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Abstract With the fact that digital signage are characterized
for the variable and abundant multimedia visual and audio
expressions and exhibit advantages of multiplicity, locality,
real-time, segmentation, and existence, they have been pre-
dicted to emerge as the major trend in the future advertising in
various surveys. Focused on the characteristics of disseminat-
ing the multimedia electronic advertisements through the net-
work, there will be an enormous amount of data transmitted
and various electronic advertising distributed in accordance
with the regions. To specifically address these needs, we will
propose a multi-path, multi-seed dissemination approach suit-
able for the delivery of the multimedia electronic advertise-
ments. In this paper, within a peer-to-peer network structure,
the network cluster will be first formed in accordance with the
locality. Based on each cluster’s locality, the electronic adver-
tisements designated for dissemination into a specific cluster
can then be determined. We then apply the seed concept
formed by BitTorrent to segment the entire multimedia elec-
tronic advertisement into myriad seeds. At the same time, this
paper adopts the Optimal Multi-Path Routing proposed by
Guoliang Xue to design a peer-to-peer-like multiple multi-
path framework, followed by the distribution of myriad seeds
into each node within the cluster. Each node’s bandwidth will
also be utilized to complete the re-transmission of the multi-
media electronic advertisement for achieving the objective of

establishing multimedia electronic advertisement on each
node. The NCTUns Network Simulator and Emulator was
utilized to simulate the transmission status for variable number
of node. The approach proposed by this manuscript can be
applied to different set-up parameters and data size. The
experimental results indicate that the key determining factor
of transmission time under the multi-path and multi-seed
dissemination approach is the data size. Transmitting the same
data size under a multi-path and multi-seed approach does not
increase the transmission time as the number of nodes in-
crease. Simulations demonstrate that the multi-path and
multi-seed dissemination approach is suitable for the delivery
of the multimedia electronic advertisements.
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1 Introduction

When you walk into MRT stations, bus stops, airports,
elevators, supermarkets, hypermarkets and even fast food
stores one very readily sees a variety of digital signage
(examples are shown in Fig. 1). This means of signage has
gradually replaced the traditional marquee or other adver-
tisement means as such a means of displaying a product
adds a pleasing increase to consumer browsing. Moreover,
such an advertising platform can display product content
and characteristics with more flexibility and diversity. Dig-
ital signage is tied with newspapers, journals, television and
the Internet as the major media. Digital signage is also an
innovative media formed to cope with the new mode of
transmitting information and the current trend in shifting
from mass media to a focus on quality communication.
Therefore, to attract attention from the public with digital
signage there must be a new appeal to advertisers in terms of
media selection and use [1, 2].
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The unique characteristics and advantages of digital sign-
age are described as follows [1–5]:

1. Audio/Video: Multimedia digital signage is a platform
that uses a digital display as the media with which to
convey information to target customers located at dif-
ferent places and at specific times through high-quality
video, animation, image and text.

2. Multiplicity: Advertisers may set up a program to be
broadcast through a central system and the digital sign-
age will follow the predetermined schedule and broad-
cast the requisite video and/or message. System
managers ubiquitously and rapidly update all digital
signage by connecting to the system via LAN or
WLAN.

3. Locality: Digital signage is versatile enough to be used
at locations near where the product or service is actually
available. Thus, the electronic advertisement offered can
completely meet the public demand. Moreover, the lat-
est product information can be directly delivered to
target customers in real-time and customers can be
attracted and inspired to purchase through the dynamic
media presentation. Consequently, customers are stim-
ulated with the immediate effect of impulse buying.

4. Real-time: Traditional signage cannot be modified in
terms of content after installation. Any modification
would require a complete reproduction of the signage,
which consumes both time and money. In comparison
with the fixed nature of tradition signage, digital sign-
age offers greater variability. In the event that any mod-
ification is needed after the installation of digital
signage the staff simply must reset the configuration
and not undertake a completely new installation.

5. Segmentation: Different from the mass media of general
television, digital signage is compatible with small me-
dia designed for niche markets. It is a marketing tool
that can achieve site-specific, real-time, interactive, and
‘last mile impact’ for exclusive objects.

6. Existence: Digital signage is ubiquitous and can prop-
erly provide a variety of information and advertisements
by continuously giving consumers to new stimuli and to
impress them with product images.

