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(57) Abstract: The present method and system enables receiving a radio frequency (RF) signal. The received RF signal is assigned
to a single instruction multiple data (SIMD) module in an accelerated processing device (APD) for processing to extract network
messages. The extracted network layer messages are further processed by the SIMD module to obtain data transmitted via the RF
signal.
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METHODS AND SYSTEMS FOR PROCESSING NETWORK MESSAGES IN

[0001]

[0002]

[0003]

[0004]

AN ACCELERATED PROCESSING DEVICE

BACKGROUND

Field of the Invention

The present invention is generally directed to graphics processing units (GPU),

and more particularly to using graphics processing units to process network messages.

Background Art

Existing mobile computing systems (for example, smart phones, tablets, laptops,
etc.) have multiple processors assigned to perform different tasks. For example, a central
processing unit (CPU) as a central processor, a graphics processing unit (GPU) for
processing computer graphics, and one or more processors to process physical layer
messages. The multiple processors are used in the mobile computing systems to process
messages of different types or messages intended for different applications. For example,
a different processor may correspond to processing cellular signals, WiFi signals, landline
communication signals, global positioning system (GPS) signals, and computer graphics
signals. Multiple processors are used to process network messages such as physical layer
messages because the computational capabilities of existing physical layer processors are
limited. Application specific integrated circuit (ASIC) implementations are not feasible
due to frequent changes in communication standards. The use of multiple network
processors is expensive and inefficient, and the route from these processors to a CPU is
long and slow. As data rates of computing systems increase, the route from the physical

layer processors to a CPU may become a bottleneck.

SUMMARY OF THE EMBODIMENTS

What are needed are methods and systems for more efficiently processing
different types of network messages.

Although GPUs, accelerated processing units (APUs), and general purpose use of
the graphics processing unit (GPGPU) are commonly used terms in this field, the

expression “acceleratzd processing device (APD)” is considered to be a broader
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expression. For example, APD refers to any cooperating collection of hardware and/or
software that performs those functions and computations associated with accelerating
graphics processing tasks, data parallel tasks, or nested data parallel tasks in an
accelerated manner with respect to resources such as conventional CPUs, conventional
GPUs, and/or combinations thereof.

{80051 Embodiments of the present invention provide, under certain circumstances,
methods and systems for processing aspects of network messages (e.g., the physical layer
of such messages) in an accelerated processing device (APD). In one embodiment, a
radio frequency (RF) signal is received by a radio frequency integrated circuit (RFIC)
chip, converted to digital data, and sent to an APD. The RF signal received is assigned to
a single instruction multiple data (SIMD) module for processing. In one embodiment,
physical layer messages are extracted from the RF signal and processed by the SIMD
module to obtain data transmitted via the RF signal.

{0866] Further features and advantages of the invention, as well as the structure and
operation of various embodiments of the invention, are described in detail below with
reference to the accompanying drawings. It is noted that the invention is not limited to the
specific embodiments described herein. Such embodiments are presented herein for
illustrative purposes only. Additional embodiments will be apparent to persons skilled in

the relevant art(s) based on the teachings contained herein.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

186071 The accompanying drawings, which are incorporated herein and form part of the
specification, illustrate the present invention and, together with the description, further
serve to explain the principles of the invention and to enable a person skilled in the
pertinent art to make and use the invention. Various embodiments of the present invention
are described below with reference to the drawings, wherein like reference numerals are
used to refer to like elements throughout.

[0008] FIG. 1 is a diagram illustrating multiple physical layer processors in a mobile
computing system, according to an embodiment.

{809 FIG. 2 is a diagram illustrating an accelerated processing device (APD) for
processing different types of physical layer messages in a mobile computing system,

according to an embodiment.
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FIG. 3 is a diagram illustrating various layers in a mobile computing system,
according to an embodiment.

FIG. 4 is a diagram illustrating an accelerated processing device (APD), according
o an embodiment.

