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1 Introduction

Processor speeds are increasing at a much greater rate than memory
speeds. The resulting difference causes a bottleneck in the system and decreases
performance. With the increasing popularity of multiprocessor computers, the
bottleneck is becoming even worse. Researchers are searching for ways to reduce
this problem. Since it is now common to have two caches (level 1 and level 2)
integrated onto each processor chip, adding a third, very large, off-chip cache
(level 3 or L3) seems a likely candidate for reducing the bottleneck.

Simulation, especially trace-driven simulation, is a frequently used method
of testing new cache configurations. A cache configuration generally consists of
cache size, line size (the amount of data stored for each address requested) and
associativity (the number of lines in one row of the cache). Creating a simulator
is a fairly straightforward, albeit very time consuming, task. The difficulty lies
in obtaining the long, accurate traces necessary for simulating extremely large L3

cache systems used in current and future multiprocessor systems.

1.1 Background

For our purposes, a trace is a stream of successive address requests
containing references for memory reads, writes, and instruction fetches. Here are
five different trace collection methods; instruction modification [1, 2, 3], microcode
modification[4], single stepping [4], processor simulation [5], and hardware monitors
[6, 7, 8]. These methods introduce four types of errors into collected trace data,
(1) missing operating system references, (2) absent multitasking behavior, (3) time
dilation, (4) short traces [9]. These introduced errors mean that simulation runs
are not completely accurate. A hardware monitor which overcomes many of these
problems is described in [10, 11], but this technique requires frequently halting the
system under test (SUT). Thus, although this type of hardware monitor eliminates
the four problems mentioned above, it can introduce new errors due to halting the
SUT.

One major disadvantage associated with trace-driven simulation is the
storage requirements of long traces. Another disadvantage is the long run times

of simulations. It takes several days to simulate a long trace and several gigabytes



to store it. Sampling is a technique that partially overcomes these disadvantages.
This is a statistical method where a selected fraction of a population is used to
represent the whole population. This method has been demonstrated to work
effectively with first- and second-level caches in single processor systems [12, 13].
Sampling has three potential advantages. It reduces disk space needed to store
traces, enables simulations to run faster, and effectively enlarges trace buffers of
hardware monitors by storing only a fraction of the data. We will investigate
whether the sampling techniques described in [12] (time sampling and two types
of set sampling) perform acceptably when simulating L3 caches in multiprocessor

systems.

2 Thesis Statement

Sampling is a technique which gives results similar to that of a complete
trace but reduces the disk space needed to store traces, enables simulations to run

faster, and effectively enlarges the trace buffers of hardware monitors.

3 Methods

1. Develop a tracing mechanism for a symmetric multiprocessor (SMP).
2. Collect long traces of different workloads from an SMP system.
3. Run the traces through a cache simulator to find the real miss rate.

4. Run the traces through a cache simulator after using the different sampling

techniques and find the miss rate.

5. Compare the results of the real and sample miss rates and see which sampling
technique is the most accurate using the smallest fraction of a trace. As a
baseline, we determined that the sample miss rate should be within 10% of

the real miss rate using at most 10% of the trace.

6. Give confidence intervals for different sampling techniques.



4 Contribution to Computer Science

This thesis will investigate a sampling technique which can be integrated
with a tracing mechanism in order to achieve more effective collection of address
requests for use with cache simulations. It also provides a tracing mechanism for

SMP systems.

5 Delimitations of the Thesis

We will not investigate sample sizes other than 6%, 10%, and 25%. We
will not investigate cache levels other than level three. We will not investigate the
effectiveness of sampling techniques for methods other than cache simulation. We
will not simulate cache sizes greater than 32 megabytes or less than 8 megabytes
or line sizes greater than 64 bytes or less than 32 bytes. We will not simulate

associativities greater than 8. We will not consider non-cacheable references.

6 Thesis Outline

1. Introduction (2 - 3 pages)

(a) Background
(b) Describe the rest of the paper

(¢) Summary of contributions
2. Cache Memory and Trace-Driven Simulation (4 - 6 pages)
3. Trace Collection Techniques (3 - 5 pages)
4. Multiprocessor Tracing (5 - 10 pages)

(a) Trace Collection Technique

(b) Verification and Evaluation

. Sampling (8 - 10 pages)

(&3¢

(a) Sampling Techniques
(b) Workloads



(¢) Results

6. Conclusions (2 - 4 pages)

7 Thesis Schedule

I will attempt to follow this schedule while working on my thesis.
Develop an SMP tracing mechanism (6 weeks)
Collect multiprocessor traces. (6 weeks)
Run original simulations (4 weeks)
Run sampled simulations (4 weeks)
Evaluate the sampling techniques (2 weeks)

Write thesis. This will happen concurrently with the rest of the project.
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9 Artifacts

This thesis will result in the following artifacts:
A multiprocessor trace collection mechanism
An accurate sampling method
Long traces for various workloads

Cache statistics for various workloads
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