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Maximum Points
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    Total

         180 points


Please write down your name:             
                                                                    ANSWER  KEY
Please write your student ID: ______________________________________

Instructions/Please read carefully!

This is a close book exam. No books or notes are allowed. You may use a standard calculator.

All work is to be done on the attached sheets and under no circumstance are booklets or loose sheets to be used. Write your name at the top of every sheet.

Read the question carefully. If something appears ambiguous, write down your assumption. The points have been assigned according to the formula that  1 point = 1 exam minute, so please pace yourself accordingly.

Your Name_______________________________________________________

Question 1 : CMOS Circuit Technology (10 points)

Draw a CMOS circuit that produces the same function as the circuit shown below
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ONLY TRUE VARIABLES ARE AVAILABLE AS INPUTS
HINT: Only 8 transistors are required.

Remark: A correct solution with more that 8 transistors will receive partial credit.

________________________________________________________________________
ANSWER

(F (A,B,C) = (A + B C  ;  F =A ((B +(C )
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Your Name_______________________________________________________

Question 2 :Boolean Logic Theory (15 points)

(7 points)
a) Which of the following are self-dual functions



F = x y ;  G = (x  ;   H = x y z + (x y + (x(y z.

(8 points) 
b) Draw a circuit producing the function 
F(A,B,C,D) = (C(D +(A(B(D +(A B D + C(D B + C(D(A
                           Using ONLY a minimal number of  2 x 1 MUX’s.

________________________________________________________________________

ANSWER

(a)
  F  =  x y,    FD  =  x  +  y  ,   F ≠ FD  ,therefore,  F is not self-dual.
 G = (x    ,   GD  =  (x,     G  = GD  ,therefore,  G is  self-dual.
H = x y z + (x y  +(x(y z,   
HD  = (x + y + z)((x + y)((x +(y + z) = (x + y + z)((x + yz) = xyz + (xy + z(x + yz

	   xy

z
	00
	01
	11
	10

	0
	0
	1
	0
	0

	1
	1
	1
	1
	0

	   xy

z
	00
	01
	11
	10

	0
	0
	1
	0
	0

	1
	1
	1
	1
	0


                      Map of  H                                                          Map of  HD
H = HD , therefore, H is  self-sual.

Continue Part (b) on next page….
Your Name_______________________________________________________

Question 2 :Boolean Logic Theory (CONTINUES)

(b)  We apply the Shannon expansion repeatedly until the residue functions are input variables or fixed polarities. The choice of expansion variable is arbitrary and produces different, although correct, solutions.

Expansion with respect to A :  F(A,B,C,D) = (A [(C(D +(B(D + B D + C(D ] +

                                                                     + A [(C(D + C(D B]  

Residue functions expansion with respect to B:

R0 = [(D +(B(D + B D ] =(B [(D ] + B[ 1 ]
R1 = [(C(D + C(D B ]  = (B[(C(D ] + B[(D ]

R10 = [(C(D ]

Expanding R10 with respect to C:

R10 = (C[(D ] + C[ 0].

The resulting circuit is the following: 



Your Name_______________________________________________________
Question 3: VHDL  (20 points)
(10 points)
a) Using a single selected signal assignment statement write a complete VHDL description of a circuit that implements the Boolean functions:


  Y(1)=XYZ+W 


  Y(2)=WXY+Z

              Y(3)=X+Y

(10 points)
b) Using a single process block write a complete VHDL description of a circuit that takes in two 1-bit signals (X and Y) and, on a positive-going clock edge, increments a count value if X and Y have the same value and decrements the count value otherwise. Assume that COUNT represents an 8-bit signed number. If the COUNT value is at its minimum, then do not decrement, and if it is at its maximum, then do not increment. The circuit should have an Asynchronous RESET input as well as a Synchronous count ENABLE input.

                                                                  Continue Question 3 on next page…. 

Your Name_______________________________________________________
Question 3 : VHDL (20 points) (CONTINUES)

Your Name_______________________________________________________

Question 4 : Combinational Circuit Synthesis (15 points)
A circuit, whose block diagram is shown below, is to be designed to detect whether its input binary number, N,  0 > N > 15, is ODD, EVEN or PRIME. Only if N = 0, then the ZERO output assumes the value  1  and the remaining  outputs may assume any value.
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(5 points)
a) Find the equations of the four output functions
(10 points)
b) Draw the circuits of the four output functions using fewest number of 3-LUTs
                           You may use inverters if needed.

Hint: You may find convenient the given table.

