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Figure 7.39: Product Machine for Equivalence Checking.

The problem of traversing a product FSM (or an FA, as discussed below) is to
enumerale all reachable states in the underlying product FST. Note that in reachability
analysis we are only concerned with the next-state function é(s,z). Hence, when
discussing reachability, we focus on the FST. thus ignoring the output function A(s, z).
Once the reachable product states are enumerated, we then check whether the outputs
of the submachines are equal in each such state.

7.8.2 Building the Product Machine

Typically one solves the equivalence problem by building a product machine M2 =
M; x Mg, as illustrated in Figure 7.39. The two components M! and M? of the
product machine M2 share the same primary input vector z, and have their cor-
responding outputs fed through a comparator. so that M'? has a single output The
product machine Mjz = (X, S'%, 612, 512,012 A1) is defined as follows.

s = (sl ?),

0= (e,
= M, 2): (S' % 5% x X = (5 x §%),
= (8'(s',2),8%(s%, 7)),

212 = A2%(s12 2): (8! x §7) x X — {0,1},

where

A2(s12 g) = { 1 if A(s!,2) = A%(s%,2)

0 otherwise

In words, this means that states of the product are formed by simple concatenation
of the states, as discussed above for the product of FSTs. That is, the next states of
the two component machines are computed independently, and the results catenated
to form the next state of the product. The outputs specified for these two transition
are then compared, and if they are equal, the product machine outputs a 1, else, it
outputs a 0.
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Figure 7.40: Encoded Product Machine for Equivalence Checking.
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Figure 7.41: Product of two equivalent FSMs.

I the two FSMs are already encoded. and the output alphabet is given an n-bif
code. or are sequential circuits with latches, the comparator operation is the AND ol
XNOR gates, one for each output code bit z;, 1+ =1,...,n. Figure 7.40.

To solve the equivalence problem, one traverses the STG of Mg starting from the
initial state 8% = (s§, 83) and checks for the output being identically 1 in all state
that can be reached.

Example:

An example of equivalence checking based on the product operation
is given in Figure 7.41. Here s§ = 81, 83 = 84, X = O! = 0? =
0'% = {0,1}, S* = {s1,89,83}, and 5% = {84, 85,8}. In this example,
the product machine has |§ o .5‘2| = 9 states. However, only 3 of these
states, 8184, 8285, and 838g, are reachable from the initial state. For
brevity, only two ((sy, s5) and (82, 86)) of the six unreachable states of the
product are shown. By comparing the two sub-outputs on all the reachable
transitions. we see that they are always equal. so the product machine
always outputs a 1. However. it is interesting to observe that transitions
from the unreachable states of the product machine may produce error
outputs (2!? = 0). For example, the transition (sy,8s) to (ss,Sg) in
response to input & = 1 produces an error output.



In this simple example, the reachable states are visually identifiable, However, in
practice this is not usually the case. and automatic procedures must be used. based
on the graph traversal procedures BFS (Section 7.5.2) and DFS (Section 7.5.3). Such a
modification is presented here as Procedure BFS_FSM of Figure 7.42, which traverses
the STG of a given FSM. and on finding an error state. performs a backtrace operation
showing how the error state may be reached from the initial state. The backtrace
operation is performed by Procedure ERROR_TRACE, given in Figure 7.43. Procedure
ERROR_TRACE uses the supplied New* sets to produce a string x and corresponding
run s which takes the initial state to the error transition.

Example:

Another example of equivalence checking based on the product op-
eration uses a slight alteration of Figure 7.41. The alteration consists
changing the output label of the transition from 8g to 8¢ (under input 0)
from O to 1. This insures that the two machines are no longer equivalent.
but retains the same set of reachable states in the product machine. The
alteration also changes the output label of the product machine transition
from (s3,s¢) to (s3,86) (under input 0) from | to 0. The following is a






