CHAPTER 6

Configuring STP and RSTP

This chapter describes the IEEE 802.1D Spanning Tree Protocol (STP) and the ML-Series
implementation of the IEEE 802.1W Rapid Spanning Tree Protocol (RSTP). It also explains how to
configure STP and RSTP on the ML-Series card.

This chapter consists of these sections:
» STP Features, page 6-1
» RSTP, page 6-9
« Interoperability with IEEE 802.1D STP, page 6-15
- Configuring STP and RSTP Features, page 6-15
- Verifying and Monitoring STP and RSTP Status, page 6-20

STP Features

These sections describe how the spanning-tree features work:
- STP Overview, page 6-2
» Supported STP Instances, page 6-2
» Bridge Protocol Data Units, page 6-2
- Election of the Root Switch, page 6-3
- Bridge ID, Switch Priority, and Extended System 1D, page 6-4
e Spanning-Tree Timers, page 6-4
» Creating the Spanning-Tree Topology, page 6-4
« Spanning-Tree Interface States, page 6-5
» Spanning-Tree Address Management, page 6-8
- STPand IEEE 802.1Q Trunks, page 6-8
» Spanning Tree and Redundant Connectivity, page 6-8
« Accelerated Aging to Retain Connectivity, page 6-9
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STP Overview

STPisalayer 2 link management protocol that provides path redundancy while preventing loopsin the
network. For a Layer 2 Ethernet network to function properly, only one active path can exist between
any two stations. Spanning-tree operation is transparent to end stations, which cannot detect whether
they are connected to a single LAN segment or a switched LAN of multiple segments.

When you create fault-tolerant internetworks, you must have a loop-free path between all nhodesin a
network. The spanning-tree algorithm cal culates the best |oop-free path throughout a switched Layer 2
network. Switches send and receive spanning-tree frames, called bridge protocol data units (BPDUSs), at
regular intervals. The switches do not forward these frames, but use the frames to construct a loop-free
path.

Multiple active paths among end stations cause loopsin the network. If aloop existsin the network, end
stations might receive duplicate messages. Switches might also learn end-station MAC addresses on
multiple Layer 2 interfaces. These conditions result in an unstable network.

Spanning tree defines a tree with aroot switch and a loop-free path from the root to all switchesin the
Layer 2 network. Spanning tree forces redundant data paths into a standby (blocked) state. If a network
segment in the spanning tree fails and a redundant path exists, the spanning-tree algorithm recal cul ates
the spanning-tree topology and activates the standby path.

When two interfaces on a switch are part of aloop, the spanning-tree port priority and path cost settings
determine which interface is put in the forwarding state and which is put in the blocking state. The port
priority value represents the location of an interface in the network topology and how well it is located
to pass traffic. The path cost value represents media speed.

Supported STP Instances

The ML-Series card supports the per-VLAN spanning tree (PV ST+) and a maximum of 255
spanning-tree instances.

Bridge Protocol Data Units

The stable, active, spanning-tree topology of a switched network is determined by these elements:;
= Unique bridge ID (switch priority and MAC address) associated with each VLAN on each switch
» Spanning-tree path cost to the root switch
» Port identifier (port priority and MAC address) associated with each Layer 2 interface

When the switchesin a network are powered up, each functions as the root switch. Each switch sends a
configuration BPDU through all of its ports. The BPDUs communicate and compute the spanning-tree
topology. Each configuration BPDU contains this information:

« Unique bridge ID of the switch that the sending switch identifies as the root switch
« Spanning-tree path cost to the root

- Bridge ID of the sending switch

» Message age

» ldentifier of the sending interface

« Valuesfor the hello, forward delay, and max-age protocol timers

Jl_ Cisco ONS 15454 SONET/SDH ML-Series Multilayer Ethernet Card Software Feature and Configuration Guide, R4.0

January 2004 |



| Chapter6 Configuring STP and RSTP

Election of the Root Switch

When a switch receives a configuration BPDU that contains superior information (lower bridge ID,
lower path cost, etc.), it stores the information for that port. If thisBPDU is received on the root port of
the switch, the switch also forwards it with an updated message to all attached LANsfor which it isthe
designated switch.

If aswitch receives a configuration BPDU that contains inferior information to that currently stored for
that port, it discardsthe BPDU. If the switch is a designated switch for the LAN from which the inferior
BPDU was received, it sends that LAN a BPDU containing the up-to-date information stored for that
port. In this way, inferior information is discarded, and superior information is propagated on the
network.

A BPDU exchange results in these actions:
« One switch in the network is elected as the root switch.

« A root port is selected for each switch (except the root switch). This port provides the best path
(lowest cost) when the switch forwards packets to the root switch.

« The shortest distance to the root switch is calculated for each switch based on the path cost.

- A designated switch for each LAN segment is selected. The designated switch incursthelowest path
cost when forwarding packets from that LAN to the root switch. The port through which the
designated switch is attached to the LAN is called the designated port.

- Interfaces included in the spanning-tree instance are selected. Root ports and designated ports are
put in the forwarding state.

« All interfaces not included in the spanning tree are blocked.

