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EXERCÍCIOS

1

1. Usando a notação booleana, escreva uma expressão que seja 0 apenas
quando todas as suas variáveis (A, B, C e D) forem 0s.

2. Usando a notação booleana, escreva uma expressão que seja 0 quando uma
ou mais de suas variáveis (A, B e C) forem 0s.

X = A + B + C + D

X = A.B.C.D



EXERCÍCIOS

2

3. Aplique os teoremas de DeMorgan a cada expressão:

a) A + B b) A.B c) A + B + C

e) A.(B + C) f) A.B + C.D h) (A + B).(C + D)

A’.B’’
A’.B

A’’ + B’
A + B’

A’.B’.C’

A’ + (B + C)’

A’ + B’.C’

A’ + B’ + C’ + D’ (A + B’)’ + (C’ + D)’

A’. B’’ + C’’. D’
A’. B + C. D’



EXERCÍCIOS

3

4. Aplique os teoremas de DeMorgan a cada expressão:

a) (A.B.C).(E.F.G) + (H.I.J).(K.L.M) b) (A + B.C + C.D) + B.C

((A.B.C)’.(E.F.G)’)’’.((H.I.J)’.(K.L.M)’)’’

(A.B.C)’.(E.F.G)’.(H.I.J)’.(K.L.M)’

(A’+B’+C’).(E’+F’+G’).(H’+I’+J’).(K’+L’+M’)

A’.(B.C’)’’.(C.D)’ + (B.C)’’

A’.(B.C’).(C.D)’ + (B.C)

A’.B.C’.(C’+D’) + (B.C)

A’.B.C’.C’ + A’.B.C’.D’ + B.C

A’.B.C’ + A’.B.C’.D’ + B.C

A’.B.C’ + B.C

A’.B.C’.(1+D’) + B.C



4. Aplique os teoremas de DeMorgan a cada expressão:
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 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.
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FIGURE 4–56 

 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.

B

C
X

A

 (d)

A

D

B
C

B

X

A

C

 (b) (a)

X

(c)

A

B

X

FIGURE 4–57 

 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.

(a) (b)

CAMI

VCR

Record

RDY

ENABLE

RTS

SEND

BUSY

FIGURE 4–58 

 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

𝐴̅. $𝐵 . ̅𝐶. '𝐷 . $𝐸. $𝐹 . 𝐺̅. '𝐻



EXERCÍCIOS

4

5. Escreva a expressão booleana para cada um dos circuitos lógicos abaixo.
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SOLUÇÃO DOS EXERCÍCIOS DE SIMPLIFICAÇÃO LÓGICA 
 
1. Usando a notação booleana, escreva uma expressão que seja 0 apenas quando todas as suas 

variáveis (A, B, C e D) forem 0s. 
 

 
 
2. Usando a notação booleana, escreva uma expressão que seja 0 quando uma ou mais de suas 

variáveis (A, B e C) forem 0s. 
 

 
 
3. Aplique os teoremas de DeMorgan a cada expressão: 

 

 
 

 
 
4. Aplique os teoremas de DeMorgan a cada expressão: 
 

 
 

 

 
5. Escreva a expressão booleana para cada um dos circuitos lógicos abaixo. 

 

 
 

 
 
 
 
 
 

 Answers to Odd-Numbered Problems A-3

 31. entity 4InputAND is

   port (A, B, C, D: in bit; X: out bit);

  end entity 4Input AND;

  architecture Function of 4InputAND is

  begin

   X 6= A and B and C and D;

  end architecture Function;

 33. CMOS

 35. tPLH = 4.3 ns; tPHL = 10.5 ns

 37. 20 mW

 39. The gates in parts (b), (c), (e) are faulty.

 41. (a) defective output (stuck LOW or open)

  (b) Pin 4 input or pin 6 output internally open.

 43. The seat belt input to the AND gate is open.

 45. Add an inverter to the enable input line of the AND gate.

 47. See Figure P–14.

 17. See Figure P–9.

A

B

X

FIGURE P–9

A

X

B

C

D
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 19. See Figure P–10.
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FIGURE P–11

 21. See Figure P–11.
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FIGURE P–12

 23. See Figure P–12.

 25. XOR = AB + AB; OR = A + B

 27. See Figure P–13.
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 29. X1 = AB, X2 = A B, X3 = AB.

Ignition
switch

Lights
switch

Timer produces a LOW output
15 s after AND gate output goes HIGH
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FIGURE P–14
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FIGURE P–15

 49. The inputs are now active-LOW. Change the OR gates to 
NAND gates (negative-OR) and add two inverters.

 51. See Figure P–15.

 53. Input B of NAND gate shorted to VCC.

 55. Input B of XOR gate shorted to VCC.

Chapter 4

 1. X = A + B + C + D

 3. X 5 ABCD

 5. (a) ABC = 1 when A = B = C = 1

  (b) A + B + C = 0 when A = B = C = 0

  (c) A B C = 1  when A = B = 0 and C = 1

  (d) A + B + C = 0 when A = B = 1 and C = 0

  (e) A + B + C = 0 when A = 0 and B = C = 1

  (f) A + B + C = 0 when A = B = C = 1

 7. (a) Commutative

  (b) Commutative

  (c) Distributive
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 49. The inputs are now active-LOW. Change the OR gates to 
NAND gates (negative-OR) and add two inverters.

 51. See Figure P–15.

 53. Input B of NAND gate shorted to VCC.

 55. Input B of XOR gate shorted to VCC.

Chapter 4

 1. X = A + B + C + D

 3. X 5 ABCD

 5. (a) ABC = 1 when A = B = C = 1

  (b) A + B + C = 0 when A = B = C = 0

  (c) A B C = 1  when A = B = 0 and C = 1

  (d) A + B + C = 0 when A = B = 1 and C = 0
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 15. A 4-variable Karnaugh map has 
(a) four cells (b) eight cells
(c) sixteen cells (d) thirty-two cells

 16. In a 4-variable Karnaugh map, a 2-variable product term is produced by
(a) a 2-cell group of 1s (b) an 8-cell group of 1s
(c) a 4-cell group of 1s (d) a 4-cell group of 0s

 17. The Quine-McCluskey method can be used to
(a) replace the Karnaugh map method (b) simplify expressions with 5 or more variables
(c) both (a) and (b) (d) none of the above

 18. VHDL is a type of
(a) programmable logic (b) hardware description language
(c) programmable array (d) logical mathematics

 19. In VHDL, a port is
(a) a type of entity (b) a type of architecture
(c) an input or output (d) a type of variable

 20. Using VDHL, a logic circuit’s inputs and outputs are described in the
(a) architecture (b) component
(c) entity (d) data flow

PROBLEMS

Answers to odd-numbered problems are at the end of the book.

Section 4–1 Boolean Operations and Expressions

 1. Using Boolean notation, write an expression that is a 0 only when all of its variables (A, B, C, 
and D) are 0s.

 2. Write an expression that is a 1 when one or more of its variables (A, B, C, D, and E) are 0s.

 3. Write an expression that is a 0 when one or more of its variables (A, B, and C) are 0s.

 4. Evaluate the following operations:

(a) 0 + 0 + 0 + 0 (b) 0 + 0 + 0 + 1 (c) 1 + 1 + 1 + 1
(d) 1 # 1 + 0 # 0 + 1 (e) 1 # 0 # 1 # 0 (f) 1 # 0 + 1 # 0 + 0 # 1 + 0 # 1

 5. Find the values of the variables that make each product term 1 and each sum term 0.

(a) ABC (b) A + B + C (c) A B C (d) A + B + C

(e) A + B + C (f) A + B + C 

 6. Find the value of X for all possible values of the variables.

(a) X = A + B + C (b) X = (A + B)C (c) X = (A + B)(B + C )

(d) X = (A + B) + (AB + BC ) (e) X = ( A + B )(A + B)

Section 4–2 Laws and Rules of Boolean Algebra

 7. Identify the law of Boolean algebra upon which each of the following equalities is based:

(a) A + AB + ABC + ABCD = ABCD + ABC + AB + A

(b) A + AB + ABC + ABCD = DCBA + CBA + BA + A

(c) AB(CD + CD + EF + EF ) = ABCD + ABCD + ABEF + ABEF

 8. Identify the Boolean rule(s) on which each of the following equalities is based:

(a) AB + CD + EF = AB + CD + EF (b) AAB + ABC + ABB = ABC

(c) A(BC + BC) + AC = A(BC) + AC (d) AB(C + C) + AC = AB + AC

(e) AB + ABC = AB (f) ABC + AB + ABCD = ABC + AB + D

Section 4–3 DeMorgan’s Theorems

 9. Apply DeMorgan’s theorems to each expression:

(a) A + B (b) AB (c) A + B + C (d) ABC

(e) A(B + C) (f) AB + CD (g) AB + CD (h) (A + B)(C + D)

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.
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 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.
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 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.
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 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.

(a) (b)
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VCR

Record

RDY

ENABLE

RTS

SEND

BUSY

FIGURE 4–58 

 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.

(a) (b)

(c) (d)

AB + BC + CD + DA

AB

BC

CD

DA

A

B

C

D

D

A

B

C

AB + AB

AB

ABA

B
AB(C + D)

ABA

B

C

D

C + D
D

C

(A + B)(B + C)(C + D)(D + A)

A + B

B + C

C + D

D + A

A

B

C

D

D

A

B

C

FIGURE P–16

TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.
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 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.
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 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.
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 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.
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 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

X = A.B.C.D X = (A.B) + C X = (A’.B)’ X = (A + B).C



EXERCÍCIOS

5

6. Desenhe o circuito lógico representado por cada expressão:

a) A.B + A.B b) A.B.C.D

c) A + B.C d) A.B.C + D

FUNDAMENTOS DE SISTEMAS DIGITAIS                                                                Prof. Rafael Garibotti 
 
 

6. Desenhe o circuito lógico representado por cada expressão: 
 

 
 

 

 
7. Usando técnicas da álgebra booleana, simplifique as seguintes expressões o máximo possível: 
 

 
 

 

 
8. Usando a álgebra booleana, simplifique as seguintes expressões: 

 

 
 

 

 
9. Converta as seguintes expressões no formato padrão de soma do produto (SOP): 
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 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.

