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Abstract: 

With the growing number of s mart phone users, peer-to-peer ad hoc content sharing is expected to occur more o ften. Thus, new 

content sharing mechanisms should be developed as traditional data delivery schemes are not efficient for content sharing due  to the 

sporadic connectivity between smart phones. To accomplish data delivery in such challenging environments , researchers have 

proposed the use of store-carry-forward protocols, in which a node stores a message and carries it until a forwarding opportunity 

arises through an encounter with other nodes. Here, we propose discover-predict-deliver as an efficient content sharing scheme for  

delay-tolerant smart  phone networks. In our proposed scheme, contents are shared using the mobility information of individuals. 

Specifically, our approach employs a mobility learning algorithm to identify places indoors and outdoors . A hidden Markov model is 

used to predict an individual’s future mobility informat ion. Evaluation based on real traces indicates that with the proposed  approach, 

87 percent of contents can be correctly discovered and delivered within 2 hours when the cont ent is available only in 30 percent of 

nodes in the network. We implement a sample application on commercial smart phones, and we validate its efficiency to analyze  the 

practical feasibility of the content sharing application. Our system approximately resu lts in a2 percent CPU overhead and reduces the 

battery lifet ime of a smart phone by 15 percent at most. 

 

1. INTRODUCTION 

 

Mobile computing is the discipline for creating an information 

management platform, which is free from spatial and temporal 

constraints. The freedom from these constraints allows its users 

to access and process desired information from anywhere in the 

space. The state of the user, static or mobile, does not affect the 

informat ion management capability of the mobile platform. A 

user can continue to access and manipulate desired data while 

traveling on plane, in car, on ship, etc. Thus, the discipline 

creates an illusion that the desired data and sufficient processing 

power are available on the spot, where as in reality they may be 

located far away. In the past few years, personal mobile devices 

such as laptops, PDAs, and smart phones have been more and 

more popular. Indeed, the number of Smartphone users increased 

by 118 million across the world  in 2007 [1], and is expected to 

reach around 300 million by 2013 [2]. The incredibly rap id 

growth of mobile users is lead ing to a promising future, in which 

they can freely share files between each other whenever and 

wherever. The number of mobile searching users (through smart 

phones, feature phones, tablets, etc.) is estimated to reach 901.1 

million in 2013 [3]. Currently, mobile users interact with each 

other and share files via an infrastructure formed by 

geographically distributed base stations. However, users may 

find themselves in an area without wireless service (e.g., 

mountain areas and rural areas). Moreover, users may hope to 

reduce the cost on the expensive infrastructure network data. The 

P2P file sharing model makes large-scale networks a blessing 

instead of a curse, in which nodes share files directly with each 

other without a centralized  server. Wired P2P file sharing 

systems (e.g., BitTorrent and Kazaa) have already become a 

popular and successful paradigm for file sharing among millions 

of users. The successful deployment of P2P file sharing systems 

and the aforementioned impediments to file sharing in MANETs 

make the P2P file sharing over MANETs (P2P MANETs in 

short) a promising complement to current infrastructure model to 

realize pervasive file sharing for mobile users. As the mobile 

digital devices are carried by people that usually belong to 

certain social relationships, in this paper, we focus on the P2P 

file sharing in a disconnected MANET community consisting of 

mobile users with social network properties. In such a file 

sharing system, nodes meet and exchange requests and files in 

the format of text, short videos, and voice clips in different 

interest categories. A typical scenario is a course material (e.g., 

course slides, review sheets, assignments) sharing system in a 

school campus. Such a scenario ensures for the most that nodes 

sharing the same interests (i.e., math), carry  corresponding files 

(i.e ., math files), and meet regularly (i.e., attending math 

classes). A peer-to-peer file sharing system that is running on 

Internet may find a desired file at a  member node, which is 

identified by a unique ID. This can be achieved by using 

centralized or distributed indices that maps the name of the file 

to the member node’s IP address through which the node can be 

reached. After knowing the IP address of the node from where a 

file can be downloaded, the network layer of the Internet (IP) 

would handle all intermediate steps and forwarding needed in 

order to reach to the node and to perform the download.  

