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Status of this Meno

This meno provides infornmation for the Internet conmunity. It does
not specify an Internet standard of any kind. Distribution of this
meno is unlimted.

Copyright Notice
Copyright (C The Internet Society (2001). Al Rights Reserved.
Abst r act
Thi s docunent describes the terns to be used in a nethodol ogy that
determ nes the I P packet forwarding performance of IP routers as a
function of the forwarding infornation base installed within a
router. The forwardi ng performance of an | P router may be dependent

upon or may be linked to the conposition and size of the forwarding
i nformati on base installed within a router.
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1. Introduction

This docunent defines terns that are to be used in a nethodol ogy that
deternmines the I P packet forwarding performance of IP routers as a
function of the forwarding information base installed within the
router.

The objective of this nmethodology is to evaluate the perfornance
levels of IP routers as forwarding informati on bases continue to grow
in size and conplexity of structure.

Thi s met hodol ogy utilizes the packet forwarding performance
measurenents described in [2]; reference will also be nade to the
associ ated term nol ogy docunent [3] for these terns.
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2. Overview

In order to neasure the forwarding i nformati on base-based router
performance, different forwarding i nformati on bases (5.3) are
installed in the router. The two key elenents describing the FIB are
the FIB size (5.5) and FIB prefix distribution (5.7). The forwarding
performance of a router nmay be dependent upon these two prinary
factors, particularly if FIB prefix distributions tend towards |onger
network prefixes (5.1). The FIB-dependent throughput, |atency and
frane loss rate (6.3, 6.4, 6.5), nmeasured with fully meshed traffic
flows [2], will reflect the change in performance of the router

Tests nay need to be perforned up to the nmaxi num FIB size (6.1).

When configuring the router for these measurenents, the routes need
to be manually entered into the router, or advertised via a routing
protocol. It may take sone period of tinme (the FIB learning tinme
(6.2)) before the router learns all the routes.

When routes are advertised into the router, the routes should be
advertised in such a way so that route aggregation (5.10) does not
occur. Also, the effect of a per-interface FIB cache (5.9) needs to
be taken into account.

3. Existing Definitions
[3] should be consulted before attenpting to nake use of this
docunent. [2] contains discussions of a nunber of terns relevant to
t he benchmarki ng of network interconnect devices and should al so be
consul ted

4. Definition Fornmat

The definition format is the equivalent to that defined in [3], and
is repeated here for conveni ence:

X.x Termto be defined. (e.g., Latency)

Definition:
The specific definition for the term

Di scussi on
A brief discussion about the term it’'s application and any
restrictions on neasurenent procedures.

Measurement units:
The units used to report neasurenents of this term if applicable.
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| ssues:
Li st of issues or conditions that effect this term

See Al so:
Li st of other terns that are relevant to the discussion of this
term

5. Definitions - paraneters

This section defines paraneters that would dictate the execution of
met hodol ogy to determ ne the FIB based forwardi ng performance of a
router.

5.1 Network Prefix

Definition
"A network prefix is . . . a contiguous set of bits at the nore
significant end of the address that defines a set of systens; host
nunbers sel ect anong those systens."

(This definition is taken directly fromsection 2.2.5.2,
"Classless Inter Domain Routing (CIDR)", in [4].)

Di scussi on
In the CIDR context, the network prefix is the network conponent
of an I P address. A common alternative to using a bitw se nask to
conmuni cate this conponent is the use of "slash (/) notation."
Sl ash notation binds the notion of network prefix length (see 5.2)
in bits to an I P address. E.g., 141.184.128.0/17 indicates the
net wor k conponent of this IPv4 address is 17 bits wi de.

Measurenment units:
<n/ a>

| ssues:

See Al so:
Networ k Prefix Length (5.2)

5.2 Network Prefix Length

Definition:
The nunber of bits used to define the network prefix. Network
prefixes, using CIDR termninology, are typically referred to as
15.35.128.0 /17, indicating that the network prefix is 17 bits
| ong.
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Di scussi on
When referring to groups of addresses, the network prefix |ength
is often used as a neans of describing groups of addresses as an
equi val ence class. For exanple, 100 /16 addresses refers to 100
addr esses whose network prefix length is 16 bits.

