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During transmissions via a network, errors may occur. There are several methods for detecting and correcting these errors. I was interested in exploring these methods because it seemed like simple mathematics for implementation. I have found that while some specific implementations are relatively easy, the decisions for choosing specifying implementations were not often written about. For example, how are valid codewords chosen for a code. A coding technique I ran across is trellis codes. 
Trellis codes can be used to code, possible infinite, blocks of data input.  A block in the stream is a collection of v symbols derived from input b information symbols. Tree codes are generated by a state-changing process. The code moves from one state to a new state as determined by the input symbols, the symbols to be encoded. On each transition between states, the code emits output symbols, which depend on the input symbols and on the state from which the transition is made. Thus, from a given state, possible paths spread out like the branches of a tree. Each path is associated with a sequence of output symbols, which form the transmitted codeword [1].

Such code trees typically do not spread out indefinitely. There are a finite number of states. The number of states is normally determined by the last (k-1) groups of b symbols. The constraint length, k, includes the current input symbols. The states can be thought of as m points on a vertical line. Time increases horizontally to the right. Each state connects to j other states in the vertical line to the right of it, where there are j possible values for the input symbols causing the transition. After n transitions, there are mjn possible paths through the trellis. The decoder’s job is to determine which of these paths were taken by examining the output symbols emitted on ach transition [1]. 
The code could be defined by outputting the state number followed by the input symbol on each transition. An example trellis code is defined by the graph in Figure 1, using the input symbols 0 and 1. The solid lines correspond to transitions caused by 0 input, and dashed lines correspond to transitions caused by 1 input [1]. The start state is 1.  For example, input 101101 gives output 1120313130211.
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Figure 1 . A 3-state 2-input trellis.
  The recipient of the codeword has to try to recreate the sequence of input symbols. To be able to do this in the presence of transmission errors requires some distance properties (Hamming distance) between codewords. The Hamming distance between two codewords is the number of bits that are different. The Viterbi algorithm can decode trellis codes. With the Viterbi algorithm, it is not necessary to compare every possible valid codeword c with the received codeword r. It is enough to find for each state i , the valid codeword nearest to the received codeword that ends at state i. This nearest codeword, at time n, is denoted ci,n. When the next v symbols are received, the distance between ci, (n+1) and r(n+1) is the minimum distance between cp,n and rn plus the distance between the new v symbols received and those emitted in the transition p to i. cp is the codeword leading to state p, a predecessor of state i. This kind of implementation of the Viterbi algorithm maintains m nearest codeword paths, but only the overall nearest codeword is wanted for decoding [1]. 
Since trellis codes deal with streams of blocks, there are often synchronization problems. One such problem is determining the “ends” of a stream. With the Viterbi algorithm for decoding, if all the distances are similar, the alignment has not been achieved, so the decoder should shift one symbol position and try again [1].

Encoding trellis codes seems simple. I do not know how trellis graphs details are thought up, such as how many states to use and which transitions to make. Also, in the example I saw, decimal numbers were used. I assume the binary values are transmitted. With a little error, it seems that input numbers and state numbers could get mixed up very easily. Also, I would like to see an example using more than 9 states, such that states to be put in the input could be more than single digit. If I had more time, I would like to try to implement trellis coding.
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