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Abstract: With the growing number of Smartphone users, peer-to-peer ad hoc content sharing is expected to
occur more often. 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. Most previous works in this field have focused on the prediction of
whether two nodes would encounter each other, without considering the place and time of the encounter. In this
paper, we propose discover-predict-deliver as an efficient content sharing scheme for delay-tolerant
Smartphone 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 information. 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 content 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 results in a2
percent CPU overhead and reduces the battery lifetime of a Smartphone by 15 percent at most.

Keywords: Smartphone, peer-to-peer, content sharing, traditional data delivery schemes, store-carry-forward
protocols, mobile ad hoc network (MANET) routing protocols, Delay-Tolerant Network (DTN), Ultility
Computation, Mobility Learning.

1. INTRODUCTION

Over the past few years, the number of Smartphone users has rapidly increased. as Smartphone
interfaces are now convenient and user friendly, users can create various types of content. However,
content sharing remains troublesome. it requires several user actions, such as registration, uploading
to central servers, and searching and downloading contents. one way to reduce a user’s burden is to
rely on an ad hoc method of peer-to-peer content sharing. in this method, contents are spontaneously
discovered and shared. the effectiveness of this sharing method depends on the efficiency of sharing
and the significance of the shared contents. in this paper, we mainly focus on the efficiency of content
sharing, and we provide suggestions on creating significant content. although ad hoc networks can
easily be constructed with Smart phones as they are equipped with various network interfaces, such as
Bluetooth and wi-fi, the connectivity between Smart phones is expected to be intermittent due to the
movement patterns of carriers and the signal propagation phenomena. to overcome this problem,
researchers have proposed a variety of storecarry forward routing schemes. in these schemes, a node
stores a message and carries it for a certain duration until a communication opportunity arises. local
forwarding decisions are independently made using utility functions, and multiple copies of the same
message are propagated in parallel to increase the delivery probability. Therefore, delay-tolerant
network (DTN) routing protocols achieve better performance than traditional mobile ad hoc network
(MANET) routing protocols. the advantage of both DTN and MANET routing protocols is the
absence of the requirement of a central server. hence, contents are distributed and stored directly on
the Smart phones .
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2. CONTENT SHARING

In this section, we analyze the problem of content sharing in Smartphone-based delay-tolerant
networks and describe the solutions. As stated in the Introduction, we focus on store-carry-forward
networking scenarios, in which the nodes communicate using DTN bundle architecture. Some
Smartphones in the network store content that they are willing to share with others. All Smartphone
users are willing to cooperate and supply a limited amount of their resources, such as bandwidth,
storage, and processing power, to assist others. Our goal is to allow users to issue queries for content
stored on other Smart phones anywhere in the network and to assess the chances of obtaining the
information needed. We assume that Smart phones can perform searches on their local storage, and
we find the relevant results for a given query to facilitate searching. Conceptually, the content sharing
process is categorized into two phases: the content discovery phase and the content delivery phase. In
the content discovery phase, a user inputs requests for content in a content sharing application. The
application first searches for the content in local storage, and if not found, the application generates a
query message based on the user’s request. The query is then spread in the network based on a
specific forwarding decision and search-termination technique. When the content is found, the content
delivery phase is initiated, and the content is routed toward the query originator.

3. EXISTING SYSTEM

One way to reduce a user’s burden is to rely on an ad hoc method of peer-to-peer content sharing. In
this method, contents are spontaneously discovered and shared. The effectiveness of this sharing
method depends on the efficiency of sharing and the significance of the shared contents. In this paper,
we mainly focus on the efficiency of content sharing, and we provide suggestions on creating
significant content. Therefore, Delay-Tolerant Network (DTN) routing protocols achieve better
performance than traditional mobile ad hoc network (MANET) routing protocols.

Disadvantages of Existing System

e They mainly focused on limiting search query propagation and proposed a number of query
processing methods. And not focus on the geographic search query propagation limit.

e Did not address the problem of indoor content sharing. Many routing protocols simply
oversee the issue of obtaining location information indoors. In our work, we examine a
network of Smart phones, with the consideration that Smartphone carriers spend most of their
time indoors where GPS cannot be accessed.

4. PROPOSED SYSTEM

In this paper, we propose discover-predict-deliver (DPD) as an efficient content sharing scheme for
Smartphone-based DTN s. DPD assumes that the communications between Smart phones arise in a
set of locations where Smartphone carriers stay for a significant duration. It employs a hidden Markov
model and Viterbi algorithm to predict the future locations of individuals.

The goal of our work is to explore the solutions to the content sharing problem in Smartphone-based
DTN s. These solutions are the efficient discovery of contents and their delivery to the proper
destinations within a given time.

