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Abstract
The simple but rigid path and advance functionalities in IP base 
environments, efficient resource management and control solutions 
against dynamic travel conditions is still yet to be obtained. In 
this article, we introduce AMPLE — an efficient travelproduction 
and management scheme that performs adaptive travel control by 
using multiple virtualized path topologies. The proposed scheme 
consists of two complementary components: offline link weight 
optimization that takes as input the physical network topology 
and tries to produce maximum path path diversity across multiple 
virtual path topologies for long term operation through the 
optimized setting of link weights. Based on these diverse paths, 
adaptive travel control performs intelligent travel splitting across 
individual path topologies in reaction to the monitored network 
dynamics at short timescale. According to our evaluation with real 
network topologies and travel traces. Travel dynamics in order 
to avoid network congestion and subsequent service disruptions 
is one of the key tasks performed by contemporary network 
management schemes.
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I. Introduction

A. Travel Production
TE is the process of pathtravel across to the backbone to facilitate 
efficient use of available bandwidth between a pair of routers. 
Prior to MPLS TE, travelproduction was performed either by 
IP or by ATM, depending on the protocol in use between two 
edge routers in a network. Though the term “travelproduction” 
has attained popularity and is used more in the context of MPLS 
TE today, traditional TE in IP networks was performed either by 
IP or by ATM.TravelProduction (TE) is an essential aspect of 
contemporary network management. Offline TE approaches aim to 
optimize network resources in a static manner, but require accurate 
estimation of travel matrices in order to produce optimized network 
configurations for long-term operation (a resource provisioning 
period each time, typically in the order of weeks or even longer). 
However, these approaches often exhibit operational inefficiencies 
due to frequent and significant travel dynamics in operational 
networks. Take the published travel traces dataset in the GEANT 
network as an illustration. The actual maximum link utilization 
(MLU) dynamics is substantial on a daily basis, varying from less 
than 40 percent during off-peak time to more than 90 percent in 
busy hours. As such, using one single travel matrix as input for 
offline computing a static TE configuration is not deemed as an 
efficient approach for resource optimization purposes in such 
dynamic environments.
As two paths exist between customer routers CE1-A and CE2-A 
via the provider network. If all links between the routers of equal 
cost, the preferred path between customer routers CE1-A and 
CE2-A would be the one with the minimum cost (via routers PE1-
AS1, P3-AS1, and PE2-AS1) or PATH1. The same would

Fig. 1: Traditional IP Networks

apply for the customer routers CE1-B and CE2-B belonging to 
Customer B. If all the links were T3 links, for example, in the event 
of CE1-A sending 45 Mbps of travel and CE1-B simultaneously 
sending 10 Mbps of travel, some packets will be dropped at PE1-
AS1 because the preferred path for both customers is using PATH1. 
The path PATH2will not be utilized for traveladvancing; therefore, 
TE can utilize this available bandwidth. 
To implement TE using IP whereby the paths PATH1 and PATH2 are 
either load balanced or used equally, we will need to implement 
IGP features such as maximum paths with variance or change 
the cost associated with the suboptimal path, PATH2, to make it 
equal to the current optimal path, PATH1. In an SP environment, 
this is often cumbersome to implement as the number of routers 
is much larger. The solution is a lot more feasible; PVCs can be 
configured between routers PE1-AS1 and PE2-AS1 with the same 
cost, but this would create a full mesh of PVCs between groups 
of routers. Implementing ATM for TE, however, has an inherent 
problem when a link or a node goes down. During link or node 
failure used in conjunction with ATM for TE, messages are flooded 
on the network. The Layer 3 topology must be predominantly 
fully meshed to take advantage of the Layer 2 TE implementation. 
Often, this might prove to be a scalability constraint for the IGP 
in use, due to issues with reconvergence at Layer 3.
The main advantage of implementing MPLS TE is that it provides 
a combination of ATM’s TE capabilities along with the class of 
service (CoS) differentiation of IP. In MPLS TE, the heeded router 
in the network controls the path taken by travel to any particular 
destination in the network. The requirement to implement a full 
mesh of VCs, as in ATM, does not exist when implementing MPLS 
TE. Therefore, when MPLS TE is implemented, the IP network 
depicted transforms into the label switched domain, in which the 
TE label switched paths or TE tunnels (Tunnel1 and Tunnel2) 
define paths that can be used by travel between PE1-AS1 and 
PE2-AS1.
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B. Topologies
The physical topology of a network refers to the configuration of 
cables, computers, and other peripherals.The logical topology of 
a network refers to the method used to pass information between 
workstations.
There are two basic categories of network topologies:

Physical topologies1. 
Logical topologies2. 

