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Abstract—Recently, the demand for content delivery in
wired/wireless heterogeneous networks is increasing at a rapid
pace. Content Distribution/Delivery Networks (CDNs) are consid-
ered to be one of the best solutions for dealing with this increasing
demand. In this paper, we point out that the performance of a
CDN typically degrades in such heterogeneous environments due
to the changes in not only user demand but also wireless mobility,
which triggers unexpected fluctuations in traffic. Wireless users,
roaming between different access networks, may contribute to
sudden and unexpected demand spikes in certain parts of the
content delivery system. To address this issue, we develop a
cooperative server selection scheme, which is designed to max-
imize robustness to such changes with the cooperation between
the content delivery system and its users. The performance of
our proposal is evaluated by extensive computer simulations.
The evaluation results demonstrate that our proposed scheme
effectively makes the considered content delivery system resilient
against request fluctuations while minimizing system overloading.

Index Terms—Content distribution/delivery networks, server
selection, cooperative system, heterogeneous networks, and load
balancing.

. INTRODUCTION

N the last decade, the ways of accessing Internet entered an

amazing transformation featuring a heterogeneous mixture
of wired and wireless connectivity, which promises to offer
an unprecedented level of ubiquitous broadband access. Such
recent advances in network technology have contributed to
an upsurge in demand for next generation content services.
For example, next generation wireless technologies such as
Worldwide Interoperability for Microwave Access (WiMAX)
and third/fourth-generation (3G/4G) cellular systems, as well
as the current generation wireless technologies (e.g., Wireless
Fidelity or WiFi), are enabling users with mobile access to
real-time data-intensive applications, e.g., streaming movies
and video conferencing, with a greater ease. In addition
to these infrastructure-based technologies, infrastructure-less
wireless networking technologies can also alow us to con-
struct flexible networks [1]. As these new technologies and
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services continue to develop further and gain more popul arity,
it is crucia to ensure that their underlying content delivery
system also goes through similar advancement.

The Content Distribution/Delivery Network (CDN), one of
the content delivery paradigms, has been widely embraced
by the industry as the standard method for disseminating
large amounts of contents to the users. As the demand for
real-time streaming applications grows, end-users may tend
to more increasingly depend upon CDNs in procuring these
services. The nature of rea-time traffic and/or on-demand
contents gives rise to a new set of chalenges in dealing
with the highly variable requests from the users. Seemingly
insignificant content at one moment, may surge to the peak of
popularity in the next, triggering a sharp rise in demand, which
can bring network performance to a halt, and even cripple
unprepared servers. Furthermore, mobility of users presents
complicated challenges to CDNSs [2]. Heterogeneous access
environments allow mobile users to switch the network freely
according to different situations. This change can also trigger
similar fluctuations in demand.

Although a number of schemes for improving the perfor-
mance of CDNSs exist in literature, a cooperative approach,
which may consider the needs of both the the CDN system and
its users is essential in order to maximize the remaining net-
work resources to deal with unexpected changesin demand. In
order to address this issue, content server selection technique
holds much promise. If servers are not selected and assigned
to the users with appropriate care, some of the servers will not
only become overloaded, but also as they are inundated with
traffic, local hot-spots will appear in those areas resulting in a
further decline in performance. With thisin mind, in this paper,
We propose a new “cooperative user-system” approach, which
uses server selection to not only satisfy the user demand and
system constraints, but also ensures high resource availability
to combat the unexpected growth in demand by effectively
taking the hot-spot problem into account.

The remainder of the paper is structured as follows. Sec-
tion Il provides an overview of current server selection
methods in CDNs. Following the problem formulation in
Section |11, Section 1V presents our proposed approach. In
Section V, we present our simulation results and analysis to
evaluate the performance of the proposed approach. Finaly,
Section VI concludes the paper.
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Fig. 1. A CDN system over the Internet.

