WES 237A Project Part 3 Guide

1. Overview

The objective of the project is to familiarize yourself with a mobile System on Chip (SoC)capabilities.
More specifically, you will get a chance to understand and exploit the ability of mobile CPUs to operate
at different frequencies /voltages.

The goal is to learn the challenges involved in finding the right balance between performance and
energy savings in modern mobile platforms. You will analyze performance data collected from the
phones, investigate the impact of existing energy management procedures in mobile devices, and both
tune these existing “governors” and develop your own performance management algorithm.

2. Hardware

As part of the project, 1 Qualcomm MSM8660 phone will be checked out to each team of 3. The phone
(MDP — Mobile Development Platform) will only be checked out after all three team members after
every member of the team has signed a non-disclosure agreement (NDA).

3. Grading

Project Part 3 will be 85% of the total project grade. Out of the 85% for Project Part 3, the first progress
report will be weighted 20% and the final submission (report, analysis, and code — including functionality
and quality) will be 65%. The remaining is split between the presentation (5%) and the demo (10%).
Additionally, up to 2% is given for the top-performing team during the presentation and demo.

4. Project Details

A. Verify your hardware
1. Make sure that your phone will turn on, will charge when plugged in, and will connect to your
machine.
2. Follow the ADB instructions on the class website, in the proj3 directory, to ensure that you can
recognize your phone.

B. Progress Report 1
Progress Report 1 constitutes the first half of the project, and will be due on February 22™ by 9:00 AM,
to be submitted on TED. This part of the project is divided as follows:



Stage 1: Evaluate/Analyze your phone usage patterns
Highlight: Decide how you will use the MDP in a manner representative of your own phone’s usage

Deliverable Goal: In your progress report, you should identify and quantify your mobile phone usage,
and explain how you developed a usage plan for the MDP, accounting for the limitations and features of
the phone. You should be able to convince us that your usage pattern on the MDP matches your own

phone’s usage pattern.

The following steps will identify the work that should be done and represented in the report:

1.

Determine, as a group, how you use a smartphone, based on a thorough and detailed analysis of
the usage patterns of your own phones (remember that your short-term usage can differ from
long-term usage, in terms of specific apps and activities)

Develop usage plans for the MDP, based on your own mobile usage patterns.

i. Recognize that you will have limitations on the MDP — no cell availability, no access
to the full Android App Market, etc. Identify these difficulties, and develop
alternative solutions.

ii. Account for usage differences at different times — e.g. weekday use vs. weekend

use, work hours vs. mornings, evenings.

Stage 2: Log collection and usage analysis

Highlight: You will collect performance statistics from the MDP for built-in android “governors”. You will
collect logs based on the usage patterns you developed in Stage 1, as well as for the provided spec and
video benchmarks.

Deliverable Goal: In your progress report, you will describe how you collected statistics, how you parsed
the logs, and what you learned about energy consumption based on the logs. In addition, you will
analyze the energy and runtime performance of the phone under three built-in android governors:
powersave, performance, and on-demand, and for the provided benchmarks.

The following steps will identify the work that should be done and represented in the report:

1.

Familiarize yourself with the main Android performance governors. A document detailing this
will be provided on the class website, in the proj3 directory.
Collect daily logs for the phone, recording the duration and usage type of each instance. Details
of log collection are provided on the class website, in the proj3 directory. You will collect logs for
3 weeks’ worth of data (21 days). Log details are as follows:
a. One day collected under the performance governor (upper bound energy consumption)
b. One day collected under the powersave governor (lower bound energy consumption)
c. Therest of the time under the ondemand governor
While you are required to collect 21 days’ worth of data, extra credit will be provided for logs

collected for days past the requisite.



Note: Based on your usage analysis in Stage 1, there SHOULD be several instances, or sessions, of use
a day.

Note: You are responsible for at least 21 days’ worth of data, with a total project duration of exactly
28 days. You need to start analysis and data collection AS SOON AS POSSIBLE.

