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Abstract - Many works have attempted to solve the scalability, the availability, and the low-latency problems of peer-to-peer
(P2P) live video streaming; yet, the problems still remain. While tree-based systems are vulnerable to churn, the mesh-based
systems suffer from high delay and overhead. The DHT-aided chunk-driven overlay (DCO) [1] tried to tackle these problems
by using the distributed hash table (DHT), which structures into a mesh-based overlay to efficiently share the video segment.
However, DCO fully depends on the capacity of the users device which is small and unstable, i.e., the users device may leave
and join the network anytime, and the video server's bandwidth can be insufficient when the number of users joining the
network suddenly increases. Therefore, cloud assist is introduced to overcome those problems. Cloud assist can be used to
enhance the availability, the low-latency, and the scalability of the system. In this paper, the DHT is used to maintain the
location of the streaming segments in a distributed manner, and the cloud server is used to assist other peers when the
bandwidth which required for sharing the video segment is insufficient. The simulation results show that by using the
threshold and cloud assist, the availability and the low-latency of the video segments, and the scalability of the network are

greatly improved.

Key Words :

1. Introduction

As the speed of the internet is continuously upgraded, the
demand for high quality video streaming is also becoming a
standard expectation of the users. However, because of the
scalability, the availability and the low-latency problems, the
current live video streaming still cannot meet the user
demand. Peer-to-Peer (P2P) live video streaming is one of
the most popular areas which have been proposed to solve
these problems.

Shen (et. al) tried to tackle this problems by using the
DHT network to improve the performance of the P2P live
video streaming [1]. However, the availability and the
low-latency problems are still the main obstacles of this
work because, the stream sharing fully depends on the
capacity of the users’ device. In P2P live video streaming,
the clients not only receive the video segments from the
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servers, but also send and receive the video segments to
and from other clients. Therefore, if the users’ device are
not stable, other users will not get the desirable quality of
the video stream. Moreover, the server’s bandwidth will be
insufficient because the server has to sends the video
segments to more clients’ device as the number of users
increases. Therefore, this paper proposed a cloud assisted
live video streaming over DHT overlay network to improve
the scalability, the availability and the low-latency of the
system.

In this work, the P2P network is based on a scalable DHT
network which structures into a mesh-based overlay to
efficiently manage the video stream sharing. In this system,
in order to maintain the availability, the low-latency and the
scalability of the system, cloud assist is deployed. The cloud
server joins the DHT network as a node, the same as other
users’ device. However, the cloud server has bigger capacity,
and it is stable. The cloud server is used to assist other
nodes when the number of available segments is less than
the pre-defined threshold.

The threshold refers to the number of nodes which has
to receive the video segment at each delay time (7).
The delay time 1is the allowable times that one video
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segment will be available in the network. For example, if
the delay time is set to 3 seconds, during the delay time
7610 (Tyeryo) the video sever needs to send the video
segment 7 to /) nodes. Then, at the first delay time
(Theryz=1 second), the nodes which received the video
segment from the video sever need to share the video
segment to other 4; nodes. At the second delay time
(Tery2=2 second), all nodes which already received the
video segment need to send the video segment to 42 nodes.
Finally, at the third delay time (Zius=3 second), all the
received segment nodes need to disseminate the video
segment to all remained nodes since it is the last allowable
time for sharing the video segment i

The threshold is also used to limit the number of nodes
that the server is responsible for sending the video segment
to. The server only sends the video segment to the
threshold nodes. After that, the video segment will be
shared among nodes in the network until every node
receives the video segment. Therefore, the threshold must
be carefully calculated in order to efficiently use the server
capacity.

The rest of this paper is organized as follow: Section 2
will talk about the related works. Section 3 will be
concentrated on the cloud-assisted live video streaming
system. The performances analysis will be elaborated in
Section 4. Finally, the conclusion will be presented Section 5.

2. Related Works

Many existing works have been studying on P2P live
video streaming; however, most of those works focused on
tree-based [2-4], mesh-based [5-7], and hybrid structure
[8-10]. Only a few works have focused on using DHT [1]
and cloud assist in P2P live video streaming [11-13].