Il. CONVENTIONAL SERVER SELECTION APPROACHES

To date, networks based upon Internet Protocol (IP) account
for most of the current Internet communications. Autonomous
Systems (ASs) and collections of IP networks such as In-
ternet Service Providers (ISPs) are connected together and
collectively form the Internet. CDNs are also no exception
— a CDN is implemented as a network built on top of the
existing IP infrastructure as depicted in Fig. 1. The content-
delivery infrastructure, which is responsible for distributing the
content to the users, consists of a number of content servers.
Redirect servers also play an essential role to distribute user
requests to the appropriate content servers. Since routing is
performed at the underlying IP layer and operated by third-
party companies, redirect servers are only used for selecting
the appropriate content server(s).

For server selection, there are two approaches based on
a dtatic criteria and a dynamic set of criteria, respectively.
In the static server selection approach, the server is chosen
based on non-changing parameters (e.g., the number of hops,
link bandwidth, content delivery server performance, and so
forth), which are configured during the deployment of the
network. The static approach is simple and achieves good
performance as demonstrated in the research work conducted
in [3] when traffic fluctuation is low. It is also ideal for
situations where real-time network estimation techniques are
not available. However, due to its static nature, it cannot deal
with dynamic fluctuations in traffic. Recent researches have
dedicated lots of effort on dynamic server selection [4]{7],
in which the server is chosen based upon dynamic parameters
subject to abrupt fluctuation, e.g., the number of user requests,
network link load, and the content server load. Although
these dynamic metrics can be exploited to improve the server

selection, preparing for future fluctuations without leading to
a substantial overhead remains a major issue.

Furthermore, how to optimally select the server (i.e., follow-
ing the user-centric way or adopting the server-oriented strat-
egy) aso raises an issue. Individual user-centric approaches
am a minimizing transmission delays and/or throughput
maximization, such as covered in the work in [8]-{10].
Although user-centric approaches optimize the performance
of individua users, they do not guarantee on achieving the
optimal performance of the entire system. In contrast, system-
oriented approaches [3], [5], [11], [12] strive to make system-
wide optimizations, such as increasing the total throughput,
and balancing the network and/or server load.

Note that the af ore-mentioned approaches do not adequately
take into account the level of tolerance of the sudden fluc-
tuations in requests from the users. If excessive requests are
dispatched to a particular content server, the server will not be
affected itself alone, but the overall performancein the vicinity
of the server will degrade. This phenomenon can severely
degrade the performance of the entire CDN. In fact, traffic
fluctuations, which lead to such situations, may be represented
as a function of the demand of users. While most of the
previous research works have assumed that users demand can
be estimated from demand-time history or gradual pattern in
dynamic changes, it is not a reasonable methodology in the
CDN context, whereby the number of users may suddenly
and significantly change due to users mobility and frequent
switching of the connected network.

Recent advances in IP networking technology have given
rise to a new heterogeneous access environment built on
wireless and wired technology, particularly in the last-mile,
closest to the end-users. As a consequence, the next generation
content delivery services must be robust enough to such traffic
fluctuations, which occur unexpectedly and can cause drastic
degradation in performance of the CDN. In order to address
this issue, in this paper, we design a new dynamic server
selection method, which provides a load bal ancing mechanism
to account for sudden changes in traffic. By avoiding traffic
interference, which creates problems for over-used links, a
CDN can be made resilient against dynamic changes in user
requests. Our system also comprises cooperative interaction
between the CDN system and its users in terms of solving the
problem by minimizing denia of service while maintaining an
acceptable level of system load.

1. PROBLEM FORMULATION

In this section, we first describe our research motivation, and
present an overview of the considered system model. Then, we
formulate our research objective as an NP-hard optimization
problem.