4. Independently, you will collect logs for a series of benchmarks that will be made available on the
class website. This will correspond to 2 spec benchmarks: one representing CPU usage, one
representing memory usage; and a video benchmark, which will correspond to moderate CPU
and memory usage. Logs will be collected as follows:

a. One instance of running the benchmark under the powersave governor.
b. One instance of running the benchmark under the performance governor.
¢. Oneinstance of running the benchmark under the ondemand governor.

Logs must be collected in a folder named as follows: <date>_<governor>_<type>_<team name>,
where “type” corresponds to either “pattern” or “benchmark”, depending on what is tested.

5. For all data collected, you will need to analyze the logs. To do so, you will write and submit a
Perl script that extracts useful performance information from the logs
6. Using your Perl script, you will extract and output performance information for all collected logs,
to be used for analyzing the behavior of the device throughout each instance. At a bare
minimum, the following information must be parsed from the logs:
a. CPU frequency changes
b. CPU utilization
d. Currently running applications
e. Power consumption (using given numbers for each frequency level)
f—2 differentperformancecountervalues

g. Percentage of CPU at a given frequency within a given interval

Note: To reiterate, this is the BARE minimum. To appropriately analyze MDP performance, you should
be investigating more performance counters and other behavior, which you will have to investigate
and determine. Analysis based on just these variables will not be sufficient.

7. Using the results you collected and parsed, analyze the mobile device behavior across all
different tests. As a guideline:

a. How did different governors behave? Were there particular governors suited to
particular applications/usage types? If so, what were they, and why were they so
compatible?

b. What are the weaknesses of the governors, in different situations? Poor user
experience? Slow computation?

c. Compare and contrast the behavior of the different governors. Do they perform as
expected based on documentation? Do they work well in all situations? Which governor



has the best {energy savings, user experience, completion time} for each scenario and
benchmark?
i. One measure of energy savings is the energy-delay product:

EDP = energy * execution time

Note: This data collected and analyzed in this stage, in addition to being part of your grade, is crucial
to the second half of the project, where you will be tuning Android governors and developing your
own energy-management policy. Make sure to put care into accurately collecting data, and thought
into your analyses.

Submission:
The Progress Report deliverables are to be submitted to TED by February 22, at 9 AM.

1. Usage logs must be submitted to TED whenever collected. At least 7 days’ worth of logs, in
addition to all benchmark logs required, are to be submitted when collected, and all must be
submitted by the due date and time.

2. Your report and Perl code must be zipped and submitted to TED by the due date and time.

Deliverables:

1. Progress report, including all the deliverables specified above. The progress report must be no
longer than 4 pages of text, 10pt font, single column. Any figures, tables, or graphs on top of this
limit are acceptable.

2. Logs must be submitted in a timely manner, and all logs must be appropriately named and
submitted before the deadline.

3. Perl script(s) for parsing log data must be submitted along with the progress report. We will test
the script on a sample log, and inspect the output to make sure it includes appropriate

information.
Evaluation:
Overall Deliverables

Usage analysis Evaluation and quantification of own mobile phone usage
Analysis of similarities, differences, when applying the same model to the
MDP
Development of usage patterns for the MDP, including applications,
behavior, duration, discrepancies for time of day and weekday/weekend, etc

Data collection Collect and upload daily usage logs for the ondemand governor. Make sure

you have multiple usage instances per day — a single instance per day does
not correspond to characteristic phone use.

A minimum of 7 daily logs must be collected

Collect the requisite number of daily logs for performance and powersave




Collect the requisite number of benchmark-based logs, across the necessary
governors (performance, ondemand, powersave)

Log Analysis

Working code for log processing scripts (for parsing CPU utilization, CPU
frequency and other statistics — see Stage 2 instructions above)

Analyze how these governors affect CPU utilization, memory utilization and
CPU frequency usage. Compare and contrast governor performance

For each of the analysis/insight parts, verify that the apps behavior during in-
house experiments correlates (or not) with the apps behavior in the on-field
data logs

Compare and contrast governor performance for the provided benchmarks
(see Stage 2 instructions above).

