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An Efficient Data Transmission Strategy for
Edge-Computing-Based Opportunistic Social
Networks

Jingwen LUO?, Jia WU'*, and Yuzhou WU

School of computer science and engineering, Central south university, Chang sha
410083 China

Abstract. As wireless network has developed rapidly in recent years,
especially with the maturity and wide application of 5G wireless system,
millions of mobile users have been able to quickly exchange large amounts
of data in social networks. Despite the positive impact of the recent
advances in edge computing on opportunistic social networks (OSNs),
classical OSN algorithms rely on only a few source nodes to forward
data, which often results in data transmission delay, excessive resource
consumption and even loss of source nodes. Therefore, we propose an
efficient edge-computing-based data transmission strategy in OSNs. It
classifies nodes into new communities according to their degree of asso-
ciation. Source nodes forward data through relay nodes in community,
which effectively reduces the resource consumption of a single node. The
experiment results of comparison with the three algorithms show that the
proposed method can effectively reduce the resource consumption dur-
ing data transmission as well as enhance the information transmission
efficiency.

Keywords: Edge Computing - Opportunistic Social Networks - OSNs -
Data Transmission - Data Management.

1 Introduction

The development of wireless network coupled with mobile devices has con-
tributed to the rapid development of social networks in recent years, therefore
users are able to enjoy different kinds of services and applications [1]. Especially
with the rapid application of 5G (5th Generation Wireless Systems), the number
of mobile terminals and devices increases significantly, reconstructing the social
networks. Millions of mobile users have been able to quickly exchange large
amounts of data in the social network, forming a significant network paradigm
in 5G [2]. Mobile devices that are carried by users are characterized by a strong
randomness and mobility, making them a social node, and the correlation be-
tween nodes can help establish communities [3].

* Corresponding author: jiawu5110@163.com
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Also, innovations keep emerging in different fields, with mobile edge comput-
ing included, which will dramatically affect social networks [4]. By incorporating
edge computing into the opportunistic social networks (OSNs), the system can
better evaluate users’ current situation in the social network, optimize the net-
work by calculating and evaluating, and give reasonable selection suggestions. It
can significantly increase the data transmission of nodes and effectively reduce
the network’s data transmission delay.

In OSNs, Vahdat etc al. proposed the Epidemic routing algorithm [5], and
Lu etc al. proposed an improved Epidemic scheme which is energy-saving n-
epidemic algorithm [6]. However, those algorithms adopt flooding techniques to
transmit data, which increases the network overhead significantly. Spyropoulos
etc al. brought forward the Spray and Wait routing algorithm [7], and Wang etc
al. brought forward a dynamic Spray-and-Wait algorithm [8]. The calculation
and update of node quality by those algorithm can be restricted by the energy
consumption. Edge computing as a new computing paradigm in recent years,
which, in social networks, could be capable of solving many issues like latency,
limited battery life of mobile devices, and bandwidth cost, etc [9,10].

However, edge computing can nott completely solve the existed problems in
OSNs where nodes search opportunities to exchange data in the way of “store-
carry-forward” in their communities [11]. For the traditional opportunistic algo-
rithms, a lot of communities use one or two nodes existing in the social network
for information delivery. Those nodes have to transmit a large amount of data
as well as calculate many tasks that will consume more energy [12,13]. In the
traditional opportunistic network protocol, due to the lack of enough cache or
overhead for source node, data transmission may cost a long time in the com-
munity [11]. Whats worse is that for these nodes, information transmission will
consume many resources by using flooding technology and data will be lost as
the source node dies.

To solve above-mentioned limitations, the paper focuses on proposing an effi-
cient data transmission scheme based on edge computing in OSNs, reconstruct-
ing the community taking into account to which degree the edge or the source
node is associated with the neighbor nodes. The correlated community nodes
take charge of a data transmission task, i.e., allocating some source nodes. The
proposed scheme is capable of reducing source node consumption as well as pro-
longing the source node’s life cycle. The paper mainly makes three contributions
as follows.

e Regarding community reconstruction, source nodes are required to conduct
reconstruction based on the degree of association between nodes, and infor-
mation transmission shall be performed in proper communities;

e The proposed algorithm is characterized by an effective information delivery
and is capable of reducing the energy consumption by source nodes during
data transmission;

e As shown by experiments, the method can dramatically lower the energy
consumption as well as enhance the delivery efficiency of data.
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2 System Model

In OSNs, the scarcity of source nodes and ineffective information transmission
may cause the enormous resources consumption of single source node and the
death of source node, finally data carried by the source node will loss. For pre-
venting the nodes resource from being over-consumed as well as reducing the
node death rate, it is necessary to focus on searching some proper adjacent
nodes for helping the source node to deliver a part of data. On that account, we
define the changing theorems of communities and propose a data transmission
algorithm with a high effectiveness based on edge computing in this section.

