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Abst r act

This meno di scusses and defines terns associated with performance
benchmarking tests and the results of these tests in the context of
Asynchronous Transfer Mdde (ATM based switching devices. The terns
defined in this meno will be used in addition to ternms defined in
RFCs 1242, 2285, and 2544. This meno is a product of the Benchmarking
Met hodol ogy Working Group (BMAG of the Internet Engineering Task
Force (I ETF).

I nt roducti on

Thi s docunent provides termnology for benchmarki ng ATM based

swi tching devices. It extends term nol ogy al ready defined for
benchmar ki ng network i nterconnect devices in RFCs 1242, 2285, and
2544. Al though sone of the definitions in this meno may be applicabl e
to a broader group of network interconnect devices, the primary focus
of the terminology in this neno is on ATM cell relay and signaling.

This nmeno contains two mgjor sections: Background and Definitions.
Wthin the definitions section is a formal definitions subsection,
provided as a courtesy to the reader, and a neasurenent definitions
sub-section, that contains performance nmetrics with i nherent units.
The divisions of the nmeasurenent sub-section follow the Bl SDN nodel
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u

The BI SDN nodel conprises four layers and two planes. This docunent
addresses the interactions between these | ayers and how t hey effect
I P and TCP t hroughput. A schematic of the B-1SDN nodel foll ows:

| User Pl ane | Control Pl ane
sivices | T T T W e
LU A e misa s | s T e T
a T e Ry T T M R

Thi s docunent assumes that necessary services are avail able and
active. For exanple, IP connectivity requires SSCOP connectivity
between signaling entities. Further, it is assumed that the SUT has
the ability to configure ATM addresses (via hard coded addresses,
ILM or PNNI neighbor discovery), has the ability to run SSCOP, and
has the ability to performsignaled call setups (via UNI or PNNI
signaling). This docunent covers only CBR VBR and UBR traffic
types. ABR will be handled in a separate document. Finally, this
docunent presents only the term nol ogy associ ated wi th benchmarki ng
| P performance over ATM therefore, it does not represent a tota
conpi lation of ATMtest term nol ogy.

The BMAG produces two nmj or classes of docunents: Benchmarki ng

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

isting Definitions

RFC 1242, "Benchmarki ng Term nol ogy for Network | nterconnect Devices"
shoul d be consulted before attenpting to nmake use of this docunent.
RFC 2544, "Benchmar ki ng Met hodol ogy for Network | nterconnect Devices"
contai ns discussions of a nunber of terms relevant to the
benchmar ki ng of switching devices and should be consulted. RFC 2285,
"Benchmar ki ng Terni nol ogy for LAN Swi tching Devices" contains a
nunber of terms pertaining to traffic distributions and datagram
interarrival. For the sake of clarity and continuity, this RFC
adopts the tenplate for definitions set out in Section 2 of RFC 1242.
Definitions are indexed and grouped together in sections for ease of
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reference. The key words "MJST", "MJST NOTI", "REQU RED', "SHALL",
"SHALL NOT", "SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and

"OPTI ONAL" go in this docunment are to be interpreted as described in
RFC 2119.

Definitions

The definitions presented in this section have been divided into two
groups. The first group is formal definitions, which are required in
the definitions of the performance netrics but are not thensel ves
strictly netrics. 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

1. Formal Definitions

1.1. Definition Format (from RFC 1242)
Termto be defined
Definition: The specific definition for the term
Di scussion: A brief discussion of the term its application and any
restrictions on nmeasurenent procedures. These discussions pertain
solely to the inmpact of a particular ATM paraneter on |IP or TCP
therefore, definitions which contain no configurabl e conponents or

whose conponents will have the discussion: None.

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. ATM Adaptation Layer (AAL)

Definition: The layer in the B-1SDN reference nodel (see B-1SDN)
whi ch adapts higher layer PDUs into the ATM | ayer.

Di scussion: There are four types of adaptation layers: AAL 1: used
for circuit genul ation, voice over ATM AAL2: used for sub-rated voice
over ATM AAL3/4: used for data over noisy ATMIines AAL5: used for
data over ATM nost widely used AAL type
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These AAL types are not nmeasurenments, but it is possible to nmeasure
the tinme required for Segnmentation and Reassenbly (SAR)

Specification: 1.363
1.2.2. ATM Adaptation Layer Type 5 (AAL5)

Definition: AALS5 adapts multi-cell higher layer PDUs into ATMw th
m ni mal error checking and no error detection. The AAL5 CPCS (Conmon
Paer Convergence Sub-layer) PDU is defined as follows:

I I
| H gher Layer PDU | Paddi ng (If needed) | Trailer |

Where the padding is used to ensure that the trailer occupies the
final 8 octets of the last cell.

The trailer is defined as foll ows:

wher e:

CPCS-W is the 1 octet Conmon Part Convergence Sub-|ayer User to User
I ndi cation and may be used to communi cate between two AALS entities.

CPl is the 1 octet Commpn Part |ndicator and nust be set to O.
Length is the 2 octet length of the higher |ayer PDU

CRC-32 is a 32 bit (4 octet) cyclic redundancy check over the entire
PDU.

Di scussion: AAL5 is the adaptation layer for UNI signaling, |ILM,
PNNI signaling, and for IP PDUs. It is the nost w dely used AAL type
to date. AALS5 requires two distinct processes. The first is the
encapsul ation, on the transmt side, and de-encapsul ation, on the
recei ve side, of the higher layer PDU into the AAL5 CPCS PDU which
requires the conputation of the length and the CRC-32. The tine
required for this process depends on whether the CRC- 32 conputation
is done on the interface (on-board) or in machine central memory (in
core). On-board conputation should produce only a small, constant
del ay; however, in core conputation will produce variabl e del ay,
which will negatively effect TCP RTT conputations. The second process
is segnentation and re-assenbly (SAR) which is defined bel ow (see
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SAR) .
Speci fication: 1.363.5
1.2.3. Asynchronous Transfer Mde (ATM
Definition: A transfer node in which the information is organized
into 53 octet PDUs called cells. It is asynchronous in the sense that

the recurrence of cells containing information from an individual
user is not necessarily periodic.

