Open communication devices using the
EPOC operating system

Anders Waesterlid

To fully utilize the capability of new technologies, GPRS, Edge, UMTS,
and other third-generation cellular standards need a whole new class of
communication devices. In the last couple of years, Ericsson has investi-
gated the software requirements for the advanced third-generation of cel-
lular devices. This research involved evaluating in-house solutions as well
as several non-Ericsson software solutions. Ericsson chose the EPOC

operating system.

The author describes the architecture and key characteristics of EPOC,
the client-server framework, and the user-interface design, which together
offer an unprecedented level of openness in Ericsson’s new range of

communication devices.

BOX A, ABBREVIATIONS

The third-generation
device: a challenge

Third generation cellular devices will have
excellent data rates (up to 384 kbit/s and
maybe even higher in the local network) and
considerably larger displays than the current
generation of phones. Also, in accordance
with Moore’s law, they will offer much more
memory and better execution speed. To-
gether, these factors will allow us to design
really usable applications other than tele-
phony. Besides communication applica-
tions and general information-management
applications, such as calendars and to-do-
lists, the phones will be able to satisfy a
wider range of personal or company-
specific needs. However, if these types of
more vertical applications are to become a
reality, the devices used must satisfy new re-
quirements for openness to third-party soft-
ware. In fact, the degree of openness dis-
played by the software platform will deter-
mine how quickly third-party vendors de-
velop new software applications.

Today, plain voice telephony is the com-
pletely dominating application for cellular
phones. We believe that voice will still be
important to third-generation devices, but
so will other modes of communication.

What we foresee is the emergence of a cat-
egory of smart phones and communicators
characterized by their openness and their
high-quality, well-integrated communica-
tion capabilities. The key applications for
these devices will be
e enhanced telephony;

e unified messaging;

® contact management.

We call this set of applications the commu-

nications suite. All applications that play a

key role in facilitating communications be-

tween people and enhancing mobility can
be included in the communications suite.

A smart phone is a voice-centric device.
However, it also offers good unified mes-
saging as well as applications for managing
personal information (PIM) and accessing
information on the Web.

A communicator excels in unified messag-
ing but still retains good voice capabilities.
In addition, a communicator offers a richer
set of applications for managing personal in-
formation and accessing information on the
Web, thanks to its greater “real estate” of
memory, display size, and so on. A commu-
nicator may be an integrated device or a
large-display phone companion that com-
municates witha phone viaa Bluetooth link.

Although smart phones and communica-
tors will be multi-purpose computing de-
vices, they will still be phones, which puts
special requirements on software perfor-
mance and behavior. Specifically, these de-
vices must provide
e a phone-like feel—for example, one-

handed use, no visible file structure, and

the ability to handle voice as a data for-
mat. In essence, a device that is as easy to

use as a home appliance, as opposed to a

complex computer;

e excellent real-time capabilities; for exam-
ple, short software start-up time and the
ability to handle high-priority events,
such as incoming phone calls;

API Application program interface

DFRD  Device family reference design

Edge Enhanced data rates for GSM and
TDMA/136 evolution

GPRS  General packet radio services

HTML  Hypertext markup language

ISV Independent software vendors

JVM Java virtual machine

oS Operating system

PIM Personal information manager

TCP/IP  Transmission control protocol/Inter-
net protocol

UMTS  Universal mobile telecommunica-
tions system

VGA Video graphics array

WAP Wireless application protocol

Figure 1

Smart phones and communicators are “in
between” ordinary voice phones and hand-
held PCs.
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e capacity for handling limited resources of
power, memory or execution capability;
¢ extreme software reliability and robust-

ness with respect to third-party software;
¢ support for internationalization and wire-

less standards, such as Bluetooth and the

wireless application protocol (WAP).

Software structure

The multiple application properties of
smart phones and communicators also
imply a shift in software structure. Today’s
ordinary phones are essentially a combina-
tion of core software components involving
one or more cellular stacks, a real-time op-
erating system, and device drivers. The user
manipulates this core software through a
man-machine interface.

With the introduction of multiple appli-
cations, an application framework will be
needed which contains components that can
be shared across applications. Some exam-
ples of components in the application frame-
work are graphics libraries, databases,
servers and data stacks (Figure 2).

