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ABSTRACT

This project aims to identify to what extent are circular computers as good as new
ones. For companies whose business consists in the remanufacturing of
computers, it becomes of paramount importance to demonstrate not only that
their products are more sustainable, but also that they perform at the level the
customer requires. This work consists of first finding the most suitable tools to
measure the performance of the computers from a user perspective. The choice
of the best tool is conducted based on the target company business market and
identifying the potential customer’s needs, in this case, standard office users.
Once selected, it is determined how this performance will be measured and the
conditions of the tests are defined. Afterwards, the testing and comparison
between circular and new computers are carried out on a sample of both types
of computers. The final display and analysis of the results show quantitative
measurements of the performances and the differences among groups, together
with a deeper interpretation of the results and the conclusions that can be drawn

from this.
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1 INTRODUCTION

1.1 Background

The increasing use of electronic devices during recent decades is something that
nobody can deny. It is estimated that by 2020, there will be more than four
connected devices per person in the world, nearly three times as many as there
were in 2014 (Mercer, 2014). This evolution has shown to have an important
impact on society. However, even if the benefits have been observed in different
areas (Evans, 2011), many negative impacts arose throughout the whole product

lifecycle.

Global Internet Device Installed Base Forecast

mloT**
m Wearables
Smart Home Devices
B Smant TVs
W Internet Media Devices
® Tablets
B Smartphones
mPCs

Source: Strategy Analytics October 2014

Figure 1-1 Evolution of electronic devices consumption (Mercer, 2014)

Since the extraction of the raw materials, the mining process damages the land,
while the use of finite resources (both materials and fossil fuels) contributes in the
continuous exhaustion of resources. More than this, some of the key components
to manufacture these devices are mainly obtainable in regions where mineral

extraction businesses are used to finance armed groups (Jaekel, 2016).

During the manufacturing stage of the different subassemblies, the search of low
prices may carry harsh work conditions for the employees, such as excessive
overtime, abuse, child labour, health & safety issues, among others (Chan and
Ho, 2008; Sibaud, The Gaia Fundation and Woodrow, 2013; China Labor Watch,



2015). In addition, a considerable amount of energy, chemicals and water are
used during the production (Electronics TakeBack Coalition, 2016).

At the end of the life-cycle, the so called e-waste is generated. While a part of it
is properly recycled, another part of it is disposed of, many times sent to
developing countries, where inappropriate management of this waste may create
health issues to the people who deal and work with them (Sibaud, The Gaia
Fundation and Woodrow, 2013). Altogether, throughout the whole cycle, pollution
is generated, having also an impact on the climate change.

This cycle is a clear example of the current linear economy model, which is based
on the principle of “take-make-(use)-dispose” and has been ruling since the
industrial revolution. As it has been shown, it causes —and has caused- an
increasinglyly negative impact on the planet (Lieder and Rashid, 2016). Due to
the limitations in resources, the growth of population, and the rising consumption
in developed countries -among others-, this linear model is not adequate for the
long-term (Meadows et al., 1972).

The circular economy appears as a “restorative and regenerative by design”
model (Ellen Macarthur Foundation, 2013), in which products are made to enter
and remain in the loop, in a non-toxic way, and using renewable sources of
energy, aiming to retain their value at the highest level (De Jong, Engalaer and
Mendoza, 2015). As seen in Figure 1-2, there are different ways to remain in the
loop, but it is important to highlight that the smaller the loop, the more value is
retained. In fact, “it is estimated that reusing working computers is 20 times more

efficient than recycling them” (Sibaud, The Gaia Fundation and Woodrow, 2013).



. Leakage to be minimised

Figure 1-2 Circular economy principle (Ellen Macarthur Foundation, 2013)

A2C Services Ltd is a company that has been taking advantage of the basics of
the circular economy since 1992. Through developed supply and distribution
networks around the world, this company has been able to take used and excess
IT equipment for years and provide them to suitable markets, encouraging the
reuse and reducing the waste caused by overstocks. In the last years, the
company has discovered a new opportunity in the remanufacturing of used
computers (A2C Services, 2013).

These products come back to the loop —where they are remanufactured again-
every three years and are expected to be able to do so up to 4 times before
having to be broken for parts or recycled. Each time one product re-enters the
loop, five trees are planted, compensating the carbon footprint of the original
manufacturing process and three years of future use, making the whole impact
carbon neutral. Additionally, 15€ is donated in order to reverse the negative

impact that the IT industry has caused in the original process.

A2C Services Ltd needs to provide strong evidence that its products (Circular
Computers) can compete (or not) against new computers. Targeting the market
niche of office laptops (aiming at schools, corporates, SME and public sector) a



comparison of performance with the direct competition may bring important
figures for the justification of purchase. This fact becomes the main motivation for
the following work, which will consist in a detailed objective comparison between

A2C’s Circular Computing products and brand new laptops.

1.2 Project aim

The aim of the following work will be to compare the performance of new and
Circular Computing laptops in order to find real differences from the users’
perspective, which is a standard office user, so it will be focused on the real-

performance of the computer as a whole.

1.3 Project scope

This project is focused on comparing the performance of two groups of computers
from the perspective of an office standard user. It is out of scope a long-term
performance analysis or other comparisons than the office functionalities. The
selection of the sample for the two groups of computers (ten new and eleven
Circular Computing laptops, of the brands HP, Dell and Lenovo), is also out of
scope, as they all have been provided by the company. The use of free or trial

programs will be prioritised whenever it is possible as there is no budget defined.

1.4 Research questions

e To what extent is A2C Circular Computing laptops performance

comparable to new ones with resembling components?

1.5 Objectives

¢ |dentify final users’ needs

e Define performance indicators

e Measure the performance of each laptop
e Assess the differences among groups

e Discuss results and obtain an understanding of them



2 LITERATURE REVIEW

2.1 Current methods

There are different elements that influence directly the performance of a
computer. The components (or hardware) are the most important, as they define
the limits of performance of the device. The most significant are the CPU, RAM,
drives and GPU (Miller, 2009), but the speed of internal and external ports,

Wireless cards or others have an impact as well.

Due to the interactions between the different components and the effect that each
of them has, it is not easy to compare two different computers. In this way,
specifications may be useful, but due to the increasing complexity and other
parameters that affect the performance, sometimes they are not helpful for
understanding the real performance (Patkar, 2016). In order to be able to do so,
for either components or the whole system, the concept of benchmark appears
(Tichy, 1998).

Even if the concept is broad, the main idea behind it can be simply explained as
“a test designed to evaluate or compare the performance of computer hardware
or software” and also as “a standard or point of reference against which things
may be compared” (Oxford Dictionaries, 2017). In a nutshell, benchmarking can
be used in many environments, but for the computer area, it is formed by a set of
tests that are performed in order to quantify the performance and be able to
compare it with other systems. According to the final aim of the machine, the tests
may be completely different, which is crucial for the selection of the adequate

benchmark.

As stated, computers can mainly be compared by specifications and/or by
benchmarking. However, as this study is focused on laptops fit for purpose, it has
been considered that just comparing components through their specifications is
pointless. To put an example to support this choice, imagine an accountant who
wants to do basic calculations. He has two options, a common calculator or a
scientific one. In all terms, the second calculator is better (it has more options,

memory, graphics, processor...), but in the end, both of them perform in a very



similar way for the basic calculations that this user needs to do. So, even if one
device is better as a whole, for the user there may be (almost) no difference in
the real performance he requires —while the difference in price may be quite

significant.

Benchmark methods and programs are vast and diverse, with hundreds of
different marks that can be used. Not all the benchmark tools are equally good
for the project aim. Therefore, prior to choosing the tools that will be used, it is
important to categorise them and then define selection criteria.

Different types of classification can be found. However, the two most repeated
and outstanding are the distinction based on the level of performance and the

one based on the composition, with two categories each (Aho and Vinckier, 1997;
Computer Science University of Maryland, 2001; Allan, 2014). Table 2-1 shows

them and their main characteristics.



Table 2-1 Benchmark classification categories

Level of performance

Composition*

Component-
level

benchmarks

System-
level

benchmarks

Synthetic

benchmarks

Application-
based / real
world

benchmarks

Performance of independent components

Test subsystems, minimising the bottlenecks on the
other subsystems

Often used for self-tailored computers, as the best

components can be chosen among others

Overall performance of the computer, as a whole
Tests that integrate all the subsystems, being the

result an additive effect of all of them

Execute basic and repeatable computer functions or
algorithms, trying to simulate a certain behaviour

In general, component-level

Useful for components performance

May not be representative of the real users

experience, as it does not evaluate the whole system

Performed using real programs and created
workloads, to simulate the desired real use of the
system

In general, system-level




2.2 Office needs

Due to the aim of this project, it has been considered that system-level
benchmarks are the most suitable, utilising the application-based
benchmarks. As it has been already stated, a raw comparison of components
would not show the real perceptions of the users and the performance of the
computers at the targeted use. Conversely, the chosen benchmarks aim to
simulate and approach the business segment workload and would become a

closer, more reliable measurement.

Having seen that the selected benchmark is focused on a specific purpose, the
next stage is to define it. It is important to consider that “the more general the
benchmark, the less useful it is for anything in particular” (Fiduciary Forum, 2008).
The range of functionalities and programs is extremely broad, so it is important

to narrow it.

From the definition of the project it is known that the analysed laptops are
expected to work in an office environment, and from that it is assumed that they
will mostly work use office automation systems/software — “system that helps
with the storing and processing of data, in all its many forms” (Study.com, 2017).

In Cardoso (2006), there have been identified some of the main systems, shown
in Figure 2-1, becoming an extensive but not exhaustive list of the potential
systems. Some office users may not use all the systems, while others may work
with others that have not been listed. However, this selection aims to highlight
the most used systems. A more detailed description of each of the systems in
Figure 2-1 can be found in Table 2-2, Table 2-3 and Table 2-4.



*Word processing eElectronic mail

eSpreadsheets eNewsgroup
eDesktop publishing eDiscussion boards
*Calendar and scheduling Digital *Mailing lists
*Paint and draw programs Productivity i communication YRR

eMultimedia presentations*
eDatabases*

FTP

tools systems
*Browsing*

Office

Automation
Systems

Teleconferencing
systems

*Audio conferencing
eData conferencing
*Video conferencing
¢|P Telephony

*Chat systems
s Whiteboard

s Workflow systems

* Added to the original figure

*Collaborative writing systems

Figure 2-1 Main Office Automation Systems. Adapted from (Cardoso, 2006)

Table 2-2 Office automation systems - Productivity tools and teleconferencing

systems
Word Computer application that allows to create a text
processing document, edit it, save it, display it and print it.
Spreadsheet Presents data in columns and rows and allows
establishing mathematical and logical relationships

o between them and representing data as graphs

o

0

;, Desktop Enables the user to create high-quality documents to

;E_, publishing be printed for publication, such as books, magazines,

(&)

.§ flyers or posters

S

& calendars Applications that help in planning or recording
and appointments or events, manage projects, coordinate

schedulers among people or manage resources

Paint and Pixel-based (painting) and vector-based (drawing) art

draw creation. Some also include photo editing tools

10



Teleconferencing systems

Multimedia

presentations

Shows information visually presented in slides, as a

combination of text and multimedia

Databases

Audio, video
and data

conferencing

IP Telephony

Collections of data and the tools that simplify the

access, manipulation or filling of the data

Applications that allow real-time audio, video and/or
data sharing. Useful for working with people located in

different geographical areas.

Technology that enables transmission of voice or data
using the IP. The call travels through a network
(typically LAN or the Internet), avoiding the Public
Switched Telephone Network (PSTN), resulting in a

cost reduction.

Table 2-3 Office automation systems - Digital communication systems

Digital communication systems

Electronic

mail

Newsgroups
and
discussion

boards

Mailing lists

The well-known tool that allows the user to send

messages and attached files to other e-mail addresses.

Similar in concept to the electronic mail, newsgroups and
discussion boards consist on a virtual place in which
users can send and reply to messages. The difference
between both is that the former one is read locally and

the latter one is usually read through web browsing.

Nearly the same as basic electronic mails, but instead of
sending messages one-to-one, the message is sentto a
server and the distributed to a group of subscribed

people.

Blogs

Web place in which a user or group of users can publish
periodically news or ideas. Then, other users can access

to these entries, read them and comment on them.

11



File Transfer

Protocol

Browsing

The FTP is related to the ability to share files, generally
uploading and downloading them, from one computer to

another through a network, like the Internet.

Browsing consists in accessing different web pages
located on the Internet. Due to the current extension of

the net, the available contents are countless.

Table 2-4 Office automation systems - Groupware applications

Groupware applications

Chat

systems

Whiteboard

Virtual rooms in which users are connected and are able to

exchange written messages in real time.

Set of tools that allows real-time collaboration between
users, displaying visually a working area and enabling all
the users to create and modify this, at the same time, while

interacting with what the others do.

Collaborative
writing

systems

Workflow

systems

Similar to the previous one, but in a synchronous and
asynchronous way. Users can edit a common document,
but changes are managed to display the author of each
change and also to help to avoid over-writing or to apply

the changes unless they are approved.

Tool that connects the groups responsible for different jobs
or processes, having a whole process divided following a
flow. In this way, for example, once the first group finishes
the first activity, the needed deliverables would arrive at the

next group, allowing them to continue the flow of work.

Due to the difficulty in evaluating each of the systems independently, and also

because of the resemblance between many of them, it was decided to create

major categories in order to group the different systems, sharing common traits

among them. The secondary categories created have been Multimedia, Text

Management, Data Management, Planning Tools, Telecommunications, Mailing

Services, Data Transfer and Internet Based Tasks.

12



From these groups, it has been seen that other relationships could be defined.
The Planning Tools are generally programs based on managing and displaying
information, so it was included in Data Management. Telecommunications and
Data Transfer have a strong connection with Internet Based Tasks. Finally,
Mailing Services can be seen as a combination of Text Management (the creation
of the content) and Data Transfer (the emission and reception of this). In the end,
four main categories have been established: Text Management, Data
Management, Multimedia and Internet Based Tasks. The relationships

between all the systems and the categories can be seen in Figure 2-2.
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Desktop 'I' Text 'I'I y \
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— | S
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Whiteboard II Based I \ Discussion
\ Tasks , Boards
e, e ‘-‘-.‘:;_;-,.’-’-' Newsgroups
\ ,-I‘ '_ Tools ||
I/ \ \ Browsing
Calendar & Workflow
Spreadsheets) Databases Scheduling Systems

Figure 2-2 Relationship between systems and categories
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3 METHODOLOGY

In order to fulfil the objectives, the present work will follow six steps, shown in

Figure 3-1:

review research

Figure 3-1 Methodology

It is important to state that it is an iterative process, so continuous feedback and

modifications are subject to each level.

3.1 Definition

This step corresponds to the section 1 of this work, Introduction. In this step, it is
first defined the background in order to state the motivation and interests behind
this work. From that, it is possible to define the aim and the scope that this project
will include —and exclude. Then, the research questions are defined, which need
to be answered at the end of the present work. Finally, the objectives to find the
answers to these questions are stated. The following steps attempt to fulfil these
objectives.

3.2 Literature review

This step corresponds to the section 2, Literature Review. This part consists of
the research of initial information to be able to understand what the objective
needs are, and also what the current methods that are used to evaluate and

compare performances among computers are.

3.3 Design research

From the literature review, it is first chosen the method or methods that will be
used to measure the performance. Then, it is defined in detail what is being
measured and how these measures provide an indicator of the performance of

the computers.

14



3.4 Collect data

In this step, there are determined the conditions for collecting the data, including
the procedure to follow and the calculation of the number of measurements that
must be done to guarantee robustness and reliability of the results. This is
determined after running a first set of tests to understand the data behaviour. This

step also includes to run the tests and verify if they are working properly.

3.5 Analyse data

Once the data is collected, the next step is to process the raw data. This includes
the processing of information to obtain the main indicators and the statistical
comparison between these performance indicators, mainly studying the
probabilistic distribution of the sample using the Anderson-Darling method and
then, according to the results, use a parametric (t-sample test) or a nonparametric
(Mann-Whitney) test. It also includes the visual display of data in order to provide

meaningful information in an easily observable way.

