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Overview

A practical guide to understanding multiservice switching architecture and designing and deploying its
MPLS and PNNI implementations using Cisco IOS(r) and Cisco's BPX(r), IGX(tm), and MGX(tm) product
lines.

Cisco Multiservice Switching Networks offers indispensable information on how to:

® Maintain IP QoS across a cell-based MPLS network and deploy MPLS VPNs

e Partition the multiservice switching network between MPLS and PNNI domains and plan for
expansion

¢ Build redundancy into the multiservice switching network and minimize single points of failure

¢ Understand the VSI protocol and how to troubleshoot problems associated with it

e Effectively utilize IISP and AINI routing in a PNNI network

¢ Understand and deploy SVC signaling and hierarchical PNNI and plan ATM addressing

® Dimension and size Points of Presence and understand scaling and oversubscription

¢ Understand "ships in the night" and deploy multiple controllers

Service providers and large enterprise customers are faced with the objective of delivering different services
over a common infrastructure so that they don't interfere with one another. Multiservice switching networks
achieve this goal.

Cisco Multiservice Switching Networks sheds light on the general architecture of multiservice switches and
presents case studies on MPLS and PNNI as well as both protocols running simultaneously. This will aid
engineers who design, deploy, and troubleshoot networks that use the BPX(r)/IGX(tm)/MGX(tm) families of
multiservice switches.

Cisco Multiservice Switching Networks is designed to be flexible and allow you to easily move between
chapters and sections of chapters to cover just the material that you need. Divided into three modules, the
first, comprising Chapters 1 through 3, introduces the architectural framework and delves into the Virtual
Switch Interface details and realizations, describing the controller-controlled switch and QoS architecture,
resource partitioning, and the different master and slave models. The second module, comprising Chapters 4
through 7, details MPLS architecture, configuration, and design in multiservice switches including LDP, VC
Merge, QoS, and VPNSs. The third module comprises Chapters 8 through 11 and discusses PNNI and ATM
Forum signaling and routing technologies in multiservice switches, including theory, implementation,
configuration, and design. Chapter 12 presents some general conclusions for the whole book.
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Command Syntax Conventions

The conventions used to present command syntax in this book are the same conventions used in the IOS
Command Reference. The Command Reference describes these conventions as follows:

¢ Vertical bars (I) separate alternative, mutually exclusive elements.

¢ Square brackets ([ ]) indicate optional elements.

¢ Braces ({ }) indicate a required choice.

¢ Braces within brackets ([{ }]) indicate a required choice within an optional element.

¢ Bold indicates commands and keywords that are entered literally as shown. In configuration examples
and output (not general command syntax), bold indicates commands that are manually input by the
user (such as a show command).

¢ [talic indicates arguments for which you supply actual values.

Introduction

Service providers (SPs) and large enterprise customers (LECs) must deliver different services over a common
infrastructure so that they don't interfere with one another (in other words, so that they pass like ships in the
night). Multiservice switching networks achieve this goal. This book's objective is to shed light on the general
architecture of multiservice switches and to present case studies on MPLS and PNNI, as well as both
protocols running simultaneously. This helps engineers who design, deploy, and troubleshoot networks that
use the BPX/IGX/MGX families of multiservice switches.
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SPs and LECs offer managed VPN services and circuit emulation to enterprise customers and wholesale DSL
services to ISPs and NSPs. In addition, SPs and LECs offer traditional ATM transport services from T1 to
OC-48 using the same common infrastructure. They provide not only ATM PVC transport, but also
lower-cost ATM SVC services.

Goals and Methods

This book covers the architecture of multiservice switches in which one or more controllers are attached to a
controlled switch and the controllers act independently, like ships in the night. In this context, the specific
details of MPLS and PNNI implementations are discussed with theory and examples.

Some of the most important details covered include the following:

® How to partition the MSS network between MPLS and PNNI domains and plan for expansion

¢ How to maintain IP QoS across a cell-based MPLS network

® How to build redundancy into the MSS network and minimize single points of failure

¢ An explanation of the VSI protocol and how to troubleshoot problems associated with it

o A discussion of PNNI as it relates to the multiservice switching product line, covering limitations on
peer group hierarchy and size

e Effective utilization of IISP and AINI routing in a PNNI network

¢ An explanation of SVC signaling and how it pertains to PNNI

¢ An explanation of ILMI and how address autoregistration works using ILMI

¢ A description of cell-based MPLS, including how label distribution occurs and how VC-merge works

¢ A discussion of POP size and oversubscription

® The theoretical framework and standard bodies that describe the virtual switch and controller, using a
switch control protocol for communication

Who Should Read This Book?

This book provides full coverage of MPLS and PNNI on multiservice switching platforms, including the
benefits of these technologies and how to build and manage production networks based on them.

In general terms, network engineers, network architects, network design engineers, customer support
engineers, and consultants who design, deploy, operate, and troubleshoot multiservice switching networks and

who want to provide new-world enabling services on their networks should read this book.

Academics who need to understand this technology model and theoretical framework as part of their research
will also find this book useful.

How This Book Is Organized

Although this book could be read cover-to-cover, it is designed to be flexible so that you can easily move
between chapters and sections to cover just the material you need more work on.

Consistent with the covered technologies, this book follows a modular design. It is divided into three parts.

15
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The first part includes Chapters 1, 2 and 3. It introduces the architectural framework and delves into virtual
switch interface details and realizations. This part describes the controller/controlled switch architecture and
the different master and slave models.

The second part, comprised of Chapters 4 through 7, details MPLS architecture, configuration, and design in
multiservice switches.

The third part is comprised of Chapters 8 through 11. It discusses PNNI and ATM Forum technologies in
multiservice switches, including theory, implementation, configuration, and design.

Chapter 12 presents some general conclusions for the whole book.

The 12 chapters cover the following topics:

16

e Chapter 1, "What Are Multiservice Switching Networks?" This chapter introduces the multiservice
switching architecture, which lets you use a common network infrastructure to support a mixture of
services natively and without their interfering with each other. This chapter introduces and defines
controllers, partitioning, virtual switches, and the "ships in the night" concept, among other
constitutive pieces of the multiservice switching model.

® Chapter 2, "SCI: Virtual Switch Interface" This chapter discusses the virtual switch interface and
protocol, which is the switch control interface implemented in Cisco software. The virtual switch
interface allows multiple networking protocols to control resources on a virtual switch. This chapter
also covers partitioning concepts.

¢ Chapter 3, "Implementations and Platforms" This chapter applies the ideas from the previous two
chapters, which discuss multiservice switching implementations. Different MPLS and PNNI
realizations of the multiservice switching architecture are analyzed in great detail.

¢ Chapter 4, "Introduction to Multiprotocol Label Switching" This chapter introduces the multiprotocol
label switching protocol. It covers Label Distribution Protocol (LDP) functionality and procedures
including LDP sessions, label distribution methods, and loop detection. It also provides details on
quality of service (QoS) using multi-vc, VC-Merge LSR capability, and MPLS Virtual Private
Networks (VPNs).

e Chapter 5, "MPLS Design in MSS" This chapter examines design concepts and best practices for
MPLS implementations. It also presents scalability concepts including MPLS PoP sizing, how to
calculate the required number of label virtual circuits (LVCs), and ATM MPLS convergence. Other
sections include IP routing protocols and LSC redundancy.

¢ Chapter 6, "MPLS Implementation and Configuration" This chapter covers the configuration of
MPLS in multiservice switches. A complete MPLS network with three points of presence is
implemented from the ground up. This MPLS network is the foundation for the application plane
services introduced in Chapter 7. This chapter also presents a generic configuration model that applies
to all platforms, as well as some troubleshooting scenarios. A table summarizing all the configuration
commands and steps is presented as well.

e Chapter 7,"Practical Applications of MPLS" This chapter covers the configuration of MPLS VPNs
and MPLS quality of service.

¢ Chapter 8, "PNNI Explained" This chapter answers the question "Why PNNI?". Private
Network-to-Network Interface is described and analyzed, in both the routing and signaling aspects.
This chapter also describes ATM UNI signaling, details ATM addressing concepts, and explains the
use of Interim Interswitch Signaling Protocol (IISP) and ATM Inter-Network Interconnect (AINI) to
join two PNNI networks.

e Chapter 9, "PNNI Network Design Goals" This chapter examines PNNI network design goals related
to providing end-user services, PNNI POP design and scaling, redundancy design, and core
bandwidth concerns.

e Chapter 10,"PNNI Implementation and Provision" This chapter discusses the configuration of ATM
Forum services in multiservice switching platforms. After discussing a general configuration model,
this chapter sets up a PNNI network made up of three Points of Presence (POPs). It also covers the
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configuration of SVC and SPVC services, NCDP, and filters. A table summarizing all the
configuration commands and steps is presented.

® Chapter 11, "Advanced PNNI Configuration" This chapter covers the fundamentals of hierarchical
PNNI configuration, achieving the hierarchical abstraction. Other advanced topics and configurations,
such as IISP, traffic engineering, and connection admission control, are also covered.

e Chapter 12, "Virtual Switch Review" This chapter provides a closing for the book, reconverging in
the multiservice switching architecture and providing general conclusions.

e Appendix A,"Service Traffic Groups, Types, and Categories" This appendix presents the virtual
switch interface (VSI) service groups, types and categories used to deliver QoS in Multiservice
Switches.

Chapter 1. What Are Multiservice Switching Networks?

Suppose you needed one PC for each application you run on your computer: one computer for Web browsing,
another for word processing, and so on. Or suppose a city had one set of roads and highways to be used by
cars, a different set for trucks, and a third for motorcycles.

From economic and practical points of view, these setups don't seem like the best choices. Service providers
and Enterprise customers need to consider the problems they face so that they don't end up with similar
scenarios. They should ask why they need a dedicated network to provide voice services, a different
infrastructure to carry IP traffic, and a third one to supply ATM virtual circuits. Why should anyone need to
design and maintain a network of routers and a parallel ATM switch network? A multiservice switching
network uses the same infrastructure to carry any type of traffic, regardless of whether it is encapsulated in IP,
ATM, or Frame Relay.

A first approach to a definition of a multiservice switching network is a common transmission and switching
infrastructure that can natively provide multiple services so that each service does not interfere with the
others. Multiservice switches are therefore network elements that constitute the multiservice switching
network and natively provide those different services.

Ships in the Night

One of the requirements for multiservice switching networks is independence between different services. In
other words, services do not interfere with each other. An upgrade of the multiprotocol label switching
(MPLS) software that controls the switches should not affect the digital subscriber line (DSL) customers who
use ATM SVCs from network access or voice customers who are supported with VoATM using AAL2. A
first draft of a multiservice switching network might look like Figure 1-1.

Figure 1-1. Example of a Multiservice Switching Network Providing Three Services

17
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MPLS Network

......

Multiservice Switching Network

A number of things are worth mentioning about this figure. First, note that the only physical network is the
big dark cloud. The smaller clouds within the physical network are logical partitions of the physical network
by service.

This multiservice switching network provides unified access to multiple services or virtual networksMPLS,
Private Network-to-Network Interface (PNNI), and voice in this example. The links from the multiservice
switch into each logical network are then logical links, created from logically partitioning resources in the
physical link.

But the most important point to note is that this example has no overlays. All the services are running natively
on the multiservice switches. For example, with the MPLS logical network, if you have an underlying ATM
network, the multiservice switches run an IGP and LDP for setting up LVCs and not MPLS over PVCs. In
other words, every switch in the multiservice network is aware of the services it provides.

NOTE

Resource partitioning is a key element in the architecture. It is revisited several times in this chapter.

A diagram of a network as a cloud is an oversimplification. Let's explore this a bit further. Figure 1-2
represents the physical topology of the ATM network.

Figure 1-2. Underlying Physical ATM Networks

18
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Underlying ATM Network

Resources in the network can be partitioned for the different services to create the logical networks over a
common infrastructure. Links and even entire nodes can be made invisible to some control planes in the
process of building these virtual networks, as shown in Figure 1-3.

Figure 1-3. Virtual Networks over the Common Infrastructures

]

MPLS Network PMMNI Metwork

From the total of seven nodes and ten links that exist in the physical network, the MPLS network is visible to
only five nodes and six links, and the PNNI network "believes" that there are only three nodes and two links.
Moreover, from the MPLS network's perspective, the PNNI network does not exist. Two nodes and one link
are shared by the two logical networks, but the MPLS control plane in those common nodes or any other node
is unaware of the existence of the PNNI network with which it shares resources, and vice versa. This behavior
is called ships in the night. It means that the different control planes act like the brain of the multiservice
switches, operating independently on the same network fabric simultaneously.

Separating the Control and Switching Planes

Let's take a different approach to looking at the characteristics of multiservice switching
networks. This section goes one step deeper into explaining these virtual networks by
delving into the switch architecture. How does a switch need to be designed in order to
build these networks?

We can start by studying a provider that offers different services, such as voice and ATM,

over separate networks. Analyzing the telephony switches and ATM switches that make
up these infrastructures, we find that typically they are dedicated pieces of equipment in
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which the control plane in those switches is indivisible from the switching plane.
Moreover, in the software architecture of those switches, usually the control logic is aware
of the different cards in the switch and the specifics of the interfaces and even drivers.
This section investigates the advantages that a modular approach like the one outlined in

Figure 1-4 brings.

The multiservice switch shown in Figure 1-4 has different modules or components. Their

Figure 1-4. Modular Architecture of a Multiservice Switch
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functions are outlined in Table 1-1.

Table 1-1. Multiservice Switch Modules and Their Functions

Module
Controlled switch

Controller(s)

SCI

20

Function

This is the module
responsible for
traffic switching.
This is the module
responsible for
managing the
controlled switch.
It acts like the
"brain" of the
controlled switch.
Switch Control
Interface. The
interface that
manages the
communication
between the
controller and the
controlled switch.
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The following parallels can be made:
® The controller is analogous to the system's "brain."
® The controlled switch is comparable to the "muscles" of the system performing the switching.
® The SCI connecting the preceding two items is equivalent to the "nervous system," bringing

information from the switch to the controller and commands from the controller to the switch.

This analogy is shown in Figure 1-5.

Figure 1-5. Functions of Each Constitutive Module in a Multiservice Switch
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The controller operates independently of the controlled switch. Different controllers operate completely
independently of each other. Resource partitioning (discussed later) enables the multiservice functionality of
the controlled switch.

This architecture provides separation of routing and forwarding, meaning routing running in the controller and
forwarding performed by the controlled switch. This gives you the ability to design the best routing software
controlling the best switch, which could be practically impossible otherwise. This also presents the framework
for implementing technologies that rely on that separation of routing and forwarding, such as MPLS.

Partitioning, Virtual Switches, and Multiple Control Planes

The controlled switch can have different physical cards with a number of interfaces. The network operator can
partition the number of connections and the interface resources (by configuration performed in the controlled
switch), such as bandwidth, VPI, and VCI ranges (assuming that the switch is an ATM switch, but it does not
have to be an ATM switch). These partitioned resources can then be assigned to different controllers.

Examine Figure 1-6, an ATM switch that has five physical interfaces and two different controllers. The first

two interfaces can be in a card, and the other interfaces can be in a different card. The controlled ATM switch
also has an MPLS controller and a PNNI controller connected to it.
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Figure 1-6. Multiservice Switch with Two Controllers
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Figure 1-7 shows the resource partitioning and controller assignment in the ATM switch. These partitions of
resources from the physical interface are called controlled interfaces from now on.

Figure 1-7. Resource Partitioning of the Interfaces
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The first interface's resources are partitioned such that one third of the interface resources make an MPLS
partition, and another third are assigned to a PNNI partition. The same thing happens with the switch's second
interface. From the fourth interface, two-thirds of the resources are set aside for an MPLS partition. The total
resources of the fifth interface are given to a PNNI partition.

NOTE
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The third interface's resources are not assigned to any controller; therefore, from the controller's perspective,
that interface does not exist.

To explicitly demonstrate the "ships in the night" concept, Figure 1-8 shows the visibility of the switch that
each controller has. The MPLS controller "perceives" the switch as a box with three interfaces.

Figure 1-8. Virtual MPLS Switch
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The MPLS controller does not make any distinctions as to whether the interfaces are in the same physical card
or not. It believes the switch has three interfaces it can control and utilize with the given resources. This
architecture relies on the separation between network information and specific hardware information.

This brings us to the next concept. The ATM switch is presented as a virtual switch to the controller, with
only the interfaces partitioned for it (which are logical interfaces with generic resources).

Likewise, the ATM controlled switch is presented as a virtual switch to the PNNI controller, as shown in
Figure 1-9.

Figure 1-9. Virtual PNNI Switch
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In this application we can differentiate three switches:

¢ The physical switch with resources partitioned in the interfaces to be used by the control logic internal
to the ATM switch (the one we mentioned that could not be physically separated). This control plane
might or might not exist. If it does not exist, the resources not assigned to any controller are not used.

¢ A virtual switch presented to the MPLS controller.

¢ A virtual switch presented to the PNNI controller.

The MPLS virtual switch doesn't know about MPLS. It's completely oblivious. The controller based on the
MPLS information controls the operation of the MPLS virtual switch (resources partitioned in the ATM
switch), and the pair form a Label Switch Router (LSR) (discussed in more detail in Chapter 3,
"Implementations and Platforms").

Advantages of the Architecture

At this point we can step back and take a look at some of the advantages of multiservice switches. From a
network operator perspective, several advantages are

¢ Multiple services can operate on the same platform. This lets providers develop multiple revenue
streams from a single investment in packet networking.

¢ "Ships in the night" functionality. Controllers operate independently from each other; resulting in no
intercontroller dependencies. For example, if one controller needs to be upgraded (in software or
hardware) or removed, it does not interrupt service for other controllers.

¢ The capability to choose the control plane that is most suited for the particular application. As a
starting point, you can choose PNNI for connection-oriented services and MPLS for IP connectionless
services. Also, you can choose the controlled switch based on the switching needs.

The benefits from a networking equipment developer and vendor perspective are
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¢ Platform-independent software. The fact that the controller is unaware of the platform-specific details
allows the reuse of controller software. This allows a faster time to market for newer switches.

¢ The ability to reuse controller software also provides consistency and interoperability/interworking in
operation.

¢ Simpler controller software because of the elimination of platform-specific code results in
higher-quality code and fewer defects.

e Different groups or business units can develop the controlled switch and the different controllers.

As another advantage, the network control module and the switching and forwarding functions can evolve
independently from each other.

Completing the Picture

So far we have been under the assumption (sometimes implicit and other times explicit) that the controlled
switch is an ATM switch with ATM interfaces. But the architecture of multiservice switches is more general
in order to allow multiple realizations of the model. Two more planes need to be added to present the
complete framework, as shown in Figures 1-10 and 1-11.

Figure 1-10. Adaptation Plane

:  Controller Controller
. | Control Control |
: Plane Plane :
: Switch Switch :
4 Control Contral
. Interface Interface  »
: Switching :
. Plane :
: Adaptation :
: Plane .
: Controlled Switch :

LR NN R R R R R EE RN EEREREE N REERENEENERENRNERSE:S:]

Multiservice Switch

Figure 1-11. Management Plane
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Multiservice Switch

First, an adaptation plane is required to provide the multiple service access and adaptation to the core
technology (see Figure 1-10). For example, if the controlled switch is an ATM switch, services such as Frame
Relay and voice need adaptation to ATM.

This plane might or might not be present. In some cases, the adaptation is done in the Customer Premises
Equipment (CPE).

Finally, a management plane allows the multiservice switches to be configured, controlled, and monitored, as
shown in Figure 1-11.

The interface between the control plane and the switching plane is the SCI. The adaptation plane contains the
partitioning function that partitions and manages resources in the different interfaces in the controlled switch.

Multiservice Switching Forum

The Multiservice Switching Forum (MSF) develops the implementation agreements for multiservice open
architectures. The Multiservice Switching Forum was organized by WorldCom, Cisco Systems, Inc., and
Telcordia. It was cofounded in 1998 by Cisco Systems, Inc. The founding members include leading telecom
service providers, AT&T, BT, Telia, Telecom Italia, and US West, as well as equipment vendors such as
Alcatel, Ascend, Fujitsu, Lucent, Nortel, and Siemens. Membership is open to anyone.

Its mission is to accelerate the deployment of open multiservice switching networks, focusing on the
development of architectures and industry agreements.

MSF members are international service providers and equipment suppliers. Both carriers and vendors gain
benefits from this global forum.

The MSF also sponsors interoperability events to ensure proof of implementation agreements and true
multivendor capability.

The MSF leverages existing agreements and standards from many associations through liaisons with the ATM
Forum, IEEE, ETSI, and IETF.

More information about the MSF can be found at http://msforum.org.
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Summary

This chapter presented a first exposure to the multiservice switching architectural framework. The modular
approach, with separation among the control, switching, adaptation, and management planes, carries a number
of associated benefits from both end-user and designer/vendor viewpoints. This includes economic benefits
that stem from the support of a full range of network services and technologies over a single, common
infrastructure.

This architecture promotes high-availability networks, with distributed topology and connection information
in the controllers.

As a consequence of the multiservice switch decomposition, different control planes acting independently
provide "ships in the night" functionality. In this model, multiple protocol controllers utilize a share of a
switch's resources, but each controller is oblivious to the fact that others are in operation. Protocol controllers,
such as MPLS or PNNI controllers, act as the brains to manage the brawn that is the controlled switch's
resources. Resource and partition resource management are the key to true multiservice capabilities.

The next chapter concentrates on analyzing the Virtual Switch Interface and Cisco Systems, Inc.'s
implementation of multiservice switches.

Chapter 2. SCI: Virtual Switch Interface

Virtual Switch Interface (VSI) is the Switch Control Interface (SCI) that Cisco Systems, Inc. implements in
multiservice switches. SCI allows multiple controllers to independently control a single ATM switch, as
described in the preceding chapter.

VSl is a mature Switch Control Protocol (SCP) that has proven to be a solid implementation providing true
multiservice capability. Other SCIs include IETF's GSPM v.3.

VSl is a message-based interface between the network software and the platform software. It provides a
hardware-independent control interface between one or more VSI masters to control a switch (possibly a
remote switch). Multiple controller coexistence is possible because of the resource partitioning provided by
VSI. This chapter explores the VSI protocol and implementation.

VSI Functions
VSl is a master-slave protocol through which a master can control the operations of one or
many slaves. VSI was invented by Cisco Systems. The current implementation is VSI
version 2.4.
The main functions of VSI are as follows:

¢ Discovery of the switch configuration VSI learns about the controlled switch

configuration. It can discover the available logical controlled interfaces, the
resources allocated in those interfaces, and their status. The VSI slave informs the
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master of a set of resources associated with a logical interface.

¢ Control the switch cross-connects The setup and teardown of cross-connects in
the controlled switch allow data forwarding, according to what the network
protocol mandates. This includes QoS, different service types, and
oversubscription.

® Monitoring of port and channel statistics VSI allows the VSI master to gather
statistics or counters about ports and connections from the VSI slaves.

® Resynchronization If the VSI master and the slaves get out of sync as far as the
cross-connect databases, the resynchronization capabilities allow them to
resynchronize without having to tear down and rebuild every connection from
scratch. This is done with checksums.

A controller-controlled switch pair (that comprises the multiservice switch) is shown in
Figure 2-1.

Figure 2-1. Multiservice Switch Modules
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The different modules and components shown in Figure 2-1 can be classified as follows:
¢ Controller Controls the operation of the controlled switch.

- Networking software At this layer are the software modules and APIs
that control the cross-connect decisions. In an MPLS application, these
are the IP routing protocols, such as Interior Gateway Protocol (IGP)
(OSPF, IS-IS, and so on) and Label Distribution Protocol (LDP). In a
PNNI application, these are UNI signaling and PNNI signaling and
routing.

- VSI master The master portion of VSI is implemented in the controller.
Using VSI commands, the controller sets up the cross-connects in the
switch. One VSI master is responsible for the entire switch. It interfaces

to the networking software.

e Controlled switch The ATM switch under the direction of the controller.
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- VSI slave The implementation of VSI in the switch executes the
commands the master sends and updates the master with the switch
information. To enable the controllers to act independently, the VSI slave
process(es) in the switch must allocate resources to the different control
planes.

- Platform software The platform software handles general switch
management and switch-specific functions.

- Controlled interfaces As soon as resources are allocated in the interface
for a specific control plane, that interface is made visible from the
controller and thus becomes a controlled interface. This is a purely logical
concept, as is the virtual switch to which the interface belongs.

From these architectural modules, an important point discussed in the preceding chapter is
made explicit: The VSI slaves present a view of a virtual switch to the VSI master and
therefore to the networking software module. A physical interface and a logical interface
(for example, a virtual interface that uses only one VPI in the interface, or an Inverse
Multiplexing ATM [IMA] interface with multiple T1s) are the same from the VSI master's
perspective, and thus from the networking software's perspective. The controller view of
controlled interfaces is shown in Figure 2-2.

Figure 2-2. Controller View of Controlled Interfaces
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As a consequence, a physical interface with multiple virtual path logical interfaces is seen
as multiple virtual interfaces from the controller. On the other end of the spectrum,
multiple physical interfaces in an IMA group in the controlled switch are presented to the
controller as a single interface. This is summarized in Table 2-1.

Table 2-1. Physical-to-Logical Ratio of Controlled Interfaces

Logical Interface Physical-to-Logical
Ratio

Physical interface 1:1

Virtual interface 1:N

IMA interface N:1
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Another direct consequence of this is the fact that VSI's Application Programming Interface (API) hides the
platform hardware-specific parameters, software, and firmware from the networking software, cleanly
separating them. VSI provides primitives for generic ATM cross-connect creation, deletion, and modification.
Typically, platforms have more parameters (usually hardware-specific) to configure for a connection than the
networking protocol (such as PNNI or MPLS). Those parameters are called extended parameters. Figure 2-3
shows this separation concept.

Figure 2-3. VSI Hides Platform Specifics from the Networking Software
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In switches that do not implement this modular approach, the mapping from standard protocol parameters to
switch-specific extended parameters is typically done at the networking software, making the networking
modules difficult to port to another platform with a different set of extended parameters. These parameters
might be as important as different QoS queues.

In multiservice switches, the mapping is done at the platform software (eliminating platform-specific code
from the networking software). This allows platform-independent networking software and results in each
platform's optimally mapping standard parameters to extended platform-specific parameters. VSI achieves
this by defining service types, letting the controller specify a category of traffic management when setting up
a connection.

NOTE

The switch selects logical interface numbers (LINs) to be used by VSI while updating the controller. Those
numbers need to be unique and persistent, but this is done switch-implementation-specific. (LINs are assigned
by the slave in a platform-specific way. They need to be unique even if the controlled switch is a multishelf
node.) The mapping between physical interface name and LIN is maintained by the VSI slave(s) and is hidden
from the VSI master. Moreover, the VSI master does not assume any structure in the number and does not
presume the range to be compact (even if sometimes a structured approach is desirable).

The LIN is a 32-bit value that the switch needs to advertise before the controller can use it. Valid LINs range
from 0 to OxFFFFFFFE. The VSI master uses the OxXFFFFFFFF value to indicate to the VSI slave that it wants
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to start walking the slave's LIN values.

VSI Master and VSI Slaves

The VSI separates the networking application from the switch-specific software. The networking application
includes a VSI master module, and the switch includes one or more VSI slave modules.

Although there's only one VSI master per controller, there can be one or more VSI slaves in the controlled
switch. The VSI slaves can be classified as centralized, distributed, and hybrid.

In the centralized model, shown in Figure 2-4, a single VSI slave process is running on the switch control
card. It controls all the interfaces in the switch. The VSI master interfaces with only one VSI slave process.
The switch's resource management is centralized. This model is also called the proxy VSI slave because it
handles the slave functionality for the interface cards.

Figure 2-4. VSI Slaves: Centralized Model
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In the distributed model, shown in Figure 2-5, each card has its own VSI slave process, so several VSI slave
processes are running in the switch. These cards have more intelligence than the cards in the centralized
model. Resource management and connection setup and teardown run on the processors on the service cards.

Figure 2-5. VSI Slaves: Distributed Model
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The controller card does not take part in connection control; it performs configuration management operation.

Connection requests from the VSI master might need to be performed with two slaves to set up the two legs of
the cross-connects.

The last model, shown in Figure 2-6, is a combination of the previous two models. It can be seen as a special
kind of distributed model. The control card controls interfaces on some cards, and other cards run their own
VSI slave process.

Figure 2-6. VSI Slaves: Hybrid Model
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From a different angle, a switch controlled by multiple controllers using VSI looks like Figure 2-7.
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Figure 2-7. Multiple Controllers
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Each controller uses a different controller-id when communicating with the slave(s).

There is no requirement for master-to-master communication. Resources in the switch are managed by the
platform software, reinforcing the "ships in the night" concept.

VSI Messages

The information flow between VSI master and VSI slave has two directions. The VSI master sends
connection requests to the VSI slave(s), and the VSI slave(s) update the VSI master with switch information.

Figure 2-8 shows the format of the VSI message. It allows the future definition of new parameter group
formats without having to redefine the message format.

Figure 2-8. General VSI Message Format
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Every VSI message has a version-id field in the header. The VSI master and VSI slave are expected to support
multiple old versions to allow upgrades and backward compatibility. The VSI master is required to select the
VSI protocol version used by the slaves. The master chooses the highest version that is common to both the
VSI slave and VSI master, performing VSI version negotiation. Also, in multiservice switching networks, a
slave is expected to be able to handle different versions, because different VSI masters can select different
versions for the same VSI slave.
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NOTE

VSI version negotiation happens at the VSI session level. In other words, a VSI master can use VSI version X
with some slaves and VSI version Y with other slaves. Moreover, a VSI slave can use VSI version A with one
master and VSI version B with a second master.

The parameter-group format is shown in Figure 2-9.

Figure 2-9. Parameter-Group Format
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The structure is defined by the pg-format-id.

In a VSI message, a given function code can have more than one valid message-format-id. A parameter-group
structure can be used in different message formats (and function codes). A given parameter group type can
have more than one valid parameter-group format.

VSI messages can be divided into the following main groups:
¢ Connection messages There are two subtypes of connection messages:

- Connection requests The controller requests connection-related commands (setup reserve,
setup commit, teardown, modification, or get information).

- Connection request responses The VSI slave acknowledges the connection requests. The
slave is required to reply with either ACK or NACK, and the master is required to get an
explicit reply for every connection request.

¢ [nterface information The controller gets interface information from the switch using these messages.
The VSI slave(s) can also send notification of changes asynchronously with VSI traps. VSI is
designed such that it eliminates the need for the controller to know the details of the interface.

¢ Switch information The controller gets switch-related information with these messages. The switch
can also send updates asynchronously (such as changes in synchronization state [session-id] and
changes to logical interfaces). These messages are also often used as keepalive messages between the
master and all the slaves.

¢ Miscellaneous information These messages include the generic error response message, the generic
debug command and response, and passthrough (up and down, command and response).

¢ Bulk statistics Messages (commands, responses, and traps) related to bulk statistics.

It's worth mentioning that in a distributed model, the slaves have specific functions apart from the VSI slave
functions, such as performing resource management operations and call acceptance, responding to connection
requests, notifying the controller of changes in the interfaces, and interfacing with the hardware drivers. These
functions are to set up VSI communication channels with other VSI slaves in the controlled switch,
communicate with other slaves for connection setup, maintain individual session-ids per slave, and maintain
an interfaces-to-slave mapping. The switch is also responsible for setting up a full mesh of VSI interslave
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communication channels, transparently to the VSI master.

NOTE

Each VSI master maintains individual and independent sessions with each slave (each session has its own
flow-control configuration). The VSI slaves, therefore, are also called sessions.

The VSI protocol specifies that the slave modules communicate with each other in setting up connections that
span multiple slaves, as shown in Figure 2-10.

Figure 2-10. Cross-Connects: VSI Slave Distributed Model
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In Figure 2-10, the networking module (connection routing and signaling) decides to set up (reserve) a
cross-connect between interfaces A and B in the controlled switch. Two different VSI slaves manage the two
interfaces' resources:

Step 1.  The VSI master sends a connection request command to the VSI slave that manages
interface A's resources.

Step 2.  After passing the CAC (Connection Admission Control), VSI slave A allocates resources
locally and sends the connection request to VSI slave B for setting up the second leg of the
cross-connect.

Step 3.  VSIslave B checks the CAC, allocates resources, and acknowledges the request with a
connection request response to VSI slave A.

Step4.  When the two legs or endpoints of the cross-connect are set up (reserved), VSI slave A
sends the connection request response to the VSI master. The response also includes
updated loading information for the interfaces. This approach also eliminates any central
bottleneck and allows performance scalability using distributed processing.
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Note that this example only requests that a connection segment be set upthat is, reserved. The activation of the

segment is performed with a connection commit.

End-to-End Connections

This section analyzes the steps involved in the creation of an end-to-end connection. As you know, the
multiservice switching architecture is based on the separation of the switching plane and the control plane. A

general three-node network might look like Figure 2-11.
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Figure 2-11. Multiservice Switching Network: End-to-End Connections
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Based on the networking protocol running in the controllers (at the networking protocol layer), the VSI master
instructs the controlled switch to set up the cross-connects that are the segments of the end-to-end
connections. The controlled switch does not know the end-to-end connection information or topology, only
the local cross-connect.

If the controllers are MPLS controllers, the networking protocol is LDP and an IGP, such as OSPF or IS-IS.
The label distribution mechanism is Downstream on Demand, and will be discussed in detail in chapters 4
"Introduction to Multiprotocol Label Switching" and 6 "MPLS Implementation and Configuration." Figure
2-12 shows a multiservice switching MPLS network.

Figure 2-12. Multiservice Switching Network: MPLS Example
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The label distribution technique used in ATM LSR has some variations that are detailed in Chapters 4 and 6.
For ATM-LSRs that are not VC-merge-capable, the distribution mechanism must be Downstream on
Demand, and optionally is the same for ATM LSRs that support VC-merge. Downstream on Demand has two
control modes: independent (optimistic label allocation) and ordered (conservative label allocation). These are
defined in RFC 3031 ("Multiprotocol Label Switching Architecture") and RFC 3036 ("LDP Specification").
These variations determine how end-to-end connections are signaled and set up, and thus at which point the
cross-connects are installed in the controlled switches.

NOTE
Here is the definition of VC-merge in RFC 3035 ("MPLS Using LDP and ATM VC Switching"), Section 3:

"VC-merge is the process by which a switch receives cells on several incoming VClIs and transmits them on a
single outgoing VCI without causing the cells of different AALS5 PDUs to become interleaved."

NOTE

A VPN MPLS network also has edge-to-edge communication. The PE (Provider Edge) devices have an iBGP
neighboring relationship.

Let's explore a complete example of how a controller can set up and tear down a connection segment of an
end-to-end connection in a multiservice switching PNNI network. See Figure 2-13.

Figure 2-13. Multiservice Switching Network: PNNI Example
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The first part of the example details the steps that occur in a Connection SETUP:

Step 1.  Router A sends a SETUP message to router B to establish an SVC.

Step 2.  The controller in the first node receives the SETUP message and sends a CALL PROCEEDING
back to the router.

Step 3.
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Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Step 9.

