Assignment 6 Solutions

1. f1 can be simplified to f1 = x1'.x2' + x1'.x3' + x1.x2.x3

f2 can be simplified to f2 = x1'.x2' + x2'.x3' + x1.x2.x3

So the PLA looks like:
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2. Problem 3.2:

Truth table for circuit in 3.1

	x1
	x2
	x3
	f

	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


In the circuit in 3.2, if x1 = x2 = 0 (the top two rows of the truth table) or if x1 = x2 = 1 (the bottom two rows of the truth table) f = x3.  When x1 does not equal x2 (the middle four rows) f = x3’.  So the circuit produces an equivalent truth table.

The circuit requires 1 not gate and 3 2-1 multiplexers.  Using transmission gates to implement the multiplexers, each one takes 6 transistors.  Thus, the total number of gates required in the circuit is 20.

3. Problem 3.3

Truth table for 3.3

	x1
	x2
	x1^x2
	x3
	f = x3^x1^x2

	0
	0
	0
	0
	0

	0
	0
	0
	1
	1

	0
	1
	1
	0
	1

	0
	1
	1
	1
	0

	1
	0
	1
	0
	1

	1
	0
	1
	1
	0

	1
	1
	0
	0
	0

	1
	1
	0
	1
	1


The truth table is equivalent to that in 3.1 and 3.2.

Each xor gate takes 8 transistors if implemented as in figure 3.61d.  Thus, for the 2 xor gates, the total number of transistors required is 16.

4. Problem 3.49

a)  f = x1x2 + x3,  One of the many possible solutions is:
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b) f = x1x3 + x2x3, One of the many possible solutions is:
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5. Problem 4.12

Karnaugh map for f


Karnaugh map for g


x1x2

	x3x4
	00
	01
	11
	10

	00
	1
	1
	
	

	01
	
	
	
	1

	11
	
	1
	
	d

	10
	1
	1
	
	d


           x1x2

	x3x4
	00
	01
	11
	10

	00
	d
	1
	
	

	01
	
	
	d
	1

	11
	
	
	1
	

	10
	1
	
	d
	1


f = x1’x4’ + x1’x2x3 + x1x2’x4

g = x1’x3’x4’ + x1x3’x4 + x1x2x4 + x2’x3x4’

Total cost to implement f alone is 4 gates plus 11 inputs, or 15.

Total cost to implement g alone is 5 gates plus 16 inputs, or 21.

So to implement both separately, the cost is 15+21 = 36.

Implementing f and g together:

f = x1’x3’x4’ + x2’x3x4’+ x1’x2x3 + x1x2’x3’x4
g = x1’x3’x4’ + x2’x3x4’ + x1x2x4 +  x1x2’x3’x4
Terms in bold are reusable.  So there are 7 gates required with a total of 24 inputs, making the new total cost 7 + 24 = 31.

6. Problem 4.32

	X1
	X2
	X3
	X4
	X5
	f
	g

	0
	0
	0
	0
	0
	1
	1

	0
	0
	0
	0
	1
	0
	0

	0
	0
	0
	1
	0
	1
	1

	0
	0
	0
	1
	1
	0
	0

	0
	0
	1
	0
	0
	1
	1

	0
	0
	1
	0
	1
	1
	1

	0
	0
	1
	1
	0
	0
	0

	0
	0
	1
	1
	1
	0
	0

	0
	1
	0
	0
	0
	0
	0

	0
	1
	0
	0
	1
	0
	0

	0
	1
	0
	1
	0
	0
	0

	0
	1
	0
	1
	1
	0
	0

	0
	1
	1
	0
	0
	0
	0

	0
	1
	1
	0
	1
	0
	0

	0
	1
	1
	1
	0
	0
	0

	0
	1
	1
	1
	1
	0
	0

	1
	0
	0
	0
	0
	1
	1

	1
	0
	0
	0
	1
	0
	0

	1
	0
	0
	1
	0
	1
	1

	1
	0
	0
	1
	1
	0
	0

	1
	0
	1
	0
	0
	1
	1

	1
	0
	1
	0
	1
	1
	1

	1
	0
	1
	1
	0
	1
	1

	1
	0
	1
	1
	1
	1
	1

	1
	1
	0
	0
	0
	0
	0

	1
	1
	0
	0
	1
	0
	0

	1
	1
	0
	1
	0
	0
	0

	1
	1
	0
	1
	1
	1
	1

	1
	1
	1
	0
	0
	0
	0

	1
	1
	1
	0
	1
	0
	0

	1
	1
	1
	1
	0
	1
	1

	1
	1
	1
	1
	1
	1
	1


Functions are equivalent.

7. Problem 6.16

One possible solution is:

i1 = w2, i2 = w2, i3 = w1, i4 = w3, i5 = w3, i6 = w1, i7 = w3’, i8 = 1.

8. Worst case delay = t_fulladder + t_2-1-mux + t_4-1-mux + t_gate.

9. Add worst case delay = t_fulladder + t_2-1-mux + t_4-1-mux

Sub worst case delay = t_fulladder + t_2-1-mux + t_4-1-mux + t_gate

And worst case delay = t_gate + t_4-1-mux

Or worst case delay = t_gate + t_4-1-mux

Other worst case delay = t_4-1-mux

10. Worst case for 4 bit alu is subtraction:

t_gate (for not b) + t_2-1-mux + t_CLA + 2*t_gate (for add operation) + t_4-1-mux

Total = 3* t_gate + t_2-1-mux + t_CLA + t_4-1-mux

