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PCMARK FOR ANDROID

BETTER BENCHMARKINGSTARTS HERE

PCMark for Android is a benchmark for
life of Android phones and tablets.

tests based on common, everyday tasks. See how well your device
performs, then compare it with the latest models.

The big picture benchmark

)l
)l
1

PCMark measures the performance of the device as a whole.

PCMark tests are based on everyday activities , not abstract algorithms .

See how well your device performs, then compare it with the latest
models.

Results you can trust

= =4 =4

PCMark for Android is protected by public r ules for manufacturers .

testing the performance and battery
PCMark measures performance using

We delist devices from our rankings that do not comply with our rules.

All our benchmarks are backed by detailed technical guides.
These guides explain what's being measured & how scores are
calculated.

Make fair comparisons

1

Our Best Devices list only includes devices that are available to the
public.

Each score is an average of all benchmarks results received for that
model.

We remove models that boost their scores with misleading
optimizations.

We never intentionally leak scores for prototype or pre -release
hardware.

Created by experts

=A =4 =4

UL has been creating industry standard benchmarks since 1997.

PCMark is used throughout industry and by hundreds of publications .

PCMark has been an industry standard PChbenchmark since 2002.

PCMark for Android was developed with  leading technology companies .
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http://www.futuremark.com/support/benchmark-rules

USING PCOMARK FOR ANDROID

PCMark for Android is a benchmark ing app for smartphones, tablets and
other Android devices.

In addition to producing benchmark scores, PCMark for Android helps you
understand your results, track your score history , and compare your device
with the latest models.

PCMark screen

The PCMark screen is the first page you see after opening the app. S tart
benchmarking your device by pressing one of the  RUN buttons.
Alternati vely, swipe left or tap the button to see more tests on the
Benchmarks screen .

Benchmarks screen

On this screen you can see which benchmarks are installed on your device.
You can choose which benchmark tests  you want to install.

Tap on a benchmark to open its Test Details screen.

Test Details

Each PCMark for Android benchmark contains a number of  tests. The Test
Details page explains which tests are included in the benchmark.

You can start a benchmark run by pressing the RUN button. Use the
UNINSTALL button to free up storage space, while leaving the app installed
and available to browse your score history and the Best Devices list.

My Device screen

This page shows your device's score history and system details.

Highest score s from your own benchmark runs.

History table showing past benchmark run dates and scores
Performance monitoring chart showing score history over time
Device details, features and specifications.

=A =4 =4 =4

Score Details

Tap a score from the My Device Result History panel to open the Score
Details view. This page displays the benchmark score, individual subtest
scores, and some system details.

You can also view the hardware monitoring chart for the run. PCMark for
Android polls the device once per second for CPU clock speed and
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temperature and battery charge level while the benchmark is running. This
monitoring has a negligible effect on performance.

Best Devices screen

The Best Devices screen is the ideal way to compare yo ur device with the
latest smart phones and tablets. By default, the p age shows you a ranked list
of devices ordered by performance.

Each score is an average of all the benchmarks results received for that
model, with obvious outliers excluded. The average score for a device can
be lower than the score from a clean benchmark  run, as many people run
benchmarks under less than ideal conditions. Since people use their devices
in the real world and not a test lab, however, we believe that these averages
best represent the true performance of each device.

You can re-order the list by name, performance, screen size, hardware
(alphabetical), or popularity by tapping on the column headings.

The five star performance rating is calibrated so that the most powerful
Android devices available score five stars. This means that a device's st ar
rating may change over time as newer, more powerful devices are
introduced.

Device popularity is based on the number of results submitted per model in
the last 30 days.

Tap the FILTERSbutton to show more options. Use the TESTdrop -down to
see the list for a different test. Use the ANDROID VERSION drop -down to
filter the list by a specific major version of Android. Use the = SEARCHbox to
search the Best Devices list for a specific model, brand, CPU, GPU, SoC , or
other text match. The search results inclu de all devices that match your
search plus your own device to enable easy comparison. For example,

search for "nexus" to compare your device to all available Nexus devices.

Device details

Click on a device in the Best Devices list to open its Device Detail s page. This
view shows your device and the selected device side -by-side for easy
comparison.

Areas where a device is superior are highlighted green. Areas where a
device is inferior are shaded red.