Di scussion: ATMis based on the | SDN nodel; however, unlike |SDN, ATM
uses fixed length (53 octet) cells. Because of the fixed | ength of
ATM PDUs, higher |ayer PDUs nust be adapted into ATM using one of the
four ATM adaptation |ayers (see AAL).
Specification: AF-UN 3.1

1.2.4. ATM Link

Definition: A virtual path link (VPL) or a virtual channel |ink
(van).

Di scussi on: none.
Speci fication: AF-UN 3.1
1.2.5. ATM Peer-to-Peer Connection

Definition: A virtual channel connection (VCC) or a virtual path
connection (VPC).

Di scussi on: none.
Specification: AF-UN 3.1
1.2.6. ATM Traffic Descriptor
Definition: A generic list of traffic parameters, which specify the
intrinsic traffic characteristics of a requested ATM connecti on (see

GCRA), which must include PCR and QoS and may include BT, SCR and
best effort (UBR) indicator.
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Di scussion: The effects of each traffic paraneter will be discussed
i ndi vi dual l'y.

Specification: AF-UN 3.1
1.2.7. ATM User-User Connection

Definition: An association established by the ATM Layer to support
communi cati on between two or nore ATM service users (i.e., between
two or nore next higher entities or between two or nore ATM
entities). The communications over an ATM Layer connection nmay be
either bi-directional or unidirectional. The same Virtual Channe
Identifier (VC) is issued for both directions of a connection at an
i nterface.

Di scussi on: Because ATMis connection oriented, certain features of
IP (i.e. those which require nmulticast) are not avail abl e.

Speci fication: AF-UN 3.1

1.2.8. Broadband | SDN (B-1SDN) Mde
Definition: A layered service nodel that specifies the mappi ng of
hi gher | ayer protocols onto ATM and its underlying physical |ayer
The nodel is composed of four |ayers: Physical, ATM AAL and Servi ce.
Di scussi on: See di scussi on above.
Specification: 1.321

1.2.9. Burst Tol erance (BT)
Definition: Atraffic paraneter, which, along with the Sustainable
Cell Rate (SCR), specifies the maxi mum nunber of cells which will be
accepted at the Peak Cell Rate (PCR) on an ATM connecti on
Di scussion: BT applies to ATM connecti ons supporting VBR services and
is the limt paraneter of the GCRA. BT will effect TCP and | P PDU
loss in that cells presented to an interface which violate the BT may
be dropped, which will cause AAL5 PDU corruption. BT will also effect
TCP RTT cal culation. BT=(MBS-1)*(1/SCR 1/PCR) (see MBS, PCR, SCR)

Speci fication: AF-TM4. 0O
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1.2.10. Call

Definition: A call is an association between two or nore users or
between a user and a network entity that is established by the use of
network capabilities. This association nay have zero or nore
connecti ons.
Di scussi on: none.
Specification: AF-UN 3.1

1.2.11. Cel

Definition: A unit of transmission in ATM A fixed-size frame
consi sting of a 5-octet header and a 48-octet payl oad.

Di scussi on: none.
Speci fication: AF-UN 3.1

1.2.12. Call-based
Definition: A transport requiring call setups - see CALL definition
Di scussi on: none.
Speci fication: AF-UN 3.1

1.2.13. Cell Delay Variation Tol erance (CDVT)
Definition: ATM Il ayer functions may alter the traffic characteristics
of ATM connections by introducing Cell Delay Variation. Wen cells
fromtwo or nore ATM connections are nultiplexed, cells of a given
ATM connection rmay be del ayed while cells of another ATM connection
are being inserted at the output of the nultiplexer. Sinmilarly, sone
cells may be del ayed whil e physical |ayer overhead or OAM cells are
inserted. Consequently, some randomess nay affect the inter-arriva
ti me between consecutive cells of a connection as nonitored at the
UNI. The upper bound on the "clunping" measure is the CDVT.
Di scussion: CDVT effects TCP round trip tine calculations. Large
val ues of CDVT will adversely effect TCP throughput and cause SAR
timeout. See discussion under SAR

Speci fication: AF-TM4. O
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1.2.14. Cell Header
Definition: ATM Layer protocol control information

Di scussion: The ATM cell header is a 5-byte header that contains the
following fields: Generic Flow Control (GFC) 4 bits Virtual Path
Identifier (VPI) 8 bits Virtual Channel Identifier (VC) 16 bits
Payl oad Type (PT) 3 bits Cell Loss Priority (CLP) 1 bit Header Error
Check (HEC) 8 bit CRC conputed over the previous four octets

Each field is discussed in this docunent.
Speci fication: AF-UN 3.1

1.2.15. Cell Loss Priority (CLP)
Definition: This bit in the ATMcell header indicates two | evels of
priority for ATMcells. CLP=0 cells are higher priority than CLP=1
cells. CLP=1 cells may be discarded during periods of congestion to
preserve the CLR of CLP=0 cells.
Di scussion: The CLP bit is used to determ ne GCRA contract
conmpliance. Specifically, two traffic contracts may apply to a
singl e connection: CLP=0, neaning only cells with CLP=0, and
CLP=0+1, neaning cells with CLP=0 or CLP=1
Speci fication: AF-UN 3.1

1.2.16. Connection
Definition: An ATM connection consists of concatenation of ATM Layer
links in order to provide an end-to-end information transfer
capability to access points.
Di scussi on: none.
Speci fication: AF-UN 3.1

1.2.17. Connection Adm ssion Control (CAQ
Definition: Connection Admi ssion Control is defined as the set of
actions taken by the network during the call set-up phase (or during
call re-negotiation phase) in order to deterni ne whether a connection

request can be accepted or should be rejected (or whether a request
for re-allocation can be acconmpdat ed).
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Di scussion: CAC is based on the ATMtraffic descriptor (see ATM
traffic descriptor) associated with the call as well as the presented
and existing load. It may al so be based on admi nistrative policies
such as calling party nunber required or access limtations. The

ef fect on performance of these policies is beyond the scope of this
docunment and will be handled in the BMAG docunent: Benchmar ki ng
Term nol ogy for Firewall Performance.

