
Solutions to CSE3201 Assignment 1
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2.9. Timing diagram of the waveforms that can be observed on all wires of the circuit:
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2.10. Starting with the canonical sum-of-products for f get

f = x1x2x3 + x1x2x3 + x1x2x3 + x1x2x3 + x1x2x3 + x1x2x3 + x1x2x3

= x1(x2x3 + x2x3 + x2x3 + x2x3) + x2(x1x3 + x1x3 + x1x3 + x1x3)

+x3(x1x2 + x1x2 + x1x2 + x1x2)

= x1(x2(x3 + x3) + x2(x3 + x3)) + x2(x1(x3 + x3) + x1(x3 + x3))

+x3(x1(x2 + x2) + x1(x2 + x2))

= x1(x2 · 1 + x2 · 1) + x2(x1 · 1 + x1 · 1) + x3(x1 · 1 + x1 · 1)
= x1(x2 + x2) + x2(x1 + x1) + x3(x1 + x1)

= x1 · 1 + x2 · 1 + x3 · 1
= x1 + x2 + x3

2.11. Starting with the canonical product-of-sums for f can derive:

f = (x1 + x2 + x3)(x1 + x2 + x3)(x1 + x2 + x3)(x1 + x2 + x3) ·
(x1 + x2 + x3)(x1 + x2 + x3)(x1 + x2 + x3)

= ((x1 + x2 + x3)(x1 + x2 + x3))((x1 + x2 + x3)(x1 + x2 + x3)) ·
((x1 + x2 + x3)(x1 + x2 + x3))((x1 + x2 + x3)(x1 + x2 + x3))

= (x1 + x2 + x3x3)(x1 + x2 + x3x3) ·
(x1 + x2 + x3x3)(x1 + x2x2 + x3)

= (x1 + x2)(x1 + x2)(x1 + x2)(x1 + x3)
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8.

= (x1 + x2x2)(x1 + x2x3)

= x1(x1 + x2x3)

= x1x1 + x1x2x3

= x1x2x3

2.12. Derivation of the minimum sum-of-products expression:

f = x1x3 + x1x2 + x1x2x3 + x1x2x3

= x1(x2 + x2)x3 + x1x2(x3 + x3) + x1x2x3 + x1x2x3

= x1x2x3 + x1x2x3 + x1x2x3 + x1x2x3 + x1x2x3

= x1x3 + (x1 + x1)x2x3 + (x1 + x1)x2x3

= x1x3 + x2x3 + x2x3

2.13. Derivation of the minimum sum-of-products expression:

f = x1x2x3 + x1x2x4 + x1x2x3x4

= x1x2x3(x4 + x4) + x1x2x4 + x1x2x3x4

= x1x2x3x4 + x1x2x3x4 + x1x2x4 + x1x2x3x4

= x1x2x3 + x1x2(x3 + x3)x4 + x1x2x4

= x1x2x3 + x1x2x4 + x1x2x4

2.14. The simplest POS expression is derived as

f = (x1 + x3 + x4)(x1 + x2 + x3)(x1 + x2 + x3 + x4)

= (x1 + x3 + x4)(x1 + x2 + x3)(x1 + x2 + x3 + x4)(x1 + x2 + x3 + x4)

= (x1 + x3 + x4)(x1 + x2 + x3)((x1 + x2 + x4)(x3 + x3))

= (x1 + x3 + x4)(x1 + x2 + x3)(x1 + x2 + x4) · 1
= (x1 + x3 + x4)(x1 + x2 + x3)(x1 + x2 + x4)

2.15. Derivation of the minimum product-of-sums expression:

f = (x1 + x2 + x3)(x1 + x2 + x3)(x1 + x2 + x3)(x1 + x2 + x3)

= ((x1 + x2) + x3)((x1 + x2) + x3)(x1 + (x2 + x3))(x1 + (x2 + x3))

= (x1 + x2)(x2 + x3)

2.16. (a) Location of all minterms in a 3-variable Venn diagram:
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9. A CMOS inverter is composed of an NMOS transistor with an 
equivalent ON resistance of 1 kOhms and a PMOS transistor with an 



ON resistance of 1.5 kOhms. The equivalent capacitance of the NMOS 
transistor at the output of the inverter in 2 fF and for the PMOS 
transistor it is 2.5 fF. On top of this, the capacitive load being driven 
by the inverter is 5 fF. What is the rise time delay of the inverter? 
What is its fall time delay?
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2.56. The minimum-cost POS expression for the function f(x 1, x2, x3) =
∑

m(3, 4, 6, 7) is

f = (x1 + x3)(x2 + x3)

The corresponding circuit implemented using NOR gates is
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2.57. The minimum-cost POS expression for the function f(x 1, x2, x3) =
∑

m(1, 3, 4, 6, 7) is

f = (x1 + x3)(x1 + x2 + x3)

The corresponding circuit implemented using NOR gates is

f
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2.60. The circuit in Figure 2.32a can be implemented using;

module prob2 46 (x1, x2, x3, f);
input x1, x2, x3;
output f;

not (notx1, x1);
not (notx2, x2);
not (notx3, x3);
and (a, notx1, notx2, x3);
and (b, notx1, x2, notx3);
and (c, x1, notx2, notx3);
and (d, x1, x2, x3);
or (f, a, b, c, d);

endmodule

2.61. The circuit in Figure 2.32b can be implemented using;
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