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Abst r act

CGeneralized Multiprotocol Label Switching (GWLS) can be used to
control a wide variety of technologies. 1In sone of these
technol ogi es, network el enments and |inks may inpose additiona
routing constraints such as asynmretric switch connectivity, non-loca
| abel assignment, and |label range Iimtations on |inks.

Thi s docunent provides efficient, protocol-agnostic encodi ngs for
general information elenents representing connectivity and | abe
constraints as well as label availability. 1t is intended that

pr ot ocol - speci fic docunments will reference this meno to descri be how
information is carried for specific uses.

Status of This Menp
This is an Internet Standards Track document.

Thi s docunent is a product of the Internet Engineering Task Force
(IETF). 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 Goup (IESG. Further information on
Internet Standards is available in Section 2 of RFC 5741.

I nformati on about the current status of this docunment, any errata,

and how to provide feedback on it nmay be obtained at
http://ww. rfc-editor.org/info/rfc7579
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1

1

| ntroducti on

Sone dat a- pl ane technol ogi es that wi sh to make use of a GWPLS contro
pl ane contain additional constraints on switching capability and

| abel assignment. |In addition, sone of these technol ogi es nust
perform non-1ocal |abel assignment based on the nature of the
technol ogy, e.g., wavel ength continuity constraint in Wavel ength

Swi tched Optical Networks (WSONs) [RFC6163]. Such constraints can
lead to the requirement for link-by-link |abel availability in path
conput ati on and | abel assignnent.

Thi s docunent provides efficient encodings of information needed by
the routing and | abel assignment process in technol ogi es such as WSON
and are potentially applicable to a wider range of technol ogi es.

Such encodi ngs can be used to extend GWLS signaling and routing
protocols. In addition, these encodings could be used by ot her
mechani snms to convey this sane information to a path computation

el emrent (PCE)

1. Node Switching Asymmetry Constraints

For some network elenents, the ability of a signal or packet on a
particul ar i nput port to reach a particular output port may be
limted. Additionally, in sonme network elenents (e.g., a sinple
nmul tipl exer), the connectivity between sone input and output ports
may be fixed. To take into account such constraints during path
conput ati on, we nodel this aspect of a network elenment via a
connectivity matrix.

The connectivity matrix (ConnectivityMatrix) represents either the
potential connectivity matrix for asymretric switches or fixed
connectivity for an asynmetric device such as a multiplexer. Note
that this matrix does not represent any particular internal blocking
behavi or but indicates which input ports and | abels (e.qg.

wavel engt hs) coul d possi bly be connected to a particul ar output port
and | abel pair. Representing internal state-dependent blocking for a
node is beyond the scope of this docunent and, due to its highly

i mpl ement ati on- dependent nature, would nost |ikely not be subject to
standardi zation in the future. The connectivity matrix is a
conceptual Mm by N*n matri x where Mrepresents the nunber of input
ports (each with mlabels) and N the nunber of output ports (each
with n | abels).

Bernstein, et al. St andards Track [ Page 3]



RFC 7579 General Network El ement Constraint Encodi ng June 2015

1.2. Non-local Label Assignnent Constraints

If the nature of the equipment involved in a network results in a
requi rement for non-local |abel assignment, we can have constraints
based on limts inmposed by the ports thensel ves and those that are
inmplied by the current |abel usage. Note that constraints such as
these only becone i nportant when | abel assignnent has a non-|oca
character. For exanple, in MPLS, an LSR nmay have a linited range of
| abel s avail able for use on an output port and a set of |abels
already in use on that port; these are therefore unavail able for use.
This information, however, does not need to be shared unless there is
sone limtation on the LSR s | abel swapping ability. For exanple, if
a Tine Division Miultiplexer (TDM node |l acks the ability to perform
time-slot interchange or a WSON | acks the ability to perform

wavel engt h conversion, then the | abel assignnent process is not |oca
to a single node. 1In this case, it may be advantageous to share the
| abel assignment constraint information for use in path computation

Port | abel restrictions (PortlLabel Restriction) nodel the |abe
restrictions that the network el ement (node) and |ink rmay inpose on a
port. These restrictions tell us what |abels may or may not be used
on a link and are intended to be relatively static. Mre dynanc
information is contained in the informati on on avail able | abels.

Port | abel restrictions are specified relative to the port in genera
or to a specific connectivity matrix for increased nodeling
flexibility. [Switch] gives an exanple where both switch and fixed
connectivity matrices are used and both types of constraints occur on
the sane port.

