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Abstract. In this work, we are taking into account the scenario with
IP/MPLS client networks over an optical GMPLS network. Based on that,
aggregating lower traﬃc ﬂows (e.g. packet-based LSPs) within higher trafﬁc ﬂows (e.g. lambda-based LSPs) is considered an eﬀective way to maximize the use of the optical network resources. Furthermore, there is a clear
necessity to control the ﬂows entering in the optical layer taking into account Service Level Agreements and diﬀerentiated services. In this paper
we describe some policies and an architecture for policy-based grooming
responsible for managing the installation and aggregation of packet-based
LSPs within lightpaths (optical LSPs). By deﬁning some policies the monitoring and the network planning can be speciﬁed in a higher level. The
policies we have deﬁned intend to reduce the optical network overhead to
remove and reroute lower priority LSPs. The architecture presented here
is composed of an Admission Control and a Policy Manager and the performed simulations indicated that the number of LSP removals is smaller
when policies are applied.

1

Introduction

An optical network typically has ten to thousands of Gb of available bandwidth. These networks will likely consist of elements such as routers, switches,
Dense Wavelength Division Multiplexing (DWDM) systems, Add-Drop Multiplexors (ADMs), photonic cross-connects (PXCs) and optical cross-connects (OXCs)
[6]. Due to the advent of Generalized Multiprotocol Label Switching (GMPLS),
there is a common sense to use it to dynamically provide resources and perform
the routing and signaling functions of the control plane.
The idea of label switching in MPLS (Multiprotocol Label Switching) only
considers the packet domain basically taking into account IP networks. However,
due to the growing of new optical technologies and its high bandwidth, it is
expected that many packet-based network ﬂows will be nested within lightpaths
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to cross the optical domain and reach their destination. Lightpaths are seen
as LSPs (Label Switched Paths) or optical LSPs (from now on optical LSP and
lightpath will be used interchangeably) and because of technologies like DWDM it
is now possible to have a very large number of parallel links between two directly
adjacent nodes (hundreds of wavelengths, or even thousands of wavelengths if
multiple ﬁbers are used). Then, GMPLS has emerged as a solution to act not
only in the packet or cell based networks but also in the time division networks
(using Time Division Multiplexing-TDM), where the switching decision is based
on time slots, and optical networks, where the switching decision is based on
wavelengths or physical ports.
Although GMPLS considers all the above kinds of data forwarding, the one
that is emerging is IP over DWDM networks. In this context, the overlay model
is very indicated for service providers (e.g. Telecom companies) since they are the
major part interested in acting as transport networks for client IP networks. A
very typical and promising scenario is to have MPLS client networks with their
packet-based LSPs asking for an optical resource (typically an optical LSP) in
order to cross the optical domain and get their destination.
Depending on how the aggregation of packet-based ﬂows within lightpaths
is done, the use of the network bandwidth can be maximized or wasted. It is
clear that if some rules are followed, the optimization of the network resources
is increased and more traﬃc may be accepted. At the same time, considering
that packet-based ﬂows can be divided into diﬀerent classes (e.g. DiﬀServ), it is
necessary to give better treatment for higher classes. By deﬁning the problem, we
realized that some simple policies could eﬃciently improve the use of the network
bandwidth. In this paper we present such policies, the architecture to apply the
policies and the results of the simulations we have been doing.
This paper proposes a set of policies to manage the installation and aggregation of packet-based LSPs within optical LSPs assuming that there are several
lightpaths between two end nodes. In a previous work [8] we shortly showed some
results and introduced the architecture. In this work we detailed the policies and
their modelling. Most of the recent works [5, 2] have dealt with heuristics for oﬀline routing, multilayer networks and multihop traﬃc grooming. They have not
considered the use of policies to accommodate new on-line (dynamic) requests
in the overlay model taking into account QoS and the overhead to remove and
reroute packet-based LSPs. In this work, the packet-based LSPs are divided into
two classes: Low Priority (LP) LSPs and High Priority (HP) LSPs. HP LSPs
have higher priority than LP LSPs and, therefore, if an HP LSP needs to be installed in an optical LSP, some LP LSPs from that optical LSP may be removed
to attend the higher requirement in the case of not having enough bandwidth in
that lightpath. These removals are very expensive for optical networks due to the
overhead to tear down one or more LP LSPs and reroute them in another optical
LSP. Because of this overhead, reducing the number of removals is a very critical
and important point to be considered in optical networks. The architecture pro3

