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Abstract

Thi s docunent provides a nodel of information needed by the Routing
and Wavel ength Assignment (RWA) process in Wavel ength Switched
Optical Networks (WSONs). The purpose of the information described
inthis nmodel is to facilitate constrained optical path conputation
in WBONs. This nodel takes into account conpatibility constraints
bet ween WBON signal attributes and network el enents but does not

i nclude constraints due to optical inpairnents. Aspects of this

i nformati on that may be of use to other technologies utilizing a
GWPLS control plane are di scussed.

Status of This Meno

This docunent is not an Internet Standards Track specification; it is
publ i shed for informational purposes.

This docunent is a product of the Internet Engi neering Task Force
(ITETF). It represents the consensus of the |IETF community. It has
recei ved public review and has been approved for publication by the
I nternet Engineering Steering Group (IESG. Not all docunents
approved by the | ESG are a candi date for any |evel of Internet

St andard; see Section 2 of RFC 5741.

I nformation about the current status of this docunent, any errata,

and how to provide feedback on it nmay be obtai ned at
http://ww.rfc-editor.org/infol/rfc7446
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I ntroduction

The purpose of the WSON i nformati on nodel described in this docunent
is to facilitate constrai ned optical path conputation, and as such it
is not a general -purpose network managenent information nodel. This
constraint is frequently referred to as the "wavel ength continuity"
constraint, and the correspondi ng constrai ned optical path
conmputation is known as the Routing and Wavel ength Assi gnnment (RWA)
problem Hence, the information nodel nust provide sufficient

topol ogy and wavel ength restriction and availability information to
support this conputation. Mre details on the RWA process and WSON
subsystens and their properties can be found in [ RFC6163]. The nodel
defined here includes constraints between WSON signal attributes and
network el enents but does not include optical inpairments.

In addition to presenting an information nodel suitable for path
conmputation in WBON, this docunent al so highlights nodel aspects that
may have general applicability to other technologies utilizing a
GWPLS control plane. The portion of the informati on nodel applicable
to technol ogi es beyond WSON is referred to as "general" to
distinguish it fromthe "WSON-specific" portion that is applicable
only to WSON t echnol ogy.

Ter m nol ogy

Refer to [RFC6163] for definitions of Reconfigurable Optical Add/Drop
Mul tipl exer (ROADM), RWA, Wavel engt h Conversi on, Wavel ength Division
Mul tiplexing (VDM, WSON, and other related term nology used in this
docunent .

Routi ng and Wavel ength Assi gnnent | nformation Mde
The WSON RWA i nformation nodel in this docunent conprises four
categories of information. The categories are independent of whether
the informati on comes froma sw tching subsystemor froma line
subsystem -- a switching subsystemrefers to WSON nodes such as a
ROADM or an Optical Add/Drop Multiplexer (OADM, and a |ine subsystem
refers to devices such as WoM or Optical Anplifier. The categories
are these:
0 Node Information
o Link Information
o Dynanic Node |nformation

o Dynam c Link Information
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Note that this is roughly the categorization used in Section 7 of
[G 7715].

In the follow ng, where applicable, the Reduced Backus-Naur Form
(RBNF) syntax of [RBNF] is used to aid in defining the RMWA
i nformation nodel

3.1. Dynanmic and Relatively Static Information

Al'l the RM information of concern in a WSON network is subject to
change over tine. Equipnment can be upgraded; |inks nmay be placed in
or out of service and the like. However, fromthe point of view of
RWA conmputations, there is a difference between information that can
change with each successive connection establishnent in the network
and information that is relatively static and i ndependent of
connection establishnment. A key exanple of the fornmer is link

wavel engt h usage since this can change with connection setup/teardown
and this information is a key input to the RM process. Exanpl es of
relatively static infornation are the potential port connectivity of
a WM ROADM and the channel spacing on a WDM | i nk

Thi s docunent separates, where possible, dynam c and static
informati on so that these can be kept separate in possible encodi ngs.
This allows for separate updates of these two types of information

t hereby reduci ng processing and traffic |oad caused by the tinely
distribution of the nore dynam ¢ RM WSON i nformation.

