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SYSTEMS AND METHODS FOR 
POLICY-ENABLED COMMUNICATIONS 

NETWORKS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application Ser. No. 60/241,374 ?led Oct. 19, 
2000, Which is herein incorporated by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] Embodiments of the present invention relate to 
communications netWorks. More particularly, embodiments 
of the present invention relate to systems and methods for 
policy-enabled communications netWorks. 

[0004] 2. Background Information 

[0005] KnoWn policy controls enable improved adminis 
trative control of netWork capabilities to meet, for example, 
service objectives. For eXample, a policy control can specify 
that a data packet received by a netWork element of a 
communications netWork from a particular source is to be 
routed through the netWork in a speci?c Way instead of the 
default Way. A policy control can also be role-based and 
apply to certain network elements (e. g., edge routers) instead 
of other netWork elements (e.g., internal routers). Multi 
protocol label sWitching (“MPLS”) netWorks can provide 
ef?cient and/or eXplicit routing capabilities for Internet 
Protocol (“IP”) netWorks, Which may be a key element in the 
traf?c engineering of those IP netWorks. In vieW of the 
foregoing, it can be appreciated that a substantial need eXists 
for systems and methods that can advantageously provide 
for policy-enabled MPLS netWorks. 

SUMMARY OF THE INVENTION 

[0006] Embodiments of the present invention relate to 
systems and methods for policy-based management of a 
multiprotocol label sWitching netWork. In an embodiment, a 
system includes a policy-based netWork administration sys 
tem, and the policy-based netWork administration system 
includes a plurality of policies. The system also includes an 
MPLS netWork, Which is coupled to the policy-based net 
Work administration system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a schematic diagram of the general 
architecture of an embodiment of a policy-based netWork 
management system. 

[0008] FIG. 2 is a schematic diagram illustrating a policy 
architecture for admission control decisions. 

[0009] FIG. 3 shoWs another con?guration of a policy 
control architecture. 

[0010] FIG. 4 shoWs an illustration of a multipoint-to 
point Label SWitched Path traversing an MPLS netWork. 

[0011] FIG. 5 shoWs an eXample of the use of MPLS in a 
hierarchy. 
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[0012] FIG. 6 shoWs a schematic diagram of an intra 
netWork architecture of a policy-based netWork management 
system. 

[0013] FIG. 7 illustrates a generic policy-based netWork 
architecture in the conteXt of an MPLS netWork. 

[0014] FIG. 8 shoWs an illustration of policy-based man 
agement With scaling by automation. 

[0015] FIG. 9 shoWs an illustration of policy-based man 
agement With scaling by roles Without closed loop policies 
triggered by netWork state. 

[0016] FIG. 10 shoWs an illustration of a large metro scale 
voice service architecture based in part on an MPLS net 
Work. 

[0017] FIG. 11 shoWs an illustration of a policy-based 
management architecture for voice services over an MPLS 
netWork. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] According to an embodiment of the present inven 
tion, a system for policy management for MPLS netWork 
includes life cycle management (e.g., creating, deleting, 
monitoring, and so forth) of Label SWitched Paths (“LSP”) 
paths through the MPLS netWork. In an embodiment, the 
policy management includes controlling access (e.g., LSP 
Admission Control) to the life cycle managed resources for 
traffic on the MPLS netWork. 

[0019] MPLS can support explicit traf?c engineering via a 
number of speci?cations that alloW LSPs to be managed 
based on Quality-of-Service (“QoS”) and other constraints, 
such as, for eXample, Constraint-based Routing Label Dis 
tribution Protocol (“CR-LDP”), Resource Reservation Pro 
tocol (“RSVP”), and so on. MPLS can also be used With 
implicit traf?c engineering of LSP Quality of Service. Spe 
ci?c QoS mechanisms (e.g., DiffServ, Int-Serv, etc.) can be 
used. The policy management architecture used to control 
traffic engineering functionality can be independent of the 
MPLS mechanisms used and can provide consistent, pre 
dictable netWork services. In an embodiment, MPLS policy 
control is intra-domain and can be based on using Common 
Open Policy Service (“COPS”) to implement policy man 
agement. 

[0020] FIG. 1 is a schematic diagram of the general 
architecture of an embodiment of a policy-based netWork 
management system. In an embodiment, policy-based net 
Working provides an infrastructure for management of net 
Works With a rich set of management capabilities. The-basic 
components of a policy-based management system can 
include a Policy Decision Point (“PDP”) 120 and Policy 
Enforcement Point (“PEP”) 130. The PDP 120 can be a 
logical component residing Within a Policy Server, and the 
PEP 130 can be a logical component, usually residing in a 
netWork device. Other components of a policy management 
system can include a policy management console (“PMC”) 
100 to provide a human interface to the policy system and 
a policy repository (“PR”) 110 to store the policy. The PMC 
100 can be used to generate policies for storage in the policy 
repository 110 and to administer the distribution of policies 
across various PDP 120. Policies may also be imported into 
the system via other mechanisms. For eXample, they may be 
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retrieved from a Lightweight Directory Access Protocol 
(“LDAP”) directory and stored directly into the policy 
repository 110. From the PDP 120, policy rules may be 
installed in the network and implemented at one or more 
PEPs 130. 

[0021] Decisions regarding What policy rules are to be 
installed in the netWork devices can be the result of several 
different events. There are primarily at least tWo models of 
policy management that determine hoW and When policy 
decisions get made, provisioned, and outsourced. In policy 
provisioning, events occur at the PDP 120 that may cause the 
PDP 120 to install policy rules in the one or more PEPs 130. 
Examples of such events include human intervention.(via 
the policy management console 100), signaling from an 
external application server, feedback about dynamic state 
changes in the devices that the PDP 120 is managing, and so 
forth. In policy outsourcing, events can occur at the PEPs 
130 and require a policy-based decision, and the PEP 130 
can request the decision from the PDP 120. An example of 
this type of event is the receipt of an RSVP message, or some 
other netWork signaling protocol, containing policy infor 
mation and a request for resource reservation. The PEP 130 
sends a message to the PDP 120 requesting a decision based 
on the policy information provided Whether to accept or 
deny the resource reservation request. 

[0022] FIG. 2 is a schematic diagram illustrating a policy 
architecture for admission control decisions. AnetWork node 
200 can include a PEP 210 and a Local Policy Decision 
Point (“LPDP”) 220. The PEP 210 can ?rst use the LPDP 
220 to reach a local partial decision. The partial decision and 
the original policy request next can be sent to a PDP 230 that 
renders a ?nal decision (e.g., considering and approving or 
considering and overriding the LPDP 220). FIG. 3 shoWs 
another con?guration of a policy control architecture. A 
netWork node 300 can include a PEP 310 and a PDP 320. 

