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Abstract

The purpose of this docunent is to define term nology specific to the
benchmar ki ng of nmulticast | P forwarding devices. It builds upon the
tenets set forth in RFC 1242, RFC 2285, and ot her | ETF Benchnarki ng
Met hodol ogy Working Group (BMAG efforts. This docunent seeks to
extend these efforts to the multicast paradi gm

The BMAG produces two nmj or classes of docunents: Benchmarking

Ter m nol ogy docunents and Benchnar ki ng Met hodol ogy docunents. The
Term nol ogy docunents present the benchrmarks and other related terns.
The Met hodol ogy documents define the procedures required to collect
the benchmarks cited in the correspondi ng Terni nol ogy docunents.

1. Introduction

Net wor k forwardi ng devices are being required to take a single frame

and support delivery to a nunmber of destinations having nenbership to
a particular group. As such, multicast support may place a different

burden on the resources of these network forwardi ng devices than with
uni cast or broadcast traffic types.

Such burdens may not be readily apparent at first glance - the IP
mul ti cast packet’s C ass D address may be the only noticeabl e
difference froman I P unicast packet. However, there are nany
factors that may inpact the treatnment of IP nulticast packets.

Consi der how a device's architecture may inpact the handling of a

mul ticast frame. For exanple, is the nulticast packet subject to the
same processing as its unicast analog? O is the multicast packet
treated as an exeception and processed on a different data path?
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Consi der, too, how a shared nenory architecture may denonstrate a
different performance profile than an architecture which explicitly
passes each individual packet between the processing entities.

In addition to forwardi ng device architecture, there are other
factors that may inpact a device's or systemis nulticast related
performance. Protocol requirenents nay demand that routers and

swi tches consider destination and source addressing in its multicast
forwardi ng decisions. Capturing multicast source/destination
addressing informati on may i npact forwardi ng table size and | engthen
| ookups. Topol ogi cal factors such as the degree of packet
replication, the nunber of multicast groups being supported by the
system or the placenent of multicast packets in unicast wappers to
span non-nulticast network paths may all potentially affect a
systemis nulticast related performance. For an overall understandi ng
of P nmulticasting, the reader is directed to [Se98], [Hu95], and

[ M98].

By clearly identifying IP nulticast benchmarks and rel ated

term nology in this docunent, it is hoped that detail ed methodol ogi es
can be generated in subsequent docunents. Taken in tandem these two
efforts endeavor to assist the clinical, enpirical, and consistent
characterization of certain aspects of nulticast technol ogi es and
their individual inplementations. Understanding the operationa
profile of multicast forwarding devices may assist the network
designer to better deploy multicast in his or her networking

envi ronnent .

Mor eover, this docunment focuses on one source to nany destinations
profiling. Elenents of this docunent may require extension when
considering nultiple source to nmultiple destination IP multicast
communi cat i on.

2. Definition Fornat

This section cites the tenplate suggested by RFC 1242 in the
specification of a termto be defined.

Termto be defined

Definition:
The specific definition for the term
Di scussi on

A brief discussion of the term its application, or other
informati on that woul d build understandi ng.
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Measurenent units:

Units used to record neasurenents of this term if applicable.

[l ssues:]

Li st of issues or conditions that affect this term This field can
present itens the may inpact the ternm s rel ated nethodol ogy or
otherw se restrict its measurenent procedures. This field is

optional in this docunent.

[ See Al so:]

List of other ternms that are relevant to the di scussion of this
term This field is optional in this docunent.

2.1 Existing Term nol ogy

Thi s docunent draws on existing term nology defined in other BMAG
limted

wor k. Exanpl es include, but are not

Thr oughput [ RFC 1242,
Lat ency [ RFC 1242,
Const ant Load [ RFC 1242,
Frame Loss Rate [ RFC 1242,
Over head behavi or [ RFC 1242,
Forwar di ng Rat es [ RFC 2285,
Loads [ RFC 2285,

Devi ce Under Test (DUT) [ RFC 2285,
Syst em Under Test (SUT) [ RFC 2285,

secti
secti
secti
secti
secti
secti
secti
secti
secti

on
on
on
on
on
on
on
on
on

to:

Note: "DUT/SUT" refers to a netric that nmay be

SUT.
3. Table of Defined Terns
3.1 Ceneral Nonencl ature
3.1.1 Traffic dass. (TO

.1.2 Goup Cass. (GO
.1.3 Service Cass. (SO

ww

orwar di ng and Throughput
M xed C ass Throughput (MCT).

