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Abstract

Reconfigurable add/drop optical multiplexers(ROADM) featured highly
asymmetric switching capability, is an essential element in current
wavelength switched optical network(WSON).Because the multiple degree
Reconfigurable add/drop optical multiplexer (ROADM) can not only add/
drop wavelength but also switch wavelength, it is necessary to know
the switch connectivity offered by such a network element. With the
development of ROADM, the constraint of wavelength and direction is
abated, so the encoding of the ROADM needs improvement. This memo
provides a novel encoding for different ROADMs, Which is applicable
to the encoding of different kind of ROADMs.

Table of Contents

=

N

1. Introduction

2. Encoding of ROADM

3. Security Considerations
4. IANA Considerations.

5. References

5.1. Normative References
5.2. Informative References
Author's Addresses
Full Copyright Statement.

Intellectual Property Statement

NNNIIo[o oo ININ

Introduction

Reconfigurable add/drop optical multiplexers is an essential element
in current WSON. As the multiple degree ROADM has properties of both
a switch and a multiplexer, it is necessary to know the switch
connectivity offered by such a network element.[WSON-Framework] In a
ROADM, there are some connectivity constraints between line side port
and add/drop port. An ingress or more typically an egress (drop) port
restricted to a single channel of fixed wavelength is known as
colored port, while the port without such constraint is called
colorless port. With the development of ROADM towards colorless and
directionless add drop switching, the constraints mentioned above is
abated, so the encoding of the ROADM needs improvement to accommodate
the novel ROADMs.[ROADM-ARCH] The current encoding retains lots of
redundancy, in our encoding we describe the connectivity of ROADM as
sets of the line side port's properties to reduce the information's
redundancy.

Encoding of ROADM

The current encoding of ROADM is represented as Connectivity Matrix
Sub-TLV by encoding pairs of links, each pairs represent one
direction of transmission. Considering the application of
bi-directional fiber, some link identifiers (especially line side



links identifiers) appear repeatedly. Lots of redundancies due to the
repetitional encoding of the same links will degrade the performance
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of encoding. Our novel encoding of ROADM describes the connectivity
as the line side port's property which contains the links that can
connect to the port. In online routing and wavelength assignment
(RWA), processing delay influences the blocking probability of the
request. Improving the encoding can relieve the massive processing
of information and reduce the blocking probability.

The encoding of a ROADM is:
0 1 2 3

012345678901234567890123456789601
T ST S s st e o S L s o S

[con| format | reserved |
+-+-F-F-F-+-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-F-F-F-+-F-F-F-+-F-+-+-+
| Lid | actl| act2|speciall |special2 | Numberl | Number 2 |

tot-t-t-tototot-tot-t-t-t-F-FoFoFtoFototot-t-t-t-F-F-F-F-F-F-+-+-+
| Link Identifieril |
+ot-t-F-F-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-+-+-+

+-t-t-F-F-+-F-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-F-+-+-+
Link Identifier N
R el T R e e e e T e el T R e S it Al T e S e e e

Where

Con (2 bits) is the device type.
0-FOADM

1-normal ROADM

2-colorless ROADM

3-colorless and directionless ROADM

Format: The format of the link identifier (6 bits)

© -- Link Local Identifier

Indicates that the links are identified by link local identifiers.
All link local identifiers are supplied in the context of the
advertising node.

1 -- Local Interface IPv4 Address

2 -- Local Interface IPv6 Address

Indicates that the links are identified by Local Interface IP Address
. All Local Interface IP Address are supplied in the context of the
advertising node. Others TBD.

Note that all link identifiers in the same list must be of the same

type.

Lid:4 bits

Indicates the ID of the local line side port.

act:3 bits

actl and act2 represents the direction of the add links and drop
links respectively.

000:Inclusive List



Indicates that one or more link identifiers are included in the
following. Each identifies a separate link.
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An

001:Inclusive Ranges

Indicates that several discontinuous ranges of links are included in
the following link identifier set. Each range of links contains two
link identifiers. The first identifier indicates the start of the
range (inclusive). The second identifier Indicates the end of the
range(inclusive)

010:Inclusive Range

Indicates that a range of 1links are included in the following link
identifier set. It contains two link identifiers. The first
identifier indicates the start of the range(inclusive) . The second
identifier indicates the end of the range(inclusive).

