Question 3:

Truth table from provided data:

	A
	B
	C
	D
	F(A,B,C,D)

	0
	0
	0
	0
	0

	0
	0
	0
	1
	0

	0
	0
	1
	0
	0

	0
	0
	1
	1
	1

	0
	1
	0
	0
	1

	0
	1
	0
	1
	1

	0
	1
	1
	0
	1

	0
	1
	1
	1
	0

	1
	0
	0
	0
	0

	1
	0
	0
	1
	0

	1
	0
	1
	0
	1

	1
	0
	1
	1
	1

	1
	1
	0
	0
	1

	1
	1
	0
	1
	0

	1
	1
	1
	0
	1

	1
	1
	1
	1
	1


Q3A: Minimal sum of products using Karnaugh map:

	
	
	
	CD
	
	

	
	
	"00"
	"01"
	"11"
	"10"

	
	"00"
	0
	0
	1
	0

	AB
	"01"
	1
	1
	0
	1

	
	"11"
	1
	0
	1
	1

	
	"10"
	0
	0
	1
	1


These are the sum of products terms:

(1) = [A C] + [A’ B C’ ] + [B’ C D] + [B D’]
Using algebric minimization, we start by the following formula:
(1) = [A’B’CD]+[A’BC’D’]+[A’BC’D]+[A’BCD’]+[ABC’D’][ABCD’]+[ABCD]+[AB’CD]+[AB’CD’]
Since (X’ + X) = 1, and that ASD.1 = ASD, we can take out and eliminate the following factors:

(A’+A), (D’+D), (D’ + D)
Which leaves us with:

(1) = [B’CD]+[A’BC’]+[A’BCD’]+[ABC’D’]+[ABC]
Since we are ORing these terms, we can add them twice (A + B) = (A + A + B) without changing the value of the formula
(1) = [B’CD]+[A’BC’]+[A’BCD’]+[A’BC’D’]+[ABC’D’]+[ABCD’]+

[ABC]+[AB’CD]+[AB’CD’]
And from this formula, we can eliminate

(C + C’) and (D + D’) 
Which gives the following formula:

(1) = [B’CD]+[A’BC’]+[A’BD’]+[ABD’]+[ABC]+[AB’C]

And one more elimination of (B + B’), (A+A’)
Gives us the same formula as we derived from the Karnaugh map

(1) = [B’CD]+[A’BC’]+[BD’]+[AC]
Q3B: Evaluating the product of sums
	
	
	
	CD
	
	

	
	
	"00"
	"01"
	"11"
	"10"

	
	"00"
	0
	0
	1
	0

	AB
	"01"
	1
	1
	0
	1

	
	"11"
	1
	0
	1
	1

	
	"10"
	0
	0
	1
	1


From the Karnaugh Map:

(0)= [A’+C+D’][B+C][A+B’+C’+D’][A+B+D]
Algebrically, we can start by saying that a product of sum is false at 0 such as

(0’) = [A’B’C’D’]+[A’B’C’D]+[A’B’CD’]+[A’BCD]+[ABC’D]+[AB’C’D’]+[AB’C’D]

By the principal of whatever its called, (A + B) = (A + A + B)

So we can OR any term as many times as we wish without changing the function value

(0’)=[A’B’C’D’]+[A’B’C’D]+[AB’C’D’]+[AB’C’D]+[A’B’CD’]+[A’B’C’D’]+
[A’BCD]+[ABC’D]+[AB’C’D]

And since (X’ + X) = 1, and that ASD.1 = ASD, we can take out and eliminate a bunch of factors giving:
(0’)=[A’B’C’]+[AB’C’]+[A’B’D’]+[A’BCD]+[AC’D]
And once more:

(0’)=[B’C’]+[A’B’D’]+[A’BCD]+[AC’D]
Now we just have to transform this to a product of sums form to match it with the Karnaugh map

We will use colours to represent inverse. ‘is a first inverse, yellow a second inverse 

Starting from the principal that (0’) is the inverse of 0, we need to inverse our function to make it equal to 0

(0’)=[B’C’]+[A’B’D’]+[A’BCD]+[AC’D]
Becomes:

(0) = [B’C’]+[A’B’D’]+[A’BCD]+[AC’D]
By DeMorgan s law, A + B = A’B’
So we can rewrite our function as

(0) = [B’C’][A’B’D’][A’BCD][AC’D]

And reapplying DeMorgan s law on the terms this time such as A B = A’ + B’

(0)= [A’+C+D’][B+C][A+B’+C’+D’][A+B+D]
Which is exactly what we got in the first place from the Karnaugh map.
Q3C: Algebric proof that the result in A is equal to the result in B 
The product of sums was:
[A’+C+D’][B+C][A+B’+C’+D’][A+B+D]
 We can start regrouping factors.

[A’B+CB+D’B+A’C+CC+CD’] [AA+AB+AD+AB’+BB’+B’D+AC’+BC’+C’D+ AD’+BD’+DD’]
Knowing that AA=A, AA’ = 0 and A + AB = A,
We can do the following reductions

[A’B+BD’+C] [A+B’D+BC’+C’D+BD’]
Expanded some more:

[A’B A+ A’B B’D+ A’B BC’+ A’B C’D+ A’B BD’+ BD’A+ BD’B’D+ BD’BC’+ BD’C’D+ BD’BD’+AC+B’CD+BC’C+CC’D+BCD’]
Which can be reduced to:

[A’BC’+ BD’+AC+B’CD]
And that is exactly what we found to be the product of sums from our Karnaugh map:

[B’CD]+[A’BC’]+[BD’]+[AC]
Which is good (