=

Encapsul ati on Throughput (ET)
Decapsul ati on Throughput (DT)

WwWwwwwN

F
2
2.
2.
2
2
2
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Re- encapsul ati on Thr oughput (RET)
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Scal ed Group Forwardi ng Matrix (SGFM.
Aggregated Mul ticast Throughput (AM)
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applicable to a DUT or
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3.3 Forwardi ng Latency
3.3.1 Multicast Latency (M)
3.3.2 Mn/Max Multicast Latency (M n/Max M)
3.4 Overhead
3.4.1 Goup Join Delay. (&D)
3.4.2 Goup Leave Delay. (G.D)
3.5 Capacity
3.5.1 Multicast Group Capacity. (MXC)
3.6 Interaction

6

3.6.1 Burdened Response

3.6.2 Forwardi ng Burdened Milticast Latency (FBM)
3.6.3 Forwardi ng Burdened Join Delay (FBJD)

3.1 General Nonencl ature

This section will present general term nology to be used in this and
ot her docunents.

3.1.1 Traffic dass. (TO

Definition:
An equi val ence cl ass of packets conprising one or nore data
streans.

Di scussi on:
In the scope of this docunment, Traffic Class will be considered a
| ogical identifier used to discrininate between a set or sets of
packets of fered the DUT.

For exanple, one Traffic Class may identify a set of unicast
packets offered to the DUT. Another Traffic O ass may
differentiate the nulticast packets destined to nulticast group X
Yet another Class may distinguish the set of nulticast packets
destined to nulticast group Y.

Unl ess ot herwi se qualified, the usage of the word "Class” in this
docunent will refer sinply to a Traffic d ass.

Measurenent units:
Not applicabl e.
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3.1.2 Goup Cass. (GO

Definition:
A specific type of Traffic Cl ass where the packets conprising the
Class are destined to a particular multicast group.

Di scussi on:

Measurenent units:
Not appl i cabl e.

3.1.3 Service dass. (SO

Definition:
A specific type of Traffic C ass where the packets conprising the
Class require particular treatnent or treatnents by the network
forwardi ng devices along the path to the packets’ destination(s).

Di scussi on:

Measurenent units:
Not appl i cabl e.

3.2 Forwardi ng and Throughput.

This section presents terninology related to the characterization of
the packet forwarding ability of a DUT/SUT in a multicast
environment. Sone netrics extend the concept of throughput presented
in RFC 1242. The notion of Forwarding Rate is cited in RFC 2285.

3.2.1 Mxed O ass Throughput (MCT).

Definition:
The maxi mumrate at which none of the offered franmes, conprised
froma unicast Class and a nulticast dass, to be forwarded are
dropped by the device across a fixed nunber of ports.

Di scussi on:
Oten times, throughput is collected on a honmogenous traffic class
- the offered load to the DUT is either singularly unicast or
singularly nmulticast. |n nost networking environnments, the
traffic mx is seldomso uniformy distributed.

Based on the RFC 1242 definition for throughput, the Mxed d ass
Thr oughput benchmark attenpts to characterize the DUT's ability to
process both unicast and nulticast franes in the sane aggregated
traffic stream
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Measurenment units:
Frames per second

| ssues:
Rel at ed net hodol ogy may have to address the ratio of unicast
packets to multicast packets.

Since frame size can sonetimes be a factor in frane forwarding
benchmar ks, the correspondi ng nmet hodol ogy for this netric wll
need to consider frane size distribution(s).

