
ELEC 5200/ELEC 6200 Computer Architecture and Design

Final Exam, December 11, 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. Thank you.
Problem 1: 








4 points
To meet the data access time requirement a one-level SRAM cache system is to have a 98% hit rate. However, to match the high clock rate of the processor, we are forced to use a smaller size SRAM for which hit rate is 90%. 
(a) If the main memory is 50 times slower than the SRAM cache hardware, show that the average data access time will be three times longer than the requirement.

(2 points)

(b) We add a level-2 DRAM cache to bring the access time to the required value. The cycle time of this DRAM is five times slower than the L1 SRAM. Determine the minimum hit rate for the L2 cache.




(2 points)
Problem 2:








4 points
Consider a move instruction with two argument registers, $src and $dst, that transfers data from $src to $dst. It is a pseudoinstruction for MIPS hardware.

(a) Implement move using the MIPS ISA. How many cycles will it take on a multicycle MIPS datapath?





(1 point)
(b) What changes will you make to the hardware so that move can be implemented as a three-cycle MIPS hardware instruction?



(1.5 points)
(c) Describe execution cycles and control signals for your implementation.

(1.5 points)
Problem 3: 








4 points

(a) State the locality principle.





(1 point)
(b) Suppose the cache system in a computer is implemented with a selectable block size, which can be set as “large” or “small” before a program is run but cannot be changed during the run. If the system software can classify the data used by a program as “fragmented” or “clustered”, how should it select the block size?
(1 points)
(c) What is cache coherency problem? Outline two strategies to maintain consistency (or coherence) of data in a cache system.




(2 points)
Problem 4: 








4 points

Manufactures of two soon to be available models, A and B, have provided the run times for two programs. The computers are not yet available but we need to make a purchasing decision based on performance. We run the two programs on an in-house machine. The run times are as follows:

	Computing system
	Run time (seconds)

	
	Program 1
	Program 2

	Model A
	1.5
	4.0

	Model B
	3.0
	3.0

	Reference computer
	1200.0
	4800.0


Should we order Model A or Model B? Calculate a single performance rating number for each model to support your decision.
Problem 5








4 points
a. State Amdahl’s law.






(1 point)
b. It is found that in a typical execution of the Spice circuit simulation program 80% of all instructions do floating point operations. If we add the fastest available floating point co-processor to the system, what is the upper bound on the achievable speed up?






(1.5 points)
c. Consider a one-level cache system that tries to speed up the main memory access time Tm to the cache access time T1. Assume that the memory hardware speed up ratio Tm/T1 = n. Show that for speed up to be greater than 1, n > 1/h, where h is the hit ratio. Also, show that the enhanced fraction converges to h as n → ∞. 
(1.5 points)

Problem 6:








5 points
(a) List the types of hazards in a pipeline datapath.


(1 point)

(b) Does the five stage MIPS pipeline execution of the following sequence of instructions generate a hazard? If yes, what type of hazard is it?

(1 point)





 add
$s0, $t0, $t1





 sub
$t2, $s0, $t3

(c) If the instruction stream in (b) generates a hazard, could it be handled by hardware without a pipeline stall? Illustrate the handling of hazard by a sketch of pipeline stages.








(3 points)

Problem 7 (Bonus Question): 





2 points

Briefly answer the following questions:
a. Can register file be regarded as level-0 cache?
b. Irrespective of your answer to part a, let us consider the register file a cache memory. For a MIPS datapath, how can we assess the hit rate of the register file?
c. Suggest any improvements in the instruction set architecture to improve the hit rate of the register file.[image: image1.png]
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