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ABSTRACT
Since Software-Defined Networking (SDN)
technologies have been commonly used in
networking components for designing Future
Internet, the multi-path routing becomes a
fundamental requirement in network deployment.
This paper present a prototype of weighted multipath routing based on OpenFlow protocol. For a
stable network operation, in consideration of
various factors, it is necessary to select the best path.
Bandwidth, load, delay and reliability will be key
factors to define the priority of the multi-path.
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1 INTRODUCTION
Software Defined Network (SDN) is a new
technology trend of the network. The traditional
network equipment vendors have provided all
of the hardware, software and management
tools. But, SDN is a totally different way to
manage the network in a centralized form. It is
based on the principle of separating the control
and data planes, and the protocol like
OpenFlow describes the information exchange
between the two planes [1]. Separating control
plane makes a wide variety of applications to be
applied not dependent on hardware.
In this architecture, an OpenFlow switch
contains a flow table consisting of flow entries.
A flow entry is made up of fields on which
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incoming packets are matched, and actions to
be applied upon a match. If there is no match,
the packet is forwarded to a controller, which
runs a program to handle the packet, and
decides whether to insert, delete, or update flow
entries in the flow table for subsequent packets
matching the same fields. Statistics are
collected on packet matches which may be used
to make decisions.
SDN is applied to the data center, many
multi-path routing technologies have been
proposed. Multi-path routing was proposed as
an alternative to single path routing to fully
utilize the multi-path capability of multi-rooted
topologies. For example, DevoFlow[2],
Hedera[3], Mahout[4], all provide elephant
flow management solutions that differentiate
between elephant and mice flows.
In addition, when the delay of real-time
traffic (e.g. audio and video data) is generated,
there is affected by the quality of service. The
traffic response time and the error rate of the
line will be possible to apply a lot of impact on
service. Therefore, the status of link and the
port utilization on the path are important factors
to improve the quality of service. While
maintaining the efficiency of multi-path, it is
necessary to introduce a method that can be
monitored to reflect these factors.
So in this paper, we propose a method which
can be processed stably traffic in consideration
of a variety of network variables while
maintaining the efficiency of multipath.
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2 RELATED WORK
Traditional single path routing algorithms
cannot fully utilize the multi-path capability of
multi-rooted topologies, such as the fat tree [5],
as shown in Figure 1. The spanning tree
algorithm [6], for example, always reduces a
network topology to a tree. It removes the
multi-path efficiency of multi-rooted topologies
and causes waste of network resources [7]. In
multi-path routing, traffic bound to a
destination is split across multiple paths to that
destination. Therefore, multi-path routing was
proposed as an alternative to single path routing
to fully utilize the multi-path capability of
multi-rooted topologies.

hosts, select only one of the best paths to handle
the flow. In this case, even though a sufficient
margin, using only one path makes inefficient
situation. It can be implemented to find
multiple paths through various multi-path
processing technologies like ECMP [9],
MPTCP [10], etc. In addition, the path can be
chosen using the port usage, delay, link error
rate.
As shown in Figure 2, our mechanism is
composed of four modules. Topology module
identify the physical link-level connectivity of
the OpenFlow switches. Monitoring module
monitors the utilization and error rate of each
device and link, and it collects and provides the
basic information for Path Computation. Path
Computation module gives priority of multiple
paths in the information collected from the
topology module and monitoring module. And
Path Install Module serves to apply a prioritized
flow table information to OpenFlow switch.

Figure 1. Example of fat tree topology.

Multi-path routing can awfully reduce
congestion in hot spots by distributing traffic to
unused network links and devices instead of
routing all the traffic on a single path. That is,
multi-path routing provides load balancing and
makes full utilization of network resources [8].
There are many issues in multi-path routing:
how to select multiple paths, how many paths
are needed, and how to deal with the problem
of avoiding shared bottleneck links among
multiple paths [8]. The reasons why these
issues are very important that the quality of
paths selected represents the efficiency of a
routing method
3 SYSTEM DESIGN
In general behavior of SDN controllers, if
there are multiple paths to send data between
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Figure 2. Architecture of the proposed mechanism.

In this architecture, OpenFlow switch uses
the flow table that is the path information about
packet transmission. When a packet is
transferred, the controller, based on the
topology information gathered through the
topology discovery procedure, and calculates
the optimum route, and sets a path off the Flow
table in the OpenFlow switch. The
communication between the hosts can be set
along the path. There is group table specifying
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a path, which is able to define different routes
for a flow table. Group table can be defined in
one of the group to put a large number of paths
to the action buckets [11].
Each bucket carries a weight field that
defines the share of the traffic processed by the
group in the bucket. An example is illustrated
in Figure. 3.

3.2 Monitoring

The purpose of this module is to query,
consolidate and store the statistics from all
OpenFlow switches. These information is
needed to identify the utilization of multiple
paths. It collects regularly per-table, per-flow,
per-port statistics, link error rate, and so from
each OpenFlow switch. And it saves only the
number of recent data to be used to Path
Computation.
3.3 Path Install

This module installs the route chosen by the
Path Computation module into the series of
OpenFlow switches. Each entry in the table
contains the information about flow entry
attributes like source/destination MAC,
source/destination IP, Port and the action
installed
Figure 3. OpenFlow Group Table.

Weight values is existed in the action buckets
and the using weight values is possible to adjust
the priority. After setting the multi-path list in
the action buckets, the monitoring module
collects usage and delay of each switch port,
and the link error rate. And then the path
computation module adjusts the weight value of
each path.
3.1 Topology

This module handles generation and
parsing/interpreting LLDP packets for all
switches in the network. The bulk of the
functionality is performed in the following
manners. There is a generator function which is
called in a timer every timeout period. It
iterates over all ports in the network and sends
an LLDP packet on each invocation. When
receiving and LLDP packet, the module infers
the link-level connectivity by querying the
LLDP packets. The network links are stored in
the instance variable adjacency list.
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3.4 Path Computation

The most important factor in selecting the
path, is the ratio of the bandwidth utilization.
The lower utilization, need to use the path
priority is higher. Furthermore, in consideration
of the delay and reliability of the path, it is
necessary to select a path. Reliability is a
measure that indicates whether the link or port
error rate is low. Bandwidth, load, delay and
reliability are key factors to define the priority
of the multi-path, these values can be obtained
from the Monitoring module. Its formula can be
expressed as follows.
(1)
The formula in (1) is made with reference to
the Cisco's EIGRP routing protocol metric
calculation formula. The lower traffic amount,
the lower delay and the lower link error rate
will have a higher priority in the action buckets
list.
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4 CONCLUTION
Through various experiments, we know that
using multi-path, such as ECMP, MPTCP,
WMR (Weighted Multi-path Routing) are
effective for the use in multi-path environment
rather than using only one path, as shown in
Figure 4 [12].

Figure 4. Throughput performance of weighted
multipath routing versus single path routing, ECMP

Only the effect of multipath, there is not
enough to process a particular traffic, like realtime traffic, depending on the status of various
network conditions. To maintain the immediate
transmission, or require immediate response to
the traffic, it must be considered the bandwidth,
load, delay and reliability for each path of the
multipath. Consideration of bandwidth, load,
delay and reliability makes to operate more
stable multi-path network.
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