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Abstract
Today’s fast advance of mobile computing and cloud computing is 
bring a new paradigm shift from conventional mobile computing 
and wireless communications services to mobile cloud computing 
and services over wireless internet in the real world. Many people 
believe that mobile cloud computing will not only completely 
change the current way of delivering mobile computing and 
communication services to global mobile users, but also alter 
their working and life styles with seamless global mobile resource 
sharing and accesses. In this we present a way of mobile resource 
sharing through a concept called “Mobility as a Service (MaaS)” 
which resembles the Platform as a Service (PaaS) mode of cloud 
computing using mobile resources.

Keywords
Cloud Computing, Mobile Cloud Computing, Map Reduce, 
Divide and Conquer, Mobility as a Service (MaaS).

I. Introduction

A. Cloud Computing
As mobile network infrastructures continuously improve, they are 
becoming popular clients to consume any Web resources, especially 
Web Services (WS). However, there are problems in connecting 
mobile devices to existing WS. This paper focuses on three of the 
following challenge: loss of connection, bandwidth/latency, and 
limited resources. This research implements and develops a cross-
platform architecture for connecting mobile devices to the WS. 
The architecture includes a platform independent design of mobile 
service client and a middleware for enhancing the interaction 
between mobile clients and WS. The middleware also provides 
a personal service mashup platform for the mobile client. Finally, 
the middleware can be deployed on Cloud Platforms, like Google 
App Engine and Amazon EC2, to enhance the scalability and 
reliability. The experiments evaluate the optimization/adaptation, 
overhead of the middleware, middleware pushing via email, and 
performance of Cloud Platforms.
By leveraging existing network-based features and their expertise 
in managed services, telecom operators enjoy many unique 
advantages over other cloud providers. The explosive growth 
of mobile access into the cloud also plays strongly to operators’ 
strengths. Ericsson sees three major roles through which telecom 
operators can align themselves in the cloud value chain:
• Managing cloud connectivity,
• Delivering cloud-based capabilities, and 
• Leveraging network assets to enhance cloud offerings.
Cloud Computing is the latest addition to the myriad of distributed 
computing paradigms. Unfortunately, there is no clear definition 
of the term “Cloud Computing” and its origin is also not clear, e.g. 
some link it to the standard depiction of the Internet, others to the 
2001 New York Times article referring to Dot.Net or the 2006 Eric 
Schmidt presentation. Vaquero [9] refers to cloud computing as a 
paradigm, which shifts the location of computing infrastructure 
to the network in order to reduce the costs associated with the 
management of hardware and software resources. In this paper, 

Fig. 1: Cloud Pyramid

Cloud Computing is divided into two parts, Cloud Platforms 
(CP) and Cloud Services (CS). Cloud Platforms usually refer to 
application hosts that offer computational power, storage and Web 
access. Two well-known Cloud Platforms are Amazon Elastic 
Cloud Computing (EC2) and Google App Engine (GAE). As 
shown in figure 1 we are introducing a new concept by using 
the Platform as a Service mode on portable mobile devices thus 
forming a new flavor of cloud computing on mobile devices known 
as “Mobility as a Service”.

B. MapReduce Frame Work
It works in three phases. A map phase transforms the input into an 
intermediate representation of key value pairs, a combine phase 
(handled by Hadoop itself) combines and sorts by the keys and a 
reduce phase recombines the intermediate representation into the 
final output. One can can implement two interfaces, Mapper and 
Reducer, while Hadoop takes care of all the distributed processing 
(automatic parallelization, job scheduling, job monitoring, and 
result aggregation). In Hadoop, there’s a master process running 
on one node to oversee a pool of slave processes (also called 
workers) running on separate nodes. Hadoop splits the input into 
chunks. 
These chunks are assigned to slaves, each slave performs the map 
task (logic specified by user) on each pair found in the chunk and 
writes the results locally and informs the master of the completed 
status. Hadoop combines all the results and sorts the results by 
the keys. The master then assigns keys to the reducers. The 
reducer pulls the results using an iterator, runs the reduce task 
(logic specified by user), and sends the ”final” output back to 
distributed file system.
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Fig. 2: Map-Reduce Operation

Map Reduce includes a software component called the job 
scheduler. The job scheduler is responsible for choosing the 
servers that will run each user job, and for scheduling execution 
of multiple user jobs on a shared cluster. The job scheduler consults 
the NameNode for the location of all of the blocks that make 
up the file or files required by a job. Each of those servers is 
instructed to run the user’s analysis code against its local block 
or blocks. The MapReduce processing infrastructure includes 
an abstraction called an input split that permits each block to 
be broken into individual records. There is special processing 
built in to reassemble records broken by block boundaries. The 
user code that implements a map job can be virtually anything. 
MapReduce allows developers to write and deploy code that 
runs directly on each DataNode server in the cluster. That code 
understands the format of the data stored in each block in the 
file, and can implement simple algorithms (count the number 
of occurrences of a single word, for example) or much more 
complex ones (e.g. natural language processing, pattern detection 
and machine learning, feature extraction, or face recognition). 
At the end of the map phase of a job, results are collected and 
filtered by a reducer. Map Reduce guarantees that data will be 
delivered to the reducer in sorted order, so output from all mappers 
is collected and passed through a shuffle and sort process. The 
sorted output is then passed to the reducer for processing. Results 
are typically written back to HDFS. Because of the replication 
built into HDFS, MapReduce is able to provide some other useful 
features. For example, if one of the servers involved in a Map 
Reduce job is running slowly most of its peers have finished, but 
it is still working the job scheduler can launch another instance 
of that particular task on one of the other servers in the cluster 
that stores the file block in question. This means that overloaded 
or failing nodes in a cluster need not stop, or even dramatically 
slow down, a Map Reduce job.

