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Abstract—Mobile social network (MoSoN) signifies an emerging area in the social computing research built on top of the mobile

communications and wireless networking. It allows virtual community formation among like minded users to share data and to organize

collaborative social activities at commonly agreed upon places and times. Such an activity scheduling in real-time is non-trivial as it

requires tracing multiple users’ profiles, preferences, and other spatio-temporal contexts, like location, and availability. Inherent

conflicts among users regarding choices of places and time slots further complicates unanimous decision making. In this paper, we

propose an autonomic system for activity scheduling in MoSoN communities. Our system allows flexible activity proposition while

efficiently handling the user conflicts. As evident from our simulation and testbed results and analysis, our system can schedule

multiple simultaneous activities in real-time while incurring low message and time cost.

Index Terms—Mobile social networks, collaborative event scheduling, virtual communities, conflict resolution
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1 INTRODUCTION

MOBILE social network (MoSoN) [1] is a hybrid of
mobile communication and social networking tech-

nologies and provides various mobility and context-aware
services. In a way, MoSoN aims to improve traditional
social networking experience with the use of pervasive com-
puting [2]. MoSoN users form virtual communities [3], [4],
[5] for several purposes, such as, collaborative student envi-
ronment, mobile music sharing, travel and tourism [6], and
mobile business [7]. The virtual communities are groups of
mobile users sharing the same social behaviour, interests, or
goals. User communities may organize activities or events
(we shall use these terms interchangeably) suited to their
interests. One or more proposers start event scheduling at
the same or different times. Examples of such community
activities are hiking, dining out, partying, shopping, and
going to a movie. But due to the dynamic and loosely-
coupled nature of such communities, organizing a com-
monly agreed upon event is non-trivial. Below we discuss
more of the challenges.

First, event scheduling requires collecting information
regarding people’s availabilities, time schedules, and
preferences to join such an event. Collecting all the infor-
mation manually and looking for common available time

slots to schedule an activity with interested users while
satisfying all user preferences is a daunting task. Second,
since, there can be multiple simultaneous event proposals
in a MoSoN community, a user may prefer an event pro-
posal received later to an earlier one, and hence, may
want to alter his earlier preferences. This may lead to can-
cellation of an event due to the want of minimum number
of participants. Handling the complexity arising out of
changing preferences later renders manual event schedul-
ing more difficult. Third, event scheduling in MoSoN
commonly faces the problem of collision of interests. Pref-
erences of users vary from each other and sometimes it
becomes hard to reconcile without proper means of con-
flict resolution. Finally, manual event scheduling, if possi-
ble, is time consuming. So, rescheduling of an event as a
last moment measure (due to some urgency in the part of
one or more prospective participants) or scheduling an
altogether different event is extremely difficult.

To address the aforementioned challenges, and to facili-
tate event scheduling, we propose an intelligent agent based
autonomic event scheduling system for MoSoN communi-
ties. Every user maintains an intelligent User Agent (UA),
which resides in the portable smart device (laptop, smart
phone, tab) of the user and operates with minimal user
intervention. It is knowledgeable about the user’s profile
and preferences and keeps track of the user’s real-time con-
text information, such as, his activity schedule (calendar)
and current location. Armed with all these information,
UAs of multiple users interact with each other to schedule a
particular event against a proposal and inform other users
about the final decision. In case a UA is unsure about the
user’s preferences, it can query the user and store his
responses. However, user preferences may vary with time
and situation.

Consider the following example scenario which illus-
trates the use of UAs in event scheduling in a MoSoN com-
munity. Raj is a first year undergraduate student in CSE
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department, IIT Roorkee. He joined the IITR-CSE-2013
MoSoN community. Since he is new to north India, one Fri-
day evening he thought of arranging a weekend sightseeing
tour and launched an event scheduling through his UA
within his community. His UA then communicates with the
UAs of peer users to check their interest and availability for
the proposed activity, place, and time. The UA finally
returns a list of members willing to go for sightseeing with
Raj at the proposed date, time, and place. However, another
user Rahul of the same community prefers watching a
movie to sightseeing in the weekend. So, after receiving
Raj’s proposal, he also launched a different event schedul-
ing process in the same community for weekend movie
going. Final objective for both the proposers is to maximize
the number of the participants for their proposed activity.

Researchers have studied related problems like, group
decision making, collaborative decision making, and group
consensus, where a group of users are faced with the prob-
lem of deriving a decision that is in accord with the group’s
intention. Decision support for small groups has been stud-
ied by Fjermestad and Hiltz [8]. Later, decision-support sys-
tems for larger societal-scale groups have also received
enough attention from researchers [9], [10], [11]. However,
all such works have focused on offline learning over col-
lected data using AI, fuzzy logic [12], [13], argumentation
[14], machine learning based techniques, or optimization
approaches and seem unfit to be directly applied to our
problem. To the best of our knowledge, there is still no
research focusing on event scheduling in MoSoN communi-
ties except our own [15]. In brief, this paper makes the fol-
lowing contributions:

� We propose the first (to the best of our knowl-
edge) autonomic event scheduling system for
MoSoN which works by collecting and analyzing
profiles, preferences, and other spatio-temporal
context information of social peers, without any
user intervention.

� We propose four different parameter specification
models with varied flexibility for the event proposer
and they become instrumental in resolving conflicts
between multiple users.

� We propose two distributed event scheduling algo-
rithms and provide thorough analysis of time and
message costs required. Our simulation and testbed
results corroborate with our theoretical analysis
and show that our message and time costs are signif-
icantly low.

2 RELATED WORKS

Applications developed over MoSoN are finding plenty of
uses in our daily lives. Location based services, such as,
Foursquare [16], Jiepang [17], and iPhone BreadCrumbs [6]
are allowing people to socialize while on the move. Waze
[18] allows social sharing between drivers on the highways.
There are many media sharing services and other related
MoSoN applications to carry out plenty of tasks. In
short, MoSoN connects users through sharing of location,
communication, proximity, activity, status, calendar, and
many other contexts.

MoSoN can also be used to build up several dedicated
social communities with different goals or objectives.
Recently, the SOCIETIES project [19] identifies the needs of
various MoSoN communities with several pervasive com-
puting features, like context-awareness; data and resource
sharing; service provisioning; learning, reasoning and pre-
dicting; decision-making and pro-activity; security and pri-
vacy. Examples of such mobile and pervasive environments
where MoSoN communities will be useful consists of sce-
narios [19] like, researchers in a conference, students in a
university, search and rescue workers during a disaster,
social car-pooling between drivers and commuters of the
same route, and patients and care-givers in a healthcare
facility. Many of the aforementioned scenarios require orga-
nizing events among community members. However, there
are no such research works to facilitate autonomic event
scheduling for MoSoN users.

