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Abstract:Recent years have witnessed cloud 
computing as an efficient means for providing 
resources as a form of utility. Driven bythe strong 
demands, industrial pioneers have offered 
commercial cloud platforms, mostly datacenter-
based, which are known to bepowerful and 
effective.Cloud computing has changed the way 
organizations create, manage, and evolve their 
applications. The other advancement is Mobile 
Computing, where mobile devices such as 
smartphones and tablets are believed to replace 
personal computers by combining network 
connectivity, mobility, and software functionality. In 
the future, these mobile devices are expected to 
seamlessly switch between different network 
providers, in order to maintain network connectivity 
at all times. These two technologies go together i.e. 
these mobile devices use the resources provided by 
the Clouds. But the currently used service model does 
not provide the Quality of Service. Because when a 
user changes its geographical location, it keeps 
accessing the service from previous local Cloud only 
and this leads to movement of large amount of data 
over the internet for long distance. So the mobility of 
user increases the network congestion and hence the 
Quality of Service and Quality of Experience both 
degrade. So, a better system or approach is needed to 
handle this problem. i.e. if the demand of some 
service increases or user moves to other location 
then it is better to move the service closer to the 
user’s location. If more than one user are accessing 
the same service and one of them moves to other 
location, then moving the service closer to that user’s 

location will lead to a problem. i.e. the other users 
cannot access that after its migration to other Cloud. 
Also, if a user continuously changes its location then 
migrating service with that much frequency will 
create network congestion. So this paper presents a 

framework that handles both these problems that 
arise due to service migration.  
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migration, Quality of Service. 
 
1. INTRODUCTION 
1.1. Cloud Computing 
Cloud computing provides a ―computing-as a-
service‖ model in which compute resources are made 
available as a utility service—an illusion of 
availability of as much resources (e.g. CPU, memory 
and I/O) as demanded by the user. Moreover, users of 
cloud services pay only for the amount of resources 
(a ―pay-as-use‖ model) used by them. This model is 
quite different from earlier infrastructure models, 
where enterprises would invest huge amounts of 
money in   building their own computing 
infrastructure[2]. 
1.2. Types of Cloud Providers 
Cloud Services are usually divided into three main 
types, Software-as-aService (SaaS), Platform-as-a-
Service (PaaS) and Infrastructure-as-aService (IaaS). 

a. Software as a Service 
This allows users to use service provider’s 

applications running on a Cloud 
infrastructure. Applications can be accessed 
from various client devices through a thin 
client interface such as web-based email. 
The user does not manage or control 
underlying cloud infrastructure, including 
network, servers, operating system, storage, 
or even individual application capabilities, 
with the possible exception of limited user-
specific application configuration settings. 
So, the applications are typically offered to 
the clients via the Internet and are managed 
completely by the Cloud provider. That 
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means that the administration of these 
services such as updating and patching are 
in the provider’s responsibility. One big 
benefit of SaaS is that all clients are running 
the same software version and new 
functionality can be easily integrated by the 
provider and is therefore available to all 
clients [3-4]. 

b. Platform as a Service 
Paas allows the users to deploy on to the 
Cloud infrastructure user-created or acquired 
applications created using programming 
languages and tools supported by the 
providers. The user does not manage or 
control the underlying cloud infrastructure, 
including network, servers, operating 

system, storage, but has control over the 
deployed applications and possibly 
application hosting environment 
configurations [4]. 

c. Infrastructure as a Service 
This model allows the user to obtain 
processing, storage, network and other 
fundamental computing resources and be 
able to deploy and run a range of software. 
The user does not manage the underlying 
cloud infrastructure but controls operating 
system, storage and deployed applications 
and may have limited control of selecting 
networking components (e.g. host firewalls) 
[4].  
 

 
Figure 1: Cloud Computing Layer architecture 

 
1.3. Smart Mobile Devices 
The miniature nature, compact design, high quality 
graphics, customized user application support and 
multi model connectivity feature have made smart 
mobile devices(SMDs) a special choice of interest for 
mobile users. These devices incorporate the 
computing potential of PDAs and voice 
communication capabilities of ordinary mobile 
devices by providing supportfor customized user 
applications and multimodal connectivityfor 
accessing both cellular and data networks. SMDs 
employwireless network technologies for accessing 
the internet; suchas 3G connectivity, Wireless 
Fidelity (Wi-Fi), Wi-Max, orLong Term Evaluation 
(LTE). SMDs are the dominant futurecomputing 
devices with high user expectations for 
accessingcomputational intensive applications 
analogous to powerfulstationary computing 
machines. Examples of such applicationsinclude 
natural language translators, speech recognizers, 
optical character recognizers, image 

