ELEC 5200/ELEC 6200 Computer Architecture and Design

Class Test II, November 17, 2008




Total 25 points
Broun 306, 11:00-11:50AM
Instructions: Please read all problems before writing your answers. Attempt all five (5) problems. Be sure to revise your answers before turning them in. Please number your answer sheets, and on the first page identify the test as shown above, write your name and the total number of pages, and staple them before submitting. Thank you.
Problem 1:
Times taken by various hardware functions in a MIPS processor are as follows:



Memory read or write

20ps



Register file read and write
10ps



ALU operation

15ps

Delay of all other hardware is neglected. For a single-cycle datapath:

a. What is the minimum clock cycle time for a single-cycle data-path?   (2 points)

b. What is the execution time per instruction for the single-cycle data-path?










    (2 points)

c. A reduced power hardware is designed for ALU which now has 20ps delay instead of 15ps of the original design. Explain whether you can use it to reduce the power consumption of the single-cycle processor without affecting its performance?







    (2 points)

Problem 2:









A multicycle MIPS datapath is implemented using the hardware blocks of Problem 1:
a. What is the minimum clock cycle time for the multi-cycle MIPS data-path?











    (2 points)

b. If we assume that all five types of instructions (lw, sw, R-type, branch, and jump) occur with equal frequency, then what will be the average execution time per instruction for the multi-cycle data-path?



    (2 points)

c. Explain whether you can use the low-power ALU of Problem 1c without affecting the performance of the multi-cycle data-path?

     
    (2 points)

Problem 3:

Consider a pipeline datapath using the hardware components of problem 1 (neglect the delay of pipeline registers):

a. What is the minimum clock cycle time for the pipeline data-path?
     (2 points)

b. Assuming that 10% cycles are stalls, what is the average execution time per instruction for a long instruction sequence where pipeline latency is negligible?


     






     (2 points)

c. Explain whether or not you can use the low-power ALU of problem 1c without affecting the performance of the pipeline.



     (2 points) 
Problem 4:

a. Does the five stage MIPS pipeline execution of the following sequences of instructions generate a hazard? If yes, can the hazard be handled without a pipeline stall? Illustrate the handling of hazard by a sketch of pipeline stages.









(7  points)
(a)

 add
$s0, $t0, $t1




 add
$t2, $s0, $t3


(b)

lw
$s0, 32($t1)




add
$t2, $s0, $t3

Problem 5 (Bonus Question): 





(1 point)
A pipeline datapath uses a single memory for instructions and data (there are no caches). To eliminate the structural hazard, a fast memory with two-phase operation is designed. This memory divides the clock period into two equal intervals. In each half period, it can either read or write separate data from/to two independent addresses. However, hardware constraints require that in the first half period the operation be restricted to a preselected read or write. The read or write operation for the second half period is dynamically selectable during usage. What choice (read or write) will you make for the first half period and why?
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