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Abstract—In Mobile Social Networks (MSNs), users with
specific relationships are usually treated as a community for data
sharing. However, the demand of data sharing among distributed
strangers also exists. Those users that have the same interest but
do not necessarily know or usually encounter each other can form
a gossip community and share information. This paper proposes
a data dissemination approach, i.e., the Gathering Point-aided
Spreading (GPS) algorithm, which explores the encounter pattern
of users and the aid of gathering points to facilitate data sharing
in the gossip community. Based on the past encounter pattern, the
GPS algorithm predicts the encounter probability among users
and assigns the best users to carry the data for a wide spreading.
Moreover, by storing a copy of data at the gathering points, GPS
enables a further sharing of the data even the carriers leave the
gathering points. With different utility functions, GPS can be
modified into three versions (GPS-DR, GPS-DE and GPS-TR).
Simulation experiments show that GPS outperforms SocialCast
in both delivery ratio and delay in data sharing. In addition,
among the three versions, GPS-DR and GPS-DE perform the
best in terms of delivery ratio and delay respectively, while GPSTR makes a tradeoff between them.
Index Terms—Mobile Social Networks, gossip community, data
sharing, gathering point.

I. I NTRODUCTION
Mobile Social Network (MSN) is a special type of Delay
Tolerant Network (DTN), which explores the social attributes
(interest, social relationship, daily schedule, etc.) of users
to improve the performance of the services. In MSN, users
with strong relationships (such as friends, one-hop neighbors,
frequently encountered strangers, etc.) are usually regarded as
a community that has a strong inner connection to share or
help delivery data. For example, users with common interest
keywords, similar location histories and nearby current location are recommended as friends for data sharing [1]. This
idea is reasonable but confined. In fact, distributed strangers
without the above relationships also have the demand for data
sharing. For instance, the housewives in a town are usually
interested in the discount in the supermarket and are willing
to share the discount information if possible despite the weak
relationship among them.
We define such a group of people that have common interest
but are usually weak in relationship as a gossip community.
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They are located usually within the same piece of area but
do not necessarily know or encounter each other, such as
the housewives mentioned above. Different from traditional
social communities [2][14] that have strong inner connection
(social relationship, co-location, etc.), the gossip community
has a loose connection among the community members. The
only relationship among them is the common interest. Gossip
communities widely exist in our social life, however, few
proposal in MSN has focused on this type of community for
efficient data sharing. In literature [3], a data sharing method
is proposed. However, when the users are multiple hops away
from each other, the sharing of data is based on the Ad hoc Ondemand Distance Vector (AODV) [4] routing protocol, which
is infeasible in MSN for the intermittent connection among
users.
This paper proposes Gathering Point-aided Spreading (GPS) algorithm, a data dissemination approach that adopts the
idea of gossip spreading, namely first letting some gossipers
get the information, and then the gossipers spreading it out
quickly. The gossiper is assumed to be selfless to carry the
data. In order to facilitate the sharing of data, GPS explores
the past encounter pattern of users and the aid of Gathering
Point (GP) for help. Based on the past encounter pattern
among users, GPS predicts their future encounter probability
and assigns the best users as data carriers (gossipers) that take
the data for a wide spreading. Data carriers are helpful for
the sharing of data, for they can take data to the users that
are not going to encounter the data source and overcome the
shortcoming of loose connection among members of the gossip
community. The assignment of data carriers is based on the
utility function of users. In this paper we establish three utility
functions based on the predicted probability to select the best
data carriers respectively aiming at three performance objects
in data sharing: maximizing delivery ratio, minimizing delay
and balancing the tradeoff between them.
The GP is the popular place that usually attracts a large
number of users, such as a bar. It is very helpful in facilitating
the spreading of data as it brings an opportunity for some
interested users to share data directly and for the data source
to select the excellent data carriers due to the large number
of users gathering. In GPS, it is assumed that each GP has