A. Motivation behind our research

Our research aims at maximizing the robustness of a CDN
system to encounter the effect of unexpected sudden requests
fluctuations. Note that our motivation differs from the existing
ones, which attempt at maximizing the number of users and
the available network resources at the same time. Most of the
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previous research work have focused on optimizing the per-
formance of CDN under the scenarios whereby some servers
or network links are overloaded due to the concentration of
requests or traffic due to inappropriate selection of servers. In
such scenarios, different types of optimization schemes may
be considered from the points of view of different entities
(i.e., server, network, and end-users) by using various criteria.
In contrast, our research focuses on the scenario that there is
no overloaded equipment in the system, but the distribution
of the remaining resources may not be optimal for satisfying
further demands. The performance of CDNs in such scenarios
have not been sufficiently addressed in literature due to the
assumption that the distribution of request onsets in time and
space is, athough subject to change at some point of time,
remains consistent for a certain period following a change.
This is owing to the fact that the request event is assumed to
be just a function of users demand. Therefore, much research
effort has been dedicated towards developing methodologies
that consider distributing requests or traffic from crowded
areas to uncrowded ones.

However, in the next generation CDNs, most of the users
are supposed to access the CDNs by using mobile terminals
via different access networks, which are parts of different
ASs. In such situations, users' mobility and hand-off from the
access network may contribute to demand spikes in certain
ASs. It isimpossible to forecast when and where such request
fluctuations or spikes may occur. Also, it is quite difficult to
dynamically control the server selection method by following
such sudden and instantaneous changes. Therefore, we focus
on maximizing the robustness of the CDNs for unexpected
request fluctuations before such changes may cause actual
congestions.

B. Considered System model

Since CDNs continue to grow in size in order to meet the
rising demands and to more effectively serve the users, we con-
sider a distributed CDN system. This consideration is similar,
in spirit, with numerous research works on CDNs[6], [8], [13].
In our distributed model as shown in Fig. 1, CDN providers
usually deploy content serversin multiple ASs. CDN providers
also place a redirect server per AS. Content delivery servers
are designed to both store and serve a considerable amount of
content to the users (i.e., the customers who will subscribe and
obtain the content). In our model, we assume that each content
server is capable of establishing multiple connections and its
capacity is defined by the maximum number of connections
available simultaneously. Redirect servers are endowed with
the responsibility of redirecting user requests to the appropriate
content servers (i.e., the available servers having the desired
content).

When a user issues a request for a particular content, the
request is sent to the local redirect server in the same AS as
user. Upon receiving the request, the redirect server forwards
the request to the appropriate content server. This decision
is based on the information collected and maintained by the
redirect serversin various ASs. It is worth noting that although
this information is useful for making intelligent decisions

based on the current state of the network, since past trends
do not predict future demands, it cannot be used with ease to
anticipate imminent user requests. This is why we stress on
introducing a new server selection algorithm on each redirect
server by utilizing their information on content servers and
AS networks. Indeed, information sharing between the content
and redirect serversis easy and practical since they are usually
deployed by the CDN providers in partnership. On the other
hand, necessary information on AS networks, network link
loads and routing information, can be obtained as described
in detail later in Section IV-D.

C. Problem definition

As mentioned earlier, our approach attempts to maximize
the robustness of the considered CDN to unexpected changes
in users requests by appropriately selecting content servers
even when none of the servers and/or network links is under
a high congestion level. Note that we assume not having
any prior knowledge in forecasting when and where (i.e,
a which content server) the next request convergence will
occur. In this work, we suppose that the spike in demand is
not likely to happen in different ASs at the same moment.
Also, we assume that, in each AS, the available capacity
of the content server(s) for meeting the unexpected increase
of incoming requests is considered to derive the maximum
number of further requests, which can be successfully served
by the content servers distributed over the network. Therefore,
our objective is to maximize the minimum available capacity
for the incoming requests spike (i.e., the sudden increase in
demand) in the ASs. This can be formulated as an optimization
problem including max-flow problems as described below.