3.6 Interpret and report

This final phase consists in summarising the results obtained from the analysis
and to get concrete conclusions from. Here, the research questions must be
answered and the supporting data provided. The limitations through the study,

future work and suggestions are also included.

15



4 RESEARCH DESIGN

4.1 Programs selection

From the literature review it was decided that the selection criteria of the
programs to use for the benchmark process will follow that they will be
system-level and, mainly, application-based benchmark programs, whose
evaluation target compress one or more elements in the four defined
categories from Figure 2-2. As a restriction, the programs must be able to
be run in Windows 10, as it was the OS installed on the laptops. Additionally,
it would be considered the ease of acquisition of the program, having priority
of the use of free or accessible software. It will also be considered the year
of the program, as it is preferred to use up-to-date programs for a major

adjustment to reality.

Hundreds of benchmark programs and methods were found, but the
majority did not fulfil the criteria. Most of them were component-level
benchmarks which target either users that want to acquire the best
components or developers that want to compare their own products, but
only a few of them targeted the whole system. Apart from these, some
simple synthetic tests were found for each category, but in general, due to
the simplicity of the algorithms used, it was not considered as representative

enough for the real-users’ experience.

In the end, three main candidates matched with the selection criteria:
BAPCo’s SYSmark 2014, Futuremark’s PCMark 8 and the open source
Cossatot Analytics Laboratories’ Office Productivity Benchmark (OPBM).
However, while A2C Services Ltd already had the license of PCMark 8 and
OPBM was free, the high costs in licensing of SYSmark 2014, unfortunately,
made it uneconomical to use for the current work, which may have added

robustness to the results.

PCMark 8 is a widely used benchmark program which combines synthetic
and application-based capabilities. It has different benchmarks in which a

series of defined workloads are run, measured and put together in order to

16



evaluate the performance. These benchmarks can be run in a Conventional
mode or in an Accelerated mode, which works with more parallelism in
execution, anticipating the way software will work in the future. It is
interesting to highlight that its Office user test is well-recognised and used
by renowned PC pages such as PC World (Cross, 2012) or Anandtech
(Anandtech, 2017).

On the other hand, OPBM is a fully application-based software that has not
been as spread as PCMark 8. It is only focused on the office scenario and
works as the previous one: running a series of actions, measuring them and
creating a final score from them. Contrary to PCMark 8, OPBM allows one
to have a look at all the individual measurements and not only the big

picture.

Both PCMark 8 and OPBM contain a set of tests that are included in an
office-based module, and both try to simulate workloads that represent this
scenario, giving a single mark summarising its performance. Nonetheless,
other tasks from different modules are also suitable for some of the main
categories that have been defined, and this is why the analysis will not be
only focused on the “office/work” mark, but also on the individual results.
From this, three different analyses are proposed, two considering the
performance giving the same importance to short and long tasks, and the

other one showing the impact in terms of overall time.
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4.2 Performance indicators

4.2.1 Hybrid, re-defined analysis

The first test will consist in self-tailored criteria of evaluation, but taking as data
the partial results from the benchmark sets of PCMark 8 and OPBM.

This assessment will be based on the four main categories defined previously in
the office automation part. From each of them, some subcategories will be
chosen, and for each subcategory, a set of partial tests will be performed. From
these individual marks, it will be defined and calculated the mark of the
subcategory, and from each sub category's results, it would be obtained the mark
of the correspondent main category. In the end, using the four marks, it will be

possible to obtain a final, unique mark.

The partial tests have been selected for each subcategory from those tests
available in the benchmark sets. The selection has been conducted matching the
content of the test with the description provided for the subcategories. Figure 4-1
shows the categories and subcategories that will be assessed, and also the
benchmark programs and test that will be used for each of them. Due to the lack
of control in the Internet network, the internet tests will simulate the conditions,

but be performed offline.
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Figure 4-1 Tests associated with the hybrid score, related with the subcategories and categories



In the case of the PCMark 8 tests, the score obtained from the test is directly the
score that will be used. For OPBM, due to some disagreement in the weights that
OPBM gave to certain tests against others —for example, giving the same
importance to the launching time of the application and the time of the tests, the
scores are obtained from each of the measurements and synthesised using
formulas created for this project, which are expected to be more balanced and

significative.

Following the rules defined by (Fleming and Wallace, 1986), all the scores will
come from the calculation of the geometric mean (4-1) of the raw data, as it can
be used no matter what the order of magnitude or units and it will not lead to
misinterpretation of the results that can arise from using the arithmetic mean.
When considered that one score should have a higher influence on the final
score, it will be used the weighted geometric mean (4-2). The arithmetic mean
will only be used when the raw data represents the same task, performed more
than once. A detailed explanation of each of the tests and the calculations of their

scores can be found in Appendix A.

GEOMEAN = (4-1)

WEIGHTEDGEOMEAN = (4-2)

From the primary results, the following formulas for the subcategories are defined

(where Ri are shown in Figure 4-1):

Word Processing Score (WPS) = R,%® - R,%3 - R;** (4-3)
Spreadsheet Score (§5§5) = R,%% - R*3 - R,** (4-4)
Database Score (DBS) = R, (4-5)
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Desktop Publishing Score (DPS) = %/Rg - Ry (4-6)

Presentation Score (PS) = Ry, (4-7)

Paint & Draw Score (PDS) = 3/Ry1 - Ryz - Ry3 (4-8)
Browsing Score (BS) = R1,%%° - R1s%*° - Ry**° (4-9)
Telecommunications Score (TCS) = {/Ry7 - Rig (4-10)

Where Ri corresponds the test | showed in Figure 4-1. Rs and Res have a slightly
higher weight as the other two tests are similar in content. Ris has as much weight
as the other two together because this score includes two different types of

benchmarks.

From the scores of the subcategories, there are defined overall scores per

category as follows:

Text Management Score (TMS) = WPS (4-11)

Data Management Score (DMS) = S55%¢ x DBS* (4-12)
Multimedia Score (MMS) = YDPS - PS - PDS (4-13)
Internet Based Tasks Score (IBTS) = BS%® « TCS%* (4-14)

And finally, it is possible to obtain the overall mark:

Hybrid Overall Score = \'TMS « DMS * MMS * IBTS (4-15)

4.2.2 PCMark-based analysis

This performance analysis will be based on the marks obtained by PCMark 8
running the Work module in both Conventional and Accelerated mode. As
PCMark 8 is a well-known program used by different companies, computer
testers and computer-support web pages, among others, it is valuable to obtain
and compare these results, which would allow not only a comparison between

groups but also an objective measurement against external computers. The fact

21



of measuring the two modes will allow conducting the comparison according to

the current and potential future performance.

The program already returns the final score, for both modes, which is calculated

using the following formula:

N B 4200 (4-16)
ar ork ocore = GEOMEAN (Ry R4 R14R15R17)

4.2.3 OPBM-based time analysis

This performance analysis will be only focused on OPBM’s tests selected for the
hybrid analysis, but in this case considering only the overall time of each test.
This analysis aims to show a comparison in the expected time it would require to
do a certain set of tasks as a whole. As a consequence, this analysis will tackle
separately the total times for each test (Word Processing, Spreadsheet,
Database, Publisher, Presentation and JavaScript), and also will calculate an
overall score in order to summarise all the measurements in a single value,

showing the final comparison in terms of time.

Per each test, the Full-Time Results (FTR) will be assessed, and for the overall

score the following formula will be used:

Overall Time Score = GEOMEAN (FT Ry orq processings FT Rspreadsheets
(4-17)

FTRDatabase:FTRPublisher:FTRPresentation' FTR]avaScript)
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5 DATA COLLECTION

5.1 Tests conditions

In order to run the tests, the following conditions were followed, having as a
starting point that the laptops have only the programs that come in them by
default and PCMark 8 installed:

e Check and install Windows Updates.

e Install Microsoft Office 2010 — 32 bits - Free Trial (Word, Excel,
PowerPoint, Access and Publisher).

¢ Install Adobe CS6 Free Trial (Photoshop, InDesign and lllustrator).

e Install Adobe Acrobat X, Google Chrome, Mozilla Firefox, Safari and
Opera.

e Define Adobe Acrobat X as default for opening pdf files.

¢ Install Java SE Development Kit 8, create a copy of the installed folder in
the same root folder (C:\Program Files\Java\) and rename it as jre7.

e Unable User Account Control: Registry Editor (regedit) ->
HKEY_LOCAL_MACHINE/SOFTWARE/Microsoft/Windows/CurrentVersi
on/Policies/System - Unable LUA - Set to 0.

The data each test gives can be checked in Table 5-1. The followed process is

described in Table 5-2 in order to allow repeatability for the collection of data.
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Table 5-1 Data collected per test

PCMark 8 OPBM
Work Work Tuning General
Conventional Accelerated
e Writing e PCMark8 Video Group Chat Word
e Spreadsheet Work Microsoft Word Processing
« Web Accelerated e Microsoft Excel e Spreadsheet
Browsing — Score e Microsoft * Database
JunglePin PowerPoint e Publisher
e Web e Photo Editing e Presentation
Browsing — e Adobe Photoshop JavaScript
Amazonia light
¢ Video Chat e Adobe InDesign
e PCMark 8 e Adobe lllustrator
Work
Conventional
Score

Work Conventional and Accelerated are already a module in PCMark 8 so it is
only required to execute it. For the Tuning test, the individual tests have to be
selected manually. It happens in a similar way for the OPBM tests, having to run

them as “molecules”.
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Table 5-2 Data collection process

Process

For OPBM tests, sometimes it was not possible to run all the tests in a row as
some issues appeared. As a conseqguence, it was evaluated its evolution
throughout time to get the results once they would become stable, and also it was
defined the number of repetitions needed for each of the tests. A further detail of

o g bk wDnh =

N

PCMark 8 OPBM

Install all critical updates to ensure your system is up to date.
Install the latest approved drivers for your hardware.

Plug the computer (observed to affect the results).

Restart the computer or device.

Wait 2 minutes for start up to complete.

Close other programs, including those that may be running in the
background and activate flight mode.

Wait for 15 minutes.

8. Run the benchmark.

Repeat from step 4 at least 9. Run each benchmark, n
three times to verify your times. (See Table 5-3)
results. 10.Record the last 3 values.

this process can be found in Appendix B.

Table 5-3 Number of measurements per test

OPBM Test Measurements OPBM Test Measurements
Database 6 Publisher 9
JavaScript 8 Spreadsheet 10
Word
Presentation 7 7
Processing
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5.2 Observations, considerations and modifications

At this time when running the tests, some issues appeared that had a significant

effect, either for the initial definition or for the way of collecting data.

Initially, the Presentation Score (PS) included in the Multimedia category,
was defined to be calculated from the PowerPoint tests found in OPBM
and PCMark 8. Nevertheless, it was not possible to run the PCMark test
in three of the new laptops for unknown reasons (HP ProBook 440-G4,
HP EliteBook 820-G4 and DELL Latitude 3480). As a consequence, in
order to compare all the laptops under the same conditions, the PCMark
8’s PowerPoint test was removed from the PS formula.

As a part of the OPBM’s Spreadsheet score, it was initially considered a
task in which 25 graphs were inserted as images. However, an extreme
variability among laptops caused a more detailed analysis on that task.
The results were absolutely incoherent in comparison with all the other
results and it seemed that the reason was that it had longer waiting times
for some laptops. Additionally, due to the nature of the task (inserting
images), it was not considered relevant to be included in a test belonging
to the “Data Management” category. Therefore, this task was removed
from the score calculation.

When running the OPBM'’s Presentation test, the task of “Time to play War
Presentation®, it was observed that in some laptops, sometimes the results
were around 30 seconds and others around 80 seconds. After a deeper
evaluation, it was found the cause, which was that the script may stop
before finishing the task, recording the “around 30” value. In case it
happened, the solution was to keep taking measurements until there were
enough “around 80" values to calculate the mean. This is something that
must be taken into consideration for potential future measurements.
Finally, due to a non-identified reason, it was not possible to run most of
the tests in the HP EliteBook 2570P. After trying unsuccessfully to solve
the issue, it was decided to not include it in the comparisons among
groups. However, it was possible to run the PCMark 8 Conventional Work,

so this is included in the comparisons.
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6 DATA ANALYSIS

In order to display the results, this section is divided into three subsections, one
per type of test. Each of them will follow a similar structure at the time of showing
these results. Firstly, there will appear two tables showing the scores and partial
scores, for each laptop, separated by new and Circular Computing ones.
Afterwards, the data will be summarised in relative terms with the mean of the
new laptops, so the results will show the percentage which relates to each laptop
with the new laptops’ mean, providing a clearer perspective, especially useful for

the Discussion section.

Furthermore, it will be held hypothesis tests for the main scores, in order to detect
if the differences are significant enough to be considered as different groups.
According to the distribution of the data, a different test will be done. If the data
follows a normal distribution (checked using the Anderson-Darling (Minitab, 2017)
method in MINITAB), a parametric 2-sample t-test (Sharma, 2006) would be
carried out for comparing both groups. Otherwise, the nonparametric Mann-
Whitney U test (Nachar, 2008) would be used. As a limit value for these tests, it
is taken a level of significance of 0.05 (95% confidence level). Additionally,
comparisons between means and ranges of the groups will be calculated. All this

will be discussed in detail in the Discussion section.

6.1 Hybrid, re-defined analysis

The results for this test are the lower, the better.

Table 6-1 Hybrid scores and partial scores - New laptops

HP HP HP Lenovo Lenovo Lenovo Dell Dell Dell Dell
840G4 440G4 820G4 T470 L470 X270 5480 3480 7480 7280

T™MS 3410 3.059 3427 3314 3.138 3.383 4.269 3.179 3.236 3.260
DMS 4951 4.649 4.637 4.632 4.669 4,725 5.157 4550 4.446 4.681
MMS 4725 4.667 4.827 4.566 4.770 4.618 5.754 4711 4566 4.799
IBTS 1435 1377 1418 1420 1.395 1.413 1.394 1.405 1.422 1.403
Hybrid

Overall 3.271 3.092 3.230 3.159 3.142 3.196¢ 3.646 3.128 3.109 3.183
Score

New
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Table 6-2 Hybrid scores and partial scores - Circular Computing laptops

Gircular HP Lenovo Dell Dell Dell Lenovo HP HP Dell Lenovo
8470P X230 7440 6230 6430 T430 9470M 840Gl 7240 T440S
T™MS 3.232 3.179 3.247 3.159 3.237 3.317 3.512 3.466  3.232 3.674
DMS 4766 4902 5.088 4.932 4961 4.939 5.472 5.182 5.206 5.343
MMS 5.344 5402 5.109 5.355 5.099 5.510 5.876 5.248  5.388 5.354
IBTS 1.414 1.429 1.470 1.427 1.428 1.434 1.534 1.477 1.473 1.562
Hybrid
Overall 3.284 3.312 3.338 3.303 3.288 3.373 3.627 3.435 3.399 3.580
Score

Before starting the analysis of this test, it was observed that the results for the

new laptop, Dell 5480, were quite different from the others of the same category
(Table 6-1). From the MINITAB Ouitlier Test (Figure 6-1), it seems with a high

significance level (p-value = 0.001) that this value is an anomaly. Observing the

raw data, it was found that, while for OPBM the results of this laptop were

consistent in comparison with the other laptops, many of the PCMark 8 tests were

almost half good as the others. Having observed this huge difference between

the different tests, it is assumed that there was a malfunction of the test, whether

at the laptop or at the interaction with the program. As it was believed that its

results in this test would not be representative of the whole group, this laptop was

not considered in the analysis.
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Figure 6-1 MATLAB Outlier test - New laptops
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Once discarded the outlier, all the data was organised from the best to the worse
and adapted to show the relative performance in comparison with the new
laptops’ mean (Figure 6-2, using formula 6-1). From this, it is possible to observe
that all the Circular Computing laptops show a lower performance level in
comparison with the new ones, performing from 87% up to 96% their average.