4. Node Information (General)

The node infornmation described here contains the relatively static
information related to a WSON node. This includes connectivity
constrai nts anongst ports and wavel engt hs since WSON swi tches can
exhibit asymetric switching properties. Additional information
could include properties of wavel ength converters in the node, if any
are present. In [Switch] it was shown that the wavel ength
connectivity constraints for a large class of practical WSON devices
can be nodel ed via switched and fixed connectivity nmatrices al ong
with corresponding switched and fixed port constraints. These
connectivity matrices are included with the node information, while
the switched and fixed port wavel ength constraints are included wth
the I'ink information.

Fornmal |y,
<Node_I nformation> ::= <Node_I| D> [ <ConnectivityMatrix>...]

Where the Node_ | D woul d be an appropriate identifier for the node
within the WSON RWA cont ext .
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Note that nultiple connectivity matrices are allowed and hence can
fully support the nost-general cases enunerated in [Switch].

4.1. Connectivity Mtrix

The connectivity matrix (ConnectivityMatrix) represents either the
potential connectivity matrix for asymmetric switches (e.g., ROADVs
and such) or fixed connectivity for an asymetric device such as a
multiplexer. Note that this matrix does not represent any particul ar
i nternal blocking behavior but indicates which input ports and

wavel engt hs coul d possibly be connected to a particul ar output port.
For a switch or ROADM representing blocking that is dependent on the
internal state is beyond the scope of this docunent. Due to its

hi ghly inpl enent ati on- dependent nature, it would nost l|ikely not be
subj ect to standardi zation in the future. The connectivity matrix is
a conceptual Mby N matrix representing the potential swtched or
fixed connectivity, where Mrepresents the nunber of input ports and
N t he nunber of output ports. This is a "conceptual" matrix since
the matrix tends to exhibit structure that allows for very conpact
representations that are useful for both transmi ssion and path
conput ati on.

Note that the connectivity matrix information el enent can be usefu
in any technol ogy context where asymmetric switches are utilized.

<ConnectivityMatrix> ::= <wMatri x|l D>
<ConnType>
<Matri x>
Wher e

<MatrixID>is a unique identifier for the matrix.

<ConnType> can be either 0 or 1 dependi ng upon whet her the
connectivity is either fixed or swtched.

<Matri x> represents the fixed or switched connectivity in that
Matrix(i, j) = 0 or 1 dependi ng on whether input port i can connect
to output port j for one or nore wavel engths.

5. Node Information (WSON Specific)
As discussed in [ RFC6163], a WSON node may contain el ectro-optica
subsystens such as regenerators, wavel ength converters or entire

swi tchi ng subsystenms. The nodel present here can be used in
characterizing the accessibility and availability of linmted
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resources such as regenerators or wavel ength converters as well as
WSON signal attribute constraints of electro-optical subsystens. As
such, this information elenment is fairly specific to WSON

t echnol ogi es.

In this docunent, the term"resource" is used to refer to a physica
component of a WBON node such as a regenerator or a wavel ength
converter. Miltiple instances of such conponents are often present
within a single WSON node. This termis not to be confused with the
concept of forwarding or swtching resources such as bandw dth or

| anbdas.

A WBON node nay include regenerators or wavel ength converters
arranged in a shared pool. As discussed in [RFC6163], a WSON node
can al so include WDM swi t ches that use optical -el ectronic-optica
(CEO processing. There are a nunber of different approaches used in
t he design of WDM swi tches contai ni ng regenerator or converter pools.
However, fromthe point of view of path conputation, the follow ng
need to be known:

1. The nodes that support regeneration or wavel ength conversion

2. The accessibility and availability of a wavel ength converter to
convert froma given input wavel ength on a particular input port
to a desired output wavel ength on a particul ar output port.

3. Limtations on the types of signals that can be converted and the
conversions that can be perforned.

Since resources tend to be packaged together in blocks of simlar
devices, e.g., on line cards or other types of nodules, the
fundamental unit of identifiable resource in this docunent is the
"resource bl ock".

