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ELEC 5200/ELEC 6200 Computer Architecture and Design

Class Test II, November 9, 2005




Total 24 points
Broun 306, 8:00-8:50AM
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.
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Problem 1: Single-cycle data-path





6 points
a. What is the minimum clock cycle time for a single-cycle data-path?   (2 points)
b. What is the CPI (cycles per instruction) rating for the single-cycle data-path?









    (2 points)
c. A reduced power design for ALU has a delay of 200ps. Explain whether you can use it to reduce the power consumption of the single-cycle processor without affecting its performance?





    (2 points)
Solution:
a. Clock cycle time is determined by the lw instruction that takes the longest to execute:



Time(lw) 
= 
Time(IF) + Time(ID+Reg.File) + Time(ALU) + 





Time(MemRead) + Time(Reg.FileWrite)





=
200+100+150+200+100  =  750ps



The clock cycle time should not be less than 750ps.

b. Single-cycle data-path completes one instruction per cycle: CPI 
= 
1.

c. The reduced power ALU takes 50ps more. Therefore, the time for executing lw, and hence the minimum clock cycle time will increase to 800ps. This will cause a 50×100/750 = 6.67% increase in the cycle time. Hence, the power consumption cannot be reduced without lowering the performance.
Problem 2: Multi-cycle data-path





6 points
a. What is the minimum clock cycle time for a 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 CPI 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)

Solution:
a. For a multi-cycle data-path, the clock cycle time should not be less than the time taken by the slowest hardware unit. Since memory operations take 200ps, which is the most, the clock-cycle time should be at least 200ps.
b. Numbers of cycles used by various instructions are 5 for lw, 4 for sw and R-type, and 3 for branch and jump. Since all instructions occur with equal frequency, the average number of cycles taken by an instruction is,


CPI
= 
(5+4+4+3+3)/5
= 
3.8

c. The low-power ALU can be used to improve the energy efficiency of the processor because the cycle time is already 200ps and the new ALU can work within that.
Problem 3: Pipeline data-path





6 points
a. What is the clock cycle time for a pipeline data-path?

     (2 points)
b. Assuming that no stalls occur, what is the approximate CPI for a long instruction sequence?







     (2 points)
c. Explain whether or not you can use the low-power ALU of problem 1c without affecting the performance of the pipeline data-path.


      (2 points) 
Solution:

a. For a pipeline, the clock cycle time should accommodate the longest hardware unit (memory). Thus, the clock cycle time should be at least 200ps.

b. For a long instruction sequence, we can neglect the pipeline latency. Then, assuming no stalls in the pipeline, CPI = 1.
c. Because the clock cycle time is 200ps, the low-power ALU can be used without affecting the performance of the pipeline.
Problem 4:








6 points
a. State Amdahl’s law.






   (3 points)

b. It is found that in a typical execution of the Spice circuit simulation program 80% of all instructions are floating point operations. If we add the fastest available floating point co-processor to our system, what is the upper bound on the achievable speed up?






   (3 points)
Solution:

a. Amdahl’s Law: The execution time of a system has two fractions, a fraction fenh that can be speeded up by factor n, and the remaining fraction 1 – fenh that cannot be improved. The speed up is given as:


Speed up
=
1/[(1 – fenh) + fenh/n]

b. Suppose the floating-point co-processor speeds up the floating-point operations of the Spice program n times. Then, the speed up can be computed as:



Speed up
=
1/[(1 – 0.8) + 0.8/n]
→
5, as n → ∞


That is, the co-processor speed up can never be greater than five times.
Problem 5 (Bonus Question): 





3 points

<Put your last name here> ___________ Computer Corporation is evaluating strategies for building high performance computers. A single-cycle processor has a performance of 1 CPI, but its clock is about five times slower than a five-stage pipeline processor, which also requires 1 CPI (neglecting the pipeline latency and assuming no hazards). Suppose we increase the performance of the single-cycle system by using five identical processors in parallel, sharing common instruction and data memories. So, five instructions are fetched together (assume that a memory buffer allows that) and executed simultaneously by the five single-cycle processors (again assuming no data inconsistency). Thus, the parallel single-cycle system and the pipeline system have nearly the same performance. Which is better and why?
Solution: Although the control hardware of a single-cycle processor is simpler, the five-processor system will require about five times as much hardware as needed to build a pipeline processor. Therefore, given that the two systems have about the same performance, the pipeline processor will be cheaper to build and hence is a better choice.






The following data are shared by problems 1 through 3:





Times taken by various hardware functions in a MIPS processor are as follows:


		Memory read or write		200ps


		Register file read and write	100ps


		ALU operation		150ps
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