processors,online games, video processing and 
wearable devices forpatients such as wearable device 
with a head-up display in theform of eyeglasses (a 
camera for scene capture and earphones)is a useful 
application that helps Alzheimer patients in 
everydaylife. Such applications necessitate higher 
computingpower, memory, and battery lifetime on 
resource constrainedSMDs. On the other hand, SMDs 
are still low potentialcomputing devices having 
limitations in memory, CPU andbattery power. In 
spite of all the advancements in recent years,SMDs 
are constrained by weight, size, and intrinsic 
limitationsin wireless medium and mobility [5]. 
 
1.4. Connection between mobile devices and cloud 

computing 
Cloud computing is offering affordable services and 
computing resources. On other hand, mobile devices 
lack in processing power and resources like memory 
and therefore mobile devices need centralized 
resource pool to makeup. So these two technologies 
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have connection with each other. In this paper, the 
future scenario is presented, that can create network 
congestion problem due to high bandwidth media 
services and user mobility. It presents an analytical 
framework to investigate the factors that affect 
Quality of Experience and Quality of Service in 
mobile environment. Also it investigates the 
framework that can overcome these problems by 
migrating object of service. 
 
The paper is outlined as follows: Section 2 presents 
related work i.e. some researches. Section 3 presents 
Analytical approach, Section 4 presents Cloud-based 
service framework, Section 5 presents the 
implementation the system, Section 6 presents the 
Performance analysis of system and Section 7 
concludes the paper. 
 
2. RELATED WORK 
The development of Cloud based services is 
increasing rapidly. Regardless of vendor and types of 
services, Cloud computing is basically used to 
provide the centralized pool of resources to the users 
in cost efficient way. Some vendors offer their 
services free of cost or at negligible cost. But along 
with development of services, the development in 
Cloud technology is also important. There are many 
research works carried out till now. 
 
One of the researches are, development of a 
migration technique for virtual machine within a 
Cloud that incorporates heterogeneity and dynamism 
in network topology and job communication pattern 
to allocate virtual machines on the available physical 
resources [6]. Here the work is done to bring the 
virtual machines closer to each other that exchange 
more traffic. In this way a faster connection within 
the same network hierarchical level can be used 
instead of long and slow connection. Since in Cloud 
the network computers are arranged in hierarchical 
manner, it is obvious that there may be high traffic on 
some level depending on the location and demand of 
the data. So, if the machines that carry out individual 
part of a huge task, then bringing such machines 
closer to each other makes the data to move on faster 
connection. The faster connection increases the 
performance and reduces the network congestion. 
 
Another research involves reshaping of physical 
footprint of virtual machine within a Cloud [7]. This 
research aimed at lowering down the operational cost 
for the Cloud providers and improving the 
performance of application, by investigating the 
affinities and conflicts between co-placed virtual 

machines. This is done by mapping virtual machine 
footprints and then comparing them. If the 
similarities are found then the machines are 
moved/migrated to the same location and content 
based memory sharing [8-10] is done without 
incurring performance penalty 
 
Another recent research, proposed an architecture 
aimed at improving the performance of Cloud 
technologies is known as Media-Edge Cloud (MEC). 
This architecture aims at improving the Quality of 
Service and Quality of Experience for multimedia 
applications [11]. In essence the aim is to divide the 
network hierarchy within the Cloud, in such a way 
that physical machines that are closer to the Cloud’s 

outer boundaries will handle QoS sensitive services. 
Since these machines are at border of Cloud, the data 
has to travel through small distance within the Cloud 
before it is being sent to the user/client. It improves 
QoE and also reduces the network congestion within 
Cloud. 
 
One more research in this regard is, Cloud-Based 
Mobile Media Service Delivery. This framework is 
capable of populating other public cloud in different 
geographical locations depending on the demand and 
network traffic, the services run on localized Cloud. 
It is aimed at lowering the network congestion and 
improving the Quality of Service (QoS). For 
achieving this aim, it considers the user mobility 
factor. That is, if a user accessing service from 
localized Cloud changes its location then, the service 
is migrated to the Cloud which is near to the user’s 

location.So, network congestion is reduced and QoS 
is maintained because the data need not to travel a 
long distance [1]. 
 