Help

The Help page includes an FAQ and a link to our support page.
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Settings

Visit the Settings page to access the screen brightness calibration feature.
You can also check the current version here and change the language.
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MINIMUM HARDWAREREQUIREMENTS

oS Android 5.0
MEMORY 1GB

GRAPHICS OpenGL ES 2.0 compatible

DISPLAY 480 x 800 resolution
PCMark a
PP 75 MB
Work 2.0 benchmark
200 MB

Work benchmark
STORAGE o 400 MB
Computer Vision
70 MB

100 MB

benchmark
Storage benchmark

The requirements are not enforced by the app. It  may be possible to run
PCMark for Android on lesser hardware, however, it is not recommended or
supported by UL.
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HOW TO BENCHMARK PERFORMANE

Before you start

In general, you should benchmark every device you test under the same
conditions. For example, you should test every device in the same location,
at room temperature, and away from direct sunlight and other heat

sources.

The precision of UL benchmarks scores is usually better than 3%. This
means that running a benchmark repeatedly on a consistently performing
device in a well -controlled environment will produce scores that fall within a
3% range.

Individual scores may occasionally fall outsi de the margin of error since the
factors that influence the score cannot be completely controlled in a

modern, multitasking operating system. There are also devices that simply
do not offer consistent performance due to their design. In these cases, it is
necessary to run the benchmark multiple times, and then take either an
average or a mode of the results.

To get accurate and consistent results you should close apps that may be
running in the background, and disable notifications before running the
benchm ark. Some high -powered mobile devices use thermal throttling to
avoid overheating the CPU, which can lead to lower scores on successive
runs. To reduce this effect, we recommended waiting 15 minutes before
and after PCMark runs to allow the device to cool down.

1 Running other apps during the benchmark will affect the results.
1 Awvoid touching the screen while the tests are running.
1 Press the Back Button if you want to stop the test.

Recommended process

1. Install all device updates to ensure your operating system  is up to date.
2. Close other apps, especially those that run in the background.
3. Run the benchmark.

Expert process

Install all device updates to ensure your operating system is up to date.
Restart the device.

Wait 2 minutes for startup to complete.

Close all other apps, especially those that run in the background.

o~ w DN PE

Wait for 15 minutes.
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6. Run the benchmark.
7. Repeat from step 2 at least three times to verify your results.
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HOW TO BENCHMARK BATTERY LIFE

Set the screen brightness

Screen brightness can have a significant effect on a device's battery life. To
produce comparable results you should calibrate every device you test to
the same screen brightness. In practice, this is difficult without expensive,
specialist equipment.

Our benchmarks can display a pure white calibration screen to help you set
the screen brightness. If you don't have access to a luminance meter, you

can calibrate your devices by comparing the pure white calibration screen to

a reference such as a monitor, light -box or similar. Alternativ ely, place your
devices side by side and adjust the brightness levels by eye.

It is not a good idea to calibrate the screen using the device's built  -in
brightness settings. Different screens offer different levels of maximum
brightness. The 50% brightness setting on one device may not be equal in
luminance to the 50% setting on another device, for example.

Before you start

In general, you should benchmark every device you test under the same
conditions. For example, you should test every device in the same location,
at room temperature, and away from direct sunlight and other heat

sources.

The battery must be at least 80% charged before the test will start. The test
loops the benchmark until the battery charge drops below 20%. Battery
testing can take severa | hours during which you will not be able to use your
device for other tasks. Do not use the charging cable, or connect mobile
devices to a PC, while the test is running.

To get accurate and consistent results you should close apps that may be
running in the background, and disable notifications before running the
benchmark.

1 Running other apps during the benchmark will affect the results.
1 Avoid touching the screen while the tests are running.
1 Press the Back Button if you want to stop the test.

Recommended process

1. Test the device at room temperature, away from direct sunlight and
heat sources.
2. Disable automatic screen brightness adjustment.
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3. Use the pure white calibration screen to set the device's screen
brightness to a def ined level, ideally 200 cd/m2 for smartphone s and
tablets.

EXxpert process

To produce accurate, repeatable and comparable results you should test
devices under controlled conditions. Ourr ecommendations below match
those given in the ECMA -383 standard " Measuring the Energy Consumption

of Personal Computing Products ."

1. Test the device in an environment that meets the requirements of
ECMA-383:
9 Temperature: 23 +/ - 5 degrees Celsius.
1 Relative humidity: 10 - 80%.
1 Ambient light: 250 +/ - 50 lux.

2. Disable automatic screen brightness adjustment.
3. Use the pure white calibration screen in the app and a luminance meter

to calibrate the screen brightness to 200 cd/m2 for  smartphone s and
tablets.
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WORK 2.0 BENCHMARK

See how your device handles common productivity tasks - browsing the
web, editing videos, working with documents and data , and editing photos .

