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Introduction

BrowserMark

“Browser Mark” is a browser benchmark created
performance in JavaScript and HTML rendering. BrowserMark benchmark was design to tell

an end-user which desktop browser performs best on their computer.

http://www.Rightware.com/BrowserMark/

By design, BrowserMark was created for measuring the browsers available for desktop
computers. The workloads, resolutions and assets do not accurately represent a workload
usually experienced by a mobile browser, and in fact due to the usage of the jQuery
framework in the benchmark, most mobile browsers are unable to run the benchmark to
completion.

BrowserMark

As the measurement of a browsers performance is perhaps even more interesting in the
mobile space, the purpose of BrowserMark is to rework the original BrowserMark in terms
of framework and workloads to suit that of a mobile browser.

Benchmark Design

About JavaScript
JavaScript is a scripting language used for creating client side programs. A wide range of web
browsers support JavaScript. Generally JavaScript is used to improve user experience.

JavaScript is a superset of the ECMAScript standard scripting language with only minor
additions. JavaScript was originally created by Brendan Eich at Netscape. Netscape Navigator
2.0 was the first browser to implement JavaScript execution environment (ECMAScript
Language Specification, 2002).

A web browser provides the environment for executing ECMAScript code. It offers objects
that represent constructs such as windows, menus, pop-ups, dialog boxes, text areas,
anchors, frames, history, cookies, and input/output. The environment makes it possible to
attach scripts to user interface events such as mouse clicks and keyboard events
(ECMAScript Language Specification, 2002).

About DOM API

DOM stands for document object model. It is an application programming interface for
HTML and XML documents. It defines the logical structure of a document and the way the
document is accessed and manipulated. With DOM methods document elements can be
read, created, modified, and deleted and their attributes can be modified. (Le Hors, ym.,
2004). DOM represents an XML document as a tree data structure.


http://www.futuremark.com/peacekeeper/

_

An HTML or XHTML document can be modified with JavaScript through the browser's DOM
API. If a script wishes to change anything on the screen, the document object model needs
to be accessed.

DOM by itself contains a very limited set of functions for, as an example, traversing the
document tree. Elements can only be searched for by name and id. However a web
application requires a number of ways to search for a specified node or nodes from the
document —for example, getting all of the images or all menu elements from a page.
JavaScript frameworks are created for this purpose. They extend the DOM APl and widen the
selection of available methods. Frameworks also hide browser differences from developers
by abstracting functionalities. Dojo Toolkit, Prototype, jQuery and Mootools are all examples
of JavaScript frameworks.

JavaScript limitations in Benchmarking

Inaccurate timing

In general, timing is a common source of errors. There is a time required to read and store
the current value of the timer. The program statements added to a program to access the
timer change the program being measured. (Lilja, 2004)

Mozilla's JavaScript developer John Resig has studied browser timing (Resig, Accuracy of
JavaScript Time, 2008). He found that many browsers update their internal clock in 15 ms
intervals. In benchmarking this must be taken into account. If a test case would take less
than 15 ms, the JavaScript timer might show the test duration as zero millisecond. This
would lead to major errors in the final results. To decrease the error rate to 1 %, the
minimum test duration must be at least 750 ms.

Execution limits

Execution limit is a security method used by JavaScript engine to protect overall system
against malicious scripts. Most browsers freeze during continuous JavaScript execution and
therefore it is reasonable to limit long running scripts.

There are two different approaches to detect long running scripts. Microsoft's modern
browsers (Explorer 4.0 and above) limit execution by counting operations and stopping a
script after a certain amount of operations. By default execution is interrupted after five
million consecutive operations (Microsoft, 2008). If benchmark test is run continuously for
example for one second, the five million operation limit is easily reached.

Other browsers set time limits for script execution. For example Firefox allows a script to run
for 10 seconds.

When designing a benchmark the limits of the browser must be taken into account. Internet
Explorer's five million operation count limit is difficult. Google's V8 benchmark ignores this
problem by simply stating that execution might be interrupted on Microsoft ’Internet
Explorer (Google, 2009).

Measuring rendering speed
The components of a computer system can interact in incredibly complex and frequently
unpredictable ways (Lilja, 2004). Web page rendering is such task. It would be very



_

interesting to measure how fast page is loaded. Unfortunately it is almost impossible to
measure, because page loading is a very complex task. Page load is a combination of
downloading assets, pre-parsing XML and parsing XML, predicting XML structures, pre-
rendering and rendering visual objects, running code and so forth.

