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Abstract

This nenp di scusses and defines terns associ ated with perfornmance
benchmarking tests and the results of these tests in the context of
Asynchronous Transfer Mdde (ATM based sw tching devices supporting
ABR (Available Bit Rate). The terns defined in this nemo will be
used in addition to ternms defined in RFCs 1242, 2285, and 2544 and
2761. This meno is a product of the Benchmarking Met hodol ogy Wor ki ng
G oup (BMWAG of the Internet Engineering Task Force (IETF).

1. Introduction

Thi s docunent provides terninology for benchmarki ng ATM based

swi tchi ng devices supporting ABR It extends term nology already
defined for benchmarki ng network interconnect devices in RFC s 1242
2285, and 2544 and 2761. Al though sonme of the definitions in this
meno may be applicable to a broader group of network interconnect
devices, the primary focus of the termnology in this meno is on ATM
ABR.

This menp contains two nmajor sections: Background and Definitions.
The background section provides the reader with an overvi ew of the
technol ogy and | ETF formalisns. The definitions section is split
into two sub-sections. The formal definitions sub-section is
provided as a courtesy to the reader. The measurenent definitions
sub-section contains performance netrics with i nherent units.

Thi s docunent assunes that necessary services are avail able and

active. For exanple, IP connectivity requires SSCOP connectivity
between signaling entities. Further, it is assuned that the SUT has
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1.

1.

the ability to configure ATM addresses (via hard coded addresses,
LM or PNNI neighbor discovery), has the ability to run SSCOP, and
has the ability to performsignaled call setups (via UNI or PNN
signaling). Finally, this docunent presents only the term nol ogy
associ ated with benchmarking I P performance over ATM therefore, it
does not represent a total conpilation of ATMtest termn nol ogy.

The BMAG produces two nmjor classes of docunents: Benchmarki ng

Ter mi nol ogy docunments and Benchmar ki ng Met hodol ogy docunents. The
Term nol ogy docunents present the benchmarks and other related terns.
The Met hodol ogy docunents define the procedures required to coll ect
the benchmarks cited in the correspondi ng Term nol ogy docunents.

Exi sting Definitions.

RFC 1242, "Benchmar ki ng Term nol ogy for Network |nterconnect

Devi ces", should be consulted before attenpting to nake use of this
docunent. RFC 2544, "Benchmarki ng Met hodol ogy for Network

I nt erconnect Devices", contains discussions of a nunmber of terns

rel evant to the benchmarking of switching devices and shoul d be
consulted. RFC 2285, "Benchmarking Term nol ogy for LAN Swi tching
Devi ces", contains a nunber of ternms pertaining to traffic
distributions and datagraminterarrival. RFC 2761, "Term nol ogy for
ATM Benchmar ki ng", contains a nunber ternms pertaining to traffic
managenent [TM4. 0, TM4.1]. Many of the netrics defined in RFC 2761
(e.g., CDV, CER CLR, CWR, and CTD) al so apply to ABR performance
benchmarking. These nmetrics will not be redefined in this docunent.
For the sake of clarity and continuity, this RFC adopts the tenplate
for definitions set out in Section 2 of RFC 1242.

Definitions
The definitions presented in this section have been divided into two
groups. The first group is fornmal definitions, which are required in
the definitions of the performance netrics but are not thensel ves
strictly nmetrics. These definitions are subsuned from ot her work
done in other working groups both inside and outside the | ETF. They
are provided as a courtesy to the reader
Formal Definitions

Definition Format (from RFC 1242)
Termto be defined.

Definition: The specific definition for the term
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Di scussion: A brief discussion of the term its application and any
restrictions on neasurenent procedures.

Speci fication: The working group and docunent in which the terns are
specified and are listed in the references section.

1.2. Related Definitions.
1.2.1. Allowed Cell Rate (ACR)

Definition: An ABR service paraneter, ACRis the current rate
(cells/second) at which a source is allowed to send.

