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Abst ract

The conputation of one or a set of Traffic Engineering Label Sw tched
Paths (TE LSPs) in MultiProtocol Label Switching (MPLS) and
Generalized MPLS (GWLS) networks is subject to a set of one or nore
specific optimzation criteria, referred to as objective functions
(e.g., mnimmcost path, w dest path, etc.).

In the Path Conputation Element (PCE) architecture, a Path
Conputation Cient (PCC) may want a path to be conputed for one or
nmore TE LSPs according to a specific objective function. Thus, the
PCC needs to instruct the PCE to use the correct objective function
Furthernmore, it is possible that not all PCEs support the sane set of
obj ective functions; therefore, it is useful for the PCC to be able
to automatically discover the set of objective functions supported by
each PCE

Thi s docunment defines extensions to the PCE conmuni cation Protocol
(PCEP) to allow a PCE to indicate the set of objective functions it
supports. Extensions are also defined so that a PCC can indicate in
a path conputation request the required objective function, and a PCE
can report in a path conputation reply the objective function that
was used for path conputation

Thi s docunent defines objective function code types for six objective
functions previously listed in the PCE requirements work, and
provides the definition of four new netric types that apply to a set
of synchroni zed requests.
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1. Introduction

The Path Conputation El enent-based network architecture [ RFC4655]
defines a Path Conputation El enent (PCE) as an entity capabl e of

computing the paths of Traffic Engi neered Label Sw tched Paths (TE

LSPs) based on a network graph and of applying conputationa

constraints. A PCE services path conputation requests that are sent

by Path Conputation Cients (PCC).
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The PCE conmuni cation Protocol (PCEP), defined in [ RFC5440], all ows
for conmuni cati on between a PCC and a PCE or between two PCEs, in
compliance with requirements and guidelines set forth in [ RFC4657].
Such interactions include path conputation requests and path
conputation replies.

The conputation of one or a set of TE LSPs is subject to a set of one
or nore optimnization criteria, called an objective function. An

obj ective function is used by the PCE when it conputes a path or a
set of paths in order to select the "best" candidate paths. There is
a variety of objective functions: an objective function could apply
either to a set of non-synchroni zed path conputation requests, or to
a set of synchronized path conputation requests. In the former case,
the objective function refers to an individual path conputation
request (e.g., conputation of the shortest constrained path where the
metric is the IGP metric, conputation of the |east |oaded constrained
path, etc.). Conversely, in the |atter case, the objective function
refers to a set of path conputation requests the conputation of which
is synchronized (e.g., ninimze the aggregate bandw dth consunption
of all LSPs, mininize the sumof the delays for two diverse paths or
of the delta between those delays, etc.). Mreover, sone objective
functions relate to the optimzation of a single netric and others to
the optim zation of a set of netrics (organized in a hierarchica
manner, using a weighted function, etc.).

As spelled out in [RFC4674], it may be useful for a PCC to discover
the set of objective functions supported by a PCE. Furthernore,

[ RFC4657] requires the ability for a PCCto indicate in a path

conput ation request a required/desired objective function, as well as
optional function paraneters.

For these purposes, this docunent extends the PCE conmmuni cation
Protocol (PCEP). It defines PCEP extensions that allow a PCE to
advertise a |list of supported objective functions, as well as
extensions to carry the objective function in PCEP request and reply
messages. |t conplenents the PCEP base specification [ RFC5440].

Note that OSPF- and |S-1S-based PCE di scovery mechani sms are defined
in [ RFC5088] and [ RFC5089]. These mechani snms are dedicated to the
di scovery of a few generic paraneters, while nore detail ed PCE
paraneters shoul d be di scovered using the PCE comuni cation Protocol
oj ective functions are in this second category; thus, the objective
function discovery procedure is handl ed by PCEP.

A new PCEP TLV, nanmed the OF-List TLV, is defined in Section 2. The
OF-List TLV is carried in the PCEP OPEN object and allows a PCE to
list, during PCEP session-setup phase, the objective functions that
it supports.
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1.

1.

1.

2.

A new PCEP object, the OF object, is defined in Section 3. The CF
object is carried within a PCReq (Path Conputati on Request) nessage
to indicate the required/ desired objective function to be applied by
a PCE, or in a PCRep (Path Conputation Reply) nmessage to indicate the
obj ective function that was used for path conputation.

