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Abstract: A large amount of Internet traffic is organized through content delivery networks (CDNs). CDNs improve Internet access in terms of the 
response time and system throughput by mapping end-users to the nearest servers based on their locality, which known as request routing (RR). Most 
CDN systems use domain name servers (DNS) to redirect clients by issuing the IP address of the nearest server. Owing to the fact that DNS records 
have an expiration time (TTL), clients frequently have to contact name servers to update their IP addresses, which increases the connection delay. On 
the other hand, clients are demanding faster Internet connections. Because routers will be able to provide services in future networks, router-based RR 
has been proposed. In this paper, we study an analytical model of router-based RR. We present its architecture design and implementation, and show 
how router-based RR can be used to effectively redirect a clients’ request. Numerical analysis results demonstrate the effectiveness of router-based RR, 
which shows a 64.4% reduction of the response time for a client redirection. 
 
Index Terms: Network, Modeling, CDN, Request-Routing, Router, DNS, Queuing-Model 
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1 INTRODUCTION      
Acontent Delivery Network (CDN) is designed to improve Web 
access [1]. To this end, CDNs place content servers 
geographically near the clients, and then redirect the clients to 
the best (nearest and least loaded) content server based on its 
locality and performance [2]. For example, Akamai operates 
more than 100,000 servers in more than 1,800 geographically 
distributed locations across nearly 1,000 networks [3]. The 
literature indicates that there are two different client request 
routing methods used in commercial CDNs can be classified 
as client-side and server-side [4]. In client-side RR, the clients 
are issued using the best servers IP address at the domain 
name server (DNS) resolution time. This method is often 
called DNS-based request routing (DNS-based RR) [5]. A 
server-side RR method uses URL forwarding to redirect clients 
to the best server. However, server-side RR still uses a DNS to 
resolve the IP address of the server. Thus, the simplicity and 
transparent nature of a DNS are exploited to redirect clients to 
the best server without any modifications to the server, clients, 
or Web applications. Therefore, commercial CDNs (e.g., 
Akamai & NetFlix) use DNS-based RR in their CDN 
architectures. Differing from the two aforementioned request-
routing methods, assume that routers in a future network are 
able to be utilized to provide content-based services. In this 
case, we propose a router-based client request routing 
method (router-based RR) as described in [6]. In this method, 
we proposed redirecting clients based on the packet content 
using a router. To this end, routers still do not possess the 
capability to provide content-based services, and therefore 
SoR is proposed [7-8]. In this paper, we describe an analytical 
model of a router-based RR. We present an architecture 
design and implement an analytical model.  
 
 
 
 
 
 
 
 
 
 
 
 

We then show how router-based RR can be used to effectively 
redirect a clients’ request. The contributions of this study can 
be summarized as follows: Router-based RR is introduced as 
a request routing method managed in a router. This method 
has some advantages over DNS-based RR. A detailed 
explanation of both methods of request routing is given in 
Section 2. A prototype of the router-based RR model was 
designed and is analyzed herein. Its model and architecture 
design are described in Section 3. Through numerical analysis 
and experiments that provided in section 4, we show that 
router-based RR is able to reduce the response time of the 
client requests compared to DNS-based RR. The results are 
presented in Section 5. Finally we conclude our study with 
conclusion and prospective future works. 

 
2 BACKGROUND STUDY 
 
2.1 Service-oriented Router 
Service-oriented Router (SoR) was proposed as a novel router 
architecture that provides content-based networking services 
from a router [34-43]. Upon implementation, an SoR uses a 
deep packet inspection (DPI) to analyze the packet details 
including the header and its payload, and stores the necessary 
information in database (SoR-DB) [9]. Lately, major router 
manufacturers (Cisco, Juniper, etc.) have exposed 
programming interfaces that allow packet manipulation by third 
party applications and add new services to the routers [10-12]. 
Projecting this, some studies use cached content for 
foreseeable CDN studies [16, 17]. Therefore, it is possible for 
SoR to exploit the attached in-network storage modules for 
content caching and provide content-based services. 