FIG. 5 is a flowchart of a method for processing physical layer messages in an

accelerated processing device (APD), according to an embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Inn the detailed description that follows, references to "oue embodument,” "an
embodiment,” "an example embodiment,” etc., indicate that the embodiment described
may include a particular feature, structure, or characteristic, but every embodiment may
not necessarily include the particular feature, structure, or characteristic. Moreover, such
phrases are not necessarily referring to the same embodiment. Further, when a particular
feature, structore, or characteristic is described in connection with an embodiment, it is
submitted that it is within the knowledge of one skilled in the art to affect such feature,
structure, or characteristic in conpection with other embodiments whether or not
explicitly described.

The term “embodiments of the invention” does not require that all erobodiments
of the invention include the discussed feature, advantage or mode of operation, Alternate
embodiments may be devised without depariing from the scope of the invention, and
well-known clements of the invention may not be described in detail or may be omitted
so as not {o obscure the relevant details of the invention. In addition, the terminology used
herein is for the purpose of describing particular embodiments only and is not intended to
be limiting of the fnvention. For example, as used herein, the singular forms “a”, “an”
and “the” are intended to include the phural forms as well, unless the context clearly
indicates otherwise. It will be further undersiood that the terms “comprises,”
“comprising,” “includes” and/or “including,” when used herein, specify the presence of
stated features, infegets, steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other features, infegers, steps,
operations, elements, components, and/or groups thereof.

About twenty vears ago, the technology industry was divided into computer

industry, telecormmunications industry, electronic media industry, and others. The last
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decade witnessed the merger of the telecommunications industry and the computer
industry. Later, the electronic media industry joined as well. Today's mobile computing
systems may comprise of multiple processors on a printed cireuit board (PCB) to perform
computing, communication, and multimedia related tasks. Additionally, developments
have allowed a computing processor and a multimedia engine fo reside inside a single
stlicon, sharing resources and improving performance. Such technology may be also used
in a way that the APD performs various networking operations such as physical layer
operations, along with computing and multimedia tasks. Embodiments described below
are made in reference fo physical layer operations but other networking operations and
aperations on wired networking operations are also applicable.

FIG. 1 shows a mobile computing system 106, according to an embodiment. For
example, mobile computing systemn 100 may include nuultiple processors, e.g., and
without limitation, CPU 101 as a central processor, APD 102 for graphics processing,
cellular physical layer processor 110 for processing cellular baseband signals (physical
fayer messages), WiFi physical layer processor 112 for processing Wili physical layer
messages, and a OPS baseband processor 114 for processing GPS baseband signals
{phvsical layer messages). The number of processors to process physical layer messages
in mobile computing system 100 is not limited to three physical layer ressage processors
{for example, 110, 112, and 114) as shown in FIG. 1.

In one example, physical layer message processors are used fo process celludar
physical layer messages. Fhysical layer message processors may comprise of one or more
digital signal processors {(DSP). In one example, cellular baseband processor 110 may
comprise of one or more D8Ps 111 that process physical layer messages received by
cellular baseband processor 110, In one example, time sensitive physical layer messages,
such as live streaming video, may have to be processed in a certain amount of time, DSP
111 may have to operate at a higher frequency to meet such time requirements which may
result in DSP 111 consuming higher amount of power, and dissipating higher amount of
heat. In one example, the physical layer messages may have {o be processed by 5P 111
in a serial fashion. This may result in BSP 111 spending considerable computing power
and time in reading data from memory, performing required operations on the data, and

then writing the processed data back to the memory.
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[0018] In an exemplary wireless environment, signals may pass between base stations
(not shown) and mobile computing system 100. A base station is a radio
receiver/transmitter that serves as a hub of a Jocal wireless network, and may also act as a
gateway between a wired network and a wireless network. As wireless signals travel
through difficult RF environments (fading or weak RF signals), base station may request
mobile computing system 100 to perform certain tasks. These requests may result in
mobile computing system 100 re-assigning computing resources and focusing on higher
priority tasks, which can delay processing of lower priority tasks. As a result, the overall
performance or quality of service (QoS) of mobile computing system 100 may be
affected.

