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Abstract

SHADOW is a middleware for building GUI applications
in home digital media devices. It is a part of home soft-
ware platform that solves portability issues and it provides
a universal application framework for OS independence. It
also supports C++ class libraries for object-oriented de-
sign of GUI applications. SHADOW was successfully used
for building GUI applications for TV-like home devices. In
this paper, we describe how SHADOW is designed and im-
plemented in order to support home applications.

1 Introduction

The features of CE products are getting more complex
and diverse in order to live up to customers’ expectations.
Emerging digital media technologies have enabled people
to deal with various kinds of digital media including im-
ages, movies and music. These technologies are realized by
newly developed CE products, such as digital televisions,
digital cameras, and MP3 players, that have never existed a
few years ago. These products do not provide only simple
and essential features for creating and playing digital me-
dia, but also introduce more powerful features for editing,
sharing, and managing digital media.

At the first presentation of the new CE products, peo-
ple were only interested in what they can do with them.
There were so many features that people were just happy
with them. But nowadays, they are more interested in how
they can do it after realizing that those features cannot be ef-
ficiently used without some nice user interfaces. Now they
know they cannot do anything easily with a TV remote con-
troller that has more than one hundred of buttons. More
simple and useful guides that are displayed graphically on
a screen are preferable. This makes GUIs on CE devices
more popular nowadays.

Building GUI applications for CE devices are not so sim-
ple; it is accompanied by several problems about software

development on CE devices. Although the GUIs can be
very similar among the same kind of products, they may
differ in hardware architectures, device drivers, and operat-
ing systems. This causes a portability issue. Some of es-
sential GUI applications had to be re-implemented just be-
cause the development environment of a new product, such
as graphics chipset and operating system, is changed. Lacks
of advanced GUI features in embedded graphics libraries
made GUI application development harder, too. Primitive
graphics APIs that were provided by hardware vendors did
not satisfied the GUI application developers. They were
competing with fancy applications based on PC’s desktop
window system, with which customers experienced high-
quality GUL

We have been trying to find good solutions for develop-
ing GUI applications of CE devices. Surely, there are many
solutions that supports embedded system GUIs [1, 2, 3, 4].
However, it was hard to find one that meets the critical re-
quirements for CE GUI solution, such as OS/architecture
independence, high level GUI objects, and reusable compo-
nent framework. Some of them were not supporting all of
three major operating systems for embedded systems, that
is, Linux and VxWorks, and Microsoft Windows [5]. Some
of them were providing GUI objects that mostly rely upon
2D positioning input devices, such as mice, touch-screens
and styluses. They may be useful for desktop or personal
devices, but they are not usual interfaces for home devices
yet. Some of them had only C APIs, which were not easy to
extend comparing to C++ class APIs. We also needed our
own proprietary solution that avoids license issues. Thus,
we started to develop a novel GUI middleware that can be
used for developing GUI applications in CE devices, espe-
cially for home devices including digital televisions, set-top
boxes, and DVD recorder/players.

SHADOW is the result of our effort to make a mid-
dleware for building GUI applications in home dig-
ital media devices.
Samsung Home-platform Application-framework Device-
independent Object-oriented Workspace. Although this
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Figure 1. Shadow architecture

seems to be unnatural interpretation of a very common
word, it enables us to quickly guess the important features
of SHADOW: it is a part of home software platform that
solves portability issues and it provides a universal appli-
cation framework for OS independence. It also supports
C++ class libraries for object-oriented design of GUI appli-
cations.

Currently, a good many kinds of digital televisions, that
are newly developed in Samsung Electronics, are filled with
SHADOW applications. This demonstrates that SHADOW
can be successfully used for building GUI applications for
TV-like home devices. In this paper, we describe how
SHADOW is designed and implemented in order to support
home applications.

The rest of this paper is organized as follows. Section 2
describes the architecture of SHADOW in detail. Section 3
provides brief discussion on design and implementation is-
sues about SHADOW. Section 4 shows the result of applica-
tion and the current status of related work. Finally, Section
5 concludes the paper with future directions.

2 Architecture

SHADOW is developed as a software platform for home
applications. That is, it supports an OS and hardware inde-
pendent environment for developing applications. Figure 1
shows the architecture of SHADOW. The two main layers of
SHADOW, SHADOW Porting Layer and SHADOW Middle-
ware, provide compact but useful libraries for building GUI
applications.

2.1 Shadow Porting Layer

SHADOW Porting Layer abstracts the functions of the
hardware and OS, so that middleware components and ap-
plications on top of this layer can be free from portabil-
ity issues. SHADOW Porting Layer has two components:

OS Abstraction Layer (OSAL) and Hardware Abstraction
Layer (HAL).