the ability to store data, and a copy of each data is stored at
each GP when the carriers get there, which ensures that the
data can be further shared at the GP even though the carriers
leave.
To the best of our knowledge, this is the first work that
focuses on data sharing among the gossip community. Comparing with the existing work, the main contributions of this
paper can be summarized as follows.
• We first focus on such a group of people that have
common interest but are usually weak in relationship in
data sharing and define them as a gossip community.
• A data dissemination method, GPS algorithm, is proposed
for data sharing which explores the encounter pattern
of users and the aid of gathering points to facilitate the
spreading of data.
• A method to achieve different performance objects in data
dissemination is proposed and three objects are achieved,
i.e., maximizing delivery ratio, minimizing delay and
balancing the tradeoff between them.
The rest of this paper is organized as follows. Section II
provides a review of the related work about data delivery in
mobile social networks, followed with the system model and
basic assumptions of this paper presented in Section III. In
Section IV, the detail of GPS algorithm is proposed, and utility
functions are designed to guide the assignment of the data
carriers in data dissemination aiming at different performance
objects. Then, the theoretical analysis and simulation experiments are presented in Section V and Section VI. Finally,
Section VII concludes this paper.
II. R ELATED WORK
The sharing of data is based on data delivery techniques.
In MSN, data delivery methods are widely studied which can
be divided as single-recipient delivery and multiple-recipients
delivery. The first category is also known as socially-aware
routing [5][6][7][8] for the data is forwarded towards a specific
destination node based on opportunistic routing techniques.
A simple approach of this category is Epidemic [5]. In the
approach, the source broadcasts data to all the users in connection and the users receiving the data then store and broadcast
it to all the users encountered. In this way the data spreads
until it reaches the destination node. It makes the biggest effort
to achieve successful delivery at the cost of a large amount
of network resource consumed. While in Spray&Wait [6], the
number of copy of each data is restricted by the source who
creates a specific number of copies for each data and sprays
them into the network. Then each copy is carried by a relay
node and waits to encounter the destination node during which
no more copies are produced. CAR [7] is another sociallyaware routing approach in which copies of data are carried by
some active users to seek for the destination node. The active
users are selected based on two user metrics, collocation and
degree of connectivity, which respectively indicate the number
and varying pattern of the one-hop neighbors. Before finding
the destination node, if a more active user is encountered,
the current holder of data forwards the data to the user to

