FSM decomposition

Now, we will discuss a very simple model for FSM decomposition. As an
example, we use Mealy FSM Ss (Table 1) and a partition 7 on the set of its
states:

™ ={A1, Az, As};
A; ={ag, as, as}; Az ={au, az, as}; As = {ai, as, agl.

The number of component FSMs in the FSM network is equal to the number of
blocks in partition 1. Thus, in our example, we have three component FSMs S!,
S2, S8,

Let Bm is the set of states in the component FSM Sm. Bm contains the
corresponding block of the partition 1 plus one additional state bn. So, in our
example:

St has the set of states B! = {as, as, ag, bi};

S?has the set of states B? = { au, az, as, ba};

S3has the set of states B3 = { ai, as, as, bs).

Table 1. Mealy FSM S,

amn as  X(amas) Y(ana) H
al a3 x1*x2*x3 yly2 1
al a6 x1*x2*~x3 y2yl2 2
al al xI1*~x2 yly2 3
al ab ~xl1 yly2yl2 4
az a2 x6 - 5
az a3 ~x6 y3y5 6
a3 a3 x10 y3y5 7
al3 a9 ~x10*x4 yl0y1l5 8
a3 a8 ~x10*~x4 y5y8y9 9
a4 a6 x7 y1l3 10
a4 a4 ~x7*x9 y1l3y18 11
a4 a8 ~x7*~x9 y1l3y1l4 12
ab a6 x1 yléyl7 13
asb ab ~xl1 y7y1ll1 14
a6 al x5 yly2 15
a6 al ~x5 yléyl7 16
a’7 a2 x8 y1l4y18 17
a’7 a4 ~x8 y13y18 18
a8 a7 x9 y4y6 19
a8 a4 ~x9 yé 20
a9 a9 x11*x6 y10y15 21
a9 a2 x11*~x6 y5y8y9 22
a9 a3 ~x11 y3y8y9 23

To construct a transition table for each component FSM we should define the
transitions between the states of these FSMs. For this, each transition between
two states a; and a; of Mealy FSM S from Table 1 should be implemented one



after another as one or two transitions in component FSMs. Two possible cases
are available:

1.

2.

In Mealy FSM Se, there is a transition between a; and q; (Fig. 1, left) and
both these states are in the same component FSM Sm. In such a case, we
have the same transition in this component FSM Sm (Fig. 21, right). It
means that we must rewrite the corresponding row from the table of FSM
Se into the table of component FSM Sm.
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Figure 1. Two states a; and a; are in the same component FSM

Two states a; and g; are in different component FSMs (Fig. 2). Let a; is in
the component FSM S (a; € B™ and ¢ is in the component FSM Sr (g
€ Br). In such a case, one transition of FSM Ses should be presented as
two transitions — one in the component FSM Sm and one in the
component FSM Sr:

e FSM Smtransits from q;into its additional state b, with the same
input Xp. At its output, we have the same output variables from
set Y: plus one additional output variable z, where index j is the
index of state g;in the component FSM Sr.

e FSM Sris in its additional state bp. It transits from this state into
state g;with input signal z;, that is an additional output variable in
the component FSM Sm The output at this transition is Yo — the
signal with all output variables equal to zero.
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Figure 2. Two states a; and a; are in the different component FSMs

Thus, the procedure for FSM decomposition is reduced to:

a) Copying the row

a a Xla,q) Ylai,q)

from the table of the decomposed FSM S to the table of the component
FSM S if both states a; and g; are the states of Sm



b) Replacement the row
a a Xla,q) Ya,q)

in the table of the decomposed FSM S by the row
a bm Xlai,aq) Ylai,a) z

in the table of the component FSM Sm, and by the row
by a; z --

in the table of the component FSM S, if a; is the state of Smand q; is the
state of Sr.