The shape of the cabling layout used to link devices is called 
the physical topology of the network. This refers to the layout 
of cabling, the locations of nodes, and the interconnections between 
the nodes and the cabling.[1] The physical topology of a network 
is determined by the capabilities of the network access devices 
and media, the level of control or fault tolerance desired, and the 
cost associated with cabling or telecommunications circuits.
The logical topology, in contrast, is the way that the signals act 
on the network media, or the way that the data passes through the 
network from one device to the next without regard to the physical 
interconnection of the devices. A network’s logical topology is not 
necessarily the same as its physical topology. For example, the 
original twisted pair Ethernet using repeater hubs was a logical bus 
topology with a physical star topology layout. Token Ring is a logical 
ring topology, but is wired a physical star from the Media Access Unit.

Fig. 2: 

The logical classification of network topologies generally follows 
the same classifications as those in the physical classifications of 
network topologies but describes the path that the data takes between 
nodes being used as opposed to the actual physical connections 
between nodes. The logical topologies are generally determined by 
network protocols as opposed to being determined by the physical 
layout of cables, wires, and network devices or by the flow of 
the electrical signals, although in many cases the paths that the 
electrical signals take between nodes may closely match the logical 
flow of data, hence the convention of using the terms logical 
topology and signal topology interchangeably.

C. Virtual Path
The Virtual Router scheme can be broken down into two 
components, the virtual router server, and number virtual router 
clients. The virtual router server is an application or set of 
applications running on a physical server that have access to link 
layer travel. The virtual router client is a program created by users 
of a VR scheme. In a typical session, a user will use a VR client 
to connect to the server via a TCP socket, and a decision is made 
about what packets the server will send to the client. The user may 
then run a network application, such as FTP, whose travel can be 
seen by the server. The server, on capturing travel, will based on 
the simulated topology decide whether or not a particular client 
can see the packet. If this is the case it is advanced to the client 
who can then manipulate the packet (e.g. decrement the TTL 

field). The client may then send the packet back to the server with 
instructions to send it out of a particular interface on the network, 
thus potentially path the packet. With its relationship with the 
server, the VR client has full capability to manipulate and route 
travel flows from user space.
The virtual router has successfully been used to teach students 
basic functionality of routers. Students had to implement virtual 
router clients that make path decisions, use the ARP protocol 
to communicate with other routers and route actual web travel 
from their desktop computers. However the scalability of the 
virtual router (up to several hundred simulated routers) makes it 
attractive as a research tool. Currently there are efforts under way 
to investigate the behaviour of path protocols using the virtual 
router as an experimental platform.

Fig. 3: 

The virtual router is an effort to develop a platform to facilitate 
research and teaching of network path. It allows to set up a virtual 
topology of routers and network links and to run user space 
programs on the simulated hardware. Unlike existing network 
simulators such as ns2, the scheme operates with real IP packets 
in real time. This makes it possible for students or researchers to 
generate travel with real, standard clients and servers and evaluate 
performance over the simulated topology In virtually all modern 
operating schemes, path is implemented within kernel space. 
Providing a good kernel debugging environment and assuming a 
basic knowledge of kernel level development may be restrictive 
requirements for a project focused on path.  Take for example 
an undergraduate research course, not only would the previous 
two requirements have to be met, but students could only work 
one to a computer. For these reasons, path typically has been 
taught either from a theoretical perspective or through the use of a 
software simulator such as ns2. The virtual router project provides 
full access to actual network travel, but bypasses the trouble of 
having to work within the kernel. Some experiments such (e.g. 
path protocols such as RIP) require more than a single router. 
The virtual router makes it possible to simulate large number of 
routers on one physical host and enforce a virtual network topology 
between them. This simulated topology can be connected to real 
networks. Packets can travel from a physical network (e.g. the 
internet) through the simulated topology and back to the physical 
network.

