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Modular SoC Integration with Subsystems

Abstract-We explore the potential of subsystem-based design
to reduce cost and time-to-market in the design of advanced
Systems-on-Chips (SoCs) while retaining low-power and high
performance processing. Using a concrete audio subsystem as an
example, we illustrate the benefits of modular SoC integration
with subsystems and identify challenges to be addressed. Well-
designed subsystems pre-integrate hardware and software
modules to implement complete system functions and offer high-
level hardware and software interfaces for easy SoC integration.
Configurability of subsystems enables reuse across SoCs.
Subsystems can offer software plug-ins to support integration
into a software stack on a host processor while making core
crossings transparent for the application programmer. We
conclude that subsystems can indeed be the next reuse paradigm
for efficient SoC integration.
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1. INTRODUCTION

Modern devices like smartphones, tablets, and digital TVs
are built using advanced Systems-on-Chips (SoCs) that
integrate different system functions such as audio, video,
modem, connectivity, imaging, etc. As the devices become
more feature-rich, SoC integrators have to deal with increasing
complexities and, thereby, increasing costs for the development
of their hardware and software.

For cost and time-to-market reasons, SoC integrators
purchase an ever larger fraction of the IP blocks for their SoCs
from external IP suppliers. Purchasing commodity components
helps SoC integrators to reduce the cost of ownership for in-
house technologies, which require continuous effort to meet
evolving requirements, and enables them to focus on their
unique differentiators.

Moreover, in order to address complexity and facilitate
multi-team multi-site development, SoCs are increasingly
architected in a modular fashion as a set of coarse-grain
subsystems for recognized system functions like audio, video,
modem, etc. Such subsystems consist of multiple integrated
hardware [P blocks, typically including one or more
programmable cores (CPU, DSP), together with associated
software. They typically implement complete system functions,
with hardware and software interfaces for integration into the
SoC. Subsystems are often developed by specialized teams
having expertise of the targeted system functions and related
implementation technologies.

Today, subsystem-based design is primarily practiced in-
house by SoC integrators. They reuse subsystems across SoCs
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by having them evolve from one specific version to the next, as
the requirements of the different SoCs have to be satisfied.

The next step to consider is an open market of subsystems
for commodity system functions. Having subsystem integration
performed by semiconductor IP suppliers for commodity
system functions allows the subsystem integration effort to be
amortized over multiple SoC integrators, and thereby increases
efficiency in the semiconductor value chain. As such it is a
logical next step in the evolution of the semiconductor industry
after reuse of cell libraries and basic IP blocks.

In the context of SoCs for mobile phones, [1] identifies a
trend towards a two-level architecture, in which functionally
related cores, accelerators, and memory are clustered into well-
defined subsystems, designed by specialists, each with its own
life cycle, and potentially traded by competing suppliers.
Subsystems as the next reuse paradigm, has also been
emphasized in [2]. See Figure 1.
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Figure 1. The trend towards pre-integrated IP subsystems

In this paper we explore the benefits of modular SoC
integration with subsystems and identify challenges to be
addressed, using a concrete audio subsystem as an example. In
the next section we present the audio subsystem. In section III
we generalize from the audio subsystem to other subsystems
and discuss the conditions for making subsystem-based design,
including the reuse of third party subsystems, an effective
paradigm for modular SoC integration. We draw conclusions
in section IV.

II. EXAMPLE AUDIO SUBSYSTEM

A. Audio Subsystem Functionality

Audio processing is a key function in almost every
consumer device. Prominent examples are digital TVs, set-top



boxes, portable media players, tablets, and mobile phones.
Integrating audio processing into SoCs for such applications
can be a large and complicated task, particularly when different
use cases and a variety of audio compression formats need to
be supported. Specifically, this involves the integration of a
range of hardware and software components, including an
audio processor, audio peripherals, software drivers, and audio
processing software. Today, SoC integrators typically build the
audio subsystems for their SoCs themselves, using hardware
and software components that are available on the market or
developed in-house. This involves significant effort and risk.

In addition, new requirements for audio processing keep
emerging. For example, there is a shift to multi-channel audio
(e.g. 5.1 or 7.1) and higher sampling rates (up to 192 kHz).
Advanced sound processing, such as virtual surround sound or
automatic volume leveling, is performed to achieve a rich
audio experience. More devices are equipped with voice
features, and functions for voice pre- and post-processing, such
as noise reduction and echo cancellation, are getting more
advanced in order to achieve better speech quality. Also
devices are getting more connected, demanding broader
support for audio formats of the content that can be accessed.

