Brojaci | konacni automat
Vezba 4



Zadatak 1.

Koristeci potreban broj JK-flipflopova i dodatnih logi¢kih kola, realizovati sinhroni
brojaC unazad modula 5.

ReSenje:

Broja€¢ modula 5 — {0,1,2,3,4} — potrebno minimalno 3 bita za kodovanje
navedenih 5 stanja.



Koraci u projektovanju sinhronog (paralelnog) brojaca:

® (Odredivanje potrebnog broja flipflopova
® Kreiranje tabele stanja/prelaza (Q,, FF, Q’):
1. Popunjavanje stanja Q, (sve moguc¢e kombinacije)
2. Popunjavanje narednih stanja Q'
3. Popunjavanje pobude flipflopova na osnovu eksitacione tabele

® (Odredivanje kombinacione mreze za pobudu flipflopova
® Realizacija mreze
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]2=60 61»

Q, Q Q J, Ji K, Jo K, Q’, Q’ Q’
0 0 0 1 0 X 0 X 1 0 0
0 0 1 0 0 X | X 1 0 0 0
0 1 0 0 X 1 1 X 0 0 1
0 1 1 0 X 0 X 1 0 1 0
1 0 0 X 1 X 1 X 0 1 1

QZQ'Q“ 00 01 11 10
0 X X X X
1 1 X X X




]2=60 61»

Q, Q Q J, Ji K, Jo K, Q’, Q’ Q’
0 0 0 1 0 X 0 X 1 0 0
0 0 1 0 0 X X 1 0 0 0
0 1 0 0 X 1 1 X 0 0 1
0 1 1 0 X 0 X 1 0 1 0
1 0 0 X 1 X 1 X 0 1 1

QZQ'Q“ 00 01 11 10
0 [ X X X X |
1 Lo X X X |




S Q, Q, Qo J, K, J; K, J, K, | @, | @, | @,
0 0 ¢ 0 1 X Lo | x| o | x 1 0 0
1 0 0 1 0 X 0 X X 1 0 0 0
2 0 1 0 0 X | X 1 1 X 0 0 1
3 0 1 1 0 X X 0 X 1 0 ! 0
4 1 0 0 X 1 1 X | X 0 i |
Q.Q
Iz=5051, K,=1 Q, - 00 01 11 10
]1=? 0 0 0 X -
1 1 X X X




S Q, Q, Qo J, K, J; K, J, K, | @, | @, | @,
0 0 J 0 1 X Lo | x| o | x 1 0 0
1 0 0 1 0 X 0 X X 1 0 0 0
2 0 1 0 0 X | X 1 1 X 0 0 1
3 0 1 1 0 X X 0 X 1 0 ! 0
4 1 0 0 X 1 1 X | X 0 i |
Q,Q
Iz=5051, K,=1 Q, - 00 01 11 10
J1=Q; 0 0 0 X X
1 L1 X X X |




S Q, Q Q J, K, 3y K, Jo K, Q, | Q, | Q
0 0 0 0 1 X 0 X 0 X 1 0 0
1 0 0 1 0 X 0 X | X 1 0 0 0
2 0 1 0 0 X | X 1 1 X 0 0 1
3 0 1 1 0 X | x 0 X 1 0 1 0
4 1 0 0 X 1 1 X 1 X 0 1 1
Q,Q
]22606» K.=1 % = 00 01 11 10
e e e
1 X X X X




| 2=60

S Q, Q Q J, K, 3y K, Jo K, Q, | Q, | Q
0 0 0 0 1 X 0 X 0 X 1 0 0
1 0 0 1 0 X 0 X | X 1 0 0 0
2 0 1 0 0 X | X 1 1 X 0 0 1
3 0 1 1 0 X | x 0 X 1 0 1 0
4 1 0 0 X 1 1 X 1 X 0 1 1
6; K.=1 QzQ'Q" 00 01 11 10
0o X O\ X 0 1
1 X j X X \X




S Q, Q, Qo J, K, J; K, J, K, | @, | @, | @,
0 0 ¢ 0 1 X | o | x| 0| x 1 0 0
1 0 0 1 0 X 0 X X 1 0 0 0
2 0 1 0 0 X | X 1 1 X 0 0 1
3 0 1 1 0 X X 0 X . 0 | .
4 1 0 0 X 1 1 X 1 X 0 i |
Q,Q
Iz=5051, K,=1 Q, - 00 01 11 10
J1=Q,, K1=60 0 0 X X 1
1 1 X X X

]oz?