The market is quite optimistic about the availability of
digital application platforms. Thus, the future need for dig-
ital signage is growing rapidly. Due to the vastness of
market and the fact that the product is customized yet
requires diversity there remains areas for potential improve-
ment as described as follows:

1. Data: Due to the fact that electronic advertisement is
presented via multimedia, the content of the advertise-
ment includes a large about of data that is incomparable
with general text files. The characteristics of mass trans-
mission must be emphasized when disseminating this
information via the network.

2. Segmentation: As the main focus of communication
penetrates into the outdoor and commercial market,
digital signage becomes the best choice for outdoor
media. However, due to its regional and demographic
characteristics, advertisements should take into consid-
eration the regional culture, religion and background
factors. Hence, the mass transmission of electronic
advertisements does not necessarily apply to all people
viewing the advertisement. Such information needs to
be distributed with different electronic advertising
according to the region.

3. Repeatability: Compared with the focus on electronic
advertising, some electronic advertising is required for
all advertising sites. For example, weather forecast and
current events are all applicable to each advertising site.

Taking into consideration of the aforementioned require-
ments, using the traditional transmission approach to trans-
mit multimedia e-advertisements (i.e. in batches) could
result in prolonged transmission time due to excessive
amounts of data. This is not favorable in the transmission
of multimedia e-advertisements. From the perspective of
advertisement broadcasting, the approach of peer-to-peer
can potentially raise some real-time issues if one only
searches online when broadcasting. Hence, one approach
alone cannot solve the issues with the transmission of mul-
timedia e-advertisements. This paper then proposes a multi-
path and multi-seed approach to transmit multimedia based
on the requirements and issues relevant to multimedia e-
advertisement. The approach is described as follows:

Fig. 1 Diverse application of digital signage
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1. Network clusters are formed according to regional char-
acteristics and such characteristics are used to distribute
relevant electronic advertising into the cluster terminal.

2. We use the concept of seeding from BitTorrent [6] to
divide a large number of multimedia e-advertisement
into different seeds.

3. We distribute these massive seeds into the various ends
of the cluster to fully utilize the transmission power at
each endpoint of the cluster. Hence, the multi-path ap-
proach will form a multi-path end-to-end transmission
in networks in an attempt to expand the network band-
width and to reduce transmission time.

The remainder of the paper is organized as follows.
Section 2 provides background and related work. Sec-
tion 3 elaborates on the architecture proposed by this
paper and how the multimedia e-advertisement data com-
pletes data transmission occurs through the multi-seed
and multi-path architecture. Section 4 demonstrates how
multimedia electronic data is transmitted within the clus-
ter utilizing a NCTUns network simulator [7] to simulate
the different situations as well as demonstrating the
details of the implementation and the experimental
results. Finally, Section 5 presents the conclusions drawn
from this work.

2 Related work

2.1 Data transmission path routing problem

Much of the literature proposes relevant studies on the path
routing problem of end-to-end data transmission including
single path and multi-path routing problem. For example,
the minimum hop algorithm only takes into account of the
number of path nodes passing through without taking into
consideration of the actual path distance of the transmission.
The single path yielded is not necessarily the transmission
path with the shortest time [8]. Also, the shortest path
algorithm only takes into consideration of the overall prop-
agation delay path passing through without considering the
data size transmitted. Hence, the shortest path is not neces-
sarily the transmission path with the shortest time [9].

The maximum capacity algorithm focuses on whether the
available capacity of path is the maximum path with the
available capacity in the network [10]. All possible solutions
are listed to delete a large number of possibilities using
sufficient conditions to reach the final results [11]. This
approach does not take into consideration the propagation
delay of the path and the results do not necessarily yield the
shortest transmission time.

The quickest path algorithm [12] not only takes into
consideration propagation delay [13] but also the data size.

In other words, the path that requires the minimum time to
transmit data, known as the ‘quickest path’, is determined
by considering the path propagation delay and the available
maximum capacity of that path calculation based on the
amount of data transmitted [12].