[0019] In one example, mobile computing system 100 has wireless channels dedicated to
different types of traffic, e.g., control channel, voice channel, data channel, etc. Each of
these channels have different processing requirements, e.g., forward error correction
parameters etc. Some channels may carry time sensitive data, such as control channel
information or pilot channel information. As a result, mobile computing system 100 with
limited resources may have to assign significant amount of computing resources to time
sensitive tasks when mobile computing system 100 is located in adverse RF conditions.
As a result, the overall QoS of a mobile computing system 100 may drop to maintain the
signal and give preference to time sensitive information.

[0020] Another challenge in mobile computing system 100 may be multipath
propagation. Multipath propagation occurs when a RF signal takes different paths from a
source to a destination. For example, a first part of the RF signal reaches the destination
directly, while a second part of the RF signal bounces off an obstruction, then reaches the
destination. In one example, there may be multiple versions of such delayed signals. As a
result, a part of the RF signal encounters delay and travels a longer path to the destination.
On the receiving end, the multipath signals may be combined, using techniques well
known to a person skilled in the relevant art, to obtain a better quality signal. In one
example, a transmitting party and a receiving party agree upon a code that is used to track
signals. The code agreed upon between the transmitting party and the receiving party is
embedded into a message that is transmitted, and the receiving party may generate the
code internally. The DSPs available in physical layers processors 110, 112, 114 may be

able to combine only a few delayed versions of such signals received by mobile
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computing system 100 due to limited number of computing resources available in the
DSPs 111, 113, 115 of a physical layer message processors 114, 112, 114,

6021} Therefore, there is a need for physical faver processors with a larger sumber of
computing resources fo process and combine a significantly higher number of delayed
signals to create a better incoming signal at the receiving end to improve QoS.
Additionally, there is a need for processors with high computing capabilities to process
different types of physical laver messages.

6622} FIG. 2 shows a system 200, according to an embodiment of the present invention.
For example, system 200 is an APD for processing different types of physical layer
messages in a mobile computing system 100 described in FIG. 1. In one example, FIG. 2
illustrates APDY 200 comprising single instruction multiple data (SIMD} modules, for
example, SIMD modules 210, 220, 230, and 240 assigned to process different types of
physical layer messages. As referred to herein, a SIMD is a pipeline, or programming
model, where a kernel 15 executed concurrently on multiple processing elements cach
with its own data. Al processing elements in a SIMD execute an identical set of
instructions, Having one or more SIMDs, i general, can make APD 200 ideally suited
for applications that may reguire higher processing capabilities as described above.

{30623] In on example, SIMD module 210 is assigned to process cellular physical layer
messages, SIMD module 220 is assigned to progess Wikl physical layer messages, SIMD
module 230 is assigned to process GPS physical layer messages, and SIMD module 240
is assigned for processing computer graphics.

16024] In an embodiment, the functionality illustrated above in FIG. 1 using multiple
physical layer message processors (for cxample, processors 110, 112, and 114) may be
implemented using APD 200 due to relatively farge number of computing resourees, Lo,
SIMD modudes, available inside APD 200. For example, the large number of computing
resources available in APD 200 (relative (o number of DSPs available in physical layer
processors in FIG. 1) may be used fo process physical layer messages relatively faster,
and thus may be capable of creating a better quality signal at the receiving end by
processing and combining 8 significantly higher number of delayed signals due to
multipath propagation described above. In one example, APD 200 may assign muitiple

SIMID modules to process cellnlar physical layer messages.
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[0025] In an embodiment, the number of SIMD modules assigned to process different
types of physical layer messages may be static. For example, SIMD modules available in
APD 200 may be allocated as follows: 30% to process cellular physical layer messages,
10% to process WiFi physical layer messages, 10% to process GPS physical layer
messages, and remaining 50% to process computer graphics. In an embodiment, the
number of SIMD modules assigned to process different types of physical layer messages
may be dynamically determined by APD 200. It is to be appreciated that the number of
SIMD modules for processing each type of message may be based on demand and
dynamically assigned by APD 200.