New laptops'mean (6-1)
Score;

Relative score; =

Hybrid relative scores

HP 4404 T 102%
Dell 7430 My 102%
Dell 3430 My 101%
Lenovo L470 T 101%
Lenovo T470 I 100%
Dell7280 M 100%
Lenovo X270 M 99%
HP 82064 M 9%
HP 84064 M 97%
Hp g470p N 96%
Dell6430 M 96%
Dell6230 NI 96%
Lenovo X230 M 96%
Dell 7440 N 5%
Lenovo T430 N 94%
Dell 7240 I 93%
Hp g40G1 M—_— 92%
Lenovo T4405 I 28%
Hpo47ov I 37%

00% 20% 40% 60% 80% 100% 120%
MW Circular m New

Figure 6-2 Relative hybrid scores

To confirm that, the nonparametric way to compare groups is used as the Circular
Computing laptops does not appear to follow a normal distribution, and the result
confirm that the two groups are significantly different (p-value << 0.05, see
Appendix C). In average, Circular Computing laptops are 93.4% as good in

general performance, according to the hybrid test results.
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Boxplot of Hybrid Overall Score
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Figure 6-3 Boxplot of hybrid scores per group

Having a look at the overall distribution of data of the partial scores, it can be
observed that this difference of performance is mainly caused by the Multimedia
score, followed by the Data Management score. The Text Management and
Internet Based scores, show little difference among groups, as seen in Figure
6-4. Finally, in Figure 6-5 can be seen the summary of results among groups,

being the new laptops’ score the reference for the 100%.

Boxplot of Subcategories
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050 B
0,85
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Circular New Circular New Circular New Circular New
TMS DMS MMS IBTS

Figure 6-4 Boxplot of hybrid partial scores per group
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Summary of scores and partial scores

H Circular m New

98% ,
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88%
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00%

Text Management Data Management Multimedia Score Internet Based TasksHybrid Overall Score
Score (TMS) Score (DMS) (MMS) Score (IBTS)

Figure 6-5 Summary for the hybrid analysis per group

To have a more detailed understanding of these differences, Figure 6-6 shows
the relative performance of each component that forms the partial scores. In this,
it can be observed that the critical category that has a 72.7% performance in
comparison with the new laptops is the Paint and Draw Score, mainly based in
pixel and vector image editing. The Spreadsheet Score and the
Telecommunications Score are also important to highlight, with a 90%

performance.

Hybrid relative partial scores breakdown - Circular

oo TMS DMS MMS IBTS
, )
e N [ \ [ \
98,25% 97,12% 99,98%
100,00% 90,34% ~ 9390% 94 30% 90,92%
80,00% 72,72%
60,00%
40,00%
20,00%
0,00%
L wes ) \_sss DBS j \ BS TCcs

Figure 6-6 Breakdown of the partial scores for Circular Computing laptops
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Additionally, for individual understanding of each laptop, there are provided a
summary of results and partial results for each of them in Figure 6-7 and Figure
6-8.

Hybrid Subcategories - Circular

I Text Management Score (TMS) N Data Management Score (DMS)
mmm Multimedia Score (MMS) s Internet Based Tasks Score (IBTS)
«=@== Hybrid Overall Score
96% 96% 95% 96% 96% 9 92% 9
o o 94% o 93%
100% o o

80%

60%

40%

20%

00%
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/06)7 @001’ @//) @//6 0//6\ @/)OL /0\97 /Od)v Q//) @/)OL
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Figure 6-7 Circular Computing laptops summary for hybrid test
Hybrid Subcategories - New
B Text Management Score (TMS) B Data Management Score (DMS)
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Figure 6-8 New laptops summary for hybrid test
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6.2 PCMark-based analysis

The results for this test are the higher, the better.

Table 6-3 PCMark 8 scores - New laptops

New HP HP HP Lenovo Lenovo Lenovo Dell Dell Dell Dell

840G4 440G4 820G4 TA470 L470 X270 5480 3480 7480 7280

Conv. 2937 3292 3011 2988 3251 3075 2996 3250 3131 3251

Acc. 4202 4736 4312 4366 4662 4459 4376 4746 4448 4675

Table 6-4 PCMark 8 scores - Circular Computing laptops

Circ HP Lenovo Dell Dell Dell Lenovo HP HP HP Dell Lenovo
' 8470pP X230 7440 6230 6430 T430 2570P 9470M 840Gl 7240 T440S
Conv. 3176 3118 3034 3120 3141 3041 3010 2822 2956 3060 2684
Acc. 3760 3518 4275 3675 3702 3430 3427 4191 4342 3818

Similar to the previous analysis, it was suspected that the Lenovo T440s could

be also an anomaly, due to its significant reduced value. However, contrary to

the previous case, the MINITAB outlier test did not show evidence to consider

that (Figure 6-9) and, in addition, it has been seen that for this laptop all the scores

tend to be significantly lower than the others, showing that it is the behaviour of

the laptop in general and not an issue while running the program.
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Figure 6-9 MATLAB Outlier test - Circular Computing laptops — Conventional

Individual relative results can be observed ordered from the highest to the lowest
in Figure 6-10 and Figure 6-11, for Conventional and Accelerated results

respectively.
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Figure 6-10 PCMark 8 Conventional scores
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Dell 3480

HP 440G4
Dell 7280
Lenovo L470
Lenovo X270
Dell 7480
Dell 5480
Lenovo T470
Dell 7240
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PCMark 8's Accelerated score
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Figure 6-11 PCMark 8 Accelerated scores

Looking at these results, it can be seen that following the PCMark 8 marking
criteria in the Conventional mode, there is not a huge difference among groups.
In fact, making both comparisons of groups using the parametric and
nonparametric method, it cannot be found a significant difference (Appendix C),
just a slightly lower mean for Circular Computing laptops of 96.7% the new ones,
being the lowest value 86% and all the rest above 90%, with some of them even
above the new laptops’ mean. Conversely, for the Accelerated mode, in which it
is evaluated a potentially future scenario, it is seen a much higher difference. In

this way, the previous methods stated for comparison can determine that there is
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a significant difference among groups (Appendix C), and in average the Circular
Computing results are reduced in relative terms to 85%, with values that go from
76% up to around 97%.

Boxplot of PCMark 8 Conventional and Accelerated
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Figure 6-12 Boxplot of PCMark 8 Conventional and Accelerated Work tests

Summary
Lo0% 97% 100% 100%
90% 85%
80%
70%
60%
50%
40%
30%
20%
10%
00%
PCMark 8's Conventional score PCMark 8's Accelerated score

H Circular ® New

Figure 6-13 Relative comparison for PCMark 8 Conventional and Accelerated tests,

per groups
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In order to detect where these differences come from, Figure 6-14 and Figure
6-15 are created showing the data distribution of the partial scores for the two
groups. With these graphs, it can be observed that the spreadsheet and video
chat tasks are the most affected by the difference among groups, while for the
other categories the scores are similar. Additionally, Figure 6-15 shows that these
differences may become even higher in a future scenario, as the relative scores

for the spreadsheet and video chat become even lower.

Boxplot of PCMark 8 Conventional partial scores
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Figure 6-14 Boxplot of PCMark 8 Conventional partial scores per group
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Boxplot of PCMark 8 Accelerated partial scores
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Figure 6-15 Boxplot of PCMark 8 Accelerated partial scores per group
Finally, for an easier discussion and analysis of the results, Figure 6-16 and

Figure 6-17 summarise the relative scores, per laptop.

PCMark 8 Relative Scores - Circular
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Figure 6-16 Circular Computing laptops summary for PCMark 8 tests
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PCMark 8 Relative Scores - New
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Figure 6-17 New laptops summary for PCMark 8 tests
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6.3 OPBM-based time analysis

The results for this test are the lower, the better, and the results are shown in
seconds.
Table 6-5 OPBM Time scores - New laptops
New HP HP HP  Lenovo Lenovo Lenovo Dell Dell Dell Dell
840G4 440G4 820G4 T470 L470 X270 5480 3480 7480 7280
Word 203.6 2194 207.2 206.6 217.5 210.3 213.2 210.8 216.5 219.6
Excel 219.0 2232 2223 2259 222.8 225.6 2149 2152 2078 202.7
Access 61.7 62.6 61.8 61.6 62.2 62.1 615 615 612 627
Publisher 41.2 415 410 40.6 41.4 409 414 409 415 416
PPT 209.4 1925 2103 2104 2103 210.0 207.8 207.1 201.2 207.6
JavaScript 197.8 1938 1993 1924 1975 196.2 1988 196.5 196.2 196.6
Overall
Time 1294 129.6 1303 1296 1315 130.6 1299 129.2 1285 129.6
Score
Table 6-6 OPBM Time scores - Circular Computing laptops
Circular HP  Lenovo Dell Dell Dell Lenovo HP HP Dell Lenovo
8470P X230 7440 6230 6430 T430 9470M 840Gl 7240 TA440S
Word 217.1 2168 2199 2143 2142 2147 2285 2233 2199 2211
Excel 2285 2332 2574 2422 2378 2398 2670 2688 2574 2854
Access 61.9 62.9 63.7 62.5 62.2 63.3 65.9 62.6 62.5 64.5
Publisher  41.2 40.7 414 414 409 403 41.4 413 413 41.6
PPT 210.6 2103 2187 209.8 2075 2103 230.5 2187 217.7 2242
JavaScript 199.4 1983 199.7 197.1 199.8 200.5 213.0 203.7 200.2 205.4
Overall
Time 132.1 1324 1367 133.1 1323 133.0 1419 138.0 136.1 1408
Score

Using formula 6-1 to create relative values, Figure 6-18 is created showing each
model ordered by the score. In a similar way to the hybrid analysis, it is observed
that all the new laptops have a higher score than the Circular Computing ones,
being this time 95.7% the average. Once again parametric and nonparametric
tests are conducted, showing the significance of the difference among the two
groups (Appendix C). From Figure 6-19, it can be observed that the range of
values for Circular Computing laptops is wider than those for new laptops (6.8%
Vs 2.3%).
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Figure 6-18 Relative OPBM Time scores
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Boxplot of Overall Time Score
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Figure 6-19 Boxplot of OPBM Time scores per group

Having a look at the partial scores (Figure 6-20 and Figure 6-21), it can be seen
that the main difference appears for the spreadsheet test, showing that new
laptops are in average 87% faster than Circular Computing laptops. Due to the
nature of the tests, mainly focused on calculations and graph data, these results
could be mainly justified as Circular Computing CPUs have a lower frequency
and, as a consequence, perform less operations per second. A similar
observation can be obtained from the presentation test, in which the main
difference in terms of time was the time to convert a file, another CPU extensive

task.
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Boxplot of Time Scores
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Figure 6-20 Boxplot of OPBM Time partial scores per group
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Figure 6-21 Summary for the OPBM Time analysis per group

In the same way, as the previous analyses, Figure 6-22 and Figure 6-23

summarise the relative partial scores, per laptop.
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Figure 6-22 Circular Computing laptops summary for OPBM Time test
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Figure 6-23 New laptops summary for OPBM Time test
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6.4 Performance summary

As a summary of the three performance results, Figure 6-24 has been created
showing the three relative results, ordered accordingly to the sum of their

positions (ranks).

Performance indicators summary
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Figure 6-24 Performance indicators summary per laptop

Complementary, Figure 6-25 shows each rank and the sum of them, helping in
the analysis for correlating the three results and obtain overall conclusions. Thus,
it can be easily observed when a laptop is remarkably the best (or worst) and
when the interpretation depends on the test —which is perfectly reasonable as
each test consider different workloads and give different importance to the

subtasks.
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Figure 6-25 Partial ranks per laptop

It is important to highlight the differences in interpretation between the hybrid and
PCMark 8 test, and the OPBM time one. Regarding the former ones, many tasks
are considered independently of their absolute value of time —low and high values
of time have the same impact on the score, while the OPBM is useful to have a
look at the overall time taken to run certain workloads, having long tasks much
more impact than short ones.
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7 DISCUSSION

The present study investigates the performance of Circular Computing laptops in
comparison with brand new devices. To do so, three different types of tests were
created, focused on quantifying the performance of a standard office user. As
stated in section 6.4, Performance summary, while the hybrid and PCMark 8 tests
are based on the general performance, OPBM time scores give more importance
to longer tasks and it is used more as a complement of the first two.

The main observation that can be found is while based on the hybrid analysis
shows a relative performance of 93.4%, the PCMark 8 shows a 96.7% and the
OPBM time a 95.7%.

Going deeper into the scores from the hybrid test, it can be seen that the
multimedia score (specific for this test) is significantly lower than the others. In
fact, from Figure 6-6 it can be concluded that the most unfavourable task is the
image edition, while presentations and desktop publishing scores are as good as
the average. Additionally, after evaluating the partial scores of the tests, they
seem to converge in similar conclusions. In this case, while word processing and
browsing tests do not show any remarkable difference, so it does the data
management tests based mainly on spreadsheets, showing in all the tests
performances of around 90%. Video chat tests also show similar differences,

mainly due to the time it takes to encode the video.

The potential reasons for these differences may be a combination of lower CPUs
and GPUs for Circular Computing laptops, requiring the spreadsheets’
calculations to make lots of operations in the CPU and the image related tasks a

combination between CPU and GPU.

Another observation is that the differences among groups and the scores per
computer can be slightly different depending on the test, which is not something
new. Indeed, from the literature review it was found that the performance of a
computer is directly related to the utility of that computer, and in a similar way,
the performance scores are dependent on the selection of workloads for each

test. Thus, it is important to highlight that all these percentages are not absolute
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results, as they represent workloads, and will be different according to the final
use of the user. However, they are a good reference point for what a standard

user should experience.

Having seen this, along with the contents of the performance tests, it can be said
that the hybrid analysis is more extensive and cover more aspects than the
PCMark 8 one, which only focuses on word processing, spreadsheets, browsing
and telecommunications. Therefore, the differences between these two tests can
be justified as the PCMark 8 test is more generic, -covering just the main office
tasks-, while the hybrid test is wider, taking into consideration other office tasks
also required for the office users. OPBM time results are interesting as they show
that the performance of the sum of tasks in terms of time leads to similar results.
However, they are more limited and risky, as different workloads may have
different time distributions. Therefore, this test is more dependent on the workload

than the others.

In general, it can be concluded that the performance for basic office tasks is not
strongly significant, as the comparison test in the PCMark 8 analysis has shown,
with a performance in average of 96.7% against new computers, and a slightly
lower performance in terms of data analysis and video conferences (around
90%). However, as more tasks are considered -as the hybrid test does, the
performance may decrease, showing a performance of 93.4%, with significantly

lower levels in terms of basic image edition (72.7%).

The differences between both groups of laptops may become higher in the future,
as new optimisation processes in data management may start to be widely used.
From the PCMark 8 Accelerated test, using more parallelism of processing, the
results for the same tests went down to a difference of 85%, turning this contrast
much more significant. Additionally, as brand new computers come to the market,
these differences could be accentuated even more, together with the risk of

obsolescence or incompatibility of remanufactured systems.

In addition, the results show that Circular Computing laptops tend to have a wider
range of scores than the new ones, meaning that the first group has slightly less

consistency in terms of performance among the tested products. In other words,
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a higher difference in performance could be found among Circular Computing

laptops than in new ones.

7.1 Limitations

The study has a number of limitations.

In the first place, there were defined a set of workloads and conditions in order to
compare the devices. However, depending on the use of the final users, variation
from the results may appear. Something similar happens as, it was not possible

to measure long-term performance -after having used them for some time.

Secondly, due to the need to stretch the concept of performance, there were
evaluated the execution of some tasks on the computer. However, compatibilities
and obsolescence in terms of software and hardware have not been considered.
From the same constraints, when evaluating the internet based tasks, there were
used approaches to be able to measure them independently on the internet
connection. It was not evaluated the data transfer rate itself as the available

internet connection was open and out of control.

Additionally, as the laptops were limited and provided by the company, there was
no control on their selection or repetition. Thus, having some more laptops, and
some more of the same model, would have provided even more robustness to

the findings.

Finally, there were economic limitations as the use of some other complementary
programs —but with expensive licences- would have provided more robustness
and a major insight to the results. Nonetheless, the excessive price made it not

possible to acquire them.
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7.2 Future work

Further studies could be required to give more robustness to the results.
Specifically, either defining other basic workloads or weights based on surveys
or creating different workloads considering the possibility of more tasks in the
background or the use of other programs. Complementary, long-term analyses

would help to determine how time and usage may affect both groups of laptops.

