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Illegible handwriting would be penalized. ANSWER ALL QUESTIONS. 

1. (a) Perform the following calculation in a 11-bit 2's complement number system: 
999 -- 1002 = -3. 

(b) Prove that for every Boolean Algebra, if a + b = a + c and a' + b = a' + c, then b = c. 

(5 marks) 

{4 marks) 

{c) Derive the implementation of a 2-input XOR gate using only four 2-input NAND gates. You should 
not directly draw the circuit, but should manipulate the logic expression for xffiy to derive the structure 
of the circuit. {4 marks) 

{d) Consider two different representations of the same switching function f(x, y): 

f(x, y) = aox'y' + a1x'y + a2xy' + a3xy = eox'y' ffi c1x'y ffi c2XY1 ffi c3xy 

Express eo, Ct. c2 and c3 as function of the a's. {4 marks) 

(e) Prove, using mathematical induction, that if a function f(x 17 x2, x3, · · · Xn) is represented in a canonical 
sum-of-products form, then all OR operations may be replaced by EXCLUSIVE-OR operations. You 
may directly consider the result obtained in part-( d) for n = 2 as your basis case, without needing to 
prove that such an expression holds. ( 4 marks) 

(f) A CMOS inverter has TPLH = 1.4 ns and TPHL = 1.1 ns. Calculate the (a) maximum frequency 
obtainable from a ring oscillator, and (b) the frequency of an 101-stage ring-oscillator, comprised of 
such inverters. (4 marks) 

(g) Draw the complex CMOS gate for the following switching function: f(x,y,z) = l::{5,6). Try to use 
the minimum number of transistors. {5 marks) 

(h) Implement a multiplier that can multiply two 2-:bit numbers using only the following hardware as 
building blocks: four 2-input AND gates and two half-adders. (Hint: write down the pencil-and-paper 
multiplication of two 2-bit numbers to get an idea]. {5 marks) 

2. (a) Is an irredundant SoP expression of a Boolean function always minimal? If yes, give justifications. If. 
not, give an example in support of your answer. {5 marks) 

(b) Minimize the Boolean function f(A, B, G, D) = E(O, 5, 7, 8, 9, 10, 11, 14, 15) using the Quine-McCluskey 
procedure.. {12 marks) 

(c) Implement the following Boolean function using two 8:1 multiplexers, one 2:1. multiplexer, and a max- . 
imum of five inverters: f(A,B,G,D,E) = E(0,1,2,8,9,15,17,21,24;25,27,31): [Hint: divide the 
truth-table into two disjoint halves based on the two different values of A.] (8 marks) 

----~- --