@11:Inclusive Range + Exclusive of List

Indicates that a range of links excluding a list of links is included
in the following link identifier set. It contains two 1link
identifiers which constitute a range, and some other link identifiers
which are excluded in the following link identifier set.
100:Inclusive Range + Inclusive List

Indicates that a range of links embracing additional lists of links
are included in the following link identifier set. It contains two
link identifiers constituting a range, and some other link
identifiers which are included in the following link identifier set.
when

Con=11

The links that cannot connect to the line side port are enumerated in
the following link identifier set, if there is no constraint, the 3
bits of act will be padded with 111.

special:5 bits
speciall indicates links that can add to the line side port.
special2 indicates links that can drop from the line side port.

when

Act= 001 special indicates the number of the discontinuous ranges.
Act= 011 special indicates the number of links excluding from range.
Act= 100 special indicates the number of links which are not included
in the range but can connect to the line side port.

otherwise, special =00000

Number:6 bits

Numberl indicates the number of link identifiers representing links
that can add to the line side port.

Number2 indicates the number of link identifiers representing links
that can drop from the line side port.

example of encoding

We use the example in [WSON-Encode] to explain the encoding in
detail. Using our novel encoding, this representation uses only 11



32-bit words.The more degrees of the ROADM the better our novel
encoding performs. Suppose we have a typical 2-degree 40 channel
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ROADM. In addition to its two line side ports it has 80 add and 80
drop ports. The picture below illustrates how a typical 2-degree
ROADM system that works with bi-directional fiber pairs is a highly
asymmetrical system composed of two unidirectional ROADM subsystems.

(Tributary) Ports #3-#42

Ingress added to Egress dropped from
West Line Egress East Line Ingress
VVVVV ANNNNAN
I RR AR
t----- L Iill-------- il l------ +
| R L L L L LT + |
I I I I
Egress | | Unidirectional ROADM | | Ingress
----------------- + | | S PR
<SS Soooooooooooooooos | | e
----------------- + o e e e e oot o e e oo -
I I
Port #1 | | Port #2
(West Line Side) | | (East Line Side)
----------------- + o e oot I
> e s | | s>
————————————————— + | Unidirectional ROADM | T
Ingress | | | | Egress
I I - I I
| oo + |
to---- I Il l-------- il l------ +
I RR AR
VVVVV NANNNNAN
(Tributary) Ports #43-#82
Egress dropped from Ingress added to
West Line ingress East Line egress

Referring to the figure we see that the ingress direction of ports
#3-#42 (add ports) can only connect to the egress on port #1. While
the ingress side of port #2 (line side) can only connect to the
egress on ports #3-#42 (drop) and to the egress on port #1 (pass
through). Similarly, the ingress direction of ports #43-#82 can only
connect to the egress on port #2 (line). While the Ji, ingress
direction of port #1 can only connect to the egress on ports #43-#82
(drop) or port #2 (pass through). We can now represent this
connectivity as follows.

0 1 2 3

012345678901 23456789012345678901

Fototototototototototot-totototototototototot-t-totot-t-t-F-F-+-+
Note: the links that can connect with the line side port 1

B b s e b ke b e ST S e S S S S S o h =

|61 |06 0 6 0 0 Q] reserved | 1
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|06 001|060 10|010|0O0O00O00O0OOOOOOOGOOG1OOOOO01LO 2
+-t-F-t-t-t-F-t-t-F-F-F-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-F-F+-+-+-+

link Identifiers set
+-+-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-+-+-+

| Link Local Identifier = #3 | 3
+-t-t-F-F-F-t-t-t-F-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-+-+-+
| Link Local Identifier = #42 | 4
B n ek T e e e e e ks ks st T e e e S S S e ek ok sk ST T
| Link Local Identifier = #43 | 5
+ot-t-F-F-F-t-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-+-+-+
| Link Local Identifier = #82 | 6

ottt -t-t-t-t-t-t-F-t-t-t-F-t-t-t-F-t-t-t-F-F-t-F-F-F-t-F-+-+-+
Note: the links that can connect with the line side port 2
+-t-t-F-F-F-t-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+-+
|06 010/010|010/00O0O0ODOO0O0ODODOO0O00O10O/60066061O0O| 7
Fot-totototototot-toFot-t-toF-t-t-totot-totot-t-toF-F-t-t-F-F+-+-+
link Identifiers set
-ttt F-F-t -ttt -ttt -ttt -t -F -ttt -F-F-F -t -+-+-+

| Link Local Identifier = #43 | 8
Fototototototototototot-totototototototototot-t-totot-t-t-F-F-+-+

| Link Local Identifier = #82 | 9
B s T T S S S S S T S S S S S

| Link Local Identifier = #3 | 10
Fototototototototototot-totototototototototot-tototot-t-t-Ft-F-+-+

| Link Local Identifier = #42 | 11
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3. Security Considerations
(None) .

4. IANA Considerations
(None).
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