[0023] The policy management system can include feed 
back from a PEP (e.g., PEPs 130, 210, 310) to a PDP (e.g., 
PDPs 120, 220, 230, 320). The feedback can include 
information such as changes in dynamic state of netWork 
resources, link failures and congestion, statistics related to 
installed policy, etc. The information supplied by the PEPs 
may be used by the PDP to make future policy-based 
decisions or make changes to current decisions regardless of 
the implemented policy management model. Policy proto 
cols have been developed, such as COPS, that can provide 
this robust feedback mechanism for policy management 
applications. By specifying the proper information in a 
Policy Information Base (“PIB”), a PDP can receive feed 
back on a variety of parameters such as flow characteristics 
and performance. 
[0024] FIG. 4 is an illustration of a multipoint-to-point 
(“MPt-Pt”) Label SWitched Path (“LSP”) traversing an 
MPLS netWork. An LSP in MPLS is typically a sink-based 
tree structure traversing a series of Label SWitch Routers 
(“LSRs”) 451-453 betWeen ingress and egress Edge Routers 
(“ERs”) 410-412. In an embodiment, a merging function can 
be implemented at the LSRs. In another embodiment, a 
merging function may not be supported by certain classes of 
equipment (e.g., legacy ATM sWitches), and Point-to-Point 
LSPs are a degenerate case of MPt-Pt LSPs Where no 
merging is performed. 
[0025] In MPLS netWorks, choosing the next hop can be 
based at least upon tWo functions. The ?rst function can 
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classify all possible packets into a set of ForWarding Equiva 
lence Classes (“FECs”). The second function can map each 
FEC to a next hop. In conventional IP forWarding, a par 
ticular router Will typically consider tWo packets to be in the 
same FEC if there is some address pre?x X in that router’s 
routing tables such that X is the “longest match” for each 
packet’s destination address. As the packet traverses the 
netWork, each hop in turn re-examines the packet and 
assigns it to a FEC. In MPLS, the assignment of a particular 
packet to a particular FEC can be done just once. At 
subsequent hops along the LSP, there is no further analysis 
of the packet’s netWork layer header, Which has a number of 
advantages over conventional netWork layer forWarding 
including, for example, the folloWing. 

[0026] (a) MPLS forWarding can be done by sWitches that 
are capable of doing label lookup and replacement (e.g., 
ATM sWitches). 

[0027] (b) The considerations that determine hoW a packet 
is assigned to a FEC can become ever more and more 
complicated Without impact on the routers that merely 
forWard labeled packets. Since a packet is classi?ed into an 
FEC When it enters the netWork, the ingress edge router may 
use any information it has about the packet, even if that 
information cannot be gleaned from the netWork layer 
header. For example, packets arriving on different ports or at 
different routers may be assigned to different FECs. 

[0028] (c) Sometimes it is desirable to force a packet to 
folloW an explicit route, rather than being chosen by the 
normal dynamic routing algorithm as the packet travels 
through the netWork. This may be done as a matter of policy, 
or to support traffic-engineering objectives such as load 
balancing. 
[0029] (d) MPLS alloWs (but does not require) the class of 
service to be inferred from the label. In this case, the label 
represents the combination of a FEC and Quality of Service. 

[0030] (e) MPLS also permits the use of labels in a 
hierarchical form in a process knoWn as label stacking. 

[0031] FIG. 5 shoWs an example of the use of MPLS in a 
hierarchy. MPLS may operate in a hierarchy, for example, 
by using three transit routing domains such as domains 501, 
502, and 503. Domain Boundary Routers 511-512, 521-522, 
and 531-532 are shoWn in each domain and can be operating 
under the Border GateWay Protocol (“BGP”). Internal rout 
ers are not illustrated in domain 501 and 503. HoWever, 
internal routers 525-528 are illustrated Within domain 502. 
In particular, the path betWeen routers 521 and 522 folloWs 
the internal routers 525, 526, 527, and 528 Within domain 
502. In the hierarchy illustrated in FIG. 5, there are tWo 
levels of routing taking place. For example, Open Shortest 
Path First (“OSPF”) may be used for routing Within domain 
502. The domain boundary routers 511-512, 521-522, and 
531-532 can operate BGP to determine paths betWeen rout 
ing domains 501, 502 and 503. MPLS alloWs label forWard 
ing to be done independently at multiple levels. Thus, When 
an IP packet traverses domain 502, it can contain tWo labels 
encoded as a “label stack”. The higher level label may be 
used betWeen routers 521 and 522 and encapsulated inside 
a header specifying a loWer level label used Within domain 
502. 

[0032] According to an embodiment of the present inven 
tion, a policy-enabled MPLS netWork includes Policy rules 
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Information Base (“PIB”) elements that identify LSPs and 
policy actions that affect LSPs, such as, for example, admis 
sion of ?ows to LSPs, LSP life cycle operations such as 
creation/deletion of LSPs, and so on. Policy controls for 
MPLS can provide a rich environment for the creation of 
network services in an ef?cient manner. Operational advan 
tages in a policy-based approach to the management and 
control of MPLS networks include the following: 

[0033] (a) MPLS Abstraction. While MPLS can be con 
trolled directly through relevant Management Information 
Bases (“MIBs”), the use of a higher abstraction level PIB 
provides a mechanism to abstract away some of the imple 
mentation options within MPLS and to focus on operational 
advantages such as, for example, those provided by explicit 
routing capabilities. 
[0034] (b) Controllability of LSP Life Cycle. While MPLS 
may be operated in an autonomous fashion (e.g., with 
topology-driven LSP establishment), the autonomous opera 
tion does not necessarily provide the explicit routes and QoS 
required for traf?c engineering. While manual establishment 
of explicit route LSPs with associated QoS parameters may 
be feasible, issues of scale and consistency when applied in 
large networks can arise. 

[0035] (c) Consistency with other techniques. The need 
for MPLS and DiffServ to interact appropriately and the 
work for policy controls for DiffServ networks are known. 
In an embodiment, policy controls can be applied to MPLS 
networks that may, but do not necessarily, implement Diff 
Serv. 

[0036] (d) Flexibility in LSP Admission Control. The set 
of ?ows admitted to an LSP my change over time. Policy 
provides a mechanism to simplify the administration of 
dynamic LSP admission criteria in order to optimiZe net 
work performance. For example, LSP admission control 
policies may be established to vary the set of admitted ?ows 
to match projected time-of-day sensitive traf?c demands. 

[0037] (e) Integration with Network Service Objectives. 
Policy-based networking architecture can provide a mecha 
nism to link service level objectives of the network to 
speci?c protocol actions within MPLS. 

[0038] FIGS. 6 shows a schematic diagram of an intra 
network architecture of a policy-based network management 
system. Applying the policy-based network architecture to 
the MPLS network, the Edge Label Switch Routers 
(“ELSRs”) 641, 643 become the PEP as they are involved in 
the admission control of ?ows to the LSP. Intervening LSRs, 
such as LSR 642, may also be PEPs, for example, in the case 
of MPt-Pt LSPs. Embodiments can use a generic computing 
platform and leave the LSR as a Policy Ignorant Node 
(“PIN”) or consider them the same piece of equipment. 