1.3. Conventions Used in This Document

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

2. Encoding

This section provides encodings for the information el ements defined
in [ RFC7446] that have applicability to WBON. The encodi ngs are
designed to be suitable for use in the GWLS routing protocols OSPF
[ RFC4203] and 1S-1S [RFC5307] and in the PCE Conmmuni cati on Protoco
(PCEP) [ RFC5440]. Note that the information distributed in [RFC4203]
and [ RFC5307] is arranged via the nesting of sub-TLVs within TLVs;
thi s docunent defines elenents to be used within such constructs.
Specific constructs of sub-TLVs and the nesting of sub-TLVs of the

i nformati on el enent defined by this docunment will be defined in the
respecti ve protocol enhancement docunents.
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2.1. Connectivity Matrix Field

The Connectivity Matrix Field represents how input ports are
connected to output ports for network el enents. The switch and fixed
connectivity matrices can be compactly represented in ternms of a
mnimal list of input and output port set pairs that have nutua
connectivity. As described in [Switch], such a minimal |ist
representation | eads naturally to a graph representation for path
conput ati on purposes; this representation involves the fewest
addi ti onal nodes and |i nks.

The Connectivity Matrix Field is uniquely identified only by the
advertising node. There nay be nore than one Connectivity Mtrix
Field associated with a node as a node can partition the switch
matrix into several sub-matrices. This partitioning is primarily to
l[imt the size of any individual information element used to
represent the matrix and to enable incremental updates. Wen the
matrix is partitioned into sub-matrices, each sub-matrix will be
nmutual |y exclusive to one another in representing which ports/labels
are associated with each sub-matrix. This inplies that two matrices
will not have the same {src port, src |label, dst port, dst |abel}.

Each sub-matrix is identified via a different Matrix I D that MJST
represent a uni que conbination of {src port, src |label, dst port, dst
| abel }.

A TLV encoding of this list of link set pairs is:

0 1 2 3
01234567890123456789012345678901

s S S o T i i S S i (i
| Conn | Mat ri xI D | Reserved
R Rt i i i i e T I I S S S R i e S R e e i s o

Li nk Set A #1

R it e i T e S R el ot (I I S R S R R S R
| Li nk Set B #1

T T R i e e e e o S e SRR R
| Addi tional Link Set Pairs as Needed

to Specify Connectivity
R ol N N N R R e T N i i NI R R R NI R R R R ik s S R i i et N
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Wer e:
Connectivity (Conn) (4 bits) is the device type.
0 - the device is fixed

1 - the device is switched (e.g., Reconfigurable Optical Add/Drop
Mul tiplexer / Optical Cross-Connect (ROADM OXC))

MatrixlI D represents the 1D of the connectivity matrix and is an 8-bit
integer. The value of OxFF is reserved for use with port |abe
constraints and should not be used to identify a connectivity matrix.

Link Set A #1 and Link Set B #1 together represent a pair of link
sets. See Section 2.3 for a detailed description of the Link Set
Field. There are two permitted conbinations for the Link Set Field
paranmeter "dir" for link set A and B pairs:

o Link Set A dir=input, Link Set B dir=output

In this case, the nmeaning of the pair of link sets A and B is that
any signal that inputs a link in set A can be potentially sw tched
out of an output link in set B.

o Link Set Adir=bidirectional, Link Set B dir=bidirectiona

In this case, the meaning of the pair of link sets A and B is that
any signal that inputs on the links in set A can potentially
output on a link in set B and any input signal on the links in set
B can potentially output on alink in set A If link set Ais an
input and link set Bis an output for a signal, then it inplies
that link set Ais an output and Iink set Bis an input for that
si gnal

See Appendix A for both types of encodings as applied to a ROADM
exanpl e.

2.2. Port Label Restrictions Field

The Port Label Restrictions Field tells us what |abels may or may not
be used on a link

The port |abel restrictions can be encoded as follows. Mrre than one
of these fields may be needed to fully specify a conpl ex port
constraint. Wen nore than one of these fields is present, the
resulting restriction is the union of the restrictions expressed in
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each field. The use of the reserved value of OxFF for the MatrixlD
indicates that a restriction applies to the port and not to a
specific connectivity matrix.

0 1 2 3
01234567890123456789012345678901
i S T i s o i i R SR S S S S

| Matri xI D | Rst Type | Switching Cap | Encodi ng
L i e S e e e o ok i SR R
| Addi tional Restriction Paraneters per Restriction Type

I S i i T T o h T ks s S S N o S
Wher e:

MatrixID: either is the value in the correspondi ng Connectivity
Matrix Field or takes the value OxFF to indicate the restriction
applies to the port regardl ess of any connectivity matri x.

Rst Type (Restriction Type) can take the follow ng val ues and
nmeani ngs:

0: SIMPLE _LABEL (Sinple |abel selective restriction). See
Section 2.2.1 for details.

1: CHANNEL_ COUNT (Channel count restriction). See Section 2.2.2
for details.

