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COMPUTER SYSTEM ARCHITECTURE I: DIGITAL DESIGN
MIDTERM – I 
Solution                                                    Time: 2 hrs 
 Question: 1 (30 Marks)
a) Identify the logic gate from each of the truth tables given below and draw the corresponding logic symbol.

(i)

	INPUTS
	OUTPUT

F1

	A
	B
	

	0
	0
	1

	0
	1
	0

	1
	0
	0

	1
	1
	0
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 (ii)

	INPUTS
	OUTPUT

F2

	A
	B
	C
	

	0
	0
	0
	0

	0
	0
	1
	1

	0
	1
	0
	1

	0
	1
	1
	0

	1
	0
	0
	1

	1
	0
	1
	0

	1
	1
	0
	0

	1
	1
	1
	1
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b) For the following network, find the Boolean expression for F3(A, B, C, D):
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Hint: Find the output function F by going from left to right and by determining the output of each gate.

Use Boolean algebra to simplify F3(A, B, C, D).

F3 
=(A.B+C+D).(A’+B’).C’D


=(A.B.C’.D+C’D).(A’+B’)


=C’.D(A.B+1).(A’+B’)


=C’D(A’+B’)
c) Prove the following equation using a truth table:

       (A + C).(A.B + C’) = A.B + A.C’
Hint: Prove that for all possible sets of values of the three logic variables, 
                                                                          Left Hand Side = Right Hand Side. 
	A
	B
	C
	A+C
	A.B
	A.B+C’
	A.C’
	LHS
	RHS

	0
	0
	0
	0
	0
	1
	0
	0
	0

	0
	0
	1
	1
	0
	0
	0
	0
	0

	0
	1
	0
	0
	0
	1
	0
	0
	0

	0
	1
	1
	1
	0
	0
	0
	0
	0

	1
	0
	0
	1
	0
	1
	1
	1
	1

	1
	0
	1
	1
	0
	0
	0
	0
	0

	1
	1
	0
	1
	1
	1
	1
	1
	1

	1
	1
	1
	1
	1
	1
	0
	1
	1


d) Simplify the following expression by using Boolean Algebra:

                     F4 = (A.C’ + (B’ + D).(A + C)’ ).( B.C + A’. D.( C.D + A)’ )
F4
=(A.C’+(B’+D).A’.C’)(B.C+A’.D((C’+D’).A’))


=C’.(A+A’.(B’+D))(B.C+A’D(C’+D’))


=C’.(A+B’+D).(B.C+A’.C’.D)


=(A+B’+D).(A’C’.D)


=A’.B’.C’.D+A’.C’.D


=A’.C’.D.(B’+1)


= A’.C’.D

e) Implement the following function by using NOR gates only:

                      F5 = D.(A + B + C) + A.B.C
F5’
=(D.(A+B+C)+A.B.C)’


=(D.(A+B+C))’.(A.B.C)’


=(D’+A’.B’.C’).(A’+B’+C’)

F5’’
=(D’+A’.B’.C’)’+(A’+B’+C’)’
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Question: 2 (12 Marks)
Given that   F = ∑ m (0, 1, 3, 5, 6).

Obtain the following expressions:

(i) the Maxterm expansion for F: 
(ii) the minterm expansion for F’
(iii) the Maxterm expansion for F’
I) F 
= ПM(2, 4, 7) = (A+B’+C).(A’+B+C).(A’+B’+C’)

II) F’  = ∑ m (2, 4, 7) = A’.B.C’+A.B’.C’+A.B.C

III) F’ =  ПM(0, 1, 3, 5, 6)      

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

Hint:  The Maxterm expansion is in the POS form.
Question: 3 (30 Marks)
Find all the prime implicants of the following function:

F6(X, Y, Z, W) = ∑ ( m (1, 3, 5, 7, 8, 10, 12, 13, 14), d (4, 6, 15)).  
Specify which of them are essential prime implicants.
	XY             ZW
	00
	01
	11
	10

	00
	
	1
	1
	

	01
	d
	1
	1
	d

	11
	1
	1
	d
	1

	10
	1
	
	
	1


Prime Implicants:

X’.W : ESSENTIAL         X.W’ : ESSENTIAL                Y: ESSENTIAL
A 16-to-1 line Multiplexer with ACTIVE HIGH outputs is given. Implement F6 by using this multiplexer.  
	0
	D0
	
	

	1
	D1
	
	

	0
	D2
	
	

	1
	D3
	
	

	0
	D4
	
	

	1
	D5
	
	

	0
	D6
	
	

	1
	D7
	
	F6

	1
	D8
	
	

	0
	D9
	
	

	1
	D10
	
	

	0
	D11
	
	

	1
	D12
	
	

	1
	D13
	
	

	1
	D14
	
	

	0
	D15
	
	

	
	X
	Y
	Z
	W
	


Note : 4, 6, 15 may be connected to either 0 or 1
A 4-to-16 line Decoder with ACTIVE LOW outputs is given. Implement F6 by using this Decoder along with another gate. Choose an implementation, which uses the gate with the minimum number of  inputs. 
	
	
	D0
	

	
	
	D1
	

	
	
	D2
	

	
	
	D3
	

	
	
	D4
	

	
	
	D5
	

	X
	
	D6
	

	Y
	
	D7
	

	Z
	
	D8
	

	W
	
	D9
	

	
	
	D10
	

	
	
	D11
	

	
	
	D12
	

	
	
	D13
	

	
	
	D14
	

	
	
	D15
	

	
	
	
	


                         D0
                         D2
                         D9                                           F6
                         D11
Since minimum number of inputs are required all d’s must be considered as 1

Question: 4 (28 Marks)
a) Use T Flip-flops to design a 3-bit counter.

	000
	
	001
	
	010
	
	011

	
	
	
	
	
	
	

	111
	
	110
	
	101
	
	100


	Present State
	Next State
	
	
	

	ABC
	ABC
	TA
	TB
	TC

	000
	001
	0
	0
	1

	001
	010
	0
	1
	1

	010
	011
	0
	0
	1

	011
	100
	1
	1
	1

	100
	101
	0
	0
	1

	101
	110
	0
	1
	1

	110
	111
	0
	0
	1

	111
	000
	1
	1
	1


	A          BC
	00
	01
	11
	10

	0
	
	
	1
	

	1
	
	
	1
	


 TA = B.C

	A          BC
	00
	01
	11
	10

	0
	
	1
	1
	

	1
	
	1
	1
	


TB = C
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b) Write the Characteristic Tables and Excitation Tables of the Clocked SR latch and the JK FF.

SR

	Ch Table

	Sn
	Rn
	Qn+1

	0
	0
	Qn

	0
	1
	0

	1
	0
	1

	1
	1
	Invalid

	Ex Table

	Qn
	Qn+1
	Sn
	Rn

	0
	0
	0
	X

	0
	1
	1
	0

	1
	0
	0
	1

	1
	1
	X
	0


JK

	Ch Table

	Jn
	Kn
	Qn+1

	0
	0
	Qn

	0
	1
	0

	1
	0
	1

	1
	1
	Qn’

	Ex Table

	Qn
	Qn+1
	Jn
	Kn

	0
	0
	0
	X

	0
	1
	1
	X

	1
	0
	X
	1

	1
	1
	X
	0
















































