The aggregation of lower order LSPs within higher order LSPs is well known as traﬃc
grooming problem.
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posed in this work consists of an Admission Control responsible for verifying the
Service Level Agreement (SLA) 4 and a Policy Manager responsible for applying
the policies and ﬁnding an optical LSP to accommodate the packet-based LSPs.
The policies we have deﬁned are mainly intended to maximize the use of the network resources and reduce the number of LP LSP removals in the optical domain.
Some representative situations in order to highlight the actual advantages of using
policy-based grooming will be depicted. All the simulations have been made using
the GLASS Simulator from NIST [4].
This paper is organized as follows: In the next section we shortly describe
some basic concepts and the reference scenario. Section 3 presents our proposed
architecture, its modules and the deﬁned policies. Section 4 is dedicated to depict
the results of our simulations. Finally, Section 5 presents the conclusion and future
works.

2

Network Scenario and Technical Background

The concept of nesting LSPs (LSP within LSP) is already used in MPLS networks.
In that domain, lower bandwidth LSPs whose destination node is the same are
aggregated within another higher bandwidth LSP by means of label stacking.
Considering that in GMPLS optical networks the bandwidth of an optical LSP is
very high (from 1 Gb/s to hundreds of Gb/s), more lower bandwidth LSPs can
be nested within the lightpath.
The concept of elasticity is also very important since it allows a packet-based
LSP to increase or decrease its bandwidth as needed. Because transport networks
will charge the clients for the used bandwidth, having a mechanism to give bandwidth to the connection only for the time it is actually requested is very important.
When bandwidth is reduced, the portion that is released is left at the disposal
of the network. The possibility of increasing and decreasing bandwidth raises a
problem when classes of priority are deﬁned. The problem occurs when a higher
priority packed-based LSP wishes to increase its bandwidth. If there is available
bandwidth in the tunnel, no LP LSPs need to be removed. On the other hand, if
there is not available bandwidth, one or more LP LSPs will have to be removed
to accommodate that new demand.
Fig. 1 shows an optical network and its physical topology. There are three optical LSPs between OXC A and OXC G. These LSPs represent a logical topology
and are considered as Forwarding Adjacencies (FA) since each one is advertised
as a Traﬃc Engineering (TE) link into IS-IS (Intermediate System - Intermediate System) or OSPF (Open Shortest Path First) protocols allowing other LSRs
(Label Switched Routers) to use the FAs for their path computation [6]. This is
a clear way to maximize the use of the optical network resources.
Fig. 1 also shows a typical scenario with MPLS networks acting as client
networks and the optical network acting as the transport network (IP over optical
network integration). This integration between IP/MPLS and optical layers is
4

In [3] an example of an SLA applied to the optical domain is presented together with
its parameters as well as their values for four classes of services.
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Fig. 1. The overlay reference scenario.

done by means of a standard user-network interface (UNI) [7]. In this case, the
IP/MPLS asks for a connection and the optical layer tries to set it up according
to the SLA. The three optical LSPs shown in Fig. 1 are seen by client networks
as tunnels from the ingress node 1 to egress node 2 and, therefore, from the point
of view of the client networks, node 1 and node 2 are peers. Without applying
any policy, the packet-based LSPs will be aggregated taking into account only
the available bandwidth in each tunnel. Moreover, due to the elasticity concept
presented above, each packet-based LSP needs to inform its maximum bandwidth
that will eventually be needed.