 
2.2 Implementation of router-based RR using SoR 
SoRs are still under research and development. They have 
been developed as a complete router including software and 
hardware components [15, 16, 17]. Consequently, an SoR has 
been proposed as a request redirector for a CDN, inspecting 
the packet payload on an SoR, and redirecting the packet 
stream to  
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Fig. 1. (a) Request Routing methodology in Router-based RR. 
How an SoR operates for router-based RR in redirecting client 
requests to the best surrogate server. 
 
the best surrogate servers based on the packet payload 
information [6]. Router-based RR was proposed to remove 
unnecessary recursive hierarchical name resolution steps 
introduced through a DNS-based RR.The proposed router-
based RR is illustrated in Fig. 1a. As shown in the figure, an 
SoR is placed at the edge of the ISP network (between the 
local network and the public network). The SoR is used to 
collect surrogate server information, including the supported 
content details, and store this information in an SoR-DB. In 
addition, the routing protocol is enhanced to share server 
information among the SoRs in the ISP network. In a router-
based RR, the server’s information that stored in the SoRs is 
then used to redirect the client requests based on its locality 
and the surrogate server’s load and delay. For simplicity, 
assume the scenario as shown in Fig. 1a. When a surrogate 
server advertise ABC content, the SoR gathers information 
such as the location, content, delay, and loads of the servers, 
and then stores this information in an SoR-DB. Subsequently, 
the SoRs use an enhanced routing protocol to advertise ABC 
among the other SoRs in the network. At the time an SoR 
receives a clients’ requests for a particular content, the SoRs 
inspect the packet payloads and redirect the packets to the 
best server that matches the ABC content based on the server 
occupancy and proximity. 

 
2.3 DNS-based RR Implementation 
DNSs were originally introduced for name-to-IP mapping [18]. 
Each name server record has a time-to-live (TTL) value that 
determines the time a particular record expires. Generally, TTL 
are on the order of hours or days [5]. However, the 
transparency and simplicity of a DNS helps CDN providers use 
a DNS for a client redirection (DNS-based RR) [19]. Moreover, 
CDN servers are frequently changing based on the distributed 
nature of a CDN, large TTL values introduce certain problems 
for a CDN redirection (e.g., a slow response to server 
changes). To overcome such limitations, commercial CDN 
providers have introduced altered DNS methods, e.g., 
Freeflow [20]. By providing fine-grained load balancing and 
rapidly responding to server changes, such DNS architectures 
set the TTL to a small value or even to zero [5]. Figure 1b 
shows how DNS-based RR resolves the IP address of 
surrogate servers (this scenario is explained based on the 
Freeflow DNS). The following steps are for finding the IP 
address of a surrogate server: (1) The client contacts a local 
DNS for the IP address www.abc.com. If the local DNS has not 
yet  
 

 
 
Fig. 1. (b) Request Routing methodology in DNS-based RR. 
How DNS-based RR operates in finding the IP address of the 
best surrogate server, which when found is sent to the local 
DNS, and in replying to clients, and how clients send requests. 
 
cached this IP address, the request to find the IP address is 
recursively continued through an address resolution until the 
best surrogate address is found (steps 2-11). Afterward, the 
local DNS replies to the client with the IP address (12) and the 
client then requests the desired content (13). As shown in Fig. 
1b, clients contact the authoritative name servers for every 
name resolution request. In addition, because small TTL 
values are used in DNS-based RR, a local DNS has to go 
through the recursive method of hierarchical name server 
resolution for every connection initiation [5]. Such condition 
increase the Web access latency. In fact, DNS-based RR is 
incapable of informing clients regarding server changes until 
the clients contact the name servers [19]. Nonetheless, such 
circumstances create unnecessary delays in a data download 
and lags in network streaming. The DNS resolving-address 
process consumes network bandwidth (as shown in Fig. 1b), 
and the time taken for resolving the IP address destination is 
lengthy, and a long response time is incurred. Therefore, 
minimizing the amount of DNS traffic in a network will result in 
the effective use of the network. As illustrated in Fig. 1b., a 
client regularly finds the address of the best server using the 
basic method of DNS-based RR in a CDN [5, 19]. DNS-based 
RR requires at least 13 steps to obtain the IP address of the 
best surrogate server. Such a large number of steps increases 
the response time to a client request and increases the total 
delay in the client-server communication. Reducing the 
number of steps for finding the IP address of the best 
surrogate server will lead to a reduction in the response time 
and the total delay. 

