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Introduction
A customer using a Juniper Networks M120 router reported an extremely high latency (of about 90 
milliseconds) for a queue configured with Strict High priority. The test setup is as follows:

 

This test scenario has a 2:1 oversubscription for the 10 Gigabit Ethernet link, which is not 
considered realistic. A modified test was suggested that better mimics a real-life deployment, and 
leaves sufficient headroom for both future growth as well as any expected burstiness in traffic. 
The recommended test scenario with observed results, an explanation of the results and the CoS 
configuration used are covered in sections that follow.

Scope
The purpose of this document is to characterize the CoS behavior of the M120 routing platform under 
specific traffic conditions. This document also lists some recommendations and best practices based 
on the testing done while writing the paper.

Design Considerations
Any well designed network heavily utilizes class of service to allocate bandwidth in the most efficient 
manner possible. The CoS design is dependent not only on the configuration knobs and the software 
version being used on the routing platform, but also on the specific hardware being used. The design 
discussed in this paper refers to the M120 routing platform and explains the behavior of the router 
under varying traffic conditions.

Hardware Requirements

M120 Routing Platform•	

Software Requirements

JUNOS 8.5 and above•	

Description and Deployment Scenario
The design discussed in this document may be used as a reference for CoS design that needs to be 
deployed over the M120 platform. It is important to understand the behavior of the switch fabric 
under varying traffic loads and this document provides the link between the configured CoS elements 
and observed behavior.
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JTAC Test Topology and Stream Configuration

Topology

Traffic Profile
Agilent 302 - Transmitting full 10 Gbps with 1482B packets

Stream Name Transmit Rate  
(As % of Capacity)

Router Queue Router DQ Priority

BE 25% 0 0

CS1 25% 4 1

CS2 23% 1 0

CS3 25% 5 2

NC 2% 3 3

Agilent 303 - Transmitting 2.6 Gbps with 1482B packets

Stream Name Transmit Rate  
(As % of Capacity)

Router Queue Router DQ Priority

CS4 27% 2 3

As illustrated in the diagram, Agilent 101 is the destination for all streams—12.6 Gbps of traffic from 
port ge-2/0/0 on the M120 router.

CoS Configuration
lab@Berry# show class-of-service 

classifiers {

    inet-precedence inet-classifier {

        forwarding-class BE {

            loss-priority low code-points 000;

        }

        forwarding-class cs1 {

            loss-priority low code-points 001;

        }

        forwarding-class cs2 {

            loss-priority low code-points 010;

        }

        forwarding-class cs3 {

            loss-priority low code-points 011;

5 Streams totalling 10 Gbps of Traf�c

1 Stream of High-Priority Traf�c at 2.6 Gbps

1.3:1 Oversubscribed 10 Gigabit Ethernet Link

AGT - 302

AGT - 303

AGT - 101

xe-0/0/0

xe-1/0/0

ge-2/0/0
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        }

        forwarding-class cs4 {

            loss-priority low code-points 100;

            loss-priority high code-points 101;

        }

        forwarding-class NC {

            loss-priority low code-points 110;

            loss-priority high code-points 111;

        }

    }

}

forwarding-classes {

    queue 0 BE;

    queue 1 cs1;

    queue 2 cs2;

    queue 3 cs3;

    queue 4 cs4;

    queue 5 NC;

}

interfaces {

    ge-*/*/* {

        scheduler-map qos-scheduler;

        unit * {

            classifiers {

                inet-precedence inet-classifier;

            }

            rewrite-rules {

                inet-precedence inet-rewrite;

            }

        }

    }

    xe-*/*/* {

        scheduler-map qos-scheduler;

        unit * {

            classifiers {

                inet-precedence inet-classifier;

            }

            rewrite-rules {

                inet-precedence inet-rewrite;

            }

        }

    }

}

rewrite-rules {

    inet-precedence inet-rewrite {

        forwarding-class BE {

            loss-priority low code-point 000;

            loss-priority high code-point 000;
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        }

        forwarding-class cs1 {

            loss-priority low code-point 001;

            loss-priority high code-point 001;

        }

        forwarding-class cs2 {

            loss-priority low code-point 010;

            loss-priority high code-point 010;