A

C
B

(d)

X X
A

B

(c)

XA

(b)

X
A

B

(a)

FIGURE 4–56 

 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.

B

C
X

A

 (d)

A

D

B
C

B

X

A

C

 (b) (a)

X

(c)

A

B

X

FIGURE 4–57 

 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.

(a) (b)

CAMI

VCR

Record

RDY

ENABLE

RTS

SEND

BUSY

FIGURE 4–58 

 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.

(a) (b)

(c) (d)

AB + BC + CD + DA

AB

BC

CD

DA

A

B

C

D

D

A

B

C

AB + AB

AB

ABA

B
AB(C + D)

ABA

B

C

D

C + D
D

C

(A + B)(B + C)(C + D)(D + A)

A + B

B + C

C + D

D + A

A

B

C

D

D

A

B

C

FIGURE P–16

TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

252 Boolean Algebra and Logic Simplification

 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.

A

C
B

(d)

X X
A

B

(c)

XA

(b)

X
A

B

(a)

FIGURE 4–56 

 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.

B

C
X

A

 (d)

A

D

B
C

B

X

A

C

 (b) (a)

X

(c)

A

B

X

FIGURE 4–57 

 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.

(a) (b)

CAMI

VCR

Record

RDY

ENABLE

RTS

SEND

BUSY

FIGURE 4–58 

 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.

(a) (b)

(c) (d)

AB + BC + CD + DA

AB

BC

CD

DA

A

B

C

D

D

A

B

C

AB + AB

AB

ABA

B
AB(C + D)

ABA

B

C

D

C + D
D

C

(A + B)(B + C)(C + D)(D + A)

A + B

B + C

C + D

D + A

A

B

C

D

D

A

B

C

FIGURE P–16

TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.
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 20. Using Boolean algebra, simplify the following expressions:

(a) (A + B)(A + C) (b) AB + ABC + ABCD + ABCDE

(c) BC + BCD + B (d) (B + B)(BC + BCD)
(e) BC + (B + C)D + BC

 21. Using Boolean algebra, simplify the following expressions:

(a) CE + C(E + F ) + E(E + G ) (b)  B CD + (B + C + D) + B C DE

(c) (C + CD)(C + CD)(C + E ) (d) BCDE + BC(DE) + (BC)DE

(e) BCD[BC + D(CD + BD)]

 22. Determine which of the logic circuits in Figure 4–59 are equivalent.

C

A

(c)

A

A

C

X
X

(d)

D

B

B

B

D

C

A

(a)

C C

A

A

C

A

X

(b)

X

D

B

A
B

B

D

B

FIGURE 4–59 

Section 4–6 Standard Forms of Boolean Expressions

 23. Convert the following expressions to sum-of-product (SOP) forms:

(a) (C + D)(A + D) (b) A (AD + C ) (c) (A + C)(CD + AC )

 24. Convert the following expressions to sum-of-product (SOP) forms:

(a) BC + DE(BC + DE) (b) BC(C D + CE ) (c) B + C[BD + (C + D )E ]
 25. Define the domain of each SOP expression in Problem 23 and convert the expression to stand-

ard SOP form.

 26. Convert each SOP expression in Problem 24 to standard SOP form.

 27. Determine the binary value of each term in the standard SOP expressions from Problem 25.

 28. Determine the binary value of each term in the standard SOP expressions from Problem 26.

 29. Convert each standard SOP expression in Problem 25 to standard POS form.

 30. Convert each standard SOP expression in Problem 26 to standard POS form.

Section 4–7 Boolean Expressions and Truth Tables

 31. Develop a truth table for each of the following standard SOP expressions:

(a) ABC + A BC + ABC  (b) X Y Z + X Y  Z + X YZ + XYZ + XYZ

 32. Develop a truth table for each of the following standard SOP expressions:

(a) A BCD + ABC D + A B  CD + A   B  C   D

(b) WXYZ + WXYZ + W XYZ + W XYZ + WXY Z

 33. Develop a truth table for each of the SOP expressions:

(a) AB + ABC + A C + ABC  (b) X + YZ + WZ + XYZ

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.

(a) (b)

(c) (d)

AB + BC + CD + DA

AB

BC

CD

DA

A

B

C

D

D

A

B

C

AB + AB

AB

ABA

B
AB(C + D)

ABA

B

C

D

C + D
D

C

(A + B)(B + C)(C + D)(D + A)

A + B

B + C

C + D

D + A

A

B

C

D

D

A

B

C

FIGURE P–16

TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

 Problems 253

 20. Using Boolean algebra, simplify the following expressions:

(a) (A + B)(A + C) (b) AB + ABC + ABCD + ABCDE

(c) BC + BCD + B (d) (B + B)(BC + BCD)
(e) BC + (B + C)D + BC

 21. Using Boolean algebra, simplify the following expressions:

(a) CE + C(E + F ) + E(E + G ) (b)  B CD + (B + C + D) + B C DE

(c) (C + CD)(C + CD)(C + E ) (d) BCDE + BC(DE) + (BC)DE

(e) BCD[BC + D(CD + BD)]

 22. Determine which of the logic circuits in Figure 4–59 are equivalent.

C
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(c)

A

A

C

X
X

(d)

D

B

B

B

D

C

A

(a)

C C

A

A

C

A

X

(b)

X

D

B

A
B

B

D

B

FIGURE 4–59 

Section 4–6 Standard Forms of Boolean Expressions

 23. Convert the following expressions to sum-of-product (SOP) forms:

(a) (C + D)(A + D) (b) A (AD + C ) (c) (A + C)(CD + AC )

 24. Convert the following expressions to sum-of-product (SOP) forms:

(a) BC + DE(BC + DE) (b) BC(C D + CE ) (c) B + C[BD + (C + D )E ]
 25. Define the domain of each SOP expression in Problem 23 and convert the expression to stand-

ard SOP form.

 26. Convert each SOP expression in Problem 24 to standard SOP form.

 27. Determine the binary value of each term in the standard SOP expressions from Problem 25.

 28. Determine the binary value of each term in the standard SOP expressions from Problem 26.

 29. Convert each standard SOP expression in Problem 25 to standard POS form.

 30. Convert each standard SOP expression in Problem 26 to standard POS form.

Section 4–7 Boolean Expressions and Truth Tables

 31. Develop a truth table for each of the following standard SOP expressions:

(a) ABC + A BC + ABC  (b) X Y Z + X Y  Z + X YZ + XYZ + XYZ

 32. Develop a truth table for each of the following standard SOP expressions:

(a) A BCD + ABC D + A B  CD + A   B  C   D

(b) WXYZ + WXYZ + W XYZ + W XYZ + WXY Z

 33. Develop a truth table for each of the SOP expressions:

(a) AB + ABC + A C + ABC  (b) X + YZ + WZ + XYZ

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.

(a) (b)

(c) (d)

AB + BC + CD + DA

AB

BC

CD

DA

A

B

C

D

D

A

B

C

AB + AB

AB

ABA

B
AB(C + D)

ABA

B

C

D

C + D
D

C

(A + B)(B + C)(C + D)(D + A)

A + B

B + C

C + D

D + A

A

B

C

D

D
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B

C

FIGURE P–16

TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.
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B
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D

X

FUNDAMENTOS DE SISTEMAS DIGITAIS                                                                Prof. Rafael Garibotti 
 
 

6. Desenhe o circuito lógico representado por cada expressão: 
 

 
 

 

 
7. Usando técnicas da álgebra booleana, simplifique as seguintes expressões o máximo possível: 
 

 
 

 

 
8. Usando a álgebra booleana, simplifique as seguintes expressões: 

 

 
 

 

 
9. Converta as seguintes expressões no formato padrão de soma do produto (SOP): 
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 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.

A

C
B

(d)

X X
A

B

(c)

XA

(b)

X
A

B

(a)

FIGURE 4–56 

 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.
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 (d)
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B
C

B
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C

 (b) (a)

X

(c)

A

B

X

FIGURE 4–57 

 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.

(a) (b)

CAMI

VCR

Record

RDY

ENABLE

RTS

SEND

BUSY

FIGURE 4–58 

 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.
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 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.

A

C
B

(d)

X X
A

B

(c)

XA

(b)

X
A

B

(a)

FIGURE 4–56 

 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.
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C
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 (d)
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B
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B

X
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 (b) (a)

X

(c)

A

B

X
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 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.

(a) (b)

CAMI

VCR

Record

RDY

ENABLE

RTS

SEND

BUSY

FIGURE 4–58 

 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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(c) (d)
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TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.
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 20. Using Boolean algebra, simplify the following expressions:

(a) (A + B)(A + C) (b) AB + ABC + ABCD + ABCDE

(c) BC + BCD + B (d) (B + B)(BC + BCD)
(e) BC + (B + C)D + BC

 21. Using Boolean algebra, simplify the following expressions:

(a) CE + C(E + F ) + E(E + G ) (b)  B CD + (B + C + D) + B C DE

(c) (C + CD)(C + CD)(C + E ) (d) BCDE + BC(DE) + (BC)DE

(e) BCD[BC + D(CD + BD)]

 22. Determine which of the logic circuits in Figure 4–59 are equivalent.
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(b)
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B
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B

D
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FIGURE 4–59 

Section 4–6 Standard Forms of Boolean Expressions

 23. Convert the following expressions to sum-of-product (SOP) forms:

(a) (C + D)(A + D) (b) A (AD + C ) (c) (A + C)(CD + AC )

 24. Convert the following expressions to sum-of-product (SOP) forms:

(a) BC + DE(BC + DE) (b) BC(C D + CE ) (c) B + C[BD + (C + D )E ]
 25. Define the domain of each SOP expression in Problem 23 and convert the expression to stand-

ard SOP form.

