Name __________________________________________________________________


ELEC 5200/ELEC 6200 Computer Architecture and Design

Final Exam, December 9, 2006




          Total 25 points
Broun 306, 11:00AM—1:30PM
Instructions: Read all questions before writing your answers and attempt all five (5) questions. Be sure to revise your answers before turning them in. Thank you.
Problem 1:








5 points
a. Consider a processor connected directly to the main memory. Each memory access (either read or write) requires 100 cycles. Besides the instruction fetch, needed for every instruction, 30% instructions require an additional memory access. What is the average number of cycles an instruction uses for memory accesses?







(2 points)

b. To reduce structural hazards, we use separate one-level caches for instruction and data, with access times of 1 cycle each. The cache sizes and organizations are such that the hit rates for both instruction and data caches are 0.9. The miss penalty (time to refresh and access the cache) is 120 cycles for both caches. What is the average number of memory access cycles per instruction now? (2 points)
c. If we were to reduce the miss penalty of just one of the caches, which one should it be – the instruction cache or the data cache? Why?

(1 point)
Problem 2:








5 points
(a) Consider a two-level cache system in which all caches have the same hit rate h. The access time from the main memory is ten times that for the L2 cache. The access time from L2 cache is ten times that for the L1 cache. The access time from the L1 cache is one clock cycle. Show that the average time for a memory operation is 100 – 189h + 90h2.




(2 points)
(b) What is the average number of clock cycles the processor will require for a memory access when h = 0.9?




(1.5 points)
(c) What should be the hit rate h if an average memory access time of two cycles is desired?







(1.5 points)
Problem 3:








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)





 sub
$s0, $t0, $t1





 sub
$t2, $s0, $t3
(c) If the instruction stream in (b) generates a hazard, could it be handled without a pipeline stall? Illustrate the handling of hazard by a sketch of pipeline stages.











(3 points)

Problem 4:








5 points

Carry out the calculation steps for 4-bit binary division of positive numbers 1000/0011 (i.e., 8/3) using the non-restoring division algorithm.

Problem 5: 








5 points
a) When two signed 2’s complement integers are added, can the sign bit of the result be used to indicate overflow? If not, why?



(1 point)


b) State the overflow rule for 2’s complement arithmetic.

(1 point)
c) Which MIPS instruction determines the cycle time of a single-cycle datapath?











(1 point)
d) What datapath operations are performed during the execution of the instruction you identified in part c?





(1 point)
e) List the control states of single-cycle and multicycle MIPS processors.











(1 point)
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