Another possibility to cover the previously stated points would be the organisation
of real use tests. Through these tests, laptops from both groups could be given

to office users for day to day use and then provide evaluation —through surveys.

Finally, it would be adding-value to run also internet-dependent test in a controlled
environment, so it could be studied the effects each laptop has on the internet

connection and how this may affect the performance of internet-based tasks.
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8 CONCLUSIONS

Through this study, the office needs were defined as twenty-two potential uses
for office users, being reduced to four main categories: Text Management, Data

Management, Multimedia and Internet-Based Tasks.

A comparison between new and Circular Computing laptops was carried out
using benchmark programs focused on the identified office needs, specifically
PCMark 8 and OPBM.

It could be concluded that, for a standard office use, Circular Computing can
provide, on average, from 93% to almost 97% general performance, depending

on the precise set of tasks the final user has.

The strong points were mainly the word processing and browsing, with similar
performances. On the other hand, spreadsheets and video conferencing systems
showed a performance of around 90% while basic image edition scored the worst,

around 72% new computers.

New laptops showed, in general, slightly more consistency in terms of variability
in performance. In this way, Circular Computing laptops experienced a higher
dispersion of their performance data, translated as a higher in-balance between

the best and the worst ones within the same category.

Finally, PCMark 8 tests showed that concerns may arise in the future as new
management of information systems and new technologies may appear, where

the difference in performance may be significantly accentuated.

In the end, Circular Computing laptops demonstrated to be an alternative, for
office users, to new laptops at a significantly lower price, which can be up to 50%
less, showing high-performance levels in comparison. It is fair to conclude
therefore that enough evidence is provided to consider Circular Computers,
alongside new computers, as part of a core IT strategy, not only for the economic

benefits but also for the sustainable ones.
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APPENDICES

Appendix A Tests details

A.l Text Management

A.1.1 Word Processing
PCMark 8 — Writing

Implementation

This workload represents basic word processing activity. The test uses a custom
text editor written in C# for .NET Framework 4.5. The workload stresses the
Microsoft Rich Edit control. The workload steps through a series of common word

processing tasks, recording the time taken to complete each task.

Tasks

Load Document 1, display in a window

Load Document 2, display in a window

Copy a large part of Document 1 and paste into Document 2
Save As with Document 2

Resize Document 2 window

Cut and paste parts of Document 2 around within the document
Save Document 2

Type some text in Document 2

. Save Document 2

10.Insert some pictures from a local drive in Document 2
11.Save Document 2

CoOoNoOoO~wWNE

Scoring (Defined by Futuremark)
PTimary result = GEOMEAN(Rl,Rz,R3,R4,R5,R6,R7,R8,R9,R10,R11)

Where:

R1 = source_document_display_time secondary result

R2 = destination_document_display_time secondary result
R3 = copy_and_paste_time secondary result

R4 = save_target_document_1 time secondary result

Rs = resize_target_document_window_time secondary result
Rs = cut_and_paste_time secondary result

R7 = save_target_document_2_time secondary result
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Rs = type_text_to_destination_document_time secondary result
R9 = save_target_document_3_time secondary result
Ri10 = add_pictures_to_destination_document secondary result

R11 = save_target_document_4_time secondary result
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PCMark 8 — Microsoft Word

Implementation
The workload involves making a series of edits to a long research paper.

Tasks
1. Start Word.

2. Open the source document.

3. Open the destination document into a separate window.

4. Copy a long segment from the source document to the destination
document.

5. Save the destination document with a new file name.

6. Stretch the destination document window.

7. Cut and paste a long segment within the destination document.

8. Save the destination document.

9. Type text into the document, simulating keystrokes by sleeping after each

character.
10. Save the destination document.
11.Add images into the destination document.
12.Save the destination document.

Scoring (Defined by Futuremark)

Primary result = GEOMEAN(R:[, Rz, R3, R4, Rs, R6, R7, RS, Rg, RlOJ Rll)

Where:

R1 = source_document_display_time secondary result

R2 = destination_document_display_time secondary result

Rz = copy_and_paste_time secondary result

R4 = save_target_document_1_time secondary result

Rs = resize_target_document_window_time secondary result
Re = cut_and_paste_time secondary result

R7 = save_target_document_2_time secondary result

Rs = type_text_to_destination_document_time secondary result
R9 = save_target_document_3_time secondary result

R10 = add_pictures_to_destination_document secondary result

R11 = save_target_document_4_time secondary result
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OPBM - Word Processing

Implementation

Opens Alice in Wonderland e-book, scrolls through it in Internet Explorer, moves

it to MS Word, saves to a pdf and manipulates it in Adobe Acrobat.

Tasks

Launch Internet Explorer
Open AliceInWonderland.html
Page down 60 times in IE9
Copy AlicelInWonderland.html to clipboard
Close Internet Explorer
Launch Microsoft Word 2010
Paste into document
Time to page down 60 times normally
Set font ligatures to Standard + Contextual
. Time to page down 60 times with font effects
. Updating image’s text alignment
. Save as PDF
. Manipulate in Acrobat Reader
. Close Microsoft Word 2010
. Launch Microsoft Word 2010
. Type Word Island
. Save Word Island
. Close Microsoft Word 2010

© Nk wWDNPRE
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Scoring (Defined for the present work)

Primary result

= GEOMEAN (R3, Ry, MEAN(Rg, R15), R7, Rg, Rg, R10, R11, R12, R13, MEAN(R14, R1g), R16, R17)
Fulltimeresult =R{+ R3 + R4+ -+ Ryg

Where:
R1 = Time to Launch Internet Explorer
R3 = Time to Page down 60 times in IE9
R4 = Time to Copy AlicelnWonderland.html to clipboard
Rs = Time to Close Internet Explorer
Re = Time to Launch Microsoft Word 2010
R7 = Time to Paste into document
Rs = Time to Time to page down 60 times normally

R9 = Time to Set font ligatures to Standard + Contextual
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R10 = Time to Time to page down 60 times with font effects
R11 = Time to Updating image’s text alignment

R12 = Time to Save as PDF

R13 = Time to Manipulate in Acrobat Reader

R14 = Time to Close Microsoft Word 2010

R1s = Time to Launch Microsoft Word 2010

R1e = Time to Type Word Island

R17 = Time to Save Word Island

R1s = Time to Close Microsoft Word 2010

61



A.2 Data Management

A.2.1 Spreadsheet
PCMark 8 — Spreadsheet

Implementation

The workload is based on processing a large volume of data using a spreadsheet
application. The workload uses LibreOffice Calc, a part of the open-source

productivity suite from The Document Foundation.

Tasks

1. Start Calc

2. Open the source and destination workbooks.

3. Stretch the application windows from an initial state

4. Copy data from the source workbook into the destination workbook to
cells that trigger formula evaluation. The data is approximately 375,000
cells.

5. Copy data from the source workbook to the destination workbook to cells
that do not trigger formula evaluation. The data set is approximately
375,000 cells.

6. Copy formulas from inside the destination workbook so that data
evaluation for the data copied in task 5 is triggered. The copied data is 3
cells in size and it is pasted into approximately 75,000 cells.

7. Copy more data from the source workbook to the destination workbook

to cells that trigger formula evaluation. The data set is approximately 200

cells.

Plug specific values to three individual cells triggering formula evaluation.

9. Save the destination workbook into a new file.

oo

Scoring (Defined by Futuremark)
Primary result = GEOMEAN(R,, R4, Rs, R, R7, Rg, Ry)

Where:

R2 = open_document_time

R4 = copy_data_and_compute_time
Rs = copy_plain_data_time

Rs = copy_formulas_time

R7 = copy_data_and_compute_2_time
Rs = edit_cells_time

R9 = save_document_time
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PCMark 8 — Microsoft Excel

Implementation

The workload involves making a series of changes and additions to a large Excel

workbook.

Tasks

1. Start Excel.

2. Open the source and destination workbooks.

3. Stretch the application window.

4. Copy data from the source workbook into the destination workbook to
cells that trigger formula evaluation. The data set is approximately
75,000 cells.

5. Copy more data from the source workbook to the destination workbook
to cells that do not trigger formula evaluation. The data set is
approximately 75,000 cells.

6. Copy formulas from inside the destination workbook so that data
evaluation for the data copied in task 5 is triggered. The copied data is 3
cells in size and it is pasted into approximately 15,000 cells.

7. Copy more data from the source workbook to the destination workbook

to cells that trigger formula evaluation. The data set is approximately 20

cells.

Plug specific values to three individual cells triggering formula evaluation.

9. Save the destination workbook into a new file.

o

Scoring (Defined by Futuremark)

Primary result = GEOMEAN(R{,R;,R3, R4, R5, R, R7, Rg, Rg)

Where:

R1 = start_application_time secondary result

R2 = open_document_time secondary result

R3 = resize_window_time secondary result

R4 = copy_data_and_compute_time secondary result
Rs = copy_plain_data_time secondary result

Res = copy_formulas_time secondary result

R7 = copy_data_and_compute_2_time secondary result
Rs = edit_cells_time secondary result

R9 = save_document_time secondary result
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OPBM - Spreadsheet

Implementation
Firstly, insert successively 25 charts as images showing 3D graphs.

Secondly, create a new workbook to run 5 tests and chart results. The tests
perform trigonometric functions, calculate a Fibonacci series, chart the Golden
Ratio, load external file and perform rank & percentile analysis, load extern
720KB file.

Tasks

1. Launch Microsoft Excel 2010
Close Empty Worksheet
Open Worksheet

Time to iterate sheet 25 times
Save and Close Worksheet
Close Microsoft Excel 2010

S

7. Launch Microsoft Excel 2010

8. Create Excel Workbook

9. Open Worksheet

10.Load 1000 random numbers

11.Calculate radians, sine, cosine, and tangent
12.Chart the calculated values

13.Recalculate 10 times

14. Simulate 10,000 random Powerball drawing

15. Chart the results

16.Recalculates 10 times

17.Calculate a 1000 entity Fibonacci series from two random numbers
18. Calculate and chart the Golden Ratio on the series
19.Recalculates 10 times

20.Load 107KB file

21.Perform Rang and Percentile analysis on the data
22.Recalculate 10 times

23.Load 720 KB file

Scoring (Defined for the present work)

Primary result

= GEOMEAN(GEOMEAN(R{,R;,R3,R;), R4, R5, R7, Rg, Ry, R19, R11)

Full timeresult =R; + R, + -+ R4
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Where:
R1 = Launch Microsoft Excel 2010
R2 = Close Empty Worksheet
R3 = Open Worksheet
Ra=Time to iterate sheet 25 times
Rs = Save and Close Worksheet
Re = Close Microsoft Excel 2010
R7 = Run SINCOSTAN test
Rs = Run POWERBALL test
R9 = Run FIBONACCI test
Ri0 = Run RANKPERCENTILE test
R11 = Run CENSUS test
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A.2.2 Database
OPBM - Database

Implementation

Database has 8 tables. The largest table has 79,000+ rows in it. Simulates

operations that a user may perform on a day-to-day basis.

Tasks

1. Launch Microsoft Access 2010
Copy earthquake database
Open earthquake database
Run earthquake queries

Run earthquake reports
Compact earthquake database
Close Microsoft Access 2010

NOoOORWDN

Scoring (Defined for the present work)

Primary result = GEOMEAN(R{,R;,R3, R4, R5, Rg, R7)
Full timeresult=R{+ R, + -+ R4

Where:

R1 = Launch Microsoft Access 2010
R2 = Copy earthquake database

R3 = Open earthquake database

R4 = Run earthquake queries

Rs = Run earthquake reports

Rs = Compact earthquake database
R7 = Close Microsoft Access 2010
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A.3 Multimedia

A.3.1 Desktop Publishing
PCMark 8 — Adobe InDesign

Implementation
The workload involves preparing a publication with a large number of images.

Tasks

1. Start InDesign.

Open an InDesign document.

Resize and reposition images. Add a colored rectangle for decoration.
Change the document's margin settings.

Add text into the document.

Save the document into a new file.

Export the document into a new PDF file.

Close the document and exit InDesign.

ONOORWDN

Scoring (Defined by Futuremark)

Primary result = GEOMEAN(R1,R;, R3, R4, R5, Rg, R7, Rg)

Where:

R1 = open_indesign_time secondary result
R2 = open_document_time secondary result
R3 = place_images_time secondary result

R4 = adjust_margins_time secondary result
Rs = add_text_time secondary result

Re = save_documents_time secondary result
R7 = export_to_pdf_time secondary result

Rs = close_indesign_time secondary result
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OPBM - Publisher

Implementation
Create flyer that simulates user workload.

Tasks

1. Launch Microsoft Publisher 2010
Open HEDGE flyer

Page through HEDGE flyer
Rotate HEDGE flyer

Save HEDGE flyer as XPS

Zoon HEDGE XPS

Exit HEDGE XPS flyer

Close Microsoft Publisher 2010

©®NOUA LN

Scoring (Defined for the present work)

Primary result = GEOMEAN(R{,R;,R3, Ry, R5, Rg, R7, Rg)
Full timeresult =R; + R, + -+ Rg

Where:

R1 = Launch Microsoft Publisher 2010

R2 = Time to Open HEDGE flyer

Rz = Time to Page through HEDGE flyer

R4 = Time to Rotate HEDGE flyer

Rs = Time to Save HEDGE flyer as XPS

Re = Time to Zoom HEDGE XPS

R7 = Time to Exit HEDGE XPS flyer

Rs = Time to Close Microsoft Publisher 2010
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A.3.2 Presentation
PCMark 8 — Microsoft PowerPoint

Implementation

The workload involves making a series of edits to an image-rich PowerPoint

presentation.

Tasks

9. Start PowerPoint.

10.Open the presentation.

11. Stretch the application window.

12.Browse through each slide in turn and simulate reviewing by sleeping
each slide.

13.Add a slide to the presentation.

14.Add an image to the new slide and crop it.

15. Add text to the new slide.

16. Save the finished presentation into a new file.

17.Export the presentation into a PDF file.

Scoring (Defined by Futuremark)

Primary result = GEOMEAN(R{,R;, R3, R4, R5, R¢)

Where:

R1 = start_application_time secondary result

R2 = open_document_time secondary result

R3 = browse_document_time secondary result

R4 = add_and_adjust_image_time secondary result
Rs = add_text_time secondary result

Re = export_to_pdf_time secondary result
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OPBM - Presentation

Implementation

Create and run 21 slide PowerPoint presentation. The presentation uses several

charts, graphs and transitions.

Tasks

1. Launch Microsoft PowerPoint 2010
2. Open War presentation

3. Create War WMV

4. Time to play War presentation

5. Close Microsoft PowerPoint 2010

Scoring (Defined for the present work)

Primary result = GEOMEAN(GEOMEAN(R{,R5,Rs5),R3,R,)
Full timeresult =R;{+ R, + -+ R;5

Where:

R1 = Launch Microsoft PowerPoint 2010
R2 = Open War presentation

R3 = Create War WMV

R4 = Time to play War presentation

Rs = Close Microsoft PowerPoint 2010
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A.3.3 Draw & Paint
PCMark 8 — Photo Editing v2

Implementation

This workload involves making a series of adjustments to a set of photographs
using ImageMagick, an open source image processing library. When a favorable

balance is found, the changes are applied to the rest of the images in the set.

Tasks

1. Load all thumbnails into a previewing matrix

2. Load and display a source image into the adjustment view

3. Apply brightness, contrast, saturation, unsharp mask, Gaussian noise,
Gaussian blur and a further unsharp mask to the source image and display
the resulting image in the adjustment view, repeating the adjustment 20
times via sliders.

Scoring (Defined by Futuremark)

Primary result = GEOMEAN(R{,R;, R3, R4, R5, R¢)

Where:

R1 =load_image_matrix_time

R2 = color_adjusting_step_latency
Rz =unshap_mask_1_step_latency
R4 = noise_adding_latency

Rs = gaussian_blur_step_latency

Re = unshap_mask_2_step_latency
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PCMark 8 — Adobe Photoshop light

Implementation
The workload involves editing a series of photographs.