DCO [1] is one of the most recent works and also maybe
the first work that used DHT to improve the scalability, the
availability, and the low-latency of P2P live video streaming
systems. This work has a two-layer hierarchical DHT-based
infrastructure where big capacity nodes form a Chord DHT
in the upper tier and other nodes connect to the DHT
nodes in the lower tier. The performance of this system is
far better than that of mesh-based and tree-based system.
However, it fully depends on the capacity of the users’
device which is unstable, ie, users join and leave the
system at any time, and the video server’s bandwidth will
be insufficient when the number of users suddenly
increases.

Cloud assist has been proposed to maintain the video
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quality and the scalability of the system, and also to deal
with the inconsistency of the clients’ device. Sweha (et. al)
proposed a cloud-based service called AngelCast that
enables content providers to elastically assist P2P streaming
as needed [11]. By subscribing to AngelCast, a content
provider can use extra resources on demand from the cloud
to maintain the video stream quality. The client nodes in

AngleCast are arranged in tree-based structure. Payberah

(et. al) proposed Cloud-Assisted P2P Live Streaming (CLive)

to tackle the bottlenecks in the available upload bandwidth

at media source and inside the overlay network that can
limit the quality of the server (QoS) [12]. CLive dynamically
rents the cloud resources to increase the amount of total
available bandwidth and the probability of receiving the
video on time. CLive is based on mesh-pull P2P overlay
network for video streaming wusing a gossip-based
aggregation protocol. Cloud-Assisted Live Media Streaming

(CALMS) [13] adaptively leases and adjusts cloud server

resources in a fine granularity to accommodate temporal and

spatial dynamics of demands from live streaming users.

CALMS provides a generic framework that simplifies the

migration of existing live media streaming services to a

cloud assisted solution.

None of the above works uses cloud assist with the DHT
network to improve the performances of the P2P live video
streaming. Hence, in this paper, cloud assist and the DHT
network have been used together to enhance the video
quality as well as the scalability of the network. Since the
DHT can be effectively used to find the location of each
node in the network, we deploy DHT in the P2P live video
streaming to find the location of the nodes which store the
specific segment. Each node uses the DHT methods such
as:

e Get() to find the location of node which stores the
buffer map information list of the specific segment and
request the buffer map information from that node.

e Put() to send the buffer map information to store in the
buffer map information list of the specific segment.

Cloud assist is employed in this work in order to
complement the video server's bandwidth as well as to
supplement the required bandwidth for sharing the video
segment to nodes in the network. As the number of nodes
joins the DHT network increases, the video server may not
have enough bandwidth to send the video segment to the
threshold nodes. Thus, cloud assist can be wused to
complement. Moreover, because some problems such as
nodes leave and join the network, some nodes fail to
receive the video segment due to the network problem, and



so on, the required bandwidth for sharing the video
segment among nodes in the network may be insufficient.
Therefore, cloud assist can be used as the supplement.

3. Cloud Assisted Live Video Streaming System
3.1 System Overview

The cloud assisted live video streaming system is built
over DHT overlay network to efficiently share the video
stream among peers, as shown in Fig. 1. There are two
layers in this figure. The top layer is the distributed hash
table management layer. Each node in the DHT network has
a buffer to catch the video segment and the buffer map to
store the information of the buffer (e, the states of the
segment in the buffer, e.g, empty or buffered states). After
the video segment is already played, this segment will be
deleted from the buffer map to reserve a space for new
segment. Every node can be used to store the buffer map
information list. The buffer map information list contains a
list of buffer map information. The buffer map information
consists of the buffer map, starting segment’s number, and
[P address of the node which stores the buffer map. Hence,
each node can use this buffer map information to look for
the node which stored the required segment. The bottom
layer is the delivery network layer. This layer shows how
the video segments are transmitted. As illustrated in this
figure, the video server transmits the video segment to
some nodes and to cloud server. Then, the received nodes
and cloud server retransmit the segment to other peers.

