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Overview

= Part1 - Storage Elements

= Part 2 - Sequential Circuit Analysis
o State tables
 State diagrams
« Equivalent states

= Part 3 - Sequential Circuit Design

= Part 4 — State Machine Design
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Sequential Circuit Analysis

= General Model

» Current State Inputs Combina- k ,Outputs
at time (t) Is tional
stored in an Etlo"aget Logic
EMENTLS
?Il_rra%; of A
'P-TOPS. State

» Next State at time (t+1)
Is a Boolean function of ¢tk
State and Inputs.

« Outputs at time (t) are a Boolean function of
State (t) and (sometimes) Inputs (t).
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Example 1 (from Fig. 5-15)

= |nput: X(t) y —
= Qutput:  y(t) 1 %D‘D Q_Li

>Cc Q A
= State: (A(t), B(t))
= What i1s the Output ¢ |
at Is the Outpu ‘ . —l—B

Function? ¢ [P ©

CP—ePC Q
_ 1 N\

= What is the Next State >J_} y

Function?
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Example 1 (from Fig. 5-15) (continued)

= Boolean equations

for the functions: . — - H - Q_LA
» A(t+1) = A()x (1) ! -DfD O
+ B(t)x(t) ot s |
- B(t+1) = A(t)x(t) L
Ly =XOBM + AD) b TOHs o
CP—ePCc Q
)
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Example 1(from Fig. 5-15) (continued)

= Where In time are inputs, outputs and
states defined? A = AKX + BOX(Y

.« B(t+1) = A()x(t)
«y(t) = X(O)(B(L) + A1)

CEOE TR e e P e g L@y v e tg ey T
RESET. evcsnsns J-
CLOCK . iaiiaiia I—
1 1 1
SO ! 0
1
i do of 0 0l 0 00 0
1 1] 1 11
- S q0 d 0 d
Yevnnmsnannnnns
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Example 1(from Fig. 5-15) (continued)

= Where In time are inputs, outputs and
states defined?

CECEEECEEEE TRt e b teeeeteneg bene b eree e e e ee e b e e e ee e b
RESET. .0uunsnn.s 1
CLOCK s e eees -
i ] | e
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State Table Characteristics

= State table— a multiple variable table with the

following four sections:
* Present State— the values of the state variables for
each allowed state.
* /nput-the input combinations allowed.
« Next-state— the value of the state at time (t+1) based
on the present state and the input.

» Qutput - the value of the output as a function of the
present state and (sometimes) the input.

= From the viewpoint of a truth table:
 the inputs are Input, Present State
« and the outputs are Output, Next State
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Example 1: State Table (from Fig. 5-15)

= The state table can be filled in using the next state and

output equations:

o A(t+1) = A(t)x(t) + B(t)x(t)

- B(t+1) = A (H)x(t)

- y(t) = x ()(B(L) + At))

x=0/y=g

Present State | Input | Next State
A(t) B(t) X(t) [A(+1) Bt+1) [ y(
0 0 0 0 0 0
0 0 1 0 1 0
0 1 0 0 0 1
0 1 1 1 1 0
1 0 0 0 0 1
1 0 1 1 0 0
1 1 0 0 0 1
1 1 1 1 0 0
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Example 1: Alternate State Table

= 2-dimensional table that matches well to a K-map.
Present state rows and input columns in Gray code
order.
o A(t+1) = A(t)x(t) + B(t)x(1)
.« B(t+1) = A (t)x(t)
© (1) = x (DB + A)

Present Next State Output
State X(t)=0 X(t)=1 X(t)=0 x(t)=1

A(t) B(t) [At+1)B(t+1) A(t+1)B(t+1)]| y(t)  y(t)
00 00 01 0 0
01 00 11 1 0
10 00 10 1 0
11 00 10 1 0
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State Diagrams

= The sequential circuit function can be
represented in graphical form as a state
diagram with the following components:

« A circle with the state name in it for each state

« A directed arc from the Present State to the Next
State for each state transition

A label on each directed arc with the Input values
which causes the state transition, and

« A label:

= On each circle with the output value produced,
or

= On each directed arc with the output value
produced.
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State Diagrams

= Label form:

 On circle with output included:
= state/output
= Moore type output depends only on state

» On directed arc with the output
Included.:
* Input/output

= Mealy type output depends on state and
Input
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Example 1: State Diagram

x=0/y=0Q =0/v=
- Which type? A
= Diagram gets
confusing for
large circuits
= For small circuits,
usually easier to

understand than
the state table

x=1/y=
x=1/y=0
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Equivalent State Definitions

= Two states are equivalentif their
response for each possible input sequence
IS an identical output sequence.

= Alternatively, two states are equivalentif
their outputs produced for each input
symbol Is identical and their next states
for each input symbol are the same or

equivalent.
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Equivalent State Example

= Text Figure 5-17(a):
= For states S3 and S2,

* the output for input
OislandinputlisO,
and

* the next state for input
0 iIs SO and for input
1is S2.

By the alternative definition, states S3 and S2
are equivalent.

Logic and Computer Design Fundamentals, 4e
PowerPoint® Slides
@ 2008 Pearson Education, Inc. Chapter 5-Part2 15



Equivalent State Example

= Replacing S3 and S2
by a single state gives
state diagram:

= Examining the new diagram,
states S1 and S2 are equivalent since 1/0

* their outputs for input
OislandinputlisO,
and

* their next state for input
0 is SO and for input
1is S2,
= Replacing S1 and S2 by a
single state gives state
diagram:
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Moore and Mealy Models

= Sequential Circuits or Sequential
Machines are also called Frnite State
Machines (FSMs). Two formal models

exist:
= Moore Model = Mealy Model
- Named after E.F. Moore * Named after G. Mealy

- Outputs are a function » Outputs are a function
of inputs AND states

ONLY of states ” e h
o i  Usually specified on the
;Jt:tj;"y specified on the state transition arcs.
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Moore and Mealy Example Diagrams

= Mealy Model State Diagram
maps inputs and state to outputs
x=0/y=0

x=1/y=0

maps states to outputs
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Moore and Mealy Example Tables

= Moore Model state table maps state to

outputs Present | Next State | Output
State | x=0 x=1
0 0 1 0
1 0 2 0
2 0 2 1
= Mealy Model state table maps inputs anc

state to outputs |Present| Next State | Output
State | x=0 x=1 | x=0 x=1

0 0 1 0 O

1 O 1 | 0 1
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Mixed Moore and Mealy Outputs

* In real designs, some outputs may be Moore
type and other outputs may be Mealy type.

= Example: Figure 5-17(a) can be modified to
Illustrate this
 State 00: Moore
 States 01, 10,
and 11: Mealy
= Simplifies output
specification
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Example 2: Sequential Circuit Analysis

= Logic Diagram: DD QP42

¢ CrQ

> ) P
),

._DQD
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Example 2: Flip-Flop Input Equations

= VVariables

 Inputs: None

» Outputs: Z

- State Variables: A, B, C
= Initialization: Reset to (0,0,0)
= Equations

« A(t+1) = BC

. B(t+1) = B'C+ BC'

- C(t+1)= A'C"

cZ=A
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Example 2: State Table

X’=X(t+1) | ABC | A’B'C’ | Z
000|001 [0
001|010 |0
010|011 |0
011| 100 |0
100 000 |1
101, 010 |1
110 010 |1
111 100 |1
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Example 2: State Diagram

001

)@
= \Which states are used?

= \What is the function of @

the circuit?
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