Di scussion: For ABR traffic, ACR constitutes the actual data
t hroughput for a particular VC. The tine change of this val ue

effects TCP round trip tine calculations, which in turn effects TCP
t hr oughput .

Speci fication: AF-TM4.0

1.2.2. ACR Decrease Tinme Factor (ADTF)
Definition: This is the tinme pernitted between sending RMcells
before the rate is decreased to ICR (Initial Cell Rate). The tine
units are .01 to 10.23 seconds with a granularity of 10 ns.
Di scussion: For ABR traffic, ADTF constitutes the tine rate of the
ACR. This value effects TCP round trip time cal culations, which in
turn effects TCP throughput.
Specification: AF-TM4. O

1.2.3. Additive Increase Rate (AR

Definition: An ABR service paraneter, AIR controls the rate at which
the cell transmission rate increases. It is signaled as AIRF, where

AlRF = Al R*Nrm PCR.
Di scussion: For ABR traffic, AIR effects the tine rate of change of
the ACR. This value effects TCP round trip tinme cal cul ati ons, which
in turn effects TCP t hroughput.
Speci fication: AF-TM4.0
1.2.4. Additive Increase Rate Factor (AlRF)

Definition: Refer to AIR
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Di scussion: Refer to AIR
Speci fication: AF-TM4.0
1.2.5. Available Bit Rate (ABR)

Definition: ABR is an ATM | ayer service category for which the
limting ATM | ayer transfer characteristics provided by the network
may change subsequent to connection establishment. A flow contro
mechani smis specified which supports several types of feedback to
control the source rate in response to changing ATM | ayer transfer
characteristics.

Di scussion: It is expected that an end-systemthat adapts its traffic
in accordance with the feedback will experience a low cell loss ratio
and obtain a fair share of the avail abl e bandwi dth according to a
network specific allocation policy. Cell delay variation is not
controlled in this service, although admtted cells are not del ayed
unnecessarily.

Specification: AF-TM4.1

1.2.6. Available Bit Rate (ABR) Conpliance (Conformance)
Definition: ABR connection conformance refers to the behavior
specified for ABR destination and switches, but allows for del ays
between the source and the UNI [UNI3.1, UNI4.0], which may perturb
the traffic flow
Di scussion: The cells on an ABR connection applies to CLP=0 cells,
which are tested upon arrival. At the arrival point, each cell is
identified as conformi ng or non-conformng. The m nimal confornmance
definition for ABRis GCRA((1/PCR),t1l), where PCR is defined for
CLP=0 fl ow.
Specification: AF-TM4.1

1.2.7. BN

Definition: The BN bit in the RMcell indicated whether the Rvcell
is a BECN cell or not.

Di scussion: If BN=0, the RMcells were generated by the source. |If
BN=1, the RMcells were generated by the destination or a switch

Specification: AF-TM4.1
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1.2.8. CCR

Definition: The CCR field in the RMcell is set by the source to its
current ACR. CCRis formatted as a rate.

D scussion: For BECN cells, CCR=0.
Specification: AF-TM4.1
1.2.9. Cell Blocks (CB)

Definition: Cell blocks are a sequence of N cells transnitted
consecutively on a given connection.

Di scussion: A cell block will normally correspond to the nunber of
information cells transmtted between successi ve OAM cel | s.

Specification: AF-TM4.1
1.2.10. Congestion Indication (Cl)

Definition: The CI bit in the RMcell allows a network elenment to
indicate that there is congestion in the network.

D scussi on: When the source receives a backward RMcell with Cl =1,
ACR i s decreased. Wien the destination turns around a forward Rwv
cell, the Cl is set to 1 to indicate that the previously received
data cell had the EFClI state set.
Specification: AF-TM4.1

1.2.11. Cutoff Decrease Factor (CDF)

Definition: CDF controls the decrease in ACR (Allowed Cell Rate)
associated with CRM (missing RMcell count).