The multi-path data transmission algorithm can be used
to improve quickest path algorithm. Although the quickest
path algorithm can find a single path with the shortest
transmission time there are still likely to be other idle and
unused paths in the entire network that could be utilized
[14]. Using these idle and unused multi-paths [15, 16] in
addition to dividing the data intended for transmission [17]
followed by transmission to destined nodes via different
paths will expand the available transmission bandwidth of
the path and shorten the time required for transmission [18].
Optimal multi-path routing [19] as proposed by Guoliang
Xue uses multi-path for transmitting data online of a known
size and applies a polynomial time algorithm to calculate a
set of multi-path with the shortest transmission times. The
multi-path approach could be used to determine the idle
paths in the network and to expand the bandwidth. None-
theless, the discussion of such an approach is limited at a
couple of points.

2.2 Client/server structure

The client/server structure is made up of a client and a server
that belongs to a centralized management structure. The
server is the node that provides services while the client is
the node that requests the services. These roles never
change. Resources are stored and controlled by the server.
Common applications are seen in WWW website services
and FTP services [20, 21].

The advantages of client/server structure include:

& Simple protocols.
& Enjoying a more stabilized transmission speed in

general.
& The server can effectively control access to restricted

files.

The disadvantages of client/server structure include:

& A fixed server is always subject to hacking. Once the
server is hacked or malfunctions the client will be unable
to retrieve resources from the server.

& Only the server can provide service sharing. The client
must acquire agreement from the server and upload files
to the server in order to share resources. This limits the
ease of file sharing.

& Client must know connection information related to the
server.

& Heavy loading for server, which includes query and
responsibility for data transmission.
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2.3 Peer-to-peer (P2P) architecture

A peer-to-peer (P2P) network is composed of distributed
network based on many computers online. P2P architec-
ture differs from the centralized management method of
client/server in that computers in a P2P Network are all
peers with equal roles. Any computer can serve as the
client or server according to different requirement.
Sometimes the computer can even serve both as the client
and the server concurrently, sharing each other’s resources
[22, 23] .

According to the development chronicle, peer-to-peer
(P2P) network architecture is divided into three gener-
ations [24, 25] as described in Fig. 2 where time is the x axis
and the level of distribution is the y axis. This figure
demonstrates the sorting of P2P applications in a simple
arrangement.

Studies that analyzed first generation peer-to-peer trans-
mission architecture emerged in the1990s where the archi-
tecture was comprised of some index server and subsequent
peers requesting for service. The system is divided into
several clusters and an index server exists within each

cluster to manage all of the data resources available for
sharing. Moreover, the index server exchanges content with
the index server to obtain more information. When a peer
makes a request the index server notifies the peer of the
other peer that has the file or service location so that these
two peers can initiate peer-to-peer communication with each
other. Napster [26] is a example of 1st-generation P2P
transmission architecture. Its principles of operation are
shown in Fig. 3, where the peer requesting the service
makes a query to the index server and the index server
makes a subsequent query to its file content and returns
notice to the peer concerning the whereabouts of the file
being sought after. The peer requesting the service then
proceeds with a peer-to-peer transmission [24].

Fig. 2 The evolution of P2P [24]

Fig. 3 The operating principle of Napster [24]

Fig. 4 The operating principle of Gnutella [24]

Fig. 5 The operating principle of JXTA [24]

56 Peer-to-Peer Netw. Appl. (2014) 7:53–65



The advantages of 1st-generation P2P transmission archi-
tecture [24, 25] include:

& The server does not need to process file transmissions
and thus is reduces substantial loading.

& The Index server can effectively process a query.
& Peers do not need to maintain data on other peers.

The disadvantages of 1st-Generation P2P transmission
architecture [24, 25] include:

& There is a fixed index server that is subject to hacking.
Once the index server becomes the target of hacking or
malfunctions it will not be able to offer any query
function.

& The fixed index server requires maintenance, man-
agement, HR resources and updating of its hardware.
Hence, the fixed index server requires additional
expenditure.

& Once files such as MP3s and movies with copyright
issues begin to circulate online an increasing number
of legal issues become involved.

Fig. 6 Operating principles of BitTorrent
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The 2nd-generation P2P transmission architecture is
completely decentralized (Pure P2P) and studies on this
topic have emerged since 2000. This architecture aims to
solve the various problems inherent in the index server of
the 1st-generation. This architecture does not contain any
server; all queries, responses to requests and other commu-
nications are achieved by a mutual collaboration of peers.
The peers in this type share identical statuses serving both as
server and client. Hence, a peer is also known as servant.