S Q, Q, Qo J, K, J; K, J, K, | @, | @, | @,
0 0 J 0 1 X | o | x| 0| x 1 0 0
1 0 0 1 0 X 0 X X 1 0 0 0
2 0 1 0 0 X | X 1 1 X 0 0 1
3 0 1 1 0 X X 0 X . 0 | .
4 1 0 0 X 1 1 X 1 X 0 i |
Q,Q
]zzao 61» K,=1 Q, 00 01 11 10
Ji=Q, Ki=Q, 0 0 X X n
1 L1 X X X )

]0=Q2+Q1




]zzao 61» K_z=1
J1=Q, K;=Q,

Jo=Q+Qy,

S Q, Q Q J, K, 3y K, Jo K, Q, | Q, | Q
0 0 0 0 1 X 0 X 0 X 1 0 0
1 0 0 1 0 X 0 X | X 1 0 0 0
2 0 1 0 0 X | X 1 1 X 0 0 1
3 0 1 1 0 X | X 0 X 1 0 1 0
4 1 0 0 X 1 1 X 1 X 0 1 1
QzQ'Q" 00 01 11 10
0 X 1 1 X
1 X X X X

K,=?




S Q, Q, Qp J, K, J; K, Jo K, Q’, Q’ Q’
0 0 0 0 1 X 0 X 0 X 1 0 0
1 0 0 1 0 X 0 X X 1 0 0 0
2 0 1 0 0 X X 1 1 X 0 0 1
3 0 1 1 0 X X 0 X 1 0 1 0
4 1 0 0 X 1 1 X 1 X 0 1 1
Q,Qq

]2260 61’ K2= Q, 00 01 11 10

I=Q, K;=Q, 0 E i 1 X )

o=Qt+Qu[Ko=1 ! X x X X




® Realizacija broja¢a upotrebom Logisim-a, na oshovu izraCunatih funkcija pobuda flipflopova:

]zzao 61: Ki=1
J1=Q, Ky=Q,
Jo=Q,+Qy, Kp=1



Zadatak 2.

Koristeci potreban broj D-flipflopova i dodatnih logi€kih kola, realizovati sinhroni
brojaC unapred modula 10.

ReSenje:

Broja¢ modula 10— {0,1,2,...,9} — potrebno minimalno 4 bita za kodovanje
navedenih 10 stanja.
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® Realizacija broja¢a upotrebom Logisim-a, na oshovu izraCunatih funkcija pobuda flipflopova:

D3=Q3@+Q2Q_1Q0_
D;=Q; Qp+Q, Q1+ QQ1Qq
D;= Q3 Q;1Qp+Q:1Qp
Dy=Q,



Zadatak 3.

Nacrtati Semu i simulirati rad automata Ciji dijagram stanja je prikazan na slici 11.

Pri realizaciji koristiti potrebna logiCka kola i: 9
a) JK-flipflopove
b) T-flipflopove
c) D-flipflopove




Koraci u projektovanju kona¢nog automata:

® (Odredivanje potrebnog broja flipflopova

® Kreiranje tabele prelazalizlaza na osnovu dijagrama stanja (Q,, In, FF, Q’):
1. Popunjavanje stanja Q; i ulaznih signala (sve moguée kombinacije)
2. Popunjavanje narednih stanja Q'
3. Popunjavanje pobude flipflopova na osnovu eksitacione tabele

® (Odredivanje kombinacione mreze za pobudu flipflopova

® Realizacija mreze

Trenutno Ulazni

. . Naredno stanje | Pobuda T-FF Pobuda D-FF
stanje signal

Pobuda JK-FF

Q Q R Q, | Q| T T, D, D,

K, Jo




Trenutno

Ulazni

. . Naredno stanje | Pobuda T-FF Pobuda D-FF Pobuda JK-FF
stanje signal
Q, Q R Q’ Q% T, T, D, D, 3y Ki 1 K,
0 0 0 !
0 0 1
0
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1