Server selection policy can be expressed as a vector,
P = (p1,p2; .-, Pks - P s]), Where py, indicates the probabil-
ity of selecting the k*" server from the set of servers, S. It
follows trivialy that > p, = 1. It depends on the employed
selection technique if P is similar among redirect servers or
not. Users get content streams from the servers through the
network, G’(IN, L), where N and L are the sets of ASs
and links, respectively. Suppose that al content streams have
the same rate. The capacity and utilization of the link [ are
denoted by ¢ and u}, respectively. Similarly, the capacity
and utilization of the server s are indicated by ¢ and u?,
respectively. These values have a unit of connections. It should
be noted that w” and S are affected by P. Here, we consider
the residua graph of G’ denoted by G, which is a function
of P, ct, and ¢°. The maximum flow, MazFlow(G,1),
from servers to i*» AS in G' can be obtained by solving
the max-flow problem where the source is the set of servers
and the destination is the AS. Consequently, the objective of
our approach can be defined by the following optimization
problem, which derives the optimal server selection policy,
i.e, P:

. L S\ -
max min MazxFlow (G(P,c ,C ),Z), Q)

vieL, )
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Although the individual max-flow problems can be solved
in actual time, the entire max-min optimization problem is,
unfortunately, NP-hard. In order to overcome this shortcoming,
in the next section, we propose a heuristic server selection
algorithm, which attempts to approximately optimize the prob-
lem.

IV. COOPERATIVE SERVER SELECTION RESILIENT TO
REQUEST FLUCTUATION

In this section, we propose a cooperative server selection
algorithm in a heuristic manner for approximately solving the
optimization problem defined in the previous section.

A. Different policies for different scenarios

In the problem formulation in the previous section, we only
consider the situation that the CDN system is not overloaded
and dtill has sufficiently available resources to serve the
users. However, the considered server selection scheme should
include an algorithm for scenarios whereby the system is
partially reaching its performance limit following a demand
spike (i.e., severa content servers and/or CDN links are
congested). In other words, our scheme adopts two different
server selection policies for congested and non-congested areas
of the considered CDN, respectively. While it aims to make the
system resilient to unexpected requests spike where the system
equipments are till not congested, it aims at minimizing the
risk of denial of service in the congested zone. Actualy,
in the proposed scheme, which makes a decision based on
server selection costs, the different cost functions (i.e., f1 or
f2) are utilized according to whether each content server is
under non-congested or congested situations, respectively. If
selecting a certain content server results in employing any
congested equipment for the content delivery, the content
server is regarded as in the congested situation. Otherwise,
the content server is deemed to be under the non-congested
situation.

As criteria to distinguish whether servers or links are con-
gested or not, thresholds for each content server and network
link that indicate their maximum acceptable utilization ratios
are introduced. Utilization ratios exceeding the thresholds
represent congestion. Let 07 and ¢} denote the threshold
for the k" server and the j** link, respectively. Since the
values of these thresholds may be determined according to the
system management policies in CDNs or ISPs, our scheme
assumes that these values have been pre-set and remain the
same throughout the course of content distribution.

In the proposed scheme, when a redirect server receives a
content delivery request from a user belonging to the same AS
as the redirect server, it determines an adequate content server
based on the cost of selecting each content server. One of the
content servers having the smallest cost is randomly selected.
Before calculating the selection cost of a content server,
the proposed scheme, at first, makes sure if any congested

equipment exists in the path between the content server and
the user's AS, and accordingly determines the appropriate cost
function (i.e., either f, or f2). As defined in the following, we
design the cost functions so that the range of f; is below that
of f5. This design represents that content servers under non-
congested situations are to be preferentially selected because
the proposed scheme chooses a content server having the
smallest cost.

B. Server selection cost for non-congested situations

When the CDN system has highly available resources, it is
important to ensure its resiliency to unexpected request spike
in the future. Since the original problem formulated in the
previous section is NP-hard, we need to develop a heuristic
approach. One of the most straightforward approximate solu-
tionsisto sequentially select a content server to avoid reducing
the minimum M ax Flow at the time for every request in each
AS. However, it involves computing the maximum flow for
every new request in every AS. Instead, the proposed scheme
utilizes the concept of “critical link”.

Critical links, defined based on maxflow and mincut op-
erations [14], represent those links in the CDN that, when
over-used, decrease the maximum flow of other ASs. As
a consequence, critical links must be used as sparingly as
possible to provide leftover capacity to absorb fluctuations in
future requests. Therefore, content servers should be selected
so that the load on critica links is reduced. As strictly
identifying critical links is difficult for large scale networks,
we note that critical links are essentially the bottleneck links
in the network. The server selection cost function is defined
by using the critical level derived from critical links. Details
of this is presented in the following.