Gnutella [27] is a example of 2nd-generation P2P transmis-
sion architecture and its operating mode is shown in Fig. 4.
When a peer requires some file or service it will make a
request and broadcast this to its neighboring peers. In the
event of no compliance for this request, neighboring peers
would continue to expand this request outward until other
peers have located information on this file and have
responded. The request ceases delivery when the time-to-
life (TTL) has come to an end. When a response is returned

Fig. 9 Sequence diagram for
share data manager

Fig. 10 Sequence diagram for
the transmission manager
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to the peer making a request, the peer and the peer owning
this file can proceed with their own point-to-point commu-
nication and transmission [24].

The advantages of 2nd-Generation P2P transmission
architecture [24, 25] include:

& The absence of a server means that the architecture is
truly a decentralized network that would not become
paralyzed should the server encounter a malfunction.

& The architecture offers fault tolerance. When the peer
providing the file and service suddenly disappears from
the network, other peers are likely to provide similar
service and files. Such methods reduce the probability of
a service failure.

The disadvantages of 2nd-Generation P2P transmission
architecture [24, 25, 28, 29]include:

& Although depth-limited search has been applied, it could
still cause network congestion.

& Worse search efficiency: the research speed of Gnutella
is far slower than Napster.

& All research, responses to requests and communication
are collaborated between the peers. The loading of the
peer becomes more heavy.

The 3rd-generation P2P transmission architecture is a
mix of the 1st-generation and the 2nd-generation. In view
of the advantages and disadvantages associated with the first
two generations, studies on 3rd-generation P2P transmission
architecture emerged beginning in 2002. This architecture is
comprised of a peer and a super-peer where the peer is the
terminal device on the network that is requesting the service
and whose technical capabilities are of lesser quality. This is
also known as the edge-peer. The notion of a super-peer
refers to the server node with a higher level of capability. It
is usually the service node that provides delivery for other
peers or super-peers. JXTA [30] is an example of third-
generation P2P transmission architecture and its operation

Fig. 11 Logical topology of
delivery system

Fig. 12 Logical topology
of multi-path
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mode is shown in Fig. 5. When any one peer makes a
request it will first be sent to the super-peer attributed to
the peer. Super-peers will search for file content and in even
that there is no result the request will be passed on to other
super-peers nearby to continue with the query. After ex-
changing data on file directory content, the response will
be returned to the peer who made the initial request and the
peers will then communicate with each other and transmit
the information. However, when peer B in Fig. 5 is located
behind the a firewall or NAT, a super-peer will be required
to assist with the job of data transfer [24].

The advantages of 3rd-generation P2P transmission
architecture [24, 25, 31, 32] include:

& The super-peer is replaceable and thus users do not face
the issue of a disappearing server that occurs with the
1st-generation of P2P.

& With assistance and management from a super-peer, the
search speed will be accelerated and hence solves the
issue associated with 2nd-generation P2P.

The disadvantages of 3rd-generation P2P transmission
architecture [24, 25] include:

& Some architecture is equipped with other techniques
such as tree search and cache methods for accelerating
the search. However, this also increases the need for
maintenance.

Aside from the aforementioned architecture, the effi-
cacy of BitTorrent’s architecture is also highly recog-
nized. BitTorrent is a P2P file exchange technology
developed by Bram Cohen whose architecture compositions
include (1) a seed (the peer that owns the file), (2) a leecher (a
peer that needs the file), (3) a tracker (someone responsible for
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the leecher who locates the seed owning the file so file sharing
can proceed) [6, 33]. The operating principles of BitTorrent
are shown in Fig. 6 and the procedures are described below
[33].

First the seed will convert the file to be released into a
torrent file. Next, the seed registers the released file with
the tracker and the torrent file will include the location
data of the tracker. The seed then searches for a web
server and publishes torrent file into that website so that
it can be downloaded by a leecher. The leecher then
searches for that same file published on the web server
by the seed and then locates the torrent file published by
seed. The leecher then connects with the location of the
tracker through information contained within the torrent
file and notifies the tracker of the file to be downloaded,
the web address and the network port used. Later the
tracker will randomly select a peer with the same file to
form a list and then return that list to the peer as well as
the network port used by the peer. Finally, the leecher
will begin downloading and sharing files according to the peer
data in the list.