Di scussion: For ABR traffic, CDF effects the tine rate of change of
the ACR.  This value effects TCP round trip tinme cal cul ations, which
in turn effects TCP t hroughput.

Speci fication: AF-TM4.0
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1.2.12. DR

Definition: The DIR bit in the RMcell indicates which direction of
data flowis associated with the RMcell. D Ris changed fromO to 1
when an RMcell is turned around at the destination

Di scussion: A forward RMcell is indicated by DIR=0 and i s associ at ed
with data cells flowing in the same direction. A backward RMcell is
indicated by DIR=1 and is associated with data cells flowing in the
opposite direction.

Specification: AF-TM4.1
1.2.13. Explicit Rate (ER)

Definition: The ER field in the RMcell is used to linit the source
ACR to a specific value. For each RMcell, ERis set by the source
to a requested rate (e.g., PCR). It may be reduced by any network
elenent in the path to a value that the el enent can sustain. ER s
formatted as a rate.

D scussi on: None.
Specification: AF-TM4.1
1.2.14. Feedback

Definition: Information carried in the backward RM cells provi ded by
the network el enments and/or the destination back to the source.

Di scussi on: Feedback may include information in the ER field, or the
Cl or NI bits of each backward RM cell .

Specification: AF-TM4.1
1.2.15. Ideal Transnission Tine (ITT)

Definition: The transm ssion tinme for ABR CLP=0 cells, if the

di fference between itself and the transm ssion tinme for the previous

CLP=0 cell on the connection is greater than or equal to the nininum
a) the inverse of the ACRin effect imediately after the

transm ssion tine of the first of the two cells b) the inverse of the
ACR in effect immediately before the transmission tinme of the second

of the two cells.

D scussion: The transmssion tine for the first cell on the
connection is automatically an ITT.
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Specification: AF-TM4.1
1.2.16. Initial Cell Rate (ICR

Definition: An ABR service paraneter, in cells/sec, that is the rate
at which a source should send initially and after an idle period.

Di scussi on: none.
Speci fication: AF-TM4.0
1.2.17. In-Rate Cells
Definition: In-Rate ABR cells are sent with CLP=0.
Di scussion: ABR RMcells shall be sent with CLP=0 except in certain
circunstances, See Qut-of-Rate Cells. Al other ABR cells shall be
sent with CLP=0.
Specification: AF-TM4.1
1.2.18. Mnimum Cell Rate (MR

Definition: An ABR service traffic descriptor, in cells/sec, that is
the rate at which the source is always allowed to send.

Di scussion: MCR may be set to zero. The bandw dth avail able fromthe
network nmay vary, but shall not becone |ess than MCR

Specification: AF-TM4.1
1.2.19. Mm

Definition: An ABR service paraneter that controls allocation of
bandw dth between forward Wcells, backward RMcells, and data cells.

Di scussi on: none.
Speci fication: AF-TM4.0
1.2.20. No Increase (N)

Definition: The NI bit in the RMcell is used to prevent a source
fromincreasing its ACR. N does not require any decrease in val ue.

Di scussi on: None.

Speci fication: AF-TM4.0
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1.2.21. Nrm

Definition: An ABR service paraneter, Nrmis the maxi mum nunber of
cells a source may send for each forward RMcel | .

Di scussi on: none.
Speci fication: AF-TM4.0

1.2.22. Qut-of-Rate Cells
Definition: Qut-of-Rate ABR cells are sent with CLP=1.
Di scussion: This nay be used to enable a rate increase for a
connection that has an ACR=0. The source would generate out-of-rate
cells to probe the network to learn when it may increase its rate.
Specification: AF-TM4.1

1.2.23. Rate Decrease Factor (RDF)

Definition: An ABR service paranmeter, RDF controls the decrease in
the cell transmission rate. RDF is a power of 2 from1/32,768 to 1.