Si x mandatory objective functions that must be supported by PCEP are
listed in [ RFC4657]. This docunent provides a definition of these
si x mandatory objective functions. Additional objective functions
may be defined in other docunents. Note that additional objective
functions are defined for the PCE d obal Concurrent Optim zation
(GCO application, in [PCE-GCQ .

Thi s docunent al so provides the definition of four new metric types
that apply to a set of synchronized requests.

Conventions Used in This Docunent
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",

"SHOULD', "SHOULD NOT", "RECOWMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [ RFC2119].

Ter mi nol ogy
LSR: Label Switching Router.
OF: hj ective Function. A set of one or nore optim zation

criteria used for the conputation of a single path (e.qg.,
path cost mnimzation) or for the synchronized conputation
of a set of paths (e.g., aggregate bandw dth consunption
mnimzation, etc.).

PCC. Path Conmputation Client. Any client application requesting a
pat h conputation to be perforned by a Path Conputation
El emrent .

PCE: Pat h Conputation Elenment. An entity (component, application,

or network node) that is capable of conputing a network path
or route based on a network graph and of applying
conput ational constraints.

PCEP: Pat h Conputation El ement conmunicati on Protocol.

TE LSP: Traffic Engi neered Label Switched Path.
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1.3. Message Formats

Message formats in this docunent are expressed using Reduced BNF as
used in [ RFC5440] and defined in [ RFC5511].

2. Discovery of PCE hjective Functions

This section defines PCEP extensions (see [ RFC5440]) so as to support
the advertisenent of the objective functions supported by a PCE

A new PCEP OF-List (Qbjective Function list) TLV is defined. The
PCEP OF-List TLV is carried within an OPEN object. This way, during
PCEP sessi on-setup phase, a PCE can advertise to a PCEP peer the |ist
of objective functions it supports.

2.1. OF-List TLV

The PCEP OF-List TLV is optional. It MAY be carried within an OPEN
obj ect sent by a PCE in an Open nessage to a PCEP peer so as to
indicate the Iist of supported objective functions.

The O~ List TLV format is conpliant with the PCEP TLV fornmat defined
in [RFC5440]. That is, the TLV is conposed of 2 octets for the type,
2 octets specifying the TLV length, and a Value field. The Length
field defines the length of the value portion in octets. The TLV is
padded to 4-octet alignnent, and padding is not included in the
Length field (e.g., a 3-octet value would have a length of three, but
the total size of the TLV would be eight octets).

The PCEP OF-List TLV has the follow ng fornmat:

TYPE: 4

LENGTH: N * 2 (where N is the nunmber of objective functions)

VAL UE: list of 2-byte objective function code points, identifying
the objective functions supported by the sender of the Open
message

0 1 2 3

01234567890123456789012345678901
el i I e i it T e e e e i i T o S e e S e T R R
| OF Code #1 | OF Code #2 |
R o o e e el i S S S S i S i ol S S e e e s
11 11
B T I e R i i i T S S e e I e ik oI I S S e S S
| OF Code #N paddi ng |
el i I e i it T e e e e i i T o S e e S e T R R
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OF Code (2 bytes): (bjective Function code point identifier. |ANA
manages the "PCE Objective Function" code point registry (see Section
6) .

2.2. Elenments of Procedure

A PCE MAY include an OF-List TLV within an OPEN object in an Open
message sent to a PCEP peer in order to advertise a set of one or
more obj ective functions. The OF-List TLV MJUST NOT appear nore than
once in an OPEN object. If it appears nore than once, the PCEP
session MJST be rejected with error type 1 and error value 1 (PCEP
session establishnment failure / Reception of an invalid Open
message). The absence of the OF-List TLV in an OPEN object MJST be
interpreted as an absence of information on the |list of supported
obj ective functions by the PCE.

As specified in [ RFC5440], a PCEP peer that does not recognize the
OF-List TLV will silently ignore it.

3. bjective Function in PCEP Path Conputati on Request and Reply
Messages

Thi s section defines PCEP extensions [ RFC5440] so as to support the
conmmuni cati on of objective functions in PCEP path conputation request
and reply nmessages. A new PCEP OF (bjective Function) object is
defined, to be carried within a PCReq nessage in order for the PCCto
i ndi cate the required/ desired objective function.