        }

        forwarding-class cs3 {

            loss-priority low code-point 011;

            loss-priority high code-point 011;

        }

        forwarding-class cs4 {

            loss-priority low code-point 100;

            loss-priority high code-point 100;

        }

        forwarding-class NC {

            loss-priority low code-point 110;

            loss-priority high code-point 111;

        }

    }

}

scheduler-maps {

    qos-scheduler {

        forwarding-class NC scheduler NC;

        forwarding-class cs4 scheduler cs4;

        forwarding-class cs3 scheduler cs3;

        forwarding-class cs2 scheduler cs2;

        forwarding-class cs1 scheduler cs1;

        forwarding-class BE scheduler BE;

    }

}

schedulers {

    NC {

        transmit-rate percent 1;

        buffer-size percent 1;

        priority high;

    }

    cs4 {

        buffer-size percent 25;

        priority strict-high;

    }

    cs3 {

        transmit-rate percent 34;

        buffer-size percent 25;

        priority medium-high;

    }
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    cs2 {

        transmit-rate percent 63;

        buffer-size percent 24;

        priority low;

    }

    cs1 {

        transmit-rate percent 1;

        buffer-size percent 24;

        priority medium-low;

    }               

    BE {

        transmit-rate percent 1;

        priority low;

    }

}

Observations and Analysis
The traffic from the CS1 stream experienced up to 84 milliseconds of latency, whereas stream BE, 
which simulates best-effort traffic, only experienced 4 milliseconds of latency. 

Question: Shouldn’t CS1 perform better than BE? 

Answer: In fact, CS1 does perform better than BE—in spite of the fact that CS1 has worse latency 
numbers, it is getting higher priority. A greater percentage of the CS1 traffic is reaching its destination 
(albeit with higher latency). The RED drop rate for BE traffic is, in fact, eight times that of the CS1 
traffic.

Without any drop priority configured, the system under test shows BE is RED dropping eight times 
faster than CS1, 200 kpps for BE versus 25 kpps for CS1.

lab@Berry# run show interfaces queue ge-2/0/0    

Physical interface: ge-2/0/0, Enabled, Physical link is Up

  Interface index: 161, SNMP ifIndex: 38

Forwarding classes: 8 supported, 6 in use

Egress queues: 8 supported, 6 in use

Queue: 0, Forwarding classes: BE 

  Queued:

    Packets              :               3742744               207964 pps

    Bytes                :            5479377216           2435679568 bps

  Transmitted:

    Packets              :                149704                 8316 pps

    Bytes                :             219166656             97408048 bps

    Tail-dropped packets :                     0                    0 pps

    RED-dropped packets  :               3593032               199653 pps  

     Low                 :               3593032               199653 pps

     Medium-low          :                     0                    0 pps

     Medium-high         :                     0                    0 pps

     High                :                     0                    0 pps

    RED-dropped bytes    :            5260198848           2338346344 bps

     Low                 :            5260198848           2338346344 bps

     Medium-low          :                     0                    0 bps
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     Medium-high         :                     0                    0 bps

     High                :                     0                     0 bp

[..]

Queue: 4, Forwarding classes: cs1 

  Queued:

    Packets              :               3742680               207957 pps

    Bytes                :            5479283520           2435598240 bps

  Transmitted:

    Packets              :               3300386               183303 pps

    Bytes                :            4831765104           2146855144 bps

    Tail-dropped packets :                     0                    0 pps

    RED-dropped packets  :                442261                24659 pps  

     Low                 :                442261                24659 pps

     Medium-low          :                     0                    0 pps

     Medium-high         :                     0                    0 pps

     High                :                     0                    0 pps

    RED-dropped bytes    :             647470104            288814664 bps

     Low                 :             647470104             288814664 bp

     Medium-low          :                     0                    0 bps

     Medium-high         :                     0                    0 bps

     High                :                     0                    0 bps

With a more aggressive drop profile configured, the CS1 latency drops down to about 10 milliseconds. 
Here’s the configuration for reference:

lab@Berry# show class-of-service drop-profiles 

test {

    fill-level 50 drop-probability 100;

    fill-level 10 drop-probability 100;

}

cs1 {

    transmit-rate percent 1;

    buffer-size percent 24;

    priority medium-low;

    drop-profile-map loss-priority any protocol any drop-profile test;