 26. Convert each SOP expression in Problem 24 to standard SOP form.

 27. Determine the binary value of each term in the standard SOP expressions from Problem 25.

 28. Determine the binary value of each term in the standard SOP expressions from Problem 26.

 29. Convert each standard SOP expression in Problem 25 to standard POS form.

 30. Convert each standard SOP expression in Problem 26 to standard POS form.

Section 4–7 Boolean Expressions and Truth Tables

 31. Develop a truth table for each of the following standard SOP expressions:

(a) ABC + A BC + ABC  (b) X Y Z + X Y  Z + X YZ + XYZ + XYZ

 32. Develop a truth table for each of the following standard SOP expressions:

(a) A BCD + ABC D + A B  CD + A   B  C   D

(b) WXYZ + WXYZ + W XYZ + W XYZ + WXY Z

 33. Develop a truth table for each of the SOP expressions:

(a) AB + ABC + A C + ABC  (b) X + YZ + WZ + XYZ

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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A
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TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

 Problems 253

 20. Using Boolean algebra, simplify the following expressions:

(a) (A + B)(A + C) (b) AB + ABC + ABCD + ABCDE

(c) BC + BCD + B (d) (B + B)(BC + BCD)
(e) BC + (B + C)D + BC

 21. Using Boolean algebra, simplify the following expressions:

(a) CE + C(E + F ) + E(E + G ) (b)  B CD + (B + C + D) + B C DE

(c) (C + CD)(C + CD)(C + E ) (d) BCDE + BC(DE) + (BC)DE

(e) BCD[BC + D(CD + BD)]

 22. Determine which of the logic circuits in Figure 4–59 are equivalent.
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FIGURE 4–59 

Section 4–6 Standard Forms of Boolean Expressions

 23. Convert the following expressions to sum-of-product (SOP) forms:

(a) (C + D)(A + D) (b) A (AD + C ) (c) (A + C)(CD + AC )

 24. Convert the following expressions to sum-of-product (SOP) forms:

(a) BC + DE(BC + DE) (b) BC(C D + CE ) (c) B + C[BD + (C + D )E ]
 25. Define the domain of each SOP expression in Problem 23 and convert the expression to stand-

ard SOP form.

 26. Convert each SOP expression in Problem 24 to standard SOP form.

 27. Determine the binary value of each term in the standard SOP expressions from Problem 25.

 28. Determine the binary value of each term in the standard SOP expressions from Problem 26.

 29. Convert each standard SOP expression in Problem 25 to standard POS form.

 30. Convert each standard SOP expression in Problem 26 to standard POS form.

Section 4–7 Boolean Expressions and Truth Tables

 31. Develop a truth table for each of the following standard SOP expressions:

(a) ABC + A BC + ABC  (b) X Y Z + X Y  Z + X YZ + XYZ + XYZ

 32. Develop a truth table for each of the following standard SOP expressions:

(a) A BCD + ABC D + A B  CD + A   B  C   D

(b) WXYZ + WXYZ + W XYZ + W XYZ + WXY Z

 33. Develop a truth table for each of the SOP expressions:

(a) AB + ABC + A C + ABC  (b) X + YZ + WZ + XYZ

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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A
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TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

FUNDAMENTOS DE SISTEMAS DIGITAIS                                                                Prof. Rafael Garibotti 
 
 

6. Desenhe o circuito lógico representado por cada expressão: 
 

 
 

 

 
7. Usando técnicas da álgebra booleana, simplifique as seguintes expressões o máximo possível: 
 

 
 

 

 
8. Usando a álgebra booleana, simplifique as seguintes expressões: 

 

 
 

 

 
9. Converta as seguintes expressões no formato padrão de soma do produto (SOP): 
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 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.

A

C
B

(d)

X X
A

B

(c)

XA

(b)

X
A

B

(a)

FIGURE 4–56 

 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.
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X

(c)

A

B

X
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 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.

(a) (b)

CAMI

VCR

Record

RDY

ENABLE

RTS

SEND

BUSY

FIGURE 4–58 

 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

252 Boolean Algebra and Logic Simplification

 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.
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 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.
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 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.

(a) (b)

CAMI

VCR

Record

RDY

ENABLE

RTS

SEND

BUSY

FIGURE 4–58 

 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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(c) (d)
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B
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TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.
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 20. Using Boolean algebra, simplify the following expressions:

(a) (A + B)(A + C) (b) AB + ABC + ABCD + ABCDE

(c) BC + BCD + B (d) (B + B)(BC + BCD)
(e) BC + (B + C)D + BC

 21. Using Boolean algebra, simplify the following expressions:

(a) CE + C(E + F ) + E(E + G ) (b)  B CD + (B + C + D) + B C DE

(c) (C + CD)(C + CD)(C + E ) (d) BCDE + BC(DE) + (BC)DE

(e) BCD[BC + D(CD + BD)]

 22. Determine which of the logic circuits in Figure 4–59 are equivalent.
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D
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A

(a)

C C

A
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C

A
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(b)

X

D

B

A
B

B

D

B

FIGURE 4–59 

Section 4–6 Standard Forms of Boolean Expressions

 23. Convert the following expressions to sum-of-product (SOP) forms:

(a) (C + D)(A + D) (b) A (AD + C ) (c) (A + C)(CD + AC )

 24. Convert the following expressions to sum-of-product (SOP) forms:

(a) BC + DE(BC + DE) (b) BC(C D + CE ) (c) B + C[BD + (C + D )E ]
 25. Define the domain of each SOP expression in Problem 23 and convert the expression to stand-

ard SOP form.

 26. Convert each SOP expression in Problem 24 to standard SOP form.

 27. Determine the binary value of each term in the standard SOP expressions from Problem 25.

 28. Determine the binary value of each term in the standard SOP expressions from Problem 26.

 29. Convert each standard SOP expression in Problem 25 to standard POS form.

 30. Convert each standard SOP expression in Problem 26 to standard POS form.

Section 4–7 Boolean Expressions and Truth Tables

 31. Develop a truth table for each of the following standard SOP expressions:

(a) ABC + A BC + ABC  (b) X Y Z + X Y  Z + X YZ + XYZ + XYZ

 32. Develop a truth table for each of the following standard SOP expressions:

(a) A BCD + ABC D + A B  CD + A   B  C   D

(b) WXYZ + WXYZ + W XYZ + W XYZ + WXY Z

 33. Develop a truth table for each of the SOP expressions:

(a) AB + ABC + A C + ABC  (b) X + YZ + WZ + XYZ

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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AB + BC + CD + DA
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A
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C
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FIGURE P–16

TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

 Problems 253

 20. Using Boolean algebra, simplify the following expressions:

(a) (A + B)(A + C) (b) AB + ABC + ABCD + ABCDE

(c) BC + BCD + B (d) (B + B)(BC + BCD)
(e) BC + (B + C)D + BC

 21. Using Boolean algebra, simplify the following expressions:

(a) CE + C(E + F ) + E(E + G ) (b)  B CD + (B + C + D) + B C DE

(c) (C + CD)(C + CD)(C + E ) (d) BCDE + BC(DE) + (BC)DE

(e) BCD[BC + D(CD + BD)]

 22. Determine which of the logic circuits in Figure 4–59 are equivalent.
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(b)

X

D

B

A
B

B

D

B

FIGURE 4–59 

Section 4–6 Standard Forms of Boolean Expressions

 23. Convert the following expressions to sum-of-product (SOP) forms:

(a) (C + D)(A + D) (b) A (AD + C ) (c) (A + C)(CD + AC )

 24. Convert the following expressions to sum-of-product (SOP) forms:

(a) BC + DE(BC + DE) (b) BC(C D + CE ) (c) B + C[BD + (C + D )E ]
 25. Define the domain of each SOP expression in Problem 23 and convert the expression to stand-

ard SOP form.

 26. Convert each SOP expression in Problem 24 to standard SOP form.

 27. Determine the binary value of each term in the standard SOP expressions from Problem 25.

 28. Determine the binary value of each term in the standard SOP expressions from Problem 26.

 29. Convert each standard SOP expression in Problem 25 to standard POS form.

 30. Convert each standard SOP expression in Problem 26 to standard POS form.

Section 4–7 Boolean Expressions and Truth Tables

 31. Develop a truth table for each of the following standard SOP expressions:

(a) ABC + A BC + ABC  (b) X Y Z + X Y  Z + X YZ + XYZ + XYZ

 32. Develop a truth table for each of the following standard SOP expressions:

(a) A BCD + ABC D + A B  CD + A   B  C   D

(b) WXYZ + WXYZ + W XYZ + W XYZ + WXY Z

 33. Develop a truth table for each of the SOP expressions:

(a) AB + ABC + A C + ABC  (b) X + YZ + WZ + XYZ

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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(c) (d)

AB + BC + CD + DA

AB
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DA

A

B
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D
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AB
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B
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ABA

B

C
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C + D
D

C

(A + B)(B + C)(C + D)(D + A)

A + B

B + C

C + D

D + A
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D
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FIGURE P–16

TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.
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X

FUNDAMENTOS DE SISTEMAS DIGITAIS                                                                Prof. Rafael Garibotti 
 
 

6. Desenhe o circuito lógico representado por cada expressão: 
 

 
 

 

 
7. Usando técnicas da álgebra booleana, simplifique as seguintes expressões o máximo possível: 
 

 
 

 

 
8. Usando a álgebra booleana, simplifique as seguintes expressões: 

 

 
 

 

 
9. Converta as seguintes expressões no formato padrão de soma do produto (SOP): 

 

 
 

 

 

252 Boolean Algebra and Logic Simplification

 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.

