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Introduction

Thisdocumentdescribes thehierarchicalport scheduling featuresupportedon the Juniper

Networks
®
QFabric™ family of products and provides a step-by-step procedure for

configuring hierarchical port scheduling.

Benefits of Configuring CoS Hierarchical Port Scheduling

Hierarchical port scheduling enables you to control the amount of bandwidth allocated

to different traffic classes on each port in away thatmaximizes flexibility and bandwidth

utilization. Hierarchical port scheduling is the Junos
®
operating system (Junos OS)

implementation of enhanced transmission selection (ETS, described in IEEE 802.1Qaz).

ETS is part of the data center bridging (DCB) IEEE standards that provide features to

support lossless transport over Ethernet networks for use in data center environments.

ETS provides the flexibility to allocate a guaranteedminimum port bandwidth to any

traffic class. In addition, after meeting the minimum bandwidth guarantees, ETS

dynamically shares the remainingportbandwidthamong the traffic classes inaccordance

with your configuration. This combination of capabilities results both in bandwidth

guarantees for lossless traffic and in better port bandwidth utilization, which saves you

money. You can configure different hierarchical port scheduling on different interfaces

to customize your bandwidth allocation and utilization.

Bandwidth guarantees ensure that lossless traffic receives the bandwidth required to

prevent packet loss. Better port utilization enables you to forward the same amount of

traffic on fewer links than switches that donot provideETShierarchical scheduling. Thus,

you need fewer ports to handle network traffic, which is also cost-effective.

Related
Documentation

Understanding CoS Hierarchical Port Scheduling (ETS) on page 2•

• Understanding CoS Scheduling Behavior and Configuration Considerations on page 6

• Example: Configuring CoS Hierarchical Port Scheduling (ETS) on page 10
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Understanding CoS Hierarchical Port Scheduling (ETS)

Scheduling defines the class-of-service (CoS) properties of output queues. These

properties include the amount of interface bandwidth assigned to the queue, the queue

priority, and the drop profiles associated with the queue.

Hierarchical port scheduling is a two-tier process that provides better port bandwidth

utilization and greater flexibility to allocate resources to queues and to groups of queues.

Hierarchical scheduling includes the JunosOS implementationof enhanced transmission

selection (ETS, described in IEEE 802.1Qaz).

The two tiers used in hierarchical scheduling are priorities and priority groups, as shown

in Table 1 on page 2.

Table 1: Hierarchical Scheduling Tiers

DescriptionEquivalent ETS ConstructJunosOSConfigurationConstruct

Think about priorities (forwarding classes) as output
queues.Youmap forwardingclasses toqueues, soeach
forwarding class is in essence an output queue.

When you use a classifier to map a forwarding class to
an IEEE802.1p codepoint, the codepoint identifies that
traffic’s priority for priority-based flow control (PFC).
Thus the forwarding class, the queuemapped to the
forwarding class, and the priority mapped to the
forwarding class all identify the same traffic.

PriorityForwarding class

Priority groups (forwarding class sets) are groups of
priorities. Forwarding classmembership in a forwarding
class setdefines thepriority group towhicheachpriority
belongs.

You can configure up to three unicast priority groups
and onemulticast forwarding class set.

Priority groupForwarding class set

NOTE: If you explicitly configure one or more priority groups on an interface,
anypriority that is notassigned toapriority groupon that interface isassigned
to an automatically generated default priority group and receives no
bandwidth. This means that if you configure hierarchical scheduling on an
interface, every forwarding class that you want to forward traffic on that
interfacemust belong to a forwarding class set.

This topic describes:

• Hierarchical Scheduling and ETS on page 3

• ETS Advertisement in DCBX on page 4

• Hierarchical Scheduling Process on page 4
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• Strict-High Priority Queues and Hierarchical Scheduling on page 5

• Default Hierarchical Scheduling on page 6

Hierarchical Scheduling and ETS

Two-tier hierarchical schedulingenables you tomanagebandwidthefficientlybyenabling

you to define the CoS properties for each priority group and for each priority. One tier of

the hierarchical scheduler allocates port bandwidth to a priority group. The other tier of

the hierarchical scheduler determines the portion of the priority group bandwidth that a

queue can use.

TheCoSproperties youconfigure for apriority groupdefine theport bandwidth resources

available to the queues in that priority group. The CoS properties you configure for each

queue specify theportion or percentageof the total bandwidth configured for thepriority

group that is available to the queue. Figure 1 on page 3 shows the relationship of port

resource allocation to priority groups and priority group resource allocation to queues

(priorities).

Figure 1: Hierarchical Scheduling Tiers
Forwarding class set resource

allocation from port
Per-queue resource allocation
(scheduling) from priority group

Total port bandwidth
resources

Unicast
priority
group 1

Unicast
priority
group 2
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priority
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Multicast Queue 8
(priority 0)

Multicast Queue 9
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If a queue is not using its allocatedbandwidth, ETS shares the unusedbandwidth among

the other queues in the priority group. If link bandwidth is available or if a priority group

on a link is not using its allocated bandwidth, ETS shares the unused bandwidth with

other priority groups on the link. In this way ETS improves link bandwidth utilization and

provideseachqueuewith themaximumbandwidth. Priorities that consist of bursty traffic

can share bandwidth during periods of low traffic transmission instead of consuming

their entire bandwidth allocation when traffic loads are light.
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NOTE: Theavailable linkbandwidth is thebandwidth remainingafterservicing
strict-high priority flows.

ETS Advertisement in DCBX

When you configure hierarchical scheduling on a port, Data Center Bridging Capability

Exchange Protocol (DCBX) advertises:

• Each priority group

• The priorities in each priority group

• The bandwidth properties of each priority group and priority

When you configure hierarchical scheduling on a port, any priority that is not part of an

explicitly configured priority group is assigned to the automatically generated default

priority group and receives no bandwidth. The default priority group is transparent. It

does not appear in the configuration.

Hierarchical Scheduling Process

Hierarchical scheduling consists of multiple configuration steps that create the priorities

and thepriority groups, schedule their resources, andassign themto interfaces. Thesteps

below correspond to the six blocks in the packet flow diagram shown in Figure 2 on

page 5:

1. Packet classification:

• Classify incoming traffic into priorities. This consists of either using the default

classifiers or configuring classifiers tomap IEEE802.1p codepointsand losspriorities

to the forwarding classes.

• Apply theclassifiers to ingress interfaces.This groups incoming traffic into forwarding

classes (priorities) bymapping code points to forwarding classes and loss priorities

on the specified interface.

2. Configure the output queues for the forwarding classes (priorities). This consists of

either using the default forwarding classes and forwarding-class-to-queuemapping

or creating your own forwarding classes andmapping them to queues.

3. Allocate resources to the forwarding classes:

• Define resources for the priorities. This consists of configuring schedulers to set

minimumguaranteed bandwidth,maximumbandwidth, drop profiles forWeighted

Random Early Detection (WRED), and bandwidth priority to apply to a forwarding

class. Extra bandwidth is shared among queues in proportion to the minimum

guaranteed bandwidth of each queue.

• Map resources to priorities. This consists of mapping forwarding classes to

schedulers by using a scheduler map.

Copyright © 2013, Juniper Networks, Inc.4
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4. Configure priority groups. This consists of mapping forwarding classes (priorities) to

forwarding class sets (priority groups) to define the priorities that belong to each

priority group.

5. Define resources for the priority groups. This consists of configuring traffic control

profiles to setminimumguaranteedbandwidthandmaximumbandwidth for apriority

group.Traffic control profilesalso specifya schedulermap,whichdefines the resources

(schedulers) for the priorities in the priority group. Extra port bandwidth is shared

among priority groups in proportion to the minimum guaranteed bandwidth of each

priority group.

The traffic control profile bandwidth settings determine the port resources available

to the priority group, and the schedulers specified in the schedulermapdetermine the

amount of the priority group resources that each priority receives.

6. Apply the hierarchical scheduling to a port. This consists of attaching one or more

priority groups to a port interface. For each priority group, you also attach a traffic

control profile. Different priority groups on the same port can use different traffic

control profiles.