3

The Proposed Policies and the Architecture for
Policy-based Grooming

Our framework is responsible for receiving the request from the client, verifying
the SLA between the client and the provider and applying the policies we have
deﬁned in order to ﬁnd an optical LSP to be used [8]. All the information about
the client (client ID, SLA, etc.) and the LSP (traﬃc parameters) being installed
is carried by the PATH message of the RSVP (Resource Reservation Protocol). In
this work we have only used RSVP as the signaling protocol and some few modiﬁcations were made on it to deviate the PATH message to reach our framework
and to allow the interaction between the framework and the simulator.
The policies we have created try to separate HP LSPs from LP LSPs. The
main point is to dynamically ﬁnd a tunnel to allocate each packet-based LSP
in order to minimize the number of LP LSP removals in case of increasing the
bandwidth of HP LSPs. This decision is taken each time a new packet-based LSP
(Li ) is being installed. The PATH message carries the information about the LSP
and each LSP has the following data:
– Requisition bandwidth: This is the quantity of bandwidth required by the
LSP at the moment of its installation. After installing it, this value can be
increased up to the maximum bandwidth and decreased down to the minimum
bandwidth;
– Maximum bandwidth: This is the maximum bandwidth an LSP can ask for,
based on what was agreed in the SLA;
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– Minimum bandwidth also based on what was agreed in the SLA.
The policies are applied following the sequence presented below. A given policy
will be applied only if its precedent failed, e.g., policy 2 is applied only if policy 1
fails and so forth. The allocation of an HP LSP is done taking into account only
the maximum bandwidth in order to allow the HP LSPs ask for more bandwidth
after the installation. Thus, in case of being an HP LSP, the veriﬁcation of the
bandwidth available in a given tunnel should consider the maximum bandwidth
of all already installed HP LSPs in that tunnel (an example is showed when
policy 2 is presented below). The requisition bandwidth of the HP LSPs is only
considered when an LP LSP is being installed. While the HP LSPs do not ask for
more bandwidth, the bandwidth that is left (the diﬀerence between the maximum
bandwidth and the bandwidth that HP LSPs are actually using) can be used by
LP LSPs. Therefore, when an LP LSP is to be allocated, not only the requisition
bandwidth of all LP LSPs already installed needs to be veriﬁed but also the
requisition bandwidth of the HP LSPs also needs to be considered since the sum
of all of them represents the quantity of bandwidth that is actually being used in
that moment in a given tunnel. Based on that sum, it is possible to know if there
is enough bandwidth to accommodate the LP LSP. Below the proposed policies
are presented.
3.1

Detailing the Policies

Let Tj be the jth tunnel between an ingress node and an egress node.
if Li is HP (the allocation is done based on the maximum bandwidth of all
already installed HP LSPs):
– Policy 1: Accommodate Li in Tj if Tj is not empty and has only HP LSPs.
This policy is always the ﬁrst one to be applied and it assumes that if a tunnel
has only HP LSPs, when they request more bandwidth no LP LSP removals
will be needed;
– Policy 2: Accommodate Li in Tj if Tj is not empty and has both kinds of
LSPs. This policy has two restrictions and both must be matched:
a. Accommodate Li in Tj if no LP LSP removals are needed at this moment,
i.e., at the time the LSP is being installed;
b. Accommodate Li in Tj if the sum of the maximum bandwidth of all HP
LSPs and the sum of the requisition bandwidth of all LP LSPs do not
exceed the bandwidth of Tj . Thus, if in the worst case all HP LSPs in the
tunnel need to increase their bandwidth, no LP LSPs will be removed.
For example, suppose that a new request to install the following LSP
arrives: requisition bandwidth is 100 Mb/s and maximum bandwidth is
200 Mb/s, and suppose that the bandwidth of Tj is 1 Gb and has the
following already installed LSPs:
• HP LSP 1: Requisition bandwidth 100 Mb/s and Maximum bandwidth 200 Mb/s;
• HP LSP 2: Requisition bandwidth 200 Mb/s and Maximum bandwidth 300 Mb/s;
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• LP LSP 3: Requisition bandwidth 100 Mb/s and Maximum bandwidth
200 Mb/s;
The sum of the maximum bandwidth of all HP LSPs (including the one that
is being installed) is 700 Mb/s and the sum of the requisition bandwidth of
all LP LSPs is 100 Mb/s. Since the total sum is 800 Mb/s and the tunnel
has 1 Gb, the LSP can be installed in Tj . On the other hand, suppose that
the maximum bandwidth of the HP LSP 1 is 400 Mb/s and the maximum
bandwidth of the LSP being installed is 300 Mb/s, the LSP would not be
allocated in tunnel Tj since the total sum would be 1.1 Gb.
– Policy 3: Accommodate Li in Tj if Tj is not empty and has both kinds of
LSPs. This policy does not have the policy 2’s restriction (b);
– Policy 4: Accommodate Li in Tj if Tj is not empty and has both kinds of
LSPs. This policy is the same as policy 2 without restrictions (a) and (b);
– Policy 5: Accommodate Li in Tj if Tj is empty.

