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ABSTRACT

(57
A wireless mobile device includes a configurable co-proces-
sor core(s). The wireless mobile device also includes a multi-
core central processing unit coupled to a memory and the
configurable co-processor core(s). The multi-core central
processing unit may select from a set of hardware accelerators
according to a user’s use pattern. The wireless mobile device
also includes a hardware controller that reconfigures the con-
figurable co-processor core(s) according to a selected hard-
ware accelerator.
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USE CASE BASED RECONFIGURATION OF
CO-PROCESSOR CORES FOR GENERAL

PURPOSE PROCESSORS
BACKGROUND
[0001] 1. Field
[0002] The present disclosure generally relates to inte-

grated circuit design. More specifically, the present disclo-
sure relates to reconfiguration of co-processor cores for gen-
eral purpose processors.

[0003] 2. Background

[0004] The popularity of computing systems continues to
grow and the demand for improved processing architectures
likewise continues to grow. The ever-increasing demand for
improved computing performance/efficiency has led to vari-
ous improved processor architectures. For example, multi-
core processors are now more prevalent in the computing
industry and used in various computing devices, such as
servers, personal computers (PCs), laptop computers, per-
sonal digital assistants (PDAs), wireless telephones, and
other like wireless mobile devices. As described herein, wire-
less mobile devices include, but are not limited to, mobile
phones, hand-held personal communication systems (PCS)
units, portable data units (e.g., personal data assistants), GPS
enabled devices, navigation devices, music players, video
players, entertainment units, or any other battery powered
device that stores or retrieves data or computer instructions,
or any combination thereof.

[0005] Balancing power and performance in wireless
mobile devices, specifically, trading off power for perfor-
mance by operating at a lower power and/or frequency is a
challenge to the design of wireless mobile devices. Designers
of wireless mobile devices are also constrained by the size
and weight of batteries. The size and weight limitations are
generally due to the increasing power consumption of the
device hardware. Recent hardware architectural improve-
ments may ease the balancing of power and performance
when designing wireless mobile devices.

[0006] Previous CPUs (central processing units) featured a
single execution unit to process instructions of a program.
More recently, computer systems are being developed with
multiple processors to improve the computing performance
of the system. In some instances, multiple independent pro-
cessors may be implemented in a system. In other instances,
amulti-core architecture may be employed, in which multiple
processor cores are amassed on a single integrated silicon die.
Each of the multiple processors (e.g., processor cores) can
simultaneously execute program instructions. This parallel
operation of the multiple processors can improve the perfor-
mance of a variety of applications.

[0007] A multi-core CPU combines two or more indepen-
dent cores into a single package comprised of a single piece
silicon integrated circuit (IC), referred to as a die. In some
instances, a multi-core CPU may comprise two or more dies
packaged together. A dual-core device contains two indepen-
dent microprocessors and a quad-core device contains four
microprocessors. Cores in a multi-core device may share a
single coherent cache at the highest on-device cache level or
may have separate caches. The processors also share the same
interconnect to the rest of the system. Each “core” may inde-
pendently implement optimizations such as superscalar
execution, pipelining, and multithreading. A system with N
cores is conventionally most effective when it is presented
with N or more threads concurrently.
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[0008] In some architectures, special-purpose processors
that are often referred to as “accelerators” are implemented to
perform certain types of operations. For example, a processor
executing a program may oftload certain types of operations
to an accelerator that is configured to perform those types of
operations efficiently. Such hardware acceleration employs
hardware to perform some function faster than is possible in
software running on a normal (general-purpose) CPU. Hard-
ware accelerators may be designed for computationally inten-
sive software code. Depending upon granularity, hardware
acceleration can vary from small functional units to large
functional blocks. Examples of such hardware acceleration
include blitting acceleration functionality in graphics pro-
cessing units (GPUs) and instructions for complex operations
in CPUs.

[0009] Application-specific integrated circuits (ASICs) are
conventionally implemented as custom designs. An ASIC is
an integrated circuit (IC) customized for a particular use,
rather than intended for general-purpose use. For example, an
ASIC may be implemented as a chip that is designed solely to
run a wireless mobile device (e.g., a cellular telephone).
Designers of digital ASICs may use a hardware description
language (HDL) such as Verilog or VHDL, to describe the
functionality of ASICs. Once a design is completed and a
mask set produced for a. target chip, an ASIC is created. The
configuration is created once. If a new configuration is speci-
fied, an entirely new design is specified. Thus, ASICs are not
field-programmable.

[0010] Various devices are known that are reconfigurable.
Examples of such reconfigurable devices include field-pro-
grammable gate arrays (FPGAs). A field-programmable gate
array (FPGA) is a well-known type of semiconductor device
containing programmable logic components called “logic
blocks”, and programmable interconnects. Logic blocks can
be programmed to perform the function of basic logic gates,
or more complex combinational functions such as decoders
or simple mathematical functions. In some FPGAs, the logic
blocks also include memory elements, which may be simple
flip-flops or more complete blocks of memories. A hierarchy
of programmable interconnects allows logic blocks to be
interconnected as desired by a system designer. Logic blocks
and interconnects can be programmed by the customer/de-
signer, after the FPGA is manufactured, to implement any
logical function, hence the name “field-programmable.”

