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Motivation 

Optimal Task Assignment in Sensor Networks 

 In-network processing paradigm 

 Millions of sensors with processing capabilities 

 Vision 

 Reduce the volume of data seen / processed by the application 

 Complex application tasks can split into simpler tasks that can 
be accomplished by separate nodes within the network 

 Goal: assign the tasks optimally in terms of energy 

 Sensing 

 Processing 

 Communication  

 … 

 



PROBLEM DEFINITION 

Optimal Task Assignment in Sensor Networks 

 

 Definition (Optimal Assignment) 

Let W be a WSN and let T  be a complex task. Given 
the set of all mappings                                where the 
capabilities of the network fulfill the task and 
energy requirements, we call an assignment as 
energy-optimal assignment            if and only if   

                                      .     

 

 NP-hard [Garey and Johnson, 1979] 
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Modeling Framework 
 Task Model 

Optimal Task Assignment in Sensor Networks 

Category Description Input From Output To 

Sensing 

Sense context from the 

environment  - 
 Processing 

 Sink 

Processing 

Process input data and 

forward results 

 Processing 

 Sensing 

 Processing 

 Sink 

Sink 

Retrieve final format of 

data sensed and 

processed 

 Processing 

 Sensing 
- 

Definition (Task). Given a set      of subtask 
vertices and a set       of directed edges 
among the subtask vertices, we define a 
task T as a directed acyclic graph (DAG) 
represented by the tuple                    . 
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Modeling framework 
Task Model - Example 

Optimal Task Assignment in Sensor Networks 
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Modeling Framework 
 Network Model 

Optimal Task Assignment in Sensor Networks 

a

b

d

c

Rb

Definition (Network). Let     be a set of 
network nodes and let    be a set of 
directed network edges. We define a WSN      
as a strongly connected directed graph 
represented by the tuple                      . 
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Modeling framework 
Network Model - Example 

Optimal Task Assignment in Sensor Networks 
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, ,acA a c    

, , ,caA c a    

, ,abA a b    

, , ,adA a d     , , ,bdA b d    
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Modeling Framework 
 Assignment Model 

Optimal Task Assignment in Sensor Networks 

Definition (Assignment). Let                      be a complex task and                                       
                      be a WSN with                                          representing 
the set of all paths among the network nodes. We define the 
assignment                          as the pair of mappings          
and                                  that satisfy the consistency constraint: 
 
 
 
 
 
and we represent it by                                    where        is the set of  
 
all possible assignments between        and       . 
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Modeling framework 
Assignment Model - Example 

Optimal Task Assignment in Sensor Networks 
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OPTIMIZATION 
ILP Variables 

Optimal Task Assignment in Sensor Networks 



OPTIMIZATION 

Optimal Task Assignment in Sensor Networks 



RESULTS 
Experimental setting 

Optimal Task Assignment in Sensor Networks 
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RESULTS 
Energy status of the network after Run #100 

Optimal Task Assignment in Sensor Networks 



RESULTS 
Optimal assignment – Run #1 

Optimal Task Assignment in Sensor Networks 



RESULTS 
Optimal assignment – Run #21 

Optimal Task Assignment in Sensor Networks 



Results 
Mesh network 

Optimal Task Assignment in Sensor Networks 



Results 
Mesh network 

Optimal Task Assignment in Sensor Networks 



ResultS 
Mesh network 

Optimal Task Assignment in Sensor Networks 



FUTURE WORK & EXTENSIONS 

Optimal Task Assignment in Sensor Networks 

 Experimentation with non-optimal solutions that scale 

 

 Maximize the network lifetime instead of minimizing the 
energy at each step separately 

 

 Model the unreliability of wireless channels 

 

 Insert the concept of mobility (Levy Walk model) 

 

 Incremental assignment of tasks 
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