There are some rendering measurement tools written in JavaScript on the market that
attempt to measure loading time. They use the following method:
1. Start the timer on the XHTML-documents header section.

2. End timer when browser fires document's onload-event. The event should trigger

when page has been loaded.

After the release of the Safari browser it seemed to have very fast rendering engine.
Unfortunately there are claims on the internet that Safari triggers the onload event sooner
than other browsers (Wilton-Jones). On the Webkit issue tracker one developer verifies that
onload mayfire before layouting the page (Rowe, 2007).

Because there are no absolutely accurate methods to measure page loading speed, page
loading time is left out of the benchmark. All other modern JavaScript benchmarks ignore
page loading time as well.

Security checks

JavaScript is can be a very vulnerable technology as it loads source code from the internet
and then executes it. That is why JavaScript is executed in a security sandbox.

A sandbox is a commonly used security mechanism that is used to run code in a restricted
environment. The sandbox attempts to prevent a script from causing damage to the system
by restricting its access to the system the browser is running on. It also helps prevent
attackers from modifying and even reading data on the local system. (Sylvain, 2008)

According to John Resig (Resig, JavaScript Performance Stack, 2008) in a JavaScript engine
there are numerous security checks in place to prevent a malicious script from accessing
objects in unintended ways. This produces an unfortunate performance hit.

Some JavaScript engines provide an option to run JavaScript code outside of browser context
and without slow security checks. Code is executed on command line without screen
rendering. This is useful for developers, but not particularly so for end users. In a real life
scenarios sandbox performance is an important factor.

Developing a browser benchmark
Development goals for the benchmark are
1. The benchmark shall be objective. Tests should be as close as possible to real life
and shall not prefer any browser.
2. Results shall be repeatable. On the same system under the same conditions results

shall be stable.
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3. Resolution shall be high enough to bring up differences between browsers and to
produce meaningful comparisons.

4. Results shall be scalable. This means that a faster system results shall always score
higher than a slower system.

5. The benchmark shall be easy to use and shall clearly tell to the user which browser is
the fastest on their computer. It also shall give relative performance information
compared to other users with similar hardware.

6. The benchmark shall support the recent versions of major browsers.

7. The benchmark shall be visually appealing.

Benchmark framework

Architecture

The benchmarks architecture is divided into two parts: frontend and backend. Frontend
requests a test from the backend executes it and performs the measurements. It then
submits the result to the backend which saves it to a database. Frontend does not contain
any control logic. It does not know the current state of the benchmark - it simply requests
new tests and runs them until backend answers that the benchmark is complete.

All the controlling logic is located in the benchmark flow controller in the backend. The
backend is built with Java and uses widely adapted components such as like Struts2 and
Hibernate. It feeds the tests to the frontend and gathers and stores the results.

Benchmark frontend
Execution environment W
Test lavaboript-source Fesult submissicn
Backend
Flow controller Result receiver 1
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Metrics and score calculation
The benchmark contains two types of tests: non visual tests and visual tests. Each test
produces an individual result that is saved to the database

Non visual tests
Non visual tests measure for example algorithms, operations and structures. The metric
used is operations per second - counting the number of operations executed and dividing it
with the measured time.

Choerations

-
momyramal

Time

An operation is in this case is a single test cycle, which might be something from a single
JavaScript statement to complex set on JavaScript code, depending on the nature of the test
in question.

The framework uses a test loop to run test cycles. The loop runs under five constraints:

1. The JavaScript execution time limit set by for example Safari, Chrome and Firefox.

2. JavaScript execution operation limit set by for example Internet Explorer.

3. The waiting time that is accepted for the user. While a test is running, nothing else
can happen in the browser and if too long, the user may assume that the benchmark
has hung.

4. Test cycle must have enough repetitions to produce reliable results.

5. Overhead must not be significant compared to the benchmark test load.

The test loop always causes some overhead time on top of the result. Overhead means the
time that is spent executing benchmark tasks, not the test itself.

The simplest form of the test loop is presented below. It runs until the defined operation
limit is reached.