[0039] Embodiments of the present invention relate to one 
or more of two main categories of policies for MPLS: (1) 
LSP Admission Policies that map traf?c ?ows onto LSPs; 
and (2) LSP Life Cycle Policies affecting LSP creation, 
deletion, con?guration, and monitoring. Mapping traf?c 
?ows onto LSPs involves a policy system setting up clas 
si?ers in the ingress LSR(s) of an LSP to identify which 
packets get admitted onto the LSP and process the packets 
accordingly. In MPLS, label switched paths can be associ 
ated with a Forwarding Equivalence Class (FEC) that speci 
?es which packets are to be sent onto the LSP. Classi?ers 
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from the policy server can de?ne the characteristics of the 
FEC, and packets/?ows that match these characteristics are 
sent over the LSP. In this way, the FEC that gets mapped 
onto an LSP can be de?ned according to a number of How 
characteristics such as application, source/destination/sub 
net address, user, DiffServ code point on incoming packet, 
and so on. Con?guring LSPs involves the creation and 
deletion of LSPs in the network according to some QoS or 
other criteria. This can be achieved in a number of ways, 
such as manual creation or invoking one of the label 
distribution-mechanisms that support this (CR-LDP, RSVP). 
After a label switched path is created, it can be monitored for 
performance to ensure that the service it provides continues 
to behave as expected. For example, LSP MIB counters, 
such as a count of packets dropped in a particular LSP, can 
be used to gauge performance. If the con?gured resources 
along the LSP become insuf?cient for the traf?c requests for 
resources, or if the requirements change, a new path may be 
necessary or an existing one changed according to a new set 
of constraints. As part of the policy-based management of 
MPLS, the LSRs can provide feedback to the policy system 
to perform this monitoring. For example, an LSP perfor 
mance table can track incoming and outgoing statistics 
related to octets, packets, drops, and discards on MPLS 
trunks. Using this information, the LSR can notify the server 
when performance levels fall below some threshold based 
on the available statistics. The server would then have the 
ability to enhance the current LSP or create alternatives. 

[0040] LSP Admission Policies. While an LSP can be 
con?gured for use with best effort traf?c services, there are 
often operational reasons and’service class reasons for 
restricting the traf?c that may enter a speci?c LSP. Classi 
?cation can result in admission to the FEC associated with 
a speci?c LSP. The admission criteria may include, for 
example, the following criteria: (a) a DiffServ marking as 
one of the potential classi?cation mechanisms; (b) authen 
tication, for example, for access to an LSP-based Virtual 
Private Network (“VPN”); or (c) traf?c engineering policies 
related to architectures other than DiffServ (e.g. Int-Serv). 

[0041] An MPLS framework can consider classi?cation in 
terms of establishing a How with a speci?c granularity. 
These granularities can be a base set of criteria for classi 
?cation policies, such as the following examples of unicast 
traffic granularities: 

[0042] PQ (Port Quadruples): same IP source address 
pre?x, destination address pre?x, TTL, IP protocol and 
TCP/UDP source/destination ports; 

[0043] PQT (Port Quadruples with TOS): same IP source 
address pre?x, destination address pre?x, TTL, IP protocol 
and TCP/UDP source/destination ports and same IP header 
TOS ?eld (including Precedence and TOS bits); 

[0044] HP (Host Pairs): same speci?c IP source and des 
tination address (32 bit); 

[0045] NP (Network Pairs): same IP source and destina 
tion address pre?xes (variable length); 

[0046] DN (Destination Network): same IP destination 
network address pre?x (variable length); 

[0047] ER (Egress Router): same egress router ID (eg 
OSPF); 
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[0048] NAS (Next-hop AS): same next-hop AS number 
(BGP); 
[0049] DAS (Destination AS): same destination AS num 
ber (BGP); 
[0050] The MPLS framework also can include the folloW 
ing multicast traf?c granularities: 

[0051] SST (Source Speci?c Tree): same source address 
and multicast group 

[0052] SMT (Shared Multicast Tree): same multicast 
group address for LSP admission decisions based on QoS 
criteria, the calculations may involve other traffic character 
istics relating to buffer occupancy and scheduling resource 
decisions. These may include parameters such as: (a) bursti 
ness measures (e.g., Path MTU siZe or Packet siZe); or (b) 
inferred or signaled bandWidth requirements. 

[0053] LSP Life Cycle Policies. MPLS permits a range of 
LSP creation/deletion modes from relatively static, manu 
ally provisioned LSPs, dynamic LSPs initiated in response 
to routing topology information, and data driven LSP gen 
eration. Policy impacts can vary depending on the LSP 
creation/deletion modes. MPLS supports a variety of mecha 
nisms for the creation/deletion of LSPs, such as manual 
provisioning, LDP, CR-LDP, RSVP, BGP, etc. In an embodi 
ment, the policy should be independent of the underlying 
mechanism. 

[0054] For example, With manually provisioned LSPs, the 
role of policy may be to restrict the range of authoriZed users 
that can create or delete LSPs, or the range of addresses that 
can be connected by LSPs (e.g., Intra-Domain, intra-VPN, 
and so on). With topology driven LSP setup, there may be 
policy constraints on speed of re-establishment of LSPs or 
the number of LSPs. With data driven LSP establishment, 
there can be policies related to the data characteristics that 
trigger the creation or deletion of an LSP. 

[0055] When created, LSPs may have certain attributes. 
For example, traf?c-engineering policies may be applied to 
reserve netWork resources such as bandWidth on speci?c 
links for an LSP. LSPs in general are sink-based tree 
structures. The merge points of the LSP may have policies 
such as, for example, policies associated With the buffer 
management at the merge point. The characteristics or 
attributes of an LSP may be impacted by different policy 
considerations. They can be impacted at the time of LSP 
creation or may be altered for an existing LSP. 

[0056] In an embodiment, a policy-enabled MPLS system 
can include the folloWing features and/or functions: (a) a 
label distribution protocol that supports the speci?cation of 
QoS constraints; (b) LSPs are established as administra 
tively speci?ed explicit paths Where the route is speci?ed 
either entirely or partially at the time the path is established; 
and (c) COPS and PIBs are used for policy protocol betWeen 
a policy server (e.g., a PDP) and LSRs (e.g., PEPs). The 
policy-enabled MPLS system can include three phases: (a) 
LSP setup; (b) LSP admission control; and (c) LSP moni 
toring. 