An audio subsystem for a particular consumer device needs
to support the range of audio use cases specified for that
device. An example is a use case for playback of compressed
Blu-ray Disc content, shown in Figure 2.
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Figure 2. Blu-ray Disc playback use case

This use case has multiple input streams. The primary
stream may be accompanied by a secondary audio track, with,
for example, a film director’s commentary. A third input
stream with Blu-ray Disc Java (BD-J) content is used for
system sounds for interactive menus, or BD-J controlled movie
playback. The decoding functions must support a broad range
of audio compression formats. Sample rate conversion converts
all streams to the same (primary) sample rate for subsequent
mixing. Audio encoding supports output of compressed
streams over S/PDIF [8]. Uncompressed streams can be output
via a DAC, for sound reproduction via speakers or headphones,
or can be sent digitally over HDMI.

B. Audio Subsystem Hardware / Software Architecture

A key question upon the implementation of specified audio
functionality in a SoC under design is whether the audio
processing can be performed on the application processor or
must be off-loaded to a separate audio processor.

A first criterion is the computational requirements of the
audio processing functions in the use cases that are to be
supported. These computational requirements can vary widely.
Whereas MP3 decoding typically requires below 10 MHz to
run on an audio DSP (measured with a memory access latency
of 0 cycles), the Blu-ray Disc playback use case in Figure 2
typically requires several hundreds of MHz. Also for voice
processing the computational requirements are increasing with
the introduction of e.g. wideband voice codecs and multi-
microphone beam forming. A RISC-style application processor
without special provisions for audio processing typically
requires a higher MHz budget for executing an audio
processing function than a specialized audio DSP, which
implements e.g. MAC operations for efficient execution of
audio processing algorithms. Some application processors offer
(optional) extensions to accelerate media processing, like the
ARM Cortex-A series with the NEON extensions. Using these
extensions the required MHz budget gets more in line with a
specialized audio DSP. For example, employing NEON
extensions, an application processor requires less than 10MHz
to execute MP3 decoding [3][4]. Still, the MHz budget
available for audio processing on the application processor in a
particular SoC may not be sufficient, in particular when
demanding audio use cases need to be accommodated.

In addition to resolving MHz budget issues on the
application processor, off-loading audio processing to a
separate audio processor can bring significant cost and power
benefits. For example, a power-optimized ARM Cortex-A9
dual core with NEON extensions is 4.6mm’ in a TSMC 40G
process technology and uses a total power of 250mW per core
when operating at 800MHz [5]. This brings the power
consumption per core to 0.3125mW/MHz. In comparison, in
the same process technology and at the same frequency, the
power consumption (dynamic and leakage for both logic and
memory) of an audio DSP like the Synopsys ARC AS211SFX
audio processor [6] is about a factor 5 lower with an area that is
a factor 6 smaller than a single Cortex-A9 core with NEON.
Moreover, since for most SoCs the specified audio use cases do
not require a budget of 800MHz, even higher power and area
factors are achieved when the ARC AS211SFX audio
processor is synthesized for a lower maximum frequency.

We conclude that off-loading of audio processing to a
separate audio processor can resolve MHz budget issues on the
application processor and brings significant savings in core
power consumption, in particular for demanding use cases. In
view of the increasing computational requirements of audio
processing for many consumer devices, in this paper we
consider the case where audio processing is off-loaded to a
separate audio processor.

Moreover, a subsystem with strong internal cohesion and
little external coupling that acts mostly autonomous, e.g. by
including a local processor core and not depending on the
application processor, eases integration by reducing
interference and contention on shared resources. It helps
meeting real-time deadlines and achieving low latency, both
key quality parameters of audio processing in a system.

The diagram in Figure 3 presents an overview of the
hardware / software architecture of the example audio
subsystem which off-loads audio processing from the
application processor.
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Figure 3. Overview of audio subsystem HW/SW architecture

The audio subsystem pre-integrates a range of hardware
(dark purple) and software (dark green) components. The
diagram also shows some of the hardware (light purple) and
software (light green) components of a SoC in which the audio
subsystem is integrated. Specifically, this is an application
processor on which an application software stack is executed
and from which the audio subsystem is controlled. Since the
application processor hosts the audio subsystem, it is called
Host Processor in this context.