Researchers in MoSoN have hitherto focused mainly
on building applications to cater to different user needs.
Another prominent research area is building middleware
platforms to facilitate mobile social application develop-
ment. Some of the famous MoSoN middleware are
SAMOA [20], MobiSoC [21], and MobiClique [22]. Mobi-
SoC introduces a community concept which is an abstrac-
tion for aggregating users and physical places. They can
maintain a complete social state of a community and can
identify emergent community patterns by analyzing geo-
social relationships between people and places. SAMOA,
on the other hand, followed a user-centric approach.
MobiClique is also mainly a user-centric MoSoN built
over ad hoc social settings. However, MobiClique helps
users to grow their social links opportunistically by con-
necting two previously unknown proximate users with
pre-specified common preferences or interests. We are
also leveraging the idea of MoSoN community of users
with common interests and preferences.

Community detection [23], [24] is an important and cru-
cial research problem in social networks which has been
extended to community detection in MoSoN [25]. This
ensures the existence of community behavior in mobile
social environment. However, so far little attention has
been paid to schedule group activity in mobile social com-
munities. Earlier there were research carried out in the
area of collaborative decision making and group con-
sensus. As the name suggests, they focused on making
decision favorable to the group members, in general, con-
sidering both small [8] and large [9], [10], [11] social
groups. Usually, they work by developing an ideal solu-
tion based on pre-collected user’s knowledge and by
modeling user objective functions. Then they check exist-
ing solutions to find out the one closest to the ideal solu-
tion. Our approach, however, is more application-oriented
and light-weight. Users use their mobile handheld devices
to schedule an activity by collecting information and mak-
ing a final decision in real-time and on-the-fly.

As already stated in Section 1, during autonomic decision
making, conflicts can often arise between several informa-
tion sources (e.g., profiles and preferences of multiple users)
on which the decisions are based. To the best of our knowl-
edge, no significant research work has been carried out to
resolve such conflicts. This is mainly because, projects that
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support adaptive behaviors, often make decisions based on
a single information source. Projects such as Ubisec [26],
[27] and Spice [28] make decisions based on individual
user’s profile (specifically the user’s preference set) alone
and hence multi-user conflicts do not occur. We have, how-
ever, handled user conflicts in group activity scheduling
and provided viable solutions for conflict resolution.

3 SYSTEM MODEL AND EVENT DETECTION

TECHNIQUES

In this section we describe our data structure and system
models and provide a classification of different decision
making techniques.

3.1 Data Structure

We assume that a pervasive MoSoN environment is com-
posed of multiple mobile users equipped with smart devi-
ces (e.g., smartphones, tabs, etc.) connected wirelessly and
they communicate through asynchronous message passing.
Mobile users form a social community of like-minded users
and schedule different activities and events through com-
munity-wide group decision making.

As mentioned in Section 1, a proposed event is actually a
group activity like, shopping and hiking. We define an
event ð�Þ using a sextuple ðUid; A; T; P;N;QÞ, where

� Uid: identifier of the user proposing the event ð�Þ,
� A: set {1 to a} of activities,

� T: set {1 to t} of available time slots,

� P : set {1 to r} of places preferred by the user,

� N: minimum number of participants required to
hold the event, and

� Q: set {0 to 9} of integers representing user prefer-
ence for a particular place and/or time slot.

We assume that the duration of an activity is implicitly
defined by the activity. For example, Time to watch a movie
is 2 hours, or hiking requires 6 hours, and so on. We con-
sider that a single user can propose one or more events.
Multiple users can also propose different events at the same
time and all those events will be circulated across the com-
munity members in order to gather consensus in favor of
them. Finally, the event with maximum number of partici-
pants ðNÞ will be selected as the generally agreed upon one
and the information will be circulated to the prospective
participants. Our proposed system models use different

combinations of A;P , and T elements to account for differ-
ent levels of flexibility in event proposing.

3.2 System Models

During launching an event, a user mainly considers the
three major elements, Activity ðAÞ, Place ðP Þ, and Time ðT Þ
from the event sextuple along with their corresponding val-
ues ðQÞ. Considering inter-dependence of the A;P , and T
elements, we propose the following four different system
models for intelligent agent based event scheduling.

3.2.1 ModelM1

In this model, we consider A;P , and T elements of an event
� are independent of each other. Thus, the same activity
with different place-time combinations can receive different
preference value ðQÞ from the user. For the sake of conve-
nience, we define M1 as ðA;P; T;QÞ. Fig. 1 aptly illustrates
M1, where any point in the XYZ plane uniquely identifies
an activity using different A;P , and T values. Preference
values for A-P -T combinations are entered by users
depending on different practical considerations. For exam-
ple, movies in the weekdays can be watched only in the
evening, or shopping in either Paris or London is better
than that at Interlaken, and so on. M1 provides the highest
level of flexibility in selecting elements and that leads to the
largest local space forM1 as this: jAj � jP j � jT j ¼ a� r� t.

3.2.2 ModelM2

This model (Fig. 2) is a slightly more rigid compared to M1

and here Place ðP Þ is implicitly defined by activity ðAÞ, as
AP. M2 takes a single input for a combined Activity-Place
(AP) and Time ðT Þ element, where AP and T values are
independent of each other. So, users can prefer (Movie-
Paris, 6 PM) over (Movie-Paris, 2 PM) by entering suitable
values. From Fig. 2, we can observe that, due to inherent
linking up of A and P , the local space in M2 is a subset of
points on the plane and is bounded by: jA� P j � jT j ffi
jP j � jT j ¼ r� t, where jAj � jP j.

3.2.3 ModelM3

M3 extends M2 by further constraining the latter. It takes
two input preferences from user for two independent ele-
ments, combined Activity-Place (AP) and Time ðT Þ, and
they are represented with the tuples (AP, QAP ) and ðT;QT Þ,
respectively. Here, a user can specify a fixed value for a
time slot, independent of activity. For example, a user can
specify a fixed QT value for some/any relaxing activity after
working hours. Fig. 3 shows the data points from which a
user needs to choose while using M3. The local space for M3

is bounded by: jA� P j þ jT j ffi jP j þ jT j ¼ rþ t, where

Fig. 1. ModelM1.