. A _
a— y Y .
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e

Distributed Hash Table Management @

Delivery Network Management

Fig. 1 The system architecture

In this system, all nodes are arranged in a mesh-based

DHT 2z{|o] HEIoM E2IRE E=x2| P2P 2j0|2 H|C|2 AEZ|Y

Trans. KIEE. Vol. 66, No. 1, JAN, 2017

structure, and the DHT method such as put (key, buffer
map information) and get (key) are used to send and obtain
the buffer map information from the DHT node which is
responsible for storing the buffer map information list of
each segment. Moreover, the cloud servers join the DHT
network as nodes the same as other users’ device. While
each node receives the video segments from the video
server, cloud and other peers, the cloud server only receives
the video segments directly from the video server.
Therefore, the quality and the availability of the video
segments in the cloud server can be maintained. Cloud
server will assist other nodes in case the number of nodes
which received the video segment is less than the
pre-defined threshold. For segment j at each delay time,
cloud server periodically requests the buffer map
information list of this segment from the node which stored
the list. Then, cloud server counts the buffer map
information in the buffer map information list. The number
of the buffer map information in the buffer map information
list equals the number of nodes which received the video
segment because all nodes must register its buffer map
information to buffer map information list after receiving
the video segment. After that, if the number of buffer map
information of segment 7 is less than the threshold, cloud
assist will be used. There are two possible methods of cloud
assist: push-based assist and pull-based assist.

3.2 Push-Based Assist

Push or server push technology refers to a style where
the server sends the data to the clients without requiring a
request from the clients. It contrasts with the pull-based
technology where the client or receiver initiates the
transaction request [14]. In push-based, for P2P live video
streaming system, the video server or the peers, which
stored the video segment, actively push the video segment
to other peers when they have free upload bandwidth,
where in pull-based, clients or the requested peers send
the download requests to the server or other video
segment’s source [15].

In our work, for push-based assist method, at each delay
time if the number of buffer map information in the buffer
map information list of each segment is less than the
threshold, cloud server randomly chooses some nodes in the
DHT network to receive the video segment. The number of
chosen nodes equals the threshold (£) minus the number
of nodes which already received the segment (fosen =85 -
Dreceivea). Then, cloud server directly push the video segment
to the chosen nodes. After receiving the segment, those
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nodes register its buffer map information to the buffer map
information list to share the video segment to other nodes.
Figure 2 reveals the process of push-based assist in
details. At segment 100, cloud server requests the buffer
map information list from node P4. After receiving the
buffer map information list, cloud server counts all the
buffer map information in that list. Because the number of
buffer map information is less than the threshold 4 cloud
server starts to send the video segment to random nodes, in
this case node P1 and P5 are chosen to receive the video

segment from cloud server.

— Get(Key) 1. Finda target peer
2. Get a buffer map
N info list

L 37 -lgg 3. Sendvideo
S 1 segment to node

@
1. At segment i, cloud server retrieve the -
buffer map information list i s e,
2. Count the buffer map information in the [160.182.15.01 % | LL100000 |
list.
3.If the number of buffer map informationis  |[142.12.12.10s] 94 [11110010 |

less than the threshold, cloud server send the

video segment to the chosen nodes (1jpsen= Bufter Map Info [Lisvfor Segmeit Nos=100

- Mreceived)

Fig. 2 Push-based Assist

Some nodes may fail to receive the video segment at
each delay time because of the problems such as more
nodes join the network after the segment has already been
sent to the /4 nodes, nodes which received the video
segment unexpectedly leave the network, and some nodes
fail to receive the video segment due to the network
problems, etc. If the number of nodes which failed to
receive the video segment at each delay time represents by
¢ push-based method needs (segment size xe¢) of the
bandwidth to send the video segment to the e nodes to
maintain the low-latency and the availability of the system.

3.3 Pull-Based Assist

Pull or client pull technology refers to the technology in
which the initial request of the data originates from the
client; and, the server or other data sources respond to that
request [14]. In pull-based method, every node periodically
send the notification to its neighbor of what segments it
has. Then, each node requests the missing segment from its
neighbor according to the notification [16]. The simplicity
and the robustness are the main advantages of pull-based
method.

