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ABSTRACT
Traffic engineering involves adapting the routing of traffic to the network conditions,
with the joint goals of good user performance and efficient use of network resources. In this
paper, we describe an approach to intra-domain traffic engineering that works within the
existing deployed base of Interior Gateway Protocols (IGPs), such as Open Shortest Path First
(OSPF). The network configuration of link weights has adapted based on a network-wide view
of the traffic and topology within a domain. In addition, the results has been summarized using
the techniques for optimizing OSPF/IS-IS weights to the prevailing traffic. This paper shows
the analysis of traditional shortest-path routing protocols for the flow of traffic in small IP
networks and its effectiveness in large IP networks.
Index Terms: MPLS, Open Shortest Path First (OSPF) OSPF/IS-IS, Intra-domain.
I. INTRODUCTION
Internet is an extremely robust communication network, even in the rapid growth and
occasional failures. However, it does not ensure that the network runs efficiently[1]. A host
implementing the Transmission Control Protocol (TCP) adjusts its sending rate to the
bandwidth available on the path to the destination, and routers react to changes in the network
topology by computing new paths, such as a company, university campus, or Internet Service
Provider (ISPs).
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Shortest Path First (SPF) protocols such as OSPF or IS–IS are the most commonly used
Intra-domain Internet routing protocols today. Traffic is routed along shortest paths to the
destination. The weights of the links, and thereby the shortest path routes, can be changed by
the network operator. A simple default weight setting is the weight of a link inversely
proportional to its capacity[2]. As an alternative to OSPF/IS–IS, the more flexible
multiprotocol label switching (MPLS) protocol has been suggested. But we have analyzed
OSPF/IS-IS protocol in an arbitrary routing in Intra-domain networks.
OSPF is a link−state protocol being an interface on the router. The state of the link is a
description of that interface and of its relationship to its neighbouring routers. For example, the
IP address of the interface, the mask, the type of network it is connected to, the routers
connected to that network and so on. The collection of all these link−states would form a
link−state database.
II. TRADITIONAL OSPF/IS-IS
This paper presents an overview of a practical approach to working within the existing
framework of static link weights, without modification to the routing protocols or the routers
themselves. The main point underlying this body of work is that the process of arriving at good
values for the weights, or a good set of changes to the existing values of the weights is handled
externally from the routers. This process could depend on traffic measurements and topology
data collected from the operational network. The link weights are configured by an external
entity, such as a network management system or a human operator, to achieve certain traffic
engineering goals. Generally, the modification of the link weights is a significant change to the
network that is performed on a relatively coarse time scale. The framework uses the link
weights as the way to drive the path-selection process.
III. TRAFFIC ENGINEERING FRAMEWORK
The approach to traffic engineering has three main steps - measure, model, and control as illustrated in Figure 1. First, the operator needs to measure the network topology and the
offered traffic; in practice, this measurement data are necessary for other optional tasks, such as
network visualization, usage-based billing, and capacity planning. Second, evaluating possible
settings of the link weights requires a way to predict how the IGP configuration affects the flow
of traffic. Third, after deciding on the values of the weights, an automated system or a human
operator needs to change the IGP configuration on one or more routers [3].
A. Measure: Network Topology and Traffic Demands
Selecting good link weights depends on having a timely and accurate view of the
current state of the network. This view includes the operational routers and links in the
network, as well as the capacity of the links and the current topology/configuration of the IGP
parameters. Topology and configuration information are available from a variety of sources.
Link capacity and IGP parameters are available from router configuration data (such as
configuration files) and may also be stored in external databases that drive the provisioning of
the network elements.
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Figure 1: Key components of the traffic engineering framework
The Simple Network Management Protocol (SNMP) provides information about the
status of the network elements, either by polling or via traps. In addition, it is possible o deploy
IGP route monitors that track the topology and IGP parameters in the operational network. For
example, a software router that participates in OSPF/IS-IS with the operational routers could
track and report his information in real time.
The operator also needs an estimate of the volume of traffic between each pair of
routers. In some cases, the estimate may come from past experience or customer subscription
information. Four main approaches have been considered [4]. First, the necessary traffic
statistics may be available directly from SNMP Management Information Bases (MIBs),
depending on the forwarding paradigm employed in the network. For example, Multi-Protocol
Label Switching (MPLS) MIBs could be used to measure the volume of traffic on the Label
Switched Path (LSP) between each pair of edge routers. Second, the offered traffic can be
computed by combining packet-level or flow-level measurements at the network edge with the
information available in routing tables. Third, the offered traffic may be inferred based on
observations of the aggregate load on links inside the network in conjunction with routing data;
this approach is referred to as network tomography. Fourth, new techniques for packet
sampling offer the possibility of direct observation of the offered traffic as it flows through the
network.
