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Ex 10.1

Determine the state diagram y —q a0

and state table for the U > %

sequential circuit. R 9o

Which of the models Mealy or :@ 0 o

Moore fits the circuit? cp b3 g,
> a,
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10.1

From the schematic, the following
equations can be set up:

X — _g a3 . qvS @
0, g, outputsignals o > Cf Kz
+
ql = f . qo_ :@ y .
Js =X+0, -0, cP S
Q—‘

No output decoder is used, the state of the flip-flops are used directly
as output. Moore-model is used.
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9= X9
X
9,9, 0 1
00
01 |1\
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10
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0y =X-Qy Gp =X+0,-q,

B9 X

X

919

9190

00

01

-

aaa il N
L F >l | g
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& il 1D L
cP Lo | &
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00
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11
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X
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00
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x gy 1

)
)

10

10.1

0y =X-Qy Gp =X+0,-q,

S ARl | P RO N
&( N
-
:lg af 1D 4 g
ﬁ
9795(9,9,%)
X
4,9, 0 1
000100
01101 |11
11101110
101 01|00

William Sandgvist william@kth.se
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X
9,9, 0 1
00 0100
0110111
111011]10
10101 |00
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i
1D a,
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ai
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10.1 et

CP D
~ C1 q1

Output is the same as flip-flop state.

1 0

00\ o Dliuml 11

1 0
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Ex 10.2

Determine the state diagram and state table for the sequence circuit.
Which of the models Mealy or Moore fits on the circuit?

x—1p L & p—u
N
&P _&oim dq
~ C1 B
0— 9,
a7 q
J_&o '11p 1
— >~ C1 a.
CP &O_ q‘l
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10.2

x{1p L & p—u |
&b &b 0 NAND-gates:
> C1 B
O— 9, — —
U=x-q,=1{dM}=x+q,
J_&o H 1D - — =
— C1 a. +

o &P il Qs =0 (0 -X) = {dM } =

— Q1+qo;

Because U is directly depended of x qf = (ql . CIO) - X = {dM }=
so must the Mealy model be used. —
= X+, d,

De Morgans law gives us the SP
form.
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U :x+q_0
0y =X+ -0,

Oy = X~ +

10.2

q1+:X+q_0'q1 qg:;'qo"'ql U :X+q_o
X X X
G Ny B N Gl N
00 1 00 00 L1 |[1
X N q_o/
01 1 01 |1 01 1
_ )?q"""—-,.- = X -
0,9, 11 1 11 [\1) 1] . 11 1
T [
ol )] wofa]1) "o (1 1)
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il & p-
as J
E. B‘ 21 9o
—>C1 _
O—‘qo
af 4
&k e
—= |
cP

0,0, /U = (0,0, X)

X

0.9
00

01
11

10

0

1

00/1

10/1

01/0

10/1

01/0

111

111

111




10.2 =

— 1~

g
e
e
CP

40 /U = (0,0, X)
" X

qoql
00 |00/1 |10/1

01 101/0 |10/1
11101/0 |11/1
10 1111 |111

0 1
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(Ex 10.4)

Is there any stopping condition, loss condition or isolated states in the
state diagram?

e Stopping condition:
e L0OSs condition:
¢ |Solated states:
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(Ex 10.4)

Is there any stopping condition, loss condition or isolated states in the
state diagram?

e Stopping condition:
e L0OSs condition:
¢ |Solated states:
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(Ex 10.4)

Is there any stopping condition, loss condition or isolated states in the
state diagram?

e Stopping condition:

e L0OSs condition:
¢ |Solated states:

Loss co
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(Ex 10.4)

Is there any stopping condition, loss condition or isolated states in the
state diagram?

e Stopping condition:
e L0OSs condition:
¢ |Solated states:
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Ex 10.5

To the right is a state diagram for a Moore
machine.
(it will detect a double tap).

A monkey accidentally get hold of the
push-button input signal, and then
presses according to the timing diagram
below.

The Moore-machine has flip-flops that are
triggered by the positive edge of the
clock. Suppose that the initial state is ZO.