SUMMARY

[0011] According to one aspect of the present disclosure, a
wireless mobile device including a configurable co-processor
core(s) is described. The wireless mobile device includes a
multi-core central processing unit coupled to a memory and
the configurable co-processor core(s). The multi-core central
processing unit may be operable to select from a set of hard-
ware accelerators according to a user’s use pattern. The wire-
less mobile device also includes a hardware controller that is
operable to reconfigure the configurable co-processor core(s)
according to a selected hardware accelerator. Although this
specification is with respect to a hardware controller perform-
ing the configuring, the main processor core could also act as
the controller for reconfiguring the core(s).

[0012] According to another aspect of the present disclo-
sure, a method for reconfiguration of co-processor cores for
general purpose processors is described. The method includes
selecting from a set of hardware accelerators according to a
user’s use pattern. The method also includes reconfiguring
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the configurable co-processor core(s) of a general purpose
processor according to a selected hardware accelerator.
[0013] According to a further aspect of the present disclo-
sure, a wireless mobile device including a configurable co-
processor core(s) is described. The wireless mobile device
includes a multi-core central processing unit coupled to a
memory and the configurable co-processor core(s). The
multi-core central processing unit may be operable to select
from a set of hardware accelerators according to a user’s use
pattern. The wireless mobile device also includes a means for
reconfiguring the configurable co-processor core(s) accord-
ing to a selected hardware accelerator.

[0014] According to an additional aspect of the present
disclosure, a computer program product for a wireless mobile
device that includes a configurable co-processor core(s) is
described. The computer program product includes a non-
transitory computer-readable medium having program code
recorded thereon. The program code includes program code
to select from a set of hardware accelerators according to a
user’s use pattern. The program code also includes program
code to reconfigure the configurable co-processor core(s) of a
general purpose processor according to a selected hardware
accelerator.

[0015] According to another aspect of the present disclo-
sure, a method for reconfiguration of co-processor cores for
general purpose processors is described. The method includes
selecting a hardware accelerator from an on-line hardware
configuration store. The method also includes loading a
selected hardware accelerator into a configurable co-proces-
sor core(s) of a general purpose processor to operate as the
selected hardware accelerator.

[0016] According to an additional aspect of the present
disclosure, a computer program product for a wireless mobile
device that includes a configurable co-processor core(s) is
described. The computer program product includes anon-
transitory computer-readable medium having program code
recorded thereon. The program code includes program code
to select a hardware accelerator from an on-line hardware
configuration store. The program code also includes program
code to load a selected hardware accelerator into a config-
urable co-processor core(s) of a general purpose processor to
operate as the selected hardware accelerator.

[0017] Additional features and advantages of the disclosure
will be described below. It should be appreciated by those
skilled in the art that this disclosure may be readily utilized as
a basis for modifying or designing other structures for carry-
ing out the same purposes of the present disclosure. It should
also be realized by those skilled in the art that such equivalent
constructions do not depart from the teachings of the disclo-
sure as set forth in the appended claims. The novel features,
which are believed to be characteristic of the disclosure, both
as to its organization and method of operation, together with
further objects and advantages, will be better understood
from the following description when considered in connec-
tion with the accompanying figures. It is to be expressly
understood, however, that each of the figures is provided for
the purpose of illustration and description only and is not
intended as a definition of the limits of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] For a more complete understanding of the present
disclosure, reference is now made to the following descrip-
tion taken in conjunction with the accompanying drawings.
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[0019] FIG. 1 is a block diagram of a wireless mobile
device that includes a configurable co-processor core, accord-
ing to one aspect of the disclosure.

[0020] FIG. 2 is a block diagram of an on-line hardware
configuration store, according to a one aspect of the disclo-
sure.

[0021] FIG. 3 is a block diagram further illustrating the
configurable co-processor core of FIG. 1, reconfigured as a
gaming engine according to a further aspect of the disclosure.
[0022] FIG. 4 is a block diagram further illustrating the
configurable co-processor core of FIG. 1, reconfigured as a
video processing engine according to a further aspect of the
disclosure.

[0023] FIG. 5 is a block diagram further illustrating the
configurable co-processor core of FIG. 1, reconfigured as a
low power image processing engine according to a further
aspect of the disclosure.

[0024] FIG. 6 is a block diagram further illustrating the
configurable co-processor core of FIG. 1, reconfigured as a
high power image processing engine according to a further
aspect of the disclosure.

[0025] FIG. 7 is a process flow diagram showing a method
for reconfiguring a configurable co-processor core according
to an illustrative aspect of the present disclosure.

[0026] FIG. 8 is a process flow diagram showing a method
for automated reconfiguration of a configurable co-processor
core according to an illustrative aspect of the present disclo-
sure.

[0027] FIG. 9 is a block diagram showing an exemplary
wireless communication system in which an aspect of the
disclosure may be advantageously employed.

[0028] FIG. 10 is a block diagram illustrating a design
workstation used for circuit, layout, and logic design of a
semiconductor component according to an aspect of the
present disclosure.

DETAILED DESCRIPTION

[0029] The detailed description set forth below, in connec-
tion with the appended drawings, is intended as a description
of various configurations and is not intended to represent the
only configurations in which the concepts described herein
may be practiced. The detailed description includes specific
details for the purpose of providing a thorough understanding
of'the various concepts. However, it will be apparent to those
skilled in the art that these concepts may be practiced without
these specific details. In some instances, well-known struc-
tures and components are shown in block diagram form in
order to avoid obscuring such concepts. As described herein,
the use of the term “and/or” is intended to represent an “inclu-
sive OR”, and the use of the term “or” is intended to represent
an “exclusive OR”.