B. Model: Path Selection Based on IGP Configuration
Traffic engineering requires an effective way to predict the flow of traffic through the
network based on the routing configuration. When all of the links belong to a single
OSPF/IS-IS area, path selection simply involves computing the shortest path(s) between each
pair of routers (e.g., using Dijkstra's algorithm). Larger networks are typically divided into
multiple OSPF/IS-IS areas. For routers in different areas, the path selection depends on the
summary information conveyed across area boundaries. In some cases, the network may have
multiple shortest paths between the same pair of routers. The OSPF and IS-IS protocol
specifications do not dictate how routers handle the presence of multiple shortest paths. In
practice, most routers capitalize on the multiple paths to balance load. A router typically splits
traffic roughly evenly over each of the outgoing links along a shortest path to the destination;
traditionally, IGPs with static link weights do not have the flexibility to divide the traffic among
the shortest paths in arbitrary proportions. Ultimately, then, the routing model should compute
a set of paths for each pair of routers. These paths can be represented in terms of the fraction of
the traffic (for this pair of routers) that traverses each of the links. The output of the routing
model can be combined with the traffic demands to estimate the volume of traffic on each link,
based on the topology and the IGP configuration. A single block of destination IP addresses
may be reachable via multiple exit points to neighbouring domains. For example, an AS may
have multiple links to another service provider at different geographic locations. The BGP
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decision process selects from these routes based on the IGP cost of the shortest path to each exit
point. This enables each router to select the “closest” exit point. The work in presents an
overview of a routing model that captures the details of multiple OSPF/IS-IS areas, the even
splitting over multiple shortest paths, and the influence of IGP parameters on how the traffic
exits the network en route to a neighbouring AS.
C. Control: Reconfiguring the IGP Weights
Changing IGP weights requires applying the appropriate commands to the affected
routers. This may involve running telnet to connect to each router's command-line interface.
The specific commands depend on the particular operating system running on the router. For
example, in Cisco IOS (Internet Operating System) parlance, the operator would enter a
command like ipospf cost 64 in the context of the appropriate outgoing link to change the OSPF
weight to 64. These commands may be applied manually by a network operator or performed
automatically by a script. More generally, the service provider may have a network
management system for configuring the routers. An integrated network management system
could conceivably automate the entire process of detecting congestion, selecting suitable IGP
weights, and effecting the configuration changes. However, given the complexity of operating a
large IP network, a service provider may have a human operator involved to oversee the
process.
Following a weight change, the router updates its link-state database and floods the new
value of the weight to the rest of the network. Upon receiving the new link-state advertisement,
each router updates its link-state database, computes the new shortest paths, and updates certain
entries in its forwarding table. During this convergence period, the routers in the network do
not have a consistent view of the shortest-path routes for some destinations. This transient
period is similar to what happens following a change in the topology of the network due to an
equipment failure or the addition of a new router or link; convergence following a weight
change is typically faster than convergence after a failure, though, since the router does not
have to incur a delay to detect that a failure has occurred. Still, changing a link weight does
require the network to undergo a transition period where the forwarding paths are changing for
some of the traffic. As such, making frequent changes to the link weights is not envisioned.
Instead, link weights would change under special circumstances following the outlay of new
capacity, a significant equipment failure, or a serious shift in the traffic demands.
IV. INTRADOMAIN TRAFFIC ENGINEERING
Traffic engineering depends on having a set of performance objectives that guide the
selection of paths, as well as effective mechanisms for the routers to select paths that satisfy
these objectives. Most large IP networks run Interior Gateway Protocols (IGPs) such as OSPF
(Open Shortest Path First) or IS-IS (Intermediate System-Intermediate System) that select paths
based on static link weights. These weights are typically configured by the network operators.
Routers use these protocols to exchange link weights and construct a complete view of the
topology inside the AS, as shown in Figure 2. Then, each router computes shortest paths (where
the length of a path is the sum of the weights on the links) and creates a table that controls the
forwarding of each IP packet to the next hop in its route.
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Figure 2: Routing path based on OSPF/IS-IS link weights: each link has an integer weight.