Use the Work 2.0 performance benchmark to test the performance of
your device. This test takes around 10 minutes on a typical smartphone.

Use the Work 2.0 battery life benchmark to measure battery life and
performance. This test can take many hours depending on the capacity and
efficiency of the device.

Work 2.0 is an improved version of the older Work benchmark. It updates
the Web Browsing, Writing, and Photo Editing tests and adds two all  -new
tests for Video Editing and Data Manipulation.

Web Browsing 2.0 measures performance when render ing a web page,
scrolling, zooming, searching for content, and re -render ing the page af ter
editing and adding an item. The test used the native Android WebView view.

Video Editing measures performance when playing, editing, and saving
video. The test uses OpenGL ES 2.0, the native Android MediaCodec API, and
Exoplayer, a Google -developed media player.

Writing 2.0 measures the time to open, edit, and save a document using the
native EditText view and PdfDocument API. The PDF is encrypted, decrypted,
and then rendered in a RecyclerView.

Photo Editing 2.0 measures the time takento open, edit, and save a set of
4 MP JPEG images The test uses four different APIs , including the latest
version of the android.renderscript API , to filter and manipulate the images.

Data Manipulation simulates the demands of data -heavy applications such
as fitness and financial apps. It measures the time to parse data from

various file formats, then records frame rate while interacting with dynamic
charts.
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SCORING

The Work 2.0 performance benchmark reports a Work 2.0 performance
score. Each sub-test also produces a score. Higher scores mean better
performance.

wéidai el Q
QQE G WREOO 1 ¢ KBIRNVQ ¢ ORNICAEREDH® 0 £ OQEBHCRES@ 0 hE Q6 a @

Where:

WQubéi1 & IB'QE 20 The result from the Web Browsing 2.0

test
WwNQQQe OQQO0 Q= "Q The result from the Video Editing test
Wi Qocee "Q = The result from the Writing 2.0 test

0@ 0 &€ 0OQ&d VE=Q The result from the Photo Editing 2.0 test
Owo 0L we QN 6= wo The tesult from the Data Manipulation
test

The Work 2.0 battery life be nchmark reports battery life in hours and
minutes and a Work 2.0 performance score.

G Scores from Work 2.0 are not comparable with scores from the
older Work benchmark test.
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WEB BROWSING 2.0

The Web Browsing 2.0 test represents a common browsing scenario:
checking up on friends on a social networking site. The test measures
performance when render ing a web page, searching for content, and re -
render ing the page after adding a new image.

Web Browsing 2.0 improves o n the previous Web Browsing test by
measuring frame rate a s well as the time to complete the tasks.

Web Browsing 2.0 uses the native Android WebView view to display and
interact with web pages. The content for these pages is stored in local files
on the device. Android WebView uses the WebKit rendering engine. The test
runs in portrait screen orientation.

A Web Browsing 2.0 score indicates how well the device performs when
displaying and interacting with web content. It does not measure network
speed, latency or bandwidth.

Workload tasks

1. Render the main page, which contains text and images of various sizes.
2. Scroll the page up and down.
3. Zoom into one picture.
4. Load a set of da ta into the search feature.
5. Execute searches as a search term is entered one character at a time.
6. Select a thumbnail area from a new image being added to the page.
7. Add the image to the page causing the page to be re -rendered.
Scoring
OWQO61 ¢ KBODEN Q
- o~ s o AR EP P P e
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Where:

= Time spent rendering the page for task 1

= Time spent loading the data to be searched in task 4
Time spent searching the data in task 5

= Time spent re -rendering the page in task 7

= Average frame rate during task 2

= Average frame rate during task 4

= Average frame rate during task 7

S
1
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VIDEO EDITING

Video Editing measures performance when playing, editing, and saving
video. The test uses OpenGL ES 2.0, the native Android MediaCodec API, and
Exoplayer, a Google -developed media player.

The first part of the test measures how well your device performs when
applying real -time effects to video using OpenGL ES 2.0 fragment shaders.

The video frames are decoded and sent to an Androi  d GLSurfaceView using
a custom Renderer that applies OpenGL ES 2.0 shaders for the preview.