Figure 2: Hierarchical Scheduling Packet Flow

Packet classification:
Map incoming traffic to

forwarding classes
(priorities)

Forwarding classes
mapped to output

queues

Queue scheduling (first level of
scheduling hierarchy):

Bandwidth and packet drop
characteristics mapped to output

queues (forwarding classes)

Queues mapped to
forwarding class sets

(priority groups)

Ingress

g0
40

71
8

Priority group scheduling (second
level of scheduling hierarchy):
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queue scheduling mapped to the
priority group

Priority groups and
scheduling mapped

to egress ports

Egress

Strict-High Priority Queues and Hierarchical Scheduling

If you configure a strict-high priority queue, youmust observe the following rules:

• Youmust create a separate forwarding class set (priority group) for the strict-high

priority queue.

• Only one forwarding class set can contain strict-high priority queues.

• Strict-high priority queues cannot belong to the same forwarding class set as queues

that are not strict-high priority.

• A strict-high priority queue cannot belong to amultidestination forwarding class set.
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Default Hierarchical Scheduling

If you do not explicitly configure hierarchical scheduling, the switch uses the default

settings:

• The switch automatically creates a default forwarding class set that contains all of

the forwardingclasseson theswitch.Theswitchassigns 100percentof theport output

bandwidth to the default forwarding class set. The default forwarding class set is

transparent. It doesnotappear in theconfigurationand isused forDataCenterBridging

Capability Exchange Protocol (DCBX) advertisement.

• Ingress traffic is classified based on the default classifier settings.

• The forwarding classes (queues) in the default forwarding class set receive bandwidth

based on the default scheduler settings.

Related
Documentation

Understanding CoS Packet Flow•

• Understanding CoS Output Queue Schedulers

• Understanding CoS Priority Group Scheduling

• Benefits of Configuring CoS Hierarchical Port Scheduling on page 1

• Understanding CoS Flow Control (Ethernet PAUSE and PFC)

• Understanding CoS Classifiers

• Understanding Default CoS Scheduling and Classification

• Example: Configuring CoS Hierarchical Port Scheduling (ETS) on page 10

• Example: Configuring Queue Schedulers

• Example: Configuring Traffic Control Profiles (Priority Group Scheduling)

• Example: Configuring MinimumGuaranteed Output Bandwidth

• Example: Configuring MaximumOutput Bandwidth

Understanding CoS Scheduling Behavior and Configuration Considerations

Many factors affect scheduling configuration and bandwidth requirements, including:

• When you configure bandwidth for a queue or a priority group, the switch considers

only the data as the configured bandwidth. The switch does not account for the

bandwidth consumed by the preamble and the interframe gap (IFG). Therefore, when

you calculate and configure the bandwidth requirements for a queue or for a priority

group, consider the preamble and the IFG as well as the data in the calculations.

• When you define a forwarding class that will be used on the switch (the behavior

aggregate classifier has a forwarding class and you expect traffic for the forwarding

class), youmust also define a scheduling policy for the forwarding class. Defining a

scheduling policy means:

Copyright © 2013, Juniper Networks, Inc.6
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• Mapping a scheduler to the forwarding class in a scheduler map

• Including the forwarding class in a forwarding class set

• Associating the scheduler map with a traffic control profile

• Attaching the traffic control profile to a forwarding class set and an interface

• On each physical interface, either all forwarding classes that are being used on the

interface must have rewrite rules configured, or no forwarding classes that are being

used on the interface can have rewrite rules configured. On any physical port, do not

mix forwarding classeswith rewrite rules and forwarding classeswithout rewrite rules.

• For packets that carry both an inner VLAN tag and an outer VLAN tag, the rewrite rule

rewrites only the outer VLAN tag.

• Configuring theminimumguaranteedbandwidth(transmit-rate) foraqueue(forwarding

class) does not work unless you also configure the minimum guaranteed bandwidth

(guaranteed-rate) for the priority group (forwarding class set) in the traffic control

profile.

Additionally, the sum of the transmit rates of the queues in a forwarding class set

should not exceed the guaranteed rate for the forwarding class set. (You cannot

guarantee aminimum bandwidth for the queues that is greater than theminimum

bandwidth guaranteed for the entire set of queues.) If you configure transmit rates

whose sumexceeds the guaranteed rate of the forwarding class set, the commit check

fails and the system rejects the configuration.

• Thesumof thepriority groupguaranteed rates cannot exceed the total port bandwidth.

If you configure guaranteed rates whose sum exceeds the port bandwidth, the system

sends a syslog message to notify you that the configuration is not valid. However, the

system does not perform a commit check. If you commit a configuration in which the

sum of the guaranteed rates exceeds the port bandwidth, the hierarchical scheduler

behaves unpredictably.

• If you configure the guaranteed-rate of a priority group as a percentage, configure all

of the transmit rates associated with that priority group as percentages. In this case,

if any of the transmit rates are configured as absolute values instead of percentages,

the configuration is not valid and the system sends a syslog message.

• Thereare several factors to consider if youwant to configure strict-highpriority queues:

• You cannot configure a minimum guaranteed bandwidth (transmit-rate) for a

strict-high priority queue. You cannot configure a minimum guaranteed bandwidth

(guaranteed-rate) for a forwarding class set that includesa strict-highpriority queue.

• Youmust create a separate forwarding class set for the strict-high priority queue.

• Only one forwarding class set can contain strict-high priority queues.

• Strict-highpriority queuescannotbelong to the same forwardingclass set asqueues

that are not strict-high priority.

• A strict-high priority queue cannot belong to amultidestination forwarding class set.

7Copyright © 2013, Juniper Networks, Inc.



• In QFabric systems, if any queue that contains outgoing packets does not transmit

packets for 12 consecutive seconds, the port automatically resets. Failure of a queue

to transmit packets for 12 consecutive secondsmay be due to:

• A strict-high priority queue consuming all of the port bandwidth

• Several queues consuming all of the port bandwidth

• Any queue or port receiving continuous priority-based flow control (PFC) or 802.3x

Ethernet PAUSEmessages (received PFC and PAUSEmessages prevent a queue

or a port, respectively, from transmitting packets because of network congestion)

• Other conditions that prevent a queue from obtaining port bandwidth for 12

consecutive seconds

If the cause is a strict-high priority queue consuming all of the port bandwidth, you can

use rate shaping to configure a maximum rate for the strict-high priority queue and

prevent it from using all of the port bandwidth. To configure rate shaping, include the

shaping-rate(rate |percentpercentage)statementat the [editclass-of-serviceschedulers

scheduler-name] hierarchy level and apply the shaping rate to the strict-high priority

scheduler.

If several queues consume all of the port bandwidth, you can use a scheduler to rate

shape those queues and prevent them from using all of the port bandwidth.

• For transmit rates below 1 Gbps, we recommend that you configure the transmit rate

as a percentage instead of as a fixed rate. This is because the system converts fixed

rates into percentages andmay round small fixed rates to a lower percentage. For

example, a fixed rate of 350Mbps is rounded down to 3 percent instead of 3.5 percent.

• Whenyouset themaximumbandwidth for aqueueor for apriority group(shaping-rate)

at 100Kbpsor lower, the traffic shapingbehavior is accurateonlywithin+/–20percent

of the configured shaping-rate.

• Queues might not receive the egress bandwidth configured in the queue scheduler

whenaport’s egressqueuesare congested.This canoccurwhen the ingressport buffer

fills above a certain threshold. If this happens, configure a drop profile for the queue

on the port that is receiving its configured bandwidth (this queue is preventing the

other queues on the port from receiving their configured bandwidth). The drop profile

appliesaweighted randomearlydetection(WRED)algorithmtothequeueandprevents

the queue from affecting the other queues on the port.

• On an ingress port, do not configure classifiers that map the same IEEE 802.1p code

point to both amultidestination traffic flow and a lossless unicast traffic flow (such

as the default lossless fcoe or no-loss forwarding classes). Any code point used for

multidestination traffic on a port should not be used to classify unicast traffic into a

lossless forwarding class on the same port. If a multidestination traffic flow and a

lossless unicast traffic flow use the same code point on a port, the multidestination

traffic is treated the same way as the lossless traffic. For example, if priority-based

flow control (PFC) is applied to the lossless traffic, the multidestination traffic of the

samecodepoint isalsopaused.Duringperiodsofcongestion, treatingmultidestination

traffic the same as lossless unicast traffic can create head-of-line (HOL) blocking for

the multidestination traffic and affect the multidestination traffic on all of the egress

ports the multidestination traffic uses.