The audio processing functions are executed on the ARC
audio processor. These include codecs for decoding and
encoding audio streams as well as functions for pre- and post-
processing uncompressed audio streams. On the ARC audio
processor, a software infrastructure consisting of a small Real-
Time Operating System, a lightweight streaming framework,
and an inter-processor communication (IPC) library supports
the creation and execution of flow graphs of audio processing
functions, controlled from the host processor. For a targeted
use case, the SoC integrator can select audio processing
functions from the portfolio supplied with the audio subsystem,
or add his own if needed. Obviously, an audio subsystem adds
most value if it offers a rich portfolio of audio processing
functions so that all targeted use cases can be readily
implemented. A further benefit offered by an audio subsystem
can be that codecs have already been certified in collaboration
with the standard holders where needed.

SoCs that provide audio functionality typically comprise
dedicated peripherals for input / output of audio streams.
Popular digital peripherals are I’S [7] and S/PDIF [8]. An
analog codec may also reside on the SoC to support analog
inputs and outputs for microphone, line, headphone, etc. The
audio subsystem includes these audio-specific peripherals,
thereby providing a complete self-contained audio solution for
easy integration into a SoC.

The module in the lower right of Figure 3 represents the
hardware of the peripherals and a clock infrastructure, which
we describe in more detail below. The software drivers for
these peripherals are executing on the ARC audio processor in
the audio subsystem. This simplifies the integration of the
audio subsystem into a SoC, as the SoC integrator does not
need to perform any software porting for peripheral integration.
The input and output peripherals are made available to the
application programmer as source and sink functions, which
can be used as start- and end-points in use case flow graphs.

The source and sink functions offer a high-level API, which
hides details related to control of the peripherals and the clock
infrastructure. All of this is handled transparently when source
and sink functions are instantiated in a use case, started,
stopped, etc. as facilitated by the software infrastructure.

The left side of Figure 3 illustrates the host interfacing of
the audio subsystem. An audio plug-in is supplied with the
audio subsystem to make the audio processing functions as
well as the source and sink functions available on the host
processor for building applications. The applications may
combine audio processing with other desired processing such
as video or graphics. The audio plug-in employs IPC between
the host processor and the ARC audio processor.

The audio plug-in offers a high-level API for building and
executing use cases. One of the supported APIs is the
GStreamer API. GStreamer is a popular open-source multi-
media framework for creating streaming media applications,
and a large number of GStreamer plug-ins is available [9]. The
audio plug-in makes all audio processing functions as well as
the source and sink functions available on the host processor as
GStreamer elements, which act as proxies for the actual
functions on the ARC audio processor. Using the GStreamer
API, SoC integrators can build and execute use cases as if they
are executing locally on the host processor. This is illustrated
in Figure 4 for a simple file playback use case. The File reader,
Decoder and Renderer appear as local elements on the host
processor. However, the audio plug-in transparently off-loads
the Decoder and Renderer to the ARC audio processor.
Furthermore, the software infrastructure takes care of all data
streaming, i.e. both local and inter-processor communication,
buffering, and synchronization of the processed audio data.
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Figure 4. Use case controlled through high-level API on host processor

pipeline = gst pipeline new ("my-pipeline");

source = gst_element_ factory make ("filereader") ;

g _object set (source, "location", filename);

g _object set (source, "track", track);

g_object_get (source, "decodertype", &decodertype) ;
decoder = gst_element factory make ("decoder");
g_object_set (decoder, "decodertype", decodertype) ;
sink = gst_element factory make ("sink");

g _object set (sink, "sinktype", I2S-STEREO) ;
gst_bin add many (pipeline, source, decoder, sink);
gst_element link many (source, decoder, sink);
gst_element set state (pipeline, GST_STATE PLAYING) ;

Figure 5. Abstracted code fragment for file playback use case



The abstracted code snippet in Figure 5 illustrates the
simplicity of building the use case of Figure 4 from a set of
GStreamer elements. It performs the playback of the track of a
file referenced by ‘filename’ and ‘track’. The audio format of
the track is detected by the file reader and passed to the
decoder. The use of the sink element of type 12S-STEREO
realizes output of the audio stream over a stereo I’S peripheral.

