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COMPUTER SYSTEM ARCHITECTURE I: DIGITAL DESIGN

MIDTERM – I                                                     Time: 2 hrs                                                                   

	Student’s Name:

	Student’s Number:
	Seat Number:


Question: 1 (a) (8 Marks)

(i) Use Boolean algebra to simplify F1 (X, Y, Z, W). 

              F1 = (X.Z)’ + X’.Y.Z + Y’.Z + X’.Z

    State the Identities used, if any.

Hint: Some of the identities, which may be used are:

                                A.B + A’.C + B.C = A.B + A’.C

                                        A + A’.B = A + B

F1
= (X.Z)' + X'.Y.Z + Y'.Z + X'.Z


= X' + Z' + Y.(X'.Z) + Y'.Z + (X'.Z).Z 
using De Morgan's theorem and Z.Z = Z 


= X' + Z' + Y.(X'.Z) + Y'.Z


using Consensus theorem A.B + A'.C + 









B.C = A.B + A'.C 


= X'.(1 + Y.Z) + (Z' +  Y'.Z)


using A + A'.B = A + B and (1 + A) = A


= X' + Z' + Y' 

(ii) Implement the simplified function using NAND gates only

F1
= (F1)''


= (X' + Z' + Y')''


= (X.Y.Z)'

[image: image2.emf]
Question: 1 (b) (17 Marks)

For the following network (Fig. 1), find the Boolean expression for 

                                                      F2(A, B, C, D):
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   FIG.1

Hint: Find the output function F2 by going from left to right and by determining the output of each gate.

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

Y
= (A.B'.D')' = A' + B + D

Z
= (A'.B'.C)' = A + B + C'


  

F2 
= (X.Y.Z)''


= X.Y.Z


= (A + B' + C + D).(A' + B + D).(A + B + C')

Prove that F2(A, B, C, D) = A’.B’.C’ + A.B + B.C + C’.D + A.D.

F2
=  (A + B' + C + D).(A.A' + A'.B + A'.C' + A.B + B + B.C' + A.D + B.D + C'.D)


=  (A + B' + C + D).(0 + B.(A' + A + 1 + C' + D) + A'.C' + A.D + C'.D)


=  (A + B' + C + D).(B + A'.C' + A.D + C'.D)


=  A.B + A.A'.C' + A.D + A.C'.D + B.B' + A'.B'.C' + A.B'.D + B'.C'.D 

     
   + B.C + A.C.C' + A.C.D + C.C'.D + B.D + A'.C'.D + A.D + C'.D


= A.B + A.D + C'.D.(A + B' + A' + 1) + A'.B'.C' + A.B'.D + B.C + A.C.D + B.D   

 
= A.B + A.D.(1 + C) + C'.D + A'.B'.C' + A.B'.D + B.C + B.D


= A.(B + B'.D) + A.D + C'.D +A'.B'.C' + B.C + B.D


= A.B + A.D + (C'.D + B.C + B.D) + A'.B'.C' 


= A.B + A.D + C'.D + B.C + A'.B'.C' 

proved

or

[image: image4.emf]
  Implement it by using AND, OR and NOT Logic gates.                 P.T.O.

[image: image5.emf]
Question: 2 (10 Marks)

Find all the prime implicants for the following Boolean function: 

F3(A, B, C, D) = Σ ( m(1, 3, 4, 5, 9, 10, 11, 12, 13, 14, 15),

Prime implicants: B.C', A.D, C'.D, B'.D, A.C, A.B

[image: image6.emf]A B Cin S Cout

0 0 0 0 0

0 0 1 1 0

0 1 0 1 0

0 1 1 0 1

1 0 0 1 0

1 0 1 0 1

1 1 0 0 1

1 1 1 1 1


Which of the prime implicants are essential?

B.C', B'.D, A.C

Obtain the simplified expression for F3. 
F3 = B.C' + B'.D + A.C  (Please see the K-map on the right side above)
Question: 3 (30 Marks)

(a) Write the Truth table for a Full Adder. 