II. System Outline
A salient novelty is that the optimization of the MT-IGP link 
weights does not rely on the availability of the travel matrix a 
priori, which plagues existing offline TE solutions due to the 
typical inaccuracy of travel matrix estimations. Instead, our offline 
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link weight optimization is only based on the characteristics of 
the network itself, i.e. the physical topology. 

Fig. 4: AMPLE Scheme Overview

The computed MT-IGP link weights are configured in individual 
routers and the corresponding IGP paths within each VRT are 
populated in their local path information bases (MT-RIBs). While 
OLWO focuses on static pathconfiguration in a long timescale (e.g. 
weekly or monthly), the ATC component provides complementary 
functionality to enable short timescale (e.g. hourly) control 
in response to the behaviour of travel that cannot be usually 
anticipated. As previously mentioned, the ultimate objective 
of OLWO is to provision offline maximum intra-domain path 
diversity in the path plane, allowing the ATC component to adjust 
at short timescale the travel assignment across individual VRTs 
in the advancing plane.
The input for ATC includes:

Diverse MT-IGP paths according to the link weights computed • 
by OLWO, and 
Monitored network and travel data such as incoming travel • 
volume and link utilizations. 

At each short-time interval, ATC computes new travel splitting ratio 
across individual VRTs for re-assigning travel in an optimal way to 
the diverse IGP paths between each S-D pair. This functionality is 
handled by a centralized TE manager who has complete knowledge 
of the network topology and periodically gathers the up-to-date 
monitored travel conditions of the operating network. These new 
splitting ratios are then configured by the TE manager to individual 
source Pop nodes who use this configuration for remarking the 
multi-topology identifiers (MT-IDs) of their locally originated 
travel accordingly. The TE manager function can be realized as 
a dedicated server, but for robustness and resilience it can be 
implemented in a distributed replicated manner for avoiding the 
existence of a single point of failure. In the next section we present 
the detailed design of individual components in the AMPLE 
scheme.

III. Existing System
In Existing Scheme, IGP-based TE mechanisms are only confined 
to offline operation and hence cannot cope efficiently with 
significant travel dynamics. There are well known reasons for 
this limitation:
IGP-based TE only allows for static travel delivery through native 
IGP paths, without flexible travel splitting for dynamic load 
balancing. In addition, changing IGP link weights in reaction to 
emerging network congestion may cause path re-convergence

Fig. 5:

problems that potentially disrupt ongoing travel sessions. In 
effect, it has been recently argued that dynamic/online route 
re computation is to be considered harmful even in the case of 
network failures, let alone for dealing with travel dynamics.

IV. Proposed System
In proposed scheme consists of two complementary components: 
offline link weight optimization that takes as input the physical 
network topology and tries to produce maximum pathpath 
diversity across multiple virtual path topologies for long term 
operation through the optimized setting of link weights. Based on 
these diverse paths, adaptive travel control performs intelligent 
travel splitting across individual path topologies in reaction to 
the monitored network dynamics at short timescale. According 
to our evaluation with real network topologies and travel traces, 
the proposed scheme is able to cope almost optimally with 
unpredicted travel dynamics and, as such, it constitutes a new 
proposal for achieving better quality of service and overall network 
performance in IP networks.
Modules:

Virtual travel allocation• 
Offline Link Weight Optimization• 
Network Monitoring• 
Adaptive Travel Control• 

A. Virtual Travel Allocation
In this Module, the diverse MT-IGP paths according to the link 
weights computed by OLWO. Monitored network and travel data 
such as incoming travel volume and link utilizations. At each 
short-time interval, ATC computes a new travel splitting ratio 
across individual VRTs for re-assigning travel in an optimal way 
to the diverse IGP paths between each S-D pair. 

Fig. 6:
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This functionality is handled by a centralized TE manager who 
has complete knowledge of the network topology and periodically 
gathers the up-to-date monitored travel conditions of the operating 
network. These new splitting ratios are then configured by the TE 
manager to individual source Pop nodes, who use this configuration 
for remarking the multi-topology identifiers (MTIDs) of their 
locally originated travel accordingly.