 
2.4 Comparison of Router-based and DNS-based RR  
The basic operations of router-based and DNS-based RR are 
illustrated in Figs. 2a and 2b. In router-based RR (Fig. 2a.), a 
client sends a packet request (1) addressed to the origin 
server through SoRs. When the request arrives in an edge 
SoR, the SoR reads the packet header and payload, and 
obtains the requested content. We designed the SoRs to 
communicate with each other in periodical time, and with the 
surrogate servers. Based on such communication, the SoRs 
update their queries in each SoR-DB. Therefore, when a 
packet request arrives, the SoRs  
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Fig. 2. (a) The implementation of request routing in a CDN 
using Router-based RR Topology. (1) Requests are sent from 
clients addressed to the origin server as the request 
destination through the SoRs. (2) The SoRs redirect the 
packet to the best server. (3) The server replies ; (4) 
Connections are established. 
 
receive the content, learn of the location of the best server, 
and then redirect them (2) (assuming the best server is 
surrogate server 1). Next, the surrogate server replies to the 
request (3) by sending the requested content, and hence a 
connection is established. Compared to router-based RR, 
DNS-based RR (Fig. 2b) has a longer request routing 
mechanism. First, the clients send a request (1) addressed to 
the origin server through its local DNS, and when the 
destination is not cached in a local DNS, the request is then 
forwarded to the DNS and the packet destination address is 
resolved (as illustrated in Fig. 1b). When the IP address of the 
best surrogate server is obtained (assuming that the best 
server is surrogate server 1), the DNS-server replies to the 
client requests (2). Then, the local DNS at the clients location 
accepts the reply, forwards it to the best surrogate server 1 (3), 
and receives a reply (4). Hence, a connection between the 
client and surrogate server 1 is established (5). Based on the 
illustration of both router-based and DNS-based RR, it is clear 
that the router-based RR has fewer steps for redirecting a 
request from a client, and hence has a lower response time. 
We argue how far router-based RR can reduce the response 
time, and thus the best way is to evaluate the performance of 
both request routing methods. Therefore, it is necessary to 
create an analytical model to clarify the advantages of router-
based RR in reducing the response time to a request, 
compared to DNS-based RR. 

 
3  MATHEMATICAL MODEL 
 
2.1 Modeling Router-based RR 
A mathematical model of request routing was created to 
evaluate the performance comparison of a CDN system with 
both router-based and DNS-based RR. Through this model, 
we expect to be able to study the advantages of router-based 
RR using some practical parameters: total response time, link 
delay, packet arrival, service time, server load, and RR 
probability. 
 

 
 
Fig. 2. (b) The implementation of request routing in a CDN 
using DNS-based RR Topology. (1) requests are sent from the 
clients addressed to the origin server as the main request 
destination through DNS. (2) The DNS replies with the best 
surrogate server address to redirect the requests. (3) Clients 
sending a request to the best surrogate server. (4) Surrogate 
server replying to the content. (5) Connections are 
established. 
 
The mathematical model was created based on the principle 
of the M/M/1 queuing system with tandem servers, which is 
based on a Jackson networks [21]. We consider a general 
system consisting of clients, SoRs, routers, surrogate servers, 
and name server (DNS). When a client sends a request for 
particular content, the request is redirected to the best 
surrogate server with probability. Let R be the total response 
time of the packets, and T be the total waiting time of serving 
packet requests in the system (network node). We denote D 
as a one-way end-to-end link delay between the clients and 

best surrogate server. Next, let  be the arrival rate of a 
requested packet in the system as defined through a Poisson 

process, and  be the service rate in each node of the system. 
We designed and modeled the CDN with router-based RR 
based on Figs. 1a and 2a. The model architecture of CDN with 
router-based RR is given in Fig. 3. The requests are initiated 
from client i to a particular destination surrogate server ij 
through an SoR i and SoR ij. Because the SoRs communicate 
with both each other and surrogate servers, the SoRs are 
aware of the location of the best destination to forward any 
requests. The total average response time of a particular 
clients request using router-based RR is composed of three 
parts: (i) the response time in all SoRs, (ii) the response time 
in a particular surrogate server, and (iii) the total network 
delay, from client to SoR and then to surrogate server. 
According to Little’s theorem [21], the average waiting time in 
the system for an end-to-end packet transfer for a CDN using 

router-based RR �̅�    is given by where 𝐾    is the average 

number of packets at each SoR node, and 𝐾  is the average 
number of packets at each surrogate server node. Referring to 
Fig. 3, let a client send a request with arrival rate 𝜆  , 𝑖 ∈ Ν. 