Copyright © 2013, Juniper Networks, Inc.8
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For example, the following configuration can cause HOL blocking for the

multidestination flow:

1. For unicast traffic, IEEE 802.1p code point 011 is classified into the fcoe forwarding

class:

user@switch# set class-of-service classifiers ieee-802.1 ucast_cl forwarding-class fcoe
loss-priority low code-points 011

2. For multidestination traffic, IEEE 802.1p code point 011 is classified into themcast

forwarding class:

user@switch# set class-of-service classifiers ieee-802.1mcast-cl forwarding-classmcast
loss-priority low code-points 011

3. The unicast classifier that maps traffic with code point 011 to the fcoe forwarding

class is mapped to interface xe-0/0/1:

user@switch# setclass-of-service interfacesxe-0/0/1unit0classifiers ieee-802.1ucast_cl

4. Themultidestination classifier that maps traffic with code point 011 to themcast

forwarding class is mapped to all interfaces (multidestination traffic maps to all

interfaces and cannot bemapped to individual interfaces):

user@switch# set class-of-servicemulti-destination classifiers ieee-802.1 mcast-cl

Because the same code point (011) maps unicast traffic to a lossless traffic flow

and also mapsmultidestination traffic to amultidestination traffic flow, the

multidestination traffic flowmight experience HOL blocking during periods of

congestion.

To avoid HOL blocking, do notmap the code point used by themultidestination traffic

to lossless unicast traffic. For example:

1. Instead of classifying code point 011 into the fcoe forwarding class, classify code

point 011 into the best-effort forwarding class:

user@switch# set class-of-service classifiers ieee-802.1 ucast_cl forwarding-class
best-effort loss-priority low code-points 011

2. user@switch# set class-of-service classifiers ieee-802.1mcast-cl forwarding-classmcast
loss-priority low code-points 011

3. user@switch# setclass-of-service interfacesxe-0/0/1unit0classifiers ieee-802.1ucast_cl

4. user@switch# set class-of-servicemulti-destination classifiers ieee-802.1 mcast-cl

Because the code point 011 does not map unicast traffic to a lossless traffic flow,

the multidestination traffic flow does not experience HOL blocking during periods

of congestion.

The best practice is to classify unicast traffic with IEEE 802.1p code points that are

also used for multidestination traffic into best-effort forwarding classes.

Related
Documentation

Understanding CoS Output Queue Schedulers•

• Understanding CoS Priority Group Scheduling

• Understanding CoS Hierarchical Port Scheduling (ETS) on page 2

• Benefits of Configuring CoS Hierarchical Port Scheduling on page 1

• Example: Configuring CoS Hierarchical Port Scheduling (ETS) on page 10
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Example: Configuring CoS Hierarchical Port Scheduling (ETS)

Hierarchical port scheduling defines the class-of-service (CoS) properties of output

queues, which are mapped to forwarding classes (forwarding classes are mapped to

IEEE 802.1p priorities, so mapping queues to forwarding classes also maps queues to

priorities). Hierarchical port scheduling enables you to grouppriorities that require similar

CoS resources into priority groups. You define the port bandwidth resources for a priority

group, and you define the amount of the priority group’s resources that each priority in

the group can use.

Hierarchical port scheduling is the Junos OS implementation of enhanced transmission

selection (ETS, described in IEEE 802.1Qaz). Onemajor benefit of hierarchical port

scheduling is greater port bandwidth utilization. If a priority group on a port does not use

all of its allocated bandwidth, other priority groups on that port can use that bandwidth.

Also, if aprioritywithinapriority groupdoesnotuse itsallocatedbandwidth, otherpriorities

within that priority group can use that bandwidth.

Configuring hierarchical scheduling is a multistep procedure that includes:

• Mapping forwarding classes to queues

• Defining forwarding class sets (priority groups)

• Defining behavior aggregate classifiers

• Configuring priority-based flow control (PFC) for lossless priorities (queues)

• Applying classifiers and PFC configuration to ingress interfaces

• Defining drop profiles

• Defining schedulers

• Mapping forwarding classes to schedulers

• Defining traffic control profiles

• Assigning priority groups and traffic control profiles to egress ports

This example describes how to configure hierarchical scheduling:

• Requirements on page 10

• Overview on page 11

• Configuration on page 14

• Verification on page 22

Requirements

This example uses the following hardware and software components:

• One Juniper Networks QFX3500 Switch

• Junos OS Release 11.1 or later for the QFX Series

Copyright © 2013, Juniper Networks, Inc.10
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Overview

Keep the following considerations in mind when you plan the port bandwidth allocation

for priority groups and for individual priorities:

• Howmuch traffic and what types of traffic you expect to traverse the system.

• How you want to divide different types of traffic into priorities (forwarding classes,

also called queues) to apply different CoS treatment to the traffic. Dividing traffic into

priorities includes:

• Mapping the code points of ingress traffic to forwarding classes using behavior

aggregate (BA) classifiers. This classifies incoming traffic into the appropriate

forwarding class.

• Mapping forwarding classes to output queues. This defines the output queue for

each type of traffic.

• Attaching the BA classifier to the desired ingress interfaces so that incoming traffic

maps to the desired forwarding classes and queues.

• How you want to organize priorities into priority groups (forwarding class sets).

Traffic that requires similar treatment usually belongs in the same priority group. To

do this, place forwarding classes that require similar bandwidth, loss, and other

characteristics in the same forwarding class set. For example, you canmap all types

of best-effort traffic forwarding classes into one forwarding class set.

• Howmuch of the port bandwidth you want to allocate to each priority group and to

each of the priorities in each priority group. The following considerations apply to

bandwidth allocation:

• Estimate howmuch traffic you expect in each forwarding class (output queue) and

howmuch traffic you expect in each forwarding class set (the aggregate amount of

traffic in the forwarding classes that belong to the forwarding class set).

• Thecombinedminimumguaranteedbandwidthof thepriorities (forwardingclasses)

in a priority group should not exceed theminimum guaranteed bandwidth of the

priority group. The transmit rate scheduler parameter defines the minimum

guaranteedbandwidth for forwardingclasses.Schedulermapsassociateschedulers

with forwarding classes.

• The combinedminimum guaranteed bandwidth of the priority groups (forwarding

class sets) on a port should not exceed the port’s total bandwidth. Traffic control

profiles define the minimum bandwidth for a forwarding class set. Associating a

scheduler map with a traffic control profile sets the scheduling for the individual

forwarding classes in the forwarding class set.

This example creates hierarchical port scheduling by defining priority groups for best

effort, guaranteed delivery, and high-performance computing (HPC) traffic. Each priority

group includes priorities that need to receive similar CoS treatment. Each priority group

and each priority within each priority group receive the CoS resources needed to service

their flows. Lossless priorities use PFC to prevent packet loss when the network

experiences congestion.
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Topology

Table 2 on page 12 shows the configuration components for this example.

Table 2: Components of the Hierarchical Port Scheduling (ETS) Configuration Topology

SettingsProperty

QFX3500 switchHardware

best-effort to queue 0

be to queue 1

fcoe (Fibre Channel over Ethernet) to queue 3

no-loss to queue 4

hpc (high-performance computing) to queue 5

network-control to queue 7

NOTE: If you are using Junos OS Release 12.2 or later, use the default
forwarding-class-to-queuemapping for the lossless fcoe and no-loss forwarding classes.
If you explicitly configure the default lossless forwarding classes, the traffic mapped to
those forwarding classes is treatedas lossy (best-effort) traffic anddoesnot receive lossless
treatment.

In Junos OS Release 12.3 and later, you can include the no-loss packet drop attribute in the
explicit forwarding class configuration to configure a lossless forwarding class.