All video clips are encoded with the H.264/MPEG -4 AVC compression format.
Several frame rates and resolutions are tested:

30 FPS at1270 x 720

30 FPS at1920 x 1080
30 FPS at2560 x 1440
30 FPS at3200 x 1800
60 FPS at1270 x 720

60 FPS at1920 x 1080
60 FPS at2560 x 1440
60 FPS at3200 x 1800

=A =4 =4 4 4 A -8 4

The second part of the test measures performance while decoding, editing,

encoding , and muxing a video in the same code path. T he video frames are
decoded with a MediaCodec decoder on a SurfaceTexture using a custom
Renderer that applies OpenGL shaders, then encoded with a MediaCodec
encoder and muxed with MediaMuxer .

Scoring

O'QQQ¢E ONRE NOE T QQE d QURE & OGIY AY RY ﬁ%
Where:

Y GO0 Q1 @0 WADO "Th'Q Q& QOB OO W'QQQE

The sum of the average frame rate when rendering each 30 FPS
video
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Y GU QI QOB LTS WQ QE QB 0D ORQ

The sum of the average frame rate when decoding each 30 FPS video

Y GL Q1§00 WIDD 'O QE QB KO0 WQQQE

The sum of the average frame rate when rendering each 60 FPS
video

Y GL QI QOB L) "Wh'Q 0 QB 0D W'QQQE

The sum of the average frame rate when decoding each 60 FPS video

Y = Time taken to encode and mux the edited video
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WRITING 2.0

The Writing 2.0 test measures how well your de vices performs when
working with documents. The test reflects the simple tasks you might
perform on a mobile device such as adding text and images to a document
as well as cutting, copying and pasting text within the document. It then
asses the performance while creating and visualizing PDF documents.

The test uses the native Android EditText view, native PdfDocument and
PdfRenderer Android API to create and then visualize a PDFfile, and javax
Cipher to encrypt and decrypt the file created. Document 1 is a 2.5 MB ZIP file
containing a 100 KB text file and two 1.2 MB images. Document 2 is a 3.5 MB
ZIP containing a 90 KB text file, a 1.6 MB image, and a 1.9 MB image.

Workload tasks

Load, uncompress and disp lay Document 1.
Load, uncompress and display Document 2.
Copy all of Document 1 and paste it into the middle of Document 2. The
combined document has around 200,000 characters.

4. Save Document 2 text and images to a ZIP file and compress. The file is
about 6 MB.
Insert a 1.3 MB image to the middle of Document 2.

6. Save Document 2 text and images to a ZIP file and compress. The file is
about 7.4 MB.

7. Save the document as a PDF in the external storage.
Encrypts the file with AES algorithm, CBC mode, PKCS#5 padding.
Encryption key is generated with PBKDF2 variant with HmacSHAL.

9. Decrypts the file with the same algorithm and key.

10. Load the PDF file rendering the PDF pages on ImageViews inside a
vertical -scrolling RecyclerView.

Scoring
N TR oA e &P EgP =P P P P
Oi QoclE QO ¢y M mQQE QVE?h?h?thV
Where:
Y = The geometric mean of times measured to load

Document 1 and Document 2 .
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Y = The sum of times measured for copying the text to the
clipboard and pasting the text from the clipboard

Y = The geometric mean of times measured to save
Document 2 after the first copy paste operation and then in
the last save in the end .

Y = The sum of times measured to add an image to the
text.

<
1]

The geometric mean of the time to create the  PDF
document and to save it to a file with the time to load and
render all the PDF pages .

Y = The geometric mean of the amount of time to encrypt
and decrypt the file.
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PHOTO EDITING 2.0

The Photo Editing 2.0 test measures how well your device performs  when
applying various filters and effects to images.

This test is the same as the one in the Work benchmark with one difference.
Photo Editing 2.0 test uses the latest android.renderscript API in the place of
the older android.support.v8.renderscript APl that was used previously .

The Photo Editing 2.0 test uses four different APIs to apply filters and effects
to the images.

1. The native android.media.effect API, which processes effects on the
GPU.
2. The native android.renderscript APl and specifically the RenderScript

Intrinsics functions that support high -performance computation across
heterogeneous processors.
3. The android -jhlabs API, which allows image processing u sing Java filters

on the CPU, (licensed under the Apache license, version 2).

4. The native android.graphic_s API, which provides low -level tools that

handle drawing to the screen directly.

The test measures the time taken to open, edit,and save a set of JPEG
images. The measurements include the time taken to move graphics data to
and from the CPU and GPU, decode from and encode to JPEG format, and
read and write from the device's flash storage.  The pictures used in the test
have a 4 MP resolution (2048 x 2048).

