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McGill University
Department of Electrical and Computer  Engineering
Course: ECSE-323 Digital Systems Design


Winter 2008
Assignment #8
With Solutions

TOPIC: Finite State Machines I
From Brown’s text book 2nd Edition
Moore-type FSM/ Mealy-type FSM (Sections 8.1  to 8.3, pages 481 to 501)
Problem 1 

Problem 8.2
____________________________________________________________
ANSWER 
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Problem 2 
Problems  8.3 

_____________________________________________________________
ANSWER 
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Problem 3 

Problem  8.9 
_____________________________________________________________
ANSWER 
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Problem 4 

Problem  8.15 

_____________________________________________________________
ANSWER 
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Problem 5 

Design a MOORE-type FSM, M, that executes two different functions depending on the value of 
a select input  S.  M has two inputs S and X and one output  Z. When S = 0, Z = 1 if the number of 1’s received on input  X is  ODD otherwise  Z = 0, and when S=1, Z = 1 if the number of 1’s received on input  X  is EVEN otherwise  Z = 0.
a) Give the state transition diagram of  M

b) Draw the complete circuit using D-type flip-flops and fewest number of gates.
______________________________________________________________
ANSWER 

M can be viewed as composed of two mutually independent finite-state-machines, M1 and M2.

Initially M is in state  A, the starting state. When M is in  this state  and  S = 0, then  M enters

M1 and follows the x input for ODD number of 1’s received. If at any time, M1 receives S = 1,


then M1 returns to the starting state A. Similarly, when M is in  the starting state A  and  S = 1,

then  M enters M2 and follows the x input for EVEN number of 1’s received. If at any time, M2

receives S = 0,
then M1 returns to the starting state A.
a) The state-transition-diagram is shown below
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M will be composed of a multiplexer and two FSM circuits each one corresponding to M1 and M2.We shall use a multiplexer to select which machine should be entered  under the control input S and we shall design each machine M1 and M2, separately.
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state
	Next state
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	Output
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Since M1 is mutually exclusive with M2 we can assign the same code to the states of  both

machines. Thus we obtain the following state assigned tables

M1                                                                                    M2

	Present 

State: y
	Next state:Y+
x= 0  x=1
	Output

   Z

	0
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	   0
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	   1

	Present 

state
	Next state: Y+
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	Output
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	   1
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	   0


The next state and output  equations are
For M1:   Y+(M1) = D(M1) =  y ( x  ,      Z(M1) =   y .

For M2:   Y+(M2) = D(M2) =  y ( x  ,      Z(M2) = (y . 
M1 and M2 have the same next state equations. They differ only in the output Z.

Since the two machines, M1, M2, are mutually exclusive, it suffices to implement one of them
and select the proper output depending on the polarity of the control signal S.

We need now to implement a controlling FSM that will keep track of whether S changes from 

0 to 1  or from 1 to 0 and to return M1 and M2 to the starting state  A. The output of this FSM is

W. When W = 1 then Z from M1 or M2 is the correct output from M. When W = 0 the output Z 

is forced to be  0. 
The state-transition-diagram of this FSM is shown below
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which produces the equations   Y1+  = DY1 = S(y2
                                                   Y2+  = DY2 =(S(y1

                                                    W = y1 ( y 2 

The flip-flops are supposed to have clear inputs to implement the initial 

RESET into the starting state A.

The complete circuit of M is shown below
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Problem 6
Design a serial 2’s complementer.  The algorithm used in this complementer is the following
The bits of the number N are examined from right to left, copying the bits until the first 1 bit has been copied and then complementing the remaining bits.

                                                                                first  1  bit from right to left
Example:


Let  N be   
                0  0  1  1  1  0  0  1  1  1  0  0

    
                             bits complemented                                         bits copied
 it’s 2’s complement is               1  1  0  0  0  1  1  0  0  1  0  0

The data bits are supplied to the circuit sequentially on input  X  beginning with the least significant bit. The circuit output  Z  is the correct data bit.
a) Give the state-transition-diagram of the MEALY-type FSM producing the serial 2’s complementer.

b) Draw the circuit of the serial 2’s complementer using D-type flip-flops and NAND gates.
__________________________________
ANSWER 

a) The state-transition-diagram of the MEALY-type FSM producing the serial 2’s complementer is the following:
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The corresponding state-transition table and state-assigned table are

	Present state
	Next state

   x=0  x=1
	Output

    x=0  x=1

	S0
	S0     S1
	0      1

	S1
	S1     S1
	1      0

	Present state

          y
	Next state

   x=0  x=1
	Output  Z

    x=0  x=1

	0
	0     1
	0      1

	1
	1     1
	1      0


                                                                                                                     Y+
 Y+ = y + x ,  D = Q + x,  Z = Q ( x

b) The circuit of the serial 2’s complementer is the following
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********************END OF ASSIGNMENT #8 (with solutions)*********************
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