ELEC 5200/ELEC 6200 Computer Architecture and Design

Class Test II, October 26, 2007




Total 24 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:








6 points

A five-cycle MIPS datapath has separate instruction and data caches. It is implemented with a forwarding unit and a hazard detection unit.

(a) To verify the forwarding operation, write an instruction sequence and specify the value in a register that will determine whether or not the operation was correctly done.
(b) Major power consuming hardware blocks in a datapath are memory caches (instruction and data), register file and ALU. For energy efficiency a block is put in a power saving mode (by clock gating, powering down, or sleep state) by the control unit during any cycle in which it is not used by the instruction in the corresponding stage. Specify an instruction stream that will cause the maximum power consumption in a clock cycle to test the peak capability of the power distribution bus.
Problem 2:








6 points

Consider a pseudoinstruction,




move
$dst, $src
# transfer contents of $src to $dst


implemented as:
add
$dst, $src, $zero


(a) 
How many clock cycles will a multi-cycle MIPS datapath take to execute 


this pseudoinstruction?


(b)
Can the number of execution cycles for move be reduced by hardware 


changes, when it is executed as add instruction? If yes, by how much and 


through what changes?
Problem 3:








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

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

(c) Can j instruction be executed in two cycles on the multi-cycle datapath? If not, why?

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




Memory operations
20%, equally divided between lw and sw



R-type


70%




Branch


5%




Jump


5%


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

Problem 4:








6 points

To eliminate the chaos about the performance of automobiles, it is decided to establish a standard using the computer performance evaluation methods. The standard reference chosen is the 1967 VW Beetle Type 1 with 1200 cc engine. However, unlike benchmark programs the driving locations are not transportable. Therefore, benchmark driving conditions are specified. The performance of a car for a benchmark condition is the ratio of its driving time to that of the standard beetle. Following data are available for two hybrids you are considering. Compute their individual run to beetle ratios, obtain the average beetle ratio, and select the one with higher performance:
	Benchmark driving condition
	Run time in hours

	
	Standard beetle
	Hybrid I
	Hybrid II

	25-mile city (pop.~50k) drive, dry condition
	1.0
	2.0
	0.4

	25-mile city (pop.~500k) drive, rainy condition
	2.0
	1.0
	1.25

	50-mile drive on dry dirt road
	1.5
	3.0
	0.6

	100-miles drive on 4-lane highway
	2.4
	1.2
	1.5


Problem 5 (Bonus Question): 





2 points

Graduating during a temporary downturn in the demand for computer engineers, you are forced to accept a position with the Department of Transportation, the Highway Department to be specific. Seeing that you are a computer type, they do not assign you to the hard hat area, i.e., leave you alone more or less. With time on your hands, you begin to observe traffic patterns. A highway looks like a pipeline of cars. Throughput is the number of cars reaching the end per unit time. But congestion looks too much like a hazard. It even produces stalls. You examine the cause for congestion and write a proposal, which, when implemented improves the highway throughput. Briefly (in less than a dozen lines) describe your proposal.
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