Loading forces the use of bitmap format of ARGB_8888Saving uses JPEG
format with 90% quality hint. Saves happen to internal flash, unless
ENABLE_DUM®@nfiguration is set to permanently save all output pictures, in
which case images are saved in the shared ph oto gallery area
DCIM/Futuremark/PCMA/PhotoEditing

Workload tasks

1. Load and display a source image.
2. Apply an effect to the source image and display the resulting image.
3. For selected images and filters, save the resulting image on disk.

Each of these tasks is followed by a one second delay to make it easier for
you to follow the progress of the test.

Tasks 1 to 3 are repeated for 24 different filters, across 13 unique source
images, with 6 intermediate saves.
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In task 2, effects without parameters are run on |y once. Effects with
parameters are run 3 times and the result is the arithmetic average of the
execution times.

At the end of each Android media effect round (within task 2),  glFinish()
called to make sure the results end up on the screen. Thisis al so how
applications work in order to keep user inputs and screen contents in sync.

Some of the parameterized effects are using each round to apply a different
value (in the space (0,1]) to the effect, giving the impression of a 'phased'
application. The va lues for the three rounds are: 0.33, 0.66, 1.0.

Effects, parameters and APIs

EFFECT

NAME PARAMETERS API USED
autofix phased android.media.effects
blur radius: 10.0 android.renderscript.ScriptintrinsicBlur
contrast phased android.media.effects
contrast phased java
crop_java x:0y:0w:1600 android.graphics

h:1600

crossprocess android.media.effects
documentary android.media.effects
emboss android.renderscript.ScriptintrinsicConvolve3x3
exposure phased java
fill light phased android.media.effects
fisheye phased android.media.effects
flip horizontal android.media.effects

Page 21 of 61



EFFECT

PARAMETERS APl USED

NAME
flip horizontal java
grain phased android.media.effects
grayscale android.media.effects
lomoish android.media.effects
rgb adjust r2g:3b:3 java
rotate -90 android.media.effects
rotate_java phased android.graphics
saturate phased android.media.effects
sharpen android.renderscript.ScriptintrinsicConvolve3x3
sharpen phased android.media.effects
temperature phased android.media.effects
red eye . .
correction android.media.effects
Scoring
0'G 0 ¢ 0Q&@u @ QWi n'QQ ¢ & Oy Ry
Where:
Y "QQ¢ a Qe h h h h
Y
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And where:

= Time taken to apply Autofix e ffect

= Time taken to apply Contrast effect

= Time taken to apply Cross Process effect
= Time taken to apply Documentary effect
= Time taken to apply Fill -light effect

= Time taken to apply Fisheye effect

= Time taken to apply Flip effect

Time taken to apply Grain effect

= Time taken to apply Greyscale effect

= Time taken to apply Lomoish effect

= Time taken to apply Rotate effect

= Time taken to apply Saturate effect

= Time taken to apply Sharpen effect

= Time taken to apply Temperature effect
= Time taken to apply Red Eye Correction filter effect

O: O O O O O O O O O O O O O Os
1

o:
1l

The time taken for face detection in the Red Eye
Correction effect when scaling down the source image by a
factor of four to 512 x 512 px and using the native Android
FaceDetector APIto find the location of the eyes. This is
repeated three times with the arithmetic average stored as
the result.

0 = Arith metic average of the loading time from flash to
memory, including decompression for all images

0 = Arithmetic average of the saving time from memory to
flash, including image compression for all images

0 = Arithmetic average of loading time from memo  ry to
GPU for all images

0 = Arithmetic average of fetch times from GPU to memory
for all saves
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DATA MANIPULATION

The Data Manipulation test simulates the demands of data -heavy
applications such as fitness and financial apps. It measures the time to
parse data from various file formats, then records  the frame rate while
interacting with dynamic charts.

Workload tasks

The first part of the test focuses on measuring performance while reading,
parsing, and validating data.

1. Read 10,000 tuples (date, value) of data from a CSV file with a standard
InputStreamReader .

2. Read 10,000 tuples (date, value) of data from a XML file with Android -
standard XmlPullParser .

3. Read 10,000 tuples (date, value) of data from a JSON file with common
GSON library.

4. Read 10,000 tuples (date, value) of data from Protocol Buffers using

Wire by Square Inc.

In the second part of the test, the data is visualized  with dynamic, animated
charts using the common open -source MPAndroidChart library. Several
charts are tested with animations and common gesture s such as swipe and
zoom.