A resource block is a collection of resources fromthe same WSON node
that are grouped together for adninistrative reasons and for ease of
encoding in the protocols. Al resources in the sane resource bl ock
behave in the same way and have similar characteristics relevant to
the optical system e.g., processing properties, accessibility, etc.

A resource pool is a collection of resource blocks for the purpose of
representing throughput or cross-connect capabilities in a WSON node.
A resource pool associates input ports or links on the node with
output ports or links and is used to indicate how signals may be
passed froman input port or link to an output port or link by way of
a resource block (in other words, by way of a resource). A resource
pool may, therefore, be nodeled as a matri x.
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5.1

Lee,

A resource bl ock may be present in nultiple resource pools.
This leads to the followi ng formal high-1evel nodel
<Node_I nformati on> ::= <Node_| D>
[ <ConnectivityMatrix>...]
[ <Resour cePool >]
Wher e
<Resour cePool > :: = <Resour ceBl ockl nf o>. .
[ <ResourceAccessi bility>...]
[ <Resour ceVaveConstrai nts>. . . ]
[ <RBPool St at e>]

First, the accessibility of resource blocks is addressed; then, their
properties are di scussed.

Resource Accessibility/Availability

A simlar technique as used to nodel ROADMs, and optical sw tches can
be used to nodel regenerator/converter accessibility. This technique
was generally discussed in [RFC6163] and consisted of a matrix to

i ndi cate possible connectivity along with wavel ength constraints for
links/ports. Since regenerators or wavel ength converters nmay be
consi dered a scarce resource, it is desirable that the nodel include
if desired, the usage state (availability) of individual regenerators
or converters in the pool. Moddels that incorporate nore state to
further reveal blocking conditions on input or output to particular
converters are for further study and not included here.

The three-stage nodel is shown schematically in Figures 1 and 2. The
di fference between the two figures is that in Figure 1 it’'s assuned
that each signal that can get to a resource block nay do so, while in
Figure 2 the access to sets of resource blocks is via a shared fiber
that inposes its own wavel ength collision constraint. Figure 1 shows
that there can be nore than one input to each resource bl ock since
each input represents a single wavel ength signal, while Figure 2
shows a single WDM i nput or output, e.g., a fiber, to/fromeach set
of bl ocks.
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This nmodel assunes N input ports (fibers), P resource bl ocks
contai ni ng one or nore identical resources (e.g., wavelength
converters), and Moutput ports (fibers). Since not all input ports
can necessarily reach each resource bl ock, the nodel starts with a
resource pool input matrix R (i,p) = {0,1} depending on whether input
port i can potentially reach resource bl ock p.

Since not all wavel engths can necessarily reach all the resources or
the resources may have linmted i nput wavel ength range, the nodel has
a set of relatively static input port constraints for each resource.
In addition, if the access to a set of resource blocks is via a
shared fiber (Figure 2), this would inpose a dynam c wavel ength
availability constraint on that shared fiber. The resource bl ock

i nput port constraint is nodeled via a static wavel ength set
nmechani sm and the case of shared access to a set of blocks is
nodel ed via a dynanm c wavel ength set mechani sm

Next, a state vector RA(j) = {0,...,k} is used to track the nunber of
resources in resource block j inuse. This is the only state kept in
the resource pool nodel. This state is not necessary for nodeling

"fixed" transponder systemor full OEO switches with WDM i nterfaces,
i.e., systens where there is no sharing.

After that, a set of static resource output wavel ength constraints
and possi bly dynanic shared out put fiber constraints nmaybe used. The
static constraints indicate what wavel engths a particul ar resource

bl ock can generate or is restricted to generating, e.g., a fixed
regenerator would be linited to a single | anbda. The dynanic
constraints would be used in the case where a single shared fiber is
used to output the resource block (Figure 2).