2.1 Community Definition

Suppose a user sends a data download request to the associated network. Firstly,
considering the download content and the user’s information, the system can
check whether the associated edge or source nodes have the cache data. If yes,
the system can decide who (edge user or source node) sends the requested in-
formation directly to the mobile user based on channel, correlation, and energy
consumption, etc. If not, edge user or source nodes will get current data based
on their computing power, channel conditions, degree of association, energy con-
sumption, and so on, and then send the obtained data to the requested user. The
process is shown in Fig. 1.

- - N
. Source node
o / M Different colors represent different data )
,_,, ) Adjacent node
Cloud server l
Cloud pmvvde r 1 Cloud prvvldevZ s Cloud provldevN / . Relay node

(1) Destination node

Edge-cloud ,”7
services  \__

*m.\:\ AL

Community 1 Community2 L.

User & edge

Fig. 1: The opportunistic social networks with edge computing.
However, in the process of user movement, the community of node may

change. Therefore, the changing form of communities during user movement
shall be proved.
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Based on the weighted networks in social networks [14], the network topo-
logical structure can be expressed as G =(N, E, w), where N represents the node
number in current network, E can be expressed as N = {(a,b) | a € N,b € N},
both of a and b is nodes, w is the weight between a and b. There are n adjacent
nodes for source node Ny at t moment, and n C N. When source node and adja-
cent node meet the condition vwi; > 6, the source node can forward information
through the adjacent node, which can be called relay node. vwij represents the
association between source node N; and adjacent node NNV;, v stands for a co-
efficient, wj; means weight between N; and N;, and 6 stands for the threshold.
Here the structural degree exhibited by community is defined as Sx, which can
predict the changes in the community X.

2

Wy w;

4Twy — o?
Sx(t) =7 - QT2 (2T)

(1)

Sx (t) denotes the structural degree exhibited by community X, T means the
total weight in networks, wy means the total weight of community X, «; means
the total degree of N;, Aw denotes the weight variation, w;; denotes the edge
weight between N; and IV, E% denotes the total edge weight of N; in X. The
theorem and proof are as follows.

Theorem 1. When the community X s divided into two sub-communities X;

B aiaj+asAw+Aw2
<wij < Aw + ST vy R

QG Q

and X;, it should satisfy the requirements —

Proof. Suppose the community X is split into sub-communities of X; and Xj,
and considering the increase in the total weight of community,

w; + Wi <T
2 2 2
Sp a4 Sp Y aitajtwi;  (aitay) 92
T ozt 7 oz < T 472 (2)
Qg
Wij > 7

With the decrease in the given total weight, it is possible to rewrite the
formula as follows.
witw >T" (3)

oo + asAw + Aw?

wij < Aw + 2(T+ Aw) (4)

Thus, the sub-communities X; and X; satisfies the theorem 0‘21';”' < wjj <
aia_'—i—asAw—l-Aw?
Aw + =57 R0

, then the community X is separated.

Theorem 2. During node N; movement, the edge of the node N; connects node
Nj and becomes the only edge of node Nj. With the decline of the weight between
N; and Nj, N; can not be separated from the community.

Proof. Similar to theorem 1, the assumption that edge weight reduction between
N; and Nj is represented by Aw, Aw < 0. With the separation of community
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X, below theorem should be satisfied.

w; +w; < T
4Tw; —a? 4Tw; —a? AT (4o 4wij)—(aitay)?
(2T)2 + (2T)2 . < . (2TJ)2 . (5)
Qg
Wij > =T

w; and wj is the edge weight of N; and N; after community X separate, 1
is the community total weight ater separate. Then,

w +w; >T" 6
wij < SEELREAS 4 Aw ©)
That is ,
;05 aja; + o Aw 4+ Aw
< wyy < A 7
or 2T+ Aw) T 2¥ Q
It can be explained as
oot oo + o Aw
< Wwj 8
o7 ~ S (T Aw) ®)
Because
o+ oiAw ooy oAw (T — ) <0 ©)
2(T + Aw) 2T  27(T + Aw)
G < wij < %W is a false proposition.