Advantages of Proposed System:

e We develop a practical place (mobility) learning scheme for both outdoors and indoors. Also,
we design a mobility prediction algorithm to accurately estimate the contact opportunities for
Smartphone users.

e \We evaluate the proposed scheme using simulation tools based on real human movement
traces.

e \We validate the feasibility of content sharing with DTN by implementing a sample
application on commercial smart phones.

5. ALGORITHMS USED
Algorithm 1. Utility Computation
Algorithm 2. Mobility Learning
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Utility Computation

Utility Computing is a service provisioning model in which a service provider makes computing
resources and infrastructure management available to the customer as needed, and charges them for
specific usage rather than a flat rate. Like other types of on-demand computing (such as grid
computing), the utility model seeks to maximize the efficient use of resources and/or minimize
associated costs. Utility is the packaging of computing resources, such as computation, storage and
services, as a metered service. This model has the advantage of a low or no initial cost to acquire
computer resources; instead, computational resources are essentially rented.

This repackaging of computing services became the foundation of the shift to "on demand"
computing, software as a service and cloud computing models that further propagated the idea of
computing, application and network as a service.

There was some initial skepticism about such a significant shift However, the new model of
computing caught on and eventually became mainstream. IBM, HP and Microsoft were early leaders
in the new field of Utility Computing with their business units and researchers working on the
architecture, payment and development challenges of the new computing model. Google, Amazon and
others started to take the lead in 2008, as they established their own utility services for computing,
storage and applications.

Utility Computing can support grid computing which has the characteristic of very large computations
or a sudden peaks in demand which are supported via a large number of computers. "Utility
computing™ has usually envisioned some form of virtualization so that the amount of storage or
computing power available is considerably larger than that of a single time-sharing computer.
Multiple servers are used on the "back end" to make this possible. These might be a
dedicated computer cluster specifically built for the purpose of being rented out, or even an under-
utilized supercomputer. The technigue of running a single calculation on multiple computers is known
as distributed computing.

Algorithm 1. Utility Computation

Input: Mobility Information IMg, IM; Time ¢,
Remaining Content Lifetime T, Radio Range R
Output: Utility Function U;(d)

1: Py « 0; By < oo;w « 0;k — [4]
2: My <= {latlatss,- - lag+ks}

3: M; <= {lig ligsss -5 bigrks )

4: for m =1 to t + kb step 6 do

5. if |l;;, —lgm| < R then

6: P,— P +L

7: end if

8: end for

9: if P; # 0 then

10: Uy(d) — P,

11: else

12: form =1t to ¢t +k§ step 6 do
13:  if |l;,, +lgm| < P, then
14 P, |lim — lim|

15: w— m

16: end if

17: end for

18: Uy(d) — (—%- 1)

19: end if

20: return U;(d)
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Mobility Learning

In daily life, people typically visit a number of places, but not all of these are meaningful for earning
people’s mobility. Indeed, DPD requires the discovery of locations where content sharing can be
performed. Content sharing is successfully performed in places where Smartphone 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. Hence, we are
basically interested in discovering places where the user stays longer than certain duration (i.e.,
meaningful places) and the context in user movement (i.e., paths).

Algorithm 2. Mobility Learning
[nput: Stride Length v, Last Location [0,
Meaningful Places I, Path Information IP

Output: Learning Meaningful Places and Paths
1: ty < Time; s < 0; 9 < 0;

i Tsiat:'mnry = U; Tmming = 0;

3: while true do

4 G « get accelometer readings

5. if M(i};) is moving then

o: if % > plty,..., %)+ o(th,. .., 1) then
7. s—s+17, <7

8: antlmg ~ Lmoving + (t - t[])

9: T?tat:mmry = 0; ty 1

10:  endif

11: if Tpuing > 0 then

6. EVALUATION

In this section, we first conduct parameter analysis, in which we evaluate the accuracy of the proposed
scheme’s core component: mobility learning and prediction. We also analyze the parameters of the
proposed protocol to give suggestions on parameter selection. Then, we compare the performance of
the content sharing with other works in terms of sharing efficiency, sharing latency, and cost. We
collected user traces from four graduate students for eight weeks of their everyday lives. Each student
was given an HTC Hero with Life Map installed and was requested to label the places he or she
visited. In the experiment, a total of 908 meaningful places were learned and 1,923 APs were
discovered. Fig. 1 shows the location of these meaningful places on the map (movement points are
excluded) and the main area, in which we simulate our content sharing mechanism. Places are
discovered in 15 km by 20 km area of Seoul, Korea.

7. PARAMETER ANALYSIS

We performed parameter analysis to validate the effectiveness of the employed mobility learning and
prediction algorithm. We extracted a total of 172 annotated meaningful places, for which accurate
physical locations were also provided, to analyze learning accuracy. Since all visits are separately
recorded for these places (i.e., visits to similar places are not merged), both online and offline place
matching (learning) could be applied. Learning accuracy and prediction accuracy are estimated on an
HTC Desire Smartphone, and the rest of the parameter analysis is performed on a desktop computer
using MATLAB.
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Fig.2. Parameter analysis. The time instance _is 10 minutes.