The audio plug-in greatly simplifies software integration
while off-loading audio processing functions from the
application processor to optimally achieve audio processing for
demanding use cases. It provides a high-level, local, audio
specific, functional API that hides implementation details
about the off-loading such as cross-core streaming and control.

The hardware architecture of the audio subsystem is
illustrated with the block diagram in Figure 6.
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Figure 6. Hardware architecture of the audio subsystem

The audio subsystem hardware integrates the ARC audio
processor and a set of audio peripherals using a smart local
interconnect. Figure 6 shows a specific instance of the audio
subsystem hardware with a particular set of peripherals.
Actually, the set of peripherals as well as several other
properties of the audio subsystem are not fixed but
configurable. The reason for this is that the audio subsystem
has been built to support reuse over different SoCs which can
have quite different requirements on an audio subsystem. For
example, the MHz budget of the audio processor required for a
particular SoC strongly depends on the use cases to be
supported by that SoC. Therefore configuration options have
been implemented to allow the audio subsystem to be
configured for use in a particular SoC. Three types of
configuration options are supported:

1. Configuration of the number of audio processor cores
as well as configuration of parameters of each core
(such as cache size). The ARC audio processor can be
configured as a single-core or as a dual-core audio
processor, allowing the processing power to be scaled
over a wide range in order to meet the demands of use
cases.

2. Configuration of the number and type of peripherals
(Izs, S/PDIF; input, output; stereo, 5.1, 7.1; master,
slave).

3. Configuration of properties that impact the integration
of the audio subsystem in the SoC environment, like
the type of bus interface (e.g. AHB or AXI) for
interfacing to the SoC interconnect, base addresses in
the memory map, etc.

Configurability spans both the hardware and the software.
For example, the software needs to be configured for the
selected set of peripherals.

The hardware architecture has been designed to provide an
area-efficient solution that integrates easily into a SoC
environment. The audio peripherals have been integrated with
the ARC audio processor by means of a smart local
interconnect, which provides an area-efficient infrastructure for
audio streaming that meets the real-time constraints of the
peripherals.

Each audio peripheral needs to be driven by a sample clock,
either in master mode or in slave mode. If operated in master
mode, the audio subsystem must supply a sample clock to the
peripheral to drive the input / output of audio words. In order to
simplify SoC integration, the audio subsystem includes a clock
infrastructure to derive all the sample clocks for the configured
set of peripherals from a source clock. A reset controller
further facilitates SoC integration: resetting is done through a
single “reset audio subsystem” command that hides the internal
details of correctly resetting the individual components within
the audio subsystem.

Note that audio data can enter / leave the audio subsystem
also via the SoC infrastructure, e.g. when stored in system
memory by other functions on the SoC such as a broadcast
receiver or a file system.

We conclude that the audio subsystem pre-integrates
hardware and software components to provide a configurable
verified audio solution ready for plug-and-play SoC
integration. Specifically it supports the SoC integrator by
providing a solution for the following design tasks:

e Offering a rich suite of software codecs and pre-/post-
processing functions on an audio processor
Integrating digital and analog audio peripherals
Interfacing to a host processor and offering a high-
level API for building and executing use cases

The audio subsystem therefore helps to reduce cost and risk
while accelerating time-to-market.

III.  SUBSYSTEM BENEFITS AND CHALLENGES

Modular SoC integration with self-contained subsystems
that offer high-level interfaces leads to more distributed SoC
architectures, thereby enabling a divide-and-conquer approach
in the design of complex SoCs. The audio subsystem
exemplifies this in several ways. Drivers execute on the audio
processor rather than on the application processor. Scheduling
of tasks on the audio processor is performed locally. Sample
clocks for the peripherals are derived locally from a source
clock based on the sample rate of the audio stream, rather than
in a central SoC-level clock factory that is controlled from the
application processor. A local reset controller resets the
components of the audio subsystem. The smart local
interconnect and the local execution of drivers manage
peripheral input / output so that real-time constraints are met.
The increased autonomy of the audio subsystem limits
dependence on the application processor and the software it
executes, thereby simplifying integration.

The example audio subsystem demonstrates that modular
SoC integration with subsystems can bring significant benefits.



