The presently accepted design for NEPTUNE is constituted of a meshed network architecture, wherein each node contains a group of DWDM optical and GbE electrical devices to carry the primary network traffic. In order to further investigate the impact of meshing, and of redundancy of critical devices within the node, a study was performed to statistically determine the expectation of node availability to science, repair rate of node, and optimum node configuration. This study was divided into two phases as follows:

Node Reliability: Determine Best Choice of OEO Repeating Wavelengths vs. Dropping Wavelengths Into the Switching Fabric

Network Reliability: Prove The Adequacy of a Meshed Architecture, Predict Maintenance Requirements and Provide Science with Reliability Estimates


The "Node Reliability" phase is relevant to designing the internal node architecture. In this design DWDM channels pass through the node and can be either routed into the nodes electronic switching fabric, or passed through using only OEO repeating in the opto-electronic layer. In such a design it became apparent that the number of wavelengths to repeat with a node vs. the number to be add/dropped and routed via layer 3 algorithms must be determined. The cost, power consumption and reliability of the system are all functions of this number.  

Certain assumptions were used:

· The data to be transported from an instrument to the shore can be aggregated over more than one wavelength using CISCO Ether channel algorithms. From the perspective of a reliability calculation this means that multiple redundant paths exist between nodes as the data is ported to the shore, and parallel probability calculations prevail.

· Efficiency of transport is not regarded and as such, reduced throughput due to malfunctioning parts is not considered a failure from sense of the reliability calculation.

· The intent of the calculation here, is to find the probability that:

· A particular instrument attached to a particular node will reach any exit path from the node.

· Incoming traffic to the node will find at least one exit path from the node

· The failure rate of a component in the node is not given as a function of time. Failure of a device here is defined as follows: Given a large number of duplicate devices d, the failure rate Fd is the number of failed devices divided by the total number after Y years of operation.

FIT RATES, f, used in this for the study were

Optical XMIT
 = 460 x 10-9

EDFA 

= 100 x 10-9

SWITCH 

= 1000 x 10-9


Optical RECVR
= 230 x 10-9 


Success rate=e-tfH   where t is in years and H = 24x365

Two distinct Node Types and Three Modes of operation are identified in this architecture for reliability purposes:

NODE TYPES: 

· 2 way: This is a node, which has 2 external ports for data transfer to East and West. 8 instruments can be attached. 

· 3 way: Also called a branching node, this is a node, which has 3 external ports for data transfer to East, West and North. 8 instruments can be attached. 

NODE MODES: 

· 2 way inst: The node transfers data from an instrument to the E or W external port.

· 2 way transfer: The node receives the instrument data from an adjacent node, passes it to the switch layer, and then transfers it to the next node.

· 2 way repeat: The node receives the instrument data from an adjacent node and than transfers it to the next node, without first sending it through the switches. All processing is done by the optical layer including the transponders. The data is OEO repeated. 

3 way modes: A parallel set of terms is defined for 3 way nodes.

The present NEPTUNE node design consists of a Network Electronics Optical switch, a Bookham EDFA, and a CISCO electrical GbE switch. This assembly is duplicated in the node for redundancy. Using the above design considerations a mathematical model was written for the node internals calculating the failure rate for the highly parallelized architecture. This model calculated the number of node-drops vs. pass-through as a function of reliability. The result is shown graphically below:
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Conclusion for the Node Reliability Study


The decision from the about which is expressed in the graph was: 

Use a drop of all 8 channels per node

There are inherent benefits in this decision as follows:

· The most flexible routing capability during an outage providing the maximum number of alternate routes

· The most flexibility when tuning providing the maximum number of possible paths for balancing traffic

· The best internode latency figure- direct node to node communications over Layer2

· Full Bandwidth Access to the 8G Backbone


The "Network Reliability" phase is relevant to designing the mesh and routing algorithms of the network architecture. In this design the all of the DWDM channels pass through the network from node to node. At strategic points, "Backbone Branching Nodes" are placed giving the architecture its reliability.
The objectives of the Network Reliability Study were:

· Scientist: Concerned with number of paths available form equipment to shore as a function of time

· Chart Available Paths at Each Node

· Systems Engineering and Management: Concerned with number of ship visits per year to keep all devices in nodes running

· Block Reliability Chart for Whole System

· Design Engineer: Concerned with reliability of individual parts over time

· Plot Device Reliability for a Node

The Network Reliability study was performed by reducing the nodes to an RBD or Reliability Block Diagram, where each major device in the node is assigned a reliability. Each device is given a state using a Monte Carlo algorithm that state being either failed or not-failed. The node as a complete entity is either capable or not-capable of transferring traffic, based upon the failure state of the devices. This Monte Carlo program was run using the FIT rates for the devices in the nodes. The outcomes are shown in the two plots below
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The first plot above demonstrates that if the nodes are not periodically repaired as their internal devices fail, eventually the node will completely fail to transfer traffic after 13 years. Due to the realistic likelihood of ship visits to deploy equipment, coupled with an expected cyclic maintenance program at each node, this is an acceptable risk.

The second plot demonstrates, that regardless of complete failures of an individual node the remaining nodes will continue to have a portal to transmit their traffic to the shore after 15 years. After 15 years, all 26 nodes on the x-axis have at least 5 remaining paths to the shore.

The conclusion of this study is that:

"The Deployment of Commercial Terrestrial Devices in a Redundant and Meshed Architecture Provides the Oceanographic Community with a Flexible, Template-able and Cost Effective Technique to Regional Cabled Observatories".