As shown in Fig. 2, the critical level graph, used for com-
puting server selection costs, can be obtained from residual
trees rooted by individual content servers. Residual trees are
generated from content delivery trees, which are determined by
IP routing. In the residual tree, ASs and the content server are
represented as nodes, and a number associated with each edge
indicates its residua bandwidth (i.e., the remaining/available
bandwidth). Residual bandwidths of edges connecting differ-
ent ASs are derived from the maximum acceptabl e traffic rates
defined by their thresholds and their latest utilization. The
capacity of the edge between the content server and its AS
can be defined in the same manner except that the capacity of
the content server represented as the number of connectionsis
transformed to the bandwidth by exploiting the average content
stream rate.

For each route between the root content server and an
individual AS in the residual tree, the link in the route with
the minimum bandwidth is counted as the critical link of the
route. The critical level of each link is defined as the total
number of times the link is counted as a critical link. For
example, tables of critical count shown at the center of Fig. 2
can be summarized into the critical level graph as depicted on
the right side in the figure. Based on the critical level graph,
the cost function of selecting i*" content server at j** ASis
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defined as follows.

ElERi,j L
o (S, 1)

where R; ; represents the route from the " content server
to the j** AS, and z; denotes the critical level of the link !
included in the corresponding route. The closer f; is to one,
the more sparingly it should be selected.

hilg) = , 01, (6)

C. Server selection cost for congested situations

Under the congested situations, the proposed scheme aims
to minimize the occurrence of denia of service, i.e., regjection
ratio of requests, because reducing service denias is an
essential requirement of users, CDNs, and I1SPs. The denial
of service can be mainly caused by two different reasons,
namely (i) no available connection remaining at the selected
content server, and/or (i7) traffic overflow at the link on the
path from the selected content server to the user’'s AS. For sake
of simplicity, we consider a link as overloaded if the traffic
rate traversing the link exceeds its bandwidth.

Since the request rejection probability at each content server
can be considered as similar to the rate of loss calls repre-
sented by the Erlang-B formula [15], the request acceptance
probability at the i*" content server is expressed as follows:

US

Ps) =113

)

where v is the connection utilization ratio of the i*" con-
tent server. On the other hand, the risk of traffic overflow
occurrence at each link can be estimated based on queuing
theory. Regardless of the arrival and service distributions, the
probability of having no overflow at the link [ isillustrated in
the following equation:

Pr(l) =1-uf, ©)

Critical count of each link

Link Count Corresponding
routes

CSItoAS5| 1 CS1 to AS5

CS1toAS1
AS5t0AS1| 2 CS1 to AS2
AS1toAS2| 0 N/A ~
AS5t0AS4| 1 CS1 to AS4 2 0
AS4t0AS3| 1 CS1 to AS3

Critical count of each link

Link Count Corresponding
routes -
Critical level graph

CS2to AS4| 1 CS2 to AS4 ’

CS2to AS5
AS4to AS5| 2 €S2 10 ASI
AS5t0AS1| 0 N/A

CS2to AS3
AS4t0AS3| 2 €S2 10 AS2
AS3t0AS2| 0 N/A

where u/ denotes the utilization ratio of the link I.

As mentioned earlier, denial of service may be caused by
the excess of network link load and/or server load. Thus, the
cost function of selecting the i*" content server at the j** AS
is defined by the following equation based on the probability
of successfully serving a content stream without any excess
load.

Ja(ilj) = 1 — Pg(i) x H Pp(1) + bias.
lER; ;

9)

Here, R; ; denotes the route from the it" content server to the
" AS. The bias parameter is intended to maintain a larger
value of f5 in contrast with that of f; at any time, i.e, its
value should not be below one. It is worth reminding that
each redirect server determines the appropriate cost function
(i.e., either f, or f5) for every content server according to
the load conditions at the server and the links on the route,
and eventually selects the content server having the smallest
cost. The proposed server selection algorithm is summarized
in Algorithm 1.