Election of the Root Switch

All switchesin the Layer 2 network participating in the spanning tree gather information about other
switchesin the network through an exchange of BPDU data messages. This exchange of messagesresults
in these actions:

- Election of aunique root switch for each spanning-tree instance
- Election of a designated switch for every switched LAN segment

» Removal of loops in the switched network by blocking Layer 2 interfaces connected to redundant
links

For each VLAN, the switch with the highest switch priority (the lowest numerical priority value) is
elected astheroot switch. If all switches are configured with the default priority (32768), the switch with
the lowest MAC address in the VLAN becomes the root switch. The switch priority value occupies the
most significant bits of the bridge ID.

When you change the switch priority value, you change the probability that the switch will be elected as
the root switch. Configuring a higher value decreases the probability; alower value increases the
probability.

The root switch isthe logical center of the spanning-tree topology in a switched network. All paths that
are not needed to reach the root switch from anywhere in the switched network are placed in the
spanning-tree blocking mode.

BPDUSs contain information about the sending switch and its ports, including switch and MAC
addresses, switch priority, port priority, and path cost. Spanning tree uses this information to elect the
root switch and root port for the switched network and the root port and designated port for each
switched segment.
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Bridge ID, Switch Priority, and Extended System ID

The |EEE 802.1D standard requires that each switch has an unique bridge identifier (bridge ID), which
determines the selection of the root switch. Because each VLAN is considered as a different

logical bridge with PV ST+, the same switch must have as many different bridge IDs as VLANSs
configured onit. Each VLAN on the switch has a unique 8-byte bridge I D; the two most-significant bytes
are used for the switch priority, and the remaining six bytes are derived from the switch MAC address.

The ML-Series card supportsthe IEEE 802.1T spanning-tree extensions, and some of the bits previously
used for the switch priority are now used as the bridge ID. The result is that fewer MAC addresses are
reserved for the switch, and a larger range of VLAN IDs can be supported, all while maintaining the
uniqueness of the bridge ID. Asshown in Table 6-1, the two bytes previously used for the switch priority
are reallocated into a 4-bit priority value and a 12-bit extended system ID value equal to the bridge ID.
In earlier releases, the switch priority is a 16-bit value.

Table 6-1  Switch Priority Value and Extended System ID

Switch Priority Value Extended System ID (Set Equal to the Bridge ID)
Bit16 |Bit15 |Bit14 |Bit13 |Bit12 |Bit1l |[Bit10 |Bit9 |Bit8 |Bit7 |Bit6 |Bit5 |Bit4 |Bit3 |Bit2 |Bitl
32768 (16384 |8192 4096 (2048 [1024 |512 256 (128 |64 32 16 8 4 2 1

Spanning tree uses the extended system ID, the switch priority, and the allocated spanning-tree MAC
addressto make the bridge 1D unique for each VLAN. With earlier releases, spanning tree used one MAC
address per VLAN to make the bridge ID unique for each VLAN.

Spanning-Tree Timers

Table 6-2 describes the timers that affect the entire spanning-tree performance.

Table 6-2  Spanning-Tree Timers

Variable Description

Hello timer When this timer expires, the interface sends out a Hello message to the
neighboring nodes.

Forward-delay timer Determines how long each of the listening and learning states last before the
interface begins forwarding.

Maximum-age timer Determines the amount of time the switch stores protocol information
received on an interface.

Creating the Spanning-Tree Topology

In Figure 6-1, Switch A is elected as the root switch because the switch priority of all the switchesis set
to the default (32768) and Switch A has the lowest MAC address. However, because of traffic patterns,
number of forwarding interfaces, or link types, Switch A might not be the ideal root switch. By
increasing the priority (lowering the numerical value) of the ideal switch so that it becomes the root
switch, you force a spanning-tree recal culation to form a new topology with the ideal switch as the root.
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Figure 6-1 Spanning-Tree Topology
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When the spanning-tree topology is cal culated based on default parameters, the path between source and
destination end stationsin a switched network might not beideal. For instance, connecting higher-speed
links to an interface that has a higher number than the root port can cause a root-port change. The goal
is to make the fastest link the root port.

Spanning-Tree Interface States

Propagation delays can occur when protocol information passes through a switched LAN. As aresult,
topology changes can take place at different times and at different places in a switched network. When
an interface transitions directly from nonparticipation in the spanning-tree topology to the forwarding
state, it can create temporary dataloops. Interfaces must wait for new topol ogy information to propagate
through the switched LAN before starting to forward frames. They must allow the frame lifetime to
expire for forwarded frames that have used the old topology.

Each Layer 2 interface on a switch using spanning tree exists in one of these states:
- Blocking—The interface does not participate in frame forwarding.

- Listening—The first transitional state after the blocking state when the spanning tree determines
that the interface should participate in frame forwarding.

- Learning—The interface prepares to participate in frame forwarding.
» Forwarding—The interface forwards frames.

- Disabled—Theinterfaceis not participating in spanning tree because of a shutdown port, no link on
the port, or no spanning-tree instance running on the port.

