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The specification also provides a computer-readable non-transitory storage medium, wherein

the storage medium stores a computer program, which, when executed by a processor, can be used
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to perform one or more steps of one or more methods described or illustrated herein or provides
functionality described or illustrated herein. Herein, the computer-readable non-transitory storage
medium or media may include one or more semiconductor-based or other integrated circuits (ICs)
(such, as for example, field-programmable gate arrays (FPGAs) or application-specific ICs
(ASICs)), hard disk drives (HDDs), hybrid hard drives (HHDs), optical discs, optical disc drives
(ODDs), magneto-optical discs, magneto-optical drives, floppy diskettes, floppy disk drives
(FDDs), magnetic tapes, solid-state drives (SSDs), RAM-drives, SECURE DIGITAL cards or
drives, any other suitable computer-readable non-transitory storage media, or any suitable
combination of two or more of these, where appropriate. A computer-readable non-transitory
storage medium may be volatile, non-volatile, or a combination of volatile and non-volatile, where
appropriate.

The specification also provides a computer system. FIG. 4 illustrates an example computer
system 400. In particular embodiments, one or more computer systems 400 perform one or more
steps of one or more methods described or illustrated herein. In particular embodiments, one or
more computer systems 400 provide functionality described or illustrated herein. In particular
embodiments, software running on one or more computer systems 400 performs one or more steps
of one or more methods described or illustrated herein or provides functionality described or
illustrated herein. Particular embodiments include one or more portions of one or more computer
systems 400. Herein, reference to a computer system may encompass a computing device, and
vice versa, where appropriate. Moreover, reference to a computer system may encompass one or
more computer systems, where appropriate.

This disclosure contemplates any suitable number of computer systems 400. This disclosure
contemplates computer system 400 taking any suitable physical form. As example and not by way
of limitation, computer system 400 may be an embedded computer system, a system-on-chip
(SOC), a single-board computer system (SBC) (such as, for example, a computer-on-module
(COM) or system-on-module (SOM)), a desktop computer system, a laptop or notebook computer
system, an interactive kiosk, a mainframe, a mesh of computer systems, a mobile telephone, a
personal digital assistant (PDA), a server, a tablet computer system, or a combination of two or
more of these. Where appropriate, computer system 400 may include one or more computer
systems 400; be unitary or distributed; span multiple locations; span multiple machines; span
multiple data centers; or reside in a cloud, which may include one or more cloud components in
one or more networks. Where appropriate, one or more computer systems 400 may perform
without substantial spatial or temporal limitation one or more steps of one or more methods

described or illustrated herein. As an example and not by way of limitation, one or more computer
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systems 400 may perform in real time or in batch mode one or more steps of one or more methods
described or illustrated herein. One or more computer systems 400 may perform at different times
or at different locations one or more steps of one or more methods described or illustrated herein,
where appropriate.

In particular embodiments, computer system 400 includes a processor 402, memory 404,
storage 406, an input/output (I/O) interface 408, a communication interface 410, and a bus 412.
Although this disclosure describes and illustrates a particular computer system having a particular
number of particular components in a particular arrangement, this disclosure contemplates any
suitable computer system having any suitable number of any suitable components in any suitable
arrangement.

In particular embodiments, processor 402 includes hardware for executing instructions, such
as those making up a computer program. As an example and not by way of limitation, to execute
instructions, processor 402 may retrieve (or fetch) the instructions from an internal register, an
internal cache, memory 404, or storage 406; decode and execute them; and then write one or more
results to an internal register, an internal cache, memory 404, or storage 406. In particular
embodiments, processor 402 may include one or more internal caches for data, instructions, or
addresses. This disclosure contemplates processor 402 including any suitable number of any
suitable internal caches, where appropriate. As an example and not by way of limitation, processor
402 may include one or more instruction caches, one or more data caches, and one or more
translation lookaside buffers (TLB s). Instructions in the instruction caches may be copies of
instructions in memory 404 or storage 406, and the instruction caches may speed up retrieval of
those instructions by processor 402. Data in the data caches may be copies of data of 40 in memory
404 or storage 406 for instructions executing at processor 402 to operate on; the results of previous
instructions executed at processor 402 for access by subsequent instructions executing at processor
402 or for writing to memory 404 or storage 406; or other suitable data. The data caches may speed
up read or write operations by processor 402. The TLBs may speed up virtual-address translation
for processor 402. In particular embodiments, processor 402 may include one or more internal
registers for data, instructions, or addresses. This disclosure contemplates processor 402 including
any suitable number of any suitable internal registers, where appropriate. Where appropriate,
processor 402 may include one or more arithmetic logic units (ALUs); be a multi-core processor;
or include one or more processors 402. Although this disclosure describes and illustrates a
particular processor, this disclosure contemplates any suitable processor.