Di scussion: For ABR traffic, RDF effects the tine rate of change of
the ACR. This value effects TCP round trip time cal cul ations, which
in turn effects TCP t hroughput.
Speci fication: AF-TM4.0

1.2.24. Rate Increase Factor (RIF)
Definition: This controls the anmount by which the cell transni ssion
rate may increase upon receipt of a RMcell. The additive increase
rate AARFPCR*RIF. RIF is a power of 2, ranging from1/32,768 to 1.
Di scussion: For ABR traffic, RIF effects the tine rate of change of
the ACR.  This value effects TCP round trip tinme cal cul ations, which
in turn effects TCP t hroughput.
Specification: AF-TM4. O

1.2.25. Resource Managenent (RM Cells
Definition: RMcells are used to convey network status (available

bandwi dt h, congestion |levels) and request peak cell rates for ATM
bl ocks. The RMcell has the follow ng format:
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Header: 5 bytes, sane as the ATM cell header Protocol ID: 3 bytes,
protocol ID value is 1 for ABR service Function specific field: 45
bytes, data required for the specific protocol (See DIR, BN, C, NI,
ER, CCR, and MCR for field information.) Rsvd: 6 bytes, reserved for
future specification EDC. 10 bytes, CRC- 10 error detection code
conmputed over the cell payload .ti6 (except the CRC-10 field) and
used to check for data corruption

Di scussion: RMinformation can exist at the VP and/or VC level. VP
level cells are identified with a VC value of 6. VC level cells are
identified with a PT of 6. See DIR, BN, CI, NI, ER CCR and MR for
addi tional protocol field infornmation.
Speci fication: AF-TM4.0

1.2.26. Severely Errored Cell Bl ock (SECB)
Definition: A severely cell block outcome occurs when nore than M
errored cells, lost cells, or misinserted cell outcones are observed
in a received cell block.
Di scussi on: none.
Specification: AF-TM4.1

1.2.27. Tagged Cell Rate (TCR)
Definition: An ABR service paraneter, TCRIlimts the rate at which a
source may send out-of-rate forward RMcells. TCR is a constant
fixed at 10 cell s/ second.
Di scussi on: none.
Speci fication: AF-TM4.0

1.2.28. TDF
Definition: An ABR service paranmeter, TDF controls the decrease in
ACR associated with TOF. TDF is signaled as TDFF, where TDF=TDFF/ RDF
times the snall est power of 2 greater or equal to PCR TDF is in
units of 1/seconds.
Di scussion: For ABR traffic, TDF effects the tine rate of change of
the ACR. This value effects TCP round trip time cal cul ati ons, which
in turn effects TCP t hroughput.

Speci fication: AF-TM4.0
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1.2.29. TDFF

Definition: Refer to TDF. TDFF is either zero or a power of two in
the range 1/64 to 1 in units of 1 /cells.

Di scussi on: Refer to TDF.
Speci fication: AF-TM4.0
1.2.30. Tinme Qut Factor (TOF)
Definition: An ABR service paraneter, TOF controls the maxi mumtime
permtted between sending forward RMcells before a rate decrease is
required. It is signaled as TOFF where TOF=TOFF+1. TOFF is a power
of 2 in the range: 1/8 to 4, 096.
Di scussion: For ABR traffic, TOF effects the tine rate of change of
the ACR. This value effects TCP round trip time cal cul ations, which
in turn effects TCP t hroughput.
Speci fication: AF-TM4.0

1.2.31. Tinme Qut Factor (TOFF)
Definition: Refer to TOF.
Di scussi on: none.
Speci fication: AF-TM4.0

1.2.32. Trm
Definition: An ABR service paraneter that provides an upper bound on
the tinme between forward RMcells for an active source. It is 100
times a power of two with a range of 100*2-7 to 100*20
Di scussion: For ABR traffic, Trmeffects the tine rate of change of
the ACR.  This value effects TCP round trip tinme cal cul ations, which
in turn effects TCP t hroughput.
Speci fication: AF-TM4.0

