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A.

x	y
0	1
1	0

B.

x	y	z
0	0	0
0	1	1
1	0	1
1	1	1

C.

a	b	x
0	0	0
0	1	0
1	0	0
1	1	1


D.
Any logic function with a truth table over k atomic propositions can be implemented with a circuit that uses only 2-input NOR gates because the NOR gates can build into NOT, OR, and AND gates, which then in turn can build into NAND, XOR, or XNOR gates. With the right combination of NOR gates, any logic circuit is possible because of the number of different logic gates it can build into.

Question 2
a b c f
F F F T	(~a^~b^~c) v
F F T T	(~a^~b^c) v
F T F F
F T T F
T F F F
T F T T	(a^~b^c) v
T T F F
T T T T	(a^b^c)
(~a^~b^~c) v (~a^~b^c) v (a^~b^c) v (a^b^c) 	DIST
(~a^~b)^(~c v c) v (a^c)^(b v ~b)			NEG
(~a^~b)^T v (a^c)^T					I
(~a^~b) v (a^c)					QED


Question 3
A.
if (c^a) then (c^b)					IMP
~(c^a) v (c^b)						DM
(~c v ~a) v (c v b)					DIST
~a v (~c v c) ^ (~c v b)				NEG
~a v T ^ (~c v b)					I
~a v (b v ~c)						QED
B.
if (a ^ (b v c)) then (a ^ c)		IMP
~(a ^ (b v c)) v (a ^ c)			DM
~a v ~(b v c) v (a ^ c)			DM
~a v (~b ^~ c) v (a ^ c)		DIST
(~a v a) ^ (~a v c) v (~b ^ ~c)		NEG
T ^ (~a v c) v (~b ^ ~c)		I
(~a v c) v (~b ^ ~c)			QED
C.
~a v (if c then b)			IMP
~a v (~c v b)				ASS/COM
~a v (b v ~c)				QED
D.
a v ~b
E.
~[(a(+)b) ^ (~a^b)]			XOR
~[((a^~b) v (~a^b))^(~a^b)]		DM
~((a^~b) v (~a^b)) v ~(~a^b)		DM
~(a^~b) ^ ~(~a^b) v ~(~a^b)		ABS
~(~a^b)				DM
a v ~b					QED
F.
~(a ^ ~c) v ~(b v c)			DM
(~a v c) v (~b ^ ~c)			QED
Therefore, A is logically equivalent to C, B is logically equivalent to F, and D is logically equivalent to E.

Question 4
A.
a b c x
F F F F
F F T F
F T F F
F T T T	(~a ^ b ^ c) v
T F F F
T F T T	(a ^ ~b ^ c) v
T T F T	(a ^ b ^ ~c) v
T T T T	(a ^ b ^ c)
(~a ^ b ^ c) v (a ^ ~b ^ c) v (a ^ b ^ ~c) v (a ^ b ^ c)					ID
(~a ^ b ^ c) v (a ^ ~b ^ c) v (a ^ b ^ ~c) v (a ^ b ^ c) v (a ^ b ^ c) v (a ^ b ^ c)	DIST
(b ^ c) v (~a ^ a) v (a ^ c) v (~b ^ b) v (a ^ b) v (~c ^ c)				NEG
(b ^ c) v F v (a ^ c) v F v (a ^ b) v F							I
 (a ^ b) v (b ^ c) v (a ^ c)								QED
B.

Question 5
To solve this problem, we should first think about the possible combinations of hats A could have seen. We know there are two different colours of hats, (I will use Bl to indicate black and Wh for white) which means there will be 2^2 number of combinations. The combinations are as follows: BlBl, BlWh WhBl, WhWh. However, we can quickly cross off the possibility of WhWh because of two facts: We cannot have three white hats (WhWhWh), and A doesn't know what her own hat colour is. If A saw two white hats on B and C, she would have immediately have known her own hat was black.
Now we move on to B, who can either see a black or white hat on C. These are the following possible combinations of hats on B and C: BlBl, WhBl, BlWh. However, B did not see a white hat on C and I will explain why. There are a few facts we have to establish: In the combinations of hats that A could have observed, there was definitely at least one black hat in each combination. I will list the possibilities again: BlBl, BlWh WhBl. The second fact is that B didn't know the colour of her hat. If B saw a white hat on C, she could only conclude that she herself was wearing a black hat because A has definitely seen at least one black hat amongst the two wearers. Therefore, BlWh can be crossed off and the only possibilities left are BlBl, and WhBl, which means B cannot tell the colour of her own hat, but must have seen a black hat on C.
Knowing this, C must have guessed her hat to be black, and she would be correct.
image5.png
Majority Vote





image1.png
NOT Gate




image2.png
[t

[t

OR Gate




image3.png
[t

[t

AND Gate




image4.png
aa

[t

cla