3 System design

3.1 Architecture of multimedia e-advertisements system

Multimedia e-advertisements system contain editing subsystem
which can alter the advertising content, the scheduling subsys-
tem, the delivery subsystem and the monitoring and manage-
ment subsystem as shown in Fig. 7. This paper explores the
delivery subsystem. The delivery subsystem delivers the ad-
vertising content for each advertising site according to the
results determined by the scheduling subsystem.

3.2 Delivery system architecture

The positioning of the delivery system falls into place between
the scheduling system and TCP/IP. The delivery system is
divided into three major management components including
the Message Manager that controls all transmissions, the Share
Data Manager that generates seeds and the Transmission Man-
ager that transmits seeds. All of this is shown in Fig. 8. The
collaboration of these three management components accom-
plishes massive data transmission to each endpoint.

The Message Manager commonly receives status mes-
sages; after receiving such messages the control component
will analyze the message and transmit it to the proper man-
agement components to initiate new action. With the excep-
tion of incorrect situations, the Message Manager will also
store messages in log for back tracing and debugging.

Figure 9 describes the process of Share Data Manager
when generating seeds. The delivery system transmits the
advertisement retrieved from the selected advertising list
and corresponding advertising content database to the Share
Data Manager via the Message Manager. Different seeds are
generated by the Share Data Manager according to the
different bandwidth and they undergo multi-path seed prop-
agation through the Transmission Manager.

The Transmission Manager is responsible for all physical
transmission of data. The delivery system notifies the
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Transmission Manager through the Message Manager of the
need to transmit seeds to certain relay endpoints. The seed is
then transmitted from the relay endpoint through a multi-
path and multi-seed transmission mechanism to other end-
points within the cluster. This is shown in Fig. 10.

3.3 Logical topology of the delivery system

The data source for this system is mainly an advertising content
database generated from a multimedia e-advertisement content
editing system. After the advertising content database is
selected by the multimedia advertising scheduling system
and completed with the play list it is stored into the ring
topology constructed by delivery servers. This is fol-
lowed by initiation of the driving and delivery work
from the central control system. The data is then trans-
mitted to the relay point of the regional cluster via the
network. A variety of clusters are constructed using re-
gional characteristics to ensure that they remain next to each
other. There are at least one to two relay points in any cluster
network and the relay points and endpoints connect with each

other to form a logical topology with a multi-path delivery
system. This is shown in Fig. 11.

3.4 Multi-path and multi-seed transmission scheme

This paper uses regional characteristics to generate a closely
connected cluster network using one or two endpoints as the
relay point, where the relay point and the endpoints connect with
each other to form amulti-path topology diagram. This is shown
in Fig. 12. Multi-path and multi-seed transmission schemes are
completed in two passes. At the first pass the relay point is
responsible for downloading all of the data from the delivery
network and generating a large number of seed. This is followed
by a distribution of the seeds to the database at different end-
points where each endpoint contains only a part of the entire
data from the first pass. At the second pass the seeds are re-
transmitted to other endpoints using the networking capability
of each endpoint. Upon transmitting seeds between the end-
points, each will own a complete multimedia e-advertisement.

The algorithm of proposed multi-path and multi-seed
transmission scheme can be described as follows:

Procedure Scheme() 
BEGIN{ 

// first pass // 

the relay point divides the multimedia e-advertisement into different 

seeds and distributes these seeds to each endpoint 

// second pass // 

each endpoint delivers its seeds to other endpoints. Meanwhile, the 

endpoint also accepts different seeds from other endpoints. 

} 

END 

The following example describes the operating pro-
cess of a multi-path and multi-seed transmission scheme.

At the first pass the relay point divides the multimedia e-
advertisement into different seeds and distributes these

Fig. 19 Changes in
transmission time under the
same number of nodes and
different data size
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seeds to each endpoint through the network. This is
shown in Fig. 13.

At the end of the first pass the relay point will complete
the transmission of seeds while the other endpoints will
receive only a portion of their own seeds. This is shown in
Fig. 14.