Tasks

1. Start Photoshop.
2. Open a series of 14 images, one by one. For each, perform a series of
operations:
Close the previous image if one is open.
Adjust color balance.
Apply auto levels.
Adjust shadows and highlights.
Downscale the image using bicubic interpolation.
Apply unsharp mask to the image.
g. Save the image into a new file.
3. Close the final image and exit Photoshop

-0 Qo0 oW

Scoring (Defined by Futuremark)

Primary result = GEOMEAN(R{,R;,R3, ..., Ry4)

Where:

R1 = open_photoshop_time secondary result

R2 = process_image_01_time secondary result
R3 = process_image_02_time secondary result
R4 = process_image_03_time secondary result
Rs = process_image_04_time secondary result
Re = process_image_05_time secondary result
R7 = process_image_06_time secondary result
Rs = process_image_07_time secondary result
Rg = process_image_08_time secondary result
R10 = process_image_09_time secondary result
R11 = process_image_10_time secondary result
Ri12 = process_image_11_time secondary result
R13 = process_image_12_time secondary result
R14 = open_image_13_time secondary result
Ri1s = adjust_colors_of _image_13_time secondary result

Ri1s = resize_image_13_time secondary result
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Ri17 = apply_unsharp_mask_to_image_13 time secondary result
Ri1s = save_image_13_time secondary result

R19 = open_image_14 time secondary result

R20 = adjust_colors_of _image_14 time secondary result

R21 = resize_image_ 14 time secondary result

R22 = apply_unsharp_mask_to_image_14 time secondary result
R23 = save_image_14_time secondary result

R24 = close_photoshop_time secondary result
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PCMark 8 — Adobe lllustrator

Implementation

The workload involves preparing a presentation based on images created using

Photoshop.

Tasks

1. Start lllustrator.

2. Open an lllustrator document.

3. Resize and reposition images. Add a translucent filled rectangle for color
effect.

4. Vectorize the images in the document.

Add text labels, lines, rectangles, ellipses, stars and a curved path into the

document.

6. Save the document into a new file.

Export the document into a PDF file.

8. Close the document and exit lllustrator.

o
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Scoring (Defined by Futuremark)

Primary result = GEOMEAN(R1,R;, R3, R4, R5, R6, R7, Rg)

Where:

R1 = open_illustrator_time secondary result
R2 = open_document_time secondary result
R3 = resize_and_move_time secondary result
R4 = vectorize_time secondary result

Rs = add_items_time secondary result

Re = save_time secondary result

R7 = export_time secondary result

Rs = close_illustrator_time secondary result
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A.4 Internet Based Tasks

A.4.1 Browsing
PCMark 8 - Web Browsing — Amazonia

Implementation

This workload represents a common web browsing scenario: checking up on

friends on a social networking site and searching for items from an online retailer.

The workload launches a web browser application and loads the workload
content. The web browser is a custom-built application utilizing the Internet
Explorer ActiveX control using IWebBrowser2 interface. The web server is a local
server built into the test application.

Tasks

1. Scrolls the page down and back to up, measures frame rate

2. Animates a product 360 degrees image, measures frame rate

3. Animates the product carousel when different products are selected,
measures frame rate

4. Adds a product to shopping cart, measures time

Scoring (Defined by Futuremark)

1 1
Primary result = GEOMEAN(R—I, R3)

R_z’
Where:

R1 = itemanimation_result secondary result
R2 = carousel_result secondary result

R3 = scroll_latency secondary result
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PCMark 8 - Web Browsing —JunglePin

Implementation

This workload represents a common web browsing scenario: checking up on

friends on a social networking site.

The workload launches a web browser application and loads the workload
content. The web browser is a custom-built application utilizing the Internet
Explorer ActiveX control using IWebBrowser2 interface. The web server is a local

server built into the test application.

Tasks

1. Renders a page with varying sized images, measures time

2. Scrolls the page down and back to up, measures frame rate

3. Zooms into one picture, measures animation frame rate

4. Loads a set of data into search feature, measures time

5. Executes searches when a search term typed a character in time,

measures time
6. Selects a thumbnail area from image to be added, measures animation

frame rate
7. Adds the image to page causing re-rendering the page, measures time

Scoring (Defined by Futuremark)

1 1
Primary result = GEOMEAN(R_l'R_Z' R3,R,)

Where:

R1 = addanimation_result secondary result
R2 = openitem_result secondary result
R3 = scroll_latency secondary result

R4 = writesearch_latency secondary result
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OPBM - JavaScript

Implementation

Run two JavaScript benchmarks (SunSpider and Google V8) in different

browsers (Google Chrome, Mozilla Firefox, Internet Explorer, Opera and Safari)
Tasks

Repeat for each browser (Google Chrome, Mozilla Firefox, Internet Explorer,
Opera and Safari)

1. Launch browser
Type SunSpider URL
Run SunSpider
Close browser
Launch browser
Type Google V8 URL
Run Google V8
Close browser

ONOORWDN

Scoring (Defined for the present work)

Primary result
= GEOMEAN(GEOMEAN ;pyome(GEOMEAN (R4, R3, R4, Rg), R2, R5),
GEOMEAN iyof0x(...), GEOMEAN 5 (...), GEOMEAN gporq(...), GEOMEAN g 54ri( .. )

Full time result = R; + R, + -+ R3;
Where:

Chrome:

R1 = Time to Launch Chrome
R2 = Time to Run SunSpider
Rz = Time to Close Chrome
R4 = Time to Launch Chrome
Rs = Time to Run Google V8

Re = Time to Close Chrome

Firefox:

R7 = Time to Launch Firefox 5.0.1

Rs = Time to Run SunSpider

s



R9 = Time to Close Firefox
R10 = Time to Launch Firefox 5.0.1
R11 = Time to Run Google V8

R12 = Time to Close Firefox

IE:

R13 = Time to Launch Internet Explorer
R14 = Time to Run SunSpider

R1s = Time to Close Internet Explorer
R1s = Time to Launch Internet Explorer
R17 = Time to Run Google V8

R1s = Time to Close Internet Explorer

Opera:

R19 = Time to Launch Opera
R20 = Time to Run SunSpider
R21 = Time to Close Opera
R22 = Time to Launch Opera
R23 = Time to Run Google V8

R24 = Time to Close Opera

Safari:

R2s = Time to Launch Safari 5.1.7534.50
R26 = Time to Run SunSpider

R27 = Time to Close Safari

R2s = Time to Launch Safari 5.1.7534.50
R29= Time to Run Google V8

R30 = Time to Close Safari
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A.4.2 Telecommunications
PCMark 8 — Video Chat v2

Implementation

The workload is based on a person-to-person video chat application that displays
two video streams, one incoming and one outgoing, and encodes the outgoing

stream in the background.

Media playback and encoding are based on Windows Media Foundation. The
incoming stream s, in practice, a local H.264 720p video played back in a
window. The outgoing stream features face detection by using OpenCV to draw

a rectangle around the speaker's face.

This version of the workload uses a preprocessing step (CLAHE filtering) to
improve face detection and performance. The test has also been updated to use
OpenCV 2.4.7.

The source content is a 1 second buffer (30 frames) of raw video to simulate a
web cam. The destination of the encoded video is a memory buffer that discards

frames to simulate output to a network.

Scoring (Defined by Futuremark)

r
R, = Video chat primary result for video playback = r_l
2

Where:

r1 = frames
r2 = ticks
R, = Video chat primary result for video encoding

= sink_average_time_per_frame secondary result

1
Video chat primary result = GEOMEAN(R—, R>)
1
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PCMark 8 — Video Group Chat v2

Implementation

The workload is based on a group video chat application that displays three

incoming video streams and one outgoing, which is encoded in the background.

Media playback and encoding are based on Windows Media Foundation. The
incoming stream is, in practice, a local H.264 720p video played back in a
window. The outgoing stream features face detection by using OpenCV to draw

a rectangle around the speaker's face.

This version of the workload uses a preprocessing step (CLAHE filtering) to
improve face detection and performance. The test has also been updated to use
OpenCV 2.4.7.

The source content is a 1 second buffer (30 frames) of raw video to simulate a
web cam. The destination of the encoded video is a memory buffer that discards

frames to simulate output to a network.

Scoring (Defined by Futuremark)

T
R;(i = 1,2,3) = Video chat primary result for video playback (i) = r_l
2
Where:
r1 = frames
r2 = ticks

R, = Video chat primary result for video encoding

= sink_average_time_per_frame secondary result

Video group chat primary result

1 1 1
= GEOMEAN(GEOMEAN (—,—,—),R
( <R1 R, R3> +)
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Appendix B Measurements sample size for OPBM tests

B.1 Overview

In order to determine how many measurements should be done when running
each OPBM test, it is assumed that the program would work in a similar way for
the different computers, so one laptop is picked randomly (Lenovo T470). The
tests are run following the described process, and the tests are performed 30
consecutive times for each of the 6 different tests in OPBM. It is chosen 30
because it is considered large enough to apply the Central Limit Theorem
(Sharma, 2006), so the measurements will follow a normal distribution, which will

be helpful for determining the required measurement sample size.

Then, the total times and the performance indicators that influence in the hybrid
performance are calculated and a times series is created with each of the 6
different tests of OPBM in order to evaluate if there is any stabilisation period or

anomalies.

Once detected and removed the anomalies, the mean (x) and standard deviation
of the sample (s) are obtained from the data of size n. In order to do so, from the
sample, it can be obtained the distribution of the measured mean compared with
the population mean (u) using the Student’s t-distribution formula (B-1), a
distribution of data which depends on the sample size and it resembles a normal
distribution as the sample size is higher (Sharma, 2012).

X—HU
_ (B-1)
L=

To simplify the calculations, avoiding iterations, it is accepted the approximation
of the t-distribution with a normal distribution of mean 0 and standard deviation 1.
In iSixSigma (no date), it is demonstrated that for determining the size of the
sample, it can be used the formula (B-2).

where:
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* za is known as the critical value, the positive z value that is at the vertical
boundary for the area of 0‘/2 in the right tail of the standard normal

distribution.

e (O is the population standard deviation

e E is the margin of error between the observed sample mean and the true
value of the population mean

e nisthe sample size

In this case, it has been chosen z = 1.96 as it corresponds to a 95% of the
distribution. The standard deviation is approached to be the one of the sample as
the sample size is high enough, and the margin of error has been considered
reasonable to be 1.5% the mean. In other words, it is being calculated the
measurements sample size needed to not have a difference between the
population mean and the observed sample mean higher than 1.5% of the mean,

with a 95% of confidence.

B.2 Time series

From the time series it can be observed that in general, the results take some
iterations before become stable (Figures B-1 to B-6). Table B.1 summarises the
observations for each test, showing how many repetitions are considered to not

be stationary.

64 3,4
63 3,2
62 3

61 2,8
60 2,6
59 2,4

1 23 45 6 7 8 9101112131415 1617 18 19 20 21 22 23 24 25 26 27 28 29 30

==@==Database Total Time ==@==Database Hybrid Score

Figure B-1 Database scores time evolution

82



196 6,1

194 6
192
190 >9
188 5,8
1 23 45 6 7 8 9 10111213 14151617 18 19 20 21 22 23 24 25 26 27 28 29 30
==@==|avaScript Total Time ==@==|avaScript Hybrid Score
Figure B-2 JavaScript scores time evolution
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Figure B-3 Presentation scores time evolution
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Figure B-4 Publisher scores time evolution
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Figure B-5 Spreadsheet scores time evolution
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Figure B-6 Word Processing scores time evolution

Table B-1 Summary of observed non-stationary repetitions

OPBM Test Non-stationary repetitions
Database 1
JavaScript 3
Presentation 2
Publisher 4
Spreadsheet 5
Word Processing 2
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B.3 Theoretical minimum measurements sample size

On the other hand, once removed the non-stationary values, it has been
calculated the minimum repetitions required for each test using the formula (B-
2). The summary can be observed in Table B-2. It has been taken the maximum
of the two indicators. However, even if the calculations show that just one
repetition may be enough for some tests, in order to be able to detect anomalies
in case they occur, it has been defined that three repetitions should be done for
each test. Also, it was considered that adding a couple of repetitions per test to
guarantee the stability would be reasonable. In the end, the summary of how
many repetitions should be done per test is shown in Table B-3. Only the last

three measurements would be used to calculate the mean.

Table B-2 Minimum repetitions determination

Test Indicator  Mean St. Dev. Min. n
Database Total time  61.73 0.30 0.41=1 3
Hybrid 2.85 0.04 259 =3
JavaScript Total time  192.44 0.77 0.27 =1 1
Hybrid 6.00 0.04 0.67 =1
Presentation Total time  210.50 0.61 0.14 =1 1
Hybrid 28.87 0.09 0.16 =1
Publisher Total time  40.58 0.18 0.18=1 1
Hybrid 3.73 0.03 0.85=1
Spreadsheet Total time  307.58 1.69 0.51=1 3
Hybrid 15.82 0.18 2.20=3
Word Processing Total time 206.54 1.04 0.43=1 1
Hybrid 8.42 0.05 0.53=1
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Table B-3 Total repetitions per test

OPBM Test Repetitions
Database 1+2+3=6
JavaScript 3+2+3=8
Presentation 2+2+3=7
Publisher 4+2+3=9
Spreadsheet 5+2+3=10
Word Processing 2+2+3=7
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Appendix C MINITAB statistic outputs

C.1 Hybrid
Probability Plot of Hybrid New
Normal
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Mean 1,000
StDev 0,01822
95 N 9
AD 0,147
g P-Value 0,944
80
70
e
c 60
[<7]
Y 50
g 40
30
20

09% 097 09 09 100 101 102 103 104 105
Hybrid New

Figure C-1 Probability plot of hybrid scores for new laptops

Probability Plot of Hybrid Circular
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Figure C-2 Probability plot of hybrid scores for Circular Computing laptops
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Mann-Whitney Test and CI: Hybrid New; Hybrid Circular

N Median
Hybrid New 9 1,0028
Hybrid Circular 10 0,9441

Point estimate for nl - n2 is 0,0596

95,5 Percent CI for nl - n2 is (0,0386;0,0906)

W = 135,0

Test of nl = n2 vs nl # n2 is significant at 0,0003

C.2 PCMark 8
Probability Plot of Conventional - New
Normal
99
Mean 3118
StDev  133,8
95 N 10
AD 0,552
90 P-Value 0,116
80
70
60
50
40
30
20

2800 2900 3000 3100 3200 3300 3400 3500

Figure C-3 Probability plot of PCMark 8 Conventional scores for Circular
Computing laptops
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Probability Plot of Conventional - Circular

Normal
99
Mean 3015
StDev 1473
95 N 1
AD 0,579
90 P-Value 0,101
80
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2600 2700 2800 2900 3000 3100 3200 3300 3400
Figure C-4 Probability plot of PCMark 8 Conventional scores for new laptops

Probability Plot of Accelerated - New

Normal

99

Mean 4498

StDev  193,0

95 N 10

AD 0,404

90 P-Value 0,285
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Figure C-5 Probability plot of PCMark 8 Accelerated scores for new laptops
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Probability Plot of Accelerated - Circular
Normal
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Figure C-6 Probability plot of PCMark 8 Accelerated scores for Circular

Computing laptops

Two-Sample T-Test and Cl: PCMark 8 Conventional; Category

Two-sample T for PCMark 8 Conventional

SE
Category N Mean StDev Mean
Circular 11 3015 147 44
New 10 3118 134 42
Difference = p (Circular) - p (New)
Estimate for difference: -103,6
95% CI for difference: (-232,4; 25,3)
T-Test of difference = 0 (vs #): T-Value = -1,69 P-Value = 0,108

Two-Sample T-Test and Cl: PCMark 8 Accelerated; Category

Two-sample T for PCMark 8 Accelerated

Category N Mean StDev SE Mean
Circular 10 3814 342 108
New 10 4498 193 61
Difference = p (Circular) - p (New)
Estimate for difference: -685

90

Mean 3814
StDev 342/
N 10
AD 0,467
P-Value 0,195
DF = 18



95% CI for difference: (-951; -418)
T-Test of difference = 0 (vs #): T-Value = -5,51 P-Value = 0,000 DF

