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Administrative Stuff

« Homework 11 is due on Nov 27



Administrative Stuff

Final Project (7% of your grade)

By now you should have selected a project

Also, posted on the class web page (Labs section)
This is your lab for the last two weeks

This is due during your last lab (dead week)



Goal for Today's Lecture

« Given a circuit diagram for a synchronous sequential
circuit, the goal is to figure out the FSM

* Figure out the present state variables, the next state
variables, the state-assigned table, the state table, and
finally the state diagram.

* In other words, the goal is to reverse engineer the
circuit.



What does this circuit do?

Y1

5

Clock

Resetn

[ Figure 6.75 from the textbook |



Approach
Find the flip-flops

Outputs of the flip-flops = present state variables

Inputs of the flip-flops determine the next state variables
Determine the logical expressions for the outputs

Given this info it is easy to do the state-assigned table
Next do the state table

Finally, draw the state diagram.



Where are the inputs?

Y1

5

Clock

Resetn

[ Figure 6.75 from the textbook |



Where are the inputs?

@ ..

There is
only one
input

Y1

5

Clock

Resetn

[ Figure 6.75 from the textbook |



Where are the outputs?

Y1

5

Clock

Resetn

[ Figure 6.75 from the textbook |



Where are the outputs?

Y1

RO

There is
only one
output

5

Clock

Resetn

[ Figure 6.75 from the textbook |



Where kind of machine is this?

Moore or Mealy?

@ ..

iInput

Y1

5

Clock

A

Resetn

output



Moore: because the output does not
depend directly on the primary input

Y,

@ ..

iInput

Y1

5

Clock

-]

A

output



Where are the memory elements?

Y1

5

Clock

)

Resetn




Where are the memory elements?
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Clock ° (




Where are the outputs of the flip-flops?
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Where are the outputs of the flip-flops?
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These are the present-state variables
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Where are the inputs of the flip-flops?
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Clock ° (




Where are the inputs of the flip-flops?

)

Al \®)

s
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These are the next-state variables
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What are their logic expressions?
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What are their logic expressions?

Y, = wy, +wy,

()

Y1

5

Clock

Resetn
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Where is the output, again?
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Clock . Q




Where is the output, again?
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|
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What is its logic expression?

Y1

5

Clock

B9

Resetn




What is its logic expression?

Y1

5

Clock

Z=Y4Yo

B9

Resetn




This Is what we have to work with now
(we don’t need the circuit anymore)

Y, =wy, +wy,

Y, = wy, + wy,

Z=Y1Y>



Let’s derive the state-assigned table

Y, = WV + wy Present Next State
1 1 2 Output
state [ w=0 w=1
Y2y1 Z
Yo =wyy +wy, 2 YoTy
00
01

Z=Y1Y2 10
11




Let’s derive the state-assigned table

Y, = WV + wy Present Next State
1 1 2 Output
state [ w=0 w=1
Y2y1 Z
Yo =wyy +wy, 2 YoTy
00
01

Z=Y1Y2 10
11




Let’s derive the state-assigned table

—_— Next State
Y, = wy, +wy, Present Output
state [ w=0 w=1
_ YY1 | vo¥,  YoY z
Yo =Wy + Wy, =
00 0
01 0
Z=YqY, 10 0
11 1




Let’s derive the state-assigned table

— Next State
Y, = wy, +wy, Present - - Output
state | w=0 w=1
Z
y2Y1 Y4Y; Y4Y;

Y, = wy, +wy,

00
01

Z=Y1Y2 10
11

- O O O




Let’s derive the state-assigned table

— Next State

— Present
Y1 Wy, + wy, _ _ Output
state [ w=0 w=1

Y2Y1 Y2Y1 Y2Y1 Z

00 0 1
01 0 0
Z =Y.y 10 0 1
11 0 1

Y, = wy, +wy,

- O O O




Let’s derive the state-assigned table

—_ Next State
Y, = wy, +wy, Present Output
state [ w=0 w=1
Y21 z
Yo = wy; + Wy, (1) Pk
00 0 1 0
01 0 0 0
Z=Y.Y, 10 0 1 0
11 0 1 1




Let’s derive the state-assigned table

Y, =wy, +wy,

Y, = wy, +wy,

Z=Y1Y>

Next State
Present Outout
state [ w=0 w=1 Hipy
Z
Y2VY1 Y2Y1 Y2Y1
00 00 0 1 0
01 00 10 0
10 00 11 0
11 00 11 1




