminate node i. 

End For
7. Use greedy adding heuristic to find the optimal location of facilities. 

     While less than P facilities have been located and not all the demands have

      been covered 

            Find the candidate site that covers the most uncovered demand. 

            Locate next facility at that site. 

            Remove all demands covered by the most recently sited facility from the

             network.

     End while




Solver-Specific Input: 
Additional requirement that the selected “Demand” input array can contain only non-negative values. 

Solver Animation Sets: 

Selected (magenta): nodes selected to locate a facility, and edges used for delivery with the current facility set. 


Covered (green): nodes whose demands can be covered. 


Uncovered (yellow): nodes with demands uncovered. 

Label Information: 


Edge labels: edge length less than . 


Node labels: demand at each node. 

Output Information: 


Color the set of nodes selected to locate a facility with magenta. 


Edges are displayed to show for each demand node where its suppliers are and the 
edges not used for delivery won’t be shown. 
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