Finally, to conplete the nodel, a resource pool output matrix RE(p, k)

= {0, 1} depending on whether the output fromresource block p can
reach output port k, may be used.
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11 T + T + Ol
----- >| | oot | |----->
12 | F------ + Rb #1 +------- + | o2
----- >| | bt | |----->
| | | |
| Resource | R + | Resource |
| Pool Fo--- - + Fo------ + Pool |
| | + Rb #2 + | |
| I'nput F------ + Fo-em - - | Qutput |
| Connection | e + | Connection |
| Matrix | | Matrix |
| | | |
| | : | |
I N | | Fomem e + | | oM
----- >| +------+ Rb #P +-------+ [----->
| | oo + | |
B S + A A B S +
| |
| |
| |
| |
I nput wavel engt h Qut put wavel engt h
constraints for constraints for
each resource each resource

Note: Rb is a resource bl ock.

Figure 1: Schematic Di agram of the Resource Pool Nbdel
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[1 eememecaaaas + . + 01
----- > | EEREEEEEE: | |----->
12 | +======+ Rb #1 +-+ | | o2
----- > | R | |----->
| | | =====| |
| Resource | Fomee - + | | Resource
| Pool | ++ Rb #2 +-+ | Pool |
| N ESREEE e + | |
| I'nput | ==== | Qutput |
| Connection | | +-------- + | Connection
| Matrix | +-| Rb #3 |=======| Matrix |
| | SR PEETEE + | |
I I I I
I I I I
I I : I I
IN | | S + | | ov
----- >| +======+ Rb #P +=======+ |----->
I I to------- + I I
N + A A N +

Single (shared) fibers for block input and out put

| nput wavel engt h Qut put wavel engt h
availability for availability for
each bl ock input fiber each bl ock output fiber

Note: Rb is a resource bl ock

Figure 2: Schematic Diagram of the Resource Pool Mdel with
Shared Bl ock Accessibility

Formal |y, the nodel can be specified as:
<ResourceAccessi bility> ::= <Pool | nput Matri x>

<Pool Qut put Matri x>

<Resour ceWaveConstrai nt s> :: = <l nput WaveConst rai nt s>

<Qut put WaveConst r ai nt s>

<RBShar edAccessWaveAvai l ability> ::= [ <l nAvai |l abl eWavel engt hs>]

[ <Qut Avai | abl eWavel engt hs>]
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<RBPool State> :: = <Resour ceBl ockl D>
<NunResour cesl nUse>
[ <RBShar edAccessWaveAvai | abi [ ity>]
[ <RBPool St at e>]
Note that, except for <RBPool State>, all the conponents of
<ResourcePool > are relatively static. Al so, the
<I nAvai | abl eVavel engt hs> and <Qut Avai | abl eWavel engt hs> are only used
in the cases of shared input or output access to the particul ar
bl ock. See the resource block information in the next section for
how this is specified.
5.2. Resource Signal Constraints and Processing Capabilities
The wavel ength conversion abilities of a resource (e.g., regenerator,
wavel ength converter) were nodel ed in the <Qut put WaveConstr ai nt s>
previously discussed. As discussed in [RFC6163], the constraints on
an el ectro-optical resource can be nodeled in ternms of input
constraints, processing capabilities, and output constraints:
<Resour ceBl ockl nfo> ::= <Resour ceBl ockSet >
[ <I nput Constrai nt s>]
[ <Processi ngCapabilities>]
[ <Qut put Constr ai nt s>]
Wiere <ResourceBlockSet> is a list of resource block identifiers
with the same characteristics. |If this set is missing, the
constraints are applied to the entire network el ement.
The <l nput Constraints> are constraints are based on signa
conpatibility and/or shared access constraint indication. The
details of these constraints are defined in Section 5.3.
<I nput Constrai nt s> ::= <Sharedl nput >
[ <Optical I nterfaceC assLi st >]
[<d i ent Si gnal Li st >]
The <ProcessingCapabilities> are inportant operations that the

resource (or network element) can performon the signal. The details
of these capabilities are defined in Section 5. 3.
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5.

5.

5.
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3.

3.

3.

