CS4200/5200 Assignment I: Performance Evaluation
Questions on 5 pages
* Please show the main steps of the solution procedure
2.1 [5] We wish to compare the performance of two different machines: M1 and M2. The
following measurements have been made on these machines:
Program
1
2

Time on M1
10 seconds
3 seconds

Time on M2
5 seconds
4 seconds

Which machine is faster for each program? And by how much?
2.2 [5] Consider the two machines and programs in Exercise 2.1. The following additional
measurements were made:
Program
1

Instructions executed on M1
200 x 106

Instructions executed on M2
160 x 106

Find the instruction execution rate (# of instructions per second) for each machine when running
program 1.
2.3 [5] If the clock rates of machines M1 and M2 in Exercise 2.1 are 200 MHz and 300 MHz,
respectively, find the clock cycles per instruction (CPI) for program 1 running on each machine
using the execution times from Exercise 2.1 and 2.2.
2.4 [5] Assuming the CPI for program 2 on each machine in Exercise 2.1 is the same as the CPI
for program 1 found in Exercise 2.3, find the instruction count for program 2 running on each
machine using the execution times from Exercise 2.1.
2.10 [5] Consider two different implementations, M1 and M2, of the same instruction set. There
are four classes of instructions (A, B, C, and D) in the instruction set.
M1 has a clock rate of 500 MHz. The average number of cycles for each instruction class on M1
is as follows.

M2 has a clock rate of 750 MHz. The average number of cycles for each instruction class on M2
is as follows:
1

Assume that peak performance is defined as the fastest rate that a machine can execute an
instruction sequence chosen to maximize that rate. What are the peak performances of M1 and
M2 expressed as # of instructions per second?
* Peak performance is defined as the fastest instruction execution rate, which implies to choose
the “simplest” instruction class to achieve the peak performance.
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2.18 [10] You are the lead designer of a new processor. The processor design and complier are
complete, and now you must decide whether to produce the current design as it stands or spend
additional time to improve it.
You discuss this problem with your hardware engineering team and arrive at the following
options:
a. leave the design as it stands. Call this base machine Mbase. It has a clock rate of
500 MHz, and the following measurements have been made using a simulator:

b. Optimize the hardware. The hardware team claims that it can improve the
processor design to give it a clock rate of 600 MHz. Call this machine Mopt. The
following measurements have been made using a simulator for Mopt:

What is CPI for each machine?
2.19 [5] What are native MIPS ratings for Mbase and Mopt in Exercise 2.18?
2.20 [5] How much faster is Mopt than Mbase in Exercise 2.18?
2.41 [5] Suppose we enhance a machine to make all floating-point instructions run five times
faster. Let’s look at how speedup behaves when we incorporate the faster floating-point
hardware. If the execution time of some benchmark before the floating-point enhancement is 10
seconds, what will the speedup be if half of the 10 seconds is spend executing floating-point
instructions?
2.43 [10] Assuming that we enhance the floating-point unit as described in Exercise 2.41, plot
the speedup obtained, versus the fraction of time in the original program spent doing floatingpoint operations, on a graph of the following form:
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2.44 [10] You are going to enhance a machine, and there are two possible improvements: either
make multiply instructions run four times faster than before, or make memory access instructions
run two times faster than before. You repeatedly run a program that takes 100 seconds to
execute. Of this time, 20% is used for multiplication, 50% for memory access instructions, and
30% for other tasks.
What will the speedup be if you improve only multiplication?
What will the speedup be if you improve only memory access?
What will the speedup be if both improvements are made?

2.45 [5] What are benchmarks? Why we use them for performance evaluation?

2. 48 [20] See next page.
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say between Processor X and Pentium D 820.

Example: the performance of Athlon 64 X2 4800 as normalized to the Pentium D for the
memory benchmark is: 3423 / 3000 = 1.14

Example solutions:
a.
Chip
Athlon 64 X2 4800+
Pentium D 820

Memory performance
3423 / 3000 = 1.14
3000 / 3000 = 1

Dhrystone performance
20718 / 15220 = 1.36
15220 / 15220 = 1

b.
Chip
Athlon 64 X2 4800+
Pentium D 820

Arithmetic mean
(3423 + 20718) / 2 = 12070.5
(3000 + 15220) / 2 = 9110

arithmetic mean of normalized
(1.14 + 1.36) / 2 = 1.25
(1 + 1) / 2 = 1
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