Trenutno | Ulazni | o 410 stanje | Pobuda T-FF | Pobuda D-FF Pobuda JK-FF
stanje signal
Q, Qo R Q’ Q’ T, T, D, D, 3 Ky + Jo K,
0 0 0 0 0 '
0 0 1
0
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1




Trenutno | Ulazni | o 410 stanje | Pobuda T-FF | Pobuda D-FF Pobuda JK-FF
stanje signal
Q, Qo R Q’ Q’ T, T, D, D, 3 Ky + Jo K,
0 0 0 0 0 '
0 0 1 0 1
0
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1




Trenutno | Ulazni | 0 406 stanje | Pobuda T-FF | Pobuda D-FF Pobuda JK-FF
stanje signal

Ql QO R Q,l Q,O Tl TO Dl D0 Jl Kl : JO K0
0 0 0 0 0 '

0 0 1 0 1

0

0 1 0 0 0

0 1 1 1 0

1 0 0 0 0

1 0 1 1 1

1 1 0 0 0

1 1 1 0 0




Trenutno | Ulazni | 0 406 stanje | Pobuda T-FF | Pobuda D-FF Pobuda JK-FF
stanje signal .
Q Qo R Q’ Q’ T, T, D, D, 3 Ky + Jo K,
0 0 0 0 0 !
0 0 1 0 1 E
0 1 0 0 0 E
0 1 1 1 0 i
1 0 0 0 0 E
1 0 1 1 1 E
1 1 0 0 0 !
1 1 1 0 0 :

i = R =

o~ = ol




Trenutno | Ulazni | 0 406 stanje | Pobuda T-FF | Pobuda D-FF Pobuda JK-FF
stanje signal .
Ql QO R Q,l Q,O Tl TO Dl D0 Jl Kl : JO K0
0 0 0 0 0 0 0 :
0 0 1 0 1 0 | :
0 1 0 0 0 0 1 E
0 1 1 1 0 1 1 i
1 0 0 0 0 1 0 E
1 0 1 1 1 0 | !
1 1 0 0 0 1 1 !
1 1 1 0 0 1 1 I

Qﬂ

i = R =

o~ = ol




Trenutno | Ulazni | 0 406 stanje | Pobuda T-FF | Pobuda D-FF Pobuda JK-FF
stanje signal .
Q] QO R Q,l Q,O Tl TO Dl D0 Jl Kl : JO K0
0 0 0 0 0 0 0 :
0 0 1 0 1 0 | :
0 1 0 0 0 0 1 E
0 1 1 1 0 1 1 i
1 0 0 0 0 1 0 E
1 0 1 1 1 0 | !
1 1 0 0 0 1 1 !
1 1 1 0 0 1 1 I

_= 0 O

— o = o|lY




Trenutno | Ulazni | 0 406 stanje | Pobuda T-FF | Pobuda D-FF Pobuda JK-FF
stanje signal .
Q | o | R |, || T | 1, D | D | 3 | K '3 | K
0 0 0 0 0 0 0 0 0 :
0 0 1 0 1 0 | 0 1 .
0 1 0 0 0 0 1 0 0 E
0 1 1 1 0 1 1 1 0 i
1 0 0 0 0 1 0 0 0 E
1 0 1 1 1 0 | | 1 !
1 1 0 0 0 1 | 0 0 :
1 1 1 0 0 1 1 0 0 :

_= 0 O

— o = o|lY




Trenutno | Ulazni | 0 406 stanje | Pobuda T-FF | Pobuda D-FF Pobuda JK-FF
stanje signal .
Q | o | R |, || T | 1, D | D | 3 | K '3 | K
0 0 0 0 0 0 0 0 0 :
0 0 1 0 1 0 | 0 1 .
0 1 0 0 0 0 1 0 0 E
0 1 1 1 0 1 1 1 0 i
1 0 0 0 0 1 0 0 0 E
1 0 1 1 1 0 | | 1 !
1 1 0 0 0 1 | 0 0 :
1 1 1 0 0 1 1 0 0 :
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Pobuda JK-FF

Pobuda D-FF

J K

Pobuda T-FF

Q’

Naredno stanje

Q’

Qn—l—l

Qn

Ulazni
signal

Qo

Trenutno
stanje

Q




Trenutno | Ulazni | 0 406 stanje | Pobuda T-FF | Pobuda D-FF Pobuda JK-FF
stanje signal .