Z: 0 Z Z Z Z Z Z Z Z Z
o:- 300 S Y I T W I T W I O W I Y O Y

I O I — L
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Z: 0207 7z Z Z Z Z Z Z
o:- 300 S Y I T W I T W I O W I Y O Y

I O I — L
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Z: 02072z Z z Z zZ Z Z
;=3 N Y N I Y I O W O N W O Y Y R

I O I — L
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Z: 020721 zZAzZ z Z Z Z Z
o:- 300 S Y I T W I T W I O W I Y O Y

I O I — L
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Z: 0 2071 74 26 z Z Z Z Z
o:- 300 S Y I T W I T W I O W I Y O Y

I O I — L
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7 20 20721 7z4 26 70z 7 Z Z
cp 4 LA LF AL Ld

I O I — L
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7 20 20 Z1 7z4 76 70 20 z 7 Z
cp 4 LA LF AL Ld

I O L
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7 20 20 Z1 7z4 76 70 20 21 7 Z
cp 4 LA LF AL Ld

I O L
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Z: 20 20 ZL 74 76 20 70 71 72 7
o:- 300 S Y I T W I T W I O W I Y O Y

I O L
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Z: 20 20 7Z1 74 76 20 z0 71 z2 Z3
o:- 300 S Y I T W I T W I O W I Y O Y

I O L
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Ex 10.6

Construct a Moore machine which requires that the input signal is equal to one (i =
1) during three successive clock pulse interval, for the output to be one (u=1).
As soon as the input signal becomes zero (i = 0) during a clock pulse interval, the
circuit output should return to zero (u = 0). See the state diagram.

Choose Gray code for state encoding. ( Z0=00, Z1=01, Z2=11, Z3=10).

Use D-flip-flops and AND-OR gates.

(This is a safety circuit to prevent "false
alarms”)
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i

q’l qO
Z0: 00

Z1: 01
Z2: 11

Z3: 10

ot ;
9,95(q,9,7)

0

1

00

01

00

11

00

10

00

10

— —— 1
CF—
From statediagram to
coded state table:
q=igytia, B=ia, u =q,q,
i i
99 0 1 99 c 1 919,
0| 0|0 00| 0 |1 _ 0|0
lq1
010@;-’#%010@ 01| 0
1| 0 111010 110
L
100 @ "wlolo 10 |(1)
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9,9, 0 1

w00
01| 0 m#_f,qﬁ

1110 (1
,J—q1

10| 0 |\1]]

%= i,

q,9,\_09 1
0| 01| .—
.I'q1

01| 0 LL

1100

01010

9,9,
00

01
"

10

CP

] — 1
CF—=
& qé’ 1D qO
~ C1 a0
i :
>1 i &
I 9y q,
1D
~ C1 q_1

William Sandgvist william@kth.se



Ex 10.7

Construct a sequential circuits
that detects when the input signal x —1 1x
X has a transition 10 and then X 10 ur—
has the output u =1 in the u | _CP—=C1
following clock-pulse interval, det NR—9R
nastfoljande klockpulsintervallet "ater-

stallning"

and then being O for the rest of
the sequence.

The circuit should be able to "reset" with an asynchronous reset pulse (NR
active low), so that it monitors the input signal again.

a) Draw state a diagram of a Moore machine type for the sequence network.
b) Derive the Boolean expressions for the next state and the output for three
different state encoding:

1) "Binarycode”

2) "Graycode”

3) "One hot” code
c) Show how the reset signal is connected to NR D-flip-flops PRE and CLR
inputs.
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 Q— [, NR —Ad R

cp —=C1

x=0 x=1 i
Reset .
NR=0 _ /"20 \ x=1. /771 \ x= .ﬁ—z\ A
o/ o/ o/ o/
Wait for x=1  Wait for x=0 Ok! Done, Stay
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State code: Binary:

95 (9,9, %)

X
9,4, 0 1

Bin

z0: 00 | 00 | 01

z1:01 | 10| 01

Z3: 11| 11| 11

z2:10 | 11| 11

10.7 «— 1x
CP —>C1
NR —d R

x=0

x=1 Z1 x=0
bf ZO:\ ’f \ .

Reset
NR=0

P

NOZAOV

Wait for x=1  Wait for x=0 Ok!
X X

GaoN_ 2 T g9, 0 1 g9

w| 0|0 00| 01(1) 0|0
X

gx oLl1) 0| o1 oo

‘\ —
g, 11 @/ 11 9 11,1[ 119,911 | O

\

101111 10 (1 [\ 10 @
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Done, Stay



(—io—  10.7 o

U H _CP —>C1
NR—COR

Statecode Gray:

x=0 x=1

Reset A A
NR=0 x=1 Z1 x=0 Z2 - 3
, (20 . ,/\ ,Ufo \

NCZAC AV

Wait for x=1  Wait for x=0 Ok! Done, Stay
9,49,(q,9,x) 9, = q,x*q 9,=9,9,+q,X U=gq.4q
Gray 170 %% 1~ X7 0” %% 190
X X X
99 0 1 B\ 0 1 g9\ 0O /j\ 99
z0: 00 | 00 | 01 00| 0|0 |gx00| 0|1 0| 0
~
21:01 [11]01| ¢x oLI(1)| O | 9/61 1) a,9,01 | 0
01 = 919 T~
z2:11 10| 10 a, 11 ||| 1 11010 11 @
z3:10 | 10| 10 10111 101010 10| 0