<Processi ngCapabilities> ::= [ <NunResour ces>]

[ <Regener ati onCapabilities>]

[ <Faul t Per f Mon>]

[ <Vendor Speci fi c>]
The <CQutput Constraints> are either restrictions on the properties of
the signal |eaving the bl ock, options concerning the signa
properties when | eaving the resource, or shared fiber output
constraint indication.
<Qut put Constrai nt s> : = <Shar edQut put >

[ <Optical I nterfaceC assLi st >]
[ <C i ent Si gnal Li st >]
Compatibility and Capability Details
1. Shared I nput or Qutput I|ndication
As discussed in Section 5.2 and shown in Figure 2, the input or
out put access to a resource block may be via a shared fiber. The
<Shar edl nput > and <SharedQut put> el enents are indicators for this
condition with respect to the bl ock being described.
2. Optical Interface O ass List
<Opticallnterfaced assList> ::= <OpticallnterfaceC ass> ..

The Optical Interface Class is a unique nunber that identifies al
information related to optical characteristics of a physica
interface. The class may include other optical paraneters related to
other interface properties. A class always includes signha
conpatibility information.
The content of each class is out of the scope of this docunent and
can be defined by other entities (e.g., the ITU, optical equipnent
vendors, etc.).
Since even current inplenentation of physical interfaces nmay support
different optical characteristics, a single interface nay support
mul tiple interface classes. Wich optical interface class is used

anong all the ones available for an interface is out of the scope of
this docunent but is an output of the RWA process.
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5.3.3. Acceptable dient Signal List
The list is sinply:
<dientSignalList>:=[<GPID]..
Where the Ceneralized Protocol ldentifiers (G PID) object represents
one of the | ETF-standardi zed G PID values as defined in [ RFC3471] and
[ RFC4328] .
5.3.4. Processing Capability List
The ProcessingCapabilities are defined in Section 5. 2.
The processing capability list sub-TLV is a list of processing
functions that the WSON network el enent (NE) can performon the
si gnal i ncl uding:
1. nunber of resources within the block
2. regeneration capability
3. fault and performance nonitoring

4. vendor-specific capability

Note that the code points for fault and performance nonitoring and
vendor-specific capability are subject to further study.

6. Link Information (General)

MPLS- TE routing protocol extensions for OSPF [ RFC3630] and IS-1S

[ RFC5305], along with GWPLS routing protocol extensions for OSPF

[ RFC4203] and |1 S-1S [ RFC5307] provide the bulk of the relatively
static link informati on needed by the RM process. However, WS5ONs
bring in additional link-related constraints. These stemfrom
characterizing WOM | i ne systens, restricting laser transmitter
tuning, and switchi ng subsystem port wavel ength constraints, e.g.
"col ored" ROADM drop ports

The follow ng syntax summarizes both information from existing GWLS

routing protocols and new i nfornmati on that may be needed by the RWA
process.
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<Li nklnfo> ::= <Linkl D>
[ <Adni ni strativeG oup>]
[<InterfaceCapDesc>]
[ <Protection>]
[<SRLG. . .]
[ <TrafficEngi neeri ngMetric>]
[ <Port Label Restriction>...]
Note that these additional link characteristics only apply to line-
side ports of a WDM system or add/drop ports pertaining to the
resource pool (e.g., regenerator or wavel ength converter pool). The
adverti senent of input/output tributary ports is not intended here.
6.1. Adnministrative Goup
Adm ni strative Group: Defined in [RFC3630] and extended for MPLS-TE
[ RFC7308]. Each set bit corresponds to one adm nistrative group
assigned to the interface. A link may belong to nultiple groups.
This is a configured quantity and can be used to influence routing
deci si ons.
6.2. Interface Switching Capability Descriptor
I nterfaceSwCapDesc: Defined in [ RFC4202]; lets us know the different
switching capabilities on this GWLS interface. |In both [RFC4203]
and [ RFC5307], this information gets conbined with the maxi mum Li nk
State Protocol Data Unit (LSP) bandwi dth that can be used on this
link at eight different priority |levels.
6.3. Link Protection Type (for This Link)
Protection: Defined in [ RFC4202] and inplenmented in [ RFC4203] and

[ RFC5307]. Used to indicate what protection, if any, is guarding
this link.

