ELEC 5200-001/6200-001 Computer Architecture and Design 
Spring 2007
Homework 9 Problems
Assigned 4/23/07, due 4/27/07
Problem 1: A single-cycle datapath is a one-stage pipeline. Suppose it consists of combinational and asynchronous circuitry followed by a single clocked register. The total cycle time T consists of time q required by the register and T – q used by the rest of the circuitry:

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

(b) Derive the speedup over the single-cycle datapath. Find an equivalent expression for the enhanced fraction fenh that will express your speedup formula in the form of the Amdahl’s law.
(c) If q = 0.1T, find an upper bound on the pipelining speedup.
Problem 2: Consider the following MIPS instructions being executed the given sequence in a five-stage pipeline:
 sw    $6, 0($7)                      # Mem($7) = $6
 lw    $8, 0($7)                      # $8 = Mem($7)
 add  $9, $8, $2                     # $9 = $8 + $2
(a) What kind of hazard, if any, is generated? How is the correct operation done?

(b) In case a bubble was used, could it be avoided?
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