This time the binary state code seems to be the better one.
William Sandgvist william@kth.se



U H _CP ——C1
NR—COR

State code: One Hot:

x=0 x=1

NR=0 f Z0 :.1 x=1 (’I Z1 '\1 x=0 - %
> > > >

o/ o/

0001 0010 0100 1000

P

qgﬂ;ﬂ;qa(qsqzq,ﬂux}

9,9 X X1Xp *
E!3 00 01 11 10 3"-3 (] 01 1 10
90 X320

ol - 0001| - 0100 ol - 0010 - 0010

1000 - |- |- 1000 - |- |-

1 1

1 - - - - 1] - - - -

41 1000 - ; . 41 1000 - ; :
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State code: One Hot:

Q1QD X, X
00 01 1M 10
: 0001l - | 0100 2| -
?1 1000 - 71 1000
4| 1000 - 4| 1000
a9 X % X ! x b X
o[- o7l [Flol-To] [T
1)-]- o-F1|  [of]-1- ol
1. ol-IEL- ol-1- - I
X X X x
0l- -lol- |o _[1]- 11 -lo
11- |- Ql- |- |- 0l- |- |- 0l-
- |- 0l-|- |- 0l- |- |- 0l-

X

9:9:9'q*(9,9,9,9_X)

3727170073720

X — 1x
ut—
cp——=C1
NR—COR
x=1

William Sandgvist william@kth.se

10
X 00 01 11 10
x§ NR=0 Z0 x=1 Z1 x=0 m
001Q - 0010 > > FW

dr

1000



10.7 <=

Reset signals.
Reset BinfGray

1" PR 5 Q
D— 1D

cPp—=C1
CLR+OR

il
-]

Tar lo

q.lu ﬁ_ S-
o ©

— CP +{=C1
MR — ol

CLR#4R
u

]
-

Tor lo

Bin / Gray networks is reseted by the flip-flop’s
CLR inputs.

One Hot network is restored by setting the flip-
flops to "0001" with the CLR and PR inputs.

William Sandgvist william@kth.se

Reset
One hot

X —

1x

_cp—=c1

NR —O

"ater-
stallining"

*1* PR -5
D—1D

cP —=C1

10

cp{=C1

[ &
0

D

T—=C1

[ &
&0

iD

+—=0C1




10.7 ~—*=

]

Reset signals.
Reset BinfGray

1" PR 5 Q
D— 1D

cp —= 10

CLR =H::®

il
-]

Tar lo

o

o

W

ch

o
Yo |=5:
o

Bin / Gray networks is reseted by the flip-flop’s
CLR inputs.
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Reset
One hot

|
|:\I;

X

—1x

cp —>C1
NR—3OR

"ater-
stallining"

h.1l ﬁ_ﬂ

5
ib ¢

=1

10

f=ci

[ &

D

T—=C1

[

iD

+—=0C1




10.7 *=o—

u

]

Reset signals.
Reset BinfGray

1" PR 5 Q
D— 1D

cp —= 10

CLR =H::®

il
-]

Tar lo

o

o

W

ch

o
Yo |=5:
o

Bin / Gray networks is reseted by the flip-flop’s
CLR inputs.

One Hot network is restored by setting the flip-
flops to "0001" with the CLR and PR inputs.

William Sandgvist william@kth.se

x — 1x

cp —>C1
NR—3OR
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7
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L
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ﬂn .
;EI-UI:I:'U
2/ 1A
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v
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o
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W
Q
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o
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<= (I (D)
(B

i 56 15h
= EN

- 1EN

I
CP

=
&
g

> 01

Design a counter that counts {... 1, 2, 3, 4, 5, 6, 1 ...}. The counting sequence,
g,d,0,, IS to be shown with a 7-segment display, as a roll of the dice.

a) State the expressions for the next state..
b) Complete the expressions with a variable EN which will ” freeze” the state
when EN = 0 (unpressed button). The counter shold count for EN = 1 (pressed
button).
c) Complete the expressions with a variable S6 which forces the couter to state
“6” when S6 = 1 (hidden button pressed). This is the “cheat-button”. S6 takes
precedence over one.
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&=

(20N 10.8 ‘

= EN

156
1EN

i
CP

> C1

27 71 ,.fz?\
\ 011/

We let the two unused states Z0 and
Z7 as a precaution go to Z1.

