ELEC 5200/ELEC 6200 Computer Architecture and Design

Class Test 2, March 31, 2010




Total 25 points
Broun 306, 11:00-11:50AM
Instructions: Please read all problems before writing your answers. Attempt all six (6) 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:








(5 points)
Times taken by various hardware functions in a MIPS pipeline processor are as follows:



Memory read or write

200ps



Register file read and write
100ps



ALU operation

150ps



Pipeline register

negligible

a. What is the maximum clock frequency?



(2 points)

b. Assuming that 5% cycles are stalls to resolve hazards, what is the average execution time per instruction for a long instruction sequence where pipeline latency is negligible?






(1.5 points)

c. Reduced power hardware is designed for register file and ALU which now have 200ps and 250ps delays, respectively, instead of 100ps and 150ps, respectively, for the original designs. Explain whether you can use these units to reduce the power consumption of the processor without affecting its performance?
(1.5 points) 

Problem 2:








(5 points)

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.









(a)

 add
$s0, $t0, $t1




(1.5 points)



 add
$t2, $s0, $t3


(b)

sw
$s0, 32($t1)




(1.5 points)



add
$t2, $s0, $t3


(c)

lw
$s0, 32($t1)




(2 points)



add
$t2, $s0, $t3

Problem 3:








(5 points)
What are the lower and upper bounds on throughputs for the following datapaths in MIPS (million instructions per second) for very long streams of instructions such that latency can be neglected:

(a) Single-cycle datapath with clock rate of 1GHz.


(1 point)

(b) Five-cycle multi-cycle datapath with clock rate of 4GHz.
.
(2 points)

(c) Pipelined datapath with five stages and a clock rate of 4GHz.
(2 points)


Problem 4: 








(5 points)
The following MIPS instruction sequence is executed on a 5-cycle pipeline datapath, which is implemented with hazard detection and forwarding units.





lw
$s1, 0($s0)





add
$t0, $t0, $s1





lw
$s2, 4($s0)





add
$t1, $t1, $s2

How many, if any, bubbles will be required? Can a compiler improve the performance? If yes, how?
Problem 5:








(5 points)
Consider a five-stage pipeline MIPS processor that contains no hardware to handle hazards. Give an example of each type of hazard and explain how the software may handle it.
Problem 6 (Bonus Question): 





(1 point)
In a single-cycle datapath, the write operation of the register file becomes active with RegWrite = 1, which is set by the control logic immediately after the instruction is fetched. Can there be a potential data hazard? If yes, write instructions to verify the correctness of the datapath. 
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