________________________________________________________________________

 ANSWER
	N
	ABCD
	ODD
	EVEN
	PRIME
	ZERO

	0
	0 0 0 0
	x
	x
	x
	1

	 1
	0 0 0 1
	1
	0
	1
	0

	2
	0 0 1 0
	0
	1
	1
	0

	3
	0 0 1 1
	1
	0
	1
	0

	4
	0 1 0 0
	0
	1
	0
	0

	5
	0 1 0 1
	1
	0
	1
	0

	6
	0 1 1 0
	0
	1
	0
	0

	7
	0 1 1 1
	1
	0
	1
	0

	8
	1 0 0 0
	0
	1
	0
	0

	9
	1 0 0 1
	1
	0
	0
	0

	10
	1 0 1 0
	0
	1
	0
	0

	11
	1 0 1 1
	1
	0
	1
	0

	12
	1 1 0 0
	0
	1
	0
	0

	13
	1 1 0 1
	1
	0
	1
	0

	14
	1 1 1 1
	0
	1
	0
	0

	15
	1 1 1 1
	1
	0
	0
	0


 ZERO = (A(B(C(D

 ODD = A ( B ( C ( D

EVEN = NOT(ODD) 

	AB

CD
	00
	01
	11
	10

	00
	x
	0
	0
	0

	01
	1
	1
	1
	0

	11
	1
	1
	0
	1

	10
	1
	0
	0
	0


                                                                     PRIME =(A(B +(A D + B(C D+(BCD         

                                                                           Continue Question 4 on next page………>

Your Name_______________________________________________________
Question 4 : Combinational Circuit Synthesis(Continued)

ZERO = (A(B(C(D = (A [(B(C(D] + A[0]
ODD = A ( B ( C ( D = A (( B ( C ( D)

 EVEN = NOT(ODD) 

PRIME =(A(B +(A D + B(C D +(BCD = (D[(A(B ] +  D[(A + B(C + (B C]
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Your Name_______________________________________________________

Question 5 : Testing of Combinational Circuit(15 points)

Give the minimal test sets for points N and  F  of the following circuit


[image: image7.emf]A

B

C

N

F

f


(8 points)
a)
Give the fault table for points N and F stuck-at-0 and stuck-at-1 faults.
(7 points)
b)
Give the minimal test sets for N and F using the fault table.
Hint : You may find useful the following table.

______________________________________________________________________________
(a) f (A,B,C) =NOT [(A(B +(A B) (C] = A B +(A(B + C
	ABC
	f
	fN/0
	fN/1
	fF/0
	fF/1
	N/0
	N/1
	F/0
	F/1
	

	000
	1
	1
	0
	0
	1
	0
	1
	1
	0
	P0

	001
	1
	1
	1
	0
	1
	0
	0
	1
	0
	P1

	010
	0
	1
	0
	0
	1
	1
	0
	0
	1
	P2

	011
	1
	1
	1
	0
	1
	0
	0
	1
	0
	P3

	100
	0
	1
	0
	0
	1
	1
	0
	0
	1
	P4

	101
	1
	1
	1
	0
	1
	0
	0
	1
	0
	P5

	110
	1
	1
	0
	0
	1
	0
	1
	1
	0
	P6

	111
	1
	1
	1
	0
	1
	0
	0
	1
	0
	P7


                    f=1     f = C  f=0     f=1
                                                                       Fault Table
(b) Using the Petrick function to find the minimal covers, we obtain
     P = (P2 + P4)(P0 + P6)( P0 + P1 + P3 + P5 + P6 + P7)(P2 + P4)
        = (P2 + P4)(P0+ P6)

       =  P2P0 + P0P6 + P4P0+ P4P6.

There are 4 minimal  tests.They are:  P2P0 : {010,000}, P0P6 : {000,101}, P4P0 : {010,101},                                                              P4P6 : {100,110}.
You Name_______________________________________________________

Question 6: Sequential circuits (15 points)

Consider the following  CMOS circuit, where X,W are the inputs and Z,Y are the outputs
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(5 points)
a) Give the characteristic table of this circuit.
(5 points)
b) Is this circuit a memory element? If yes, what type of memory element is it?


    Is there any restrictions on the X, W values? If yes, which ones are they?

 (5 points)
c) Give the excitation table of this circuit?
________________________________________________________________________
a)   z+ = (y  + (x
      y+ = (w +(z
Characteristic table
	Present State
	           Inputs:  x w

	y  z
	00
	01
	10
	11

	0  0
	11
	11
	11
	11

	0  1
	11
	01
	10
	01

	1  0
	11
	11
	11
	10

	1  1
	11
	01
	10
	00


                   Next State:  y+ z+
(b)  Discussion:  If xw = 00, then independently of the present state, the next state is  11 (stable)
                          If xw = 01, then the final state is  01 with transition through state 11. The               

   element sets  ouput z = 1.

                          If xw = 10, then the final state is 10 with transition through sate  11. The element                           resets  z = 0.

                          If  xw = 11, then if present state is 00 the next state is 11 and the elements oscilates between these two states. Otherwise, the element does not change state. 
                                                                 Continue Question 6 on next page----(
You Name_______________________________________________________
Question 6: Sequential circuits (15 points) (continues)

This is the quiescent excitation of the element, provided oscillation is evoid, i.e. initial state should not be  neither y z = 00 nor  yz = 11.