We don’t need the logic expressions

anymore
— Next State
Y1 — WYy, + WY, Present Output
state |w=0 w=1
Y2y1 Z
Yo =wyy +wy, Y2 Yol
00 00 01 0
01 00 10 0
Z=Y4Y> 10 00 11 0
11 00 11 1




We don’t need the logic expressions
anymore

Next State
Present Outout
state |w=0 w=1 Hipy
y4
y2Y1 Y,Ys Y, Yq
00 00 01 0
01 00 10 0
10 00 11 0
11 00 11 1




Let’s derive the state table

Present Next state Output Present Next State
state

w=0 w=1 z state |w=0 w=1 Output

Y2Y1 Y2Y1 Y2Y1 Z

00 00 01
01 00 10

10 00 11
11 00 11

- O O O

State table State-assigned table



Let’s derive the state table

Present Next state Output Present Next State
state

w=0 w=1 z state |w=0 w=1 Output

Y2Y1 Y2Y1 Y2Y1 Z

00 00 01
01 00 10
10 00 11
11 00 11

- O O O

State table State-assigned table



Let’s derive the state table

Present Next state Output Present Next State
state | \w=0 w= 1 yA state lw=0 w= 1 Output

y4

A y2Y1 YoYq Y2 Y1
g —00 00 01 0
D —01 00 10 0
— —10 00 11 0
—11 00 11 1

State table State-assigned table



Let’s derive the state table

Next state

Present Output
state | =0 w=1 z
A
B
C
D
State table

Next State
Present Outout
state |l w=0|w=1 uipd
Z
y2Y1 Y,Ys Y,Ys
00 00 0 1 0
01 00 10 0
10 00 11 0
11 00 11 1

State-assigned table




Let’s derive the state table

Present Next state Output Present Next State
state | \w=0 w= 1 Z state lw=0 w= 1 Output

y4

A A y2Y1 YoYq Y2 Y1
g ﬁ - 00 0C 01 0
D A 64 00 10 0
00 11 0
11 0C 11 1

State table State-assigned table



Let’s derive the state table

Present Next state Output Present Next State
state | w=0|w= 1 yA state |w=0|w= 1 Output

y4

A A y2Y1 YoYq Y2 Y1
g ﬁ 00 00 01 0
D A 01 00 10 0
10 00 11 0
11 00 11 1

State table State-assigned table



Let’s derive the state table

Present Next state Output Present Next State
state | \w=0 w= 1 Z state lw=0 w= 1 Output

A A B YY1 | vy, Yovy | Z

B A C 00 00 0 0

C A D g

D A D O 1 U U — O
10 00 0
11 00 1

State table State-assigned table



Let’s derive the state table

Next state

Present Next State

state [ w=0 w=1

y2Y1 Y,Ys Y,Ys 4

Output

Present Output
state | \w=0 w=1 z
A A B
B A C
C A D
D A D
State table

00 00 01
01 00 10
10 00 11
11 00 11

- O O O

State-assigned table



Let’s derive the state table

Present Next state Output Present Next State
state | \w=0 w= 1 yA state lw=0 w= 1 Output

A A B YY1 | vy, Yovy |2

B A C 00 00 01 0

C A D

D A D 01 00 10 0
10 00 11 0
11 00 11 1

State table State-assigned table

The output is the same in both tables



The two tables for the initial circuit

Present Next state Output Present Next State
state | \w=0 w= 1 Z state lw=0 w= 1 Output

A A B 0 YY1 | vy, Yovy | Z

B A C 0 00 00 01 0

C A D 0

D A D 1 01 00 10 0
10 00 11 0
11 00 11 1

State table State-assigned table

[ Figure 6.76 from the textbook |



We don’t need the state-assigned table

anymore
Present Next state Output Present Next State
state | \w=0 w= 1 Z state lw=0 w= 1 Output

A A B 0 YY1 | vy, Yovy | Z

B A C 0 00 00 01 0

C A D 0

D A D 1 01 00 10 0
10 00 11 0
11 00 11 1

State table State-assigned table

[ Figure 6.76 from the textbook |



We don’t need the state-assigned table

anymore
Present| Nextstate | oyt
state | \w=0 w=1 y4
A A B 0
B A C 0
C A D 0
D A D 1