Mann-Whitney Test and Cl: PCMark 8 Conventional; Category

N Median
New Conv 10 3102,8
Circ Conv 11 3041,3

Point estimate for nl - n2 is 109,8

95,5 Percent CI for nl - n2 is (-45,7;231,3)

W= 127,0

Test of nl = n2 vs nl # n2 is significant at 0,2453
The test is significant at 0,2451 (adjusted for ties)

Mann-Whitney Test and Cl: PCMark 8 Accelerated; Category

N Median
New Acc 10 4453,2
Circ Acc 10 3730,8

Point estimate for nl - n2 is 700,0

95,5 Percent CI for nl - n2 is (400,8;975,9)

W = 152,0

Test of nl = n2 vs nl # n2 is significant at 0,0004

C.3 OPBM Time

Probability Plot of New

Normal
99
Mean 1,000
StDev 0,006418
95 N 10
90 AD 0,296
P-Value 0,524
80
70
-
C 60
Q
5 50
a 40
30

20

98,50%  99,00% 99,50%  100,00%  100,50%  101,00%  101,50%
New

Figure C-7 Probability plot of OPBM time scores for new laptops
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Probability Plot of Circular

Normal
99
Mean 0,9578
StDev  0,02536
95 N 10
AD 0,555
90 P-Value 0,113
80
70
T 60
Q
% 50
a 40
30
20

10

90,00%  92,00% 94,00% 96,00%  98,00%  100,00%  102,00%
Circular

Figure C-8 Probability plot of OPBM time scores for Circular Computing laptops
Two-Sample T-Test and Cl: Overall Time Score; Category

Two-sample T for Overall Time Score

Cl N Mean StDev SE Mean

Circular 10 0,9578 0,0254 0,0080

New 10 1,00004 0,00642 0,0020

Difference = p (Circular) - p (New)

Estimate for difference: -0,04228

95% CI for difference: (-0,06071; -0,02385)

T-Test of difference = 0 (vs #): T-Value = -5,11 P-Value = 0,000 DF = 10

Mann-Whitney Test and CI: Time Score Circular; Time Score New

N Median
Time Score Circular 10 0,9646
Time Score New 10 1,0017

Point estimate for nl - n2 is -0,0344

95,5 Percent CI for nl - n2 is (-0,0615;-0,02009)

W = 55,0

Test of n1l = n2 vs nl # n2 is significant at 0,0002
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Appendix D Raw data

The following pages gather all the raw data obtained from the execution of the

programs and from the use of the formulas for performance defined in this work.
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Table D-1 PCMark 8 Conventional and Accelerated scores for new laptops

PCMark 8 Scores - New

HP HP HP Lenovo Lenovo Lenovo Dell Dell Dell Dell
840G4 440G4  820G4 T470 L470 X270 5480 3480 7480 7280
Web Browsing - Jungle Pin [s] (Conv) 0.364 0.329 0.347 0.359 0.331 0.342 0.321 0.328 0.359 0.330
Web Browsing - Amazonia [s] (Conv) 0.152 0.135 0.145 0.151 0.137 0.143 0.127 0.136 0.150 0.137
Writing [s] (Conv) 4.111 2.944 4.052 3.847 2.989 3.763 4.268 3.046 3.569 3.051
Video Chat 1.841 1.824 1.838 1.859 1.853 1.839 1.856 1.845 1.742 1.828
Spreadsheet [s] (Conv) 14.244 14.139  14.157 14.210 14.383 14.062 16.709 14.390 12.940 14.289
Overall (Conv) 2937.33 3291.67 3010.67 2988.33 3251.33 3075.00 2996.33 3250.33 3130.67 3251.33
Web Browsing - Jungle Pin [s] (Acc) 0.364 0.330 0.348 0.357 0.333 0.341 0.322 0.325 0.361 0.328
Web Browsing - Amazonia [s] (Acc) 0.153 0.135 0.145 0.150 0.137 0.143 0.133 0.136 0.151 0.137
Writing [s] (Acc) 4.075 2.943 4.051 3.789 3.015 3.761 4.224 3.011 3.597 3.053
Video Chat 1.410 1.342 1.370 1.332 1.378 1.333 1.326 1.335 1.327 1.354
Spreadsheet [s] (Acc) 3.127 3.113 3.140 3.043 3.126 3.034 3.408 3.064 2.885 3.157
Overall (Acc) 4201.67 4735.67 4312.33 4365.67 4662.00 4458.67 4376.00 4746.00 4447.67 4675.33
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Table D-2 PCMark 8 Conventional and Accelerated scores for Circular Computing laptops

PCMark 8 Scores - Circular HP Lenovo Dell Dell Dell Lenovo HP HP Dell Lenovo
8470P X230 7440 6230 6430 T430 9470M  840G1 7240 T440S
Web Browsing - Jungle Pin [s] (Conv) 0.328 0.338 0.339 0.338 0.342 0.338 0.363 0.341 0.339 0.375
Web Browsing - Amazonia [s] (Conv)  0.127 0.137 0.138 0.137 0.138 0.137 0.142 0.139 0.139 0.155
Writing [s] (Conv) 3.204 3.171 3.287 3.181 3.146 3.619 3.644 3.704 3.198 4.456
Video Chat 1.934 1.946 2.072 1.939 1.918 1.942 2.128 2.061 2.072 2.127
Spreadsheet [s] (Conv) 15.637 15491 15895 15447 14961 15446  18.284 15969 15.657 17.029
Overall (Conv) 3176.00 3118.00 3034.00 3119.67 3141.00 3041.33 2821.67 2956.33 3060.33  2684.00
Web Browsing - Jungle Pin [s] (Acc) 0.327 0.369 0.339 0.339 0.341 0.369 0.347 0.340 0.339 0.376
Web Browsing - Amazonia [s] (Acc) 0.127 0.157 0.138 0.137 0.138 0.156 0.132 0.139 0.138 0.155
Writing [s] (Acc) 3.185 3.175 3.243 3.177 3.132 3.615 3.607 3.698 3.197 4.439
Video Chat 1.937 1.946 1.617 1.938 1.922 1.946 2.117 1.542 1.505 1.527
Spreadsheet [s] (Acc) 6.772 6.795 3.735 6.807 6.607 6.794 7.922 3.750 3.758 4.084
Overall (Acc) 3759.67 3517.67 4274.67 3675.00 3702.00 3429.67 3427.00 4190.67 4342.00 3817.67
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Table D-3 Hybrid scores for new laptops

Hybrid Benchmark - New HP HP HP Lenovo Lenovo Lenovo Dell Dell Dell Dell
840G4 440G4 820G4 T470 L470 X270 5480 3480 7480 7280
PCMark 8’s Writing 4.111 2.944 4.052 3.847 2.989 3.763 4.268 3.046 3.569 3.051
PCMark 8’s Microsoft Word 0.877 0.793 0.867 0.823 0.860 0.890 1.700 0.900 0.800 0.933
OPBM'’s Word Processing 8.211 8.659 8.473 8.420 8.593 8.505 8.520 8.460 8.573 8.755
WPS 3.410 3.059 3.427 3.314 3.138 3.383 4.269 3.179 3.236 3.260
Text Management Score (TMS) 3.410 3.059 3.427 3.314 3.138 3.383 4.269 3.179 3.236 3.260
PCMark 8’s Spreadsheet 14.244 14139 14.157 14.210 14.383 14.062 16.709 14.390 12.940 14.289
PCMark 8’s Microsoft Excel 1.680 1.120 1.153 1.177 1.153 1.263 1.870 1.157 1.190 1.307
OPBM'’s Spreadsheet 12.183 12.501 12.365 12.538 12.524 12.624 11.957 11.900 11.852 11.872
SSS 7.047 6.290 6.321 6.401 6.383 6.537 7.577 6.260 6.106 6.474
OPBM's Database 2.916 2.954 2914 2.851 2.920 2.904 2.896 2.819 2.762 2.877
DBS 2.916 2.954 2.914 2.851 2.920 2.904 2.896 2.819 2.762 2.877
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Data Management Score (DMS) 4,951 4.649 4.637 4.632 4.669 4.725 5.157 4.550 4.446 4.681
PCMark 8’s Adobe InDesign 2.407 2.553 2.680 2.007 2.437 2.153 4.943 2.560 2.250 2.667
OPBM's Publisher 3.786 3.857 3.761 3.731 3.843 3.773 3.850 3.787 3.860 3.859
DPS 3.018 3.138 3.175 2.736 3.060 2.850 4.362 3.113 2.947 3.208
OPBM's PowerPoint 28.873  26.709  29.049 28.849 28.423 29.063 28.082 27.849 28.298 27.957
PS 28.873 26.709 29.049 28.849 28.423 29.063 28.082 27.849 28.298 27.957
PCMark 8's Photo Editing 0.639 0.600 0.641 0.631 0.614 0.634 0.607 0.588 0.550 0.605
PCMark 8's Adobe Photoshop light 0.826 0.874 0.830 0.803 0.889 0.801 1.008 0.858 0.845 0.890
PCMark 8's Adobe Illustrator 3.363 3.400 3.407 3.460 3.560 3.313 6.150 3.473 3.200 3.473
PDS 1.210 1.213 1.219 1.206 1.248 1.189 1.555 1.206 1.142 1.232
Multimedia Score (MMS) 4.725 4.667 4.827 4.566 4.770 4.618 5.754 4.711 4.566 4.799
PCMark 8’s Browsing Amazonia 0.152 0.135 0.145 0.151 0.137 0.143 0.127 0.136 0.150 0.137
PCMark 8’s Browsing JunglePin 0.364 0.329 0.347 0.359 0.331 0.342 0.321 0.328 0.359 0.330
OPBM's JavaScript 6.111 6.065 6.196 6.003 6.168 6.174 6.409 6.358 6.511 6.378
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BS 1.200 1.131 1.178 1.181 1.145 1.168 1.138 1.159 1.230 1.164

Video Chat encoding v2 [ms] 101.778 99.778 101.333 103.778 103.000 101.444 103.333 102.111 91.111 100.222
Video Chat playback 1 v2 [fps] 30.020 30.007  30.007 30.017 29.997 29.997 30.003 30.003 30.010 30.003
Video Chat Score 1.841 1.824 1.838 1.859 1.853 1.839 1.856 1.845 1.742 1.828

Video Group Chat encoding v2 [ms] 109.667 105.667 109.667 107.000 108.333 110.333 111.000 109.000 96.333 106.333

Video Group Chat playback 1 v2 [fps] 30.024 30.006  29.988 29.988 29.988 29.988 29.988 29.988 29.988 30.024

Video Group Chat playback 2 v2 [fps] 30.007 30.005  30.005 30.043 29.988 30.007 30.006  30.025 30.007 30.026

Video Group Chat playback 3 v2 [fps] 30.006 29.988  30.006 30.043 29.988 30.005 30.042 30.007 29.988 29.988

Video Group Chat Score 1.912 1.877 1.912 1.888 1.901 1.918 1.923 1.906 1.792 1.882

TCS 1.876 1.850 1.874 1.874 1.877 1.878 1.889 1.875 1.767 1.855
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Table D-4 Hybrid scores for Circular Computing laptops

Hybrid Benchmark - Circular HP Lenovo Dell Dell Dell Lenovo HP HP Dell Lenovo
8470P X230 7440 6230 6430 T430 9470M  840G1 7240 T440S
PCMark 8’s Writing 3.204 3.171 3.287 3.181 3.146 3.619 3.644 3.704 3.198 4.456
PCMark 8’s Microsoft Word 0.870 0.837 0.863 0.823 0.907 0.850 0.943 0.940 0.877 0.950
OPBM’s Word Processing 8.704 8.671 8.690 8.617 8.591 8.630 9.153 8.774 8.666 8.768
WPS 3.232 3.179 3.247 3.159 3.237 3.317 3.512 3.466 3.232 3.674
Text Management Score (TMS) 3.232 3.179 3.247 3.159 3.237 3.317 3.512 3.466 3.232 3.674
PCMark 8’s Spreadsheet 15.637 15.491 15.895 15.447 14.961 15.446 18.284 15.969 15.657 17.029
PCMark 8’s Microsoft Excel 1.220 1.223 1.310 1.223 1.387 1.277 1.443 1.407 1.560 1.417
OPBM’s Spreadsheet 12.660 12.903 13.912 13.134 12.969 12.887 13.973 14.282 13.806 14.654
SSS 6.685 6.723 7.127 6.765 6.922 6.800 7.666 7.368 7.454 7.605
OPBM's Database 2.868 3.053 3.070 3.069 3.010 3.057 3.300 3.056 3.039 3.146
DBS 2.868 3.053 3.070 3.069 3.010 3.057 3.300 3.056 3.039 3.146
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Data Management Score (DMS) 4.766 4.902 5.088 4.932 4.961 4.939 5.472 5.182 5.206 5.343
PCMark 8’s Adobe InDesign 2.383 2.597 2.530 2.437 2.847 2.883 2.730 2.813 3.033 2.740
OPBM's Publisher 3.846 3.760 3.868 3.792 3.789 3.719 3.856 3.893 3.841 3.870
DPS 3.028 3.125 3.128 3.040 3.284 3.275 3.244 3.309 3.413 3.256
OPBM's PowerPoint 28.393 28.437 29.612 28.653 28.023 28.821 30.614 29.635 29.303 30.315
PS 28.393 28.437 29.612 28.653 28.023 28.821 30.614 29.635 29.303 30.315
PCMark 8's Photo Editing 0.707 0.709 0.766 0.706 0.710 0.701 0.848 0.763 0.783 0.811
PCMark 8's Adobe Photoshop light 2.180 2.148 1.075 2.134 1.062 2.159 2.373 1.091 1.270 1.133
PCMark 8's Adobe Illustrator 3.633 3.663 3.623 3.637 3.960 3.677 4.237 3.847 3.847 4.087
PDS 1.775 1.774 1.439 1.763 1.440 1.772 2.043 1.474 1.564 1.555
Multimedia Score (MMS) 5.344 5.402 5.109 5.355 5.099 5.510 5.876 5.248 5.388 5.354
PCMark 8’s Browsing Amazonia 0.127 0.137 0.138 0.137 0.138 0.137 0.142 0.139 0.139 0.155
PCMark 8’s Browsing JunglePin 0.328 0.338 0.339 0.338 0.342 0.338 0.363 0.341 0.339 0.375
OPBM's JavaScript 6.304 6.143 6.188 6.148 6.205 6.225 6.555 6.312 6.219 6.627
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BS 1.135 1.150 1.158 1.151 1.162 1.157 1.220 1.173 1.161 1.264
Video Chat encoding v2 [ms] 112.222 113.667 128.889 112.778 110.333 113.222 135.889 127.444 128.778 135.778
Video Chat playback 1 v2 [fps] 30.010 30.020 30.023 30.010 30.007 30.013 30.000 29.997 30.003 30.003
Video Chat Score 1.934 1.946 2.072 1.939 1.918 1.942 2.128 2.061 2.072 2.127
Video Group Chat encoding v2 [ms] 119.667 121.333 136.667 120.000 117.000 122.000 144.667 134.000 137.000 141.000
Video Group Chat playback 1 v2 [fps] 29.988 29.988 29.987 30.006 30.024 29.969 29.988 29.988 29.988 30.007
Video Group Chat playback 2 v2 [fps] 30.024 30.006 30.025 30.006 30.007 30.043 30.007 30.007 30.025 30.025
Video Group Chat playback 3 v2 [fps] 29.988 30.042 30.024 29.988 30.006 29.989 30.005 29.988 30.006 30.006
Video Group Chat Score 1.997 2.011 2.134 2.000 1.974 2.017 2.196 2.114 2.137 2.167
TCS 1.965 1.978 2.103 1.969 1.946 1.979 2.162 2.087 2.104 2.147
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Table D-5 OPBM time scores for new laptops

