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ABSTRACT
With faster growth of mobile technology and internet more and more technical features are provided through mobile
devices which made the ease of day to day activities of the users of mobile devices. Millions of users are making use of
mobile devices for making faster communication, sending and receiving of data or information seamlessly from remote
places. Today’s mobile devices are having the features of personal computers (pcs) and hence the integration of the
devices between mobile and pcs can be monitored and better interaction can be accomplished.

Due to the widespread use of wireless technologies convergence of wired and wireless networks made easy to perform
tasks on mobile devices. Today’s corporate world is handling most of the work through remote place   by controlling the
activities over different networks. Administrator of the network will handle all the activities of network through mobile
device without his presence in a server room of the network. Research activities are being carried out that allow remote
control of devices.

An effort is made to explore multipath aggregation problem in order to get solutions which will improve throughput by
making effective use of multiple paths of heterogeneous wireless networks concurrently. This work is mainly tested at
application layer by forwarding single data transport connection over the multiple paths. The purpose of logical
segmentation of a file streaming is made by using multi-homed clients is to be developed at application layer. The new
approach uses CMT-SCTP protocol with existing server infrastructure client based manner.
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I INTRODUCTION
The first computer communication network started since the birth of Internet which covered   area more than
laboratory among three American universities and Stanford Research Institute by using 50 Kbit/s links [1].
The packet switched network was used for the first datagram in the world is sent for long distance and their
onwards technology of communication journey started its progress. The fast growing wired and wireless
technology of communication enabled, use of mobile devices, smartphones by millions of people to access the
data of huge size by using Internet. The increasing data access demands for high speed of data transfer at the
end hosts. This can be achieved by aggregating multiple network interfaces (paths) and using multiple paths
simultaneously. The aggregation of bandwidth is useful when media of data is accessible by using slow
wireless networks. The single wireless network path is, unable to provide the required data rate of
transmission.

Today’s wireless devices like smartphones and laptops are equipped with multiple number of interface which
will be enabled to communicate with wireless local area networks. These devices are located in the coverage
areas of wireless networks. Operating systems use single interface only for data transmission and other
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interfaces will be idle in spite of available multiple interfaces. TCP and UDP transport protocols are used for
majority of data transfer. However TCP and UDP protocols are not supporting for multiple number of IP
addresses. By using multiple paths, packet reordering is essential and it can affect the performance.

Main goal of this proposed work is to improve data transfer speed by using multiple-paths i.e. interfaces
available in the network at user’s end host. This can be achieved by aggregating multiple network
interfaces(paths) and using multiple paths simultaneously. This will be very much useful when the media of
data access is possible through several slow networks. The single wireless network path is, unable to provide
the required data rate of transmission like high quality multimedia streaming.

Smartphones and laptops devices equipped with multiple interfaces are commonly used for communicating
different wireless technologies such as 3G, Wi-Fi, cellular networks and wireless local area networks. These
mobile devices are present in the coverage areas of networks. Whenever the device is in the range of access
networks then the device which executes the application can send the data simultaneously by using multiple
paths as shown in fig. 1.

Fig. 1: Multipath network for data transmission
Remainder of the paper is organized as below. Section II briefs about the related work of bandwidth
aggregation at different layers of standard protocol stack. Section III presents CMT-SCTP protocol which is
followed by architecture of system in section IV and conclusion is given in Section V.

II Related work:
The main aim of aggregation of multiple paths is to improve the throughput. Solution of aggregation of
multipath should attain at least average throughput, equivalent to the total addition of throughput of each
individual paths.Continuous research work is carried out by researchers in order to provide the bandwidth
aggregation on different layers of the protocol stack which use multi-homed devices.