Fig. 2. ModelM2.
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jAj � jP j. In M2 andM3, the distinction between places and
activities has been removed:

3.2.4 ModelM4

M4 in Fig. 4 allows users to input preferences separately and
independently for Activities ðAÞ, Places ðP Þ, and Time slots
ðT Þ using the following three tuples: ðA;QAÞ, ðP;QP Þ, and
ðT;QT Þ. M4 is restrictive (therefore weakened) as compared
to M1, as the user cannot input preferences over all combi-
nations of A;P , and T variables. So, comparing Figs. 1 and
4, a user can specify only three different values instead of
27 as in M1. So, the local space of M4 is also less than that of
M1 and is represented as: jAj þ jP j þ jT j ¼ aþ rþ t.

4 OUR PROPOSED ALGORITHMS

In this section, we present our algorithms for autonomic
event scheduling in MoSoN. As stated earlier, MoSoN oper-
ates in a distributed dynamic setting, in which a user does
not know the preference values ofA; T , and P of other users.
The objective of our algorithms is to facilitate distributed
coordination among socially connected peers to schedule a
commonly agreed social activity, at an agreed place and time
while trying tomaximize the number of participants.

4.1 Assumptions and Variables

When a user ðUÞ wants to schedule an activity, he can do so
by launching an event ð�Þ. A user can even propose an event
which is not in his preference list, as long as it is popular
and social. When event ð�Þ is launched, it invokes our social
event scheduling algorithm for the MoSoN community of U .

A MoSoN community can be represented as an undi-
rected graph G ¼ ðV;EÞ, where V is the set of users in the
community and E is the set of social links between those
users. Here, we assume that G is completely connected, so
that, each user can directly communicate with every other
user through asynchronous message passing. In order to

save message and time costs, we propose to execute our
algorithm using an overlay constructed over G.

The overlay is basically a binary tree which considers the
node ids as the key values. The overlay is a dynamic struc-
ture created on-the-fly when user, U launches event �, and it
sets U as the root. Rest of the tree nodes are chosen ran-
domly from the set V . The overlay formation precedes the
event scheduling algorithm.

We further assume that there can be multiple event
scheduling going on in the MoSoN community at the same
time. For example, if a user U2 receives the event �1 pro-
posed by U1 and does not feel like participating, he can initi-
ate a new event scheduling by launching a separate event �2.
In order to facilitate multiple parallel event scheduling, we
allow co-existence of several overlays rooted at individual
nodes in V . Every root node, i.e., an event proposer main-
tains an array representation of their individual binary tree
overlay and shares it with the nodes in their overlay in the
initial stages of our algorithm.

Connectivity among nodes in MoSoN can be through
Internet. Thus, it hardly matters whether the users are
within the same subnet or scattered over a larger area.
Since, the Internet connectivity is considered as stable
and continuous (through Wi-Fi or 3G), mobility patterns
of the users are not of foremost importance as long as
they are connected. Moreover, as the MoSoN users are
forming interest-based groups, it is assumed that they
are voluntarily available during an event scheduling.
However, the users can suddenly leave the network due
to unavailability of Internet connection or some other
personal issues. In order to check whether the user is
still connected in the overlay during high message trans-
mission delays, we use a probe-reply mechanism.

In Table 1, we have listed the variables used for describ-
ing the pseudocode of our proposed algorithms. LDM is a
data matrix created with columns and rows corresponding
to sizes of time array, Tu [24] (or proposed time slots, for
M2), and place list, Plist, respectively.

4.2 Algorithm Description

In this section, we introduce our proposed algorithms for
automatic event scheduling in MoSoN communities. We
have developed one algorithm each based on M2 and M3Fig. 4. ModelM4.

TABLE 1
Variables Used in Event Scheduling Algorithms

Fig. 3. ModelM3.
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(Section 3.2). Our proposed algorithms operate in the fol-
lowing three phases:

� Phase 1: Form an overlay and disseminate �. Collect
global knowledge about A; T; P of all users.

� Phase 2: evaluate most popular activity.

� Phase 3: distribute the result.
We shall initially describe the algorithm based on M3 fol-

lowed by the algorithm based onM2:

4.2.1 Social Event Scheduling Algorithm ðM3Þ
Phase 1: A user, U , launches event � and communicates it
through the overlay down to the leaf nodes along with the
array representation of the binary tree overlay. The leaf
nodes enter their preference values for places and send it to
their parents in the tree. Thus, when the phase 1 concludes,
every node knows their respective position in the overlay
and the root node has the list ðPlistÞ containing place prefer-
ences of all other members of his community.

Phase 2: After phase 1 ends, U sends the Plist, to the leaf
nodes through the overlay. Each leaf node creates a GDM
and enters their preferences (0-9) for respective places,
where 0 and 9 represents the user’s absolute disapproval
and approval for a particular place. If the user’s preference
rating for the ith place in the Plist is ‘�’ 5, then for all free
time slots ðT ½j� ¼ 1Þ he increases the value of LDM ½i; j� by
1. After processing for each place in the Plist he then sends
the processed LDM to his parent node in the overlay. The
parent node waits to receive LDMmatrix from both the chil-
dren and merges them using matrix addition to generate the
updated LDM. Then it adds its own preference rating to that
one and forwards it to its parent until it reaches the root.
When the root receives LDM from its children, it merges
them and calls the new updated LDM as Global Data Matrix
(GDM) (see Fig. 7). GDM ½i; j� physically signifies the num-
bers of people who rated the corresponding place Plist½i�,
greater than or equal to 5 and are available for the activity
at the time T[j]. To find the most popular place-time combi-
nation for the proposed activity, the root node searches for
the MAX(GDM ½i; j�) which might occur for multiple i; j val-
ues. In case of multiple MAX GDM values, the proposer will
have the authority to choose a particular place and a partic-
ular time.

Phase 3: This phase involves distributing the results of the
processing done in Phase 2 by the proposer to the users
along with a commit deadline for the activity. The user after
receiving the result has to commit to one proposer within
the specified time, in case, multiple decision making algo-
rithms are being executed in parallel. Intermediate nodes of
the overlay help to pass any message originating either at
the root or at a leaf node.

4.2.2 Social Event Scheduling Algorithm ðM2Þ
The algorithm for M2 (Section 2, supplemental file,
which can be found on the Computer Society Digital
Library at http://doi.ieeecomputersociety.org/10.1109/
TPDS.2013.2297111) is almost similar to M3 except for a
few changes. M2 algorithm does not take the available
time slot matrix ðTuÞ as input (see Table 5). Instead, the
event launcher suggests some time slots and forwards it

to the peer users. Other users may add other favourable
time slots if they wish. Otherwise they just enter their
preferences for the proposed time slots. For LDM proc-
essing while M3 uses the time slot matrix, M2 uses the
preference ratings of a user against the proposed time
slot(s) of the event launcher.

