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METHOD AND SYSTEM FOR HIBERNATION OR SUSPEND USING A NON-VOLATILE-MEMORY
DEVICE

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent
Application Serial No. 61/142,502 filed January 5%, 2009, the disclosure of which
is incorporated by reference herein in its entirety. This application also claims
priority to U.S. Provisional Patent Application Serial No. 61/142,699 filed January
6™, 2009, the disclosure of which is incorporated by reference herein in its entirety.
This application also claims priority to U.S. Provisional Patent Application Serial
No. 61/143,548 filed January 9", 2009, the disclosure of which is incorporated by

reference herein in its entirety.

BACKGROUND
[0002] Modern computing devices employ power-saving modes when not in
use. Hibernation is a mode in which an operating system (OS) saves memory data
from volatile system-memory to an OS boot partition of a hard drive in the form of

a hibernation file, after which the computing device is shut down. When turned
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back on, the basic input output system (BIOS) of the computing device posts and
then loads an OS boot loader. The OS boot loader copies the memory data within
the hibernation file back into the volatile system-memory. The OS boot loader
then resumes operation of the operating system where the operating system was
paused instead of booting the operating system as normal. This allows for
currently running applications to retain their data even if the data was not saved
before hibernation.

[0003]  Suspend is a mode in which the operating system shuts down power
to most of the devices within the computing device but not to the volatile system-
memory such that the memory data is preserved. To resume full use, the operating
system powers on the devices and resumes operation using the memory data that
was preserved. Suspend uses significantly more power than hibernation but is
much faster.

[0004] While these modes serve their respective purposes they have
undesired limitations. Hibernation mode can be slow to begin and can lose data.
Hibernation mode can be slow to begin because it is limited by the speed at which
the hard drive can save the memory data to the hibernation file. A computer’s data
is often stored on a spinning-media hard-disk drive, which is spinning while the
hibernation mode is beginning; this presents a data-safety issue. Any substantial
movement of the computing device is potentially hazardous while the drive is still
spinning. A user who selects to hibernate his laptop, closes the lid, and goes on his
way may damage the hard drive and the data it contains. Furthermore, during the

time that the hard drive is spinning, both it and the computing device are using



WO 2010/077787 PCT/US2009/067767

power. This is undesirable if the hibernation occurred due to a critical battery
alarm because the computing device may run out of power before the hibernation
is complete. Even if the device’s battery does not fail, using additional power
contradicts the point of a power-saving mode.

[0005]  Suspend mode also has undesired limitations. While significantly
faster than hibernation, it uses more power because the volatile system-memory
remains powered. Furthermore, if the computing device’s power source is lost
while suspended, the memory data may not be recovered and any information not
saved to the hard disk will likely be lost. This can easily occur, such as when the
user unplugs the computing device or when a power source fails.

[0006] The background description provided herein is for the purpose of
generally presenting the context of the disclosure. Work of the presently named
inventors, to the extent the work is described in this background section, as well as
aspects of the description that may not otherwise qualify as prior art at the time of
filing, are neither expressly nor impliedly admitted as prior art against the present

disclosure.

SUMMARY
[0007]  This summary is provided to introduce subject matter that is further
described below in the Detailed Description and Drawings. Accordingly, this
Summary should not be considered to describe essential features nor used to limit
the scope of the claimed subject matter.
[0008] In one embodiment, a method is described that comprises monitoring

operating status of a computing device, the operating status including a suspend
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mode, directing a non-volatile-memory controller to copy memory data from a
volatile system-memory into a non-volatile-memory device in response to
detecting a notification of the suspend mode, and directing the non-volatile-
memory controller to copy the memory data from the non-volatile-memory device
into the volatile system-memory in response to receiving a request to resume from
the suspend mode. This embodiment may include receiving, from the non-
volatile-memory controller, a notification that the memory data has been copied to
the non-volatile-memory device, responsive to receiving the notification, shutting
down power to the volatile system-memory, and responsive to receiving a request
to wake from the suspend mode, powering up the volatile system-memory. This
embodiment may include receiving, from the non-volatile-memory controller, a
notification that the memory data has been copied from the non-volatile-memory
device into the volatile system-memory, the notification indicating that the
memory data is available for an operating system to use to resume from the
suspend mode.