2: LABEL_RANGE (Label range device with a novable center |abel and
width). See Section 2.2.3 for details.

3: SIMPLE LABEL & CHANNEL COUNT (Conbi nati on of SIMPLE LABEL and
CHANNEL_COUNT restriction. The acconpanying |abel set and
channel count indicate |abels permtted on the port and the
maxi mum nunber of channels that can be sinultaneously used on
the port). See Section 2.2.4 for details.

4: LI NK_LABEL_EXCLUSI VITY (A | abel may be used at npbst once
amongst a set of specified ports). See Section 2.2.5 for
detail s.

Switching Cap (Switching Capability) is defined in [ RFC4203], and LSP
Encodi ng Type is defined in [ RFC3471]. The conbi nation of these
fields defines the type of |abels used in specifying the port |abe
restrictions as well as the interface type to which these
restrictions apply.
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The Additional Restriction Paraneters per RestrictionType field is an
optional field that describes additional restriction paranmeters for
each RestrictionType pertaining to specific protocols.

2.2.1. SIMPLE_LABEL
In the case of SIMPLE LABEL, the format is:

0 1 2 3
01234567890123456789012345678901
B s i S i I i S S S i i

| MatrixID | RstType =0 | Switching Cap | Encodi ng
s S S o T i i S S i (i
| Label Set Field

R Rt i i i i e T I I S S S R i e S R e e i s o

In this case, the accompanying | abel set indicates the |abels
permtted on the port/matrix.

See Section 2.6 for the definition of |abel set.
2.2.2. CHANNEL_ COUNT
In the case of CHANNEL COUNT, the format is:

0 1 2 3
012345678901234567890123456789¢01
B I i o SIS I I Y Y Y S T T T T N i S N S S il o S S I S

| MatrixID | RstType =1 | Switching Cap | Encodi ng

B ol it I R S T et S i e e s s s sl o it SRR I TR Sl e T S I SR g
| MaxNuntChannel s

B ik o T e S S T ks e i S R T I e e S S e el ST S TR S e

In this case, the acconpanyi ng MaxNumChannel s i ndi cates the maxi mum
nunber of channels (labels) that can be simultaneously used on the
port/matri Xx.

MaxNuntChannel s is a 32-bit integer
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2.2.3. LABEL_RANGE
In the case of LABEL_RANGE, the format is:

0 1 2 3
01234567890123456789012345678901
i S T i s o i i R SR S S S S
| MatrixID | RstType = 2 | Switching Cap | Encoding
e  E C ke e T e e o ok i Sl SRR R N
| MaxLabel Range

i i S T S S S s S S S i ai i i ST
| Label Set Field

e s S i e S e e  t ik ok S R SR S S

This is a generalization of the waveband device. The MaxLabel Range

i ndi cates the maxi mum wi dth of the waveband in terns of the channels
spacing given in the Label Set Field. The corresponding |abel set is
used to indicate the overall tuning range.

MaxLabel Range is a 32-bit integer
See Section 2.6.2 for an explanation of |abel range.
2.2.4. SIMPLE_LABEL & CHANNEL_COUNT
In the case of SIMPLE_LABEL & CHANNEL_COUNT, the format is:

0 1 2 3
01234567890123456789012345678901
B T s i I S e i S i i S S e S

| MatrixID | RstType = 3 | Switching Cap | Encodi ng
s S S i I S R R e h T Tk e S S S o T S
| MaxNunthannel s

B i aT T ST S O S it T ol STEE S U SR U S e O S S N S S
| Label Set Field

B T s i I S e i S i i S S e S

In this case, the acconpanying |abel set and MaxNuntChannel s indicate
| abel s pernmitted on the port and the maxi mum nunber of | abels that
can be simultaneously used on the port.

See Section 2.6 for the definition of |abel set.
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2.2.5. LINK_LABEL_EXCLUSI VI TY
In the case of Link Label Exclusivity, the format is:

0 1 2 3
01234567890123456789012345678901
T S s S e St SR S R S S S

| MatrixID | RstType = 4 | Switching Cap | Encodi ng

I I T S i i wis I S S S S e e ok
| Link Set Field |
B s i S i I i S S S i i

In this case, the acconmpanying link set indicates that a | abel nmay be
used at nobst once anpong the ports in the Link Set Field.

See Section 2.3 for the definition of |link set.
2.3. Link Set Field

W will frequently need to describe properties of groups of |inks.

