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Problem 1 [20 marks] Circle T (for True) or F (for False) in statement below.

IMPORTANT NOTE: For each question, right answer gets “2”, wrong answer gets “-2”,
no answer (no circle) gets “0”.

T F The following are all valid representations of Boolean function.

• Truth table

• Karnaugh map

• Venn diagram

• Timing diagram

• Sum-of-product Boolean expression

T F Any Boolean function can be implemented exclusively by NAND gates.

T F Any Boolean function can be expressed as the sum of its essential prime implicants.

T F (00011010)2 = (32)8 = (1B)16 = (26)10

T F For a complex logic function, a multi-level implementation is often favored over two-level implementation due
to its lower cost.

T F Any logic function can be implemented by a multi-level network of multiplexors.

T F In CMOS technology, a 2-input AND gate is faster than a 2-input NAND gate, provided that all transistors have
equal sizes.

T F For any Boolean functionf , there exists one and only one optimal PLA implementation.

T F The pull-down network of a CMOS gate can be implemented by PMOS transistors equally well as the NMOS
transistors.

T F A multi-level logic circuit can be improved by applying logic transformations such as functional decomposition
and factoring.
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Problem 2 [10 marks] Reduce the following Boolean expressions to the indicated number of literals.

(1) A B+C+C+AB+CD (to three literals). [5 marks]

(2) AB(D+CD)+B(A+ACD) (to one literal). [5 marks]
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Problem 3 [15 marks] Obtain the truth table of the functionf and expressf in canonical sum-of-product (sum-of-
minterm) and canonical product-of-sum (product-of-maxterm) forms.

f = (x1x2 +x3)(x2 +x1x3)

(1) Truth table. [5 marks]

(2) Sum-of-minterm form. [5 marks]

(3) Product-of-maxterm form. [5 marks]
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Problem 4 [20 marks] Given the Boolean function

f = x1x̄2x3 + x̄1x̄2x3 + x̄4x1x2 +x4x̄1x2 +x4x1x2

(1) Obtain the K-map of the function. [5 marks]

(2) Simplify the function to a minimal number of literals. [5 marks]
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(4) Show the logic diagram from the simplified expression, assuming for all i, bothxi andx̄i are available as the
primary inputs. [5 marks]

(4) Evaluate the cost of the logic diagram in (3). [5 marks]
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Problem 5 [15 marks]

(1) Show the implementation of a CMOS gateY = AB̄C+(C+D)Ē) as a network of NMOS and PMOS transis-
tors. Identify the pull-up network and pull-down network. [5 marks]

(2) Assuming all transistors have the same size, How does the delay of an gate in (1) compared to the delay of an
inverter? State your reason. [5 marks]
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(3) For the following logic diagram, where each gate is labeled with its delay, calculate the total delay from
primary inputs to primary outputsf . [5 marks]
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Problem 6 [20 marks]
Implement a logic circuit that can detect whether a binary coded decimal (BCD) digit (from 0 to 9), which can

be represented by the four Boolean variablesx1,x2,x3,x4, is a prime number. Note that a prime number is a number
that can only be factored as a product of 1 and itself. Also note that 0 and 1 are not considered prime numbers.

(1) Obtain the K-map of the circuit. [5 marks]

(2) Obtain the simplified Boolean expression. [10 marks]
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(3) Implement the simplified Boolean expression using NOR gates, assuming for all i, bothxi andx̄i are available
as primary inputs. [5 marks]