3.2.2 Scal ed Goup Forwarding Matrix (SGFM .

Definition:
A table that denonstrates Forwarding Rate as a function of tested
mul ticast groups for a fixed nunber of tested DUT/ SUT ports.

Di scussi on
A desirable attribute of many Internet nechanisns is the ability
to "scale." This benchmark seeks to dempnstrate the ability of a
SUT to forward as the nunmber of mnulticast groups is scal ed
upwar ds.

Measurenment units:
Packets per second, with corresponding tested nmulticast group and
port configurations.

| ssues:
The correspondi ng net hodol ogy nay have to reflect the inpact that
the pairing (source, group) has on many nulticast routing
pr ot ocol s.

Since frame size can sonetinmes be a factor in franme forwarding
benchmar ks, the correspondi ng nethodol ogy for this netric wll
need to consider frane size distribution(s).

3.2.3 Aggregated Milticast Throughput (AM)

Definition:
The maxi mumrate at which none of the offered franes to be
forwarded through N destination interfaces of the sane nulticast
group are dropped.

Di scussi on
Anot her "scaling" type of exercise, designed to identify the
DUT/SUT's ability to handle traffic as a function of the nulticast
destination ports it is required to support.
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Measurenment units:
The ordered pair (N, t) where,

N = the nunber of destination ports of the multicast group.
t = the throughput, in franes per second, relative to the
source stream

| ssues:
Since franme size can sonetimes be a factor in franme forwarding
benchmar ks, the correspondi ng nethodol ogy for this netric wll
need to consider frane size distribution(s).

3.2.4 Encapsul ati on Throughput (ET)

Definition:
The maxi mumrate at which frames offered a DUT are encapsul ated
and correctly forwarded by the DUT without | oss.

Di scussi on
A popul ar technique in presenting a frame to a device that may not
support a protocol feature is to encapsulate, or tunnel, the
packet containing the unsupported feature in a format that is
supported by that device.

More specifically, encapsulation refers to the act of taking a
frane or part of a frame and enbedding it as a payl oad of another
frame. This benchmark attenpts to characterize the overhead
behavi or associated with that transl ational process.

Measur enent units:
Frames per second

| ssues:
Consi deration may need to be given with respect to the inpact of
different frame formats on usabl e bandw dt h.

Since frame size can sonetines be a factor in frame forwarding
benchmar ks, the correspondi ng nmet hodol ogy for this netric wll
need to consider frane size distribution(s).
3.2.5 Decapsul ati on Throughput (DT)
Definition
The maxi mumrate at which frames offered a DUT are decapsul ated
and correctly forwarded by the DUT wi thout | oss.
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Di scussi on
A popul ar technique in presenting a frame to a device that may not
support a protocol feature is to encapsulate, or tunnel, the
packet containing the unsupported feature in a format that is
supported by that device. At sone point, the frane nay be required
to be returned its orginal format fromits encapsul ati on w apper
for use by the frame’s next destination

More specifically, decapsulation refers to the act of taking a
frane or part of a frame enbedded as a payl oad of another frane
and returning it to the payload s appropriate format. This
benchmark attenpts to characterize the overhead behavi or

associ ated with that translational process.

Measur enent units:
Frames per second

| ssues:
Consi deration may need to be given with respect to the inpact of
different frame formats on usabl e bandw dt h.

Since frane size can sonetinmes be a factor in frane forwarding
benchmar ks, the correspondi ng nethodol ogy for this netric wll
need to consider frame size distribution(s).

3.2.6 Re-encapsul ati on Throughput (RET)

Definition:
The nmaxi mumrate at which frames of one encapsul ated fornmat
offered a DUT are converted to another encapsul ated format and
correctly forwarded by the DUT w t hout | o0ss.

Di scussi on
A popul ar technique in presenting a frame to a device that may not
support a protocol feature is to encapsulate, or tunnel, the
packet containing the unsupported feature in a format that is
supported by that device. At some point, the frane nay be required
to be converted from one encapsul ation format to anot her
encapsul ati on format.