OS Abstraction Layer

The classes of OSAL provides programming interfaces,
which let a software developer use OS functions in a unique
way. Every component that are developed using OSAL be-
come OS independent, and they can be reused without con-
sidering portability problem. OSAL classes can be clas-
sified into two categories: low level abstraction classes
and high level abstraction classes. The low level abstrac-
tion classes simply wrap the functions of OS or C li-
braries. Memory allocation, error message management,
string operation, and math functions are typical examples
of low level abstraction classes. The high level abstraction
classes are more complex than the low ones; they provide
task/thread management, and inter-task communication in-
cluding event sending and handling. This is a kind of ap-
plication framework, which guides how to build a portable
application in a recommended way.

Hardware Abstraction Layer

HAL is mainly used for abstracting 1/0 devices, in partic-
ular, graphics display devices. It manages attributes for
graphics devices and gives a common way to access the
frame buffer of the video memory. HAL also provide a
way to directly use the hardware accelerated graphical op-
erations available for some graphics hardware.

2.2 Shadow Middleware

SHADOW Middleware provides various kinds of high
level GUI functions that are based on the low level func-
tions of SHADOW Porting Layer. Each component has sev-
eral C++ classes that enables the application programmers
to easily extend the base function of SHADOW and design
their applications in object-oriented fashion.

Graphics Library

Graphics Library provides many low level graphics opera-
tions such as primitive drawing, text drawing, bitmap im-
age decoding and displaying. It supports graphics context
for managing screen regions and drawing attributes. Virtual
coordinates system makes GUI application to be designed
at a fixed logical screen resolution.

Window Library

Window Library uses the low level graphics operation pro-
vided by Graphics Library in order to implement GUI ob-
jects, which is called widgets, that are directly manipulated
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Figure 2. Sample GUI layout

by end-users. An application usually assembles these wid-
gets to make a GUI scene that is presented to end-users.
Figure 2 shows an example GUI layout that exploits several
widgets: label, button, list, scroll bar, and frame widgets.

3 Design and Implementation Issues

In this section, we describe several issues about
SHADOW design and implementation. Unlike developing
an ordinary desktop window system, SHADOW faced sev-
eral technical problems that were critical to be a part of
commercial CE products.

3.1 Supporting Multiple OS’s

The minimal set of OS’s supported by SHADOW are
Linux [6], VxWorks [7], and Microsoft Windows [8]. Linux
and VxWorks are the two main embedded OS’s that are used
for home digital media devices in Samsung Electronics, and
Windows is the most popular OS for application developers.
We thought that Windows must be supported no less than
the other popular embedded OS’s. This leaded to a great
welcome from the SHADOW application developers because
most of their jobs could be done purely in their PCs, includ-
ing debugging and analyzing their programs, and without
any modification of the code, their programs were executed
in target devices well.

To support multiple OS’s, OSAL was carefully designed
not to have a feature that cannot be realized in some OS’s.
Of course, there are drawbacks giving up some nice features
that are supported by only some outstanding OS’s. How-
ever, our first goal was to make application portable at all,
and this means we are allowed to use the only features avail-
able for all OS’s we are targeting.

Regarding this issue, one of the most important features
of SHADOW OSAL became its task model. SHADOW is
one-process multi-thread model, that is, there is only one
SHADOW process and every SHADOW applications are ex-

ecuted as a set of threads belonging to this process. This
is because the process model of Linux cannot fit into some
embedded OS’s including VxWorks. The major three OS’s
supports almost similar thread model. Thus, we designed
SHADOW to support only thread-based task management.

We recommend application developers not to directly
use any of system calls or external library supported by
OS. For example, even including standard header files such
as stdlib.h is prohibited. They can only include SHADOW
headers, which also includes minimal but complete set of
classes supporting general system calls and C/C++ library
functions. By doing this, SHADOW applications can be to-
tally free from any of OS-related features and no modifica-
tion is needed to port them to other OS environment.

3.2 Font Engines

Text drawing is one of important graphics operations that
are very frequently used. The quality and time performance
of text drawing is very critical since most of GUIs have so
many text strings and end-users are always reading them.
SHADOW supports two kinds of fonts: grey-scale bitmap
fonts and scalable vector fonts. They have advantages and
disadvantages each other. The bitmap fonts are very easy
and efficient to draw, but we cannot manipulate them main-
taining the original visual quality. The vector fonts can be
freely scaled, rotated, and transformed to satisfy designer’s
requirement without loss of visual quality, but to draw them,
it requires heavy and complex font engines that requires
more calculation time.

The bitmap font is drawn by built-in SHADOW Bitmap
Font Engine, which is tiny and always included in Graph-
ics Library. For vector fonts, we decided not to include any
of font engines by default. Instead, we selected some pop-
ular font engines that meet designer and application devel-
oper’s expectation and provided consistent class interface to
use them. Currently we are supporting Bitstream’s Font Fu-
sion [9] and FreeType [10]. A system integrator can select
an option to link SHADOW and external vector font engines
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Figure 3. Font drawing samples
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Figure 4. Abnormal intermediate layout of windows

when he compile SHADOW for his target.