Speci fication: AF-UN 3.1
1.2.18. Constant Bit Rate (CBR)

Definition: An ATM service category which supports a constant and
guaranteed rate to transport services such as video or voice as well
as circuit emul ation which requires rigorous timng control and
performance paraneters. CBR requires the specification of PCR and
QS (see PCR and QS)

Di scussi on: Because CBR provides mnimal cell delay variation (see
CDhV), it should inprove TCP throughput by stabilizing the RTT
calculation. Further, as CBR generally provides a high priority
service, neaning that cells with a CBR traffic contract usually take
priority over other cells during congestion, TCP segnent and IP
packet | oss should be minimzed. The cost associated with using CBR
is the loss of statistical multiplexing. Since CBR guarantees both
t hroughput and CDV control, the connections rmust be subscribed at
PCR. This is extremely wasteful as nost protocols, e.g., TCP, only
utilize full bandw dth on one half of a bi-directional connection

Speci fication: AF-UN 3.1
1.2.19. Cyclic Redundancy Check (CRQC)

Definition: A mathematical algorithmthat conputes a nunerical value
based on the bits in a block of data. This nunber is transmtted with
the data, the receiver uses this information and the same al gorithm
to insure the accurate delivery of data by conparing the results of

al gorithm and the nunber received. |If a mismatch occurs, an error
in transm ssion i s presuned.

Di scussion: CRC is not a neasurenent, but it is possible to neasure
the anount of time to performa CRC on a string of bits. This
measurenent will not be addressed in this docunent. See di scussion
under AALS.

Specification: AF-UN 3.1
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1.2.20. End System (ES)

Definition: A systemwhere an ATM connection is term nated or
initiated. An originating end systeminitiates the ATM connecti on,
and term nating end systemterninates the ATM connection. OAMcells
may be generated and received.

Di scussion: An ES can be the user side of a UNI signaling interface.
Speci fication: AF-TEST-0022
1.2.21. Explicit Forward Congestion Indication (EFC)

Definition: EFClI is an indication in the PTI field of the ATM cel
header. A network elenment in an inpending-congested state or a
congested state may set EFClI so that this indication nay be exam ned
by the destination end-system For exanple, the end-system may use
this indication to inplenent a protocol that adaptively |owers the
cell rate of the connection during congestion or inpending
congestion. A network elenment that is not in a congestion state or
an i npendi ng congestion state will not nodify the value of this

i ndication. |Inmpending congestion is the state when network equi pnent
is operating around its engineered capacity | evel

Di scussion: EFCI may be used to prevent congestion by alerting a
positive acknow edgenent protocol and causing action to be taken. In
the case of TCP, when EFCl cells are received the driver software
could alert the TCP software of inpending congestion. The TCP

recei ver woul d then acknow edge the current segnment and set the

wi ndow size to sonme very snall nunber.

Speci fication: AF-TM4. O
1.2.22. Generic Cell Rate Al gorithm (GCRA)

Definition: The GCRA is used to define conformance with respect to
the traffic contract of the connection. For each cell arrival, the
CCRA det erm nes whether the cell conforns to the traffic contract.
The UPC function may inplenment the GCRA, or one or nore equival ent
algorithms to enforce conformance. The GCRA is defined with two
paraneters: the Increment (I) and the Limt (L).

Di scussion: The GCRA increnent and linmit parameters are nmapped to CBR
and VBR in the follow ng fashion. For CBR |=1/PCR and L=CDVT (CDV
tolerance). For VBR there are two GCRA al gorithnms running (dua

| eaky bucket). The first functions in the sane fashion .bp as CBR

I =1/ PCR and L=CDVT. The second, which polices cells which are in
conformance with the first GCRA uses |=1/SCR and L=BT (see BT, CDV
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MBS, PCR and SCR).
Speci fication: AF-TM4. O
1.2.23. Generic Flow Control (GFC)

Definition: GFCis a field in the ATM header, which can be used to
provi de | ocal functions (e.g., flow control). It has |oca
significance only and the value encoded in the field is not carried
end- t o- end.

Di scussi on: none.
Speci fication: AF-UN 3.1
1.2.24. Guaranteed Frane Rate (GFR)

Definition: The GFR service provides the user with a M ni num Cel

Rate (MCR) guarantee under the assunption of a given maxi num frane
size (MFS) and a given Maxi num Burst Size (MBS). The MFS and MBS are
both expressed in units of cells. GFR only applies to virtua

channel connections (VCCs).

Di scussion: GFR is intended for users who are either not able to
specify the range of traffic paranmeters needed to request nost ATM
services, or are not equipped to conply with the (source) behavior
rul es required by existing ATM services. Specifically, GFR provides
the user with the follow ng mninumservice guarantee: \Wen the
network is congested, all franmes whose length is I ess than M-S and
presented to the ATMinterface in bursts less than MBS and at a rate
less than PCR will be handled with mnimumfrane | oss. When the
network i s not congested, the user can burst at higher rates.

The effect of GFR on performance is somewhat problematic as the
policing algorithmassociated with G-R depends on the network | oad;
however, under congested condition and assunming a user who is
followi ng the GFR service agreenment, it should i nprove perfornance.

Speci fication: AF-TM4. 1
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1.2.25. Header Error Control (HEC

Definition: A check character cal culated using an 8 bit CRC conputed
over the first 4 octets of the ATMcell header. This allows for
single bit error correction or multiple bit error detection.