An interface moves through these states:

1. Frominitialization to blocking

From blocking to listening or to disabled
From listening to learning or to disabled
From learning to forwarding or to disabled
From forwarding to disabled

o b~ w DD
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Blocking State

Figure 6-2 illustrates how an interface moves through the states.

Figure 6-2 Spanning-Tree Interface States
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When you power up the switch, STP is enabled by default, and every interface in the switch, VLAN, or
network goes through the blocking state and the transitory states of listening and learning. Spanning tree

stabilizes each interface at the forwarding or blocking state.

When the spanning-tree algorithm places a Layer 2 interface in the forwarding state, this process occurs:

1. Theinterfaceisin thelistening state while spanning tree waits for protocol information to transition

the interface to the blocking state.

2. While spanning tree waits for the forward-delay timer to expire, it moves the interface to the

learning state and resets the forward-delay timer.

3. Inthelearning state, the interface continues to block frame forwarding as the switch learns

end-station location information for the forwarding database.

4. When the forward-delay timer expires, spanning tree moves the interface to the forwarding state,

where both learning and frame forwarding are enabled.

A Layer 2 interface in the blocking state does not participate in frame forwarding. After initialization, a
BPDU is sent to each interface in the switch. A switch initially functions as the root until it exchanges
BPDUs with other switches. This exchange establishes which switch in the network is the root or root

switch. If thereis only one switch in the network, no exchange occurs, the forward-delay timer expires,
and the interfaces move to the listening state. An interface always enters the blocking state after switch

initialization.
An interface in the blocking state performs as follows:
» Discards frames received on the port
» Discards frames switched from another interface for forwarding

« Does not learn addresses
« Receives BPDUs
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Listening State

Thelistening stateisthefirst state aLayer 2 interface enters after the blocking state. The interface enters
this state when the spanning tree determines that the interface should participate in frame forwarding.
An interface in the listening state performs as follows:

- Discards frames received on the port

» Discards frames switched from another interface for forwarding

« Does not learn addresses

» Receives BPDUs

Learning State
A Layer 2 interfacein the learning state preparesto participate in frame forwarding. Theinterface enters
the learning state from the listening state.
An interface in the learning state performs as follows:
- Discards frames received on the port
- Discards frames switched from another interface for forwarding
» Learns addresses
» Receives BPDUs

Forwarding State
A Layer 2 interface in the forwarding state forwards frames. The interface enters the forwarding state
from the learning state.
An interface in the forwarding state performs as follows:
» Receives and forwards frames received on the port
- Forwards frames switched from another port
- Learns addresses
» Receives BPDUs

Disabled State
A Layer 2 interfacein the disabled state does not participate in frame forwarding or in the spanning tree.
An interface in the disabled state is nonoperational.
A disabled interface performs as follows:
» Forwards frames switched from another interface for forwarding
» Learns addresses
- Does not receive BPDUs
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Spanning-Tree Address Management

|EEE 802.1D specifies 17 multicast addresses, ranging from 0x00180C2000000 to 0x0180C2000010, to
be used by different bridge protocols. These addresses are static addresses that cannot be removed.

The ML-Series card switches supported BPDUs (0x0180C2000000 and 01000CCCCCCD) when they
are being tunneled via the protocol tunneling feature.

STP and IEEE 802.1Q Trunks

When you connect a Cisco switch to anon-Cisco device through an |EEE 802.1Q trunk, the Cisco switch
uses PV ST+ to provide spanning-tree interoperability. PV ST+ isautomatically enabled on | EEE 802.1Q
trunks after users assign a protocol to a bridge group. The external spanning-tree behavior on access
ports and Inter-Switch Link (ISL) trunk portsis not affected by PV ST+.

For more information on |EEE 802.1Q trunks, see Chapter 7, “Configuring VLANS.”

Spanning Tree and Redundant Connectivity

You can create aredundant backbone with spanning tree by connecting two switch interfaces to another
device or to two different devices. Spanning tree automatically disables one interface but enablesit if
the other one fails, as shown in Figure 6-3. If one link is high speed and the other is low speed, the
low-speed link is always disabled. If the speeds are the same, the port priority and port 1D are added
together, and spanning tree disables the link with the lowest value.

Figure 6-3 Spanning Tree and Redundant Connectivity
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You can also create redundant links between switches by using EtherChannel groups. For more
information, see Chapter 9, “Configuring Link Aggregation.”
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Accelerated Aging to Retain Connectivity

RSTP

The default for aging dynamic addresses is 5 minutes, which is the default setting of the bridge
bridge-group-number aging-time global configuration command. However, a spanning-tree
reconfiguration can cause many station locations to change. Because these stations could be unreachable
for 5 minutes or more during a reconfiguration, the address-aging time is accelerated so that station
addresses can be dropped from the address table and then relearned.

Because each VLAN is a separate spanning-tree instance, the switch accelerates aging on a per-VLAN
basis. A spanning-tree reconfiguration on one VLAN can cause the dynamic addresses learned on that
VLAN to be subject to accelerated aging. Dynamic addresses on other VL ANSs can be unaffected and
remain subject to the aging interval entered for the switch.