1.2.33. Virtual Source/Virtual Destination (VSND)
Definition: An ABR connection nay be divided into two or nore
separately controlled ABR segnents. Each ABR control segnent, except

the first, is sourced by a virtual source. A virtual source
i npl enents the behavior of an ABR source endpoint. Backward RMcells
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received by a virtual source are renoved fromthe connection. Each
ABR control segnent, except the last, is ternminated by a virtual
destination. A virtual destination assunes the behavior of an ABR
destination endpoint. Forward RMcells received by a virtual
destination are turned around and not forwarded to the next segment
of the connecti on.
Di scussi on: none.
Speci fication: AF-TM4.0

1.2.34. Xrm Decrease Factor (XDV

Definition: An ABR service paranmeter, XDF controls the decrease in
ACR associated with Xrm It is a power of two in range: [0, 1].

Di scussion: For ABR traffic, XDM effects the tine rate of change of
the ACR. This value effects TCP round trip time cal cul ations, which
in turn effects TCP t hroughput.
Speci fication: AF-TM4.0

1.2.35. Xrm
Definition: An ABR service paraneter, Xrmlimts the nunber of
forward RMcells which may be sent in the absence of received
backward PM cells. The range is 0-255.
Di scussion: For ABR traffic, Xrmeffects the tine rate of change of
the ACR. This value effects TCP round trip tinme cal cul ati ons, which
in turn effects TCP t hroughput.
Speci fication: AF-TM4.0

2. Performance Metrics

2.1. Definition Format (from RFC 1242)
Metric to be defined.

Definition: The specific definition for the netric.

Di scussion: A brief discussion of the netric, its application and any
restrictions on neasurenent procedures.

Measurement units: Intrinsic units used to quantify this netric.

This includes subsidiary units; e.g., mcroseconds are acceptable if
the intrinsic unit is seconds.
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2.2. Definitions
2.2.1. ABR Rate Decrease Response Tine (ARDRT)

Definition: The anpunt of tinme required by the SUT to adjust its
transni ssion rate based on an ABR rate decrease reqguest.

Di scussion: During the ARDRT, cells transmtted by the SUT nmay be
dropped by the network due to traffic policing. These dropped cells
may contain a portion of an | P datagram This may cause | P and TCP
packet | oss.

Measurenent Units: seconds
2.2.2. ABR Rate Increase Response Tine (AR RT)

Definition: The anpunt of tinme required by the SUT to adjust its
transni ssion rate based on an ABR rate increase request.

Di scussion: During the ARIRT, the SUT will not fully utilize the
avail abl e bandwi dth. This will negatively inpact IP and TCP
t hr oughput .

Measurenent Units: seconds
2.2.3. RMCell Delay Variation (Rwv CDV)

Definition: The variation in RMcell transfer delay (RvMCID) of RV
cells associated with a given traffic | oad, orientation and
distribution, as well as an integration period. RMCDV = max (RM
CID) - min (RMCID) where max and min indicate the maxi num and

m ni mum over the integration period, respectively.

Di scussion: RMCDV is a conmponent of RMcell transfer delay, induced
by buffering and RM cell scheduli ng.

RM CDV effects the tine required to notify the source of a change in
the condition of the network. This in turn effects TCP round trip

time calcul ations. Large values of RMCDV will adversely effect TCP
t hroughput and cause SAR tinmeout.

Measurenment Units: seconds
2.2.4. RMCell Error Ratio (RM CER)
Definition: The ratio of RMcells with payload errors in a

transnission in relation to the total number of RMcells sent in a
transni ssion associated with a given traffic |oad, orientation and
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distribution, as well as an integration period. Note that errors
occurring in the RMcell header will cause RMcell |oss at the ATM
| ayer. Note further that nultiple errors in a payload will only be
counted as one cell payl oad error.

RMCER = RMCells with payload errors / Total RMCells Transmtted.