In particular embodiments, memory 404 includes main memory for storing instructions for

processor 402 to execute or data for processor 402 to operate on. As an example and not by way
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of limitation, computer system 400 may load instructions from storage 406 or another source (such
as, for example, another computer system 400) to memory 404. Processor 402 may then load the
instructions from memory 404 to an internal register or internal cache. To execute the instructions,
processor 402 may retrieve the instructions from the internal register or internal cache and decode
them. During or after execution of the instructions, processor 402 may write one or more results
(which may be intermediate or final results) to the internal register or internal cache. Processor
402 may then write one or more of those results to memory 404. In particular embodiments,
processor 402 executes only instructions in one or more internal registers or internal caches or in
memory 404 (as opposed to storage 406 or elsewhere) and operates only on data in one or more
internal registers or internal caches or in memory 404 (as opposed to storage 406 or elsewhere).
One or more memory buses (which may each include an address bus and a data bus) may couple
processor 402 to memory 404. Bus 412 may include one or more memory buses, as described
below. In particular embodiments, one or more memory management units (MMUs) reside
between processor 402 and memory 404 and facilitate accesses to memory 404 requested by
processor 402. In particular embodiments, memory 404 includes random access memory (RAM).
This RAM may be volatile memory, where appropriate. Where appropriate, this RAM may be
dynamic RAM (DRAM) or static RAM (SRAM). Moreover, where appropriate, this RAM may
be single-ported or multi-ported RAM. This disclosure contemplates any suitable RAM. Memory
404 may include one or more memories 404, where appropriate. Although this disclosure describes
and illustrates particular memory, this disclosure contemplates any suitable memory.

In particular embodiments, storage 406 includes mass storage for data or instructions. As an
example and not by way of limitation, storage 406 may include a hard disk drive (HDD), a floppy
disk drive, flash memory, an optical disc, a magneto-optical disc, magnetic tape, or a Universal
Serial Bus (USB) drive or a combination of two or more of these. Storage 406 may include
removable or non-removable (or fixed) media, where appropriate. Storage 406 may be internal or
external to computer system 400, where appropriate. In particular embodiments, storage 406 is
non-volatile, solid-state memory. In particular embodiments, storage 406 includes read-only
memory (ROM). Where appropriate, this ROM may be mask-programmed ROM, programmable
ROM (PROM), erasable PROM (EPROM)), electrically erasable PROM (EEPROM), electrically
alterable ROM (EAROM), or flash memory or a combination of two or more of these. This
disclosure contemplates mass storage 406 taking any suitable physical form. Storage 406 may
include one or more storage control units facilitating communication between processor 402 and
storage 406, where appropriate. Where appropriate, storage 406 may include one or more storages

406. Although this disclosure describes and illustrates particular storage, this disclosure

11



10

15

20

25

30

contemplates any suitable storage.

In particular embodiments, I/O interface 408 includes hardware, software, or both, providing
one or more interfaces for communication between computer system 400 and one or more /O
devices. Computer system 400 may include one or more of these I/O devices, where appropriate.
One or more of these I/O devices may enable communication between a person and computer
system 400. As an example and not by way of limitation, an I/O device may include a keyboard,
keypad, microphone, monitor, mouse, printer, scanner, speaker, still camera, stylus, tablet, touch
screen, trackball, video camera, another suitable I/O device or a combination of two or more of
these. An I/O device may include one or more sensors. This disclosure contemplates any suitable
I/O devices and any suitable I/O interfaces 408 for them. Where appropriate, I/O interface 408
may include one or more device or software drivers enabling processor 402 to drive one or more
of these I/O devices. I/O interface 408 may include one or more I/O interfaces 408, where
appropriate. Although this disclosure describes and illustrates a particular I/O interface, this
disclosure contemplates any suitable I/O interface.

In particular embodiments, communication interface 410 includes hardware, software, or
both providing one or more interfaces for communication (such as, for example, packet-based
communication) between computer system 400 and one or more other computer systems 400 or
one or more networks. As an example and not by way of limitation, communication interface 410
may include a network interface controller (NIC) or network adapter for communicating with an
Ethernet or other wire-based network or a wireless NIC (WNIC) or wireless adapter for
communicating with a wireless network, such as a WI-FI network. This disclosure contemplates
any suitable network and any suitable communication interface 410 for it. As an example and not
by way of limitation, computer system 400 may communicate with an ad hoc network, a personal
area network (PAN), a local area network (LAN), a wide area network (WAN), a metropolitan
area network (MAN), or one or more portions of the Internet or a combination of two or more of
these. One or more portions of one or more of these networks may be wired or wireless. As an
example, computer system 400 may communicate with a wireless PAN (WPAN) (such as, for
example, a BLUETOOTH WPAN), a WI-FI network, a WI-MAX network, a cellular telephone
network (such as, for example, a Global System for Mobile Communications (GSM) network), or
other suitable wireless network or a combination of two or more of these. Computer system 400
may include any suitable communication interface 410 for any of these networks, where
appropriate. Communication interface 410 may include one or more communication interfaces
410, where appropriate. Although this disclosure describes and illustrates a particular

communication interface, this disclosure contemplates any suitable communication interface.

12



10

15

In particular embodiments, bus 412 includes hardware, software, or both coupling
components of computer system 400 to each other. As an example and not by way of limitation,
bus 412 may include an Accelerated Graphics Port (AGP) or other graphics bus, an Enhanced
Industry Standard Architecture (EISA) bus, a front-side bus (FSB), a HYPERTRANSPORT (HT)
interconnect, an Industry Standard Architecture (ISA) bus, an INFINIBAND interconnect, a low-
pin-count (LPC) bus, a memory bus, a Micro Channel Architecture (MCA) bus, a Peripheral
Component Interconnect (PCI) bus, a PCI-Express (PCle) bus, a serial advanced technology
attachment (SATA) bus, a Video Electronics Standards Association local (VLB) bus, or another
suitable bus or a combination of two or more of these. Bus 412 may include one or more buses
412, where appropriate. Although this disclosure describes and illustrates a particular bus, this
disclosure contemplates any suitable bus or interconnect.
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