Di scussi on: none.
Speci fication: AF-UN 3.1
1.2.26. Integrated Local Managenent Interface
Definition: A managenent protocol which uses SNWPv1 carried on AAL5
to provide ATM network devices with status and configuration

i nformati on concerning VPCs, VCCs, registered ATM addresses and the
capabilities of ATMinterfaces.

Di scussion: ILM is a conditionally required portion of UN 3.1;
however, ILM 4.0 has been issued as a separate specification. This
docunent will refer to ILM 4.0.

Specification: AF-1LM4.0
1.2.27. Internediate System (1YS)

Definition: A systemthat provides forwarding functions or relaying
functions or both for a specific ATM connection. OAMcells may be
generated and received.

Di scussion: An IS can be either the user or network side of a UNI
signaling interface, or the network side of a PNNI signaling
interface.

Speci fication: AF-TEST-0022

1.2.28. Leaky Bucket (LB)
Definition: Leaky Bucket is the termused as an anal ogous descri ption
of the algorithmused for conformance checking of cell flows froma
user or network. See GCRA and UPC. The "leaking hole in the bucket"
applies to the sustained rate at which cells can be acconmopdat ed,
whil e the "bucket depth" applies to the tolerance to cell bursting
over a given time period.

Di scussion: There are two types of LB algorithms - single and dual .
Single LB is used in CBR dual LB is used in VBR (see CBR and VBR).

Speci fication: AF-TM4. 0
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1.2.29. Maxi mum Burst Size (MBS)

Definition: In the signaling nessage, the Burst Tol erance (BT) is
conveyed through the MBS that is coded as a nunber of cells. The BT
together with the SCR and the PCR determine the MBS that may be
transmtted at the peak rate and still is in conformance with the
GCRA.

Di scussi on: See the discussion under BT.
Speci fication: AF-TM4. 0

1.2.30. Maxi mum Frame Size (MS)
Definition: The MFS is the maxinmum length of a frame, expressed in
units of cells, which in interface inplenmenting GFR will accept
during congested conditions (see GFR)
Di scussion: During congestion, frames whose size is in excess of the
MFS may be dropped or tagged. Assuming that the user is adhering to
the MFS limt, this behavior should inprove performance by inproving
congesti on.
Speci fication: AF-TM4. 1

1.2.31. Operations, Administration, and Mii ntenance (QAM
Definition: A group of network managenent functions that provide
network fault indication, performance information, and data and
di agnosi s functions.
Di scussion: There are four types of ATM OAM fl ows: segnent or end-
to-end VP term nati on managenent (i.e. F4 segnent, F4 E2E) and
segnent or end-to-end VC term nation managenent (i.e. F5 segnent, F5
E2E). These OAMcells can be used to identify fault nanagenent,
connection verification, and | oop back nmeasurenents.

Speci fication: AF-UN 3.1
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1.2.32. Payl oad Type Indicator (PTI)
Definition: Payload Type Indicator is the Payl oad Type field val ue
di stingui shing the various managenent cells and user cells as well as
conveying explicit forward congestion indication (see EFCl).
Exanpl e: Resource Managenent cell is indicated as PTI =110, End-to-
end OAM F5 Flow cell is indicated as PTI=101.
Di scussi on: none.
Specification: AF-UN 3.1

1.2.33. Peak Cell Rate (PCR
Definition: Atraffic paraneter, which specifies the upper bound on
the rate at which ATMcells can be submtted to an ATM connecti on.
This paraneter is used by the GCRA
Di scussion: PCR directly limts the maxi mumdata rate on an ATM
connection. |If a user violates the PCR cells may be dropped
resulting in Cell Loss. This in turn will negatively inmpact AALS5
PDUs, which may be carrying | P datagrams. See the discussion under
SAR.
Speci fication: AF-TM4. 0O

1.2.34. Permanent Virtual Crcuit (PVQ

Definition: This is a link with static route(s) defined in advance,
usual Iy by manual setup.

Di scussi on: none.
Specification: AF-UN 3.1

1.2.35. Permanent Virtual Channel Connection (PVCC)
Definition: A Virtual Channel Connection (VCC) is an ATM connection
where switching is performed on the VPI/VCl fields of each cell. A
permanent VCC is one that is provisioned through sone network
managenent function and left up indefinitely.

Di scussi on: none.

Speci fication: AF-UN 3.1
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1.2.36. Permanent Virtual Path Connection: (PVPC)

Definition: A Virtual Path Connection (VPC) is an ATM connection
where switching is perfornmed on the VPI field only of each cell. A
permanent VPC is one that is provisioned through sone network
managenment function and left up indefinitely.

Di scussi on: none.
Specification: AF-UN 3.1
1.2.37. Private Network-Network Interface (PNN)

Definition: A routing information protocol that enables extrenely,
scal able, full function, dynamic multi-vendor ATM switches to be
integrated in the sane network

Di scussion: PNNI consists of signaling and routing between ATM
network devices. PNN signaling is based on UNI 4.0 signaling
between two network side interfaces, while PNNI routing provides a
mechanismto route ATM cel |l s between two separate, autonomous ATM
net wor ks.

Speci fication: AF-PNNI 1.0
1.2.38. Protocol Data Unit (PDU)

Definition: A PDUis a nessage of a given protocol conprising payl oad
and protocol -specific control information, typically contained in a
header. PDUs pass over the protocol interfaces that exist between
the layers of protocols (per OSI nodel).

Di scussion: In ATM networks, a PDU can refer to an ATMcell, multiple
ATM cel l's, an AAL segnent, an |P datagram and ot hers.

Speci fication: Common Usage
1.2.39. Segnentation and Reassenbly (SAR)

Definition: The process used by the AAL in the B-1SDN reference nodel
(see B-1SDN) which fragnents higher |ayer PDUs into ATM cells.