To do so efficiently, we can nake use of a link set concept sinilar
to the | abel set concept of [RFC3471]. The Link Set Field is used in
the <ConnectivityMatrix>, which is defined in Section 2.1. The
information carried in a link set is defined as foll ows:

0 1 2 3
012345678901234567890123456789¢01
B I i o SIS I I Y Y Y S T T T T N i S N S S il o S S I S

| Acti on |Dir| Format | Length

B ol it I R S T et S i e e s s s sl o it SRR I TR Sl e T S I SR g
| Link Identifier 1

B ik o T e S S T ks e i S R T I e e S S e el ST S TR S e

B s i S i I i S S S i i
| Link lIdentifier N
e b i T T e T S s S R S e T O i i Tk i RIS S S
Action: 8 bits
0 - Inclusive List
I ndi cates that one or nmore link identifiers are included in

the link set. Each identifies a separate link that is part of
the set.
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Dir:

For

Ber nst

1 - Inclusive Range

Indicates that the link set defines a range of links. It
contains two link identifiers. The first identifier indicates
the start of the range. The second identifier indicates the
end of the range. All links with nuneric val ues between the
bounds are considered to be part of the set. A value of zero
in either position indicates that there is no bound on the
correspondi ng portion of the range. Note that the Action
field can be set to 0x01 (Inclusive Range) only when the
identifier for unnunmbered link is used.

Directionality of the link set (2 bits)
0 - bidirectiona
1 - input
2 - output
In optical networks, we think in terms of unidirectional and
bi directional links. For exanple, |label restrictions or
connectivity may be different for an input port than for its
"conpani on" output port, if one exists. Note that "interfaces"
such as those discussed in the Interfaces MB [ RFC2863] are
assumed to be bidirectional. This also applies to the links
advertised in various link state routing protocols.
mat: The format of the link identifier (6 bits)
0 - Link Local ldentifier
Indicates that the links in the link set are identified by
link local identifiers. Al link local identifiers are
supplied in the context of the advertising node.
1 - Local Interface |Pv4 Address

Indicates that the links in the link set are identified by
Local Interface |Pv4 Address.

2 - Local Interface |Pv6 Address

Indicates that the Iinks in the link set are identified by
Local Interface |IPv6 Address.

O hers - Reserved for future use
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Note that all link identifiers in the sane |ist nust be of the
sane type

Length: 16 bits

This field indicates the total length in bytes of the Link Set
Fi el d.

Link ldentifier: length is dependent on the Iink format

The link identifier represents the port that is being described
either for connectivity or for label restrictions. This can be
the link | ocal identifier of GWLS routing [ RFC4202], GWPLS OSPF
routing [ RFC4203], and IS 1S GWLS routing [ RFC5307]. The use of
the link local identifier fornmat can result in nore conpact
encodi ngs when the assignnents are done in a reasonable fashion

2.4. Available Labels Field

The Avail able Labels Field consists of priority flags and a single
vari abl e-1ength Label Set Field as follows:

0 1 2 3
01234567890123456789012345678901
o bm bm bm bm bm bm bo bm bo bm bo bm bm bm bm bm bm bo bo bo bo b bo b o o o o o o o

| PRI | Reser ved
o bm bm bm bm bm bm be be be bm be be be be be be be be be be be be be b b b e e e e e
| Label Set Field

I S i i T T o h T ks s S S N o S
Wher e:

PRI (Priority Flags, 8 bits): A bitmap used to indicate which
priorities are being advertised. The bitmap is in ascendi ng order
with the leftnost bit representing priority level 0 (i.e., the

hi ghest) and the rightnost bit representing priority level 7 (i.e.
the lowest). A bit MJST be set (1) corresponding to each priority
represented in the sub-TLV and MJST NOT be set (0) when the
corresponding priority is not represented. |If a label is available
at priority M it MJIST be advertised available at each priority N <
M At least one priority |evel MJST be advertised.

The PRI field indicates the availability of the |abels for use in

Label Switched Path (LSP) setup and preenption as described in
[ RFC3209] .
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When a | abel is advertised as available for priorities 0, 1, ... M

it my be used by any LSP of priority N<= M \hen a |label is in use
by an LSP of priority M it may be used by an LSP of priority N < M
if LSP preenption is supported.

When a label was initially advertised as available for priorities O,
1, ... Mand once a label is used for an LSP at a priority, say N
(N<=M), then this label is advertised as available for 0, ... N1.

Note that the Label Set Field is defined in Section 2.6. See
Appendi x A.5 for illustrative exanpl es.