Q] QO R Q,l Q,O Tl TO Dl D0 Jl Kl : JO K0
0 0 0 0 0 0 0 0 0 0 X : 0 X
0 0 1 0 1 0 1 0 1 0 X : 1 X
0 1 0 0 0 0 1 0 0 0 X E X 1
0 1 1 1 0 1 | 1 0 1 X 1 X |
t o | o o[ o1 oo | 0o | x| 10| X
1 0 1 1 1 0 | | 1 X 0 o1 X
1 1 0 0 0 1 | 0 0 X IoX |
1 1 1 0 0 1 1 0 0 X 1 : 1

T,=Q R+ QE
Q1Q°R 00 01 11 10
0 0 0 (1] 0
T o W G




Trenutno | Ulazni | 0 406 stanje | Pobuda T-FF | Pobuda D-FF Pobuda JK-FF
stanje signal .
Q Q R Q, Q’ T, T, D, D, 3y Ki 1 J K,
0 0 0 0 0 0 0 X : 0 X
0 0 1 0 1 1 0 X : 1 X
0 1 0 0 0 0 0 X i X 1
0 1 1 1 0 0 1 X 1 X |
1 0 0 0 0 0 X 1o X
1 0 1 | 1 1 X 0 o1 X
1 1 0 0 0 0 X 1 : X |
1 1 1 0 0 0 X 1 : X 1
T,=QR+Q,R
To=R+Q, QlQ“R 00 01 1 10
0 0 (1 | (1 )
1 0 L L1 )




Trenutno | Ulazni | 0 406 stanje | Pobuda T-FF | Pobuda D-FF Pobuda JK-FF
stanje signal .
Q] QO R Q,l Q,O Tl TO Dl D0 Jl Kl : JO K0
0 0 0 0 0 0 0 0 0 0 X : 0 X
0 0 1 0 1 0 1 0 1 0 X : 1 X
0 1 0 0 0 0 1 0 0 0 X E X 1
0 1 1 1 0 1 | | 0 1 X 1 X |
t o | o o[ o 1o oo | x| 10| X
1 0 1 1 1 0 | 1 1 X 0 o1 X
1 1 0 0 0 1 1 0 0 X IoX 1
1 1 1 0 0 1 1 0 0 X 1 : 1
T,=Q R+ QE
Ty=R+Q, _ QQ°R 00 01 11 10
D= Q1Q0R+Q1Q0R 01 0 0 0
1 0 0 0




Trenutno | Ulazni | 0 406 stanje | Pobuda T-FF | Pobuda D-FF Pobuda JK-FF
stanje signal .
Q] QO R Q,l Q,O Tl TO Dl D0 Jl Kl : JO K0
0 0 0 0 0 0 0 0 0 0 X : 0 X
0 0 1 0 1 0 | 0 1 0 X . 1 X
0 1 0 0 0 0 1 0 0 0 X E X 1
0 1 1 1 0 1 | 1 0 1 X 1 X |
t o | o o[ o 1o o o | x| 10| X
1 0 1 1 1 0 | | 1 X 0 o1 X
1 1 0 0 0 1 | 0 0 X IoX |
1 1 1 0 0 1 1 0 0 X 1 : 1
T,=Q R+ QE
To=R+Q, QQ°R 00 01 ) 10
D,=Q,Q,R+Q; QR . . 0 0 0
Dy=Q,R
1 0 L1 0 0




