ELEC 5200/ELEC 6200 Computer Architecture and Design

Class Test II, April 6, 2009





Total 25 points
Broun 306, 11:00-11:50AM
Instructions: Please read all problems before writing your answers. Attempt all five 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. One point is reserved for neatness. Thank you.
Problem 1:







(1+2+3 points)
Times taken by major hardware units in a MIPS processor are as follows:



Memory read or write

500ps



Register file read and write
200ps



ALU operation

400ps

a. What is the maximum clock frequency for a five-stage MIPS pipeline datapath?
b. Neglecting any hazards and resulting stalls, what are the pipeline latency and the cycles per instruction (CPI) for a long instruction sequence?
c. Compare this datapath with a single cycle datapath:
	Datapath
	Clock cycle time
	Clock frequency
	CPI
	Time per instruction
	mips

	Single-cycle
	
	
	
	
	

	Pipeline
	
	
	
	
	


Problem 2:







(1+2+3 points)
(a) List the types of hazards in a pipeline datapath.




(b) Does the five stage MIPS pipeline execution of the following sequence of instructions generate any hazard? If yes, what type of hazard?







lw
 t3, 0($s1)
sub
$s0, $t0, $t1





sub
$t2, $s0, $t3

(c) If the instruction stream in (b) generates a hazard, could it be handled without a pipeline stall? Illustrate the handling of hazard by a sketch of pipeline stages.
Problem 3:








(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. To verify the forwarding operations from pipeline registers EX/MEM and MEM/WB to ALU, write an instruction sequence and specify a register and its value that will, at the end of the execution of your sequence, determine whether or not the forwarding operations were correctly done.
Problem 4:








(6 points)

A high-level digital hardware library provides the following blocks:
	Function
	High speed version (HS)
	Low power version (LP)

	
	Delay
	Energy/cycle
	Delay
	Energy/cycle

	SRAM cache (read or write)
	0.5 ns
	15 nJ
	1.0 ns
	2 nJ

	Register file (read and write)
	0.25 ns
	10 nJ
	0.5 ns
	1 nJ

	ALU
	0.5 ns
	10 nJ
	2.0 ns
	1 nJ


Any HS and LP blocks can be integrated in a single design. Assume that all other hardware has negligible delay and dissipation in comparison to these major blocks. Find all options for making tradeoffs between clock frequency and power consumption in the design of a 5-stage MIPS pipeline processor.
Problem 5 (Bonus Question): 





(1 point)
A two-bit buffer is used to determine whether or not to carry an umbrella in the morning. At the end of the day this four-state machine makes a state transition using a one-bit input, 1 = rained today, 0 = did not rain today. Construct a state diagram for this finite-state machine that will bias the decision against being caught in the rain without an umbrella.
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