1. for (i = 0; i < operationLimit; i++) {

2. runTestOperation();

3.}

In this example the overhead is minimal, but loop might hit the time limit set by browsers.
To avoid this we have to make sure that we stop the loop before time limits are exceeded
4. startTime = getCurrentTime();
5. for (i=0; i < operationLimit
6. && getCurrentTim e() - startTime < timeLimit;

i++) {

7. runTestOperation();
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Now we can meet the first, second and third constraint. But the test overhead is high as
timer methods are time consuming. In this final iteration the test loop split into two nested
loops. The inner is loop is a pure for-loop running a short amount of step, with the
assumption that time constrains are not exceed during the execution of the inner loop. This
reduces the overhead significantly.

9. startTime = getCurrentTime();

10. for (1= 0; i < operatio nLimit

11. && getCurrentTime() - startTime <
timeLimit; i++) {

12. for (k = 0; k < innerOperationLimit;
k++) {

13. runTestOperation();

14. }

15. }

Visual tests

The visual tests draw something to the screen. The purpose of the visual tests is to measure
how rendering affects the performance. The metric used is frames per second (FPS). Metric
tells how many complete frames browser can render to the screen during one second. The
metric is formed by measuring the elapsed time and the amount of rendered frames.

P _ Frames

st Time
The test loop for visual tests is slightly different that OPS test loop. This is because of the
rendering nature of the JavaScript. A web browser renders the screen when the JavaScript
engine is idle. While JavaScript code is being executed, nothing happens on the screen. If
t h e r efor’ilosp foachahging the display, nothing happens while loop is being executed.
When the loop has completed, the screen is rendered. To render an animation, some time
needs to be given for the web browser to render the screen at the end of each iteration of
the loop. This is accomplished with the setTimeout method. It waits for a given amount of
time and executes the specified function after that. In theory the smallest possible amount
of time to wait is 0 milliseconds. In practice, the time is something between 10-20 ms
depending on the web browser in question and the overall system performance. This gives
us @ maximum FPS between 50-100 FPS.

The pseudo code representation is shown below.

1. function run() {

if (frame == frameLimit) {
finished();
return;

}

frame++;

o gk~ D
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runTestOperation();

setTimeout(run, 0);

© ® N

accomplished with the setTimeout method. It waits for a given amount of time and executes
the specified function after that. In theory the smallest possible amount of time to wait is 0
milliseconds. In practice, the time is something between 10-20 ms depending on the web
browser in question and the overall system performance. This gives us a maximum FPS
between 50-100 FPS.

The pseudo code representation is shown below.

10. function run() {

11. if (frame == frameLimit) {
12. finished();
13. return;

14. }

15. frame++;

16. runTestOperation();

17. setTimeout(run, 0);

18. }

The final score

The measurement results are combined together to produce the final benchmark score. First
similar tests are grouped together into test suites. Each suite has its own sub score, which is
calculated by computing the geometric mean of each single test in that suite. Then the
overall final score is calculated by calculating an arithmetic mean of the suite scores.

Score = Average(Ueomeant(s 0 .,..0 ). Geomean(t, 0 ... 0, Lo Geomean(r 0 .,..0 )

Characterizing browser's JavaScript load

Choosing the right kind of tests is the most important step in the design process. This
benchmark is targeted to end users and therefore should measure the overall performance
of web browsers. The tests should reflect real life usage, not particular technical aspects of a
platform.

Two methods were used to find out what kind of tests should be created:
Analysis of real web services. Several popular web services were profiled with
Internet Explorer's JavaScript profiler. Results of the analysis are grouped by

technical features and then used as basis for creating test cases.
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Analyzing the usage of well known JavaScript frameworks. Most JavaScript
developers use frameworks to develop web services. Creating test cases with these

frameworks helps in simulating real life workloads.

Technical feature categories

The technical environment is divided into categories based on ECMAScript specification and
DOM API specification. Categories are Object, Array, String, Boolean, Number, Math, Date,
RegExp (ECMAScript Language Specification, 2002), DOM, JSON and general. The results of
the web service analysis are sorted into these categories.

Tablel Technical categories derived from ECMAScript standard.

Category Function characteristic

Object Object rellat_ed functions. Objects can be used also as
an associative array.

Array Functions that use array methods.

String Text handling functions.

Boolean Functions using boolean expressions.

Number Functions using numbers.

Math Mathematical functions.

Date Functions that handle date and time.

RegExp Functions using regular expressions.

DOM Functions that modify document object model.

JSON Functions that handle JSON.

General All functions that not match previous categories.