Measurenment units:
bits

| ssues:

See Al so:
network prefix (5.1)
forwarding informati on base prefix distribution (5.7)

5.3 Forwardi ng I nformati on Base (FIB)

Definition:
As according to the definition in Appendix B of [4]:

"The table containing the information necessary to forward IP

Dat agranms, in this docunent, is called the Forwarding Information
Base. At minimum this contains the interface identifier and next
hop information for each reachabl e destination network prefix."

Di scussi on
The forwarding informati on base descri bes a dat abase indexing
networ k prefixes versus router port identifiers.

A forwarding informati on base consists of [FIB size (5.5)] FIB
entries (5.4).

The forwarding information base is distinct fromthe "routing
table" (or, the Routing Information Base), which holds all routing
i nformati on received fromrouting peers.

The forwarding infornmati on base contains unique paths only (i.e.
does not contain secondary paths).

Measurenent units:
<none>

| ssues:
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See Al so:
forwarding i nformati on base entry (5.4)
forwardi ng i nformati on base size (5.5)
forwardi ng i nformati on base prefix distribution (5.7)
maxi mum f orwar di ng i nformati on base size (6.1)

5.4 Forwardi ng Infornmati on Base Entry

Definition:
A single entry within a forwarding i nformati on base. This entry
consi sts of the mni mum anount of information necessary to make a
forwardi ng decision on a particular packet. The typica
conponents within a forwarding i nfornmati on base entry are a
network prefix, a router port identifier and next hop infornation.
This is an entry that the router can and does use to forward
packets.

Di scussi on
See (5.3).

Measurenment units:
<n/ a>

| ssues:

See Al so:
forwardi ng i nformati on base (5.3)
forwardi ng i nformati on base size (5.5)
forwardi ng i nformation base prefix distribution (5.7)
maxi mum forwardi ng i nfornati on base size (6.1)

5.5 Forwarding Information Base Size

Definition
Refers to the nunber of forwarding informati on base entries within
a forwarding i nformati on base.

Di scussi on
The nunber of entries within a forwardi ng i nformati on base is one
of the key elenents that may influence the forwardi ng performance
of a router. Cenerally, the nore entries within the forwarding
i nformati on base, the longer it could take to find the | ongest
mat chi ng network prefix within the forwarding i nformati on base.

Measurenment units:
Nunmber of routes
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| ssues:

See Al so:
forwardi ng i nformati on base (5.3)
forwardi ng i nformati on base entry (5.4)
forwardi ng i nformati on base prefix distribution (5.7)
maxi mum forwardi ng i nfornmati on base size (6.1)

5.6 Longest Length Prefix Match Al gorithm

Definition:
An algorithmthat a router uses to quickly nmatch destination
addresses within received | P packets to exit interfaces on the
router.

D scussi on

Measurenment Units:
<none>

| ssues:
See Al so:
5.7 Forwardi ng Infornmati on Base Prefix Distribution

Definition:
The distribution of network prefix Iengths within the forwarding
i nformation base

Di scussi on
Net work prefixes within the forwardi ng i nformati on base could be
all of a single network prefix length, but, nore realistically,
the network prefix lengths will be distributed across sone range.

I ndi vi dual perfornmance neasurenents will be nade agai nst FIBs
popul ated with the same network prefix length, as well as agai nst
FIBs with sonme distribution of network prefix |engths.