State table



Let’s Draw the State Diagram

Present| Nextstate | oyt
state | \w=0 w=1 Z
A A B 0
B A C 0
C A D 0
D A D 1




Let’s Draw the State Diagram

Present| Nextstate | oyt

state

w=0 w=1

OO w>
> > > >
OCOoOOWw

Because this is a Moore machine
the output is tied to the state



Let’s Draw the State Diagram

Present| Nextstate | oyt
state | \w=0 w=1 Z
A A B 0
B A C 0
C A D 0
D A D 1

All transitions when the input w is equal to 1



Let’s Draw the State Diagram

Present| Nextstate | gytput i
state | \w=0 w=1 Z
A A B 0
B A C 0
C A D 0
D A D 1

All transitions when the input w is equal to 1




Let’s Draw the State Diagram

Present| Nextstate | gytput i
state | \w=0 w=1 Z
A A B 0
B A C 0
C A D 0
D A D 1

All transitions when the input w is equal to O




Let’s Draw the State Diagram

w=0

Present| Nextstate | gytput ]
state | \w=0 w= 1 z Bl
A A B 0 > @
B A C 0 W=
C A D 0 _
D A D 1 W=
13
All transitions when the input w is equal to O w=]



We are done!

Present| Nextstate | oyt
state | \w=0 w=1 Z
A A B 0
B A C 0
C A D 0
D A D 1
State table

w=0

Ll
S

w=1

w=0

w=]1

N OPA

State diagram



Almost done. What does this FSM do?

Next state

Present Output
state | \w=0 w=1 y4
A A B 0
B A C 0
C A D 0
D A D 1
State table

w=0

w=1
N®
w=1
(e
w=]1

@D

State diagram



Almost done. What does this FSM do?

It sets the output z to 1 when w=0
three consecutive 1’s occur on the input w.
In other words, it is a sequence detector
for the input pattern 111. @
Present|  Nextstate | oyiput ]
state | \w=0 w=1 z
A A B 0 > @
B A C 0 W=
C A D 0 _;
D A D 1 v
e
State table w=]

@D

State diagram



Another Example
(with JK flip-flops)



What does this circuit do?

)

]1 N
Q
‘_DO_‘ __L—/\ 9
K,
_\ Jr 9 2
_/ Clock ~
K5 Q
Resetn ®

[ Figure 6.77 from the textbook |



Approach
Find the flip-flops

Outputs of the flip-flops = present state variables

Inputs of the flip-flops determine the next state variables
Determine the logical expressions for the outputs

Given this info it is easy to do the state-assigned table
Next do the state table

Finally, draw the state diagram.



N

Where are the inputs and outputs?

)

Q
i) :
K
D I 0 Y2
Clock _
X, Q
Resetn —*

[ Figure 6.77 from the textbook |



Where are the inputs and outputs?

N

Q

‘—Do—~ \ 7\ > _

input ——L_/ K, s s Q
D J o »

Clock >

K, 5oQ

Resetn

D)

output



What kind of machine is this?

Q Ji 7
1% ¢ Q
> D g 3
input K, =
_\ Jr ] 9 3 %)
Clock >
K
K, Q

Resetn

D)

output



Where are the flip-flops?

N

Resetn

Q
_—L_/ (_2
K
_\ Jr 9 2
_/ Clock ~
Q




Where are the flip-flops?

J Q —4
> D )
AN
R
_ Clock . > _ )
AN
LN



Where are the outputs of the flip-flops?

]1 N
w—e I Q -
S )— z
‘_DO_‘ _L_/\ K Q
K
o)
\ J 0 »
_/ Clock . > _
K5 K ? Q

Resetn ®



Where are the outputs of the flip-flops?

]1 N
T PO
S —
‘_DO_‘ _L_/ K Q
K
o)
\ J 0 »
_/ Clock . > _
K5 K?Q

Resetn ®



These are the next-state variables

)
1% ? J Q .,
>

+—{>0 _D —K )
1

@)

_/ Clock ' > _

K Q
K,

i

Resetn ®



nlp,

N

Where are the inputs of the flip-flops?

)
__/

Clock

Resetn

3 %)

)



nlp,

N

Where are the inputs of the flip-flops?

)
__/

Clock

Resetn

3 %)

)



What are their logic expressions?

Resetn

D O
N\ ml 0 %)

e Clock 'v> _

oX

)



What are their logic expressions?