[0057] LSP Setup. In an embodiment, a PDP determines 
that an LSP is to be established. Possible choices for hoW the 
PDP gets signaled to make this determination include: 
human input at the netWork management console (e.g., 
manually provisioned LSP), receipt of a trigger from an 
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ingress LSR as a result of receiving a particular type of data 
packet, or observing a particular performance level de? 
ciency (e.g., data-driven LSP provisioning). In the case of 
data-driven LSP establishment, an initial policy can be 
implemented in the LSR specifying What types of data 
packets to look for that can trigger an LSP. In some respects, 
this can appear to be similar to RSVP QoS policy Where the 
decision to permit the resource reservation is outsourced to 
the PDP. In an MPLS in accordance With an embodiment of 
the present invention, hoWever, the outsourced decision is 
not just to accept or deny the request, but involves a separate 
step of initiating the LSP session, as described beloW. 

[0058] For example, an LSP may be required, in an 
embodiment, to support a speci?c service or set of services 
in the netWork. This may imply traf?c characteristics for the 
LSP such as, for example, peak data rate, committed data 
rate, burst siZe, etc. If explicit routes are used, the PDP can 
determine the speci?c LSRs that are to be part of the path. 
The LSP may be partially explicit, specifying some speci?c 
LSRs that must be included, and the remainder of the LSP 
left to the routing protocols. An intelligent PDP may use 
feedback information from the LSRs to determine if they 
currently have sufficient resources free to support the 
resource requirements of the LSP. Alternatively, the LSP 
creation could use a topology-driven method Where the path 
is determined by the routing protocol (and the underlying 
label distribution protocol processing). In such an embodi 
ment, the LSP creation is initiated With speci?cation of the 
traffic requirements. For any Way that the LSP is routed, any 
traffic constraint requirements are met by all LSRs that get 
included in the LSP. 

[0059] The PDP can issue a policy message to the ingress 
LSR of-the LSP, including the explicit route information (if 
applicable), strict or loose route preferences, traf?c param 
eters (constraint requirements),. etc. In the COPS+PIB 
example, this is done via a COPS Decision (cops-pr, prob 
ably using a <cops-mpls> client type in the PEP) that 
includes MPLS PIBs describing the CR-LDP constraints. 

[0060] The MPLS policy client in the LSR can-take the 
message and initiate an LSP session. When CR-LDP is used, 
for example, this is done by sending a Label Request 
message containing the necessary CR-LDP Type Length 
Values (“TLV”) (e.g., Explicit Route TLV, Traf?c TLV, 
CD-LSP FEC, etc.). When RSVP is used, a path message 
containing the constraint information is sent from the ingress 
LSR to the egress LSR. The LSR establishment is similar, 
from a policy point of vieW, regardless of label distribution 
protocol used. In an embodiment as described herein, use of 
CR-LDP is described, but based on the Written description 
herein the use of RSVP in an embodiment is apparent to one 
of skill in the art. The Label Request is propagated doWn 
stream and gets processed as usual according to CR-LDP 
procedures (e.g., doWnstream on demand label advertise 
ment). When the egress LSR processes the Label Request, it 
issues a Label Mapping message that propagates back 
upstream establishing label mappings betWeen MPLS peers 
for the LDP. Eventually the ingress LSR receives back a 
Label Mapping message from the next-hop LSR and it 
noti?es the PDP of the label it received, to be used When 
forWarding packets to the next-hop on this LDP, and the 
LSPID. If the path could not be established, for example due 
to errors or insufficient resources or other issues, the error 

noti?cation gets sent to the PDP. When COPS is used as the 
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policy protocol, this is done With a COPS Report message, 
containing the MPLS label and referencing the Decision 
message that initiated the CR-LDP session. 

[0061] LSP Admission Control. With the LSP established 
and the label to be used for sending packets to the next-hop 
on the LSP knoWn, the PDP can issue policies to specify 
Which packets/?oWs get mapped onto the LSP, i.e., Which 
packets belong to the FEC for the LSP. Using the COPS and 
PIB example, this is done in a similar manner to the Way 
packets get mapped to DiffServ Per Hop Behaviors (“PHB”) 
in ingress routers of a DiffServ netWork. A COPS Decision 
message can be issued containing PIB table entries, for 
example, for: the classi?er that speci?es the FEC, a pro?le 
for policing and admission control to the LSP, the label to 
put on the packets that match the classi?er, and What to do 
With packets that match but are out of pro?le. 

[0062] As packets come into the ingress LSR the MPLS 
policy is enforced and packets are matched against the FEC 
classi?cation and pro?le. The metering capability alloWs the 
PDP to specify a pro?le for policing so that admission 
control can be performed on the packets utiliZing the LSP 
resources. Also, the policy installed by the PDP for the FEC 
can specify a MPLS Action table entry (e.g., of a PIB) for 
certain data packet types that might be admitted onto the 
LSP to authenticate the policy information about the packet 
With the PDP. This action is quite similar to the Way 
COPS-RSVP Works, Where the PDP returns an accept/deny 
decision to indicate Whether the packet is alloWed access to 
the LSP or not. Packets that match the FEC classi?cation, 
are in-pro?le, and have valid policy information (if appli 
cable) get the label associated With the LSP for that FEC. 
This can involve pushing the label onto the top of a label 
stack if the packet already has a label for another LSP. This 
is handled according to MPLS label processing rules. 

[0063] LSP Monitoring. The PDP can monitor the perfor 
mance of the LSP to ensure the packets that are being 
mapped to the LSP receive the intended service. Information 
such as that speci?ed in the MPLS LSR MIB, the in-segment 
performance table, the out-segment performance table, and 
so on may be used for this purpose (other data/stats may also 
be better or be better suited for this purpose). As the PDP 
gathers this feedback information, it makes decisions 
regarding the creation/deletion/changing of LSPs and the 
packets that get mapped onto them. Actions taken by the 
PDP as a result of performance feedback analysis may 
include re-directing existing LSPs to route traf?c around 
high congestion areas of the netWork, changing traf?c 
parameters associated With an LSP to reserve more resources 

for the FEC, adding a neW LSP to handle over?oW traf?c 
from an existing path, tearing doWn an LSP no longer in use, 
and so on. 

[0064] In an embodiment, a policy system can help to 
secure the MPLS system by providing appropriate controls 
on the LSP life cycle. Conversely, if the security of the 
policy system is compromised, then this may impact any 
MPLS systems controlled by that policy system. The MPLS 
netWork is not expected to impact the security of the policy 
system. 

[0065] Embodiments of the present invention can include 
policy systems related to one or more of policy-based load 
balancing in traffic-engineered MPLS netWorks and traf?c 
engineering of load distribution. An overvieW of load bal 
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ancing and load distribution is ?rst described, and then an 
embodiment of the present invention related to load balanc 
ing, Which can be a speci?c sub-problem Within load dis 
tribution, is described. 

Load Balancing OvervieW 

[0066] At least three fundamental features related to traf?c 
engineering over MPLS netWorks are knoWn: (a) mapping 
traffic to FECs; (b) mapping FECs to LSPs; and (c) mapping 
LSPs to physical topology. The ?rst tWo features are dis 
cussed in greater detail herein as part of describing MPLS as 
an interesting subset of IP protocols, load balancing as a 
traffic engineering objective, and policy-based approaches 
for describing the objectives and constraints of the traf?c 
engineering optimiZation. 