RSTP provides rapid convergence of the spanning tree. It improves the fault tolerance of the network
because a failure in one instance (forwarding path) does not affect other instances (forwarding paths).
The most common initial deployment of RSTP isin the backbone and distribution layers of a Layer 2
switched network; this deployment provides the highly available network required in a service-provider
environment.

RSTP improves the operation of the spanning tree while maintaining backward compatibility with
equipment that is based on the (original) IEEE 802.1D spanning tree.

RSTP takes advantage of point-to-point wiring and provides rapid convergence of the spanning tree.
Reconfiguration of the spanning tree can occur in less than 2 second (in contrast to 50 seconds with the
default settings in the |IEEE 802.1D spanning tree), which is critical for networks carrying
delay-sensitive traffic such as voice and video.

These sections describe how RSTP works:
» Supported RSTP Instances, page 6-9
» Port Roles and the Active Topology, page 6-10
- Rapid Convergence, page 6-11
= Synchronization of Port Roles, page 6-12
- Bridge Protocol Data Unit Format and Processing, page 6-13
» Topology Changes, page 6-14

Supported RSTP Instances

The ML Series supports per-VLAN rapid spanning tree (PVRST) and a maximum of 255 rapid
spanning-tree instances.
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Port Roles and the Active Topology

A

The RSTP provides rapid convergence of the spanning tree by assigning port roles and by determining
the active topology. The RSTP builds upon the IEEE 802.1D STP to select the switch with the highest
switch priority (lowest numerical priority value) as the root switch as described in “ Election of the Root
Switch” section on page 6-3. Then the RSTP assigns one of these port roles to individual ports:

» Root port—Provides the best path (lowest cost) when the switch forwards packets to the root switch.

» Designated port—Connects to the designated switch, which incurs the lowest path cost when
forwarding packets from that LAN to the root switch. The port through which the designated switch
is attached to the LAN is called the designated port.

« Alternate port—Offers an alternate path toward the root switch to that provided by the current root
port.

» Backup port—Acts as a backup for the path provided by a designated port toward the |eaves of the
spanning tree. A backup port can exist only when two ports are connected together in aloopback by
a point-to-point link or when a switch has two or more connections to a shared LAN segment.

- Disabled port—Has no role within the operation of the spanning tree.

A port with theroot or adesignated port role isincluded in the active topology. A port with the alternate
or backup port role is excluded from the active topology.

In a stable topology with consistent port roles throughout the network, the RSTP ensures that every root
port and designated port immediately transition to the forwarding state while all alternate and backup
ports are alwaysin the discarding state (equivalent to blocking in IEEE 802.1D). The port state controls
the operation of the forwarding and learning processes. Table 6-3 provides a comparison of

|EEE 802.1D and RSTP port states.

Table 6-3  Port State Comparison

Is Port Included in the

Operational Status

STP Port State

RSTP Port State

Active Topology?

Enabled Blocking Discarding No
Enabled Listening Discarding No
Enabled Learning Learning Yes
Enabled Forwarding Forwarding Yes
Disabled Disabled Discarding No

Caution

Note

STP edge ports are bridge ports that do not need STP enabled, where loop protection is not needed out
of that port or an STP neighbor does not exist out of that port. For RSTP, it isimportant to disable STP
on edge ports, which are typically front-side Ethernet ports, using the command bridge
bridge-group-number spanning-disabled on the appropriate interface. If RSTP is not disabled on edge
ports, convergence times will be excessive for packets traversing those ports.

To be consistent with Cisco STP implementations, Table 6-3 describes the port state as blocking instead
of discarding. Designated ports start in the listening state.

Cisco ONS 15454 SONET/SDH ML-Series Multilayer Ethernet Card Software Feature and Configuration Guide, R4.0

January 2004 |



| Chapter6 Configuring STP and RSTP

Rapid Convergence M

Rapid Convergence

The RSTP provides for rapid recovery of connectivity following the failure of switch, a switch port, or
aLAN. It provides rapid convergence for new root ports, and ports connected through point-to-point
links as follows:

Root ports—If the RSTP selects a new root port, it blocks the old root port and immediately
transitions the new root port to the forwarding state.

Point-to-point links—If you connect a port to another port through a point-to-point link and the local
port becomes a designated port, it negotiates a rapid transition with the other port by using the
proposal-agreement handshake to ensure a loop-free topology.

As shown in Figure 6-4, Switch A is connected to Switch B through a point-to-point link, and all of
the ports are in the blocking state. Assume that the priority of Switch A isasmaller numerical value
than the priority of Switch B. Switch A sends a proposal message (a configuration BPDU with the
proposal flag set) to Switch B, proposing itself as the designated switch.

After receiving the proposal message, Switch B selects as its new root port the port from which the
proposal message was received, forces all non edge ports to the blocking state, and sends an
agreement message (a BPDU with the agreement flag set) through its new root port.

After receiving an agreement message from Switch B, Switch A also immediately transitions its
designated port to the forwarding state. No loops in the network are formed because Switch B
blocked all of its non edge ports and because there is a point-to-point link between Switches A
and B.