[0026] In one example, APD 200 may execute numerous mathematical operations on
signals/messages, such as simple matrix and vector operations and complex functions like
sampling, interpolation, aliasing, encoding/decoding, filtering, discrete transforms,
interleaving and so on. The computational resources available at the disposal of APD 200
and the independent nature of SIMD modules (for example, SIMD modules 210, 220,
230, and 240) inside APD 200 means that APD 200 may provide higher computing
capabilities compared to DSP implementation described above in FIG. 1. In an example,
algorithms requiring parallel processing can benefit immensely from SIMD modules in
APD 200, for example, SIMD modules 210, 220, 230, and 240 inside APD 200 can
perform a same operation on multiple sets of data substantially simultaneously. In one
example, a SIMD can perform an operation on an entire column of a butterfly matrix
instead of having to do individual calculation of every node of the matrix in a DSP
implementation. For example, large butterfly algorithms like Fast Fourier Transform /
(FFT) or Viterbi, well known to a person skilled in the relevant art, may be implemented
in APD 200 in a robust manner to saving processing time and power.

{66274 In an embodiment, the large number of computing resources available in SIMD
modules of APD 200 may be used to process different types of physical layer messages
(for example, cellular, WiFi, and GPS). Additionally, the large number of computing
resources available in SIMD modules of APD 200 may be used to combine multiple
versions (for example, significantly higher number than DSPs) of delayed signals to
create a better incoming signal at mobile computing system 200 to improve QoS at

mobile computing system 200.
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[0028] FIG. 3 shows a system 300 with various layers, according to an embodiment of
the present invention. For example, system 300 may comprise CPU 301, APD 302, and a
radio frequency integrated circuit (RFIC) 303. Software layers 311 may reside in CPU
301, wireless physical layers 312 may reside in APD 302, and RF layer 313 may reside in
RFIC 303. In one example, software layers 311 may comprise of application software
which may be implemented on x86 core, such as a CPU 301, physical layer 312 may
comprise of physical layer messages which may be implemented on APD 302, and RF
layer 313 may comprise of RF messages which may be implemented on RFIC 303.

[0029] In an example, signaling between the software layers 311 and physical layer 312
may be through fast on-chip interconnects between CPU 301 and APD 302. The fast on-
chip connects are discussed in detail, e.g., in FIG. 4. In an example, the connection
between RFIC 303 and a SIMD module may use { and Q pairs which are continuously
running, well known to a person skilled in the relevant art. CPU 301 may also control an
interface to RFIC 303 to support real time requests from a base station.

[0030] In one example, wireless modems may be connected to a southbridge chip on a
computer's PCB. This link on the PCB may use peripheral component interconnect
express (PCle) protocol to connect the modem to a PCle root complex port inside the
southbridge chip. The South bridge chip may send PCle format data to a north bridge via
another PCle link on the PCB. Some systems may connect the wireless modems directly
to the northbridge to improve performance. In both cases, the data is received by one of
the PCle root complex ports inside the northbridge. The PCle format data is then
converted to HyperTransport format before it reaches, through the PCB, a host CPU
running an application that needs the data. This long path and conversion/de-conversion
of data to different protocols to facilitate transport through the chips and PCB can become
a bottleneck as data rates increase. In the proposed implementation, APD 302 and CPU
301 have a direct link to each other and system memory as shown in detail in FIG. 4
below to make the system efficient.

[0031] FIG. 4 is a diagram 400 illustrating an unified computing system 400 including
two processors, a CPU 402 and an APD 404. CPU 402 can include one or more single or
multi core CPUs.