[0067] Load balancing in MPLS netWorks concerns the 
allocation of traf?c betWeen tWo or more LSPs Which can 
have the same origin and destination. In certain embodi 
ments of the present invention, a pair of LSRs may be 
connected by several (e.g., parallel) links. From an MPLS 
traffic engineering point of vieW, for the purpose of scal 
ability, it may be desirable to treat all these links as a single 
IP link in an operation knoWn as Link Bundling. With load 
balancing, the load to be balanced is spread across multiple 
LSPs that in general does not require physical topology 
adjacency for the LSRs. The techniques can be complemen 
tary. Link bundling typically provides a local optimiZation 
that is particularly suited for aggregating loW speed links. 
Load Balancing generally is targeted at larger scale netWork 
optimiZations. 

[0068] While load balancing is often considered to apply 
betWeen edge LSRs, it can be applied in an embodiment at 
any LSR that provides the requisite multiple LSP tunnels 
With common endpoints. The Policy Enforcement Point is 
the LSR at the source end of the set of LSPs With common 
endpoints. The arriving traf?c to be load balanced may be 
from non-MPLS interfaces or MPLS interfaces. In general, 
the source end of an LSP may act as a merge point for 
multiple input streams of traffic. 

[0069] The set of LSPs over Which the load is to be 
balanced can be pre-de?ned and the relevant load balancing 
policies are then applied to these LSPs. In another embodi 
ment, LSPs can be created and deleted in response to 
policies With load balancing objectives. According to an 
embodiment of the present invention, best effort LSPs are 
considered, Which can simplify the admission control con 
siderations of a load balancing process. When LSPs are 
established With QoS constraints, it can be necessary to 
determine if the traf?c ?oW sent over the LSP as a result of 
load balancing ?t the pro?le of the constraints, Which can 
add complexity to the load balancing policy as Well as the 
processing of the LSR performing the load balancing. 

[0070] While load balancing on a best effort netWork can 
be vieWed as a simple case, the basic methodologies have a 
Wider applicability When applied to QoS-based LSP selec 
tion. Indeed, the load balancing case for best effort only 
traffic has similar problems to that of load balancing a 
particular traf?c class such as that With a particular DiffServ 
PHB. BandWidth sharing among classes of service can raise 
some more complex issues that also apply to the placement 
of traffic into ER-LSPs. As the available capacity for a 
particular traf?c class to a particular destination exceeds the 
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capacity of the LSP for that traf?c, an action can be taken to 
get more bandwidth or control access to the LSP. The PEP 
can perform an action per traf?c class with a likely result that 
the best effort traf?c on the network will become squeezed 
in favor of higher priority traf?c. Lending of bandwidth 
between LSPs can be implemented as a policy. In an 
embodiment, the location of the network congestion can 
have a bearing on a solution, and a policy server can initiate 
a new LSP and map certain ?ows to this new LSP to avoid 
the congestion point, thereby improving the performance of 
those ?ows and reducing the congestion problem. This can, 
however, require a congestion detection methodology and 
inter-PDP communication. 

[0071] In general, a policy provides a rule of the form: IF 
<condition> THEN <action>. Policy-based networking is 
one of a number of mechanisms that can be used in achiev 
ing traffic engineering objectives. While traffic engineering 
may be considered an optimiZation issue, policy approaches 
provide considerable ?exibility in the speci?cation of the 
network optimiZation objectives and constraints. 

[0072] Engineering Framework. Within the Traf?c Engi 
neering (“TE”) framework’s taxonomy of traf?c engineering 
systems, policies may be: (a) dependent on time or network 
state (e.g., either local or global); (b) based on algorithms 
executed offline or online; (c) stored centrally (e.g., in a 
directory) or distributed to an engineerable number of policy 
decision points; (d) prescriptive or descriptive; and (e) 
designed for open loop or closed loop network control. 
Network feedback can be an important part of policy-based 
networking. While network con?guration (e.g., provision 
ing) can be performed in an open-loop manner, in general, 
policy-based networking can imply a closed-loop mecha 
nism. Distribution and performance of the policy system can 
require adequate resources that are provisioned to meet the 
required policy update frequency and so on. 

[0073] A traf?c engineering framework can identify pro 
cess model components for (a) measurement; (b) modeling, 
analysis, and simulation; and (c) optimiZation. Policies may 
be used to identify relevant measurements available through 
the network and trigger appropriate actions. The available 
traf?c metrics for determining the policy trigger conditions 
can be constrained, e.g., by generic IP traf?c metrics. 

[0074] Policies can provide an abstraction of network 
resources, e.g., a model that can be designed to achieve 
traf?c engineering objectives. Policies can provide a degree 
of analysis by identifying network problem through corre 
lation of various measurements of network state. A set of 
policies can be designed to achieve an optimiZation of 
network performance through appropriate network provi 
sioning actions. 
[0075] Policy-based Load Balancing. In general, load bal 
ancing can be an example of traf?c mapping. In an embodi 
ment, a relative simplicity of load balancing algorithms can 
illustrate approaches to traf?c engineering in the context of 
MPLS networks. While load balancing optimiZations have 
been proposed for various routing protocols, such 
approaches typically complicate existing routing protocols 
and tend to optimiZe towards a fairly limited set of load 
balancing objectives. Extending these towards more ?ex 
ible/dynamic load balancing objectives can be overly com 
plicated. Hence, building on a policy-based networking 
architecture can provide mechanisms speci?cally designed 
to support ?exible and dynamic administration. 
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Load Distribution Overview 

[0076] Online traf?c load distribution for a single class of 
service is known based in part on extensions to Interior 
Gateway Protocol (“IGP”) that can provide loading infor 
mation to network nodes. To perform traf?c engineering of 
load distribution for multi-service networks, or off line 
traffic engineering of single service networks, a control 
mechanism for provisioning bandwidth according to a 
policy can be provided. Identi?ed and described in this load 
distribution overview and herein are: (a) mechanisms that 
affect load distribution and the controls for mechanisms that 
affect load distribution to enable policy-based traf?c engi 
neering of the load distribution to be performed; (b) mecha 
nisms that affect load distribution and the control for those 
mechanisms to enable policy-based traf?c engineering of 
load distribution; and (c) a description of the use of load 
distribution mechanisms in the context of an IP network 
administration. 

[0077] Introduction. The traffic load that an IP network 
supports may be distributed in various ways within the 
constraints of the topology of the network (e.g., avoiding 
routing loops). In an embodiment, a default mechanism for 
load distribution is to rely on an IGP (e.g., Intermediate 
System to Intermediate System (“IS-IS”), OSPF, etc.) to 
identify a single “shortest” path between any two endpoints 
of the network. “Shortest” is typically de?ned in terms of a 
minimiZation of an administrative weight (e.g., hop count) 
assigned to each link of the network topology. Having 
identi?ed a single shortest path, all traf?c between those 
endpoints then follows that path until the IGP detects a 
topology change. While often called dynamic routing (e.g., 
because it changes in response to topology changes), it can 
be better characteriZed as topology driven route determina 
tion. 

