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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) (18 Marks)

Verify whether F2 is equal to F1.        

          where       F1 = A ( B ( C’ 

                       F 2 = (A ( B ( C)’

Answer:

F 2 = (A ( B ( C)’
   = (X(C)’

//substitute A(B with X

   = (XC’ + X’C)’

= (X’+C)(X+C’)


= X’X+CX+X’C’+CC’

= CX+X’C’

= X(C’

= A(B(C’

//substitute X with A(B


= F1

Question: 1 (b) (10 Marks)

Prove that F3 =  F4 

        where  F3 =A’.B’ + B’.C + C.A + A.B + B.C’ 

                F4 = A’.B’ + C.A + B.C’

    State the Identities used, if any.

Answer:

Use Consensus Theorem --- XY+ X’Z +YZ = XY + X’Z,

F3= A’B’ + CA + AB + BC’
= A’B’ + CA + BC’
= F4
Question: 1 (c) (20 Marks)

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

                                                      F5(A, B, C, D):
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   FIG.1

Hint: Find the output function F5 by going from left to right and by determining the output of each gate.

Simplify F5 and implement it by using AND, OR and NOT Logic gates.
Answer:

F51 = (A’+B’+C’)’

= A.B.C

F52 = (A+B+C)’

= A’.B’.C’
F53 = (A’.B’.C’+ D’)’

= (A+B+C).D

F5 = (A.B.C + ((A+B+C).D))’’

= A.B.C + (A+B+C).D
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Question: 1 (d) (16 Marks)

Use DeMorgan’s theorem to obtain the complement of F6:

              F6 = A’.B.(D’ + C’.D) + B.(A + A’.C.D)

   Simplify (F6 )‘.

    State the Identities used, if any.

Answer:

F6’ = (A + B’ + (D’ + C’.D)’) . (B’ + (A + A’.C.D)’)


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

Use X.(X’+Y)=XY,

F6’ = (A + B’ + CD) . (B’ + A’(C’ + D’))

= AB’ + B’ +B’CD + AA’(C’+D’)+A’B’(C’+D’) + A’(C’+D’)CD


= B’(A +1+ CD + A’(C’+D’)) + A’(CC’D + CDD’)


= B’,

by using 1 + X = 1

1. X = X

X.X’ = 0

X.0 = 0

Question: 2 (16 Marks)

Find all the prime implicants for the following Boolean function: 

F7(A, B, C, D) = Σ ( m(1, 3, 4, 5, 9, 10, 11, 12, 13, 14, 15),

Which of the prime implicants are essential?

Simplify F7 in SOP form and implement it by using NAND gates ONLY.

Answer:
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PI

BC’, AD, B’D, AC, C’D, AB

EPI

B’D, AC, BC’
F7 = ((B’D + AC + BC’)’)’

= ((B’D)’ (AC)’ (BC’)’ )’
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Or, 

F7 = BC’ + B’D + AC


= ((B’D)’ (AC)’ (BC’)’ )’
Question: 3 (20 Marks)

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

                 SR, JK, D, T.

Answer:


Sn
Rn
Qn+1

Jn
Kn
Qn+1


 0
0 
Qn


 0
0 
Qn
0
1 
0


 0
1 
0
1
0 
1


 1
0 
1

1
1 
Invalid

 1
1 
Qn’
Dn
Qn+1


Dn
Qn+1

0 0



0 
Qn
1 1



1 
Qn’
b) Design a 3-bit binary counter to count as follows:

0 ( 1 ( 2 ( 3 ( 4 ( 5 ( 6 (7 ( 0.

Implement it by using 3 Toggle flip-flops.
Answer:

A
B
C
A
B
C
Ta
Tb
Tc

0
0
0
0
0
1
0
0
1

0
0
1
0
1
0
0
1
1


0
1
0
0
1
1
0
0
1

0
1
1
1
0
0
1
1
1


1
0
0
1
0
1
0
0
1
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0
1
1
1
0
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1
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1
1
0
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0
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1
1
1
0
0
0
1
1
1
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For Tb,
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Tb = C

For Ta,
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Ta = BC
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