D. Information sharing among redirect servers

In the proposed scheme, each redirect server regularly
receives the server load information and network load infor-
mation within its AS via a content server and an AS Border
gateway Router (ASBR), respectively, which are deployed in
the same AS. The static information on IP routing in the entire
network is also available from ASBR. The redirect servers
share these information with one another. As a consequence,
all redirect servers can have access to the information of the
entire CDN. Redirect servers must be regularly updated with
fresh statistics (e.g., network and server loads) to function
effectively. However, it should be noted that the information do
not necessarily have to be updated with high frequency to de-
tect sudden changes in demand, because the proposed scheme
never aims at adaptively controlling such request fluctuations.
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Algorithm 1 Server selection in j** AS
1. for all content server i do
2. Flag < false
3 if utilization of 4, u; > threshold for i, 6 then
4 Flag < true
5 end if
6: if Flag = false then
7
8
9

for all link [ composed in R; ; do
if utilization of 7, u} > threshold for [, 6} then

: Flag < true
10: break
11: end if
12: end for
13 end if
14:  if Flag = false then
15: Calculate the cost of ¢ by using f
16 else
17: Calculate the cost of i by using fo
18 end if
19: end for

20: return 4 having the smallest cost

Instead, our scheme attempts at adequately distributing content
streaming traffic before unexpected request spikes actually
take place. Thus, it is sufficient to periodically obtain the latest
information with a relatively coarse time interval.

V. PERFORMANCE EVALUATION

In this section, we evaluate the performance of the proposed
method through extensive computer simulations conducted
using MATLAB. Firgt, the considered simulation environment
is delineated. Then, the results and performance comparisons
with conventional methods are presented.

A. Smulation Setup

In our conducted simulations, contents are delivered over
the AS network consisting of thirty ASs. The AS network
topology is generated by using a scale-free network genera
tor [16] because it is widely known that the Internet is scale-
free. Average node degree of the network is set to two. We
assume that the routes between ASs are determined based on
the hop count between them, i.e., the shortest path routing
is utilized for this purpose. Three content delivery servers are
used in the simulations, and each content server is deployed in
an arbitrarily AS without duplication. To avoid the possibility
that content allocation techniques may affect the performance,
we further assumed that all content servers serve the same
content, the rate and length of which are set to 1 Mbps and 300
seconds, respectively. For simplicity, thresholds of all links and
content servers are set to the same value (i.e., 0.9). It should
be noted that these values are also used to evaluate congested
probability, which is described later. Simulation configuration
parameters are listed in Table |. The capacities of individual
links and content servers are randomly selected from within
the given range.

TABLE |
SIMULATION CONFIGURATION PARAMETERS.
Parameter Value
Number of ASs 30
Number of content servers 3
Content rate 1 Mbps
Content view time 300 sec
Range of link bandwidth 100Mbps — 200M bps
Range of server capacity [connections] 200 — 400
Threshold for server utilization ratio 6° 0.9
Threshold for link utilization ratio 6~ 0.9

TABLE Il
SIMULATION SCENARIO SETTINGS.

| Scenario | | Scenario I
Average request arrival interval [sec]
In normal 30
In spike 10-30 10
Number of ASs suffering a request spike 30 1-30

We evaluate our proposed approach under the two scenarios
involving a request spike, which significantly impacts the
performance of the simulated CDN. The settings of these
scenarios are summarized in Table I1. User requests are gen-
erated according to Poisson process, and thus request spikes
are simulated by changing the average request arrival interval.
Simulation time is set to ten times the content viewing time,
and request spikes are invoked during the last one-tenth period
of the entire course of simulation. All the ssimulation results are
obtained from the average value of trials carried out by varying
the network topology, link capacity, capacity and allocation of
content servers, and request occurrences.

