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ELEC 5200/ELEC 6200 Computer Architecture and Design
Fall 2007
Final Exam, December 11, 2007




          Total 25 points
Broun 306, 9:00—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
The overflow in the sum S of two n-bit 2’s complement integers X and Y is detected when the most significant bits (MSB), Xn-1 and Yn-1, have the same value, which differs from the MSB Sn-1 of sum. Prove that the overflow in a ripple-carry adder will be correctly detected whenever the carry output cn of the most significant bit full adder block differs from cn – 1, the carry input of that block.

Problem 2








5 points

Using 5-bit 2’s complement addition, perform non-restoring integer division for – 7 / 2.

Problem 3:








5 Points
(a) For any pair of integers, X and Y, determine whether or not the two algorithms are equivalent.
[image: image1]
(b) If you find that the two algorithms are equivalent, then which is more efficient?
Problem 4:








5 points 
(a) A one-level cache system is designed to speed up memory accesses of a processor. Suppose the data access from cache takes 1 clock cycle. The time to transfer data from the main memory to cache requires n cycles. How many clock cycles on an average will the processor take for accessing memory data?
(b) Suppose the CPI of a processor pipeline is 1 if there were no stalls. The access time for cache is 1 cycle and that for the main memory to cache is 10 cycles. What should be the hit rate of the cache if we want the average data access time not to exceed 1.5 cycles?
(c) Can we reduce the average data access time below 1.5 cycles obtained in (b) by making the cache faster with access time below 1 cycle and increase the processor throughput? If not, what are the possible ways to speed up the throughput? Give at least three ways.
Problem 5:








5 points
(a) State the locality principle. How do physical and temporal localities affect the design and operation of a cache?

(b) While storing a large file in the memory, if sufficient contiguous space cannot be found then the file is divided into parts that are stored in physically separate areas of the memory. How will a defragmentation procedure, that reorganizes the memory so that each file occupies physically contiguous space, affect the throughput of a computer?
(c) What is cache coherency problem? Outline two strategies to maintain consistency (or coherence) of data in a cache system. Should we deal with coherency differently for the instruction and data caches?
Problem 6 (Bonus Question): 





2 points

Your design team is considering a power-saving mode in which the clock of a five-stage pipeline is slowed down to half the rate when one of the designers presents a new idea. The idea is not to slow the clock down but let the compiler insert a bubble after every instruction. Power saving hardware will be designed to activate power saving mode (power down, clock gating, sleep mode, etc.) for any pipeline stage when it processes a bubble. An added advantage, the young designer points out, is that these bubbles can be used to resolve hazards without inserting extra bubbles; it is reasonable to assume that a well designed pipeline can resolve most hazards by inserting a single bubble.
Furthermore, she continues, the compiler does not have to insert the bubble. We can redesign the fetch hardware to directly insert bubbles and save even more power by not fetching from the memory. In fact, the fetch stage may increase the number of bubbles that follow each instruction depending upon the power saving and performance requirements.

As a member of the team give a “yes” or “no” vote on whether or not this idea should be pursued. Your vote should include few sentences of justification.[image: image2.png]
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