earn a larger delivery chance. A recently proposal [8] explores
user gathering point to help routing in which data is also first
disseminated to several relays similar with Spray&Wait. But
in the next phase, instead of waiting for the encounter with
the destination node, the method tries its best to forward the
data towards the user gathering points to seek a larger delivery
chance.
The multiple-recipients case is also known as data dissemination [1][3][9][10][11], for the data is disseminated to all
the users who are interested in it. SocialCast [9] is a typical
example in which the service provider publishes update data
of the services to the subscribers via the help of data carriers.
The assignment of data carriers is based on the knowledge
of the current neighbors of users and their varying pattern. In
literature [10], the service provider first publishes the update
data to a single user which is selected at a certain probability.
Then the update data is shared by users during which the newer
data takes the place of the older one in the buffers of users.
The publishing rate allocated to each user is optimized to
make the data of the users as “fresh” as possible. The method
in [11] focuses on improving delivery ratio. In the method,
a constrained Markov decision process is adopted to model
the data transmission in the network. Transmission policy is
optimized to maximize the number of users that receive the
data. The author of [1] proposes a method for data sharing in
which users with common interest keywords, similar location
histories and nearby current location are recommended as
friends and connect for data sharing. While in [3], data is
shared directly between two users as long as they are one-hop
neighbors regardless of their relationships. However, when the
users are multiple hops away from each other, the sharing of
data is based on Ad hoc On-demand Distance Vector (AODV)
routing protocol which turns out to be invalid in mobile social
network due to the intermittent connection among users in the
network [12].
Among the above approaches, socially-aware routing approaches are inefficient to support data sharing due to its
end-to-end communication mode. Data dissemination methods
are feasible, but the existing proposals neither consider the
property of the gossip community, nor leverage the gathering
habit of users, thus are also poor for data sharing in gossip
communities. Therefore, we propose GPS to tackle this issue.
III. S YSTEM MODEL
This paper considers a distributed MSN (Fig. 1), in which
data is delivered based on the carrying and forwarding of users
without the help of base stations or APs. Gossip communities
are identified by interests and data related with the interest
is generated (randomly by a member) and shared among
the same gossip community. Gossip communities are formed
once the users set their interests in their social profile. They
just exist potentially and users need not conduct community
detection to discover it out before data sharing. After all, the
relationship among the gossip community members are usually
very weak to rely on.
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Users tend to stay at several specific places and spend most
of their time there in their daily life. This is confirmed by
the conducted experiments [13] and is widely assumed in
related studies [8][18]. Such gathering habit of users is greatly
helpful for data delivery in MSN for it brings more forwarding
chances among users. In this paper, we call the place that
usually attracts a large number of users Gathering Point (GP).
It is assumed that each GP supports a virtual throwbox [16],
a mechanism to store data at a local storage device, or device
of a user currently at the GP.
More explicitly, the network contains α users U =
{u1 , u2 , . . . , uα } that form β gossip communities V =
{v1 , v2 , . . . , vβ } with an interest topic shared in each community. In addition, there are β ′ GPs G = {g1 , g2 , . . . , gβ ′ } in
the network that usually attract a large number of users. Each
user belongs to at least one gossip community, namely has
at least one interest. Data related with different interests is
shared independently. In the remainder of this paper, unless
otherwise specified, “interest user” indicates the user who
wants to receive the interest data.
IV. O BJECTS MODELLING AND DATA DISSEMINATION
ALGORITHM

In this section, we first modify CPEM [15], a prediction
mechanism proposed in our previous work to predict the
future encounter probability among users. Based on that we
establish three utility functions to assign the best users as data
carriers respectively aiming at three objects in data sharing:
maximizing delivery ratio, minimizing delay and balancing the
tradeoff between them. After that, we propose GPS algorithm
for data sharing among the gossip community.
A. Contact Probability Estimation Model (CPEM)
The basic idea of CPEM is based on the observation that
human live with a relatively constant habit and tend to repeat
some behaviors. For example, Catholics tend to go to the
church on Sunday and students go to school on the weekday.
With these habits, people tend to encounter the same group
of people at specific places in particular time. Thus with the
knowledge of the past encounter pattern of users, it is able
to predict their future encounter pattern. In CPEM, the past

encounter pattern of the user is recorded in the Encounter Log
as shown in Fig. 2. In the log, one day is divided into several
time slots and the encounters happening in each time slot are
recorded respectively in the corresponding entries of the log.
The encounter with the same user will not be repetitively
recorded during γ time slots, where γ is the reference size
we are going to discuss in detail in IV-B. In addition, the
encounters with people that have different interests, namely
members of different gossip communities, are also recorded
separately. In this paper, we modify the model as follows.
∑L

Pij =

ωk · Nij,−k
|Si |
ωk ∈ (0, 1),
k=1

L
∑

(1)

ωk = 1

k=1

For a given interest i, Pij indicates the probability of encountering the interested users in time slot j of the day. Nij,−k
is the number of interested users encountered in time slot j
of k day ago and ωk is the weight implying the contribution
Nij,−k makes to the probability estimating. Si denotes the
amount of interested users in the network which can be learned
from the Encounter Log during the initialization.
B. Utility functions
Since the members of the gossip community are usually
weak in relationship, the sharing of data is usually aided
by data carriers. The assignment of data carriers has a great
influence on the performance of data sharing. For example, an
active user who often meets a large number of persons is more
capable to disseminate the data out if he is the carrier. In this
case, to facilitate data sharing, we only need to optimize data
carriers. In this paper, we focus on improving the performance
of data sharing in terms of delivery ratio, delay and the tradeoff
between them. To achieve the best performance in each of
them, three utility functions are designed to optimize the
assignment of data carriers.
1) Delivery Ratio (DR): Delivery ratio indicates the ratio
of interested users that receive the data, which is greatly
influenced by the social property (occupation, interest, etc.) of
data carriers. For instance, a football coach who often gives
lesson to the football lovers is more likely to disseminate
football related data out. From the point of view of probability,