2.5. Shared Backup Labels Field

The Shared Backup Labels Field consists of priority flags and a
single variable-length Label Set Field as foll ows:

0 1 2 3
01234567890123456789012345678901
s S S i I S R R e h T Tk e S S S o T S

| PRI | Reserved
B I i o SIS I I Y Y Y S T T T T N i S N S S il o S S I S
| Label Set Field

A T A S T S S S S S
Wher e:

PRI (Priority Flags, 8 bits): A bitmap used to indicate which
priorities are being advertised. The bitmap is in ascendi ng order
with the leftnost bit representing priority level 0 (i.e., the

hi ghest) and the rightnost bit representing priority level 7 (i.e.
the lowest). A bit MJST be set (1) corresponding to each priority
represented in the sub-TLV and MJUST NOT be set (0) when the
corresponding priority is not represented. |If a label is available
at priority M it MJIST be advertised available at each priority N <
M At least one priority |evel MJST be advertised.

The sane LSP setup and preenption rules specified in Section 2.4
apply here.

Note that Label Set Field is defined in Section 2.6. See
Appendi x A5 for illustrative exanpl es.
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2.6. Label Set Field

The Label Set Field is used within the Available Labels Field or the
Shared Backup Labels Field, defined in Sections 2.4 and 2.5,
respectively. It is also used within SI MPLE LABEL, LABEL_ RANGE, or

SI MPLE LABEL & CHANNEL_ COUNT, defined in Sections 2.2.1, 2.2.3, and
2.2.4, respectively.

The general format for a |abel set is given below. This format uses
the Action concept from|[RFC3471] with an additional Action to define
a "bitmap" type of |label set. Labels are variable in Iength.
Action-specific fields are defined in Sections 2.6.1, 2.6.2, and
2.6.3.

0 1 2 3

01234567890123456789012345678901
B i T S T T i I i i S I e
Acti on| Num Labels = N | Lengt h |
R e s o S e T S T T i R e e e e o o i

Base Labe

|
Coe |
B i i T e S ik seTe O I S i S S R S R it dEIE I R SR
(Action-specific fields) |

|

+

+-
|
+-
|
|
+-
|
| Coe
I i T s i S i M SR S R S S e o
Act i on:

0 - Inclusive List

1 - Exclusive List

2 - Inclusive Range

3 - Exclusive Range

4 - Bitmap Set
Num Label s is generally the nunmber of labels. It has a specific
nmeani ng dependi ng on the Action value. See Sections 2.6.1, 2.6.2,

and 2.6.3 for details. NumLabels is a 12-bit integer

Length is the length in bytes of the entire Label Set Field.
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2.

2.

6.

6.

Fo
fo

1.

I ncl usi ve/ Excl usi ve Label Lists

r inclusivel/exclusive lists (Action = 0 or 1), the wavel ength set
rmat is:

0 1 2 3
01234567890123456789012345678901
s S S i I S R R e h T Tk e S S S o T S
|0 or 1 | Num Labels = 2 | Length
B i aT T ST S O S it T ol STEE S U SR U S e O S S N S S
| Label #1 |
| : |

T S I S S T R S S SR S

T T R i e e e e o S e SRR R
| Label #N |

B T S S S T T i S S S R S S

Label #1 is the first |abel to be included/excluded, and Label #Nis

th
Wi

Fo
fo

2.

e last label to be included/ excluded. Num Labels MJST match
th N

I ncl usi ve/ Excl usi ve Label Ranges

r inclusivel/exclusive ranges (Action = 2 or 3), the | abel set
rmat is:

0 1 2 3
01234567890123456789012345678901

T i T e T i SN S S S S

2 or 3 | Num Labels | Length |

I T i e S b i S SN S
Start Label

B T i i S S S i S S S S SR S

+
|
+
| |
| |
+ +
| End Label |
| |
+ +

T S S T S S S S S S i i e

Note that Start Label is the first label in the range to be

in
Nu

cl uded/ excl uded, and End Label is the last |abel in the sanme range.
m Label s MUST be two.
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2.6.3. Bitmap Label Set
For bitmap sets (Action = 4), the | abel set format is:

0 1 2 3
01234567890123456789012345678901
s S S o T i i S S i (i
| 4 | Num Label s | Length
R Rt i i i i e T I I S S S R i e S R e e i s o
| Base Label |
L—- B i T S T T i S S S e e h T i i g S +-!|-
| Bitmap Word #1 (Lowest nunerical |abels)
s S S i I S R R e h T Tk e S S S o T S

B I i o SIS I I Y Y Y S T T T T N i S N S S il o S S I S
| Bitmap Wrd #N (H ghest nunerical | abels)
B ol it I R S T et S i e e s s s sl o it SRR I TR Sl e T S I SR g

In this case, Num Labels tells us the nunber of |abels represented by
the bitmap. Each bit in the bitmap represents a particul ar | abe

with a value of 1/0 indicating whether or not the label is in the
set. Bit position zero represents the | owest |abel and corresponds
to the base | abel, while each succeeding bit position represents the
next | abel |ogically above the previous.

