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1 Introduction and goals

The goal of this laboratory assipnment s to allow yon to conduct some simple memory hiecarchy
experiments in the Simics simulation environment. Using the p-cache cache simmlator module, voun
will collect cache statistics and make some architectural recommendations based on the resulis.

The lab has two sections, a directed portion and an open ended portion. Everyone will do the
directed portion the same way, and prades will be assipned based on correctness. The open ended
portion will allow you to pursue more creative investipations, amd your grade will be based on the
effort made to complete the task or the arpuments yvou provide in support of your ideas.

Students are encouraged to disecws solutions to the lab assipnments with other students, but
must run throwgh the directed portion of the lab by themselves and turn 1o therr own lab report.
For the open-ended portion of each lab, students can work mdividuoally or in groups of two o
three. Any open-ended lab assirnment completed as a group should be written up and handed 1o
separately. Students are free to take part i different groups for different lab assipnments.

You are only reqguired to do one of the open ended assipnments. These assienments are penerally
starting points or sugeestions. Alternatively, you can propose and complete your own open ended
project as long as it 15 sufhcently ngorous. I you feel uneertain about the ngor of a proposal, feel
free to consult the TA or professor.

1.1 Tools and conventions

Thix lab assumes you have completed the brst lnboratory assiepnment. Whitle we will re-include
all the fles used for both labs in this lab’s distnbution bundle for vour comvenience, there will be
points where you can save tune by reusing checkpoints and such created i the first lab.

Furthermore, we will assome that you remember all the commands wsed o the Grst lab for
controlling Simics simulation. If youn feel any confusion about these points, feel free to consult the
first lab pude or the Simecs User Guide.

several new tools will be introduced in this lab, mainly having to do with the p-eache moduale.
We will also introduce a new mode of Simics operation (-stall). For a more thorough explanation
of these 1tems, yon can refer to the Simmies User Guide chapter 18,



1.2 Graded Items

You will turn a hard copy of your results to the professor or TA. Pleass label each section of the

results clearly. The following items need to be turned 1o for evaluation:

1. Problem 2.2: simple cache statistics for each benchmark and answers
2. Problem 2.3: sugeested working sets and evidence

4. Problem 2.4: statistics and answers

4. Problem 2.5 complex cache statisties and answers

5. Problem 3.1/3.2/3.3/3.4 modifications and evaluations (include source code i required)

2 Directed Portion
2.1 General methodology

At ity core, the Simics software 13 an instruction set architecture simmlator, not a machine perfor-
mance sinmlator. While Simices presents an interface to the (05 and programs ronmng within it
that makes the tarpet machine appear to be A normal machine, in actuality many of the somolated
machine's functions are wealized far bevond the capabilities of 2 real machine. For example, in
normal execution mode, main memory accesses in Simics appear to take zero eyvoles.

However, it 13 possible to attach a cache simulator module to Sumes and use it to ganpe a
program's cache performance or the effectiveness of a particular eache herarchy, The cache simmla-
tion module included with Simics 15 called g-cache. These modules can be linked into herarchies,
connected to multiple processors and bave a varnety of adjostable parameters. g-caches are con-
fipriredd and attached to the memory hierarchy by means of simple Simics senpts containing: python
commands (the € prefix tells Simics to interpret a statement as python).

(ne of these g-cache parameters i the delay accroed by a8 memory reguest as it passes down

through each level of the herarchy to the simulated memory interface. By runming Simies in -stall
moxde, nsers can foree the delayed execution of instructions according to whether or not the data the

imstructions regquire = contained o caches or memory. Simmltaneously, the cache modules record
statistics about the memory reguests which have accesssd them. —stall musde 15 a2 more detadled

mixde of simulation, and therefore noticeably slows down the operatimg speed of the target machine.
A further methodoloemical detail s that when the caches are birst attached to the simulation,

they are emply. Any statistices recorded from them mitially wall only reflect the compulsory misses
encountersd as they All up. For this reason, 1t 15 necessary to Swarm” the caches by runming the
intended benchmark for millions of instroctions before the true cache performance statistics can be

collected.
Thus, the peneral methodology of thas lab takes the following form:

1. Run the simulation at full speed to get the file system loaded, the benchmarks set up, eto.
2. Checkpont the sirmmlation

3. Restart sinmlation i —stall mode



4. Load the caches using a _simoes senpt

0. Warm the caches by executing benchmark code

6. Pause or breakpoint the simulation

7. Reset all the caches’ statisties

8. Contime to run the benchmark and collect real cache data

Data from the cache modules can take several forms. <cache name>. info reports the con-
fipuration of the cache, <cache name>.status dplays the current value of every cache line,
<cache name>.statistics reports cache performance statistics, amd <cache name> . add-profiler
adds a profiler module which tracks cache misses on a per instruoction or sddress basis,

You can use any of the ilinux{1,2,3}.eecs.berkeley.edn instrmctional servers to complete

thiz lab assipnment. Do not wadt until the night before the assipnment s doe, becanse yon will face
resource contention that may simiheantly increase the time it takes to complete the assipnment.

2.2 Collecting statistics from a simple cache

You should untar the file benchmarks-1. tar distributed with this Lab (tar -xvf benchmarks-1.tar)
aml make sure the three binary and three input files are avmilable in your simics-workspace direc-
tory. The binary files for this lab are the same as the ones used in Lab 1 (bzip2_sparc, mcf_sparc,
soplex_sparc).

Start Simics, using either the targets/sunf ire/bagel-common. simics seript or a checkpoint
vim created i the previous lab, Make sure the host Alesvstem or workspace s mounted and that
the 3 benchmark binaries and 3 benchmark mmput files are copied mto the tarpet machine. To
save time 1n the following sections, you should create a checkpoint that has all the Gles losded, or
possibly a checkpoint at each of the mitial magie breakpommts in the benchmark prosrams.

For each bemchmark:

® Start Simes in stall mode and load the proper conhpuration file
host$ ./simics -atall -c <configuration name>

o FExecute the following commands 1 order to ensure the proper operation of the benchmarks
and caches:
2imics> magic-break-enable
simics> 1istc-disable
simics>*> dstc-disable

e Load the cache module into the simulation (a simics file s simply a sequence of Simies
oommeands ).
simics> run—command-file add-lcache-bagel-2.2.simics

¢ Look at the confipuration of the cache you have loaded, and compare this to the contents of
the simes hile yvou just executed. Observe how the cache 15 conhpured with simple declarative

statements 1 Python.
simics>* cache.info