Fonts are loaded at run-time, so they can be changed
dynamically for altering look-and-feel of the GUI. Various
kinds of vector fonts can be used as long as they are sup-
ported by external vector font engines, Font Fusion and
FreeType. Most of popular font formats are supported:
TyueType, PFR, OpenType, PCF, Typel, and so on. Fig-
ure 3 shows selected vector font operations.

3.3 Window Expose Operation

Window system of SHADOW is very similar to ordi-
nary desktop window system, such as Windows and X-
Window. It supports window hierarchy and full depth clip-
ping. SHADOW adopted an event-driven communication for
handling messages between GUI objects. SHADOW win-
dows are also getting several kinds of events to process.
They are usually input key signals and expose events.

An expose event is sent to a window when part of the
window must be drawn again. This happens frequently
by several reason: some obscuring window is destroyed or
moved away, the window is just shown from hidden sta-
tus, or that region is continuously updated by an animation
thread, etc.

A problem with these expose events is that a single ma-
nipulation of window can result multiple sequence of ex-
pose events and they are not processed in the same time.
Figure 4 shows a typical example of this problem. In Figure
4-(a), Window 2 is blocking all other windows and is about
to be destroyed. When Window 2 is destroyed, Window 1,
3,4, and 5 get expose events for them to draw their contents
covered by Window 2 so far. Since expose event is trig-
gered for each window, at least four expose events are sent
to the windows. In fact, Window 3 has a complex-shaped
expose region so it may be divided into several rectangular
expose events, resulting more expose events. The expose
events are processed in random sequence because the win-
dows are possibly managed by multiple threads. Even there
is a unique sequence of event processing, they are not pro-
cessed at once. So they show some intermediate status like
Figure 4-(b). At this time, Window 1 and 5 has finished pro-

cessing their expose events, but the others did not yet. After
all, when all expose events are processed, the abnormal lay-
out is cleaned up and finally we get Figure 4-(c).

This happens everyday on our desktop window system.
But normally it is done in less than 50 milliseconds and no
one complains about that. However, in CE products, this
maybe a significant problem. Usually CE devices have less
powerful CPUs and hardware comparing to the desktop PC
systems. So this kind of odd layout is displayed for a longer
time, and the users can be annoyed by this broken graphics.

In order to overcome this problem, we adopted double
buffering [11]. The results of expose event processing are
accumulated in an off-screen buffer until all of the expose
events are processed. After that, the contents of the off-
screen buffer are copied to the frame buffer at once. Though
this causes latency of response to user input and slightly
more processing time for copying from back to front buffer,
it clears away the abnormal intermediate state of expose
event processing.

4 Results

SHADOW was implemented for several target systems as
well as for Microsoft Windows PC system. In typical Linux
target systems, the total size of SHADOW libraries is about
600 to 800 Kbytes. This does not include other external data

Component Linux/mipsel Linux/i686
gee 3.3.1 gcc 4.0.1
OS Abstraction 117 97
H/W Abstraction 35 20
Shadow Graphics 354 292
Shadow Window 325 237
Total 831 646

<unit: Kbytes>

Table 1. Library sizes of Shadow components
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Figure 5. Shadow development environment based on Microsoft Windows PC

such as fonts and bitmap images, which is dependent on
application and GUI design. Table 1 shows the size of each
component libraries. In Linux, These libraries can be linked
to SHADOW applications statically in order to eliminate the
unused class code.

As shown in Figure 5-(a), SHADOW developers can use
their own PC environment for developing SHADOW appli-
cations. They can be executed in the same PC environment
that the program was written and compiled. Figure 5-(b)
shows a target-emulating front-end of SHADOW, which dis-
plays the GUIs and accepts user’s keyboard input.

The background image of the emulation front-end is just
a given bitmap image or animation. Currently, we are work-
ing to emulate television channels utilizing digital tuner
attached to the PC or just giving multi-channel broadcast
stream stored in hard disk drives.

5 Conclusions

In this paper, we have described the motivation, the de-
sign and the implementation of the SHADOW middleware
platform. SHADOW is a total GUI solution for CE devices.
It is designed to have object-oriented component architec-
ture, and the abstraction layers enable application develop-
ers to write perfectly portable GUI code, which leads to re-
ducing cost and time for product time-to-market.

There are many future directions in which to improve
SHADOW. The future version of Shadow will provide more
dynamic features including three-dimensional graphics en-
gine, such as OpenGL ES [12], and three-dimensional ani-
mated widgets. And we would also like to introduce script
engine, which can be used for abstracting and separating
widget behavior from the native code, and visual layout ed-
itor for WYSIWYG GUI design.
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