}

In the test setup, both CS1 and BE queues are configured for a 1 percent transmit-rate and both are 
transmitting at 25 percent of the link capacity, thus exceeding their guaranteed bandwidth values. 
There is excess bandwidth available on the interface after CS4, CS3 and CS2 have been served, and it 
can be distributed between CS1 and BE. Since CS1 has higher priority (medium-low) as compared to 
BE (low), CS1 gets the lion’s share of leftover bandwidth.
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Since CS1 is configured with a percentage buffer size, the memory allocation dynamic or MAD1 

algorithm kicks in under bursty conditions and provisions buffer space to accommodate the 
burstiness. This is done by design so that a queue is not penalized when there is bursty traffic AND 
there is available buffer on the interface as a whole. CS1 therefore ends up getting more than 1 
percent of buffer space as is evident from the test results.

It is possible to disable the MAD mechanism on a queue by configuring a temporal delay buffer, 
limiting the size of the delay buffer. However, the effective buffer latency for a temporal queue is 
bounded not only by the buffer size value but also by the associated drop profile. If a drop profile 
specifies a drop probability of 100 percent at a fill-level less than 100 percent, the effective maximum 
buffer latency is smaller than the buffer size setting. This is because the drop profile specifies that the 
queue drop packets before the queue’s delay buffer are 100 percent full.

In the test, the CS1 latency was bounded to about 3.2 milliseconds by using a temporal buffer of 5 
milliseconds. Note that you can either configure a temporal buffer or a transmit-rate percent. 

The configuration will look as follows:

cs1 {

        transmit-rate percent 1;      

        buffer-size temporal 5k;

     priority medium-low;

    }               

    BE {

        transmit-rate percent 1;

        priority low;

    }

Also, as in the case with no temporal buffer configured, the drop rate for BE traffic is about eight 
times that of CS1 traffic:

lab@Berry# run show interfaces queue ge-2/0/0 

Queue: 0, Forwarding classes: BE 

RED-dropped packets  :              19937666                199704 pps

Low                  :              19937666                199704 pps

[..]

Queue: 4, Forwarding classes: cs1 

RED-dropped packets  :               2476807                 24832 pps

Low                  :               2476807                 24832 pps

 1  In Juniper Networks JUNOS® software, the memory allocation dynamic (MAD) is a mechanism that dynamically provisions extra delay buffer when a queue is using more 
bandwidth than it is allocated in the transmit rate setting. With this extra buffer, queues absorb traffic bursts more easily, thus avoiding packet drops. The MAD mecha-
nism can provision extra delay buffer only when extra transmission bandwidth is being used by a queue. This means that the queue might have packet drops if there is no 
surplus transmission bandwidth available. 
Reference: http://www.juniper.net/techpubs/software/junos/junos85/swconfig85-cos/swconfig85-cos.pdf
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Other Scenarios
1. Maximum Transmit Rate for High-Priority CS4 Traffic

A modified version of the basic test previously outlined was run with the following traffic profile:

Traffic Profile
Agilent 302 - Transmitting 9747 Layer 3 Mbps with 1482B packets (same as previous)

Stream Name Transmit Rate (As % of 
Capacity) 

Router Queue Router DQ Priority

BE 25% 0 0

CS1 25% 4 1

CS2 23% 1 0

CS3 25% 5 2

NC 2% 3 3

Agilent 303 - Transmitting 7115 Layer 3 Mbps with 1482B packets

Stream Name Transmit Rate (As % of 
Capacity)

Router Queue Router DQ Priority

CS4 73% 2 3

Total traffic load without fabric drops: 

9747 + 7115 = 16,862 Layer-3 Mb/s

With these traffic profiles, the observed latency on each of the queues was as follows:

CS1        4.2  milliseconds

CS2      219  milliseconds 

CS3        0.079  milliseconds 

BE         3.4  milliseconds 

NC        46.4  milliseconds 

CS4        0.074  milliseconds

Drops on the outgoing interface are as follows:

lab@Berry# run show interfaces queue ge-2/0/0                            

Physical interface: ge-2/0/0, Enabled, Physical link is Up

Interface index: 165, SNMP ifIndex: 38

Forwarding classes: 8 supported, 6 in use

Egress queues: 8 supported, 6 in use

Queue: 0, Forwarding classes: BE 

RED-dropped packets  :              46426008                208026 pps

Low                 :              46426008                208026 pps

Medium-low          :                     0                     0 pps

Medium-high         :                     0                     0 pps

High                :                     0                     0 pps

Queue: 1, Forwarding classes: cs2 

RED-dropped packets  :              42712172                191505 pps

Low                 :              42712172                191505 pps

Medium-low          :                     0                     0 pps

Medium-high         :                     0                     0 pps
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High                :                     0                     0 pps

Queue: 2, Forwarding classes: cs4 

RED-dropped packets  :                     0                     0 pps

Low                 :                     0                     0 pps

Medium-low          :                     0                     0 pps

Medium-high         :                     0                     0 pps

High                :                     0                     0 pps

Queue: 3, Forwarding classes: NC 

RED-dropped packets  :               1858184                  8328 pps

Low                 :                     0                     0 pps

Medium-low          :                     0                     0 pps

Medium-high         :                     0                     0 pps

High                :               1858184                  8328 pps

Queue: 4, Forwarding classes: cs1 

RED-dropped packets  :              44574247                199715 pps

Low                 :              44574247                199715 pps

Medium-low          :                     0                     0 pps

Medium-high         :                     0                     0 pps

High                :                     0                     0 pps 

Queue: 5, Forwarding classes: cs3 

RED-dropped packets  :                     0                     0 pps

Low                 :                     0                     0 pps

Medium-low          :                     0                     0 pps

Medium-high         :                     0                     0 pps

High                :                     0                     0 pps

2. The Relationship of Latency to Offered Load

Consider the following two traffic profiles and latency numbers:

Traffic Profile 1
Queue Priority Transmit 

Rate
Bandwidth 
Mbps

Rate Sent 
by Ixia 
(12.5 g)

In Profile 
(10 gig)

In Service 
(10 gig)

Out of 
Profile 
(2.5 gig)

Dropped 
(2.5 gig)

Real  
Latency 
from Ixia

CS4 SHigh Link Link 2.5 Gig 2.5 Gig 2.5 Gig none none 72.13 µs

NC High 1% 100 Mb 100 Mb 100 Mb 100 Mb none none 92.88 µs

CS3 Med 34% 3.4 Gig 2.5 Gig 2.5 Gig 2.5 Gig none none 72.18 µs

CS1 Med 1% 100 Mb 200 Mb 100 Mb 100 Mb 100 Mb 100 Mb 45 ms

CS2 Low 63% 6.3 Gig 4.7 Gig 4.7 Gig 4.7 Gig none none 75.28 µs

BE Low 1% 100 Mb 2.5 Gig 100 Mb 100 Mb 2.4 Gig 2.4 Gig 4 ms

 Traffic Profile 2
Queue Priority Transmit 

Rate
Bandwidth 
Mbps

Rate Sent 
by Ixia 
(12.5 
Gbps)

In Profile 
(10 Gbps)

In Service 
(10 Gbps)

Out of 
Profile 
(2.5 Gbps)

Dropped 
(2.5 Gbps)

Real  
Latency 
from Ixia

CS4 SHigh Link Link 2.5 Gig 2.5 Gig 2.5 Gig none none 72.13 µs

NC High 1% 100 Mb 100 Mb 100 Mb 100 Mb none none 92.88 µs

CS3 Med 34% 3.4 Gig 2.5 Gig 2.5 Gig 2.5 Gig none none 72.18 µs

CS1 Med 1% 100 Mb 2.5 Gig 100 Mb 100 Mb 2.4 Gig 2.4 Gig 4 ms

CS2 Low 63% 6.3 Gig 4.7 Gig 4.7 Gig 4.7 Gig none none 75.28 µs

BE Low 1% 100 Mb 200 Mb 100 Mb 100 Mb 100 Mb 100 Mb 45 ms
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Key: 

µs = microseconds  ms = milliseconds 

Ixia is sending fixed 1400-byte packets for all traffic classes.