Di scussion: SAR is not a measurenent, but the speed in which SAR can
be completed on a bit stream can be neasured. Although this
measurenent is not included in this docunment, it should be noted that
the manner in which SARis perfornmed will greatly effect perfornance.
SAR can be perforned either on the interface card (on board) or in
machi ne central menory (in core). On-board conputation should
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produce only a small, constant del ay; however, in core conputation
wi || produce variable delay, which will negatively effect TCP RTT
computations. This situation is further conplicated by the |ocation
of the CRC-32 calculation. Gven an in core CRC- 32 cal cul ation, bus
contention may cause on board SAR to be slower than in core SAR
Clearly, on board CRC- 32 calculation and SAR will produce the npst
favorabl e perfornmance results.

SAR performance will also be effected by ATM | ayer inpairnents. Cell
error (CE), cell loss(CL), cell ms-insertion (CM and cell delay
variation (CDV) will all negatively effect SAR CE will cause an
AAL5 PDU to fail the CRC 32 check and be discarded, thus discarding
t he packet which the PDU contained. CL and CMw || both cause an
AAL5 PDU to fail the length check and be discarded. CL can have

ot her effects dependi ng on whether the cell which was lost is the
final cell (PTI=1) of the AAL5 PDU. The follow ng discussion
enunerates the possibilities.

1. PTI=0 cell is lost. 1In this case, re-assenbly registers a length
di screpancy and di scards the PDU

2. PTI=1 cell is |ost.

2. A The AALS5 re-assenbly timer expires before the first cell

PTI =0, of the next AAL5 PDU arrives. The AAL5 PDU with the nissing
PTI=1 cell is discarded due to re-assenbly tinmeout and one packet is
| ost.

2. B. The first cell of the next AAL5 PDU arrives before the re-
assenbly tinmer expires. The AALS with the missing PTI=1 cell is
prepended to the next AALS5 PDU in the SAR engine. This yields two
possibilities:

2. B. i. The AAL5 re-assenbly timer expires before the last cell

PTI =1, of the next AAL5 PDU arrives. The AAL5 PDU with the nissing
PTI=1 cell and the next AAL5 PDU are di scarded due to re-assenbly
ti meout and two packets are |ost.

2. B. ii. The last cell of the next AAL5 PDU arrives before the re-
assenbly tiner expires. 1In this case, AALS registers a length

di screpancy and discards the PDU;, therefore, the AAL5 PDU with the
m ssing PTI=1 cell and the next AAL5 PDU are discarded due to their
concatenati on and two packets are |ost.
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2. C. Coupled with re-assenbly, there exists sone nechani smfor
identifying the start of a higher layer PDU, e.g., IP, and the cells
associated with the first inconplete AALS5 PDU are discarded,
resulting in the loss of one packet.
Speci fication: AF-UN 3.1

1.2.40. Sustainable Cell Rate (SCR)
Definition: The SCR is an upper bound on the conform ng average rate
of an ATM connection over tinme scales which are long relative to
those for which the PCR is defined. Enforcenment of this bound by the
UPC could allow the network to allocate sufficient resources, but
| ess than those based on the PCR and still ensure that the
performance objectives (e.g., for Cell Loss Ratio) can be achi eved.
Di scussion: SCRIimts the average data rate on an ATM connecti on
If a user violates the SCR, cells nay be dropped resulting in Cel

Loss. This in turn will negatively inmpact AALS5 PDUs, which may be
carrying | P datagrans. See the discussion under SAR

Specification: AF-TM4. 0

1.2.41. Switched Connection
Definition: A connection established via signaling.
Di scussi on: none.
Speci fication: AF-UN 3.1

1.2.42. Switched Virtual Channel Connection (SVCC)
Definition: A Switched VCCis one that is established and taken down
dynanical ly through control signaling. A Virtual Channel Connection
(VCC) is an ATM connection where switching is performed on the
VPI/VCl fields of each cell

Di scussi on: none.

Specification: AF-UN 3.1
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1.2.43. Switched Virtual Circuit (SVCQ

Definition: A connection established via signaling. The user defines
the endpoints when the call is initiated.

Di scussion: SVCs are established using either UNI signaling or PNN
signaling. The signaling state machine inplenments several tinmers,
which can effect the time required for call establishnment. This will
effect TCP round trip time calculation, effecting TCP throughput.
Specifically, there are two possibilities. 1In the case where Cal
Proceeding is not inplenented, there is only one tiner, T310, with a
val ue of 10 seconds. 1In the case where Call Proceeding is

i mpl erented, there are two tinmers, T303 and T310, with the values 4
and 10 seconds, respectively. 1In either case, if a timer, either
T303 or T310, expires after a Setup message is send, the calling
party has the option of re-transmtting the Setup. |In the T303 case,
this yields a nmaxi mum setup time of 18 seconds and, In the T310 case,
a maxi mum setup tinme of 20 seconds. Thus, the initial TCP RTT
calculation will be on he order of 20 seconds.

Specification: AF-UNI 3.1, AF-UNI 4.0, AF-PNNI1.0
1.2.44. Switched Virtual Path Connection (SVPC)
Definition: A Switched Virtual Path Connection is one that is
est abli shed and taken down dynamically through control signaling. A
Virtual Path Connection (VPC) is an ATM connection where switching is
performed on the VPI field only of each cell.
Di scussi on: none.
Speci fication: AF-UN 3.1
1.2.45. Traffic Contract

Definition: A specification of the negotiated traffic characteristics
of an ATM connecti on.

Di scussi on: See discussions under BT, CAC, CDV, GCRA, PCR and SCR
Speci fication: AF-TM4. 0

1.2.46. Traffic Managenent (TM
Definition: Traffic Managenent is the aspect of the traffic control
and congestion control procedures for ATM ATM Il ayer traffic control

refers to the set of actions taken by the network to avoi d congestion
conditions. ATM Il ayer congestion control refers to the set of
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actions taken by the network to nmininize the intensity, spread and
duration of congestion. The follow ng functions forma framework for
managi ng and controlling traffic and congestion in ATM networks and
may be used in appropriate conbinations.

