
ELEC 5200/ELEC 6200 Computer Architecture and Design

Final Exam, May 6, 2009




          
Total 25 points
Broun 306, 12:00PM—2:30PM
Instructions: Read all questions before writing your answers and attempt all seven (7) questions. Be sure to revise your answers before turning them in. One point is reserved for neatness. Thank you.
Problem 1: 








4 points
Clock cycle time of a pipelined MIPS processor is 1ns. Cycle time of the main memory is 50ns. A one-level cache is designed using SRAM whose cycle time is 1ns. What should be the hit rate of this cache such that the average miss penalty does not exceed one cycle?
Problem 2:








4 points

Suppose the processor of Problem 1 uses a slower main memory whose access time is 200ns. To maintain the average miss penalty of 1 cycle a two level cache is designed. The SRAM L1 cache has a cycle time of 1ns and the DRAM L2 cache has a cycle time of 10ns. Show that the miss rate m1 of the L1 cache must be bounded as 1/210 < m1 < 1/10.
If the two caches have identical miss rates, m1 = m2 = m, find m.

Problem 3: 








4 points

(a) State the locality principle.

(b) How does the size of data locality influence the design of a cache?

(c) How will you consider the temporal nature of data locality in developing a data swapping strategy for a cache?

(d) What is cache coherency problem? Outline two strategies to maintain consistency (or coherence) of data in a cache system.

Problem 4: 








4 points

(a) Your backpack accommodates no more than five text books, which satisfy 95% of the needs of the courses you are taking this semester. Indeed, a book can be retrieved from the backpack in negligible time. However, there is a 5% chance during a typical day that you will need one of the 50 prescribed reference books that are available only in the university library. The average time of getting a book from the library is 48 hours, because sometimes they have to be called back before they can be issued to you. What is the average time per day you spend in locating books?
(b) You approach the faculty advisor with a plan to reduce the average time of book-finding below 60 minutes. The plan is to place a book shelf in the study room and request the library for a loan of reference books. Find the smallest number of books needed in the study room shelf because the library would not loan many books together. Assume that it takes 10 minutes to walk over to the steady room and pick up the book from the shelf.

(c) Assuming that your plan has been implemented, devise a strategy for replacing a book when the needed book is not on the study room shelf.

Problem 5








4 points

(a) State Amdahl’s law.

(b) A processor chip is used for applications in which 30% of execution time is spent on floating point additions, 20% on floating point multiplications, and 15% on floating point divisions. To create a higher performance model of the processor, a design team examines three possible enhancements, each costing about the same in design effort and manufacturing. Considering the cost increase, if we can include only two of the enhancements, then which one should we discard?

i.
 Redesign the floating point adder to make it four times as fast.

ii.
 Redesign the floating point multiplier to make it three times as fast.

iii.
 Redesign the floating point divider to make it twenty times as fast.

Problem 6:








4 points
(a) As a top executive of an airline company, you must assess the performances of the energy-efficient B777 and a popular Airbus model before you can negotiate price. You recall the computer performance evaluation methods learnt in the architecture course. However, unlike standard computer benchmark programs the available flight data for the two planes are for different locations. You decide to use your executive jet (ok for an airline executive though not ok for automobile executives) as a reference and obtain its flight times for both American and non-US routes. From the following data obtain performance ratios for both planes relative to the executive jet. Which is faster? 

	Flight destinations
	Flight times in hours

	
	Executive jet
	B777
	Airbus

	New York (JFK) – Chicago (ORD)
	1.8
	2.0
	

	Atlanta (ATL) – San Jose (SJC)
	4.5
	4.5
	

	Denver (DEN) – Tokyo (NRT)
	11.0
	9.0
	

	London (LHR)  –  Paris (CDG)
	1.2
	
	1.5

	Copenhagen (CPH) – Singapore (SIN)
	11.0
	
	8.0

	Milano (MXP) – México City (MEX)
	13.0
	
	10.0


(b) For comparing the energy efficiency, what data will you request from the jet manufacturers?
Problem 7 (Bonus Question): 





2 points

Suggest a logarithmic measure for assessing the performance of computers. Explain how run-times of several programs for a computer being evaluated and a reference computer will be combined to derive a relative performance rating.[image: image1.png]
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