4.2.3 Popularity-Based and Preference-Based

Methods

The pseudo-codes presented in Fig. 5 show only the popular-
ity-basedplace-time selection approach where we consider
preferences ‘�5’ as valid preferences (Line 27, Fig. 5) and
any lower preference value as the user’s unwillingness to
take part in the activity.

We shall show in the following section using examples
that there is also a preference-sum based approach where all
input preferences for places and time slots are considered.
For a particular place and time slot, preferences entered by
all the users are summed up to find the highest total prefer-
ence, and the corresponding place time combination is
finally chosen for hosting the activity.

Fig. 5. Algorithm for the ModelM3.
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5 EXAMPLE APPLICATIONS

In this section, we show two example application execution
walkthroughs, one for each M2 and M3. Each example
application considers the case of two parallel activity sched-
uling. The two-activity case can be easily extended and
applied for multi-activity scenarios. For each case, there is a
popularity-based and a preference-sum based solution.

5.1 M2M2M2 : Five Users and Two Activities

Consider a MoSoN with five users with node ids 1 to 5. We
assume that node 1 and 3 launch event scheduling in this
MoSoN at the same or different times. The details of the pro-
posed event are represented with the following parameters.
The broadcast tree below gives the organization of the
nodes in the binary tree overlay with the event proposer
(initiator) as the root.

Initiator: 1 0 1 0 0 [initiating user ids (randomly selected)
are identified with 1, rest are 0].
Name of the activity: Movie (Activity1) & Sightseeing
(Activity2).
Time Length of the activity: 3 and 6 hours.
Name of the places proposed for Movie: PVR ðP1Þ, Adlabs
ðP2Þ, Inox ðP3Þ, Fun Cinemas ðP4Þ, Cinemax ðP5Þ.
Name of the places proposed for Sightseeing: Delhi ðP1Þ, Agra
ðP2Þ, Jaipur ðP3Þ, Roorkee ðP4Þ, Rishikesh ðP5Þ.
Time slots proposed (for movies): 12 ðT1Þ, 15 ðT2Þ, 18 ðT3Þ.
Time slots proposed (for Sightseeing): 11 ðT1Þ, 14 ðT2Þ,
17 ðT3Þ.
Broadcast tree 1: 1 2 3 5 4.
Broadcast tree 2: 3 4 5 1 2
User Place-time preference: shown in the Table 2 (all values
have been randomly generated).

5.1.1 Preference-Based GDM

For activity 1 in Table 2, if we add up the preference values
entered by each user for the ðP1;T1Þ tuple, it will give us
(8þ 0þ 1þ 1þ 6Þ ¼ 16. However, the addition is done
from the leaf nodes towards the root following the overlay
tree structure. The final GDM will look like the one in
Table 3, where, the maximum value is 38 corresponding to
tuples ðP4;T1Þ and ðP5;T1Þ.

The root node can choose either tuple and declare it as
the final result, which says that, the users can go for a movie
at 12 noon either at the Fun Cinemas or at the Cinemax.
Similarly, for activity 2, the maximum value is 36 corre-
sponding to tuple ðP3;T2Þ, which says that, the users can go
for sightseeing at 3 PM in Jaipur.

5.1.2 Popularity-Based GDMs

Searching for place popularity for activity 2 in Table 2, we
can see that for the tuple ðP3;T1Þ (highlighted with bold
face) there is only one value (among all users) entered by
User 2ð¼ 6Þ which is ‘� 5’. So, the final value in the GDM
for this place will be (0þ 1þ 0þ 0þ 0Þ ¼ 1. This value
signifies that only one user prefers this place for the activ-
ity. The final GDM at the root node looks like the one in
Table 4.

From Table 4, the final result for activity 1 is ðP5;T1Þ and
for activity 2, the final result is ðP3;T2Þ and in both the cases,
all five users are ready to join the activity. Presenting the
results in more formal way, all the five users are ready to go
for a movie at 12 noon in Cinemax, and/or for sightseeing
in Jaipur at 3 PM.

Each of the preference and popularity-based methods for
the current example uses 40 messages to finish decision
making and 13 logical time units.

5.2 M3M3M3: Six Users and Two Activities

Consider the same MoSoN as before, only with six members
instead of five. The details of the proposed activity are rep-
resented with the following parameters:

Initiator: 1 0 1 0 0 0.
Name of the activity: Movie (Activity1) & Sightseeing
(Activity2).
Time Length of the activity: 3 and 6 hours.
Name of the places (Movie): PVR (P1), Adlabs ðP2Þ, Inox
ðP3Þ, Fun Cinemas ðP4Þ, Cinemax ðP5Þ.
Name of the places (Sightseeing): Delhi ðP1Þ, Agra ðP2Þ, Jai-
pur ðP3Þ, Roorkee ðP4Þ, Rishikesh ðP5Þ.
Broadcast tree 1 (for Movie): 1 3 6 2 4 5.
Broadcast tree 2 (for Sightseeing): 3 2 4 6 1 5.
Available Time slots Matrix for users (Tu½24�): Table 5.
Place preference matrix for users: Table 6.
(All values in Table 5 and Table 6 have been randomly
generated).

TABLE 2
User Place-Time Preferences

TABLE 3
GDM for Preference-BasedM2

TABLE 4
GDM for Popularity-BasedM2
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5.2.1 Preference-Based GDM

LDM of a specific node (say node i) is prepared by taking
the cross product of a column vector (input preferences of a
user for all places) and a row vector (available time slots of
the same user):

½LDMui � ¼ ½Pui �T � ½Tui �
) ½82171�T � ½1 1 0 1 1 1 0 1 0 0 1 0 1 1 0 1 1 1 0 1 1 1 1 1�
) LDM for user 1 for activity 1 is as below in Fig: 6:

The final preference-based (or, preference-sum based)
GDM is prepared following the overlay tree structure for
the activity 1 is given in Fig. 7.

The final GDM in Fig. 9 shows that the highest value is 27
which is for the ðP4;T21Þ element. This value is obtained by
executing the following formula (1):

X6
i¼1

Ui � P4 � Ui � T21 (1)

where, Ui � P4 means preference of user Ui for place P4, and
Ui � T21means the availability of user Ui at time slot T21. We
have considered 6 users for this example.

Replacing respective values in formula (1), gives us the
following: (7	1þ 8	1þ 3	1þ 0	0þ 9	1þ 0	0Þ ¼ 27. So, the
final result says that, the users can go for a movie at 9 PM
(21:00 hrs) at the Fun Cinemas. Here, we assume that all
users will agree to participate and to stay for the entire
duration of the movie.