Step 10.

The controller requests a connection segment using VSI to be set up (reserved) at the local
controlled switch.

The controller sends the SETUP signaling message to the next node.

The VSI slave in the local controlled switch parses the VSI message from Step 3, checks the
CAQC, allocates resources (message execution), and sends the response back to the controller
(message responding). The response includes updated loading information for the interface.

Router B receives the SETUP message and replies with a CALL PROCEEDING.

Router B sends a CONNECT, and the CONNECT message reaches the controller in the first
node.

The controller sends a CONNECT message to router A.

The controller requests the connection segment to be activated (committed) using VSI at the local
switch.

The local switch configures the hardware to enable data flow and sends an acknowledgment back
to the controller using VSL

The preceding is a simplified example from a Q.2931 point of view, trying to emphasize VSI messaging in
every step. The details of PNNI signaling will be covered in Chapters 8 "PNNI Explained" and 10 "PNNI
Implementation and Provision."

The second part of the example describes the stages in a Connection RELEASE process:

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.
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The controlled switch detects a failure from the hardware on a specific interface, such as a loss of
signal (LOS).

The controlled switch notifies the controller of the logical interface failure using VSI.

The controller sends CALL RELEASE messages for every call on that interface to other
controllers and routers.

The controller requests that the cross-connects be removed from the local switch.

The controlled switch removes connection legs and releases resources. The VSI slave sends a
connection request response VSI message back to the controller with updated loading information
for the corresponding interfaces.
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Controller Location Options

There are multiple realizations or implementations of the controller/controlled switch architecture. Figure
2-14 summarizes the controller location options.

Figure 2-14. Controller Location Options
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You can see that three different locations exist for the controller with respect to the controlled switch:

¢ On the external platforma separate "controller shelf"
¢ On the switch on a separate card, cocontroller card, or coprocessor
¢ On the switch controller card

Because the controller can reside on either the switch or off-switch, the choice for lower layers is left for
individual implementations. In the first case, where you have a separate controller, there's also a physical
interface between the controller and the control switch. That physical interface is not part of the VSI
specification, even though there is an appendix in the VSI specification that states how LLC/SNAP/AALS
encoding over ATM can be used. VSI across Frame Relay, LAN, or a reliable message transport such as TCP
or SSCOP is not currently defined, but it might be defined in future versions of the VSI specification.

When using ATM, the controller and switch use ATM VCs to communicate with each other. As shown in
Equation 2-1, there is one ATM PVC per slave using these virtual path identifiers (VPIs) and virtual circuit
identifiers (VClIs) by default:

Equation 2-1 Default VPIs/VCls Used by VSI

{W’I =0
VCI = 40 + SlavelD

These are the default VPI and VCI values used. They can be changed in some implementations by mutual
agreement between the master and the slaves (in other implementations, they are fixed). In the case of a
centralized VSI slave, the slave-id is 0, so the VClI is 40.

The encapsulation used is AALS LLC/SNAP, as shown in Figure 2-15.
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Figure 2-15. ATM Encapsulation of VSI Messages
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AALS CPCS-PDU Containing VSI Message

The VSI message is directly encapsulated in AALS using Common Part Convergence Sublayer Protocol Data
Unit (CPCS-PDU), LLC/SNAP header. The presence of a SNAP header is indicated by the LLC header value
of 0xAA-AA-03. A SNAP header has two fields: OUI (Organizationally Unique Identifier) and PID (Protocol
Identifier). An OUI value of 0x00-00-00 states that the following PID is an Ethertype. A PID of 0x883F
indicates that the PDU is a VSI message.

NOTE

The LLC/SNAP header described in Figure 2-15 corresponds to the VSI specification that was submitted to
the Multiservice Switching Forum. As a Cisco Systems extension to VSI, the implementation of VSI over
AALS LLC/SNAP uses a proprietary header value: a Cisco OUI of 0x00000C with a PID of 0x0103,
indicating VSI.

Hard, Soft, and Dynamic Resource Partitioning

Even though resource partitioning is not required for VSI, it's of paramount
importance to support multiservice switching networks. The Resource
Management Module (RMM) in the VSI slaves is the enabler of the multiservice
functionality.

As you know, interfaces have resources associated with them (such as VPI/VCI
ranges, bandwidth, and number of channels). A multiservice switch supporting
multiple controllers must assign some resources to each controller (at least, it
must assign interfaces to different controllers). Some of those resources must be
used exclusively by one controller, such as VPI/VCI ranges, and others can be
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exclusive or shared with other controllers, such as bandwidth. A partition is an
allocation of resources for use by a specific controller, such as MPLS or PNNI.

After assigning resources to different partitions on the same interface, the switch
must then advertise only the resources allotted to a given partition to the
controller assigned to the partition. This defines the creation of the virtual
switch, and the controller does not need to know that the interface has resources
partitioned. The resources might also include pooled resources.

In Figure 2-16, resources are partitioned in the interface and are assigned to two

controllersPNNI and MPLS. The resources are channel or logical connection
number (LCN) space, bandwidth, and VPI/VCI space.

Figure 2-16. Resource Partitioning
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A mechanism must exist to share those resources among various partitions
assigned to different controllers. There are two ways to do that: hard partitioning
and soft partitioning.

A few key points to remember when it comes to assigning resources to a
partition during configuration are

¢ No partition can utilize the minimum bandwidth or LCN space allotted
to another partition for static resource allocation, even if the other
partition is not currently using the resource.

e All partitions configured within a physical interface share that interface's
bandwidth.

e All partitions in a port group share the LCNs allotted to that port group.
A port group is a set of interfaces that share LCN resources. Port groups
can contain multiple interfaces.

Hard Partitioning

VPI/VCI space partitioning is strict, meaning that one VPI/VCI range is assigned
to one and only one owner controller, and it cannot be shared with other
controllers. VPI/VCI ranges do not overlap among partitions. The term to
describe these kinds of partitions is hard partitioning.

In a hard partitioning method, each controller gets a fixed amount of resources
(bandwidth or channels). Although this is a straightforward scheme, the
drawback is that the resources can be used inefficiently.

NOTE
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In the case of AutoRoute-to-PNNI migration, soft partitioning of VPI/VCI
resources is implemented with some restrictions. In other words, different
control planes can have an overlapping VPI/VCI space.

Soft Partitioning

In contrast to hard partitioning, soft partitioning of resources has two
implications:

e It provides resource guarantees for some types of resources (for
example, LCN and bandwidth).

e It provides a pool of shared resources that are available to all partitions
in addition to the guaranteed resources.

One way of complying with both requirements of soft partitioning is to specify a
minimum and maximum amount for each resource when soft partitioning those
resources. The minimum is the guaranteed value, and the maximum is the upper
boundary provided that the extra resources are available and are not used by
other partitions. In other words, this allows for a common pool of shared
resources.

Bandwidth Soft Partitioning
This list defines bandwidth soft-partitioning concepts:

e Partition_Minimum_BW The amount of bandwidth a partition is
guaranteed.

e Partition_Maximum_BW The upper limit on the amount of bandwidth a
partition can use.

¢ Interface_VSI_reserved_BW The total amount of bandwidth reserved
for VSI in an interface.

¢ Interface_VSI_PoolSize_ BW The total amount of bandwidth that
constitutes a pool that is shared among VSI partitions in the same
interface.

e Partition_VSI_PoolSize_BW The amount of bandwidth that a given
partition on an interface can use out of the Interface_VSI_PoolSize_BW.

Users only directly configure the minimum and maximum partition bandwidth.
The rest of the values are calculated from these two.

To make this point completely clear, let's analyze two examples of bandwidth
partitioning between three partitions in the same interface. See Figures 2-17 and
2-18.

Figure 2-17. Soft Partitioning of Bandwidth Resources
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Figure 2-18. Soft Partitioning, Part 2
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For each partition in each interface, you define the Partition_Minimum_BW and
Partition_Maximum_BW. The first requirement is to guarantee the minimum
bandwidth for all the partitions in the interface. The bottom sections in Figures
2-17 and 2-18 specify the sum of the minimum bandwidth for all bandwidth
partitions on the interface. So the bandwidth reservation for the entire interface
must be at least equal to that sum, which is 75 percent of the bandwidth in the
interface.

As shown in Figure 2-17, reserving Interface_VSI_reserved_BW equal to the
sum of the minimums (75 percent) is enough to guarantee the minimum
bandwidth for each resource partition in the interface. In this case, when the
bandwidth reserved for VSI for the interface equals the sum of the minimums,
there is no pool of shared bandwidth (Interface_VSI_PoolSize_ BW = 0), so no
partition can reach its maximum bandwidth. The important concept is that only
the minimum must be guaranteed.
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As shown in Figure 2-18, if partitions 1 and 2 are transmitting at their minimum
bandwidths, but the reservation of bandwidth for the interface is 100 percent,
partition 3 can go beyond its minimum. In this case,
Interface_VSI_reserved_BW needs to be set to the largest maximum bandwidth
value. Note that partition 3 can never achieve its maximum bandwidth of 100
percent, because the minimum bandwidth allotted to partitions 1 and 2 must be
maintained.

The cases shown in Figure 2-18 can be summarized using the formula shown in
Equation 2-2:

Equation 2-2 Per Interface VSI Reserved Bandwidth

Interface_VSI_reserve_BW = mux[Z( MinBW), max(MaxBW)|

The bandwidth reserved for VSI in the interface (Interface_VSI_reserved_BW)
is equal to the sum of all the minimum bandwidths, or the largest of all the
maximum bandwidths of all the partitions in the interface, whichever is greater.

If the bandwidth is soft-partitioned, the difference between the largest maximum
bandwidth value and the sum of all the minimum bandwidths of all the partitions
is a common resource to be used by any partition that needs it, provided that the
partition does not exceed its own maximum bandwidth. This is what we defined
earlier as Interface_VSI_PoolSize. In the case shown on the right side of Figure
2-17, 25 percent of the interface bandwidth is shared between the three
partitions. If partitions 1 and 3 are transmitting at their minimum bandwidths,
partition 2 can reach its maximum bandwidth of 50 percent. On the other hand, if
partitions 2 and 3 are transmitting at their minimum bandwidths, partition 1 can
transmit at its maximum of 37.5 percent, and 12.5 percent of the interface
bandwidth is left for partitions 2 and 3 to share.

Consider the formula in Equation 2-3:

Equation 2-3 Per Interface VSI Bandwidth Poolsize

Interface_VSI_PoolSize_BW = max[0, max( .W(I.\‘”\V)—Z( MinBW)|

You subtract the sum of the minimum bandwidths from the largest maximum
bandwidth value. If the difference is greater than O, an interface bandwidth pool
(Interface_VSI_PoolSize_ BW) exists. Otherwise, there is no interface bandwidth
pool.

To determine a particular partition's pool size (Partition_VSI_PoolSize_BW),
you compare the interface pool size to the difference between the maximum and
minimum bandwidths for that partition, and then you assign it the smaller value.
For the ith partition, you have Equation 2-4:
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Equation 2-4 Per Partition VSI Bandwidth Poolsize

Partition_VSI_PoolSize_BW = min(Interface_VSI_PoolSize_BW,
(MaxBW-MinBW))

This means that the partition does not use more than its configured maximum
value if there is shared bandwidth.

LCN or Channel Soft Partitioning

From a different viewpoint, resources can belong to the interface, to a set of
interfaces, or to the entire card. VPI/VCI space and bandwidth clearly belong to
the interface. In the case of bandwidth, we just pointed out how the resource pool
applies at the interface level.

But in some cases, the LCN (the number of connections) might be a resource
belonging to a set of interfaces called a port group. To refresh the definition, a
port group is a set of interfaces that share LCN resources and that might contain
multiple interfaces. The concept of soft partitioning has significance only in the
interfaces that can actually share resources among them. When bandwidth is
soft-partitioned, it's meaningful only within the interface. Likewise, when LCN
is soft-partitioned, it is significant in the port group.

The corresponding LCN or channel soft-partitioning concepts are defined in the
following list:

e Port group A set of interfaces that share LCN resources.

¢ Partition_Minimum_LCN The number of channels a partition is
guaranteed.

¢ Partition_Maximum_LCN The upper limit on the number of channels a
partition can use.

¢ Port_Group_VSI_reserved_LCN The total number of channels reserved
for VSI in a port group.

¢ Port_Group_VSI_PoolSize_LCN The total number of channels that
constitute a pool that is shared among VSI partitions in the same port
group.

e Partition_VSI_PoolSize_LLCN The number of channels that a given
partition on a port group can use out of the
Port_Group_VSI_PoolSize_LCN.

The user configures the Partition_Minimum_LCN and
Partition_Maximum_LCN values. The rest of the values are derived from these
two.

The same rules as with bandwidth resources apply to LCN resources, taking into
account that LCN resources generally span multiple interfaces because of chip
implementations. For LCN resources, the reservation is done at the port group
level, including different interfaces.

Given the following partition information, let's see how to calculate the partition
and port group LCN pool sizes, the port group reserved LCNs, and the
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partition-available LCNs.

Table 2-2 shows the configured minimum LCN and maximum LCN values for
each partition in every interface and in each port group.

Table 2-2. Minimum and Maximum LCN Partition Configuration

MinimumMaximum
Port Group InterfacePartitionLCNs ~ LCNs
1 1 1 500 1000
1 1 2 500 2000
1 2 1 1000 3000
2 1 1 300 1000
2 2 1 300 1000
3 1 1 800 1500
3 1 2 800 1500

Using the formulas for port group, you first calculate the port group VSI reserved LCN and port group VSI
pool size LCN.

For LCN resources as well, the number of LCNs reserved for use by VSI in the port group is the greater value
of the sum of the minimum LCN values and the largest maximum LCN value for every resource partition in
the port group. See Equation 2-5:

Equation 2-5 Per Portgroup VSI Reserved LCNs

PortGroup_VSI_reserved_LCN = max| Z(A‘linl‘( 'N), max(MaxLCN)|

The LCN pool size is the difference between the largest maximum LCN value and the sum of the minimum
LCN values if it is greater than or equal to 0. It is 0 otherwise. See Equation 2-6:

Equation 2-6 Per Portgroup VSI LCN Poolsize

PortGroup_VSI_PoolSize_LCN = max[0, max(MaxLCN) —Z( MinLCN))]

Table 2-3 shows the reserved LCN and LCN pool size per port group from comparing the sum of the
minimum LCN to the largest maximum LCN.

Table 2-3. Sum of Minimum LCN Versus Largest Maximum LCN
Port Group
sum(Mins)

max(Maxs)
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Port Group Reserved LCNs

Port Group Pool Size
1

2000

3000

3000

1000

600
1000
1000

400

1600
1500

1600

For the first and second port groups, the largest maximum LCN is greater than the sum of the minimum
LCNs, meaning that there will be a pool size. The third port group has a null shared pool of LCN resources,
because sum(Mins) is greater than max(Maxs).

Finally, you can calculate the partition LCN pool size and available channels for each partition using the
following two formulas.

This first formula shows that you determine the LCN pool size for a given partition by comparing the port
group pool size to the difference between the maximum and minimum LCN values for a given partition and
choosing the smaller. This formula ensures that you do not use more than the maximum LCN allotment. See
Equation 2-7:

Equation 2-7 Per Partition VSI LCN Poolsize

Partition_VSI_PoolSize_LCN, = min(PortGroup_VSI_PoolSize_LCN,
(MaxLCN,-MinLCN))
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Now that you know the partition pool size, you can easily determine the partition's available LCNs using the
formula in Equation 2-8:

Equation 2-8 Available LCNs

Available_LCN,= MinLCN, + Partition_VSI_PoolSize_LCN,

Table 2-4 provides the final objective of this exercise. It shows the pool size and available LCNs on a
per-partition basis.

Table 2-4. Per-Partition Pool Size and Available LCNs
Port Group

Interface

Partition

Partition Pool Size

Available LCNs

500

1000

1000

1500
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1000

2000

400

700

400

700

800

For partition 1 in interface 1 and port group 1, the difference between the maximum LCN and minimum LCN
(from Table 2-3) is less than the port group pool size (from Table 2-4). This means that the partition can reach
its maximum, provided that LCN resources are available.

For the rest of the partitions in the same port group, the port group LCN pool size (from Table 2-4) is the
lower value, so those partitions can't reach their configured maximum LCN value. If LCN resources are
available (channels not used), the partitions can use only 1500 LCNs and 2000 LCNs, respectively. This
ensures that the minimum LCN is guaranteed for the other partition in the port group.
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Finally, partitions in port group 3 have a null partition pool size, meaning that at most they can use their
minimum configured LCN.

More Soft-Partitioning Examples

This section discusses two examples of VSI resource partitioning. It introduces a graphical approach to
resource partitioning. The first example describes a scenario with equal maximum partition sizes, and the
second example presents a case with different maximum partition sizes. The two examples strengthen the
concepts of resource partitioning with figures that demonstrate how the partitioning interrelationships work.
The figures also help you understand the virtual switch concept covered later in this chapter.

Example 1: Equal Maximum Partition Sizes
Figure 2-19 represents the soft partitioning of resources for use by two VSI controllers. These resources can
be bandwidth in an interface or LCNs in a port group. Remember that, in soft partitioning, you specify a

minimum and a maximum for each partition. In this particular case, the maximum for both partitions is the
same.

Figure 2-19. VSI Resource Partitioning Where Max_1 = Max_2
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The first concept to mention is that the guaranteed resources in each partition are equal to the minimum
configured for the partition. Because both Max_1 and Max_2 are larger than the sum of the minimums
(Min_1 + Min_2), you set VSI Reserved equal to the larger of Max_1 and Max_2. See Equation 2-9:

Equation 2-9 Soft Partition Example 1

Max_Il = Max_2 > Min_Il = Min_2

The difference between VSI Reserved (in this example, equal to Max_1 and Max_2) and the sum of the
minimums (Min_1 + Min_2) represents a pool of shared resources. These two definitions (VSI reserved and
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shared resources) are meaningful within the scope of the specific type of resources. If the resources being
partitioned are bandwidth resources, the scope is the physical interface. If the resources being partitioned are
LCN resources, the VSI reserved and shared resources apply at the port group level.

In both partitions, the difference between the maximum and the minimum is larger than the shared resources,
so either partition can fully utilize the shared resource pool. Consequently, the corresponding available

resources for each partition are the sum of the guaranteed resources (the minimum resources) plus the shared
resources. The partition pool size for both partitions equals the VSI pool size of shared resources.

Example 2: Different Maximum Partition Sizes

On the contrary, if the maximums of both partitions are not the same, you can use the case shown in Figure
2-20.

Figure 2-20. VSI Resource Partitioning Where Max_1 <> Max_2
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In this case, the VSI reserved resources are still based on the maximum of the maximums. However, Max_1 is
smaller than Max_2. Although the shared resources are the same as before, some differences in the partition
behavior exist.

The available resources for partition 2 are the same as before and are equal to the minimum resources plus the
shared resources. On the other hand, for partition 1, the difference between Max_1 and Min_1 is smaller than
the shared resources, so the available resources for partition 1 are equal to the maximum for the partition,
because it cannot use beyond its configured maximum. The partition pool size for partition 1 is Max_1 minus
Min_1.

Soft Partitioning and Virtual Switches

It is interesting to see the virtual switches that are "created" by partitioning the controlled switch. For the
special case in which the maximums are equal to or larger than the sum of the minimums, Figure 2-21 shows
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different guaranteed and shared resources.

Figure 2-21. Virtual Switch Representations for the Case Where Max_1 = Max_2
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Conversely, if the partition pool size for one partition is smaller than the shared resources, we have the
scenario shown in Figure 2-22.

Figure 2-22. Virtual Switch Representations for Restricted Partition Pool Size
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Note that virtual switch 1 is now "smaller," meaning that it has fewer resources available. As a consequence,
virtual switch 2 has more resources of its own that it does not share with virtual switch 1.

Finally, if the VSI reserved comes from the sum of the minimums (when the sum of the minimums is greater
than or equal to the largest of the maximums), there are no shared resources, as shown in Figure 2-23.

Figure 2-23. Virtual Switch Representations Where sum(Mins) = max(Maxs)
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There's one case in which a deficit condition for minimum resources can occur. Suppose you have a port
group with four interfaces in which the first three interfaces have one VSI partition each with the channel

resources shown in Table 2-5.

Table 2-5. Port Group Before a Starved Condition

Min LCN

Max LCN

Interface 1

1000

4000

Interface 2

1000
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4000

Interface 3
1000

4000

The port group to which all four interfaces belong has 4000 LCNs reserved for VSI.

The port group pool has 1000 LCNss, as well as the partition pool for each partition; therefore, each partition
has 2000 LCNs available.

Suppose that, currently, interfaces 1 and 2 are using 1000 LCNs and interface 3 is using 2000 LCNs, using up

all the resources available. At this point, you add a new resource partition in interface 4 with 1000 guaranteed
LCNs. This new partition is shown in Table 2-6.

Table 2-6. Port Group at a Starved Condition

Minimum LCN
Maximum LCN
Interface 1
1000

4000

Interface 2
1000

4000

Interface 3
1000

4000

Interface 4
1000

4000

Figure 2-24 shows the use of LCN resources in the existing partitions as well as in the new partition.
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Figure 2-24. Starved Partition
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Figure 2-24 shows that this new partition does not have enough LCNss to satisfy the minimum, because the
third interface's partition is using all the LCNs from the previous pool of 1000 LCNs. This newly added
partition is marked as starved, meaning that not enough free LCN resources are present to satisfy this
partition's minimum requirement. Those LCN resources are used by the existing partitions because they
belong to a common pool. For the purposes of not disrupting service, it's desirable that those LCNs are not
taken away from interface 3, but when interface 3 frees one LCN, that LCN is automatically assigned to
interface 4. When the deficit state is over, there's no way of reaching the same condition again, because now
the port group pool size is 0 LCNs, so each partition's pool size is 0 LCNs as well.

Dynamic Partitioning

Although the term dynamic partitioning is used in industry literature, it is actually a misnomer; it should be
called dynamic repartitioning. It applies to hard or soft partitioning and allows the operator to increase or
decrease a partition's resource allocation with minimal impact to service. Without dynamic partitioning, a user

would have to delete the resource partition and re-add it with the new values.

The partitioning function resides in the VSI slave modules. Therefore, the implementation of the dynamic
partitioning capability is both platform-dependent and release-dependent.

Traffic Service Types, Categories, and Groups

VSI provides support for many different traffic service types. The switch is
expected to support as many traffic types as possible (including a signaling
traffic type), but it is also expected to provide a default traffic type.
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Service categories combine related service types into a single category to ease
load advertisement.

Service categories are used in interface policy configuration. They are
intended to accommodate ATM Forum service types. (For example, service
types CBR.1, CBR.2, and CBR.3 are grouped into the CBR service category.)
For other service groups, the service categories and service types are the
same.

The controller first selects a service group in the Switch Configurable Info
parameter group in a VSI switch set configuration command.

Valid service groups are shown in Table 2-7.

Table 2-7. VSI Service Groups

Service Group Description

0 MPLS service categories

1 ATM Forum service categories
2 IP service categories (obsolete)
3 through 10 Vendor-specific service

categories (used by local
agreement between switch and
controller)

NOTE

The IP service group (2) and its corresponding service types and service categories are obsolete, because
DiffServ has redefined the meaning of the Type of Service (ToS) bits of the IP packet header.

In the Interface Configuration Trap or Get/Get-more Response messages, after specifying the LIN in the
Interface Identifier parameter group, the switch advertises the number of configurable service categories in the
Interface General Info parameter group.

Another parameter group that must be included in the interface configuration is Interface Load Info. It can
also be included in the response to a connection request specifying updated load information for the partition.
The interface load info is composed by a number of load parameter structures, which advertise load info to the
controller. It advertises the values that apply to all service categories (common values) and exceptions for
service categories that differ from the common values.

NOTE

Exception values are reported whenever the value reported for the service category is less than the common
value.

Service types are used in the Connection Bandwidth Info parameter group and the Service Type Identifier
parameter group. The first parameter group is included in connection-related messages (Reserve and Commit
commands, Get/Get-more Configuration responses, and Configuration traps), and the second is used in
messages dealing with getting interface statistics per service type (Interface Get Service Type Statistics
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command and response).

NOTE

VSI allows the controller to provide per-service-type policy configuration. In that case, you can further
subdivide a partition's bandwidth among different service types. Policy parameters are specified in
percentages to eliminate reconfiguration if the partition bandwidth changes.

Appendix A, "Service Traffic Groups, Types, and Categories," lists all the service groups, service types, and
service categories defined in VSL

Enhanced VSI Protocol Capabilities

This section covers some further details and enhanced capabilities of the VSI protocol.

Slave Discovery

The VSI master continuously sends poll messages to all possible VSI slaves. The VSI message used in slave
discovery polls is the switch get configuration command. When the VSI master receives a response to the
discovery poll message or gets a Switch Get Configuration Trap from a VSI slave, it stops the discovery
polling and starts the keepalive polling. It also performs a resynchronization. The keepalive and
resynchronization functions are described in the following sections.

Master Keepalive Function

The keepalive is a simple request message that the master sends. It expects a response from the slave to detect
when the slave cannot respond. The preferred VSI message for this function is the switch get configuration
command. When the keepalive timeout is exceeded, the slave is declared unavailable, and subsequent
connection messages for that slave are NACKed in the master.

To recover from a slave-unavailable condition, the master keeps sending keepalive messages, and the slave
can also send traps to the master.

Database Synchronization

The master is responsible for keeping or reestablishing connection segment synchronization, in which
database information is exchanged in order to enter a known state. In the event of a loss of communication
between master and slave, synchronization is lost, but traffic is unaffected. After a loss of synchronization (for
example, a LOS between controller and switch), there is an optional state of resynchronization isolation after
which the resynchronization process starts.

Resynchronization isolation is an optimized method of identifying connections that need to be

resynchronized. The master groups connections and associates a checksum with each group. When
synchronization is lost, the slave is queried for the checksum associated with each group. Only the ones that
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do not match the calculated checksum are passed to the resynchronization process. The groups of connections
are called checksum blocks.

Resynchronization can be triggered by a slave or controller rebuild or switchover, response timeouts, or new
slave attachment.

Clock Synchronization

VSI provides messages so that a network clock application can select the clock source that the switch
synchronizes itself and its interfaces to in order to synchronize the network to a single clock source. Such a
network clock application is Network Clock Distribution Protocol (NCDP).

The switch advertises to the controller the clock quality, the interfaces that can be clock sources, and which
interfaces can pass clocking information. External clock interfaces are also advertised as logical interfaces
supporting no connections.

In a distributed slave model, the controller can send clock-related commands to any slave.

Flow and Congestion Control

VSI messages involve a transaction (and consequent transaction-id) for each message sent. As mentioned
earlier, a response is expected for every command sent. As another flow-control mechanism, a windowing
function prevents sending more messages than the number of outstanding (unacknowledged) messages
subtracted from the transmit window. Flow-control windows in both the controller and the switch might be
configurable.

In a distributed environment, when a VSI command is sent to a VSI slave, the VSI response is expected to be
returned from the same slave to maintain the flow-control window properly.

An example of congestion control within VSI is the response code REJ (reject). It indicates that the VSI
request was denied because of congestion control on the slave. The REJ response code has three possible
reasons: master-detected VSI congestion, slave-detected VSI congestion, and slave-detected VSI congestion
at another slave.

Message Passthrough

VSI provides a mechanism to pass messages transparently from the switch to the controller and vice versa. To
that extent, four VSI messages are provided: the passthrough pass up command, the passthrough pass up
response, the passthrough pass down command, and the passthrough pass down response (in which the
direction up refers to the direction from switch to controller). The Passthrough Information Type parameter
group contains the pg-format-id, the pg-length, a protocol-id, the info-length, and the info-data padded to be
an integer number of bytes.

For example, in a PNNI application, the VSI slave can pass through ILMI messages for address registration to

be processed by the controller. The slave can process ILMI keepalive messages in a distributed ILMI
implementation, where the ILMI Managed Entity (IME) is in the controlled switch.
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Summary

VSl is an open interface between a controller and a controlled switch. It's a robust SCI implementation that
has proven to be solid and versatile in deployments worldwide.

This chapter has delved into the Cisco Systems SCI implementation called the Virtual Switch Interface (VSI)
and analyzed VSI master and slave functions and their relationship.

The VSI master module residing in the protocol controller discovers, controls, monitors, and resynchronizes
the controlled switch. Taking instructions from the VSI master, the VSI slaves in the controlled switch
translate those instructions into platform-specific directives that tell the switch to set up, manage, and
teardown connections and manage queues. Because multiple VSI masters can control a single switch, we also
discussed resource allocation. A switch's resources are partitioned using hard or soft allocation. Hard
allocation forces each partition's resource allotment to a fixed range or value and does not allow sharing.
Conversely, soft allocation provides a shared pool of resources for use by all partitions, but it still guarantees
resources for every partition. We also examined dynamic partitioning, which is a platform-dependent way to
allow service modules within the switch to expand and contract a partition's resource allocation on-the-fly and
with minimum service impact.

The next chapter deals with the different implementations of multiservice switches and VSI in the Cisco
Systems equipment.

Chapter 3. Implementations and Platforms

This chapter applies all the concepts from the previous two to actual implementations. We will analyze the
details of the MPLS and PNNI implementations, as well as draft other Cisco Systems, Inc. proprietary
implementations, such as AR and PAR. Also, we will explore Virtual Switch Interface (VSI) slave-specific
implementations, such as logical interface number (LIN) encoding and resource management.

This is a product-oriented chapter, and as such, it is subject to modifications and aging. The implementations
are studied from an architectural standpoint, so the following pages probably won't be outdated in the near
future.

This chapter assumes that you have some knowledge of the switch platforms. Up-to-the-minute switching
product information can be found at Cisco Connection Online (CCO) UniverCD at
http://www.cisco.com/univercd/home/home.htm. Select Cisco WAN Switching Solutions under Cisco
Product Documentation.

Many of the features and characteristics covered in this chapter are software release-specific. This chapter
does not contain release or baseline information.

Before diving into the details of the specific MPLS and PNNI implementations, we'd like to repeat one of the
most important concepts about multiservice switches: Networking software is decoupled from platform
specifics by the VSI. Both MPLS and PNNI software is common in all these implementations. PNNI and
MPLS software manage logical interfaces, whereas each platform manages the physical interface specifics.
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MPLS Implementations

This section describes in detail all the different MPLS
implementations in multiservice switching devices. It starts by
defining the label switch controller (LSC) and the general
MPLS switch architecture and concepts, as well as
summarizing the MPLS switch realizations. The rest of the
section explores each implementation.

Label Switch Controller

The controller in an MPLS application is called a label switch
controller. It contains both the networking modules (routing
protocols, LDP, and so on) and the VSI master modules. The
LSC and the ATM-controlled switch together constitute a
single Label Switch Router (LSR), as shown in Figure 3-1.

Figure 3-1. Multiservice Switching LSR
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ATM Switch Plus LSC Constitute an MPLS ATM LSR

In essence, the LSC is a router. Moreover, it is an MPLS
router, with all the functions of an LSR plus extra functionality
to control the switch using VSI. The LSC's primary function is
to set up the ATM switch so that the LSC is not in the data
path.

Internally, each interface is represented with a Cisco IOS
interface descriptor block or IDB (a data structure in Cisco
IOS software that represents the hardware interface). Within
the LSC, each interface in the controlled switch is represented
as a new type of virtual interface called the extended MPLS
ATM (XmplsATM IDB) interface. This concept allows the
existing MPLS applications to control and interact with an
ordinary ATM interface.

Two different implementations were considered for the
representation of the ports in the slave switch: implementations
in which the XmplsATM IDBs were all subinterfaces of the
control interface, and implementations in which the
XmplsATM IDBs were an entirely new type of IDB. The
former was discarded mainly because interfaces on the switch
have one address space per interface and can have overlapping
VPIs/VCIs. Each LC-ATM interface has its own label space.
As such, XmplsATM interfaces were implemented as a new
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type of full (hardware and software) IDBs. XmplsATM
interfaces expose the LC-ATM interface in the controlled
switch.

The XmplsATM interfaces are similar to ATM router
interfaces in most respects. However, XmplsATM interfaces
support only MPLS, not Q.2931 signaling, LANE, or Classical
IP (see RFC 1577). In fact, most ATM functions and
commands are disabled in an XmplsATM interface. Internally,
it is not seen as an ATM interface.

The following functions are present in an ATM interface but
not in an XmplsATM interface:

® Modify ATM parameters

® Modify LANE parameters

¢ Configure internal loopback on an interface

® Manually set the interface MAC address

¢ Configure a static map group

¢ SSCOP interface subcommands

e MPLS Switch Control Protocol (SCP) commands

Functionally, when a packet is given to the XmplsATM device
for transmission, it is redirected to the control interface. The
XmplsATM interface has no hold queue; the packet might be
put in the control interface's hold queue if that interface is
congested.

Introducing the extended ATM interface is not the only
different concept we need to review concerning MPLS
implementation in multiservice switches. The next idea we
need to explore is the categorization of the virtual circuits
(VCs) in the LSC/switch picture.

From the LSC perspective, we can divide the VCs into three
categories:

® VSI VCs The LSC has one VC from the VSI master to
each VSl slave. These VCs do not leave the LSR.
They are visible only to the VSI master modules. They
are invisible to the MPLS application. By default, VSI
VCs use a base-vc of VPI =0 and VCI =40.

¢ Control-ves VCs for untagged packets. By default,
these use VPI = 0 and VCI = 32. They are used by
LDP and IP routing. These VCs always terminate on
the LSC.

® Label virtual circuits (LVCs) LVCs carry labeled
traffic implicitly in the VPI/VCI fields and are set up
with LDP. They can be subdivided into terminating
LVCs and transit LVCs:

- Terminating LVCs Data flows between a
port in the switch and the LSC.

61

61



62

- Transit LVCs These are implemented as a
single cross-connect. Data flows between two
ports in the switch so that the LSC does not
touch the data. (It is responsible only for
setting up the cross-connect.) From the LSC's
perspective, traffic flows between an
XmplsATM interface to another XmplsATM
interface.

NOTE

Other VSI cross-connects in the controlled switch are invisible
to the LSCthe VSI slave-slave cross-connects in a VSI
distributed model.

Given the similarities between the control-vcs and terminating
LVCs, they are often called terminating VCs. There are
differences, though. For example, control-vcs are bidirectional,
and LVCs are unidirectional.

All data between the LSC and the controlled switch (only for
terminating VCs) traverses the control interface. An additional
port on the router and a corresponding port on the switch serve
this purpose.

One important thing to mention is that all terminating VCs
have one leg of the cross-connect in the controlled switch.
These cross-connects can all terminate in different switch
interfaces with the same VPI/VCI pair. (The control-vc can
have the default VPI/VCI values of 0/32, and for terminating
LVCs, each LC-ATM interface has its own label space.) The
other leg of the cross-connects terminates on the LSC passing
through only one control interface (between the LSC and the
switch) so that its cells are segmented and reassembled
(SARed) and processed by the LSC. A problem arises with the
need to avoid collisions of VPIs/VClIs on the control interface.
To solve that problem, terminating VCs are remapped inside
the switch cross-connect on the control interface. These
remapped VCs are called private VCs. Inside the LSC
software, private VCs are mapped back to their original values
so that the MPLS control plane observes the correct values
(values used in the actual interface in the switch, usually called
external VPI/VCI).