On the surface, shortest-path routing does not seem flexible enough to support traffic
engineering in a network supporting a diverse set of applications. First of all, these IGPs are
limited to routing scenarios that can be specified with a single integer weight on each link.
However, we argue that link weights suffice to specify near-optimal routing for large,
real-world networks. Second of all, in their basic forms, the OSPF and IS-IS protocols do not
adapt the link weights in response to changes in traffic or the failures of network elements, and
the path-selection process does not directly incorporate any performance objectives. Recent
standards activity has proposed traffic engineering extensions to OSPF and IS-IS to incorporate
traffic load in the link-state advertisements and path selection decisions. However, these
extensions require modifications to the routers to collect and disseminate the traffic statistics
and establish paths based on the load metrics. Instead, we argue that it is often possible to select
static link weights that are resilient to traffic fluctuations and link failures, allowing the use of
the traditional incarnations of OSPF and IS-IS.
Here we see how to control the distribution of traffic in a network by tuning the IGP
weights. Figure 3 and Table I concern the same network where all links have the same capacity
and each of the nodes from 1 to 12 have one unit of traffic to send to CPE1.The simple
performance objective here is to find the shortest path.
Minimum Hardware Requirements:
System : Pentium IV 2.4 GHz
Hard Disk : 40GB
RAM : 1GB
Speed : 2.40GHz
Software Requirement:
NETWORK SIMULATOR (NetSim)
V. SIMILATION RESULTS
A. Initial configuration with unit weights
Figure 3 shows the results of having the same weight of 1 on every link. This directs all
of the traffic from node CPE2 through routers 1, 3, 5, and 6 to CPE1.
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Figure 3: Routing path based on OSPF/IS-IS link weights
Each link has a unit weight, arrows illustrate the flow of traffic, the thickness of the
arrows indicates the volume of traffic traversing the link, and a dashed line represents a link
that carries no traffic.
Configure all the nodes with unit weight of network shown in Figure 2 and run through
the Network Simulator software; the results show the shortest path as shown in Figure 3. The
obtained link result is shown in the Table I.
The Table I gives the performance metrics of the network shown in Figure 2 with unit
weights, which give the shortest path same as shown in Figure 3.
TABLE I: PERFORMANCE METRICS OF THE INTRADOMAIN NETWORKS WITH
UNIT WEIGHTS

Figure 4 gives the utilization report of the network shown in Figure 2 with unit weights,
which gives the utilization percentage of the Figure 3.
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Figure 4: Utilization report with unit weights
B. Local change of the link weights
Figure 4 shows the results of having the different weights on every link. This directs all
of the traffic from node CPE2 through routers 1, 3, 4, and 6 to CPE1.
Configure all the nodes with different weights as shown in above network, of network shown in
Figure 2. Each link has different weights; arrows illustrate the flow of traffic,

Figure 5: Routing path based on OSPF/IS-IS link weights
The thickness of the arrows indicates the volume of traffic traversing the link, and a
dashed line represents a link that carries no traffic and run through the Network Simulator
software; we get the same shortest path as shown in Figure 5. The obtained result is shown in
the Table II.
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TABLE II: PERFORMANCE METRICS OF THE INTRADOMAIN NETWORKS WITH
DIFFERENT WEIGHTS

The Table II gives the performance metrics of the network shown in Figure 2 with
different weights as shown above, which give the shortest path same as shown in Figure 5. The
figure 6 gives the Utilization report of the network shown in Figure 2 with different weights as
shown above, which gives the utilization percentage of the Figure 5.

Figure 6: Utilization report with different weights
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VI. CONCLUSION
By comparing the tables I & II, path to the destination is changed. Hence this
explanation concludes an approach to engineering the flow of traffic in these networks by
monitoring the traffic and topology, optimizing the setting of the static link weights, and
reconfiguring the routers with new weight settings as needed.
VII. FURTHER IMPROVEMENTS
The flow of traffic can be quantified using the traditional OSPF/IS-IS routing protocols
in large networks, using an optimization algorithm to identify good IGP weight settings.
Routing based on link weights is not flexible enough to represent all possible solutions to the
routing problem. When judging the quality of a weight setting, comparison of the results can be
done against optimal routing (OPT) that can direct traffic along any paths in any proportions.
OPT models an idealized routing scheme that can establish one or more explicit paths between
every pair of nodes, and distribute arbitrary amounts of the traffic on each of the paths.
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