a good carrier should have a large probability to encounter
the interested users. To this end, we try to maximize the
probability of data carriers to encounter the interested users.
Namely
max

c
1 ∑
P robm
c m=1

(2)

where c is the number of data carriers which is decided by the
number of copies created by the source for each data. P robm
indicates the probability of the m-th carrier to encounter the
interested users. It can be calculated with CPEM.
To realize the optimization of carriers shown in formula
(2), an intuitive idea is to make P rob as the utility function
and assign the user with the largest utility as the data carrier.
Based on CPEM, for a given interest i, the utility function is
designed as follows.
∑
U tilityi,DR =
Pij
(3)

3) TRadeoff (TR): Delivery ratio and delay are two essential performance factors of data sharing. Unfortunately, it is
usually impossible to achieve the optimum of both them at
the same time. A pursuing of delivery ratio may lead to too
much emphasis on a large delivery chance even it is in the
far future and lead to a large delay. Also, in order to get a
small delay, one may focus on the delivery that can happen
soon in spite of the small probability of success. In this paper,
besides delivery ratio and delay, we are also interested in the
tradeoff between them for a balance performance. Based on
U tilityi,DR and U tilityi,DE , we make the tradeoff as follows.
U tilityi,T R =

∑
cur<j<cur+γ

Pij
|T Sj − T Scur |

(6)

T Sj denotes time slot j, while Pij and T Scur are the
same as before. U tilityi,T R makes the user with both large
probability and short waiting time stand out which is beneficial
for both delivery ratio and delay.

cur<j<cur+γ

cur is the index of current time slot and γ indicates the
number of future time slots taken into account. Namely the
probability of users to encounter the interested users within the
following γ time slots is considered to decide the assignment
of data carriers. We call γ reference size and are interested to
study the influence of γ on the performance of the method.
2) DElay (DE): Delay of data sharing is the interval
between the time when the data is generated and received.
It is essential for data sharing especially when the shared
data is time-sensitive. For instance, when sharing information
about discount, a large delay in data delivery may make the
information become useless, for the deadline of the discount
comes before the information reaching the interested users.
Delay of data dissemination is mainly caused by the wait
before encountering the interested users. Therefore, the user
who can encounter the interested users with the shortest wait
without doubt is the best carrier to minimize delay. In this case,
we try to minimize the average waiting time of the carriers to
achieve the smallest delay in data sharing. Namely
min

c
1 ∑
|tm,next − tcur |
c m=1

(4)

where tm,next is the time of the m-th data carrier to encounter
the next interest user with a probability more than Pthreshold
and tcur is the current time. To minimize the average waiting
time of the carriers, we set the reciprocal of the waiting time
as the utility function. For a given interest i, U tilityi,DE is
designed as follows.
U tilityi,DE =

1
|T Si,next − T Scur |

(5)

For simplicity, in U tilityi,DE we explore the time slot in
which encounters happen instead of the exact encounter time.
T Si,next indicates the time slot in which the next encounter
with the interested user happens, while T Scur is the current
time slot.