A

C
B

(d)

X X
A

B

(c)

XA

(b)

X
A

B

(a)

FIGURE 4–56 

 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.
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X

(c)

A

B

X

FIGURE 4–57 

 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.

(a) (b)

CAMI

VCR

Record

RDY

ENABLE

RTS

SEND

BUSY

FIGURE 4–58 

 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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FIGURE P–16

TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

252 Boolean Algebra and Logic Simplification

 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.
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FIGURE 4–56 

 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.
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 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.

(a) (b)

CAMI

VCR

Record

RDY

ENABLE

RTS

SEND

BUSY

FIGURE 4–58 

 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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(A + B)(B + C)(C + D)(D + A)

A + B

B + C

C + D

D + A

A

B

C

D

D

A

B

C

FIGURE P–16

TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

 Problems 253

 20. Using Boolean algebra, simplify the following expressions:

(a) (A + B)(A + C) (b) AB + ABC + ABCD + ABCDE

(c) BC + BCD + B (d) (B + B)(BC + BCD)
(e) BC + (B + C)D + BC

 21. Using Boolean algebra, simplify the following expressions:

(a) CE + C(E + F ) + E(E + G ) (b)  B CD + (B + C + D) + B C DE

(c) (C + CD)(C + CD)(C + E ) (d) BCDE + BC(DE) + (BC)DE

(e) BCD[BC + D(CD + BD)]

 22. Determine which of the logic circuits in Figure 4–59 are equivalent.
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X
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D
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(b)
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FIGURE 4–59 

Section 4–6 Standard Forms of Boolean Expressions

 23. Convert the following expressions to sum-of-product (SOP) forms:

(a) (C + D)(A + D) (b) A (AD + C ) (c) (A + C)(CD + AC )

 24. Convert the following expressions to sum-of-product (SOP) forms:

(a) BC + DE(BC + DE) (b) BC(C D + CE ) (c) B + C[BD + (C + D )E ]
 25. Define the domain of each SOP expression in Problem 23 and convert the expression to stand-

ard SOP form.

 26. Convert each SOP expression in Problem 24 to standard SOP form.

 27. Determine the binary value of each term in the standard SOP expressions from Problem 25.

 28. Determine the binary value of each term in the standard SOP expressions from Problem 26.

 29. Convert each standard SOP expression in Problem 25 to standard POS form.

 30. Convert each standard SOP expression in Problem 26 to standard POS form.

Section 4–7 Boolean Expressions and Truth Tables

 31. Develop a truth table for each of the following standard SOP expressions:

(a) ABC + A BC + ABC  (b) X Y Z + X Y  Z + X YZ + XYZ + XYZ

 32. Develop a truth table for each of the following standard SOP expressions:

(a) A BCD + ABC D + A B  CD + A   B  C   D

(b) WXYZ + WXYZ + W XYZ + W XYZ + WXY Z

 33. Develop a truth table for each of the SOP expressions:

(a) AB + ABC + A C + ABC  (b) X + YZ + WZ + XYZ

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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A
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TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

 Problems 253

 20. Using Boolean algebra, simplify the following expressions:

(a) (A + B)(A + C) (b) AB + ABC + ABCD + ABCDE

(c) BC + BCD + B (d) (B + B)(BC + BCD)
(e) BC + (B + C)D + BC

 21. Using Boolean algebra, simplify the following expressions:

(a) CE + C(E + F ) + E(E + G ) (b)  B CD + (B + C + D) + B C DE

(c) (C + CD)(C + CD)(C + E ) (d) BCDE + BC(DE) + (BC)DE

(e) BCD[BC + D(CD + BD)]

 22. Determine which of the logic circuits in Figure 4–59 are equivalent.
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Section 4–6 Standard Forms of Boolean Expressions

 23. Convert the following expressions to sum-of-product (SOP) forms:

(a) (C + D)(A + D) (b) A (AD + C ) (c) (A + C)(CD + AC )

 24. Convert the following expressions to sum-of-product (SOP) forms:

(a) BC + DE(BC + DE) (b) BC(C D + CE ) (c) B + C[BD + (C + D )E ]
 25. Define the domain of each SOP expression in Problem 23 and convert the expression to stand-

ard SOP form.

 26. Convert each SOP expression in Problem 24 to standard SOP form.

 27. Determine the binary value of each term in the standard SOP expressions from Problem 25.

 28. Determine the binary value of each term in the standard SOP expressions from Problem 26.

 29. Convert each standard SOP expression in Problem 25 to standard POS form.

 30. Convert each standard SOP expression in Problem 26 to standard POS form.

Section 4–7 Boolean Expressions and Truth Tables

 31. Develop a truth table for each of the following standard SOP expressions:

(a) ABC + A BC + ABC  (b) X Y Z + X Y  Z + X YZ + XYZ + XYZ

 32. Develop a truth table for each of the following standard SOP expressions:

(a) A BCD + ABC D + A B  CD + A   B  C   D

(b) WXYZ + WXYZ + W XYZ + W XYZ + WXY Z

 33. Develop a truth table for each of the SOP expressions:

(a) AB + ABC + A C + ABC  (b) X + YZ + WZ + XYZ

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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A
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TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

FUNDAMENTOS DE SISTEMAS DIGITAIS                                                                Prof. Rafael Garibotti 
 
 

6. Desenhe o circuito lógico representado por cada expressão: 
 

 
 

 

 
7. Usando técnicas da álgebra booleana, simplifique as seguintes expressões o máximo possível: 
 

 
 

 

 
8. Usando a álgebra booleana, simplifique as seguintes expressões: 

 

 
 

 

 
9. Converta as seguintes expressões no formato padrão de soma do produto (SOP): 

 

 
 

 

 

252 Boolean Algebra and Logic Simplification

 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.
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 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.
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 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.

(a) (b)

CAMI

VCR

Record

RDY

ENABLE

RTS

SEND

BUSY

FIGURE 4–58 

 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

252 Boolean Algebra and Logic Simplification

 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.
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 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.
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 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.

(a) (b)

CAMI

VCR

Record

RDY

ENABLE

RTS

SEND

BUSY

FIGURE 4–58 

 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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(A + B)(B + C)(C + D)(D + A)

A + B

B + C

C + D

D + A

A

B

C

D

D

A

B

C

FIGURE P–16

TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.
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 20. Using Boolean algebra, simplify the following expressions:

(a) (A + B)(A + C) (b) AB + ABC + ABCD + ABCDE

(c) BC + BCD + B (d) (B + B)(BC + BCD)
(e) BC + (B + C)D + BC

 21. Using Boolean algebra, simplify the following expressions:

(a) CE + C(E + F ) + E(E + G ) (b)  B CD + (B + C + D) + B C DE

(c) (C + CD)(C + CD)(C + E ) (d) BCDE + BC(DE) + (BC)DE

(e) BCD[BC + D(CD + BD)]

 22. Determine which of the logic circuits in Figure 4–59 are equivalent.
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D
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Section 4–6 Standard Forms of Boolean Expressions

 23. Convert the following expressions to sum-of-product (SOP) forms:

(a) (C + D)(A + D) (b) A (AD + C ) (c) (A + C)(CD + AC )

 24. Convert the following expressions to sum-of-product (SOP) forms:

(a) BC + DE(BC + DE) (b) BC(C D + CE ) (c) B + C[BD + (C + D )E ]
 25. Define the domain of each SOP expression in Problem 23 and convert the expression to stand-

ard SOP form.

 26. Convert each SOP expression in Problem 24 to standard SOP form.

 27. Determine the binary value of each term in the standard SOP expressions from Problem 25.

 28. Determine the binary value of each term in the standard SOP expressions from Problem 26.

 29. Convert each standard SOP expression in Problem 25 to standard POS form.

 30. Convert each standard SOP expression in Problem 26 to standard POS form.

Section 4–7 Boolean Expressions and Truth Tables

 31. Develop a truth table for each of the following standard SOP expressions:

(a) ABC + A BC + ABC  (b) X Y Z + X Y  Z + X YZ + XYZ + XYZ

 32. Develop a truth table for each of the following standard SOP expressions:

(a) A BCD + ABC D + A B  CD + A   B  C   D

(b) WXYZ + WXYZ + W XYZ + W XYZ + WXY Z

 33. Develop a truth table for each of the SOP expressions:

(a) AB + ABC + A C + ABC  (b) X + YZ + WZ + XYZ

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

 Problems 253

 20. Using Boolean algebra, simplify the following expressions:

(a) (A + B)(A + C) (b) AB + ABC + ABCD + ABCDE

(c) BC + BCD + B (d) (B + B)(BC + BCD)
(e) BC + (B + C)D + BC

 21. Using Boolean algebra, simplify the following expressions:

(a) CE + C(E + F ) + E(E + G ) (b)  B CD + (B + C + D) + B C DE

(c) (C + CD)(C + CD)(C + E ) (d) BCDE + BC(DE) + (BC)DE

(e) BCD[BC + D(CD + BD)]

 22. Determine which of the logic circuits in Figure 4–59 are equivalent.
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D
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(b)
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Section 4–6 Standard Forms of Boolean Expressions

 23. Convert the following expressions to sum-of-product (SOP) forms:

(a) (C + D)(A + D) (b) A (AD + C ) (c) (A + C)(CD + AC )

 24. Convert the following expressions to sum-of-product (SOP) forms:

(a) BC + DE(BC + DE) (b) BC(C D + CE ) (c) B + C[BD + (C + D )E ]
 25. Define the domain of each SOP expression in Problem 23 and convert the expression to stand-

ard SOP form.