At the end of the first pass each endpoint contains only a
portion of the entire data. Each endpoint from the second
pass delivers its seeds to other endpoints. Meanwhile, the
endpoint also accepts different seeds from other endpoints.
Figure 15 shows an example of endpoint 2 and endpoint 5.
In fact, nearly all of the endpoints are concurrently trans-
mitting to each other.

After endpoint 2 and endpoint 5 of the second pass have
transmitted their seeds, other endpoints will receive new
seeds. This is shown in Fig. 16. Consequently, each endpoint
receives seeds from the other while its own seeds are trans-
mitted to other endpoints through the bandwidth given by the
endpoint. Finally, all seeds are collected and the entire multi-
media e-advertisement is shown in Fig. 17.

4 Experimental result

This paper applies a NCTUns network simulator [7] to simu-
late the desired experiment. The advertising content that is
transmitted in this simulated experiment is placed under a T2
leased line with a bandwidth of 6.1 Mbps. The cluster is
generated using regional characteristics thus simulating the

increase in the number of nodes from 10 to 60 (ascending in
increments of 10 nodes) while the data size increases from 100
to 800 MB (ascending in increments of 100 MB). We observe
what type of impact the number of nodes and the data size has
on the time of transmission.

4.1 Experimental result of single-path data transmission

When transmitting the same data size in a single-path envi-
ronment, increasing the number of nodes will increase the
time to transmit the data in an incremental proportion. The
experimental results is shown in Fig. 18.

When we transmit data in a single-path environment, main-
taining the same number of nodes will cause the transmission
time of data to increase in proportion to the increase in the data
size. The experimental result is shown in Fig. 19.

The previous two experimental results show that when
transmitting data in the single-path environment the data
size and the number of nodes affect the time required for
data transmission. The transmission time will rapidly in-
crease when both the number of nodes and data size increase
concurrently.

4.2 Experimental results of data transmission
through multi-path and multi-seed approach

Transmitting the same amount of data under a multi-path
and multi-seed approach does not increase the transmission

Fig. 20 Changes in
transmission time under
the different number of nodes
and same data size

Fig. 21 Changes in
transmission time under the
same number of nodes
and different data size
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time as the number of nodes increase. The experimental
result are shown in Fig. 20.

In a data transmission under a multi-path and multi-seed
environment, the increase of data size while keeping the
number of nodes constant will results in an increase in the
time for transmitting the data. The experimental results are
shown in Fig. 21.

The previous two experimental results indicate that the key
determining factor of transmission time under the multi-path
and multi-seed is the data size.

4.3 Analysis of experiment results

As compared to other improved schemes, the experiment
results demonstrate that the transmission time of a multi-
path and multi-seed approach proposed in this paper does
not increase due to the increase at the endpoint, which
stabilizes when faced with expansion in endpoints. At the
same time, when the data size increases, the multi-path
approach is used to expand the characteristics of bandwidth,
which are particularly suitable for a massive data transmis-
sion for the multimedia e-advertising.

5 Conclusion

Due to the diverse presentation of multimedia video and
audio for digital signage, as well as the advantage of local-
ity, real-time, segmentation, existence and multiplicity, a
number of surveys show that digital signage is becoming a
significant aspect of future advertising. Broadcasting multi-
media e-advertisements via the network is subject to a
variety of issues such as transmitting a massive amount of
data and delivering different digital advertising according to
the region. We hereby propose a multi-path and multi-seed
approach that is applicable to multimedia e-advertisement
transmission.

To resolve the issues present in transmission of mul-
timedia e-advertisement, this paper uses the seed concept
of BitTorrent and divides data contained with multimedia
e-advertisements into different seeds. A P2P-like multi-
path designed with an optimal multi-path is used to
broaden the bandwidth and to transmit a variety of seeds
via many different paths. Such an approach can fully
utilize the transmission capabilities of all endpoints inside
the cluster and assist with the transmission of multimedia
e-advertisements.

The experimental results indicate that the key deter-
mining factor of transmission time under the multi-path
and multi-seed is the data size. Transmitting the same
data size under a multi-path and multi-seed approach
does not increase the transmission time as the number of
nodes increase.

This paper uses regional characteristics to construct the
cluster; however, this paper does not take into consideration
a comprehensive protection scheme for network security.
Hence, future studies will need to take such online security
issues into consideration.
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