The distribution of network prefix | engths may have an i npact on
the forwarding performance of a router. The |onger the network
prefix length, the longer it will take for a router to performthe
| ongest length prefix match al gorithm and potentially the | ower
the performance of the router
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Measurement units:
The forwarding information base prefix distribution is expressed
by a list of network prefix | engths and the percentage of entries
within the forwarding informati on base with a particul ar network
prefix length. For exanple, a forwarding information base prefix
distribution is represented as:

{[/16, 100], [/20, 360], [/24, 540]}

This indicates that 100 of the entries within the forwarding

i nformati on base have a 16 bit network prefix | ength, 360 have a
20 bit network prefix length, and 540 have a 24 bit network prefix
| engt h.

| ssues:

See Al so:
forwardi ng i nformati on base (5. 3)
forwardi ng i nformati on base entry (5.4)
forwardi ng i nformati on base size (5.5)
maxi mum f orwardi ng i nformation base size (6.1)

5.8 Per-Interface or Per-Card Forwardi ng I nformation Base

Definition:
A compl ete copy of the forwarding information base, installed on a
router’s card or individual physical interface to speed the
destination address to network prefix | ookup process.

Di scussi on
Rout er manufacturers have devel oped many optinizations for
routers, of which one optimization is to copy the forwarding
i nformati on base to every interface or interface card on the
router. By doing this, destination address / network prefix
| ookups can be perfornmed on the interface or card, unloading a
router’s CPU.

Measurenment units:
<n/ a>

| ssues:
See Al so:

forwardi ng i nformati on base (5. 3)
per-interface forwarding i nformati on base cache (5.9)
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5.9 Per-Interface Forwardi ng I nfornmation Base Cache

Definition:
A subset of a forwarding information base, installed on a router’s
interface card to speed the destination address / network prefix
| ookup process.

Di scussi on
Prior to installing a conplete copy of the forwarding information
base on each interface of a router, a popul ar techni que for
speedi ng destination address |ookups is to install a cache of
frequently used routes on a router’s interface.

The nost frequently used routes are placed in the forwarding

i nformati on base cache. |P packets whose destination address does
not match a network prefix within the per-interface forwarding

i nformati on base cache are forwarded to a router’s centra
processor for |l ookup in the conplete forwarding i nfornmati on base.

The inplication for benchmarking the performance of a router as a
function of the forwarding information base is significant. |IP
packets whose destination address matches an entry within the
per-interface forwarding i nformati on base cache coul d be forwarded
nore qui ckly than packets whose destination address does not match
an entry within the per-interface forwarding infornmati on base
cache.

To create useful benchmarks, the role of a per-interface
forwardi ng cache needs to be considered. The nature of
benchmarking tests to neasure the inpact of the forwarding
performance of a router requires that the destination addresses
within | P packets transmitted into the router be distributed
anongst the total set of network prefixes advertised into the
router. This negates the role of a per-interface forwarding

i nformati on base cache, but serves to stress the forwarding

i nformati on base-based packet forwardi ng perfornance of the
router.

Measurenment units:
<n/ a>

| ssues:
See Al so:

forwardi ng i nformati on base (5.3)
per-interface forwarding i nformati on base (5.8)
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5.10 Route Aggregation

Definition:
The ability of a router to coll apse many forwardi ng i nformation
base entries into a single entry.

Di scussi on
A router may aggregate routes in a forwarding information base
into a single entry to conserve space

When advertising routes into a router to perform benchmar ki ng
tests as a function of the forwarding i nformati on base installed
within the router, it is necessary to ensure that a router does
not aggregate routes.

Thus, when routes are advertised to the router or installed
statically, care nust be taken to ensure that the router does not
aggregat e routes.

For exanple, if advertising a set of /24 network prefixes into a
particular port on the router, 256 consecutive /24 routes, sharing
a conmon | eading 16 bits, should not be advertised on a single
port. If this is done, then the router will install a single
entry within the forwardi ng i nfornmati on base indicating that al
networ ks matching a particular /16 network prefix are accessible

t hrough one particular entry.

Rout e aggregation on a router can be turned off, but routes should
still be advertised into the router in such a manner as to avoid
route aggregation.

Measurenment units:
<none>

| ssues:
See Al so:
6. Definitions - netrics

This section defines the netrics, or results, that would
characterized the FIB based forwardi ng performance of a router
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6.1 Maxi mum Forwardi ng | nformati on Base Size

Definition:
The maxi mum nunber of forwarding i nformati on base entries that can
be supported within the forwarding information base. The Maxi mum
Forwardi ng I nfornmati on Base Size is the size over which all
entries can and are used to forward traffic.

