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e State Machine types and some basics

e State Machine Design Process
e State Machine Design Examples

e State Machine Design in the HDL world
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e Mealy Machine

I:puts Next Excitation State Outout
State > Memory L P >
Logic (F/F) Current > ogic Outputs
r Sthte
CLOCK

 Characterized by — Outputs are a function of
both inputs and current state
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e Moore machine

ﬁ . .
Inputs Next Excitation State Outout
Logic (F/F) Current > ogic Outputs
‘ Sthte
CLOCK

e Characterized by — Outputs are a function
current state only
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e Both Mealy and Moore machine
implementation can be implemented with any

sequential element.
* Why choose one elements over another?

— Efficiency — The next state logic may differ
significantly when using different F/F types.

— Efficiency of implementation is also drastically
affected by choice of state assignment
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 The Characteristic Equation formally specifies

the flip-flop’s next state as a function of its
current state and inputs

e Q* means the next state value for the Q
output of the F/F
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e S-R Latch

e D Latch

e DF/F

* D F/F with Enable
e J-KF/F

e TF/F

9/26/2008

Q*=S+R"Q
Q*=D

Q*=D
Q*=END+EN’'Q
Q*=JQ' + K Q
Q*=Q
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e Steps for designing a clocked synchronous
state machine starting from a word
description or specification

e First understand the description or
specification and resolve any questions

e Step 1: Construct a state/output table
corresponding to the description/spec. (Or
create a state diagram)
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e Description

— Design a clocked synchronous state machine with

two inputs A and B, and a single output Z thatis 1
if:

A had the same value at each of the two previous
clocks

e Or

e B has been 1 since the last time that the first condition
was true

— Otherwise the outputis O

9/26/2008 ECE 561 - Lecture 4



 Figures 7-46 and 7-47 of text

e Set up table having columns for the relevant info. As
we have 2 inputs need the 4 choices for inputs.

AB
Meaning S 00 01 11 10  Z

Initial State INIT next state 0
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 What happens when first input arrives

e AO—haveoneQOonA
e A1—haveonelonA

-
(b) . AB _

Meaning S 00 01 11 10 ?.d

Initial state INIT  AO A0 Al Al (I

GotaOonA A0 ()

Gota1onA A1 (f
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* Now what happens when in state AO? May
have a value of 0 or 1 on the next A input.

New state OK .
(c) AB
Meaning S 00 01 11 10 Z
Initial state INIT AD AQ Al Al 0
GotaOonA A0 OK OK Al Al 0
Gota 1on A Al 0
!

Got two equal A inputs OK

* OK says have 2 of the-same.on-A—
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e Now if you are in state A1 what happens at
next input?

(d) | | A B |
Meaning S 00 01 11 10
Initial state INIT A0 A0 Al Al
GotaOonA AO | OK| | OKy AL AT
GotaionA A1l A0 AO OK OK
Got two equal A inputs OK
Sk
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e Now resolve state OK

- — S—
AB

k. Meaning S 00 0l [ [() P4

Initial state INIT A0 A0 Al Al ()

(lota 0 on A AD OK  OK Al Al ()

(lota 1on A Ad A0 A0 OK

(iot two equal A inputs OK ? OK  OK

| —

(8] 8 ()

¢ dy Nave 10 SPIIT State UK
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e Refine state OK to indicate if Ais Os or 1s

(h)
Menning

AB

S 00 0l 1l 10

(Il it

Chil i 0 on A

ot n 1 on A

Fwo aound, A0 sl
FWo agual, Ast last

B ST e el—

INIT AO AO Al Al
AO OKO  OKO A A
Al A0 A0 OK1  OKf

QKO

K1

= | N

i B o S,

9/26/2008
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e Two Os on the A input

| —

\ AB
L Meaning S 00 0l I ()
Initial state INIT A0 AQ At A
(lota 0 on A A0 OKO OKO  Af Al
fiotaionA Al A0 A0 OKt1t OKI
Iwo equal, A=Olast OKO OKO OKO OK1 Al

Iwo equal, A=1 last

OKA1

S#

9/26/2008
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e Fill in state OK1

()

9/26/2008

SLTIe

1T sliote

CAOl O o A

Gt i ) on A
FWEaginl, Asb Inhl‘
FWo o, At fanl

AB
01 11
AD A1l
OKO Al
AO OK1
OK0  OK1
OKO  OK1

S
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e Step 2 - Minimize the number of states —
called state minimization

— This step was a major part of state machine
design.