To support the notion of private VCs, a new encapsulation type
is used in XmplsATM interfaces, indicating that a packet
received in this VC is actually destined for an XmplsATM VC.
See Figure 3-2.
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Figure 3-2. Mapping of Terminating VCs to Avoid VPI/VCI
Collisions in the Control Interface
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The cross-connects shown in Figure 3-2 are set up using VSI.
Therefore, the VPI used in the control interface (x in the
figure) is within the VPI range specified in the corresponding
partition in that interface.

NOTE

VSI runs between the LSC and the controlled switch through
the control interface. The LSC-switch pair forms the MPLS
LSR. The control interface is invisible to neighboring LSRs.
From their perspective, the control interface can be thought of
as a bus that is internal to the LSR. LDP and IP routing see a
single LSR, not the LSC-switch pair.

The LSC is the controller used on the implementations of
MPLS multiservice switches. Before we get into the details,
look at Table 3-1, which summarizes the different MPLS
LSRs, specifying the controlled switches and the
corresponding LSC implementation.

Table 3-1. MPLS LSR Implementation Summary

VSI

VSI Slave VSI Slave Master  Controller
Controlled Switch Model Location Platform Location
BPX-8600 DistributedBXM cards Cisco External

slaves 72xx platform
1GX-8400 DistributedUXM and Cisco External

slaves URM cards 72xx platform
1GX-8400 DistributedUXM and URM Co-controller

slaves URM cards card on

switch
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MGX-8850 Hybrid AXSMs, RPM-PR Co-controller
slaves RPM-XF, or card on
and RPM-XF switch
PXM-45s
MGX-8950 Hybrid AXSM/B, RPM-PR Co-controller
slaves RPM-XF, or card on
and RPM-XF switch
PXM-45/B

Normally, the edge Label Switch Router (eLSR, also called a Label Edge Router [LER]) is an external router
connected to an LC-ATM interface in the LSR. An eLSR also has two special implementations, in which the
edge functionality resides in a router blade inside the controlled switch. In these cases, the router card can act
as either an LSC or an eLSR. One last implementation exists in which the eLSR resides in a router card inside
an ATM switch without LSR functionality. These three cases are summarized in Table 3-2.

Table 3-2. MPLS eLSR Implementation Summary
Platform

eLL.SR Card

LSR Functionality?
1GX-8400

URM card

Yes

MGX-8850 (PXM-45-based)
RPM-PR or RPM-XF

Yes

MGX-8250 (PXM-1-based)
RPM/B and RPM-PR

No

BPX-8600 MPLS Implementations

The BPX-8650 IP + ATM switch is an MPLS-enabled switch. It consists of a BPX-8620 ATM switch with
distributed VSI slaves in BXM or BXM/E cards (processor-based service cards) and a Cisco 72xx-based LSC
including the VSI master modules. In the MPLS architecture, the BPX-8620 switch together with the LSC
acts as an ATM LSR.

NOTE
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The 7200 router-based LSC also can act as an eLSR concurrently with the LSC functionality. However, it is
strongly recommended that the eL.SR functionality on a 7200 router not be used when it serves as an LSC.
The eLL.SR functionality is enabled by default. You will see how to disable it in the sections named "Disabling
Headend LVCs" and "Disabling Tailend LVCs" in Chapter 6, "MPLS Implementation and Configuration."

The control link uses an ATM port adapter in the LSC and an ATM port in the BPX switch. As you know, all
communication between the switch and the LSC is performed over ATM VCs. The following figures help you
better understand the ATM channels involved. Figures 3-3 through 3-7 show the control and data paths in an
LSC-controlled BPX-8600 MPLS LSR.

Figure 3-3. BPX-8600 LSRControlled Switch Configuration Path

External
Label Switch
Controller

BPX Switch

Figure 3-3 shows the controlled switch configuration over comm-bus. In the BPX platform, the BCC card
runs the switch software. It communicates with the different cards that have comm-bus messaging.

Figure 3-4 shows the VSI master-slave VCs, part of the VSI control path. These channels are used for

master-slave VSI communication. There is one master-slave VC from the VSI master in the LSC to each slave
in active BXM cards. In the control interface, the default VPI/VCI is 0/40.

Figure 3-4. BPX-8600 LSRVSI Master-Slave Channels
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Figure 3-5 shows the VSI interslave cross-connect, completing the VSI control path. A distributed slave
model has a full mesh of cross-connects among the slaves, going from each slave in an active BXM card to
every other slave in all other active BXM cards.

Figure 3-5. BPX-8600 LSRVSI Slave-Slave Cross-Connects
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Figure 3-6 shows LDP routing signaling VCs, which are the MPLS control path. Using VSI, the LSC creates
the control-vcs. They are used for unlabeled IP traffic, such as IGP updates and TDP/LDP. They are
bidirectional, and by default, the VPI/VCI used is 0/32 in the LC-ATM interfaces. In the control interface,

private VCs are used.

Figure 3-6. BPX-8600 LSRUnlabeled (non-MPLS) Traffic Connections
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The networking software uses the information gathered with these VCs to create LVCs.
Figure 3-7 shows the label-controlled cross-connects, which are the data path. Creating LVCs is the objective.

Using VSI, the LSC creates the unidirectional cross-connects in the controlled switch. Figure 3-7 clearly
shows that as soon as the LVCs are set up, the LSC does not touch the data.
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Figure 3-7. BPX-8600 LSRLVCs
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NOTE

Figures 3-3 through 3-7 help you understand the VCs and cross-connects involved in the LSR. They are not
for studying a BPX-8600 from a switching perspective. The BCC card in the BPX-8600 not only runs the
switch software but also houses the switch fabric (19.2 Gbps peak cross-point matrix). Every cross-connect
inside the BPX-8600 is switched in the active BCC.

IGX-8400 MPLS Implementations

The LSC is the controller used in MPLS applications. The IGX family of switches has two different LSC
implementations: an external LSC and a co-controller card LSC. In both cases, the slave model is distributed.
Every UXM, UXM-E, and URM card has one VSI slave implementation.

IGX-8400 with an External LSC

The IGX 8400 family of switches (IGX-8410, IGX-8420, and IGX-8430, with 8, 16, and 32 slots,
respectively) can be MPLS-enabled with an external Cisco 72xx-based LSC in the same way a BPX-8600 is.
From a multiservice switch perspective, the LSC-controlled IGX architecture is the same as the
LSC-controlled BPX discussed earlier. However, the IGX and BPX platforms have different switching
technologies and capacities, slots, port densities, and so on.

1GX-8400 with a Co-Controller Card LSC

The LSC controlling an IGX switch has another implementation. For this other implementation, the LSC is
located on the switch on a separate card, with the URM co-controller card.

NOTE

The URM card can be configured to act as an LSC controlling the IGX or as an eLSR. This feature enables
the deployment of MPLS networks without deploying separate MPLS-capable routers. LSC and eLSR

67



68

functionality in the same URM card is strongly discouraged.

From a very high-level perspective, the Universal Router Module (URM) card looks like Figure 3-8.
Figure 3-8. Universal Router Module
Backpiang Connoclion
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LR Fron Card URAM Back Card

Seen as a whole, the URM hosts the networking protocols (IP routing, dynamic MPLS, and traffic
engineering), a VSI master module, and a VSI slave module.

The following figures illustrate the channels used in a URM-LSC-controlled IGX. For completeness, two
URM cards are present in the figures:

e URM 1 acts as an LSC. In the figures, it is decomposed into the two main constitutive modules (UXM

and router modules).
e URM 2 acts as an eLSR. In that case, the VSI master module in the URM-acting-as-L.SC controls the
VSI slave in the URM-acting-as-eLSR. The router portion of the URM acts as an ordinary eLSR.

Figure 3-9 shows the configuration path over the C-bus, which is the platform control path. In the IGX

platform, the NPM card runs the switch software. It communicates with the different cards with C-bus
messaging.

Figure 3-9. IGX-URM LSRControlled Switch Configuration Path
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Figure 3-10 shows the VSI master-slave VCs. These channels are used for master-slave VSI communication.
There is one master-slave VC from the VSI master in the URM's LSC to each slave in active UXM or
eLSR-URM cards.

Figure 3-10. IGX-URM LSRVSI Master-Slave Channels
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There is also master-slave VSI communication inside the URM that acts as the LSC. The communication
between the UXM portion and 10S portion inside a URM card uses the IPC (interprocess communication) VC
(VPI/VCI = 0/1023), not a specific VSI VC.

NOTE

In a URM card, VPI/VCI = 0/1023 cannot be used for controller addition in an MPLS LSC application or in a
URM port because it's used for IPC. It can be used in a UXM with an external controller.

Figure 3-11 shows VSI interslave cross-connects. Together with the VSI master-slave VCs, they form the VSI
control path. These VSI slaves also follow a distributed model. Therefore, there's a slave-to-slave
cross-connect from every slave in an active UXM or URM card to every other slave in active UXM or URM
cards.

Figure 3-11. IGX-URM LSRVSI Slave-Slave Cross-Connects
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Figure 3-12 shows the LDP routing signaling VCs, which are the MPLS control path. Using VSI messages,
the LSC creates the control-vcs that are used for untagged IP traffic (IGP updates and TDP/LDP). The
VPI/VCI used by default is 0/32 in the LC-ATM interfaces.

Figure 3-12. IGX-URM LSRUnlabeled (non-MPLS) Traffic Connections
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In UXM LC-ATM interfaces, those control-vcs terminate in the next LSR or eLSR. In a URM-based eLSR,
the control-vc terminates in the embedded router.

Figure 3-13 shows the label-controlled cross-connects that make up the data path. Using VSI, the URM-LSC
creates LVC cross-connects. No transit LVCs traverse the URM-eLSR, only headend or tailend VCs.

Figure 3-13. IGX-URM LSRLVCs
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After the LVCs are set up, the URM-LSC does not touch the data.

NOTE

An 1GX-8400 like the one shown in Figures 3-9 through 3-13 with one URM card with LSC functions and

another URM card with eLSR functions is seen from other LSRs as two different pieces of equipment: one

LSR (which is made up of the URM-LSC and UXM cards with LC-ATM interfaces and VSI slaves) and an
eLSR (which is the URM-eLLSR).

MGX-8850 and MGX-8950 MPLS Implementations

PXM-45-based MGX multiservice switches natively support MPLS LSR functionality in two different ways
that provide a one-box solution in a very efficient way: by placing the LSC functionality in route processor
module (RPM) cards, with the same networking modules and VSI master modules as in the BPX and IGX
implementations. Both RPM-PR and RPM-XF cards can perform LSC or eLSR functions in an MGX-8850
and LSC functionality in an MGX-8950.

To fully understand the MPLS LSR and eL.SR implementations in MGX-8850 and MGX-8950 IP + ATM
switches, you need to understand not only the LSC implementation but also the VSI slave architecture. From a
switch perspective, PXM-45-based MGX switches present a VSI hybrid model. Each BASM (Broadband
ATM Service Module, such as AXSM cards and RPM-XF) presents a VSI slave inside the card. Alternatively,
the PXM-45 and PXM-45/B cards implement a VSI slave acting as a proxy VSI slave for CBSMs (Cell Bus
Service Modules, such as RPM-PR). Details on the VSI slave architecture are given in the later section
"MGX-8850 and MGX-8950 Controlled Switches and VSI Slaves."

MGX-8850 and MGX-8950 with an RPM-PR-Based LSC
This section explores the VCs, cross-connects, and relationships among the different functional modules. This

section's figures are based on an RPM-PR-based LSC and eLSR, so the PXM-45 card acts as a proxy slave for
the LSC as well as for the eLSR.
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Figure 3-14 depicts the VSI master-slave VCs. These channels are used for master-slave VSI communication.
There is one master-slave VC from the VSI master in the LSC to each slave in active AXSM cards, as well as
to the active PXM-45 card.

Figure 3-14. MGX-8850 and MGX-8950 LSRVSI Master-Slave Channels
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LSC controller-to-slave communication is performed using virtual circuit connections (VCCs) for VSI
sessions, as shown in Figure 3-14. These cross-connects have well-known VPI/VCI pairs, on both the
RPM-PR side and the BASM side. (PXM-45 acts as a proxy VSI slave for Narrow Band Service Modules
[NBSMs].)
¢ On the RPM-PR, VCCs with VPI/VCI = 0/65507 through 0/65519 are added for communication with
slots 1 through 6, active PXM-45, and slots 9 though 14, for a total of 13 VCs. This range is fixed.
¢ On the BASM, a VCC with VPI = 0 and VCI = controller-id is established for master-slave
communication.
e The PXM-45 sets up the cross-connects for each VCC through the serial bus, assuming that the LSC
is on a CBSM. These cross-connects are created when the controller is added to the switch. The VCC
to the VSI slave residing on the PXM-45 terminates at the PXM-45.

Table 3-3 summarizes the well-known VPI/VCI values for RPM-PR and RPM-XF.

Table 3-3. Well-Known VPI/VCI Values for RPM Cards
Connection Type

VPI

V(I

Management VCs

0

65520 to 65535

VSI master-slave VCs
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65507 to 65519

NOTE

Management VCs are used for IPC. The IPC protocol introduced the concept of IPC zones to accommodate
the ability to house multiple active RPM cards.

Figure 3-15 shows VSI interslave communication. This implementation uses a hybrid slave model, with
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distributed VSI slaves in all BASMs as well as a centralized slave in the PXM-45 for all NBSMs (such as the

RPM-PR acting as an eLSR).

Figure 3-15. MGX-8850 and MGX-8950 LSRVSI Slave-Slave Path

LSC & Routing Software

MGX 8850 Switch = PXM45 Based

As such, communication among all slaves is needed. But this case is different from the previous two becaus

[

there are no slave-to-slave VCs or cross-connects. Slave-to-slave communication is accomplished using IPC

(which is why Figure 3-15 has an arrow).

For slave-to-slave VSI communication, each VSI slave (including the proxy VSI slave) creates an IPC
endpoint. This is completely transparent to the VSI master located in the RPM-PR. The name bound to this
endpoint is formed from the string vsis concatenated with the slave ID (in hexadecimal format). For exampl

¢,

an AXSM card in slot 3 binds the IPC endpoint to the name vsis3, and an AXSM-E in slot 12 uses the name

vsisC. So the inter-slave communication can be seen as VSI over IPC.

Figure 3-16 shows the LDP routing signaling VCs. As with the previous cases, the first VCs that are created

using VSI are the control-vcs.

Figure 3-16. MGX-8850 and MGX-8950 LSRUnlabeled (non-MPLS) Traffic Connections
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LSC & Routing Softwara

MGX 8850 Switch — PXM45 Based

In AXSM LC-ATM interfaces, those control-vcs terminate in the next LSR or eLSR. In an RPM-based eLSR,
the control-vc terminates in the RPM.

Figure 3-17 shows the label-controlled cross-connects, which as data paths are the ultimate goal. Using VSI,
the RPM-LSC creates LVCs.

Figure 3-17. MGX-8850 and MGX-8950 LSRLVCs

LSC & Rouling Software

MGX BBS0 Switch — PXM45 Based

For the eLSR endpoints, the VSI master sends the setup messages to the PXM-45 slave.

After the LVCs are set up, the RPM-LSC does not touch the data.

MGX-8850 and MGX-8950 with an RPM-XF-Based LSC

RPM-XF uses a different architecture and technology than RPM-PR, providing much higher performance.
RPM-XEF is based on Parallel Express Forwarding (PXF), a new technology, and a Toaster Micro-Controller
(TMC) processor. RPM-XF is a BASM (using the serial bus for data), but also with access to the cell bus for
control traffic. So RPM-XF manages two interfaces to the PXM-45. RPM-XF separates VSI traffic (in the cell
bus) from TDP signaling and LVCs (in the serial bus), providing complete separation of control and user
traffic. RPM-XF supports the OC-12 Packet Over Sonet (POS) back card and the Gigabit Ethernet (GigE)
back card (as well as a console back card with two Fast Ethernet ports for management).
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As mentioned earlier, RPM-XF hosts both the LSC and VSI slave. The in-card VSI slave manages the
partition in the serial bus interface. It is responsible for all setup/teardown operations in the serial bus
interface. The RPM-XF architecture is shown in Figure 3-18.

Figure 3-18. RPM-XF

LDP

LIN List

Route Processor Module - XF PXM-45

In Figure 3-18, the VSI master-slave VCs use the cell bus. LDP VCs as well as LVCs use the serial bus. The
communication between the VSI master in the RPM-XF and the embedded VSI slave controlling the interface
to the serial bus is cross-connected in the PXM-45. The LDP VC shown in the figure was created by the VSI
slave in the RPM-XF, as indicated by the arrow.

From an operation/configuration point of view, the differences between RPM-PR and RPM-XF are minimal.
RPM-XEF has a superset of commands.

The RPM-XF is the first RPM module that supports LSC and eLSR functionality coexistence on the same
RPM. This is achieved by separating control and user data in different hardware paths, protecting control data
during user congestion in the switching paths, creating the control-vc with the highest-priority service type,

and other mechanisms.

Figures 3-19 and 3-20 show the channels used in an RPM-XF-based LSC.

Figure 3-19. RPM-XFVSI Communication
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The complete VSI control plane comprised of VSI master-slave and VSI slave-slave communication is shown
in Figure 3-19.

It is important to note in Figure 3-19 that there is VSI communication within the RPM-XF card.

Figure 3-20 shows the MPLS control plane VCs used by unlabeled traffic such as LDP signaling and IP
routing, as well as label VCs that create the data path.

eLSR Functionality in an MGX-8230 and MGX-8250

The MPLS functionality in PXM-1-based MGX-8230 and MGX-8250 is different from all the previous
platforms. These two switches can act only as eLSRs; they cannot provide LSR functionality. The eLSR
capabilities are accomplished with the RPM/B or RPM-PR cards. RPM-XF is not supported on MGX-8250
because the PXM-1 card can switch cells only from CBSMs. Edge MPLS capability in MGX-8230 and
MGX-8250 is shown in Figure 3-21.
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Figure 3-21. Multiservice Switching eLSR
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Edge Switch Edge LSRs Multizervice Edge
Label Switch Routers

ATW Edge Switch Plus eLSRs Constitute a Multiservice MPLS eLSR

NOTE

RPM-PR (RPM-premium) offers significant performance improvements over RPM/B, including an OC-6 rate
to the cell bus, more than double the forwarding rate and almost three times the number of virtual interfaces or
IDBs (2000 IDBs in RPM-PR).

The main reason for the MGX-8230 and PXM-1-based MGX-8250 not having LSR functionality is that you
cannot partition resources in their interfaces, so an LSC cannot label-control them. The target for MGX 8230
and MGX-8250 is an edge concentrator, and the eLSR functionality is consistent with that.

An example of the MGX-8250 eLSR functionality is shown in Figure 3-22.

Figure 3-22. eLSR Functionality in an MGX-8230 and MGX-8250

MGX-8250

RPM eLSR
Acting as a
PE Router

In a typical application, you can tunnel an LDP session as well as the created LVCs in a Permanent Virtual
Path (PVP). To re-emphasize the concept, in the LSR, you partition resources (for example, VPI range) in the
controlled switch, and the LSC learns about those resources (by means of VSI) and uses them. In contrast, in
the eLSR, the switch has no resources to partition, and the MPLS application has no VSI messaging;
consequently, you need to specify in the RPM acting as the eLSR the VPI to use as a tunnel.

MPLS Implementation Summary

As a summary, an MGX-8850 PXM-45-based LSR connected to a BPX-8600 LSR running MPLS looks like
Figure 3-23.
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Figure 3-23. BPX-8600 and MGX-8850 LSRs
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In the MGX-8850, the PXM-45 acts as a slave for connection setups/commits for the RPM-PR acting as the
eLSR. From the LSC perspective, those resource partitions assigned to it are seen as XmplsATM interfaces.

Finally, you can add eL.SRs at both ends to complete the picture, as shown in Figure 3-24.

Figure 3-24. BPX-8600 and MGX-8850 LSRs and MGX-8250 and Cisco 7200 eLSRs
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The PXM-1-based MGX-8250 can act only as an eLSR. The labeled traffic and unlabeled traffic references do
not consider the eLSR in the RPM-PR card in the MGX 8850.

PNNI Implementations

This section explores multiservice switching PNNI
implementations, focusing on different multiservice switches
that natively run PNNI. First we will go through the service
expansion shelf (SES) controlling a BPX-8600 switch. Then
we will analyze the PXM-45-based MGX-8850 and
MGX-8950. Finally, we will review PXM-1E-based PNNI
nodes.
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The three implementations share the same PNNI software,
ensuring picture-perfect interoperability. The PNNI controller
interfaces with the controlled switch using VSI. VSI slaves
advertise interfaceswhich are partitions of resources of
physical or virtual interfaces managed by those VSI slavesto
the VSI master. The PNNI software calls these logical
interfaces PnPorts. This concept (equivalent to XmplsATM
interfaces in an MPLS implementation) allows PNNI software
to control those logical interfaces.

Table 3-4 summarizes the multiservice switching PNNI
implementations.

Table 3-4. Multiservice Switching PNNI Implementations
VSI Slave VSI Slave VSI Master Controller

Controlled Switch Model Location Platform  Location

BPX-8600 Distributed BXM cards SES External
slaves controller platform

PXM-1E-based MGX-8850 Centralized PXM-1E ~ PXM-1E Controller
slave card

PXM-45-based MGX-8850 Hybrid AXSMs and PXM-45  Controller
slaves PXM-45s card

MGX-8950 Hybrid AXSM/B  PXM-45/B Controller
slaves and card

PXM-45/B

Currently, no PNNI support is planned for the IGX platforms. PNNI support for UXM cards using a SES
controller is a feasible development, but support for all other IGX cards (such as Universal Frame Relay
Module [UFM]) would entail developing a more powerful NPM controller card.

SES Controller: BPX-8600 PNNI Implementation

The SES enables PNNI networking on a BPX-8600. The SES uses PXM-1 redundant cards with PNNI and
VSI software, and it has the same form factor as an MGX-8230.

The architecture of a BPX-8600/SES PNNI node is equivalent to the LSC controlling the same BPX-8600 in
an MPLS implementation: The slaves reside in BXM and BXM-E cards, in a distributed model, and the same
master-slave and slave-to-slave channels are used. Signaling channels terminate in the controller (UNI and
PNNI in this case; LDP in MPLS), and that allows the creation of end-to-end connections (SVCs and SPVCs
in this case; LVCs in MPLS).

The SES controller offers fewer degrees of freedom than an LSC. The base-vc for master-slave
communication is fixed and is equal to VPI/VCI = 0/40. In addition, the controller-id has a fixed value of 2.
Both parameters can be configured in the BPX-8600, and they need to be set to the SES fixed values. On the
LSC, both parameters can be configured.

Other differences exist as well. One of the differences is that apart from VSI, Annex.G runs between the
BPX-8600 and the SES controller using VPI =3 VCI = 31. By means of Annex.G (the polling mechanism
between the BPX and SES), the BPX-8600 and the SES discover each other's names and IP addresses. Also,
IP Relay communication exists between the controller and the controlled switch. IP Relay uses VPI =3 and
VCI = 8. The current network time is also propagated from the BPX node to the SES shelf using Cisco
extensions to baseline Annex.G functionality.
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Figure 3-25 shows the VSI channels and the feeder VCs in a SES-controlled BPX PNNI node. The VSI
channels allow VSI master-slave and interslave communication. The feeder VCs consist of Annex.G and IP
Relay VCs.

Figure 3-25. VS| and Feeder Channels in a SES-Controlled BPX-8600
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Using VSI, UNI signaling and PNNI signaling and routing connections are created, terminating in the SES
PNNI software, as shown in Figure 3-26. That PNNI control plane enables the creation of SVCs and SPVCs
forming the data plane.

Figure 3-26. Signaling, Routing, and Data Channels in a SES-Controlled BPX-8600
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Figure 3-26 summarizes all the VCs and cross-connects present in a PNNI node using a BPX-8600 controlled
by a SES. UNI and PNNI signaling VCs use VCI = 5 for SSCOP signaling and VCI = 18 for PNNI routing

control channels or RCC, where the VPI can be 0 or some other value for virtual interfaces. Remember that a
virtual interface is used to build a trunk across a purchased virtual path connection. The new additions are the
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feeder VCs, used for Annex.G and IP Relay.

Also, because the PNNI software runs on a system with PXM-1 redundancy, the link between the controller
and the switch has APS 1+1 or Y-red redundancy features.

Compared to a PXM-45 MGX-8850 supporting PNNI, one difference is that the SES/BPX pair cannot be a
Network Clock Distribution Protocol (NCDP) client. This is because there is no VSI slave in the BCC card
where the external clock inputs reside. This fact does not impose a limitation because clock distribution and
selection are provided by AutoRoute in the BPX (as discussed in the section "AutoRoute").

For time-of-day synchronization, BPX nodes distribute the network time among themselves, and each BPX
node propagates that time to its feeder shelves, including the SES if present. Where MGX-8850/PXM-45
nodes also exist in the PNNI network space, the BPX/SES can be enabled as a Simple Network Time Protocol
(SNTP) server, allowing it to propagate the network time to the MGX-8850/PXM-45 nodes (SNTP clients).

PXM-45-Based MGX-8850 and MGX-8950 PNNI Implementation

From a controller perspective, the PXM-45-based MGX-8850 and MGX-8950 PNNI implementation is the
first multiservice switch implementation where the controller is located on the switch controller card.
Therefore, some of the communication paths are internal software interfaces. Yet the communication between
the controller and the controlled switch is VSI.

Both the networking software (including ATM signaling, PNNI, SSCOP, and so on) and the VSI master
reside in software in the PXM-45 card.

On the other side, from a switch perspective, the slave model is hybrid. The details of the slave model are
covered in the later section "MGX-8850 and MGX-8950 Controlled Switches and VSI Slaves." They apply to
all applications, including PNNI. To introduce some of these concepts, each BASM card (such as AXSM) has
its own VSI slave implementation, and the PXM-45 card houses a VSI slave that manages interfaces in
CBSM cards as well as the internal virtual port and clocking interfaces. In particular, the first CBSM
supported in a PXM-45-based MGX-8850 is RPM-PR. Future support for NBSMs might include VISM,
FRSM, and AUSM. MGX-8950 does not support single-height NBSMs.

NOTE

The terms CBSM and NBSM are used interchangeably.

Figure 3-27 summarizes some of these ideas.

Figure 3-27. VSI Communication Paths in a PXM-45-Based MGX-8850 PNNI Implementation
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As opposed to the previous PNNI implementation, where VCs are set up for master-slave communication and
cross-connects for slave-slave communication, the PXM-45-based MGX-8850 uses IPC to achieve this goal.
This is true of both master-slave and slave-slave communication.

The VSI master creates an IPC endpoint to receive messages from the VSI slaves. The predefined global name
to bind to this endpoint is created by concatenating the string VSIM with the controlled ID of the VSI master
in hexadecimal notation.

The VSI slaves (including the PXM-45 proxy slave) create two IPC endpoints each. The first endpoint is to
receive messages from the VSI master. Each slave binds the string vsim concatenated with the slave ID
(which is the slot number) in hex to this endpoint.

The second endpoint is used for slave-to-slave messaging and is transparent to the VSI master and the
networking software. The name bound to this endpoint is created by concatenating the string vsis with the
slave ID in hexadecimal.

NOTE

IPC provides the name registration and resolution facilities. IPC also provides infrastructure for messaging
between tasks in the same card or tasks in different cards. There are pre-established card-to-card ATM VCs
for IPC communication. IPC Global Name Registry and Name Resolution services are present in the PXM-45
card, and every card has an IPC Name Resolution Client.

The VSI slave module in each BASM is responsible for the logical interfaces in that card. The VSI slave in
the PXM-45 is responsible for managing NBSM logical interfaces as well as PXM-45 internal logical
interfaces. In Figure 3-27, the RPM-PR has two logical interfaces in the PXM-45: one for VCCs and the other
for Virtual Path Connections (VPCs). The logical interface for the control port is also shown in Figure 3-27.
The control port is where control-vcs (connections that need to be SARed and analyzed by the networking
software) terminate. Those connections are signaling VCs for UNI and NNI interfaces, routing VCs for NNI
interfaces, and IP connectivity SVCs. The control port is reported to the networking software (with a VSI
interface trap from the PXM-45 VSI slave to the VSI master) and is treated as any other logical interface. The
control port and control-vc details are shown in Figure 3-28.
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Figure 3-28. Control Port and Control-vcs
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The control port is the primary interface for control-ves. This means that the VSI master sends the connection
setup message to the PXM-45 VSI slave (managing the control port), and that slave communicates with the
AXSM VSI slave.

NOTE

The clock input interfaces are also represented as logical interfaces in the PXM-45 (not shown in the figure).
More details about PXM-45's logical interfaces can be found in the later section "VSI Slaves: Logical
Interface Numbers."

PXM-1-E-Based MGX-8830 and MGX-8850 PNNI Implementation

The last implementation of a multiservice switching PNNI node for routing and signaling is a PXM-1E-based
system. The PXM-1E processor card is an enhanced processor card that uses PXM-45 and AXSM technology,
providing higher port density and better performance than a PXM-1 processor card. It has the same switching
capabilities as a PXM-1 by means of the shared memory (PXM-1E does not have a crossbar switching fabric),
targeting the PNNI node for edge PNNI functionality. A PXM-1E-based MGX supports only CBSMs (FRSM,
AUSM, VISM, CESM, and RPM-PR), not BASMs (AXSM cards).

An MGX system cannot share different types of processor cards in the same chassis, even though the MGX
chassis is the same for PXM-1 (it is not PNNI-capable because of processor power), PXM-1E, and PXM-45
processor cards. That is, a mix of PXM-1, PXM-1E, and PXM-45 boards in the same node is not supported.
PXM-1E is also supported in the small-factor MGX-8230 chassis with horizontal slots. PXM-45 is not
currently planned to be supported.

In this PNNI implementation, as in a PXM-45 implementation, the PNNI software modules as well as the VSI
master reside in the PXM-1E card. A centralized VSI slave also lives in the PXM-1E processor card.
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The uplink is in the back card of the processor card. One of the features that makes a PXM-1E-based MGX
node a versatile PNNI edge node is its support for multiport combinations with a daughter card/back card
combo in the PXM-1E flexible uplink (a combo daughter card supports 8xDS3/E3 + 4xOC3), as well as a
16xT1/E1 daughter card and back card for ATM links and IMA links and a 2xOC12 daughter card and back
card.

There is no graceful upgrade path from a PXM-1-based system in a feeder environment to a PXM-1E-based
MGX acting as a PNNI routing node.

PNNI Implementation Summary

As a summary, Figure 3-29 details a PXM-45-based MGX-8850 and the BPX-8600 PNNI node part of a
PNNI network.

Figure 3-29. SES-Controlled BPX-8600 and MGX-8850 Running PNNI
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The resources partitioned for PNNI are advertised to the PNNI controller. In the controller, they are
represented as PnPorts.

If the CPEs are SVC-capable, they can place SVC calls using UNI signaling. The three PNNI nodes run PNNI
signaling and routing, providing the ability to set up SPVCs. This is useful when the CPE is not SVC-capable.

Other Implementations

This section discusses two Cisco Systems, Inc. proprietary network protocols and control-plane
implementations. The following sections cover a monolithic version and a portable version of AutoRoute.
AutoRoute

AutoRoute (or Automatic Routing) is a very optimized and robust Cisco Systems, Inc. proprietary networking

protocol that runs on BPX-8600 and IGX-8400 switches. AutoRoute (AR) makes use of a distributed
topology database called the Network Information Base (NIB) that is used by the distributed Connection
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Management (CM) protocol. Processor cards in the nodes (BCC [Broadband Controller Card] in BPX-8600
and NPM [Network Processor Module] in IGX-8400) communicate with one another using network messages
that need to be acknowledged by the receiving node. Each node maintains its own representation of the
network topology and is aware of the current network state (including alarm conditions and the amount of
traffic routed over a trunk, also called trunk-based loading). AutoRoute allocates bandwidth and routes. It
reroutes connections over optimal paths through the network following either a hop-based route or a
cost-based route. Route selection is source-based and is based on Dijkstra's Shortest Path Algorithm and the
distributed database.

AutoRoute offers a wide range of added features, such as automatic connection management, automatic
alternate routing, optional route cache, the ability to specify preferred paths or to avoid certain trunks for some
connections, priority bumping, network clock distribution, time of day and date distribution, and in-band
management. With its distributed intelligence, AR eliminates central points of failure. A connection's master
endpoint is responsible for rerouting it, not a centralized route processor.

As far as scalability, the AR limit is 223 routing nodes. AR has proven itself in large networks. Each routing
node can support up to 16 feeder nodes (which do not participate in the distributed topology), expanding the
network node count to more than 1000. However, the long-term solution to "infinite scalability" in routing
nodes is to migrate to PNNI.

NOTE

PNNI nodes also support feeder nodes that are not topology-aware.

AutoRoute is included in the software image that BCC and NPM processor cards run, called Switch Software
(SwSW). The first implication is that ATM cards (BXM and UXM) always have an AutoRoute partition,
controlled by SwWSW and not VSI. Apart from the AR partition, using SwWSW you can configure partitions to
be controlled by the VSI slave in those cards.

NOTE

One of the differences between the AR partition and VSI partition management is that VSI connection setups
are always acknowledged by the VSI slave, whereas normally AR connections are not. Switch Software sends
the connection setup command to the line or trunk card and assumes it is successful. Switch Software checks
Connection Admission Control (CAC). (In AutoRoute, Switch Software can set overlap checking flag and
ACK required flag in a connection setup, specifically for VPI = 0.)

Portable AutoRoute

Portable AutoRoute (PAR), as the acronym clearly indicates, separates AutoRoute from the platform software.
It is implemented in PXM-1-based MGX-8230 and MGX-8250. It uses VSI as the interface between the
networking software (PAR) and the platform software.

The PXM-1 card houses the centralized VSI slave for all service modules in the MGX-8230 or MGX-8250, as
well as the PAR application and VSI master. The VSI slave also manages logical ports in the PXM-1 for
external clock interfaces and IP connectivity. All connections and resource management go through the
centralized slave.
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In a PXM-1-based MGX-8250 implementation, PAR has four functions:

¢ Connection provisioning Performs feeder connections and local connections (DAX connections). The
current implementation does not support AutoRoute routing functionality. It also maintains database
synchronization.

¢ Connection alarm management PAR sends messages to condition connections when it receives a
failure event.

¢ Annex.G In a feeder configuration, PAR manages Annex.G LMI communication between the
MGX-8230 or MGX-8250 and the BPX-8600.

¢ Clocking PAR handles the clocking selection in the edge switch.

An MGX-8230 or MGX-8250 node can be connected as a feeder node to a BPX-8600 or a PXM-45-based
MGX-8850 or can act as a standalone node. A feeder node does not share topology information. In both cases,
it supports single-height service modules such as FRSM, AUSM, CESM, and VISM and also double-height
modules such as RPM/B and RPM-PR.

