1. (20%) A sequential circuit with two D flip-flops A and B. two inputs x and y, and one output z is
specified by the following next state equations and output equation:

A= B(t)+xy’, B(tH1)=A (1) +y"B(1), z=yA’B (PRER4E)
{a) Draw the logic diagram of the circuit.

(b) Derive the state table.

{c) Derive the state diagram.

(a) logic diagram:

(b) state table:

Al B(t) Alt+1) B+l

(c) state diagram:
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(20%) Design a synchronous finite state machine whose output is the sequence 0, 1, 3, 5, 7,9, 0, 1,

3,5.7,9,0, .... The machine is controlled by a single input, Run, so that counting occurs while Run
i1s 1, suspends while Run is 0, and resumes the count when Rum is 1 again. Clearly state any
assumptions that you make.

(BREFF)
Follow the design procedure:
1) Only one input Run; we may try to use the states to be the outputs
(A3A2A1A0).
2) Determine the states. The states are the outputs.
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3) 4) 5) Derive the next state table
Input Present state Next State
Run A3(t) A2(t) Al(t) AO(t) | A3(t+1) | A2(t+1) | AL(t+1) | AO(t+1)

0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 1 0 0 0 1
2 0 0 0 1 0 X X X X
3 0 0 0 1 1 0 0 1 1
4 0 0 1 0 0 X X X X
5 0 0 1 0 1 0 1 0 1
6 0 0 1 1 0 X X X X
7 0 0 1 1 1 0 1 1 1
8 0 1 0 0 0 X X X X
9 0 1 0 0 1 1 0 0 1
10 0 1 0 1 0 X X X X
11 0 1 0 1 1 X X X X
12 0 1 1 0 0 X X X X




13 0 1 1 0 1 X X X X
14 0 1 1 1 0 X X X X
15 0 1 1 1 1 X X X X
16 1 0 0 0 0 0 0 0 1
17 1 0 0 0 1 0 0 1 1
18 1 0 0 1 0 X X X X
19 1 0 0 1 1 0 1 0 1
20 1 0 1 0 0 X X X X
21 1 0 1 0 1 0 1 1 1
22 1 0 1 1 0 X X X X
23 1 0 1 1 1 1 0 0 1
24 1 1 0 0 0 X X X X
25 1 1 0 0 1 0 0 0 0
26 1 1 0 1 0 X X X X
27 1 1 0 1 1 X X X X
28 1 1 1 0 0 X X X X
29 1 1 1 0 1 X X X X
30 1 1 1 1 0 X X X X
31 1 1 1 1 1 X X X X
6)

A3(t + 1) = Dy (Run, 43(6), 42(8), AL(), A0(8)) = Zm.zaj

AZ(t+1) = .r_:l__u(.fm-n.,AHE{LAEU],AIL’f},An{:jj = Z{E.?.w.zlj

Al(t+1)= Dy [RHFL:‘IE{IJ,ﬂzfﬁ],ﬂl{[],ﬂﬂ[[]] = 2[3,?,1 7.21)

AO(t + 1) = Dy Run, A3(£), AZ(1), A1(r), A0(1)) = Z{1,3,5,?,9,Iﬁ,l?,lf-J,El,Eiﬂ

All equations at above have the same don’t-care condition,
d=2 (2, 4, 6, 8,10~15, 18, 20, 22, 24, 26~31).

7) Choose D FFs (default).




8)

For Da3
~ A1A0. Run’. Run.
!
<
8
For D
~ A1AO0. Run’u Run.
5 00 01 11 10 00 01 g 11 10
0 1 3 2 16 17 19 18
g X 1 xll
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12 13 15 14 28 29 31 30
X XXX} X]|X]X|X
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Daz = Run(A2’A1) + Run’(A2) + A2A1’



For Da1

For Dao

~ A1A0. Run’. Run.
5 00 01 1x 10 00 01 11 10
0 1 V 2 i 16 19 18
3 171 X 1 X
4 5 7 6 20 21 3 22
3| X 11 X X111 X
-,
12 13 15 14 28 29 3 30
A XXX XY XX X[ X
8 9 1 10 24 25 27 26
of X L X | X )| X X | X
Da1 = Run(A3’A1°A0) + Run’(A1)
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Dao = Run(A3’) + Run’(A0)
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3. (20%) For the state table below:

(a) Reduce the number of states in the following state table and tabulate the reduced state table.
Assume the initial state is A.

(b) Draw the state diagram using the reduced state table.

{c) Draw the logic diagram of the logic.

{d) Show the output sequence when the input sequence is 111010101. (=54
Next state Output
Present state
x=0 x=1 x=0 x=1

A F B 0 0

B D E 1 0

C F E 0 0

D G A 1 0

E D E 1 0

F F B 1 1

G G A 1 0

H G C 0

(a)
Next state Output
Present state
x=0 x =1 x =10 xX=

A F B 0 0
B D B 1 0
"l E X B 0 0
D W P A 1 0
E D B & 1 0
F F B 1 1
G k4 o A 1 0
H W p R p 0 0

(b)




(c)

Present State Input Next State Qutput
A(t) B(t) C(t) X A(t+1) | B(t+1) | C(t+1) y
0 0 0 0 F 0 1 1 0
A
0 0 0 1 B 0 0 1 0
0 0 1 0 D 0 1 0 1
B
0 0 1 1 B 0 0 1 0
0 1 0 0 D 0 1 0 1
D
0 1 0 1 A 0 0 0 0
0 1 1 0 F 0 1 1 1
F
0 1 | 1 B 0 0 | 1
1 0 0 0 D 0 1 0 0
H
1 0 0 1 A 0 0 0 0
Mext state equations
B(t+1) = De(A(t), B(t), C(t), x) = £(0,2,4,6,8) ,d=Z(10,11,12,13,14,15)
C(t+1) = De(A(), B{t), C{t), x) = £(0,1,3,6.7) , d = £(10,11,12,13,14,15)
Qutput equation
wiA(L), BiY), Cit), x) = 2(2.4.6,7),d=2%(10,11,12,13,14,15)
Cxuu 01 11 10 Cx Cx
AB - - - - AB .00 01 11 10 AB ™00 01 11 10
g 1 1 g1]171) 8 1
4 s 7 & 4 5 7 o 4 5 7
g 1 1 = 1 |1 = 1“ 1 'r']
:"?X "’X "‘X 1‘x :12 12 hs 14 :19 b3 15 14
B 0 i i X X -nx 1nx XJ X X \_X
o 1 X |1 X g =
X | X X1 X

Dg=}(r D:.=A'B'C’" +BC+Cx y:BC-I-Bx’ +Cx’




(d)

)» AB'C
De=A'B'C+BC+Cx
o cH—

- Th—
) BC —e

CLK

X
BC BC+Bx+Cx’

}Bx.J
D

Input : 111010101

Initial State : A
Stae:A-B—-B—-B—-D—->A—-F—->B—->D->A
Output : 000100110



4. (20%) Derive the timing diagram of the following circuit. Draw Qs, Oz, Qy, and Q. (HRE2)
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5. (20%) Design a sequential circuit with two D flip-flops 4 and £ and two inputs X and ¥. When X' =
Y, the state of the circuit remains the same. When X' = ¥, the circuit goes through the state transitions
from 00 to 11 to 01 to 10, back to 00, and then repeats. (2ERE)
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