More specifically, re-encapsulation refers to the act of taking an
encapsul at ed payl oad of one format and replacing it with another
encapsul ated format - all the while preserving the origina

payl oad’ s contents. This benchmark attenpts to characterize the
over head behavi or associated with that translational process.

Measur enent units:
Frames per second
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| ssues:
Consi deration may need to be given with respect to the inmpact of
different frame formats on usabl e bandw dt h.

Since frane size can sonetinmes be a factor in frane forwarding
benchmar ks, the correspondi ng nethodol ogy for this netric wll
need to consider frame size distribution(s).

3.3 Forwardi ng Latency.

This section presents ternmnology relating to the characterization of
the forwarding latency of a DUT/SUT in a nmulticast environnent. |t
extends the concept of |atency presented in RFC 1242.

3.3.1 Multicast Latency. (M)

Definition:
The set of individual latencies froma single input port on the
DUT or SUT to all tested ports belonging to the destination
mul ti cast group.

Di scussi on:
This benchmark is based on the RFC 1242 definition of |atency.
Wiile it is useful to collect |atency between a pair of source and
destination nmulticast ports, it may be insightful to collect the
same type of measurenments across a range of ports supporting that
G oup d ass.

A variety of statistical exercises can be applied to the set of
| at enci es neasurenents.

Measur enent units:
Time units with enough precision to reflect a | atency neasurenent.

3.3.2 Mn/Max Multicast Latency. (M n/Max M)

Defini tion:
The difference between the nmaxi mum | at ency neasurenent and the
m ni mum | at ency measurenent fromthe set of |atencies produced by
the Multicast Latency benchnmark.

Di scussi on:
This statistic may yield some insight into how a particul ar
i npl ementation handles its multicast traffic. This may be useful
to users of multicast synchronization types of applications.

Measurenment units:
Time units with enough precision to reflect |atency neasurenent.
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3.4 Overhead

This section presents ternmnology relating to the characterization of
the overhead del ays associated with explicit operations found in
mul ti cast environments.

3.4.1 Goup Join Delay. (&D)

Definition:
The tinme duration it takes a DUT to start forwardi ng nmulticast
packets fromthe tinme a successful | GW group nenbership report
has been issued to the DUT.

Di scussi on:
Many factors can contribute to different results, such as the
nunber or type of multicast-related protocols configured on the
devi ce under test. Other factors are physical topology and "tree"
configuration.

Because of the nunber of variables that could inpact this netric,
the metric may be a better characterization tool for a device
rather than a basis for conparisons with other devices.

| ssues:
A consideration for the related net hodol ogy: possible need to
differentiate a specifically-forwarded multicast frame fromthose
sprayed by protocols inplenmenting a flooding tactic to solicit
prune feedback.

While this netric attenpts to identify a sinple delay, the
underlying and contributing delay conponents (e.g., propagation
del ay, frame processing delay, etc.) make this a |l ess than sinple
measurenent. The correspondi ng nmet hodol ogy will need to consider
this and simlar factors to ensure a consistent and precise netric
result.

Measurenent units:
M cr oseconds.

3.4.2 Goup Leave Delay. (G.D)
Definition:
The tinme duration it takes a DUT to cease forwardi ng nulticast

packets after a corresponding | GW "Leave G oup" nessage has been
successfully offered to the DUT.
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Di scussi on
VWhile it is inportant to understand how qui ckly a device can
process multicast frames; it may be beneficial to understand how
qui ckly that same device can stop the process as well

Because of the nunber of variables that could inpact this netric,
the metric nay be a better characterization tool for a device
rather than a basis for comparisons with other devices.

Measurenent units:
M cr oseconds.

| ssues:
The Met hodol ogy may need to consi der protocol-specific timeout
val ues.

While this netric attenpts to identify a sinple delay, the
underlying and contributing delay conponents (e.g., propagation
del ay, frame processing delay, etc.) make this a |l ess than sinple
measurenent. Mbreover, the cessation of traffic is a rather
unobservabl e event (i.e., at what point is the multicast forwarded
consi dered stopped on the DUT interface processing the Leave?).
The correspondi ng net hodol ogy will need to consider this and
simlar factors to ensure a consistent and precise netric result.