[0078] This default IGP mechanism works well in a wide 
variety of operational contexts. Nonetheless, there are opera 
tional environments in which network operators may wish to 
use additional controls to affect the distribution of traf?c 
within their networks. These may include: (a) service spe 
ci?c routing (e.g., voice service may utiliZe delay sensitive 
routing, but best effort service may not); (b) customer 
speci?c routing (e.g., VPNs); (c) tactical route changes 
where peak traffic demands exceed single link capacity; and 
(d) tactical route changes for fault avoidance. In an embodi 
ment, a rationale for greater control of the load distribution 
than that provided by the default mechanisms is included. 

[0079] Load Distribution. Traf?c load distribution may be 
considered on a service-speci?c basis or aggregated across 
multiple services. In considering the load distribution, one 
can also distinguish between a snapshot of the network’s 
state (e.g., a measurement) and an estimated (e.g., hypo 
thetical) network state that may be based on estimated (e.g., 
projected) traf?c demand. Load distribution can have two 
main components: (1) identi?cation of routes over which 
traffic ?ows; and (2) in the case of multipath routing 
con?gurations (e.g., where multiple acyclic paths exist 
between common endpoints), the classi?cation of ?ows 
determines the distribution of ?ows among those routes. 

[0080] Traf?c Load De?nition and Measurement. With 
modern node equipment supporting wire speed forwarding, 
traffic load can be a link measurement. In other cases, node 
constraints (e.g., packet forwarding capacity) may be more 
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relevant. Traffic load can be measured in units of network 
capacity, and network capacity is typically measured in units 
of bandwidth (e.g., with a magnitude dimensioned in bits/ 
second or packets/second). However, bandwidth can be 
considered a vector quantity providing both a magnitude and 
a direction. Bandwidth magnitude measurements are typi 
cally made at some speci?c (but often implicit) point in the 
network where traffic is ?owing in a speci?c direction (e.g., 
between two points of a unicast transmission). A signi? 
cance arises from distinguishing between bandwidth mea 
surements made on a link basis and bandwidth demands 
between end-points of a network. 

[0081] A snapshot of the current load distribution may be 
identi?ed through relevant measurements available on the 
network. The available traf?c metrics for determining the 
load distribution include, for example, generic IP traf?c 
metrics. The measurements of network capacity utiliZation 
can be combined with the information from the routing 
database to provide an overall perspective on the traf?c 
distribution within the network. This information may be 
combined at the routers (and then reported back) or aggre 
gated in the management system for dynamic traffic engi 
neering. 

[0082] Apeak demand value of the traf?c load magnitude 
(e.g., over some time interval, in the context of a speci?c 
traf?c direction) may be used for network capacity planning 
purposes. Considering the increasing deployment of asym 
metric host interfaces (e.g. Asymmetric Digital Subscriber 
Line (“ADSL”)) and application software architectures (e.g. 
client-server), traf?c load distribution is not necessarily 
symmetric between the opposite directions of transmission 
for any two endpoints of the network. 

[0083] Load Distribution Controls. For a traf?c engineer 
ing process to impact the network, there can be adequate 
controls within the network to implement the results of the 
offline traffic engineering processes. In an embodiment, the 
physical topology (e.g., links and nodes) can be ?xed while 
considering the traf?c engineering options for affecting the 
distribution of a traf?c load over that topology. In another 
embodiment, new nodes and links can be added and con 
sidered a network capacity planning issue. 

[0084] Fundamental load-affecting mechanisms include: 
(1) identi?cation of suitable routes; and (2) in the case of 
multipath routing, allocation of traf?c to a speci?c path. For 
traf?c engineering purposes, the control mechanisms avail 
able can impact either of these mechanisms. 

[0085] Control of the Load Distribution in the context of 
the TE Framework. When there is a-need for control of the 
load distribution, the values of control parameters are 
unlikely to be static. Within the TE Framework’s taxonomy 
of traffic engineering systems, control of load distribution 
may be: (a) dependent on time or network state (either local 
or global), e. g. based on IGP topology information; (b) based 
on algorithms executed offline or online; (c) impacted by 
open or closed loop network control; (d) centraliZed or 
distributed control of the distributed route set and traf?c 
classi?cation functions; or (e) prescriptive (i.e., a control 
function) rather than simply descriptive of network state. 

[0086] Network feedback can be an important part of the 
dynamic control of load distribution within the network. 
While offline algorithms to compute a set of paths between 
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ingress and egress points in an administrative domain may 
rely on historic load data, online adjustments to the traf?c 
engineered paths typically will rely in part on the load 
information reported by the nodes. 

[0087] The traf?c engineering framework identi?es pro 
cess model components for: (a) measurement; (b) modeling, 
analysis, and simulation; and (c) optimiZation. Traf?c load 
distribution measurement has already been described herein. 
Modeling, analysis, and simulation of the load distribution 
expected in the network is typically performed offline. Such 
analyses typically produce individual results of limited 
scope (e.g., valid for a speci?c demanded traf?c load, fault 
condition, etc.). However, the accumulation of a number of 
such results can provide an indication of the robustness of a 
particular network con?guration. 

[0088] The notion of optimiZation of the load distribution 
can imply the existence of some objective optimiZation 
criteria and constraints. Load distribution optimiZation 
objectives may include: (a) elimination of overload condi 
tions on links/nodes; and (b) equalization of load on links/ 
nodes. A variety of load distribution constraints may be 
derived from equipment, network topology, operational 
practices, service agreements, etc. Load distribution con 
straints may include: (a) current topology/route database; (b) 
current planned changes to topology/route database; (c) 
capacity allocations for planned traf?c demand; (d) capacity 
allocations for network protection purposes; and (e) service 
level agreements (“SLAs”) for bandwidth and delay sensi 
tivity of ?ows. Within the context of the traf?c-engineering 
framework, control of the load distribution can be a core 
capability for enabling traf?c engineering of the network. 

[0089] Route Determination. Routing protocols are well 
known and this description of route determination focuses 
on speci?c operational aspects of controlling those routing 
protocols towards a traffic-engineered load distribution. A 
traffic engineered load distribution typically relies on some 
thing other than a default IGP rout set, and typically requires 
support for multiple path con?gurations. In an embodiment, 
the set of routes deployed for use within a network is not 
necessarily monolithic. Not all routes in the network may be 
determined by the same system. Routes may be static or 
dynamic. Routes may be determined by: (1) topology driven 
IGP; (2) explicitly speci?ed; (3) capacity constraints (e.g., 
link/node/service bandwidth); (4) constraints on other 
desired route characteristics (e.g., delay, diversity/affinity 
with other routes, etc.). Combinations of the methods are 
possible, for example, determining partial explicit routes 
where some of the links are selected by the topology driven 
IGP, some routes may be automatically generated by the 
IGP, and others may be explicitly set by some management 
system. 