6.4. Shared Risk Link Goup Information
SRLG Defined in [ RFC4202] and inplenented in [ RFC4203] and
[ RFC5307]. This allows for the grouping of links into shared risk

groups, i.e., those links that are likely, for some reason, to fai
at the sane tine.
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6.5. Traffic Engineering Metric

Traf fi cEngi neeringMetric: Defined in [ RFC3630] and [ RFC5305]. This
allows for the identification of a data-channel link metric value for
traffic engineering that is separate fromthe nmetric used for path
cost conputation of the control plane.

Note that multiple "link netric values" could find use in optica
net wor ks; however, it would be nore useful to the RWA process to
assign these specific neanings such as "link mle" netric,

"probability of failure" netric, etc.

6.6. Port Label Restrictions
Port | abel restrictions could be applied generally to any | abel types
in GWLS by addi ng new kinds of restrictions. Wvelength is a type
of | abel.
Port | abel (wavel ength) restrictions (PortLabel Restriction) nodel the
| abel (wavel ength) restrictions that the link and various optica
devi ces, such as Optical Cross-Connects (OXCs), ROADMs, and waveband
mul ti pl exers, may inmpose on a port. These restrictions tell us what
wavel ength may or may not be used on a link and are relatively
static. This plays an inportant role in fully characterizing a WSON
switching device [Switch]. Port wavelength restrictions are
specified relative to the port in general or to a specific
connectivity matrix (Section 4.1). [Switch] gives an exanpl e where
both switch and fixed connectivity matrices are used and both types
of constraints occur on the sane port.
<Port Label Restriction> ::= <Matri x| D>

<RestrictionType>

<Restriction paraneters |list>

<Restriction paranmeters list> ::=
<Sinple label restriction paraneters>
<Channel count restriction paraneters>
<Label range restriction paraneters>
<Si nmpl e+channel restriction paraneters>

<Excl usive | abel restriction paraneters>
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<Sinple label restriction paraneters> ::= <Label Set> ..
<Channel count restriction parameters> ::= <MaxNunChannel s>
<Label range restriction paraneters> ::= <MaxLabel Range>

(<Label Set> ...)
<Si npl e+channel restriction paraneters> ::= <MaxNunmChannel s>
(<Label Set> ...)
<Excl usive label restriction paraneters> ::= <Label Set> ..
Wher e
MatrixID is the I D of the corresponding connectivity matrix
4.1).
The RestrictionType paraneter is used to specify general por
restrictions and matri x-specific restrictions. |t can take
foll owi ng val ues and neani ngs:
SI MPLE_LABEL: Simpl e | abel (wavel ength) set restriction

Label Set paraneter is required.

CHANNEL COUNT: The nunber of channels is restricted to be
than or equal to the MaxNuntChannel s paraneter (which
required).

LABEL_RANGE: Used to indicate a restriction on a range o

uary 2015

(Section

t
t he

; the

| ess
s

f |abels

that can be switched. For exanple, a waveband device with a
tunabl e center frequency and passband. This constraint is

characterized by the MaxLabel Range paraneter, which in
t he maxi mum range of the labels, e.g., which may repre
waveband in terms of channels. Note that an additiona
paraneter can be used to indicate the overall tuning r

di cates
sent a
[

ange.

Specific center frequency tuning information can be obtai ned

frominformation about the dynanmic channel in use. It
assuned that both center frequency and bandwidth (Q t
be done without causing faults in existing signals.
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SI MPLE LABEL and CHANNEL COUNT: In this case, the acconpanying
| abel set and MaxNunChannel s indicate |abels permtted on the
port and the maxi mum nunber of |abels that can be
si mul t aneously used on the port.

LI NK LABEL _EXCLUSI VITY: A | abel (wavel ength) can be used at nost
once anong a given set of ports. The set of ports is specified
as a paraneter to this constraint.

Restriction-specific paraneters are used with one or nore of the
previously listed restriction types. The currently defined
paraneters are:

Label Set is a conceptual set of |abels (wavel engths).

MaxNuntChannel s i s the maxi num nunber of channels that can be
simul t aneously used (relative to either a port or a matrix).

Li nkSet is a conceptual set of ports.

