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Problem 1 [6 points]
Given F = (A,B,C,D,E(0, 1, 4, 6, 8, 9, 11, 12, 14, 15, 18, 19, 21, 23, 29)

A. Fill in the corresponding Karnaugh map



A = 0
A = 1

B. Indicate the Essential Prime Implicants


___________________________________________________________

C. Indicate all other Prime Implicants


____________________________________________________________

Problem 2 [6 points]
We would like to build a JK Flip-Flop using a T Flip-Flop with enable and combinational logic. Write down the expression of E and complete the following diagram to achieve this purpose. 

E = _______________________________


Problem 3 [9 points]
It is required to design a combinational network that converts from the (2421) code to the BCD code as given in the truth table below. Unused code words should be considered as don’t cares to simplify your design. 

	Digit
	A
	B
	C
	D
	X
	Y
	Z

	0
	0
	0
	0
	0
	0
	0
	0

	1
	0
	0
	0
	1
	0
	0
	1

	2
	0
	0
	1
	0
	0
	1
	0

	3
	0
	0
	1
	1
	0
	1
	1

	4
	0
	1
	0
	0
	1
	0
	0

	5
	1
	0
	1
	1
	1
	0
	1

	6
	1
	1
	0
	0
	1
	1
	0

	7
	1
	1
	0
	1
	1
	1
	1


A. Plot the outputs of the network on the following Karnaugh maps. 
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B. The expressions for X, Y and Z are:


X = _________________________________________


Y = _________________________________________


Z = _________________________________________

Problem 4 [10 points]
1. We would like to analyze the following clocked synchronous state machine.
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8.9 ANALYSIS OF SYNCHRONOUS SEQUENTIAL CIRCUITS

Next State

Present Outout
state w=0 w=1 utpu
y2y1 YY, VoY, Z
00 00 01 0
01 00 10 0
10 00 11 0
11 3 00 i1 1

(a) State-assigned table

Present Next state Output
state w=0 w= Z
A A B 0
B A C 0
C A D 0
D A D 1

(b) State table

Figure 8.81  Tables for the circuit in Figure 8.80.

Figure 8.82
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Circuit for Example 8.9.
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A. Write the next state equations for y1 and y2.


y1* = ____________________________________


y2* = ____________________________________

B. Draw the transition/output table.
	
	w
	

	y2 y1
	0
	1
	Z

	0 0
	
	
	

	0 1
	
	
	

	1 1
	
	
	

	1 0
	
	
	

	
	y2* y1*
	


C. Draw the state diagram

Problem 5 [20 points]

Design a sequential circuit with 2 JK flip-flops A and B and 3 inputs E, F and G. If E=0 or F=0, the circuit remains in the same state regardless of G. When E=1, F=1 and G=0, the circuit goes through the transitions from 00 to 11, to 10, 01, back to 00, and repeats. When E=1, F=1 and G=0 the circuit goes through the transitions from 00 to 10, to 01, back to 00, and repeats.

Fill the transition and excitation tables below when G=0 and then when G=1.

G=0
	
	EF

	AB
	00
	01
	11
	10

	0 0
	
	
	
	

	0 1
	
	
	
	

	1 1
	
	
	
	

	1 0
	
	
	
	

	
	A*B*

	
	EF

	AB
	00
	01
	11
	10

	0 0
	
	
	
	

	0 1
	
	
	
	

	1 1
	
	
	
	

	1 0
	
	
	
	

	
	JA*KA*JB*KB*


G=1
	
	EF

	AB
	00
	01
	11
	10

	0 0
	
	
	
	

	0 1
	
	
	
	

	1 1
	
	
	
	

	1 0
	
	
	
	

	
	A*B*

	
	EF

	AB
	00
	01
	11
	10

	0 0
	
	
	
	

	0 1
	
	
	
	

	1 1
	
	
	
	

	1 0
	
	
	
	

	
	JA*KA*JB*KB*


Fill the Karnaugh maps below corresponding to JA, and KA and find their expressions.


JA = _______________________________              KA = ________________________________
Problem 6 [7 points]

A memory is usually specified by the number of words times the number of bits per word. If we have a memory of 256Kx16, how many address lines does the memory have: __________, how many data lines does it have: ______________, and how many bits in total does it have (as a power of 2): ____________
A 128K x 32 RAM chip is designed in such a way that its cell array is square, i.e., it contains an equal number of bits per row and column. A row decoder is used to select a row, and a column decoder is used to select the appropriate word within a column. What is the number of address bits needed to acces a row: ______________ and what is the number of address bits needed to access 32 bits within a column: ________________
Problem 7 [6 points]
A 4-to-16 Decoder has 4 inputs A, B, C, D, and 16 outputs Y0, …, Y15. Design this decoder using 2-to-4 Decoders with Enable.

Problem 8 [6 points]

Design an 8-input multiplexer with data inputs D7, D6, …, D0 and control inputs S2, S1, and S0, using only 2-input multiplexers.
Problem 9 [6 points]
We would like to implement the function given below using a 4-to-1 multiplexer as shown below. Indicate what should be connected to the inputs of the Multiplexer.

	A
	B
	C
	F

	0
	0
	0
	1

	0
	0
	1
	0

	0
	1
	0
	1

	0
	1
	1
	0

	1
	0
	0
	1

	1
	0
	1
	1

	1
	1
	0
	0

	1
	1
	1
	0



                                                                                                             B           C

Problem 10 [8 points]

For the following circuit, complete the corresponding timing diagram shown below. Assume all flip-flops are initialized to zero.
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Problem 11 [10 points]
Using T flip-flops with Enable, design a counter that counts as follows: 0, 2, 4, 6, 8, 1, 3, 5, 9, 0, etc. In case of an illegal state like 10, 11, 12, 13, 14, and 15 we should use minimum risk and move the counter to the initial state of 0.
A. Fill the next state table and excitation tables.

	A
	B
	C
	D
	A*
	B*
	C*
	D*
	E1
	E2
	E3
	E4

	0
	0
	0
	0
	
	
	
	
	
	
	
	

	0
	0
	0
	1
	
	
	
	
	
	
	
	

	0
	0
	1
	0
	
	
	
	
	
	
	
	

	0
	0
	1
	1
	
	
	
	
	
	
	
	

	0
	1
	0
	0
	
	
	
	
	
	
	
	

	0
	1
	0
	1
	
	
	
	
	
	
	
	

	0
	1
	1
	0
	
	
	
	
	
	
	
	

	0
	1
	1
	1
	
	
	
	
	
	
	
	

	1
	0
	0
	0
	
	
	
	
	
	
	
	

	1
	0
	0
	1
	
	
	
	
	
	
	
	


B. Derive the excitation equations for E1, and E4.


                               E1                                                                E4

E1 = _____________________________


E4 = _____________________________

Problem 12 [6 points]
Using a Moore machine, design a sequence detector that would output a Z=1 only after detecting on its single input X, a sequence of 0011 or a sequence of 1100 and it stops at the final state, in other words, don’t check for X after the final state.
A. Draw the state diagram in the space below.

Problem 13 ( 12 points)

Write a VHDL code to implement a Moore sequence detector that detects on a single input, X, two consecutive ones (11).
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