5.2.2 Popularity-Based GDM

In case of popularity-based GDM creation for M3 user pref-
erence for a place is considered ‘1’ only if the input prefer-
ence value is ‘� 5’. So, the LDM of user 1 (for activity 1)
using the popularity-based model will look like the one in
Fig. 10.

The highest value in the GDM for the popularity-based
method (Fig. 11) is 3 which appears in many places. This
signifies that at least three users are ready to participate in
activity 1 at those particular places and time slots. One of

the places where ‘3’ appears in the GDM in Fig. 11 is the ele-
ment at ðP4;T21Þ and we got that using the following for-
mula (2):

X6
i¼1

ðUi � P4 ¼¼ 1; if Ui � P4 � 5Þ � Ui � T21 (2)

Similarly, we can calculate the GDM for activity 2 and
find the final result(s) following the overlay tree at Fig. 8.
The preference and popularity-based methods for the cur-
rent example both use 50 messages to finish decision mak-
ing and 16 logical time units.

5.3 Analysis and Discussion

We can observe following facts from the above examples:

� The popularity-based method considers that if a user
gives above average (�5) preference rating to a
(Place, Time) combined metric (for M2) or just Place
metric ðM3Þ, the user actually prefers the place and/
or the time slot and will be serious in participating if
the final event takes place in that place and/or time.
This assumption though practical, leads to plenty of
conflicts, as evident from the Table 4 and Fig. 11. In
that case, one solution will be to allow users to par-
ticipate in the same type of activity taking place at
different place and/or time slots as chosen by differ-
ent sub-groups. Another possible way to do away
with the conflict is to use the preference-sum based
method as discussed below.

� The preference-sum based method has a lower possi-
bility of conflicts as evident in Table 3 and Fig. 9. The
highest preference-sum is less likely to appear for
many place and/or time elements. However, the
drawback of the preference-sum based technique is

Fig. 6. LDM for (Preference-based) Activity 1 ðM3Þ.

TABLE 6
Place Preference Matrix

TABLE 5
Available Time Slots Matrix

Fig. 7. Overlay Tree for Activity 1.

Fig. 8. Overlay Tree for Activity 2.
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that the highest preference-sum may be just contrib-
uted by very high preference ratings of only a hand-
ful of users and the voices of other users who have
given very low rating to the same place and/or time
element will get suppressed. But, for all practical
purposes we have to accept the fact, that for any com-
munity activity, there will always be some unsatisfied
users. Preference-sum based technique may reduce
the number of unsatisfied users and can thus reach
closer to resolving all conflicts.

� The preference and popularity-based methods for
both M2 and M3 use same number of messages for
the same number of events to schedule. This is
mainly because of using the overlay structure. The
overlay helps to reduce costs that could have
occurred by simple message broadcasts.

6 COMPLEXITY ANALYSIS

In this section we analyze the message and time complexity
of our proposed algorithms. We assume that there are n
users in a mobile social community. We further assume that
the message transmission delay is negligible compared to
the processing time at the nodes. We calculate the message
and time complexity of our algorithms considering one
phase at a time (except the last phase which is trivial). The
binary tree overlay has height h with i levels, where i varies
from 1 to h.

6.1 Phase I

6.1.1 Message Complexity (Bottom to Top)

Assuming each user (leaf node) proposes equal number of
places on average, Places proposed per user ¼ K/n, where
K is the total number of places proposed.

So, the average size of a message packet generated at the
leaf node is c 	ðK/nÞ, where c is some constant.

Any internal node combines the place lists received from
children nodes, and then adds its own place preferences
before sending it further.

So, the average message sizes at an internal node at level
i: c	ð2h
iþ1 
 1Þ	ðK=nÞ.

Summing up, total size of all messages sent from leaf to
root ¼ Ph

i¼1 2
ið2h
iþ1 
 1Þ	c	ðK=nÞ, where, 2i ¼ number of

nodes at level i:

) ð2hþ1	h
 ð2hþ1 
 2ÞÞ	c	ðK=nÞ:
) ð2hþ1ðh
 1Þ þ 2Þ	c	ðK=nÞ:
Therefore, the total message complexity:

c	ð2hþ1ðh
 1Þ þ 2Þ	 K
n

� �
þ c	 2hþ1 
 2

� �	
n

h i
¼ OðK log2 nþ n2Þ:OðK log2 nþ n2Þ:OðK log2 nþ n2Þ:

6.1.2 Time Complexity (Top to Bottom)

When the message is coming from top to bottom, every
node needs to record its parent and successor nodes from
the array representing the binary tree, which takes constant
time, c1. So, the time complexity from top to bottom is h	c1.

6.1.3 Time Complexity (Bottom to Top)

Assuming Tp is the logical time unit to propose a place and
it includes the constant time taken to combine places, the
time taken to proposeK/n places per leaf node is ðK=nÞ	Tp.

Since, internal nodes combine place list received from
their children, the time taken will be proportional to the size
of the place list received. So, for a node at level i, time taken
to combine the place lists is ð2h
iþ1 
 2Þ	ðK=nÞ	Tp.

Adding the time taken to propose a place, time of proc-
essing at a node of level i ¼ ð2h
iþ1 
 1Þ	ðK=nÞ	Tp.

Summing up time taken at all levels,

Xh
i¼1

2h
iþ1 
 1
� �	K

n

	
Tp

)K

n
	T 	

p 2hþ2 
 h
 3
� �

:

Summing up time complexity in both top to bottom and
bottom to top cases, total time complexity is:

K

n
	Tp

	 2hþ2 
 h
 3
� �þ h	c1 ¼ O K	Tp þ log2n

� �
¼ O K þ log2 nK þ log2 nK þ log2 nð Þ;

assuming Tp is constant.

6.2 Phase II

6.2.1 Message Complexity (Top to Bottom)

Message in phase 2 primarily consists of exchanging the
LDMmatrix of size ¼ K	T (place-time matrix).

The root node sends the place list to leaf nodes through
every internal node in the overlay. So, the message size is
K	c2.

Top-to-bottom message complexity ¼ n	K	c2 (one mes-
sage is sent by each node, so total number of messages sent
is OðnÞ).

Fig. 9. GDM for (Preference-based) Activity 1 ðM3Þ.
Fig. 11. GDM for (Popularity-based) Activity 1 ðM3Þ.