3.5 Capacity

This section offers terns relating to the identification of multicast
group limts of a DUT/ SUT.

3.5.1 Multicast Group Capacity. (MXC)

Definition:
The maxi mum nunber of nulticast groups a SUT/DUT can support while
mai ntaining the ability to forward nulticast franes to all
mul ticast groups registered to that SUT/DUT

Di scussi on

Measur enent units:
Mul ticast groups.

| ssues:
The rel ated net hodol ogy may have to consi der the inpact of
mul ti cast sources per group on the ability of a SUT/DUT to "scal e
up" the nunber of supportable nulticast groups.
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3.6 Interaction

Net wor k forwardi ng devices are generally required to provide nore
functionality than than the forwarding of traffic. Mreover, network
forwardi ng devices nay be asked to provide those functions in a
variety of environments. This section offers terns to assist in the
charaterization of DUT/SUT behavior in consideration of potentially
interacting factors.

3.6.1 Burdened Response.

Definition:
A measured response collected froma DUT/SUT in |ight of
interacting, or potentially interacting, distinct stimulii

Di scussi on
Many netrics provide a one di nensional view into an operating
characteristic of a tested system For exanple, the forwarding
rate nmetric may yield informati on about the packet processing
ability of a device. Collecting that sane netric in view of
anot her control variable can oftentimes be very insightful. Taking
that sane forwarding rate neasurenent, for instance, while the
device's address table is injected with an additional 50,000
entries may yield a different perspective.

Measur enent units:
A burdened response is a type of nmetric. Metrics of this this
type nust follow guidelines when reporting results.

The netric’'s principal result MJUST be reported in conjunction with
the contributing factors.

For exanple, in reporting a Forwardi ng Burdened Latency, the
| at ency neasurenent should be reported with respect to
correspondi ng Ofered Load and Forwardi ng Rates.

I ssues: A Burdened response may be very illum nating when trying to
characterize a single device or system Extrene care nust be
exerci sed when attenpting to use that characterization as a basis
of conparison with other devices or systens. Test agents nust
ensure that the nmeasured response is a function of the controlled
stimulii, and not secondary factors. An exanple of of such an
interfering factor would be configuration msmatch of a tinmer
i mpacting a response process.
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3.6.2 Forwardi ng Burdened Miulticast Latency. (FBM)

Definition:
A multicast latency taken froma DUT/SUT in the presence of a
traffic forwardi ng requirenent.

Di scussi on
Thi s burdened response nmetric builds on the Milticast Latency
definition offered in section 3.3.1. 1t mandates that the DUT be
subjected to an additional neasure of traffic not required by the
non- burdened netric.

This nmetric attenpts to provide a nmeans by which to eval uate how
traffic load may or may not inpact a device' s or systenmis packet
processi ng del ay.

Measurement units:
Time units with enough precision to reflect the |atencies
nmeasur enent s.

Lat ency neasurenents MJST be reported with the correspondi ng
sust ai ned Forwardi ng Rate and associated O fered Load.

3.6.3 Forwardi ng Burdened G oup Join Delay. (FB&D)

Definition:
A multicast Group Join Delay taken froma DUT in the presence of a
traffic forwardi ng requirenent.

Di scussi on
Thi s burdened response metric builds on the Goup Join Del ay
definition offered in section 3.4.1. It nandates that the DUT be
subjected to an additional neasure of traffic not required by the
non- burdened netric.

Many factors can contribute to different results, such as the
nunber or type of multicast-related protocols configured on the
devi ce under test. Other factors could be physical topology or the
| ogical multicast "tree" configuration

Because of the nunber of variables that could inpact this netric,
the nmetric nay be a better characterization tool for a device
rather than a basis for conparisons with other devices.