 26. Convert each SOP expression in Problem 24 to standard SOP form.

 27. Determine the binary value of each term in the standard SOP expressions from Problem 25.

 28. Determine the binary value of each term in the standard SOP expressions from Problem 26.

 29. Convert each standard SOP expression in Problem 25 to standard POS form.

 30. Convert each standard SOP expression in Problem 26 to standard POS form.

Section 4–7 Boolean Expressions and Truth Tables

 31. Develop a truth table for each of the following standard SOP expressions:

(a) ABC + A BC + ABC  (b) X Y Z + X Y  Z + X YZ + XYZ + XYZ

 32. Develop a truth table for each of the following standard SOP expressions:

(a) A BCD + ABC D + A B  CD + A   B  C   D

(b) WXYZ + WXYZ + W XYZ + W XYZ + WXY Z

 33. Develop a truth table for each of the SOP expressions:

(a) AB + ABC + A C + ABC  (b) X + YZ + WZ + XYZ

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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B
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D
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D

C

(A + B)(B + C)(C + D)(D + A)

A + B

B + C

C + D
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B

C

D

D

A

B

C
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TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.
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X

FUNDAMENTOS DE SISTEMAS DIGITAIS                                                                Prof. Rafael Garibotti 
 
 

6. Desenhe o circuito lógico representado por cada expressão: 
 

 
 

 

 
7. Usando técnicas da álgebra booleana, simplifique as seguintes expressões o máximo possível: 
 

 
 

 

 
8. Usando a álgebra booleana, simplifique as seguintes expressões: 

 

 
 

 

 
9. Converta as seguintes expressões no formato padrão de soma do produto (SOP): 

 

 
 

 

 

252 Boolean Algebra and Logic Simplification

 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.

A

C
B

(d)

X X
A

B

(c)

XA

(b)

X
A

B

(a)

FIGURE 4–56 

 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.
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X

(c)

A

B
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 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.

(a) (b)

CAMI

VCR

Record

RDY

ENABLE

RTS

SEND

BUSY

FIGURE 4–58 

 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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D
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FIGURE P–16

TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

252 Boolean Algebra and Logic Simplification

 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.
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FIGURE 4–56 

 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.
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 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.

(a) (b)

CAMI

VCR

Record

RDY

ENABLE

RTS

SEND

BUSY

FIGURE 4–58 

 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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A

B

C

D

D

A

B

C

AB + AB

AB

ABA

B
AB(C + D)

ABA

B

C

D

C + D
D

C

(A + B)(B + C)(C + D)(D + A)
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TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.
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 20. Using Boolean algebra, simplify the following expressions:

(a) (A + B)(A + C) (b) AB + ABC + ABCD + ABCDE

(c) BC + BCD + B (d) (B + B)(BC + BCD)
(e) BC + (B + C)D + BC

 21. Using Boolean algebra, simplify the following expressions:

(a) CE + C(E + F ) + E(E + G ) (b)  B CD + (B + C + D) + B C DE

(c) (C + CD)(C + CD)(C + E ) (d) BCDE + BC(DE) + (BC)DE

(e) BCD[BC + D(CD + BD)]

 22. Determine which of the logic circuits in Figure 4–59 are equivalent.
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Section 4–6 Standard Forms of Boolean Expressions

 23. Convert the following expressions to sum-of-product (SOP) forms:

(a) (C + D)(A + D) (b) A (AD + C ) (c) (A + C)(CD + AC )

 24. Convert the following expressions to sum-of-product (SOP) forms:

(a) BC + DE(BC + DE) (b) BC(C D + CE ) (c) B + C[BD + (C + D )E ]
 25. Define the domain of each SOP expression in Problem 23 and convert the expression to stand-

ard SOP form.

 26. Convert each SOP expression in Problem 24 to standard SOP form.

 27. Determine the binary value of each term in the standard SOP expressions from Problem 25.

 28. Determine the binary value of each term in the standard SOP expressions from Problem 26.

 29. Convert each standard SOP expression in Problem 25 to standard POS form.

 30. Convert each standard SOP expression in Problem 26 to standard POS form.

Section 4–7 Boolean Expressions and Truth Tables

 31. Develop a truth table for each of the following standard SOP expressions:

(a) ABC + A BC + ABC  (b) X Y Z + X Y  Z + X YZ + XYZ + XYZ

 32. Develop a truth table for each of the following standard SOP expressions:

(a) A BCD + ABC D + A B  CD + A   B  C   D

(b) WXYZ + WXYZ + W XYZ + W XYZ + WXY Z

 33. Develop a truth table for each of the SOP expressions:

(a) AB + ABC + A C + ABC  (b) X + YZ + WZ + XYZ

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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AB + BC + CD + DA

AB

BC

CD

DA

A

B

C

D

D

A

B

C

AB + AB

AB

ABA

B
AB(C + D)

ABA

B

C

D

C + D
D

C

(A + B)(B + C)(C + D)(D + A)
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TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

 Problems 253

 20. Using Boolean algebra, simplify the following expressions:

(a) (A + B)(A + C) (b) AB + ABC + ABCD + ABCDE

(c) BC + BCD + B (d) (B + B)(BC + BCD)
(e) BC + (B + C)D + BC

 21. Using Boolean algebra, simplify the following expressions:

(a) CE + C(E + F ) + E(E + G ) (b)  B CD + (B + C + D) + B C DE

(c) (C + CD)(C + CD)(C + E ) (d) BCDE + BC(DE) + (BC)DE

(e) BCD[BC + D(CD + BD)]

 22. Determine which of the logic circuits in Figure 4–59 are equivalent.
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Section 4–6 Standard Forms of Boolean Expressions

 23. Convert the following expressions to sum-of-product (SOP) forms:

(a) (C + D)(A + D) (b) A (AD + C ) (c) (A + C)(CD + AC )

 24. Convert the following expressions to sum-of-product (SOP) forms:

(a) BC + DE(BC + DE) (b) BC(C D + CE ) (c) B + C[BD + (C + D )E ]
 25. Define the domain of each SOP expression in Problem 23 and convert the expression to stand-

ard SOP form.

 26. Convert each SOP expression in Problem 24 to standard SOP form.

 27. Determine the binary value of each term in the standard SOP expressions from Problem 25.

 28. Determine the binary value of each term in the standard SOP expressions from Problem 26.

 29. Convert each standard SOP expression in Problem 25 to standard POS form.

 30. Convert each standard SOP expression in Problem 26 to standard POS form.

Section 4–7 Boolean Expressions and Truth Tables

 31. Develop a truth table for each of the following standard SOP expressions:

(a) ABC + A BC + ABC  (b) X Y Z + X Y  Z + X YZ + XYZ + XYZ

 32. Develop a truth table for each of the following standard SOP expressions:

(a) A BCD + ABC D + A B  CD + A   B  C   D

(b) WXYZ + WXYZ + W XYZ + W XYZ + WXY Z

 33. Develop a truth table for each of the SOP expressions:

(a) AB + ABC + A C + ABC  (b) X + YZ + WZ + XYZ

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

FUNDAMENTOS DE SISTEMAS DIGITAIS                                                                Prof. Rafael Garibotti 
 
 

6. Desenhe o circuito lógico representado por cada expressão: 
 

 
 

 

 
7. Usando técnicas da álgebra booleana, simplifique as seguintes expressões o máximo possível: 
 

 
 

 

 
8. Usando a álgebra booleana, simplifique as seguintes expressões: 

 

 
 

 

 
9. Converta as seguintes expressões no formato padrão de soma do produto (SOP): 
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 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.

A

C
B

(d)

X X
A

B

(c)

XA

(b)

X
A

B

(a)

FIGURE 4–56 

 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.

B

C
X

A

 (d)

A

D

B
C

B

X

A

C

 (b) (a)

X

(c)

A

B

X

FIGURE 4–57 

 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.

(a) (b)

CAMI

VCR

Record

RDY

ENABLE

RTS

SEND

BUSY

FIGURE 4–58 

 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.

(a) (b)

(c) (d)

AB + BC + CD + DA

AB

BC

CD

DA

A

B

C

D

D

A

B

C

AB + AB

AB

ABA

B
AB(C + D)

ABA

B

C

D

C + D
D

C

(A + B)(B + C)(C + D)(D + A)

A + B

B + C

C + D

D + A

A

B

C

D

D

A

B

C

FIGURE P–16

TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

252 Boolean Algebra and Logic Simplification

 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.

A

C
B

(d)

X X
A

B

(c)

XA

(b)

X
A

B

(a)

FIGURE 4–56 

 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.

B

C
X

A

 (d)

A

D

B
C

B

X

A

C

 (b) (a)

X

(c)

A

B

X

FIGURE 4–57 

 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.

(a) (b)

CAMI

VCR

Record

RDY

ENABLE

RTS

SEND

BUSY

FIGURE 4–58 

 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.