C. Final Report and Demo

Will be populated shortly.




Appendix A: Scripts

A. Download Scripts
1. Scripts can be found here: http://cseweb.ucsd.edu/classes/wil3/wes237A-

a/project/proj3/scripts/

2. Copy them to your phone, to /data/seestats — you can do this in one of 3 ways:
a. Preferred: Run adbpush_execs.sh from the source location, having first connected the
phone to your computer
b. Copy manually using the ADB environment
c. Connect your phone, store the scripts on the SD card storage, and use SManager to
move it to the appropriate location.

B. Script Descriptions

1. create_seestats.sh — this needs to be run just once, to create the appropriate output directories

2. adbpush_execs.sh — this script will copy over the necessary files to your phone. This will need to
be run every time scripts are updated

3. master_st.sh —this is the script that must be run to start each session. It will execute all
subordinate scripts as needed.

4. stop_st.sh —this is the script to end each session. It will shut off all running short-term scripts.

5. *.out files — these binaries are wrappers to various Android performance monitors, and called
by master_st.sh automatically. They will output to appropriately named *.txt log files, and data

is collected every 100 ms
a. cpuusage: this data is taken from /proc/stat, and contains CPU state

information:

cpu <coll> <col2> <col3> <col4d> <colb5> <col6> <col7> <col8> <col9>
<collO0>

cpul <coll> <col2> <col3> <cold> <colb5> <col6> <col7> <col8> <col9>
<coll0>

cpul <coll> <col2> <col3> <cold> <colb5> <col6> <col7> <col8> <col9>
<collO0>

intr *

where:

coll: 1147 - user: normal processes executing in user mode

col2 - nice: “nice” processes executing in user mode

col3 - system: processes executing in kernel mode

cold - idle: CPLU not executing anything

col5 - iowait: waiting for I/O to complete
col6 - irqg: handling interrupts
col7 - softirqg: servicing software interrupts

col8 - steal: involuntary wait


http://cseweb.ucsd.edu/classes/wi13/wes237A-a/project/proj3/scripts/
http://cseweb.ucsd.edu/classes/wi13/wes237A-a/project/proj3/scripts/

col9 - guest: running a normal guest
coll0 - guest nice: running a “nice” guest

These are helpful to build a profile of a session — that is, how much of the CPU was in each state?
You can effectively ignore the intr sets, as they do not help us here.

b. cpufreg.out — outputs the time spent in different frequencies
Easy enough to parse — just match the frequency (first column) with the time spent in
that particular frequency (second column)
c. cpuonoff.out — outputs which cores are currently active (every 100 ms)
0 - only core O is active
0,1 = both cores 0 and 1 are active.
d. gpubusy,out — please ignore this file unless further described
gpufreq,out — single output, frequency of the GPU
f. temperature.out — single output, representing SoC temperature in Celsius.

Appendix B: FAQ

A. ClockSynbustc Issues
Q: ClockSync gives me the wrong time.
A: Verify the following ClockSync Settings
Use Offline Databases = Yes
Select Time Zone = America/LA
Only on WiFi 2 Yes
Only when awake =2 Yes
Interval = 15 minutes
Strict Interval 2 NO
High Precision mode = NO
Time Zone Fixer 2 NO

Verify System Settings
Disable Automatic Data and Time
Disable Automatic Time Zone

Verify that ClockSync is added to the Superuser app. If not, add it.

B. Permission Denied Error
Q: ClockSync, SManager give errors about Permission Denied, or Need Root Access
A: The app does not have super-user (SU) permissions.
Go to the Superuser app, and add the appropriate app to its SU list.



