Kenichi,


I have reviewed your comments concerning the OTO '04 paper, and I have formed a rough outline based upon these, which I have attached as a word doc. Perhaps you could edit this outline further and we can build on this.


Please note that in your comment (3) concerning "optical modulators" I am not sure how this implementation works. Perhaps you could point me to some background here.

Requirements

Transmission Capacity-

The transmission capacity of NEPTUNE was largely based upon a compromise between the cost of each fiber pair in the network, and the presently available optical signaling speeds with respect to node separation distances. In particular using 1 fibre pair for the whole network coupled with appropriate data routing control allows for a large array of scientific sensors (Perhaps we could present numerical tables of the scientific data rate needs here). The best transmission speed available for distances likely to accommodate scientific needs of 50 -100km, is 1 Gb at this time. 10G becomes dispersion limited at about 60km.

Flexibility/Expandability

One feature of NEPTUNE, which strongly identifies it, is its Ethernet/IP routed architecture. This allows for topologically independent extension and enlargement without affecting other nodes. In the case of a ring architecture growth is more difficult and may affect connection, configuration and optical powering of adjacent nodes.

Reliability

Reliability in the NEPTUNE network architecture originates from its meshed structure. In addition the presently proposed NEPTUNE node contains redundant devices further promoting reliability. (We have on hand, a rather complete document describing statistically, both reliability facets of NEPTUNE.)
Terrestrial IP Conformity

While this aspect of a research network is desirable, for the present IP design of NEPTUNE this requirement is met without further discussion. The present scientific community as a majority operates over IP and NEPTUNE becomes just one more IP network which is manageable with commercially available data processing techniques prevalent in the internet sphere.


Cost

While cost is influential in decision making for a scientific design, it is imperative that the scientific needs are met first. The complete design of NEPTUNE in its present form evolved with constant evaluation in terms of cost, and the result represents an economical solution with respect to other possibilities such as the deployment of commercial telecommunications devices. 

Design Philosophy of NEPTUNE

Commercial Telecommunications vs. Scientific Cable Network Communications

The system requirements for NEPTUNE mentioned above are in many cases diametrically opposed to those of a commercial transoceanic telecommunications system. We enumerate here, these differences:

Transmission Capacity-

The transmission capacity of NEPTUNE like that of other scientific networks, while large, does not compare to the requirements for a commercial telecommunications system. Most of the research systems we have reviewed up until this time require around 1G per node with distributions of around 60 or less nodes, thus aggregating in less than 60G. It is not uncommon in commercial telecommunications to relay tens of thousands of 64 kb sessions concurrently often cumulating in Terabyte links. NEPTUNE is designed to meet scientific needs with an order of 10G for the complete system backbone.

Flexibility/Expandability

Transoceanic commercial telecommunications systems are generally point-to-point links connecting terrestrially shore to shore, with only an occasional branch. These systems, once deployed are highly static. The scientific network often needs to grow with incremental funding, unpredictable scientific needs and future changes in requirements as more sophisticated sensors are developed. Furthermore an underwater scientific network is not point-to-point but a scattering of nodes, which terminate underwater.

Reliability

The reliability requirement for NEPTUNE and other scientific research networks is shared with commercial telecommunications. However telecomm grade reliability is attained through a high cost, which is recouped through a business model that research does not comply with. Further, there is a likelihood of occasional system modification for a research network from time to time, during which repairs and upgrades could be engaged. Therefore the reliability of an underwater research network must conform to a different cost/reliability model when compared to commercial telecommunications.

Terrestrial IP Conformity

While commercial telecommunications are still largely SONET systems, scientific research operates largely with IP based equipment and the Internet. Thus there is a strong incentive to build the latter using IP protocols such as the gigabit Ethernet used in NEPTUNE.


Cost

As we have mentioned, scientific systems do not share the luxury of a recoupable cost found in commercial telecommunications 

Technical Options

(We have on hand several documents outlining the options, which have been reviewed leading to the design of NEPTUNE. With respect to your two suggested areas of emphasis I have the following comments:)

Optical Ethernet with Intranode Redundancy-

We have presently tested in the laboratory, commercial off-the-shelf (COTS) optical Ethernet devices by Network Electronics, which prove the viability of an optical Ethernet solution for underwater research networks. (I can have this information ready to add to the paper if desired). Distances of 50km unamplified and over 100km amplified using SMF28 type fibre have proven to operate with BER rates better than 10-12 . This equipment operates an appropriate thermal output range and electrical power range compliant with the NEPTUNE power sysem design.

DWDM vs. CWDM

We have evaluated at a "spec sheet" level, CWDM equipment and have not elected to test it in the laboratory for NEPTUNE. This is due to its apparent attenuation limited functionality at about 70km. However CWDM appears to be very attractive for a small system connecting 1GbE networks at distances of around 50km. Recent enhancements to the 14XXnm peak in Corning fiber of furthered this cause. The facile nature IP/GbE mentioned for the extension of NEPTUNE also plays handily in it's ability to interconnect with other GbE optical protocols.  (We can present a simple CWDM extension node design for NEPTUNE. I have one in mind using CISCO equipment if you like.)