Algorithm 1 Gathering Point-aided Spreading
Data Spray
1: for all ci ∈ C do
2:
if encounters ui and CopyOf (ui ) = 0 then
give ⌊CopyOf (ci )/2⌋ copies to ui and
3:
4:
assign ui to be a new carrier;
Data Dissemination
1: for all gi ∈ G do
2:
if ui arrives and ui is the interested user then
3:
send the data to ui ;
4: for all ci ∈ C do
5:
if arrives gi and CopyOf (gi ) = 0 then
6:
store an copy at gi ;
7:
if encounters ui and ui ∈
/ C then
8:
if U tility(ci ) < U tility(ui ) then
9:
assign ui to be the new carrier;
10:
else if ui is the interested user then
11:
send the data to ui ;

C. Data dissemination algorithm
Now we present the Gathering Point-aided Spreading (GPS)
algorithm which can be modified into three versions (GPS-DR,
GPS-DE and GPS-TR) for different performance objects using
the established utility functions. Particularly, GPS-DR, GPSDE and GPS-TR respectively adopt U tilityi,DR , U tilityi,DE
and U tilityi,T R as U tility in Algorithm 1 to achieve the maximum delivery ratio, minimum delay and a balance between
them. For each data of the source, the sharing contains two
phases, Data Spray and Data Dissemination.
In Data Spray, the source creates c copies of the data and
sprays them to the carriers. Comparing with the adaptive spray
[19], we adopt Binary Spray [6] scheme for a larger spray rate.
The basic idea is that when the carrier/source that has more
than one copy encounters a user with zero copy, he gives half

of his copies to the user. The user receiving the copies becomes
a new carrier (step 2 − 4). The c copies are finally sprayed to
exactly c carriers with each carrier taking one copy.
In Data Dissemination, the copies are carried by the carriers
to wait for a delivery chance (an encounter with the interested
users) during which one extra copy is generated and stored at
each GP when the carriers get there (step 5 − 6). This ensures
that the data can be further shared at the GP even though the
carriers leave. Interested users can receive the data from the
GPs storing the data once they get there (step 2 − 3) or from
the carriers when they encounter each other (step 10 − 11).
When the carrier encounters a better carrier candidate who
has a larger utility than itself, the carrier delivers the copy to
the candidate and assigns it to be the new carrier. The carrier
losing the copy become a normal node (step 8 − 9). Then the
data is taken by the new carrier to seek a delivery chance till
the end of its set life (T T L). Control messages are sent before
data delivery which contain interests, encounter information
and recently received data of users. To avoid needless resource
consumption, the GPs and carriers only forward data to the
user that has not received it yet. The optimizing of carriers
not only improves delivery efficiency, but also pushes the data
towards the GPs for the user with larger utility is more likely
to appear at the GPs. The maximum number of copies stored
in the network is c + β ′ (respectively at c data carriers and β ′
GPs). The two phases are not necessarily executed one after
the other. In fact Data Dissemination begins once a carrier has
exactly one copy of the data.
Algorithm 2 Compute the expected delay
1: Construct the transition graph;
2:
Determine the state set S;
3:
Determine ϕs,s′ (t) for each pairwise s, s′ ∈ S;
4: Set fs0 ,s = 0 (∀s ∈ S);
5: Set din (s) = in-degree of s (∀s ∈ S);
Input: sa ;
6: while S ̸= ∅ do
7:
for each s′ ∈ S that din (s′ ) = 0 do
8:
S = S − {s′ };
9:
for each s ∈ S that ϕs′ ,s (t) ̸= 0 do
10:
if s′ is s0 then
11:
fs0 ,s (t) = ϕs′ ,s (t);
12:
else
13:
fs0 ,s (t) = ∫fs0 ,s (t)+
t
14:
f ′ (τ )ϕs′ ,s (t − τ )dτ ;
0 s0 ,s
if din (s′ ) = 0 then
din (s) = din (s) − 1;
17:
if din (sa ) = 0 then
18:
Return fs0 ,sa (t);
Output: fs0 ,sa (t);
15:
16:

V. T HEORETICAL A NALYSIS
In this section, we attempt to derive the delay in data sharing
and study how the GP facilitate data sharing. A continuous