With this example in place we can now investigate whether
these benefits also apply to other subsystems and identify
further challenges.

A. Standard Functions and Openness

The audio subsystem brings value to the SoC integrator by
offering a rich suite of audio processing functions. Many of
these functions are standard functions that offer little room for
the SoC integrator to differentiate by having a dedicated
implementation. This specifically holds for the broad set of
software codecs that need to support standard audio formats
like MP3, Dolby Digital (AC-3), WMA, AAC, etc. These are
mainly judged by the efficiency of their implementation, which
of course must be competitive for the audio subsystem. Audio
pre- and post-processing can be more differentiating by
employing advanced algorithms that yield a better sound
quality. Therefore the audio subsystem allows the SoC
integrator to add his own audio processing functions.

If we consider subsystems with high reuse potential for
other domains, then one criterion is whether many functions in
that domain are seen as standard, with little room for
algorithmic differentiation. A subsystem for that domain can
then bring value to multiple SoC integrators by offering a suite
of efficiently implemented standard functions, and can be
traded as third party subsystem IP on the open market. The
domains of video decoding / encoding, graphics rendering, and
multi-standard modem are likely candidates.

Other domains like video post-processing for picture
quality enhancement, imaging and embedded vision do not yet
have a widely agreed set of standard functions. Subsystems for
these domains therefore need to be open subsystems that
provide support for the development of new functions by the
SoC integrator, if they want to be reusable. Such open
subsystems can still offer significant value by addressing other
hardware and software integration aspects. For example, they
can offer an interface to a host processor and integrate
peripherals specific for their domain.

B. High-level, Standard Interfaces

The audio subsystem was designed to be largely self-
contained. High-level interfaces are used in order to realize
loose coupling. For example, the reset logic for all IPs inside
the audio subsystem is not exposed on the outside; the interface
is only a single reset line. On the software side, the audio
subsystem offers a plug-in with the high-level GStreamer API
for building and executing use cases on the host. For decoding
it provides a single, multi-standard audio decoder interface that
hides the details of instantiating the specific audio decoder on
the audio processor. Although the “loose coupling” heuristic
for modular system design is well known, not all system
functions are equally well suited for realization as a self-
contained subsystem. Or, implementing a self-contained high-
level interface could introduce unacceptable inefficiencies on
system level. Careful system partitioning and interface design
therefore is a key quality aspect of subsystems and remains a
challenge.

The GStreamer API is especially popular in home
equipment like Digital TV receivers and Blu-ray Disc players.
However, SoC integrators also use other APIs, like the
OpenMAX [10] standard that has been adopted in a number of

mobile phones. Also, many SoC integrators rely on proprietary,
in-house developed APIs. The lack of a single standard
hampers reuse of the subsystem in an open market. Clearly, a
single standard high-level API for the development of software
applications on the host processor enhances the reuse potential
of subsystems. In practice, however, there are very few “single
standards” — certainly not in the highly fragmented embedded
market space.

Fortunately, even more important than an exact match of
the subsystem provided and SoC required interfaces, is the
architectural match between subsystem and integrated SoC. As
originally stated by Garlan e.a. in [11] and reconfirmed in [12],
easy integration of reusable components is mostly hampered by
“architectural mismatch” caused by assumptions on 1) the
nature of components, 2) the nature of the connectors, 3) the
global architectural structure, and 4) the construction process.
If on the level of protocol, data, and control model the
interfaces match, then specific differences can be relatively
easily bridged by applying wrappers and glue logic. Using
architecture specialization — like the dataflow paradigm for the
audio processing domain, or by using open source practices —
as the GStreamer framework, the likelihood of architectural
mismatch is reduced.

C. Configurability

In section II.B we have shown that configurability is a key
ingredient for achieving reusability of the audio subsystem.
The diagram in Figure 7 puts the configurable subsystem
approach in perspective by relating it to other approaches for
implementing system functions in a SoC. It positions the
various approaches in terms of the flexibility to adjust to
specific requirements of a SoC and the ease of use for building
and integrating the system function. Ease of use is inversely
proportional to the engineering effort.
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Figure 7. Configurable subsystem matches flexibility with ease of use

One approach is to define a fixed “standard product” and
reuse that across multiple SoCs. For the audio domain this
would imply an audio solution with a fixed audio processor
and a fixed set of peripherals. However, as we have discussed,
the audio solutions for different SoC applications may differ
significantly. This also holds for other system functions. For
example, for video decoding and encoding the requirements
differ significantly depending on e.g. the frame size and the



frame rate to be supported in a SoC. A one-size-fits-all
standard product would either be too limited or occupy too
much silicon area for use in a SoC.