The PCEP OF object nmay al so be carried within a PCRep nessage in
order for the PCE to indicate the objective function that was used by
the PCE.

A new flag is defined in the RP (Request Paraneters) object. The
flag is used in a PCReq nessage to indicate that the PCE MJUST i ncl ude
an OF object in the PCRep nessage to indicate the objective function
that was used during path conputation.

Al so, new PCEP error types and val ues are defi ned.

3.1. OF hject
The PCEP OF ((bjective Function) object is optional. It MAY be
carried within a PCReq nessage so as to indicate the desired/required
obj ective function to be applied by the PCE during path conputation

or within a PCRep nmessage so as to indicate the objective function
that was used by the PCE during path conputation.
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The OF object format is conpliant with the PCEP object format defined
i n [ RFC5440] .

The OF hject-Class is 21
The OF bject-Type is 1.

The format of the OF object body is:

1 2 3

1234567890123456789012345678901
i i i T i I S i e s o o i i
| OF Code | Reserved |
R et e s i o e s i i
I I
/1 Optional TLV(S) /1
I
+

e T S T e S I S

OF Code (2 bytes): The identifier of the objective function. |ANA
manages the "PCE Objective Function" code point registry (see Section
6) .

Reserved (2 bytes): This field MJUST be set to zero on transm ssion
and MJST be ignored on receipt.

Optional TLVs may be defined in the future so as to encode objective
function paraneters.

3.1.1. Elenents of Procedure

To request the use of a specific objective function by the PCE, a PCC
i ncludes an OF object in the PCReq message.

[ RFC5440] specifies a bit flag, referred to as the P bit, carried in
the conmon PCEP obj ect header. The P bit is set by a PCC to nandate
that a PCE nust take the information carried in the object into
account during the path conputation.

If the P bit is set in the OF object, the objective function is
mandat ory (required objective function) and the PCE MJST use the

obj ective function during path conputation. |If the P bit is clear in
the OF object, the objective function is optional (desired objective
function) and the PCE SHOULD apply the function if it is supported
but MAY choose to apply a different objective function, according to
| ocal capabilities and policies.
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On receipt of a PCReq nessage with an OF object, a PCE MJST proceed
as foll ows:

If the OF object is unknown/unsupported, the PCE MJST foll ow
procedures defined in [RFC5440]. That is, if the P bit is set, the
PCE sends a PCErr nessage with error type 3 or 4 (Unknown / Not
supported object) and error value 1 or 2 (unknown / unsupported
object class / object type), and the related path comnputation
request MJST be discarded. |If the P bit is cleared, the PCE is
free to ignore the object.

- If the objective function is unknown/unsupported and the P bit is
set, the PCE MUST send a PCErr nmessage with error type 3 or 4
(Unknown / Not supported object) and error val ue 4
(Unrecogni zed/ Unsupported paraneter), and the related path
conput ati on request MJST be di scarded.

- If the objective function is unknown/unsupported and the P bit is
cl eared, the PCE SHOULD apply another (default) objective function

- If the objective function is supported but policy does not permt
applying it and if the P bit is set, the PCE MIJST send a PCErr
message with the PCEP error type "policy-violation" (type 5) and a
new error val ue, "objective function not allowed", which is defined
in this document.

- If the objective function is supported but policy does not allow
applying it and if the P bit is cleared, the PCE SHOULD apply
anot her (default) objective function.

- If the objective function is supported and policy allows applying
it and if the P bit is set, the PCE MUST apply the requested
obj ective function. Oherwise, if the Pbit is cleared, the PCE is
free to apply any other objective function.

The default objective function may be locally configured.

3.2. Carrying The OF (bject In a PCEP Message
The OF object MAY be carried within a PCReq nessage. |f an objective
function is to be applied to a set of synchroni zed path conputation
requests, the OF object MJST be carried just after the corresponding

SVEC (Synchroni zati on VECtor) object and MJUST NOT be repeated for
each el ementary request.
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Simlarly, if a metric is to be applied to a set of synchronized
requests, the METRI C object MJST foll ow the SVEC object and MJST NOT
be repeated for each elenentary request. Note that metrics applied
to a set of synchronized requests are defined in Section 5.

An OF object specifying an objective function that applies to an
i ndi vi dual path conputation request (non-synchronized case) MJST
follow the RP object for which it applies.