)

Jy=w
Ok
W v —1J Q
>
-—Do—~ __L—/\ —~Jk o
e O
K1zw+ 5 o)
Jo=wy,
— () s
) 7|] Q
Clock ® >
K
Resetn ® ?
Ky, =w



What is the logic expression of the output?

N

w ? Q
— >
‘_DO_‘ _—L_/ q
K Q
K
@)
\ J 0 »
Clock >
K Q

Resetn

D)

output



N

Q
) A
_\ Jr 9 3 %)
_J

Clock

Resetn

What is the logic expression of the output?

Z=Y4Y>

D)

output



This Is what we have to work with now
(we don’t need the circuit anymore)



Let’s derive the excitation table

Present Flip-flop inputs

state w=0 w= 1 Output
Y2y JoKo J1K1 K2 J1K g
00

01

10

11




Let’s derive the excitation table

Present Flip-flop inputs

state w=0 w= 1 Output
Y2y JoKo J1K1 K2 J1K g
00

01

10

11




Let’s derive the excitation table

Jy=w
K, = V_V "';2 Present Flip-flop inputs
state w=0 w= 1 Output
YOVt | oKy JiKq JoKo  J1K ‘
Jo=wy, 00 0
— 01 0
K, =w 10 0
11 1




Let’s derive the excitation table

Jy=w
K, = V_V "';2 Present Flip-flop inputs
state w=0 w= 1 Output
YOVt | oKy JiKq JoKo  J1K ‘
Jo=wy, 00 0
— 01 0
K, =w 10 0
11 1




Let’s derive the excitation table

Present Flip-flop inputs

state w=0 w= 1 Output
YOVt | oKy JiKq JoKo  J1K ‘

00 01 11 0

01 01 11 0

10 01 10 0

11 01 10 1




Let’s derive the excitation table

Present Flip-flop inputs

state w=0 w= 1 Output
YOVt | oKy JiKq JoKo  J1K ‘

00 01 11 0

01 01 11 0

10 01 10 0

11 01 10 1




Z=Y4Y>

The excitation table

Present Flip-flop inputs

state w=20 w= 1 Output
YOVt 1 oK J1K1  JoKoa  J1K1 ‘

00 01 01 00 11 0

01 01 01 10 11 0

10 01 01 00 10 0

11 01 01 10 10 1

[ Figure 6.78 from the textbook |



We don’t need the logic expressions
anymore

Z=Y4Y>

Present Flip-flop inputs

state w=0 w=1 Output
Y| oKy iK1 JoKy K| F

00 01 01 00 11 0

01 01 01 10 11 0

10 01 01 00 10 0

11 01 01 10 10 1

[ Figure 6.78 from the textbook |



We don’t need the logic expressions

anymore

Present Flip-flop inputs

state w=0 w= 1 Output
YOVt | oKy JiKq JoKo  J1K ‘

00 01 01 00 11 0

01 01 01 10 11 0

10 01 01 00 10 0

11 01 01 10 10 1

[ Figure 6.78 from the textbook |



Let’s derive the state table

Present
state

Next state

w=0 w=1

Output

State table

Present Flip-flop inputs

state w=0 w=1 Output
yay1 JoKo J1K1 Jo2Ko2 J1K1 z

00 01 01 00 11 0

01 01 01 10 11 0

10 01 01 00 10 0

11 01 01 10 10 1

Excitation table




Let’s derive the state table

Present
state

Next state

w=0 w=1

Output

A

B <«

C <«

D

(map 2-bit numbers to 4 letters)

State table

Present Flip-flop inputs
state w=0 w= 1 Output
yay JoKo J1K1 J2K2 J1K1 z
— 00 01 01 00 11 0
— 01 01 01 10 11 0
— 10 01 01 00 10 0
— 11 01 01 10 10 1

This step is easy

Excitation table




Let’s derive the state table

Present Next state Output Present Flip-flop inputs
state | \w=0 w=1 Z state w=0 w= 1 Output

A 0 e YT UKy 1K1 2Kz JiKi i
B 0« —00 01 01 00— 1+1 0
C 0 < a4 01 01 10 1 0
D 1 < 10 01 01 00 TO— 0

11 01 01 10 TO— 1

State table Excitation table

This step is easy too
(the outputs are the same in both tables)



Let’s derive the state table

Present Next state Output Present Flip-flop inputs
state | \w=0 w=1 Z state w=0 w= 1 Output

A ? |e— 0 Y2y JoKo J1K1 JoK2  J1K4 z
B 0 00 01 01 00 11 0
C 0 01 01 01 10 11 0
D 1 10 01 01 00 10 0

11 01 01 10 10 1

State table Excitation table

How should we do this?