Connection Adm ssion Control
Feedback Contr ol

Usage Paraneter Control
Priority Control

Traf fic Shaping

Net wor k Resour ce Managenent
Frame Discard

ABR Fl ow Contr ol

Di scussion: See CAC and traffic shaping.
Speci fication: AF-TM4. 0
1.2.47. Traffic Shaping (TS)

Definition: Traffic Shaping is a mechanismthat alters the traffic
characteristics of a streamof cells on a connection to achieve
better network efficiency, while neeting the QS objectives, or to
ensure conformance at a subsequent interface. Traffic shapi ng nust
mai ntain cell sequence integrity on a connection. Shaping nodifies
traffic characteristics of a cell floww th the consequence of
increasing the nean Cell Transfer Del ay.

Di scussion: TS should inprove TCP t hroughput by reducing RTT
variations. As a result, TCP RTT cal cul ati ons should be nore stable.

Speci fication: AF-UN 3.1
1.2.48. Transni ssion Convergence (TCO

Definition: A sub-layer of the physical |ayer of the B-1SDN nodel
transforms the flow of cells into a steady flow of bits and bytes for
transm ssi on over the physical medium On transmt the TC subl ayer
maps the cells to the frane format, generates the Header Error Check
(HEC), and sends idle cells when the ATM | ayer has none. to send. On
reception, the TC subl ayer delineates individual cells in the
received bit stream and uses the HEC to detect and correct received
errors.
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Di scussion: TC is not a nmeasurenent, but the speed in which TC can

occur on a bit streamcan be nmeasured. This neasurement will not be
di scussed in this docunment; however, its value should be constant and
small with respect to cell inter-arrival at the maxi numdata rate.

Speci fication: AF-UN 3.1
1.2.49. Unspecified Bit Rate (UBR)

Definition: UBRis an ATM service category, which does not specify
traffic related service guarantees. Specifically, UBR does not

i nclude the notion of a per-connection-negotiated bandwi dth. No
commitnents are made with respect to the cell loss ratio experienced
by a UBR connection, or as to the cell transfer delay experienced by
cells on the connecti on.

Di scussion: RFC 2331 specifies UBR service class for | P over ATM

UBR service nodels the "best effort" service type specified in RFC
791; however, UBR has specific drawbacks with respect to TCP service.
Si nce UBR nmakes no guarantee with respect to cell loss (CL), cell

del ay variation (CDV) or cell mis-insertion(CM, TCP RTT estinmates
will be highly variable. Further, all negatively inpact AAL5 re-
assenbly, which in turn may cause packet |o0ss. See di scussions under
CDV and SAR.

Speci fication: AF-TM4. O
1.2.50. Usage Paraneter Control (UPC)

Definition: Usage Paraneter Control is defined as the set of actions
taken by the network to nonitor and control traffic, in ternms of
traffic offered and validity of the ATM connection, at the end-system
access. Its main purpose is to protect network resources from

mal i ci ous as well as unintentional m sbehavior, which can affect the
QS of established connections, by detecting violations of negotiated
paraneters and taking appropriate actions.

Di scussi on: See di scussions under BT, CAC, CDV, GCRA, PCR and SCR.
Specification: AF-TM4. 0

1.2.51. User-Network Interface (UN)
Definition: An interface point between ATM end users and a private
ATM switch, or between a private ATMswitch and the public carrier
ATM net wor k; defined by physical and protocol specifications per ATM

Forum UNI docunents. The standard adopted by the ATM Forumto define
connections between users or end stations and a |ocal sw tch.
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Di scussi on: none.
Speci fication: AF-UN 3.1

1.2.52. Variable Bit Rate (VBR)
Definition: An ATM Forum defi ned servi ce category which supports
variable bit rate data traffic with average and peak traffic
par anet er s.
Di scussion: VBR may potentially adversely effect TCP throughput due
to large RTT variations. This in turn will cause the TCP RTT
estimates to be unstabl e.
Speci fication: AF-TM4. O

1.2.53. Virtual Channel (VO

Definition: A comruni cati ons channel that provides for the sequential
uni directional transport of ATM cells.

Di scussi on: none.
Speci fication: AF-TM3. 1

1.2.54. Virtual Channel Connection (VCQC)
Definition: A concatenation of VCls that extends between the points
where the ATM service users access the ATM | ayer. The points at which
the ATM cel |l payload is passed to, or received from the users of the
ATM Layer (i.e., a higher layer or ATMentity) for processing signify
the endpoints of a VCC. VCCs are unidirectional.
Di scussi on: none.

Speci fication: AF-TM3. 1
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1.2.55. Virtual Channel ldentifier (VC)
Definition: A unique nunerical tag as defined by a 16 bit field in
the ATM cell header that identifies a virtual channel, over which the
cell is to travel.
Di scussi on: none.
Speci fication: AF-UN 3.1

1.2.56. Virtual Path (VP)
Definition: A unidirectional |ogical association or bundle of VCs.
Di scussi on: none.
Specification: AF-UN 3.1

1.2.57. Virtual Path Connection (VPC)

Definition: A concatenation of VPIs between Virtual Path Term nators
(VPTs). VPCs are unidirectional

Di scussi on: none.
Speci fication: AFR-TM3.1
1.2.58. Virtual Path ldentifier (VPI)

Definition: An eight-bit field in the ATMcell header that indicates
the virtual path over which the cell should be routed.

Di scussi on: none.
Specification: AF-UN 3.1
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 nmetric, its application and any
restrictions on neasurenent procedures.
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Measurement units: Intrinsic units used to quantify this metric. This
includes subsidiary units; e.g., mcroseconds are acceptable if the
intrinsic unit is seconds.

2.2. Definitions

2.2.1. Physical Layer - SONET

2.2.1.1. Pointer Mvenents

Definition: Pointer Movenments is the nunber of changes in a SONET
poi nter due to clock synchroni zation slips.