In this work, at each delay time, if the number of nodes
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received the video segment is less than the threshold, cloud
server generates the hash key and sends its buffer map
information to store in the buffer map information list of
this segment by using the generated hash key. Thus, other
nodes can request the cloud server’s buffer map information
from the node that stores the buffer map information list of
the specific segment. By using this buffer map information,
those nodes can request the video segment from the cloud
server. After receiving the video segment, those nodes also
register their buffer map information to the network to
share the segment to other nodes. Therefore, the cloud
server will not be overloaded with many requests. The
detail process of pull-based assist is illustrated in Fig. 3.
First, cloud server requests the buffer map information list
of video segment 100 from node P4. Then, cloud server
counts the buffer map information in that list. Because the
number of the buffer map information of this segment less
than the threshold 4 cloud server registers its buffer map
information to the buffer map information list of the
segment 100 which stores in node P4. After that, the nodes
which fail to receive the video segment 100 start to request
the cloud server's buffer map information from node P4.
Finally, by using this buffer map information, those nodes
can request the video segment 100 from cloud server since
this buffer map information contains the [P Address of the
cloud server.

put(Key. Buffer
Map Info)

1. At segment 7, retrieve the buffer map
information list

2. Count the buffer map information in
the list.

3. If the number of buffer map
information is less than the threshold,
cloud server enroll its buffer map
information for this segment to DHT

98 [ 11100000 |:

[142.1212.105] 94 [ 11110010 |}
Buffer Map Info List for Segment No. = 100

Fig. 3 Pull-based Assist

If € refers to the number of nodes which failed to
receive the video segment at each delay time due to the
problems as mentioned above, in pull-based assist, the
required bandwidth for sending the video segment to those
€ nodes is (segment size x €). In order to maintain the
low-latency and the availability of the system, the cloud
server has to reserve the bandwidth at least (segment size



x ¢) for sending the segment to e nodes.
34 System Modeling

At each delay time, cloud assist is used if the number of
nodes which received the video segment J is less than the
threshold (#). The threshold (&) refers to the number of
nodes which has to receive the video segment at each delay
time (7yu,) in order to effectively share the video segment
in the system during the defined delay time. The delay time
is the allowable times that one video segment can be
available in the network. The upper bound of the threshold
should meet the following conditions:

n—pg=y (1)
pxXp=y (2)

where n is the total number of nodes, y is the number of
nodes which has not received the video segment, and x« is
the node’s capacity which can be calculated:

NTB
w=

(3)

S

where N7Z is the node’s total bandwidth, and s is segment
size.
From Egs. (1) and (2), £ can be calculated as follows:

Delay Time

Tcl:lay

Fig. 4 Optimized threshold

Fig. 6 Segment transmission (z =2, Ty =3)
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n
= (4)

If the server sends the video segment to this upper
bound 4, during the first delay time all nodes will receive
the video segment.

However, /4 value must be optimized in order to improve
the scalability of the system as well as to reduce the
required video server’s bandwidth. In this case, 7Zyes can be
used to optimize the value of 4 as shown in Fig. 4. The
delay time in Fig. 4 is the time required for distributing a
segment from the video sever to all peers with the help of
peers’ relay. If the delay time is longer, the threshold & will
becomes smaller because the allowable time for sharing each
segment will be longer. So that, the required video server's
bandwidth will — reduce. 7Zuemy, in Fig. 4, refers to the
maximum allowable delay time of each segment, ie., if the
Tuerny time units pass, the segment will not be available in
the network anymore as shown in Fig. 5. As illustrated in
this figure, the segment 98 will be available in the network
from when the first node P4 receives the video segment
and last until the 7 times pass, ie., until P1 finishes
playing this segment 98. Thus, after 3 seconds (7yemy = 3)
pass, P2 will miss the segment 98.