The size of the bitmap is Num Labels bits, but the bitmap is padded

out to a full multiple of 32 bits so that the field is a multiple of
four bytes. Bits that do not represent |abels SHOULD be set to zero
and MUST be ignored.

3. Security Considerations

Thi s docunent defines protocol -i ndependent encodi ngs for WSON
i nformati on and does not introduce any security issues.

However, other docunents that make use of these encodings wthin
protocol extensions need to consider the issues and risks associ ated
with inspection, interception, nodification, or spoofing of any of
this information. 1t is expected that any such docunents wil|
descri be the necessary security nmeasures to provi de adequate
protection. A general discussion on security in GWLS networks can
be found in [ RFC5920].
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4. | ANA Consi derations

Thi s docunent provides general protocol-independent information
encodi ngs. There is no | ANA al |l ocation request for the information
el ements defined in this docunment. |ANA allocation requests will be
addressed in protocol -specific docunments based on the encodi ngs
defined here.
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App

A 1.

A 2.

Ber

endi x A.  Encodi ng Exanpl es

Thi s appendi x cont ai ns exanpl es of the general encodi ng extensions
applied to some sinple ROADM network el ements and |inks.

Link Set Field

Suppose that we wish to describe a set of input ports that have |ink
local identifiers nunbered 3 through 42. 1In the Link Set Field, we
set Action = 1 to denote an inclusive range, Dir = 1 to denote input
links, and Format = 0 to denote link local identifiers. Thus, we
have:

s S S i I S R R e h T Tk e S S S o T S
| Action=1 |0 10 0 0 0 O O Length = 12

B I i o SIS I I Y Y Y S T T T T N i S N S S il o S S I S
| Li nk Local ldentifier = #3

B ol it I R S T et S i e e s s s sl o it SRR I TR Sl e T S I SR g
| Li nk Local ldentifier = #42

s S S i I S R R e h T Tk e S S S o T S

Label Set Field

In this exanple, we use a 40-channel C-Band Dense Wavel ength Division
Mul tiplexing (DADM) systemw th 100 GHz spacing with | owest frequency
192.0 THz (1561.4 nnm) and hi ghest frequency 195.9 THz (1530.3 nnj.
These frequencies correspond to n = -11 and n = 28, respectively.

Now suppose the foll owi ng channel s are avail abl e:

Frequency (THz) n Val ue bi t map position
192.0 -11 0
192.5 -6 5
193.1 0 11
193.9 8 19
194.0 9 20
195.2 21 32
195. 8 27 38
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Using the | abe
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format defined in [ RFC6205],
to indicate an ITUT A/2 [G 694. 1]
this lanbda bitmap set woul d then be encoded as foll ows:

1
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with the Gid val ue set

DWM grid and C.S. set to indicate

2

3

01234567890123456789012345678901
i i i U SR S

100 GHz,
0
O S S M.
| 4 | Num
S S S
|Gid]| CS
R o ok o S
|10
+
|1 0000010
+

To encode this sane set as an inclusive list,

0

40

Length = 16 bytes

T S S T T T T T

+- +-
Label s =
+-+

| Reser ved
+

| n

for | owest frequency

= -11 |

I T S S I wik o S S S S S S

1

system (al

2

we woul d have

0001000001000000011200000000000]
I i i i S S i Sui R R S e

Not used in 40 Channe
e i et I R i e R N i i I S e T ok I T S R T S e

zer 0s) |

3

012345678901234567890123456789¢01

R
0

1
+
1

'."_"'
TE
+3 4

FTH TR T AT T AT AT T+

]
+
L}

@
@]
wn

|
=+
|
=+
|
+

|
=+
L}

@
(@)
wn

1
+
1

@
@)
2]

|
=+
|

©
(@)
wn

1
+
1

@
@)
2]

]
+

L}
]
]
+
]
+
]
+

@

il sl it Sl Jhnll Sl Sl Sl
+
1
0
9]

1

+ @

1 _
+o+a+a+a0+0+0+0+

T T AT T T T T
(@)
9]

A. 3. Connectivity

Suppose we have

its two line side ports,
below illustrates how a typica
pairs is a highly asymetrica
ROADM subsyst ens.

bi di rectional fi

two unidirectiona

Bernstein, et al.

