EECS 270 Midterm Exam

Spring 2007

Name: ____________________________________    unique name: _____________

Sign the honor code:


I have neither given nor received aid on this exam nor observed anyone else doing so.

___________________________________

Scores:

	Page #
	Points

	2
	/14

	3
	/16

	4
	/16

	5
	/12

	6
	/12

	7
	/15

	8
	/15

	Total
	/100


NOTES:

1. Open book and Open notes

2. There are 8 pages total.  Count them to be sure you have them all.

3. Calculators are allowed, but no PDAs, Portables, Cell phones, etc.

4. This exam is fairly long: don’t spend too much time on any one problem.  

5. You have about 120 minutes for the exam.

6. Some questions may be more difficult than others.  You may want to skip around.

7. Be sure to show work and explain what you’ve done when asked to do so.

Short Answer/Fill in the blank

Fill in each blank or circle the best answer. [14 points, -2 per wrong or blank answer, minimum 0] 
1. An N-bit signed-magnitude / unsigned / two’s complement number can represent exactly 

2N-1 different values.

2. The canonical sum-of-products representation of (A+B)*(A’+B) is 

____________________________

3. A clock period of 100ns corresponds to a frequency of _______________KHz.

4. In the clock period of one tick of a 3GHz processor, light will travel ________ meters.

5. A decoder with N inputs has log2(N) / 2N / N2/  2N outputs while a MUX with N 

selection bits and M output bits has M*log2(N) / M*2N / M2*N2/  M* 2N inputs (not 

including the selection bits.)

6. If a 4-bit ripple-carry adder has a worst-case delay of 4ns, you’d expect that a 32-bit 

ripple-carry adder (built using eight of the 4-bit ripple carry adders) would have a worst 

case delay of 32ns / 64ns / 256ns / 1024ns.

7. The canonical sum-of-products representation of (A*B’)+(A*C’) is _______________

8. A truth-table with 6 input variables would have 32 / 60 / 64 / 100 / 128 / 300 rows and the 

canonical sum-of-products of the function represented by the truth table could include up 

to 128 / 265 / 384 / 425 / 512 literals.    


9. ________ is the largest value that can be represented by a 10-bit 2’s complement number.

Short Answer

1) Using only a decoder and an OR gate (of any number of inputs) create a circuit which implements the following logic: [8]
F= (A+B+C)*(A+B’)*(B’+C)

2) Using the rules of logic, convert (A+B)’*(D*C)’ into sum-of-products form.  Provide the name of the rule used for each step. [8]
3) Build a D flip-flop with enable (data is held if EN=0, otherwise it acts as a normal D-flip-flop) out of a single D flip-flop and standard gates.  The D flip-flop must be used to store the state. Points will be assigned in part based on the efficiency of your design.   [8] 


4) Design a state-transition diagram that has one input (X) and one output (Z).  Z should go high if the last 4 bits of X where either “1001” or 1101”.  Points will be assigned in part based on the efficiency of your design.  [8]
Longer answer
1) Say you have the following values associated with the process you are using:
	DFF:
	
	Min
	Max

	
	Clock to Q
	10ps
	50ps

	
	Set-up time
	50ps
	

	
	Hold time
	40ps
	

	
	
	
	

	OR/AND
	
	15ps
	50ps

	NOT
	
	10ps
	30ps

	XOR
	
	20ps
	100ps

	NAND
	
	10ps
	40ps


The input (“Z”) can change as early as 5ps after the rising edge of the clock and as late as 60ps after the rising edge of the clock.
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a. Add inverter pairs (as needed) to insure the hold time requirements will be met.  You should add them in a way that has the least impact on the worst-case delay (as a first priority) and which keeps the number of inverter pairs needed to a minimum (as a second priority). [5]


b. After you’ve made your changes in part a, compute the maximum frequency at which this device can be safely clocked.  Clearly show how you got your answer. [7]
2) Draw the state-transition diagram that describes the following state-machine.  Show your work [12]
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3) Design a state-transition diagram for a state machine with two inputs, X and Y, and two outputs “two” and “three”.  The output “two” should be 1 iff the number of 1 inputs on X and Y since reset is a multiple of two (including zero).  The output “three” should be a 1 iff the number of 1 inputs on X and Y since reset is a multiple of three (including zero).  As we did in lab 4, the reset line will not be part of the state machine, rather you can assume that when reset is asserted the flip-flops are driven to your initial state.  Part of your grade will be based upon efficiency of state use. [15]
(As an example, say that in cycle 0 reset was high, and in cycle 1 X=1 and Y=1.  At that point there have been two “1s” so “two” should be high while “three” is low.  If in the next cycle X=0 and Y=1 then their have been three “1s” so “three” should be high and “two” should be low.  If reset is high, “two” and “three” should both be high (zero 1’s and zero is a multiple of 2 and 3.))
4) Using only the devices listed below, design a circuit which takes two 4-bit two’s complement numbers (A[3:0] and B[3:0]) and outputs the larger of the two (the output is named Z[3:0])

In your design you may use the following devices (as well as freely using “0” and “1” as a inputs as desired)
· AND, OR, and XOR gates (any number of inputs)
· Inverters
· 2 to 1 MUXes
· 4-bit unsigned comparator
· 8 to 4 mux
· 8 to 3 priority encoder
You must clearly label any device you use (other than gates and inverters) and your design should be clear enough that someone else could understand how everything was to be connected.  Your grade will be based in part upon the efficiency of your design. [15]
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