Analysis of web services

Web service analysis was done with Internet Explorer 8 by using Developer Tools JavaScript
profiler. Test data was gathered during 1.2.2009 - 1.3.2009. Analysis is based on five minutes
general usage of the chosen web service. The output is statistics on the functions executed.
Data was filtered so that only core JavaScript functions was left for further analysis. Then the
filtered data was organized based on execution count and the time spent in each function.
Based on this data the real workload could be estimated.

This type of analysis gives an idea on which core functions are used and in what amounts.
There are some drawbacks however:
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- The profiler tells which functions are used, but it does not tell how the functions are
used. For further accuracy it would be necessary to see the function call parameters
and the memory stack. In order to learn how functions are used in the chosen web
application, the source code must be studied.

- The profiler does not report DOM modifications. However, modifying DOM is time
consuming and therefore it cannot be ignored.

- The amount of test data is limited, because a five minutes time span was short.

- The gathered data may be biased depending on the chosen user interaction
scenario.

- Time spent on function is browser specific. Some functions that are slow on Internet
Explorer might perform very well on some other browsers.

- ltis impossible to verify the accuracy of the profiler

The tested web services were chosen by popularity and by known heavy JavaScript load. The
services were: Facebook, YouTube, Meebo, GMail and Amazon

Facebook

Facebook is a rapidly growing popular community site. It helps users to connect,
communicate and share their life together. In January 2009 Alexa ranked Facebook as the
8th biggest site in the world. Alexa is a company that provides web usage reports.

Facebook uses JavaScript to improve the user interface. Facebook doesn't utilize any known
JavaScript framework.

The five minute test period contained chatting, writing comments, searching for friends and
modifyingt h e wrefierThe amount of function calls and time spent on functions are
presented on the charts below.



Object.valueOf 38022,00

Array.slice 39179,00
String.replace 39542,00
Function.toString 40851,00

Array.join 43094,00

String.split 43631,00

String 56776,00

String.toString 60631,00

Yo}

Array 3945,00

Array.push 116386,00

0,00 20000,00 40000,00 60000,00 80000,00100000,00120000,00140000,00

Figurel the amount of function calls to these functions on Facebook

String.match
String.indexOf
Array.sort
Array.slice
Array.join
String

Array.push

String.split

ActiveXObject

String.replace 880,89

0,00 100,00 200,00 300,00 400,00 500,00 600,00 700,00 800,00 900,001000,00

Figure2 Time spent on these function on Facebaok

During the five minute profiling period about 80 seconds was spent on JavaScript execution.
The results show that Facebook has a load on String and Array functions.

Creation of ActiveXObject is time consuming, but can be ignored as it is an Internet Explorer
specific function and would not be called on other browsers.
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YouTube

YouTube is a popular video site. Although the video player is made with Adobe Flash,

JavaScript is used for all other functionalities. The test period contains searching, tagging,

commenting and browsing. It seems that YouTube is not using a known JavaScript

framewor k. Based on Al exa, YouTube’'s traffic

String.charAt
Array.push
Array.join

String.indexOf

String.split

Array

String.charCodeAt

RegExp.test

Function.call
String.toUpperCase 1396
0 200 400 600 800 1000 1200 1400 1600
Tablel the amount of function calls to these functiosaon YouTube.

RegExp.test 0,98
String.split 1,95
String.toUpperCase 2,93

ActiveXObject 226,56

0 50 100 150 200 250

Table2 Time spent on these functions on YouTube.

During the five minute test period a total of six seconds of JavaScript is executed, which is
considerably less than observed on Facebook. Arrays, strings and regular expressions are
used. Execution times of some core functions were so fast that the times were reported as
zero which is why only four items are displayed on the timing chart.
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Amazon
Amazon is an online store. Like YouTube it is a classical web site decorated with JavaScript
“tricks”. The test period contains searching a
Amazon’'s traffic rank is 28th.
String.indexOf 257
String.substr 272
String.replace 344
String.substring 438
String.toLowerCase 489
parselnt 528
String.split 551
Object 576
Array 921
Array.push 8920
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Table3 the amount of function calls to these fuctions on Amazon.

Array.shift
Date.toGMTString
ActiveXObject
RegExp
Array.concat
String.indexOf
String.replace
String.substr

Array

Array.push

21,48

0 5 10 15 20 25

Table4 Time spent on these functions on Amazon.

