ELEC 5200-001/6200-001 Computer Architecture and Design 
Spring 2009
Homework 5 Solution
Assigned 3/9/09, due 3/25/09
Problem 1: A single-cycle datapath is a one-stage pipeline. It consists of combinational and asynchronous circuitry and a single clocked register, the program counter. Its total cycle time consists of times q required by the register and h used by the rest of the circuitry:

[image: image1]
a) Assume that the datapath can be partitioned into n equal delay stages separated by clocked registers, first stage register being the program counter. Neglecting the latency and the occurrence of hazards, compute the execution time of an instruction by an n-stage pipeline.

b) Show that the performance limit for the pipeline when we neglect the latency and hazards is determined by the register delay q.

c) For an n-stage pipeline, suppose the average hazard penalty is α(n – 1) cycles per instruction, where 0 < α < 1.0 and n > 1. Find the optimum number of pipeline stages.

d) For a hardware design it is estimated that h = 16×q and for the ISA, α ≈ 0.2, what is the optimum number of stages for this pipeline and what is the corresponding speed up over a single-cycle datapath?

e) For q = 100ps, tabulate clock cycle time, clock rate, average CPI and performance in million instructions per second for single-cycle datapath and the pipeline datapath with optimum number of stages.

Answer: An n-stage pipeline is shown below:


[image: image2]
a) The total time taken by the combinational and asynchronous circuitry is h. This is equally divided among n stages. Each stage also contains a pipeline register requiring time q. The cycle time of the n-stage pipeline is q + h/n, which is also the execution time per instruction if we neglect the latency and hazards.

b) The pipeline cycle time continues to reduce as the number of stages increases. In the hypothetical limit, n = ( and the cycle time or the execution time of an instruction becomes q, the register delay.

c) Average execution time per instruction is given by,

t
=
(q + h/n) (1 + αn – α)
=  q + qαn – qα  + h/n + αh – αh/n

To minimize t, we differentiate it with respect to n:

∂t/∂n
=
qα – h/n2 – αh/n2
=
0

or

n
=
[h(1 – α)/(qα)]1/2
This gives the minimum cycle time because ∂2t/∂n2 is positive.

d) For h = 16q and α = 0.2, optimum stages n = [16q(1 – 0.2)/(0.2q)]1/2  =  8
For 8-stage pipeline,

Av. execution time per instruction
= 
(q + 16q/8) (1 + 0.2×8 – 0.2)  =  7.2q

For single-cycle datapath,

Av. execution time per instruction
=
h + q
    =
    16q + q
        =  17q

Pipeline to single-cycle performance ratio
=
17q/7.2q
=
2.36
e) For q = 100ps
	Datapath
	Cycle time
	Clock frequency
	Av. CPI
	mips

	Single-cycle
	1700ps
	588MHz
	1.0
	588

	8-stage pipeline
	300ps
	3.33GHz
	2.4
	1389


Problem 2: 
To examine the progress in the area of compilers, read the following article:
M. Hall, D. Padua and K. Pingali, "Compiler Research: The Next 50 Years," Comm. ACM, vol. 52, no. 2, pp. 60-67, February 2009.
Write in your own words what are the relevant problems and expectations in this area. Identify any other references that you may have found useful in answering these questions.
Answer: 
In your own words.
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