1 1 1
+ o+ o+
1 1 1
+ 70+ Ty
1 1 1
+ 7+ Ty
1 1 1

1
+
1
+
1
+
1

|

=+
|

=+
|

=+
|

- - -
abels = 7
- +- +-

Reser ved
s I I I R S

Reser ved

1
+

Reserved

]
+

Reser ved

|
=+

Reser ved

1
+

Reserved
R ks T S R S S S

Reser ved

Matri x

a typica

ber

R S

B N N N

B T T S S S o

B S R N

B N N N

s S NN R

+- +
| n
+- +
| n
+-+
| n
+- +
| n
+- +
| n
+-+
| n
+- +
| n
- +-

2-degree 40-channe
it has 80 add and 80 drop ports.
2-degree ROADM systemthat works with
system conposed of

Length = 32 bytes

B T S S S S S T

for | owest frequency

R A R A

for | owest frequency

T S T i S S

for | owest frequency

B I S s

for | owest frequency

i S S S s o e

for | owest frequency

B S S S O

for | owest frequency

B I S s

for | owest frequency
ki T R R e R

ROADM

St andards Track

i S it iR S S S k-

oo -+
= 11 |
oA et
= -6 |
R

"o
T

|
=+
|

=

+||+||+||+||+|
+N+ N+ O+ 0+
+ o+
1 1
T+ +—

|
=+
|

In addition to
The figure
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(Tributary) Ports #3-#42
| nput added to Qut put dropped from

West Line CQutput East Line Input
VVVVV NNNNN
| LIl | LIl
e N YRR IR +
| o + |
| | . |
Qut put | | Unidirectional ROADM | | I nput
----------------- + | | B
<:::::::::::::::::::::| |:::::::::::::::::::<
----------------- + S R
| |
Port #1 | | Port #2
(West Line Side) | | (East Line Side)
----------------- + Fom e e e e e -+ Fomm oo o -
>:::::::::::::::::::::| e e
————————————————— + | Unidirectional ROADM | R LR
| nput | | | | Qut put
| | _ |
| R I + |
t----- | l-------- | LI l------ +
A ER I LIl
VVVVV NNNNN
(Tributary) Ports #43-#82
Qut put dropped from | nput added to
West Line | nput East Line CQutput

Referring to the figure above, we see that the Input direction of
ports #3-#42 (add ports) can only connect to the output on port #1
while the Input side of port #2 (line side) can only connect to the
out put on ports #3-#42 (drop) and to the output on port #1 (pass
through). Simlarly, the input direction of ports #43-#82 can only
connect to the output on port #2 (line) while the input direction of
port #1 can only connect to the output on ports #43-#82 (drop) or
port #2 (pass through). W can now represent this potentia
connectivity matrix as follows. This representation uses only 29
32-bit words.
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0 1 2 3
012345678901234567890123456789¢01

T T R i e e e e o S e SRR R
| Conn =1 | MatrixID | Reser ved |
B s i S i I i S S S i i

Note: adds to |ine

i S T i s o i i R SR S S S S
| Action=1 |0 110 0 0 0 0 O] Length = 12 |
e  E C e e o e ko o i SRR R
| Li nk Local ldentifier = #3 |
B s i S i I i S S S i i
| Li nk Local Identifier = #42 |
e s S i e S e e  t ik ok S R SR S S
| Action=0 |1 00 0000 O] Length = 8 |
e  E C e e o e ko o i SRR R
| Li nk Local ldentifier = #1 |
B s i S i I i S S S i i
Note: line to drops
i T T i s o i i TR SR S S S S S S
| Action=0 |0 1]0 0 0 0 O Of Length = 8 |
e  E C e e o e ko o i SRR R
| Li nk Local ldentifier = #2 |
B s i S i I i S S S i i
| Action=1 |1 00 000 O0 O] Length = 12 |
e s S i e e e e s th s S R SR e S
| Link Local ldentifier = #3 |
T Lk R e T e i ik i Sl TR R o
| Li nk Local ldentifier = #42 |
B s i S i I i S S S i i
Note: line to line
i S T i s o i i R SR S S S S
| Action=0 |0 1]0 0 0 0 O Of Length = 8 |
e  E C e e o e ko o i SRR R
| Li nk Local ldentifier = #2 |
B s i S i I i S S S i i
| Action=0 |1 00 000 O0 O] Length = 8 |
e s S i e e e e s th s S R SR e S
| Li nk Local Identifier = #1 |
T Lk R e T e i ik i Sl TR R o
Note: adds to line
B s i S i I i S S S i i
| Action=1 |0 1]0 0 0 0 O O] Length = 12 |
e s S i e e e e s th s S R SR e S
| Link Local ldentifier = #43 |
T Lk R e T e i ik i Sl TR R o
| Li nk Local ldentifier = #82 |
B s i S i I i S S S i i
|

Act i on=0 |1 00 000 O0 O] Length = 8 |
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i S T i s o i i R SR S S S S
Li nk Local Identifier = #2
T Lk R e T e i ik i Sl TR R o
Note: line to drops
B s i S i I i S S S i i
| Action=0 |0 1]0 0 0 0 0 O] | Length = 8 |
e s S i e S e e s th s S R SR S
| Li nk Local Identifier = #1 |
T Lk R e T e i ik i Sl TR R o
| Action=1 |12 0/0 000 0 O] Length = 12 |
B s i S i I i S S S i i
| Li nk Local Identifier #43 |
e s S i e S e e  t ik ok S R SR S S
| Link Local Ildentifier #82 |
T Lk R e T e i ik i Sl TR R o
Note: line to line
B s i S i I i S S S i i
| Action=0 |0 1]0 0 0 0 O O] Length = 8 |
e s S i e e e e s th s S R SR e S
| Li nk Local Identifier = #1 |
T Lk R e T e i ik i Sl TR R o
L.
L.