JK Flip-Flop Refresher

J

1 -
T - > 9

Clock

Ol

D =J6+EQ

[ Figure 5.16a from the textbook |



JK Flip-Flop Refresher

) -

| D Q — Q
KD ) L Q a
Clock
(a) Circuit
JK|Q+1)
00[ Qe [ a
ro| 1 >
_ —K Q
11] Q)
(b) Truth table (c) Graphical symbol

[ Figure 5.16 from the textbook |



Let’s derive the state table

Present Next state Output Present Flip-flop inputs
state | \w=0 w=1 Z state w=0 w= 1 Output

A ? |e— 0 Y2y JoKo J1K1 JoK2  J1K4 z
B 0 00 01 01 00 11 0
C 0 01 01 01 10 11 0
D 1 10 01 01 00 10 0

11 01 01 10 10 1

State table Excitation table

How should we do this?




Let’s derive the state table

Present| Nextstate | gyiput
state | \w=0 w=1 y4
A 0
B 0
C 0
D 1

Present Flip-flop inputs
state w=0 w= 1 Output
yay JoKo J1K1 Jo2Ko2 J1K1 z
00 | 01 01 00 11 0
01 01 01 10 11 0
10 01 01 00 10 0
11 01 01 10 10 1
J K|1Q(t+1)
00| Q(t)
4l o
10 1
11 Q(t)




Let’s derive the state table

Present Next state Output Present Flip-flop inputs
state | \w=0 w=1 Z state w=0 w= 1 Output
A 0 YV 1 UKy I1K1 JaKz  JiK g
B 0 00 |[lo1] [o1 00 11 0
C 0 01 01 01 10 11 0
D 1 10 01 01 00 10 0
11 01 01 10 10 1
J K|Q(t+1) J K|Q(t+1)
00| Q(t) 00| Q(t)
| o | o
10 1 10 1
11] Q) 11| Q)




Let’s derive the state table

Present Next state Output Present Flip-flop inputs
state | \w=0 w=1 Z state w=0 w= 1 Output
A A 0 Y2y JoKo2 J1K1  JoK2  J1K1 £
B \ 0 o0 |[[o1] [01] o0 11| o
C & 01 01 01 10 11 0
D N 10 01 01 00 10 0
\\11 01 01 10 10 1

Note that A = 00 K J K|Q(t+1)
0 OQ(t) Q(t)
4l |o _1[™~o
10| 1 10| 1
11] Q) 11| Q)




Let’s derive the state table

Present Next state Output
state | \w=0 w= 1 7
A A 0
B ? 0
C 0
D 1

Present Flip-flop inputs
state w=0 w= 1 Output
YU oKy Ky JoKa K z
00 01 01 00 11 0
01 01 01 10 11 0
10 01 01 00 10 0
11 01 01 10 10 1
J K|Q(t+1) J K|Q(t+1)
00| Q(t) 00| Q(t)
01 0 01 0
10 1 10 1
11] Q) 11 Q)




Let’s derive the state table

Present Next state Output
state | \w=0 w= 1 7
A A 0
B 0
C 0
D 1

Present Flip-flop inputs
state w=0 w= 1 Output
Y2y JoKo J1K1  JoK2  J1K1 z
00 01 01 00 11 0
01 01 01 10 11 0
10 01 01 00 10 0
11 01 01 10 10 1
J K|Q(t+1) J K|Q(t+1)
00 Q(t) 00] Q(t)
0 1 0 01 0
10 1 10 1
11] Q) 14| Q)




Let’s derive the state table

Present Next state Output
state | \w=0 w= 1 7
A A 0
B 0
C 0
D 1

Present Flip-flop inputs
state w=0 w= 1 Output
Y2y JoKo J1K1  JoK2  J1K1 z
00 01 01 00 11 0
01 01 01 10 11 0
10 01 01 00 10 0
11 01 01 10 10 1
J K|Q(t+1) J K|Q(t+1)
00 Q(t) 00] Q(t)
0 1 0 01 0
10 1 10 1
11] Q) 1A Q)