According to Jacksons theorem [21],  
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Fig. 3. Model Architecture of a CDN using Router-based RR 
 
under a steady state, the arrival rate to SoR i is equal to the 

departure rate from SoR i such that 𝜆 
   = 𝜆 . Let 𝛼   , 𝑖, 𝑗 ∈ 𝑁  

be the redirection probability from SoR i (where ∑ 𝛼   , = 1) to 

surrogate server ij through SoR ij, and the arrival rate at 
surrogate server ij then depends on probability 𝛼   for a packet 

coming from SoR i and an additional arrival packet that comes 

to SoR ij (𝜆  ), such that 𝜆  
  = (𝜆 𝛼  ) + 𝜆   for 𝑖 = 1, … ,𝑚 and 

𝑗 = 1,… , 𝑛  , where 𝑖, 𝑗 ∈ 𝑁 . Hence, the average numbers of 

packets in the SoRs and surrogate servers are given by 
 

Next, we consider the average one-way end-to-end link delay 

�̅�  
   from client i to surrogate server ij, and thus the total link 

delay  �̅�    is written as 
 
 
 
 

Hence, the average total response time of a CDN system with 
router-based RR is given by Based on (2) through (4), an 
optimal RR probability is needed to minimize the response 

time over all requests. Let 𝛼 = {𝛼  
 , 𝛼  

 , … , 𝛼  
 , … , 𝛼  

 }  for 

𝑖, 𝑗,𝑚, 𝑛 ∈ 𝑁 , denote the optimal RR probability obtained by 

differentiating (5), we obtain 
 

 
 
Fig. 4. Model Architecture of a CDN using DNS-based RR 
 
 

To solve (6), for the numbers of unknowns variables: (i) it is 
clear that all 𝛼 , a set of simplifying assumptions is created to 

reduce ∑ 𝛼  = 1 ; and it is assumed that (ii) all surrogate 

servers have an equal service rate, (iii) 𝜆 ≤ 𝜆 ⟹ 𝛼  
 = 0 

when considering two surrogate servers with different 𝜆, and 
(iv)𝑑 ≤ 𝑑 ⟹ 𝛼  

 = 0 , subject to a redirect of the requests to 

the path with the shortest distance. Under a steady state no 
requests will be dispatched from the SoRs to a surrogate 
server 
with a higher cost, where the cost is defined as a combination 
of a delay in the surrogate server service rate and a network 
delay. Based on (6), (5) is updated as 
 
 
 
where the RR probability (𝛼) from (2) through (4) is replaced 

by the optimal RR probability (𝛼 ) 

 
2.2 Modeling DNS-based RR 
To compare the performance results of router-based RR, we 
consider a CDN with DNS-based RR. A model of the CDN 
system architecture using DNS-based RR is shown in Fig. 4. 
The requests are sent from the clients to a particular 
destination through router i. The requests that have not yet 
been cached in the local DNS will be forwarded to the name 
server (DNS) to resolve the address destination based on the 
requested content. The DNS replies to a client with the 
resolved destination address of the best surrogate server. 
Based on Fig. 4, the total response time for the CDN with 
DNS-based RR (RDNS) is made up of four factors: (i) the 
response time of the router, (ii) the response time of the DNS, 
(iii) the response time of the surrogate server, and (iv) the link 
delay from the client to the surrogate server, and from the 
client to the DNS. Let 𝛽 be the probability that a request may 
not always be cached in a local DNS (in the client location). In 
addition, let 𝛼   

be the redirection probability from router i (where ∑ 𝛼    = 1) 

to surrogate server ij through router ij. The arrival rate in 
surrogate server ij depends on probability 𝛼   

for a packet forwarded from router i and an additional arrival 
packet that comes to router ij. Hence, according to Little’s 
theorem, the total waiting time in the system for an end-to-end 

packet transfer (�̅�   ) is given by 

 
 