C. Security in MCC
Hadoop master node communicates with slave nodes using SSH, 
we set up an authenticated no-passphrase SSH connection between 
the master and slaves by generating the RSA public and private 
keys. This takes care of any eavesdropping and maintains a secured 
connection while the master communicates with the slaves and 
vice-versa.

II. Key Requirements For Mobile Cloud Computing
In addition to the basic requirements for exposing network services 

for mobile devices we need some key features of Mobile Cloud 
Computing that make it possible to implement seamless service 
delivery in a cross-network environment. These requirements 
have been proven out by the reference implementations already 
in place using Aepona’s technology. From the perspective of the 
enterprise solution provider or web/mobile application developer, 
the objectives of the Mobile Cloud Computing platform are: 

Simple APIs offering transparent access to mobile services, • 
and requiring no specific knowledge of underlying network 
technologies. 
The ability to deploy applications across multiple carrier • 
networks, under a single commercial agreement. 
Seamless handling of each carrier’s specific network policy • 
such as subscriber opt-in/opt-out and privacy management.

Fig. 3: Mobility as a Services (MaaS)

Fig. 4: MaaS Architecture

III. Our Architecture
The goal of the Mobile Cloud Computing (MCC) architecture is to 
provide a proxy for mobile clients connecting to Cloud services. 
Figure 4 shows an overview of the MCC and its main features. 
The architecture consists of three parts, the mobile clients, the 
middleware and the Cloud services. Since Cloud services are 
usually controlled by service providers, the middleware performs 
all the necessary adaptation to the mobile clients. Some services 
require real-time updates, for example, news, Blog, and Twitter 
service. The middleware also pushes updates of service results to 
mobile clients via HTTP or email immediately after it receives the 
updates. The middleware is responsible for mapping and reducing 
jobs successfully.

The mobile client sends a HTTP GET request with an identifier • 
of a WS to the middleware. 
The middleware deals with interactions to the WS. • 
The middleware maps the job into multiple chunks and splits • 
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the job to several nodes. 
The middleware stores a copy of result with the service ID in • 
the database and also maintains the same copy of individual 
chunk at every nodes database.
Then every node processes those chunks and returns the task • 
to the master.

Fig. 5: Node Processing Results

VI. Results
Figure 6 show the timings that required to run a specific job on a 
platform based on ARM A8 cortex processor that is intended to 
be used for mobile based development applications. The figures 
below depict the time required to process calculation of pi value 
using Monte Carlo methodology. One value shows to be 334.339 
(figure 5) seconds when run on a single mobile device whereas 
another timing shows to be 34.012 seconds. This shows that 
ultimately the divide and conquer approach reduces the load on 
every individual machine resulting optimization in processing 
time as well.

A. Dynamic Divisible Load Scheduling Theory (DDLT)
Dynamic Divisible Load Scheduling Theory (DDLT) in case of 
clouds is an optimal division of loads among a number of master 
computers, slave computers and their communication links. 

Fig. 6: Time Required to Estimate pi Value on  ARM A8 Cortex 
Processor

Our objective is to obtain a minimal partition of the processing 
load of a cloud connected via different communication links 
such that the entire load can be distributed and processed in the 
shortest possible amount of time. We redefined the dynamic load 
scheduling algorithm to get the minimum computing and reporting 
time of the homogeneous network and we define it as follows:

Where,
δ This is a delay coefficient to be considered while the • 
devices are portable which is inversely proportional to the 
communication speed in the cloud.
β• ki The fraction of load that is assigned to a slave i by master 
k.
a• ki A constant that is inversely proportional to the 
computation speed of slave i in the cloud.
b• ki A constant that is inversely proportional to the 
communication speed of link i in the cloud.
T• co Computation intensity constant. This is the time it takes 
the ith slave to compute the entire load when aki = 1. The 
entire assigned computation load can be measured on the ith 
slave in time akiTco.
T• cm Communication intensity constant. This is the time it 
takes to transmit all of the computation load over a link when 
bki = 1. The entire load can be transmitted over the ith link in 
time bkiTcm.
T• ki The total time that elapses between the beginning of the 
scheduling process at t =0 and the time when slave i completes 
its reporting to the master k, i =0,1,... ,N. This includes, in 
addition to computation time, reporting time and idle time.
T• fk This is the time when the last slave of the master k finishes 
reporting (finish time or make-span).
T• fk = max(Tk1, Tk2, Tk3,….TkN)
T• f This is the time when the last master receives the 
computation from its last slave.
T• f = max(Tf1, Tf2, Tf3,….TfN)

Thus the overall performance can be depicted on in the form of 
a graph as below:

Fig. 7:

V. Conclusion
Mobile technology continues to grow, which makes it easier to 
consume WS from mobile devices. Personalized service mashup is 
also required by mobile clients. However, mobile devices are still 
considered constrained devices compared to stationary computers. 
When developing a mobile WS client, developers and service 
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providers need to consider the heterogeneity of mobile platforms. 
WS is a widely adopted approach for providing service, but most 
existing WSs in the Cloud are not aware of mobile clients. RESTful 
WS is especially designed for lightweight and flexible interactions, 
for example mobile-service interaction. Because of the limited 
resource capacities and speeds of phones, it can be beneficial to 
add servers to augment the performance and reliability of the 
mobile cloud. Servers can be used to store replicas of mobile 
data, expedite MapReduce jobs, and serve data more quickly 
and without wasting battery energy. Thus the divide and conquer 
approach which resembles the Platform as a Service on mobile 
devices forms a new flavor to be known as “Mobility as a Service” 
and this shows that as the number of nodes increase the required 
time to finish a job reduces.
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