Mapping of forwarding classes
(priorities) to queues

best-effort-pg: contains forwarding classes best-effort, be, and network control

guar-delivery-pg: contains forwarding classes fcoe and no-loss

hpc-pg: contains forwarding class hpc

Forwarding class sets (priority
groups)

Name—hsclassifier1

Code point mapping:

• 000 to forwarding class best-effort and loss priority low

• 001 to forwarding class be and loss priority high

• 011 to forwarding class fcoe and loss priority low

• 100 to forwarding class no-loss and loss priority low

• 101 to forwarding class hpc and loss priority low

• 110 to forwarding class network-control and loss priority low

Behavior aggregate classifier
(maps forwarding classes and
losspriorities to incomingpackets
by IEEE 802.1 code point)

Congestion notification profile name—gd-cnp

PFC enabled on code points: 011 (fcoe priority), 010 (no-loss priority)

PFC
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Table 2: Components of the Hierarchical Port Scheduling (ETS) Configuration
Topology (continued)

SettingsProperty

dp-be-low: drop start point 25, drop end point 50, maximum drop rate 80

dp-be-high: drop start point 10, drop end point 40, maximum drop rate 100

dp-hpc: drop start point 75, drop end point 90, maximum drop rate 75

dp-nc: drop start point 80, drop end point 100, maximum drop rate 100

Drop profiles

NOTE: The fcoe and no-loss
priorities (queues) do not use
drop profiles because they are
lossless traffic classes.

be-sched: minimum bandwidth 3g, maximum bandwidth 100%, priority low, drop profiles
dp-be-low and dp-be-high

fcoe-sched: minimum bandwidth 2.5g, maximum bandwidth 100%, priority low

hpc-sched: minimum bandwidth 2g, maximum bandwidth 100%, priority low, drop profile
dp-hpc

nc-sched:minimumbandwidth500m,maximumbandwidth 100%,priority low, dropprofile
dp-nc

nl-sched: minimum bandwidth 2g, maximum bandwidth 100%, priority low

Queue schedulers

Scheduler map be-map:
Forwarding class best-effort, scheduler be-sched
Forwarding class be, scheduler be-sched
Forwarding class network-control, scheduler nc-sched

Scheduler map gd-map:
Forwarding class fcoe, scheduler fcoe-sched
Forwarding class no-loss, scheduler nl-sched

Scheduler map hpc-map:
Forwarding class hpc, scheduler hpc-sched

Forwarding class-to-scheduler
mapping

be-tcp: scheduler map be-map, minimum bandwidth 3.5g, maximum bandwidth 100%

gd-tcp: scheduler map gd-map, minimum bandwidth 4.5g, maximum bandwidth 100%

hpc-tcp: scheduler map hpc-map, minimum bandwidth 2g, maximum bandwidth 100%

Traffic control profiles

This exampleconfigureshierarchical port schedulingon interfaces xe-0/0/20and xe-0/0/21.
Because traffic is bidirectional, you apply the ingress and egress configuration components
to both interfaces:

• Classifier Name—hsclassifier1

• Forwarding class sets—best-effort-pg, guar-deliver-pg, hpc-pg

• Congestion notification profile—gd-cnp

Interfaces

Figure 3 on page 14 shows a block diagram of the configuration components and the

configuration flow of the CLI statements used in the example. You can perform the

configuration steps in a different sequence if you want.
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Figure 3: Hierarchical Port Scheduling Components Block Diagram
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Figure 4 on page 14 shows a block diagram of the hierarchical scheduling packet flow

from ingress to egress.

Figure 4: Hierarchical Port Scheduling Packet Flow Block Diagram
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Priority group scheduling (second
level of scheduling hierarchy):
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queue scheduling mapped to the
priority group

Priority groups and
scheduling mapped

to egress ports

Egress

Configuration

CLI Quick
Configuration

To quickly configure hierarchical port scheduling, copy the following commands, paste

them ina text file, remove linebreaks, changevariablesanddetails tomatchyournetwork

configuration, and then copyandpaste the commands into theCLI at the [edit] hierarchy

level:

[edit class-of-service]
set forwarding-classes class best-effort queue-num0
set forwarding-classes class be2 queue-num 1
set forwarding-classes class hpc queue-num 5
set forwarding-classes class network-control queue-num 7
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set forwarding-class-sets best-effort-pg class best-effort
set forwarding-class-sets best-effort-pg class be2
set forwarding-class-sets best-effort-pg class network-control
set forwarding-class-sets guar-delivery-pg class fcoe
set forwarding-class-sets guar-delivery-pg class no-loss
set forwarding-class-sets hpc-pg class hpc
set classifiers ieee-802.1 hsclassifier1 forwarding-class best-effort loss-priority low code-points
000
set classifiers ieee-802.1 hsclassifier1 forwarding-class be2 loss-priority high code-points 001
set classifiers ieee-802.1 hsclassifier1 forwarding-class fcoe loss-priority low code-points 011
set classifiers ieee-802.1 hsclassifier1 forwarding-class no-loss loss-priority low code-points 100
set classifiers ieee-802.1 hsclassifier1 forwarding-class hpc loss-priority low code-points 101
set classifiers ieee-802.1 hsclassifier1 forwarding-class network-control loss-priority low
code-points 110
set congestion-notification-profile gd-cnp input ieee-802.1 code-point 011 pfc
set congestion-notification-profile gd-cnp input ieee-802.1 code-point 100 pfc
set interfaces xe-0/0/20 unit 0 classifiers ieee-802.1 hsclassifier1
set interfaces xe-0/0/21 unit 0 classifiers ieee-802.1 hsclassifier1
set interfaces xe-0/0/20 congestion-notification-profile gd-cnp
set interfaces xe-0/0/21 congestion-notification-profile gd-cnp
setdrop-profilesdp-be-low interpolate fill-level25 fill-level50drop-probability0drop-probability
80
setdrop-profilesdp-be-high interpolate fill-level 10fill-level40drop-probability0drop-probability
100
set drop-profiles dp-nc interpolate fill-level 80 fill-level 100 drop-probability 0 drop-probability
100
set drop-profiles dp-hpc interpolate fill-level 75 fill-level 90 drop-probability 0 drop-probability
75
set schedulers be-sched priority low transmit-rate 3g
set schedulers be-sched shaping-rate percent 100
set schedulers be-sched drop-profile-map loss-priority low protocol any drop-profile dp-be-low
set schedulersbe-scheddrop-profile-map loss-priorityhighprotocolanydrop-profiledp-be-high
set schedulers fcoe-sched priority low transmit-rate 2500m
set schedulers fcoe-sched shaping-rate percent 100
set schedulers hpc-sched priority low transmit-rate 2g
set schedulers hpc-sched shaping-rate percent 100
set schedulers hpc-sched drop-profile-map loss-priority low protocol any drop-profile dp-hpc
set schedulers nc-sched priority low transmit-rate 500m
set schedulers nc-sched shaping-rate percent 100
set schedulers nc-sched drop-profile-map loss-priority low protocol any drop-profile dp-nc
set schedulers nl-sched priority low transmit-rate 2g
set schedulers nl-sched shaping-rate percent 100
set scheduler-maps be-map forwarding-class best-effort scheduler be-sched
set scheduler-maps be-map forwarding-class be2 scheduler be-sched
set scheduler-maps be-map forwarding-class network-control scheduler nc-sched
set scheduler-maps gd-map forwarding-class fcoe scheduler fcoe-sched
set scheduler-maps gd-map forwarding-class no-loss scheduler nl-sched
set scheduler-maps hpc-map forwarding-class hpc scheduler hpc-sched
set traffic-control-profiles be-tcp scheduler-map be-map guaranteed-rate 3500m
set traffic-control-profiles be-tcp shaping-rate percent 100
set traffic-control-profiles gd-tcp scheduler-map gd-map guaranteed-rate 4500m
set traffic-control-profiles gd-tcp shaping-rate percent 100
set traffic-control-profiles hpc-tcp scheduler-map hpc-map guaranteed-rate 2g
set traffic-control-profiles hpc-tcp shaping-rate percent 100
set interfacesxe-0/0/20forwarding-class-setbest-effort-pgoutput-traffic-control-profilebe-tcp
set interfaces xe-0/0/20 forwarding-class-set guar-delivery-pg output-traffic-control-profile
gd-tcp
set interfaces xe-0/0/20 forwarding-class-set hpc-pg output-traffic-control-profile hpc-tcp
set interfacesxe-0/0/21 forwarding-class-setbest-effort-pgoutput-traffic-control-profilebe-tcp
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set interfaces xe-0/0/21 forwarding-class-set guar-delivery-pg output-traffic-control-profile
gd-tcp
set interfaces xe-0/0/21 forwarding-class-set hpc-pg output-traffic-control-profile hpc-tcp