Nine seconds of JavaScript is executed during the five minute test period. Data contains
Array functions (specially push) and String functions.
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Meebo

Meebo is an instant messaging application. It is not a classic web site and is more of a true
client side application built with JavaScript. Meebo is chosen to the analysis because of this
fundamental difference. Test period contains chatting on multiple window and windows

management. Meebo’s Alexa traffic rank is 499t
String.toLowerCase 1517
String 1591

Array.push

String.replace
Date.getTime

Date

String.indexOf

Array.concat

Array.slice

37045

Array

0 5000 10000 15000 20000 25000 30000 35000 40000

Table5 the amount of function calls to these functions on Meebo.

String.toLowerCase
RegExp.test
Date.getTime
Array.push
String.indexOf

Array.sort

String.replace

Array

Array.concat

Array.slice 79,1

0 10 20 30 40 50 60 70 80 90

Table6 Time spent on these functions on Meebo.

The total JavaScript execution time was 12 seconds, which is surprisingly low when
comparing to Facebook. Again arrays and string are used, but this time date-object is used as
well. The Array constructor is the most used function
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GMail

GMai | is Google’ s mail application. It is a Ja
Meebo. The test period contains general navigation, reading, writing, searching and tagging.

GMiail is built with Google Web Kit and the client side JavaScript code is compiler generated

and as such it is not human readable. Al exa’s
misleading as GMail is actually located under the Google.com domain.

Array.join
Array.splice
String.replace
String.indexOf
String.split
RegExp.test

Date.getTime

Array.pop

Object.hasOwnProperty 7598

Array.push 50739

0 10000 20000 30000 40000 50000 60000

Table7 the amount of function calldo these functions on GMail.

decodeURIComponent
String.replace
RegExp.exec

Array.slice

Array.join
Array.pop
String.split

Object.hasOwnProperty

Array.push

ActiveXObject

(Vo)

5,7

0 20 40 60 80 100 120

Table8 Time spent on these functions on GMail.

The total JavaScript execution time was 2 minutes and 52 seconds, which seems quite
reasonable. Again most of the time was spent on arrays and strings, but date functions are
also used a lot.
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Combined results
Function count results were combined and then separated into three different groups based
on core JavaScript load: array-operations, string-operations and the rest.

Array.splice
Array.pop
Array.concat

Array.join

Array.slice

Array

Array.push 180088

0 20000 40000 60000 80000 100000 120000 140000 160000 180000 200000

Figure3 Combined amount of array function calls.

String.charAt
String.substr
String.substring
String.charCodeAt
String.toUpperCase
String.toLowerCase
String.indexOf

String.replace

String.split

58367
60631

String

String.toString

0 10000 20000 30000 40000 50000 60000 70000

Figure4 Combined amount of string function calls.

parselnt
RegExp.test
Date

Date.getTime

Object.valueOf

Function.toString

Object.hasOwnProperty 47598

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
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Figure5 Combined amount of other function calls.

This combined data was the basis for test design.

Popularity of frameworks

There are several JavaScript frameworks on the market. Based on a survey by Pingdom, the
company focused on web analytics software, the most popular framework is Prototype, with
jQuery close behind. Other popular frameworks are Mootools and Yahoo! Ul. The survey is
based on data collected from almost 200 popular web sites. The websites were collected
from the Alexa US Top 100 and the Webware Top 100 Web Apps. (Pingdom, 2008)

MooTools

Yahoo! Ul Library (YUI)

JQuery

Prototype

0 2 4 6 8 10 12 14

Figure9 Popularity of JavaScript frameworks based on survey made by Pingdom.

The Pingdom survey lacks accuracy as the amount of examined data is so low. They also
analyzed only front pages - it is typical that all extra code is removed from the front page in
order to reduce the initial loading time and the frameworks are used on subpages by
demand. However, this still gives some direction when moving forward on the design
process.

The Tests

The tests in PKM are split into category suites, where each suite concentrates on a specific
section of performance.

Array

The array suite tests measure browser's array manipulation and creation performance.

arrayBlur

This test calculates blur effect for a bitmap. The effect is calculated with matrix calculation
by using convolution kernel. This test measures array creation, array manipulation and
mathematical formulas.

