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1 OVERVIEW

Thi s paper introduces S P Ma& Kkhe sniadphoneSy mb i an
benchmark. SPMark for Symbian OS v9 ext ends Futuremar koés b e
product lines to the smartphone market. It produces reliable, easy-to-understand

results on the performance and power consumption of smartphones.

This version of the whitepaper is 1.1, and it is based on the earlier version, 1.0.
This document version focuses on the most recent update on the SPMark
product line, SPMark for Symbian OS v9, whereas the previous whitepaper was
written about SPMark04. Most of the topics here are common with the earlier
version, but some minor adjustments have been made. Note that the workloads
in the product itself have been kept the same and the results of the tests can be
compared between SPMark04 and SPMark for Symbian OS v9 with certain
limitations stated further in this document.

SPMark for Symbian OS v9 is an update to SPMark04, which was released back

in 2004. The product series is targeted for measuring the smartphone
performance and power consumption, and it is developed with the same
expertise as Futuremar kods highly popul ar
PCMark®. SPMark series benchmarks have the same high quality look and feel

as all other Futuremark benchmarks.

In this paper, we discuss our approach to smartphone benchmarking and the
development of SPMark for Symbian OS v9. We present the grounds for our
benchmark development and discuss smartphones and software development in
general. The tests, as well as the scoring methodology in SPMark for Symbian
OS v9, are explained in detail.
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2 MOBILE PHONES

Todayods mobile phones have about the
PC had less than 10 years ago, and it seems that the development of the
computing power of these devices will be extraordinarily fast. A new breed of

same p

sophisticated applications is possible due t

handsets. Traditionally, the software for phones has been, for example: calendar
applications, phone books, ringing tones and similar phone usage related
software. With more open interfaces to program on, e.g. Symbian OS, the variety
of the software for phones has already increased dramatically. Now, one can get
similar kinds of software for phones as for PCs.

Phones have been primarily differentiated based on features and not
performance; this is somewhat different from the PC world. The main reason for
this is that phones are still static when it comes to the used components. For
example, the user can not change components on the phone to get more
processing power. However, as the features and functions of differing phones are
similar, the differentiation between them can be made from the performance point
of view via a benchmark. The performance of a handset is useful information for
operators and application developers who want to ensure the greatest
performance capacity of the new services and software they introduce.

2.1 Hardware

The trend in hardware (and software) development for smartphones seems to
foll ow PC devel dighead smartphdornesl bayeb approximately
200MHz CPU, and 128MB i 4 GB of storage capacity. The display size and
resolution are, of course, smaller than in PCs. For current Series 60 and UIQ
devices, the screen resolution usually is 320*240 pixels = QVGA.

A couple of phone manufacturers have already presented 3D accelerators within
the phones with technology similar to PCs had about 7 years ago. Another
development area seems to be the multimedia: videos, sound/music and images.
Again, this is similar to PCs from a few years back. One specific aspect can be
recognized in the phones: the camera functionalities. The majority of
smartphones has a digital camera incorporated into the phone device.

In mobile phones, the mobility is an essential factor that brings limitations to
components as well as applications.

activity is minimal; the uptime is heavily dependant on the amount of activities
performed. The power consumption will increase with the increased processing
capabilities, but then again having separate 3D accelerators and constantly
advancing power saving features will decrease the power consumption. Low
power consuming implementations are heavily favored both on hardware and
software; and thus, the performance or features are not always as high as they
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could be. The battery of a mobile phone needs to be small but carry as much
power as possible. So far, the manufacturers seem to succeed in this quite well;
but as the need for power constantly increases, also new battery technologies
will be needed.

2.2 Software

Smartphones come with a variety of operating systems and software. A variety of
operating systems (OS) are available for the smartphones as opposed to virtually
only three popular options for a PC. This may change in the smartphone
environment as well, but at the momentt he mo st p oseaml t@ lve”:
Symbian, Linux, PalmSource, Microsoft.

Symbian OS is the base operating system in a smartphone developed by
Symbian Ltd., a UK based software licensing company. Symbian is owned by
Ericsson, Nokia, Panasonic, Samsung, Siemens and SonyEricsson. According
Symbian, the Symbian OS is currently (Apr 2007) used in 67 different phones, 12
new ones are nearing release, and 24 models are discontinued. In addition to
these, operator-customized variations also exist. The amount of available
Symbian phones is continuously increasing, and the most up-to-date list of
currently available Symbian phones can be found at:
http://www.symbian.com/phones/index.html. Symbian smartphones are said to
currently cover approx. 70% of the smartphone market”. The latest version of the
Symbian OS is v9.5.

The Symbian OS provides the base functionalities of the smartphone from the
kernel level to the Ul framework level. Smartphones still need a graphical user
interface (GUI) to utilize the Symbian OS. The GUI varies between different

phones; at t he mo ment , t he mo st popul ar

EU/American market smartphones are Series 60 and UIQ; and FOMA in the
Japanese market. The list of phones supported by SPMark for Symbian OS v9 is
found at http://www.futuremark.com/products/spmark/spmarksymbianos9/minreq/

The amount of software for smartphones is increasing, and the applications
available for phones are now similar to the PC environment. The availability of
additional software depends heavily on the platform and OS of the phone. As is
the case with Symbian OS, both Series 60 and UIQ are open for developers. As
such, they have a wide variety of software available, also as freeware.