Link layer
Multipath aggregation at link layer is also called as bonding or bundling at link layer as more number of
physical channels are bundled into one logical channel [2]. Ethernet channel allows many of the hosts to be
connected in order to obtain improved throughputby using multiple cables of Ethernet. Ethernet bundling
prevents reordering of frames by making use of same port of Ethernet for the data flow. Ethernet speed is
always more than the requirement of single application. Multilink Point to Point Protocol (PPP) also uses
aggregation of the links[3].  At link layer, bandwidth aggregation works for two systems only. It is not useful
for connecting multiple systems. Generic link layer (GLL) approach for bandwidth aggregation for link layer is
proposed by Koudouridis[14]. Multiple radio access networks are used for communication with destination
node.
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Network layer
Multipath routing in network layer uses different paths(end to end) between the source and thedestination.
Forwarding of IP traffic data over the multiple paths require the host to be multi-homed. The multi-homed
system is one which has multiple providers of IP address ranges.

Aggregation of multiple paths at network layers use tunneling mechanism for transfer of packets from server
to all IP addresses at client side. Bandwidth aggregation with infrastructure for network layer was proposed by
Chebrolu et al. [4,5].Knowing the addresses of multi-homed clients, server calculates the packet delivery time
to send the packetsintelligently with the aim of reducing reordering of packets at receiver. Earliest Delivery
Path First (EDPF) is used for bandwidth aggregation at network layer is  used by the author Kameshwari
Chebrolu [5] at Network Layer, where minimal changes are made for existing infrastructure. EDPF works
mainly based on the principle of ensuring packets which meet playback deadlines. Here scheduling of packets
is based on estimation of transmission time ofthe packets. EDPF well performs similar to the Aggregated
Single Link (ASL), where single interface will replace multiple interfaces which are having same kind of
aggregated bandwidth.

Transport layer:
Single path transport protocols are not able to support for multimedia and other business applications which
demand for reliability and fault tolerance. Multipath techniques can solve deficiencies of single path protocols
by using inverse multiplexing of resources to send packets over multiple paths which provide fault tolerance,
better reliability and enhanced throughput. Use of multipath transport layer is suitable for the devices which
provide heterogeneous access technologies like Wi-Fi, 3G,Wi-max etc. Mobile devices by using multiple
paths provide improved reliability and the ability to shift from one technology to other. It is also possible for
the mobile nodes to pool their low bandwidth which can support for high bandwidth demanding applications.
CMT-SCTP protocol is useful for multiple paths aggregation at transport layer for failover of multiple IP
addresses and not for use of simultaneous data transfer. Iyengar  etal.[7,8] developed concurrent multipath
transfer protocol, the extension of SCTP  supports for data transfer forone end to  other end paths. Different
capacity of the paths and delay will cause packet reordering and faster transmission. Authors propose for
virtual queues to be used at the sender side to know the packet reordering and packet losses.

Many of researchers continued the work in order to strengthen idea of CMT, by developing CMT-SCTP, load
sharing SCTP(LS-SCTP). Fiore et al. [9] and Perotto et al. [10] suggested to use Westwood’s bandwidth
estimation in order to send the chunks over available paths efficiently.

Dreibholz and Adhari etal. [11, 12] proposed SCTP-based multipath aggregation solution over the asymmetric
paths.Distributed Stream Control Transmission Protocol (DSCTP) makes use of [15] multi-streaming and
multi-homing for the aggregation of the bandwidths of interfaces. It makes use theavailable active streams
simultaneously.

Application layer:
The application which wants to transfer the data on multiple paths will establish several transport connections
and binding them to IP addresses. Data to be transferred is distributed as per the available capacity of the path.
The data file to be sent is split into number of logical segments and transmitted concurrently over different
paths.

Application Layer Protocol based Aggregation (ALPA) is a protocol used at the application layer for bandwidth
aggregation is proposed in the paper[16] by considering the dynamics of wireless links.  The objective this
work is mainly to minimize energy consumption and guaranteed quality of service by dynamically scheduling
of data transmission for both network interfaces.