Step-by-Step
Procedure

Toperformastep-by-stepconfigurationof the forwardingclasses (priorities), forwarding

class sets (priority groups), classifiers, queue schedulers, PFC, traffic control profiles,

and interfaces to set up hierarchical port scheduling (ETS):

1. Configure the forwardingclasses (priorities)andmapthemtounicastoutputqueues

(do not explicitly map the fcoe and no-loss forwarding classes to output queues;

use the default configuration):

[edit class-of-service]
user@switch# set forwarding-classes class best-effort queue-num0
user@switch# set forwarding-classes class be2 queue-num 1
user@switch# set forwarding-classes class hpc queue-num 5
user@switch# set forwarding-classes class network-control queue-num 7

2. Configure forwarding class sets (priority groups) to group forwarding classes

(priorities) that require similar CoS treatment:

[edit class-of-service]
user@switch# set forwarding-class-sets best-effort-pg class best-effort
user@switch# set forwarding-class-sets best-effort-pg class be2
user@switch# set forwarding-class-sets best-effort-pg class network-control
user@switch# set forwarding-class-sets guar-delivery-pg class fcoe
user@switch# set forwarding-class-sets guar-delivery-pg class no-loss
user@switch# set forwarding-class-sets hpc-pg class hpc

3. Configure a classifier to set the loss priority and IEEE 802.1 code points assigned to

each forwarding class at the ingress:

[edit class-of-service]
user@switch# set classifiers ieee-802.1 hsclassifier1 forwarding-class best-effort
loss-priority low code-points 000
user@switch# set classifiers ieee-802.1 hsclassifier1 forwarding-class be2 loss-priority
high code-points 001
user@switch# set classifiers ieee-802.1 hsclassifier1 forwarding-class fcoe loss-priority
low code-points 011
user@switch# set classifiers ieee-802.1 hsclassifier1 forwarding-class no-loss loss-priority
low code-points 100
user@switch# set classifiers ieee-802.1 hsclassifier1 forwarding-classhpc loss-priority low
code-points 101
user@switch# set classifiers ieee-802.1 hsclassifier1 forwarding-class network-control
loss-priority low code-points 110

4. Configure a congestion notification profile to enable PFC on the FCoE and no-loss

queue IEEE 802.1 code points:

[edit class-of-service]
user@switch# set congestion-notification-profile gd-cnp input ieee-802.1 code-point 011
pfc
user@switch# set congestion-notification-profile gd-cnp input ieee-802.1 code-point 100
pfc

5. Assign the classifier to the interfaces:

[edit class-of-service]
user@switch# set interfaces xe-0/0/20 unit 0 classifiers ieee-802.1 hsclassifier1
user@switch# set interfaces xe-0/0/21 unit 0 classifiers ieee-802.1 hsclassifier1
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6. Apply the PFC configuration to the interfaces:

[edit class-of-service]
user@switch# set interfaces xe-0/0/20 congestion-notification-profile gd-cnp
user@switch# set interfaces xe-0/0/21 congestion-notification-profile gd-cnp

7. Configure the drop profile for the best-effort low loss-priority queue:

[edit class-of-service]
user@switch# set drop-profiles dp-be-low interpolate fill-level 25 fill-level 50
drop-probability 0 drop-probability 80

8. Configure the drop profile for the best-effort high loss-priority queue:

[edit class-of-service]
user@switch# set drop-profiles dp-be-high interpolate fill-level 10 fill-level 40
drop-probability 0 drop-probability 100

9. Configure the drop profile for the network-control queue:

[edit class-of-service]
user@switch# setdrop-profilesdp-nc interpolate fill-level80fill-level 100drop-probability
0 drop-probability 100

10. Configure the drop profile for the high-performance computing queue:

[edit class-of-service]
user@switch# setdrop-profilesdp-hpc interpolate fill-level 75 fill-level90drop-probability
0 drop-probability 75

11. Define the minimum guaranteed bandwidth, priority, maximum bandwidth, and

drop profiles for the best-effort queue:

[edit class-of-service]
user@switch# set schedulers be-sched priority low transmit-rate 3g
user@switch# set schedulers be-sched shaping-rate percent 100
user@switch# set schedulers be-sched drop-profile-map loss-priority low protocol any
drop-profile dp-be-low
user@switch# set schedulers be-sched drop-profile-map loss-priority high protocol any
drop-profile dp-be-high

12. Define theminimum guaranteed bandwidth, priority, andmaximum bandwidth for

the FCoE queue:

[edit class-of-service]
user@switch# set schedulers fcoe-sched priority low transmit-rate 2500m
user@switch# set schedulers fcoe-sched shaping-rate percent 100

13. Define the minimum guaranteed bandwidth, priority, maximum bandwidth, and

drop profile for the high-performance computing queue:

[edit class-of-service]
user@switch# set schedulers hpc-sched priority low transmit-rate 2g
user@switch# set schedulers hpc-sched shaping-rate percent 100
user@switch# set schedulers hpc-sched drop-profile-map loss-priority low protocol any
drop-profile dp-hpc

14. Define the minimum guaranteed bandwidth, priority, maximum bandwidth, and

drop profile for the network-control queue:

[edit class-of-service]
user@switch# set schedulers nc-sched priority low transmit-rate 500m
user@switch# set schedulers nc-sched shaping-rate percent 100
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user@switch# set schedulers nc-sched drop-profile-map loss-priority low protocol any
drop-profile dp-nc

15. Define theminimum guaranteed bandwidth, priority, andmaximum bandwidth for

the no-loss queue:

[edit class-of-service]
user@switch# set schedulers nl-sched priority low transmit-rate 2g
user@switch# set schedulers nl-sched shaping-rate percent 100

16. Map the schedulers to the appropriate forwarding classes (queues):

[edit class-of-service]
user@switch# setscheduler-mapsbe-mapforwarding-classbest-effortschedulerbe-sched
user@switch# set scheduler-maps be-map forwarding-class be2 scheduler be-sched
user@switch# set scheduler-maps be-map forwarding-class network-control scheduler
nc-sched
user@switch# set scheduler-maps gd-map forwarding-class fcoe scheduler fcoe-sched
user@switch# set scheduler-maps gd-map forwarding-class no-loss scheduler nl-sched
user@switch# set scheduler-maps hpc-map forwarding-class hpc scheduler hpc-sched

17. Define the traffic control profile for the best-effort priority group (queue scheduler

to mapping, minimum guaranteed bandwidth, andmaximum bandwidth):

[edit class-of-service]
user@switch# set traffic-control-profiles be-tcp scheduler-map be-map guaranteed-rate
3500m
user@switch# set traffic-control-profiles be-tcp shaping-rate percent 100

18. Define the traffic control profile for the guaranteed delivery priority group (queue

toschedulermapping,minimumguaranteedbandwidth,andmaximumbandwidth):

[edit class-of-service]
user@switch# set traffic-control-profiles gd-tcp scheduler-map gd-map guaranteed-rate
4500m
user@switch# set traffic-control-profiles gd-tcp shaping-rate percent 100

19. Define the traffic control profile for the high-performance computing priority group

(queue to scheduler mapping, minimum guaranteed bandwidth, andmaximum

bandwidth):

[edit class-of-service]
user@switch# set traffic-control-profileshpc-tcpscheduler-maphpc-mapguaranteed-rate
2g
user@switch# set traffic-control-profiles hpc-tcp shaping-rate percent 100

20. Apply the three priority groups (forwarding class sets) and the appropriate traffic

control profiles to the egress ports:

[edit class-of-service]
user@switch# set interfaces xe-0/0/20 forwarding-class-set best-effort-pg
output-traffic-control-profile be-tcp
user@switch# set interfaces xe-0/0/20 forwarding-class-set guar-delivery-pg
output-traffic-control-profile gd-tcp
user@switch# set interfaces xe-0/0/20 forwarding-class-set hpc-pg
output-traffic-control-profile hpc-tcp
user@switch# set interfaces xe-0/0/21 forwarding-class-set best-effort-pg
output-traffic-control-profile be-tcp
user@switch# set interfaces xe-0/0/21 forwarding-class-set guar-delivery-pg
output-traffic-control-profile gd-tcp
user@switch# set interfaces xe-0/0/21 forwarding-class-set hpc-pg
output-traffic-control-profile hpc-tcp
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Results

Display the results of the configuration (the system shows only the explicitly configured

parameters; it does not show default parameters such as the fcoe and no-loss lossless

forwarding classes):

user@switch> show configuration class-of-service
classifiers {
ieee-802.1 hsclassifier1 {
forwarding-class best-effort {
loss-priority low code-points 000;

}
forwarding-class be2 {
loss-priority high code-points 001;

}
forwarding-class fcoe {
loss-priority low code-points 011;

}
forwarding-class no-loss {
loss-priority low code-points 100;

}
forwarding-class hpc {
loss-priority low code-points 101;

}
forwarding-class network-control {
loss-priority low code-points 110;

}
}
drop-profiles {
dp-be-low {
interpolate {
fill-level [ 25 50 ];
drop-probability [ 0 80 ];

}
}
dp-be-high {
interpolate {
fill-level [ 10 40 ];
drop-probability [ 0 100 ];

}
}
dp-hpc {
interpolate {
fill-level [ 75 90 ];
drop-probability [ 0 75 ];

}
}
dp-nc {
interpolate {
fill-level [ 80 100 ];
drop-probability [ 0 100 ];

}
}

}
forwarding-classes {
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class best-effort queue-num0;
class be2 queue-num 1;
class hpc queue-num 5;
class network-control queue-num 7;

}
traffic-control-profiles {
be-tcp {
scheduler-map be-map;
shaping-rate percent 100;
guaranteed-rate 3500000000;

}
gd-tcp {
scheduler-map gd-map;
shaping-rate percent 100;
guaranteed-rate 4500000000;

}
hpc-tcp {
scheduler-map hpc-map;
shaping-rate percent 100;
guaranteed-rate 2g;

}
}
forwarding-class-sets {
guar-delivery-pg {
class fcoe;
class no-loss;

}
best-effort-pg {
class best-effort;
class be2;
class network-control;

}
hpc-pg {
class hpc;

}
}
congestion-notification-profile {
gd-cnp {
input {
ieee-802.1 {
code-point 011 {
pfc;

}
code-point 100 {
pfc;

}
}

}
}

}
interfaces {
xe-0/0/20 {
forwarding-class-set {
best-effort-pg {
output-traffic-control-profile be-tcp;

}
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guar-delivery-pg {
output-traffic-control-profile gd-tcp;

}
hpc-pg {
output-traffic-control-profile hpc-tcp;

}
}
congestion-notification-profile gd-cnp;
unit 0 {
classifiers {
ieee-802.1 hsclassifier1;

}
}

}
xe-0/0/21 {
forwarding-class-set {
best-effort-pg {
output-traffic-control-profile be-tcp;

}
guar-delivery-pg {
output-traffic-control-profile gd-tcp;

}
hpc-pg {
output-traffic-control-profile hpc-tcp;

}
}
congestion-notification-profile gd-cnp;
unit 0 {
classifiers {
ieee-802.1 hsclassifier1;

}
}

}
}
scheduler-maps {
be-map {
forwarding-class best-effort scheduler be-sched;
forwarding-class network-control scheduler nc-sched;
forwarding-class be2 scheduler be-sched;

}
gd-map {
forwarding-class fcoe scheduler fcoe-sched;
forwarding-class no-loss scheduler nl-sched;

}
hpc-map {
forwarding-class hpc scheduler hpc-sched;

}
}
schedulers {
be-sched {
transmit-rate 3g;
shaping-rate percent 100;
priority low;
drop-profile-map loss-priority low protocol any drop-profile dp-be-low;
drop-profile-map loss-priority high protocol any drop-profile dp-be-high;

}

21Copyright © 2013, Juniper Networks, Inc.



fcoe-sched {
transmit-rate 2500000000;
shaping-rate percent 100;
priority low;

}
hpc-sched {
transmit-rate 2g;
shaping-rate percent 100;
priority low;
drop-profile-map loss-priority low protocol any drop-profile dp-hpc;

}
nc-sched {
transmit-rate 500m;
shaping-rate percent 100;
priority low;
drop-profile-map loss-priority low protocol any drop-profile dp-nc;

}
nl-sched {
transmit-rate 2g;
shaping-rate percent 100;
priority low;

}
}

TIP: To quickly configure the interfaces, issue the loadmerge terminal

command, and then copy the hierarchy and paste it into the switch terminal
window.

Verification

To verify that the hierarchical port scheduling components have been created and are

operating properly, perform these tasks:

• Verifying That the Forwarding Classes (Priorities) Have Been Created on page 23

• Verifying That the Forwarding Class Sets (Priority Groups) Have Been

Created on page 23

• Verifying That the Classifier Has Been Created on page 24

• Verifying That Priority-Based Flow Control Has Been Enabled on page 24

• Verifying That the Output Queue Schedulers Have Been Created on page 25

• Verifying That the Drop Profiles Have Been Created on page 28

• Verifying That the Priority Group Output Schedulers (Traffic Control Profiles) Have

Been Created on page 29

• Verifying the Interface Configuration on page 30
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Verifying That the Forwarding Classes (Priorities) Have Been Created

Purpose Verify that the forwarding classes have been created andmapped to the correct queues.

(The system shows only the explicitly configured forwarding classes. It does not show

default forwarding classes such as fcoe and no-loss.)

Action List the forwarding classes using the operational mode command show class-of-service

forwarding-class:

user@switch> show class-of-service forwarding-class
Forwarding class                       ID      Queue  Policing priority  No-Loss

  best-effort                          0         0         normal        Disabled

  be2                                  1         3         normal        Disabled

  hpc                                  2         4         normal        Disabled

  network-control                      3         7         normal        Disabled

  mcast                                8         8         normal        Disabled

Meaning The showclass-of-service forwarding-classcommand listsall of theconfigured forwarding

classes, the internal identification number of each forwarding class, the queues that are

mapped to the forwarding classes, the policing priority, andwhether the forwarding class

is lossless (no-loss packet drop attribute enabled) or lossy forwarding class (no-loss

packet drop attribute disabled). The command output shows that:

• Forwarding class best-effortmaps to queue 0 and is lossy

• Forwarding class be2maps to queue 1 and is lossy

• Forwarding class hpcmaps to queue 5 and is lossy

• Forwarding class network-controlmaps to queue 7 and is lossy

In addition, the command lists the default multicast (multidestination) forwarding class

and the default queue to which it is mapped.

Verifying That the Forwarding Class Sets (Priority Groups) Have Been Created

Purpose Verify that thepriority groupshavebeencreatedand that thecorrectpriorities (forwarding

classes) belong to the appropriate priority group.

Action List the forwardingclass setsusing theoperationalmodecommand showclass-of-service

forwarding-class-set:

user@switch> show class-of-service forwarding-class-set
Forwarding class set: best-effort-pg, Type: normal-type, Forwarding class set 
index: 19907
  Forwarding class                       Index
  best-effort                              0               
  be2                                      1               
  network-control                          5               
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Forwarding class set: guar-delivery-pg, Type: normal-type, Forwarding class set 
index: 43700
  Forwarding class                       Index
  fcoe                                     2               
  no-loss                                  3               

Forwarding class set: hpc-pg, Type: normal-type, Forwarding class set index: 60758

  Forwarding class                       Index
  hpc                                      4               

Meaning The show class-of-service forwarding-class-set command lists all of the configured

forwarding class sets (priority groups), the forwarding classes (priorities) that belong to

each priority group, and the internal index number of each priority group. The command

output shows that:

• The forwarding class set best-effort-pg includes the forwarding classes best-effort,

be2, and network-control.