I+ 1

Act i on=0 |12 0/0 000 0 O Length = 8 |
B i T S T T i I i i S I e

Li nk Local Identifier = #2 |
T T R e s o s i N R T ok o =
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A. 4. Connectivity Matrix with Bidirectional Symmetry

If one has the ability to renunber the ports of the previous exanple
as shown in the next figure, then we can take advantage of the

bi di recti onal symretry and use bidirectional encoding of the
connectivity matrix. Note that we set dir=bidirectional in the Link
Set Fi el ds.

(Tributary)

Ports #3-42 Ports #43-82
West Line CQutput East Line Input
VVVVV NNNNN
| 1] | 1]
e I P EEEEEETS IR +
| T + |
I | |
Qut put | | Unidirectional ROADM | | I nput
----------------- + | | Fommm e e e o
<:::::::::::::::::::::| | oo =L
----------------- + e S
| |
Port #1 | | Port #2
(West Line Side) | | (East Line Side)
----------------- + e R
>:::::::::::::::::::::| | o= =>
----------------- + | Unidirectional ROADM | R
I nput | | | | Qut put
| | — | |
| o + |
+o---- L l-------- |- l------ +
| T | L]
VVVVV NNNNN
Ports #3-#42 Ports #43-82
Qut put dropped from | nput added to
West Line I nput East Line CQutput
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3

01234567890123456789012345678901
Rl T ol e e et o o i o TR SRR S
MatrixID | Reser ved

T+ T T 4

+
1
+

Action=0

+-

e I e e i i S e T e il ol ok ST I S RIS TR S R
B i T S T i ik s S S
| Action=1

R Tk i T S S i S TR SR R S T ok oI TR e
e I e e i i S e T e il ol ok ST I S RIS TR S R
+-

I S S T i S S S S S S S S e e

N Lk

Action=0

T S T S S S T e S S S

Act i on=0
R e s o S e T S T T i R e e e e o o i

+

+

- +4-
|

B i s s T S e  r S i S
Not e: Add/Drop #3-42 to Line side #1

|0 0OJ]0O O 0OO0 O O
Li nk Local Identifier
Link Local Identifier
|0 0OJ]0O O 0OO0 O O

Li nk Local ldentifier

|0 0OJ]0O O 0OO0 O O
Li nk Local Identifier
|0 0OJ0O O OO O O
Li nk Local Identifier
Li nk Local Identifier
Note: line to line
|0 0OJ]0O O 0OO0 O O
Li nk Local Identifier
|0 0OJ0O O OO O O

Li nk Local ldentifier

Lengt h

= #3

T I S e T T i Sui DU S S S

= #42

e T i S i T Sk i R e e e
Action=0
B e I e S e i T S e S e e S i e o

Lengt h

= #1

B S i T T ks st (I S S S Y 2
Note: line #2 to add/drops #43-
B s T T e R T o i e e

Lengt h
= #2
Length
= #43

= #82

Lengt h
= #1
Length

= #2

+-

I

+-

|

T S i i S S S S S R
|

+-

I

+-

12

i N N

I T T T i i S e T i T ik ik T i e S
Action=1
e e o i et e e S S i (I NI S

S

e

8

i N N

S

82

S

8

i N N

12

+ 11+

T S S SR A

T S S

i N N

S

8

+ 11+

I+

8

T S S

T S SEp A

T S S SR A

T T S S S e S S b Sn U S
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A.5. Priority Flags in Avail abl e/ Shared Backup Label s

If one wants to nake a set of |abels (indicated by Label Set Field
#1) available only for the highest priority level (Priority Level 0)
while allowing a set of labels (indicated by Label Set Field #2) to
be available to all priority levels, the followi ng encoding wll
express such need.

0 1 2 3
01234567890123456789012345678901
B s i S i I i S S S i i

|1 0000O0O0 0 Reserved

e b i T T e T S s S R S e T O i i Tk i RIS S S
| Label Set Field #1

B T i T i S T T S i i S S S
[1 1111111 Reser ved

Rk o T T e e e R i i R S S S ks T S S S e e e o
| Label Set Field #2

A S S S e i S R T S S i SR S
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