 
 
where 
 

A similar explanation is applied as defined in the previous 
model (router-based RR), with the exception that the requests 
have to visit the DNS first to resolve the IP address of the 

surrogate server destination. For link delay, let �̅�  
    be a link 

delay from client i to a DNS. In this model, we created a 
design using all three types of DNS (root, high-level, and low-
level DNS), and thus a packet request has to travel to each 
DNS. We assume that the link delays between clients and all 

three DNS servers are equal (i.e., 36 ms). Next, let �̅�  
   be a 

link delay from client i to surrogate server ij, such that the total 

link delay of the system (�̅�   ) can be written as From (8) 

through (12), we summarize the total response time for a CDN 
system using DNS-based RR given by Similar to router-based 
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RR, an optimal redirection probability 
is needed to minimize the response time over all requests. Let 

𝛼 = {𝛼  
 , 𝛼  

 , … , 𝛼  
 , … , 𝛼  

 }  for 𝑖, 𝑗,𝑚, 𝑛 ∈ 𝑁 , denote the 

optimal RR probability obtained by differentiating (13), we 
obtain an implicit equation similar with (6) except its include a 

router’s service time (𝜇  
 ) instead of SoR. 

 

 
 
Where the RR probability (𝛼) is replaced by the optimal RR 

probability (𝛼 ). 

 
4 NUMERICAL ANALYSIS AND EXPERIMENT 
 
4.1 Analysis Formulation 
In this section, we describe the numerical analysis and 
experiment of the design and model of router-based RR. The 
effect of the key performance factor on the results is then 
analyzed. The system (Fig. 3) consists of a cluster of clients, 3 
SoRs, and 2 surrogate servers. The average overall response 

time of the system (�̅�   
 ) is computed based on eq (7) where 

 
 
Equations (7) and (16) through (18) are solved as the total 

average response time �̅�   
  for a CDN system using router-

based RR with the aforementioned number of nodes and 
optimal RR probability, where 𝛼  

 = 1 − 𝛼  
 . We refer to term 

𝛼  as the optimal RR probability from an SoR to the best 

surrogate server, and 1 − 𝛼  as the RR probability to another 

surrogate server. A similar method is applied to calculate the 
total average response time for a CDN system using DNS-
based RR with the same network specifications with addition 
one DNS. Based on equation (15), we have 
 

 
 

Fig. 5: Experimental Result. (a). Redirection probability based 
on the link delay between client and surrogate server. (b). 
Redirection probability based on the load utility of surrogate 
server. (c). Response time comparison by different delay of 
server. (d). Response time comparison by different load of 
server. (e). Response time result in a non-congested 

environment (server load  = 0:50. (f). Response time result in 

a congested environment (server load  = 0:90).  
 
 
 
 
 

 
 
Equations (15) and (19) through (22) are solved as the total 
response time for the a CDN system with the DNS-based RR.  
 
4.2 Experimental Parameters 
An experiment was conducted to simulate the aforementioned 
model. For this experiment, we used the following parameters: 
average link delay between a client and DNS server d

DNS
 is 30 

ms, taken using DNS records [5]; and a link delay of 36 ms 
between a client and surrogate server [4]. The packet size 
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used in the experiment is 1,500 bytes. The service rate for the 
routers 𝜇  DNS servers 𝜇    are 100 Mbps; and for the 

surrogate servers 𝜇   is 10 Mbps. Because an SoR has DPI 

function, the SoR service rate 𝜇    is longer than that of a 

regular router. Therefore, let k be a key factor in the SoR 
service rate of a router such that 𝜇   = 𝑘𝜇 , where 0 < k < 1. 

Let k = 0.5 as default. In this experiment, we assumed that two 
surrogate servers have the same contents. We used a 
different placement for both surrogate servers, where the 
surrogate server 1 (SS1) was placed with a fixed delay of 36 
ms from the client, and surrogate server 2 (SS2) was placed 
dynamically with a 0 to 250 ms delay. The experiments were 

conducted by referring to the surrogate server utilization  

(where  = /, and 0 <  < 1). A higher  indicates higher 
surrogate server loads. Network traffic to the surrogate server 
is congested when 𝜌 ≈ 1. 