As a result of decomposition of FSM Ss, we obtain the network with three
component FSMs in Fig. 3. Their transition tables are presented in Tables 2 - 4.
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Figure 3. Network with three component FSMs

Table 2. Component FSM S’

am as Xlamn.as) Y(an.as) H
az az x6 - 1
az a3 ~X6 y3y5 2
as a3 x10 y3y5 3
a3 ag ~x10*x4 y10y15 4
as bl ~x10*~x4 y5y8y9z8 5
ag ag x11*x6 yl0y1l5 6
ag a2z x11*~x6 y5y8y9 7
ag a3 ~x11 y3y8y9 8
bl az z2 - 9
bl a3 z3 —= 10
bl bl ~z2%~z3 —= 11



Table 3. Component FSM S’

Qm as Xlanas) Y(anas) H
a4 b2 x7 y1l3z6 1
a4 a4 ~X7%x9 y13y18 2
a4 as ~X7*~x9 y1l3yl4 3
av’ b2 x8 y14y18z2 4
a7 a4 ~x8 y13y18 5
a8 a7’ x9 yvdy6 6
as a4 ~x9 y6 7
b2 a8 z8 - 8
b2 b2 ~z8 - 9
Table 4. Component FSM S’
am as Xlam.as) Y(an.as) H
al b3 x1*x2*x3 yly2z3 1
al a6 x1*x2*~x3 y2ylZz 2
al al x1*~x2 yly2 3
al ab ~x1 yly2ylZ2 4
ab a6 x1 yléyl7 5
ab ab ~x1 y7y11 6
a6 al x5 yly2 7
a6 al ~x5 yléyl7 8
b3 a6 z6 - 9
b3 b3 ~z6 —= 10

Now we will illustrate some examples of transitions for cases (a) and (b):

a. In FSM Se, there is a transition from state a2 to state a3 with input ~x6
and output y3y5 (row 6 in Table 1). As both these states a2 and a3 are
in the same component FSM S;, in this FSM there is a transition from a2
to a3 with the same input ~x6 and the same output y3y5 (row 2 in Table
2). Exactly in the same way, we rewrite row 12 of Table 1 to row 3 of
Table 3 and row 2 of Table 1 to row 2 of Table 4 because the current
states and the next states are in the same component FSMs.

b. In FSM Sg, there is a transition from state a3 to state a8 with input
~x10*~x4 and the output y5y8y9 (row 9 in Table 1). Since a3 is the
state of component FSM S! and a8 is the state of another component
FSM S2, in FSM S! there is a transition from a3 to bl with the same
input ~x10*~x4 and output y5y8y9z8 (row 5 in Table 2). The last output
z8 is the input of FSM S? that wakes this FSM and transits it from state
b2 to state a8 (row 8 in Table 3). Similarly, we convert row 1 of Table 1
into two rows — the first in Table 4 and the tenth in Table 2 etc. Note that
we add the last row in each FSM table to remain component FSMs in the
state bn, if each z; is equal to zero.

Now we will discuss how this network works. Let a; is an initial state in FSM Se.
After decomposition, state a; is in FSM S3, so, at the beginning, just FSM S3is



in state al. Other FSMs are in states bl and b2 correspondingly, it is possible
to say that they “are sleeping” in these states. FSM S? transits from the state to
the state until x1*x2*x3 = 1 in state al (see row 1 in Table 4). Only at this
transition FSM S3 produces output signal z3 and transits into state b3 (sleeping
state). This signal z3 is the input signal of FSM S!. It wakes FSM S! and transits
it from the sleeping state bl to state a3 (see row 10 in Table 2). Now FSM S!
transits from the state to the state until, in state a3, it transits into state bl
with input signal ~x10*~x4 = 1 and wakes FSM S? by signal z8 (see row 5 in
Table 2 and row 8 in Table 3).

Unlike FSMs S! and S3, the component FSM S2 has two possibility to wake
other component FSMs - in state a4 with input signal x7 = 1 (row 1 of Table 3)
and in state a7 with input signal x8 = 1 (row 4 in the same Table), etc. Thus, in
each time, all component FSMs, except one, are in the states of type bnrand only
one of them is in the state of type a...



