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Q1: (p74, 1.14) [5/10/10] <1.9> When making changes to optimize part of a processor, it is often the case
that speeding up one type of instruction comes at the cost of slowing down something else. For example,
if we put in a complicated fast floating-point unit, that takes space, and something might have to be
moved farther away from the middle to accommodate it, adding an extra cycle in delay to reach that unit.
The basic Amdahl’s Law equation does not take into account this trade-off.

a. [5] <1.9> If the new fast floating-point unit speeds up floating-point operations by, on average,
2x, and floating-point operations take 20% of the original program’s execution time, what is the
overall speedup (ignoring the penalty to any other instructions)?

b. [10] <1.9> Now assume that speeding up the floating-point unit slowed down data cache
accesses, resulting in a 1.5x slowdown (or 2/3 speedup). Data cache accesses consume 10% of
the execution time. What is the overall speedup now?

c. [10] <1.9> After implementing the new floating-point operations, what percentage of execution
time is spent on floating-point operations? What percentage is spent on data cache accesses?

Q2: (p75, 1.16) [5/5/5/5/5] <1.10> When parallelizing an application, the ideal speedup is speeding up by
the number of processors. This is limited by two things: percentage of the application that can be
parallelized and the cost of communication. Amdahl’s Law takes into account the former but not the
latter.

a. [5]<1.10> What is the speedup with N processors if 80% of the application is parallelizable,
ignoring the cost of communication?

b. [5] <1.10> What is the speedup with eight processors if, for every processor added, the
communication overhead is 0.5% of the original execution time.

c. [5]<1.10> What is the speedup with eight processors if, for every time the number of processors
is doubled, the communication overhead is increased by 0.5% of the original execution time?

d. [5]<1.10> What is the speedup with N processors if, for every time the number of processors is
doubled, the communication overhead is increased by 0.5% of the original execution time?

e. [5]<1.10> Write the general equation that solves this question: What is the number of processors
with the highest speedup in an application in which P% of the original execution time is
parallelizable, and, for every time the number of processors is doubled, the communication is
increased by 0.5% of the original execution time?

Q3: (pC-75, C.7) [10/10]<C.3>In this problem, we will explore how deepening the pipeline affects
performance in two ways: faster clock cycle and increased stalls due to data and control hazards. Assume
that the original machine is a 5-stage pipeline with a 1 ns clock cycle. The second machine is a 12-stage
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pipeline with a 0.6 ns clock cycle. The 5-stage pipeline experiences a stall due to a data hazard every five
instructions, whereas the 12-stage pipeline experiences three stalls every eight instructions. In addition,
branches constitute 20% of the instructions, and the misprediction rate for both machines is 5%.
a. [10]<C.3>What is the speedup of the 12-stage pipeline over the 5-stage pipeline, taking into
account only data hazards?
b. [10]<C.3>If the branch mispredict penalty for the first machine is 2 cycles but the second
machine is 5 cycles, what are the CPIs of each, taking into account the stalls due to branch

mispredictions?