Much of the core software and application
framework that makes up the software plat-
form will have to be common to many ven-
dors before an open platform can be
achieved. EPOC will provide this software
for our devices and allow us to meet the

phone-type requirements outlined above.
The fact that Nokia, Motorola and other
vendors have also chosen EPOC ensures the
necessary industry standardization. In addi-
tion, EPOC provides us with a standard set
of applications. Thus, by using EPOC, we
will be able to focus on our key software
areas, namely, the communications suite,
the cellular stacks, and selected drivers.

EPOC

EPOC is Symbian’s third-generation oper-
ating system (OS). During the past decade,
the present EPOC32 OS has evolved from a
rather small OS for less complex organizers
into today’s fully pre-emptive, multi-
tasking, 32-bit operating system. The de-
sign goals for EPOC have been similar to
those for cellular phones, with the focus on
power conservation, a small static and dy-
namic footprint, and speed of execution. Ten
years of experience has also allowed the OS
to mature and stabilize.

EPOC has a fully object-oriented design
using C++, which allows for different con-
figurations to fit the footprints of a low-end
smart phone as well as a full-featured com-
municator. EPOC can be viewed as four sep-
arate layers (Figure 3):

* The application layer.
 The system and server layers, which cor-
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Figure 3
The EPOC operating system.
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respond to the application framework in
Figure 2.

¢ Thebase layer, which corresponds to the gen-
eral part of the core software in Figure 2.

Capabilities of the base layer

Besides managing system resources, the key
feature of the base layer is its capacity for
handling real-time events, conserving
power and minimizing memory use, maxi-
mizing speed, providing basic mechanisms
for robustness, and enabling easy porting to
new hardware. A few examples of how this
is achieved follow below.

Portability

EPOC was designed to be portable. Because
the kernel and device drivers must interface
with the underlying hardware platform,
some of their components are platform-
dependent. However, hardware dependen-
cy is minimized by using a hardware ab-
straction layer.

Power conservation

A thread is the unit of execution in EPOC.
High-priority threads are run first. The
lowest-priority thread, called a null thread,
only runs in the absence of other threads: the
null thread immediately quiesces the CPU
electronics in order to save power.

Software reliability
Memory is protected by using processes.
Memory owned by one process cannot be ac-

cessed by another (unless explicit permis-
sionis granted). Another example of EPOC’s
approach to mission-critical software is the
way it handles exceptions. When a program
encounters an exception, such as an out-of-
memory state, it recovers without any loss
of data and, if the exception occurred part-
way through an operation that had begun to
allocate other resources, then those resources
are freed immediately.

Lean and simple

Even though the EPOC executive supports
mechanisms, such as pre-emption, sema-
phores, and mutexes to handle parallel, real-
time execution of multiple threads, the use
of pre-emptive multi-threading is discour-
aged, in that it is prone to faults. EPOC pro-
vides a simpler solution that permits most
of its native applications and servers to run
as a single thread—a solution based on the
concept of active objects. Active objects are
used to represent event sources, such as an
application requesting a certain resource
through a server. The server is then imple-
mented as an active scheduler ranning a sin-
gle thread. By limiting the time a call for a
particular function is allowed to take, the
need for pre-emptory action is eliminated.
Using active objects is also a much leaner
approach than using multiple threads, and
reduces the need of dynamic memory.

Real-time performance
EPOC allows for very fast context-
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switching from a device driver to a thread.
This ensures that low and defined interrup-
tion latencies can be achieved without com-
promising the system architecture or the
protection and isolation of the user process.

Client-server framework

Servers simplify both EPOC operation and
application programming. Usually, servers
have a thread priority that is higher than any
of their clients’ thread priorities. This en-
sures that requests sent to the servers will
not be blocked by their clients. EPOC has
several servers:

e The file server owns all file, volume, and
drive resources, and loads installable file
systems. It allows clients to share these re-
sources in an orderly manner.

¢ The window server owns the screen, key-
board and pen. Requests from a client to
draw in a window, for example, will be at-
tached to that window’s visible extent. If
the window server detects that part of a
window has become invalid, it notifies
the client.

e The alarm server keeps track of all re-
quested alarms, and allows them to be
either canceled or reviewed. If an alarm
set by an application goes off, the alarm
server sends a confirming signal to the
application in question so that it can ac-
tively trigger another alarm, if one is war-
ranted.

User interface design

The system layer in EPOC contains much

of the user interface-related functionality.

EPOC is designed to be used by a range of

licensees on a variety of devices. To encour-

age openness and maintain interest among

independent software vendors (ISV), sever-

al device families have been defined accord-

ing to their display size and basic input

metaphor:

* 640 - 240 pixels (1/2 VGA) landscape,
keyboard expected;

e 240 - 320 pixels (1/4 VGA) portrait,
pointer device expected;

® 320 - 120 pixels (1/8 VGA) landscape,
pointer device expected;

® 200 - 200 pixels, keypad expected.