5. A cubic line chart is tested with three swipes forward and backwards,
vertical an d horizontal zoom -in/out and X/Y animations.

6. Barchartis tested with three swipes forward and backwards, horizontal
zoom -infout and X/Y animations.

7. Pie chart is tested with swipe forward and backwards, circular swipe
and circular animation.

8. Realtime cubic line chart is tested with a new data point added every
30 milliseconds.

9. Multiple line, bar, and cubic charts are shown inside a horizontal
RecyclerView while performing scrolling animations.

Scoring

0®o OO GE QR dalE Al &T'QQ ¢ a ‘Wil
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Where:

R ¢ R N S
0 QQ¢ a th?hY—hY—

Where:
Y = Time to parse data from the CSV file in workload task 1
Y = Time to parse data from the XML file in workload task 2
Y = Time to parse data from the JSON file in workload task
3
Y = Time to parse data from the Protocol Buffer file in task
4

And where:

0 "QQ¢ & 'doks M M M

Where:

0 = The harmonic m ean of the average draws/s for each part
of workload task 5.

0 = The harmonic mean of the average draws/s for each part
of workload task 6.

0 = The harmonic mean of the average draws/s for each part
of workload task 7.

0 = The average draws/s for the duration of workload task 8.

0 = The harmonic mean of the average draws/s for each part

of workload task 9.

Page 25 of 61



WORK 2.0 BATTERY LIFE BENCHMAR

Measuring performance and battery life provides a better view of the overall
profile of a device than benchmarking performance alone.

The Work 2.0 battery life benchmark uses the same workloads as the Work
2.0 performance benchmark.

The battery must be at least 80% charged before the test will start. The test
loops the Work 2.0 performance benchmark  until the battery charge drops
below 20%. Do not use the charging cable or connect your deviceto a PC
while the test is running.

Please refer to our best practice guide to set up your device and benchmark
its battery life .

G Battery life testing can take several hours during which you will
not be able to use your device for other tasks.

Scoring

The reported battery life is an estimate for a 95% duty cycle (from 100%
charged to 5%) extrapolated from the actual, measured ba ttery life during
the benchmark run:
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The Work 2.0 battery life benchmark also produces an overall Work 2.0
performance benchmark score, which is an average of the result from each
loop while the battery test was running.

wéidari el Q
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The subtest performance scores are calculated as geometric means of the
results from test passes 1 to n:

QOGS ERBIUQQE 4 QUM FYH R
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The performance monitoring chart  shows the performance score from each

loop of the test . This makes it easy to see if performance decreases over
time due to thermal issues or other fa ctors.
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WORK BENCHMARK

See how your device handles the work tasks you carry out every day -
browsing the web, watching vid eos, working with documents, and editing
photos .

Use the Work performance benchmark to test the performance of your
device. This test takes around 20 minutes on a typical smartphone.

Use the Work battery life benchmark to test battery life and performance.
This test can take many hours depending on the capacity and efficiency of
the device.

Work includes four tests:

Web Browsi ng measures the time to render a web page, search for content,
and re -render the page af ter editing and adding an item. The test used the
native Android WebView view.

Video Playback measures the average frame rate during playback as well
as the time to loa d, and seek within, 1080p video content using the na tive
Android MediaPlayer API.

Writing measures the time to open, edit, cut, copy and paste text and
images into a document using the native Android EditText view.

Photo Editing measures the time takento open, edit, and save a set of 4
MP JPEG images while using four different APIs to filter and manipulate the
images.
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SCORING

The Work performance benchmark reports a Work performance score. Each
sub-test also produces a score. Higher scores indicate better  performance.

wEiiQbeél Q
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The Work battery life benchmark reports battery life in hours and minutes
and a Work performance score.
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WEB BROWSING

The Web Browsing test represents a common browsing scenario: checking

up on friends on a social networking site. The test measures the time it

takes the device to render a web page, search for content, and re  -render the
page after adding a new ima ge.

Web Browsing uses the native Android WebView view to di splay and interact
with web pages. The content for these pages is stored in local files on the
device. Android Web View uses the WebKit rendering engine. The test runs in
portrait screen orientation.

A Web Browsing score indicates how well the device performs when
displaying and interacting with web content. It does not measure network
speed, latency or bandwidth.