Let’s derive the state table

Present| Nextstate | gyiput
state | \w=0 w=1 y4
A A 0
B 0
C 0
D 1

Present Flip-flop inputs
state w=0 w= 1 Output
yay JoKo J1K1 Jo2Ko2 J1K1 z
00 01 01 00 11 0
0 01 01 10 11 0
10 01 01 00 10 0
11 \01 01 10 10 1
J K Q(t+1)
00 Q(t)
01 0
10 1
11 Q(t)




Let’s derive the state table

Present Next state Output Present Flip-flop inputs
state | \w=0 w=1 Z state w=0 w= 1 Output
A A 0 Y2y JoKo J1K1 JoK2 J1K1 z
B 0 00 01 01 00 11 0
C 0 0 01 01 10 11 0
D 1 10 01 01 00 10 0
11 N\ 01 01 10 10 1

- = O O]
- O] = O] A




Let’s derive the state table

Present Next state Output Present Flip-flop inputs
state | \w=0 w=1 74 state w=0 w= 1 Output
A A 0 Y2y JoKo J1K1 J2K2 J1K1 z
B C < 0 00 01 01 00 11 0
C N 01 01 01 10 11 0
D N\ 10 01 01 00 10 0
11 01 01 10 10 1
Note that C = 10 J K Q(t+1)
0 Q (1)
01 0
10 1
11 Q(t)| =0




The two tables for the initial circuit

Next state

Present Output
state w=0 w= V4
A A B 0
B A C 0
C A D 0
D A D 1
State table

Present Flip-flop inputs

state w=0 w= 1 Output
yay JoKo J1K1 Jo2Ko2 J1K1 z

00 01 01 00 11 0

01 01 01 10 11 0

10 01 01 00 10 0

11 01 01 10 10 1

Excitation table




The state diagram

Ll
S

Present| Nextstate | gyiput =]
state | \w=0 w=1 y4

A A B 0 w=0

B A C 0

C A D 0 w=]

D A D 1

e
State table

w=]1

N OPA

State diagram



The state diagram

Thus, this FSM is identical to the one
In the previous example, even though
the circuit uses JK flip-flops.

Ll
S

Present| Nextstate | gyiput =]
state | \w=0 w=1 y4

A A B 0 w=0

B A C 0

C A D 0 w=1

D A D 1

S
State table

w=]1

@D

State diagram



Yet Another Example
(with mixed flip-flops)



What does this circuit do?

)
-

31

{Z.
ofsl|E

Clock

Y2

[ Figure 6.79 from the textbook |



Approach
Find the flip-flops

Outputs of the flip-flops = present state variables

Inputs of the flip-flops determine the next state variables
Determine the logical expressions for the outputs

Given this info it is easy to do the state-assigned table
Next do the state table

Finally, draw the state diagram.



What are the logic expressions?

L T -

I, M)
o

Clock > Q

{Z.
ofsl|E

Resem ) ?

[ Figure 6.79 from the textbook |



What are the logic expressions?

31

=D

{Z.
ofsl|E

Clock

Y2




What are the logic expressions?

Z=Y4Yo

{Z.
DoI[L

Y2

D, =w(y; +Y5)
—~ Gk
— ®
Q
2=WY2 1

KO



The Excitation Table

Dy =W (Y + Yo)

T = WY, + WYY,

Z=Y4Y>

Present| Flip-flop inputs
state [ w=0 w=1 Output
Y2 Y1 T2D1 T2D1 Z
00 00 01 0
01 00 10 0
10 10 01 0
11 10 01 1

Excitation table




Let’s derive the state table

Present| Flip-flop inputs

Present|  Nextstate | oytpyt state | w=0 w= 1 | Output
state

w=0 w=1] * %3% z

ToD1 ToDy

00 00 01

01 00 10
10 10 01

- O O O

11 10 01




Let’s derive the state table

Present| Flip-flop inputs
Present Next state Output state | w=0 w= 1 Output

M Jw=0 w=1] ? 21 | 1.0,  T.D- z
A

B 00 00 01 0

C 01 00 10 0

D _ 10 10 01 0

11 10 01 1

This step is easy
(map 2-bit numbers to 4 letters)



Let’s derive the state table

Present| Flip-flop inputs
Present|  Nextstate | oytpyt state | w=0 w= 1 | Output

state | \wv=0 w=1 z VoY1 .0 D Z
A 0

B 0 00 U0 01— 0

C 0 01 00 10 0

D 1 10 | 10 01 0

11 10 01 1

This step is easy too
(the outputs are the same in both tables)




Let’s derive the state table

Present| Flip-flop inputs
Present Next state Output state | w=0 w= 1 Output
state — — y4
=0 =1 7
e | e o
B 0 00 00 01 0
C 0 01 00 10 0
b 1 10 10 01 0
11 10 01 1

What should we do here?