When Switch C is connected to Switch B, a similar set of handshaking messages are exchanged.
Switch C selects the port connected to Switch B as its root port, and both ends immediately
transition to the forwarding state. With each iteration of this handshaking process, one more switch
joins the active topology. As the network converges, this proposal-agreement handshaking
progresses from the root toward the leaves of the spanning tree.

The switch determines the link type from the port duplex mode: a full-duplex port is considered to
have a point-to-point connection; a half-duplex port is considered to have a shared connection.
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Figure 6-4 Proposal and Agreement Handshaking for Rapid Convergence
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When the switch receives a proposal message on one of its ports and that port is selected as the new root
port, the RSTP forces all other ports to synchronize with the new root information. The switch is
synchronized with superior root information received on the root port if all other ports are synchronized.

If adesignated port isin the forwarding state, it transitions to the blocking state when the RSTP forces
it to synchronize with new root information. In general, when the RSTP forces a port to synchronize with
root information and the port does not satisfy any of the above conditions, its port stateis set to blocking.

After ensuring al of the ports are synchronized, the switch sends an agreement message to the designated
switch corresponding to itsroot port. When the switches connected by a point-to-point link arein agreement
about their port roles, the RSTP immediately transitionsthe port statesto forwarding. The sequence of events

isshown in Figure 6-5.
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Figure 6-5 Sequence of Events During Rapid Convergence
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Bridge Protocol Data Unit Format and Processing

The RSTP BPDU format is the same as the IEEE 802.1D BPDU format except that the protocol version
isset to 2. A new Length field is set to zero, which means that no version 1 protocol information is
present. Table 6-4 shows the RSTP flag fields.

Table 6-4 RSTP BPDU Flags

Bit Function

0 Topology change (TC)
1 Proposal
2-3: Port role:

00 Unknown

01 Alternate port

10 Root port

11 Designated port

Learning

Forwarding

Agreement

N oo b

Topology change acknowledgement

The sending switch sets the proposal flag in the RSTP BPDU to propose itself as the designated switch
on that LAN. The port role in the proposal message is always set to the designated port.

The sending switch sets the agreement flag in the RSTP BPDU to accept the previous proposal. The port
role in the agreement message is always set to the root port.
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The RSTP does not have a separate topology change notification (TCN) BPDU. It uses the topol ogy
change (TC) flag to show the topology changes. However, for interoperability with |EEE 802.1D
switches, the RSTP switch processes and generates TCN BPDUs.

The learning and forwarding flags are set according to the state of the sending port.

Processing Superior BPDU Information

If aport receives superior root information (lower bridge ID, lower path cost, etc.) than currently stored
for the port, the RSTP triggers a reconfiguration. If the port is proposed and is selected as the new root
port, RSTP forces all the other ports to synchronize.

If the BPDU received is an RSTP BPDU with the proposal flag set, the switch sends an agreement
message after all of the other ports are synchronized. If the BPDU isan |[EEE 802.1D BPDU, the switch
does not set the proposal flag and starts the forward-delay timer for the port. The new root port requires
twice the forward-delay time to transition to the forwarding state.

If the superior information received on the port causes the port to become a backup or alternate port,
RSTP sets the port to the blocking state but does not send the agreement message. The designated port
continues sending BPDUs with the proposal flag set until the forward-delay timer expires, at which time
the port transitions to the forwarding state.

Processing Inferior BPDU Information

If adesignated port receives an inferior BPDU (higher bridge ID, higher path cost, etc.) than currently
stored for the port with a designated port role, it immediately replies with its own information.

Topology Changes

This section describesthe differences between the RSTP and the IEEE 802.1D in handling spanning-tree
topology changes.

- Detection—Unlike |EEE 802.1D in which any transition between the blocking and the forwarding
state causes atopology change, only transitions from the blocking to the forwarding state cause a
topology change with RSTP. (Only an increase in connectivity is considered a topology change.)
State changes on an edge port do not cause a topology change. When an RSTP switch detects a
topology change, it flushes the learned information on all of its non edge ports.

- Notification—Unlike IEEE 802.1D, which uses TCN BPDUSs, the RSTP does not use them.
However, for IEEE 802.1D interoperability, an RSTP switch processes and generates TCN BPDUSs.

» Acknowledgement—When an RSTP switch receives a TCN message on a designated port from an
|EEE 802.1D switch, it replieswith an | EEE 802.1D configuration BPDU with the topology change
acknowledgement bit set. However, if the TC-whiletimer (the same as the topol ogy-changetimer in
IEEE 802.1D) is active on a root port connected to an IEEE 802.1D switch and a configuration
BPDU with the topology change acknowledgement bit set is received, the TC-while timer is reset.

This behavior isonly required to support IEEE 802.1D switches. The RSTP BPDUs never have the
topology change acknowledgement bit set.

» Propagation—When an RSTP switch receives a TC message from another switch through a
designated or root port, it propagates the topology change to all of its non edge, edge, designated
ports, and root port (excluding the port on which it isreceived). The switch startsthe TC-whiletimer
for all such ports and flushes the information learned on them.
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Interoperability with IEEE 802.1D STP Il

Protocol migration—For backward compatibility with IEEE 802.1D switches, RSTP selectively
sends |EEE 802.1D configuration BPDUs and TCN BPDUs on a per-port basis.