In our work, after each node receives the video segment,
it will register its buffer map information to the buffer map
information list in order to share the segment with other

0|

99

[

99 100

il [ o |
99 100 101

Taetay =3

Fig. 5 The allowable delay time of segment 98
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nodes. The number of nodes which receives the video
segment from a node depends on its capacity. If « is the
capacity of the node, the segment transmission time (7juns)

is % second (# can be calculated by using Egs. 3). For

instance, if the node’s capacity is 2, the segment
transmission time is 0.5 second. Thus, after 0.5 second, a
node receives the video segment from the source nodes. For
another 0.5 second, the source node and another node,
which received video segment from the source node, send
the video segment to a node each. Therefore, after a
second, three nodes will receive the video segment from
one source node, as shown in Fig. 6. According to this
figure, the total nodes n can be calculated as follows:

Tdelay
S (5)

trans

n=Ly+ L+ L,+ ..+ L, wheret=

Also, if Ly, =pf,,, we can calculated Lgy, Ly,..., L; as

follows:
Ly=0,,
L, =2"x% Bt
L,=2'x8, (6)
L,=2"tx Bopt

From Egs. (5) and (6):

Tietay
Tirans
n= Bopt + E (2L71 X /Br)pt) (7)
t=1
1
Because 7}, = —
n
ﬂopt = Tyeray X 1 (8)

1+ Y, 2!
t=1

Depending on the node’s capacity 4 the number of nodes

receives video segment at each delay time can be calculated
as follows:

ny = L (9)
ng =L+ L+ Lyt ot Loy,
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where j=(ux (i—1)) +1, and k= p—1

For each segment j cloud server requests the buffer map
information list from the node which is responsible for
storing this list. Then, cloud server uses this list to count
the number of the buffered segment of the segment i If &
is the segment status (@ ={0,1}, that O indicates the empty
state, 1 indicates the buffered state of the segment), the
function of the segment states can be represented by f(@) =
a. The empty or the buffered states of the segment can be
illustrated as the following function:

ifa >0

otherwise (10)

fla) =1}

f@) equals 1 in case the buffer's slot has already stored
the segment, and equals 0 in case the buffer's slot is

empty.
And if ¢ is the number of nodes which received the
segments:
0 =3 fla),V fla) >0 (11)

If the number of nodes which received the video
segment 7 is less than the threshold (¢ < 4, cloud assist is
used. The number of the nodes which received the video
segment 7 can be less than the threshold in cases:

* Nodes leave and join the network after the segment / is
already sent to the £ nodes.

e The nodes which have already received the video
segment unexpectedly leave the network.

e Some nodes failed to receive the video segment due to
the network problems, etc.

If we assume that ¢ are the number of nodes which
cannot receive the segment due to the above problems, we
need to reserve cloud’s bandwidth Ce (Ce = segment size x €)
to assist the peers at each delay time. We can used the video
streaming history to predict the Ce

Moreover, cloud assist also can be used to improve the
scalability of the system. As shown in Fig. 7, when the
server reaches its maximum capacity, cloud assist can be
used to complement the server's capacity. As the cloud
server can be hired on demand, during the peak period, the
scalability of the system can be improved by hiring bigger
cloud capacity, and vice versa.

If By, Bg, and B, are the total bandwidth, the
bandwidth of video server, and the bandwidth of cloud
server, respectively, which required for sending video
segment to &, (the £ at Tyemo) nodes:



>
B

Br

Bc

Bandwidth

------------------------- By

»

Number of nodes (n) i

Fig. 7 Bandwidth of cloud and video
sending video segment to 4, nodes

server require for

Bp= B¢+ B, (12)

Also, the scalability of the system can be improved by
upgrading the video server capacity or using CDNs instead
of cloud server. However, according to [13] using cloud
server is the best method to improve the performances of
the system with the reasonable cost if compare to CDNs.
The performances of CDN is comparable to cloud server but
the cost is more expensive. Using cloud server can save up
to 39.6 percent if compare to CDN. Moreover, for live video
streaming, during the peak period when there are millions
of devices watch the video stream at the same time, is only
occurred occasionally such as during Olympic Game, World
Cup, etc. If the video server’s capacity is upgraded to meet

Table 1 j3,, and the required bandwidth

Number of nodes Delay time (3 seconds)
(n) Bogt Bandwidth (KB)
1000 16 4800
2000 32 9600
3000 47 14100
4000 63 18900
5000 79 23700
6000 94 28200
7000 110 33000
8000 125 37500
9000 141 42300

*The 0 opt and the require bandwidth are calculated by using Egs. 8.