if Li is LP (the allocation is done based on the sum of the requisition bandwidth of all already installed LP LSPs and HP LSPs):
– Policy 6: Accommodate Li in Tj if Tj is empty;
– Policy 7: Accommodate Li in Tj if Tj is not empty and has only LP LSPs;
– Policy 8: Accommodate Li in Tj if Tj is not empty and has both kinds of
LSPs;
In case of applying all the policies and not ﬁnding a tunnel, the LSP will be
blocked and not installed. Note that an LP LSP installation does not cause any
removal since there is only one level of priority among the LSPs of this type.
Moreover, an LP LSP is allowed to increase its bandwidth only if there is the
quantity it is requiring in the tunnel. When applying policy 4, there can be more
than one available tunnel to allocate the LSP. In this case and considering that
there will be LP LSP removals in each tunnel, we choose the tunnel whose number
of removals is the smallest, thus reducing the overhead to tear down and reroute
such LP LSPs.
Fig. 2 shows the partial class diagram used to model the policies described
above. This class diagram is based on the Common Information Model (CIM)
speciﬁcation [1], which deﬁnes an approach on how to apply policies using actions
and conditions. In Fig. 2 the conditions as well as actions can be combined (compound) using the classes CompoundPolicyCondition and CompoundPolicyAction
in order to attend speciﬁc policies. When removals are needed, the actions PolicyActionRemoveLSP and PolicyActionInstallLSP are combined to support the
policies that triggered the LP LSP removals. Other compositions can be done
based on each speciﬁc policy. Furthermore, policies can be grouped and organized
in sets to represent speciﬁc rules.
It is important to mention that there are some diﬀerent ways to aggregate
packet-based LSPs within lightpaths without using policies. Basically in this work
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<< interface >>
PMServices

+ applyPoliciesForRequisition (requisition :LSP,lightpaths :Vector ):Lightpath
+ applyPoliciesForChangeBw (lsp :LSP,bw :int ):int
CompoundPolicyCondition
−isCNF:boolean
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+ selectPolicies (event :int ,lsp :LSP):Vector
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*
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*

PolicySet
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*
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*
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*
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−actionSequence :int

Fig. 2. Policy information model and its association with the system classes.