PXM-45-based MGX-8850 also implements PAR as an internal controller in the PXM-45 card.

Multiple Controllers

At this point, we have explored MPLS and PNNI implementations as well as AR
and PAR implementations in Cisco Systems, Inc. multiservice switches. This section
is intended to glue some of those concepts together by analyzing a complete
BPX-8600 and MGX-8850 implementation.

Starting with a BPX-8600, you know that it supports AR (PVCs), MPLS (LVCs),
and PNNI (SVCs and SPVCs) coexistence. The "ships in the night" concept (SIN)
can be seen in the protocol stack shown in Figure 3-30. The networking software is
platform-independent, ensuring consistent features and operation. Also, the
controllers act independently. So the SES PNNI controller can be upgraded or
removed without affecting the service for the MPLS controllers.

Figure 3-30. Ships in the Night: Different Control Planes in a BPX-8600
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A closer look at the BXM card (see Figure 3-31) shows the interfaces between the
networking software and the platform software.
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Figure 3-31. Resource Partitioning for Multiple Controllers in a BPX-8600
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AutoRoute uses commbus messaging as an interface, and all the other controllers
(PNNI and redundant MPLS controllers) use VSI.

The resources in a BXM port or trunk are partitioned for AR and VSI. VSI resources
are partitioned for different controllers. The end result looks like Figure 3-32.

Figure 3-32. Partitioning of Resources in a BXM/BXM-E
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On the PXM-45-based MGX-8850, AutoRoute is not present, and all resources are
under the control of the VSI slaves. Some controllers have fixed controller ids: 1 for
PAR, 2 for PNNI, and 3 for LSC. Controller-ids 4 to 20 can be used by other
instances of LSCs. Except for controller-ids 1, 2, and 3, VSI slaves do not make
assumptions about the controller type based on the controller-id. Figure 3-33 shows
a multiple-controller implementation in an MGX-8850.

Figure 3-33. Multiple Controllers in a PXM-45-Based MGX-8850
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The PNNI controller and MPLS controller use the default control channels shown in
Table 3-5.

Table 3-5. Default Control Channels

VPI VCIControl Controller
Channel

0 5 SSCOP PNNI

0 16 ILMI PNNI

0 18 PNNI PNNI

0 32 Unlabeled MPLS
traffic
(LDP and
1P)

0 34 NCDP PNNI

For MPLS applications, the minVCI in the resource partition defaults to 32. For PNNI, it defaults to 35.

VSI Slave Implementations

The VSI implementation in BPX-8600 and IGX-8400 switches follows a distributed
model. Each BXM and BXM-E card in a BPX-8600 and each UXM, UXM-E, and
URM card in an IGX-8400 houses a VSI slave managing the interfaces in that card.

MGX-8850 and MGX-8950 Controlled Switches and VSI Slaves

The multiservice switching implementations in PXM-45-based MGX-8850 and
MGX-8950 have some variations. They are a bit more complex than the controlled
switch architecture, presenting a hybrid VSI slave model. To completely understand
the MPLS and PNNI implementations on these switches, you need to understand the
switch platform.

In a PXM-45-based MGX-8850, the switching is performed in the PXM-45 card.
Figure 3-34 shows a simplified hardware overview.
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Figure 3-34. PXM-45-Based MGX-8850Hardware Overview
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The TDM bus is used for bulk distribution. The redundancy bus is not shown in
Figure 3-34.

For the purposes of switching, NBSMs use the cell buses. (The backplane contains
eight cell buses.) The PXM-45 card uses shared memory to switch cells from the cell
buses, such as a PXM-1. Examples of NBSMs include all single-high service modules
(such as VISM, FRSM, and AUSM) and RPM-PR.

BASMs use sets of serial lines called serial buses running to every double-high slot.
The PXM-45 card uses cross-point switches to switch cells from the serial buses.
Examples of BASMs include all the AXSM and AXSM-E cards and the RPM-XF.

The following list shows the switching path in the PXM-45 card for intranode
connections:

* NBSM-to-NBSM connections use the cell bus switching fabric.
* BASM-to-BASM connections use the crossbar switching fabric.
* NBSM-to-BASM connections use both switching fabrics.

The following list shows the switching path in the PXM-45 card for internode
connections:

e NBSM-terminated connections use the cell bus switching fabric.
* BASM-terminated connections use the crossbar switching fabric.

On an MGX-8950 platform, the switching of cells from the cell buses is also
performed in the PXM-45/B cards, but the switching of cells from the serial buses is
performed in the XM-60 cards. This adds another degree of separation between data
traffic and control traffic. The control bus also connects the XM-60 and the
PXM-45/B cards.

NOTE

The MGX-8950 does not support SRM cards or single-high service modules. The
only NBSM it supports is RPM-PR. The MGX-8950 also supports only AXSM/B
modules (as opposed to AXSM modules, which fail in an MGX-8950).
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Why is this quick overview important for an understanding of the multiservice
switching implementation on these two platforms? The answer is very
straightforward: BASMs (AXSM, AXSM-E, and RPM-XF) implement the VSI slave
in the card, whereas NBSMs (RPM-PR, VISM, AUSM, FRSM, and CESM) use a
centralized slave in the PXM-45 card as a proxy VSI slave. The end result is that the
slave model is hybrid; BASMs (also known as Serial Bus Service Modules [SBSMs])
provide the distributed part of the model, and NBSMs (also known as CBSMs)
provide the centralized portion of the model.

NOTE

The preceding paragraphs do not imply that all NBSMs operate in an MPLS or PNNI
application. For example, the Circuit Emulation Service Module (CESM) does not fit
in any MPLS application. Nevertheless, when a controller such as the LSC, PNNI
controller, PAR controller, or any future controller uses an NBSM, it communicates
with the VSI slave located in the PXM-45. In an MPLS application, RPM-PR is the
NBSM that is used. The PNNI controller can theoretically use FRSM, AUSM, VISM,
RPM-PR, and CESM. RPM-PR is the first CBSM with support for SPVCs in PNNI
applications. PNNI controller support for other CBSMs on PXM-45 is under
investigation.

VSI Slaves: Logical Interface Numbers

As you know, the VSI slave is responsible for assigning unique and persistent
32-bit-long LINs that identify each logical port.

Even though the VSI master should not make assumptions about the encoding of the
LINs, or assume any logic behind it, it is useful for you to understand LIN encoding
for low-level troubleshooting. The fact that the VSI master does not associate the LIN
with a physical port keeps the networking code platform-independent. A physical
descriptor is advertised as an ASCII value from the slave to ease user configuration.

Different VSI slaves encode the LIN differently based on the specifics of each
platform.

In BPX and IGX switches, VSI slaves in BXM and UXM cards, respectively, use a
straightforward coding scheme: LINyxypxy = 0X00AABBCC, where AA is the slot
number, BB is the physical port number, and CC is the virtual trunk number or O if it
is not a virtual trunk. The VSI slaves in AXSM and PXM-45 cards in MGX platforms
use a different encoding. Figures 3-35 through 3-37 summarize the LIN assignment in
all VSI slaves.

Figure 3-35. BXM and UXM LIN Encoding

3 2 1
1098B7654321098765432109876543210
Ox00 Slot # Part # Virlual Trunk #

90



91

The BXM and UXM VSI slave LIN encoding is shown in Figure 3-35.
Figure 3-35 contains the following field:

e If the partition resides in a physical interface, the virtual trunk number is
0x00.

The AXSM cards and RPM-XF VSI slave LIN encoding are shown in Figure 3-36.
RPM-XEF is a serial line-based (as opposed to cell bus-based) RPM for MGX-8850
and MGX-8950. RPM-PR is cell bus-based and does not include a VSI slave module.

Figure 3-36. AXSM and RPM-XF LIN Encoding

3 2 1
10987654321098765432108876543210

Shelf # = 0x01 Slot # ifMype Port Number

Figure 3-36 contains the following fields:

¢ The shelf number always equals 0x01.

¢ The slot number is the AXSM/RPM-XEF slot.

¢ ifType equals 3 (00011b), meaning atmVirtual.
¢ The port number is the logical port number.

Figure 3-37 shows the PXM-45 and PXM-1E proxy VSI slave LIN encoding. This
encoding is used for service modules for which PXM-45 or PXM-1E is a centralized
slave. Those include RPM/B, RPM-PR, and NBSM (that is, all cell bus-based service
modules [SMs]), as well as internal logical ports.

Figure 3-37. PXM-45 and PXM-1E LIN Encoding

3 2 1
10887654321098765432109876543210

Shelf # = 0x01|Pri PXM Slot# |SM Slot# |ifTyp| Interface #

Figure 3-37 contains the following fields:

® Primary PXM slot number is the PXM logical slot number. It is 7 for
PXM-45 and PXM-1E-based MGX-8850 systems and 1 for MGX-8830
switches.

¢ Service module slot number is the slot in which the SM resides.

¢ ifType equals 3 (00011b), meaning atmVirtual.

¢ For RPM-B and RPM-PR proxy partitions, the interface number is 1 for VCC
partitions and 2 for VPC partitions.
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¢ For PXM-45 and PXM-1E internal ports, interface number 34 is used as the
control port and IP connectivity and numbers 35 through 38 are used for
building integrated timing supply (BITS) clocking.

The high-speed Frame Relay Service Module (FRSM-12-T3E3) uses the same LIN
encoding as AXSM cards and RPM-XF.

As mentioned earlier, the PXM-45 or PXM-45B card in an MGX-8850 platform acts
as a centralized slave for cell bus-based service modules. Those service modules
include mid-high SMs (such as VISM, FRSM, and AUSM) and RPM-PR cards. The
only CBSM supported in the MGX-8950 platform is RPM-PR.

The PXM-45 or PXM-45/B has other virtual ports. (In the LIN, the SM slot number is
7.) They are summarized in Tables 3-6 and 3-7.

Table 3-6. PNNI Logical Control Port

Port ID Name Description

7.34 Control This logical

port interface is the

endpoint for
connections that
pass through the
SAR process
and terminate
on the PXM-45.

NOTE

The logical interface 7.34 is a logical or virtual port. It does not exist physically in the PXM-45 but is
presented as another port to the VSI master application. The need for such a port is as follows: Signaling
connections such as UNI and PNNI need to terminate in the PXM-45 for SAR and processing. Those
connections are created using VSI messages. Therefore, VSI needs a LIN to reserve and commit those

endpoints. Another example is the IPCONN application. This logical interface is the endpoint for SVCs for IP
management connectivity to the MGX switch, terminating in the IP stack.

Table 3-7. BITS Clocking Logical Ports

Port ID

BITS Input

Description

7.35

Upper slot E1

Represents the upper physical clocking input port where an E1 BITS clock is connected.

7.36
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Upper slot T1

Represents the upper physical clocking input port where a T1 BITS clock is connected.
7.37

Lower slot E1

Represents the lower physical clocking input port where an E1 BITS clock is connected.
7.38

Lower slot T1

Represents the lower physical clocking input port where a T1 BITS clock is connected.

Some clarifications are necessary regarding logical ports 7.35 through 7.38. The PXM-45-UI-S3 back card
has two physical clock ports, but four LINs are necessary to uniquely identify the BITS mode of both clock
ports. In Chapter 2, "SCI: Virtual Switch Interface," the "Clock Synchronization" section described the
mechanism used between the slave (advertising the clock input as a LIN with no connection capabilities) and
the NCDP application. The PXM-45 slave understands only LINs, and the VSI set clock commands do not
have a field to indicate clock type (BITS T1 versus BITS E1). Four LINs are needed to overcome this
limitation where the user can configure four combinations (CLK1 E1, CLK1 T1, CLK2 E1, and CLK2 T1).

Emphasizing the ideas presented before, the VSI master does not need to know the logical interface encoding.
It treats the LIN as a 32-bit number, not assuming a coding scheme. But the user (who sees the whole picture)
needs to know it. LINs are used in different contexts. The most visible example is the construction of the
SPVC endpoint AESA, where the switch prefix is prefixed to the LIN to create a unique AESA for SPVCs.
See Figure 3-38.

Figure 3-38. SPVC Endpoint AESA Construction Using LIN

SPVC Endpoint AESA

¢ 13 Bytes 2 Bytesi 4 Bytes i1B.!
1 . 'Disco'
SPVC Prefix oID LIN [Sel.

* Cisco OID = 0x0000
= Selector = Ox00

VSI Slaves: Resource Management
One of the most important modules in the VSI slave to ensure true multiservice functionality is the Resource

Management Module (RMM). The Resource Manager implements the VSI slave's platform-specific or
dependent functionality. It is logically divided into different submodules, as shown in Figure 3-39.
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Figure 3-39. VSI Slave Resource Manager Components

Other VSI Slave Modules

VSI Slave Module

The three constitutive modules of the resource management module are explained in the following list:

¢ CAC CAC is responsible for accepting or rejecting a connection configuration. This ensures that the
partition's requirements can be fulfilled.

¢ Service Class Templates (SCTs) These provide default values for connection-configurable
parameters. The SCT is applied on an interface basis. Its defaults are used if the parameters are not
provided, determining a connection's traffic characteristics. SCT details are covered in the later
section "Service Class Templates and QoS."

¢ Connection and Resource Manager This programs the connections on hardware (by means of an API)
and manages LCN and bandwidth resources. LCN resources are managed at the partition and port
group levels. Bandwidth resources are managed at the partition, logical interface, and physical
interface levels.

NOTE

CAC is performed by the VSI slave. In a PNNI application, the PNNI node originating the source route
performs a General Connection Admission Control (GCAC) when creating the Designated Transit List (DTL).
GCAC is performed by the PNNI controller. Neither call-acceptance mechanism should differ. If the GCAC
algorithm is too permissive compared to the CAC algorithm, unnecessary crank-backs result. If GCAC is too
restrictive, it prevents the use of routes with enough resources.

NOTE

A physical interface consists of one or more logical interfaces. Each logical interface has one or more resource
partitions.

As an example, Figure 3-40 shows some of the practical differences between a centralized slave and a
distributed slave in a PXM-45-based MGX-8850 that uses a hybrid slave model.
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Figure 3-40. VSI Hybrid Model in a PXM-45-Based MGX-8850
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Resources in BASMs are managed by the VSI slave in the card, and resources in NBSMs are managed by the
centralized VSI slave in the PXM-45 card, resulting in a VSI hybrid model.

VSI Slaves: Connection and Resource Manager

The Connection and Resource Manager is the third module on the Resource Manager implemented as part of
the VSI slave. Different VSI slaves manage and partition different resourcesin particular, BXM and BXM-E
cards in a BPX-8600, UXM and UXM-E cards in an IGX-8400 partition VPI space, and bandwidth and LCN
resources per VSI resource partition. Indirectly, the QBins (or Class of Service [CoS] buffers) are also
partitioned.

The AXSM card implementation, however, has finer granularity. The resources that are partitioned per VSI
partition are VPI space, VCI space, egress bandwidth, ingress bandwidth, and LCN resources (as well as
indirectly partitioning CoS buffers). Compared to BXM and UXM implementations, bandwidth partitioning
has one more degree of freedom (direction; the ingress and egress can be different), and it also can partition
the VCI space.

At first glance, VCI space partitioning might seem unimportant or trivial, but it has significant consequences.
Allowing partitioning of resources in a virtual trunk (VP-Tunnel) and assigning those partitions to two
different controllers is one of the outcomes. A customer can buy a VPC from a service provider and run
MPLS and PNNI over itfor example, MPLS using VClIs between 33 and 32767 and PNNI using VCIs
between 32768 and 65535.

NOTE

If the objective is to limit the VCI space for only one partition, that can be accomplished from the controller,
in an MPLS controller or a PNNI controller.
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Service Class Templates and QoS

SCTs are extremely important in multiservice switch implementations because they are the means to provide
QoS support. SCTs provide a way of mapping protocol connection parameters (such as MPLS or PNNI traffic
parameters) passed in VSI connection setup primitives to extended parameters, usually platform-specific.
SCTs provide support for different CoSs. Refer to Figure 2-3 and the paragraph following it in Chapter 2.

SCTs are structured in two different templates: VC descriptor templates, with the necessary parameters to

establish connections, and Class of Service Buffer (CoSB) descriptor templates, employed to configure the
queues that service connections with similar QoS requirements. See Figure 3-41.

Figure 3-41. SCT Structure

VC
Templates
Service
Class
Templates

NOTE

CoSB is a general designation that sometimes goes by a different name in a different implementation. In
BXM cards, CoSBs are also called QBins. The CoSB descriptor template has 16 entries because each virtual
interface has 16 CoSBs or QBins.

When a controller wants to set up a cross-connect in the controlled switch, the VSI message contains optional
traffic parameters, along with a service type specified for the connection, as discussed in Appendix A,
"Service Traffic Groups, Types, and Categories." That service type is used as the index into the VC descriptor
template to find the extended parameters and program the connection. This process is illustrated in Figure
3-42.

Figure 3-42. SCTSimplified Connection Setup Process
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The SCTs also include a default service type entry in the VC descriptor template in case an unsupported
service type is requested. The VC descriptor templates can have parameters or "columns" that are scaling
factors or multipliers of VSI-provided parameters. Other parameters are independent of VSI-provided
parameters. The CoSB templates configure the CoSBs. Some of the parameters included in the CoSB template
are CLP, EPD, and EFCI thresholds, and EPD and WFQ enable/disable status. In general, SCTs are valid only
for VSI-enabled partitions.

One of the extended parameters in the VC descriptor template is the CoSB that the traffic type uses. This fact
is of great importance because it allows the multiservice switch to use different queues for different service
types. In an MPLS multi-vc application, for example (as discussed in Chapters 4 and 7), this allows an LSR to
use one queue for "standard" traffic and a different one for "premium" traffic. In the multiservice switching
LSR, the forwarding is performed by the controlled switch based on the switching label in part of the
VPI/VClI in the cell's header. Yet the queues in the controlled switch are IP-aware. In a PNNI scenario,
different queues are used for CBR traffic and UBR traffic, allowing true constraint-based routing.

Generalizing this concept, SCTs give the multiservice switch the tools to implement the Core Differentiated
Services (DiffServ) architecture (see RFC 2475). The DiffServ architecture defines edge behaviors
(classification, marking, policing, and so on) and core behaviors (Per-Hop Behaviors [PHBs], in which the
same treatment is applied to all packets with the same DiffServ service class). The building blocks of PHBs
are queuing and drop ping. With the SCTs, a multiservice switch can implement per-class queuing and
dropping policies, as well as assign a subpartitioned bandwidth allocation to each class.

SCTs also allow class type-aware admission control, a building block of Guaranteed Bandwidth Traffic
Engineering (GB-TE) or DiffServ-Aware Traffic Engineering (DS-TE), where a connection's class type is
signaled. In essence, the CoSB templates in the SCT indirectly partition queue resources.

Different SCTs are suited to different applications (typical interface uses). There are nine predefined SCTs,

covering MPLS-only interfaces, PNNI-only interfaces with and without policing, and different combinations
of simultaneous MPLS and PNNI interfaces. SCT characteristics are summarized in Table 3-8.
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Table 3-8. SCT Characteristics
SCT Number

SCT Name

Controller Support
Description

ATMF UPC

1

MPLS1

MPLS

MPLS DiffServ-only template with MPLS ABR support
N/A

2

ATMFI

PNNI

PNNI-only template

On

3

ATME2

PNNI

PNNI-only template

Off

4,6,and 8

ATMF _MPLS_MPLSABR_1
MPLS and PNNI

Support for ATMF, DiffServ MPLS, and MPLS ABR
On

5,7,and 9

ATMF _MPLS_MPLSABR_2
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MPLS and PNNI

Support for ATMF, DiffServ MPLS, and MPLS ABR

Off

NOTE

Not all SCTs are implemented in all platforms.

SCT 1 supports only MPLS service. The rest of the SCTs, from 2 to 9, are identical pairs, except that the even
SCTs (2, 4, 6, and 8) have policing on, and the odd SCTs (3, 5, 7, and 9) do not have policing for ATMF
service types. SCTs 2 and 3 support only ATM Forum types (such as PNNI), and the rest support some
combination of MPLS and PNNI service types.

On BPX and IGX slaves, AutoRoute service types use some QBins. Therefore, some of the SCTs implement
reduced support for a certain service category, such as MPLS or ATMF, meaning that all service types use
only two CoSBs or QBins. Conversely, on AXSM slaves, the SCTs that simultaneously support MPLS and
PNNI map the service categories to different CoSBs, providing full support for MPLS and PNNI
simultaneously. In MPLS-only SCT (SCT 1) or PNNI-only SCTs (SCTs 2 and 3), no support is provided for
the other service categories. This means the service types in those service categories use the same CoSB or
QBin as the default service type, all mapped to one single CoSB. The VSI specification requires that unknown
service types be mapped to the default service type.

Different platforms implement SCTs differently:

¢ In BPX-8600 and IGX-8400 switches, SCTs are bundled into a Switch Software image at compilation
time. Therefore, SCTs reside in the controller card (BCC and NPM) and are downloaded to the BXM
and UXM cards using comm-bus and C-bus messages.

¢ In PXM-45-based MGX-8850, the SCTs reside in separate files on the PXM-45 hard drive in the
directory C:/SCT/. They are downloaded to and processed by AXSM cards upon configuration. In the
event that the SCT files are not present, a default SCT numbered 0 is used. SCT 0 is bundled into a
PXM-45 image and cannot be modified.

Differences also exist from a configuration perspective. BPX-8600 and IGX-8400 have very few
configuration parameters using SwSW commands. The VC descriptor template cannot be configured.
MGX-8850 SCTs, on the other hand, can be modified offline using Cisco WAN Manager (CWM) and
uploaded to the PXM-45 hard drive.

Summary

This chapter provided architecture descriptions of the various VSI master and slave implementations running
in Cisco Systems, Inc.'s BPX, IGX, and MGX product lines. The MPLS LSC can exist in a standalone

platform that is physically linked to a BPX or IGX. Otherwise, an RPM or URM service module resides in an
MGX or IGX, respectively, and contains the LSC implementation. Similar to MPLS, PNNI controllers either
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are implemented in external platforms such as the SES, which directs PNNI operation in the BPX, or reside in
an MGX switch's PXM control card.

After discussing protocol controller and VSI master implementations, we focused on VSI slaves. VSI slaves
are categorized into hybrid models, such as the MGX, or distributed models, found in the BPX and IGX.
Remember that hybrid or distributed classification depends on the location of the VSI slaves.

Additional topics in this chapter included a description of the legacy AutoRoute and Portable AutoRoute
connection routing algorithms, as well as a detailed explanation of and reason for LINs.

The next chapters delve more deeply into MPLS and PNNI multiservice switching networks.

Chapter 4. Introduction to Multiprotocol Label Switching

Multiprotocol label switching (MPLS) represents the next level of standards-based evolution in combining
Layer 2 (data link layer) switching technologies with Layer 3 (network layer) routing technologies. The
primary objective of this standardization process is to create a flexible networking fabric that provides
increased performance and scalability. MPLS also enables advanced features such as traffic engineering
capabilities, Quality of Service (QoS) and Class of Service (CoS) awareness, and facilitates the deployment of
Virtual Private Networks (VPNS).

MPLS is designed to work with a wide variety of transport mechanisms; however, the initial implementations
focus on leveraging ATM, IP, and Frame Relay, which are already deployed in large-scale service provider
networks. This chapter highlights the details of IP + ATM-based networks and their capabilities as they apply
to the deployment of MPLS and the requirements on a multiservice switch.

MPLS Background

MPLS is defined by the Internet Engineering Task Force (IETF) as a standards-based approach to applying
label-swapping technology to large-scale networks. The MPLS Working Group was established in early 1997
and has since defined a large set of working documents that are currently being massaged into standards. Prior
to the formation of the MPLS Working Group, a number of vendors had announced and/or built a proprietary
version of a label-switching implementation. This widespread interest in label-switching technology initiated
the formation of the MPLS Working Group.

The IETF is defining MPLS in response to numerous interrelated problems that need immediate attention.
These problems include the following:

¢ Scaling IP networks to meet the growing demands of Internet traffic

¢ Allowing differentiated levels of IP-based services to be provisioned

® Merging voice, video, and different data applications onto a single IP network
¢ Scaling VPNs

¢ Improving operational efficiency to cut costs

It is important to note that many service providers are active in the MPLS Working Group. This ensures that
MPLS's capabilities will have a direct correlation to customer problems. Many of the issues MPLS seeks to
address have already been recognized by a number of equipment manufacturers. In fact, many of these
vendors have already developed standards-based solutions that address these problems. You can find more

100



101

information about this in the IETF MPLS charter at www.ietf.org/html.charters/mpls-charter.html.

It is interesting to analyze the etymology of the MPLS acronym. This chapter covers the label-switching
paradigm in great depth. However, what does multiprotocol refer to? This question might seem basic, but the
answer goes to the heart of the MPLS concept. Multiprotocol means multiple network layer (Layer 3)
protocols such as IPv4 and IPv6 and multiple data link layer (Layer 2) protocols such as Asynchronous
Transfer Mode (ATM), Frame Relay, Point-to-Point Protocol (PPP), Ethernet, and Fast Ethernet. For this
reason, MPLS does not fit into the OSI model.

Although MPLS, as we described, can conceptually support multiple Layer 2 and Layer 3 protocols, the initial
work is focused on the integration of IPv4 with ATM and Frame Relay. Current feature developments include
IPv6 and AToM (Any Transport over MPLS), just to name a couple.

MPLS Overview

ATM was once envisioned as the best technology for multiservice-based core and edge networks. Many large
enterprise customers (LECs) thought ATM would extend from the desktop through the core of the network
and terminate at another desktop. This speculation was based on the fact that ATM already had the capability
for different classes of service, such as constant bit rate (CBR), variable bit rate (VBR), available bit rate
(ABR), and unspecified bit rate (UBR).

Today, these features have been built into an IP-based network and IETF standards included as well.
However, economics will play an important role in determining the adoption rate of these next-generation IP
networks. Upgrading entire networks by swapping out hundreds or even thousands of pieces of equipment is
not cost-effective. Therefore, many service providers will continue to maintain ATM in their networks for the
foreseeable future. Less risk is also involved in incrementally designing an IP + ATM multiservice switching
network because ATM QoS is proven on a large scale in live deployments.

Consequently, next-generation networks will be built using new technologies that leverage existing
technologies such as IP + ATM that are already deployed in existing networks.

A new paradigm is also presented in this book for service providers and large enterprise networks intending to
provide existing services such as point-to-point ATM and Frame Relay virtual circuits (VCs), ATM switched
virtual circuits (SVCs), and circuit emulation services (CES) over cell-based networks while adding IP
services to their portfolio so that those services don't interfere with each other and maintain inherent ATM
QoS. For incremental service management and network investment protection, multiservice switching
networks will play a very important role in driving next-generation services. Many of these access
technologies can be IP-enabled so that customers can choose between a pure Layer 2 or an enhanced Layer 3
service with Layer 2 guarantees.

Finally, the proven reliability, availability, and serviceability (RAS) characteristics inherent in ATM networks
can be leveraged to provide similar availability in IP networks.

Label-switching technology is the result of the desire to combine the benefits of switching technologies that
live in the core of the network with the benefits of IP routing technologies that live at the edge of the network,
getting the best of both worlds. A blended network using both of these technologies creates a problem best
described as "how to make IP and ATM interoperate." The IETF and the ATM Forum initially took on this
challenge and defined standards such as Classical IP over ATM (RFC 1577 and RFC 2225) and multiprotocol
over ATM (MPOA), which allow IP to work over an ATM network. However, MPLS is tackling a different
problem best described as "how to integrate the best components of traditional Layer 2 and Layer 3
technologies." As previously mentioned, multiprotocol label switching seeks to combine the best features of
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Layer 2 switching technologies as they exist in the ATM and Frame Relay world with the best features of
Layer 3 routing technologies as they exist in the IP world. This is Layer 3 plus Layer 2 as opposed to Layer 3
over Layer 2.

MPLS, as the standards-based approach to label switching, specifically defines a set of protocols and
procedures that allow the fast-switching capabilities of ATM and Frame Relay to be used by IP networks. The
key concept in MPLS is identifying and marking IP packets with labels at the edge and forwarding them to a
modified switch or router, which then uses the labels to switch the packets through the network. This new
equipment with router and switch characteristics is a label switch router (LSR). The labels are created and
assigned to IP packets based on the information gathered from existing IP routing protocols. This
classification happens in the edge in edge Label Switch Routers (eLSRs), also called Label Edge Routers
(LERs).

The upcoming sections cover the following topics:

® The role of routing Gathering information necessary to get to an IP prefix destination

® The role of switching Forwarding packets in a simple and efficient way

® The role of MPLS Separating routing and forwarding, gathering the best of Layer 2 and Layer 3 to
then bring them together

The Role of Routing
Internet Protocol (IP) packets contain a header with sufficient information that lets them be forwarded through
a network. Packet forwarding has traditionally been based on packet routing. The packet-routing technique

used in IP networks is a destination-based routing paradigm. This means that an IP packet is routed through
the network based on the destination address contained in the packet. An IP packet is shown in Figure 4-1.

Figure 4-1. IP Packet
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A note on the Type-of-Service (ToS) field shown in Figure 4-1 is included in the upcoming section "Quality
of Service and Multi-vc" as well as Figure 4-17.

Figure 4-17. Type of Service IPv4 Header Octet
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The forwarding mechanism used by IP networks is hop-by-hop routing, which means that every packet
entering a router is examined, and a decision is made as to where to send the packet (in other words, what the
packet's next hop is). In this manner, a packet is routed through a network from its source to its destination.
Because the packets are individually routed through a network and don't follow a predetermined path, the
network is said to be connectionless. Routers exchange information by establishing an adjacency (in other
words, a conversation) with every directly connected peer.

To properly route a packet, a router must be able to determine the packet's next hop. Routing protocols, such
as Open Shortest Path First (OSPF), allow each router to learn the network's topology. Using the information
provided by the routing protocols, the routers build forwarding tables that identify the appropriate next hop for
all known IP destination addresses.

NOTE

Routers typically store IP prefixes rather than complete IP addresses in their forwarding tables; however, the
details of IP routing are outside the scope of this book.

The Role of Switching

Switching technologies based on ATM and Frame Relay use a much different forwarding algorithm than
monolithic routers, which essentially use a label-swapping algorithm. Because this forwarding algorithm is so
simplistic, it is typically done in hardware, yielding a better price/performance advantage than traditional IP
routing that takes place in a software path.

ATM and Frame Relay are connection-oriented technologies, meaning that traffic is sent between two
endpoints only after a connection (in other words, a predetermined path) has been established. Because traffic
between any two points in the network flows along a predetermined path, connection-oriented technologies
make the network more predictable and manageable. The combination of these attributes helps explain why
large networks have been built with a switching fabric in the network's core.
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The Role of MPLS: Bringing Routing and Switching Together

MPLS is designed to meet all the mandatory characteristics and requirements of large-scale carrier-class
networks. It is evolutionary in the sense that it uses existing Layer 3 routing protocols as well as all the widely
available Layer 2 transport mechanisms and protocols, such as ATM, Frame Relay, PPP over leased lines, and
Ethernet. For large-scale public networks, Frame Relay and particularly ATM are of great interest, primarily
because they support the underlying concepts of QoS and CoS.

MPLS solves the problem of how to integrate the best features of traditional Layer 2 and Layer 3
technologies. It does this by defining a new operating methodology for the network. The key component
within an MPLS network, the LSR, can understand and participate in both IP routing and Layer 2 switching.
By combining these technologies into a single operating methodology, MPLS avoids the problems associated
with methods that define a way for Layer 2 and Layer 3 to interoperate while maintaining two distinct
operating paradigms.

Even though MPLS requires LSRs to participate in IP routing, MPLS's forwarding aspect differs significantly
from hop-by-hop routing. The LSRs participate in IP routing to understand the IP reachability and network
topology from a Layer 3 perspective. This routing knowledge is then used to assign labels to packets. Labels
are analogous to the VPI/VCI used in ATM and the DLCI used in Frame Relay. When viewed on an
end-to-end basis, the labels combine to define the path between endpoints. These paths, called label-switched
paths (LSPs), are intentionally very similar to the VCs used by switching technologies because they provide
benefits such as predictability and manageability. In addition, the connection or LSP lets a Layer 2 forwarding
mechanism be used. As described earlier, a label-swapping mechanism is typically very fast and can be
implemented very easily in hardware.

How Label Switching Works
The multiprotocol label-switching architecture is defined in RFC 3031.

In general terms, label switching in the data path is similar in concept to VC switching in traditional ATM
switches. At each switching juncture, the label value is rewritten with an outgoing label, similar to ATM cell
switching. The main difference is in the control plane, because LDP is used for label setup as opposed to
ATM forum signaling.

The general label that is used for label swapping, also called a shim header, resides in the label stack, as
defined in RFC 3032, "MPLS Label Stack Encoding." The shim header is a 32-bit header added in front of the
IP header, as shown in Figure 4-2. All link types, including ATM and Frame Relay, insert this special shim
header.

Figure 4-2. Label Stack Entry
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The fields in the shim header shown in Figure 4-2 are as follows:

¢ Label The actual 20-bit label value.

¢ Exp Experimental use. Although this 3-bit field is defined as reserved for experimental use in RFC
3035, it is used in MPLS QoS support in the DiffServ model.

¢ S Bottom of stack. This bit is set to indicate the last entry label stack. In a multiple label stack
application, such as MPLS VPN, only the innermost label stack entry has this bit set.

e TTL Time to Live. This field encodes the time to live.

The 20-bit label is used for label swapping. This MPLS header or stack of entries appears after the data link
layer headers and before the network layer headers. For this reason, the MPLS header is normally called
Layer 2-and-a-half (Layer 2 1/2). It is used in frame-based data link layers such as PPP, Ethernet, and Fast
Ethernet.

However, ATM and Frame Relay already implement a label-switching forwarding mechanism, swapping
identifiers (VPI/VCI and DLCI) on a link-by-link basis. Therefore, it makes sense to use these identifiers as
the labels swapped in MPLS. On ATM MPLS, the VPI and V(I fields or the VCI field alone are used as the
label. This is defined in RFC 3035, "MPLS Using LDP and ATM VC Switching." In Frame Relay-based
MPLS, as defined in RFC 3034, "Use of Label Switching on Frame Relay Networks Specification," the DLCI
is used as the label. Figure 4-3 shows the different label stack entries using different Layer 2 protocols.

Figure 4-3. Encapsulation in Different Layer 2 Protocols
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VPI/VCI fields or VCI fields alone are used as the label. Labels are applied to each cell, which makes label
swapping look like ATM switching from a forwarding perspective. Both Label Distribution Protocol (LDP, as
defined in RFC 3036) and Tag Distribution Protocol (TDP, the Cisco proprietary prestandard distribution
protocol) are used for label distribution in ATM on the control plane.