Hence, the only edge of Nj connects N; and the weight decreases. INj can not
be separated from the community.

Theorem 3. N; in community X, the edge weight as well as the weight of
community Y increase, satisfying the equation 4(T + Aw) (Ei/ - Ei + Aw) +
(a; + Aw) (ax — ay — a;) — Aw? > 0, thus it is possible for N to join into
community Y.

Proof. Community X and Y see rising edge weight, and communities’ structure
degree is:

2Twx — (ax + Aw)2 2Twy — (ay + Aw)2
AT + Aw)® AT + Aw)®

Sx + Sy = (10)

With N; leaving community X as well as jointing into community Y, com-
munities’ structure degree is:

AT (wx — BY) — (ax + Aw)®  ATwy — (ay + Aw)?
Sx_i+Syti= (wx x) — ? ) + = oy 2 ) (11)
AT + Aw) 4T + Aw)
To proof that the the join of N; will increase the structure degree exhibited
by community Y, it is necessary to first proof Sx_; + Sy4; > Sx + Sy.

AT + Aw) (B} — B + Aw) + (o + Aw) (ax —ay —a;) — Aw? >0 (12)

Above theorems assist in proving the changes of community in the course of
node movement.
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2.2 Data transmission model

During the data transmission of OSNs, multiple hop transmission is needed to
deliver data to destination nodes. Besides, the delivery of complete data to com-
munitys node is usually conducted in an overlay way, which will greatly increase
the routing overhead as well as the energy consumption. Therefore, an Edge-
Computing-based Efficient Data Transmission (ECEDT) scheme is designed to
reduce the routing overhead as well as the energy consumption of source nodes.
In this scheme, the source node Ny and the relay nodes communicate with each

Transmited  Awaiting Transmited ~ Awaiting
3 ]

1th  th 2§h

) .Data structure

Communlty1

Transmited Awamng
4 !

I T T HHH

. .
1th 2th 3th
Data structure ...

—7Z— Data transmission

-<+——— Node movement

EoTnmunity(n)

Fig. 2: The process of data transmission.

other, with the later receiving as well as storing certain data from the former.
Relay nodes take charge of broad information transmission to other nodes. The
movement of source node is along with searching for relay nodes from adjacent
nodes, as well as reconstructing the old community into new ones. Reconstructed
communities are able to relieve the pressure suffered by source node for data
transmission and information spread, which enables the transmission of data
on the line. For a clear description of the delivery process of information, how
ECEDT scheme works is explained below:

Step 1: The total data that are carried by the source node Ny are expressed
as To(9¥) = 9y, and Ny sends a message of “HELLO” to the adjacent nodes for
searching those that can be used in a community.
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Step 2: After receiving the message of “HELLO” in the community, the ad-
jacent node will give a response, followed by establishing a connection to the
source node. If adjacent node meets the condition vwi; > 6, it can be converted
into a relay node.

Step 3: The source node begins to communicate with the relay node, together
with transmitting 50% of data to the relay nodes of community with multiple
perceptions. With the source node marking the completion of data transmission,
the relay node regarding community 1 will receive information from Ny after the
first data transmission (as shown in Fig. 2).

Then, the information carried by community 1 are as follows.

1 1
Ti(9) = 576(19) = 5190 (13)

Tsur1 (¥) represents the surplus data that were unset by N; after the first
transmission.

1 1
Kurl(ﬁ) = 76(19) - 7—1(19) = 190 - 5190 - 5790 (14)

Step 4: The source node keeps moving, together with sending the message of
“HELLO” as well as searching for relay nodes.

Step 5: The source node firstly communicates with community 2, followed
by sending 50% of data that are unsent to the nodes in the community. Also,
data are transmitted between communities, and the nodes in community 1 are
capable of broadcasting 50% of the information provided by the source node
(Fig. 2).

Information below are received by community 2:

1 1 3
T2 (9) = 5 Tsurt (0) + T1(9) = 55T0(9) + Ta(9) = 7 Yo (15)

Below equation describes the surplus information that are unsent by Ny after
the second transmission:

Tourz (9) = To (V) = T2(9) — T (V) (16)

As is well known, data of community 2 covers all the data provided by com-
munity 1, i.e. 71 (¢) C T3 (¥). Therefore, equation (16) can be rewritten into:

1 1 1
- 2*2190 - 5190 = -y (17)

Tour2 (19) ="To (19) -T2 (19) = %o 4

The source node marks the unsent surplus information and keeps moving.