We evaluate our proposed method against the three server
selection schemes, namely random select, closest select, and
min-load select algorithms. The random select algorithm,
which is aso the most common server selection method,
chooses a server randomly by using Round-Robin strat-
egy. The closest-selection is another popular server selection
method, which chooses a server based on the distance between
the server and its users. The hop count is used as a metric of
the distance. If more than one content server with the minimum
value of the metric exist, one of the servers is randomly
selected. In the min-load selection method, information about
the loads on the content servers are used to decide which
content server will be selected, i.e., one of the servers with the
minimum load is randomly chosen. To exclude the influence
of the implementation techniques of observing time changes
in loads upon the performance of the considered approaches,
we assume that there is no latency in load measurements in
both the min-load and proposed methods.

B. Smulation results

Figs. 3 and 4 demonstrate the results of simulations using
Scenarios I and I1, respectively. In both the scenarios, we
use the same performance metrics, request rejection probabil-
ity, and congested probability at servers and links. All metrics
are computed by using data measured during the period with
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spikes. Congested probability can be calculated based on the
duration under congestion and the excess amount of |oad
a that time, by averaging it over the measurement period.
Whether links or servers are congested or not is distinguished
by using the thresholds.

Scenario I isdesigned to model a CDN environment where
request spikes simultaneously occur in al ASs. For example,
this may be seen just after the appearance of a new content at-
tracting much attention. In the simulations, the average request
arrival interval in the spike is varied from 10 to 30 seconds.
The results clearly demonstrate that our proposed approach
provides the lowest probability of request rejection compared
with the other conventional methods. While smaller request
rejection probabilities represent that more traffic are passing
through the network, the proposed scheme also succeeded in
maintaining low congested probabilities at both the servers
and links. This result implies that the proposed scheme can
achieve highly efficient utilization of the remaining server
and link capacities. Although the closest-selection and min-
load selection methods are able to retain small congested
probability at the links and servers, respectively, they fail to
reduce the request rejection due to their one-sided strategy. It
is clear that load balancing between the servers and links is
essential to accept many more requests from the users.

In Scenario 11, only a part of the ASs suffer the request
spikes, which can occur in real situations by not only the
changes in the popularity of the content but also due to
mobility of the users. The number of ASs suffering a re-
quest spike is varied from one to 30. The results reveal that

Number of ASs suffering arequest spike
(b) Congested probability at servers
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our proposed server selection strategy leads to the smallest
request rejection probability, and a significant improvement
in the congested probabilities in the considered servers and
links. On the other hand, in the other three methods, al the
considered metrics significantly increase with the large number
of requests. In the comparison between the random and min-
load selection methods, the request rejection ratio of the min-
load selection method rapidly increases when the number of
ASs suffering a request spike exceeds 20 while its congested
probabilities at the servers and links are similar to or less
than those of the random selection method. This result implies
that the requests converge to specific servers and/or links.
Therefore, it is evident that the requests must be distributed
to avoid formation of a bottleneck. Indeed, this is what the
proposed scheme manages to achieve. By allowing the content
distribution system to accept many more user-requests, the
proposed scheme utilizes the residual limited resources of
the servers in an efficient and even manner, and thus avoids
creating bottlenecks.

To summarize, through the conducted simulations, it is
verified that the proposed method can successfully improve
the request rejection probability, i.e., users experiences, by
mitigating the congestion events in both the servers and links,
i.e.,, CDNs and ISPs, even in situations in which unexpected
sudden request fluctuations may occur.

VI. CONCLUSION

As the demand for real time ubiquitous access to progres-
sively larger amounts of content increases, Content Delivery
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Networks or CDNs will play a significant role in next-
generation networks in providing the customers with their
desired contents. To withstand the highly complex dynamics
of CDNs in the near future, the design and optimization
of CDNSs require to be thoroughly considered. Toward this
end, in this paper, we proposed a new cooperative server
selection method to improve the overall performance of CDNs
by considering the needs of both the CDN system and its
users. We have also addressed the problem of unexpected
traffic fluctuations and provided an adequate solution for
the same. The performance of our proposed server selection
strategy is verified by computer simulations. The results of
the simulations clearly demonstrate the effectiveness of the
proposed strategy in terms of the service acceptance, and the
servers/network load balancing.
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