When a port isinitialized, the timer is started (which specifies the minimum time during which
RSTP BPDUs are sent), and RSTP BPDUs are sent. While thistimer is active, the switch processes
all BPDUs received on that port and ignores the protocol type.

If the switch receives an |EEE 802.1D BPDU after the port’s migration-delay timer has expired, it
assumes that it is connected to an |EEE 802.1D switch and starts using only |EEE 802.1D BPDUs.
However, if the RSTP switch isusing |EEE 802.1D BPDUs on a port and receives an RSTP BPDU
after the timer has expired, it restarts the timer and starts using RSTP BPDUs on that port.

Interoperability with IEEE 802.1D STP

A switch running RSTP supports a built-in protocol migration mechanism that enablesit to interoperate
with legacy |EEE 802.1D switches. If this switch receives alegacy |EEE 802.1D configuration BPDU
(aBPDU with the protocol version set to 0), it sends only |EEE 802.1D BPDUs on that port.

However, the switch does not automatically revert to the RSTP mode if it no longer receives

|EEE 802.1D BPDUs because it cannot determine whether the legacy switch has been removed from the
link unlessthelegacy switchisthe designated switch. Also, aswitch might continueto assign aboundary
role to a port when the switch to which this switch is connected has joined the region.

Configuring STP and RSTP Features

These sections describe how to configure spanning-tree features:

Default STP and RSTP Configuration, page 6-16

Disabling STP and RSTP, page 6-16

Configuring the Root Switch, page 6-17

Configuring the Port Priority, page 6-17

Configuring the Path Cost, page 6-18

Configuring the Switch Priority of a Bridge Group, page 6-19
Configuring the Hello Time, page 6-19

Configuring the Forwarding-Delay Time for a Bridge Group, page 6-20
Configuring the Maximum-Aging Time for a Bridge Group, page 6-20
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Default STP and RSTP Configuration

Table 6-5 shows the default STP and RSTP configuration.

Table 6-5 Default STP and RSTP Configuration

Feature Default Setting
Enable state Up to 255 spanning-tree instances
can be enabled.
Switch priority 32768 + Bridge ID
Spanning-tree port priority (configurable on a per-interface 128
basis—used on interfaces configured as Layer 2 access ports)
Spanning-tree port cost (configurable on a per-interface basis) |1000 Mbps: 4
100 Mbps: 19
10 Mbps: 100
STS-1: 37
STS-3c: 14
STS-6¢: 9
STS-9c: 7
STS-12c: 6
STS-24c: 3
Hello time 2 seconds
Forward-delay time 15 seconds
Maximum-aging time 20 seconds

Disabling STP and RSTP

STPisenabled by default on VLAN 1 and on all newly created VLANSs up to the specified spanning-tree
limit of 255. Disable STP only if you are sure there are no loops in the network topology.

A

Caution  STP edge ports are bridge ports that do not need STP enabled, where loop protection is not needed out
of that port or an STP neighbor does not exist out of that port. For RSTP, it isimportant to disable STP
on edge ports, which are typically front-side Ethernet ports, using the command bridge
bridge-group-number spanning-disabled on the appropriate interface. If RSTP is not disabled on edge
ports, convergence times will be excessive for packets traversing those ports.

A

Caution  When STPis disabled and loops are present in the topology, excessive traffic and indefinite packet
duplication can drastically reduce network performance.
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Step 1
Step 2
Step 3

Step 4

Configuring the Root Switch

Beginning in privileged EXEC mode, follow these steps to disable STP or RSTP on a per-VLAN basis:

Command Purpose

Router# configure terminal Enters the global configuration mode.

Router (config)# interface interface-id Enters the interface configuration mode.
Router (config-if)# bridge-group Disables STP or RSTP on a per-interface basis.
bridge-group-number spanning disabled

Router (config-if)# end Returns to privileged EXEC mode.

To reenable STP, use the no bridge-group bridge-group-number spanning disabled interface-level
configuration command.

Configuring the Root Switch

Note

The switch maintains a separate spanning-tree instance for each active VLAN configured on it. A
bridge ID, consisting of the switch priority and the switch MAC address, is associated with each
instance. For each VLAN, the switch with the lowest bridge ID becomes the root switch for that VLAN.

If your network consists of switchesthat both do and do not support the extended system ID, it isunlikely
that the switch with the extended system 1D support will become the root switch. The extended system
ID increases the switch priority value every time the bridge ID is greater than the priority of the
connected switches that are running older software.

Configuring the Port Priority

Step 1
Step 2

If aloop occurs, spanning tree uses the port priority when selecting an interface to put into the
forwarding state. You can assign higher priority values (lower numerical values) to interfaces that you
want selected first, and lower priority values (higher numerical values) that you want selected last. If all
interfaces have the same priority value, spanning tree puts the interface with the lowest interface number
in the forwarding state and blocks the other interfaces.

Beginning in privileged EXEC mode, follow these steps to configure the port priority of an interface:

Command Purpose
Router# configure terminal Enters the global configuration mode.
Router (config)# interface Enters the interface configuration mode, and specifies an

interface-id interface to configure.