Math

The math suite tests the browsers mathematical methods.

mathDijkstra
Dijkstra's algorithm is a graph search algorithm that solves the shortest path problem for a
graph with nonnegative edge path costs, producing the shortest path tree. This algorithm is
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often used in routing, for example in games and map services. This test measures the
performance when finding shortest path in graph with eight nodes.

mathPrimes
Calculate first 1000 primes by testing each unpair number.

DOM

The DOM tests measure the browsers ability to manipulate the Document Object Model,
which is the logical structure through which JavaScript is able to view and manipulate an
HTML (or XML) document.

domSearch
DOM search test simulates simple element searches from DOM tree. The test measures
DOM API performance.

domAdvancedSearch
DOM search test simulates advanced element searches from DOM tree. The test measures
DOM API, looping and string performance.

domDynamicCreationCreateElement

A common use of DOM is to dynamically create content with JavaScript, for example while
loading content from the server and injecting it to the page. There are two ways to
accomplish this: setting the source as string to DOM's innerHTML- property or creating
objects individually and then appending them to DOM. This test measures the second
option.

domDynamicCreationlnnerHTML
This test is similar to the previous one, but uses the innerHTML-method.

String

String tests measure string creation and manipulation speed.

stringChat
This test removes swearing from artificial chat messages. Test measures looping and string
replace-method.
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stringDetectBrowser

Because there are differences between browser behavior, browser name and version
detection is a very common use case. This test uses the string indexOf-method to detect the
browser and operating system.

stringFilter

This test filters a list of movies with given a keyword. The behavior is known as a filtering
select or a continuous filter. It is used to give a real time suggestions while user is filling input
fields. The test uses simple regular expressions.

stringValidateForm
Live form validation is a common JavaScript use case. This test uses complex regular
expressions to validate user input.

stringWeighted

This test tests various string methods based on the profiled data.
Visual test

This test animates XHTML-elements by altering attributes of DOM tree. Tests are visual, and
therefore frames per second are used as the metric.

renderEqualizer
renderPhysics

renderWaves

Flash

Flash test detects whether platform supports full Flash or Flash Lite. It also checks the full
version number of Flash Player. This test doesn't measure performance.

flashFractal
Battery test
The purpose of the battery test is to measure battery life time under heavy web browser

load. Battery test repeats all the tests in PKM indefinitely, and it is intended to be run from a
full battery charge until the battery is completely drained.
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The measured score in the battery test is the number of minutes the battery test ran, and
the power [/ per f oromha mtienurteetsi a aonf’ ‘/numbuemrber of
compl et ed’

Backend functionality

All of BrowserMark data is stored into the backend data storage. No data is ever stored to
the client, as with JavaScript this in most cases would be impossible.

Having all data centrally located is advantageous as there is no need for any form of manual
work in storing benchmark data.

The backed comprises of two parts —the functional that contains the benchmark logic and
the data storage.

BrowserMark Web Application comes with the full source code for the backend, the
database schema and documentation, as well as installation instructions.

BrowserMark Web Application
The functional part contains the logic which determines which tests included in a benchmark
run, serves the tests to the client and stores the received results from each test. The
backend calculates and shows the final score, and houses the required web pages for
starting and running the benchmark, and finally for showing the benchmark results. All
battery test calculations are in this web application.

The web application is written in Java (v1.6) and is packaged into a standard web application
(WAR), which can be deployed into any compatible Java Application Server. The basic
installation assumes the usage of Apache Tomcat.

Data Storage
The data is stored in a standard relational (SQL) database. The basic installation assumes the
use of MySQL database, but any standards confirming SQL database will work.

Rightware Provided Backend
For ease of use, Rightware will run an instance of the backend that is available from the
general internet. This instance can be used from any location and for limited testing.

Custom Backends

For heavy usage, the BrowserMark Web Application should be installed locally. The
components are based on standards and can be used in an existing application server, or it
can be installed separately by using open source servers. The installation itself is simple and
can be completed by an experienced IT person in a few hours.

A custom backend allows full control into the tests, the test selection as well as the backend
result storage. Running tests against the custom backend will allow BrowserMark usage in
situations where access to the general internet is not possible or desirable, or when the
results of the tests are confidential.
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Public Version of BrowserMark
In addition to providing licence holders with access to BrowserMark, Rightware will run and
maintain a public version of the benchmark that any end user may run. The public version
will be limited in functionality,

- it will not include the battery test

- it will only report the overall score, not any of the sub scores

The purpose of the public version is to promote the benchmark and to provide end users the
ability to compare publicly available handsets.