[0030] Multi-core processors are proposed for providing
improved performance. In addition, application specific hard-
ware acceleration units for various applications, like compu-
tational photography, 3D imaging, etc., are being designed to
co-exist with a main processor core. Usually the applications
for such systems are explicitly designed to exploit the avail-
able hardware acceleration. Also, in systems with reconfig-
urable units for hardware acceleration, the current approach is
generally to design so that some portion of the application is
implemented in hardware languages and the rest on the CPU
(which is similar to software-hardware co-design with better
flexibility).
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[0031] The incorporation of hardware acceleration units
enables the main processor core (e.g., central processing unit
(CPU)) to achieve improved operation for some applications
based on the hardware acceleration units incorporated in the
design. Thus, the end user gets a device that achieves
improved operation capabilities for some applications over
others. It is not possible, however, for the piece of silicon to
operate better (or even optimally) for all possible use-cases.
Also, when the user is not using these application specific
cores, even with power gating, these cores can consume con-
siderable amounts of leakage power.

[0032] Unlike software applications, the hardware in a.
mobile wireless device is limited to the configuration in place
when the mobile wireless device is purchased. Configurable
co-processor core(s) are proposed for also providing
improved performance. The use of configurable co-processor
core(s), however, involves a. change in the software as well as
the software design approach for these systems.

[0033] FIG. 1 shows a block diagram of a wireless mobile
device 100 that includes a multi-processor system having a
configurable co-processor core(s) 150 according to one
aspect of the disclosure. The wireless mobile device 100 may
monitor and/or communicate with one or more wireless com-
munication systems. On the receive path, an antenna 108
receives signals transmitted by base stations and/or satellites
and provides a received signal to a. receiver (RCVR) 101. The
receiver 104 processes (e.g., filters, amplifies, frequency
downconverts, and digitizes) the received signal and provides
samples to an application specific integrated circuit (ASIC)
102 for further processing. On the transmit path, the ASIC
102 processes data to be transmitted and provides data to a
transmitter (TMTR) 106. The transmitter 106 processes (e.g.,
converts to analog, filters, amplifies, and frequency upcon-
verts) the data and generates a modulated signal, which is
transmitted via the antenna 108. A modem 130 interfaces with
the receiver 104 and the transmitter 106 to enable communi-
cation by the wireless mobile device 100.

[0034] The ASIC 102 includes various processing units that
support multi-threaded operation. For the configuration
shown in FIG. 1, the ASIC 102 includes digital signal pro-
cessor (DSP) cores 118A and 118B, and a multi-core central
processing unit (CPU) 120. In this configuration, the multi-
core CPU 120 is a multi-core processor that includes proces-
sor cores 120A and 120B. The ASIC 102 also includes a
cross-switch 116, a hardware controller 110, an internal
memory 112, and an external interface unit 114. The DSP
cores 118A and 118B, and the processor cores 120A and
120B of the multi-core CPU 120 support various functions
such as video, audio, graphics, gaming, and the like. Each
processor core may be a RISC (reduced instruction set com-
puting) machine, a microprocessor, or some other type of
processor.

[0035] In this configuration, the hardware controller 110
controls the operation of the processing units within the ASIC
102. The internal memory 112 stores data and program codes
used by the processing units within the ASIC 102. The exter-
nal interface unit 114 interfaces with other units external to
the ASIC 102. In general, the ASIC 102 may include fewer,
more and/or different processing units than those shown in
FIG. 1. The number of processing units and the types of
processing units included in the ASIC 102 are dependent on
various factors, such as the communication systems, applica-
tions, and functions supported by the multi-processor system
of the wireless mobile device 100. Although not shown, the
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wireless mobile device 100 is battery powered. Although
described with reference to wireless mobile devices, recon-
figuration of co-processor cores for general purpose proces-
sors, according to one aspect of the present disclosure, may be
implemented in desktop environments or other like fixed
workstations.

[0036] The multi-threaded operation may be implemented
in various ways. For example, these techniques may be imple-
mented in hardware, firmware, software, or a combination
thereof. For a hardware implementation, the texture coding
techniques may be implemented within one or more ASICs,
DSPs, programmable logic devices (PLDs), FPGAs, proces-
sors, controllers, micro-controllers, microprocessors, elec-
tronic devices, other electronic units designed to perform the
functions described herein, or a combination thereof. Certain
aspects of the multi-threaded operation may be implemented
with software modules (e.g., procedures, functions, and so
on) that perform the functions described. The software codes
may be stored in a memory (e.g., 2 memory 101 and/or the
internal memory 112 in FIG. 1) and executed by a processor
(e.g., DSP cores 118A and/or 118B). The memory may be
implemented within the processor or external to the proces-
sor.