Valid interfaces include physical interfaces and
port-channel logical interfaces (port-channel
port-channel-number).
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Step 3

Step 4

Command Purpose

Router (config-if)# bridge-group Configures the port priority for an interface that is an
bridge-group-number priority-value access port.

For the priority-value, the range is 0 to 255; the default is
128 inincrements of 16. The lower the number, the higher
the priority.

Router (config-if)# end Return to privileged EXEC mode.

To return the interface to its default setting, use the no bridge-group id bridge-group-number priority-
value command.

Configuring the Path Cost

Step 1
Step 2

Step 3

Step 4

Note

The spanning-tree path cost default value is derived from the media speed of an interface. If aloop
occurs, spanning tree uses cost when selecting an interface to put in the forwarding state. You can assign
lower cost values to interfaces that you want selected first and higher cost values to interfaces that you
want selected last. If all interfaces have the same cost value, spanning tree puts the interface with the
lowest interface number in the forwarding state and blocks the other interfaces.

Beginning in privileged EXEC mode, follow these steps to configure the cost of an interface:

Command Purpose

Router# configure terminal Enters the global configuration mode.

Router (config)# interface Enters the interface configuration mode and specifies an
interface-id interface to configure.

Valid interfaces include physical interfaces and port-channel
logical interfaces (port-channel port-channel-number).

Router (config-if)# bridge-group |Configures the cost for an interface that is an access port.
bridge-group-number path-cost i .
cost If aloop occurs, spanning tree uses the path cost when selecting

aninterfaceto placeinto the forwarding state. A lower path cost
represents higher-speed transmission.

For cost, the range is 0 to 65535; the default value is derived
from the media speed of the interface.

Router (config-if)# end Returns to the privileged EXEC mode.

The show spanning-tree interface interface-id privileged EXEC command displays information only
for portsthat arein alink-up operative state. Otherwise, you can use the show running-config privileged
EXEC command to confirm the configuration.

To return the interface to its default setting, use the no bridge-group bridge-group-number path-cost
cost command.
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Configuring the Switch Priority of a Bridge Group

Configuring the Switch Priority of a Bridge Group

You can configure the switch priority and make it more likely that the switch will be chosen as the root
switch.

Beginning in privileged EXEC mode, follow these steps to configure the switch priority of a bridge

group:
Command Purpose
Stepl  Router# configure terminal Enters the global configuration mode.
Step2  Router (config)# bridge Configures the switch priority of a bridge group.
bridge-group-number priority L . L
priority For priority, the range is 0 to 61440 in increments of 4096; the
default is32768. Thelower the number, the morelikely the switch
will be chosen as the root switch.
The value entered is rounded to the lower multiple of 4096. The
actual number is computed by adding this number to the bridge
group number.
Step3  Router (config)# end Return to the privileged EXEC mode.

To return the switch to its default setting, use the no bridge bridge-group-number priority priority
command.

Configuring the Hello Time

You can configure the interval between the generation of configuration messages by the root switch by
changing the hello time.

Beginning in privileged EXEC mode, follow these steps to configure the hello time of a bridge group:

Command Purpose

Stepl  Router# configure terminal Enters global configuration mode.

Step2  Router (config)# bridge Configuresthe hello time of abridge group. The hellotimeis
bflng‘gfouP‘numbEf hello-time the interval between the generation of configuration
seconas

messages by the root switch. These messages mean that the
switchis alive.

For seconds, the range is 1 to 10; the default is 2.
Step3  Router(config)# end Returns to privileged EXEC mode.

To return the switch to its default setting, use the no bridge bridge-group-number hello-time seconds
command.
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Configuring the Forwarding-Delay Time for a Bridge Group

Step 1
Step 2

Step 3

Beginning in privileged EXEC mode, follow these steps to configure the forwarding-delay time for a

bridge group:

Command

Purpose

Router# configure terminal

Enters global configuration mode.

Router (config)# bridge
bridge-group-number
forward-time seconds

Configures the forward time of a VLAN. The forward delay is the
number of seconds a port waits before changing from its
spanning-tree learning and listening states to the forwarding state.

For seconds, the range is 4 to 200; the default is 15.

Router (config)# end

Returns to privileged EXEC mode.

Toreturnthe switch toitsdefault setting, use the no bridge bridge-group-number for war d-time seconds

command.

Configuring the Maximum-Aging Time for a Bridge Group

Step 1
Step 2

Step 3

Beginning in privileged EXEC mode, follow these steps to configure the maximum-aging time for a

bridge group:

Command

Purpose

Router# configure terminal

Enters global configuration mode.

Router (config)# bridge
bridge-group-number max-age
seconds

Configures the maximum-aging time of a bridge group. The
maximum-aging time is the number of seconds a switch waits
without receiving spanning-tree configuration messages before
attempting a reconfiguration.

For seconds, the range is 6 to 200; the default is 20.

Router (config)# end

Returns to privileged EXEC mode.

To return the switch to its default setting, use the no bridge bridge-group-number max-age seconds

command.