Time Benchmark - New HP HP HP Lenovo Lenovo Lenovo Dell Dell Dell Dell
840G4 440G4 820G4 T470 L470 X270 5480 3480 7480 7280
OPBM's Word
203.58 219.38 207.15 206.63 217.51 210.29 213.18 210.77 216.50 219.62
Processing
OPBM's Spreadsheet 218.99 223.18 222.32 225.92 222.76 225.64 214.95 215.23 207.76 202.70
OPBM's Database 61.72 62.64 61.81 61.62 62.19 62.06 61.51 61.47 61.16 62.74
OPBM's Publisher 41.23 41.48 41.03 40.59 41.41 40.93 41.36 40.93 41.52 41.56
OPBM's Presentation 209.36 192.50 210.35 210.44 210.26 210.02 207.79 207.10 201.22 207.57
OPBM's JavaScript 197.78 193.84 199.29 192.42 197.52 196.25 198.75 196.54 196.20 196.56
Overall Time Score 129.42 129.64 130.31 129.55 131.55 130.63 129.95 129.17 128.53 129.59
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Table D-6 OPBM time scores for Circular Computing laptops

Time Benchmark - Circular HP Lenovo Dell Dell Dell Lenovo HP HP Dell Lenovo
8470P X230 7440 6230 6430 T430 9470M 840G1 7240 T440S
OPBM's Word Processing 217.08 216.79 219.90 214.27 214.18 214.71 228.47 223.25 219.89 221.09
OPBM's Spreadsheet 228.53 233.24 257.39 242.23 237.83 239.80 267.03 268.80 257.41 285.37
OPBM's Database 61.85 62.93 63.65 62.53 62.19 63.30 65.88 62.62 62.45 64.45
OPBM's Publisher 41.24 40.66 41.40 41.41 40.88 40.32 41.35 41.31 41.29 41.56
OPBM's Presentation 210.57 210.30 218.65 209.81 207.54 210.34 230.47 218.70 217.72 224.20
OPBM's JavaScript 199.40 198.32 199.68 197.09 199.84 200.48 213.04 203.71 200.23 205.36
Overall Time Score 132.09 132.43 136.65 133.09 132.34 133.02 141.89 138.03 136.13 140.77
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Table D-7 PCMark 8 summary of scores for new laptops

PCMark 8 - New HP HP Lenovo Lenovo Lenovo Dell Dell Dell Dell
HP 840G4

440G4 820G4 T470 L470 X270 5480 3480 7480 7280
Writing [s] 4.111 2.944 4.052 3.847 2.989 3.763 4.268 3.046 3.569 3.051
Microsoft Word [s] 0.877 0.793 0.867 0.823 0.860 0.890 1.700 0.900 0.800 0.933
Spreadsheet [s] 14.244 14.139  14.157 14.210 14.383 14.062  16.709 14.390 12.940 14.289
Microsoft Excel [s] 1.680 1.120 1.153 1.177 1.153 1.263 1.870 1.157 1.190 1.307
Adobe InDesign [s] 2.407 2.553 2.680 2.007 2.437 2.153 4.943 2.560 2.250  2.667
Photo Editing v2 [s] 0.639 0.600 0.641 0.631 0.614 0.634 0.607 0.588 0.550 0.605
Adobe lllustrator [s] 3.363 3.400 3.407 3.460 3.560 3.313 6.150 3.473 3.200 3.473
Adobe Photoshop light [s] 0.826 0.874 0.830 0.803 0.889 0.801 1.008 0.858 0.845 0.890
Web Browsing - Jungle Pin [s] 0.364 0.329 0.347 0.359 0.331 0.342 0.321 0.328 0.359 0.330
Web Browsing - Amazonia [s] 0.152 0.135 0.145 0.151 0.137 0.143 0.127 0.136 0.150 0.137
Video Chat encoding v2 [ms] 101.778 99.778 101.333 103.778 103.000 101.444 103.333 102.111 91.111 100.222
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Video Chat playback 1 v2 [fps] 30.020 30.007 30.007 30.017 29.997 29.997 30.003 30.003 30.010 30.003
Video Group Chat encoding v2

109.667 105.667 109.667 107.000 108.333  110.333 111.000 109.000 96.333 106.333
[ms]
Video Group Chat playback 1

30.024 30.006  29.988 29.988 29.988 29.988 29.988 29.988 29.988 30.024
v2 [fps]
Video Group Chat playback 2

30.007 30.005 30.005 30.043 29.988 30.007 30.006 30.025 30.007 30.026
v2 [fps]
Video Group Chat playback 3

30.006 29.988 30.006 30.043 29.988 30.005 30.042 30.007 29.988 29.988

v2 [fps]
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Table D-8 PCMark 8 summary of scores for Circular Computing laptops

PCMark 8 - Circular Lenovo Dell Dell Dell Lenovo HP HP Dell Lenovo
HP 84707 X230 7440 6230 6430 T430 9470M  840G1 7240 T440S
Writing [s] 3.204 3.171 3.287 3.181 3.146 3.619 3.644 3.704 3.198 4.456
Microsoft Word [s] 0.870 0.837 0.863 0.823 0.907 0.850 0.943 0.940 0.877 0.950
Spreadsheet [s] 15.637 15.491 15.895 15.447 14.961 15.446 18.284 15.969  15.657 17.029
Microsoft Excel [s] 1.220 1.223 1.310 1.223 1.387 1.277 1.443 1.407 1.560 1.417
Adobe InDesign [s] 2.383 2.597 2.530 2.437 2.847 2.883 2.730 2.813 3.033 2.740
Photo Editing v2 [s] 0.707 0.709 0.766 0.706 0.710 0.701 0.848 0.763 0.783 0.811
Adobe lllustrator [s] 3.633 3.663 3.623 3.637 3.960 3.677 4.237 3.847 3.847 4.087
Adobe Photoshop light [s] 2.180 2.148 1.075 2.134 1.062 2.159 2.373 1.091 1.270 1.133
Web Browsing - Jungle Pin [s] 0.328 0.338 0.339 0.338 0.342 0.338 0.363 0.341 0.339 0.375
Web Browsing - Amazonia [s] 0.127 0.137 0.138 0.137 0.138 0.137 0.142 0.139 0.139 0.155
Video Chat encoding v2 [ms] 112.222 113.667 128.889 112.778 110.333 113.222  135.889 127.444 128.778 135.778
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Video Chat playback 1 v2 [fps] 30.010 30.020 30.023 30.010 30.007 30.013 30.000 29.997 30.003 30.003
Video Group Chat encoding v2

119.667 121.333 136.667 120.000 117.000 122.000 144.667 134.000 137.000 141.000
[ms]
Video Group Chat playback 1

29.988 29.988 29.987 30.006 30.024 29.969 29.988  29.988  29.988 30.007
v2 [fps]
Video Group Chat playback 2

30.024 30.006 30.025 30.006  30.007 30.043 30.007 30.007  30.025 30.025
v2 [fps]
Video Group Chat playback 3

29.988 30.042 30.024 29.988 30.006 29.989 30.005 29.988  30.006 30.006

v2 [fps]
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Table D-9 OPBM Word Processing scores for new laptops

OPBM Word Processing - New HP HP HP Lenovo Lenovo Lenovo Dell Dell Dell Dell
840G4  440G4 820G4 T470 L470 X270 5480 3480 7480 7280
Launch Internet Explorer (Word) 0.578 0.539 0.554 0.495 0.518 0.502 0.516 0.476 0.758 0.848
Page down 60 times in IE9 10.347 9.973 10.160 9.836 9.875 9.857 9.851 9.866 9.946 10.024
Copy AlicelnWonderland.html to 1.703 1.675 1.700 1.691 1.682 1.698 1.685 1.674 1.669 1.669
clipboard
Close Internet Explorer (Word) 0.905 0.894 0.905 0.914 0.918 0.920 0.892 0.889 0.894 0.902
Launch Microsoft Word 2010 1 13.440 13.437 13.441 13.434 13.437 13.607 13.421 13.418 13.427 13.423
Paste into document 4.336 5.921 5.808 5.717 5.377 5.710 5.522 5.458 5.417 6.662
Time to page down 60 times 25.477 28.661  26.846 26.953 28.759 27.170 28.343  28.271 27.449  28.758
normally
Set font ligatures to Standard + 2.111 2.070 2.076 2.085 2.090 2.084 2.087 2.071 2.080 2.084
Contextual
Time to page down 60 times with 11.309 12.026  12.735 12.578 12.543 12.590 12.309 12.732 13.784 12.943

font effects
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Updating image's text alignment 44,129  48.652  44.140 43.668 46.975 44.027 45966 44.368 47.679 47.450
Save as PDF 6.271 6.373 6.334 6.218 6.294 6.258 6.316 6.160 6.167 6.303
Manipulate in Acrobat Reader 31.146  37.897  30.998 32.078 37.939 34.550 34994 34404 35.847 37.136
Close Microsoft Word 2010 1 1.219 1.214 1.218 1.212 1.222 1.222 1.216 1.215 1.218 1.219
Launch Microsoft Word 2010 2 13.443  13.429  13.442 13.436 13.435 13.556 13.539 13.425 13.666 13.659
Type Word Island 32.318 31.831  31.992 31.554 31.679 31.758 31.776  31.639 31.829 31.791
Save Word Island 3.624 3.580 3.576 3.541 3.548 3.553 3.535 3.492 3.454 3.532
Close Microsoft Word 2010 2 1.226 1.211 1.227 1.222 1.220 1.229 1.211 1.211 1.214 1.215
Word Processing Primary result 8.211 8.659 8.473 8.420 8.593 8.505 8.520 8.460 8.573 8.755
Word Processing Full time result 203.582 219.383 207.151 206.632 217.509 210.292  213.178 210.768 216.500 219.617
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Table D-10 OPBM Word Processing scores for Circular Computing laptops

OPBM Word Processing - Circular HP Lenovo Dell Dell Dell Lenovo HP HP Dell Lenovo
8470P X230 7440 6230 6430 T430 9470M  840G1 7240 T440S
Launch Internet Explorer (Word) 0.498 0.513 0.507 0.509 0.531 0.497 0.534 0.531 0.521 0.533
Page down 60 times in IE9 9.789 9.764 10.093 9.876 9.903 10.081 9.850 9.815 9.850 10.125
Copy AlicelnWonderland.html to 1.688 1.683 1.672 1.680 1.686 1.672 1.671 1.674 1.679 1.682
clipboard
Close Internet Explorer (Word) 0.892 0.907 0.883 0.886 0.884 0.881 0.870 0.908 0.883 0.872
Launch Microsoft Word 2010 1 13.430 13.424 13.426  13.425 13.427 13.441 13.423 13.427  13.427 13.428
Paste into document 5.925 6.140 5.934 6.114 6.058 5.875 8.138 5.988 5.991 5.974
Time to page down 60 times 30.073 29.135 29.063 28.341  28.195 27.968 31.544 30.262 29.601 30.211
normally
Set font ligatures to Standard + 2.069 2.073 2.080 2.076 2.072 2.079 2.086 2.075 2.078 2.091
Contextual

Time to page down 60 times with 13.528 13.102 11.554 11.995 12.037 12.291 13.122 12.471  11.555 12.112

font effects
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Updating image's text alignment 44.146 44.263 47.310 44.230 43.823 44.352 45836  47.933  47.368 48.209
Save as PDF 6.452 6.376 6.473 6.434 6.384 6.533 7.034 6.468 6.447 6.649
Manipulate in Acrobat Reader 37.672 38.656 38.644 37.534  38.003 36.858 41.523  40.636 39.346 36.831
Close Microsoft Word 2010 1 1.210 1.212 1.211 1.216 1.219 1.219 1.225 1.213 1.215 1.217
Launch Microsoft Word 2010 2 13.428 13.427 13.424  13.423  13.546 13.436 13.440 13.429 13.427 13.435
Type Word Island 31.422 31.381 32.758 31.698 31.671 32.666 33.202 31.547 31.734 32.833
Save Word Island 3.646 3.524 3.653 3.537 3.529 3.638 3.746 3.663 3.557 3.685
Close Microsoft Word 2010 2 1.212 1.209 1.213 1.292 1.218 1.222 1.223 1.213 1.211 1.207
Word Processing Primary result 8.704 8.671 8.690 8.617 8.591 8.630 9.153 8.774 8.666 8.768
Word Processing Full time result 217.079 216.788 219.897 214.266 214.184 214.708  228.467 223.254 219.891 221.091
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Table D-11 OPBM Spreadsheet scores for new laptops

OPBM Spreadsheet - New HP HP HP Lenovo Lenovo Lenovo Dell Dell Dell Dell
840G4 440G4 820G4 T470 L470 X270 5480 3480 7480 7280

Launch Microsoft Excel 2010 13.432 13.432 13.436 13.425 13.420 13.420 13.617 13.419 13.929 13.970

Close Empty Worksheet 0.500 0.498 0.506 0.502 0.525 0.516 0.500 0.513 0.500 0.528
Open Worksheet 6.133 6.040 5.858 6.073 5.761 5.784 5.741 5.877 6.018 5.795
Save and Close Worksheet 1.959 1.958 1.956 1.956 1.951 1.963 1.956 1.941 1.951 1.948
Close Microsoft Excel 2010 0.689 0.689 0.689 0.681 0.673 0.673 0.673 0.676 0.673 0.673
Run SINCOSTAN test 17.012 18.295 18.296 17.540 17.677 18.529 16.760 16.481  18.274  17.132
Run POWERBALL test 42.107 44.431 43.429 43.591 44.759 44.509 42396  42.710 39.440 36.794
Run FIBONACCI test 81.831 84.338 83.009 84.130 83.607 84.767 80.424 81.012 76.973  72.005
Run RANKPERCENTILE test 52.465 50.432 52.281 54.956 51.189 52.364 50.131 49926  47.212  50.653
Run CENSUS test 2.865 3.068 2.862 3.065 3.202 3.120 2.753 2.675 2.790 3.203
Spreadsheet Primary result 12.183 12.501 12.365 12.538 12.524 12.624 11.957 11.900 11.852 11.872

Spreadsheet Full time result 218.994 223.181 222.323 225.919  222.763 225.645 214,950 215.229 207.760 202.701
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Table D-12 OPBM Spreadsheet scores for Circular Computing laptops

OPBM Spreadsheet - Circular HP Lenovo Dell Dell Dell Lenovo HP HP Dell Lenovo

8470P X230 7440 6230 6430 T430 9470M 840G1 7240 T440S

Launch Microsoft Excel 2010 13.426 13.424 13.433 13.470 13.417 13.417 13.423 13.420 13.417 13.439

Close Empty Worksheet 0.501 0.502 0.518 0.504 0.502 0.498 0.520 0.518 0.508 0.519
Open Worksheet 5.830 6.030 6.268 5.835 5.996 5.961 6.423 5.970 6.119 6.931
Save and Close Worksheet 1.952 1.955 1.868 1.959 1.957 1.843 1.835 1.956 1.963 1.864

Close Microsoft Excel 2010 0.673 0.679 0.693 0.688 0.688 0.666 0.678 0.708 0.701 0.717

Run SINCOSTAN test 20.449 20.640 21.760  20.216  19.677 20.193 21.503 22,506  21.085  22.305
Run POWERBALL test 45.400 46.520 49.785 47907  47.258 47.032 51.977 53.275 50.413  56.135
Run FIBONACCI test 85.541 86.541 94920 90.108  88.434 89.963  100.686 100.126 96.133  107.088
Run RANKPERCENTILE test 51.899 53.987 64.681 58.603 56.917 57.343 66.778 67.017 63.861  73.094
Run CENSUS test 2.859 2.962 3.463 2.944 2.932 2.879 3.211 3.309 3.210 3.273
Spreadsheet Primary result 12.660 12.903 13.912 13.134 12.969 12.887 13.973 14.282 13.806 14.654

Spreadsheet Full time result 228.529 233.240 257.388 242.234 237.828 239.796 267.035 268.805 257.410 285.365
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Table D-13 OPBM Database scores for new laptops