From the discussion we conclude that the circuit in question represents a (S(R –type latch, where

x = (S  and w = (R.

For the circuit to be a latch (memory element)  z = (y and  x.y = 1 which implies that x and y should not be simultaneously equal to 0. 

(c)

The excitation table of the given circuit is the same as the one corresponding to a (S(R –type latch, namely,

	  z      z+            
	x = (S     y = (R

	  0     0
	1             *

	  0     1
	0             1

	  1     0
	1             0

	  1     1
	*             1


Your Name_______________________________________________________

Question 7: Register and Counter Design (15 points)

Using a 3-bit binary counter and a decoder, design a 4-bit self-starting circuit that generates the 8 first terms of the Fibonacci series. This series, whose first two terms are 0, 1, has the property that any term of the series is obtained by adding the two previous terms in the series. Thus, the first 8 terms of the Fibonacci series are 0,1,1,2,3,5,8,13.

The block diagram of the Fibonacci series generator is shown below


[image: image9.emf]           Fibonacci series generator
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(2 points) 
a) Show the state-tansition diagram of the circuit. 
(10 points) 
b) Show the truth table and minimal sum-of-products expressions of the outputs of                            the decoder.
(3 points)
c) Draw the decoder circuit  using NAND gates.

_____________________________________________________________________________
(a)

[image: image10.emf]S0
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where S0 to S7 are the states of the 3-bit binary counter.
                                                 Continue Question  7  on next page -----------(

Your Name_______________________________________________________
Question 7: Register and Counter Design (Continued)

(b)

	State of the 3-bit counter
	3-bit counter Output 
	Decoder output

	
	A B C
	x y z w

	S0
	0  0  0
	0 0 0 0

	S1
	0  0  1
	0 0 0 1

	S2
	0  1  0
	0 0 0 1

	S3
	0  1  1
	0 0 1 0

	S4
	1  0  0
	0 0 1 1

	S5
	1  0  1
	0 1 0 1

	S6
	1  1  0
	1 0 0 1

	S7
	1  1  1
	1 1 0 1


	  AB

C
	00
	01
	11
	10

	0
	0
	0
	1
	0

	1
	0
	0
	1
	0

	  AB

C
	00
	01
	11
	10

	0
	0
	0
	0
	0

	1
	0
	0
	1
	1


              x = AB                                                       y = AC                       
	  AB

C
	00
	01
	11
	10

	0
	0
	0
	0
	1

	1
	0
	1
	0
	0

	  AB

C
	00
	01
	11
	10

	0
	0
	1
	1
	1

	1
	1
	0
	1
	1


z = A(B(C +(A B C                                    W = A + B(C +(BC
                                                                       Continue Question  7  on next page -----------(
Your Name_______________________________________________________
Question 7: Register and Counter Design (Continued)
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Your name ______________________________________________

Question 8: Circuit Implementation Strategies/Logic arrays(15 points)

Consider the following Boolean functions:




F1(A,B,C,D) = (m(2,6,8,9,10,12,13,14)
 


F2(A,B,C,D) = (m(2,6,9,10,11,13,14,15)




F3(A,B,C,D) = (m(0,2,8,9,10,11,12,13,15)
(7 points) 
a)   Write the AND-OR equations of the three functions.
(8 points) 
b)  Using the schematic shown on next page produce  the  PLA implementation of                             the three functions.
Hint: You may find useful the following maps.

___________________________________________________________________


	AB

CD
	00
	01
	11
	10

	00
	0
	0
	1
	1

	01
	0
	0
	1
	1

	11
	0
	0
	0
	0

	10
	1
	1
	1
	1



	AB

CD
	00
	01
	11
	10

	00
	0
	0
	0
	0

	01
	0
	0
	1
	1

	11
	0
	0
	1
	1

	10
	1
	1
	1
	1

	AB

CD
	00
	01
	11
	10

	00
	1
	0
	1
	1

	01
	0
	0
	1
	1

	11
	0
	0
	1
	1

	10
	1
	0
	0
	1


         F1 = A(C + C(D                             F2 = A D + C(D                      F1 = A(C + A D  +(B(D          
                                                               Continue Question 8 on next page………….>
Your Name_______________________________________________________

Question 8 (continued)
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Your Name_______________________________________________________

Question 9: Finite State Machine Design(15 points)

Design a Moore-type FSM with an input  gcnt  and three outputs, x, y and z. The 
xyz outputs generate a sequence called a Gray code in which exactly one of the three outputs changes from 0 to 1 or from 1 to 0. The gray code sequence that the FSM should output is 000, 010, 011, 001, 101, 111, 110, 100, repeat. The output should change only on a rising clock edge when the input gcnt  = 1. Make the initial state 000.