In Fig. 2a, learning accuracy was measured according to various RMS thresholds. Here, “correct
learning” means the algorithm correctly matched the candidate place with an existing place, and “false
positive matching” means the proposed algorithm identified a candidate place to be the same as some
existing place, although the places were different. Further, “false negative matching” means the
algorithm identified a candidate place to be different from existing places, although there was a place
considered Fig. 1. Collected meaningful places and the simulation area the same as the candidate
place. The learning accuracy was above 90 percent, which shows that the proposed content sharing
scheme is adequate. The accuracy generally increases as the RMS threshold increases. As shown in
Fig. 2b, we measured the physical location error by comparing the estimated location with the actual
location. As the number of visits increased, the location error was reduced. When a Smartphone user
visits a place more than 20 times, the location error for the place becomes below 20 meters.

8. IMPLEMENTATION ANALYSIS

An application for Smart phones should exhibit the following characteristics in order to be pragmatic:
lightweight in terms of CPU and memory overhead, and efficient in resource utilization and energy
consumption. Specifically, ad hoc content sharing applications should be carefully designed as such
applications have to continuously run in the background. With the following experimental analysis,
our goal is to identify the feasibility of content sharing applications on Smart phones. As described in
Algorithm 2, mobility learning involves a sequence of jobs: location estimation, place similarity
estimation, and so on. Although path update and place learning produce a high CPU overhead, their
runtime is very short. Fig. 6b shows that the path update runtime is less than a second, and place
learning takes about 10 seconds. Here, the place similarity match is tested for about 150 places.
Mobility prediction generates a 9 percent CPU overhead and runs for about a second. In content
creation, the application searches the database for matching contents, sorts the results according to
downlink speed, and selects a set of hotspots that best satisfy the user request. Content creation has a
10 percent CPU overhead and runs for 2 seconds per request. In fact, the overhead of the content
exchange task depends on the sizes of the content and mobility information. In this analysis, we
experiment on 20 hotspot data with five APs per hotspot, and mobility information for an hour.
Bluetooth radio interface is used to exchange contents among Smart phones. The content exchange
produces a larger overhead and runs for a longer duration than other tasks because the content
exchange requires mobility information exchange and utility computation. Still, the overhead is
acceptable because the number of content exchanges is significantly reduced using the proposed DPD
routing.
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10. CONCLUSION

In this paper, we proposed an efficient content sharing mechanism in Smartphone-based DTN s. We
attempted to utilize the advantages of today’s Smart phones (i.e., availability of various localization
and communication technologies) and appropriately designed the protocol. In designing a content
sharing algorithm, we focused on two points: 1) people move around meaningful places, and 2) the
mobility of people is predictable. Based on this proposition, we developed a mobility learning and
prediction algorithm to compute the utility function. Thus, in contrast to conventional methods, the
proposed sharing mechanism does not require contact history. We learned that contents indeed have
geographical and temporal validity, and we proposed a scheme by considering these characteristics of
content. For example, distributing queries for content in an area 20 miles from the location of the
content searcher has only a 0.3 percent chance to discover the content while generating 20 percent
extra transmission cost.

Also, the time limitation on query distribution reduces transmission cost. Most important, the
proposed protocol correctly discovers and delivers 87 percent of contents within 2 hours when the
contents are available only in 30 percent of nodes in the network. The implementation of our system
on Android platform indicates that the scheme results only in a 2 percent CPU overhead and reduces
the battery lifetime of a Smartphone by 15 percent at most. Finally, we believe our system still has
room for improvement. Specifically, the use of asymmetric multi core processors and efficient sensor
scheduling is needed to reduce the energy consumption of Smart phones’ sensors. Further, since
location is the key element of the proposed solution, user privacy should be carefully considered. We
plan to address these issues in our future works.

REFERENCES

[1] T3l Group LLC, http://www.telecomweb.com, 2010.

[2] A. Vahdat and D. Becker, “Epidemic Routing for Partially Connected Ad Hoc Networks,”
technical report, Dept. of Computer Science, Duke Univ., Sept. 2000.

[3] A. Balasubramanian, B.N. Levine, and A. Venkataramani, “DTN Routing as a Resource
Allocation Problem,” Proc. ACM SIGCOMM, pp. 373-384, 2007.

[4] R.C. Shah, S. Roy, S. Jain, and W. Brunette, “Data Mules: Modeling a Three-Tier Architecture
for Sparse Sensor Networks,” Elsevier Ad Hoc Networks J., vol. 1, pp. 215-233, Sept. 2003.