we assumed that when not considering policies, the aggregation is done by sequentially looking for a tunnel until ﬁnd one that has enough bandwidth to accommodate a given LSP.
The architecture we propose for verifying the SLA and applying the above
policies is shown in Fig.3. The Admission Control and the Policy Manager belong
to the Bandwidth Broker responsible for managing the domain as a whole and
coordinating the tasks of each inner module. Using the scenario presented in Fig.
1 we now added the following modules:
– Admission Control-AC: It receives the PATH message (step 1 in Fig. 3)
and gets the information carried by it in order to verify the SLA between the
client and the transport network provider. This veriﬁcation is done when the
client requests the installation of a new LSP and when an already installed
LSP asks for increasing or decreasing its bandwidth. After verifying the SLA
and in the case of agreement, the AC calls the PM (Policy Manager, see
below) to apply the policies (step 2). Considering that LP LSP removals are
necessary, the AC is in charge of interacting with RSVP to send a tear down
message for each LP LSP that needs to be removed (step 3). After removing
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the LP LSPs, the new HP LSP will be installed and thus the PATH message
will follow its path (step 4). At the last (step 5), for each LP LSP to be
removed a RESVTear message needs to be sent upstream.
– Policy Manager-PM: Responsible for applying the deﬁned policies to ﬁnd
a tunnel to allocate a given packet-based LSP. If a tunnel is found and the
LSP is an HP LSP, the PM veriﬁes whether one or more LP LSPs need to be
removed to accommodate such LSP. On the other hand, an LP LSP is only
installed if there is a tunnel with available bandwidth to satisfy the request.
MPLS Network A3
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LSP 1
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Fig. 3. The proposed architecture.

Although we have done our tests using a simulator, our proposed architecture
is independent of it and can be applied in a real scenario just doing some small
modiﬁcations in the RSVP to deviate the PATH message from the ingress node
to the AC.

4

Implementation and Results

To simulate an optical network with IP/MPLS clients asking for connections
(optical LSPs) we have used the GLASS Simulator from NIST [4]. GLASS is
a discrete network event simulator for GMPLS-based Optical Internet and by
using it, we created a typical scenario with IP over DWDM. The modules of our
architecture - AC and PM - were implemented in Java and there is a very clear
separation between the management plane and the control plane of the network
being managed.
In order to test our policies we have created many diﬀerent scenarios. The
sequence used to apply the policies is the one presented in Section 3, i.e., from
policy 1 to policy 5 for HP LSPs and from policy 6 to policy 8 for LP LSPs. The
results showed in this section are based on that sequence. We assumed that the
bandwidth of each tunnel is 1 Gb/s, the number of LSPs to be installed is 200
and about 50% of LSPs will ask for increasing their bandwidth. The LSPs are
randomly created and their minimum bandwidth is 50 Mb/s and their maximum
bandwidth is 400 Mb/s. As a consequence, the requisition bandwidth (see Section
3) varies from 50 Mb/s to 400 Mb/s. The number of available tunnels, and consequently the quantity of available bandwidth between two end nodes varies from
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10 to 40. We randomly generated 200 LSPs to be installed and this was done 300
times. The average is obtained after repeating those 300 loops.
In the ﬁrst simulations we created more HP LSPs (≈66%) than LP LSPs
(≈33%). This case represents a situation in which there are more high priority
LSPs than low priority LSPs. The requisition bandwidth average for HP LSPs is
16 Gb. The maximum bandwidth average for HP LSPs is 35 Gb and the requisition
bandwidth average for LP LSPs is 8 Gb.
Fig 4 depicts the number of installed LSPs as the bandwidth increases. With
40 Gb all the LSPs are installed: ≈133 HP LSPs and ≈66 LP LSPs (out of 200)
regardless of using policies or not. Fig. 4 intends to show that the number of
installed LSPs is the same when we apply the policies. The diﬀerence is when the
HP LSPs ask for increasing their bandwidth. In this case the number of removals is
quite smaller when applying the deﬁned policies as we can see in Fig. 5 (increasing
the bandwidth in 50%).

Fig. 4. Installed LSPs: ≈66% HPs and ≈33% LPs.

Fig. 5. LP LSPs removed after increasing the bandwidth in 50%.
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While the number of removals without using policies increases up to 19 and
keeps this behavior until the end, the number of removals when applying the
policies decreases and with 30 Gb there is no more removals. Having 20 Gb of
bandwidth available in the optical layer, the number of removals with policies
is 6 and without the policies it is 19, a diﬀerence of 68%. The point is that in
the case of not using policies, the more LSPs are accepted since the network
bandwidth increases, the more the number of removals. However, this is not the
case when applying the policies because we are separating HPs from LPs. Fig.
6 shows the same situation except that we are now increasing the bandwidth to
the maximum allowed. Because we are requiring more bandwidth, the number of
removals increases in both situations. With 20 Gb there are 35 removals using
the policies and 42 without them, a diﬀerence of 16%. With 30 Gb there are 10
removals with policies and 52 without using them, a diﬀerence of 80%. Finally,
with 40 Gb the number of removals is only 1 when applying the policies and 52
without using them.