[0090] Explicit routes are not necessarily static. Explicit 
routes may be generated periodically by an offline traf?c 
engineering tool and provisioned into the network. MPLS 
provides ef?cient mechanisms for explicit routing and band 
width reservation. Link capacity may be reserved for a 
variety of protection strategies as well as for planned traf?c 
load demands and in response to signaled bandwidth 
requests (e.g. RSVP). When allocating capacity, there may 
be issues in the sequence regarding how capacity on speci?c 
routes is to be allocated affecting the overall traf?c load 
capacity. It can be important during path selection to chose 
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paths that have a minimal effect on future path setups. 
Aggregate capacity required for some paths may exceed the 
capacities of one or more links along the path, forcing the 
selection of an alternative path for that traffic. Constraint 
based routing approaches may also provide mechanisms to 
support additional constraints (e.g., other than capacity 
based constraints). 

[0091] There are knoWn IGP (e.g. IS-IS, OSPF) enhance 
ment proposals to support additional netWork state informa 
tion for traf?c engineering purposes (e.g., available link 
capacity). Alternatively, routers can report relevant netWork 
state information (e.g., raW and/or processed) directly to the 
management system. 

[0092] In netWorks other than MPLS (e.g., PSTN), there 
can be some symmetry in the routing of traf?c ?oWs and 
aggregate demand. For the Internet, symmetry is unlikely to 
be achieved in routing (e.g., due to peering policies sending 
responses to different peering points than queries). 

[0093] Controls over the determination of routes form an 
important aspect of traf?c engineering for load distribution. 
Since the routing can operate over a speci?c topology, any 
control of the topology abstraction used provides some 
control of the set of possible routes. 

[0094] Control of the topology abstraction. There are at 
least tWo major controls available on topology abstraction 
including the use of hierarchical routing and link bundling 
concepts. Hierarchical routing provides a mechanism to 
abstract portions of the netWork in order to simplify the 
topology over Which routes are being selected. Hierarchical 
routing examples in IP netWorks include: (a) use of an 
Exterior GateWay Protocol (“EGP”) (e.g. BGP) and an IGP 
(e.g., IS-IS); and (b) MPLS Label stacks. Such hierarchies 
can provide both a simpli?ed topology and a coarse classi 
?cation of traf?c. Operational controls over route determi 
nation are another example. The default topology driven IGP 
typically provides the least administrative control over route 
determination. The main control available is the ability to 
modify the administrative Weights. This has netWork Wide 
effects and may result in unanticipated traffic shifts. A route 
set comprised entirely of completely-speci?ed explicit 
routes is the opposite extreme, i.e., complete of?ine opera 
tional control of the routing. Adisadvantage of using explicit 
routes is the administrative burden and potential for human 
induced errors from using this approach on a large scale. 
Management systems (e.g., policy-based management) may 
be deployed to ease these operational concerns, While still 
providing more precise control over the routes deployed in 
the netWork. In MPLS enabled netWorks, explicit route 
speci?cation is feasible and a ?ner grained approach is 
possible for classi?cation, including service differentiation. 

[0095] Traf?c Classi?cation in Multipath Routing Con 
?gurations. With multiple paths betWeen tWo endpoints, 
there is a choice to be made as to Which traf?c to send doWn 
a particular path. The choice can be impacted by: (1) traf?c 
source preferences (e.g., expressed as marking—Differenti 
ated Services Code Points (“DSCP”)); (2) traf?c destination 
preferences (e. g., peering arrangements); (3) netWork opera 
tor preferences (e.g., time of day routing, scheduled facility 
maintenance, policy); and (4) netWork state (e.g., link con 
gestion avoidance). There are a number of potential issues 
related to the use of multi-path routing including: (a) vari 
able path Maximum Transmission Unit (“MTU”); (b) vari 
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able latencies; (c) increased dif?culty in debugging; and (d) 
sequence integrity. These issues may be of particular con 
cern When traf?c from a single “?oW” is routed over multiple 
paths or during the transition of traf?c ?oW betWeen paths. 
KnoWn efforts have been made to consider these effects in 
the development of hashing algorithms for use in multipath 
routing. HoWever, the transient effects of How migration for 
other than best-effort ?oWs have not been resolved. 

[0096] The choice of traf?c classi?cation algorithm can be 
delegated to the netWork (e.g., load balancing—Which may 
be done based on some hash of packet headers and/or 
random numbers). This approach is taken in Equal Cost 
Multipath Protocol (“ECMP”) and OptimiZed Multipath 
Protocol (“OMP”). Alternatively, a policy-based approach 
has the advantage of permitting greater ?exibility in the 
packet classi?cation and path selection. This ?exibility can 
be used for more sophisticated load balancing algorithms, or 
to meet churn in the netWork optimiZation objectives from 
neW service requirements. 

[0097] Multipath routing, in the absence of explicit routes, 
can be difficult to traf?c engineer as it devolves to the 
problem of adjusting the administrative Weights. MPLS 
netWorks provide a convenient and realistic context for 
multipath classi?cation examples using explicit routes. One 
LSP could be established along the default IGP path. An 
additional LSP could be provisioned.(in various Ways) to 
meet different traf?c engineering objectives. 

[0098] Traf?c Engineered Load Distribution in Multipath 
MPLS netWorks. Load balancing can be analyZed as a 
speci?c sub-problem Within the topic of load distribution. 
Load-balancing essentially provides a partition of the traf?c 
load across the multiple paths in the MPLS netWork. 

Load Balancing Embodiments 

[0099] FIG. 7 illustrates a generic policy-based netWork 
architecture in the context of an MPLS netWork. In this 
embodiment, tWo LSPs are established: LSPA that folloWs 
the path of routers 741, 742 and 743, and LSP B that folloWs 
the path of routers 741, 744, and 743. A variety of mecha 
nisms may be used for establishing the LSPs including, for 
example, manual (e.g., LSPs provision explicit routes) or 
automated (e.g., LSPs based on topology driven or data 
driven shortest path routes) establishment of the LSPs. In 
another embodiment, LSPs may be established via policy 
mechanisms (e.g., using COPS push, and so on). 

[0100] Aload balancing operation is performed at the LSR 
containing the ingress of the LSPs to be load balanced. LSR 
741 is acting as the Policy Enforcement Point for load 
balancing policies related to LSPs 751-752. The load-bal 
ancing encompasses the selection of suitable policies to 
control the admission of ?oWs to both LSPs 751-752. 

[0101] The admission decision for an LSP can be re?ected 
in the placement of that LSP as the Next Hop ForWarding 
Label Entry (“NHFLE”) Within the appropriate routing 
tables Within the LSR. Normally, there is only one NHLFE 
corresponding to each FEC, hoWever there are some cir 
cumstances Where multiple NHLFEs may exist for an FEC. 