[0032] In one example, system 400 also includes a system memory 406, an operating

system 408, and a communication infrastructure 409. Access to memory 406 can be
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managed by a memory controller 440, which is coupled to system memory 406. The
system 400 also includes a kernel mode driver (KMD) 410, a software scheduler (SWS)
412, and a memory management unit 416, such as input/output memory management unit
(IOMMU). Components of system 400 can be implemented as hardware, firmware,
software, or any combination thereof.

[0033] CPU 402 can include (not shown) one or more of a control processor, field
programmable gate array (FPGA), application specific integrated circuit (ASIC), or
digital signal processor (DSP). CPU 402, for example, executes the control logic,
including the operating system 408, KMD 410, SWS 412, and applications 411, that
control the operation of computing system 400. In this illustrative embodiment, CPU 402,
according to one embodiment, initiates and controls the execution of applications 411 by,
for example, distributing the processing associated with that application across the CPU
402 and other processing resources, such as the APD 404.

[0034] APD 404, among other things, executes commands and programs for selected

functions, such as graphics operations, processing of network messages, and other
operations that may be, for example, particularly suited for parallel processing. In general,
APD 404 can be frequently used for executing graphics pipeline operations, such as pixel
operations, geometric computations, and rendering an image to a display.
APD 404 can include its own compute units (not shown), such as, but not limited to, one
or more SIMD processing cores. As referred to herein, a SIMD is a pipeline, or
programming model, where a kernel is executed concurrently on multiple processing
elements each with its own data and a shared program counter. All processing elements
execute an identical set of instructions. The use of predication enables work-items to
participate or not for each issued command or instruction. Having one or more SIMDs, in
general, makes APD 404 ideally suited for execution of data-parallel tasks such as those
that are common in graphics and physical layer processing. The parallel nature of SIMDs
can also allow formation of delay lines and can facilitate robust implementation of
convolutional interleaving/de-interleaving schemes used in DSL/VDSL physical layers.

[0035] In the example shown, communication infrastructure 409 interconpects the
components of system 400 as needed. Communication infrastructure 409 includes the
functionality to interconnect components including cormponents of computing system

100, In this example, operating system (0S) 408 includes functionality to manage the
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hardware components of system 400 and to provide common services. In various
embodiments, OS 408 can execute on CPU 402 and provide common services. These
common services can include, for example, scheduling applications for execution within
CPU 402, fault management, interrupt service, as well as processing the input and output
of other applications.

[0036] Generally, an IOMMU can be connected to its own respective bus and I/O
device(s). In FIG. 4, a communications infrastructure 409 may be any type of bus used in
computer systems, including a PCI bus, an AGP bus, a PCI-E bus (which is more
accurately a point-to-point interconnect), or any other type of bus or communications
channel whether presently available or developed in the future. Communications
infrastructure 409 may further interconnect interrupt controller 448, KMD 410, SWS 412,
applications 411, and OS 408 with other components in system 400.

[0037] Alternatively, any other coherent interconnect may be used between processor
402’s nodes and/or any other I/O interconnect may be used between processor nodes and
the 1/O devices. Furthermore, another example may include processor 402 coupled to a
northbridge, which is further coupled to system memory 406 and one or more /O
interconnects, in a traditional PC design.

[0038] As illustrated in FIG. 4, the IOMMU 416 is connected between the system
mefnory 406 and the 1/O devices 450, 452, and 454. Further, the IOMMU 416 can be
located on a separate chip from the system memory 406, memory controller 440, and I/O
devices 450, 452, and 454. The IOMMU 416 may be designed to manage major system
resources and can use I/O page tables 424 to provide permission checking, address
translation on memory accessed by I/0 devices, and cacheability characteristics of a page
in system memory. One or more attributes of the page in the memory may define a
cacheability characteristic of the page. Also, /O page tables may be designed in the
AMDG64 Long format. The device tables 426 allow I/O devices to be assigned to specific
domains. The device tables 426 also may be configured to include pointers to the /O
devices' page tables.

