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Abstract: Network coding, an emerging field of research, provides a means to create efficient all-
optical multicast networks that feature hitless reconfiguration. Here a photonic bitwise exclusive-
OR hardware element supplies the key enabling functionality.
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1. Introduction

Network coding, a research innovation that dates from the year 2000 [1-5], shows promise of improving network
throughput and robustness. Unlike nodes in traditional data network paradigms, the network coding node does not
merely forward information. Instead, the network coding node sends out a data stream that may be a complex
function of previously received data. This temporal and spatial spreading of information is key to network coding’s
unique capability to improve throughput and robustness.

For example, a network coding router may calculate a linear combination of multiple packets that were received and
stored previously, and as a result of this calculation it may create one or more new packets to be forwarded to
adjoining nodes. This is illustrated in Figure 1, where the input packets at a network coding router (color-coded here
with red, purple, and green) may result in output packets that differ from the input packets in bit pattern, size, and
number (this difference is signified by different colors for the output packets: blue, yellow, and white).
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Figure 1 Information processing at a generalized network coding node (left) and a specific realization of such a node in the form of a photonic
(or electronic) element that produces the exclusive-OR of two or more bit streams (right)

The network coding node at the recipient’s location may then need to gather the data streams from multiple
adjoining nodes, and calculate a linear combination of these streams, to recover the data intended for the recipient.

2. Network Coding for All-Optical Multicast Networks

Previous research on network coding assumed that arbitrarily complex data manipulation calculations can be
executed at each node to achieve the benefits of the paradigm. In a practical sense, such schemes may apply only to
electronic networks because only the electronic domain supports such elaborate calculations.

However, all-optical networks, where we seek to avoid O/E/O conversions and keep the data in the photonic
domain, can begin to reap the benefits of network coding with the development of a photonic bitwise exclusive-OR
(XOR) hardware element. Such an element would take two or more photonic bit streams (with bit transitions
aligned) as input, and produce as its output a single photonic bit stream that is the logical XOR of the input streams.
See Figure 1. Ideally, this would be accomplished without O/E/O conversions. However, even if such a device
violates the all-optical paradigm by executing O/E/O conversions, the other advantages in Section 3 still pertain.