Let’s derive the state table

Present| Flip-flop inputs
Present Next state Output state | w=0 w= 1 Output
state — — y4
=0 =1 7
e | e o
B 0 00 00 01 0
C 0 01 00 10 0
b 1 10 10 01 0
11 10 01 1

What should we do here?

T |Q(t+1) D | Q(z+1)

g(t) 0 0
1 Q(z) 1 1




Let’s derive the state table

Present| Flip-flop inputs
Present|  Nextstate | oytpyt state | w=0 w= 1 | Output

state | \wv=0 w=1 z VoY1 .0 D Z
A 0

B 0 00 0|0 01 0

C 0 01 00 10 0

D 1 10 10 01 0

11 10 01 1

T |Q(t+1) D | Q(z+1)

g(t) 0 0
1 Q(z) 1 1




Let’s derive the state table

Present| Flip-flop inputs
Present|  Nextstate | oytpyt state | w=0 w= 1 | Output

state | \wv=0 w=1 z VoY1 .0 D Z
A 0

B 0 00 0|0 01 0

C 0 01 00 10 0

D 1 10 10 01 0

11 10 01 1

T |Q(t+1) D | Q(z+1)

g(t) 0 0
1 Q(z) 1 1




Let’s derive the state table

Present| Flip-flop inputs
Present|  Nextstate | oytpyt state | w=0 w= 1 | Output

state | \wv=0 w=1 z VoY1 .0 D Z
A 0

B 0 0|0 0|0 01 0

C 0 1 00 10 0

D 1 1 10 01 0

11 10 01 1

T | Q(aA+1) D | Q(z+1)

(_izt) 0 0
1 Q(z) 1 1




Let’s derive the state table

Present| Flip-flop inputs
Present|  Nextstate | oytpyt state | w=0 w= 1 | Output

state | \wv=0 w=1 z VoY1 .0 D Z
A 0

B 0 00 0|0 01 0

C 0 01 00 10 0

D 1 10 10 01 0

11 10 01 1

T |Q(t+1) D | Q(z+1)
_O 0 0
1 Q(z) 1 1




Let’s derive the state table

Present| Flip-flop inputs
Present|  Nextstate | oytpyt state | w=0 w= 1 | Output

state | \wv=0 w=1 z VoY1 .0 D Z
A 0

B 0 00 0[0 01 0

C 0 01 00 10 0

D 1 10 10 01 0

11 10 01 1

T |Q(t+1) D | Q(z+1)
_O 0 0
1 Q(z) 1 1




Let’s derive the state table

Present| Flip-flop inputs
Present|  Nextstate | oytpyt state | w=0 w= 1 | Output

state | \wv=0 w=1 z VoY1 .0 D Z
A 0

B 0 00 0[0 01 0

C 0 01 00 10 0

D 1 10 10 01 0

11 10 01 1

T |Q(t+1) D | Q(z+1)
_O 0 0
1 Q(z) 1 1




Let’s derive the state table

Present| Flip-flop inputs

Present|  Nextstate | oytpyt state | w=0 w= 1 | Output
state

w=0 w=1

Y2 Y1 T2D1 T2D1 74

00 0[0 01
01 00 10

X

OO w>

fa

- O O O

\ 10 10 01
11 10 01

Note that A =00

Q1+ 1) Q(t+1)
0

_O 0 0
1 Q(z) 1 1




Let’s derive the state table

Present| Flip-flop inputs
Present|  Nextstate | oytpyt state | w=0 w= 1 | Output

state | \wv=0 w=1 z VoY1 .0 D Z
A A 0

B 0 00 00 01 0

C ? 0 01 00 10 0

D 1 10 TO— 01 0

11 10 01 1

What should we do here?