The first two are meant to be used in com-

municators, while the latter two are for

smart phones. Device family reference de-

signs (DFRD) will be provided. EPOC li-

censees will have to provide binary compat-

ibility with these designs to minimize the
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Ericsson can reuse the logic of an EPOC
application while still achieving the Ericsson
“look and feel.”

need for testing on the part of independent
software vendors. Nevertheless, the DFRDs
allow Ericsson a considerable amount of dif-
ferentiation:

e Applications are divided into an engine

part, which contain the logic for manip-
ulating application data, and a user inter-
face part. Because of this division, the en-
gine can be shared by device families,
while Ericsson can still implement its own
user interface.

Figure 5

New, open, communication devices will allow for more vertical applications. The applica-

tion below, for example, supports navigation.
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Each DFRD contains a reference “look-
and-feel” library. Ericsson can replace
components in the library and still main-
tain binary compatibility. The DFRD
also has options for adapting to different
hardware configurations.

Ericsson can add applications to the stan-
dard EPOC applications.

Ericsson can replace standard EPOC ap-
plications, provided that application pro-
gram interface (API) compatibility is
maintained.

Wireless Java API

A Java virtual machine (JVM) is already
available on EPOC. In future releases of
EPOC, Java will be reinforced as the pre-
ferred language for third-party software de-
velopment.

A wireless Java API will be provided to
open up the full capability of the software
platform to independent application design
(Figure 6). The wireless Java API will be
harmonized with current international and
cross-platform standardization activities,
which will make the platform even more
open.

A new degree of
openness

In terms of their software platforms, the new
range of Ericsson communication devices

based on EPOC will have an unprecedent-
ed level of openness. Ericsson has taken the
lead in opening up several dimensions of this
openness, which consists of the following
areas:

Software platform openness

EPOC is already secured as the industry
standard for smart phones and communica-
tors. The concept of open APIs and DFRDs
will ensure the development of a wide range
of third-party software.

Cross-platform openness

The wireless Java API will allow applica-
tions designed for EPOC to run on other
platforms as well, besides allowing applica-
tions designed for other platforms to run on
EPOC.

Internal platform openness

EPOC’s modular architecture enables Erics-
son to add new hardware or software mod-
ules without degrading system characteris-
tics.

Software technology openness

The use of mainstream software technolo-
gies such as C++ and Java makes it easy to
find tools for commercial development and
the expertise required to use them.

Internet openness

EPOC standard applications include the

Figure 6
Wireless Java application program inter-
face.
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Figure 7
A new paradigm for communication device
software.

WAP application and an HTML Web
browser.

Piconet openness

EPOC will be Bluetooth-enabled, which
means that all EPOC devices will be able to
establish piconets in their local environ-
ments in order to utilize local resources out-
side of the phones.

Openness creates new
opportunities

The new level of openness will give rise to
a new paradigm for wireless device software
(Figure 7). As a result, the third generation
of cellular devices will no longer be limited
by their own ability to store information, or
by memory or processing capability. In-
stead, additional resources in the local envi-
ronment or on the Internet will be available
to the user.

Some services will best reside in the phone
while others will be resident in the network.
Services in the phone will be able to maxi-
mize usability, by applying detailed knowl-
edge of the actual phone platform (hardware
and software) and personal data in the
phone. Network-based services can benefit
from unlimited access to content, memory
and execution capacity.

Users will be able to synchronize data be-
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tween devices locally in the pico-network or
remotely over the network.

Users will always have access to personal
data, current messages, an up-to-date cal-
endar, and so on. The smart phone or com-
municator will be so easy and efficient to use
that it could easily become the primary tool
for communicating at work or home, for
managing personal dataand foraccessing in-
formation.

Conclusion

Ericsson’s new, open, smart phones and
communicators powered by the EPOC op-
erating system will

* ensure improved usability and a new level
of integration for communication appli-
cations;

promote improved personal productivity
by providing communication applications,
personal information management and
W AP/Internet access in a single device;
establish a whole new, open-application
environment—for the devices as well as
the network—that satisfies many person-
al or company-specific application needs;
preserve Ericsson’s core software values:
power conservation, high software relia-
bility, and memory efficiency;

capitalize on the high bit rates offered by
third-generation networks.
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