But, the above research takes into account only one 
user. Suppose there are multiple users in same 
geographical location accessing the same service 
from same public Cloud. If one of the users changes 
its location and goes to some other physical location, 
then the above framework migrates the service to the 
user’s new physical location but what about the 

remaining users that are accessing the same service. 
Those users can no longer access that service after 
the migration. Also if, a user frequently changes its 
physical location then,migrating the service that 
he/she is accessing with the same frequency can 
increase the network traffic. That is, most of the 
bandwidth will be wasted in migrating that service 
only. 
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So, a new system is needed to address these two 
issues. This paper is presenting such a solution that 
overcomes these problems. 
 
3. NEW SERVICE FRAMEWORK 
In the present Cloud service model, the work is in 
resource centric manner. i.e. the client has to connect 
with the Cloud to access the service. The 
disadvantage of this model is that the user must know 
the name of the physical resource and if that resource 
is having some problem then there is very less scope 
for redundancy. The redundancy issue can be 
addressed by running multiple servers and using DNS 
[12] for failover technique and load balancing 
purpose. 
 
In future of Cloud service, the user is expected to 
directly request service instead of the physical 
resource running that service. It will simplify the 
process for end users. In this service-oriented 
approach, user is expected to request the service ID 
and the infrastructure to search where the service is 
and connect. So, in such scenario the service can run 
at multiple locations and the user can be offered the 
appropriate service instance depending on its location 
and network traffic. 
 
To take into account the network traffic, a QoS aware 
model is needed. Suppose clients connect to the same 
Cloud no matter the physical location and network 
status. If the network status degrades and there is no 
redundant path then the Quality of Service will be 
severely affected. Another problem is, the clients 
have to connect to the same Cloud to access a service 
running on it no matter how far the geographical 
location of clients. This increases the network traffic 
and processing load of that particular Cloud, which 
leads to reduction in QoS. So, a new service delivery 
method is required, that can take into account the 
QoS and provide better load balancing and reduce 
network congestion. 
 
The above model can handle the Qos, but if the user 
mobility is considered then it becomes harder to 
maintain the QoS. Firstly, the client will be 
connected to the specific service requested by the 
client based on client’s physical location and network 
status. But is client moves to other physical location 
then it will add to network congestion and reduced 
QoS. So, the solution is to connect the client to 
different instances of service whenever the QoS 
degrades. In order to achieve this, a scenario is 
needed where Service Providers register their 
services globally. So, these services will be free to 

populate Clouds and jump to the different Clouds for 
maintaining the QoS. Here the service can move out 
of the bigger Clouds and propagate to smaller Clouds 
for balancing the network load. Also the Cloud will 
be able to decline the service if it is having heavy 
load. But all these processes should be automated and 
transparent to the Client. 
 
So, for handling the problems presented above, a 
framework is needed. The framework should be QoS 
aware, support active population of services and 
reduce the network congestion incurred due to 
migration of recently migrated service. 
 
4. ANALYTICAL APPROACH 
This section provides a basic analytical framework to 
analyze how mobility and network attributes affect 
the provision of a multimedia service such as Video-
on-Demand (VoD) services. In VoD systems, entire 
videos are placed in memory on the server and client 
requests are serviced from this in-memory cache. 
The time to prefetchp blocks of data is given by: 

Tprefetch=L+C×p    (1) 
Where, L is network latency and C is per block time 
to copy data from in-cache memory to network 
buffers. 
pshould be ideally equal to the number of blocks 
needed to display video frame. The value of L 
changes with the movement of client and increase in 
network links. L can be given as follows: 

L=Fn,s,ө+Fcloud+Fprotocol  (2) 
 

Where Fn,s,өis the latency incurred by the number of 
links (n) between client and service, the network 
bandwidth on each link (si) and the network load on 
each link (Qi) ; Fcloudis the Cloud latency caused by 
the network topology and hierarchy within the Cloud 
[8] and Fprotocol  is the latency caused by the transport 
protocol. 
If the time to prefetchp blocks is larger than the time 
it takesfor the device to consume them, then we have 
jitter. This can beexpressed as: 

Tprefetch(p)≤Tcpu× p   
 (3) 

 
Where Tcpublock consumption time.Substitute 
equation (1) and (2) in (3) 

Fn,s,ө+ Fcloud+ Fprotocol≤ (Tcpu-C)×p 
 (4) 

 
Let transmission delay be Di and Queuing delay be 
Qi. Therefore, the total network latency will be the 
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sum of the latencies for each link between client and 
service. Hence, Fn,s,өcan be expressed as: 

Fn,s,ө= (Di+ Qi)𝑛
𝑖=1    

 (5) 