[0102] The conditions for the policies applying to the set 
of LSPs to be load balanced can be consistent. For example, 
if the condition used to allocate ?oWs betWeen LSPs is the 
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source address range, then the set of policies applied to the 
set of LSPs can account for the disposition of the entire 
source address range. 

[0103] For policy-based MPLS networks, traffic engineer 
ing policies also can be able to utiliZe for both conditions 
and actions the parameters available in the standard MPLS 
MIBs, such as MPLS Traf?c Engineering MIB, MPLS LSR 
MIB, MPLS Packet Classi?er MIB, and other MIB elements 
for additional traf?c metrics. 

[0104] Load Balancing at Edge of MPLS Domain. FloWs 
admitted to an LSP at the edge of an MPLS domain can be 
described by the set of ForWarding Equivalence Classes 
(FECs) that are mapped to the LSPs in the FEC to NHLFE 
(“FTN”) table. The load-balancing operation may be con 
sidered as rede?ning the FECs to send traffic along the 
appropriate path. Rather than sending all the traffic along a 
single LSP, the load balancing policy operation results in the 
creation of neW FECs Which effectively partition the traf?c 
?oW among the LSPs in order to achieve some load balance 
objective. As an example, tWo simple point-to-point LSPs 
With the same source and destination can have an aggregate 
FEC (Z) load balanced. The aggregate FEC (Z) is the union 
of FEC (a) and FEC The load balancing policy may 
adjust the FEC (a) and FEC (b) de?nitions such that the 
aggregate FEC (Z) is preserved. 

[0105] Load Balancing at interior of MPLS Domain. 
FloWs admitted to an LSP at the interior of an MPLS domain 
can be described by the set of labels that are mapped to the 
LSPs in the Incoming label Map (“ILM”). A Point-to-Point 
LSP that simply transits an LSR at the interior of an MPLS 
domain does not have an LSP ingress at this transit LSR. 
Merge points of a Multipoint-to-Point LSP may be consid 
ered as ingress points for the neXt link of the LSP. A label 
stacking operation many be considered as an ingress point to 
a neW LSP. The above conditions, Which put multiple LSPs 
onto different LSPs, may require balancing at the interior 
node. The FEC of an incoming How may be inferred from its 
label. Hence load-balancing policies may operate based on 
incoming labels to segregate traf?c rather than requiring the 
ability to Walk up the incoming label stack to the packet 
header in order to reclassify the packet. The result is a coarse 
load balancing of LSPs onto one of a number of LSPs from 
the LSR to the egress LSR. 

[0106] Load Balancing With Multiple NHLFEs. The 
MPLS Architecture identi?es that the NHLFE may have 
multiple entries for one FEC. Multiple NHLFEs may be 
present to represent: (a) the Incoming FEC/label set is to be 
multicast; and (b) When route selection based on the EXPan 
sion (“EXP”) ?eld in addition to the label is required. If both 
multicast and load balancing functions are required, it can be 
necessary to disambiguate the scope of the operations. The 
load balancing operation can partition a set of input traf?c 
(e. g., de?ned as FECs or Labels) across a set of output LSPs. 
One or more of the arriving FECs may be multicast to both 
the set of load balanced LSPs as Well as other LSPs. This can 
imply that the packet replication (multicast) function occurs 
before the load balancing. When the route selection is based 
on the EXP ?eld, it can be a special case of the policy-based 
load-balancing approach. In an embodiment, replicating 
NHLFEs for this purpose be deprecated and the more 
generic policy-based approach be used to specify an FEC/ 
label space partition based on the EXP ?eld. 
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[0107] The load balancing function can be considered as 
part of the classi?cation function and alloWs preserving a 
mapping of a FEC into one NHLFE for unicast. While 
classi?cation of incoming ?oWs into FECs is often thought 
of as an operation on some tuple of packet headers, this is 
not the only basis for classi?cation because router state can 
also be used. An eXample of a tuple is a set of protocol 
header ?elds such as source address, destination address, 
and protocol ID. In an embodiment, the source port of a How 
may be a useful basis on Which to discriminate ?oWs. As 
another eXample, a “random number” generated Within the 
router may be attractive as the basis for allocating ?oWs for 
a load balancing objective. An algorithm Within the router, 
Which may include some hash function on the packet 
headers, may generate the “random number.” 

[0108] MPLS Policies for Load Balancing. MPLS load 
balancing partitions an incoming stream of traf?c across 
multiple LSPs. The load balancing policy, as Well as the 
ingress LSR Where the policy is enforced, can be able to 
distinctly identify LSPs. In an embodiment, the PDP that 
installs the load balancing policy has knoWledge of the 
eXisting LSPs and is able to identify them in policy rules. 
One Way to achieve this is through the binding of a label to 
an LSP. An eXample of an MPLS load-balancing policy may 
state for the simple case of balancing across tWo LSPs: IF 
traffic matches classi?er, THEN forWard on LSP 1, ELSE 
forWard on LSP 2. Classi?cation can be done on a number 

of parameters such as packet header ?elds, incoming labels, 
etc. The classi?cation conditions of an MPLS load-balanc 
ing policy are thus effectively constrained to be able to 
specify the FEC in terms that can be resolved into MPLS 
packet classi?cation MIB parameters. 

[0109] ForWarding traffic on an LSP can be achieved by 
tagging the traffic With the appropriate label corresponding 
to the LSP. MPLS load-balancing policy actions typically 
result in the de?nition of a neW aggregate FEC to be 
forWarded doWn a speci?c LSP. This Would typically be 
achieved by appropriate provisioning of the FEC and routing 
tables (e.g., FTN and ILM), e.g., via the appropriate MIBs. 

[0110] The basis for partitioning the traf?c can be static or 
dynamic. Dynamic load balancing can be based on a 
dynamic administrative control (e.g., time of day), or it can 
form a closed control loop With some measured netWork 
parameter. In an embodiment, “voice trunk” LSP band 
Widths can be adjusted periodically based on expected 
service demand (e. g., voice call intensity, voice call patterns, 
and so on). Static Partitioning of the Load can be based on 
information carried Within the packet header (e.g. source/ 
destination addresses, source/destination port numbers, 
packet siZe, protocol ID, etc.). Static partitioning can also be 
based on other information available at the LSR (e.g., the 
arriving physical interface). HoWever if load partition is 
truly static, or at least very sloWly changing (e.g., less than 
one change/day), then the need for a policy-based control of 
this provisioning information maybe debatable and a direct 
manipulation of the LSR MIB may suf?ce. 

[0111] A control-loop based load-balancing scheme can 
seek to balance the load close to some objective, subject to 
error in the measurements and delays in the feedback loop. 
The objective may be based on a fraction of the input traf?c 
to be sent doWn a link (e.g., 20% doWn a ?rst LSP and 80% 
doWn a second LSP) in Which case some measurement of the 








