420.201A Digital Logic Design and Lab                                    Oct. 24, 2006

Homework 2

(Sample problems from previous year’s midterm)

Due Date: Oct. 20
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Using only the following axioms of Boolean algebra:
1. the set of elements contains at least two elements 
2. closure 
3. identity 
4. complementarity
5. commutativity 
6. distributivity
7. associativity (you can use this although it can be derived from other axioms),
prove AB'+AB+A'B = A+B (state the axioms that you use for each step). 












2. Using the axioms and theorems of Boolean algebra that we covered in the class, show that Boolean algebra cannot have three distinct elements (e.g. '0', '1', x).

[image: image1]
3. Use the Karnaugh map method to find a minimized product of sums expression for the following Boolean function.
F(a,b,c,d,e,f)
  = (3,8,10,18,22,23,30,31,39,41,45,48,50)+D(0,21,26,34,47,56)

[image: image2]
4. Given a function F(a,b,c,d)= m(1,5,7,8,9,13,15)+d(4,14), find the minimum sum of products form using the Quine-McCluskey method. Show your process of deriving the prime implicants and deriving the minimum sum of products form.
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5. Compare the pros and cons of Karnaugh map method, Quine-McCluskey method, and Espresso method.
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6. Implement the following Boolean function with an AOI gate and answer how many transistors are needed: 
F(a,b,c)=a xor b xor c.
Assume no limitations on the number of inputs or number of stacks. Also assume that the complements of the inputs are also available.
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		F'(a,b,c)=(a xor b xor c)'
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		F(a,b,c)=(a'b'c'+a'bc+abc'+ab'c)'


 


		Schematic is omitted.





Karnaugh map method: Manually finds an optimum solution and cannot be automated. Can be used only for small problems.��Quine-McCluskey method: Finds an optimum solution and can be automated, but takes too much time and memory for a big problem.





Espresso method: Can be automated and efficient (faster and takes less memory), but may not find an optimum solution.
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-1-1, --01, and 100- are essential.


Remove them and remove the covered columns (m1, m5, m7, m8, m9, m13, m15).





Therefore, F(a,b,c,d)=c'd+ab'c'+bd.
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F=(A+B+C+D+E'+F')(A+B+C'+D+F)(A+B'+D'+E')(A+B'+E'+F)(A'+B'+C+D+F)(A'+B+C'+E+F')(A'+B+D'+E'+F')








Assume we have only three distinct elements '0', '1', and x.


Since x is neither 0 nor 1, x' is neither 1 nor 0, which implies x'=x (although it requires more rigorous proof, a simple statement like this will be ok).


Therefore, xx'=xx=x (idempotent).


Since xx'=0 (complementarity), x=0, which is a contradiction to the assumption.











Prove idempotence:


X+X = (X+X)1			-- identity


    = (X+X)(X+X')		-- complementarity


    = X(X+X')			-- distributivity


    = X1			-- complementarity


    = X				-- identity


AB'+AB+A'B = AB'+AB+AB+A'B	-- idempotence


           = A(B+B')+BA+BA'	-- commutitivity & distributivity


	   = A+BA+BA'		-- complementarity & identity


	   = A+B(A+A')		-- associativity & distributivity


	   = A+B		-- complementarity & identity
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