(a) (b)

(c) (d)

AB + BC + CD + DA

AB

BC

CD

DA

A

B

C

D

D

A

B

C

AB + AB

AB

ABA

B
AB(C + D)

ABA

B

C

D

C + D
D

C

(A + B)(B + C)(C + D)(D + A)

A + B

B + C

C + D

D + A

A

B

C

D

D

A

B

C

FIGURE P–16

TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.
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 20. Using Boolean algebra, simplify the following expressions:

(a) (A + B)(A + C) (b) AB + ABC + ABCD + ABCDE

(c) BC + BCD + B (d) (B + B)(BC + BCD)
(e) BC + (B + C)D + BC

 21. Using Boolean algebra, simplify the following expressions:

(a) CE + C(E + F ) + E(E + G ) (b)  B CD + (B + C + D) + B C DE

(c) (C + CD)(C + CD)(C + E ) (d) BCDE + BC(DE) + (BC)DE

(e) BCD[BC + D(CD + BD)]

 22. Determine which of the logic circuits in Figure 4–59 are equivalent.

C

A

(c)

A

A

C

X
X

(d)

D

B

B

B

D

C

A

(a)

C C

A

A

C

A

X

(b)

X

D

B

A
B

B

D

B

FIGURE 4–59 

Section 4–6 Standard Forms of Boolean Expressions

 23. Convert the following expressions to sum-of-product (SOP) forms:

(a) (C + D)(A + D) (b) A (AD + C ) (c) (A + C)(CD + AC )

 24. Convert the following expressions to sum-of-product (SOP) forms:

(a) BC + DE(BC + DE) (b) BC(C D + CE ) (c) B + C[BD + (C + D )E ]
 25. Define the domain of each SOP expression in Problem 23 and convert the expression to stand-

ard SOP form.

 26. Convert each SOP expression in Problem 24 to standard SOP form.

 27. Determine the binary value of each term in the standard SOP expressions from Problem 25.

 28. Determine the binary value of each term in the standard SOP expressions from Problem 26.

 29. Convert each standard SOP expression in Problem 25 to standard POS form.

 30. Convert each standard SOP expression in Problem 26 to standard POS form.

Section 4–7 Boolean Expressions and Truth Tables

 31. Develop a truth table for each of the following standard SOP expressions:

(a) ABC + A BC + ABC  (b) X Y Z + X Y  Z + X YZ + XYZ + XYZ

 32. Develop a truth table for each of the following standard SOP expressions:

(a) A BCD + ABC D + A B  CD + A   B  C   D

(b) WXYZ + WXYZ + W XYZ + W XYZ + WXY Z

 33. Develop a truth table for each of the SOP expressions:

(a) AB + ABC + A C + ABC  (b) X + YZ + WZ + XYZ

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.

(a) (b)

(c) (d)

AB + BC + CD + DA

AB

BC

CD

DA

A

B

C

D

D

A

B

C

AB + AB

AB

ABA

B
AB(C + D)

ABA

B

C

D

C + D
D

C

(A + B)(B + C)(C + D)(D + A)

A + B

B + C

C + D

D + A

A

B

C

D

D

A

B

C

FIGURE P–16

TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

 Problems 253

 20. Using Boolean algebra, simplify the following expressions:

(a) (A + B)(A + C) (b) AB + ABC + ABCD + ABCDE

(c) BC + BCD + B (d) (B + B)(BC + BCD)
(e) BC + (B + C)D + BC

 21. Using Boolean algebra, simplify the following expressions:

(a) CE + C(E + F ) + E(E + G ) (b)  B CD + (B + C + D) + B C DE

(c) (C + CD)(C + CD)(C + E ) (d) BCDE + BC(DE) + (BC)DE

(e) BCD[BC + D(CD + BD)]

 22. Determine which of the logic circuits in Figure 4–59 are equivalent.

C

A
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C
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FIGURE 4–59 

Section 4–6 Standard Forms of Boolean Expressions

 23. Convert the following expressions to sum-of-product (SOP) forms:

(a) (C + D)(A + D) (b) A (AD + C ) (c) (A + C)(CD + AC )

 24. Convert the following expressions to sum-of-product (SOP) forms:

(a) BC + DE(BC + DE) (b) BC(C D + CE ) (c) B + C[BD + (C + D )E ]
 25. Define the domain of each SOP expression in Problem 23 and convert the expression to stand-

ard SOP form.

 26. Convert each SOP expression in Problem 24 to standard SOP form.

 27. Determine the binary value of each term in the standard SOP expressions from Problem 25.

 28. Determine the binary value of each term in the standard SOP expressions from Problem 26.

 29. Convert each standard SOP expression in Problem 25 to standard POS form.

 30. Convert each standard SOP expression in Problem 26 to standard POS form.

Section 4–7 Boolean Expressions and Truth Tables

 31. Develop a truth table for each of the following standard SOP expressions:

(a) ABC + A BC + ABC  (b) X Y Z + X Y  Z + X YZ + XYZ + XYZ

 32. Develop a truth table for each of the following standard SOP expressions:

(a) A BCD + ABC D + A B  CD + A   B  C   D

(b) WXYZ + WXYZ + W XYZ + W XYZ + WXY Z

 33. Develop a truth table for each of the SOP expressions:

(a) AB + ABC + A C + ABC  (b) X + YZ + WZ + XYZ

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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(c) (d)

AB + BC + CD + DA

AB
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A
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B
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D

C

(A + B)(B + C)(C + D)(D + A)

A + B
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FIGURE P–16

TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

FUNDAMENTOS DE SISTEMAS DIGITAIS                                                                Prof. Rafael Garibotti 
 
 

6. Desenhe o circuito lógico representado por cada expressão: 
 

 
 

 

 
7. Usando técnicas da álgebra booleana, simplifique as seguintes expressões o máximo possível: 
 

 
 

 

 
8. Usando a álgebra booleana, simplifique as seguintes expressões: 

 

 
 

 

 
9. Converta as seguintes expressões no formato padrão de soma do produto (SOP): 
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 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.

A
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B

(d)

X X
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XA

(b)

X
A

B
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FIGURE 4–56 

 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.
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B
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X
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A

B

X

FIGURE 4–57 

 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.

(a) (b)

CAMI

VCR

Record

RDY

ENABLE

RTS

SEND

BUSY

FIGURE 4–58 

 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.

(a) (b)

(c) (d)

AB + BC + CD + DA

AB

BC

CD

DA

A

B

C

D

D

A

B

C

AB + AB

AB

ABA

B
AB(C + D)

ABA

B

C

D

C + D
D

C

(A + B)(B + C)(C + D)(D + A)

A + B

B + C

C + D

D + A

A

B

C

D

D

A

B

C
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TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.
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 10. Apply DeMorgan’s theorems to each expression:

(a) AB(C + D) (b) AB(CD + EF)

(c) (A + B + C + D) + ABCD (d) (A + B + C + D)(AB CD)

(e) AB(CD + EF)(AB + CD)

 11. Apply DeMorgan’s theorems to the following:

(a) (ABC)(EFG) + (HIJ)(KLM) (b) (A + BC + CD) + BC

(c) (A + B)(C + D)(E + F)(G + H)

Section 4–4 Boolean Analysis of Logic Circuits

 12. Write the Boolean expression for each of the logic gates in Figure 4–56.

A

C
B

(d)

X X
A

B

(c)

XA

(b)

X
A

B

(a)

FIGURE 4–56 

 13. Write the Boolean expression for each of the logic circuits in Figure 4–57.

B

C
X

A

 (d)

A

D

B
C

B

X

A

C

 (b) (a)

X

(c)

A

B

X

FIGURE 4–57 

 14. Draw the logic circuit represented by each of the following expressions:

(a) A + B + C + D (b) ABCD

(c) A + BC (d) ABC + D

 15. Draw the logic circuit represented by each expression:

(a) AB + AB (b) ABCD

(c) A + BC (d) ABC + D

 16. (a)  Draw a logic circuit for the case where the output, ENABLE, is HIGH only if the inputs, 
ASSERT and READY, are both LOW.

(b) Draw a logic circuit for the case where the output, HOLD, is HIGH only if the input, 
LOAD, is LOW and the input, READY, is HIGH.

 17. Develop the truth table for each of the circuits in Figure 4–58.

(a) (b)

CAMI

VCR

Record

RDY

ENABLE

RTS

SEND

BUSY

FIGURE 4–58 

 18. Construct a truth table for each of the following Boolean expressions:

(a) A + B + C (b) ABC (c) AB + BC + CA

(d) (A + B)(B + C)(C + A) (e) AB + BC + CA

Section 4–5 Logic Simplification Using Boolean Algebra

 19. Using Boolean algebra techniques, simplify the following expressions as much as possible:

(a) A(A + B) (b) A(A + AB) (c) BC + BC

(d) A(A + AB) (e) ABC + ABC + A BC

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.

(a) (b)

(c) (d)

AB + BC + CD + DA

AB

BC

CD

DA

A

B

C

D

D

A

B

C

AB + AB

AB

ABA

B
AB(C + D)

ABA

B

C

D

C + D
D

C

(A + B)(B + C)(C + D)(D + A)

A + B

B + C

C + D

D + A

A

B

C

D

D

A

B

C

FIGURE P–16

TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.
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 20. Using Boolean algebra, simplify the following expressions:

(a) (A + B)(A + C) (b) AB + ABC + ABCD + ABCDE

(c) BC + BCD + B (d) (B + B)(BC + BCD)
(e) BC + (B + C)D + BC

 21. Using Boolean algebra, simplify the following expressions:

(a) CE + C(E + F ) + E(E + G ) (b)  B CD + (B + C + D) + B C DE

(c) (C + CD)(C + CD)(C + E ) (d) BCDE + BC(DE) + (BC)DE

(e) BCD[BC + D(CD + BD)]

 22. Determine which of the logic circuits in Figure 4–59 are equivalent.

C

A

(c)

A

A

C

X
X

(d)

D

B

B

B

D

C

A

(a)

C C

A

A

C

A

X

(b)

X

D

B

A
B

B

D

B

FIGURE 4–59 

Section 4–6 Standard Forms of Boolean Expressions

 23. Convert the following expressions to sum-of-product (SOP) forms:

(a) (C + D)(A + D) (b) A (AD + C ) (c) (A + C)(CD + AC )

 24. Convert the following expressions to sum-of-product (SOP) forms:

(a) BC + DE(BC + DE) (b) BC(C D + CE ) (c) B + C[BD + (C + D )E ]
 25. Define the domain of each SOP expression in Problem 23 and convert the expression to stand-

ard SOP form.