 
4.3 Optimal Probability of DNS Redirection 
The redirection probability of a request that dispatched to a 
DNS is defined based on the experimental results of DNS 
redirection dynamics [22], which reveals that the average 
inter-server redirection times are from every 10 to 1200 s. 
Based on the CDF results, 50% of the redirections are shorter 

than 40 s. Refer to this reference, we use a default  of 0.05, 

which is taken from the average arrival rate  using 20 packets 
per second. This means that one out of 2,000 packets will be 
redirected to a DNS in every 10 s to resolve the new address 
of a surrogate server. 

 
5 EXPERIMENTAL RESULT 
 
5.1 Redirection Probability 
We conducted a numerical analysis and an experiment by 
specific parameters without losing the expected results using 
the general model from both router-based and DNS-based 
RR. We used two surrogate servers for both request routing 
models under the assumption of many surrogate servers. The 
servers were then eliminated until the two best surrogate 
servers remained, and we then conducted a request routing 
method (Router-based and DNS-based RR) to redirect the 
request to the best server. The optimal redirection probability 
is obtained from average calculation based on equation (6) 
and (14). Figure 6a shows the optimal redirection probability 
based on the link delay, where SS1 is placed at a fixed location 
(36 ms from the client) and SS2 is placed at a different location 
with a link delay interval of 0 to 250 ms. Figure 6b shows the 
optimal redirection probability based on the load of each 
surrogate server. Based on this redirection probability, we 
expected a higher value of 𝛼  

  to redirect the requests to the 

nearest location and the least loaded surrogate servers. 
 
5.2 Optimal Probability of DNS Redirection 
We showed that router-based RR is able to decrease the total 
response time calculated by using equations (7), and 
compared the results with DNS-based RR calculated using 
equations (13). 
 
Fig. 6c shows the results of the total average response time 
based on the link delay. As stated previously, we assumed that 
both surrogate servers have the same content and an equal 

service time. Based on Fig. 6c, for  = 0.75, where the links 
around the surrogate server are not too congested, the total 

average response time of router-based RR is 78 ms, or 23.77 

% lower than that of DNS-based RR (101 ms). For  = 0.85, 
where the links around the surrogate server are slightly 
congested, the total average response time of router-based 
RR is 92 ms, or 20.09% lower than that of DNS-based RR 

(115 ms). Finally, for  = 0.95, where the links around the 
surrogate server are congested, the total average response 
time of router-based RR is 113 ms, or 18.58 % lower than that 
of DNS-based RR (134 ms). Based on the result of response 
time data for all of the surrogate server load utilities, the 
average response time reduce is 20.81%. In this case, we 
conclude that router-based RR can reduce the response time 
compared to DNS-based RR for both congested and non-
congested CDN conditions. 
 
Fig. 6d shows the results of the total average response time 

based on the load utility of surrogate server 𝜌  
   where 

𝜌  
  = 𝜆 𝜇  

  ⁄ . The results are measured based on the 

differences in the server service time, 𝜇  
  . As the figure shows, 

the difference in the response time is equal for every 

specification of 𝜇  
  , where the average total response time of 

router-based RR is 210 ms, which is 12.05 % lower than that 
of DNS-based RR (240 ms). We conclude that, similar with the 
results shown in Fig. 6c, router-based RR can reduce the 
response time compared to DNS-based RR for any difference 
in the service time of a surrogate server. 
 
5.3 Optimal Probability of DNS Redirection 
The results of performance comparison between router-based 
and DNS-based RR are shown in Figs. 6e and 6f. We set the 
service rate of an SoR (𝜇   ) with a value factor k (where 0.1 < 

k < 0.5). In the DNS-based RR, if a client requests a particular 
content, and if the local DNS cache is missed, the probability 

the request forwarded to the DNS ( ) increases. Therefore, 

the DNS request response time (�̅�   
 ) will increases as well. 

