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Cognitive Radios: Motivation 
 Measurements indicate that even crowded spectrum is not 
used across all time, space, and frequencies 
◦ Original motivation for “cognitive” radios (Mitola’00) 
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What is a Cognitive Radio? 
 Cognitive radios (CRs) are intelligent devices that are able to execute 
the cognition cycle. 
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Clustering: Motivation 
Considering a wireless sensor 
network: 

oThe entire sensor network must 
have the ability to operate 
unattended in harsh environments 

oSensor nodes are often deployed 
randomly in the area of interest and 
they form a network in an ad-hoc 
manner. 



Clustering: Motivation 
o Moreover, considering the short duration of the battery energy of the 
sensors; large populations of sensors are expected. 

o Thus, specialized energy-aware routing and data gathering protocols 
offering high scalability should be applied in order to preserve network 
lifetime. 



Clustering: Motivation 
Grouping sensor nodes into clusters 
satisfies 

o scalability objective, 

o achieve high energy efficiency, and  

o prolong network lifetime in large-
scale WSN environments.  



Spectrum-Aware Clustering: The key 
principle  
o Each node senses a different set of 
idle channels according to time and 
space. 

o For two nodes to communicate, 
they must share the same 
frequency channel. 

o Each cluster must have at least 
one common channel between 
member nodes. 



Spectrum-Aware Clustering 
o We jointly model the network topology and the idle spectrum 
availability as a bipartite graph. 

o For the purpose of clustering, each CR can construct its own view 
of the topology/spectrum availability based on the information 
received from its one-hop neighbors. 



Spectrum-Aware Clustering 



Spectrum-Aware Clustering 
o Let’s model the clusters after a biclique graph 𝑄(𝑋, 𝑌, 𝐸), where a set 𝑋 
of CR nodes has a set 𝑌 of idle channels in common. 

 

o Biclique graphs are special cases of bipartite graphs where all vertices of 
one side of the bipartition are connected to all vertices of the other side 
(i.e., they are complete sub-graphs of a bipartite graph).  



Spectrum-Aware Clustering 
o Using the bipartite graph 
representation, clusters can be 
formed by finding bicliques that 
satisfy desired performance 
criteria.  

o A cluster represented by 
𝑄(𝑋, 𝑌), has a size |𝑋| with |𝑌| 
channels common to all CRs in 𝑋. 



Spectrum-Aware Clustering 
 Based on the mapping of clusters to biclique graphs, three clustering 
criteria are examined for determining the ‘‘quality’’ of a cluster. 

1. The maximum node biclique (MNB) criterion 

2. The maximum edge biclique (MEB) criterion 

3. The maximum one-sided edge cardinality biclique (MECB) 

 criterion 



Spectrum-Aware Clustering: MNB 
Criterion 

 The goal is to construct a cluster where the sum of the number of 
cluster members with the number of common idle channels is 
maximized. 



Spectrum-Aware Clustering: MNB 
Criterion 
o Consider bipartite graph 𝐺𝐴(𝐴𝐴 ∪ 𝐵𝐴, 𝜀𝐴), constructed by CR A, 
where 𝐴𝐴 = 𝐴 ∪ 𝑁𝐴and 𝐵𝐴 = 𝐶𝐴.  

o Let 𝑙𝑆 = 𝑋𝐴 + 𝑌𝐴  be the sum of vertices of a biclique 𝑄𝐴(𝑋𝐴, 𝑌𝐴) 
extracted from 𝐺𝐴.  

o Find biclique 𝑄𝐴
∗ (𝑋𝐴, 𝑌𝐴) ; such that 𝑄𝐴

∗ 𝑋𝐴, 𝑌𝐴 = arg𝑄 max 𝑙𝑆  



Spectrum-Aware Clustering: MNB 
Criterion 
o The MNB problem can be solved in polynomial time by a mapping 
to the maximum independent set problem. 



Spectrum-Aware Clustering: MEB 
Criterion 

 The goal is to construct a cluster where the product of the number of 
cluster members with the number of common idle channels is 
maximized. 



Spectrum-Aware Clustering: MEB 
Criterion 
o Consider bipartite graph 𝐺𝐴(𝐴𝐴 ∪ 𝐵𝐴, 𝜀𝐴), constructed by CR A, 
where 𝐴𝐴 = 𝐴 ∪ 𝑁𝐴and 𝐵𝐴 = 𝐶𝐴.  

o Let 𝑙𝑃 = 𝑋𝐴 . 𝑌𝐴  be the number of edges of a biclique 𝑄𝐴(𝑋𝐴, 𝑌𝐴) 
extracted from 𝐺𝐴.  

o Find biclique 𝑄𝐴
∗ (𝑋𝐴, 𝑌𝐴); such that 𝑄𝐴

∗ 𝑋𝐴, 𝑌𝐴 = arg𝑄 max 𝑙𝑃  



Spectrum-Aware Clustering: MEB 
Criterion 

 The MEB criterion exhibits a higher sensitivity to changes in |𝑋𝐴| and 
|𝑌𝐴| compared to the MNB criterion, and thus, clusters of small size 
or low availability of common idle channels are avoided. 



Spectrum-Aware Clustering: MEB 
Criterion 



Spectrum-Aware Clustering: MEB 
Criterion 
o While the MEB criterion is expected to produce better quality 
clusters compared to the MNB criterion, finding the maximum edge 
biclique is known to be an NP-complete problem. 



Spectrum-Aware Clustering: MECB 
Criterion 

 The goal is to construct clusters of maximum cluster size under a 
constraint on the number of common idle channels. 



Spectrum-Aware Clustering: MECB 
Criterion 
o Consider bipartite graph 𝐺𝐴(𝐴𝐴 ∪ 𝐵𝐴, 𝜀𝐴), constructed by CR A, where 
𝐴𝐴 = 𝐴 ∪ 𝑁𝐴and 𝐵𝐴 = 𝐶𝐴.  

o Let 𝑙𝐶 = 𝑋𝐴  be the size of a biclique 𝑄𝐴(𝑋𝐴, 𝑌𝐴) extracted from 𝐺𝐴.  

o Find biclique 𝑄𝐴
∗ (𝑋𝐴, 𝑌𝐴); such that 𝑄𝐴

∗ 𝑋𝐴, 𝑌𝐴 = arg𝑄 max 𝑙𝐶 , and 
𝑌𝐴 > 𝛾𝑜 

 



Spectrum-Aware Clustering: Distributed 
Clustering Mechanism  
o So far we are considering the clusters that are being formed by 
each node according to its available information. 

 

o What if 𝑋𝐴 and 𝑋𝐷 contains the node 𝐸? Which cluster will node 𝐸 
join? 

 

o How can we move from a node-level clustering to a network-level 
clustering? 



Spectrum-Aware Clustering: Distributed 
Clustering Mechanism  



Spectrum-Aware Clustering: Distributed 
Clustering Mechanism  



Spectrum-Aware Clustering: Distributed 
Clustering Mechanism  



Spectrum-Aware Clustering: Distributed 
Clustering Mechanism  
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Thank You! 