Step 6: It is assumed that communities can achieve data communication,
therefore, with the source node meeting the community 3 and beginning to
transmit information, community 3 is able to see the message from the previous
two communities.

T (9) = 3 Toura (9) + T3 (0) 4 T3 (9) = 20 (18)
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The surplus information are marked by source node, and the source node
keeps moving. Equation 17 shows the surplus information unsent by Ny after
the third transmission.

1 1 1 1
Tsurs (9) = To (9) — T3 (9) = Yo — 300 — 5590 — 5790 =
2 2 2 8
Step 7: Repeat abovementioned procedures.
Step 8: With the source node searching for target nodes community after
information transmission is performed for n times, %76 denotes target node’s

community information, and Zz;ll T (9) denotes the communication data be-
tween different communities. Figure. 2 displays the entire transmission process.

When n — oo, the ECEDT scheme transmits the same amount of information
with the Epidemic and Spray and Wait algorithm. If the data are transmitted for
a long time, those received by the destination node will be more complete. And
ECEDT, Epidemic and Spray and Wait exhibit a time complexity of O (2n — 1),
O(n) and O(2n) respectively. But the routing overhead of ECEDT, Epidemic

and Spray and Wait is Y, _,; (%)k =1—(3)", nand n. ECEDT has an obviously
lower routing overhead compared with Epidemic and Spray and Wait n — oo.

3 Simulation and Analysis

For evaluating the performance exhibited by ECEDT, a simulation tool named
Opportunistic Network Environment (ONE) is adopted [15], and is compared
with the three basic approaches, i.e. Information cache management and data
transmission (ICMT) algorithm [16], Status estimation and cache management
(SECM) algorithm [17], and Spray and Wait algorithm [7].

The experiment sets the simulation parameters: The simulation time lasts for
1-6 hours, and the network area is 4500mx3400m. The transmission adopts the
broadcast pattern, that involves 400 nodes moving at 0.5 to 1.5m/s in a random
manner. Each node has bMB cache storage information. The social model is
adopted for nodes for data transmission, and each node has the max transmission
domain of 10m?2. Data packet is sent each 25-35s at the transmission speed of
250KB/s. The initial energy of each node reaches 100 Joules, and 1J energy will
be consumed for sending a data packet. Based on the simulation report data,
the experimental results are shown in Fig. 3-4.

Figure 3 shows the relationship between time and four parameters. In Fig. 3(a),
the transmission rates of Spray and Wait(copy=30 and copy=10) and SECM
are lower than ECEDT. Spray-and-Wait and SECM algorithms deliver informa-
tion to nodes by copying a large amount of duplicate information and using the
flooding method, leading to more information loss. ICMT algorithm controls the
time interval of delivery information that improves the transmission and receiv-
ing of effective information, which is its delivery ratio higher than the other two.
ECEDT combining multi-sensing community and mobile node transmission base
on edge-computing, the transmission rate of the algorithm is effectively improved
and is the highest among all algorithms.
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Fig. 3: Relationship between time and different parameters.

In Fig. 3(b), the routing overhead of the ECEDT is maintained steady, and
ICMT’s performance is also good. But the routing overhead of Spray and Wait
routing algorithm(copy=30) is highest. Spray and Wait(copy=10) and SECM
have a local flooding phenomenon, which overhead remains in a high range.

In Fig. 3(c), the energy consumption of Spray and Wait is highest, and each
node needs energy to transmit information through spray. Several communities
bear the energy consumption and extend the information transmission time of
nodes in the ECEDT algorithm, thus reducing the number of information trans-
mission times to source nodes. The energy consumption of the ECEDT is less
than the other.

In Fig. 3(d), the SECM adopts a encounter delivery method that mass copied
information transmit, and its average delay is highest. ECEDT’s delay remained
in a fairly good range. The transmission delay of Spray and Wait is lowest. It
can indicate that their information diffusion capability is strong.

Node ache acts as a significant indicator for social networks and can directly
impact algorithms’ transmission efficiency. Fig. 4 displays the relationship be-
tween cache and 4 parameters. In Fig. 4(a), Spray and Wait algorithm adopts
flooding method, and its delivery ratio is lowest. The raising delivery ratio of
ECEDT is significant in increasing node cache due to combining community and
node mobile delivery data. ICMT’s delivery rate is also good.