IIICMT SCTP Protocol
Stream control transmission protocol (SCTP) is a standard transport layer protocol developed by Internet
Engineering Task Force (IETF).  CMT SCTP is an extension of SCTP protocol. It provides services
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equivalent to TCP and UDP apart from multi-homing and multi-streaming. SCTP is one of the reliable
protocol. It supports for multiple IP addresses. It is useful for addressing interfaces which are connected to
different networks. It uses one single identified path for data transmission and other are used for the purpose
of backup and retransmissions. Today’s mobile devices like laptops and smart phones are having multiple
interfaces. The multi-homing service allow these devices for establishment of connection with more number
of networks similar to smart phone with 4G and Wi-Fi connections.

In an SCTP association, one of the path is usedfor transmission of data and others are used for retransmissions
or backup whenever path failure occurs.The multi-streaming service is used for concurrent transmission of
streams.SCTP supports forthe transfer of simultaneous data over multiple paths by using CMTSCTP so as to
updatethroughput of aggregated transmission [13]. CMT-SCTP protocol allows for utilization of multi paths
simultaneously. It facilitates for higher data transmission among the hosts, having multiple interface devices
so as to maximize aggregated transmission throughput.

CMT-SCTP allows for the payload data to be distributed across all of available paths at the same time.  An
example for association of two paths SCTP and CMT-SCTP is as shown in the fig 2 a) and Figure 2 b). Apart
from increase in the performance by using CMT SCTP but there are some issues related to reordering of the
data at the receiver end.  However main issues related are fast retransmission and selective acknowledgement
traffic. In order to avoid these issues, algorithms for CMT-SCTP are proposed [13].

Fig. 2b) Multi-homing in CMT-SCTP
Association buffer is used to keep data chunks irrespective of the path on which these data chunks were
transmitted. It supports for multi-buffer structure. CMT-SCTP association is as shown in the fig.3.

Fig. 3: CMT-SCTP Association

IV Architecture of system
The general architecture for multipath data transfer consists of multiple clients and server from which data is
to be fetched are connected in a wired/wireless network. Let the client C makes request for required file
transfer from server S. The server S transmits the requested file using multiple paths where concurrent
transmission takes place in the form of data chunks. Each path connected through an intermediate node which
forwards the incoming packets from first path P1 towards the client on second path P2 based on the optimum
selection of path based on estimation of path selection for communication which is as shown in figure 4.
Client can be smartphone, mobile device or laptop and nodes can be access point, base station, Wi-Fi, Wi-
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max, wireless routers or personal computers used as clients. Server is connected through buffer interfaces in
the form of FIFO queue. The paths between server and client are of variable bandwidth. Variable bandwidth is
the rate at which the paths send the data from server buffers as a function of time. Intermediate nodes just
forward the data packets received as it is to the client.

Fig. 4: Bandwidth aggregation architecture
The overall architecture of system mainly consists of following modules.

A Creation of Network:
A simulation environment is created by connecting multiple machines in wireless network including a server.
Some of the nodes will work as transportation media of Wi- fi /wi-max. Each of these nodes have their own
unique speed of transmission and others will act as clients. Database is maintained for both the files to be
transmitted at the server side and database for keeping the received files at client side.  Receiving buffers are
used at the client side to receive incoming packets. Clients will make request for the required data for the
server and server will check for the requested file in its database and responds by sending the file requested
using multi-paths of the network available using optimal paths for communication using bandwidth
aggregation. CMT-SCTP association is created between client and server and socket is used for the process of
transportation. Compressed data to be sent is received by data splitter and there by divided into number of data
chunks and these chunks are sent on different paths based on the selection of paths of communication using
path estimation and selection of paths as shown in system architecture diagram represented in the fig. 5.

Fig. 5:  System architecture
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B.  Server activity:
Server activity module starts first to collect list of clients activated/started in the network. It is ready to
provide the following information/services.

