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Family Name: Digital Design, Final Exam
Given Name: Student ID #

Grade:

Exam rules:

Duration of examination: 120 min

There are 100 marks available, minimum passing grade: 50%

No aids are allowed (the exam is closed book and closed notes).
Keep your answers short and relevant, write carefully and legibly.

Question 1 2 3 4 5 6 7 8 9 (10 (11 (12 [ 13 [ 14 | Total
Points 5 5 6 8 |10 | 8 5 5 5 (10| 7 8 6 | 12 100
Result

1. Convert the following binary number to decimal, octal and hexadecimal:

11101.0011 = 29.1875,, = 35.143 = 1D.346

2. Convert the following decimal number to binary (method: repeated
division/multiplication, procedure must be visible):

133,339 = ?
Quotient Remainder
133 : 2 66 1
66 : 2 33 0
33 : 2 16 1
16 : 2 8 0
8 : 2 4 0
4 : 2 2 0
2 : 2 1 0
1: 2 0 1
Result 100001015
Product Remainder Integer Bit
0,33 * 2 0,66 0,66 0
0,66 * 2 1,32 0,32 1
0,32 * 2 0,64 0,64 0
0,64 * 2 1,28 0,28 1
0,28 * 2 0,56 0,56 0
Result 0,01010...5
Final Result: 133,3310_=.10000101,01010...5
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3. Perform the following dual multiplication and division (procedure must be visible):

110.1 * 10.1

11010
1101

1000001 — 10000.01

10000010 : 1101

1101
1101

0

4. Perform the following calculations using 1’s and 2’s complement.

+ 15 - 7:

+ 7
-7
+15

I+
<N oy O

-13
+13

1’s complement:

(00000111)
11111000
00001111

100000111
| ——> +1

00001000

1’s complement:

(00000110)
11111001
11111000

111110001
| ——> +1
11110010

(00001101)

2’'s complement:

(00000111)
11111001
00001111

00001000
2’'s complement:

(00000110)
11111010
11111001

11110011
(00001100)

(00001101)

The information is stored in 1 byte (8 bit) including sign bit (MSB).

7 6 5 4 3 2 1 0
(sl [ [ 1 | [ [ |
s = sign bit:
s = 0: positive numbers,
s = 1: negative numbers.

5. Simplify the following K-map forming implicants.

£ a b
a) Indicate which are the essential
prime implicants. 0
. . . . 0 0
b) Determine the simplified Boolean function c
in SOP-fOI'm: 0 . essential PI
flab,e,d)gp=a-T+b-c+a-d N\ s
d 0 D rilatively
elimininative

not asked for (POS):

f(a,b,c,d)pps =(@+b)-(@a+c)-(b+c+d)
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6. Simplify the following Boolean function. Design the logic function before and after

simplification.

d=a-c+a-c+c

d=c-(a+a)+c=c+c=1

& before: after:
a —
c —
— & >1
a —
s 1
c —
c
7. Determine the truth table for the following function:
a,b)=(@®b b a f(a,b)
f(a.b)=@@@b) > a L fa
0 1 0
1 0 0
1 1 1
8. Verify the following n:1 counter:
Qo % Q

clock

Determine the type of counter:

O
]
O

asynchronous
synchronous
synchronous and asynchronous
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9. Determine the Venn diagrams for the following functions (fill areas to indicate a

“17);

]|
>
ol

10. The Boolean function

fla,b,e)=>Y(3457)

has to be implemented in two different ways:

a) using one 2:1-multiplexer:

MUX
b So
f(a,b,c)
a 0
c 1
b) using one 3/8-decoder and one OR-gate:
3/8
a 20 o ——
b 2! 11—
c 22 2 I >1
3
5
6 —
7

f(a,b,c)
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11. A JK-flip-flop is activated with the following sequence of signals clock, J, K.
Determine the output signal Q in case that the trailing edge of C is active:

clock

12. Mark the equations that are correct:

a)

b)

[

O ORN

a-b-c=a-c-b
(a-b)-c=a-(c-b)
(a+b)-c=a+(c-b)
a+(b-c)=(a+b)-(c+b)

(a+b)-(a+c)=(a-c)+(a-b)
a-(a+b)=>b

a+(a-b)=a

a-b=a-b

13. Which Boolean function is represented by the following logic circuit?

NOOO

Cc

(B+C)-D
[(4-B)+C]-D
(4-C)-D
(4+C)-D
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14. The following state diagram defines a synchronous sequential circuit:

1

o [
x (o
0
1
U

%% 1
0 C

a) How many flip-flops do you need to build up the circuit.
n=2
b) Implement the circuit using D-flip-flops.

State Definition:

a: Qa0p — '00’
b: 030, — '01°
c: Q039 — 11"
d:  Qa0p — '10'
Transition Diagramm:
DpDg Qa op DpDg Qa 0p
b c d a 01 | 11 (| 10 | 0O
1 d d b b *Il 10 | 10 | 01 | 01
Application Specific K-map:
Da a op Dp Qa op
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Oa

clock

;7

;7

ol
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