The “Bag of IP” approach is the traditional approach
towards implementing system functions for a SoC. Starting
from the requirements of a SoC under design, the SoC
integrator shops around for hardware and software IP and
integrates these in the SoC. This approach offers a lot of
flexibility but requires a large design effort, has a long lead
time and involves significant risk.

A configurable subsystem matches flexibility with ease of
use. It is readily available and can be integrated with little
effort. Since the subsystem has been pre-verified, risk is
significantly reduced.

Subsystem configuration is typically performed by the SoC
integrator, driven by the requirements of the SoC under design.
The set of configuration options of a subsystem needs to be
carefully balanced with the ease of use. Offering too many
configuration options may expose complexity to the SoC
integrator, resulting in a larger effort in integrating the
subsystem. Referring to Figure 7, adding configuration options
may move the subsystem “up” since flexibility increases, but
may also move it “to the left”, which is undesired. Preferably,
configuration options are limited as long as they do not render
the subsystem too inflexible.

A configurable subsystem offers additional benefits that
cannot be realized with a “Bag of IP” approach to the
integration of system functions. A subsystem can simplify
integration through streamlined tool support with a smart user
interface and an automated configuration flow to generate the
selected hardware and software configurations. By assembling
all of the components into a subsystem, the entire block can be
verified by the subsystem supplier in much the same way that a
standard IP block is today. This relieves the SoC integrator of
the burden of cobbling together and verifying components
from multiple sources.

D. Verification

The subsystem is pre-verified by the subsystem supplier.
This includes the verification of all possible configurations,
which is another reason to carefully choose the set of
configuration options. Verification starts with the verification
of the basic hardware IP blocks. This needs to be performed
only for the configurations of the IP blocks used in the
subsystem and to the extent to which the IP blocks can be
exercised by the software in the subsystem. For example, the
peripheral drivers use the peripherals in a specific way.
Subsequently, subsystem hardware verification performs
integration verification using extensive test-benches while
traversing the subsystem configuration space. Hardware /
software verification is driven by module-level software testing
and an extensive set of example use cases and associated
regression tests.

The configurability increases the verification effort for the
subsystem supplier. However, since the subsystem supplier
knows the integration context of the hardware and software
components, he can also significantly prune the verification
space and thereby reduce effort compared to supplying
separate IPs that need to be extensively verified without

knowledge of the (sub)system integration context. For the SoC
integrator the verification effort is reduced as the integration
verification performed by the subsystem supplier does not have
to be redone.

E. Prototyping

Having a pre-integrated subsystem also opens the
opportunity to support SoC integration with prototyping
solutions. These solutions can consist of virtual prototyping,
physical prototyping, or a hybrid form. For example, a
subsystem supplier can complement a subsystem with a
prototype that assists SoC integrators in the development of
application software in parallel with hardware implementation.
SoC integrators can then execute their application software
together with the subsystem plug-in on a prototype of their host
processor while having the prototype of the subsystem
hardware execute the production software that comes with the
subsystem. Next to software development, prototyping is
constructive in support of validation as well as demonstration.

IV. CONCLUSIONS

Subsystems pre-integrate hardware and software IP to
implement complete system functions and offer high-level
hardware and software interfaces for easy SoC integration.
This was illustrated with a concrete audio subsystem. Using
such subsystems, SoCs can be integrated in a modular fashion
with less effort and time-to-market can be accelerated. The use
of pre-verified subsystems further helps to reduce risk.

Configurability of subsystems enables reuse across SoCs.
Subsystems can provide software plug-ins with a high-level
API to support integration into a software stack on a host
processor while making core-crossings transparent for the
application programmer. We conclude that subsystems can
indeed be the next reuse paradigm for efficient SoC
integration. This will include the reuse of third party
subsystems, in particular for commodity system functions.

REFERENCES
[1] C.H. van Berkel, “Multi-core for mobile phones”, Proceedings
DATE’09, pp. 1260-1265, 2009.

