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The Problem 

Minimum Energy Broadcast Routing (MEBR) 

Assign the transmission range of  each station so as to induce a 

broadcast communication from the source with a minimum 

overall power consumption. 



The Problem 

When a node s transmits with power Ps, a node r can receive its 

message iff: 



Where do we start? 

o  The problem is NP−hard 

o  Approximate solution using Minimum Spanning Tree (MST) 

o  Lower bound of  the approximation equal to 6 



What do we want to 
improve? 

o  Classify some specific family of  instances 

o  Propose a new method to produce instances 

o  Provide theoretical results that lead to an almost tight 

 4−approximation ratio for high density instances 
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Definition of  the Problem 

Minimum Energy Broadcast Routing (MEBR) problem in the 

2−dimensional space: 

-  S: set of  points 

-  G2(S): complete weighted graph 

-  r(x): range of  node x 

-  cost(r) = Σx∈S r(x)2: the total cost 



Definition of  the Problem 

How do we solve the problem: 

-  Calculate T2(S):  Minimum Spanning Tree of  G2(S) 

-  MST(G2(S)): cost of  the MST where: 

•  T2(S) rooted at s 

•  edges toward leaves 

•  Range r(x) of  the maximum edge from x to its children 



8−approximation 

Considering C1, a circle of  radius one centred in s and covering 

the area of  interest, an 8−approximation ration can be proven by 

assigning a growing circle to each node till all the circle create a 

connected component. 



8−approximation 



8−approximation 

The “black” area is denoted by a(S, rmax/2) and its relation with 

MST(G2(S)) is: 



8−approximation 

The following bounds are then derived: 

Obtaining: 



o  Introduction 

o  Definition and Notation 

o  Augmenting Algorithm 

o  Experimental Results 

o  High Density Case 

o  Conclusions 



The Idea of  the Algorithm 

The lower bound for the MST heuristic is given by the hexagonal 

shape: 



The Idea of  the Algorithm 

The idea is, starting from a random instance, to try to maximize 

the cost of  the MST performing movements and deletions of  

nodes. 



The Movements 

Let Nv = {v1, v2, . . . , vk} be the set of  neighbors of  v in the MST. 

Calculate a median point p(x,y):  



Augmenting the Edge 



Deleting a Node 

When no movements can be performed delete a node. 

Which node to delete? 

The highest density node! 



Augmenting Algorithm: 
Initialization 



Augmenting Algorithm: 
MST 



Augmenting Algorithm: 
Movement While 



Augmenting Algorithm: 
Deletion While 



Observations 

o  The algorithm converge 

o  Speed up modifying the algorithm in line 17 and 27 with 

 cost2 > cost1 + c 
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The Results 



An Interesting “Side Effect” 

With instances with less than 15 nodes the method modifies the 

distribution of  the nodes giving the hexagonal shape. 

With instances with higher number of  nodes the experiment 

modifies the node and organise them with an evident regularity 

of  the topology. 



An Interesting “Side Effect” 
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High−Density Case 

Let us assume an high−density uniform distributions of  nodes 

inside C1 and estimate the cost of  the MST heuristic.  



Regular Grid 



Associate Triangle to each 
Node 



Evaluation of  MST 

The area of  an equilateral triangle is          . 

As the number of  nodes of  the MST is the number of  its edges 

plus 1, the area of  the “white triangles” is: 



Evaluation of  MST 

Combining them we get: 



The Theorem 

In the 2−dimensional Euclidean space, the upper bound on the 

approximation ratio of  the MST heuristic for the Minimum 

Energy Broadcast Routing problem with high−density 

distribution of  the nodes is between 3.62 and 4. 



o  Introduction 

o  Definition and Notation 

o  Augmenting Algorithm 

o  Experimental Results 

o  High Density Case 

o  Conclusions 



Conclusions 

o  We examined the MEBR problem by extensive experiments 

o  We proposed a new method to generate input instances 

o  We validate the well known lower bound of  6 for the MEBR 

o  We showed a 4 approximation factor in the high density case 



THANKS FOR YOUR 
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Questions? 