B. Offline Link Weight Optimization
In this module, to determine the definition of “path diversity” 
between Pops for travelproduction. Let’s consider the following 
two scenarios of MT-IGP link weightconfiguration. In the first case, 
highly diverse paths (e.g. end-to-end disjoint ones) areavailable for 
some Pop-level S-D pairs, while for some other pairs individual 
paths arecompletely overlapping with each other across all VRTs. 
In the second case, none of theS-D pairs have disjoint paths, but 
none of them are completely overlapping either.
Obviously, in the first case if any “critical” link that is shared 
by all paths becomes  congested, its load cannot be alleviated 
through adjusting travel splitting ratios at theassociated sources, 
as their travel will inevitably travel through this link no matter 
whichVRT is used. Hence, our strategy targets the second scenario 
by achieving “balanced”path diversity across all S-D pairs.

Fig. 6: 

C. Network Monitoring
Network monitoring is responsible for collecting up-to-date 
travel conditions in real-time and plays an important role for 
supporting the ATC operations. AMPLE adopts a hop-by-hop 
based monitoring mechanism that is similar to the proposal.
The basic idea is that a dedicated monitoring agent deployed at 
every Pop node is responsible for monitoring:

The volume of the travel originated by the local customers 1. 
toward other Pops.
The utilization of the directly attached inter-Pop links2. 

For Example:
Monitoring software may periodically send an HTTP request 
to fetch a age. For email servers, a test message might be sent 
through SMTP and retrieved by IMAP or POP3. Commonly 
measured metrics are response time, availability and uptime, 
although both consistency and reliability metrics are starting to gain 
popularity. The widespread addition of WAN optimization devices 
is having an adverse effect on most network monitoring tools.
especially when it comes to measuring accurate end-to-end 
response time because they limit round trip visibility.
Status request failures - such as when a connection cannot be 
established, it times-out, or the document or message cannot 
be retrieved - usually produce an action from the monitoring 
scheme.

Fig. 7: 

These actions vary -- an alarm may be sent (via SMS, email, 
etc.) to the resident sysadmin, automatic failover schemes may 
be activated to remove the troubled server from duty until it can 
be repaired, etc.

D. Adaptive Travel Control
In this Module, Measure the incoming travel volume and the 
network load for the current interval as compute new travel 
splitting ratios at individual Pop source nodes based on the splitting 
ratio configuration in the previous interval, according to the newly 
measured travel demand and the network load for dynamic load 
balancing.

V. Conclusion
In response to the periodic pollingrequests by the TE manager, 
the monitoring agents attached to individual PoP nodes report 
back theincoming travel volume (from access routers) and inter-
Pop link utilizations (from backbone routers). TheTE manager 
accordingly updates the travel volume between each S-D pairs in 
the SDPL and link utilizationinformation stored in the LL of the 
TIB. A potentialdirection in our future work is to consider aholistic 
TE paradigm based on AMPLE, which isable to simultaneously 
tackle both travel andnetwork dynamics, for instance network 
failuresThese new splitting ratios are configured in the SDPL 
and theTE manager then instructs all the source Pop nodes within 
the network to use these new values for travelsplitting during the 
next interval.The frameworkencompasses two major components, 
namely,Offline Link Weight Optimization (OLWO) andAdaptive 
Travel Control (ATC). The OLWOcomponent takes the physical 
network topologyas the input and aims to produce maximum 
IGPpath diversity across multiple path topologiesthrough the 
optimized setting of MT-IGP linkweights. Based on these diverse 
paths, the ATC
Component performs intelligent travel splittingadjustments across 
individual path topologiesin reaction to the monitored network 
dynamicsat short timescale. As far as implementation isconcerned, 
a dedicated travelproduction manageris required, having a global 
view of theentire network conditions and being responsiblefor 
computing optimized travel splitting ratiosaccording to its 
maintained TE informationbase. Our experiments based on the 
GEANTand Abilene networks and their real traveltraces have 
shown that AMPLE has a highchance of achieving near-optimal 
network performancewith only a small number of pathtopologies, 
although this is yet to be further verifiedwith travel traces data 
from other operationalnetworks when available.
.
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