On label switching controlled ATM (LC-ATM) interfaces, label packets are sent using null encapsulation, as
defined in Section 6.1 of RFC 2684, in which there is no need for protocol identification. The label stack
header is always attached preceding the network layer header before segmenting the packet into cells. In this
case, the label stack header carries a null label because, as you know, the top label is carried encoded in the
VPI/VCI or VCI only fields. Why carry this shim header if the label is encoded in cell headers? The main
reason is to allow a label stack of arbitrary depth, just as on non-ATM links. Another function of the label
stack is to carry the TTL and Exp bits. You need both of these fields if a packet is to be label-switched further
by a nonATM-LSR. This function also provides transparency for the Exp bits. In summary, labeled packets
must always have a shim. The complete encapsulation of ATM MPLS labeled packets is shown in Figure 4-4.
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Figure 4-4. MPLS Encapsulation on LC-ATM
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The ATM MPLS packet shown in Figure 4-4 contains a stack of one label entry, the MPLS label. This would
be a packet terminating in an LSR or eLSR. In an MPLS VPN application, the MPLS packet inside the AALS
PDU has at least two entries in the label stack even when it is carried on a label virtual circuit (LVC): an

implicit-null label (since the MPLS label is carried in the VPI/VCI fields), and the BGP VPN label. This will

be discussed in detail in the upcoming section "IP Virtual Private Network Services."

MPLS Operation Example

Let's look briefly at a very basic and general MPLS operation example, as shown in Figure 4-5. At this stage,
this example applies to both frame-based and cell-based MPLS.

Figure 4-5. How MPLS Works
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We can divide the process in two planes well-separated by MPLS:
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¢ Control plane It starts with a routing protocol such as OSPF, EIGRP, or IS-IS, establishing
reachability across the network and thus determining the Layer 3 topology. As soon as reachability is
established when the routing tables are built, the LDP assigns or binds labels to each route and
propagates this information to its neighbors.

¢ Data plane A packet comes into the network. The packet is a normal IP packet. It hits the edge of the
MPLS network (an eLSR). A router does a lookup based on the IP address. As soon as a match is
found, a label is identified. That label is affixed to the packet, and the packet is forwarded to the
appropriate interface. The packet then travels to the next-hop LSR. That LSR does a lookup based on
the label only. It finds a match based on that label in its forwarding table. An outgoing label is
identified. That outgoing label is swapped for the incoming label, and the packet is switched out the
appropriate port. This process or procedure is repeated hop by hop until you get to the edge of the
network. At that point, the exit eLSR does a lookup based on the label, finds a match, determines that
there is no outgoing label, strips off the incoming label, and forwards the packet on its way as a
normal IP packet.

The things you need to notice here are that labels have only local significance, meaning that they are
meaningful in the link only and not network-wide. That is normally the difference between an identifier,
which is locally significant, and an address, which is globally significant.

A key point to remember is that MPLS provides a clean separation between routing (in the control plane) and
forwarding (in the data plane), as opposed to normal IP routing, in which both routing and forwarding are
almost indivisible.

A frame-based MPLS implementation and a cell-based MPLS implementation have some important
differences:

¢ Labels On frame-based interfaces, the MPLS label is carried in the shim header, at Layer 2 1/2,
between the Layer 2 and Layer 3 headers. On ATM MPLS, VPI/VCI fields are used as MPLS labels,
and in Frame Relay, DLCIs are used as labels.

e [abel distribution With frame-based MPLS, label distribution is Downstream Unsolicited. With
cell-based MPLS, the label distribution is Downstream on Demand. Downstream on Demand is also
called upstream-controlled because the VPI and VCI used as the label are scarce resources.

e Label spaces LDP on frame-based interfaces uses a per-LSR label space. On the other hand, an
ATM-LSR uses per-interface label spaces because two different label-controlled ATM interfaces can
use the same VPI/VCI pair (the same label).

e LSPs On ATM MPLS, LSPs are called label virtual circuits (LVCs).

¢ Penultimate Hop Popping (PHP) On frame-based MPLS, the exit eLSR can ask the penultimate hop
to pop the top label. This functionality does not exist in ATM MPLS because cells cannot be sent
without VPI/VCI acting as the label. In LDPv1, it is assumed that all interfaces except LC-ATM and
LC-Frame Relay are PHP-capable.

ATM MPLS Network Components

The following components are involved in an ATM MPLS network:

e ATM-LSR The LSR has both router and switch functionality. A multiservice switching ATM-LSR is
made up of a Label Switch Controller (LSC) and a controlled switch.

® ¢LSR The eLSR provides IP-to-MPLS (at ingress into the network) and MPLS-to-IP (at egress)
translations.

Conceptually, MPLS is based on separate routing and forwarding paradigms. Naturally, a one-to-one
relationship or mapping with the multiservice switching architecture separates the controller and the
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controlled switch (as discussed in Chapter 1, "What Are Multiservice Switching Networks?"). Therefore, it is
like a complete match, and it makes perfect sense to directly relate the two. That is why a multiservice
switching ATM-LSR is made up of an LSC that takes care of the routing portion and a controlled virtual
switch with a subswitching fabric that is responsible for the forwarding.

Label Switch Controller
The LSC is in essence a router that has two types of interfaces associated with MPLS:

e Control interface This runs the Virtual Switch Interface (VSI), which is used to control and
communicate with the ATM switch.
¢ Extended tag ATM interfaces These are used to peer with other LSRs in the MPLS network.

VSl

Using VSI, an ATM switch can be controlled independently by multiple controllers, such as PNNI and MPLS,
each having a different and independent control plane. This is possible because different control planes use
different partitions of the switch resources. When a virtual interface is activated on an entity such as a port,
trunk, or virtual trunk for use by the LSC, the resources of the virtual interface associated with that entity are
made available to the controller. VSI requires a dedicated interface on the LSC and ATM switch for its
exclusive use. Hence, it cannot be shared with ATM Forum connections. All related VSI information was
covered in Chapter 2, "SCI: Virtual Switch Interface," and Chapter 3, "Implementations and Platforms."

LC-ATM

An LC-ATM interface is an ATM interface controlled by the LSC. When a packet traversing such an interface
is received, it is treated as a labeled packet. The packet's top label is inferred from either the contents of the
VClI field or the combined contents of the VPI and VCI fields. Any two LDP peers that are connected via an
LC-ATM interface use LDP capability negotiations to determine which of these fields is applicable to that
interface.

XTagATM

From the LSC's point of view, associated label-switched ports (LC-ATMs) on the ATM switch are
represented as a Cisco IOS interface type called extended label ATM (XTagATM). LC-ATM ports on the
ATM switch are essentially any interfaces that carry packets as ATM cells on LVCs controlled by MPLS.
This would include a virtual path connection (VPC) whose opposite endpoint is an edge LSR or another ATM
switch (which in turn has eL.SR connections). The XTagATM interfaces could be viewed as virtual ATM
interfaces or ATM tunnels, but they can carry only MPLS-related traffic, and they represent interfaces
external to the LSC. No ATM Forum connections can be defined on them. It is worth noting that the
XTagATM interface on the LSC does not actually carry customer data cellsthe switch does.

XTagATM interfaces are used to transport control information such as the LDP and the interior routing
protocol between participating label switch routers (LSR or eLSR types).

Each XTagATM interface maps to a physical interface or virtual trunk endpoint on the switch. The signaling
VCs from that interface are cross-connected to the LSC control interface and terminate on the XTagATM
logical interface. In this way, the LSC can participate in the MPLS signaling for each physical or virtual trunk
interface. Data traffic from each physical interface is generally cross-connected through the switch without
passing through the LSC. The exception to this general rule is traffic whose source or destination is the LSC
itself, as well as routing updates or label distribution information. The adjacent node on an LSC XTagATM

108



109

interface is any router or switch acting as an LSR or eLSR. On every XTagATM interface, VCI 32 within the
defined tunnel is used by default for routing and signaling. This topic is covered extensively in Chapter 3.

ATM-LSR

ATM-LSR is an LSR with a number of LC-ATM interfaces. It forwards cells between these interfaces using
labels carried in the VCI or VPI/VCI field and without reassembling the cells into frames before forwarding.
When two ATM-LSRs are connected via an LC-ATM interface, a non-MPLS connection, responsible for
carrying unlabeled IP packets, must be available. This non-MPLS connection is used to carry LDP packets
between the two peers and also is used for other unlabeled packets (such as interior routing packets). The
non-MPLS connection uses the LLC/SNAP encapsulation, defined in RFC 1483 and RFC 2684. VCI values 0
through 32 are reserved for control traffic and should not be used by an LC-ATM interface as a label. These
unlabeled packets use standard AALS encapsulation, as defined in RFC 1483. The default VPI/VCI value for
an unlabeled packet is VPI 0 VCI 32. With the exception of these reserved values, the VPI/VCI values used
can be treated as independent spaces. The allowable ranges of VPI and VClIs are communicated through LDP.

You can also connect two LSRs via an ATM VP, as in the case where an ATM cloud connects the two LSRs
via an ATM virtual path. In this case, the VPI field is unavailable to MPLS, and the label must be encoded
entirely within the VCI field. Again, VCI ranges 0 to 32 cannot be used for LVCs. The VPI value must be
configured for a predefined VPI set by a virtual path over ATM.

In all cases, LVCs use ATM null encapsulation, as defined in RFC 1483 and RFC 2684. The control-vc, using
VPI/VCI 0/32 by default, uses AALSSNAP encapsulation.

Frame-Based LSR

Frame-based LSR is an LSR that forwards complete frames between its interfaces. Note that such an LSR can
have zero, one, or more LC-ATM interfaces. Sometimes a single box might behave as an ATM-LSR with
respect to certain pairs of interfaces but might behave as a frame-based LSR with respect to other pairs. For
example, an ATM switch with an Ethernet interface might function as an ATM-LSR when forwarding cells
between its LC-ATM interfaces but might function as a frame-based LSR when forwarding frames from its
Ethernet to one of its LC-ATM interfaces.

ATM-Edge LSR

An ATM-edge LSR is an LSR that is connected to an ATM-LSR by LC-ATM interfaces and that resides at
the edge of the MPLS network. An eL.SR does not switch labels; it switches IP packets to labels and labels to
IP packets. A packet-based LSR is a device that manipulates whole packets rather than cells. A router running
packet-based MPLS is a packet-based LSR. An ATM-edge LSR is also a type of packet-based LSR.

A traditional ATM switch can support ATM MPLS within a permanent virtual circuit (PVC), which acts as a
point-to-point interface. In this case, the traditional ATM switches do not actually perform multiprotocol label

switching. They merely support "tunnels" through which MPLS packets are carried.

All the MPLS network components are shown in Figure 4-6.

Figure 4-6. MPLS Network Components
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Label Distribution Protocol (LDP): Overview

LDP, defined in RFC 3035, contains a set of procedures and messages by which
LSRs establish LSPs through a network by mapping Layer 3 routing information
directly to Layer 2 1/2 switched paths. LDP associates a Forwarding Equivalence
Class (FEC) with each LSP it creates. The FEC associated with an LSP specifies
which packets are mapped to that LSP.

In essence, LDP is used to distribute <label, prefix> bindings. It runs in parallel
with routing protocols. Other label-distribution mechanisms, such as TDP,
Resource Reservation Protocol (RSVP), Protocol-Independent Multicast version 2
(PIMv2), and Border Gateway Protocol (BGPsee RFC 3107), can run in parallel
with LDP. LDP descends from Cisco-proprietary TDP in such a way that LDP is a
superset of TDP, using the same methods to achieve the same functions.

The four categories of LDP messages are as follows:

¢ Peer discovery messages These LDP hello messages are used to advertise
and maintain the presence of an LSR in a network. LDP neighbor discovery
uses UDP port 646 to send periodic hello packets. The neighbor responds
with an LDP hello if it is an LSR or eLSR. The LSR with the highest IP
address becomes active and establishes TCP connections for LDP on port
646. The LSR with the lowest IP address becomes passive and waits on the
establishment of the TCP connection for the LDP session.

¢ Session management messages These establish, maintain, and terminate
sessions between LDP peers. LDP session establishment allows negotiation
of options over the TCP session established on port 646.

¢ Advertisement or label distribution messages These create, change, and
delete label mappings for FECs. These messages deal with label binding
advertisements, requests, withdrawal, and release.

¢ Notification messages These provide reporting information and signal error
information and cause codes.
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LDP Message Overview

LDP runs over TCP port 646 to provide reliable delivery of messages. The only
exception is the discovery message, which uses UDP port 646.

LDP Message Structure

All LDP messages have a common structure that uses a type-length-value (TLV)
encoding scheme to provide expandability. The value part of a TLV-encoded object
(or TLV for short) can itself contain one or more TLVs. TLV encoding is very easy
to deal with when it comes to adding a new capability because a new type is
defined.

As described in RFC 3036, the LDP specification, all LDP messages have an LDP
header followed by one or more TLVs. The LDP header format is shown in Figure
4-7.

Figure 4-7. LDP Message EncodingLDP Header
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The fields in the LDP header are as follows:
® Version This is the current LDP version is 1.
e PDU Length This is the length of the protocol data unit (PDU) in octets,
excluding the Version and PDU Length fields.
e LDP Identifier This uniquely identifies the label space network-wide.

Figure 4-8 shows the LDP TLV format.

Figure 4-8. LDP Message EncodingTLV Format
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Figure 4-8 contains the following fields:

¢ U bit Unknown message bit. This specifies the procedures to follow upon
receipt of an unknown TLV. If it is cleared, a notification must be sent. If it
is set, the unknown message must be silently ignored.

e F bit Forward unknown TLV bit. Applies only when the U bit is set.

¢ Type The type of message.

¢ Length The length of the message in octets.

¢ Value The value of the message. For LDP messages, the value is composed
of a 32-bit message ID that identifies the LDP message, a set of mandatory
parameters, and a set of optional parameters.

LDP Identifier
The LDP ID is a 32-bit magnitude that uniquely identifies the label space
network-wide. Figure 4-9 shows the format of the LDP ID.

Figure 4-9. LDP Identifier
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LSR ID

LDP Identifier

Figure 4-9 has two fields:

¢ LSR ID The first four octets identify the LSR. It must be a globally unique
value such as the router ID. It is generally derived from a router interface.

¢ Label Space ID The last two octets identify the label space within the LSR.
For platform-wide label spaces, the label space ID must be 0.

The combination of these two fields forms an LDP identifier that uniquely
identifies the label space network-wide.

Each LDP identifier has it own LDP session, and each LDP session uses a separate
TCP connection, as discussed in the upcoming section "Establishing LDP
Sessions."

Label Spaces

Frame-based MPLS interfaces use a per-platform label space. In other words, labels
are assigned from a unique pool of labels in the LSR. However, given the nature of
labels on LC-ATM interfaces, per-platform label space cannot be used for ATM
interfaces. Two LC-ATM interfaces can use the same VPI/VCI pair as a label.
Therefore, LC-ATM interfaces use per-interface label spaces and a non-null label
space ID.
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In summary, we have the following:

¢ Interface label space The label space is specific to an interface. It is used
with LC-ATM and LC-Frame Relay. The label forwarding information
base (LFIB), which is used to forward labeled packets, contains an
incoming interface. This is because the same numerical label (with a
different meaning) can be assigned on multiple interfaces.

¢ Platform label space The label space is router-wide. It is generally used in
frame-based MPLSthat is, POS, Ethernet, and Fast Ethernet interfaces. The
label can be used on any interface. The LFIB does not contain an incoming

interface.

From another angle, one label space is used per LDP session. When two LSRs are
connected through three frame-based interfaces, as shown in Figure 4-10, you have

only one LDP session and one label space.

Figure 4-10. Link Topology and LDP Sessions, Part |
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However, as shown in Figure 4-11, each LC-ATM interface has its own LDP

session and label space.

Figure 4-11. Link Topology and LDP Sessions, Part I
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So an LSR has essentially two scenarios in which it needs to announce multiple
label spaces to a peer and therefore use different LDP identifiers. One is when the
LSR has two LC-ATM links to the peer, and the other is when the LSR has one
LC-ATM link to the peer and one or more Ethernet links to the peer using
per-platform label spaces.

In summary, the number of LDP sessions is determined by the number of different
label spaces.

LDP Discovery

LSRs learn of LSR neighbors using LDP discovery and LDP link hellos. Figure
4-12 shows an example of LDP hello messages.

Figure 4-12. LDP Discovery Using Hellos
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LDP discovery simplifies operational aspects of explicitly configuring peer LSRs.

LDP link hellos are sent out of MPLS-enabled interfaces as UDP packets to the
well-known UDP port 646 for LDP discovery and for an "all routers on this subnet
group multicast address (they are sent to 224.0.0.2:646 UDP). The willingness to
label-switch on a specific link is signaled by the LDP link hello messages.

"

Figure 4-13 shows a complete example of LDP discovery.

Figure 4-13. LDP Discovery Example
10.1.1.1

. i

= e

I . g | ‘-'\(;
|
UDP Hello Session

10,1.1.1: 1050 -= 224.0,0.2:645 UDP Hello Discovery

10.1,1.2:10680 -= 224.0.0.2:68456

Passive LSR <__ TCP Establishment | Active LSR | Session
[ 10.1.1.2:1045 -= 10.1.1.1:646 Establishment

114



115

LDP sessions for nondirectly connected LSRs use an extended discovery process
and require explicit configuration and the use of targeted hellos. There are two main
differences between targeted hellos (or directed hellos) and normal hellos:

e Targeted hellos are sent to a specific IP address.
¢ The initiator solicits targeted hellos from the target (it is asymmetric).

Establishing LDP Sessions

LDP discovery triggers LDP session establishment. Session establishment is a
two-step process:

¢ Transport connection establishment The active LSR that has the highest
transport address initiates the establishment of the LDP TCP connection by
connecting to the well-known TCP port 646 at the neighbor LSR address.
LDP uses TCP as a reliable transport for sessions. Each TCP connection
has only one LDP session.

e Session initialization After establishing the TCP transport connection, the
active LSR sends the Init message to negotiate LDP session parameters
exchanging LDP messages. The parameters negotiated include LDP
protocol version, label distribution method, timer values, loop detection
status, and maximum PDU length. Optional TLVs are also used to
negotiate VPI/VCI ranges for label-controlled ATM, DLCI ranges for
label-controlled Frame Relay, VC-merge capability, and VC directionality.
Successful negotiation establishes an LDP session between LSRs. The
session is ready to exchange label mappings after receiving the first
keepalive.

An example of LDP session establishment is shown in Figure 4-14.

Figure 4-14. LDP Session Establishment
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If multiple links connect two LSRs and use the same label space and LDP ID, there
will be multiple link or hello adjacencies but only one transport adjacency.
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Maintaining LDP Sessions
Two methods are used to maintain LDP sessions:

¢ Continued transmission of discovery hello messages as link keepalives, to
monitor the willingness to label-switch on a specific interface. LSR keeps
hello adjacency holddown timers.

¢ LDP session keepalives are used to monitor the health and integrity of the
sessions and underlying TCP connection and to restart a session when

keepalives are lost. An LSR maintains individual TCP session holdtime and
keepalive intervals.

Label Distribution Methods

To help you understand the label distribution methods, I will first define the terms
downstream and upstream, which are relative to an IP destination or FEC in
general. Figure 4-15 shows upstream and downstream routers.

Figure 4-15. Upstream and Downstream Routers
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In Figure 4-15, Router C is the downstream neighbor of Router B for destination
10.1.2/24, and Router B is the downstream neighbor of Router A for destination

10.1.2/24. Likewise, Router A is the upstream neighbor of Router B for destination
10.1.2/24.

Every interface on an LSR uses one of two methods for label distribution:

¢ Downstream Unsolicited The label distribution is downstream-controlled.
The LSR downstream initiates and advertises the label mapping.
Per-platform label space is distributed. Using this method, an LSR can
distribute the same label to different neighbors.

¢ Downstream on Demand The label distribution is upstream-controlled. The
LSR upstream initiates the mapping request. It distributes per-interface
(such as LC-ATM) labels. In a Downstream on Demand label assignment,
the LVC is built from the headend platform to the tailend platform.

The advertisement mode is exchanged between peer LSRs during the initialization
phase. Neighbor LSRs must agree on the distribution method used.

The label-mapping LDP message uses two TLVs to perform the mappingthe FEC
TLV and the Label TLV. Different types of labels use different Label TLVs. In
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particular, you can have a Generic Label TLV (type 0x0200), an ATM Label TLV
(type 0x0201), and a Frame Relay Label TLV (type 0x0202).

Two methods of label distribution control can be used:

¢ Independent label control An LSR can assign a label for a FEC even if it
does not have a downstream LSR. Upon receiving a label request message,
the LSR can respond with a binding without waiting for a label mapping
from the next-hop LSR.

® Ordered label control An LSR can assign a label for a FEC only if it has
already received a label from the downstream LSR. Upon receiving a label
request message, the LSR must perform its own label request downstream.

One last concept has to do with whether an LSR maintains or requests a label
binding from or to a neighbor that is not the next hop according to the routing table.
This is called label retention mode, and it has two alternatives:

¢ Conservative label retention mode An LSR operating in Downstream on
Demand order requests label mappings only from the next-hop LSR. This
saves valuable labels and therefore is preferred for LC-ATM interfaces.

e Liberal label retention mode An LSR operating in Downstream Unsolicited
order can accept label-to-FEC mappings from all LDP peers. An LSR
operating in Downstream on Demand order might request label-to-FEC
mappings from all LDP peers. This mode is useful only in Downstream
Unsolicited mode because labels will already be assigned upon a next-hop
change in a prefix's routing information base.

As a summary, Table 4-1 lists the different recommendations for label distribution
modes.

Table 4-1. Recommended Modes for Label Distribution

Per-PlatformPer-Interface
Labels Labels

Order Downstream Downstream
Unsolicited on Demand

Control Independent Ordered

Retention Liberal Conservative

Loop Detection

LDP implements three mechanisms to prevent looping LSPs beyond the loop detection mechanisms built into
the IGP:

¢ Time to Live The TTL field in the shim header is used to prevent looping labeled packets. Its use is
equivalent to IP TTL, decrementing the TTL field at every hop as a packet travels through the
network. This method can be used only in data link layers that use the shim header for label
switching. It cannot be used for LC-ATM interfaces because the ATM cell header does not contain a
TTL field. MPLS considers ATM a non-TTL segment.

® Hop count TLV This additional TLV is used to count the number of hops in an LVC during LVC
setup. The TTL field in the IP header is decremented by this hop count at ingress, and the IP packet is
dropped if the new calculated TTL value is equal to or smaller than 0. A maximum TTL value can be
configured. This method is required in RFC 3035, but it might be insufficient to prevent loops in all
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cases.

¢ Path vector TLV This additional TLV was designed specifically to prevent loops. During an LVC
setup, the path vector TLV records all the LSR IDs (the first 4 bytes of the Label ID) in the path,
when the LSR adds its own router ID before sending the label request. If an LSR receives an LDP
message containing its own router ID in the path vector TLV, the message is ignored, and a
notification message is transmitted to signal the loop detected. LDP also supports a maximum path
vector TLV length.

Figure 4-16 shows an example of the usage of the path vector TLV.

Figure 4-16. Loop Prevention with the Path Vector TLV
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If loop detection is desired in an MPLS domain, it should be turned on in all LSRs and eL.SRs.

Security Considerations

LDP runs on top of TCP, and it provides a TCP MD5 configurable signature option based on the one specified
in RFC 2385 and used by BGP. The MDS5 hash function is specified in RFC 1321. A shared secret is
configured on the LDP peers, and the MDS5 digest is computed from the shared password and the TCP
segment.

ATM MPLS provides extra security capabilities. With per-interface label space, an LSR using Downstream

on Demand label allocation mode discards labeled packets from upstream neighbors if the label was not
previously advertised to that neighbor. This inherent capability prevents label spoofing.
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Quality of Service and Multi-vc

MPLS support for CoS is inherited from IP CoS support. The MPLS shim header contains the 3-bit Exp field
that allows the network to give special treatment to different labeled packets based on the Exp bits. That is
why the Exp bits are also called CoS bits. In fact, they are modeled after the IP precedence bits. At the edge,
the IP 3-bit precedence header field (or more precisely, the first three bits of the diff-serv code point [DSCP]
called class selector) is copied to the Exp bits on label imposition. If the CoS is inferred from the Exp bits, the
LSPs are called Exp-inferred PSC LSPs (E-LSPs). PSC stands for per-hop behavior Scheduling Class and
refers to a core behavior.

The IPv4 header TOS octet (refer back to Figure 4-1) has come a long way from its original definition in RFC
791 to the current definition (at the writing of this book) in RFC 3168. Please refer to Figure 4-17 for the TOS
byte historical evolution.

However, ATM MPLS encapsulation does not expose the Exp bits. The label-swapping paradigm is
performed based solely on the label, which is the VCI field or VPI/VCI combined fields in the ATM cell
header. A different method needs to be provided to support QoS on ATM MPLS. This method is called
multi-ve, and it is shown in Figure 4-18.

Figure 4-18. Multi-vc and ATM MPLS QoS Support
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As you can see in Figure 4-18, up to four parallel LVCs are set up per FEC to support up to eight different
CoSs, the same as with the Exp bits on frame-based MPLS. How? The Cell Loss Priority (CLP) bit is used in
the ATM cell header to differentiate between two different classes per LVC, giving a loss priority. Because
the CoS is inferred strictly from the LSP, as there are no Exp bits to use, these LSPs are called Label-only
inferred-PSC LSPs (L-LSPs).

ATM MPLS QoS follows the DiffServ model, whose architecture is defined in RFC 2475. DiffServ clearly
separates and distributes edge behaviors (classification, marking, policing, shaping, metering, and complex
per-user and per-application tasks) from core functions (queuing, dropping, and simple tasks). Modeled after
the ATM CoS scheme that includes ABR, CBR, VBR-RT, VBR-NRT, and UBR classes, it divides IP traffic
into a small number of classes and allocates resources on a per-class basis. At the edge, the classification
information is summarized in the DSCP, which gives a new interpretation to the TOS IPv4 header octet and
IPv6 traffic class octet as defined in RFC 2474. RFC 2474 recommends the use of eight code points called
Class Selector Code Points (any DSCP in the range 'xxx000" where 'x' can either be '0' or '1') to provide a
degree of backward compatibility (see Figure 4-17). In accordance, both shim-based and multi-vc-based
MPLS QoS approaches provide eight classes of service. Generally speaking, eight different QoS network
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treatments are enough for almost every network type. You can learn from ATM that the CBR, VBR-NRT,
VBR-RT, UBR, and ABR classes have successfully been deployed and are sufficient for all multiservice types
of applications.

MPLS edge devices can be application-aware and therefore give higher priority to a flow that matches certain
applications. This guarantees a QoS in a more dynamic fashion. ATM MPLS QoS is covered in Chapter 7,
"Practical Applications of MPLS."

VC-Merge-Capable ATM-LSRs

ATM MPLS was developed to control very large networks. The protocol's scalability was considered from the
ground up. Very large networks with many LSRs, eLSRs, and destinations and that provide CoS support have
an extra scalability tool: VC-merge reduces the number of labels required per link. A VC-merge MPLS link
allocates at most one label per FEC. On multi-vc networks, a FEC is defined by a destination and a CoS;
therefore, the VC merging occurs only for the same CoSs without jeopardizing multiple-class support.

VC-merge is the capability by which an LSR receives cells on several incoming LVCs (that is, on different
VPI/VCI pairs) and transmits them on a single outgoing LVC without causing the cells of different AALS
PDUs to become interleaved.

The primary difference is that a VC-merge-capable ATM-LSR needs only one outgoing label per FEC, even if
multiple requests for label mapping to that FEC are received from upstream neighbors. In other words,
VC-merge allows a multipoint-to-point connection to be implemented by queuing complete AALS frames in
input buffers until the end of a frame has been received. This requires buffering because the cells from the
same AALS frame are all transmitted before cells from any other frames.

Figure 4-19 shows an example of VC-merge.

Figure 4-19. VC-Merge-Capable ATM-LSRsMultipoint-to-Point
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Figure 4-20 shows the network-wide LVC reduction effect in VC-merge MPLS networks.
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Figure 4-20. Network-Wide Effect of VC-Merge
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On Cisco multiservice switching platforms, VC-merge capability is implemented in the egress line cards. The
primary endpoints are configured as with nonmerging endpoints, but the secondary endpoints in the egress
line card are divided into leaves and root. The leaf receives cells from the switch fabric and translates the VC
to the root. This is shown in Figure 4-21.

Figure 4-21. VC-Merge Implementation in Multiservice Switches
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From a design perspective, VC-merge might be required only in core links.

There are differences between a conventional ATM-LSR and a VC-merge-enabled ATM-LSR with respect to
label mapping. The messaging that takes place in a VC-merge-enabled LSR is shown in Figure 4-22.
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Figure 4-22. VC-Merge Label Mapping
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From Figure 4-22, we can identify the following steps:

Step 1.
Step 2.

Step 3.

Step 4.

Step 5.

The LSR receives a label request from the upstream LSR.
The LSR allocates an incoming label.

Assuming that an outgoing mapping for the FEC has been set up by a previous request, no further
downstream request is required.

The LSR returns a label mapping to the upstream requester, regarding the label request from Step
1.

Repeat for all further requests for that FEC.

In a non-VC-merge ATM-LSR, the procedure diverges in Step 3. A non-VC-merge environment has the
following Step 3:

Step 3.

The LSR requests a label from the downstream device. The downstream LSR returns a label
mapping.

This non-merging scenario is shown in Figure 4-23.

Figure 4-23. Non-VC-Merge Label Mapping
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In summary, VC-merge improves signaling performance as well as label space.
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IP Virtual Private Network Services

A VPN is a set of sites that is allowed to communicate with each other as a closed user group (CUG). There
are many different VPN architectures. This section covers the benefits of the MPLS VPN architecture, as well
as its operation.

I'll start by defining some terms used in an MPLS VPN environment:

¢ Provider (P) router A router that resides in the provider network. It is an LSR in pure MPLS
terminology.

¢ Provider edge (PE) router A router that sits at the edge of the provider network and interfaces with
customer edge routers. It is an eLSR using pure MPLS terminology.

e Customer (C) router A router that resides in the customer network.

¢ Customer edge (CE) router A router that resides at the edge of the customer network and interfaces
with a PE router.

Figure 4-24 shows the MPLS VPN definitions.

Figure 4-24. MPLS VPN Definitions
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The major goal of an MPLS VPN solution is to overcome the limitations of an overlay VPN model, while
maintaining its strengths. An overlay VPN model presents scalability limitations because the CE routers peer
with each other, and the number of Layer 2 connections in the provider network increases with the square of
the number of CE routers.

The MPLS VPN model is a peer model in which all the customer sites peer with the PE devices, guaranteeing
optimum routing between sites and simplifying the provisioning of additional VPNs. This peer model lets the
service provider support very large-scale VPN service offeringsup to millions of VPNs in a single network.
Purchasing VPN services allows a VPN customer to rely on the service provider to deal with routing,
scalability, QoS, and performance issues. Service providers can support customers with different needs using
VPNGs.

Figure 4-25 shows how a peer model works.
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Figure 4-25. MPLS VPN Route Distribution
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In summary, the MPLS VPN model combines the strengths of the overlay and peer-to-peer VPN models:

¢ Peer-to-peer model Simplifies customer routing, as well as eliminates the requirement of maintaining

full IP routing in the MPLS core.

¢ Overlay model Provides isolation between customers, privacy, and security.

Service providers implementing MPLS VPN distribute customer routes using the following steps (which are
illustrated in Figure 4-25):

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

The CE router for customer A sends routing updates to the ingress PE in the MPLS network using
an IGP, such as OSPF, RIP, or eBGP. Note that no routing updates are sent if static routes are
used.

At the ingress PE, these routes are inserted into a separate routing table for this VPN and then are
exported into the provider's multiprotocol BGP.

These routes are then advertised within the provider's network among all the PEs using the
MP-BGP extensions.

At the egress PE, all the routing information is imported to customer A's VPN routing table from
the provider's iBGP.

The routing information is sent to the destination CE. As in Step 1, no routing updates are sent if
static routes are used.

A new concept can be inferred from the MPLS VPN peer model functionality: CE devices have
point-to-network connections, as opposed to the point-to-point connections in the overlay VPN model. In the
MPLS VPN model, sites are configured, whereas in the overlay VPN model, links are configured. This is
shown in Figure 4-26.
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Figure 4-26. Point-to-Cloud Connections
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VPN Route Distribution and Filtering

VPN route distribution and filtering happen in the application plane on top of MPLS. VPN routes need to be
distributed and VPN labels assigned to VPNv4 routes using multiprotocol BGP (MP-BGP) before user traffic
can traverse the MPLS VPN network and MPLS is used to switch labeled packets through the provider
network. You can control the routing information distribution using route filtering based on the BGP extended
community attributes.

You can apply the filters in Steps 2 and 4 from the preceding section. Route filtering is performed against the
route target (RT), which is a 64-bit value attached to MP-BGP VPNv4 routes.

This kind of operation is also used to ensure a secure VPN for each customer. Each PE has multiple VPN
routing and forwarding (VRF) tables, one for each VPN customer. This is shown in Figure 4-27.

Figure 4-27. MPLS VPN with Two Customers
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Each VREF is populated with routes received from directly connected CE routers, as well as routes received
from other PEs via BGP filtering based on BGP extended community attributes.

Customer packets traversing a provider VPN MPLS network carry two labels. An inner VPN label called
bottom label distributed by MP-BGP indicates VPN membership. MPLS uses an outer label called top label
distributed by the IGP and LDP to switch the packet from ingress PE to egress PE. These two labels have the
following characteristics:

¢ Top label Distributed by LDP and derived from an IGP route. Corresponds to a PE address, which in
turn is the MP-BGP next hop of VPNv4 routes.

¢ Bottom label Distributed by MP-BGP. It corresponds to a VPNv4 route and identifies the outgoing
interface or VRF to be used to reach the VPN destination.

This can be seen in Figure 4-28.

Figure 4-28. MPLS VPN Label Stack
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As a side note regarding Figure 4-28, in a frame-based MPLS environment, provider LSR P2 would perform
PHP to remove the top label. PE LSR PE2 using LDP would request this action. In this case, PE2 eLSR would
do only a single lookup and would forward the IP packet to CE2.

One of the reasons for the great scalability of an MPLS VPN solution is that provider routers do not have
MP-BGP or VPN knowledge.

VPN IP Addressing

In an MPLS VPN network, different customers can use the same IPv4 address space, as well as private IP
addresses (see RFC 1918). VPN-IPv4 addresses make each customer's IPv4 address unique within the
provider's network. A VPN-IPv4 or VPNv4 address has a 64-bit field called a route distinguisher (RD) that is
prepended to the 32-bit IPv4 address to make a unique 96-bit VPNv4 address. This is shown in Figure 4-29.
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Figure 4-29. VPNv4 Address
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The RD is never carried in packetsonly in label tables. PE routers perform the conversion between customer
IPv4 addresses and provider VPNv4 addresses. This happens only in the control plane before the routes are
exported into MP-BGP.

The RD can be seen as a VRF identifier that solves the overlapping address space problem.

MP-BGP lets BGP handle routes for multiple VPNv4 addresses. The general process is no different from
handling traditional IPv4 addresses. The different addresses, such as IPv4, IPv6, NSAP, IPv4 multicast, and
VPNv4, are called address families. Multiprotocol extensions for BGP-4 are defined in RFC 2283 and RFC
2858, using address families from RFC 1700, "Assigned Numbers." The VPN-IPv4 address family is defined
in Section 4.1 of RFC 2547, "BGP/MPLS VPNs."