The format of the PCReq nessage is updated as foll ows. Please see
Appendi x A for a full set of RBNF fragnents defined in this docunent
and t he necessary code |icense.

<Conmon Header >
[ <svec-li st >]
<request-list>

<PCReq Message> ::

wher e:

<svec-list> ::= <SVEC
[ <OF>]
[<metric-list>]
[ <svec-li st >]

<request-list> ::= <request> [<request-I|ist>]
<request> ::= <RP>

<END- PO NTS>

[ <LSPA>]

[ <BANDW DTH>]
[<netric-list>]

[ <OF>]
[ <RRC>[ <BANDW DTH>] ]
[ <I RO>]
[ <LOAD- BALANCI NG>]
and wher e:
<metric-list> ::= <METRIC>[<netric-1list>]

The OF object MAY be carried within a PCRep message to indicate the
obj ective function used by the PCE during path conputation

When the PCE wants to indicate to the PCC the objective function that
was used for the synchronized conputation of a set of paths, the
PCRep message MJST include the correspondi ng SVEC object directly
foll owed by the OF object, which MJUST NOT be repeated for each

el ementary request. |If a netric is applicable to the set of paths,
the METRI C object MJUST directly foll ow the SVEC object and MJST NOT
be repeated for each el enentary request.
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An OF object specifying an objective function used for an individual
pat h conputati on (non-synchroni zed case) MJST foll ow the RP object
for which it applies.

The format of the PCRep nessage is updated as follows. Please see
Appendi x A for a full set of RBNF fragnents defined in this docunent
and the necessary code |icense.

<PCRep Message> ::= <Common Header >
[ <svec-li st >]
<response-|ist>

wher e:
<svec-list> ::= <SVEC

[ <OF>]

[<netric-list>]

[ <svec-list>]
<response-list> ::= <response> [ <response-|i st>]
<response> ::= <RP>

[ <NO- PATH>]
[<attribute-list>]
[<path-1list>]
<path-list> ::= <path> [<path-1li st >]
<pat h> ::= <EROC>
<attribute-list>
and wher e:
<attribute-list> ::= [ <OF>]
[ <LSPA>]
[ <BANDW DTH>]
[<metric-list>]
[ <I RO>]
<metric-list> ::= <METRIC> [<netric-list>]

Not e: The OF obj ect MAY be associated to a negative reply, i.e.
reply with a NO PATH obj ect.
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3. 3.

3. 3.

Le

New RP Obj ect Fl ag

In sone cases, where no objective function is specified in the
request or an optional objective function is desired (P flag cleared
in the OF object commopn header) but the PCE does not followthe
request, the PCC may desire to know t he objective function that was
used by the PCE during path conputation. To that end, a new flag is
defined in the RP object, named the OF flag, allowing a PCC to
request for the inclusion in the path conputation reply of the

obj ective function that was used by the PCE during path conputation

The following new bit flag of the RP object is defined:

The Supply OF on response flag (bit nunber 24). Wen set in a PCReq
message, this indicates that the PCE MUST provide the applied

obj ective function (should a path satisfying the constraints be
found) in the PCRep nessage. Wen set in a PCRep nessage, this

i ndi cates that the objective function that was used during path
computation is included.

1. El enents OF Procedure

If the PCC wants to know the objective function used by the PCE
during path conputation for a given request, it sets the OF flag in
the RP object.

On receipt of a PCReq nessage with the OF flag in the RP object set,
the PCE proceeds as foll ows:

- If policy permits, it MJST include in the PCRep nessage an COF
obj ect indicating the objective function it used during path
comput at i on.

- If policy does not permt, it MJST send a PCErr nessage with the
PCEP error code "policy-violation" (type 5) and a new error val ue,
"obj ective function indication not allowed", which is defined in
this docunent.

Note that a | egacy PCE m ght not recognize the OF flag in the RP
object. According to the definition of the Flags field for the RP
obj ect (Section 7.4.1 of [RFC5440]), the legacy PCE will ignore the
unknown flag, resulting in it sending a PCRep that does not contain
an OF object. In this case, the PCC s behavior is an inplenmentation
choi ce. The PCC night:

- Discard the PCRep because it really wanted the OF object returned.

