ELEC 5200/ELEC 6200 Computer Architecture and Design

Class Test 2, November 20, 2009




Total 25 points
Broun 306, 11:00-11:50AM
Instructions: Please read all problems before writing your answers. Attempt all six (6) problems. Be sure to revise your answers before turning them in. Please number your answer sheets, and on the first page identify the test as shown above, write your name and the total number of pages, and staple them before submitting. Thank you.
Problem 1:








(5 points)
Fill in the blanks in the following table showing data for three implementations for a MIPS computer constructed from the same set of hardware blocks. State any assumptions you make.
	Type of datapath
	Critical path delay
	Clock cycle time
	Cycles per instruction (CPI)

	
	
	
	Maximum
	Minimum

	Single-cycle
	480 ps
	500 ps
	
	

	Multi-cycle (5-cycle)
	100 ps
	120 ps
	
	

	Five-stage pipeline
	
	
	
	


Problem 2:








(5 points)

a. Write expressions for average access times of one-level and two-level cache systems. You do not have to derive these.

b. Derive a formula for the average access time of a three-level cache system.
c. Cycle times for memories used in a three-level cache system are, T1 = 1, T2 = 10, T3 = 100 and Tm = 1000 cycles. The hit rates are h1 = 0.98, h2 = 0.90 and h3 = 0.8. What is the average access time of the cache system?
Problem 3:








(5 points)
a. The main memory of a computer contains 230 words, each consisting of 32 bits of data. A byte addressing is used. For a one-level direct-mapped cache find the the number of tag bits needed when,

w = number of 32-bit data words that cache accommodates

b = block size in number of words

b. Show that the ratio of physical data bits in cache to actual data bits is given by






31 – log2 (w)






1   +     -------------------







         32b

Problem 4:








(5 points)

a. It is found that as the cache size is increased, its hit rate h improves. But the access time T1 of the cache hardware also increases and can be expressed as hnTm where n is a parameter of the technology and Tm is the access time of the main memory. Determine the optimum value of h that will minimize the average data access time for a one-level cache system. Show that for n = 100 the minimum data access time for this cache is about 1/18 that of Tm.
b. For a two-level cache, the data access times for L1 and L2 caches and main memory are 1, 8 and 84 clock cycles, respectively. Both L1 and L2 caches have the same hit ratio h. What should h be so that the average data access time of the cache system is 2 cycles?
Problem 5:








(5 points)

a. State the locality principle.

b. How does it influence the design and operation of a cache?
c. Suggest a scheme combining the write-through and write-back strategies to maintain cache coherency.
Problem 6 (Bonus Question): 





(1 point)

A processor has to deal with a variety of programs, some with heavily clustered data localities in the memory and others with highly fragmented data. Assuming that the cache size is fixed, suggest a miss-guided dynamic scheme for the cache that will attempt to keep the hit rate high.
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