• The forwarding class set guar-delivery-pg includes the forwarding classes fcoe and

no-loss.

• The forwarding class set hpc-pg includes the forwarding class hpc.

Verifying That the Classifier Has Been Created

Purpose Verify that the classifier maps forwarding classes to the correct IEEE 802.1p code points

and packet loss priorities.

Action List the classifier configured for hierarchical port scheduling using the operational mode

command show class-of-service classifier name hsclassifier1:

user@switch> show class-of-service classifier name hsclassifier1
Classifier: hsclassifier1, Code point type: ieee-802.1, Index: 43607
  Code point         Forwarding class                    Loss priority
  000                best-effort                         low         
  001                be2                                 high        
  011                fcoe                                low         
  100                no-loss                             low         
  101                hpc                                 low         
  110                network-control                     low         

Meaning The showclass-of-serviceclassifiernamehsclassifier1command listsall of the IEEE802.1p

codepointsand the lossprioritiesmapped toall of the forwardingclasses in theclassifier.

The command output shows that the forwarding classes best-effort, be2, no-loss, fcoe,

hpc, and network-control have been created andmapped to IEEE802.1p code points and

loss priorities.

Verifying That Priority-Based Flow Control Has Been Enabled

Purpose Verify that PFC is enabled on the correct priorities for lossless transport.
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Action List the congestion notification profiles using the operational mode command show

class-of-service congestion-notification:

user@switch> show class-of-service congestion-notification
Type: Input, Name: gd-cnp, Index: 51687
Cable Length: 100 m
  Priority     PFC          MRU
  000          Disabled 
  001          Disabled 
  010          Disabled 
  011          Enabled      2500 
  100          Enabled      2500
  101          Disabled 
  110          Disabled 
  111          Disabled 
Type: Output
  Priority     Flow-Control-Queues 
  000 
               0
  001 
               1
  010 
               2
  011 
               3
  100 
               4
  101 
               5
  110 
               6
  111 
               7

Meaning The show class-of-service congestion-notification command lists all of the congestion

notification profiles and the IEEE 802.1p code points with PFC enabled. The command

output shows that PFC is enabled for code points 011 (fcoe priority and queue) and 100

(no-loss priority and queue) for the gd-cnp congestion notification profile.

The command also shows the default cable length (100meters), the default maximum

receiveunit (2500bytes), and thedefaultmappingofpriorities tooutputqueuesbecause

this example does not include configuring these options.

Verifying That the Output Queue Schedulers Have Been Created

Purpose Verify that the output queue schedulers have been created with the correct bandwidth

parameters and priorities, mapped to the correct queues, andmapped to the correct

drop profiles.

Action List the scheduler maps using the operational mode command show class-of-service

scheduler-map:

user@switch> show class-of-service scheduler-map
Scheduler map: be-map, Index: 64023

  Scheduler: be-sched, Forwarding class: best-effort, Index: 13005
    Transmit rate: 3000000000 bps, Rate Limit: none, Buffer size: remainder,
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    Buffer Limit: none, Priority: low
    Excess Priority: unspecified
    Shaping rate: 100 percent,
    drop-profile-map-set-type: mark
    Drop profiles:
      Loss priority   Protocol    Index    Name
      Low             any         55387    dp-be-low                   
      Medium high     any             1    <default-drop-profile>      
      High            any          4369    dp-be-high                        

  Scheduler: be-sched, Forwarding class: be2, Index: 13005
    Transmit rate: 3000000000 bps, Rate Limit: none, Buffer size: remainder,
    Buffer Limit: none, Priority: low
    Excess Priority: unspecified
    Shaping rate: 100 percent,
    drop-profile-map-set-type: mark
    Drop profiles:
      Loss priority   Protocol    Index    Name
      Low             any         55387    dp-be-low                   
      Medium high     any             1    <default-drop-profile>      
      High            any          4369    dp-be-high                        

  Scheduler: nc-sched, Forwarding class: network-control, Index: 45740
    Transmit rate: 500000000 bps, Rate Limit: none, Buffer size: remainder,
    Buffer Limit: none, Priority: low
    Excess Priority: unspecified
    Shaping rate: 100 percent,
    drop-profile-map-set-type: mark
    Drop profiles:
      Loss priority   Protocol    Index    Name
      Low             any         44207    dp-nc               
      Medium high     any             1    <default-drop-profile>      
      High            any             1    <default-drop-profile>            

Scheduler map: gd-map, Index: 61447

  Scheduler: fcoe-sched, Forwarding class: fcoe, Index: 37289
    Transmit rate: 2500000000 bps, Rate Limit: none, Buffer size: remainder,
    Buffer Limit: none, Priority: low
    Excess Priority: unspecified
    Shaping rate: 100 percent,
    drop-profile-map-set-type: mark
    Drop profiles:                      
      Loss priority   Protocol    Index    Name
      Low             any         44207    <default-drop-profile>      
      Medium high     any             1    <default-drop-profile>      
      High            any             1    <default-drop-profile>       

  Scheduler: nl-sched, Forwarding class: no-loss, Index: 29359
    Transmit rate: 2000000000 bps, Rate Limit: none, Buffer size: remainder,
    Buffer Limit: none, Priority: low
    Excess Priority: unspecified
    Shaping rate: 100 percent,
    drop-profile-map-set-type: mark
    Drop profiles:
      Loss priority   Protocol    Index    Name
      Low             any         44207    <default-drop-profile>      
      Medium high     any             1    <default-drop-profile>      
      High            any             1    <default-drop-profile>      

Scheduler map: hpc-map, Index: 56941
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  Scheduler: hpc-sched, Forwarding class: hpc, Index: 55900
    Transmit rate: 2000000000 bps, Rate Limit: none, Buffer size: remainder,
    Buffer Limit: none, Priority: low
    Excess Priority: unspecified
    Shaping rate: 100 percent,
    drop-profile-map-set-type: mark
    Drop profiles:
      Loss priority   Protocol    Index    Name
      Low             any         57716    dp-hpc                      
      Medium high     any             1    <default-drop-profile>      
      High            any             1    <default-drop-profile>      

Meaning The show class-of-service scheduler-map command lists all of the configured scheduler

maps. For each scheduler map, the command output includes:

• The name of the scheduler map (scheduler-map field)

• The name of the scheduler (scheduler field)

• The forwarding classes mapped to the scheduler (forwarding-class field)

• Theminimum guaranteed queue bandwidth (transmit-rate field)

• The scheduling priority (priority field)

• Themaximum bandwidth in the priority group the queue can consume (shaping-rate

field)

• Thedrop profile loss priority (losspriority field) for each drop profile name (name field)

The command output shows that:

• The scheduler map be-map has been created and has these properties:

• There are two schedulers, be-sched and nc-sched.

• The scheduler be-sched has two forwarding classes, best-effort and be2.

• Scheduler be-sched forwarding classes best-effort and be2 share aminimum

guaranteedbandwidthof3000000000bps, canconsumeamaximumof 100percent

of theprioritygroupbandwidth, anduse thedropprofiledp-be-low for low loss-priority

traffic, the default drop profile for medium-high loss-priority traffic, and the drop

profile dp-be-high for high loss-priority traffic.

• The scheduler nc-sched has one forwarding class, network-control.

• The network-control forwarding class has aminimum guaranteed bandwidth of

500000000 bps, can consume amaximum of 100 percent of the priority group

bandwidth, anduses thedropprofiledp-nc for low loss-priority traffic and thedefault

drop profile for medium-high and high loss priority traffic.

• The scheduler map gd-map has been created and has these properties:

• There are two schedulers, fcoe-sched and nl-sched.

• The scheduler fcoe-sched has one forwarding class, fcoe.
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• The fcoe forwarding class has aminimum guaranteed bandwidth of 2500000000

bps, and can consume amaximum of 100 percent of the priority group bandwidth.

• The scheduler nl-sched has one forwarding class, no-loss.