Markov chain is applied to model data sharing and the delays
in data sharing that leverages/do not leverage the GP for help
are respectively computed.
A. Continuous Markov chains
We consider data sharing in a gossip community with 1
data source and n interested users that usually visit m GPs.
To simplify the analysis, the optimization of data carriers is
not considered. Namely the data is always taken by the initial
carriers. We assume that the inter-meeting time between any
two users and between a user and a GP follow exponential
distributions with parameters λ and Λ (λ ≪ Λ), respectively.
This is widely adopted in many researches [8][17].
Firstly, we establish the states of the Markov chain. Each
state is denoted as sij = ⟨i, j⟩ in which i (0 ≤ i ≤ m)
and j (0 ≤ j ≤ n) respectively indicate the number of GPs
and interested users that receive the data. The initial state is
s0 = ⟨0, 0⟩. Then we discuss the transition between any two
states. State sij can only transfer to state s(i+1)j or si(j+1) and
the transition is irreversible. The transition stop at state smn
where all the m GPs and n interested users have received
the data. Transition probability is denoted as ϕs,s′ (t) which
indicates the probability density functions for the transition
from state s to state s′ at time t. We build the transition graph
as Fig. 3.
B. Compute the expected delay
Now we calculate the expected delay for a particular number
x of users to receive the data, namely the average time to
transfer from the initial state s0 to state six (0 ≤ i ≤ m).
The computing contains two steps. Firstly, the probability
density function fs0 ,sa (t) for the state transition from state
s0 to an arbitrary state sa is computed. Then we treat the
states six (0 ≤ i ≤ m) as a combined state sx , compute the
probability density function fs0 ,sx (t) for the transition from
s0 to sx and finally derive the expected delay.
1) s0 to an arbitrary state sa : Consider two arbitrary states
s and s′ and the previous states SP = {sp |ϕsp ,s′ (t) > 0, sp ∈
S} of s′ . The probability density functions fs,s′ (t) for the state
transition from s to s′ satisfies
∑ ∫ t
fs,s′ (t) =
fs,sp (τ )ϕsp ,s′ (t − τ )dτ
(7)
sp ∈SP

0

which indicates that if the probability density functions for the
state transitions from the state s to the previous states of s′
have been calculated, then the probability density function for
the transition from s to s′ also can be derived. Based on that,
we propose an inverse algorithm (Algorithm 2) of the one
proposed in [8] to calculate the probability density function
fs0 ,sa (t) for the state transition from the initial state s0 to
an arbitrary state sa . In the algorithm, step 1-3 construct the
transition graph. Step 4 sets all fs0 ,s (t) (∀s ∈ S) to be 0.
In step 5 din (s) is set as the in-degree of s which is used
to decide that fs0 ,s (t) is derived (when din (s) = 0) in the
following steps. Step 8 deletes the states s′ with 0 in-degree,
namely the one whose fs0 ,s′ (t) has been derived. Step 10-14
compute fs0 ,s (t). When din (sa ) = 0, fs0 ,sa (t) is derived.
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2) s0 to the combined state sx : Ignoring the inner transitions, we regard the states six (0 ≤ i ≤ m) as a combined
state sx which indicates that x users have received the data.
Consider the previous states SP′ = {sp |ϕsp ,sx (t) > 0, sp ∈ S}
of sx , the probability density function fs0 ,sx (t) for the state
transition from s0 to sx satisfies
∑ ∫ t
fs0 ,sx (t) =
fs0 ,sp (τ )ϕsp ,sx (t − τ )dτ
(8)
′
sp ∈SP

Fig. 4.

Transition graph

0

As each fs0 ,sp (t) (sp ∈ SP′ ) is calculated in the previous
step, fs0 ,sx (t) can be easily derived with formula (8). Then the
expected delay for x users to receive the data can be derived
as follows.
∫ ∞
Dx =
tfs0 ,sx (t)dt
(9)
0

TABLE I
S IMULATION PARAMETERS

Simulation parameters

Default value

ωk

{0.2, 0.12, 0.12, 0.12, 0.12, 0.12, 0.2}[15]

