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Abstract:
q The overarching goal of the project is to create a truthful and optimal resource allocation 

framework for emerging base station-less sensor networks (BSNs). 

q As BSNs are deployed in challenging environments (e.g., underwater exploration), there is 
no data-collecting base station available in the BSN. The paramount task of the BSN is to 
preserve large amounts of generated data inside the BSN before uploading opportunities 
become available.

q Previous research designed a sequence of cooperative data preservation techniques based 
on classic network flows (e.g., maximum (weighted) flow and minimum cost flow).

q In a distributed setting and under different control, however, the sensor nodes with limited 
resources (i.e., energy power and storage spaces) could behave selfishly in order to save 
their own resources and maximize their own benefits. 

q The tension between node-centric selfishness and data-centric data preservation in our 
unique BSN model gives rise to new challenge that calls for integrated study of game 
theory and network flows in the same problem space. 

Base Station-less Sensor Networks (BSNs):

Data Preservation in BSNs:
q Non-uniform data generation and limited storage capacity 

q Source nodes

v Storage-depleted
v Overflow data packets

q Storage nodes
v Available storage spaces

q Data Preservation: overflow 
data is offloaded from source nodes to storage nodes

q Node u sends a packet of R bits to v over lu,v

q Data Preservation Problem in BSNs

Goal: How to find a data preservation that minimizes the energy consumption (total 
preservation cost)

Why Game Theory?

vDPP in BSN graph is equivalent 
to MCF in above flow network

vTheorem 1: The MCF-based data 
preservation algorithm gives a NE 
with optimal total preservation 
cost; its PoA = PoS = 1

Theorem 4: There exists a greedy 

algorithm for DPP that reaches NE with PoS = PoA = 1

Performance Evaluation:
q BSN sensor field

q 50 nodes in 2000m×2000m network, Tr = 200m, Each packet is 512 Bytes

q 75 randomly selected as source node, rest storage nodes

q Number of packets at each source node di= 100, storage capacity mj= 100

q Algorithms
q Minimum cost flow (MCF), Node-based greedy (Greedy-N), Distance-based greedy 

(Greedy-D) 

q Rate of Efficiency Loss (REL)

q Each data point is an average of 20 runs

Conclusions and Future Work:
q Study the NE performances of data preservation algorithms in BSNs
q Minimum cost flow-based algorithm achieves NE with PoS = 1
q There always exists an efficient greedy algorithm that produces NEs with PoS = 1
q Consider the different data packets have different values
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q Sensing applications developed 
inaccessible and remote area

o Underwater exploration, volcano eruption

q Not feasible to install base station in field

q Sensory data are stored in the network, 
periodically uploaded to basestation via              
robots or AUVs

Source: http://fiji.eecs.harvard.edu/Volcano

Source: phys.org

Source Nodes Storage Nodes

q Sensor nodes become intelligent, could perceive, learn, and reason on top of 
sensing, computation, and communication 

q Sensor networks are distributed in nature and sensor nodes could under different 
controls 

q Sensor nodes have limited battery and processing power

q Nash Equilibrium (NE): Game-theoretical solution that characterizes selfish 
players’ optimal strategies in non-cooperative games 

q Not socially optimal due to selfish players, needs to study performance 
degradation in NE

q Question: Can we design data preservation algorithms that achieve NE with 
performance guarantees?

q Performance Metrics of Data Preservation Nash Equilibrium (DP-NE)

a. Price of Anarchy (PoA): ratio of total preservation cost of worst DP- NE and the    
socially optimal :  Performance upper bound

b. Price of Stability (PoS): ratio of the total preservation cost of the best DP-NE and 
the socially  optimal:  Performance lower bound

c. Rate of Efficiency Loss (REL): ratio of total preservation cost of any DP-NE and 
the socially optimal: Able to quantity any DP-NE 

Research Results:

Algorithm 1: The Node-based  Greedy Algo.

1. In each iteration, one source node offloads its 
overflow data packets to its closest storage nodes 
with available spaces

2. Theorem 2: The Node-Based Greedy Algorithm 
reaches a NE with a PoA = H(d), where H(d) = 
2d-1 + 2d-2 + … + 20,  where d is total number of 
data packets

Algorithm 2: The Distance-based  Greedy 
Algo.

1. In each iteration, it finds a source 
and storage node pair with the 
minimum preservation cost

2. Theorem 3: The Distance-Based 
Greedy Algorithm reaches a NE 
with a PoA < 3

v Greedy-D has a less NE efficiency loss 
than Greedy-N

v More data packets aggravate NE 
efficiency loss while more storage spaces 
alleviate NE efficiency loss

v With infinite social resources, no 
efficiency loss for any NEs

v 100 random instances
v RELN = [1.08, 1.52] for di = mj = 1
v RELN = [1.05, 1.25] for di = mj = 100
v Empirical results much better than 

theoretical results
v PoA = 2d-1 + 2d-2 + … + 20

vMCF < Greedy-D < Greedy-N

v Performance difference are smaller 
when data preservation is less challenging

v Economic interpretation: more resources 
results in less performance degradation of 
NEs
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