However, this is not possible on a MANET that does not run an 

ad-hoc routing algorithm. A MANET may be composed of 

heterogeneous mobile systems in which a standard routing 

algorithm is not supported at all nodes. Currently, although there 

are various efforts that propose protocols to route packets in a 

MANET, we still lack a common and widely used standard 

routing protocol for this environment. And it seems that it will 

take some more time before we have a widely accepted common 

routing protocol and its implementation available  and deployed. 
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In this paper we propose a system that solves peer-to-peer file-

sharing problem in wireless ad-hoc networks.  Our system works 

in a peer-to-peer manner and distributes information regarding 

the location of files  that are shared among members of the 

network. Besides location information, the system also stores 

routing informat ion as part of a distributed index maintained in 

the system. While designing the system, we have adapted some 

techniques from source routing and peer-to-peer location lookup 

that were previously proposed for wire-line networks. 

 

2. RELATED WORK 

 

Network environments can be grouped in three categories 

according to their impacts on peer-to-peer file sharing. The first 

one is wired Local Area Networks (LANs). Handling file sharing 

is rather easy in wired LANs since they are built-up by relatively 

low number of computers, which are well known to each other 

and each of which can communicate to all other nodes directly. 

Wired LANs are out of interest of this paper since they do not 

have much common characteristics with the wireless ad-hoc 

networks, which is the network environment that the paper offers 

a solution for file sharing. The second network environment is 

the Internet.  It connects huge number of computers and is a 

transport infrastructure that enables peer-to-peer file sharing. But 

unlike wired LANs the computers willing to share files are 

usually have little or no awareness of others. Several works have 

been carried out in the recent years to cope with problems posed 

for peer-to-peer file sharing by the dense, highly dynamic and 

lowly aware nature of the Internet. Napster [10] is one of the 

earliest and most popular applications, which enables file  

sharing on the Internet among computers that are hard to predict 

when to connect and disconnect. The main idea behind Napster 

is a central server that stores index in formation (filename and 

address pairs), which is used to answer queries about where files 

are stored on the Internet. Once the location of a file is 

determined, file transfers are carried on peer-to-peer (P2P) 

manner. Although the actual file transfers are P2P, storage of 

and accessing index information is done using client-server 

paradigm. Napster enables easy location lookup by using a 

central server, but it is affected by the typical weaknesses of 

centralized systems. More recent works aim fully distributed 

peer-to-peer systems that store index informat ion in a distributed 

manner. 

 

2.1. P2P File Sharing in MANETs  

 

2.1.1 Flooding-Based Methods  

 

In flooding-based methods, 7DS [6] is one of the first 

approaches to port P2P technology to mobile environ-ments. It 

exploits the mobility of nodes within a geo-graphic area to 

disseminate web content among neighbors. Passive distributed 

indexing (PDI) [8] is a general-purpose distributed file searching 

algorithm. It uses local broad-casting for content searching and 

sets up content indexes on nodes along the reply path to guide 

subsequent searching. Klemm et al. [7] proposed a special-

purpose on-demand file searching and transferring algorithm 

based on an application layer overlay network. The algorithm 

transparently aggregates query results from other peers to 

eliminate redundant routing paths. However, these flooding-

based methods produce high overhead due to broadcasting. 

2.1.2 Advertisement-Based Methods 

 

Tchakarov and Vaidya [10] proposed GCLP for efficient content 

discovery in location-aware ad hoc networks. It disseminates 

contents and requests in crossed directions to ensure their 

encountering. P2PSI [11] combines both advertisement (push) 

and discovery (pull) p rocesses. It adopts the idea of swarm 

intelligence by regarding shared files as food sources and routing 

tables as pheromone. Each file holder regularly broadcasts an 

advertisement message to inform surrounding nodes about its 

files. The discovery process locates the desired file and also 

leaves pheromone to help subsequent search requests. Though 

the advertisement-based methods reduce the over-head of 

flooding-based methods, they still generate high overhead for 

advertising and cannot guarantee the success of file searching 

due to node mobility. 

 

3. SYS TEM MODEL 

 

3.1 Dynamic Neighbor Discovery  

 

Neighbor discovery is an important task for routing protocols. 

Especially in delay-tolerant networking, efficient neighbor 

discovery significantly improves the performance of the routing 

protocols. In dynamic neighbor discovery, each mobile device in 

three modes: idle (discoverable) mode, search mode, or 

aggressive search mode. When an application does not have any 

queries or content to forward, the device is in discoverable 

mode. When an applicat ion has a query or content to forward 

and did not schedule encounters by prediction. The application 

enters the aggressive search mode when the content is scheduled 

to be delivered to the destination or another node by prediction.  