Trenutno | Ulazni | 0 406 stanje | Pobuda T-FF | Pobuda D-FF Pobuda JK-FF
stanje signal .
Q] QO R Q,l Q’O Tl TO Dl D0 Jl Kl : JO K0
0 0 0 0 0 0 0 0 0 0 X : 0 X
0 0 1 0 1 0 1 0 1 0 X : 1 X
0 1 0 0 0 0 1 0 0 0 X E X 1
0 1 1 1 0 1 | 1 0 1 X 1 X |
1 0 0 0 0 1 0 0 0 X 1o X
1 0 1 1 1 0 | | 1 X 0 o1 X
1 1 0 0 0 1 1 0 0 X IoX 1
1 1 1 0 0 1 1 0 0 X 1 : 1
T;=QR+ QE
To=R+Q, QQ°R 00 01 ) 10
D;=Q;QR+Q; QR 01 0 0 m 0
Dy=Q,R
| X X | x X

Ji= Q¢R




Trenutno | Ulazni | 0 406 stanje | Pobuda T-FF | Pobuda D-FF Pobuda JK-FF
stanje signal .
Q] QO R Q,l Q,O Tl TO Dl D0 Jl Kl : JO K0
0 0 0 0 0 0 0 0 0 0 X : 0 X
0 0 1 0 1 0 | 0 1 0 X : 1 X
0 1 0 0 0 0 1 0 0 0 X E X 1
0 1 1 1 0 1 | | 0 1 X 1 X |
1 0 0 0 0 1 0 0 0 X 10 X
1 0 1 1 1 0 | | 1 X 0 ! 1 X
1 1 0 0 0 1 | 0 0 X 1 : X |
1 1 1 0 0 | | 0 0 X 1 : |
T,=Q R+ QE
To=R+Q, QQ°R 00 01 ) 10
D1:_QlQ0R+Q1Q0R 01 ’_ﬂ e ( X /X 1
P e GG
1— X0

K,=R+Q,




Trenutno | Ulazni | 0 406 stanje | Pobuda T-FF | Pobuda D-FF Pobuda JK-FF
stanje signal .
Q] QO R Q,l Q,O Tl TO Dl D0 Jl Kl : JO K0
0 0 0 0 0 0 0 0 0 0 X : 0 X
0 0 1 0 1 0 | 0 1 0 X : 1 X
0 1 0 0 0 0 1 0 0 0 X i X 1
0 1 1 1 0 1 | | 0 1 X & X |
t o | o o[ o 1o oo | x| 10| X
1 0 1 1 1 0 | | 1 X 0 L1 X
1 1 0 0 0 1 | 0 0 X 1 : X |
1 1 1 0 0 | | 0 0 X | : X |
T, =QR+Q;R
To=R+Q - QR 4o 01 1 10
D1=_Q1Q0R+Q1Q0R ((2)1 0 ( " X) X
Dy=Q,R
= Q,R 1 0 L1 X | X
K;=R+Q,

Jo=R




Trenutno | Ulazni | 0 406 stanje | Pobuda T-FF | Pobuda D-FF Pobuda JK-FF
stanje signal .
Q] QO R Q,l Q,O Tl TO Dl D0 Jl Kl : JO K0
0 0 0 0 0 0 0 0 0 0 X : 0 X
0 0 1 0 1 0 1 0 1 0 X : 1 X
0 1 0 0 0 0 1 0 0 0 X E X 1
0 1 1 1 0 1 | 1 0 1 X 1 X 1
1 0 0 0 0 1 0 0 0 X 1o X
1 0 1 1 1 0 | | 1 X 0 o1 X
1 1 0 0 0 1 1 0 0 X IoX 1
1 1 1 0 0 1 1 0 0 X 1 : 1
T;=QR+Q;R
To=R+Qy QRE 01 1 10
D= Q1Q0R+Q1Q0R Q
D,=Q,R 0 [ X X 1 1)
Ji= QR 1 X X 1 1)
K;=R+Q,

Jo=R




® Realizacija konacnog automata upotrebom Logisim-a, na osnovu izraCunatih funkcija pobuda
flipflopova:

T,=QR+Q,;R
T,=R+Q,
D;=Q1QoR+Q; QR
Dy=QoR

Ji= %R

K1=R+Q0

]0: R

K,=1