Work load tasks

1. Render the main page, which contains text and images of various sizes.
2. Scroll the page up and down.
3. Zoom into one picture.
4. Load a set of data into the search feature.
5. Execute searches as a search term is entered one character at a time.
6. Select a thumbnail area from a new image being added to the page.
7. Add the image to the page causing the page to be re -rendered.
Scoring

GQOS T £ 0i GEEIGD ThTT TQQE & Qb B R R

ALY

Where:

= Time spent rendering the page for task 1

= Time spent loading the data to be searched in task 4
Time spent searching the data in task 5

= Time spent re -rendering the page in task 7

<< <<
1
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VIDEO PLAYBACK

The Video Playback test measures how well your device performs when
asked to load, play, and seek within 1080p video content. The test uses the
native Android MediaPlayer APl and runs in landscape screen orientation.

The video content is 1080p re solution (1920 x 1080), encoded in H.264 using
the baseline profile, level 4.0, with a variable b it rate target of 4.5 Mbps

(max 5.4), at 30 FPS The videos were encoded using Adobe Media Enco der
CCusing the Android - Tablet 1080p 29.97fps preset as the basis, but with

the frame rate setto 30 FPS

Workload tasks

Start playback of video 1
Play the video
Start playback of video 2
Play the video
Start playback of video 3
Play the video
Start playback of video 4

© N o gk w P

Seek within the video
a. pause, seek 1000 ms forward, play, then repeat until 78000
ms is reached
b. seek to 65000ms
c. seek to 95000ms

Scoring
©QQQ¢ b ahodd@an — — Y

Where:

Y = The arithmetic average of the loading times
measured in tasks 1, 3, 5 and 7. The measured time
starts when the media framework is initializing and
stops when the first frame is displayed.

Y = The arithmetic average of seek times measured
in task 8. The measured time starts when the seek
operation is triggered and stops when the next video
frame appears on the display.
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= The arithmetic average of average playback
frame rates measured in tasks 2, 4 and 6.
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WRITING

The Writing test measures how well yo ur devices performs when working
with documents. The test reflects the simple tasks you might perform on a
mobile device such as adding text and images to a document as well as
cutting, copying and pasting text within the document.

The test uses the native Android EditText view and runs in portrait
orientation.

Document 1is a 2.5 MB ZIP file containing a 100 KB text file and two 1.2 MB
images. Document 2 is a 3.5 MB ZIP c ontaining a 90 KB text file, a 1.6 MB
image, and a 1.9 MB image.

Workload tasks

Load, uncompress and display Document 1.
Load, uncompress and display Document 2.
Copy all of Document 1 and paste it into the middle of Document 2. The
combined document has around 200,000 characters.
4. Save Document 2 text and images to a ZIP file and compress. The file is
about 6 MB.
5. Cutaround 1,700 characters from the middle of Document 2 and paste
to the beginning of the document. Cut a further 1,200 characters from
the mi ddle and paste near the beginning.
6. Type three short sentences near the start, middle and end of Document
2. The sentences range from 70 to 100 characters each.
7. Inserta 1.3 MB image to the middle of Document 2.
Save Document 2 text and images to a ZIP file and compress. The file is
about 7.4 MB.

Scoring
Ol Q0 106 & d) 00 é & o i RY YR
N ALZLALALY
Where:
Y = The geometric mean of the loading times in tasks 1
and 2
Y = The geometric mean of the saving times in tasks 4 and
8
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= Time taken to copy and paste text to and from the
clipboard in task 3

= The sum of the times taken to copy text to the
clipboard, cut it from the document, and paste into the
document in task 5

= Time to insert an image into the docume ntin task 7
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PHOTO EDITING

The Photo Editing test measures how well your device performs when
applying various filters and effects to images. The test  runs in portrait
screen orientation.

The test uses four different APIs to apply filters and effectsto  the images.

1. The native android.media.effect API, which processes effects on the
GPU.
2. The native android.support.v8.renderscript  API and specifically the

RenderScript Intrinsics _ functions that support high -performance

computation across heterogeneous processors.
3. The android -jhlabs API, which allows image processing using Java filters

on the CPU, (licensed under the Apache license, version 2 ).
4. The native android.graphics API, which provides low -level tools that

handle drawing to the screen directly.

The test measures the time taken to open, edit, and save a set of JPEG
images. The measurements include the time taken to move graphics data to
and from the CPU and GPU, deco de from and encode to JPEG format, and
read and write from the device's flash storage.  The pictures used in the test
have a 4 MP resolution (2048 x 2048).

