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ABSTRACT 
Cloud computing environment delivers a countless tractability 

and accessibility of computing resources at a lesser price. This 

evolving technology unlocks an innovative eon of e-services 

provided by Government. However, as the number of users 

retrieving these e-services are cumulative, it is problematic for 

the current e-Government Infrastructure to accomplish these 

requirements. The exceptional way to succeed the problem is the 

employment and usage of CDN Servers. A CDN is a network of 

geographically distributed content delivery nodes that are settled 

for effectual delivery of digital content on behalf of content 

providers. The paper organizes the mathematical calculation to 

inspect the average response time for exploring the content from 

the e-Government Infrastructure implementing CDN Servers. 

There are three possible situations which are calculated in the 

research, as cited below: 

 When the request is available at the first CDN Server 

 When the request is not available at the first CDN Server 

but at the other CDN Servers 

 When the request is not available at any CDN Servers, but 

to be transferred to e-Government Cloud Computing 

Infrastructure 

This mechanism may best serve as a guideline to identify the 

best content server to respond to a request directed to the CDN 

Servers. 

Keywords 
CDN Servers, Hit Ratio, Miss Ratio, Average Response Time, 

Cloud Computing, e-Government Infrastructure. 

1.  INTRODUCTION 
As e-Government Infrastructure started using Cloud Computing, 

the problem of maintaining the infrastructure, platform and even 

software was solved. However, as Cisco predicted on May 29, 

2013[1], that every individual will be using 5 devices connected 

to Internet, speed of data transfer from remotely located Data 

Center was the major concern. Moreover, the spread of smart 

phones has enhanced people’s interest in individual users’ 

mobile media servers [2,3,4] and activated various media 

services.  

The Solution to the above mentioned problem is called CDN 

(Content Delivery Network). Over the years, CDN [5, 6] has 

advanced to become a well-established technology for delivering 

a wide range of contents including Web objects, downloadable 

objects, applications, live streaming media and social networks. 

Although CDNs deliver content from e-Government 

Infrastructure to citizens and businesses with high availability 

and performance, they fail to meet the more recent, quickly 

increasing demand of multimedia functions on the 

delivery/server side [7,8], it is far more superior than delivering 

the contents with CDN Servers in place.  

CDN is a network constructed from the group of “Caching 

Servers”, which are strategically and geographically located. 

CDN is one of the most efficient mechanism, by which data 

from various departments in an e-Government Infrastructure 

would be serving a large number of devices. The architecture of 

CDN Servers along with Cloud Computing (Hybrid Clouds) for 

an e-Government infrastructure is given in        Figure 1: 

As the numbers of electronic devices are increasing (in billions), 

it becomes very difficult for the web and application server to 

handle all the request fast and hence CDN architecture was 

introduced.  

A. CDN Structure 

CDN includes Content Providers (CP) and Caching Servers (as 

mentioned in the Figure above). CP includes all the contents 

(usually, these are department websites/applications in e-

Government Infrastructure). Amongst these, the most popular 

contents are loaded in the distributed set of caching servers.  

User requests a content to its nearest Caching Server, CDN  

 

Fig 1.CDN Structure 

Servers with Cloud Computing for e-Government Infrastructure 

which gets delivered to the user. Such a condition is called HIT 

RATIO. 

If the content does not reside in the Caching Server, there are 

two possibilities: 
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1. The content may be in another Caching Server, thus, 

may be redirected from other Caching Server to the 

user, or 

2. The content does not exist in any of the Caching 

Server, and needs to be redirected from remotely 

located (in Cloud) CP. 

Both of these conditions are called MISS RATIO. Thus the 

biggest challenge for Caching Servers is to maintain the balance 

of contents, thereby, increasing HIT RATIO and reducing MISS 

RATIO.  

The rest of the paper is divided as follows: Section 2 defines the 

mathematical study to calculate the response time at CDN 

Server. Section 3 calculates the average response time 

considering the hit ratio and miss ratio, thereby, calculating the 

average total response time. Section 4 gives the conclusion and 

forthcoming study to be conducted.   

2. MATHEMATICAL STUDY TO 

EVALUATE THE RESPONSE TIME 

For estimation of probability of " "n  requests at CDN Servers, 

certain assumptions are to be made. This can be given as 

follows: 

1. t  is a small time, in which only one requests arrive at any 

CDN Server. 

2. The state of arrival is   and state of departure is  . 

Probability of one arrival = t  

and, Probability of one departure = 
t

 

Then, Probability of no arrival = 1 t   

and, Probability of no departure = 
1 t 

 

If there are " "n  requests present at any time" "t . This, will be 

represented by
( )nP t

. If the time is increased from " "t  to  
 t + ∆t , then there are three possibilities as mentioned in the 

equation 1 given below: 
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Thus, the R.H.S. of equation 3 becomes 

1 1( ). ( ). ( ) ( ). 0n n nP t P t P t       
   (4) 

To solve, equation 4, we need to consider the initial condition, 

i.e., there is 0 requests arriving at any of the CDN Servers at 

time t + ∆t . This can be obtained from the states as given 

under: 
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Thus, L.H.S. of equation 5 becomes 
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Hence, equation 6 becomes 
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From equation 4 and equation 7, we derive the following: 
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Summation of all the equations in equation 8 is given as under: 
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Based on limiting condition, when n , and 

1



, 

L.H.S. becomes 1 and R.H.S. becomes 
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If equation 9 is substituted in equation 8, then 
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 Hence, the probability for the presence of " "n data 

can be computed at any time " "t provided rate of arrival and 

rate of departure at any CDN Server is calculated. 