BGP tables can have a mixture of both VPN-IPv4 routes and normal IPv4 routes. CE routers have no
knowledge of VPN-IPv4 addressing. CEs send and receive regular IPv4 routing updates.

The presence of RDs and independent RTs gives the MPLS VPN model great flexibility in implementing
complex VPN scenarios.

Summary

MPLS provides benefits that service providers desperately need in their networks, such as predictability,
scalability, and manageability, all built into one network. The key to MPLS labels is that they tell a device not
just where to send packets, but also how to send them. All the information needed is encoded in the label,
including the destination prefix, the service class, the QoS, the level of privacy, the VPN, and so on. The
network does not have to make a decision at every device. It's all precomputed in the LSP by means of the
label. MPLS is transparent to both routers and switches because it is largely a switching intelligence. This is
why MPLS is so scalable. It is how you deliver services across very large networks. You make service
decisions once, at the edge, and the core automatically supports services without reprocessing packets at every
stop. Because hop-by-hop routing decisions no longer have to be made, switched networks, such as carrier
ATM backbones, can implement end-to-end Layer 3-type intelligence.

In addition, MPLS provides QoS capabilities that service providers need in order to offer differentiated
services. Although MPLS might require modifications to existing equipment, it does not require extensive
equipment replacement (no forklift upgrades). You can add this functionality by adding a new card, controller,
and/or software to an existing ATM switch. Overall, MPLS defines an evolutionary networking paradigm that
combines the operating principles of Layer 2 and Layer 3 technologies while preserving service providers'
investment in IP routing technology at the network's edge and switching technology in the network's core.

MPLS VPN technology is one of the most important drivers for large MPLS deployments.
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In addition, all the RAS features developed for carrier-class ATM switches are leveraged to provide
high-availability LSRs.

Chapter 5. MPLS Design in MSS

This chapter covers the important points and steps when you're designing an MPLS network based on IP +
ATM. MPLS extends the capability of an ATM switch to all devices in a network using IP + ATM. With IP
routing integrated into ATM switches, you can provide support for scalable VPN services that can guarantee a
Service-Level Agreement (SLA) for all traffic types. ATM switches have a very high degree of reliability and
availability, which is fundamental to delivering QoS and high-availability networks. A key to successful
deployment of MPLS in a multiservice switching network is to be able to guarantee SLAs for applications
such as voice and video that require high uptime and that have strict latency and jitter bounds.

Reliability, availability, and serviceability (RAS) features are significantly more robust in switches that have
parallel and redundant operating devices. Although redundancy is critical, high reliability, availability, and
serviceability relate not only to minimizing failures and downtime but also to switch recovery time in the
event of a failure, failure reporting, diagnostics, and carefully planned upgrades. Cisco ATM multiservice
switches have been around for years and have proven RAS records.

This chapter concentrates on the fundamentals of ATM MPLS network design.

The main design steps for a robust working network are as follows:

® Designing and dimensioning ATM MPLS points of presence
® Dimensioning edge and backbone links in the network

¢ IP routing in ATM MPLS networks

e Label Switch Controller (LSC) redundancy

¢ Refining the design as soon as the network is operational

These steps are discussed in the following sections.

Designing and Dimensioning ATM MPLS Points of Presence

There are a number of ways to connect a customer edge (CE) router to an ATM MPLS network. These
functions can be implemented on various types of equipment and can be combined with access equipment in
various ways. They are shown in Figure 5-1.

Figure 5-1. Connecting a CE to an ATM MPLS Network
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The three ways of connecting a CE to an ATM MPLS network are explained in the following sections.

ATM MPLS Network with Cell-Based Edge LSRs

The simplest ATM MPLS network structure is shown in part a) of Figure 5-1. CEs are connected directly to
router-based ATM eLSRs, typically a Cisco 7200 or 7500 series. The edge Label Switch Routers (LSRs) are
connected by ATM links to the core devices, which are ATM LSRs. The ATM LSRs may be BPX-8650 IP +
ATM switches, MGX-8850 with PXM-45, MGX-8950, LS-1010, and other ATM switches.

Mixed Cell and Frame-Based MPLS Edge LSRs

You can have a network with a mixture of ATM MPLS and frame-based MPLS. A simple example of this is
shown in part b) of Figure 5-1. In a network such as this, some links run packet-based MPLS, and some links
run ATM MPLS. A cell-based backbone and a frame-based backbone may also exist. The devices that
interface between packet-based MPLS and ATM MPLS are the same routers that act as ATM MPLS edge
LSRs as well as packet-based LSRsanything from a Cisco 3600 up to a Cisco 12000.

MPLS Edge LSRs with Access Devices

ATM MPLS networks with router-based edge LSRs may also use access devices, as shown in part ¢) of
Figure 5-1. The access devices can either be separate pieces of equipment or MGX-8230 or MGX-8250
access concentrators. This happens when access is required through a device that does not support MPLS
services. There are some common situations in which this is required:

e Access is required to IP, Frame Relay, and ATM services through a single access device. The most
common example when the access device doesn't support MPLS services is through the use of the
MGX 8220. The access concentrator can support MPLS services such as the MGX-8230 or
MGX-8250 access concentrator through the use of route processor module (RPM) cards. In this case,
the access device can support legacy services in two different ways:

- Normal Frame Relay or ATM services This refers to Frame Relay or ATM point-to-point
PVC mesh services.

- [P-enabled Frame Relay or ATM services MGX-8230 and MGX-8250 multiservice
switching concentrators can [P-enable legacy services through the use of an RPM card in a
point-to-cloud or point-to-network fashion. In this case, the CEs are connected through T1/E1
or fractional T1/E1 links to the MGX multiservice shelf, and the MGX cross-connects those
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PVCs to an RPM card to support connectionless IP VPN services.

¢ Higher densities of low-bandwidth access lines can be better supported by way of an access device
than by simply using edge LSRs.

® Both point-to-point PVCs and MPLS VPN services are required by the customer network (C
network).

ATM Label Switch Routers
There are in essence six main considerations when choosing ATM LSRs:

¢ LSR processing power and switching capacity
® Types and speeds of links

® Number of links

e Number of connections to be supported

® Whether VC-merge is required

® Redundancy and reliability requirements

Label Virtual Circuit (LVC) Resources

One logical connection number (LCN) is used for each first-level label allocated in an
LVC in the core network. A first-level label is assigned to each Forwarding
Equivalence Class (FEC) in the MPLS network (that is, for each entry in the global
routing table that has a specific class of service). The global routing table in the
network normally consists of the loopback addresses of each participating MPLS
router, both LSR and eLSR. Therefore, the number of LCNs needed is directly related
to the number of addresses in the global routing table. For example, it would not be
possible to introduce the full Internet table (currently over 110,000 routers) into the
global routing table because there would not be enough logical channels. An MPLS
network should be designed to be simple in the core, with the objective of allowing
edge LSR reachability through shortcut LVCs.

NOTE

It is important to remember that the LCN assignment is arranged into different port
groups in multiservice switching line cards (LCs). The arrangement is either
Broadband Switch Module (BXM) line cards for BPX switches, Universal Switch
Module (UXM) line cards for IGX switches, or ATM Switch Service Module
(AXSM) line cards for MGX-8850 and MGX-8950 switches.

As a good general design practice, when you interconnect LC-ATM links in the same
line card, the busier links should not be configured in the same port group. Not taking
this into consideration increases the possibility of exhausting the LCN pool.

Multiservice switching software contains an algorithm for allocating LCNs to service
groups (partitions) within the port group on the line cards according to their minimum
and maximum requirements. A number of LCNs can be held in a common pool,
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depending on the ratio of the configured maximum to the sum of the minimum. The
formula that governs the LCN allocation and VSI partitions and common pools is
covered in Chapter 2, "SCI: Virtual Switch Interface." Refer to the section "Hard,
Soft, and Dynamic Resource Partitioning" in that chapter for formulas and further
details.

Dimensioning MPLS LVC Space

Many of the issues in designing MPLS networks are similar to those in designing
ordinary IP networks. One important exception to this resemblance is the
dimensioning of MPLS LVC requirements on each link. A sufficient number of
virtual circuits (VCs) must be reserved for use as LVCs on each link, based on a
worst-case scenario. VCs are precious resources that need to be controlled. This is
particularly important if multiple controllers, such as MPLS, PNNI, and redundant
MPLS LSCs, are sharing the links' VSI VC resources. The design dilemma is
determining how many LVCs are required on a per-link basis and in a worst-case
scenario.

The required number of LVCs depends on the following:

® The number of IP destinations in the network, not counting blocked
destinations

® The number of classes of service in a multi-vc environment, in which multiple
LVCs are requested per destination

® The number of nodes with eLSR functionality

® Whether VC-merge is used

® The paths chosen by IP routing

Destinations

The number of LVCs used in a particular area of a network depends on the number of
IP destination prefixes advertised in that area. These prefixes include the following:

® Loopback address of all routers in the area.

® The subnet address-prefix of any numbered point-to-point link. Because of
this, it is best to use unnumbered links in MPLS networks or to configure the
router not to request LVCs for numbered link destinations.

® Any other address prefixes advertised into the area. If addresses are
summarized into a single address prefix at the area border router (or
autonomous system boundary router), this counts as a single destination
prefix.

It is strongly recommended that you not share eLSR and LSC functionality in a single
router. The LSC should be a dedicated router not terminating customer traffic. It is
also recommended that you disable headend and tailend edge functionality in the
LSC, as covered in the section "Running Out of LVCs" in Chapter 6, "MPLS
Implementation and Configuration."
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Calculating the Number of LVCs Required

To ensure proper functioning of the network, you need to allocate enough resources to

support a worst-case scenario for the number of LVCs required. The problem we are
trying to solve is shown in Figure 5-2.

Figure 5-2. LVC Usage in an MPLS MSS Network
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It is important to emphasize one of the concepts mentioned at the beginning of the
section "Label Virtual Circuit Resources" earlier in this chapter: The connections or
channel resources in the controlled switches are called logical connection numbers
(LCNSs), and different LCs support different numbers of LCNs. One LCN is used for
every first-level label allotted in the core network, for every forwarding equivalence
class (FEC) defined by a global routing entry and class of service. The number of
LCNs needed is directly related to the number of FECs in the MPLS network. VSI
provides a clean separation between the control and forwarding planes. Remember
that LVC is a controller concept, and an LCN is a switch entity.

To calculate the number of LCNs required, you must take into account the number of
edge LSRs behaving as MPLS devices in the MPLS network.

Equation 5-1 shows the formula used to calculate the number of LCNs required in the
core network in a worst-case scenario of link failures.

Equation 5-1 Worst-Case LVC Usage in an MPLS Link

"
_cxin+d)” ip n ‘
L 5(—-“{ - if 3<d<3xn-4

L<exn=1)d=n+2) if d23xn-4

The symbols used in Equation 5-1 are as follows:

e [ = Number of active LVCs in an MPLS link.
e ¢ = Number of classes of service.
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* n = Number of eLSRs.
¢ d = Number of destinations. Destinations blocked for LVC requests are not
counted.

During the calculation of Equation 5-1, the following simplifications take place and
need to be true in order to use the formula:

e All eLSRs contribute with at least one destination.
® The number of eLSRs is greater than 2.

® The number of destinations is greater than 3.

If those conditions are not met, Equation 5-2 must be used.

Equation 5-2 LVC Usage in an LSR Link Without VC-Merge

L<exdx(n-1)

In the most general case, you can calculate the LCN requirement in a specific link by
counting the sources (routers) and destinations (IP prefixes) at both ends of a link and
using Equation 5-3.

Equation 5-3 General-Case LVC Usage Calculation

L <c¢x (ny x (/2 + 11y X ""l )

In Equation 5-3, subindex 1 indicates one side of the link, and subindex 2 indicates
the other side of the link. The calculation is based on the fact that each eLSR (n;) from
one side requests LVCs for all destinations (dj) on the other side, and vice versa.

At the edge of the network, Equation 5-3 can be simplified by assuming that subindex
1 corresponds to the eLSR side, so the following are true:

* n, = 1 There is only one eLSR.
e d, =1 The eLSR is advertising only one prefix by summarization.

Based on that, the formula shown in Equation 5-4 can be used for eLSRs.

Equation 5-4 LVC Usage Calculation in eLSR Links Without VC-Merge

L = ¢x(dy+n,)

It is critical to take into account that by default, LSRs and LSCs have edge
functionality. By default, they have eLSR behavior in the sense that LSRs and LSCs
request headend LVCs for the destinations they learn and respond to tailend LVC
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requests for their own destinations. This behavior can be modified, as described in
Chapter 6 in the section "Running Out of LVCs."

LVC Usage Per Link and VC-Merge
Each MPLS device behaving as an ATM edge LSR requests LVCs for the
destinations it learns through the IGP. If an MPLS multi-vc class of service is used, it

may ask for up to four LVCs for each destination prefix.

The requests for label prefix mappings or bindings flow through the network
according to the paths chosen by the IGP IP routing.

With VC-merge, the LVCs to each FEC are merged at each ATM LSR. This means
that each link has at most one LVC per FEC, where each FEC defines a destination in

the area and a class of service.

Figure 5-3 shows the effect of VC-merge in an MPLS network.

Figure 5-3. VC-Merge Effect in MPLS Networks
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ATM Edge LSRs and VC-Merge

The existence of VC-merge can simplify some of the LVC calculations for links
connecting an eL.SR to an LSR. A VC-merge link has at most one LVC per FEC.
Therefore, the LVC requirement can be calculated as shown in Equation 5-5.

Equation 5-5 LVC Requirement on VC-Merge eL.SRs

L <cxd

ATM LSRs with VC-Merge
The formula shown in Equation 5-5 for merge LVCs also applies to ATM LSRs with

VC-merge. However, another important issue with LSRs needs to be taken into
account: the number of merging LVCs.
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As discussed in Chapter 4, "Introduction to Multiprotocol Label Switching,"
multiservice switches implement VC-merge in the egress line card. On a multiservice
switching ATM LSR, the number of LCNs for each FEC equals one LCN per
incoming merging LVC plus one LCN for the merged root LVC. For example, if 15
LVCs merge into one LVC, the outgoing line card uses 16 LCNs.

The formula shown in Equation 5-6 also needs to be considered.

Equation 5-6 Number of LVCs to Be Merged in an LSR

M<cexdx(k=1)

Equation 5-6 uses the following definitions:

® M = Number of merging LVCs
¢ k = Number of links in the ATM LSR

VP-Tunnels and LVC Usage

Some changes apply when you calculate the number of LVCs on VP-Tunnel
interfaces: When multiple VP-Tunnels exist on an interface, the LVCs on all
VP-Tunnels must be taken into account.

Either equation applicable to eLSR links or LSR links needs to be multiplied by the
number of VP-Tunnels in a physical interface.

To include the presence of VP-Tunnel interfaces in the formulas discussed, Equations
5-1 through 5-5 need to be multiplied for the number of tunnel interfaces in the MPLS
LSR. On the other hand, in order to update Equation 5-6, we need to redefine the
variable k to include not only physical interfaces but also VP-Tunnel interfaces.

Figure 5-4 gives a summary view of LVCs with VC-merge and VP-Tunnels.

VC-merge benefits normally increase when you avoid VP-Tunnels and ATM LSRs
are used.

Figure 5-4. VC-Merge and VP-Tunnels
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VP Tunnels ATM-LSRs

Tips on Saving LCN Resources When Designing ATM-MPLS Networks
Three design tips reduce the number of required LVCs in an MPLS network:

¢ Disable eLL.SR functionality in the LSCs. This includes disabling headend
LVCs and tailend LVCs.

¢ Use unnumbered links whenever possible, or configure all eL.SRs and LSRs
to not request LVCs for the numbered links.

¢ Monitor the IGP, ensuring that unneeded prefixes are not injected into the
global routing table.

These steps are covered in detail with configuration examples in Chapter 6 in the
section "Reducing the Number of LVCs."

Summary of LVC Dimensioning

Table 5-1 summarizes the LVC calculations based on the equations presented in this
chapter.

Table 5-1. LVC Calculation Summary
Without  With
VC-Merge VC-Merge
LSR Equation Equations
5-1if d >= 5-5 and 5-6
n,n>2d
>3

Equation
5-2
otherwise
eLSR Equation  Equation
5-4 5-5
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Two independent scenarios multiply the number of LVCs used in an MPLS network: LSC hot redundancy
and multi-vc class of service.

IP Routing Protocols

This section touches on the subject of IP routing in an MPLS context. The MPLS paradigm builds on existing
IP routing technologies, so there are few new IP routing concepts. In-depth IP routing is outside the scope of
this book. The books OSPF Network Design Solutions and IS-IS Network Design Solutions from Cisco Press
offer in-depth analysis of the two interior routing protocols used the most in MPLS environments.

This section covers interior routing protocol concepts in an MPLS domain, as well as some BGP route
reflector and access routing protocol ideas needed in MPLS VPN environments.

Interior Gateway Protocol

Theoretically, any IGP can be used in an MPLS environment. Link-state protocols such as Open Shortest Path
First (OSPF) and Intermediate System-to-Intermediate System (IS-1S) are needed for MPLS traffic
engineering (TE) applications. They are also the choice of most ISPs. Today, from a Cisco perspective,
features available for OSPF and IS-IS are very similar, if not identical. Link-state technology ensures the
fastest convergence that is loop-free in terms of route calculation.

From an operational point of view, link-state protocols are easier to troubleshoot because all routers have the
same link-state database. In particular, the advantage of IS-IS over OSPF is that a router inserts all the
prefixes it announces on a single protocol packet. Therefore, it is easier to find all the routing information
announced by a particular router.

IS-IS also has scalability and reliability advantages over OSPF:

e Scalability IS-IS allows you to build larger areas than OSPF. Multiple OSPF areas might be necessary
in the core to support the expected number of routers (core and PE routers) especially in the presence
of unstable links. IS-IS has a different routing hierarchy than OSPF. The backbone concept still exists
and has the same functionality for connecting areas. However, the backbone is implemented
differently. It allows for more flexibility, particularly when the backbone must be extended. In IS-IS,
the backbone is not an area, but a contiguous collection of area border routers. It should also be noted
that a flat topology is desirable for traffic engineering applications.

® Fast convergence IS-IS has a faster convergence time, with features such as incremental SPF. Like
OSPF, IS-IS uses Dijkstra's algorithm to compute the topology tree. However, IS-1IS uses fewer
packet types than OSPF to propagate routing information. Therefore, the time taken in determining
how to react to a given packet decreases, speeding up the convergence process. Also, flooding
(especially on broadcast media) is more optimal with IS-IS.

e [ess resource usage [S-IS databases contain one link-state packet (LSP) per router in the routing
domain or the area (depending on the routing hierarchy). All prefixes announced by a router (local
prefixes, redistributed from other protocols) are part of the unique LSP that the router floods on the
network. IS-IS has four different packet types in two forms, level 1 and level 2. The packet type
depends on the router type and not on the nature of the prefix announced on the packet type.
Therefore, the computation of the SPF tree is facilitated by the fact that all the routing information is
on a limited number of LSPs for each router.
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iBGP and Route Reflectors

In an MPLS VPN environment, iBGP sessions need to be set up among all Provider Edge (PE) routers. A full
iBGP mesh is required among all PEs that need the same VPN information. Route reflectors (RRs) provide
scalability and ease of management in that respect. RRs have the following advantages:

® They remove the requirement for a full mesh of iBGP sessions between all PE nodes. RRs relax this
requirement by having the PEs peer with the RRs and then reflecting the routing information.

¢ They require fewer configurations as well as increase the network manageability by eliminating the
full mesh requirement.

® They are more suitable for an iBGP network.

® They are better able to meet future service requirements.

® More RRs can be added as needed to increase performance.

® New RRs can be added to support special services.

RRs are recommended to be dedicated routers similar to PE routers, such as Cisco 72xx routers, as shown in
Figure 5-5.

Figure 5-5. Route Reflectors Connected to the Core

In Figure 5-5, peering is configured between a PE to each of the four RRs. This means that each PE has four
neighbor statements. If not for the RRs, you would need to configure neighbor statements to all the PEs in the
network. A router, or pair of redundant routers, dedicated for route reflector functionality and not in the
forwarding path allows for faster convergence by saving CPU and memory.

You can improve BGP convergence and scalability by grouping neighbors with the same update policies into
peer-groups, making update calculations more efficient (by reducing the number of times the BGP table needs
to be walked) and also lowering CPU and memory requirements. Increasing the input hold-queue and the
maximum segment size (MSS) can also improve the BGP performance. This last case will be covered in
Chapter 7, "Practical Applications of MPLS."
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Access Routing Protocols
As shown in Figure 5-6, access routing defines the routing protocol between the edge LSR (PE router) and a

CE router. The following VPN-aware access routing protocols are supported: static, eBGP, OSPF, RIP2, and
EIGRP.

Figure 5-6. Access Routing Between the PE and CE Routers
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When connecting PE to CE devices, BGP, RIPv2, and static routing use separate routing contexts for each
VREF, and OSPF uses separate routing processes per VRF.

Most CPE routers are connected to the core through static routes. This is true of small VPN sites where the
routing table has few routes. Using static routes would provide a significant advantage for security, but it
would require manual intervention to configure the static routes.

Dynamic routing could be offered as an additional service option, allowing the customer to dynamically

change his network addressing. If dynamic routing were implemented, eBGP would be the preferred routing
protocol when customers are dual homing to multiple PEs or when a large number of routes is present.

ATM MPLS Convergence

The previous section discussed routing protocol concepts including IGP convergence. However, ATM MPLS
networks need a two-stage convergence:

¢ [GP Convergence Core IP routing convergence.
e MPLS Convergence Re-establishment of label mappings.

After the IGP converges, MPLS ATM eL.SRs must resignal for label mappings. This is because the label
distribution is downstream on demand, and the label retention is conservative. So in the event of a change in
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the next-hop, a new label must be requested by signaling downstream.

LSC Redundancy Options

Some of the most appealing features of multiservice switches are all the carrier class RAS and redundancy
features, such as controller card redundancy, switching fabric redundancy, hitless switchovers, line card
y-redundancy, 1:N redundancy, and so on.

However, the LSC and its control interface present a single point of failure, as shown in Figure 5-7.

Figure 5-7. A Nonredundant ATM-MPLS Switch

Single Points of Failure
o

If any one of the LSC components shown in Figure 5-7 failed, it could bring down the BPX-based LSR IP
switching functionality.

To achieve full system redundancy, each individual component of the LSR should be redundant. Apart from
redundant line cards, it is desirable to implement LSC redundancy.

The VSI protocol detailed in Chapter 2 includes some characteristics that make LSC redundancy possible:
¢ VSI allows multiple, independent control planes to control a switch.
e VSI ensures that the master control processes (MPLS, PNNI) can act independently of each other.

® A VSI slave process manages the switch's resources among the different control planes.

All these characteristics are also true when you use two different LSCs to control the ATM switch. Two
different independent control planes can actually be two different LSC instances.

To make an LSC redundant, you perform these basic steps:

e Partition the slave ATM switch's resources.

e Assign one resource partition to one LSC and another resource partition on the same physical
interface to the redundant LSC.
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¢ Both LSCs independently control the controlled switch. They use a different VSI controller-id.
® The LSCs need to have different nonoverlapping VPI ranges assigned on the same physical interface.
® The XTagATM interfaces in different LSCs pointing to partitions of the same physical interface must

have different control-vcs.

To achieve full redundancy, you use a parallel model, as shown in Figure 5-8.

Figure 5-8. LSC Redundancy Model
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In Figure 5-8, ATM switch physical interfaces 1 to N are mapped to VSI slaves 1 to N from LSC-1. Similarly,
the same physical interface is mapped to VSI slave N+1 to 2N from LSC-N-1. This mapping also results in
independent masters and parallel network topology.

In this parallel redundant LSC model, each LC-ATM interface is extended to all its redundant LSCs. If two
LSCs are present for redundancy, as shown in Figure 5-9, the four switch ATM physical interfaces are
mapped as four XTagATM interfaces at LSC-1 and another four XTagATM interfaces at LSC-2. The
mapping is independent and local to the LSC. One LSC mapping is not visible from the other LSC.

Figure 5-9. Redundant LSC Model for an ATM-LSR
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Both LSCs could be active all the time. The same sets of VSI slave protocol instances should be running in
the controlled switch. In each LSC, only one VSI master runs all the time.

In the case of LSC redundancy, there is a slight change in the configuration of edge LSRs. This is shown in
Figure 5-10. Instead of two ATM MPLS subinterfaces, you have to create four ATM MPLS subinterfaces at
the edge LSRs. Two of the four interfaces are connected to LSC-1, and the other two are connected to LSC-2,
as shown in the figure. LSC redundancy eliminates the single points of failure.

Figure 5-10. Redundant LSC Model Attaching an ATM eLSR
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From a logical standpoint, the LSC redundancy model creates a parallel route topology, as shown in Figure
5-11. This provides redundancy in the route tables at the eLSRs.

Figure 5-11. Virtual View When Using LSC Redundancy
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Levels of LSC Redundancy

There are two levels of LSC redundancy:

143

¢ Hot redundancy Uses both redundant paths to route traffic. Both paths are set up to use the same
routing cost so that traffic is load-balanced between the two paths. Hot redundancy uses twice the
number of LVCs as warm redundancy but offers a higher level of resiliency. Either logical path is
redundant to the other, and there's no traffic interruption in the event of failure.

e Warm redundancy Uses only one path (one LSC) at a time. The paths are set up so that one path has a
higher cost than the other. Traffic uses only the lower-cost path. The other path is a backup path. In
this case, the failover time equals the sum of the reroute time and the LDP mapping request time.

NOTE

Although it was just mentioned, the fact that hot LSC redundancy mode uses twice as many LCN resources as
a non-LSC redundant MPLS network is important enough that it deserves its own note.

The logical and physical views of both redundancy levels are shown in Figure 5-12.

Figure 5-12. LSC Redundancy Levels
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LSC redundancy not only enhances network reliability but also provides increased flexibility. For example,
the following operational steps can be performed in one logical network without affecting the other:

¢ Changing the configuration in a live network

¢ Upgrading the software image without rebooting the entire system

e Upgrading LSC gracefully

® Running different or experimental configurations or software images
¢ Switching from warm to hot redundancy on-the-fly
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Having several LSCs active on a single BPX switch turns the switch into several separate logical ATM-LSRs,
as shown in Figure 5-13. Each logical ATM-LSR acts independently. The ATM-LSRs share the same trunks
by way of VSI partitioning, creating separate logical networks.

Figure 5-13. Parallel Redundant LSCs Controlling an ATM Switch
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Figure 5-14 shows the resulting logical network topology when two ATM switches are connected in serial.

Figure 5-14. LSC Redundancy in a Two-Switch Network
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Figure 5-15 shows a more complex physical and logical MPLS redundant network.
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Figure 5-15. LSC Redundancy in a Three-Switch Network
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Link Bandwidth Considerations with LSC Redundancy

The LSC redundancy model requires that two LSCs manage resources in the control switch. Three different
ways exist for multiple LSCs to control interface resources in the switch:

e Virtual trunks or VNNI This mode provides better separation of bandwidth resources between the
LSCs. Its disadvantage is that bandwidth cannot be shared between different virtual trunks. This is
because different virtual interfaces such as virtual trunks actually use different sets of queues and
shaping devices on the line-card hardware. Therefore, bandwidth cannot be used upon LSC failure,
and bandwidth assigned to the failed LSC is locked up. An example is LC-ATM 1.2.1 partition 1 for
LSC1 and LC-ATM 1.2.2 partition 2 for LSC2. In this mode, no control-vc collision is possible
because the control-vc's VPI must be within the resource partition.

® Physical interface with multiple partitions This mode can share bandwidth between partitions
belonging to different LSCs. An example is LC-ATM 1.2 partition 1 for LSC1 and LC-ATM 1.2
partition 2 for LSC2. In this mode, control-vcs can collide and need to be manually configured, as
they default to use VPI=0 in both LSCs.

e Different physical interfaces for different LSCs An example is LC-ATM 1.2 partition 1 for LSC1 and
LC-ATM 1.3 partition 2 for LSC2. No control-vc collision is possible because the two LSCs control
different physical interfaces, but resources can be underused.

Figure 5-16 shows the difference between using multiple VSI partitions and multiple virtual trunks in a
physical interface for LSC redundancy.

Figure 5-16. Interface Bandwidth and LSC Redundancy
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In Figure 5-16, you can see that a virtual interface (VI) is assigned to each interface in the controlled switch.
This is done for physical interfaces as well as for virtual trunks and VNNI/VUNI interfaces. Each VI has in
turn 16 class of service buffers (CoSBs) and a scheduler to serve bandwidth among them depending on the
load and priority level of the CoSBs. There is a two-level bandwidth distribution in each CoSB based on
guaranteed and excess bandwidth. A VI is defined as a group of CoSBs treated as a logical interface.

In a physical interface with multiple partitions, there is only one VI with 16 CoSBs, so different partitions can
share the bandwidth in a CoSB for a given class. The formulas comparing the sum of the minimum bandwidth
values and the largest maximum bandwidth values studied in the Chapter 2 section titled "Hard, Soft, and
Dynamic Resource Partitioning" govern the bandwidth sharing. On the other hand, in a physical interface with
virtual trunks or VNNI/VUNI interfaces, every virtual trunk has its own VI with 16 CoSBs each. Therefore,
connections from different virtual trunks are serviced in different CoSBs, even for the same class of service.

Because of the bandwidth considerations just covered, it is recommended that you use multiple partitions
whenever possible. You should use virtual trunks only when they are necessary for other reasons, such as
connecting multiple RPM edge LSR devices in an MGX-8230 or MGX-8250 multiservice concentrator to an
ATM MPLS LSR.

Summary

This chapter covered ATM MPLS design concepts. Different ATM MPLS architectures were presented, and
detailed explanations of LCN requirements and LVC calculations were given.

This chapter ended with a discussion of LSC redundancy options and benefits. You are now ready to delve
into MPLS configuration in multiservice switching networks.

Network design is an ongoing process. Network status and values need to be calculated and measured
periodically, providing a feedback loop that refines the design.

Chapter 6. MPLS Implementation and Configuration

In this chapter and Chapter 7, "Practical Applications of MPLS", we will implement an Multiprotocol Label
Switching (MPLS) network detailing the configuration steps and linking them to all the concepts you already
know. The approach of these two chapters is the one a service provider or Enterprise network engineer would
take. In this chapter we will implement the MPLS network that will serve as the foundation for services built
on top of it. Different implementations of ATM MPLS LSRs and eLLSR will build this MPLS network. In
Chapter 7, we will configure a basic MPLS VPN. Finally, we will enable quality of service following the
DiffServ model.

An important part of this chapter is that in addition to covering BPX-8600, IGX-8400, MGX-8850, and other
platforms, a generic configuration model is introduced. Along with that common configuration model, we will
present a summary of commands. The final part of MPLS implementation and configuration will be spent
covering some troubleshooting scenariosnotably, Label VC (LVC) starvation.
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MPLS Configuration in MSS

The goal of the following sections is to bring up a multiservice switching MPLS network that can be deployed
in a service provider or enterprise customer. This network has three Points of Presence (PoPs), each with one
Label Switch Router (LSR) and two edge Label Switch Routers (eLSRs), also called Label Edge Routers
(LERs). Following MPLS VPN terminology, the LSRs are marked P (Provider), and the eL.SRs are labeled PE
(Provider Edge).

Each LSR is composed of a controlled switch and a Label Switch Controller (LSC). Each PoP has a different
LSR platform implementation but the same MPLS controller software (which is the heart of the multiservice
switching architecture). A full mesh interconnects the three PoPs, forming a triangle. In summary, the
objective is to configure the network shown in Figure 6-1.

Figure 6-1. MPLS Network
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This MPLS network will be the foundation for the MPLS VPN and MPLS QoS configuration in the next
chapter.

Generic Configuration Model

Before jumping into specific configurations, we will start by building a generic configuration model,
removing the specifics and concentrating on the shared structure. The tasks required for LSR and eLSR
bringup and setup are the same in all platform implementations, but they have different command sets. The
key here is to understand the ideas and interconnect them with the previous chapter's concepts. All the specific
configurations will come up naturally as a result of recognizing these general ideas.

After all the configuration cases in the following sections, a summary of all the commands and their contexts
following this model is included in the later section "Summary of MPLS Configuration Commands."
Generic LSR Bringup

The common LSR bringup can be broken into four major steps. Steps 1 and 2 are performed in the controlled
switch, and Steps 3 and 4 are applied to the LSC. Figure 6-2 shows these steps.
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Figure 6-2. Generic LSR Bringup Model
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In BPX-8600 and 1GX-8400 implementations, the first step includes a set of configuration tasks:

¢ Up the trunk in the BPX.
¢ Up a line. Add and then up the corresponding port in the IGX.
¢ Configure the resource partition in both BPX and IGX.

In MGX-8850 platforms, the partition configuration is performed in the RPM-PR card and is automatically
sent to the PXM-45 card where the VSI slave lives.

In the BPX-8600 and IGX-8400 implementations with an external controller, the controller cannot be added
(Step 2 in Figure 6-2) if the control interface is in alarm (such as a Loss of signal [LOS] Red Alarm).
MGX-8850 implementations, as well as URM LSC in IGX-8400, do not have this check because the control
interface is internal (such as the switch interface in MGX-8850) and cannot be shut down.

Steps 2 and 3 can be swapped, such that Step 3 is performed before Step 2. The order presented in this section
was chosen so that the LSC configuration would be separated from the controlled switch configuration.
Generic eLSR Bringup

We can also build a diagram for the eLSR configuration. It starts with the LSR configured and involves two

different paths: the LSR side and the eL.SR side. Figure 6-3 shows this process. The LSR portion is on the left,
and the eL.SR part is on the right.

Figure 6-3. Generic eLSR Bringup Model
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Figure 6-3 is straightforward. However, we can outline some details.

Step 1 can also involve bringing up and configuring the physical and ATM layers of the line in the controlled
switch. It also includes configuring Class of Service Buffer (CoSB) resources by mapping a Service Class
Template (SCT). In an AXSM platform, a Card SCT also must be configured with all the ports
administratively down.

In Step 3, the IP address is normally unnumbered to a loopback interface to save IP address and LCN
resources.

Step 7 does not have an equivalent step in the LSR. This is because the VSI interface messages in the LSR
learn the logical interface's VPI range and VP tunnel characteristics. On the other hand, in the eL.SR, there is
no partitioning of resources or VSI protocol, so we need to explicitly configure those parameters. Both
configuration commands (vp-tunnel and vpi) have an extra optional parameter that limits the VCI range at the
control plane. The parameter vci-range is extremely important in cases where the slave cannot partition VCI
resources.

Finally, the optional control-vc VPI/VCI configuration must match in both ends.

Tag Switching or MPLS?