Di scussi on: SONET Poi nter Mvenents can cause | oss of information in
the SONET payl oad envel op (SPE) which contains |IP datagranms, either
in the formof ATMcells or as PPP delimted PDUs.

Measurenent Units: Per second.

2.2.1.2. Transport Overhead Error Count

Definition: SONET Transport Overhead Error Count is the nunber of
SONET transport overhead errors detected.

Di scussi on: SONET Transport Overhead Errors SONET Transport Over head
Errors cause SONET frames to be lost. These frames may contain IP
datagrams; either in the formof cells or as PPP delimted PDUs.
Measurenent Units: Positive integer

2.2.1.3. Path Overhead Error Count

Definition: SONET Path Overhead Error Count is the number of SONET
pat h overhead errors detected.

Di scussi on: SONET Path Overhead Errors cause SONET frames to be | ost.
These franes may contain | P datagrans; either in the formof cells or
as PPP delimted PDUs.

Measurenent Units: Positive integer
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2.2.2. ATM Layer
2.2.2.1. Cell Delay Variation (CDV)

Definition: The variation in cell transfer delay (CID) associ ated
with a given traffic load, orientation and distribution, as well as
an integration period. COV = nax (CTD) - nmin (CTD) where nmax and min
i ndi cate the maxi num and m ni mrum over the integration period,
respectively.

Di scussion: CDV is a conponent of cell transfer delay, induced by
buffering and cell scheduling. Peak-to-peak CDV is a QS del ay
parameter associated with CBR and VBR services. The peak-to-peak CDV
is the ((1-a) quantile of the CTD) mnus the fixed CID that could be
experienced by any delivered cell on a connection during the entire
connection holding time. The paraneter "a" is the probability of a
cell arriving late.

CDV effects TCP round trip tinme calculations. Large values of CDV
will adversely effect TCP throughput and cause SAR tinmeout. See
di scussi on under SAR

Measurenment Units: seconds

2.2.2.2. Cell Error Ratio (CER)
Definition: The ratio of cells with payload errors in a transm ssion
inrelation to the total nunmber of cells sent in a transm ssion

associated with a given traffic load, orientation and distribution,
as well as an integration period. Note that errors occurring in the

cell header will cause cell loss at the ATM Il ayer. Note further that
multiple errors in a payload will only be counted as one cell payl oad
error.

CER = Cells with payload errors / Total Cells Transmitted.

Di scussi on: The nmeasurenent is taken over a tinme interval and is
desirable to be measured on an in-service circuit. CERis closely
related to the nunber of corrupted AALS5 PDUs; however, there is not a
direct nunerical correlation between the nunber of errored cells and
the nunber of corrupted AAL5 PDUs. There are two cases descri bed

bel ow.

1. Only one cell in an AAL5 PDU contains payload errors. 1In this

case, there is a one-to-one correspondence between cell payl oad
errors and the nunber of corrupted AAL5 PDUs.
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2. Miltiple cells in the AAL5 PDU contain payload errors. In this
case, there is not a one-to-one correspondence between cell payl oad
errors and the nunber of corrupted AAL5 PDUs.

Measurenment Units: di nensionl ess.
2.2.2.3. Cell Loss Ratio (CLR

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

CLR = Lost Cells / Total Cells Transmtted.

Di scussion: CLR is a negotiated QoS paraneter and acceptabl e val ues
are network specific. The objective is to mninize CLR provided the
end- system adapts the traffic to the changi ng ATM | ayer transfer
characteristics. The CLR paraneter is the value of CLR that the
network agrees to offer as an objective over the lifetime of the
connection. It is expressed as an order of nmagnitude, having a range
of 107-1 to 107-15 and unspeci fi ed.

CLR indicates the nunber of ATMcells lost in relation to the total
nunber of cells sent. CLRis closely related to the nunber of
corrupted AAL5 PDUs; however, there is not a direct numerica

correl ation between the nunber of cells |ost and the nunber of
corrupted AAL5 PDUs. See the discussion under SAR

Measurenment Units: di nensionl ess.
2.2.2.4. Cell Msinsertion Ratio (CWR)

Definition: The ratio of cells received at an endpoint that were not
originally transmitted by the source end in relation to the tota

nunber of cells properly transmtted associated with a given traffic
| oad, orientation and distribution, as well as an integration period.

CVMR = Msinserted Cells / Total Cells Transmtted.

Di scussion: The neasurenment is taken over a time interval and is
desirable to be nmeasured on an in-service circuit. CMRis closely
related to the nunber of corrupted AALS5 PDUs; however, there is not a
direct numerical correlation between the nunber of mis-inserted cells
and t he number of corrupted AAL5 PDUs. There are two cases descri bed
bel ow.
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1. Only one cell is mis-inserted into an AAL5 PDU. In this case,
there is a one-to-one correspondence between cell ms-insertion and
the nunber of corrupted AAL5 PDUs.

2. Miltiple cells are ms-inserted into an AAL5. In this case, there
is not a one-to-one correspondence between cell ms-insertion and the
nunber of corrupted AAL5 PDUs.

Measurenent Units: dinensionl ess.
2.2.2.5. Cell Rate Margin (CRM

Definition: This is a neasure of the difference between the effective
bandwi dth all ocation and the allocation for sustainable rate in cells
per second.

Di scussion: This nmeasures the anpbunt of provisioned bandw dth which
is not utilized. This lack of utilization nmay be caused by
encapsul ati on overhead, e.g., AAL5 trailer and padding, or by the
protocol itself, e.g., TCP usually transmits in only one direction

Measurenent units: Cells per second
2.2.2.6. CRC Error Ratio

Definition: The ratio of PDUs received at an endpoint that which
contain an invalid CRCin relation to the total number of cells
properly transmitted associated with a given traffic |oad,
orientation and distribution, as well as an integration period.

Di scussion: CRC errors cause ATMcells to be lost. Although this
will appear as cell loss at the ATM | ayer, this measurenent can be
made i n-service using a test probe which neasures CRC errors at the
TC | ayer.

