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1. (3x0.5=1.5 points) Multiple choice:

(1). The expression NOT 

 is equivalent to :

(a)



(b)
(W + X) . (W + Z)

(c)



                                       (d)



(2). The solution to a digital design is specified by the following Karnaugh Map:

	
	
	CD

	
	
	00
	01
	11
	10

	AB
	00
	0
	0
	0
	0

	
	01
	1
	1
	1
	1

	
	11
	0
	1
	1
	0

	
	10
	0
	1
	1
	0


The implementation of this Karnaugh Map will be which one of the following boolean equations?

(a)


                   (b)



(c)


                   (d)



(3). . Which of the following boolean equations describes the output of a 4-to-1 multiplexor with two control lines.  Inputs are I0, I1, I2 and I3, Controls are S0 and S1.  Output is called Out

(a)



(b)



(c)



      (d)



2.  (1+1 = 2 points)

[image: image2.png]Consider a MIPS machine with the following cache attributes:

o GIKB ol size
4 word blocksize
« Directmapped

Draw and label the address fields that wil be used to index the cache. Be sure to number the bits where cach field
begins and ends.

Now assume that the cache above is changed to be 4-way set associativ (all ther parameters are unchanged).
Draw and label the address ields that wil be used to index this new cache.





Answer:

[image: image3.png]Since we are given a MIPS machine, we know we are dealing with 32-bit byte addresses. Thus the lower 2 bits will
be a byte offset regardiess of the cache atirbutes. The cache also has 4-word wide blocks, 5o the next logo(4) = 2
bits are used as a word offset within each block. Since the cache is direct-mapped, we know that every address
maps to only one block. Therefore every block has a separate “address”. Since there are 16K words in the cache
(64KB/4), and each block has 4 words, there must be 4K blocks in the cache. Thus the block index in the cache.
will be logi(4K) = 12 bits wide. The 16 remaining bits are the tag (which well lean isn’t used within a direct-
mapped cache).
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Tag Block Index Word Offset | Bvte Offset

When the cache is changed 1o be 4-way set associative,there are now 4 possible blocks in which data of a given
address can reside. Thus the mumber of sts which can be indexed i the cache is now 4K /4 = 1K, which accounts
for only 10 bits instead of 12.”All address felds will be the same, except the block indesx is now 10 bits, and the tag
arows o 18 bis.
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3. (1+1=2 points)
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4. (2 points) Consider a computer with a fast memory cache. The cache has an access time of 10 ns, and has a size of 64Kb. Main memory has an access time of 90ns, and contains 96Mb. The cache has a hit ratio of 80%. What is the effective access time of main memory?

Answer: If the cache is accessed in parallel with main memory, we have: 
    EAT = (.8)*10 + (1-.8)*90 = 8 + 18 = 26 ns. 

If the cache is first checked, then if the data does not exist in the cache it is retrieved from main memory,  (sequential access): 
    EAT = (.8)*10 + (1-.8)*(10 + 90) = 8 + 20 = 28 ns. 

Since the question did not specify an access discipline, both answers are acceptable.

5. The FSM of the following figure  is implemented with a PAL. (2.5 pts) 
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a. Find the Boolean expression for JA, KA, DB and Z (0.6 pts) 

b. Find the Boolean expression for the next states QA+ and QB+. (0.6pts) 

c. Derive the transition table. (0.7 pts) 

d. Draw the state diagram. (0.6 points)

Answer: 
	a.
	JA = X'QBQA + QBQA'

	
	KA = X' + QB

	
	DB = QB'QA + QB = QA + QB

	
	Z = X'QBQA

	b.
	QB+ = DB = QA + QB

	
	For J-K Flip Flop, we have: QA+ = JAQA' + KA'QA

	
	Hence, QA+ = (X'QBQA + QBQA')QA' + (X'+QB)'QA

	
	= 0 + QBQA' + (X.QB")QA = QBQA' + XQB'QA

	c.
	Transition Table:


	

	QB
	QA
	X
	QB+
	QA+
	Z

	0
	0
	0
	0
	0
	0

	0
	0
	1
	0
	0
	0

	0
	1
	0
	1
	0
	0

	0
	1
	1
	1
	1
	0

	1
	0
	0
	1
	1
	0

	1
	0
	1
	1
	1
	0

	1
	1
	0
	1
	0
	1

	1
	1
	1
	1
	0
	0


   d. State Diagram 
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