 26. Convert each SOP expression in Problem 24 to standard SOP form.

 27. Determine the binary value of each term in the standard SOP expressions from Problem 25.

 28. Determine the binary value of each term in the standard SOP expressions from Problem 26.

 29. Convert each standard SOP expression in Problem 25 to standard POS form.

 30. Convert each standard SOP expression in Problem 26 to standard POS form.

Section 4–7 Boolean Expressions and Truth Tables

 31. Develop a truth table for each of the following standard SOP expressions:

(a) ABC + A BC + ABC  (b) X Y Z + X Y  Z + X YZ + XYZ + XYZ

 32. Develop a truth table for each of the following standard SOP expressions:

(a) A BCD + ABC D + A B  CD + A   B  C   D

(b) WXYZ + WXYZ + W XYZ + W XYZ + WXY Z

 33. Develop a truth table for each of the SOP expressions:

(a) AB + ABC + A C + ABC  (b) X + YZ + WZ + XYZ

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.

(a) (b)

(c) (d)

AB + BC + CD + DA

AB

BC

CD

DA

A

B

C

D

D

A

B

C
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AB

ABA

B
AB(C + D)

ABA

B

C

D

C + D
D

C

(A + B)(B + C)(C + D)(D + A)

A + B

B + C

C + D

D + A

A

B

C

D

D

A

B

C

FIGURE P–16

TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.

 Problems 253

 20. Using Boolean algebra, simplify the following expressions:

(a) (A + B)(A + C) (b) AB + ABC + ABCD + ABCDE

(c) BC + BCD + B (d) (B + B)(BC + BCD)
(e) BC + (B + C)D + BC

 21. Using Boolean algebra, simplify the following expressions:

(a) CE + C(E + F ) + E(E + G ) (b)  B CD + (B + C + D) + B C DE

(c) (C + CD)(C + CD)(C + E ) (d) BCDE + BC(DE) + (BC)DE

(e) BCD[BC + D(CD + BD)]

 22. Determine which of the logic circuits in Figure 4–59 are equivalent.
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(d)
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(a)
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A
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X

(b)

X

D

B

A
B

B

D

B

FIGURE 4–59 

Section 4–6 Standard Forms of Boolean Expressions

 23. Convert the following expressions to sum-of-product (SOP) forms:

(a) (C + D)(A + D) (b) A (AD + C ) (c) (A + C)(CD + AC )

 24. Convert the following expressions to sum-of-product (SOP) forms:

(a) BC + DE(BC + DE) (b) BC(C D + CE ) (c) B + C[BD + (C + D )E ]
 25. Define the domain of each SOP expression in Problem 23 and convert the expression to stand-

ard SOP form.

 26. Convert each SOP expression in Problem 24 to standard SOP form.

 27. Determine the binary value of each term in the standard SOP expressions from Problem 25.

 28. Determine the binary value of each term in the standard SOP expressions from Problem 26.

 29. Convert each standard SOP expression in Problem 25 to standard POS form.

 30. Convert each standard SOP expression in Problem 26 to standard POS form.

Section 4–7 Boolean Expressions and Truth Tables

 31. Develop a truth table for each of the following standard SOP expressions:

(a) ABC + A BC + ABC  (b) X Y Z + X Y  Z + X YZ + XYZ + XYZ

 32. Develop a truth table for each of the following standard SOP expressions:

(a) A BCD + ABC D + A B  CD + A   B  C   D

(b) WXYZ + WXYZ + W XYZ + W XYZ + WXY Z

 33. Develop a truth table for each of the SOP expressions:

(a) AB + ABC + A C + ABC  (b) X + YZ + WZ + XYZ

A-4 Answers to Odd-Numbered Problems

 9. (a) AB (b)  A + B

  (c) A B C (d)  A + B + C

  (e) A + B C (f)  A + B + C + D

  (g) (A + B)(C + D) (h)  AB + CD

 11. (a) (A + B + C)(E + F + G)(H + I + J )(K + L + M)

  (b) ABC + BC

  (c) A B C D E F G H

 13. (a) X = ABCD (b)  X = AB + C

  (c) X = AB (d)  X = (A + B)C

 15. See Figure P–16.
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(c) (d)
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AB
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DA
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B
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ABA

B
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D

C

(A + B)(B + C)(C + D)(D + A)

A + B

B + C

C + D

D + A
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TABLE P–1

Inputs Output

VCR CAMI RDY RECORD

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

TABLE P–2

Inputs Output

RTS ENABLE BUSY SEND

0 0 0 1
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TABLE P–3

A B C X

0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

 17. (b) See Table P–2.

 19. (a) A (b)  AB (c)  C

  (d) A (e)  AC + BC

 21. (a) CE + CF + EG (b)  B CD + B CE

  (c) C (d)  BC + DE

  (e) BCD

 23. (a) CD + AC + AD (b)  AC + AD

  (c) CD + AC

 25. (a) Domain: C, D, A

Standard SOP: CDA + CD A + CDA + CDA

  (b) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

  (c) Domain: C, D, A

Standard SOP: CDA + CDA + C DA

 27. (a) 101 + 100 + 111 + 011

  (b) 111 + 101 + 001

  (c) 111 + 110 + 101

 29. (a) (C + D + A )(C + D + A )(C + D + A )(C + D + A)

  (b) (C + D + A )(C + D + A )(C + D + A)
(C + D + A ) + (C + D + A )

  (c) (C + D + A )(C + D + A )(C + D + A )

(C + D + A )(C + D + A )

 31. (a) See Table P–3.

 17. (a) See Table P–1.
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B
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B

X



EXERCÍCIOS

6

7. Usando técnicas da álgebra booleana, simplifique as seguintes expressões o
máximo possível:

a) A.(A + B) b) A.(A + A.B)

d) A.(A + A.B)c) B.C + B.C e) A.B.C + A.B.C + A.B.C

A.A + A.B
A + A.B

A

A.A’ + A.A.B
A.B

C.(B + B’)

C
A.A + A.A’.B

A

C.(A.B’ + A’.B + A’.B’)

C.(A’ + B’)

A’.C + B’.C



EXERCÍCIOS

7

8. Usando a álgebra booleana, simplifique as seguintes expressões:

a) C.E + C.(E + F) + E.(E + G)

c) (C + C.D).(C + C.D).(C + E)

C.E + C.E + C.F + E’.E + E’.G

C.E + C.F + E’.G

C.(C + C’.D).(C + E)

C.C + C.C’.D + C.C + C.E

C + C.E
C

DEMAIS EXERCÍCIOS  NA
LÂMINA 24 DE MINIMIZAÇÃO 

BOOLEANA



EXERCÍCIOS
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9. Converta as seguintes expressões no formato de soma do produto (SOP):

a) (C + D).(A + D) b) A.(A.D + C)

A.C + C.D’ + A.D + D.D’

A.C + C.D’ + A.D

A.A.D’ + A.C
A.D’ + A.C

c) (A + C).(CD +AC)
A.C.D + A.A.C + C.C.D + A.C.C

A.C.D + A.C +C.D +A.C
A.C.(1+D) + C.D

A.C + C.D



EXERCÍCIOS
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10. Escreva a tabela verdade para cada uma das seguintes expressões SOP:

ABC + ABC + ABC

A B C X

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1

XYZ + XYZ + XYZ + XYZ + XYZ

X Y Z Q

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1

0

1

0

0

0
0

1

1

1

0

1

1

0
1

1

0



EXERCÍCIOS
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11. Escreva a tabela verdade para cada uma das seguintes expressões SOP:

A B C X

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1

X + YZ + WZ + XYZAB + ABC + AC + ABC
W X Y Z Q

0 0 0 0

0 0 0 1

0 0 1 0

0 0 1 1

0 1 0 0

0 1 0 1

0 1 1 0

0 1 1 1

1 0 0 0

1 0 0 1

1 0 1 0

1 0 1 1

1 1 0 0

1 1 0 1

1 1 1 0

1 1 1 1

1

0

1

1

0
1

1

0

1

1

1

1

0

1

1

0

1

1

1

1

0

1

1

1
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Mininizar: f(a,b,c,d) = ∑(5, 6, 10, 11,13, 14, 15)

𝟓 = (𝟎𝟏𝟎𝟏)𝟐
𝟔 = (𝟎𝟏𝟏𝟎)𝟐

f(a,b,c,d) = !𝑎. 𝒃. ̅𝑐. 𝒅 + !𝑎. 𝒃. 𝒄. 𝑑̅ + 𝒂. !𝑏. 𝒄. 𝑑̅ + 𝒂. !𝑏. 𝒄. 𝒅 + 𝒂. 𝒃. ̅𝑐. 𝒅 + 𝒂. 𝒃. 𝒄. 𝑑̅ + 𝒂. 𝒃. 𝒄. 𝒅