Figure. 4(b) show that a larger node cache can reduce the node overhead.
The routing overhead of the ECEDT drops faster than the other three.

In Fig. 4(c), ECEDT adopts a data delivery method assisted by the com-
munity that reduces energy consumption significantly. Other algorithms’ energy
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Fig. 4: Relationship between cache and different parameters.

consumption increase as the cache enlarges, while ECEDT’s energy consumption
remains steady.

Figure. 4(d) show that the delivery delay decline with the increasing cache,
the delay of ECEDT and Spray and Wait(copy=30) lower than the other two
algorithms.

Based on the above experiment analysis, ECEDT performs better than other
algorithms with regard to the transmission rate, the energy consumption and the
routing overhead, however, it exhibits a higher time delay than that of the Spray
and Wait routing algorithm. In practice, ECEDT performs better regarding the
information transmission for a long time.

The actual environment sees different kinds of information transfer approaches.
Hence, it is necessary to attach importance to various moving approaches. Three
different mobile modes are chosen for confirming the performance exhibited by
ECEDT, namely Shortest Path Map Based Movement (SPMBM), random way
point (RWP), and random walk (RW) [15]. The simulation results are shown in
Figure. 5.

In Fig. 5(a), the RWP model exhibits the best overall performance and the
largest delivery rate, and the RWP model exhibits a higher delivery rate than
the RW model.

In Fig. 5(b), considering the node movement process as well as the informa-
tion transfer process, community can share information with abundant nodes
while transferring information and reconstructing node. The routing overhead
of ECEDT suffers a slight impact, and the routing overhead of the three models
ranges from 110 to 120.
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In Fig. 5(c), the three models present a slightly different energy consump-
tion. As shown in the result, ECEDT exhibits a stable performance for node
information transmission, and model change consume many energy.

In Fig. 5(d), for three models in the range of 185-220, RW and SPBM present
the largest and smallest delay, respectively. The results demonstrate the effec-
tiveness of SPMBM model of ECEDT regarding information transmission.

(a)u 700 T T —— T —— T T —— (b) 120 T T —— T T — T T T
[-=—EcepT-sPBm [F=—EcEDTSPVEM
0675 |-e—EcEDT-RWP i |-e— ECEDT-RWP
|4 ecepr-Rw . |4 EcepT-RW
0,650 4 /\r/ .\/ B

0.625 4
] / ,'/ ]
-
0,550 - y B
/

0525 4 / 1 110

0500

Delivery ratio
3 8
~_
o n
Average overhead(Mb)
)

0475

05 10 15 20 25 30 35 40 45 50 55 60 65 05 10 15 20 25 30 35 40 45 50 55 60 65
Time (h) Time (h)

(C) 180 (d) 2

170 [ EceDTSPvEM ] [F=—EcEDT-SPVEM
|-e—EceDT-RWP s |-s— ECEDT-RWP
160 LA=ECEDT-RW 1 7] /\ |-A— ECEDT-RW 4

\ /& 7
AN Va

X
\

N

s

S 140
T
£ 1304
=

1
3

\
E 120 /e _— \
s 4

g 1m0 /

3
8

\

8

\
\\

\

A\

|\

/
/
/
/
05 10 15 20 25 30 35 40 45 50 55 60 65 05 10 15 20 25 30 35 40 45 50 55 60 65

/
/
Time (h) Time (h)

)
[y e ] 5
80 sl q 7] \
e \
0] e o ] \
n

End-to-end delay on average(s)
8

|

|

)
&

180

Fig. 5: Relationship between time and different parameters in three mobile mod-
els.

4 Conclusion

The paper focuses on designing a data transmission scheme with a high effi-
ciency, i.e. (edge-computing-based efficient data transmission (ECEDT), which
can assist in solving the problem that source nodes consume excessive energy.
The performance exhibited by traditional opportunistic network algorithms is
compared and analyzed. As indicated by the experiment, the proposed scheme
can well transmit data and performs excellently in three mobile models, which
demonstrates its steadiness in various environments. In edge-computing-based
OSNs, the proposed scheme is capable of lowering nodes energy consumption,
prolonging the life cycle of network as well as remarkably enhancing the effi-
ciency of data transmission. The future work is suggested to pay attention to
energy consumption reduction regarding source nodes and relay nodes.
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