
ELEC 5200/ELEC 6200 Computer Architecture and Design

Final Exam, May 6, 2010




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. Thank you.
Problem 1: 








4 points
(a) Following code is being executed on a five-stage MIPS pipeline:




add
r1, r2, r3




sub
r4, r1, r5




and
r6, r1, r7



or
r8, r1, r9




xor
r10, r1, r11

How many bypasses will be required during the execution of this code?










(2 points)

(b) Suppose the register file is redesigned such that read and write operations are done in different halves of a clock cycle. Thus, registers can be read in the first half of the clock period and any register can be written in the second half, or vice-versa. Which order will you choose to reduce bypasses? With your choice how many bypasses will be required while executing the code in (a)?
(2 points)
Problem 2: 








4 points
How will you expand the pseudoinstruction,



abs
$r1, $r2

# put |$r2| in $r1
using the minimum number of MIPS instructions? Which program does the expansion?

Problem 3: 








4 points
(a) State the locality principle.






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




(2 points)

Problem 4: 








5 points

(a) A processor has a clock cycle time of 1ns. The data access time of a level 1 (L1) SRAM cache is also 1ns. Data access time of level 2 (L2) DRAM cache is 10ns and that of the main memory is 100ns. Show that the hit rate of L1 cache must be above 0.9 if the average data access time for the processor is not to exceed 2 clock cycles.







(3  points)
(b) Find the minimum hit rate for the L2 cache if the hit rate of L1 is 0.95.

(2 points)
Problem 5: 








4 points

(a) As a top executive of a large company, you must assess the performances of a recent model of Apple laptop and an energy-efficient Orange computer before you can negotiate the price. These are yet to be released models and the normal benchmark data is not available. The programs used by the two companies are proprietary and hence not available to others. You decide to use your Dell laptop as a reference and ask manufacturers of Apples and Oranges to provide the runtime data of their program for your Dell model. From the following data obtain performance ratios for both computers relative to the Dell laptop. Which is faster and how many times? 






(3 points)
	Programs
	Run times in seconds

	
	Dell
	Apple
	Orange

	Code 1
	1.8
	1.0
	

	Code 2
	5.0
	2.5
	

	Code 3
	11.0
	9.0
	

	Code A
	1.2
	
	1.5

	Code B
	11.0
	
	8.0

	Code C
	13.0
	
	10.0


(b) For comparing the energy efficiency, what data will you request from the manufacturers?






(1 point)
Problem 6








4 points

a. State Amdahl’s law.






(1 point)
b. It is found that in a typical execution of the Spice circuit simulation program 75% of all instructions do floating point operations. If we add graphics processor units (GPU) to speed up the system, what is the upper bound on the achievable speed up?








(1.5 points)
c. A computing organization is considering replacing their single processor system with a multicore system in which each core has about the same performance as the present system. The run time of a typical program on a single processor is found to be within T±t, where T is the average and 0 < t < T. The programs are run in random order as they come. Suppose we acquire an n-core system on which a batch of n programs can be run in parallel, one program per core. After all one batch is completed, another batch of n programs is run in a similar fashion. Show that the run time speed up of this system is given by,
n/2 < Speed up < n

(1.5 points)
Problem 7 (bonus)







(2 points)
Consider a library of books as a cache system with practically infinite levels of hierarchy. Smaller libraries can borrow books from larger libraries, which can buy them from stores. Similarly, smaller stores can buy books from larger stores. Assume that the time to borrow a book from the nearest library is one unit and the probability of finding a book there is h. Given that a larger library or store serves the demands of more users and at the same time have a bigger stock, we assume that that the probability of finding a book in the local stock is h for all libraries and stores. We also assume that these libraries and stores process media electronically and the access time between any consecutive levels remains one unit. What will be the average access time for retrieving a book from the nearest library?[image: image1.png]
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