S 
= A'.B'.Cin + A'.B.Cin' + A.B'.Cin' + A.B.Cin

Cout
= A'.B.Cin + A.B'.Cin + A.B.Cin' + A.B.Cin

[image: image7.emf]I0 S2 S1 S0

I1 0 0 0 F=I0

I2 0 0 1 F=I1

I3 F 0 1 0 F=I2

I4 0 1 1 F=I3

I5 1 0 0 F=I4

I6 1 0 1 F=I5

I7 1 1 0 F=I6

  S2 S1 S0 1 1 1 F=I7


(b) Write the Function table for a 8-to-1-Line Multiplexer.

[image: image8.emf]
       Write the Boolean Expression for the output in terms of the inputs        variables and the Select inputs.

F
= S2'.S1'.S0'.I0 + S2'.S1'.S0.I1 + S2'.S1.S0'.I2 + S2'.S1.S0.I3 + S2.S1'.S0'.I4 

    S2.S1'.S0.I5 + S2.S1.S0'.I6 + S2.S1.S0.I7

        Use two such multiplexers to implement the Full Adder.

[image: image9.emf]
(c ) Write the Truth table for a 3-to-8-Line Decoder, with an Active High Enable and eight Active High Outputs.

[image: image10.emf]E A2 A1 A0 D7 D6 D5 D4 D3 D2 D1 D0

1 0 0 0 0 0 0 0 0 O 0 1

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

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

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

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

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

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

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

0 X X X 0 0 0 0 0 0 0 0

[image: image11.emf]   For ANY TWO of the outputs, write the Boolean Expressions in terms of the inputs variables and the Enable.

(Note: The Boolean expressions for all the eight outputs are given below.)
D0
= E.A2'.A1'.A0'


D1
= E.A2'.A1'.A0


D2
= E.A2'.A1.A0'

D3
= E.A2'.A1.A0


D4
= E.A2.A1'.A0'


D5
= E.A2.A1'.A0

D6
= E.A2.A1.A0'


D7
= E.A2.A1.A0

        Use one such decoder to implement the Full Adder.

[image: image12.emf]Qn Qn+1 Sn Rn Dn Tn

0 0 0 X 0 0

0 1 1 0 1 1

1 0 0 1 0 1

1 1 X 0 1 0


Question: 4 (35 Marks)

a) State the excitation tables of the following flip-flops:

                 SR, D, T.

[image: image13.emf]Present State  Next State

Q2 Q1 Q0 Q2 Q1 Q0 D2 T1 S0 R0

0 0 0 0 0 1 0 0 1 0

0 0 1 0 1 0 0 1 0 1

0 1 0 0 1 1 0 0 1 0

0 1 1 1 0 0 1 1 0 1

1 0 0 1 0 1 1 0 1 0

1 0 1 1 1 0 1 1 0 1

1 1 0 1 1 1 1 0 1 0

1 1 1 0 0 0 0 1 0 1


b) Write the Present State and the Next State for a 3-bit binary counter to count as follows:

0  1  2  3  4  5  6 7  0.

  [image: image14.emf]00 01 11 10 00 01 11 10 00 01 11 10 000111 10

00 1 00 1 1 00 1 1 00 1 1

01 1 1 1 01 1 1 01 1 1 01 1 1

   Q1Q0  

Q2

   Q1Q0  

Q2

   Q1Q0  

Q2

   Q1Q0  

Q2


Implement it by using the following flip-flops:

(i) an SR flip-flop in the Least Significant Bit position

(ii) a Toggle flip-flop

(iii) a Delay flip-flop in the Most Significant Bit position.

Karnaugh maps for D2, T1, S0 and R0 respectively are given below: On reading the K=maps: 
D2 = Q2’.Q1.Q0 + Q2.Q1’ + Q2.Q0’
T1 = R0 = Q0                                 S0 =    Q0’    
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