[0037] The ASIC 102 further couples to the memory 101
that stores hardware acceleration instructions. For the con-
figuration shown in FIG. 1, each processing core may execute
the instructions. In this configuration, the ASIC 102 commu-
nicates with a graphics processing unit (GPU) 140, and
includes a configurable co-processor core(s) 150, as further
illustrated in FIGS. 3 to 6. The configurable co-processor
core(s) 150 may be part of a co-processor or implemented as
one of the processor cores 120A and/or 120B of the multi-
core CPU 120. The configurable core can be loosely coupled
or tightly coupled to the main processor (e.g., the multi-core
CPU 120).

[0038] In this aspect of the present disclosure, the config-
urable co-processor core(s) 150 is added to the processor
cores 120A and 120B of the multi-core CPU 120 of the
wireless mobile device. With various possible use-cases for
the wireless mobile device 100, this configurability, together
with aspects of the present disclosure, provides the end user
with the flexibility to reconfigure the hardware inside the
wireless mobile device 100, similar to choosing the software
applications running on the device. Reconfiguring the con-
figurable co-processor core(s) 150 appropriately/adaptively
may provide hardware that works better (or even optimally)
for the use-case of current interest. The configurable co-
processor core(s) 150 can be reconfigured to a desired hard-
ware structure by acquiring appropriate build files by for
example, downloading from an on-line hardware configura-
tion store as shown in FIG. 2. The hardware configuration
store may store all the configuration builds currently available
for the configurable co-processor core(s) 150. These builds
can be changed (including bug fixes, adding new builds, etc.)
similar to the software apps in an app store. Desired hardware
structures may also be acquired in other ways, including but
not limited to copying from a flash drive, syncing a device,
transfer via USB or other cable and the like.

[0039] Inone configuration, the configurable co-processor
core(s) 150 includes a set of field-programmable gate array
(FPGA) containing programmable logic components called
“logic blocks”, and programmable interconnects. Logic
blocks can be programmed to perform the function of basic
logic gates, or more complex combinational functions such as
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decoders or simple mathematical functions. The logic blocks
also include memory elements, which may be simple flip-
flops or more complete blocks of memories. A hierarchy of
programmable interconnects allows the logic blocks to be
interconnected. In this configuration, the controller 110 uses
binary data. of a downloaded build file from the on-line hard-
ware configuration store to program the logic blocks and
interconnects to implement the logical functions of a selected
hardware accelerator corresponding to the build file. Alterna-
tively, the configurable co-processor core(s) 150 can be
reconfigured as described in Vorbach, M.; Becker, R.;,
“Reconfigurable processor architectures for mobile phones,”
Parallel and Distributed Processing Symposium, 2003. Pro-
ceedings. International, vol., no., pp. 6 pp., 22-26 Apr. 2003,
the disclosure of which is incorporated by reference herein in
its entirety.

[0040] FIG. 2 is a block diagram of an on-line hardware
configuration store 200, according to a further aspect of the
disclosure. In this configuration, the user can reconfigure a
configurable co-processor core(s) 150 (FIG. 1) to operate as
hardware of interest. This can be done through the on-line
hardware configuration store 200, in a manner similar to an
app-store. Representatively, the on-line hardware configura-
tion store 200 includes build files for reconfiguring the con-
figurable co-processor core(s) 150 to operate as a gaming
engine 260, a video processing engine 270, a low power
image processing engine 280, a high performance image pro-
cessing engine 290, or other like hardware accelerator. The
modularity of the available engines in the hardware configu-
ration store 200 can be smaller or larger than the examples
shown in FIG. 2. For example, the builds can correspond to
representations as simple as counters or image rotate accel-
erators.

[0041] Reconfiguring the configurable co-processor core
(s) 150 may be similar to installing and uninstalling an appli-
cation through an application store. Thus a wireless mobile
device may be adapted to users changing specifications and
interests. The multi-processor system of the wireless mobile
device 100 can run the same traditional software and use the
same software design approach by dynamically skipping/
mapping execution of the corresponding modules to the hard-
ware accelerator, at run time. The configurable co-processor
core(s) 150 may also act as a co-processor with some standard
instruction interface.

[0042] FIG. 3 is a block diagram further illustrating the
configurable co-processor core(s) 150 of FIG. 1, configured
as a gaming engine 350 according to a further aspect of the
disclosure. In this configuration, the user selects the gaming
engine 260 from the hardware configuration store. One
selected, the multi-core CPU 120 of the wireless mobile
device 300 downloads a build file corresponding to the gam-
ing engine 260. Once downloaded, a hardware controller 110
may reconfigure the configurable co-processor core(s) 150
(FIG. 1) to operate as a gaming engine 350.

[0043] FIG. 4 is a block diagram further illustrating the
configurable co-processor core(s) 150 of FIG. 1, reconfigured
as avideo processing engine 450 according to a further aspect
of the disclosure. The multi-core CPU 120 of the wireless
mobile device 400 downloads a build file corresponding to the
video processing engine 270 selected by the user from the
on-line hardware configuration store 200. Once downloaded,
the hardware controller 110 may reconfigure the configurable
co-processor core(s) 150 (FIG. 1) to operate as a video pro-
cessing engine 450.
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[0044] FIG. 5 is a block diagram further illustrating the
configurable co-processor core(s) 150 of F1G. 1, reconfigured
as a low power image processing engine 550 according to a
further aspect of the disclosure. In this configuration, the user
selects the low power image processing engine 280 from the
on-line hardware configuration store 200. Once selected, the
multi-core CPU 120 of the wireless mobile device 500 down-
loads a build file corresponding to the low power image
processing engine 280 from the on-line hardware configura-
tion store 200. Once downloaded, the hardware controller 110
may reconfigure the configurable co-processor core(s) 150
(FIG. 1) to operate as a low power image processing engine
550.