Fig. 10. LDM for (Popularity-based) Activity 1 ðM3Þ.
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6.2.2 Message Complexity (Bottom to Top)

Each node sends a message of size K	T to its parent. So, each
node receives a message of size K	T. Total message com-
plexity ¼ n	K	T þ n	K	c2 ¼ OOO n	K	Tð ÞOOO n	K	Tð ÞOOO n	K	Tð Þ.

6.2.3 Time Complexity (Top to Bottom)

Since, we assume that there is no delay in message
exchange, the time spent is just for processing at a node.
The nodes just need to send the place list of size K to their
children. Assuming constant time (say, c3) for this job, the
time complexity is h	c3, where h is height of the tree.

6.2.4 Time Complexity (Bottom to Top)

Each node rates the places. Assume time taken to rate a
place is Tr, the time spent by each node in rating the places
is K	Tr. Time to process the LDM is K	T 	c4, where, c4 is
some constant.

Also each internal node combines the LDM received
from both children. So, the time taken for this is c	5K

	T
where c5 is some constant.

Total time taken at a node at level i is K	Trþ K	T 	c4 þ
K	T 	c5 ¼ K	Tr þK	T 	c6. Summing up for all nodes,

Xh
i¼0

K	Tr þK	T 	c6ð Þ ¼ h	 K	Tr þK	T 	c6ð Þ:

Total time complexity is: h	K	 Tr þ T 	c6ð Þ þ h	c3

) O log2n
	K	 Tr þ Tð Þð Þ:

) O log2n
	K	Tð ÞO log2n
	K	Tð ÞO log2n
	K	Tð Þ, assuming Tr is constant.

In the following section we shall present our simulation
results and show that they corroborate with the complexity
analysis just presented.

7 PERFORMANCE EVALUATION

We have carried out extensive simulations to evaluate the
performance of our algorithms. Both of our algorithms ðM2

and M3Þ have been simulated and compared based on pro-
posed performance metrics. We also developed a prototype
MoSoN system and evaluated theM2 algorithm.

7.1 Simulation Setup and Metrics

The simulation system consists of two modules: the net-
work overlay and the social decision making algorithm. The
main parameters of the simulations are shown in Table 7.
We consider a maximum of 25 users forming a MoSoN.
Since, the MoSoNs are not very large conglomerations; the
number of users considered can ideally model most of the
usual cases.

We have simulated multiple parallel event scheduling
where multiple decision making initiatives are ongoing par-
allely within the same MoSoN community. So, we have total

eight combinations depending on M2=M3 algorithm for
popularity-based/preference-based 1-activity/2-activity
cases. User preference values in all experiments have been
randomly generated.

We consider that the user devices in a MoSoN form a
completely connected graph. As stated earlier, in order to
keep a check on the number of message exchanged between
users for decision making, we proposed to develop a tree-
structured (binary tree) network overlay. Our algorithms
are implemented as applications running on top of the net-
work overlay. Each user device houses a software agent
which accepts user input preferences (for activity, places,
and time slots) and other inputs and communicates with
peer agents through message exchange.

In the simulations, we measure the performance of all the
algorithms using the following metrics:

� Total decision-making time (DMTtot) or simply, Time is
defined as the mean time elapsed between the
instant at which a node launches an event schedul-
ing process and the instant at which it knows the
identity of the nodes participating in the proposed
activity. Less time to reach a decision is a measure of
how efficient the algorithm is.

� Message overhead (Mtot) or simply, Message is defined
as the total number of messages exchanged among
all the user nodes in order to make a final decision.
The less is the message overhead, the more is the
saving in resource for a mobile node.

7.2 Simulation Results and Analysis

Below we present our simulation results with analysis. We
have simulated different versions of our algorithms using
Cþþ and labeled them as M_1_Popu_MII (message cost in
popularity-based single activity M2), T_2_Pref_ MIII (time
cost in preference-based dual activity M3), and others, like,
M_2_Popu_MII, M_1_Pref_MII, M_2_Pref_ MII, T_1_Popu_-
MIII, T_2_Popu_MII, and T_1_Pref_ MIII.

Each simulation is triggered by a single user (for ‘1Act’)
launching a new event and forwarding to neighbor nodes in
the overlay. For a multi-activity scenario, any user not satis-
fied by the activity proposal s/he received can propose an
alternate activity which will trigger a different simultaneous
activity scheduling.

Each value in the simulation result is obtained by aver-
aging over 10 different runs. We also tested for three,
five, six, and 30 users, but since, the results are similar,
we have just omitted them. Here we present the general
performance comparison between the eight different
cases of our algorithm in Figs. 12 and 13. More in-depth
comparisons between popularity-based and preference-
based M2 and M3 algorithms are included in the supple-
mental file, available online.

Message complexity: The total number of messages
increases linearly with the number of users, i.e., OðnÞ, con-
sistent with the plot results (Fig. 12). Since, the size of each
message is OðnÞ, the total message complexity turns out to
be Oðn2ÞðeðKlog2nþN2ÞÞ as calculated in Section 6.

Time complexity: In phase 1, the time complexity as calcu-
lated theoretically comes out to be O ðK þ log2nÞ. Now in
our tests, K is almost constant, so the results of the testing

TABLE 7
Simulation Parameters
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must show a complexity of Oðlog2nÞ which can be seen
clearly in the plots (Fig. 13). In phase 2, the logical time com-
plexity comes out to be O ðK	T 	log2nÞ. So, ultimately, the
nature of graph is Oðlog2nÞ, assuming K	T constant, i.e.,
sub-linear which is consistent with the plot results (Fig. 13).

7.3 Prototype MoSoN Structure and Description

We developed a prototype MoSoN system using seven stu-
dents of CSE, IIT Roorkee and implemented the M2 algo-
rithm over it. We consider social communities of different
sizes varying from three to seven users who are given seven
Android smartphones (two Samsung Galaxy S3, three Sam-
sung Galaxy S4 (mini), and two Samsung Galaxy Grand)
which are interconnected in P2P manner using Samsung
Chord API [29]. The API allows real-time content sharing
between multiple devices in a dynamic P2P network. We
assumed that all the users are connected through the cam-
pus Wi-Fi.

Before the actual event scheduling, a binary tree overlay
is formed with the event proposer as the root of the tree. For
the sake of simplicity, the prototype system assumes that
only the root node proposes an event along with places and
time slots. Participants can only accept or reject the event
proposal. Participants can join or leave the community at
any moment and the absence of a participant is detected
through a probe-response mechanism.