In the two sets of results previously shown, CS1 and BE both have transmit rates of 1 percent 
configured. In the first iteration of the test, CS1 is offered a load of 200 Mbps while BE is offered a 
load of 2.5 Gbps. For both queues, only 100 Mbps is served—the rest of the traffic is dropped, as 
expected. CS1 has higher priority (the configuration is the same as in the base test described earlier 
in this document) but ends up with a higher latency as compared to BE, which has lower configured 
priority.

In the second iteration, the transmit rates for CS1 and BE are flipped, so that the CS1 queue is offered 
a load of 2.5 Gbps and the BE queue is offered a load of 200 Mbps. As shown in the second results 
table, BE now experiences higher latency (about 45 milliseconds) and CS1 experiences only about 4 
milliseconds of latency. 

Question: Why is latency lower for higher offered load as demonstrated by these results? 

Answer: The latency on a queue is influenced by real transmit rate as well as the RED drop rate. The 
higher the RED drop rate, the lower the latency experienced by the queue. This is because packets are 
dropped at the head of a queue when there is congestion.

The expected latency can be computed as follows:

Let B – Buffer size

Tc  – Configured transmit rate

Tr – Real transmit rate (or received rate)

E – Enqueue rate (or the offered load – the load detected by the queue)

R – Head-RED drop rate (== E - Tr)

L – Observed latency

By definition:

B == Tc * 100 milliseconds (where 100 milliseconds is the maximum delay buffer offered to an 
interface on the M120 router)

When traffic is flowing, the buffer drains due to two factors, the real transmit rate (Tr) as well as the 
Head-RED Drop Rate R. Thus, observed latency, which depends on buffer size, can be expressed as:

L == B / (Tr + R)

  == B / E

  == (Tc / E) * 100 milliseconds

In the first case previously outlined, for CS1:

Tc == 100 Mbps

E == 200 Mbps 

Thus, expected latency L = (100 / 200) * 100 milliseconds = 50 milliseconds ≈ observed latency of 
45 milliseconds

For BE, the calculation is:

Tc == 100 Mbps

E == 2.5 Gbps == 2500 Mbps

Thus, expected latency L = (100 / 2500) * 100 milliseconds = 4 milliseconds == observed latency 
of 4 milliseconds

When the transmit rates for both the queues are flipped, the latency numbers also change to reflect 
the new Enqueue rate and the observed latency is found to be in line with expected values.



M120 Class-of-Service Behavior Analysis

Copyright 2008 Juniper Networks, Inc. All rights reserved. Juniper Networks, 
the Juniper Networks logo, JUNOS, NetScreen, and ScreenOS are registered 
trademarks of Juniper Networks, Inc. in the United States and other countries. 
JUNOSe is a trademark of Juniper Networks, Inc. All other trademarks, service 
marks, registered trademarks, or registered service marks are the property of 
their respective owners. Juniper Networks assumes no responsibility for any 
inaccuracies in this document. Juniper Networks reserves the right to change, 
modify, transfer, or otherwise revise this publication without notice.

CORPORATE AND SALES HEADQUARTERS 
Juniper Networks, Inc. 
1194 North Mathilda Avenue
Sunnyvale, CA 94089 USA
Phone: 888.JUNIPER (888.586.4737)
or 408.745.2000
Fax: 408.745.2100
www.juniper.net

EMEA HEADQUARTERS
Juniper Networks Ireland
Airside Business Park 
Swords, County Dublin, Ireland 
Phone: 35.31.8903.600 
Fax: 35.31.8903.601

APAC HEADQUARTERS
Juniper Networks (Hong Kong)
26/F, Cityplaza One
1111 King’s Road
Taikoo Shing, Hong Kong 
Phone: 852.2332.3636
Fax: 852.2574.7803

To purchase Juniper Networks solutions, please 
contact your Juniper Networks sales representative at 

1-866-298-6428 or authorized reseller.

Summary
Higher latency numbers for high-priority queues are not necessarily indicative of poor performance 
as has been explained in this document. Latency experienced by a stream is a function of several 
factors, including configured priority, allocated buffer size, specified transmit rate, offered load and 
other queues on the system. It is important to carefully assess what kind of latency and drops are 
acceptable for each traffic class. Observed behavior in these CoS tests is by design and within bounds 
of expected performance.
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