 

3.2 Movement Tracking:  

 

The Activity Manager monitors the acceleration vector of a 

three-axis accelerometer and detects the motion of the user. The 

motion detector function of the Activity Manager is basically a 

classifier M that has two outputs: moving or stationary. When 

the user is walking, running, or moving in a vehicle, the motion 

is classified as moving, whereas when the user stays at a certain 

location, the motion is classified as stationary. 

 

3.3 Mobility Learning:  

 

People typically visit a number of places, but not all of these are 

meaningful for learning people’s mobility. Indeed, DPD requires 

the discovery of locations where content sharing can be 

performed. Content sharing is successfully performed in places  

where smart phone users stay long enough, as perceiving the 

existence of other nodes and message exchanging requires 

several minutes depending on the size of the message, the 

bandwidth, and the network interface.  

 

3.4 Discovering and Learning Meaningful Places: 

 

Currently  availab le location technologies focus on providing 

geographical information. This informat ion is insufficient to 

discover meaningful places because the physical location is not 

exactly generated at the same place despite the fact that a user 

generally has a similar life pattern every day.  In addition, this 
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informat ion cannot distinguish a place that has a similar geocode 

but different floors. In modern society, places are normally 

located in mult iple floor build ings.  

 

3.5 Mobility Prediction:  

As DPD uses location information to estimate if a node 

approaches the destination of the content or diverges from the 

destination, the prediction of nodes’ mobility informat ion is 

essential. 

 

 
Figure. 1. System Overview 

 

Algorithm .1. Pseudocode of intracommunity file searching 

for query Q conducted by node Ni  

 

Procedure intra Search For Q () 

if a  neighbor nb of Ni matches query Q then 

Ni .send Query To (Q, nb) 

 else if Q. src¼ Ni then 

if Sim ðv Q; v CÞ<Ts then 

Q. v dest v NC 

Ni .send Through IRA To (Q, NC) 

Else 

Q.v dest  v Q 

Ni.rank Nb By Fitness() 

overall 0 

for each neighbor nb of node Ni do  

overall F getsover all þ FðQ; nbÞ 

Ni.sendQeuryTo(Q, nb) 

if overall>�then 

Break 

Else 

if Q.hops < MaxHopthen 

Q.v dest  vQ 

Ni.rank Nb By FitNess() 

nb the neighbor with maximal fitness 

Ni.send QeuryTo(Q, nb) 

Else 

Q.vdest vNC 

Ni  sendThrough IRA To(Q, NC) 

3.6 Information Exchange among Nodes  

We summarize the informat ion exchanged among nodes in peer 

network. In the community construction phase, two encountered 

nodes exchange their interest vectors and community vectors, if 

any, for community construction. In the role assignment phase, 

nodes broadcast their degree centrality within their communities 

for coordinator selection. When the coordinator is selected, the 

coordinator ID is also broadcasted to all nodes in the 

community. Then, each node reports its contact frequencies with 

foreign communit ies to the coordinator for ambassador selection. 

Besides, when a node meets a coordinator of its community, the 

node also sends its updated node vector to the coordinator to 

update the community vector and retrieves the updated 

community vector from the coordinator. When an ambassador 

meets the coordinator of its community, it reports the community 

vectors of foreign communit ies to the coordinator. After above 

informat ion exchange, two encountered nodes exchange their 

node vectors and history vectors for packet routing. Each node 

checks packets in it sequentially to decide which packets should 

be forwarded to the other node based on the file searching 

algorithm. Further, when network turns to be stable, the 

frequency of informat ion exchange for community construction 

and node role assignment can be reduced to save costs. 

 

3.7 Querying -Completion and Loop-Prevention 

Given a file query, there may exist a number of matching files in 

the system. A node can associate a parameter Smax with its 

query to specify the number of files that it wishes to find. A 

challenge we need to handle is to ensure that the querying 

process stops when Smax matching files are discovered when 

multicopy forwarding is used. To solve this problem, we let a  

query carry Smax when it is generated. When a query finds a file  

that matches the query and is not discovered before, it decreases 

its Smax by one. Also, if this query is replicated to another node, 

Smax is evenly split to the two nodes. A query stops searching 

files when its Smax equals 0.When a query needs to find more 

than one file, it is likely that IRA would forward a query to the 

same node repeatedly. To avoid this phenomenon, SPOON 

incorporates two strategies. First, the query holder inserts its ID 

to the query before forwarding the query to the next node. 