Measurenment Units: di nensionless

2.2.2.7. Cell Transfer Delay (CTD
Definition: The el apsed tine between a cell exit event at the
measurenent point 1 (e.g., at the source UNI) and the correspondi ng

cell entry event at a neasurenent point 2 (e.g., the destination UN)
for a particular connection.
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Di scussion: The cell transfer delay between two neasurement points is
the sum of the total inter-ATM node transm ssion delay and the total
ATM node processing delay. While this nunber is a constant and
shoul d not adversely effect performance, it is a conponent in RITT.
Measurement units: seconds

2.2.3. ATM Adapt ati on Layer (AAL) Type 5 (AAL5)

2.2.3.1. AAL5 Re-assenbly Errors

Definition: AALS5 Re-assenbly Errors constitute any error, which
causes the AAL5 PDU to be corrupted.

Di scussi on: AALS5 Re-assenbly errors cause AAL5 PDUs to be | ost.
These PDUs may contain | P datagrans.

Measurenent Units: Positive Integer

2.2.3.2. AAL5 Reassenbly Tinme
Definition: AALS5 Reassenbly Tine constitutes the tine between the
arrival of the final cell in the AAL5 PDU and the AAL5 PDUs payl oad

bei ng made available to the service |ayer.

Di scussi on: AALS5 Reassenbly tinme directly effects TCP round trip tinme
cal cul ati ons.

Measurenment Units: seconds

2.2.3.3. AAL5 CRC Error Ratio
Definition: The ratio of PDUs received at an endpoint that which
contain an invalid CRCin relation to the total nunber of cells
properly transmitted associated with a given traffic |oad,
orientation and distribution, as well as an integration period.

Di scussion: AALS5 CRC errors cause AAL5 re-assenbly errors. See
di scussi on under AAL5 re-assenbly errors.

Measurenment Units: di nensionless
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2.2.4. ATM Service: Signaling
2.2.4.1. CAC Denial Tine

Definition: The anmount of tinme required for CAC to deternine that a
call must be rejected.

Di scussion: In the case where Call Proceeding is inplenmented, this
nunber will be less than 4 seconds. O herwise, it will be |less than
10 seconds. Large values of this neasurenent will adversely effect
performance on systens where an alternate, non-NBMA, service is
avai | abl e.

Measurenent Units: seconds
2.2.4.2. Connection Establishment Tinme

Definition: The amount of tine between the first Setup nessage from
the calling party and the Connect nessage to the calling party.

Di scussi on: See di scussi on under SVC
Measurenment Units: seconds
2.2.4.3. Connection Teardown Tine

Definition: The anmount of between the Rel ease nessage being sent and
the Rel ease Conpl ete nessage bei ng received

Di scussion: Large values of this measurenent will adversely effect
performance in systens where the total nunber of open calls or VCs is
limted. Specifically, a new VC cannot be instantiated with the sane
VPI /VCl before the old one is rel eased.

Measurenment Units: seconds
2.2.4.4. Crankback Tine

Definition: The anmount of tine between the issuance of the first

rel ease or rel ease conpl ete nessage by the switch where the current
Desi gnated Transit List (DTL) is blocked and the receipt of the SETUP
with the updated DTLs by the target switch.

Di scussion: This measurenent does not take into account the amount of
time associated with either the successful portion of the call setup
transit or the tinme required for the calling party to receive .bp a
response fromthe called party. As a result, the call may still fai
to conplete if the call setup tiner on the calling party expires
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See di scussion under SVC
Measurenment Units: seconds

2.2.4.5. Route Update Response Tine
Definition: The anmount of time between the receipt of a PNNI Topol ogy
State El enment (PTSE), which is the PNNI routing PDU, containing a
topol ogy different fromthe current topol ogy and the point at which
the switch begins to generate DTLs reflecting the routing change.
Di scussion: This nmeasurenent provides a | ower bound on the anpunt of
time during which SETUP nessages will be forwarded al ong a sub-
opti mal or bl ocked path.
Measurenment Units: seconds

2.2.5. ATM Service: |ILM

2.2.5.1. MB Alignment Tine
Definition: The amount of tine between the issuance of the final cold
start nessage and the final get response associated with the exchange
of static MB information.

Di scussion: This measurenment reflects the anmount of time required by

the switch and end systemto exchange all information required to
characterize and align the capabilities of both systens. It does not
i nclude address registration. It should also be noted that this

measurenent will depend on the nunber of MB el enents inplenented by
bot h systens.

Measurenent Units: seconds
2.2.5.2. Address Registration Tine

Definition: The anmount of time between the initial set request issued
by the switch and the final get response issued by the switch.

Di scussion: This measurenent assumes that the switch has checked the
network prefix status object and the end system has checked the ATM
address status object. In the case where the end system checks the
ATM address status object only after the switch has issued a set
request of the network prefix status object, this nmeasurenment will
not reflect the actual tine required to conplete the address

regi stration.

Measurenment Units: seconds
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3. Security Considerations

As this document 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.

4. Notices

The | ETF takes no position regarding the validity or scope of any
intellectual property or other rights that mght be clained to
pertain to the inplenentation or use of the technol ogy described in
thi s docunent or the extent to which any license under such rights

m ght or night not be available; neither does it represent that it
has made any effort to identify any such rights. Information on the
| ETFs procedures with respect to rights in standards-track and

st andards-rel at ed docunentati on can be found in BCP-11. Copi es of
clains of rights nade available for publication and any assurances of
licenses to be nade available, or the result of an attenpt nade to
obtain a general |icense or permission for the use of such
proprietary rights by inplementors or users of this specification can
be obtained fromthe | ETF Secretari at.

The IETF invites any interested party to bring to its attention any
copyrights, patents or patent applications, or other proprietary
rights which may cover technol ogy that may be required to practice
this standard. Please address the information to the | ETF Executive
Director.
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Copyright (C) The Internet Society (2000). 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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