We can configure tag switching using TDP (Tag Distribution Protocol) or MPLS using standards-based LDP
(Label Distribution Protocol) on LSRs and eL.SRs. As you know, tag switching is a precursor of MPLS.
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Functionally, LDP is a superset of TDP, and the protocol exchange patterns are almost identical between the
two protocols. They have similar messages with different names (Open PIE and Request Bind PIE in TDP
correspond to Initialization Message and Label Request Message in LDP) and different UDP ports (for
session discovery) and TCP ports (for session establishment).

From an operations standpoint, Cisco IOS Parser has tag-switching and MPLS options for most commands.
(There are no tag-switching commands for MPLS-specific functions such as a TCP MDS5 signature of an LDP
session or Path Vector type-length-value [TLV] loop detection.) You can configure either distribution
protocol (TDP or standard LDP) with either form of the commands (tag-switching or mpls). One global and
interface configuration command configures the use of TDP or LDP. That command is mpls label protocol
{I1dpltdp}. The [sub]interface form of the command also has a both option to simultaneously run TDP and
LDP. That command has only the mpls form.

In this chapter, we will configure standards-based MPLS running LDP using the mpls form of the commands.
By default, the commands are saved to configuration in their tag-switching form. This is done for backward
compatibility, in case you want to use that configuration on a router without mpls commands.

BPX-8600- and MGX-8250-Based PoP

The first PoP is made up of one LSR and two eLSRs. A BPX-8620 controlled switch and a Cisco 7204-based
LSC (external controller) form the LSR. The two eLSRs are RPM/B cards in an MGX-8250 edge concentrator
shelf. The PXM-1 controller card in the MGX edge concentrator connects to the BPX. The details of the setup
are shown in Figure 6-4.

Figure 6-4. BPX-8650- and MGX-8250-Based PoP
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We will study this case in two main steps. First we'll look at the configuration steps to bring up the LSR, and
then the steps to attach the eL.SRs.
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ATM LSR Bringup: BPX + LSC

We start the configuration by upping and configuring the 3.1 trunk that connects the BPX to the LSC (see
Example 6-1). That interface is the control interface. On the trunk configuration, using cnftrk, we will leave
the statistical reserve non-null. Even though there is no CC traffic to protect, we will protect VSI protocol
traffic.

Example 6-1. Upping the Control Interface in a BPX-Based LSR

P1-b8620 TN Cisco BPX 8620 9.3.30 Nov. 23 2001 14:47 GMT
TRK Type Current Line Alarm Status Other End
3.1 0C3 Clear - OK -

Last Command:

256 PVCs allocated. Use 'cnfrsrc' to configure PVCs
Next Command:

We define a partition on the control interface so that VSI has resources to control. In this resource partition,
we leave no resources (LCN and bandwidth) for PVCs because we will have only VSI traffic and
VSI-controlled MPLS traffic. From the three VSI partitions that the BXM card supports, we enable partition
ID 1 for MPLS. See Example 6-2.

Example 6-2. Creating a VSI Resource Partition

P1-b8620 TN Cisco BPX 8620 9.3.30 Nov. 23 2001 14:50 GMT

Trunk : 3.1
Full Port Bandwidth: 353208

Maximum PVC LCNS: 0 Maximum PVC Bandwidth: O
PVC VPI RANGE [1]: -1 /-1 PVC VPI RANGE [2]: -1 /-1
PVC VPI RANGE [3]: -1 /-1 PVC VPI RANGE [4]: -1 /-1
Partition : 1 2 3
Partition State : Enabled Disabled Disabled
VSI LCNS (min/max): 500 /1000 0 /0 0 /0
VSI VPI (start/end): 1 /4 0 /0 0 /0
VSI BW (min/max): 348207 /348207 0 /0 0 /0
VSI ILMI Config: CLR CLR CLR

Last Command:
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Next Command:

NOTE

Strictly speaking, a resource partition on the control interface is not needed to add the controller because VSI
communication occurs on the VSI VCs. However, without a resource partition, VSI can't set up a
cross-connect with a leg in the control interface (such as the private legs of the control-vcs) because it has no
resources to control.

At this point, interface 3.1 is in LOS alarm. We need to clear that alarm to proceed with adding the controller
(see Example 6-3) so that we can move on to the LSC configuration.

Example 6-3. Adding a Label Switch Controller

P1_LSC_c7204#

P1_LSC_c7204#

Enter configuration commands, one per line. End with CNTL/Z.
P1_LSC_c7204 (confiqg) #

P1_LSC_c7204 (config-if)#

P1_LSC_c7204 (config-if)#

P1_LSC_c7204 (config-if)#

18:02:14: $LINK-3-UPDOWN: Interface ATM3/0, changed state to up
18:02:15: $LINEPROTO-5-UPDOWN: Line protocol on Interface ATM3/0, changed state to up
P1_LSC_c7204 (config-if)#

P1_LSC_c7204#

We use the interface-level command label-control-protocol to specify that this is an LSC and that VSI will be
used to manage a controlled switch. In this case, we specify a controller ID of 1 and a base-vc for VSI
communication of VPI/VCI = 0/40. The base-vc is the VPI/VCI value for slave 0. These are the LSC default
values, and they need to match in the controlled switch.

We are ready now to start VSI communication by adding the VSI controller. To do so, we go to the BPX and
use the command addshelf with the VSI option, as shown in Example 6-4. Adding a VSI shelf means adding a
VSI controller.

Example 6-4. Starting VSI Communication from the BPX-8600

P1-b8620 TN Cisco BPX 8620 9.3.30 Nov. 23 2001 15:01 GMT
BPX 8620 Interface Shelf Information

Trunk Name Type Control_VC Alarm

VPI VCIRange
3.1 VSI VSI 0 40-54 OK
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Last Command:

Shelf has been added
Next Command:

The addshelf command triggers the creation of the VSI virtual circuits (VCs), both master-slave and
slave-to-slave VCs.

The addshelf command also assigns resources in the LC-ATM interfaces to the specific controller. Mapping
the partition ID to the controller ID does this. In this case, the controller with an ID of 1, which is the LSC,
controls resource partition 1 in all interfaces.

NOTE

We could have selected any partition ID (1 to 3 in the BPX) and any controller ID. However, if we want to
also run PNNI in the BPX, the service expansion shelf (SES) PNNI controller has a fixed controller ID of 2.

We can check the controller configured in a BPX switch by using the command dspctrlrs.

From the LSC, we can check the status of VSI communication using the command show controllers vsi, as
shown in Example 6-5.

Example 6-5. Showing the VSI Sessions

P1_LSC_c7204#

Interface Session VCD VPI/VCI Switch/Slave Ids Session State
ATM3/0 0 1 0/40 0/0 UNKNOWN
ATM3/0 1 2 0/41 0/0 UNKNOWN
ATM3/0 3 4 0/43 0/0 UNKNOWN
ATM3/0 4 5 0/44 0/0 UNKNOWN
ATM3/0 5 6 0/45 0/0 UNKNOWN
ATM3/0 6 7 0/46 0/0 UNKNOWN
ATM3/0 7 8 0/47 0/0 UNKNOWN
ATM3/0 8 9 0/48 0/0 UNKNOWN
ATM3/0 9 10 0/49 0/0 UNKNOWN
ATM3/0 10 11 0/50 0/0 UNKNOWN
ATM3/0 11 12 0/51 0/0 UNKNOWN
ATM3/0 12 13 0/52 0/0 UNKNOWN
ATM3/0 13 14 0/53 0/0 UNKNOWN

P1_LSC_c7204#

The parameter session displays all the VSI sessions that the VSI master maintains. In the state machine,
ESTABLISHED is the last state for a discovered and active VSI slave. Because we know there's one VSI
session per slave, slaves are also called sessions.
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We can also display all the session details by specifying the session number. Refer to Example 6-6.

Example 6-6. Displaying the VSI Session Details

P1_LSC_c7204+#

Interface: ATM3/0 Session number: 2
VCD: 3 VPI/VCI: 0/42
Switch id: 0
3
Powerup session id: 0x00000001
Cfg/act retry timer: 8/8 Active session id: 0x00000001
Max retries: 10
Trap window: 50 Max/actual cmd wndw: 21/21
Trap filter: all Max checksums: 79
Min/max VSI version: 2/2
Inter-slave timer: 0.004

P1_LSC_c7204#

Session 2 is the only active session at this point. The field Switch/Slave Id is equal to 0/3. The switch ID is 0
and is meaningful only in multishelf slaves because VSI supports multishelf. The slave ID equals the slot
number.

NOTE

The session state is ESTABLISHED for all active BXM cards or VSI slaves in general, even if they do not
have resource partitions.

The parameter descriptor shows the VSI logical interface details, including the Logical Interface Number
(LIN), as shown in Example 6-7. The descriptor is an ASCII field in VSI interface messages that can be
thought of as the interface's "name." Even though we can work with the 32-bit LIN, it's easier for humans to
remember the ASCII descriptor.

Example 6-7. Showing VSI Interface Partition Details by Descriptor

P1_LSC_c7204#

Interface: switch control port

IF status: n/a IFC state: ACTIVE

Min VPI: 1 Maximum cell rate: 348207

Max VPI: 4 Available channels: 1000

Min VCI: 32 Available cell rate (forward): 348207
Max VCI: 65535 Available cell rate (backward): 348207

P1_LSC_c7204#

Finally, we can also enable a debug to see the VSI messages, as shown in Example 6-8.
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Example 6-8. Debugging VSI Packets on a VSI Slave

P1_LSC_c7204#

VSI Master packet debugging is on

Displaying packets on interface ATM3/0, selected slave(s) only
P1_LSC_c7204#

00:35:12: VSI Master (session on ATM3/0 sent msg SW GET CNFG CMD on 0/42
00:35:12: VSI Master (session on ATM3/0 rcvd msg SW GET CNFG RSP on 0/42
00:35:27: VSI Master (session on ATM3/0 sent msg SW GET CNFG CMD on 0/42

00:35:27: VSI Master (session
00:35:42: VSI Master (session
00:35:42: VSI Master (session
P1_LSC_c7204#

on ATM3/0 sent msg SW GET CNFG CMD on 0/42

)
)
)
on ATM3/0): rcvd msg SW GET CNFG RSP on 0/42
)
on ATM3/0): rcvd msg SW GET CNFG RSP on 0/42

NN NN

The VSI messages SW GET CNFG (switch get configuration) command and response are used as keepalives.
As displayed in the VSI session details show command, the keepalive timer defaults to 15 seconds.

NOTE

The VSI channels in the controlled switch can be seen in the BPX-8650 and IGX-8400 platforms using the
command dspvsich {Slot}. Both control-port msvc and interslav channels are displayed, with the local and
remote slots.

The next step is the basic MPLS configuration at the LSR (effectively at the LSC).

In the initial MPLS configuration in the LSC, we enable Cisco Express Forwarding (CEF), we configure the
label protocol to be LDP (as opposed to TDP), we give the LSR a loopback IP address, and we assign that
loopback address to be the LDP router ID to provide LDP stability (see Example 6-9).

Example 6-9. Initial MPLS LSC Configuration

P1_LSC_c7204+%

Enter configuration commands, one per line. End with CNTL/Z.
P1_LSC_c7204 (confiqg) #

P1_LSC_c7204 (confiqg) #

P1_LSC_c7204
P1_LSC_c7204
P1_LSC_c7204
P1_LSC_c7204
P1_LSC_c7204
P1_LSC_c7204
P1_LSC_c7204#

config) #
config) #
config—-if) #
config—-if) #
config) #
config) #

NOTE

The global configuration command mpls label protocol ldp enables LDP in all the interfaces in the LSR. This
command has an interface configuration mode as well, to enable TDP, LDP, or both on a per-interface basis.
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MGX-8250 eLSR Configuration

Now that we have our MPLS LSR, we will attach the two eLSRs. We will first configure the LSR end of the
links to the eLSRs. Then we will bring up the RPM/Bs as eL.SRs.

We are ready to configure the interfaces between LSR and eLSRs. As covered in Chapter 3, "Implementations
and Platforms," we cannot partition resources in the PXM-1 controller card. Therefore, we will add Virtual
Path Connections (VPCs) from the PXM-1 to the RPM/Bs and use VP-Tunnel LC-ATM interfaces.

From the BPX side, we start by upping a virtual trunk, as shown in Example 6-10.

Example 6-10. Upping a VP-Tunnel LC-ATM Interface

P1-b8620 TN Cisco BPX 8620 9.3.30 Nov. 23 2001 15:30 GMT
TRK Type Current Line Alarm Status Other End

3.1 oC3 Clear - OK VSI (VSI)

3.3.1 0oC3 Clear - OK -

Last Command:

256 PVCs allocated. Use 'cnfrsrc' to configure PVCs
Next Command:

We configure the trunk so that we set the statistical reserve to 0 and do not misuse bandwidth resources, as
well as configure the virtual trunk's VPI number. For simplicity, we will use VPI=9 for the RPM/B in slot 9
and VPI=10 for the RPM/B in slot 10. See Example 6-11.

Example 6-11. Configuring the VP-Tunnel from the BPX-8600 Controlled Switch

P1-b8620 TN Cisco BPX 8620 9.3.30 Nov. 23 2001 15:32 GMT

TRK 3.3.1 Config 0oCc3 [2867 cps] BXM slot: 3

Transmit Rate: 3000 VPC Conns disabled: -

Protocol By The Card: -—-— Line framing: STS-3C

VC Shaping: No coding: -

Hdr Type NNI: No recv impedance: -
cable type: -

Idle code: 7F hex length: -

Connection Channels: 256 Pass sync: No

Traffic:v,TS,NTS,FR,FST,CBR, N&RT-VBR, ABR Loop clock: No

Restrict CC traffic: No HCS Masking: Yes
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Link type: Terrestrial
Routing Cost: 10
F4 AIS Detection: No

Payload Scramble:
Frame Scramble:
Vtrk Type / VPI:
Incremental CDV:

Deroute delay time:

157

Yes

Yes
CBR / 9
0

0 seconds

Last Command:
TERRESTRIAL 10 N O NN Y Y Y CBR 9 0

Next Command:

Finally, we partition resources in the virtual trunk, setting the PVC LCNs to O (so as not to misuse LCN
resources). We use partition ID = 1 because that's the one controlled by the LSC. Refer to Example 6-12.

Example 6-12. Creating a Resource Partition in the BPX-8600

P1-b8620 TN Cisco BPX 8620 9.3.30 Nov. 23 2001 15:33 GMT
Virtual Trunk : 3.3.1
Full Port Bandwidth: 3000
Maximum PVC LCNS: 0 Maximum PVC Bandwidth: O
(Statistical Reserve: 0)
PVC VPI RANGE [1]: -1 /-1 PVC VPI RANGE [2]: -1 /-1
PVC VPI RANGE [3]: -1 /-1 PVC VPI RANGE [4]: -1 /-1
2 3
Disabled Disabled
VSI LCNS (min/max): 256 /512 0 /0 0 /0
VSI VPI (start/end): 9 /9 9 /9 9 /9
VSI BW (min/max): 1400 /2867 0 /0 0 /0
VSI ILMI Config: CLR CLR CLR

Last Command:

Next Command:

We can also check that we are using SCT 1 in this virtual trunk, using the command dspvsiif (see Example
6-13). SCT 1 is the default SCT and is an MPLS-only SCT.

Example 6-13. Checking the Service Class Template in the BPX-8600 VSI Slaves

P1-b8620 N Cisco BPX 8620 9.3.30 Nov. 23 2001 15:34 GMT
Virtual Trunk : 3.3.1
VSI Partitions
channels bw vpi
Part E/D min max min max start end ilmi
1 E 256 512 1400 2867 9 9 D
2 D 0 0 0 0 9 9 D
3 D 0 0 0 0 9 9 D
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Last Command:

Next Command:

From the LSC, we can see the just-added partition that is not yet bound to any extended MPLS interface, as
shown in Example 6-14.

Example 6-14. Showing the VSI Partition Details from the LSC by Descriptor

P1_LSC_c7204#

Phys desc: 0.3.1.0
Log intf: 0x00030100
Interface: switch control port

IF status: n/a IFC state: ACTIVE

Min VPI: 1 Maximum cell rate: 348207

Max VPI: 4 Available channels: 1000

Min VCI: 32 Available cell rate (forward): 348207
Max VCI: 65535 Available cell rate (backward): 348207

Interface: n/a

IF status: n/a IFC state: ACTIVE

Min VPI: 9 Maximum cell rate: 2867

Max VPI: 9 Available channels: 512

Min VCI: 32 Available cell rate (forward): 2867
Max VCI: 65535 Available cell rate (backward): 2867

P1_LSC_c7204#

The LSC knows this because the VSI slave in the BXM card sent a VSI interface trap to the VSI master when
we configured the resource partition. This is done so that the LSC is aware of the new virtual interface and its
resources that it has to control.

For the LSC to control those resources, we create an extended MPLS ATM interface (XTagATM), which is
an extension of the physical interface's resources in the BPX switch. See Example 6-15.

Example 6-15. Creating and Configuring an Extended MPLS Interface from the LSC

P1_LSC_c7204#

Enter configuration commands, one per line. End with CNTL/Z.
P1_LSC_c7204 (confiqg) #

P1_LSC_c7204 (config-if)#

P1_LSC_c7204 (config-if)#

P1_LSC_c7204 (config-if)#

P1_LSC_c7204 (config-if)#

18:38:56: SLINK-3-UPDOWN: Interface XTagATM331l, changed state to up
18:38:57: SLINEPROTO-5-UPDOWN: Line protocol on Interface XTagATM331l, changed state
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P1_LSC_c7204#

After creating the XTagATM interface, we enable MPLS in it with mpls ip, unnumber the interface's IP
address to the loopback IP address, and tell the XTagATM interface that is bound to port 3.3.1 in the
controlled switch.

NOTE

Using unnumbered interfaces saves IP addresses as well as precious LCN resources because by default, MPLS
sets up LVCs to all IP addresses in the global routing table.

We can see that the VSI interface is bound to the XTagATM interface. See Example 6-16.

Example 6-16. Displaying the VSI Controller Status

P1_LSC_c7204+%
Interface Name IF Status IFC State Physical Descriptor
switch control port n/a ACTIVE 0.3.1.0

P1_LSC_c7204#

Finally, we need to configure an Interior Gateway Protocol (IGP) in our MPLS network. We choose OSPF
with only the backbone area, as shown in Example 6-17.

Example 6-17. Configuring the IGP

P1_LSC_c7204 (confiqg) #
P1_LSC_c7204 (config-router) #
P1_LSC_c7204 (config-router) #
P1_LSC_c7204#

At this point we can begin the PE router side of the configuration. Portable AutoRoute (PAR) reigns in the
MGX-8250 switch. PAR is the only control plane that manages the MGX-8250 switch resources. So we will
assign the RPM resource partition to PAR and add the VPCs using PAR. This is the reason why we need a
VP-Tunnel LC-ATM interface.

As soon as PAR has learned the VPC from the RPMs to the PXM-1 uplink port and MPLS is configured, the
MPLS control plane sets up LVCs (even though MPLS will not directly manage switch resources). That's the

edge behavior in the architecture.

We will start by adding the 7.2 line and port (so that the PAR controller manages the PAR If), as shown in
Example 6-18. The line 7.1 will be used later, in the section "Adding an AutoRoute Control Plane."
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Example 6-18. Adding a PAR Interface to a Feeder Shelf
m8250-7a.1.7.PXM.a >
m8250-7a.1.7.PXM.a >
m8250-7a.1.7.PXM.a >

Port Status Line PctBw minVpi maxVpi maxRatePct
m8250-7a.1.7.PXM.a >

m8250-7a.1.7.PXM.a >

slot.port type status vpi vci txRate rxRate
7.33 UNI_IF UP 0 to 255 0 to 65535 176604 176604
7.34 UNI_IF UP 0 to 255 0 to 65535 176604 176604
7.35 CLK_IF FAILED 0 to 0 0 to 0 0 0

m8250-7a.1.7.PXM.a >

Then we add the slave end of the VPC, as shown in Example 6-19.

Example 6-19. Adding the VPC Slave Endpoint

m8250-7a.1.7.PXM.a >
Connection ID: m8250-7a.0.2.9.0

m8250-7a.1.7.PXM.a >
m8250-7a.1.7.PXM.a >
Chan Stat Intf locVpi locVci conTyp srvIyp PCR[0+1] Mst rmtVpi rmtVci State

18 MOD 2 9 0 VPC CBR 2867 Slv N/A N/A normal

m8250-7a.1.7.PXM.a >

NOTE
In an MGX-8250 feeder shelf, the command dspcons shows node-wide cross-connects that have a master

endpoint, whereas the command dspchans shows per-card connection endpoint information for both master
and slave endpoints.

The rest of the configuration takes place on the RPM card.

As mentioned, we start with the initial MPLS, CEF, and loopback configuration (see Example 6-20).
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Example 6-20. Initial MPLS Configuration

PE_m8250_RPMB_9#

Enter configuration commands, one per line. End with CNTL/Z.
PE_m8250_RPMB_9 (config) #

PE_m8250_RPMB_9 (config) #

PE_m8250_RPMB_9 (config-if) #

PE_m8250_RPMB_9 (config-if) #

PE_m8250_RPMB_9 (config) #

PE_m8250_RPMB_9 (config) #

We add the PAR resource partition in the RPM to create the VP-Tunnel, as shown in Example 6-21. We
assign all resources to PAR because it is the only control plane that directly controls MGX-8250 switch
resources (and this is why the MGX-8250 supports only edge MPLS functionality).

Example 6-21. Configuring the RPM PAR Resource Partition

PE_m8250_RPMB_9 (config) #

At this point, the RPM switch interface partition is visible to the PAR control plane in the MGX-8250. See
Example 6-22.

Example 6-22. Using the Command

m8250-7a.1.7.PXM.a >

slot.port type status vpi vci txRate rxRate
7.1 FTRK_IF ADDED 0 to 4095 0 to 65535 353208 353208

7.2 UNI_IF UP 0 to 4095 0 to 65535 353208 353208

7.33 UNI_IF UP 0 to 255 0 to 65535 176604 176604

7.34 UNI_IF UP 0 to 255 0 to 65535 176604 176604

7.35 CLK_IF FAILED 0 to 0 0 to 0 0 0

m8250-7a.1.7.PXM.a >

Subsequently, we configure an MPLS subinterface, where we enable MPLS, unnumber the IP address to the
loopback, and configure the interface to be a VP-Tunnel with VPI=9 (see Example 6-23).

Example 6-23. LC-ATM VP-Tunnel Configuration

PE_m8250_RPMB_9 (config) #

PE_m8250_RPMB_9 (config-subif) #
PE_m8250_RPMB_9 (config-subif) #
PE_m8250_RPMB_9 (config-subif) #
PE_m8250_RPMB_9 (config-subif) #
PE_m8250_RPMB_9 (config-subif) #
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At this stage, a valid question is, "Why do we need to configure the interface to be a VP-Tunnel in the PE and
not in the LSC?"

The answer would be, "Because the LSC runs VSI with the controlled switch." And when we configure a
virtual trunk in the BPX switch, the LSC learns through VSI that the interface is VP-Tunnel. In the PE, we
don't have MPLS partitions or VSI. Therefore, there's no mechanism for the PE to learn that the interface is a
VP-Tunnel.

In essence, a VP-Tunnel interface has two implications:

¢ The control-vc will be within the VPI (Tunnel_VPI/32 by default and not in 0/32).
® Only the VCI space (and not also the VPI space) will be the label space. This implies that the VPIs
can be different at both ends.

These ideas are expanded on in the section "A Note on LC-ATM Interfaces."

Finally, as shown in Example 6-24, we add the master end of the PAR VPC and configure the IGP.

Example 6-24. Adding the VPC Master Endpoint

PE_m8250_RPMB_9 (config) #
PE_m8250_RPMB_9 (config) #
PE_m8250_RPMB_9 (config-router) #

At this point, our P-PE LDP session should be up. We follow the same procedure to bring up the RPM in slot
10 as a second PE, and we also add a VPC and configure another MPLS subinterface as a VP-Tunnel between
the two RPMs. The configuration of MPLS subinterface 1.2 connecting the two RPMs is equivalent to the
configuration covered already. The only difference resides in the addcon vpc switch command, in which the
remote slot is the other RPM's slot number. In the addcon vpc switch configuration, one RPM is set up as
master local, and the other RPM is configured as master remote.

This last step is a topology optimization. If that VPC is not there, traffic from one RPM to the other goes
through the BPX. It's also a VPC-level redundancy implementation.
LDP Session, Bindings, and LVC show Commands

We can start by checking the MPLS interfaces. See Example 6-25.

Example 6-25. Using the Command

P1_LSC_c7204#

Interface IPp Tunnel Operational
XTagATM331 Yes (1ldp) No Yes (ATM labels)
XTagATM332 Yes (1ldp) No Yes (ATM labels)

P1_LSC_c7204#

PE_m8250_RPMB_ 9#

Interface IPp Tunnel Operational
Switchl.1l Yes (1ldp) No Yes (ATM labels)
Switchl.2 Yes (1ldp) No Yes (ATM labels)

PE_m8250_RPMB_ 9#
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Note that interface Switch 1.1 is connected (via a VPC) to the BPX-8600-based LSR, and interface Switch 1.2
is connected to the RPM-based eLLSR in slot 10.

We can verify the LDP discovery and the status of the LDP neighbors as well. See Example 6-26.

Example 6-26. Showing the LDP Neighbor Discovery

P1_LSC_c7204#

Local LDP Identifier:
172.27.1.1:0

Discovery Sources:
Interfaces:

P1_LSC_c7204#

The command show mpls Idp discovery should show that the interface is in transmit/receive. It also displays
the remote LDP ID. (The local LDP ID displayed is the per-router LDP ID.)

If the state is xmit only, we are transmitting LDP messages but are not receiving any. We should check the
status of the control-vc at both ends, as well as the CoS buffers (QBins in BXM and UXM) and the routing
configuration. If the status is xmit/recv but the neighbor relationship is not established, there might be a
problem with the routing (such as no route to the destination), or CEF is not enabled.

The LDP identifier uniquely identifies the label space in the network. It is 6 bytes long. The format from RFC
3036 is to use the first 4 bytes (32 bits) as the router ID that uniquely identifies the router in the network and
the remaining 2 bytes as the label space ID that identifies the label space in that router. This is shown in
Figure 6-5.

Figure 6-5. LDP Identifier from RFC 3036 (LDP Specification)

<LSR ld> : <label space id>

Label
Space ID

Router Id

LDP Identifier

With frame-based MPLS, there is a per-router label space, and the label space ID is 0. For LC-ATM
interfaces, because different interfaces can use the same label (VPI/VCI), there is a per-interface label space
with a nonzero ID value.

If for any reason an LDP neighbor is not coming up, we need to use the discovery command. The output
would be blank in the command in Example 6-27 (neighbor) because there's no LDP neighbor yet.
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Example 6-27. Showing the LDP Neighbor Details

P1_LSC_c7204+%
Peer LDP Ident: 172.27.1.128:1; Local LDP Ident 172.27.1.1:1

Up time: 01:04:44
LDP discovery sources:
XTagATM331, Src IP addr: 172.27.1.128
Peer LDP Ident: 172.27.1.129:1; Local LDP Ident 172.27.1.1:2

Up time: 00:02:00
LDP discovery sources:
XTagATM332, Src IP addr: 172.27.1.129

In an LDP peering relationship, there is an active LDP peer and a passive LDP peer. The active peer has the
responsibility of connecting to the passive LDP peer in the LDP well-known port (646). The LSR with the
largest LDP ID is the active LDP peer.

This can be seen in the show mpls 1dp neighbor command:

TCP connection: 172.27.1.128.11015 - 172.27.1.1.46
TCP connection: 172.27.1.129.11003 - 172.27.1.1.46

172.27.1.128 is larger than 172.27.1.1. And 172.27.1.129 is also larger than 172.27.1.1.

The UDP port for LDP hello messages (discovery) is 646. The TCP port for establishing LDP session
connections is 646. If the label protocol were TDP (instead of standard LDP), the well-known ports would be
711 for UDP and TCP:

TCP connection: 10.10.10.5.11138 - 10.10.10.3.
TCP connection: 10.10.10.2 - 10.10.10.3.11001

Going back to our MPLS network running standards-based LDP, we can check the ATM MPLS local, remote,
and negotiated capabilities, as shown in Example 6-28.

Example 6-28. Showing the ATM LDP Capabilities

P1_LSC_c7204#

VPI VCI Alloc 0dd/Even VC Merge
XTagATM331 Range Range Scheme Scheme IN OouT
Local [9 - 9] [33 - 65535] BIDIR EVEN NO NO
Peer [9 - 9] [33 - 65518] UNIDIR ODD - -
VPI VCI Alloc 0dd/Even VC Merge
XTagATM332 Range Range Scheme Scheme IN OouT
Local [10 = 10] [33 - 65535] BIDIR EVEN NO NO
Peer [10 - 10] [33 - 65518] UNIDIR ODD - -

P1_LSC_c7204#

164



165

We see with this command the Local, Peer, and Negotiated ranges. One thing to mention is that on a
BPX-8650, IGX-8400, or MGX-8850 switches, the Allocation Scheme is always bidirectional (because they
don't support unidirectional cross-connects). This means that a VPI/VCI pair can appear in only one binding.
It can be unidirectional in an eL.SR (such as RPM cards) because it is not cross-connecting but terminating
LVCs. The Negotiated Scheme is unidirectional only if both Local and Peer are unidirectional. In a
bidirectional Allocation Scheme, either peer is bidirectional. One peer allocates even VCls, and the other odd
VClIs. The peer with the lower TDP ID uses even.

NOTE

The definition of unidirectional and bidirectional, as well as the MPLS capability command output, are
consistent with industry-standard ATM usage and nomenclature. Nonetheless, they are exactly the reverse of
the IETF LDP specification (RFC 3036) definition.

These capabilities are negotiated as part of the LDP initialization message, in the optional parameters, with the
ATM session parameters (type 0x0501 and variable length), according to RFC 3036 (LDP specification).

They include merge capability, VC directionality, and one or more ATM label range components.

The label distribution mechanism used in ATM MPLS is Downstream on Demand. It distributes per-interface
label space (label-controlled ATM).

The upstream LSR requests a label for a specific destination from the downstream LSR. Label VCs are built
from headend platform to tailend platform.

It is important to note that "on demand" is not traffic-related. "On-demand" means "whenever the LSR learns
a destination." It could be called "upstream-controlled" (as opposed to frame-based MPLS, which is
downstream-controlled).

Figure 6-6 shows an example of the distribution for the destination D learned by R1.

Figure 6-6. Downstream on Demand Label Allocation
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Figure 6-6 shows the headend and tailend platforms, as well as transit platforms. In summary, headend LVCs
originate at this router, tailend LVCs terminate at this platform, and transit LVCs pass through this switch.

NOTE

We can use the global configuration command mpls 1dp atm control-mode to change between independent
(answering requests for label mappings immediately, without waiting for a label mapping from the next hop)
and ordered (transmitting a label mapping only for a Forwarding Equivalence Class (FEC) for which it has a
label mapping for the FEC next hop) Downstream on Demand LVC setup. Please refer to RFC 3036 for more
details.

The bindingsor, more precisely, the LIB (Label Information Base)can be displayed using three commands.
First (see Example 6-29) is show mpls ldp bindings.

Example 6-29. Showing the LDP Bindings

P1_LSC_c7204+#

172.27.1.128/32, rev 8
local binding: label: 16
172.27.1.129/32, rev 10
local binding: label: 17
P1_LSC_c7204+%

This command is not useful here because it displays only the generic (not LC-ATM) bindings. We included it
to show that for an attached destination, the label advertised for frame-based is implicit-null.

The command that is important for this scenario is show mpls atm-ldp bindings. It displays the ATM label
binding database, as shown in Example 6-30.

Example 6-30. Showing the ATM LDP Bindings

P1_LSC_c7204+%
Destination: 172.27.1.1/32
Tailend Switch XTagATM331 9/34 Active —-> Terminating Active, VCD=3
Tailend Switch XTagATM332 10/34 Active —-> Terminating Active, VCD=2
Destination: 172.27.1.128/32
Headend Switch XTagATM331 (1 hop) 9/33 Active, VCD=4

Destination: 172.27.1.129/32
Headend Switch XTagATM332 (1 hop) 10/35 Active, VCD=3

P1_LSC_c7204

The transit bindings are specifically the LSC functionality. In an eLSR, you see headend and tailend LVCs,
but not transit. The LSC by default also has eLSR functionality, and that's why you also see headend and
tailend bindings. 172.27.1.1/32 is a local destination, for which you see only tailend LVCs. The other two
destinations are remote destinations, and that's why you see headend LVCs.
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One further command (see Example 6-31) actually combines the output of the previous two: show mpls ip
binding. The optional parameter [atm] displays only atm-ldp bindings.

Example 6-31. Using the Command

P1_LSC_c7204#
172.27.1.1/32

in label: imp-null
in vc label: 9/34 lsr: 172.27.1.128:1 XTagATM331
Active egress (vcd 3)
in vc label: 10/34 lsr: 172.27.1.129:1 XTagATM332
Active egress (vcd 2)
172.27.1.128/32
in label: 16
out vc label: 9/33 lsr: 172.27.1.128:1 XTagATM331
in vc label: 10/36 lsr: 172.27.1.129:1 XTagATM332
Active transit
out vc label: 9/35 lsr: 172.27.1.128:1 XTagATM331
Active transit
172.27.1.129/32
in label: 17
out vc label: 10/35 lsr: 172.27.1.129:1 XTagATM332
in vc label: 9/38 lsr: 172.27.1.128:1 XTagATM331
Active transit
out vc label: 10/33 lsr: 172.27.1.129:1 XTagATM332
Active transit

P1_LSC_c7204

NOTE

In non-TTL (Time to Live) decrementing media such as ATM, the hop count is calculated using the Hop
Count TLV in the LDP label mapping message.

Finally (see Example 6-32), we can display the Label Forwarding Information Base (LFIB) in the eLSRs or
the LSC using the command show mpls forwarding-table.

Example 6-32. Showing the Label Forwarding Information Base

P1_LSC_c7204#

Local Outgoing Prefix Bytes tag Outgoing Next Hop

tag tag or VC or Tunnel Id switched interface

16 9/33 172.27.1.128/32 0 XT331 point2point
17 10/35 172.27.1.129/32 0 XT332 point2point

P1_LSC_c7204#

It is important to note that on the LSC, show mpls forwarding-table displays only the outgoing label for
headend VCs. If we disable headend VCs or include an access list blocking binding requests to some
destinations, the outgoing VC shows "Untagged."
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In addition, specific to the LSC, the status of the VSI interfaces and the control interface can be displayed.
Refer to Example 6-33.

Example 6-33. Using the Command

P1_LSC_c7204#
P1_LSC_c7204+#

Interface: ATM3/0

P1_LSC_c7204+%

Interface Name IF Status IFC State Physical Descriptor
switch control port n/a ACTIVE 0.3.1.0

XTagATM331 up ACTIVE 0.3.3.1

XTagATM332 up ACTIVE 0.3.3.2

P1_LSC_c7204+#

We can see that the XTagATM interfaces are up and that there are eight connections in the control interface.
Finally, we display the VCs and cross-connects (X-conns) present in the LSC.

The command show atm vc (see Example 6-34) displays the ATM view of the VCs in the LSC's interface
connected to the BPX switch.