Measurenent units:

Time units with enough precision to reflect the del ay
neasur enment s.
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Del ay nmeasurements MJUST be reported with the correspondi ng
sust ai ned Forwardi ng Rate and associated O fered Load.

| ssues:
While this netric attenpts to identify a sinple delay, the
underlying and contributing delay conponents (e.g., propagation
del ay, frame processing delay, etc.) make this a |l ess than sinple

measurenent. The correspondi ng nmet hodol ogy will need to consider
this and simlar factors to ensure a consistent and precise nmetric
resul t.

4. Security Considerations

Thi s docunent addresses netrics and termnology relating to the
performance benchmarking of IP Multicast forwardi ng devices. The
informati on contained in this docunent does not inpact the security
of the Internet.

Met hodol ogi es regarding the collection of the nmetrics described
within this docunent may need to cite security considerations. This
docunent does not address mnethodol ogi cal i ssues.

5. Acknow edgnent s

The | ETF BMAG partici pants have nmade several comrents and suggestions
regarding this work. Particular thanks goes to Harald Al vestrand,
Scott Bradner, Brad Cain, Eric Crawl ey, Bob Mandeville, David Newran,
Shuchi ng Shei h, Dave Thal er, Chuck Wnter, Zhaohui Zhang, and John
Galgay for their insightful review and assi stance.

Dubr ay I nf or mat i onal [ Page 14]



RFC 2432 Term nol ogy for IP Milticast Benchmarking Cct ober 1998

6. References

[Br91] Bradner, S., "Benchmarking Termni nol ogy for Network
I nterconnection Devices", RFC 1242, July 1991.

[Br96] Bradner, S., and J. MQuaid, "Benchmarki ng Met hodol ogy for
Net wor k | nterconnect Devices", RFC 1944, May 1996.

[Hu95] Huitema, C. "Routing in the Internet."” Prentice-Hall, 1995.

[ Se98] Seneria, C. and Maufer, T. "Introduction to IP Milticast
Routing." http://ww. 3com conf nsc/501303. html  3Com Cor p.,
1998.

[ Ma98] Mandeville, R, "Benchmarking Term nol ogy for LAN Swi tchi ng
Devi ces", RFC 2285, February 1998.

[M98] Maufer, T. "Deploying IP Miulticast in the Enterprise."
Prentice-Hall, 1998.

7. Author’s Address

Kevi n Dubray

I ronBridge Networks
55 Hayden Avenue
Lexi ngton, MA 02421
USA

Phone: 781 372 8118
EMai | : kdubray@ronbri dgenet wor ks. com

Dubr ay I nf or mat i onal [ Page 15]



RFC 2432 Term nol ogy for IP Milticast Benchmarking Cct ober 1998

8. Full Copyright Statenent
Copyright (C) The Internet Society (1998). All R ghts Reserved.

Thi s docunent and translations of it may be copied and furnished to
others, and derivative works that comment on or otherwi se explain it
or assist in its inplenentation my be prepared, copied, published
and distributed, in whole or in part, without restriction of any

ki nd, provided that the above copyright notice and this paragraph are
included on all such copies and derivative works. However, this
docunent itself may not be nodified in any way, such as by renoving
the copyright notice or references to the Internet Society or other
I nternet organi zations, except as needed for the purpose of
devel opi ng I nternet standards in which case the procedures for
copyrights defined in the Internet Standards process nust be
followed, or as required to translate it into | anguages ot her than
Engl i sh.

The Iimted perm ssions granted above are perpetual and will not be
revoked by the Internet Society or its successors or assigns.

Thi s docunent and the information contained herein is provided on an
"AS |S" basis and THE | NTERNET SOCI ETY AND THE | NTERNET ENG NEERI NG
TASK FORCE DI SCLAI M5 ALL WARRANTI ES, EXPRESS OR | MPLI ED, | NCLUDI NG
BUT NOT LI M TED TO ANY WARRANTY THAT THE USE OF THE | NFORMATI ON
HEREI N W LL NOT | NFRI NGE ANY RI GHTS OR ANY | MPLI ED WARRANTI ES OF
MERCHANTABI LI TY OR FI TNESS FOR A PARTI CULAR PURPCSE
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