[0045] FIG. 6 is a block diagram further illustrating the
configurable co-processor core(s) 150 of FIG. 1, configured
as a high power image processing engine 650 according to a
further aspect of the disclosure. The multi-core CPU 120 of
the wireless mobile device 600 downloads a build file corre-
sponding to the high power image processing engine 290
selected by the user from the on-line hardware configuration
store 200. Once download, the hardware controller 110 may
reconfigure the configurable co-processor core(s) 150 (FIG.
1) to operate as a high power image processing engine 650.
[0046] FIG. 7 is a process flow diagram showing a method
700 for reconfiguring a configurable core of a wireless mobile
device according to an illustrative aspect of the present dis-
closure. At block 710, a hardware accelerator is selected from
an on-line hardware configuration store. For example, as
shown in FIG. 2, a user can select one of the hardware accel-
erators available from the on-line hardware configuration
store 200 based on his/her use-case of interest. At block 712,
abuild file corresponding to the selected hardware accelerator
is downloaded from the on-line hardware configuration store.
At block 714, the build file corresponding to the selecting
hardware accelerator is loaded into a configurable co-process
core of a wireless mobile device to operate as the selected
hardware engine. For example, as shown in FIG. 1, the hard-
ware controller 110 may reconfigure the configurable co-
processor core(s) 150 to operate as a gaming engine 350 (FI1G.
3), avideo processing engine 450 (FIG. 4), alow power image
processing engine 550 (FIG. 5), a high power image process-
ing engine 650 (FIG. 6), or other like hardware accelerator.
[0047] As shown in FIGS. 2 to 6, the user can select any
build file (provided by validated sources) from the on-line
hardware configuration store 200 (similar to an application
store). Once selected, a wireless mobile device is configured
to perform better (or even optimally) for a particular use
case(s) of current interest. This download process can be
similar to a firmware update or software installation based on
the implementation, after the user chooses the build file to
install in the configurable co-processor core(s) 150 (FIG. 1).
The vendor can provide builds optimal for various possible
use-cases and simplify the process of adding extra hardware
support for improving new use cases. The user can select a
build file from a list of available hardware accelerators from
the on-line hardware configuration store 200 (e.g., a low
power image processing build file, a high performance image
processing build file, a 3D image reconstruction build file)
and reconfigure the configurable core of a mobile wireless
device according to the use-case of interest. The configurable
co-processor core(s) 150 can also be configured as an addi-
tional small general purpose core for additional performance.
[0048] In another aspect of the disclosure, an automated
process for reconfiguration of a configurable co-processor
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core is described. In particular, some users may not want to
manually switch between hardware engines of interest. These
users do not want to manually reconfigure the configurable
co-processor cores) to hardware engines of interest. Other
users may not even recognize the importance of this recon-
figuration. That is, manual reconfiguration might make things
more efficient, but automated reconfiguration may be more
comfortable. In addition, although a user’s use-cases of inter-
est may change over time, most users have a pattern that can
be learned over time.

[0049] In this configuration, a CPU can profile a user’s
usage in the background and auto-reconfigure the device,
from the list of available builds, based on a determined usage
pattern of the user. The reconfiguration may be done each
time a user switches from one intensive task to another. To
prevent large amounts of any associated reconfiguration over-
head, the algorithm can adjust itself to reconfigure after a
duration of time or usage, which may be predetermined.
Reconfiguration decisions can be dependent on the type of
configurable blocks and recommendations on reconfigura-
tion.

[0050] FIG. 8 is a process tlow diagram showing a method
800 for automated reconfiguration of a configurable core
according to an illustrative aspect of the present disclosure. At
block 810, a user’s usage of a wireless mobile device is
profiled to determine a usage pattern of the user. Once the
usage pattern of the user is determined, at block 812, it is
determined whether to reconfigure a configurable core of the
wireless mobile device.

[0051] For example, as shown in FIG. 1, a multi-core CPU
120 may periodically collect information on the type of hard-
ware accelerators available from the on-line hardware con-
figuration store 200. In this configuration, the multi-core CPU
120 detects execution of a software module corresponding to
a hardware accelerator available from the on-line hardware
configuration store 200. When an executed software module
of the wireless mobile device 100 corresponds to a hardware
accelerator available from the on-line hardware configuration
store 200, a count associated with the software module is
increased. In one configuration, a duration of the execution
time of the software module is also stored. The count for the
current configuration of the configurable co-processor core(s)
150 is increased whenever it is used. The duration of execu-
tion for the current configuration of the configurable co-
processor core(s) 150 is also stored.

[0052] In this configuration, when the difference between
the highest count of the corresponding software module and
the count for the current configuration of the configurable
co-processor core(s) 150 crosses a threshold, the hardware
controller 110 reconfigures the configurable co-processor
core(s) 150 to operate as the hardware accelerator corre-
sponding to the software module currently running with the
highest count. In another configuration, the duration of execu-
tion for the current configuration of the configurable co-
processor core(s) 150 and the software module corresponding
to the hardware accelerator may be compared to determine
whether to reconfigure the configurable co-processor core(s)
150.

