Name __________________________________________________________________


ELEC 5200/ELEC 6200 Computer Architecture and Design

Final Exam, May 2, 2008




          
Total 25 points
Broun 306, 9:00AM—11:30AM
Instructions: Read all questions before writing your answers and attempt all six (6) questions. Be sure to revise your answers before turning them in. Thank you.
Problem 1:








5 points
A five-stage MIPS pipeline contains neither a forwarding unit nor a hazard resolution unit. Which part of the system should be responsible for correct execution of programs? Explain how. Show how a compiler would modify the following code so that it is correctly executed on this pipeline using fewest cycles:
 sw   $6, 0($7)                      # Mem($7) ← $6

 lw    $8, 0($7)                      # $8 ← Mem($7)

 add  $9, $8, $2                     # $9 ← $8 + $2

Problem 2:








5 points
Being the head honcho of an airline company, you are faced with comparing the performance of the trusted B777 and the latest and most expensive Airbus. You recall the computer performance evaluation methods you 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 as a reference and obtain its flight times for both American and Continental locations. Use the following data to obtain performance ratios for both planes relative to the executive jet and determine which has higher performance:

	Flight destinations
	Flight times in hours

	
	Executive jet
	B777
	Airbus

	New York (JFK) – Chicago (O’Hare)
	1.5
	2.0
	

	Atlanta (ATL) – San Francisco (SFO)
	5.0
	4.0
	

	Denver (DEN) – Tokyo (NRT)
	10.0
	9.0
	

	London (LHR) – Paris (CDG)
	1.0
	
	1.5

	Copenhagen (CPH) – Singapore (SIN)
	9.0
	
	8.0

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


Problem 3:








5 points

The following 32-bit word is a floating point number in the IEEE 754 format:




1  10000010  11100000000000000000000
What are the sign, significand and unbiased exponent of this number? Using the five-step floating point multiplication procedure calculate the square of this number. Express the result in IEEE 754 format. Then, find the decimal equivalents of the original number and its square to verify the correctness of your procedure.



Problem 4:








5 points
To meet the data access time requirement a one-level SRAM cache is found to have a 98% hit rate. However, high cost of SRAM forces us to use a smaller size for which hit rate is 90%. Thus, the access time of a one-level cache would be higher than the requirement. We add a level-2 DRAM cache to bring the access time to the required value.
(a) Show that the cycle time of the L2 cache DRAM must be below 20% that of the main memory.
(b) Show that the hit rate of L2 cache must not be less than 80%.

(c) If the cycle time of the L2 cache DRAM is 1/20 that of the main memory cycle time, then what should be the minimum hit rate of the L2 cache?
Problem 5: 








5 points
The locality principle says that a program tends to access data that is physically clustered in the memory. Physical localities are temporal and may shift over longer periods of time. Memory maps of actual computing systems show that data for a typical program may be distributed in several clusters of various sizes. Suppose, we characterize this behavior by two parameters, a representative cluster size C, and number N of clusters at any time. Then:
(a) For a one-level cache system, how will you use the above information to determine the cache size and its block structure?

(b) Which among the direct-mapped and the set-associative caches is likely to produce fewer misses and why?

(c) State the cache coherency problem and outline the write-back and write-through solutions. How is the miss penalty minimized in each case? How do instruction and data caches differ with respect to the coherency problem?
Problem 6 (Bonus Question): 





2 points

The following chart compares instruction set architectures (ISA). As we move from URISC to CISC, the number N of instructions in ISA increases. At the same time, the number I of instructions that an average program translates into reduces as ISA becomes richer. Let us assume that I = a/N, where a is some constant.
Suppose pipelining gives an average CPI of 1 for any ISA. However, the cycle time T grows with N due to the increasing hardware complexity. We model this as T = b + N2, where b is a constant that reduces as technology advances. See graph below.
For optimum performance, as the technology advances, will larger or smaller instruction sets be favored?
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