(5 points)
a)  Give the state transition diagram of this machine.

(5 points)
b)  Give the state transition table of this machine. 

(5 points)
c)  Give the minimal two-level NAND circuit using edge-trigger D-type flipflops. ____________________________________________________________________

  ANSWER

(a)
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(b)
	Present State
	       Next State
	Outputs

	 y1  y2   y3
	  gnt = 0        gnt = 1
	x    y    z

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

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

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

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

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

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

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

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


                        y1+  y2+   y3+                            Continue Question 9 on next page….

Your Name_______________________________________________________

Question 9 (continued)

	y1y2

y3gcnt
	00
	01
	11
	10

	00
	0
	0
	1
	1

	01
	0
	0
	1
	0

	11
	1
	0
	1
	1

	10
	0
	0
	1
	1

	y1y2

y3gcnt
	00
	01
	11
	10

	00
	0
	1
	1
	0

	01
	1
	1
	0
	0

	11
	0
	0
	1
	1

	10
	0
	1
	1
	0

	y1y2

y3gcnt
	00
	01
	11
	10

	00
	0
	0
	0
	0

	01
	0
	1
	0
	0

	11
	1
	1
	0
	1

	10
	1
	1
	1
	1


                        y1+                                           y2+                                               y3+                            
Dy1 = y1+ = y1 y2 + y1(gcnt +(y2 y3 gcnt      
Dy2 = y2+ = y2(gcnt + y1y3gcnt  +(y1(y3 gcnt 

Dy3 = y3+  = y3(gcnt +(y2 y3 + (y1 y2 gcnt
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Your Name_______________________________________________________

Question 10 : VHDL and Design of Sequential Systems(20 points)
Design a datapath/controller system that computes the factorial of a 3-bit unsigned number.
a) (5 points) Write down a pseudo-code description of the process to be implemented.

b) (5 points) Draw the datapath, assuming that only one multiplier module is available. You can use as many other modules as you see fit. Specify how many bits the various signals in the datapath contain.

c) (5 points) List all of the controller inputs and outputs.
d) (5 points) Draw the state transition diagram for the controller (use a Moore machine approach).

______________________________________________________________________________
                                                                                   Continue Question 10 on next page….

Your Name_______________________________________________________

Question 10 (continued)

Your Name_______________________________________________________

Question 11 :Optimization of Finite State Machines (15 points) 

Reduce the following state-transition table by using the partitioning method
	Present State: Q
	Next 
State: Q+
	Output: Z

	
	X = 0
	X = 1
	X = 0
	X = 1

	1
	2
	3
	0
	0

	2
	4
	5
	0
	0

	3
	6
	7
	0
	0

	4
	8
	9
	0
	0

	5
	10
	11
	0
	0

	6
	14
	12
	0
	0

	7
	10
	12
	0
	0

	8
	8
	1
	0
	0

	9
	10
	1
	1
	0

	10
	4
	1
	0
	0

	11
	2
	1
	0
	0

	12
	2
	1
	0
	0


(5 points) a)  Produce the first partition by first eliminating the unnecessary states.
(5 points) b) Give the second  and following reductions.
(5 points) c) Produce the minimal-state table.
_________________________________________________________________________

ANSWER
a)  States 11 and 12 are identical, therefore, we replace 12 by 11.
     Since 12 is equal to 11 then  5 is equal to 7, therefore, we replace 7 by 5

      Starting  state class:                  (1,2,3,4,5,6,8,9,10,11)

      First partition  (equal outputs):  (1,2,3,4,5,6,8,10,11) (9)
b)   Second and following reductions:   (1,3,5,8,11) (2,6,10) (4) (9)

                                                            (1,3,5,11) (2,6,10) (4) (8) (9)

                                                            (1,3,5,11) (2,6,10) (4) (8) (9) same as previous one.   

                Continue Question 11 on next page----(
Your Name_______________________________________________________
Question 11 :Optimization of Finite State Machines (15 points) (continues)
c) The final partition is   (1,3,5,11) (2,6,10) (4) (8) (9)

and the minimal-state table is  

	Present State: Q
	Next State: Q+
	Output: Z

	
	X = 0
	X = 1
	X = 0
	X = 1

	     (1,3,5,11) A
	B
	A
	0
	0

	        (2,6,10) B
	C
	A
	0
	0

	               (4)  C 
	D
	E
	0
	0

	            (8)  D
	D
	A
	0
	0

	           (9)  E
	B
	A
	1
	0


Your Name_______________________________________________________

Question 12 : Testing of Sequential Circuits (10 points) 

(5 points) a)  Draw a 5-bit LFSR.

(5 points) b) Assuming that the LFSR flipflops are initialized to the state 00001 write down the next 32 states. Is the LFSR maximal length?
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