[0053] Referring again to FIG. 8, at block 814, a hardware
accelerator is selected from the on-line hardware configura-
tion store according to the determined usage pattern of the
user. At block 816, a build file corresponding to the selected
hardware accelerator is downloaded from the on-line hard-
ware configuration store. At block 818, the build file corre-
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sponding to the selecting hardware accelerator is loaded into
a configurable co-processor core(s) to operate as the selected
hardware engine. For example, as shown in FIG. 1, the hard-
ware controller 110 may reconfigure the configurable co-
processor core(s) 150 to operate as a gaming engine 350 (FI1G.
3), avideo processing engine 450 (FIG. 4), alow power image
processing engine 550 (FIG. 5), a high power image process-
ing engine 650 (FIG. 6), or other like hardware accelerator.
[0054] In the auto-reconfiguration mode, the user is not
involved in the build selection process. Instead, the multi-core
CPU 120 of wireless mobile device 100 learns the usage
pattern of the end user and intelligently selects a build file of
a corresponding hardware accelerator available from the on-
line hardware configuration store. Once the build file is down-
loaded, the hardware controller 110 may automatically recon-
figure the configurable co-processor core(s) 150 for operation
based on the use-case(s)/usage-pattern. This auto-reconfigu-
ration can take place in the background to reduce/hide lag/
delays associated with the configuration changes.

[0055] This solution provides the advantages of FPGA
(field-programmable gate array) based designs to the main
stream computing, while preserving the processor based
design methodology. In particular, the auto-reconfiguration
mode may adaptively adjust/change the hardware in the
device to work better (or even optimally) for a user’s chang-
ing usage pattern. Additionally, the auto-reconfiguration
mode makes continuous/improved use of the reconfigurable
fabric in the wireless mobile device 100. Because, the auto-
reconfiguration mode detects the hardware accelerator that is
specified for efficient operation of the wireless mobile device
and configures the reconfigurable fabric in advance, configu-
ration latency associated with reconfiguring medium or large
cores is hidden from the user. The auto-reconfiguration mode
may provide improved power, performance and resource uti-
lization by learning a user’s usage pattern. The auto-recon-
figuration mode may dynamically improve (or even optimize)
the device for each individual user and for changing usage
patterns of each user.

[0056] The preferred (hardware) build selection by the end
user based on his use-case(s) of current interest and recon-
figuration of the configurable co-processor core(s) 150 may
be similar to a firmware update and application installation
through selection from the on-line hardware configuration
store 200. The process is supported without involving a soft-
ware change. The auto-reconfiguration by the CPU is based
onthe determined usage pa(tern(s) of the user. This highlights
flexible hardware and improved operation in addition to
higher performance.

[0057] The flexibility of reconfiguring a portion of the
hardware according to the use case(s) of current interest for
the end user is a process that may be similar to application
installation and firmware download. This type of process
involves a configuration-build library that is available
through the on-line hardware configuration store 200. The
end user reconfiguration of the configurable co-processor
core(s) 150 from the on-line hardware configuration store 200
based on the use-case(s) of current interest and auto-recon-
figuration by the CPU based on learning the usage patterns of
the end user for reconfiguration of the configurable co-pro-
cessor core(s) 150 are performed according to aspects of the
present disclosure.

[0058] According to a further aspect of the present disclo-
sure, a wireless mobile device includes a configurable co-
processor core(s). The wireless mobile device also includes a
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multi-core central processing unit (CPU) coupled to a
memory. The multi-core CPU selects from a set of hardware
accelerators according to a user’s use pattern. The wireless
mobile device further includes a means for reconfiguring the
configurable co-processor core(s) according to a selected
hardware accelerator. The reconfiguring means may be the
hardware controller 110 of the wireless mobile device 100/
300/400/500/600. In another aspect, the aforementioned
means may be any module or any apparatus configured to
perform the functions recited by the aforementioned means,
[0059] FIG. 9 is a block diagram showing an exemplary
wireless communication system 900 in which an aspect of the
disclosure may be advantageously employed. For purposes of
illustration, FIG. 9 shows three remote units 920, 930, and
950 and two base stations 940. It will be recognized that
wireless communication systems may have many more
remote units and base stations. Remote units 920, 930, and
950 include IC devices 925A, 925C and 925B, which include
the disclosed configurable core. It will be recognized that any
device containing an IC may also include the disclosed con-
figurable core, including the base stations, switching devices,
and network equipment. FIG. 9 shows forward link signals
980 from the two base stations 940 to the remote units 920,
930, and 950 and reverse link signals 990 from the remote
units 920, 930, and 950 to the two base stations 940.