Second, a node records the queries it has received within a 

certain period of time. The former method avoids sending a 

packet to nodes it has visited before, while the latter method 

prevents sending different replicas of the same query to the same 

node. Specifically, when a node, say Ni, needs to forward a 

query to a newly met node Nj based on IRA, Ni checks whether 

the query’s record of traversed nodes Contains Nj. If yes, Ni 

does not forward the query to Nj.  Also, when a node receives a 

query, if the query exists in its record of received queries, the 

node sends the query back to the sender. These two strategies 

effectively avoid searching loops by simply preventing a node 

from forwarding the same query to nodes that have received the 

query before. 

 

4. PERFORMANCE EVALUATIONS  

 

We evaluated the performance of SPOON in comparison with  

MOPS [18], PDI DIS [8], [12], CacheDTN [14], PodNet [16], 

and Epidemic [34]. A MOP is a social network-based content 

service system. It forms nodes with frequent contacts into a 

community and selects nodes with frequent contacts with other 
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communit ies as brokers for intercommunity communicat ion. 

PDI DIS is a combination of PDI [8] and an advertisement-based 

Dissemination method (DIS) [12]. PDI provides distributed 

search service through local broadcasting (three hops), and 

builds content tables in nodes along the response paths, while 

DIS let each node disseminate its contents to its neighbors to 

create content tables. CacheDTN replicate files to network 

centers in decreasing order of their overall popularity. 

 

1. Evaluation of community construction. We first evaluated the 

proposed community construction algorithm introduced in 

Section 3.3. 

 

2. GENI experiments. We deployed the systems on the real-

world GENI ORBIT test bed [35], [36] and tested the 

performance using the MIT Reality trace. The GENI ORBIT test 

bed contains 400 nodes with 802.11 wireless cards. Nodes can 

communicate with each other through the wireless interface. We 

used real trace to simulate node mobility in ORBIT: two nodes 

can communicate with each other only during the period of time 

when they meet in  the real t race. 

 

3. Event-driven experiments with real trace. We also conducted 

event-driven experiments with two real traces. 

 

4. Evaluation of enhancement strategies. We evaluated the effect 

of the enhancement strategies introduced in Sections 3.7, 3.8, 

and 3.9 through event-driven experiments. 

 

5. NS2 experiments with synthetic mobility. We conducted 

experiments on NS-2 [37] using a community-based mobility 

model [38] to evaluate the applicability of SPOON in different 

types of networks. Due to page limit, the results are shown in 

Appendix, which can be found on the Computer Society Digital 

Library at http://doi.ieeecomputersociety.org/10.1109/TMC. 

2012.239. In experiments with the Haggle trace and the MIT 

Reality trace, we set the initialization period to 0.09 Ms and 0.3 

Ms, the query generation period to 0.1 Ms and 1 Ms, and the 

TTL of a query to 0.15 Ms and 1.2 Ms, respectively. 

 

 
Figure.2. Average similarity values with differenth1 and h2  

 

5. CONCLUS ION 

 

We propose a social network-based P2P content file sharing 

system in d isconnected mobile ad hoc Networks. P2P considers 

both node interest and contact frequency for efficient file  

sharing. We introduce four main components of SPOON: 

Interest extraction identifies nodes’ interests; Community 

construction builds common-interest nodes with frequent 

contacts into communities. The node role assignment component 

exploits nodes with tight connection with community members 

for intra-community file searching and highly mobile nodes that 

visit external communities frequently for intercommunity file  

searching; The interest-oriented file searching scheme selects 

forwarding nodes for queries based on interest similarit ies. P2P 

also incorporates additional strategies for file prefetching, 

querying-complet ion, and loop-prevention, and node churn 

consideration to further enhance file searching efficiency. In 

future, we will explore how to determine appropriate thresholds 

in SPOON, how they affect the file sharing efficiency, and how 

to adapt SPOON to larger and more d isconnected networks. 
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