Length of each time slot

10 minutes

Size L of encounter log

7 days

Radio range of devices

100 meters

TTL

{1, 2, 4}

Number c of copy

{2, 4, 8}

reference size γ

4

Pthreshold

0.5
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ϕs00 ,s10 (t) = Λe−(4λ+Λ)t = 0.8e−1.2t . Based on the two steps
discussed in V-A, the expected delay for a particular number
(1 − 4) of users to receive the data is computed (Fig. 5).
The expected delay for the first interested user to receive
the data is respectively 2.5 and 1.02, which indicates that with
the help of the GP, the expected delay is decreased by 60%.
Moreover, the expected delay for all the users to receive the
data is respectively 20.8 and 3.4, implying that a decrease of
83.7% is achieved.
VI. P ERFORMANCE EVALUATION

C. Case study
Consider a simple example which contains 1 GP and 5
users (1 data source and 4 interested users). The only data
carrier is the source itself. λ = 0.1 and Λ = 0.8. When
the aid of the GP is not considered, namely the GP does
not store and forward data, the Markov chain contains 5
states. Otherwise, the Markov chain contains 10 states (Fig.
4). The probability density functions for the state transitions
are also determined. For example, the transition from state
s00 to state s10 indicates that the source get to the GP
before encountering any one of the four interested users, thus

Simulation experiments are conducted on OPNET Modeler
to study the performance of GPS algorithm in terms of delivery
ratio and delay in comparison with SocialCast [9]. SocialCast
is a data dissemination method that selects carriers based on
two metrics, the current neighbors and the varying pattern of
the neighbor list.
A. Parameter settings
The experiments focus on a campus scenario with a size of
4km × 4km which contains 64 users and 4 GPs (dormitory,
mess hall, teaching building and library). The 64 users form 4
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gossip communities that are respectively interested in 4 interest
topics (sports event, campus anecdote, teaching announcement
and dormitory notice) and each community contains 20 users
with some users interested in more than one topic. For
example, users with ID 1−20 belong to community 1, 13−32
belong to community 2, 33 − 52 belong to community 3 and
45 − 64 belong to community 4. The mobility of each user is
set with Agenda Driven Model [20], a mobility model in which
each user moves based on its individual agenda. The model
creates an agenda for each node at the initialization based on
its specific occupation and the selectable activity set. In this
experiment, 8 occupations (student, teacher, librarian, etc.) and
12 activities (taking class, giving class, having meal, etc.) are
set. Other specific parameters are given in Table I.
B. Results and analysis
Now we study the performance of the algorithms in terms of
delivery ratio and delay, with respect to the T T L of data, the
number c of copy of each data and reference size γ. From the
point of view of average, delivery ratio is defined as the rate
between the actual number of copy received by the interested
users and the ideal one. While delay is the average delay of
all users in receiving each data.
1) T T L: Firstly, we set the number c of copy and reference
size γ to be the default value and study the performance of
the algorithms with the increase of T T L. T T L is an essential
parameter for delivery ratio because it decides the length of