[0060] InFIG. 9, one of the remote units 920 is shown as a
mobile telephone, one of the remote units 930 is shown as a
portable computer, and one of the remote units 950 is shown
as a fixed location remote unit in a wireless local loop system.
For example, the remote units may be mobile phones, hand-
held personal communication systems (PCS) units, portable
data units such as personal data assistants, GPS enabled
devices, navigation devices, set top boxes, music players,
video players, entertainment units, fixed location data units
such as meter reading equipment, or any other device that
stores or retrieves data or computer instructions, or any com-
bination thereof. Although FIG. 9 illustrates remote units
according to the teachings of the disclosure, the disclosure is
not limited to these exemplary illustrated units. Aspects of the
disclosure may be suitably employed in any device that
includes a configurable core,

[0061] FIG. 10 is a block diagram illustrating a design
workstation used for circuit, layout, and logic design of a.
semiconductor component, such as a configurable core, as
disclosed above. A design workstation 1000 includes a hard
disk 1001 containing operating system software, support
files, and design software such as Cadence or OrCAD. The
design workstation 1000 also includes a display to facilitate a
circuit design 1010 or a. semiconductor component 1012
such as an integrated circuit having configurable core cir-
cuitry. A storage medium 1004 is provided for tangibly stor-
ing the circuit design 1010 or the semiconductor component
1012. The circuit design 1010 or the semiconductor compo-
nent 1012 may be stored on the storage medium 1004 in a file
format such as GDSII or GERBER. The storage medium
1004 may be a CD-ROM, DVD, hard disk, flash memory, or
other appropriate device. Furthermore, the design worksta-
tion 1000 includes a drive apparatus 1003 for accepting input
from or writing output to the storage medium 1004.

[0062] Data recorded on the storage medium 1004 may
specify logic circuit configurations, pattern data for photoli-
thography masks, or mask pattern data for serial write tools
such as electron beam lithography. The data may further
include logic verification data such as timing diagrams or net
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circuits associated with logic simulations. Providing data on
the storage medium 1004 facilitates the design of the circuit
design 1010 or the semiconductor component 1012 by
decreasing the number of processes for designing semicon-
ductor wafers.

[0063] For a firmware and/or software implementation, the
methodologies may be implemented with modules (e.g., pro-
cedures, functions, and so on) that perform the functions
described herein. Any non-transitory machine-readable
medium tangibly embodying instructions may be used in
implementing the methodologies described herein. For
example, software codes may be stored in a memory and
executed by a processor unit. Memory may be implemented
within the processor unit or external to the processor unit. As
used herein the term “memory” refers to any type of long
term, short term, volatile, nonvolatile, or other memory and is
not to be limited to any particular type of memory or number
of memories, or type of media upon which memory is stored.
[0064] If implemented in firmware and/or software, the
functions may be stored as one or more instructions or code
on a non-transitory computer-readable medium. Examples
include non-transitory computer-readable media encoded
with a data structure and computer-readable media encoded
with a computer program. Computer-readable media
includes physical computer storage media. A non-transitory
storage medium may be any available medium that can be
accessed by a computer. By way of example, and not limita-
tion, such computer-readable media can comprise RAM,
ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or
any other medium that can be used to store desired program
code in the form of instructions or data structures and that can
be accessed by a computer; disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and Blu-ray disc where
disks usually reproduce data magnetically, while discs repro-
duce data optically with lasers. Combinations of the above
should also be included within the scope of computer-read-
able media.

[0065] In addition to storage on computer readable
medium, instructions and/or data may be provided as signals
on transmission media included in a communication appara-
tus. For example, a communication apparatus may include a
transceiver having signals indicative of instructions and data.
The instructions and data are configured to cause one or more
processors to implement the functions outlined in the

[0066] Although specific circuitry has been set forth, it be
appreciated by those skilled in the art that not all of the
disclosed circuitry is required to practice the disclosure.
Moreover, certain well known circuits have not been
described, to maintain focus on the disclosure.

[0067] Although the present disclosure and its advantages
have been described in detail, it should be understood that
various changes, substitutions and alterations can be made
herein without departing from the technology of the disclo-
sure as defined by the appended claims. Moreover, the scope
of the present application is not intended to be limited to the
particular aspects of the process, machine, manufacture, com-
position of matter, means, methods and steps described in the
specification. As one of ordinary skill in the art will readily
appreciate from the disclosure, processes, machines, manu-
facture, compositions of matter, means, methods, or steps,
presently existing or later to be developed that perform sub-
stantially the same function or achieve substantially the same
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result as the corresponding aspects described herein may be
utilized according to the present disclosure. Accordingly, the
appended claims are intended to include within their scope
such processes, machines, manufacture, compositions of
matter, means, methods, or steps.

What is claimed is:

1. A method of hardware reconfiguration within a wireless
mobile device, comprising:

selecting from a plurality of hardware accelerators accord-

ing to a user’s use pattern; and

reconfiguring a configurable co-processor core(s) of a gen-

eral purpose processor according to a selected hardware
accelerator.

2. The method of claim 1, in which the selecting comprises:

receiving an indication from a user to provide a preference

for a hardware accelerator; and

downloading the selected hardware accelerator from an

on-line hardware configuration store.

3. The method of claim 1, in which the selecting comprises:

monitoring user activities to determine the user’s use pat-

tern over a period of time; and

downloading an appropriate hardware accelerator from an

on-line hardware configuration store based on the user’s
use pattern.