 
Let transport block size be b , then the time 
totransmit blocks over a link is equal to the number 
of blocksmultiplied by the block size and divided by 
the bandwidth ofthe link. Thus, the transmission 
delay for blocks over link is p×b/Si, where Si is 
bandwidth of the link. Hence 

Fn,s,ө= (p × b/Si + Qi)𝑛
𝑖=1   (6) 

 
So using (6), we can expand (4) as follows: 

Fcloud+ Fprotocol+  (p × b/Si + Qi)𝑛
𝑖=1 ≤ (Tcpu-C)×p (7) 

 
On a lightly loaded system,we consider Fprotocol ,  
Fcloud and Qito be negligible. A simplified version of 
the above equationfor this scenario becomes: 

 (b/Si)𝑛
𝑖=1 ≤ Tcpu-C   

 (8) 
 

Therefore if  mobile users move away from aservice 
and more links are added between them, then the 
QoScan deteriorate and if it exceeds the threshold 
(Tcpu-C) for video,this will result in a degradation of 
QoE. 
Hence, HL=(Tcpu-C) represents the hard limit for QoS 
and which must not be crossed to avoid jitter. A soft 
limit SL is introduced in order to avoid reaching the 
hard limit i.e. to avoid jitter and Mt migration time. 

HL- SL=al × Mt    

 (9) 
 

Where al is rate of network latency increase with the 
increase of number of links. 
al can be calculated from mobile, Mt can be obtained 
between two clouds and HL is given by mobile 
device, so SL can be calculated to set QoS trigger for 
service migration. 

  
Figure 4.1: QoS degradation 

 
Above figure shows, how with the increase in 
number of links between user and services the 
connection becomes closer to the QoS limit. The SL 
must be set such that the QoS should not reach to HL. 
 
5. IMPLEMENTATION 
The implementation of this system solves the 
problem of network congestion, QoS degradation and 

ambiguity arose due to migration of recently 
migrated service. For this it requires following 
modules 

 Cloud 1 
 Cloud 2 
 Client 
 QoS Manager (GSPA) 
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Figure 5.1: Handshake mechanism 

 
 
The mechanism works as follows: 

a. The clouds Cloud1 and Cloud 2 both 
register their services with STAR in order to 
get Cloud ID. 

b. Client request for a service ID from STAR. 
For this the client logs in to the system. 

c. If login is successful then the STAR 
forwards the request to the Cloud ID that 
hosting the requested service. 

d. During the period for which connection is 
active, QoS manager monitors the QoS level 
and also the time for accessing the service. 

e. If the QoS goes below the threshold, then 
the QoS manager checks the time of last 
migration of service. If that time is more 
than 30ms, then the service is migrated as 
per the user’s location. 

f. But is the time of last migration is less than 
30 ms then, even though the QoS degraded 
the service not migrated in order to avoid 
network congestion caused by frequent 
migration of services. 

 
 
6. PERFROMANCE ANALYSIS 
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Figure 6.1: Performance analysis graph 

The above graph shows time required to migrate 
number of services by existing and proposed system 
both. It can be observed that the time required by 
existing system is higher than the proposed system. 
So the proposed framework gives better performance 
than the all existing systems. Because, the migration 
time is less the user don’t have to wait for long time.  
 

Hence the transparency is maintained properly. User 
do not suffer due to degraded QoS because the 
service is migrated so quickly that user don’t even 

realize the effect. 
 
 
 

  
Figure 6.2: Signal degradation graph 

 
The above graph shows the signal degradation 
observed by the QoS manager. The blue point in the 
graph represents the migration of service. 
Ideal time for migration is at least 30 ms. Before 30 
ms no service is migrated. The soft limit is set to 80% 
and the hard limit is set to 60% for QoS. If the signal 
goes below 80% after the 30 ms then the service is 
migrated. But the signal goes below 80% and the 
time of last migration has not exceeded 30 ms then 
the migration decision is not taken unless 30 ms are 
over. 
 
7. CONCLUSION 
This paper has investigated various problems or 
challenges that arise due to the user’s mobility in the 

network. This also presented the framework that can 
overcome these challenges. The presented framework 
allows user to access the service of Cloud with better 
QoS while moving from one physical location to 
another. The previous models were inefficient and 
not able to scale to cover all the QoS needs of mobile 
users. The presented framework efficiently 

providesbetter management of resources and good 
services to the clients. It also solves the problem of 
ambiguity arise due to the migration of recently 
migrated service and reduces the network traffic. 
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