- Accept the PCRep without the know edge of the OF that was appli ed.
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Note al so that these procedures can give rise to the situation where
a PCC receives a PCRep that contains an OF object with an objective
function identifier that the PCC does not recognize. |In this
situation, the PCC behavior is dependent on inplenentation and
configuration. The PCC could choose any of the followi ng (or sone
ot her action):

- lgnore the OF object and use the conputed path.

- Add the objective function to its view of the PCE's repertoire for
inclusion in future conputation requests.

- Discard the PCRep (i.e., the computed path) and send a PCReq to
anot her PCE.

- Discard the PCRep (i.e., the conmputed path) and send another PCReq
to the same PCE explicitly requiring the use of sone other
obj ective function (i.e., by setting the P bit in the OF object).
4. bjective Functions Definition
Si x objective functions that nust be supported by PCEP are listed in
[ RFC4657]. (bjective function codes have been assigned by | ANA and
are descri bed bel ow
hj ective functions are formul ated using the foll ow ng term nol ogy:
- A network conprises a set of Nlinks {Li, (i=1...N)}.
- Apath Pis alist of KIlinks {Lpi,(i=1...K}.

- Metric of link L is denoted ML). This can be the IG° nmetric, the
TE nmetric, or any other netric.

- The cost of a path P is denoted C(P), where C(P) = sum {MLpi),
(i=1...K}.

- Residual bandwidth on link L is denoted r(L).
- Maxi mum reservabl e bandwidth on link L is denoted R(L).

There are three objective functions that apply to the conputation of
a single path:

oj ective Function Code: 1

Nanme: M ni num Cost Path (MCP)
Description: Find a path P such that C(P) is mnim zed.
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oj ective Function Code: 2
Nanme: M ni num Load Path (M.P)
Description: Find a path P such that
( Max {(R(Lpi) - r(Lpi)) / R(Lpi), i=1...K} ) is mnimzed.

oj ective Function Code: 3
Name: Maxi mum resi dual Bandwi dth Path (MBP)
Description: Find a path P such that

( Mn { r(Lpi), i=1...K} ) is maxim zed.

There are three objective functions that apply to a set of path
conmput ation requests the conputation of which is synchronized:

oj ective Function Code: 4
Nane: M nim ze aggregate Bandw dth Consunption (MBQC)
Description: Find a set of paths such that

( Sum{R(Li) - r(Li), i=1...N} ) is mnimzed.

oj ective Function Code: 5
Nane: M nim ze the Load of the nost |oaded Link (ML)
Description: Find a set of paths such that
( Max { (R(Li) - r(Li)) / R(Li), i=1...N}) is minimzed.
oj ective Function Code: 6
Nanme: M nim ze the Cunul ative Cost of a set of paths (MCQ)
Description: Find a set of paths {P1...Pn such that
(Sum{ C(Pi), i=1...n}) is mnimzed.
O her objective functions may be defined in separate docunents.
5. New Metric Types
Three netric types are defined in PCEP for the METRI C object: TE
metric, 1GP netric, and hop count. These netric types apply to an
i ndi vi dual request. Here, we define four new netric types that apply
to a set of synchronized requests:
Type 4: Aggregate bandw dt h consunpti on.
Type 5: Load of the nobst |oaded |ink.
Type 6: Cunul ative | GP cost.

Type 7: Cumul ative TE cost.
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6

6

These netrics nmay be used in a PCReq to indicate a bound (B bit set
in the METRI C object) or to request the computation of a netric (C
bit set in the METRIC object), or in a PCRep to indicate a conputed
nmetric.

A METRI C object with one of these four types foll ows the SVEC object
for which it applies.

I ANA Consi derati ons

1. PCE Objective Function Sub-Registry
Thi s docunent defines a 16-bit PCE objective function identifier to
be carried within the PCEP OF object, and al so defines the PCEP OF-
Li st TLV.
| ANA created and now nanages the 16-bit "PCE Qbjective Function" code
point registry, starting from1l and continuing through 32767, as
fol | ows:
- njective Function code point val ue
- njective Function nane
- Defining RFC

The sane registry is applicable to the OF object and the OFList TLV
that are defined in this docunent.