We have measured the time taken for event scheduling in
our prototype system. The time varies with the community
size and the capacity of the smartphone acting as the root.
We tried two different smartphones as root nodes— Galaxy
S3 and Galaxy S4 (mini) and the performance using Galaxy
S3 is superior to the other (Fig. 14). However, we must insist
on the fact that the event scheduling delay also depends on
the human factor, as the user needs to enter his response
quickly to reduce the total delay.

8 CONCLUSION AND FUTURE WORKS

In this paper, we proposed a novel and flexible system
model and two algorithms for real-time autonomic event
scheduling in MoSoN communities. We considered mainly
the place and time slots which are agreed upon by all the

participants and the objective was to maximize the partici-
pants in a particular social activity. Our in-depth analysis
aided by simulation and test results shows that our algo-
rithms are useful and practical and incur low cost. In future,
we want to investigate cross-community event scheduling
and other challenging issues. We would like to make the
system more intelligent, so that, it can proactively inform a
member about other members’ current activities.

ACKNOWLEDGMENTS

This work was partially supported by the following grants:
MHRD (GoI) FIG (A) 100579-ECD, DST (GoI) SB/FTP/ ETA-
23/2013, and EU FP7 SOCIETIES. The authors thank the fol-
lowing students (CSE-IITR) for their support: Siddharth
Maheshwari, Mohit Bakshi, Kanik Gupta, Vishal Mittal, San-
deep Singh Sandha, Smriti Vashisth, Sneha Padgalwar
Rohan Prasad, Ramanpreet Singh, andAstuti Sharma.

REFERENCES

[1] N. Kayastha, D. Niyato, P. Wang, and E. Hossain, “Applications,
Architectures, and Protocol Design Issues for Mobile Social Net-
works: A Survey,” Proc. IEEE, vol. 99, no. 12, pp. 2130-2158, Dec.
2011.

[2] P. Bellavista, R. Montanari, and S.K. Das, “Mobile Social Network-
ing Middleware: A Survey,” Pervasive Mobile Comput., vol. 9, no. 4,
pp. 437-453, Aug. 2013.

[3] T. Nguyen, S.W. Loke, T. Torabi, and H. Lu, “PlaceComm: A
Framework for Context-Aware Applications in Place-Based Vir-
tual Communities,” IOS J. Ambient Intell. Smart Environments,
vol. 3, no. 1, pp. 51-64, 2011.

[4] C. El Morr and J. Kawash, “Mobile Virtual Communities
Research: A Synthesis of Current Trends and a Look at Future
Perspectives,” Inderscience Int. J. Web Based Communities, vol. 3,
no. 4, pp. 386-403, 2007.

[5] D. Zhang, Z. Wang, B. Guo, X. Zhou, and V. Raychoudhury, “A
Dynamic Community Creation Mechanism in Opportunistic
Mobile Social Networks,” Proc. IEEE 3rd Int. Conf. Social Comput-
ing and IEEE 3rd Int. Conf. Privacy, Security, Risk and Trust (Social-
Com/PASSAT), pp. 509-511, 2011.

[6] http://www.iphonebreadcrumbs.com/, 2014.
[7] J. Subercaze, P. Maret, J. Calmet, and P. Pawar, “A Service Ori-

ented Framework for Mobile Business Virtual Communities,”
Proc. Pervasive Collaborative Networks - IFIP TC 5 WG 5.5 Ninth
Working Conf. Virtual Enterprises, pp. 493-500, 2008.

[8] J. Fjemestad and S. Hiltz, “Experimental Studies of Group Deci-
sion Support Systems: An Assessment of Variables Studied and
Methodology,” Proc. 30th Hawaii Int. Conf. Syst. Sci. Information
Systems Track-Collaboration Systems and Technology, 1997.

[9] M. Turoff, S. Hiltz, H. Cho, Z. Li, and Y. Wang, “Social Decision
Support Systems (SDSS),” Proc. 35th Hawaii Int’l Conf. Systems Sci-
ence, 2002.

[10] M.A. Rodriguez and D.J. Steinbock, “A Social Network for Socie-
tal-Scale Decision-Making Systems,” Proc. North Am. Assoc. for
Computational Social and Organizational Science Conf., 2004.

Fig. 12. Message Cost versus n.

Fig. 13. Time Cost versus n.

Fig. 14. Event scheduling time in prototype system.

RAYCHOUDHURY ET AL.: AUTOMATIC EVENT SCHEDULING IN MOBILE SOCIAL NETWORK COMMUNITIES 2781



[11] K. Nikos, D. Papadias, and C. Pappis, “Computer-Mediated Col-
laborative Decision-Making: Theoretical and Implementation
Issues,,” Proc. 32 nd Hawaii Int. Conf. Systems Science, 1999.

[12] F. Herrera, E. Herrera-Viedma, and J.L. verdegay, “A Model of
Consensus in Group Decision Making Under Linguistic Assess-
ments Fuzzy Sets and Systems,” vol. 78, no. 1, pp. 73-87, Feb. 1996.

[13] N. Karacapilidis and C. Pappis, “Computer-Supported Collabora-
tive Argumentation and Fuzzy Similarity Measures in Multiple
Criteria Decision Making,” Computers Operations Res., vol. 27, nos.
7/8, pp. 653-671, June 2000.

[14] N. Karacapilidisa and D. Papadias, “Computer Supported Argu-
mentation and Collaborative Decision Making: The HERMES Sys-
tem,” Inf. Syst., vol. 26, no. 4, pp. 259-277, June 2001.

[15] V. Raychoudhury et al., “Automatic Event Scheduling in Mobile
Social Network Communities,” Proc. IEEE Int’l Conf. Social Com-
puting (Socialcom), 2013.

[16] [Online] Available: https://foursquare.com/, 2013.
[17] http://hk.jiepang.com/, 2014.
[18] http://www.waze.com/, 2014.
[19] [Online] Available: http://www.ict-societies.eu/files/2011/11/

SOCIETIES_D22.pdf, 2013.
[20] D. Bottazzi, R. Montanari, and A. Toninelli, “Context-Aware Mid-

dleware for Anytime, Anywhere Social Networks,” IEEE Intell.
Syst., vol. 22, no. 5, pp. 23-32, Sept./Oct. 2007.

[21] A. Gupta, A. Kalra, D. Boston, and C. Borcea, “MobiSoC: A Mid-
dleware for Mobile Social Computing Applications,” Mobile Netw.
Appl. J., vol. 14, no. 1, pp. 35-52, 2009.

[22] A. Pietilainen, E. Oliver, J. LeBrun, G. Varghese, and C. Diot,
“MobiClique: Middleware for Mobile Social Networking,” Proc.
Second ACM Workshop Online Social Netw. (WOSN), pp. 49-54,
2009.