Verifying and Monitoring STP and RSTP Status

To display the STP or RSTP status, use one or more of the privileged EXEC commands in Table 6-6:

Table 6-6

Commands for Displaying Spanning-Tree Status

Command

Purpose

Router# show spanning-tree active

Displays STP or RSTP information on active interfaces only.

Router# show spanning-tree detail

Displays a detailed summary of interface information.
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Note

Verifying and Monitoring STP and RSTP Status Il

Table 6-6 Commands for Displaying Spanning-Tree Status (continued)

Command Purpose

Router# show spanning-tree Displays STP or RSTP information for the specified interface.
interface interface-id

Router# show spanning-tree Displays a summary of port states or displays the total lines of
summary [totals] the STP or RSTP state section.

The show spanning-tree interface interface-id privileged EXEC command displays information only
if the port isin alink-up operative state. Otherwise, you can use the show running-config interface

privileged EXEC command to confirm the configuration.

Examples of the show spanning-tree privileged EXEC command commands are shown here:

Example 6-1 show spanning-tree Commands
Router# show spanning-tree active

Bridge group 1
Spanning tree enabled protocol ieee

Root ID Priority 32769

Address 0005.9a39.6634

This bridge is the root

Hello Time 2 sec Max Age 20 sec Forward Delay 15 sec
Bridge ID Priority 32769 (priority 32768 sys-id-ext 1)

Address 0005.9a39.6634

Hello Time 2 sec Max Age 20 sec Forward Delay 15 sec

Aging Time 300

Interface Role Sts Cost Prio.Nbr Type
Fao0 Desg FWD 19 128.3 P2p
POO Desg FWD 3 128.20 P2p

Router# show spanning-tree detail

Bridge group 1 is executing the ieee compatible Spanning Tree protocol
Bridge Identifier has priority 32768, sysid 1, address 0005.9a39.6634
Configured hello time 2, max age 20, forward delay 15
We are the root of the spanning tree
Topology change flag not set, detected flag not set
Number of topology changes 2 last change occurred 00:16:45 ago

from POSO
Times: hold 1, topology change 35, notification 2
hello 2, max age 20, forward delay 15
Timers: hello 0, topology change 0, notification 0, aging 300

Port 3 (FastEthernet0) of Bridge group 1 is forwarding
Port path cost 19, Port priority 128, Port Identifier 128.3.
Designated root has priority 32769, address 0005.9a39.6634
Designated bridge has priority 32769, address 0005.9a39.6634
Designated port id is 128.3, designated path cost 0
Timers: message age 0, forward delay 0, hold 0
Number of transitions to forwarding state: 1
Link type is point-to-point by default
BPDU: sent 641, received 0
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Port 20 (POSO)
Port path cost 3, Port priority 128,
Designated root has priority 32769,
Designated bridge has priority 32769,
Designated port id is 128.20,
Timers: message age 0, forward delay O,
Number of transitions to forwarding state:
Link type is point-to-point by default
BPDU: sent 582, received 15

Router# show spanning-tree interface fast 0
Role Sts Cost

Desg FWD 19

Bridge Group

Bridge group 1
Router# show spanning-tree interface pos 0
Role Sts Cost

Desg FWD 3

Bridge Group

Bridge group 1

Router# show spanning-tree summary totals
Switch is in pvst mode
Root bridge for: Bridge group 1

1 bridge 0 0

of Bridge group 1 is forwarding

Port Identifier 128.20.
address 0005.9a39.6634
address 0005.9a39.6634
designated path cost 0
hold 0

6

Prio.Nbr Type

Prio.Nbr Type

Blocking Listening Learning Forwarding STP Active

Jl_ Cisco ONS 15454 SONET/SDH ML-Series Multilayer Ethernet Card Software Feature and Configuration Guide, R4.0

January 2004 |



	Configuring STP and RSTP
	STP Features
	STP Overview
	Supported STP Instances
	Bridge Protocol Data Units
	Election of the Root Switch
	Bridge ID, Switch Priority, and Extended System ID
	Spanning-Tree Timers
	Creating the Spanning-Tree Topology
	Spanning-Tree Interface States
	Blocking State
	Listening State
	Learning State
	Forwarding State
	Disabled State

	Spanning-Tree Address Management
	STP and IEEE 802.1Q Trunks
	Spanning Tree and Redundant Connectivity
	Accelerated Aging to Retain Connectivity

	RSTP
	Supported RSTP Instances
	Port Roles and the Active Topology
	Rapid Convergence
	Synchronization of Port Roles
	Bridge Protocol Data Unit Format and Processing
	Processing Superior BPDU Information
	Processing Inferior BPDU Information

	Topology Changes

	Interoperability with IEEE 802.1D STP
	Configuring STP and RSTP Features
	Default STP and RSTP Configuration
	Disabling STP and RSTP
	Configuring the Root Switch
	Configuring the Port Priority
	Configuring the Path Cost
	Configuring the Switch Priority of a Bridge Group
	Configuring the Hello Time
	Configuring the Forwarding-Delay Time for a Bridge Group
	Configuring the Maximum-Aging Time for a Bridge Group

	Verifying and Monitoring STP and RSTP Status



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