time the data stays in the system. With no doubt, a long stay
will lead to more chances for a successful delivery. Indeed, we
can see from Fig. 6 that the delivery ratio of the algorithms
increase as T T L becomes larger. But, the increase of delivery
ratio is not due to the increase of delivery chance within a
given time, but more deliveries that experience a larger delay.
This is exactly why the average delay also increases with T T L
(Fig. 7).
Comparing the three GPS algorithms, it is easy to find
that GPS-DR perform the best in terms of delivery ratio,
while GPS-DE the best in average delay. GPS-TR makes
a tradeoff between them with a balanced performance in
delivery ratio and delay. This is because GPS-TR tends to
assign the user with both large delivery probability and small
delay to be the data carrier, while GPS-DR and GPS-DE just
focus on one point. In addition, the three GPS algorithms
outperform SocialCast in both delivery ratio and delay. This is
not surprising for GPS makes a full use of the past encounter
pattern of the users to assign the best carriers among the onehop neighbors, while SocialCast only leverages the knowledge
about the current neighbors of users and its varying pattern.
Moreover, by exploring the aid of GPs, the GPS algorithms
earn a greater advantage.
2) Number c of copy: We conduct the second experiment
to study the performance of the algorithms with regard to the
number c of copy by setting T T L and γ to be the default
value. The number of copy created by the source is also an
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importance parameter, for it directly decides how many data
carriers exist in the network. A large number of carriers not
only enlarges the scope the data can reach and earns more
delivery chances, but also accelerates the spreading of data for
more delivery is available within a given time comparing with
a smaller c. Indeed, as shown in Fig. 8, delivery ratio increases
as c becomes larger and finally levels off when c increases to
a specific threshold value. Similarly, average delay decreases
and levels out as c enlarges to the threshold value (Fig. 9).
The threshold is decided by other parameters, such as T T L,
and we are interested in studying it in the future work.
Similarly, from the comparison of the algorithms, it is
easy to find that GPS-DR and GPS-DE respectively perform
the best in terms of delivery ratio and delay, while GPSTR gets a balanced performance between them due to the
design of utility function. SocialCast performs worse than GPS
algorithms for even with the same number of copy, SocialCast
is not able to find the users that have the largest probability
and smallest delay to encounter the interested users. Moreover,
it fails to explore the help of the GP which can bring a great
many delivery chances.
3) Reference size γ: We are also interested in the influence
of reference size γ on the performance of the algorithms. γ is
the number of time slot considered in utility functions, namely
the method compares the probability of users to encounter the
interested users in the future γ time slots to decide who is
better. The value of γ directly decides the standard to select
carrier. It can be found that When γ = 1, GPS-DR and GPSTR perform the same (Fig. 10 and Fig. 11), as U tilityDR is

equal to U tilityT R at this time. The performance is bad, for
the carrier assignment is based on the encounter information
in only one time slot. This is too rash to make a reasonable
decision for it ignores some useful encounter information in
the following time slots. In fact, the user who has a probability
of 0.4 and 0.9 to encounter the interested users respectively
in time slot 1 and 2 is a better carrier than the one who has a
probability of 0.5 and 0.1. However, the algorithm chooses
the latter as γ = 1. But it does not mean that the value
of γ should be as large as possible. Too large a value of γ
makes the one with a large delivery chance in the far future
stand out in utility comparing which not only increases the
delay of data forwarding, but also brings more uncertainty to
the delivery, and decreases delivery ratio. That is why GPSDR and GPS-TR perform worse in both delivery ratio and
delay with γ increasing to 10. The optimal value of γ is 4 in
this experiment where both GPS-DR and GPS-TR achieve a
satisfying performance. The performance of GPS-DE always
stays the same for U tilityDE has nothing to do with γ.
VII. C ONCLUSION
This paper focuses on a special group of users called gossip
community, that consists of users that have common interest
but are usually weak in relationship. Different from traditional
communities in MSN, the gossip community has a weak
connection among the community members. We study the way
to realize efficient data sharing among them. Based on the past
encounter pattern, the encounter probability among users is
predicted and three utility functions are designed to assign the
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best users as data carriers, aiming at three performance objects
respectively, i.e., maximizing delivery ratio, minimizing delay
and balancing the tradeoff between them. After that, we
propose GPS, a data dissemination algorithm for data sharing
among the gossip community. In GPS, data source first sprays
several copies of data to the data carriers and then the carriers
take the data and spread them to other interested users. When
the carriers arrive a gathering point, a copy of each data is
stored there to ensure that the data can be further shared even
the data carriers leave. Based on different utility functions,
GPS can be modified into three versions (GPS-DR, GPS-DE
and GPS-TR). Simulation experiments show that the proposed
GPS algorithms outperform the existing method SocialCast
in terms of delivery ratio and delay. The comparison among
the GPS algorithms indicates that GPS-DR performs the best
in delivery ratio and GPS-DE achieves the shortest delay,
while GPS-TR makes a tradeoff between them with a balanced
performance.
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