3.2(b,¢)
b) 1/100,000,000 = 10 ns

¢) 1/1,500,000,000 = 0.66 ns = 667 ps
3.4(a,d)

a) 1/500ms = 2 Hz
d) 1/20ps = 50,000,000,000 Hz = 50 GHz

39

J_l
I_l

c___|

D/Dm |

Qm/Ds |

L |

Cm ] 1 |
I

Cs | L |

Q | |
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c___| LI I I
p_[L_[1 |
Q(latch) |_| I—[ I I—
QEFE) I
3.21
B30 148 1 59 153 3 9140 00 7 2 7
C 1 I I I I I
p3.00 72 X 1& X 5 X 15 X 9 X0 X 2
3.c0 77 W m X 11 X 5 X 15 X 0 X 0
d3.d0 7 W X 14 X 5 X 15 X 0 X 0
3.23

Inpzfrs-' X. Outputs: Y

\‘f\r”“’@f

X QMa Y=
X - ‘:?” D“\
X\ Y=0

3.27

Inputs: B, Outputs: s1.50

B </' «
- *F(—nuh

sl-}EI ~00

B [‘:(ijme :

5150=0 B

{‘\

513{] 01

A=

5150=01

.%Jm

Stopwatch

51s0=10

)B

B . /@pw qt-::h

51s0= 1{1
5150=11



3.28

Inputs: B.R. Qutputs: s1.50
E+B’

3.29

Inputs: gent
Outputs: X, v. z

gent
xyz=000

wxyz=100

3.30

gent

N R




3.32

a) 2 bits
b) 3 bits
C) 4 bits
d) 5 bits
e) 10 bits

3.39
Step 1 - Capturethe FSM

The appropriate FSM is given above.

Step 2 - Createthe architecture

4 —P —» v
b —] Combinational

Logic nl

5

State Repister
_":} =

Step 3 - Encode the states

A straightforward encoding is A=00, B=01, C=10, D=11.
Step 4 - Createthe statetable
Inputs Outputs
slsOabnlnOy
0000100

0001010

0010000

0011000

0100011

0101011

0110101

0111101

1000101

1001111

1010101

1011111

1100000

1101000

1110000



1111000

Step 5 - Implement the combinational logic

nl =sl's0’'a’b’ + s1'sOa + s1s0’

n0 =sl1's0’'a’b + s1l'sOa’ + s1s0’b

y =s1'sO + s1s0’

Note: The above equations can be minimized further.
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Step 1 - Capture the FSM

Inputs: B, Oumputs: s1.50 B B’
e, @1};} Alarm2
— : Alarms

B Tlmj decol N B

5150=00 L b=
B"r*(/'_l"zme ) Stopwatch
5 150=0 B’ "/ s1s0=10
W/i\ )

=t 5
3\‘ B
sl SL'Hl é}n s1s0=10

sisf=11

-
f

The FSM was created during Exercise 3.27.

Step 2 - Create the architecture

B —¥ —p sl
—p =0
Combinational
Logic al
nl
L'll

Efd |

> State Register

Step 3 - Encode the states

A straightforward encoding 1s Time2=000, Alarm=001, Alarm2=010,

watch=011, Stopwatch2=100, Date=101, Date2=110, Time=111.

Stop-



Step 4 - Create the state table

Inputs Cutputs

s2 81 80 BIn2 nl n0 =1 s0
0 O 0 0]0 0 0 0 0
0 0 0 110 0 1 0 0
o 0 1 0]0 1 0 0 1
o 0 1 110 0 1 0 1
0 1 0 0]o0 1 0 0 1
o 1 0 110 1 1 0 1
0 1 1 ©0]1 0 0 1 0
o 1 1 110 1 1 1 0
1 0 0 0]1 0 0 1 0
1 0 0 11 0 1 1 0
1 0 1 01 0 1 1 1
1 0 1 11 1 0 1 1
1 1 0 01 1 0 1 1
1 1 0 11 1 1 1 1
1 1 1 0]0 0 0 0 0
1 1 1 1]1 1 1 0 0

Step 5 - Implement the combinational logic

n2 =s52"s1s0B" +s2s1" - 230" + 2B
nl =s1s0" +51B +s2s0B + 5251 's0B"

nd=s0"B+s2'B+s1B +:2s51's0B"

s] =820 + 52517 +s2'51s0
sO0 =351 XOR s0
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Step 1 - Capture the FSM

Inputs: gent gent’ gent’
Outputs: X. y. z

xyz=001

Do

gent
xyz=000

geat’

xyz=101

. xvz=111
xvz=110 aent
"""—-\_\_\_ —
gent gent
T Zear
gent’

The FSM was created during Exercise 3.29.

Step 2 - Create the architecture

aent —j » X
—
Combinational » z
Logic n?
nl
1l
F Y Y
52 sl [s0
[ State Register

Step 3 - Encode the states
A straightforward encoding is A=000, B=001. C=010, D=011, E=100. F=101,
G=110, H=111.



Step 4 - Create the state table

Inputs Outputs
g2 81 80 gentinZ nl nd Xy =2
a o 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 1 0 0 0
B 0 0 1 0 0 0 1 0 1 0
0 0 1 1 0 1 0 0 1 0
o 0 1 0 0 0 1 0 0 1 1
0 1 0 1 0 1 1 0 1 1
D 0 1 1 0 0 1 1 0 0 1
o 1 1 1 1 0 0 0 0 1
1 0 0 0 1 0 0 1 0 1
B 1 0 0 1 1 0 1 1 0 1
P 1 0 1 0 1 0 1 1 1 1
1 0 1 1 1 1 0 1 1 1
a 1 1 0 0 1 1 0 1 1 0
1 1 0 1 1 1 1 1 1 0
o 1 1 1 0 1 1 1 1 0 0
1 1 1 1 0 0 0 1 0 0

Step 5 - Implement the combinational logic

n2 =s2's1s0gent + s2s1” + s2s1s0” + s2s1s0gent”

nl =s27s17s0gent + 5275130 + s2°s1s0gent” + s2s1's0gent + s23180° + s251s0gent’
n0 = s2’s1's0°gent + s27s1°s0gent” + s2°s1s0°gent + s2's1s0gent” + s2s1°s0°gent +
s2s1’s0gent” + s2s1s0 gent + s2s1s0gent’

X =52

v =527s1"s0 +s2's1s0” + 5251750 + s2s1s0°

z=52's1 +s2s1°

Note: The above equations can be minimized further:



3.45

If we AND each pair of transitions with each other in sfgtere notice one pair

does not evaluate to 0: a*a’b. This shoes that more than one condition can be true
simultaneously.

Furthermore, if we OR all the conditions from st@teve notice that the expression
does not evaluate to 1: b. This shoes that there may be a combination of inputs in
which one condition from statéis not true.

We can address both of these problems with the following changes:

Inputs: a.b
Outputs: y

DO

b
C Jy=1
W !

1T Q 19T Q 19T Q 19T Q

count( countl count2 count3



