ELEC 5200/ELEC 6200 Computer Architecture and Design

Class Test 1, October 16, 2009




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)
Implement the following pseudoinstruction:


sum
$t1, n

#
$t1 = 0 + 1 + 2 + . . . + n, where n ≥ 0
Problem 2:








(5 points)

a. A main program instruction located at word address 12000 in the memory calls the procedure proc that begins at word address 5000. At the time when proc is called, what are the contents of PC and ra registers?


(2 points)

b. The main program requires that registers t5, s2 and s5 be not changed by proc. What actions, if any, should it take before calling proc and upon return from proc.









(1.5 points)
c. The procedure proc uses registers t1, t5 and s5. Does it need to save and restore any registers?







(1.5 points)
Problem 3:








(5 points)
(a) Suppose operations involving memory, register file, or ALU, each takes one unit of time. How much time will each MIPS instruction take on a single-cycle datapath? Consider R-type, lw, sw, beq and j instructions.

(1 point)
(b) What will be the execution times for MIPS instructions on a 5-cycle multi-cycle datapath if the clock period is 1 time unit?



(1 point)
(c) Can a multi-cycle datapath be modified to complete jump and branch instructions in two cycles? If so, list hardware changes you will make.

(1 point)
(d) A program contains the following mix of instructions:

(2 points)



Memory operations
20%, equally divided between load and store




R-type


70%




Branch


5%




Jump


5%


What is the ratio of CPU times for running this program on the multi-cycle and 
single-cycle datapaths?

Problem 4:








(5 points)

Define datapath latency.






(1 point)

What is the latency for:

(a) Single-cycle datapath with clock cycle time T1


(1 point)
(b) Pipelined datapath with n stages and clock cycle time Tn

(1 point)

(c) Which of these two datapaths has lower latency? Why?

(2 points)
Problem 5:








(5 points)

What are the lower and upper bounds on throughputs of 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 cycle time T.


(1 point)
(b) Five-cycle multi-cycle datapath with clock cycle time 0.25T.
(2 points)

(c) Pipelined datapath with five stages and a clock cycle time 0.25T.
(2 points)

Problem 6 (Bonus Question): 





(1 point)
Your academic advisor has given you a semester-wise list of courses you should take in the entire 8-semester program. Going through the list you mark courses off as “easy” or “difficult”. In order to balance your semester workload you want to shuffle courses. Assume that all courses are offered every semester but each must satisfy its prerequisites. Outline an algorithm that will allow swapping of a pair of courses between any two semesters.
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