The value of u and video segment size are the same as mention in
experiment setup.
the users demand during these peak periods, there is a

waste of resources during the normal period which only a
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small amount of its capacity is used.

If C is the total cloud bandwidth which is used to allow
all clients stream the video smoothly, Ce is a cloud
bandwidth which is used to send video segment to the
number of nodes which failed to receive the segment due
to some problems as mention above, Cj is the cloud

bandwidth which is used to complement the video server in
case the video server does not have enough bandwidth to
send the video segment to /4 nodes:

C=C+C, (13)

where Cﬁ =0 in case video server has enough bandwidth

to send the video segment to the threshold nodes.

4. Performance Evaluation

In order to evaluate the system performance, a simulation
program has been developed. In our experiment, we set the
upload bandwidth of the server and cloud to 40,000 Kilobits
per Second (Kb/s) and the upload and the download
bandwidth of each node to 600 Kb/s. However, the upload
bandwidth of the server and cloud can be changed in some
experiments. The video size is set to 120 segments and
segment size is 300 Kb, that one segment can be played for
1 second. Thus, the video length is 2 minutes. The buffer
size is set to 10. After the upload bandwidth of the clouds
and the nodes which received the video segment are full,
the requested nodes are queued and will request the video
segment again after the bandwidth is available. The number
of nodes which joins and leaves the network are set to the
exponential distribution with mean value of 2 percent and 1
percent of total nodes every half second, respectively. Nodes
which leave the network are randomly chosen so in some
cases it can be the nodes which have already received the
video segment. The delay time (7}, ) is set to 3 seconds,

ie, all nodes need to receive each segment during 3
seconds. We run each experiment five times and report the
average as the final experimental results.

4.1 Latency

Figure 8 demonstrates the average delay time of the
segments while the number of nodes is increased. As
illustrated in this figure, push-based and pull-based
methods are better than no-cloud assist method. In case
there is no cloud assist, the delay time of each segment
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exceed 3 seconds. As shown in Table 1, the video server
has enough bandwidth to send the video segment to &)
nodes even when the number of nodes reach 8000 with the
delay time 3 seconds. However, the simulation result shows
that even when the number of nodes is less than 8000, the
average delay time of each segment still exceed 3 seconds
when no-cloud method is wused. It is because some
problems such as nodes leave and join the network after
the video segment has already been sent to the /4 nodes,
etc,, that lead to the number of nodes which receives the
video segment less than the threshold. The delay time of
pull-based and push-based methods are slightly different
due to the differences in the number of nodes leave and
join the network. Because cloud does not have enough
bandwidth, the delay time of both methods exceed 3
seconds when the number of nodes reach 3000. The delay
time of both methods will not over 3 seconds if cloud
server has enough bandwidth.

Figure 9 shows the amount of cloud bandwidth for both
methods (push-based and pull-based) which is needed for

maintaining the delay time of the network, ie., if this
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amount of cloud bandwidth is used for each method, the
delay time will not exceed 3 seconds. In this experiment,
clouds capacity is set to big enough for sending the video
segment to all nodes which failed to receive the video
segment. As shown in Fig. 9, the bandwidth of pull-based
and push-based methods are marginally different. Both
methods have to reserve bandwidth at least (segment size x
€) Kb for sending the video segment to nodes which failed
to receive the segment. The e refers to the number of
nodes which failed to receive the video segment due to the
problems such as nodes leave and join the network after
the segment is already sent to the /4 nodes etc. However,
push-based method is slightly better than pull-based
because, in push-based, cloud server directly send the video
segment to the missing segment node without registering its
buffer map information to the buffer map information list.
To register the buffer map information to the buffer map
information list, a DHT search is needed. Also, when each
missing segment node requests the segment from the cloud
server, that node needs to use a DHT search to search for
the cloud server’s buffer map information before sending
the request to the cloud server. Therefore, by using
push-based technique, the number of DHT searches can be

reduced.