4. The method of claim 3, in which monitoring further
comprises:

detecting execution of a software module corresponding to

a hardware accelerator available from the on-line hard-
ware configuration store;

increasing a count associated with the software module

corresponding to the hardware accelerator available
from the on-line hardware configuration store;

storing a duration of execution for the software module

corresponding to the hardware accelerator available
from the on-line hardware configuration store;
increasing the count for a current configuration of the con-
figurable co-processor core(s) when executed; and
reconfiguring the configurable co-processor core(s) to
operate as the hardware accelerator available from the
on-line hardware configuration store.
5. The method of claim 4, further comprising:
selecting the software module with a highest count when a
plurality of software modules have a count difference
from the current configuration of the configurable co-
processor core(s); and

in which reconfiguring of the configurable co-processor

core(s) is performed when a difference between the
count of the software module with the highest count and
the count for the current configuration of the config-
urable co-processor core(s) is greater than a threshold.

6. The method of claim 4, in which reconfiguring of the
configurable co-processor core(s) is performed when a dif-
ference between the duration of execution of the software
module corresponding to the hardware accelerator available
from the on-line hardware configuration store and the dura-
tion of execution for the current configuration of the config-
urable co-processor core(s) is greater than a threshold.

7. The method of claim 4, in which the software module
corresponding to the hardware accelerator available from the
on-line hardware configuration store is the software module
currently running within the wireless mobile device with a
highest count.

8. The method of claim 1, in which monitoring further
comprises:
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profiling each software module corresponding to a hard-
ware accelerator available from an on-line hardware
configuration store that is executed by the wireless
mobile device; and

profiling execution of a current configuration of the con-

figurable co-processor core(s).

9. The method of claim 1, in which the configurable co-
processor core(s) is integrated into a mobile phone, a set top
box, a music player, a video player, an entertainment unit, a
navigation device, a computer, a hand-held personal commu-
nication systems (PCS) unit, a portable data unit, and/or a
fixed location data unit.

10. A method of hardware reconfiguration, comprising:

selecting a hardware accelerator from an on-line hardware

configuration store; and

loading a selected hardware accelerator into a configurable

co-processor core(s) of a general purpose processor to
operate as the selected hardware accelerator.

11. The method of claim 10, further comprising reconfig-
uring the configurable co-processor core(s) as a general pur-
pose co-processor core(s).

12. The method of claim 10, in which the hardware accel-
erator comprise a gaming engine, a video processing engine,
a low power image processing engine, and/or a high power
image processing engine.

13. The method of claim 10, in which the configurable
co-processor core(s) is integrated into a mobile phone, a set
top box, a music player, a video player, an entertainment unit,
a navigation device, a computer, a hand-held personal com-
munication systems (PCS) unit, a portable data unit, and/or a
fixed location data unit.

14. A wireless mobile device, comprising:

a configurable co-processor core(s);

a multi-core central processing unit coupled to a memory

and the configurable co-processor core(s), the multi-
core central processing unit operable to select from a
plurality of hardware accelerators according to a user’s
use pattern; and

a hardware controller operable to reconfigure the config-

urable co-processor core(s) according to a selected hard-
ware accelerator.

15. The wireless mobile device of claim 14, in which the
multi-core central processing unit is further operable to
receive an indication from a user to provide a preference for a
hardware accelerator, and to download the selected hardware
accelerator from an on-line hardware configuration store.

16. The wireless mobile device of claim 14, in which the
multi-core central processing unit is further operable to moni-
tor user activities to determine the user’s use pattern over a
period of time, and to download the selected hardware accel-
erator from an on-line hardware configuration store.

17. The wireless mobile device of claim 15, in which the
hardware controller is further operable to reconfigure of the
configurable co-processor core(s) when a difference between
a duration of execution of an executed software module cor-
responding to a hardware accelerator available from the on-
line hardware configuration store and the duration of execu-
tion for a current configuration of the configurable
co-processor core(s) is greater than a threshold.

18. A wireless mobile device, comprising:

a configurable co-processor core( );

a multi-core central processing unit coupled to a memory

and operableto select from a plurality of hardware accel-
erators according to a user’s use pattern; and
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means for reconfiguring the configurable co-processor
core(s) according to a selected hardware accelerator.

19. The wireless mobile device of claim 18, integrated into

a mobile phone, a set top box, a music player, a video player,
an entertainment unit, a navigation device, a computer, a
hand-held personal communication systems (PCS) unit, a
portable data unit, and/or a fixed location data unit.

20. A computer program product for a wireless mobile

device, the computer program product comprising:

a non-transitory computer-readable medium having pro-
gram code recorded thereon, the program code compris-
ing:

program code to select from a plurality of hardware accel-
erators according to a. user’s use pattern; and

program code to reconfigure a configurable co-processor
core(s) of a general purpose processor according to a
selected hardware accelerator.

21. The computer program product of claim 20, integrated

into a mobile phone, a set top box, a music player, a video
player, an entertainment unit, a navigation device, a com-
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puter, a hand-held personal communication systems (PCS)
unit, a portable data unit, and/or a fixed location data unit.

22. A computer program product for a wireless mobile
device, the compute program product comprising:

a non-transitory computer-readable medium having pro-
gram code recorded thereon, the program code compris-
ing:

program code to select a hardware accelerator from an
on-line hardware configuration store; and

program code to load a selected hardware accelerator into
a configurable co-processor core(s) of a general purpose
processor to operate as the selected hardware accelera-
tor.

23. The computer program product of claim 22, integrated
into a mobile phone, a set top box, a music player, a video
player, an entertainment unit, a navigation device, a com-
puter, a hand-held personal communication systems (PCS)
unit, a portable data unit, and/or a fixed location data unit.
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