90
32 0 1
+ + +

'‘8lootjoto| & T % g enaq
%lo11]100| [Olo] [o[d] [io] =2 o
1 o} (110 10| ar=0a,9,* 99,9,
| 001 | 001 ol ool [ "
0|101[110 11l [ofil  [Hlo] %7 %" %
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+=0,0,+0,9.4 <=
937 %947 %2%1% ] g ¥

=qa aaa S6
q¥=4d,d,* 99,9, ‘ >

156
1EM

q5=ﬁn+ q,9, by
Equations with EN Equations with S6
(EN=0 — next state same (S6 = 1 — next state is 110) :
(9;)'=EN-(d;)+EN-(q,) (95)"'=(q; )"+ S6
(a;)'=EN-(a;)+EN-(a,) (a,)"=(a,) +S6
(0o )'=EN-(do ) +EN-(ay) (0g)"=(0o)"-S6
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1967 was the construction of
an electronic dice an
"advanced project”.

Today it is the analog
technology that is advanced!

The construction of an all-
band receiver was an entry-
level project!

POPULAR

ELECTRONICS

Advanced Project:
ELECTRONIC DICE

Beginner's Project:
ALL-WAVE RECEIVER

William Sandgvist william@kth.se



Figure 8.57. Minimized state diagram for Example 8.6.



State name j

Output signals 0 (False)
or actions

(Moore type)

|

(a) State box (b) Decision box

Conditional outputs
or actions (Mealy type)

(c) Conditional output box

1 (True)

Condition
expression

Figure 8.86. Elements used in ASM charts.



BV 8.36 -

Represent the FSM in Figure 8.57
In form of an ASM chart.

DN

William Sandgvist william@kth.se



Ex 10.10 stateminimization

This statediagram is for
a synchronous
sequencial circuit.

e State table
e Minimize states

eMinimal statediagram
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Ex 10.10 stateminimization

now next out

a i— |0 1f z

Write down the state table ‘

Two states can not be equivalent if the output is
different or if subsequent state output is
different.

> © —h(‘DQOCTQJ”
© 5D  ®d O Q. QO O

O O T T Q Q9O — T
R O O O O B O O
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Ex 10.10 stateminimization

Groups with the same ouput:

now next out P =(a,b,d,e, f,g)(c,h)
i 0 1f z

Examine subsequent state:

a_, —>(ab,d,e f,g) a_ —(ahb,de f, Q)
b._, —>(c,h) b_ —(anDb,d,ef, g)
d_, —>(ab,de f,g) d_ —(ab,def,Q)
e_,—(a,bd,e f,g) e, —(ahb,de f,g)
f_,—(ahbde f,g) f_—(ab,de f,g)
9, > (c,h) g, —>(abydef,g)

(b, g) forms a group of them self.

P,=(a,d,e, f)(b,g)(c,h)

William Sandgvist william@kth.se

:T(Q—hCDQOCTSD”
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now next out

> -~ 0 O o T o

Ex 10.10 stateminimization
P, =(a,d,e f)(b, g)c,h)

0 1] z
e b| O
c f| O
g d| 1
d df O
e bl O
e bl O
h d| O
g d| 1

Examine subsequent state :

a_,—(@def) a,—(bQ9)

d_,—(ade f) d_—(ade,f)

ei=0 — (a,d,e, f) ei=1 — (bv g)
fo—>(@def) f,—(bg)

(d) Forms a group of it self.

P, =(ae f)(b,g)(d

William Sandgvist william@kth.se

)(c,h)



now next out

> QO -~ D OO O T O

Ex 10.10 stateminimization

0

1

V4

Q o d ® Q. O O o

O O T T Q O — T

b O O O O »r O O

P, =(a,e 1)(b,g)(d)(c,h)

Examine subsequent state :

b_, —>(c,h) b_ —(acef)
Ji, —(c,h) g, —(d)

(b) (g) forms own groups.

P, = (a,e, T)(b)(d)(g)(c,h)

William Sandgvist william@kth.se



now next out

> QO -~ D OO O T O

Ex 10.10 stateminimization

0 1| z
e b| O
c f] O
g df 1
d d|{ 0
e b| O
e b| O
h d| O
g df 1

P, =(ae, 1)(b)(d)(9)(c.h

Examine subsequent state :

Co—>(9) ¢ —(d)
h_,—(9) h_—(d)

P. =P, Done!

William Sandgvist william@kth.se



now next out

> -~ 0 O o T o

Ex 10.10 stateminimization

0 1] z
e b| O
c f|O
g d| 1
d d| O
e bl O
e bl O
h d| O
g d| 1

= (a,e, 1)(b)(d)(g)(c,h)]

Changing r\ow next out
names =0 1]z
(a,e,f)=a afa DbfO
(b)=Db b {c a0
(c,h)=c c g d|1
(d)=d d|d d| O
(9)=9 g|c d|O

- O
a/0 b/O—__>C/|—_>d
S e
(7=
R\vE
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Ex 10.10 stateminimization

. . - f)i:_
a/0 b/ c¢/| — d/0
é—

g/0

After:
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