4.2. Availability

Figure 10 shows the number of remained nodes when
the number of nodes in the network is increased. The
remained nodes refer to the nodes which do not receive the
video segment after 7yey time (Zie is set to 3 seconds in
this experiment) pass. The number of remained node of
no-cloud method is worse than other methods, while the
remained nodes of push-based and pull-based methods are
comparable, When the number of nodes reaches 3000,
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Fig. 11 Amount of the required server bandwidth when the
delay time is increased

pull-based and push-based methods have some remained
nodes due to the lack of cloud’s bandwidth. If cloud has
enough bandwidth, all nodes will receive the video segment
during 3 seconds. Even the delay time, as shown in Fig. 8,
of each method is insignificantly different, the number of
remained nodes of no-cloud assist is more than that of
other methods. For instance, when the number of nodes
reaches 3000, the delay time of no-cloud method is 3.49,
and the delay time of push-based and pull-based methods
are around 3.05. However, according to Figure 10, for
no-cloud assist, after delay time 3 (after 3 second) pass, the
number of remained nodes is 413 comparing to the
remained nodes of pull-based and push-based methods are
only around 5.

4.3 Scalability

Figure 11 demonstrates the required servers bandwidth
when the delay time is increased. In this experiment, the
number of nodes is set to 6000 and the bandwidth of the
server and cloud are set to big enough to efficiently send the
video segment to all nodes without exceed the defined delay
time. As illustrates in Fig. 11, when the delay time is
increased, the server bandwidth, which required for sending
video segment to 4 nodes, is decreased. It is because, as
mention in Sect. 4.4, the threshold & depend on the delay
time 7. The bigger the 7ies, the smaller the threshold 4.
Thus, in order to maintain the video quality and the
scalability of the system with the effective cost, the delay
time must be carefully chosen. The server bandwidth here
refers to the bandwidth of both the video server and the
cloud server.

As demonstrated in Fig. 12, cloud server also help to
maintain the scalability of the system. In case the video
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Fig. 12 Cloud bandwidth and server bandwidth required for
sending the video segment to B0 nodes

server does not have enough bandwidth to send the video
segment to all &, nodes, cloud’s bandwidth can be used to
complement. As the number of nodes increases, the
threshold also increase. Thus, the video server may not have
enough bandwidth to send the segment to all threshold
nodes. When the video server’s capacity reaches its peak, the
cloud server can be used to complement. According to Fig.
12, when the number of nodes reaches 9000, server does not
have enough bandwidth to send the video segment to all 4
nodes. Thus, the cloud’s bandwidth is used for both, to assist
peers in case the bandwidth required for sharing the video
segment is inadequate, and to complement the video server
in case the video server does not have enough bandwidth to
send the segment to the 4 nodes. Because the cloud server
can be dynamically hired, during the peak period, the
scalability of the system can be improved by hiring bigger
cloud capacity, and it can be reduced when the number of
users decrease.

5. Conclusion

In this paper, cloud assisted live video streaming over
DHT overlay network has been proposed. Cloud assist is
introduced to improve the availability, the low-latency and
the scalability of the system. Because cloud server is
consistent, has dynamic capacity, and receives the video
segments directly from the video server, the availability, the
low-latency and the scalability of the system can be
maintained.

The performance evaluation results show that with the
use of the cloud assist, the performances of the system are
greatly improved. If the cloud server has enough bandwidth,
the low-latency and the availability of the video segment
can be guaranteed. Moreover, cloud server can be used to
improve the scalability of the system. In case the video
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server's capacity reaches its peak and does not have enough
bandwidth to send the video segment to (4, nodes, cloud
server can be used as a complement.

In the future, in order to effectively share the video
segment among peers, the users location is also needed to
study in details.
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