MaxLabel Range i ndi cates the naxi numrange of the |abels. For

exanple, if the port is a "colored" drop port of a ROADM then there
are two restrictions: (a) CHANNEL _COUNT, with MaxNunChannels = 1, and
(b) SI MPLE_ WAVELENGTH, with the wavel ength set consisting of a single
menber corresponding to the frequency of the permtted wavel ength.
See [Switch] for a conpl ete waveband exanpl e.

This information nodel for port wavelength (label) restrictions is
fairly general in that it can be applied to ports that have | abe
restrictions only or to ports that are part of an asymetric switch
and have | abel restrictions. In addition, the types of |abe
restrictions that can be supported are extensible.

6.6.1. Port-Wavel ength Exclusivity Exanple

Al t hough there can be nmany different ROADM or switch architectures
that can lead to the constraint where a | anbda (| abel) naybe used at
nost once on a set of ports, Figure 3 shows a ROADM architecture
based on conponents known as Wavel ength Sel ective Swi tches (W5Ses)
[OFCO8]. This ROADM i s conposed of splitters, conbiners, and WsSes
Thi s ROADM has 11 out put ports, which are nunbered in the di agram
Qut put ports 1-8 are known as drop ports and are intended to support
a single wavel ength. Drop ports 1-4 output from WSS 2, which is fed
fromWsS 1 via a single fiber. Due to this internal structure, a
constraint is placed on the output ports 1-4 that a | anbda can be
used only once over the group of ports (assum ng unicast and not
mul ti cast operation). The output ports 5-8 have a simlar constraint
due to the internal structure.
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Figure 3: A ROADM Conposed from Splitter, Conbiners, and WsSes
Dynami ¢ Conponents of the Information Mde

In the previously presented information nodel, there are a limted
nunber of information elenents that are dynanic, i.e., subject to
change wi th subsequent establishment and teardown of connections.
Dependi ng on the protocol used to convey this overall information
nodel , it nay be possible to send this dynamic infornmation separately
fromthe relatively larger anount of static information needed to
characterize WBONs and their network el ements.
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7.1. Dynanmic Link Information (General)

For WBON |inks, the wavel ength availability and which wavel engths are
in use for shared backup purposes can be consi dered dynam c

i nformati on and hence are grouped with the dynam c information in the
foll owi ng set:

<Dynanmi cLi nkl nfo> ::= <Li nkl D>
<Avai | abl eLabel s>
[ <Shar edBackuplLabel s>]

Avai |l abl eLabel s is a set of |abels (wavel engths) currently avail abl e
on the link. Guven this information and the port wavel ength
restrictions, one can also determ ne which wavel engths are currently
in use. This paraneter could potentially be used with other
technol ogi es that GWPLS currently covers or nmay cover in the future.

Shar edBackupLabel s is a set of |abels (wavel engths) currently used
for shared backup protection on the link. An exanple usage of this
information in a WSON setting is given in [Shared]. This paraneter
could potentially be used with other technol ogi es that GWLS
currently covers or nmay cover in the future.

Note that the above does not dictate a particular encoding or

pl acement for available [abel information. |In some routing
protocols, it may be advantageous or required to place this
informati on within another information el ement such as the Interface
Swi tching Capability Descriptor (1SCD). Consult the extensions that
are specific to each routing protocol for details of placenent of

i nformation el enents.

7.2. Dynamc Node Information (WSON Specific)
Currently the only node information that can be considered dynamc is
the resource pool state, and it can be isolated into a dynam c node
i nformation el enent as follows:
<Dynami cNodel nfo> ::= <Nodel D> [ <Resour cePool >]

8. Security Considerations
Thi s docunent discusses an infornmation nodel for RWA conputation in
WSONs. From a security standpoint, such a nodel is very sinmlar to
the information that can be currently conveyed via GVWPLS routing

protocols. Such information includes network topol ogy, link state
and current utilization, as well as the capabilities of swtches and
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9.

9. 1.

Lee,

routers within the network. As such, this information should be
protected from disclosure to unintended recipients. |n addition, the
intentional nodification of this information can significantly affect
networ k operations, particularly due to the large capacity of the
optical infrastructure to be controlled. A general discussion on
security in GWLS networks can be found in [ RFC5920].
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