$𝑎. 𝑏. ̅𝑐. 𝑑

5          6 10 11          13         14           15       

f(a,b,c,d) = 𝑏. ̅𝑐. 𝑑 + 𝑏. 𝑐. 𝑑̅ + 𝑎. !𝑏. 𝑐 + 𝑎. 𝑏. 𝑐

$𝑎 + a

$𝑎 + a

𝑑̅ + d 𝑑̅ + d

$𝑏 + b

f(a,b,c,d) = 𝒃. !𝒄. 𝒅 + 𝒃. 𝒄. -𝒅 + 𝒂. 𝒄

𝟏𝟎 = (𝟏𝟎𝟏𝟎)𝟐
𝟏𝟏 = (𝟏𝟎𝟏𝟏)𝟐
𝟏𝟑 = (𝟏𝟏𝟎𝟏)𝟐
𝟏𝟒 = (𝟏𝟏𝟏𝟎)𝟐
𝟏𝟓 = (𝟏𝟏𝟏𝟏)𝟐



𝑭 = 𝑩. '𝑪.𝑫 + '𝑨.𝑩.𝑫 + '𝑨. 𝑪. 𝑫 + 𝑨.𝑫 + 𝑨. '𝑫 + 𝑩. '𝑪. '𝑫

𝑫+ #𝑫

𝑭 = 𝑩. '𝑪.𝑫 + 𝑩.𝑫 + 𝑪.𝑫 + 𝑨 + 𝑩. '𝑪. '𝑫

𝑫 + '𝑫

𝑭 = 𝑩. '𝑪 + 𝑩.𝑫 + 𝑪.𝑫 + 𝑨

𝑭 = 𝑩. '𝑪 + 𝑩. '𝑪.𝑫 + 𝑩. 𝑪. 𝑫 + 𝑪.𝑫 + 𝑨

𝟏 + 𝑫 𝟏 + 𝑩

𝑭 = 𝑩. '𝑪 + 𝑪.𝑫 + 𝑨

Propriedade 11: remove 𝐴̅



FIGURE 4-59

Determinar na figura abaixo os circuitos equivalentes 



5.    A simplificação da expressão booleana AB + ABC + ABCD + ABCDE + ABCDEF
resulta em qual expressão?

A ABCDEF

B AB

C AB + CD + EF

D A + B + C + D + E + F

E A + B(C+D(E+F))

6.    Converta a expressão A*B*C*D' + A*B*C'*D' + A*B'*C*D' + A'*B'*C'*D' +
A*B*C'*D + A'*B'*C*D + A*B'*C*D na forma se somatório de mintermos (A:2ˆ3,
B:2ˆ2, C:2ˆ1, A:2^0).

A 0, 3, 10, 11, 12, 13, 15

B 0, 3, 9, 11, 12, 13, 15

C 1, 4, 10, 11, 12, 13, 14

D 0, 3, 10, 11, 12, 13, 14

E 1, 3, 10, 11, 14, 14, 16

7.    Obtido o somatório de mintermos da questão anterior, qual a forma
minimizada pelo método de Karnaugh ( F = A*B*C*D' + A*B*C'*D' + A*B'*C*D' +
A'*B'*C'*D' + A*B*C'*D + A'*B'*C*D + A*B'*C*D')?

A F = AB'D + ACD' + B'CD + A'B'C'D

B F = ABC' + ABD' + AB'D + A'B'C'D'

C F = AB'C + ACD' + A'B'C'D'

D F = A'BC + ABC'D + A'B'C'D'

E F = ABC' + ACD' + B'CD + A'B'C'D'

8.    (ENADE 2008-CC - 38) No circuito apresentado nesta questão, que possui cinco
entradas — A, B, C, D e E — e uma saída f(A, B, C, D, E), qual opção apresenta uma
expressão lógica equivalente à função f?

A F = (AB)' + (CD)' + DE

B (A + B).(C+D) + D.E

C A.B + C.D + D'E'

D F = (AB)' + (CD)' + D + E

E F = AB + CD + D + E
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!2 = + + , = *+. &,
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5.    A simplificação da expressão booleana AB + ABC + ABCD + ABCDE + ABCDEF
resulta em qual expressão?

A ABCDEF

B AB

C AB + CD + EF

D A + B + C + D + E + F

E A + B(C+D(E+F))

6.    Converta a expressão A*B*C*D' + A*B*C'*D' + A*B'*C*D' + A'*B'*C'*D' +
A*B*C'*D + A'*B'*C*D + A*B'*C*D na forma se somatório de mintermos (A:2ˆ3,
B:2ˆ2, C:2ˆ1, A:2^0).

A 0, 3, 10, 11, 12, 13, 15

B 0, 3, 9, 11, 12, 13, 15

C 1, 4, 10, 11, 12, 13, 14

D 0, 3, 10, 11, 12, 13, 14

E 1, 3, 10, 11, 14, 14, 16

7.    Obtido o somatório de mintermos da questão anterior, qual a forma
minimizada pelo método de Karnaugh ( F = A*B*C*D' + A*B*C'*D' + A*B'*C*D' +
A'*B'*C'*D' + A*B*C'*D + A'*B'*C*D + A*B'*C*D')?

A F = AB'D + ACD' + B'CD + A'B'C'D

B F = ABC' + ABD' + AB'D + A'B'C'D'

C F = AB'C + ACD' + A'B'C'D'

D F = A'BC + ABC'D + A'B'C'D'

E F = ABC' + ACD' + B'CD + A'B'C'D'

8.    (ENADE 2008-CC - 38) No circuito apresentado nesta questão, que possui cinco
entradas — A, B, C, D e E — e uma saída f(A, B, C, D, E), qual opção apresenta uma
expressão lógica equivalente à função f?

A F = (AB)' + (CD)' + DE

B (A + B).(C+D) + D.E

C A.B + C.D + D'E'

D F = (AB)' + (CD)' + D + E

E F = AB + CD + D + E
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5.    A simplificação da expressão booleana AB + ABC + ABCD + ABCDE + ABCDEF
resulta em qual expressão?

A ABCDEF

B AB

C AB + CD + EF

D A + B + C + D + E + F

E A + B(C+D(E+F))

6.    Converta a expressão A*B*C*D' + A*B*C'*D' + A*B'*C*D' + A'*B'*C'*D' +
A*B*C'*D + A'*B'*C*D + A*B'*C*D na forma se somatório de mintermos (A:2ˆ3,
B:2ˆ2, C:2ˆ1, A:2^0).

A 0, 3, 10, 11, 12, 13, 15

B 0, 3, 9, 11, 12, 13, 15

C 1, 4, 10, 11, 12, 13, 14

D 0, 3, 10, 11, 12, 13, 14

E 1, 3, 10, 11, 14, 14, 16

7.    Obtido o somatório de mintermos da questão anterior, qual a forma
minimizada pelo método de Karnaugh ( F = A*B*C*D' + A*B*C'*D' + A*B'*C*D' +
A'*B'*C'*D' + A*B*C'*D + A'*B'*C*D + A*B'*C*D')?

A F = AB'D + ACD' + B'CD + A'B'C'D

B F = ABC' + ABD' + AB'D + A'B'C'D'

C F = AB'C + ACD' + A'B'C'D'

D F = A'BC + ABC'D + A'B'C'D'

E F = ABC' + ACD' + B'CD + A'B'C'D'

8.    (ENADE 2008-CC - 38) No circuito apresentado nesta questão, que possui cinco
entradas — A, B, C, D e E — e uma saída f(A, B, C, D, E), qual opção apresenta uma
expressão lógica equivalente à função f?

A F = (AB)' + (CD)' + DE

B (A + B).(C+D) + D.E

C A.B + C.D + D'E'

D F = (AB)' + (CD)' + D + E

E F = AB + CD + D + E
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5.    A simplificação da expressão booleana AB + ABC + ABCD + ABCDE + ABCDEF
resulta em qual expressão?

A ABCDEF

B AB

C AB + CD + EF

D A + B + C + D + E + F

E A + B(C+D(E+F))

6.    Converta a expressão A*B*C*D' + A*B*C'*D' + A*B'*C*D' + A'*B'*C'*D' +
A*B*C'*D + A'*B'*C*D + A*B'*C*D na forma se somatório de mintermos (A:2ˆ3,
B:2ˆ2, C:2ˆ1, A:2^0).

A 0, 3, 10, 11, 12, 13, 15

B 0, 3, 9, 11, 12, 13, 15

C 1, 4, 10, 11, 12, 13, 14

D 0, 3, 10, 11, 12, 13, 14

E 1, 3, 10, 11, 14, 14, 16

7.    Obtido o somatório de mintermos da questão anterior, qual a forma
minimizada pelo método de Karnaugh ( F = A*B*C*D' + A*B*C'*D' + A*B'*C*D' +
A'*B'*C'*D' + A*B*C'*D + A'*B'*C*D + A*B'*C*D')?

A F = AB'D + ACD' + B'CD + A'B'C'D

B F = ABC' + ABD' + AB'D + A'B'C'D'

C F = AB'C + ACD' + A'B'C'D'

D F = A'BC + ABC'D + A'B'C'D'

E F = ABC' + ACD' + B'CD + A'B'C'D'

8.    (ENADE 2008-CC - 38) No circuito apresentado nesta questão, que possui cinco
entradas — A, B, C, D e E — e uma saída f(A, B, C, D, E), qual opção apresenta uma
expressão lógica equivalente à função f?

A F = (AB)' + (CD)' + DE

B (A + B).(C+D) + D.E

C A.B + C.D + D'E'

D F = (AB)' + (CD)' + D + E

E F = AB + CD + D + E
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Letra C



(POSCOMP 2009 - 39) Considerando o circuito digital abaixo, qual o valor de Q?

a) A + BC
b) B (A + B + C)
c) C (A + B)
d) A (B + C)
e) B (A + C)

A.B  +  (B+C).(B.C)

A.B

B+C

B.C

(B+C).BC

B.(A+C)    à letra E

A.B + B.C + B.C
A.B + B.C