Loading forces the use of bitmap format of ARGB_8888Saving uses JPEG
format with 90% quality hint.  Saves happen to internal flash, unless
ENABLE_DUM®@nfiguration is set to permanently save all output pictures, in
which case images are saved in the shared photo gallery area
DCIM/Futuremark/PCMA/PhotoEditing

Workload tasks

1. Load and display a source im age.
2. Apply an effect to the source image and display the resulting image.
3. For selected images and filters, save the resulting image on disk.

Each of these tasks is followed by a one second delay to make it easier for
you to follow the progress of the test.

Tasks 1 to 3 are repeated for 24 different filters, across 13 unique source
images, with six intermediate saves.

In task 2, effects without parameters are run only once. Effects with
parameters are run three times and the result is the arithmetic average of
the execution times.
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At the end of each Android media effect round (within task 2),  glFinish() is
called to make sure the results end up on the screen. This is also how
applications work in order to keep user inputs and screen contents in sync.

Some of the parameterized effects are using each round to apply a different
value (in the space (0,1]) to the effect, giving the impression of a 'phased'
application. Th e values for the three rounds are: 0.33, 0.66, 1.0.

Effects, parameters and APIs

EFFECT PARAMETE

APl USED
NAME RS
autofix phased android.media.effects
radius: . . . o
blur 100 android.support.v8.renderscript.ScriptintrinsicBlur
contrast phased android.media.effects
contrast phased java
x:0y:0
crop_java w:1600 android.graphics
h:1600
crossproces _ _
android.media.effects
S
documenta ) ]
android.media.effects
ry
android.support.v8.renderscript.ScriptintrinsicConvo
emboss
Ive3x3
exposure phased java
fill light phased android.media.effects
fisheye phased android.media.effects
flip horizontal android.media.effects
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EFFECT
NAME

flip

grain
grayscale
lomoish
rgb adjust
rotate
rotate_java

saturate

sharpen

sharpen

temperatur
e

red eye
correction

Scoring
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Where:

Y

PARAMETE
RS

horizontal

phased

r2g:3b:3

-90

phased

phased

phased

phased

Q¢ & Q&

APl USED

java

android.media.effects

android.media.effects

android.media.effects

java

android.media.effects

android.graphics

android.media.effects

android.support.v8.renderscript.ScriptintrinsicConvo

lve3x3

android.media.effects

android.media.effects

android.media.effects
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= Time taken to apply Autofix effect

= Time taken to apply Contrast effect

= Time taken to apply Cross Process effect
= Time taken to apply Documentary effect
= Time taken to apply Fill -light effect

= Time taken to apply Fisheye effect

= Time taken to apply Flip effect

= Time taken to apply Grain ef fect

= Time taken to apply Greyscale effect

= Time taken to apply Lomoish effect

= Time taken to apply Rotate effect

= Time taken to apply Saturate effect

= Time taken to apply Sharpen effect

= Time taken to apply Temperature e ffect
= Time taken to apply Red Eye Correction filter effect

= The time taken for face detection in the Red Eye
Correction effect when scaling down the source image by a
factor of four to 512 x 512 px and using the native Android
FaceDetector API to find the location of the eyes. This is
repeated three times with the arithmetic average stored as
the result.

= Arithmetic average of the loading time from fl  ash to
memory, including decompression for all images

= Arithmetic average of the saving time from memory to
flash, including image compression for all images

= Arithmetic average of loading time from memory to
GPU for all images
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= Arithmetic average of fetch times from GPU to memory
for all saves
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WORKBATTERY LIFBBENCHMARK

Measuring performance and battery life provides a better view of the overall
profile of a device than benchmar king performance alone.

The Work battery life benchmark uses the same workloads as the Work
performance benchmark.

The battery must be at least 80% charged before the test will start. The test
loops the Work performance benchmark  until the battery charge drops
below 20%. Do not use the charging cable or connect your deviceto a PC
while the test is running.

Please refer to our best practice guide to set up your device and benchmark
its battery life.

G Battery life testing can take several hours during which you will
not be able to use your device for other tasks.

Scoring

The reported battery life is an estimate for a 95% duty cycle (from 100%
charged to 5%) extrapolated from the actual, measured battery life during
the benchmark run:
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The Work battery life benchmark also produces an overall Work
performance benchmark score, which is an average of the result from each
loop while the battery test was running.

wéiiweél Q
"VQE G WEOS6 T ¢ ThWRAE b afdb RO '®E 0Q QO QE Q

The subtest performance scores are cal culated as geometric means of the
results from test passes 1 to n:
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The performance monitoring chart shows the performance score from each

loop of the test. This makes it easy to see if performance decreases over
time due to thermal issues or other  factors.
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