— With current HDL synthesis tools no so much so
today

e Step 3 — Choose a set of state variables and
assign state-variable combinations to named
states.
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o Thefmlsens

e Step 5 - choose a F/F type —today almost
always a D type F/F

e Step 6 — Construct an excitation table

e Step 7 — Derive excitation equations from the
table.

e Step 8 — Derive output equations from the
table

e Step 9 — Draw a logic diagram
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e State and output table to be implemented

Table 7-5

State and output table
for example problem.

AB

S 00 01 11

10

INIT A0 AO Al
A0 OKO OKO A1
A1 A0 A0  OK1
OKO OKO OKO OKi
OK1 A0 OKO OKi1

A1l
A1l
OK1
A1
OK1

—_ - o © o| N

S

9/26/2008
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e Assigh coding to state
e Why are 3 F/F used?

Table 7-8 AB

Excitation and output

table for Table 7-7 QrQ2Q3 00 01 11 10 £

using D flip-flops. 000 100 100 101 101 0
100 (6 1t R ] NI 16 DU
101 FOO 2O ELL - 11T 8
110 110~ 110 ''111 101 1
111 1106 SR 0 7 SRS 1 i A % VLI |

D1D2D3
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.. A A
[ e 3
==\ 00 01 11 10 onex 00 01 11 10 F:gure 7-50
1 ;——-—-———-\_ e T =11 B
ol TT 1T [ qpqe 0TI TT T Excitation maps for
@ | 1 D1, D2, and D3
otffo|o 0|0 o1f|1 |1 |1 |1} 's
= Qs — | assuming that
11] 0 0 0 0 11 1 1 1 T4
= Q2 o - - unused states
1 1 B 3
el I B Sl e go to state 000.
— ] | S
2t=0 B Q1=1 B
Qz-Q3-A Q1-A
A A _ A , ™\ A
B AB | . R - AB 1 AB E——
==\ 00 01 11 10 QEQS\.OO 01 11 10 ogeea Q23 00 01 11 10 qzas\ ® 01\1_1 10
wolo|ofo|o 00| 1 10 [0 oo|lo |o |@TDH oojo |0 T TT)
otffo|o|o|o o1]o |o|f1]1) otfjoflo]o]o of| o |o|[1]1
—~ Q3 . Q3 Q3 Q3
1m{o|lo|o]|o 1o |1 [[1)] 1 11lolo oo 1o o ||t |1
= Q2 : < Q2 Q2
S ofo|o]ofo 10[1 1) 1o —0Q1Q3A 10fo|lo|ofo 1000 o0 {11
3 , : 5 , Q1-Q2'B , ; , !
21=0 B Q1=1 B Q1=0 B Qi=1 B
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 Anceonmes

e These are 5 variable maps

 Each is a function of 5 variables — input A,
input B, and the 3 F/F outputs Q1,Q2,Q3
e End up with
—D1=Q1+Q2" Q3
—-D2=Q1 Q3 A+Q1Q3A+Q1Q28B
—D3=Q1A+Q2 Q3 A
—7=0102Q03'+Q1Q203 =Q1Q2
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e Prob 7.46 from text — Due Wednesday Oct 8

7.46 Design a clocked synchronous state machine with the state/output table show= =
Table X7.46, using D flip-flops. Use two state variables, Q1 Q2, with the s==
assignment A=00,B=01,C=11,D =10.

X Table X7.46
E A 1 &
A B D 0
B C B 0
C B A 1
D B C 0
S
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