1. List of clients connected in the network

2. List out the processes which are being executed at the selected client

3. Facility to kill a particular process, shutdown or termination of client machine

4.  Sending and receiving of messages from server to the clients

5.  Transfer of requested file by the client from server using bandwidth aggregation

Various operations will be executed remotely for controlling of process, file operations, sending a message,
capturing of screenshots. All these operations are controlled by mobile device. Mobile device can be
connected either through internet connection or through Wi-Fi connection. The server module performs
operations such as control of processes, and killing of the running process of the client node. One has to select
the process which is to be terminated from the list of the processes. In order to read a particular file one has to
enter the path of the file and can have the access to the file. Other operations like broadcasting of message and
sending notification to particular client is also possible.

C. Client activity:
Client gets started and have the facilities for requesting a file required from server end, Sending and receiving
of messages. Activities of client are controlled by server.

D. Data flow rate controller and allocator:
Data flow rate controller and allocator is mainly concerned with choosing of best paths from the subset of
communication paths and assign the   transmission or bandwidth allocation rates to each of the path. Bandwidth
allocation vector R =(r0,r1,r2,r3 … rn-1)  is maintained to keep track of number of transmission paths and
bandwidth allocation values(n) along each of the path and is arranged in ascending order so that  a path with
maximum available bandwidth value is selected. ri is thebandwidth allocated to the source i so that there is no
congestion in the network and it is always less than the capacity of the link. If the available bandwidth is
allocated with equal amount of bandwidth among all the connections and there is no proper utilization of
bandwidth as each of the application is not utilizing the bandwidth. So there is a need of utility maximization
algorithm for maximizing bandwidth allocation to each of the application.

E. Packets forwarding: Server is connected to the clients with multiple paths in the network. Each of path in
the network is independent of each other path and has its own transmission speed. Each of these
communication paths are having the properties as listed below.

a)  Bandwidth available (Ba): It is measured in terms of bits transferred in the given unit

amount of time.

b)  Round trip time (RTTp): It is total time taken for sending of data packet and receiving

of acknowledgement for the data packet.

c) Path loss rate(Lp): It is the rate of loss of packets for that path of communication.

Each of the communication path is assigned with transmission capacity. Optimal throughput is obtained by
using flow rate controller and allocator using utility maximization algorithm.

F. Reordering of packets:
The end to end delay of each path differs in the network. During the transfer of packets using concurrent
multipath, there are chances of receiving the packets out of order. So  packet scheduling  [11] [12] [13] [15] is
used to arrange transmission sequence in order to minimize the delay caused due to the reordering of packets
at receiver end. The desired output at the receiver is generated

by reordering of packets received through concurrent multi-paths.
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V Conclusion:
Bandwidth aggregation for improving the throughput is proposed for accessing remotely required data by the
clients connected in a network using mobile device. It is useful for remote monitoring and sharing of data. A
terminal equipped with multiple network interfaces can access data through concurrent multi-paths. By using
services of bandwidth aggregation,    significant enhancement in the performance is achieved in terms of
throughput, reliability and resource sharing over the use of single interface. A virtual bigger logical link with
high bandwidth can be created by using multiple links of lower bandwidth in order to meet demands of
applications which require higher bandwidth. Here a dynamic bandwidth aggregation is used at transport layer
of the network. Compression and decompression of data is implemented in order to enhance the transmission
throughput and better quality of service. Bandwidth aggregation is attained by using lower bandwidth
channels and thereby achieving increase in transmission throughput.

In future, mobile and wireless communication systems will support for the increase in   volume of data and
thereby increase in the range of application domains which demand for high speed of transmission of data.
The popularity of multi-homed mobile terminals facilitate for bandwidth aggregation to provide improved
data transmission, throughput and reliability. In this work, the design of system is addressed to get aggregate
bandwidth when a mobile device has several interfaces for communication and transfer of data. The extension
of this research work can be useful for high streaming of video where dynamic availability of access networks
with multiple interfaces of mobile device.
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