[23] S. Fortunato, “Community Detection in Graphs,” Phys. Rep.,
vol. 486, no. 3, pp. 75-174, 2010.

[24] M. Planti�e and M. Crampes, “Survey on Social Community
Detection,” Social Media Retrieval, pp. 65-85, Springer, 2013.

[25] P. Hui, Pan, J. Crowcroft, and E. Yoneki, “Bubble Rap: Social-
Based Forwarding in Delay Tolerant Networks,” Proc. ACM Mobi-
Hoc, pp. 241-250, 2008.

[26] Ubisec STREP Project, 6th Framework Programme, Homepage
URL: http://www.clab.de/en/researchprojects/completed-
research-projects/ubisec/index.html, Jan. 2004-Feb. 2006.

[27] J. Groppe and W. Mueller, “Profile Management Technology for
Smart Customizations in Private Home Applications,” Proc. 16th
Int. Workshop Database Expert Syst. Appl. (DEXA), pp. 226-230,
2005.

[28] C. Cordier, F. Carrez, H. Van Kranenburg, C. Licciardi, J. Van der
Meer, A. Spedalieri, and J.P.L. Rouzic, “Addressing the Chal-
lenges of Beyond 3G Service Delivery: The SPICE Service
Platform,” Proc. Workshop Appl. Services in Wireless Netw.
(ASWN ’06), 2006.

[29] http://developer.samsung.com/chord, 2014.

Vaskar Raychoudhury received the BTech
degree in information technology from the B.P.
Poddar Institute of Management & Technology,
Kolkata (affiliated to The University of Kalyani,
West Bengal), in 2003, and the MS degree in
information technology from the School of Infor-
mation Technology, Indian Institute of Technol-
ogy, Kharagpur in 2006. He received the PhD
degree in computer science from The Hong Kong
Polytechnic University in 2010. Later he contin-
ued his postdoctoral research in the same univer-

sity for a year before moving to the Institut Telecom SudParis, in France
where he worked for another year as a postdoctoral research fellow. He
is currently an assistant professor in the Department of Computer Sci-
ence and Engineering, Indian Institute of Technology Roorkee. His
research interests include mobile and pervasive computing, context-
awareness, and (mobile) social networks, and he keeps publishing high-
quality journals and conference papers in these areas. He has served as
a program committee member in ASE/IEEE Socialcom, ICDCN, and
many others. He serves in the capacity of the reviewer for many top
IEEE and Elsevier journals. He is a member of the ACM, the IEEE, the
IEEE Computer Society, and the IEEE Communication Society.

Ajay D. Kshemkalyani received the BTech
degree in computer science and engineering from
the Indian Institute of Technology, Bombay, in
1987, and the MS and PhD degrees in computer
and information science from the Ohio State Uni-
versity in 1988 and 1991, respectively. He spent
six years at IBM Research Triangle Park working
on various aspects of computer networks, before
joining academia. He is currently a professor in
the Department of Computer Science at the Uni-
versity of Illinois at Chicago. His research inter-

ests include distributed computing, distributed algorithms, computer
networks, and concurrent systems, and he has published extensively in
top-quality journals and conferences in these areas. In 1999, he received
the National Science Foundation Career Award. He has served in various
positions (such as a general chair, a program co-chair, a steering commit-
teemember, or a program committeemember) for international conferen-
ces such as IEEE ICDCS, IEEE SRDS, ACM PODC, and ICDCN. He
served on the editorial board of the Elsevier journal, computer networks
and is currently on the editorial board of the IEEE Transactions on Parallel
and Distributed Systems. He has coauthored a book entitled Distributed
Computing: Principles, Algorithms, and Systems (Cambridge University
Press, 2008). He is a distinguished scientist of the ACM and a senior
member of the IEEE.

Daqing Zhang received the PhD degree from the
University of Rome La Sapienza and the Univer-
sity of L’Aquila, Italy in 1996. His research inter-
ests include mobile social networking, large-scale
data mining, urban computing, context-aware
computing, and ambient assistive living. He is a
professor at Institut Mines-T�el�ecom/T�el�ecom
SudParis, France. He has published more than
180 referred journal and conference papers, all
his research has been motivated by practical
applications in digital cities, mobile social net-

works, and elderly care. He is the associate editor for four journals includ-
ing ACM Transactions on Intelligent Systems and Technology. He has
been a frequent invited speaker in various international events on ubiqui-
tous computing. He is the winner of the Ten Years CoMoRea Impact
Paper Award at IEEE PerCom 2013, the Best Paper Award at IEEE UIC
2012, and the Best Paper Runner Up Award at Mobiquitous 2011.

Jiannong Cao received the BSc degree in com-
puter science from Nanjing University, Nanjing,
China, and the MSc and the PhD degrees in com-
puter science from Washington State University,
Pullman, WA. He is currently a chair professor
and the head of the Department of Computing at
Hong Kong Polytechnic University, Hung Hom,
Hong Kong. He is also the director of the Internet
and Mobile Computing Lab in the department.
His research interests include parallel and distrib-
uted computing, computer networks, mobile and

pervasive computing, fault tolerance, and middleware. He has coau-
thored a book in mobile computing, coedited nine books, and published
over 300 papers in major international journals and conference proceed-
ings. He has directed and participated in numerous research and devel-
opment projects and, as a principal investigator, obtained over HK$25
million grants from government funding agencies and industries. He has
won numerous prizes and awards, and is very active in professional
activities locally and internationally. He was the coordinator in Asia and
now the chair of the Technical Committee on Distributed Computing of
IEEE Computer Society. He has served as an associate editor and a
member of the editorial boards of many international journals, including
the IEEE Transactions on Parallel and Distributed Systems, IEEE Trans-
actions on Computers, IEEE Networks, Pervasive and Mobile Computing
Peer-to-Peer Networking and Applications, and Journal of Computer Sci-
ence and Technology. He has also served as a chair and a member of
organizing / program committees for many international conferences,
including PERCOM, INFOCOM, ICDCS, IPDPS, ICPP, RTSS, DSN,
ICNP, SRDS, MASS, PRDC, ICC, GLOBECOM, and WCNC. He is a
senior member of China Computer Federation, a senior member of the
IEEE, and a member of the ACM.

" For more information on this or any other computing topic,
please visit our Digital Library at www.computer.org/publications/dlib.

2782 IEEE TRANSACTIONS ON PARALLEL AND DISTRIBUTED SYSTEMS, VOL. 25, NO. 11, NOVEMBER 2014



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