[0039] FIG. 5 is a flowchart of a method 500, according to an embodiment of the present
invention. For example, method 500 can be used to process physical layer messages in
APD 302. In one example, method 500 can operate on one or more of the systems

discussed above in Figures 2-4, which are referenced below for convenience, but not as a
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Limitation. It is to be appreciated that method 500 may not be performed in the order
shown, or require all of the operations shown.

{5646 At stage 510, a RF signal is received by APD 302 through RFIC 303 which
removes carrier signal from the received signal, and converts the received analog signal to
a digital signal. For example, APD 302 can receive the RF signal for processing from
RFIC 303. The RF signal may be a cellular signal (for example, WiMAX, LTE, and LTE
Advanced), a WiFi signal, a GPS signal, or the like. The RF signal may be transmitted to
APDY 302 from RFIC 303 via digital I and Q pairs connected to a receiver of physical
layer 312. The use of T and (Q pairs is well known to a person skilled in the relevant art. In
an embodiment, the signal received may be a digital subscriber line (DSL) or very-high-
bit rate digital subscriber line (VDSL or VHDSL) signal. In land line communications,
messages are sent from a central office (CO) to a customer premise equipment (CPE)
over wire. These messages are received by DSL/VDSL/VHDSL analog physical layer,
converted to digital and forwarded to a SIMD for processing. For example, one of the
benefits of this approach is the elimination of converting DSL messages {o Ethernet
messages for sending to a coraputer for processing.

16641} At stage 520, the received RF signal is assigned to a SIMD module. For example,
APD 302 ray assign the RF signal received to SIMD module for processing. In one
example, a cellular signal received may be assigned to SIMD module 210 for processing,
The number of SIMD modules assigned fo process the signal is not limited to one as
shown in FIG. 3. APD 302 may assign SIMD modules to process the received signals
based on a priority of the received RF signal. For exampte, if the RF signal received is
associated with transfer of time sensitive data, e.g., a live streaming video on mobile
computing platform 100, APD 302 may assign multiple SIMD modules fo process the R
signal.

{8421 In an example, the assignment of SIMD modules by APD 302 may depend on
number of antennas {not shown) on mobile computing platform 100. For example, if
mobile computing platform 100 uses multiple-input and multiple-output (MIMO)
configuration to improve communication performance, APD 302 may assign multiple
SIMD modules to process RF signals to improve performance. MIMO configuration on
mobile computing platform 100 may use multiple antennas at both transmitter and

receiver of mobile computing platform 100 to improve conununication performance.
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MIMO is one of several forms of smart antenna technology that is well known to a person
skilled in the relevant art. |

{8043} At stage 530, physical layer messages are extracted from the received RY signal.
For example, APD 304, via SIMD module 210, may process the received cellular RF
signal and extract physical layer messages. Any wethod of extraction well known to a
person skilled in the relevant art may be used.

{3044] At stage 540, extracted physical layer messages are processed by SIMD modules
to obtain data transmitted via the R¥ signal. For example, APD 302, via assigned SIMD
module 210, processes the physical layer messages extracted from the received RF signal
to obtain data transmitted via the RF signal. Once stage 540 is complete, method 500
ends.

18045} The Surnmary and Abstract sections may set forth one or more but not all
exemplary embodiments of the present invention as contemplated by the inventor(s), and
thus, are not intended to Hmit the present invention and the appended claims inany way.

{8846} The present invention has been described above with the aid of functional building
blocks illustrating the implementation of specified functions and relationships thereof.
The boundaries of these functional building blocks have been arbitrarily defined berein
for the convenience of the description. Alternate boundaries can be defined so long as the
specified functions and relationships thereof are appropriately performed.

180474 The foregoing description of the specific embodiments will so fully reveal the
general nature of the invention that others can, by applying knowledge within the skill of
the art, readily modify and/or adapt for various applications such specitic embodiments,
without undue experintentation, without departing from the general concept of the present
iavention. Therefore, such adaptations and modifications are intended to be within the
meaning and range of equivalents of the disclosed embodiments, based on the teaching
and guidance presented herein. It is to be understood that the phraseology or terminology
herein is for the purpose of description and not of Hmitation, such that the terminology or
phraseology of the present specification is to be jnterpreted by the skilled artisan in light
of the teachings and guidance.