 For variable " "n  the average value can be written as: 

Avg Requests =  nPn t 

N

n→∞
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Thus equation 12 mathematically measures the number of 

requests arrive at any CDN Server. 

3. MATHEMATICAL EVALUATION-HIT 

RATIO AND MISS RATIO 
In order to evaluate the requests at CDN Servers, there are three 

possible situations: 

1) When the request is available at the first CDN Server 

2) When the request is not available at the first CDN Server 

but at the other CDN Servers 

3) When the request is not available at any CDN Servers, but 

to be transferred to e-Government Cloud Computing 

Infrastructure 

The generic mathematical formula to evaluate the Response time 

is given in equation 13 below: 

Tavg = Hit Time ∗ Hit Rate + Miss Time ∗ Miss Rate   (13) 

Note that Hit Time is the time to find the data at CDN Server. 

Also note that  

Miss Rate = 1 − Hit Rate                              (14)  

Substituting the value of equation 14 in 13, we get 

Tavg = HT ∗  1 − MR + MT ∗ MR 

Upon evaluating equation 14, 

Tavg = HT + MR ∗  MT − HT = HT +  MR ∗ MP (15) 

where, 

MT − HT is Miss Penalty 

Based on equation 15, we can straightforwardly estimate the 

average response time for the three cases. 

A. Request available at the first CDN Server 

In this case, user requests are served at the first CDN 

Server, as indicated in Figure 2. 

:
:

CDN 1

CDN 2

CDN3

CDN n

CDN Layer

E-Governance Cloud Layer

 

Fig 2.Case 1: User requests served at first CDN Server 

For this case, MR=0 

Tavg (Case 1) = HT + 0 ∗ MP = HT                     (16) 

Substituting the value of equation 13 in 16, we get 
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Tavg (Case 1) =  
 
λ

μ
 

 1−
λ

μ
 
  

B. Request available at kth CDN Server 

This is the instance when the content is not accessible at the first 

CDN Server, but available at kth CDN Server. Figure 2 clarifies 

the condition in much detail: 

 

:
:

CDN 1

CDN 2

CDN3

CDN n

CDN Layer

E-Governance Cloud Layer

CDN k

 

Fig3.Case 2: User request get served at k
th

 CDN Server 

Mathematical formulation for this case is as follows: 

𝑇𝑎𝑣𝑔(𝐶𝑎𝑠𝑒2) = 𝐶𝐷𝑁1
𝐻𝑇 +  𝐶𝐷𝑁1

𝑀𝑅 + 𝐶𝐷𝑁1
𝑀𝑃        (18) 

Evaluating the conditions, we get: 

Tavg (Case 2) =  MRi ∗  HTi
k
i=1 +   MRi ∗ MPi 

k
i=1

n−k
i=1   (19) 

C.  Request not available at any CDN Servers 

This situation can be explained using the following figure 

(Figure 4) 

:
:

CDN 1

CDN 2

CDN3

CDN n

CDN Layer

E-Governance Cloud Layer

CDN k

 

Fig 4.Case 3: User request not available at any CDN Server 

If the user request is not available at any CDN Server, then it 

gets transferred to the specific Department and then creates a 

copy in one of the CDN Servers. 

 

The mathematical equation can be mentioned as  

Tavg (Case 3) =   MRi ∗ MPi 
k
i=1 +  

 
λ

μ
 

 1−
λ

μ
 
  

D. Classifying the Cache Hit Ratio 

The most suitable mechanism to classify the cache performance 

is to divide it into 3 categories as mentioned below: 

Table 1.CDN Types 

CDN 

Type 

Mathematical Evaluation 

Terminology 
Success 

Rate 
Formula 

Case 1 Hot Cache 99% 𝑇𝑎𝑣𝑔(𝐶𝑎𝑠𝑒1) =  
 
𝜆
𝜇
 

 1 −
𝜆
𝜇
 
  

Case 2 Warm Cache 80% 

𝑇𝑎𝑣𝑔(𝐶𝑎𝑠𝑒2)

=  𝑀𝑅𝑖 ∗ 𝐻𝑇𝑖

𝑘

𝑖=1

𝑛−𝑘

𝑖=1

+   𝑀𝑅𝑖 ∗ 𝑀𝑃𝑖 

𝑘

𝑖=1

 

Case 3 Cold Cache 0-15% 

𝑇𝑎𝑣𝑔(𝐶𝑎𝑠𝑒3)

=   𝑀𝑅𝑖 ∗ 𝑀𝑃𝑖 

𝑘

𝑖=1

+  
 
𝜆
𝜇
 

 1 −
𝜆
𝜇
 
  

 

4. CONCLUSION 
Cloud Computing (SaaS) is used by many e-Government 

Infrastructures. These government departments use CDN Servers 

to improve performance, reliability, and scalability. CDN 

Servers replicate content over several copied CDN servers to 

improve response time. A CDN also increases network 

performance by exploiting bandwidth, refining availability, and 

upholding accuracy through content replication. Unfortunately, 

although many viable CDN providers exist, they don't 

collaborate in delivering content to end users in an accessible 

manner. In accumulation, the e-Government Infrastructures 

typically subscribe to one CDN provider and thus can't use 

multiple CDNs at the same time. Such a closed, non-cooperative 

model results in "isles" of CDNs. The paper does the 

mathematical assessment of the average response time for three 

conditions. These conditions are- when the request is available at 

first instance, when the request is available at any of the CDN 

Servers or the request is not available at any CDN Servers and 

needs to be taken from Web Server. The study may provide the 

guidelines to create open content and service delivery networks 

(CSDNs) that scale well and can share resources with other 

CSDNs through cooperation and coordination, thus overcoming 

the island CDN problem. 

 

 

(17) 

(20) 
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