[2] Semico Research, “IP subsystems: the next IP market paradigm”,
October 2010.

[3] Y. Xu, “Employing ARM NEON in embedded system’s audio
processing”, EE Times Asia, January 2010.

[4] Wikipedia, “ARM architecture”,
http://en.wikipedia.org/wiki/ARM _architecture

[5] www.arm.com

[6] www.synopsys.com

[7]1 Wikipedia, “I’S”, http://en.wikipedia.org/wiki/I%C2%B2S
[8] Wikipedia, “S/PDIF”, http://en.wikipedia.org/wiki/Spdif
[9] http://gstreamer.freedesktop.org/

[10] http://www.khronos.org/openmax/

[11] D. Garlan, R. Allen, and J. Ockerbloom, “Architectural mismatch: why
reuse is so hard”, IEEE Software, Volume 12, Issue 6, November 1995.

[12] D. Garlan, R. Allen, and J. Ockerbloom, “Architectural mismatch: why
reuse is still so hard”, IEEE Software, Volume 26, Issue 4, July-August
2009.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /Cmb10
    /CMBSY10
    /Cmbsy10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /Cmbx10
    /CMBX12
    /Cmbx12
    /CMBX5
    /Cmbx5
    /CMBX6
    /Cmbx6
    /CMBX7
    /Cmbx7
    /CMBX8
    /Cmbx8
    /CMBX9
    /Cmbx9
    /CMBXSL10
    /Cmbxsl10
    /CMBXTI10
    /Cmbxti10
    /CMCSC10
    /Cmcsc10
    /CMCSC8
    /Cmcsc8
    /CMCSC9
    /Cmcsc9
    /CMDUNH10
    /Cmdunh10
    /CMEX10
    /Cmex10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /Cmff10
    /CMFI10
    /Cmfi10
    /CMFIB8
    /Cmfib8
    /CMINCH
    /Cminch
    /CMITT10
    /Cmitt10
    /CMMI10
    /Cmmi10
    /CMMI12
    /Cmmi12
    /CMMI5
    /Cmmi5
    /CMMI6
    /Cmmi6
    /CMMI7
    /Cmmi7
    /CMMI8
    /Cmmi8
    /CMMI9
    /Cmmi9
    /CMMIB10
    /Cmmib10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /Cmr10
    /CMR12
    /Cmr12
    /CMR17
    /Cmr17
    /CMR5
    /Cmr5
    /CMR6
    /Cmr6
    /CMR7
    /Cmr7
    /CMR8
    /Cmr8
    /CMR9
    /Cmr9
    /CMSL10
    /Cmsl10
    /CMSL12
    /Cmsl12
    /CMSL8
    /Cmsl8
    /CMSL9
    /Cmsl9
    /CMSLTT10
    /Cmsltt10
    /CMSS10
    /Cmss10
    /CMSS12
    /Cmss12
    /CMSS17
    /Cmss17
    /CMSS8
    /Cmss8
    /CMSS9
    /Cmss9
    /CMSSBX10
    /Cmssbx10
    /CMSSDC10
    /Cmssdc10
    /CMSSI10
    /Cmssi10
    /CMSSI12
    /Cmssi12
    /CMSSI17
    /Cmssi17
    /CMSSI8
    /Cmssi8
    /CMSSI9
    /Cmssi9
    /CMSSQ8
    /Cmssq8
    /CMSSQI8
    /Cmssqi8
    /CMSY10
    /Cmsy10
    /CMSY5
    /Cmsy5
    /CMSY6
    /Cmsy6
    /CMSY7
    /Cmsy7
    /CMSY8
    /Cmsy8
    /CMSY9
    /Cmsy9
    /CMTCSC10
    /Cmtcsc10
    /CMTEX10
    /Cmtex10
    /CMTEX8
    /Cmtex8
    /CMTEX9
    /Cmtex9
    /CMTI10
    /Cmti10
    /CMTI12
    /Cmti12
    /CMTI7
    /Cmti7
    /CMTI8
    /Cmti8
    /CMTI9
    /Cmti9
    /CMTT10
    /Cmtt10
    /CMTT12
    /Cmtt12
    /CMTT8
    /Cmtt8
    /CMTT9
    /Cmtt9
    /CMU10
    /Cmu10
    /CMVTT10
    /Cmvtt10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