The guidelines (using terns defined in [RFC5226]) for the assignnent
of objective function code point values are as foll ows:

- Function code value 0 is reserved.
- Function code values in the range 1-32767 are assigned as foll ows:

0 Function code values 1 through 1023 are assigned by | ANA using
the "I ETF Review' policy.

0 Function code val ues 1024 through 32767 are assi gned by | ANA,
using the "First Come First Served" policy.

o0 Function code values in the range 32768-65535 are for "Private
Use".
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Si x obj ective functions are defined in Section 4 of this docunment and
have been assi gned by | ANA

Code Poi nt Name Ref er ence
1 MCP RFC 5541
2 M_P RFC 5541
3 MBP RFC 5541
4 MBC RFC 5541
5 M_L RFC 5541
6 MCC RFC 5541

6.2. PCEP Code Points

6.2.1. OF nject
| ANA nanages the PCEP (bjects code point registry (see [ RFC5440]).
This is maintained as the "PCEP Objects" sub-registry of the "Path
Conput ati on El enent Protocol (PCEP) Nunbers" registry.

Thi s docunent defines a new PCEP object, the OF object, to be carried

in PCReq and PCRep nessages. | ANA has nmade the follow ng all ocation:
hj ect Nanme oj ect Narme Ref erence
Cd ass Type
21 OF 1 oj ective Function RFC 5541

6.2.2. OF-List TLV
| ANA manages the PCEP TLV code point registry (see [RFC5440]). This
is maintained as the "PCEP TLV Type Indicators" sub-registry of the
"Path Computation El ement Protocol (PCEP) Nunbers" registry.

Thi s docunent defines a new PCEP TLV, the OFList TLV, to be carried

in the OPEN object. |ANA has nade the follow ng allocation:
Type TLV nanme Ref er ences
4 OF- Li st RFC 5541

6.2.3. PCEP Error Val ues

| ANA nmaintains a registry of Error-types and Error-values for use in
PCEP nessages. This is maintained as the "PCEP- ERROR (bj ect Error
Types and Val ues" sub-registry of the "Path Conputation El enent

Prot ocol (PCEP) Nunbers" registry.
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Two new Error-values are defined for the Error-type "policy
viol ation" (type 5):

Error-type Meani ng and error val ues Ref erence
5 Policy violation
Error-val ue=3: objective function not RFC 5541

al | oned (request rejected)

Error-value=4: OF bit of the RP object RFC 5541
set (request rejected)

6.2.4. RP bject Flag

A new flag of the RP object (specified in [ RFC5440]) is defined in
this docunment. | ANA naintains a registry of RP object flags in the
"RP Object Flag Field" sub-registry of the "Path Conputation El enent
Prot ocol (PCEP) Nunbers" registry.

I ANA has nmade the follow ng allocation:
Bit Description Ref erence
24 Supply OF on response RFC 5541
6.2.5. Metric Types
Four new netric types are defined in this docunent for the METRI C
obj ect (specified in [RFC5440]). |ANA naintains a registry of netric
types in the "METRIC bject T Field" sub-registry of the "Path
Conput ati on El enent Protocol (PCEP) Nunbers" registry.

| ANA has nade the followi ng allocations:

- Type 4: Aggregate bandw dth consunption
- Type 5: Load of the nost |oaded |ink

- Type 6: Cunul ative | GP cost

- Type 7: Cumul ative TE cost

7. Security Considerations

PCEP security mechani snms are described in [ RFC5440] and are used to
secure entire PCEP nessages. Nothing in this document changes the
message flows or introduces any new nessages, soO the security
mechani sns set out in [RFC5440] continue to be applicable.
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Thi s docunent introduces a single new object that may optionally be
carried on PCEP nmessages and will be automatically secured using the
mechani sms descri bed in [ RFC5440] .

If a PCEP nessage is vulnerable to attack (for exanple, because the
security nechani sns are not used), then the OF object could be used
as part of an attack; however, it is likely that other objects will
provide far nore significant ways of attacking a PCE or PCCin this
case.

8. Manageability Considerations
8.1. Control of Function and Policy

It MJUST be possible to configure the activation/deactivation of
obj ective function discovery in PCEP.

In addition to the paraneters already listed in Section 8.1 of

[ RFC5440], a PCEP inplenentati on SHOULD al |l ow configuring a |ist of
aut hori zed objective functions on a PCE. This may apply to any
session the PCEP speaker participates in, to a specific session with
a given PCEP peer, or to a specific group of sessions with a specific
group of PCEP peers.