T |Q(t+1) D | Q(z+1)

g(t) 0 0
1 Q(z) 1 1




Let’s derive the state table

Present| Flip-flop inputs
Present|  Nextstate | oytpyt state | w=0 w= 1 | Output

state | \wv=0 w=1 z VoY1 .0 D Z
A A 0

B 0 00 00 01 0

C 0 01 00 10 0

D 1 10 10 |Of 0

11 10 01 1

T |Q(t+1) D | Q(z+1)

g(t) 0 0
1 Q(z) 1 1




Let’s derive the state table

Present| Flip-flop inputs
Present|  Nextstate | oytpyt state | w=0 w= 1 | Output

state | \wv=0 w=1 z VoY1 .0 D Z
A A 0

B 0 00 00 01 0

C 0 01 00 10 0

D 1 10 10 |Of 0

11 10 01 1

T |Q(t+1) D | Q(z+1)

g(t) 0 0
1 Q(z) 1 1




Let’s derive the state table

Present| Flip-flop inputs
Present|  Nextstate | oytpyt state | w=0 w= 1 | Output

state | \wv=0 w=1 z VoY1 .0 D Z
A A 0

B 0 00 00 01 0

C 0 01 00 10 0

D 1 1]0 10 |Of 0

N 10 01 1

T |Q+1) D | Q(z+1)

(_;(t) 0 0
1 Q(z) 1 1




Let’s derive the state table

Present| Flip-flop inputs
Present|  Nextstate | oytpyt state | w=0 w= 1 | Output

state | \wv=0 w=1 z VoY1 .0 D Z
A A 0

B 0 00 00 01 0

C 0 01 00 10 0

D 1 1]0 10 |Of 0

N 10 01 1

T |Q+1) D | Q(z+1)

_1 0 0
1 Q(z) 1 1




Let’s derive the state table

Present| Flip-flop inputs
Present|  Nextstate | oytpyt state | w=0 w= 1 | Output

state | \wv=0 w=1 z VoY1 .0 D Z
A A 0

B 0 00 00 01 0

C 0 01 00 10 0

D 1 10 10 [Off ] 0

11 10 01 1

T |Q(t+1) D | Q(z+1)

_1 0 0
1 Q(z) 1 1




Let’s derive the state table

Present| Flip-flop inputs
Present|  Nextstate | oytpyt state | w=0 w= 1 | Output

state | \wv=0 w=1 z VoY1 .0 D Z
A A 0

B 0 00 00 01 0

C 0 01 00 10 0

D 1 10 10 [Off ] 0

11 10 01 1

T |Q(t+1) D | Q(z+1)

_1 0 0
1 Q(z) 1 1




Let’s derive the state table

Present| Flip-flop inputs
Present Next state Output state | w=0 w= 1 Output
state _ _ Z .
w=0 w=1 YoV T.D- T.D-
A A 0
B 0 00 00 01 0
c b | O 01 00 10 | O
b N 10 10 [ofi_ 0
11 10 01 1
Note that D = 11 O+ 1)
1 \g

Q)




Let’s derive the state table

Present| Flip-flop inputs
Present Next state Output state | w=0 w= 1 Output
state _ _ Z .
w=0 w=1 YoV T.D- T.D-
A A B 0
B A C 0 00 00 01 0
C A D 0 01 00 10 0
D A D 1 10 10 01 0
11 10 01 1

T |Q(z+1) D [Q(t+1)

Q(2) 0 0
1 Q(z) 1 1




The two tables for the initial circuit

Present| Nextstate | gytput
state |y = 0 w= 1 V4
A A B 0
B A C 0
C A D 0
D A D 1
State table

[ Figure 6.75b from the textbook |

Present| Flip-flop inputs
state | w=0 w=1 Output
Y2y T2D1 T2D1 4
00 00 01 0
01 00 10 0
10 10 01 0
11 10 01 1

Excitation table

[ Figure 6.80 from the textbook ]




The state diagram

Ll
S

Present| Nextstate | gyiput =]
state | \w=0 w=1 y4

A A B 0 w=0

B A C 0

C A D 0 w=]

D A D 1

e
State table

w=]1

N OPA

State diagram



The state diagram

Thus, this FSM is identical to the ones
In the previous examples, even though
the circuit uses one D and one T flip-flop.

Present| Nextstate | gyiput
state | \w=0 w=1 y4
A A B 0
B A C 0
C A D 0
D A D 1
State table

w=0

Ll
S

w=1

w=0

w=]1

@D

State diagram



Questions?



THE END



