Homework 3
(Sample problems from previous year’s final)

Due Date: Dec. 10

1. Answer TRUE or FALSE to the following statements. 

(1) The Espresso method is in general faster than the Quine-McClusky method but it can never generate a better design.

TRUE



(2) Compared to two-level logic implementation with CMOS AND and OR gates, the implementation of the same Boolean function using a CMOS AOI (AND-OR-INVERT) gate requires less transistors but larger delay.

FALSE


(3) Any Boolean function (1-bit output) of n variables can be implemented with one 2n(1-bit (n-bit address) memory.

TRUE


(4) Metastability problem can be avoided by designing synchronizers carefully.

FALSE


(5) For any Moore machine, we can always construct a Mealy machine of the same functionality.

TRUE


(6) Compared to other state encoding method, one-hot encoding requires more flip-flops but always generates simplest combinational logic.

FALSE


2. Suppose we are implementing two Boolean functions x=abc+cde+fg+hi and y=af+cde.

(1) Implement them using only AND and OR gates with any number of inputs. Use minimum number of gates. Multi-level logic implementation is allowed. 

z=cde
x=abc+x+fg+hi
y=af+x

5 AND gates and 2 OR gates

Schematic omitted.


(2) Implement them using only 25(1-bit (5-bit address) memory components. Use minimum number of memory components. 

z=abc+cde
x=x+fg+hi
y=af+cde

3 memory components

Schematic omitted.



3. We have a PAL implementation of a Mealy machine as shown below. It has one input (I) and one output (Z). Redesign it as a Moore machine and implement it with PAL.         [image: image1.wmf]00
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4. We are implementing an FSM given by the following state table: 
	
	present input x

	
	0
	1

	present

state
	A
	E,0
	G,1

	
	B
	C,1
	D,0

	
	C
	A,1
	C,1

	
	D
	B,1
	D,0

	
	E
	F,1
	C,1

	
	F
	C,0
	G,1

	
	G
	G,1
	F,0


	
	present input x

	
	0
	1

	present

state
	A
	C,0
	G,1

	
	B
	C,1
	D,0

	
	C
	A,1
	C,1

	
	D
	B,1
	D,0

	
	G
	G,1
	A,0


(1) Minimize the number of states.

Build an implication chart:

B
C
D          BC
E                 AF
F    EC
G         GC,DF       BG,DF
      A     B     C     D     E     F 

A and C are equivalent with F and E, respectively. 
New state table is:






























(2) Perform state encoding using the heuristic method that we learned in the class and implement the FSM with D flip-flops and discrete gates.


x=1 makes transition from B and D to D --> (B,D) also has highest priority
x=0 makes transition from A and B to C --> (A,B) has highest priority
(C,G), (C,D), (A,C), (B,D), (A,G) have next priority
(B,C,D,G), (A,C), (B,D,G) have next priority
So try (B,D) and (A,B) first and then (C,G), (C,D), (A,C), and (AG)
The encoding can be different but (B,D), (C,G), (C,D), and (A,C) must be adjacent


	s2
	s1
	s0
	x
	s2+
	s1+
	s0+
	out

	0
	0
	0
	0
	x
	x
	x
	x

	
	
	
	1
	x
	x
	x
	x

	
	
	1
	0
	x
	x
	x
	x

	
	
	
	1
	x
	x
	x
	x

	
	1
	0
	0
	0
	1
	1
	1

	
	
	
	1
	0
	1
	0
	0

	
	
	1
	0
	1
	1
	0
	1

	
	
	
	1
	0
	1
	0
	0

	1
	0
	0
	0
	1
	0
	0
	1

	
	
	
	1
	1
	1
	1
	0

	
	
	1
	0
	x
	x
	x
	x

	
	
	
	1
	x
	x
	x
	x

	
	1
	0
	0
	1
	1
	1
	1

	
	
	
	1
	1
	1
	0
	1

	
	
	1
	0
	1
	1
	0
	0

	
	
	
	1
	1
	0
	0
	1


(3) 
	
	
	
	
	

	
	
	D
	C
	G

	
	
	B
	A
	


	s2,s1

s0,x   
	
	
	
	

	
	x
	0
	1
	1

	
	x
	0
	1
	1

	
	x
	0
	1
	x

	
	x
	1
	1
	x



	s2,s1

s0,x   
	
	
	
	

	
	x
	1
	1
	0

	
	x
	1
	1
	1

	
	x
	1
	0
	x

	
	x
	1
	1
	x

	s2,s1

s0,x   
	
	
	
	

	
	x
	1
	1
	0

	
	x
	0
	0
	1

	
	x
	0
	0
	x

	
	x
	0
	0
	x

	s2,s1

s0,x   
	
	
	
	

	
	x
	1
	1
	1

	
	x
	0
	1
	0

	
	x
	0
	1
	x

	
	x
	1
	0
	x












Schematic omitted.





5. We are designing an 1M(4-bit (10-bit address, 4-bit data) DRAM with access time of 10ns and memory cycle time of 50ns (each refresh cycle also takes 50ns). The number of rows in the storage matrix should be the same as the number of columns. We should be able to access the DRAM at least 99 times between two adjacent refresh cycles. How long should each memory cell retain the data without refreshing it?



The interval between two refresh cycles is at least (99+1)x50ns=5000ns. Since we have 2048x2048 (4M) matrix, we can refresh a row every 5000nsx2048=10.24ms.
So each memory cell should stand at least for 10.24ms.
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s2+=s0x'+s2





A:111�B:011�C:110�D:010�G:100





Qb





Qa














Qb





Qa





� EMBED PowerPoint.Slide.8  ���





clr





clr





Reset





I





Z





Clk





    D


      Qb





    D


      Qa





� EMBED PowerPoint.Slide.8  ���











clr








clr








Reset





I





Z








Clk





D





D
































out=s0'x'+s2'x'+s2s1x





s0+=s1s0'x'+s1'x
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