{60481 The breadth and scope of the present invention should not be limited by any of the
above-described exemplary embodiments, but should be defined only in accordance with

the following claims and thely equivalents.
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WHAT IS CLAIMED IS:

1. A method of processing network messages in an accelerated processing device
(APD), comprising:

receiving a radio frequency (RF) signal;

assigning the RF signal to a single instruction multiple data (SIMD) module in the
APD for processing;

extracting, by the SIMD module, the network messages from the RF signal; and

processing, by the SIMD module, the network messages to obtain data transmitted

via the RF signal.

2. The method of claim 1 wherein the network messages comprise physical layer
messages.
3. The method of claim 2, further comprising:

parallel processing of the physical layer messages in the SIMD module.

4. The method of claim 2 further comprising:

processing a plurality of delayed incoming physical layer messages.

5. The method of claim 4, further comprising:
combining the plurality of delayed incoming physical layer messages to improve

signal quality.

6. The method of claim 4, further comprising:
tracking signals between a transmitting party and a receiving party using a code

agreed upon between the transmitting party and the receiving party.

7. The method of claim 1, wherein communication between the SIMD modules in

the APD and a CPU is through an on-chip inter-connect.

8. The method of claim 1, wherein the RF signal received is at least one of: a cellular

signal, a WiFi signal and a global positioning (GPS) signal.

9. The method of ¢claim 8, wherein the SIMD resources of the APD are allocated

amongst the RF signal and graphics processing.
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10. A system to process network messages in an accelerated processing device (APD),
comprising:

a first module configured to assign a radio frequency (RF) signal to a single
instruction multiple data (SIMD) module in the APD for processing;

a second module configured to extract, by the SIMD module, the network

messages from the RF signal; and
a third module configured to process, by the SIMD module, the network messages

to obtain data transmitted via the RF signal to an application.

11.  The system of claim 10, further comprising:

a fourth module configured to receive the RF signal.

12.  The system of claim 11, wherein the RF signal received is at least one of: a

cellular signal, a WiFi signal and a GPS signal.

13.  The system of claim 12, wherein the SIMD resources of the APD are allocated

amongst the RF signal and graphics processing.

14.  The system of claim 11, wherein the network messages comprise physical layer

messages.

15. The system of claim 14, further comprising:
a fifth module configured to process in parallel the physical layer messages in the

SIMD module.

16. The system of claim 14, further comprising:
a sixth module configured to process a plurality of delayed incoming physical

layer messages.

17.  The system of claim 16, further comprising:
a seventh module configured to combine the plurality of delayed incoming

physical layer messages to improve signal quality.

18. A computer readable storage device having computer program logic recorded
thereon, execution of which, by a computing device, causes the computing device to

perform operations, comprising:
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receiving a radio frequency (RF) signal;

assigning the RF signal to a single instruction stream multiple data-stream (SIMD)
module in the APD for processing;

extracting, by the SIMD module, the network messages from the RF signal; and

processing, by the SIMD module, the network messages to obtain data transmitted

via the RF signal.

19.  The computer readable storage device of claim 18, wherein the network messages

comprise physical layer messages.

20. The computer readable storage device of claim 19, the operations further
comprising:

parallel processing of the physical layer messages in the SIMD module.

21.  The computer readable storage device of claim 19, the operations further
comprising:

processing a plurality of delayed physical layer messages.

22.  The computer readable storage device of claim 21, the operations further
conprising:
combining the plurality of delayed incoming physical layer messages after

processing to improve signal quality.

23.  The computer readable storage device of claim 21, the operations further
comprising:
tracking signals between a transmitting party and a receiving party using a code

agreed upon between the transmitting party and the receiving party.

24.  The computer readable storage device of claim 18, wherein the RF signal received

is at least one of: a cellular signal, a WiFi signal and a global positioning (GPS) signal.
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