STATE ASSIGNMENT

A 2n-state finite state machine has n!-different possible ways to assign state variable values to states.  Thus, a 16-state finite state machine (which requires at least 4 state variables) has 24 (4!) different assignment of states to state variable values.  A 1024-state finite state machine (which requires at least 10 state variables) has over 3 million (10!) state assignments.  If the state is not densely encoded in the fewest number of bits, even more encodings are possible! 

The number of gates needed to implement a sequential logic network is usually dependent upon the assignments of possible state variable values to states.  Unfortunately, the only way to obtain the best possible assignment is to try every choice for encoding, which is tedious (but possible) for small state diagrams and effectively intractable for complex state machines.  Luckily, heuristics have been developed that provide "reasonably good" state assignments "most of the time".

State Maps: State maps, similar in concept to k-maps, provide a means of observing adjacencies in the state assignments. The squares of the state maps are indexed by the binary values of the state bits; the state given that encoding is placed in the map square. Obviously the technique is limited to the situations in which k-maps can be used, that is, up to six variables.
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The above figure presents an ASM chart for the finite state machine.
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The above figure gives two alternative state assignments and their representations in the state maps.

Minimum-Bit-Change Strategy:
The states are assigned in such a way that number of bit changes for all state transitions are minimized. For example, the assignment for the first figure is not as good as the one in the second fi gure.
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The first assignment leads to 13 different bit changes in the next state function, the second only 7 bit changes. We derive the first assignment completely in random and the second assignment with minimum transition distance in mind. We made the assignment for S0 first. Because of the way reset logic works, it usually makes sense to assign all zeros to the starting state. We make assignments for S1 and S2 next, placing them next to S0 because they are targets of transitions out of the starting state. Note how we used the edge adjacency of the state map. This is so we can place S3 between the assignments for S1 and S2, since it is the target of transitions from both of these states. Finally, we place S4 adjacent to S3, since it is the destination of S3’s only transition. It would be perfect if S4 could also be placed distance 1 from S0, but it is not possible to do this and satisfy the other desired adjacencies. The resulting assignment exhibits only seven bit transitions, and perhaps an assignment that needs even fewer. The minimum bit change, although simple, it is not likely to achieve the best assignment (although it is often "good enough").

Prioritized Adjacency Strategy:
Although the criterion of minimum transition distance is simple, it suffers by not considering the primary input and output values in determining the next state. A second set of guidelines makes an effort to consider this in the assignment of the states:

Highest Priority:  States with the same next state for a given input transition should be given adjacent assignments in the state map.

Medium Priority:  Next state of the same state should be given adjacent assignments in the state map.

Lowest priority:  States with the same output for a given input should be given adjacent assignments in the state map.
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The guidelines, illustrated in the figure above for the candidate states ( and (, are ranked from highest to lowest priority. The first two rules attempt to group together ones in the next-state maps, while the third rule performs a similar grouping function for the output maps. The state assignments are done by listing all the state adjacencies implied by the guidelines, satisfying as many of these as possible.

Example: Consider the state transition table for a (non-minimal) Mealy machine.







Next  State
      Output

    Input Sequence

  Present State
           X = 0          X= 1
X = 0    X = 1


                             Reset

S0

S1’
     S1’
   0
   0



0 or 1

S1’

S3’ 
     S4’
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S3’
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The corresponding state diagram is shown on below:

Apply the state assignment guidelines to the state diagram shown below:
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The highest priority constraint for adjacent assignment applies to the states that share a common next state on the same input. In this case, states S3’ and S4’ both have S0 as their next state (under both input conditions). No other states share a common next state.

The medium priority assignment pairs states that have a common ancestor state. Again, S3’ and S4’ are the only states that fit this description.

The lowest priority assignments are made for states that have the same output behavior for a given input. S0, S1’ and S3’ all output 0 when the input is 0. Similarly, S0, S1’ S3’ and S4’ output 0 when the input is 1.

The constraints on the assignments can be summarized as follows:

Highest Priority:   (S3’, S4’)

Medium Priority:  (S3’, S4’)

Lowest Priority:   0/0 :  (S0, S1’, S3’);



1/0 :  (S0, S1’, S3’, S4’)

Since the finite state machine has four states, we can make the assignment onto two state bits. In general, it is a good design practice to assign the reset state to state map square 0.
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The above figure shows two possible assignments. Both assign S0 to 00 and place S3’ and S4’ adjacent to each other.

Example:   Let us consider more complicated case. The state diagram of the 4-bit string recognizer.
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Applying the guidelines yields the following set of assignment constraints:

Highest Priority:   (S3’, S4’) ,  (S7’, S10’);

Medium Priority:   (S1, S2), (S3’, S4’), (S7’, S10’);

Lowest Priority :    0/0 : (S0, S1, S2, S3’, S4’, S7’);



  1/0 : (S0, S1, S3’, S4’, S7’, S10’);

The figure below shows two alternative assignments that meet most of these constraints :   
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We start with figure (a) and first assign the reset state to the encoding for 0. Since {S3’ S4’} is both  a high priority and medium priority adjacency, we make their assignments next.  S3’ is assigned 001 and S4’ is assigned 111.  We assign {S7’, S10’} next because this pair also appears in the high and medium priority lists.  We assign them the encodings 010 and 110, respectively.  Besides giving them adjacent assignments this places S7 near S0, S3’, and S4’, which satisfies some of the lower priority adjacencies.

The final adjacency is {S1, S2} We give them the assignments 001 and 101. This satisfies a medium priority placement as well as the lowest priority placements.

The second assignment is shown in figure b.  We arrived at it by a similar line of reasoning, except that we assigned S7’ and S10’ the states 100 and 110.  The second assignment does about as good a job as the first, satisfying all the high and medium priority guidelines as well as most of the lowest priority ones.
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