Di scussi on
It is useful to know the maxi num forwardi ng i nformati on base size
for arouter as it will be an indicator of the ability of the
router to function within the given application space, and whether
the router will be able to handl e projected network growth

As a benchmarking value, it is necessary to discover this value so
t hat perfornance neasurenents can be nmade up to the maxi num
possi bl e forwardi ng i nformati on base size.

Measurenment units:
Nunber of routes

| ssues:
Could this value vary with the forwarding i nformati on base prefix
di stribution?

See Al so:
forwardi ng i nformati on base (5.3)
forwardi ng i nformati on base entry (5.4)
forwardi ng i nformati on base size (5.5)
forwardi ng i nformati on base prefix distribution (5.7)

6.2 Forwarding Information Base Learning Tine

Definition
The tine a router takes to process received routing nessages, and
to construct (and, possibly to distribute anongst the interface
cards in the router) the forwarding informati on base. This is
neasured fromthe tinme at which a router is presented with the
first routing nessage, through to when it can forward packets
using any entry in the forwardi ng i nformation base.

Di scussi on
It takes time for a router to construct its forwarding infornation
base. A router needs to process received routing packets, build
the routing informati on dat abase, select the best paths, build the
forwardi ng i nformati on base and then possibly distribute the
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forwardi ng i nformati on base or a subset thereof to the interface
cards. This entire process can take several minutes with very
| arge forwarding information bases.

When perform ng benchmarking tests that take the forwarding

i nformation base into account, tinme nust be allocated for the
router to process the routing information and to install the
conpl ete forwarding i nfornati on base within itself, before
performance neasurenents are made.

Measurenent units:
Prefi xes per second.

| ssues:

See Al so:
forwardi ng i nformati on base (5.3)

6.3 Forwardi ng | nfornati on Base-dependent Throughput

Definition:
Thr oughput, as defined in [3], used in a context where the
forwardi ng i nformati on base influences the throughput.

Di scussi on
This definition for FIB-dependent throughput is added to
di stinguish the context of this measurenment fromthat defined in

[3].

Measurenment units:
See [3].

| ssues:

See Al so:
forwardi ng i nformati on base-dependent | atency (6.4)
forwardi ng i nformati on base-dependent frane |loss rate (6.5)

6.4 Forwardi ng I nformati on Base-dependent Latency
Definition:
Latency, as defined in [3], used in a context where the forwarding
i nformati on base influences the throughput.

Di scussi on
This definition for FIB-dependent |atency is added to distinguish
the context of this measurenent fromthat defined in [3].
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Measurenment units:
See [3].

| ssues:

See Al so:
forwardi ng i nformati on base-dependent throughput (6.3)
forwardi ng i nformati on base-dependent franme |loss rate (6.5)

6.5 Forwardi ng I nformati on Base-dependent Frane Loss Rate

Definition:
Franme Loss Rate, as defined in [3], used in a context where the
forwardi ng i nformati on base influences the throughput.

Di scussi on
This definition for FIB-dependent frane loss rate is added to
di stinguish the context of this neasurenent fromthat defined in

[3].

Measurenment units:
See [3].

| ssues:
See Al so:
forwardi ng i nformati on base-dependent throughput (6.3)
forwardi ng i nformati on base-dependent | atency (6.4)
7. Security Considerations
As this document is solely for the purpose of providing nmetric
nmet hodol ogy and describes neither a protocol nor a protocols
i npl ementation, there are no security considerations associated with
this docunent.
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10. Full Copyright Statenent
Copyright (C) The Internet Society (2001). Al Rights Reserved.

Thi s docunent and translations of it nmay be copied and furnished to
others, and derivative works that comment on or otherwi se explain it
or assist in its inplenentation may be prepared, copied, published
and distributed, in whole or in part, w thout restriction of any

ki nd, provided that the above copyright notice and this paragraph are
i ncluded 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 zati ons, except as needed for the purpose of
devel opi ng Internet 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 other than
Engl i sh.

The linited 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
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