Developing software for smartphones is different than for PCs. Phones have
different usage models and more limited resources than PCs which need to be
taken into account. Also, the development environment is different. As in the PC
world, the development of hardware has an effect on software development and
vice versa. One topic also to take into account when developing for smartphones

" http://www.symbian.com/about/fastfacts/fastfacts.html
A Source: http://www.symbian.com/about/fastfacts/fastfacts.html
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is the power consumption; as the battery lifetime is limited, battery saving options

need to be considered.
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3 BENCHMARKING

Next, we will analyze the similarities and differences in benchmarking
smartphones as opposed to PCs.

Benchmarking is about finding the best performing solution by comparing
different alternatives. In the PC environment, this has meant measuring the
performance of the PC hardware and comparing the results. The benefits of
benchmarking are different for different target groups. For example, the end user
of a PC may make his or her purchasing decision based on a certain
benchmar ki ng resul t; wher eas, t he
information of hardware currently in development with a comprehensive
benchmark.

3.1 Benchmarking PCs 1 System and Component
Benchmarking

System benchmarking allows users to accurately evaluate the overall
performance of their PC hardware for a defined usage type. Component
benchmarking, by contrast, measures the performance of individual PC
components such as: CPU, memory, graphics card, etc. Benchmarking PCs can
be a complex process as hardware comes in a tremendous variety. Each PC
component i motherboard, CPU, system memory, graphics card, etc. T has
multiple manufacturers and variations. Furthermore, the rapid pace with which
manufacturers introduce improved versions of these components makes system
benchmarking a very challenging task.

Exampl es of benchmar ks for the PC e
series for 3D performance measurement and PCMark® series for general home
usage performance measurement.

3.2 Benchmarking Smartphones

A smartphone is a relatively new concept. As phones have traditionally been for
communications, the hardware on mobile devices has not been of great interest
to end users. However, this is likely to change with the increasing processing
power and capabilities of the smartphones on the one hand, and the increased
performance requirements imposed by new services and applications on the
ot her hand. As todayds smartphones

each other, they may still have significantly different performance; this is the

systems.

NVironme

of t en

raison dobébetre for a smartphone benchmar k.

Mobil e phonesd hardware s rat ¢aenot best at i

changed by the user as in the PC environment (with the exception of memory
card). Thus, benchmarking results are to be considered differently than those of
PCs. As in the PC environment, the use of a benchmark for an end user is to find
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the best combination of hardware; for smartphones, it is to find the most suitable
device or solution available. With smartphone benchmark, however, the user can
discover the possible performance effect of normal use (e.g. increasing amount
of contacts, having additional software installed) compared to a new device. Also,
the battery performance may weaken over the course of time which can easily be
determined with the help of a benchmark.
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4 OUR DEVELOPMENT METHODOLOGY

Futuremark approaches all of the benchmarks it creates with a proven standard
development methodology. We believe the process we follow is central to the
development of a successful and dependable benchmark.

For SPMark for Symbian OS v9, the development initially started with pilot
projects for the smartphone area. As our expertise in the area grew, we started
building a benchmark, SPMark04, from the outcomes of the previous projects.
After we had formed a Benchmark Development Program (BDP) for SPMark
(http://www.futuremark.com/bdp/?smartphone), the development fully started and
followed our general development process. SPMark for Symbian OS v9 was
developed by following the same methodology, and mostly with the same BDP
members as SPMark04.

The key part of the development process is cooperation with key technology
developers. This cooperation ensures that our benchmark is designed to
measure the right things correctly and that it will contain relevant tests and
meaningful measurements. SPMark for Symbian OS v9 was developed in
cooperation with the following BDP members: AMD, ATI Technologies Inc., ARM,
Broadcom, DMP, Freescale, GiQuila, Imagination Techologies, Intel, Marvell,
MtekVision, NVIDIA Corporation, Renesas, Samsung, Symbian and Texas
Instruments. In addition to the companies listed here, there are two major phone
manufacturers also participating the development.

Futuremark BDP members are willing to cooperate with us because they share
the vision that strong, objective b
Benchmark Development Program allows these companies to participate in
designing leading benchmarking standards in the PC and smartphone industries.
The cornerstones of our design process are transparency and neutrality. We
make a strong effort to document all processes that make up the benchmark; we
continuously strive to make these documents better. Also, we always maintain
the highest standards of neutrality, neither favoring nor ignoring any party.
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The figure below depicts a high-level view of our benchmark development
methodology.

Figure 1: Benchmark Development Methodology

Step One. The benchmark development process begins with identification of
target usage profile i the type of usage we want to benchmark. For SPMark, we
chose general smartphone usage. Using a variety of resources, we developed a
usage model consisting of several categories of tasks. The usage model for a
consumer smartphone is shown in the table below.

Colory | TSk i
gory Low Med High

Calendar manipulation X

Productivity | Using the contact database X
Using the storage/disk X

. Playing a 3D game X

Entertainment ying g
Manipulating images X
Desktop usage/Graphics X

Other P 1549 P
Mobility (battery lifetime) X

Table 1: General Smartphone Usage Model

Within each category, we list a set of representative tasks. Each task is further
assigned a weight reflecting its importance to the chosen usage. To develop this
model, we drew upon our experience and BDP member contributions.

Step Two. The document produced in the previous step is a proposal. It is
designed to present features and implementation options in a format amenable
for receiving constructive feedback. This proposal was circulated to our BDP
members. The feedback we received aided us in choosing tests and
implementation methods.
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