[5] A. Lindgren, A. Doria, and O. Schelen, “Probabilistic Routing in Intermittently Connected
Networks,” SIGMOBILE Mobile Computer Comm. Rev., vol. 7, no. 3, pp. 19-20, 2003.

International Journal of Research Studies in Science, Engineering and Technology [IJRSSET] 21



Sk. Baji & Sk. Mastanvali

[6] C. LiuandJ. Wu, “An Optimal Probabilistic Forwarding Protocol in Delay Tolerant Networks,”
Proc. ACM MobiHoc, pp. 14, 2009.

[7] J. Wu, M. Lu, and F. Li, “Utility-Based Opportunistic Routing in Multi-Hop Wireless
Networks,” Proc. 28th Int’l Conf. Distributed Computing Systems (ICDCS ’08), pp. 470-477,
2008.

[8] T. Spyropoulos, K. Psounis, and C.S. Raghavendra, “Spray and Wait: An Efficient Routing
Scheme for Intermittently Connected Mobile Networks,” Proc. ACM SIGCOMM Workshop
Delay-Tolerant Networking (WDTN ’05), pp. 252-259, 2005.

[9] T. Spyropoulos, K. Psounis, and C. Raghavendra, “Efficient Routing in Intermittently Connected
Mabile Networks: The Single-Copy Case,” IEEE/ACM Trans. Networking, vol. 16, no. 1, pp.
63-76, Feb. 2008.

[10] T. Spyropoulos, K. Psounis, and C.S. Raghavendra, “Efficient Routing in Intermittently
Connected Mabile Networks: The Multiple-Copy Case,” IEEE/ACM Trans. Networking, vol.
16, pp. 77-90, Feb. 2008.

[11] 1. Cardei, C. Liu, J. Wu, and Q. Yuan, “DTN Routing with Probabilistic Trajectory Prediction,”
Proc. Third Int’1 Conf. Wireless Algorithms, Systems, and Applications (WASA °08,), pp. 40-51,
2008.

[12] Q. Yuan, I. Cardei, and J. Wu, “Predict and Relay: An Efficient Routing in Disruption-Tolerant
Networks,” Proc. 10th ACM MobiHoc, pp. 95-104, 20009.

[13] E.M. Daly and M. Haahr, “Social Network Analysis for Routing in Disconnected Delay-tolerant
MANETSs,” Proc. Eighth ACM MobiHoc, pp. 32-40, 2007.

[14] N.B. Chang and M. Liu, “Controlled Flooding Search in a Large Network,” IEEE/ACM Trans.
Networking, vol. 15, no. 2, pp. 436- 449, Apr. 2007.

[15] C. Avin and C. Brito, “Efficient and Robust Query Processing in Dynamic Environments Using
Random Walk Techniques,” Proc. Third Int’l Symp. Information Processing in Sensor Networks
(IPSN °04), pp. 277-286, 2004.

[16] M. Pitkanen, T. Karkkainen, J. Greifenberg, and J. Ott, “Searching for Content in Mobile DTN
s,” Proc. IEEE Int’l Conf. Pervasive Computing and Comm. (PERCOM ’09), pp. 1-10, 2009.

[17] 1. Smith, J. Tabert, T. Wild, A. Lamarca, A. Lamarca, Y. Chawathe, Y. Chawathe, S. Consolvo,
S. Consolvo, J. Hightower, J. Scott, T. Sohn, J. Howard, J. Hughes, F. Potter, P. Powledge, G.
Borriello, and B. Schilit, “Place Lab: Device Positioning Using Radio Beacons in the Wild,”
Proc. Third Int’1 Conf. Pervasive Computing (PERCOM ’05), pp. 116-133, 2005.

[18] Z. Ghahramani, “An Introduction to Hidden Markov Models and Bayesian Networks,” Hidden
Markov Models: Applications in Computer Vision, pp. 9-42, World Scientific, 2002.

[19] M.C. Gonzalez, C.A. Hidalgo, and A.-L. Barabasi, “Understanding Individual Human Mobility
Patterns,” Nature, vol. 453, pp. 779- 782, 2008.

[20] V. Cerf, S. Burleigh, A. Hooke, L. Torgerson, R. Durst, K. Scott, K. Fall, and H. Weiss, “Delay-
Tolerant Network Architecture,” RFC4838, Jan. 2007.

AUTHORS’ BIOGRAPHY

Sk. Baji is a M.Tech(CSE) pursuing student in Eswar college of Engineering,
Narasaraopet, Guntur

Sk.Mastanvali M.Tech in Computer Science & Engineering. He is presently
working as an Asst. Prof. in Eswar College of Engineering, Narasaraopet,
Guntur, India. He is having about 05 years of teaching experience in different
Engineering Colleges.

International Journal of Research Studies in Science, Engineering and Technology [IJRSSET] 22