Di scussi on: The nmeasurenent is taken over a tinme interval and is
desirable to be neasured on an in-service circuit. RMCER effects the
time required to notify the source of a change in the condition of
the network. This in turn effects TCP round trip tinme cal cul ati ons.
Large values of RMCER will adversely effect TCP throughput and cause
SAR tineout.

Measurenent Units: di nensionless.
2.2.5. RMCell Loss Ratio (RvCLR)

Definition: The ratio of lost RMcells in a transmssion in relation
to the total RMcells sent in a transm ssion associated with a given
traffic load, orientation and distribution, as well as an integration
peri od.

RMCLR = Lost RMCells / Total RMCells Transm tted.

Di scussion: The objective is to mnimze RMCLR It is expressed as
an order of nmgnitude, having a range of 107-1 to 107-15 and
unspeci fi ed.

RM CLR effects the tine required to notify the source of a change in
the condition of the network. This in turn effects TCP round trip
time calculations. Large values of RMCLR will adversely effect TCP
t hr oughput and cause SAR ti neout.

Measurement Units: di nensionless.

2.2.6. RMCell Msinsertion Ratio (RM CWVR)
Definition: The ratio of RMcells received at an endpoint that were
not originally transmtted by the source end in relation to the total
nunber of RMcells properly transmtted associated with a given
traffic load, orientation and distribution, as well as an integration
peri od.

RMCVMR = Msinserted RMCells /| Total RMCells Transmtted.
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Di scussi on: The neasurenent is taken over a tinme interval and is
desirable to be neasured on an in-service circuit.

RMCWVR effects the tine required to notify the source of a change in
the condition of the network. This in turn effects TCP round trip
time calculations. Large values of RMCVR will adversely effect TCP
t hr oughput and cause SAR ti neout.

Measurenent Units: di nensionless.
2.2.7. RMCRC Error Ratio

Definition: The ratio of RMcells received at an endpoi nt which
contain an invalid CRCin relation to the total nunber of RMcells
properly transmtted associated with a given traffic |oad,
orientation and distribution, as well as an integration peri od.

Di scussion: RMCRC errors cause ATM RMcells to be | ost.

RM CRC effects the tine required to notify the source of a change in
the condition of the network. This in turn effects TCP round trip
time calculations. Large values of RMCRC will adversely effect TCP
t hr oughput and cause SAR ti neout.

Measurenent Units: di nensionl ess
2.2.8. RMCell Transfer Delay (RM CTD)

Definition: The el apsed tine between a RMcell exit event at the
nmeasurenent point 1 (e.g., at the source UNI) and the correspondi ng
RMcell entry event at a neasurenent point 2 (e.g., the destination
UNI) for a particular connection.

Di scussion: The RMcell transfer delay between two neasurenent points
is the sumof the total inter-ATM node transnission delay and the
total ATM node processing delay. This nunber is a constant and

shoul d not adversely effect performance.

Measur enment units: seconds

2.2.9. Severely Errored Cell Block Ratio (SECBR)
Definition: The ratio of severely errored cell blocks in a
transnission in relation to the total cell blocks sent in a
transni ssion associated with a given traffic |oad, orientation and
distribution, as well as an integration period.

SECBR = Severely Errored Cell Blocks/Total Transmitted Cell Bl ocks
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Di scussi on: SECBR may cause the SUT to drop cells that may contain a
portion of an IP datagram This may cause | P and TCP packet | oss.

Measur enment Units: dinensionless.

3. Security Considerations
As this docunment is solely for providing term nol ogy and descri bes
neither a protocol nor an inplenentation, there are no security
consi derations associated with this docunent.
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Ful I Copyright Statenent
Copyright (C) The Internet Society (2001). Al Rights Reserved.

Thi s docunent and translations of it nmay be copied and furnished to
ot hers, and derivative works that comment on or otherw se explain it
or assist inits inplenentation may 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
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 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 |Ianguages other than
Engli sh.

The limted 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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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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