Fig. 6. LP LSPs removed after increasing the bandwidth to the maximum.

The remaining graphs represent the scenario in which the number of HP LSPs
and LP LSPs are about the same, 50% for each type. In this case, the requisition
bandwidth for HP LSPs is 12 Gb, the maximum bandwidth for HP LSPs is
26 Gb and the requisition bandwidth for LP LSPs is 12 Gb. Fig. 7 and Fig. 8
show respectively the results after increasing the bandwidth in 50% and to the
maximum. We can observe that in Fig. 7 the number of LP LSP removals is greater
when compared to Fig. 5. With 30 Gb the quantity of removals is 25 without using
policies and 3 with policies, a diﬀerence of 88%. The result is better with 40 Gb:
no removals with policies and 25 without them.
In Fig. 8 we can see that because there is more demand for bandwidth (increasing to the maximum) more removals are necessary when compared to Fig.
7. This is the same case when we compare Fig. 8 to Fig. 6. Since there are more
LP LSPs in the network, more LP LSP removals will take place.
The sequence in which the policies are applied can generate diﬀerent results.
The results depicted in this section are based on the sequence presented in Sec-
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Fig. 7. LP LSPs removed after increasing the bandwidth in 50%.

Fig. 8. LP LSPs removed after increasing the bandwidth to the maximum.

tion 3 and we veriﬁed that it is the best sequence to be used. Another possible
combination is the one in which policy 5 is applied before policy 2. By applying
this sequence, the number of removals after increasing the bandwidth increases
up to 10%, but in several cases the quantity of removals is the same as the results
presented in this section. Another possible sequence is to apply policy 7 before
policy 6. This combination is not feasible since the number of removals during the
installation of the LSPs increases in 60% in some cases.
The results presented above represent two scenarios. The ﬁrst one is when
there are 66% HPs and 33% LPs and in the second one there are 50% HPs and
50% LPs. We have tested more scenarios and observed that if there are many
LP LSPs to be installed (more than 50% of LPs) the policies will start helping
only when the network bandwidth is 20 Gb. On the other hand, if there are less
than 30% of LP LSPs to be installed the policies start helping when the network
bandwidth is 10 Gb.
We also observed that in scenarios whose traﬃc ﬂows are mostly composed of
high priority ﬂows (e.g. typically in multimedia scenarios) the use of policies is
indicated.
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5

Conclusions and Future Works

In this paper we have presented an architecture to manage the integration between
the IP/MPLS layer and the optical network layer taking into account two diﬀerent
classes of services: High Priority (HP) LSPs and Low Priority (LP) LSPs. Some
policies intended to reduce the number of LP LSP removals and consequently the
necessity to reroute the LP LSPs in the optical layer were described. Also, many
scenarios were tested and the results were shown. Such results indicated that
the policies proposed in this paper seem to be appropriated since the number
of removals by applying them is signiﬁcantly reduced. Furthermore, the relation
between the quantity of bandwidth of the network and the percentage of LP LSPs
and HP LSPs used to estimate an upper bound in terms of quantity of traﬃc to
take advantageous of policies is an useful parameter to support the transport
network provider in deciding when the usage of policies is recommended.
This architecture makes part of a project in which other modules are being
developed. An OVPN (Optical Virtual Private Network) service is being currently
deﬁned. A Fault Manager responsible for controlling the faults in the optical layer
and applying corrective solutions is also part of the architecture. Finally, although
we have tested several scenarios there are others to be created with more levels
of priority (HP1, HP2, LP1, LP2, etc.) considering new policies and situations.
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