Example 6-34. Showing the ATM Virtual Circuits

P1_LSC_c7204+#

VCD / Peak Avg/Min Burst

Interface Name VPI VCI sC Kbps Kbps Cells Sts

3/0 1 0 40 PVC SNAP UBR 155000 UpP
3/0 2 0 41 PVC SNAP UBR 155000 UpP
3/0 3 0 42  PVC SNAP UBR 155000 UpP
3/0 4 0 43 PVC SNAP UBR 155000 UpP
3/0 5 0 44 PVC SNAP UBR 155000 UpP
3/0 6 0 45 PVC SNAP UBR 155000 Up
3/0 7 0 46 PVC SNAP UBR 155000 UpP
3/0 8 0 47 PVC SNAP UBR 155000 UpP
3/0 9 0 48 PVC SNAP UBR 155000 Up
3/0 10 0 49 PpPVC SNAP UBR 155000 UP
3/0 11 0 50 PVC SNAP UBR 155000 Up
3/0 12 0 51 PVC SNAP UBR 155000 UpP
3/0 13 0 52 PVC SNAP UBR 155000 UP
3/0 14 0 53 PVC SNAP UBR 155000 Up
3/0 16 1 33 PVC XTAGATM UBR 155000 Up
3/0 17 1 34 TVC XTAGATM UBR 155000 Up
3/0 18 1 35 TVC XTAGATM UBR 155000 Up
3/0 19 1 36 PVC XTAGATM UBR 155000 Up
3/0 20 1 37 TVC XTAGATM UBR 155000 Up
3/0 21 1 38 TVC XTAGATM UBR 155000 Up

P1_LSC_c7204#

First we see a set of VCs with VPIs 0/40 to 0/53. Those are the VSI master-slave VCs for VSI
communication. There's one master-slave VC per VSI slave. They are PVCs using AAL5Snap encapsulations,
as detailed in Chapter 2, "SCI: Virtual Switch Interface," in the section "Controller Location Options."

At the end of the list are some VCs with XTagATM encapsulations. This means that these are private VCs, as
explained in Chapter 3 in the section "Label Switch Controller." All of these use VPI=1 because that's the first
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VPI configured in the control interface's resource partition. Two of these are PVCs (1/33 and 1/36), and they
are the private leg of the control-vcs (for untagged traffic). The rest are type TVC (and the show command
here displays TVCs for both tag virtual circuits [TVCs] and label virtual circuits [LVCs]).

A more general look at this can be seen using the show xtagatm vc command, as shown in Example 6-35. It is
more general because it also shows the "Transit" cross-connects not displayed with the previous command. It
shows the Controlled Switch view of the LVCs, which is only the cross-connect from one port to another port,
as shown in Figure 6-7.

Example 6-35. Showing the XTagATM Virtual Circuits

P1_LSC_c7204+#

AAL / Control Interface
Interface VCD VPI VCI VCD VPI VCI Status
XTagATM331 3 9 34 TVC AAL5-MUX 17 1 34 ACTIVE
XTagATM331 4 9 33 TVC AAL5-MUX 18 1 35 ACTIVE
XTagATM332 2 10 34 TVC AAL5-MUX 20 1 37 ACTIVE
XTagATM332 3 10 35 TVC AAL5-MUX 21 1 38 ACTIVE

P1_LSC_c7204#

Figure 6-7. LVCs and Cross-Connects
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Here we explicitly see that PVCs 1/33 and 1/36 are the private VCs of the control-vcs 9/32 and 10/32,
respectively. We also differentiate between AALS5-SNAP encapsulation for control-vcs and AALS-MUX
encapsulation for LVCs.

A last viewpoint be seen by displaying the XTagATM cross-connects, as shown in Example 6-36.

Example 6-36. Showing the XTagATM Cross-Connects

P1_LSC_c7204+#

Phys Desc VPI/VCI X-Phys Desc X-VPI/VCI State
0.3.1.0 1/38 -> 0.3.3.2 10/35 )5
0.3.1.0 1/36 <=> 0.3.3.2 10/32 )5
0.3.1.0 1/35 -> 0.3.3.1 9/33 )5
0.3.1.0 1/33 <=> 0.3.3.1 9/32 )5
0.3.1.0 1/37 <- 0.3.3.2 10/34 )5
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0.3.1.0 1/34 <- 0.3.3.1 9/34 Up
0.3.3.1 9/35 <- 0.3.3.2 10/36 Up
0.3.3.1 9/33 <- 0.3.1.0 1/35 Up
0.3.3.2 10/36 -> 0.3.3.1 9/35 Up
0.3.3.2 10/34 -> 0.3.1.0 1/37 Up
0.3.3.2 10/32 <=> 0.3.1.0 1/36 Up

P1_LSC_c7204#

It is important to note that the control-vcs are bidirectional (<->) and the LVCs are unidirectional (-> or <-).
There's an LVC to reach a destination. Also, in a bidirectional allocation scheme, we see that for a given
LC-ATM interface facing an LSR or eLSR (such as 3.3.1 or 3.3.2), the VClIs of LVCs going in one direction
(->) are even, whereas in the other direction (<-), VClIs are odd.

IGX-8400-Based PoP

The second PoP in our MPLS network is also made of an ATM LSR and two ATM eLSRs, as shown
in Figure 6-8.

Figure 6-8. IGX-8400-Based PoP
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The LSR (P-2) is composed of an IGX-8420-controlled switch (16 slots) and a URM card acting as
LSC. The URM-LSC is in slot 9.

One of the eLSRs is another URM card in slot 10 in the IGX-8420, and the other eL.SR is a Cisco
¢3640 router connected via a 3xT1 IMA link.

The IGX-8400-based POP configuration is explored more fully in the following sections. The

organization is the same as with the BPX-8600-based POP. The upcoming sections highlight the LSR
and eLSR bringup, as well as an IMA-connected eL.SR configuration.
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ATM LSR Bringup: IGX + LSC

The first step is to put together our LSR (P-2). As I mentioned, we will be using a URM card as a
cocontroller card LSC.

If we were to use an external router acting as LSC, only one preliminary step would be performed,
and the rest would be exactly the same as with the URM: We would need to up the physical line to
the external router using upln from the IGX and no shutdown from the router. The URM internal

ATM interface cannot be shut down.

We will start by adding (addport) and upping (upport) the URM port. See Example 6-37.

Example 6-37. Adding and Upping a Port

P2-18420 N Cisco IGX 8420 9.3.30 Nov. 23 2001 17:49 GMT
Port: 9.1 [ACTIVE ]

Interface: INTERNAL CAC Override: Enabled

Type: UNI %Util Use: Disabled
Speed: 353208 (cps) GW LCNs: 200

SIG Queue Depth: 640 Reserved BW: 0 (cps)

Alloc Bandwidth: 353208 (cps) VC Shaping: Disabled
Protocol: NONE

Last Command:

14 UBUs allocated to slot 9. Allocation can be modified using cnfbusbw
Next Command:

We will also create a resource partition in the URM port (for VSI to control) using partition ID = 1.
Refer to Example 6-38.

Example 6-38. Creating a VSI Resource Partition

P2-18420 TN Cisco IGX 8420 9.3.30 Nov. 23 2001 17:50 GMT
Line : 9.1
Maximum PVC LCNS: 0 Maximum PVC Bandwidth: O

State MinLCN MaxLCN StartVPI EndVPI MinBW MaxBW
Partition 1: E 256 512 100 110 352898 352898
Partition 2: D
Partition 3: D
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Last Command:

Cnfrsrc successful.
Next Command:

Note that we did not use all the bandwidth for the VSI resource partition. We set aside 310 cells per
second (CPS). This was done on purpose to reserve some bandwidth for the VSI protocol in the
control interface (VSI master-slave VCs). We set aside those 310 CPS using the command cnfport, as
shown in Example 6-39. The parameter Reserved BW supports a range of O CPS to 310 CPS.

Example 6-39. Configuring the Port Reserved Bandwidth

P2-18420 N Cisco IGX 8420 9.3.30
Port: 9.1 [ACTIVE ]

Interface: INTERNAL CAC Override:
Type: UNI %Util Use:
Speed: 353208 (cps) GW LCNs:

SIG Queue Depth: 640

Alloc Bandwidth: 0 (cps) VC Shaping:
Protocol: NONE

Last Command:

Next Command:

Nov.

23 2001 17:51 GMT

Enabled
Disabled
0

Disabled

Finally, we add the controller using the command addctrlr. See Example 6-40.

Example 6-40. Adding a VSI Controller

P2-18420 N Cisco IGX 8420 9.3.30 Nov.
VSI Controller Information
ControlVvC Intfc Type CtrlrIP
VPI VCIRange
0 40-54 9.1 MPLS 0.0.0.0
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Last Command:

Controller added successfully!
Next Command:

Now we can go to the LSC and finish the configuration. See Example 6-41.

Example 6-41. Enabling VSI in the Label Switch Controller

P2_LSC_URM_9#

Enter configuration commands, one per line. End with CNTL/Z.
P2_LSC_URM_09 (confiqg) #

P2_LSC_URM_9 (config-if)#

P2_LSC_URM_9 (config-if)#

P2_LSC_URM_9#

As before, we do not have to specify id and base-vc because we are using defaults. We also specify
the slaves parameter. The slaves parameter indicates the number of VSI sessions that the LSC will
use. In the case of an IGX-8430 with 32 slots, we need to specify slaves 31, or there will not be a VSI
session and VSI master-slave VC for the higher-number slots (in the lower shelf).

NOTE

The number of slaves defaults to 14, so we do not need to change it for a BPX switch. For IGX
switches, we specify a number of slaves equal to the number of slots in the IGX minus 1. Slots 1 and
2 (reserved for NPM controller cards) share one VSI VC because they are a redundant pair and only

one is active at a time. On an IGX-8420, we configure 15 slavessession 0 for redundant slots 1 and 2
and sessions 1 to 14 for slots 3 to 16. Currently, NPM cards do not house a VSI slave.

VSI communication is established, as shown in Example 6-42.

Example 6-42. Showing the VSI Sessions

P2_LSC_URM_9#

Interface Session VCD VPI/VCI Switch/Slave Ids Session State
ATMO/0 0 2 0/40 0/0 UNKNOWN
ATMO/0 1 3 0/41 0/0 UNKNOWN
ATMO/0 2 4 0/42 0/0 UNKNOWN
ATMO/0 3 5 0/43 0/0 UNKNOWN
ATMO/0 4 6 0/44 0/0 UNKNOWN
ATMO/0 5 7 0/45 0/0 UNKNOWN
ATMO/0 6 8 0/46 0/0 UNKNOWN
ATMO/0 8 10 0/48 0/0 UNKNOWN
ATMO/0 9 11 0/49 0/0 UNKNOWN
ATMO/0 10 12 0/50 0/0 UNKNOWN
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ATMO/0 11 13 0/51 0/0 UNKNOWN
ATMO/0 12 14 0/52 0/0 UNKNOWN
ATMO/0 13 15 0/53 0/0 UNKNOWN
ATMO/0 14 16 0/54 0/0 UNKNOWN
P2_LSC_URM_9#

Interface: ATMO/0 Session number: 7

VCD: 9 VPI/VCI: 0/47
Controller id: 1 Slave id: 9
Keepalive timer: 15 Powerup session 1id: 0x00000002
Cfg/act retry timer: 8/8 Active session id: 0x00000002
Max retries: 10

Trap window: 50 Max/actual cmd wndw: 10/10

Trap filter: all Max checksums: 19

Current VSI version: 2 Min/max VSI version: 2/2
Messages sent: 16 Inter-slave timer: 4.000
Messages received: 9 Messages outstanding: 0

P2_LSC_URM_9#

Finally, we will create a loopback interface and assign the IP address 172.27.1.2/32 to it. We will
also put together the initial MPLS configuration (enable CEF, enable LDP using the loopback IP as
the router-id, and advertise the loopback under OSPF area 0) as shown in Example 6-43.

Example 6-43. Initial MPLS Configuration

P2_LSC_URM_9#

Enter configuration commands, one per line. End with CNTL/Z.
P2_LSC_URM_09 (confiqg) #
P2_LSC_URM_9 (config-if)#
P2_LSC_URM_9 (config-if)#
P2_LSC_URM_9 (confiqg) #
P2_LSC_URM_9 (confiqg) #
P2_LSC_URM_9 (confiqg) #
P2_LSC_URM_9 (confiqg) #
P2_LSC_URM_09 (confiqg) #
P2_LSC_URM_9 (config-router) #

To summarize, the BPX-8600 and the IGX-8400 configurations have some subtle differences
between them. These differences are outlined in Table 6-1.

Table 6-1. BPX and IGX Differences in LSR Bringup
BPX-8600
The LSC is attached to a trunk (uptrk).

Protects VSI protocol traffic (master-slave VCs) with Stats Reserve.
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The controller
is attached to
a line/port
(upln,
addport, and
upport).
Protects VSI
protocol
traffic
(master-slave
VCs) with
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BW.

The LSC is added using addshelf VSI. The LSC is
added using
addctrlr.

Uses the default number of slaves in the LSC. You might
need to
increase the
number of
slaves in the
LSC.

URM as eLSR Configuration

The eLLSR configuration does not differ from the previous eLSR configuration in general terms. For the URM
acting as eLSR, we have an internal port that we need to add (addport) and then up (upport).

We configure a resource partition in URM port 10.1 using the same partition ID as the LSC. At this point (see
Example 6-44), the LSC discovers this interface it has to control and all its resources.

Example 6-44. Showing a VSI Resource Partition from the LSC

P2_LSC_URM_9#

Interface: XTagATM101

IF status: n/a IFC state: ACTIVE

Min VPI: 50 Maximum cell rate: 253208

Max VPI: 52 Available channels: 512

Min VCI: 32 Available cell rate (forward): 253208
Max VCI: 65535 Available cell rate (backward): 253208

P2_LSC_URM_9#

From the LSC, we create an extended MPLS ATM interface, enable MPLS on it, configure the IGX port
mapping, and unnumber its IP address to the loopback. Refer to Example 6-45.

Example 6-45. Creating an Extended MPLS ATM Interface

P2_LSC_URM_9#

Enter configuration commands, one per line. End with CNTL/Z.
P2_LSC_URM_9 (confiqg) #

P2_LSC_URM_9 (config-if)#

P2_LSC_URM_9 (config-if)#

P2_LSC_URM_9 (config-if)#

P2_LSC_URM_9 (config-if)#
P2_LSC_URM_9#

We finish with the eLSR URM configuration in an MPLS subinterface of the internal ATM port adapter (PA
ATMO/0), as shown in Example 6-46.
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Example 6-46. Configuring the PE Subinterfaces

PE_URM_10#

Enter configuration commands, one per line.
PE_URM_10 (config) #
PE_URM_10 (config) #
PE_URM_10 (config) #
PE_URM_10 (config) #
PE_URM_10 (config-1if) #
PE_URM_10 (config-1if) #
PE_URM_10 (config) #
PE_URM_10 (config) #
PE_URM_10 (config-subif
PE_URM_10 (config-subif
PE_URM_10 (config-subif
PE_URM_10 (config-subif
PE_URM_10 (config) #
PE_URM_10 (config-router) #
PE_URM_10 (config-router) #
PE_URM_10#

) #
) #
) #
) #

End with CNTL/Z.

It is important to note that we use the subinterface-level command mpls atm vpi to instruct the eLSR to use
the VPI range configured in the resource partition, 50 to 52. As you know, the LSC learns those values from

the VSI slave.

IMA-Connected eLSR Configuration

The configuration of the external eLSR that is connected via a 3xT1 IMA link is in essence the same as with
the URM. The first difference, as shown in Example 6-47, is that we need to up the IMA lines from the IGX

first.

Example 6-47. Upping IMA Lines

P2-18420 N Cisco IGX 8420 9.3.30

Line Type Current Line Alarm Status
15.1(3) Clear - OK

Last Command:

256 LCNs allocated. Use 'cnfrsrc' to configure LCNs
Next Command:
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NOTE

The 3 x T1 line has a usable bandwidth of 71 DSOs. This is because 1 DSO is being used by the IMA protocol.
In other words, 3 times 24 DSOs minus 1 DSO equals 71 DSO0s.

The LSR configuration after this is the same. We upport 15.1, we configure resources for the use of VSI
(using VPI range 5 to 10), and we create the Extended MPLS ATM interface in the URM LSC.

Likewise, from the c3640 configuration, the only difference is that we need to create the IMA group first. See
Example 6-48.

Example 6-48. Configuring an IMA Interface

PE_3640#

Enter configuration commands, one per line. End with CNTL/Z.
PE_3640 (config) #

PE_3640 (config—-if) #
PE_3640 (config—-if) #
PE_3640 (config—-if) #
PE_3640 (config—-if) #
PE_3640 (config—-if) #
PE_3640 (config—-if) #
PE_3640 (config—-if) #
PE_3640 (config—-if) #
PE_3640 (config—-if) #
PE_3640 (config) #
PE_3640 (config—-if) #
PE_3640#

The rest of the configuration is the same as creating a subinterface of ATM2/IMAI1, except that we need to
specify the VPI range in the eLSR with the interface-level command mpls atm vpi. Refer to Example 6-49.

Example 6-49. Specifying the LC-ATM VPI Range

PE_3640 (config) #
PE_3640 (config-subif) #

Interconnecting the Two PoPs

This section shows how to configure the P-to-P link to interconnect the two PoPs, using the
interfaces and VPI ranges shown in Figure 6-9.
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Figure 6-9. Connecting Two PoPs
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Figure 6-9 also shows the MPLS view of the network. The LSC-switch connection (the control
interface) is invisible (as if it were an internal bus). In general, all the ATM VC and VP
switching functions are invisible to the MPLS control plane.

The task is straightforward, and it is the same in both ends, so we will show only the IGX end.

In a nutshell, we need to up a trunk, configure resources, and assign those resources to the LSC.
All these tasks take place in the controlled switch.

In the LSC, the configuration is the same as when configuring the LC-ATM interface toward an
eLSR: create an XTagATM interface, link it to the port in the switch, and enable MPLS on it
with an unnumbered IP.

The resource partition in the IGX is as shown in Example 6-50.

Example 6-50. Creating a VSI Resource Partition

P2-18420 TN Cisco IGX 8420 9.3.30 Nov. 23 2001 20:44 GMT

Trunk : 16.1
Maximum PVC LCNS: 256 Maximum PVC Bandwidth: 41000
(Statistical Reserve: 5000)

State MinLCN MaxLCN StartVPI EndVPI MinBW MaxBW
Partition 1: E 512 1000 2 5 50000 50000
Partition 2: D
Partition 3: D

Last Command:

Cnfrsrc successful.
Next Command:
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Example 6-51 shows the LSC configuration in the URM LSC.

Example 6-51. Label Switch Controller Configuration

P2_LSC_URM_9#

Enter configuration commands, one per line. End with CNTL/Z.
P2_LSC_URM_9 (confiqg) #

P2_LSC_URM_9 (config-if)#

P2_LSC_URM_9 (config-if)#

P2_LSC_URM_9 (config-if)#

P2_LSC_URM_9 (config-if)#
P2_LSC_URM_9#

Before we move on, I want to make an important point. The categorization of links in trunks and
lines/ports belongs to the AutoRoute (AR) world. For a VSI master, an interface is a set of
resources under its control. The VSI master, LSC in this case, does not know if the resource
partition belongs to a trunk or a line/port in a BPX- or IGX-controlled switch. For the MPLS
control plane, it makes no difference. So the configuration rule of thumb is to configure the link
as a trunk only if AR will be enabled on it. Otherwise, configure it as a line. The special case is
VP-Tunnel interfaces. They need to be configured as virtual trunks in the controlled switch.

Example 6-52 introduces an extremely helpful show command to see that everything is working:
show mpls atm-1dp summary.

Example 6-52. Showing the ATM MPLS LSR Summary

P1_LSC_c7204#
Total number of destinations: 6

ATM label bindings summary

interface local remote Bwait Rwait IFwait
XTagATM331 5 5 0 0 0
XTagATM332 5 5 0 0 0
XTagATM133 9 9 0 0 0
P1_LSC_c7204#
P2_LSC_URM_9#
Total number of destinations: 6
ATM label bindings summary
interface local remote Bwait Rwait IFwait
XTagATM101 5 5 0 0 0
XTagATM151 5 5 0 0 0
XTagATM161 9 9 0 0 0

P2_LSC_URM_9#

We want the total number of bindings to be the same as the active number of bindings. In other
words, no label bindings should be in a wait state (Bind Wait, Resource Wait, or Interface Wait).
Table 6-2 describes these states.

179



180

Table 6-2. Bindings in Wait State

State Description

Bwait The number
of bindings
that are
waiting for a
label
assignment
from the
neighbor
LSR

Rwait The number
of bindings
that are
waiting for
resources
(VPI/VCI
space) to be
available on
the
downstream
device

IFwait The number
of bindings
that are
waiting for
learned
labels to be
installed for
switching
use

If there's any destination with binding in bindwait, it can be pinpointed with the command show mpls atm-1dp
bindwait.
We can calculate the number of LVCs in the interfaces shown in the show mpls atm-ldp summary command
output. Consider the interface XTagATM 133 in the P1 LSR. That interface divides the network into two
sections, each with one LSR and two eLSRs. Those LSRs have eLSR functionality (they originate headend
and terminate tailend LVCs), so they can be considered eLSRs for this calculation. Each eLSR on each side of
the network sets up headend LVCs to all destinations on the other side. So the number of LVCs through a link
that divides the network can be calculated like this:

LVCs =c\dn4 * (ni \dn4 * d2 + n2 \dn4 * di)
where:
ni equals the number of eLSRs on side i
di equals the number of destinations on side i

c equals the number of Classes of Service

In our MPLS network at this time, each eL.SR is advertising only one destination (its loopback IP address). So
from the headend functionality, the number of LVCs equals the number of eLSRs on one side times the
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number of eLSRs on the other side. But each eLSR also terminates tailend LVCs from each eL.SR on the other
side, duplicating the number of LVCs. In summary, making the replacements nl =dl,n2=d2,andc=1
(because there is only one Class of Service), the number of LVCs traversing the link is

LVCs=2*nl *n2
where:
nl equals the number of eLSRs on one side

n2 equals the number of eLSRs on the other side

Figure 6-10 shows how interfaces XTagATM133 and XTagATM331 divide the network.

Figure 6-10. LC-ATM Dividing the Network
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XTagATM133 has three eLSRs on each side, so the number of LVCs is 2 \dn4 * 3\dn4 * 3 = 18.

XTagATM331 has one eLSR on one side and five eL.SRs on the other side, so the number of LVCs is 2 \dn4 *
1\dn4 * 5 = 10.

This line of reasoning can be generalized to quantifying and dimensioning the maximum number of LVCs in

arbitrary networks, given that the worst case for a link with regards to the number of LVCs occurs when the
network is divided in two.
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MGX-8850-Based PoP

We will now configure the third PoP. In this case, the controlled switch is a PXM-45-based MGX-8850. An
RPM-PR card in slot 9 acts as LSC. Another RPM-PR card functions as eLSR. There is also an external eLSR
using a Cisco 7507 router. This topology is shown in Figure 6-11.

Figure 6-11. MGX-8850-Based PoP
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The upcoming sections delve into the MGX-8850-based POP configuration, following the same sequence as
with the BPX-8600- and IGX-8400-based POPs.
ATM LSR Bringup: PXM-45-Based MGX-8850 + LSC

On an MGX-8850, the different controllers have reserved controller IDs. Controller ID 1 is assigned to PAR,
2 to PNNI, 3 to LSC, and 4 through 20 to different LSC instances.

We can start this configuration by adding the controller in the PXM-45 controller card. See Example 6-53.

Example 6-53. Adding the LSC from the Switch

P3-m8850.8.PXM.a >

P3-m8850.8.PXM.a >

P3-m8850 System Rev: 02.01 Nov. 24, 2001 12:33:31 GMT
MGX8850 Node Alarm: NONE

Number of Controllers: 1

Controller Name: LSC_RPM_PR_9

Controller Location: Internal

Controller Type: LSC

Controller Logical Slot: 9

Controller Bay Number:
Controller Line Number:
Controller VPI:
Controller VCI:
Controller In Alarm: NO
Controller Error:

o O O O
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P3-m8850.8.PXM.a >

We create an MPLS resource partition in the switch interface in the RPM-PR acting as LSC (see Example
6-54). The switch interface is the internal ATM interface facing the backplane. We will partition ingress and
egress bandwidth resources and VPI and VCI ranges. After the resource partition is configured for VSI to use,
we will configure the RPM-PR as LSC by enabling VSI as the label-control protocol.

Example 6-54. Creating an MPLS Resource Partition in the RPM

P3_LSC_m8850_RPM-PR_9 (config) #
P3_LSC_m8850_RPM-PR_9 (config—-if) #
P3_LSC_m8850_RPM-PR_9 (config-if-swpart) #

P3_LSC_m8850_RPM-PR_9 (config-if-swpart) #

P3_LSC_m8850_RPM-PR_9 (config-if-swpart) # |
P3_LSC_m8850_RPM-PR_9 (config-if-swpart) #

P3_LSC_m8850_RPM-PR_9 (config-if-swpart) #

P3_LSC_m8850_RPM-PR_9 (config—-if) #

P3_LSC_m8850_RPM-PR_9 (config—-if) # <———— +

We are using partition ID = 2 and controller ID = 3. This specifies the partition-to-controller mapping.
Controller ID 3 (as specified in the addcontroller command) manages resource partitions with ID = 2.

Even though we apply the configuration command in the RPM-PR card, the resource partition resides in the
PXM-45 controller card because that's the location of the VSI proxy slave.

The controller ID needs to be 3, as specified in the resource partition. We can verify that the LSC discovers
the slaves using show controller vsi session, as shown in Example 6-55.

Example 6-55. Checking the VSI Sessions

P3_LSC_m8850_RPM-PR_9#

Interface Session VCD VPI/VCI Switch/Slave Ids Session State

Switchl 0 3 0/65507 0/1 ESTABLISHED

Switchl 1 4 0/65508 0/2 ESTABLISHED

Switchl 2 5 0/65509 0/0 UNKNOWN

Switchl 3 6 0/65510 0/0 UNKNOWN

Switchl 4 7 0/65511 0/0 UNKNOWN

Switchl 5 8 0/65512 0/0 UNKNOWN

Switchl 7 10 0/65514 0/0 UNKNOWN

Switchl 8 11 0/65515 0/0 UNKNOWN

Switchl 9 12 0/65516 0/11 ESTABLISHED

Switchl 10 13 0/65517 0/12 ESTABLISHED

Switchl 11 14 0/65518 0/0 UNKNOWN

Switchl 12 15 0/65519 0/0 UNKNOWN

P3_LSC_m8850_RPM-PR_9#

P3_LSC_m8850_RPM-PR_9#

Interface: Switchl Session number: 6

VCD: 9 VPI/VCI: 0/65513
Switch id: 0

Controller id: 3 Slave id: 7

Keepalive timer: 15 Powerup session id: 0x3BFD9DED

Cfg/act retry timer: 2/4 Active session id: 0x3BFDY9DED

Max retries: 4

Trap window: 50 Max/actual cmd wndw: 21/21

Trap filter: all Max checksums: 83
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Min/max VSI version: 2/2
Messages sent: 14 Inter-slave timer: 2.000
Messages received: 14 Messages outstanding: 0

P3_LSC_m8850_RPM-PR_9#

From the output of the command show controller vsi session, you can see that logical slot 7, which spans
redundant physical slots 7 and 8, uses session 6.

As mentioned in Chapter 3 in the section "MGX-8850 and MGX-8950 with an RPM-PR-Based LSC," the
LSC implementation in an MGX-8850 switch has a fixed-base VC equal to 0/65507. There are also two
well-known VCs (0/65526 and 0/65528) for IPC communication.

We now enable CEF and configure a loopback interface. Refer to Example 6-56.

Example 6-56. Initial MPLS Configuration

P3_LSC_m8850_RPM-PR_9#

Enter configuration commands, one per line. End with CNTL/Z.
P3_LSC_m8850_RPM-PR_9 (config) #

P3_LSC_m8850_RPM-PR_9 (config) #

P3_LSC_m8850_RPM-PR_9 (config—-if) #

P3_LSC_m8850_RPM-PR_9 (config—-if) #
P3_LSC_m8850_RPM-PR_9 (config) #

P3_LSC_m8850_RPM-PR_9 (config) #

P3_LSC_m8850_RPM-PR_9 (config) #

P3_LSC_m8850_RPM-PR_9 (config) #
P3_LSC_m8850_RPM-PR_9#

We finish the LSC configuration by setting up the initial MPLS configuration: LDP router-id, label protocol,
and IGP routing.

RPM-PR as an eLSR Configuration

To start the RPM-PR configuration as an eLSR, we perform the initial configuration and create a resource
partition of the switch interface using partition ID 2 and controller ID 3 so that it is managed from the LSC.
Once more, the partition command is executed in the RPM-PR (even for the PE) but is kept in the PXM-45
proxy slave. These steps are shown in Example 6-57.

Example 6-57. RPM eLSR Configuration

PE_m8850_RPM—-PR_10#
PE_m8850_RPM—-PR_10#

Enter configuration commands, one per line. End with CNTL/Z.
PE_m8850_RPM-PR_10 (confiqg) #
PE_m8850_RPM-PR_10 (confiqg) #
PE_m8850_RPM-PR_10 (config—-if) #
PE_m8850_RPM-PR_10 (config-if) #
PE_m8850_RPM-PR_10 (confiqg) #
PE_m8850_RPM-PR_10 (confiqg) #
PE_m8850_RPM-PR_10 (confiqg) #
PE_m8850_RPM-PR_10 (config—-if) #
PE_m8850_RPM-PR_10 (config-if-swpart) #
PE_m8850_RPM-PR_10 (config-if-swpart) #
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PE_m8850_RPM-PR_10 (config-if-swpart) #
PE_m8850_RPM-PR_10 (config-if-swpart) #
PE_m8850_RPM-PR_10 (config-if-swpart) #
PE_m8850_RPM-PR_10#

Part Ctrlr Guar Max Guar Max
Id Id Ing%$Bw Ing%Bw Egr%Bw Egr%Bw minVpi maxVpi minVci maxVci MaxCons
2 3 100 100 100 100 0 0 1 3808 3808

PE_m8850_RPM-PR_10#

Finally, on the eLSR, we configure an MPLS subinterface and routing. Refer to Example 6-58.

Example 6-58. Configuring the PE MPLS Subinterface

PE_m8850_RPM—-PR_10#

Enter configuration commands, one per line. End with CNTL/Z.
PE_m8850_RPM-PR_10 (confiqg) #

PE_m8850_RPM-PR_10 (config-subif) #

PE_m8850_RPM-PR_10 (config-subif) #

PE_m8850_RPM-PR_10 (config-subif) #

PE_m8850_RPM-PR_10 (confiqg) #

PE_m8850_RPM-PR_10 (config-router) #

PE_m8850_RPM-PR_10 (config-router) #

PE_m8850_RPM—-PR_10#

We now go to the LSC RPM-PR in slot 9. We can see in Example 6-59 that the PE interface is now visible to
VSI (via a VSI interface trap from the PXM-45).

Example 6-59. Showing the VSI Interfaces

P3_LSC_m8850_RPM-PR_9#

Interface: switch control port

IF status: n/a IFC state: ACTIVE

Min VPI: 0 Maximum cell rate: 353208

Max VPI: 0 Available channels: 3808

Min VCI: 1 Available cell rate (forward): 353208
Max VCI: 3808 Available cell rate (backward): 353208

Interface: n/a

IF status: n/a IFC state: ACTIVE

Min VPI: 0 Maximum cell rate: 353208

Max VPI: 0 Available channels: 3808

Min VCI: 1 Available cell rate (forward): 353208
Max VCI: 3808 Available cell rate (backward): 353208

P3_LSC_m8850_RPM-PR_9#

As shown in Example 6-60, we need to create an XTagATM interface, map it to the controlled interface,
enable MPLS on it, and advertise the loopback IP address in area 0 under an OSPF process.
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Example 6-60. Creating an Extended MPLS ATM Interface

P3_LSC_m8850_RPM-PR_9#

Enter configuration commands, one per line.
P3_LSC_m8850_RPM-PR_9 (config) #
P3_LSC_m8850_RPM-PR_9 (config—-if) #

End with CNTL/Z.

P3_LSC_m8850_RPM-PR_9 (config-if) #
P3_LSC_m8850_RPM-PR_9 (config-if) #
P3_LSC_m8850_RPM-PR_9 (config-if) #
P3_LSC_m8850_RPM-PR_9#

In this example, we use the extended-port command with the parameter descriptor. As described earlier, this
descriptor is an ASCII value that can be displayed using show controllers vsi descriptor. In the following
section, we will use another method of identifying the controlled switch interface to be used with the
extended-port command.

7507 as an eLSR Configuration
To configure an external eLSR, we start by configuring the LC-ATM in the controlled switch connecting to
the eLSR. In an AXSM card, first we configure the card SCT, choosing SCT 5 (for PNNI plus MPLS

support). Refer to Example 6-61. In the vast majority of cases (always in practical terms), card SCT 5
(without policing for ATMF service category) should be used.

Example 6-61. Configuring the AXSM Card SCT

P3-m8850.1.AXSM.a >

Front Card Upper Card Lower Card

Card Type: AXSM-16-T3E3/B SMB-8-T3 -
State: Active Present Absent
Serial Number: SAG05274SES8 SBK045200R0 -
Boot FW Rev: 2.1(70.107)P2 - -
SW Rev: 2.1(70.107)P2 - -
800-1level Rev: AQ AQ -
Orderable Part#: 800-07911-05 800-05029-02 -
PCA Part#: 73-5045-4 73-4223-2 -
CLEI Code: BAASYL6CAA BA7IW8HAAA -
Reset Reason: Power ON Reset
SCT File Configured Version: 1
SCT File Operational Version: 1
#Lines #Ports #Partitions #SPVC #SPVP #3SVC
Type <CR> to continue, Q<CR> to stop:

0 0 0 0 0 0

Port Group[l]:

#Chans supported: 65280
Port Group[2]:

#Chans supported: 65280
P3-m8850.1.AXSM.a >

Lines:1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8

Lines:2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8
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P3-m8850.1.AXSM.a >

We will now up the physical line to the eL.SR, configure it to use PLCP to match the default in the router,
create a logical port, and create a resource partition for MPLS. We need to use partition ID 2 and controller ID
3. These steps are shown in Example 6-62.

Example 6-62. Configuring the AXSM VSI Slave

P3-m8850.1.AXSM.a >
P3-m8850.1.AXSM.a >
P3-m8850.1.AXSM.a >

P3-m8850.1.AXSM.a >

1fNum Line Admin Oper. Guaranteed Maximum Port SCT Id 1ifType VPI
State State Rate Rate (VNNI only)
1 1.1 Up Down 96000 96000 4 UNI 0

P3-m8850.1.AXSM.a >
512 1024

P3-m8850.1.AXSM.a >
if part Ctlr egr egr ingr ingr min max min max min max

Num ID ID GuarBw MaxBw GuarBw MaxBw vpi vpi veci vci 