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As a network node. ADM should be designed not only to provide basic add—and—drop capability but also to deliver

other essential node characteristics such as: (2.1) scalability in number of drop wavelength channels and bit rate. (2.2)

modularity. (2.3) efficient wavelength utilization. (2.4) optical performance monitoring. (2.5) fault detection and isolation.

(2.6) optical amplification. (2.7) channel power equalization. (2.8) optical layer protection. (2.9) redundancy. and (2.10)

service restoration. Besides these optical node characteristics. ADM node might also contain electrical node functionality

such as (2.11) 2R/3R regeneration. (2.12) bit rate adaptation. and (2.13) grooming. All these requirements should be met at
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Fig. 1. ADM-as-optical-module is part of ADM network node which is positioned between two
other network nodes of interconnected optical ring networks.

the minimum cost while maintaining high quality sigml. These node characteristics or requirements have dual consequences.

First. they constraint the design of ADM-as-module. Secondly. they define in large part the optical ring network‘s

survivability. quality of service. and over-all performance.

At the network level. the topology of the actual optical networks and network upgrade path designs. (among other

things such as economic viability. etc) put a general framework on which these ADM nodes and ADM modules must be

designed and optimized. Ideally. this framework can be considered from day one. but in practice. the overall network is still

evolving and its “evolutionary form" is still not yet clear. The need to continuously track this network trend. meet new

demands and respond appropriately lead the telecom industry to introduce. build and deploy next generation ADM nodes or

next generation ADM modules.

1.2 Functional relationship between ADM and OXC
Although this paper is focused on ADM. it is important to point out the functional relationship between ADM and

cross-connect (XC). As shown in the upper portion of Fig. 1. an example of optical network of the kind that we are
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respectively. Likewise WADM can be converted to OADM in the same mam1er. The advantages and disadvantages of doing

this approach will be discussed in section 4.0.

While OADM and WADM represent most existing and proposed ADM optical modules. the third class is what we

believe to be the “functional form“ of the next generation ADM. PADM is a combination of OADM and WADM with some

extra new capabilities. It is a M—wm'elength channels at (2 x 2) x 2(K+B) optical module where (2x2) stands for the same
structure as OADM. and the 2K stands for the numbers of secondaly add and drop ports just like the WADM. However

unlike the WADM. these secondary ports take in wavelength-banded signals (which are represented by B) as well as per-

wavelength signals (which are represented by K). The thick slash lines in the input / output arrows represent wavelength-

multiplexed signals while the thin slash lines in the secondary ports denote wavelength-banded signal. Wavelength-banding

consists of 4 or more adjacent wavelength channels per band. Functionally. PADM-as-module has expanded capability
compared with conventional OADM and WADM. Table 1 provides the general features of these three classes of ADMs. A
more detailed discussion of PADM is given in section 5. As a network node. ADM would contain two or more ADM-as-

optical-modules to provide dual directions for the east and west transmissions. Note that Fig. 2 shows only unidirectional

transmission and extension to bi-direction propagation would be straightforward.

The distinction between OADM. WADM and PADM has many significant beneficial consequences. For one. it
provides a general platform to classify. segment. and compare the numerous existing technical implementations of ADM in a

coherent and comprehensive way. Secondly. it identifies the respective applications of the different ADM implementations

based on their technical merits and demerits. Lastly. it would help us to understand the current technical trend and gain

insight to the next generation ADMs.
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Fig. 2. Three different groupings of add and drop multiplexer (ADM as optical module) according to their functional port
configurations. Photonic ADM (PADM) is a combination ofboth optical ADM (OADM) and wavelength ADM (WADM)
with new and extended functionality. 5-15 and 5-}. represent the number of add and drop wavelengths, respectively. The thick
slash lines in the input / output arrows (in all ADMs) represent wavelength-multiplexed signals while the thin slash lines in
(PADM only) secondary ports represent wavelength-banded signals. Only one direction of the transmission is depicted.

3.0 HIERARCHY OF ADM

With this classification. OADM. WADM and PADM can be subdivided further into smaller groupings to establish

a form of hierarchy of ADMs. Here we will concentrate more on the dynamic implementations of ADMs rather than static

ADMs. As shown in Fig. 3. this ADM hierarchy consists of 4 layers. The first layer is composed of OADM. WADM and
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