• The no-loss forwarding class has aminimum guaranteed bandwidth of

2000000000bps, and canconsumeamaximumof 100percentof thepriority group

bandwidth.

• The scheduler map hpc-map has been created and has these properties:

• There is one scheduler, hpc-sched.

• The scheduler hpc-sched has one forwarding class, hpc.

• Thehpc forwardingclasshasaminimumguaranteedbandwidthof2000000000bps,

can consume amaximum of 100 percent of the priority group bandwidth, and uses

the drop profile dp-hpc for low loss-priority traffic and the default drop profile for

medium-high and high loss-priority traffic.

Verifying That the Drop Profiles Have Been Created

Purpose Verify that the drop profiles dp-be-high, dp-be-low, dp-hpc, and dp-nc have been created

with the correct fill levels and drop probabilities.

Action List the drop profiles using the operational mode command show configuration

class-of-service drop-profiles:

user@switch> show configuration class-of-service drop-profiles
dp-be-low {
    interpolate {
        fill-level [ 25 50 ];
        drop-probability [ 0 80 ];
    }
}
dp-be-high {
    interpolate {
        fill-level [ 10 40 ];
        drop-probability [ 0 100 ];
    }
}
dp-hpc {
    interpolate {
        fill-level [ 75 90 ];
        drop-probability [ 0 75 ];
    }
}
dp-nc {
    interpolate {
        fill-level [ 80 100 ];
        drop-probability [ 0 100 ];
    }

Meaning The show configuration class-of-service drop-profiles command lists the drop profiles

and their properties. The command output shows that there are four drop profiles

configured, dp-be-high, dp-be-low, dp-hpc, and dp-nc. The output also shows that:
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• For dp-be-low, the drop start point (the first fill level) is when the queue is 25 percent

filled, the drop end point (the second fill level) occurs when the queue is 50 percent

filled, and the drop probability at the drop end point is 80 percent.

• For dp-be-high, the drop start point (the first fill level) is when the queue is 10 percent

filled, the drop end point (the second fill level) occurs when the queue is 40 percent

filled, and the drop probability at the drop end point is 100 percent.

• Fordp-hpc, thedrop start point (the first fill level) iswhen thequeue is 75percent filled,

the drop end point (the second fill level) occurs when the queue is 90 percent filled,

and the drop probability at the drop end point is 75 percent.

• For dp-nc, the drop start point (the first fill level) iswhen the queue is 80percent filled,

the drop end point (the second fill level) occurs when the queue is 100 percent filled,

and the drop probability at the drop end point is 100 percent.

Verifying That the Priority Group Output Schedulers (Traffic Control Profiles)
Have Been Created

Purpose Verify that the traffic control profiles be-tcp, gd-tcp, and hpc-tcp have been created with

the correct bandwidth parameters and scheduler mapping.

Action List the traffic control profilesusing theoperationalmodecommand showclass-of-service

traffic-control-profile:

user@switch> show class-of-service traffic-control-profile
Traffic control profile: be-tcp, Index: 40535
  Shaping rate: 100 percent
  Scheduler map: be-map
  Guaranteed rate: 3500000000

Traffic control profile: gd-tcp, Index: 37959
  Shaping rate: 100 percent
  Scheduler map: gd-map
  Guaranteed rate: 4500000000

Traffic control profile: hpc-tcp, Index: 47661
  Shaping rate: 100 percent
  Scheduler map: hpc-map
  Guaranteed rate: 2000000000

Meaning The showclass-of-service traffic-control-profilecommand lists all of theconfigured traffic

control profiles. For each traffic control profile, the command output includes:

• The name of the traffic control profile (traffic-control-profile)

• Themaximum port bandwidth the priority group can consume (shaping-rate)

• The scheduler map associated with the traffic control profile (scheduler-map)

• Theminimum guaranteed priority group port bandwidth (guaranteed-rate)

The command output shows that:
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• The traffic control profile be-tcp can consume amaximum of 100 percent of the port

bandwidth, is associated with the scheduler map be-map, and has aminimum

guaranteed bandwidth of 3500000000 bps.

• The traffic control profile gd-tcp can consume amaximum of 100 percent of the port

bandwidth, is associated with the scheduler map gd-map, and has aminimum

guaranteed bandwidth of 4500000000 bps.

• The traffic control profile hpc-tcp can consume amaximum of 100 percent of the port

bandwidth, is associated with the scheduler map hpc-map, and has aminimum

guaranteed bandwidth of 2000000000 bps.

Verifying the Interface Configuration

Purpose Verify that the classifier, the congestion notification profile, and the forwarding class sets

are configured on interfaces xe-0/0/20 and xe-0/0/21.

Action List the interfaces using the operational mode commands show configuration

class-of-service interfaces xe-0/0/20 and show configuration class-of-service interfaces

xe-0/0/21:

user@switch> show configuration class-of-service interfaces xe-0/0/20
forwarding-class-set {
    best-effort-gp {
        output-traffic-control-profile be-tcp;
    }
    guar-delivery-pg {
        output-traffic-control-profile gd-tcp;
    }
    hpc-pg {
        output-traffic-control-profile hpc-tcp;
    }
}
congestion-notification-profile gd_cnp;
unit 0 {
    classifiers {
        ieee-802.1 hsclassifier1;
    }
}

user@switch> show configuration class-of-service interfaces xe-0/0/21
forwarding-class-set {
    best-effort-gp {
        output-traffic-control-profile be-tcp;
    }
    guar-delivery-pg {
        output-traffic-control-profile gd-tcp;
    }
    hpc-pg {
        output-traffic-control-profile hpc-tcp;
    }
}
congestion-notification-profile gd_cnp;
unit 0 {
    classifiers {
        ieee-802.1 hsclassifier1;
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    }
}

Meaning The show configuration class-of-service interfaces interface-name command shows that

each interface includes the forwarding class sets best-effort-pg, guar-delivery-pg, and

hpc-pg, congestion notification profile gd-cnp, and the IEEE802.1p classifier hsclassifier1.

Related
Documentation

• Defining CoS Unicast BA Classifiers

• Benefits of Configuring CoS Hierarchical Port Scheduling on page 1

• Assigning CoS Components to Interfaces

• Example: Configuring Tail-Drop Profiles

• Example: Configuring Drop Profile Maps

• Example: Configuring Forwarding Classes

• Example: Configuring Forwarding Class Sets

• Example: Configuring Queue Schedulers

• Example: Configuring Queue Scheduling Priority

• Example: Configuring Traffic Control Profiles (Priority Group Scheduling)

• Example: Configuring MinimumGuaranteed Output Bandwidth

• Example: Configuring MaximumOutput Bandwidth

• Configuring CoS PFC (Congestion Notification Profiles)

• Overview of CoS Changes Introduced in Junos OS Release 12.2

• Understanding CoS Hierarchical Port Scheduling (ETS) on page 2

• Understanding CoS Scheduling Behavior and Configuration Considerations on page 6

31Copyright © 2013, Juniper Networks, Inc.



Copyright © 2013, Juniper Networks, Inc.32

Configuring CoS Hierarchical Port Scheduling


	Table of Contents
	Introduction
	Benefits of Configuring CoS Hierarchical Port Scheduling
	Understanding CoS Hierarchical Port Scheduling (ETS)
	Hierarchical Scheduling and ETS
	ETS Advertisement in DCBX
	Hierarchical Scheduling Process
	Strict-High Priority Queues and Hierarchical Scheduling
	Default Hierarchical Scheduling

	Understanding CoS Scheduling Behavior and Configuration Considerations
	Example: Configuring CoS Hierarchical Port Scheduling (ETS)
	Requirements
	Overview
	Topology

	Configuration
	

	Verification
	Verifying That the Forwarding Classes (Priorities) Have Been Created
	Verifying That the Forwarding Class Sets (Priority Groups) Have Been Created
	Verifying That the Classifier Has Been Created
	Verifying That Priority-Based Flow Control Has Been Enabled
	Verifying That the Output Queue Schedulers Have Been Created
	Verifying That the Drop Profiles Have Been Created
	Verifying That the Priority Group Output Schedulers (Traffic Control Profiles) Have Been Created
	Verifying the Interface Configuration



