ELEC 2200-002 Digital Logic Circuits
Class Test II, October 10, 2008




Total 20 points
Broun 238, 2:00-2:50PM
Instructions: Please read all problems before writing your answers. Attempt all five (5) problems. Be sure to revise your answers before turning them in. Please number your answer sheets, and on the first page identify the test as shown above, write your name and the total number of pages, and staple them before submitting. Thank you.
Problem 1:








5 points
(a) How many rows (combinations of values of input variables) does the truth table of a switching function of n Boolean variables has?
(b) How many distinctly different switching functions of n Boolean variables are possible?

(c) F(A, B) is switching function of two Boolean variables A and B. Write truth tables for all possible two variable functions.

Answer:

(a) The truth table has 2n entries.
(b) The output column of the truth table is a 2n-bit binary vector. Since there are 
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such vectors, that is the precise number of switching functions.

(c) For two variables, there are 16 functions, F1 through F16:
	Inputs
	Outputs

	A
	B
	F1
	F2
	F3
	F4
	F5
	F6
	F7
	F8
	F9
	F10
	F11
	F12
	F13
	F14
	F15
	F16

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1

	0
	1
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1

	1
	0
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	1
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1



[image: image2.wmf]
Problem 2:








5  points
Sketch Karnaugh maps for the functions implemented by the following circuits, showing the product terms in the outputs expressed as SOP.
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From the Karnaugh maps, derive the canonical SOP forms and prove that the two circuits are equivalent.
Answer: 
[image: image4.wmf]
Karnaugh map, the implemented SOP, and the canonical SOP form for F1 are as follows:
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Karnaugh map, implemented SOP, and the canonical SOP form for F2 are as follows:



	
	
1
	
1
	

	
	
	
1
	1




[image: image6.wmf]C

B

A

C

B

A

C

AB

ABC

AB

C

B

AC

F

+

+

+

=

+

+

=

2


Since the canonical SOP forms for F1 and F2 are identical, i.e., both have the same set of minterms, the two functions are identical.
Problem 3:








5 points
How many transistors will the following implementation of an exclusive-OR function require in CMOS technology?








Use de Morgan’s theorem to transform the circuit to minimize the number of transistors.
Answer:
When implemented with CMOS gates, this circuit requires 2+2+6+6+6 = 22 transistors.
It can be transformed in two steps. The first step is as follows:








Next, applying de Morgan’s theorem to the output gate, we get
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The final circuit is,








In CMOS technology, this circuit requires 2+2+4+4+4 =16 transistors.
Problem 4:








5 points
A half adder circuit adds two 1-bit integers, A and B, and produces a one-bit sum, S, and a one-bit carry, C. The following truth table specifies S and C. Synthesize a digital circuits to produce S and C using minimum number of AND, OR and NOT gates.
	Inputs
	
	Outputs

	A
	B
	
	S
	
	C

	0
	0
	
	0
	
	0

	0
	1
	
	1
	
	0

	1
	0
	
	1
	
	0

	1
	1
	
	0
	
	1


Answer:
The disjunctive normal forms are:
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There is no further minimization possible. An AND-OR-NOT implementation is shown below. It uses 3 AND, 1 OR and 2 NOT gates.












Problem 5 (Bonus Question) 





1 point
A sign inside the door of your dormitory reads:


Carry your cap and umbrella, or



On a sunny day, carry the cap, or


When it is overcast, carry the umbrella

Now that you have found the consensus theorem, how will you simplify the sign, and possibly reduce the load you carry every time you leave.
Answer: 

Let S denote “sunny day” (complement of S is “overcast”), C denote “carry cap”, and U denote “carry umbrella”. Then, to carry out the instruction in the sign we must satisfy the following condition:
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Thus, the sign should read:



On a sunny day, carry the cap, or



When it is overcast, carry the umbrella
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