Figure 6e shows a performance comparison in a non-
congested CDN network when using router-based RR and 
DNS-based RR as measured by the service rate based on the 
response time. The value of  is set by interval 0.05, 0.25, 0.50, 
and 0.75. We found that the lowest response time for a 
particular client using DNS-based RR is 67 ms for 100 Mbps 

of 𝜇 , the lowest probability of DNS forwarding ( = 0.25), and 

in non-congested network condition ( = 0.25). On the other 
hand, the response time using router-based RR is achieved 
through an SoR using 24% functionality (k = 0.24). For a 
default assumption of the SoR service rate, let 𝜇   = 0.5𝜇  (k 

= 0.5), where the response time achieved through a router-
based redirection is 64 ms, or a reduction of 4.4%.A 
performance comparison between router-based and DNS-
based RR in a congested CDN network environment is shown 
in Fig. 6f. The network was designed with 90% surrogate 

server utility loads ( = 0.90) using the same specifications as 
implemented in the experiment with a non-congested network, 
i.e., 100 mbps 𝜇 , and 𝛽 in a range of 0.05 to 0.75. As shown 

in Fig. 6f, using a value of  of 0.75, the response time 
achieved by DNS-based RR is 1.18 s; a similar achievement 
was reached by router-based RR using a value of 𝜇    of 2.6% 

of 𝜇  (k = 0.26). The lowest response time achieved by DNS-
based RR is 180 ms using a  value of 0.05. On the other hand, 
a similar achievement was reached using router-based RR 
with a 𝜇    value of only 5% of its functionality (k = 0.05). As 

the calculation approaches 𝜇   = 0.5𝜇  (not shown in Fig. 
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6e), the response time reached by router-based RR is 64 ms, 
which is a 64.4% reduction from what was achieved by DNS-
based RR. Here, we can conclude that router-based RR works 
perfectly for request routing management, especially in a 
congested network environment. 

 
6 RELATED WORKS 
Previous researches investigated the use and effectiveness of 
a CDN and its request routing method. Recent studies have 
confirmed that CDNs have been reducing their average 
download response time; however, DNS-based RR increases 
the network latency. Most of these studies have been empirical 
in nature, studying and evaluating the response times on real 
CDNs system [23, 24], the effectiveness of DNS-based 
request routing [23, 24, 25], server selection [24, 26], or server 
location [27]. Other papers and contributions have tried to 
model the behavior of CDNs using different techniques; 
however, they usually simplify the nature of such systems and 
with a loss in generality. The following studies have focused 
mainly on two topics: server placement [28] or an evaluation of 
the response time. Different techniques have been used for an 
evaluation of a second parameter, i.e., the linear response 
time of Web servers [29], water filling schema [30], or queuing 
theory [31]. Previousresearches have also investigated the 
implementation of the SoR in both analytical simulations and 
real practical network experiments [6, 7, 15, 17]. Interactions 
between routers and a packet payload have been discussed in 
the architecture of content-based routing [7, 32, 33]. Here, the 
routers should maintain a certain amount of data to define the 
routing table rather than collecting data from remote end 
hosts. Although such network-centric systems still hardly assist 
to emerge new applications, SoR can achieve. 

 
7 CONCLUSION 
In this research, a performance study was conducted through 
analytical modeling and experiments on router-based RR 
using an SoR to determine the CDN performance when 
embedding more functional routers. The results of our 
experiment show that with a 50% functional service rate of an 
SoR in our proposed router-based RR design, a better 
average total response time under a steady state is achieved 
when compared to DNS-based RR. In our numerical and 
analytical experiments, we reduced the response time of 
router-based RR by an average of 20.81% (based on the link 
delay of the surrogate servers) and12.05% (based on the 
differences in the service time of the surrogate servers) 
compared to DNS-based RR. We measured the performance 
of an SoR in a non-congested CDN, and a 4.4% reduction in 
the response time was shown, whereas in a congested 
network, a 64.4% reduction compared to DNS-based RR was 
achieved. Through these results, we can conclude that router-
based RR have better result in congested situation of CDN. To 
confirm these results, we intend to conduct further research on 
router-based RR through a discrete simulation based on a 
mathematical model. Complementary designs of the server 
migration mechanisms, content placement, surrogate server’s 
advertisement protocol, and further load balancing 
mechanisms will also be analyzed as future work. 
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