Note that it is not mandatory for an inplenmentation to support al
obj ective functions defined in Section 4.

It MJST be possible to configure a default objective function used
for path conputati on when a path request is received that requests to
use an optional objective function

8.2. Information and Data Mbdel s

The PCEP M B Modul e defined in [PCEP-M B] coul d be extended to
i ncl ude objective functions.

8.3. Liveness Detection and Mnitoring
Mechani sns defined in this docunent do not inply any new |iveness
detection and nonitoring requirenents in addition to those already
listed in [ RFC5440].

8.4. Verify Correct Operations
Mechani sns defined in this docunent do not inply any new operation

verification requirenents in addition to those already listed in
[ RFC5440] .
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8.

8.

10.

10.

10.

Le

Requi rements On Gt her Protocols

Mechani sns defined in this docunent do not inply any requirenents on
other protocols in addition to those already listed in [ RFC5440].

I mpact On Network Operations

Mechani sns defined in this docunent do not have any inpact on network
operations in addition to those already listed in [ RFC5440].
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Appendi x A.  RBNF Code Fragnents

Thi s appendi x contains the full set of code fragnents defined in this
docunent .

Copyright (c) 2009 | ETF Trust and the persons identified as authors
of the code. All rights reserved.

Redi stri bution and use in source and binary forns, with or without
nodi fication, are permtted provided that the followi ng conditions
are met:

0 Redistributions of source code nust retain the above copyright
notice, this list of conditions and the follow ng disclainer.

0 Redistributions in binary form nust reproduce the above copyri ght
notice, this list of conditions and the follow ng disclainmer in the
docunentation and/or other materials provided with the
di stribution.

0 Neither the name of Internet Society, |ETF or I ETF Trust, nor the
nanes of specific contributors, may be used to endorse or pronote
products derived fromthis software w thout specific prior witten
per mi ssi on.

THI'S SOFTWARE | S PROVI DED BY THE COPYRI GHT HOLDERS AND CONTRI BUTORS
"AS 1'S" AND ANY EXPRESS OR | MPLI ED WARRANTI ES, | NCLUDI NG BUT NOT
LIMTED TO, THE | MPLI ED WARRANTI ES OF MERCHANTABI LI TY AND FI TNESS FOR
A PARTI CULAR PURPCSE ARE DI SCLAI MED. | N NO EVENT SHALL THE COPYRI GHT
OMNER OR CONTRI BUTORS BE LI ABLE FOR ANY DI RECT, | NDI RECT, | NCI DENTAL,
SPECI AL, EXEMPLARY, OR CONSEQUENTI AL DAMAGES (I NCLUDI NG BUT NOT
LIMTED TO, PRCCUREMENT OF SUBSTI TUTE GOCDS OR SERVI CES; LOSS OF USE,
DATA, OR PRCFITS; OR BUSI NESS | NTERRUPTI ON) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER I N CONTRACT, STRICT LIABILITY, OR TORT
(1 NCLUDI NG NEGLI GENCE OR OTHERW SE) ARI SING | N ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN | F ADVI SED OF THE PGSSI BI LI TY OF SUCH DAMAGE

<PCReq Message> ::= <Conmpn Header >
[ <svec-li st >]
<request-list>

<Conmon Header >
[ <svec-li st >]
<response-|ist>

<PCRep Message> ::
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<svec-list> :

oj ective Functions in PCEP

= <SVEC
[ <OF>]
[<netric-list>]
[ <svec-li st >]

<request-list> ::= <request> [<request-I|ist>]
<request> ::= <RP>

<END- PO NTS>

[ <LSPA>]

[ <BANDW DTH>]
[<metric-list>]

[ <OF>]

[ <RRC>[ <BANDW DTH>] ]

[ <I RO>]

[ <LOAD- BALANCI NG>]
<metric-list> ::= <METRIC[ <metric-1ist>]
<response-list> ::= <response> [ <response-|i st>]
<response> ::= <RP>

<path-list> ::

<path> ::

[ <NO PATH>]
[<attribute-list>]
[<path-1list>]

= <pat h> [<pat h-1i st >]

<ERC>
<attribute-list>

<attribute-list> ::= [ <OF>]

Le Roux,

et al.

[ <LSPA>]

[ <BANDW DTH>]
[<netric-list>]
[ <I RO>]
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