OPBM Database - New HP HP HP Lenovo Lenovo Lenovo Dell Dell Dell Dell
840G4  440G4 820G4 T470 L470 X270 5480 3480 7480 7280
Launch Microsoft Access 2010 13.438  13.769 13.660 13.559 13.445 13.852 13.402 13.402 13.403 13.758
Copy earthgauke database 0.078 0.073 0.077 0.068 0.079 0.074 0.077 0.066 0.064 0.069
Open earthgauke database 3.569 3.680 3.580 3.551 3.563 3.536 3.566 3.588 3.535 3.551
Run earthquake queries 27.102  27.619 27.080 26.890 27.190 26.871 26.800 26.803 26.832 27.453
Run earthquake reports 15.234  15.128 15.109 15.280 15.620 15.410 15.418 15.378 15.225 15.619
Compact earthquake DB 1.559 1.542 1.561 1.530 1.578 1.577 1.509 1.513 1.381 1.575
Close Microsoft Access 2010 0.743 0.827 0.738 0.740 0.718 0.740 0.740 0.718 0.718 0.718
Database Primary result 2.916 2.954 2914 2.851 2.920 2.904 2.896 2.819 2.762 2.877
Database Full time result 61.723 62.638 61.806 61.619 62.192 62.059 61.513 61.467 61.158 62.743
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Table D-14 OPBM Database scores for Circular Computing laptops

OPBM Database - Circular HP Lenovo Dell Dell Dell Lenovo HP HP Dell Lenovo

8470P X230 7440 6230 6430 T430 9470M 840G1 7240 T440S

Launch Microsoft Access 2010 13.416 13.414 13.416 13.610 13.648 13.642 13.636 13.654 13.416 13.772

Copy earthgauke database 0.080 0.080 0.080 0.084 0.080 0.082 0.096 0.080 0.080 0.084
Open earthgauke database 3.568 3.558 3.730 3.576 3.592 3.664 3.866 3.688 3.632 3.734
Run earthquake queries 27.174 27.690 27.966 27.139 27.026 27.708 28.742 27.118 27.286 28.168
Run earthquake reports 15.598 15.512 15.886 15.461 15.304 15.638 16.530 15.472 15.452 15.964
Compact earthquake DB 1.186 1.864 1.748 1.858 1.754 1.774 2.210 1.776 1.756 1.906
Close Microsoft Access 2010 0.830 0.808 0.826 0.806 0.786 0.792 0.802 0.830 0.830 0.824
Database Primary result 2.868 3.053 3.070 3.069 3.010 3.057 3.300 3.056 3.039 3.146
Database Full time result 61.852 62.926 63.652 62.534  62.190 63.300 65.882 62.618 62.452 64.452
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Table D-15 OPBM Publisher scores for new laptops

OPBM Publisher - New HP HP HP Lenovo Lenovo Lenovo Dell Dell Dell Dell
840G4 440G4 820G4 T470 L470 X270 5480 3480 7480 7280

Launch Microsoft Publisher 2010  13.541  13.533 13.544 13.532 13.648 13.640 13.629 13.514 13.756 13.633

Open HEDGE flyer 4.637 4.631 4.621 4.617 4.634 4.628 4.622 4.619 4.601 4.652
Page through HEDGE flyer 4.437 4.448 4.500 4.436 4.438 4.434 4.437 4.438 4.519 4.500
Rotate HEDGE flyer 2.586 2.886 2.547 2.587 2.910 2.638 2.926 2.751 2.995 2.998
Save HEDGE flyer as XPS 4.178 3.963 4.081 3.939 3.953 3.980 4.003 3.871 3.918 3.909
Zoom HEDGE XPS 9.386 9.454 9.279 9.032 9.291 9.117 9.197 9.226 9.183 9.334
Exit HEDGE XPS flyer 1.059 1.135 1.049 1.050 1.115 1.090 1.137 1.113 1.132 1.114
Close Microsoft Publisher 2010 1.410 1.432 1.406 1.403 1.422 1.407 1.409 1.396 1.412 1.415
Publisher Primary result 3.786 3.857 3.761 3.731 3.843 3.773 3.850 3.787 3.860 3.859
Publisher Full time result 41.235 41.482 41.027 40.594 41.412 40.934 41.362 40.927 41.515 41.556
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Table D-16 OPBM Publisher scores for Circular Computing laptops

OPBM Publisher - Circular HP Lenovo Dell Dell Dell Lenovo HP HP Dell Lenovo
8470P X230 7440 6230 6430 T430 9470M 840G1 7240 T440S

Launch Microsoft Publisher 2010 13.760 13.526 13.532 14.114 13.526 13.522 13534 13.526 13.522 13.532

Open HEDGE flyer 4.754 4.606 4838 4.581 4.610 4.738 4910 4.738 4.652 4.892
Page through HEDGE flyer 4.420 4.434 4396 4.436 4.432 4.362 4.444 4.432 4.436 4.748
Rotate HEDGE flyer 2.740 2.706 3.070 2.772 2.766 2.666 2.958 3.236 2.976 2.992
Save HEDGE flyer as XPS 3.938 3.950 4.060 3.919 3.900 3.764 4.122 3.982 3.942 4.058
Zoom HEDGE XPS 8.970 8.956 8.996 9.114 9.134 8.802 8.892 8.824 9.244 8.882
Exit HEDGE XPS flyer 1.102 1.086 1.094 1.069 1.112 1.054 1.080 1.152 1.120 1.062

Close Microsoft Publisher 2010 1.552 1.392 1.418 1.408 1.404 1.408 1.412 1.418 1.398 1.398

Publisher Primary result 3.846 3.760 3.868 3.792 3.789 3.719 3.856 3.893 3.841 3.870

Publisher Full time result 41.236 40.656 41.404 41.414 40.884 40.316 41.352 41.308 41.290 41.564
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Table D-17 OPBM Presentation scores for new laptops

OPBM Presentation - New HP HP HP Lenovo Lenovo Lenovo Dell Dell Dell Dell

840G4 440G4 820G4 T470 L470 X270 5480 3480 7480 7280
Launch Microsoft

13.991 13.524 13.549 13.528 13.931 13.989 13.861 13.507 14.302 14.260
PowerPoint 2010
Open War presentation 1.758 1.647 1.830 1.722 1.637 1.824 1.634 1.625 1.853 1.606
Create War WMV 104.196  88.703 105.595 105.907 105.944 104.864 103.614 103.250 95.674 102.956
Time to play War

88.702 87.971 88.650 88.564 88.092 88.621 88.046 88.104 88.673 88.136
presentation
Close Microsoft PowerPoint

0.718 0.654 0.724 0.720 0.653 0.722 0.631 0.610 0.719 0.610
2010
Presentation Primary result 28.873 26.709 29.049 28.849 28.423 29.063 28.082 27.849 28.298 27.957
Presentation Full time result 209.365 192.498 210.348 210.441 210.256 210.021 207.787 207.096 201.222 207.569
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Table D-18 OPBM Presentation scores for Circular Computing laptops

OPBM Presentation - HP Lenovo Dell Dell Dell Lenovo HP HP Dell Lenovo
Circular 8470P X230 7440 6230 6430 T430 9470M 840G1 7240 T440S
Launch Microsoft

13.528 13.576 13.732 13.524 13.528 14.102 13.518 13.530 13.514 13.530
PowerPoint 2010
Open War presentation 1.632 1.612 1.780 1.653 1.640 1.711 1.806 1.760 1.682 1.888
Create War WMV 106.482 106.338 114.560 105.866 103.944 105.451 125.886 114.658 113.978 119.802
Time to play War

88.276 88.094 87.878 88.052 87.798 88.371 88.566 88.028 87.852 88.264
presentation
Close Microsoft PowerPoint

0.654 0.676 0.702 0.719 0.632 0.703 0.698 0.720 0.698 0.716
2010
Presentation Primary result 28.393 28.437 29.612 28.653 28.023 28.821 30.614 29.635 29.303 30.315
Presentation Full time result 210.572 210.296 218.652 209.813 207.542 210.337 230.474 218.696 217.724 224.200
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Table D-19 OPBM JavaScript scores for new laptops

OPBM JavaScript - New HP HP HP Lenovo Lenovo Lenovo Dell Dell Dell Dell

840G4 440G4 820G4 T470 L470 X270 5480 3480 7480 7280
Launch Chrome 1 1.196 1.166 1.150 1.088 1.197 1.329 1.876 1.676 1.704 1.701
Run SunSpider

14.519 14.117 15.119 13.916 14.417 14.518 14.118 14.015 13.517 14.016
(Chrome)
Close Chome 1 0.648 0.665 0.658 0.648 0.655 0.655 0.674 0.645 0.642 0.645
Launch Chrome 2 1.093 1.107 1.125 1.048 1.113 1.279 1.634 1.688 1.705 1.688
Run Google V8

19.520 19.715 19.517 19.518 19.519 19.517 19.717 19.519 19.817 19.517
(Chrome)
Close Chome 2 0.641 0.648 0.656 0.642 0.643 0.649 0.646 0.643 0.643 0.642
Launch Firefox 5.0.1 1 0.655 0.645 0.658 0.629 0.649 0.843 1.332 1.163 1.173 1.178
Run SunSpider (Firefox) 26.427 23.605 26.406 25.012 24.004 24.777 24.423 22.641 23.548 22.548
Close Firefox 1 1.061 1.050 1.061 1.076 1.072 1.080 1.078 1.075 1.078 1.078
Launch Firefox 5.0.1 2 0.647 0.682 0.652 0.654 0.650 0.850 1.174 1.146 1.180 1.173
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Run Google V8 (Firefox) 20.754 20.045 20.325 20.058 21.010 20.390 20.769 20.145 19.979 20.127
Close Firefox 2 1.078 1.056 1.070 1.072 1.078 1.071 1.067 1.070 1.067 1.073
Launch Internet

0.483 0.464 0.444 0.493 0.444 0.419 0.497 0.416 1.142 0.428
Explorer 1
Run SunSpider (IE) 10.835 10.040 10.444 9.633 10.249 10.041 10.133 10.032 9.442 9.735
Close Internet Explorer

0.641 0.638 0.664 0.640 0.707 0.642 0.663 0.641 0.642 0.664
1
Launch Internet

0.530 0.481 0.500 0.492 0.441 0.413 0.454 0.431 1.141 0.447
Explorer 2
Run Google V8 (IE) 19.382 19.269 19.372 19.408 19.569 19.470 19.341 19.347 19.363 19.404
Close Internet Explorer

0.663 0.686 0.642 0.800 0.663 0.641 0.641 0.641 0.685 0.663
2
Launch Opera 1 0.482 0.473 0.477 0.479 0.484 0.477 0.480 0.480 0.482 0.484
Run SunSpider (Opera) 16.148 15.845 17.050 14.713 16.548 15.946 16.044 16.040 15.437 15.843
Close Opera 1 0.896 1.294 1.284 1.210 1.301 1.217 0.940 1.214 1.117 1.239
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Launch Opera 2 0.482 0.472 0.473 0.478 0.479 0.479 0.479 0.475 0.477 0.479
Run Google V8 (Opera) 20.557 20.560 20.558 20.561 20.558 20.566 20.560 20.557 19.550 20.557
Close Opera 2 0.898 1.223 1.300 1.201 1.291 1.252 1.014 1.188 1.183 1.186
Launch Safari

0.652 0.638 0.667 0.624 0.667 0.737 1.219 1.187 1.186 1.199
5.1.7534.50 1
Run SunSpider (Safari) 12.921 13.321 13.023 12.395 14.125 12.921 13.517 14.021 13.824 14.318
Close Safari 1 0.882 0.867 0.892 0.874 0.887 0.890 0.888 0.878 0.877 0.890
Launch Safari

0.645 0.635 0.657 0.625 0.658 0.732 1.089 1.179 1.181 1.205
5.1.7534.50 2
Run Google V8 (Safari) 21.551 21.551 21.550 21.548 21.547 21.553 21.396 21.506 21.548 21.547
Close Safari 2 0.896 0.880 0.898 0.885 0.896 0.896 0.887 0.884 0.874 0.882
JavaScript Primary

6.111 6.065 6.196 6.003 6.168 6.174 6.409 6.358 6.511 6.378
result
JavaScript Full time

197.783 193.838 199.289 192.420 197.518 196.249 198.750 196.540 196.203 196.556

result
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Table D-20 OPBM JavaScript scores for Circular Computing laptops

OPBM JavaScript - HP Lenovo Dell Dell Dell Lenovo HP HP Dell Lenovo
Circular 8470P X230 7440 6230 6430 T430 9470M 840G1 7240 T440S
Launch Chrome 1 1.450 1.133 1.157 1.137 1.229 1.212 1.252 1.140 1.156 1.720
Run SunSpider

15.022 15.321 15.620 15.095 15.315 15.515 16.919 16.026 15.517 15.517
(Chrome)
Close Chome 1 0.655 0.662 0.656 0.653 0.653 0.653 0.640 0.664 0.664 0.635
Launch Chrome 2 1.374 1.104 1.108 1.118 1.139 1.134 1.121 1.123 1.145 1.714
Run Google V8

19.517 19.617 19.519 19.614 19.914 19.515 20.619 19.516 19.616 19.517
(Chrome)
Close Chome 2 0.643 0.641 0.643 0.645 0.647 0.645 0.641 0.643 0.649 0.641
Launch Firefox 1 0.890 0.615 0.636 0.632 0.654 0.670 0.728 0.655 0.645 1.215
Run SunSpider (Firefox)  25.165 25.482 25.384 25.100 26.016 26.103 30.040 27.561 25.493 26.995
Close Firefox 1 1.073 1.069 1.048 1.074 1.065 1.052 1.037 1.055 1.066 1.050
Launch Firefox 2 0.907 0.619 0.627 0.631 0.660 0.669 0.692 0.657 0.643 1.214
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Run Google V8 (Firefox) 20.045 19.945 20.028 19.969 19.939 20.027 21.132 20.250 20.564 21.046
Close Firefox 2 1.069 1.060 1.044 1.064 1.071 1.045 1.044 1.044 1.055 1.037
Launch Internet

0.412 0.419 0.427 0.509 0.432 0.422 0.419 0.432 0.442 0.420
Explorer 1
Run SunSpider (IE) 11.042 11.044 11.123 10.537 11.145 10.935 12.742 11.241 11.240 11.530
Close Internet Explorer

0.627 0.631 0.636 0.643 0.639 0.636 0.639 0.637 0.637 0.623
1
Launch Internet

0.450 0.472 0.458 0.507 0.481 0.464 0.483 0.485 0.473 0.483
Explorer 2
Run Google V8 (IE) 19.630 19.526 19.578 19.427 19.636 19.772 19.565 19.506 19.410 19.578
Close Internet Explorer

0.656 0.659 0.620 0.750 0.641 0.615 0.620 0.656 0.639 0.624
2
Launch Opera 1 0.479 0.479 0.480 0.480 0.479 0.473 0.474 0.482 0.478 0.691
Run SunSpider (Opera) 16.445 16.340 16.941 16.066 16.743 17.046 18.532 17.649 17.042 16.030
Close Opera 1 1.182 1.200 1.212 1.189 1.186 1.172 1.564 1.258 1.181 1.219
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Launch Opera 2 0.458 0.479 0.478 0.477 0.460 0.479 0.476 0.481 0.480 0.584
Run Google V8 (Opera) 20.549 20.551 20.730 20.549 20.557 20.725 20.828 20.549 20.550 20.531
Close Opera 2 1.243 1.205 1.284 1.193 1.205 1.289 1.596 1.282 1.294 1.261
Launch Safari 1 0.812 0.619 0.654 0.624 0.674 0.726 0.682 0.729 0.665 1.104
Run SunSpider (Safari) 13.522 13.523 13.614 13.520 13.318 13.520 14.519 14.023 13.519 14.023
Close Safari 1 0.877 0.878 0.871 0.867 0.871 0.870 0.863 0.867 0.878 0.865
Launch Safari 2 0.801 0.618 0.658 0.623 0.661 0.693 0.675 0.717 0.655 1.094
Run Google V8 (Safari) 21.521 21.520 21.573 21.516 21.519 21.519 21.620 21.520 21.571 21.522
Close Safari 2 0.884 0.891 0.874 0.881 0.887 0.881 0.874 0.868 0.868 0.876
JavaScript Primary
6.304 6.143 6.188 6.148 6.205 6.225 6.555 6.312 6.219 6.627

result
JavaScript Full time

199.398 198.321 199.681 197.091 199.835 200.479 213.037 203.714 200.234 205.357

result
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