[0009] In another embodiment, a method is described that comprises
monitoring operating status of a computing device, the operating status including a
hibernation mode, receiving a notification of the hibernation mode from an
operating system of the computing device, and in response to the notification,
copying memory data from a volatile system-memory to a non-volatile-memory
device as a hibernation file, wherein the non-volatile-memory device is not a
memory device from which the operating system is booted. This embodiment may

include requesting a hard drive to spin-down, the requesting performed prior to
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copying the memory data from the volatile system-memory to the non-volatile-
memory device.

[0010]  In still another embodiment, a system is described that comprises a
non-volatile-memory device, a volatile system-memory, a processor, a
hibernation-file handler configured to save a hibernation file to the non-volatile-
memory device instead of a hard drive or solid-state-disk from which an operating
system is booted, and a BIOS-side hibernation handler configured to redirect a
BIOS interrupt 13hex call and cause the hibernation file to be read from the non-
volatile-memory device. This embodiment may include a non-volatile-memory
controller and a suspend handler configured to direct the non-volatile-memory
controller to copy memory data from the volatile system-memory into the non-
volatile-memory device in response to a notification of a suspend mode and copy
the memory data from the non-volatile-memory device into the volatile system-
memory in response to a notification of a resume from the suspend mode. This
embodiment may additionally include an on-chip accelerator located within the
non-volatile-memory controller, the on-chip accelerator configured to compress
the memory data when copying the memory data into the non-volatile-memory
device and decompress the memory data when copying the memory data into the

volatile system-memory.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The detailed description is described with reference to the
accompanying figures. In the figures, the left-most digit of a reference number

identifies the figure in which the reference number first appears. The use of the
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same reference numbers in different instances in the description and the figures
indicate similar or identical items.

[0012]  Fig. 1 illustrates an example operating environment configured to
enable hibernation or suspend using a non-volatile-memory device.

[0013]  Fig. 2 illustrates a method for suspending or resuming a computing
device using a non-volatile-memory device.

[0014]  Fig. 3 illustrates a method for hibernating a computing device using
a non-volatile-memory device.

[0015]  Fig. 4 illustrates a method for resuming a computing device from

hibernation using a non-volatile-memory device.

DETAILED DESCRIPTION

[0016] As noted in the Background above, conventional methods of
implementing hibernation and suspend modes have undesired limitations.
Hibernation mode is slow and may damage hard drives. Suspend mode uses more
power and memory data may not be preserved during a power failure. The present
disclosure describes techniques for using a non-volatile-memory device such as
flash memory to store the memory data during hibernation or suspend. By so
doing, hard drives and/or data are safer, and less power may be used.

[0017]  In the discussion that follows, an example operating environment is
described. Example methods are also described that may be employed in the
example operating environment as well as other environments. In the discussion

below, reference will be made to the environment by way of example only and,
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therefore, implementations described below are not limited to the example
environment.

[0018] Example Operating Environment

Fig. 1 illustrates an example operating environment 100 having a computing
device 102. Computing device 102 includes one or more processors 104, one or
more computer-readable media 106, volatile system-memory 108, and non-
volatile-memory device 110. Computer-readable media 106 may include various
kinds of media, such as volatile (e.g., Static Random Access Memory, or SRAM)
and non-volatile memory (e.g. flash memory, BIOS Chip, solid state disk,
spinning-media hard-disk drive, or CD/DVD). Computer-readable media 106 may
include volatile system-memory 108, non-volatile-memory device 110, and/or any
other computer-readable media. Volatile system-memory 108 loses data when
power is removed.

[0019] Non-volatile-memory device 110 retains data when power is
removed. Non-volatile-memory device 110 may include non-volatile memory
such as flash memory or solid state disks. Non-volatile-memory device 110 can
have a storage capacity as small as the storage capacity of volatile system-memory
108 or even smaller if compression is used. In computing devices that implement
hibernation, non-volatile-memory device 110 does not include an OS bootable
spinning-media hard-disk drive or an OS bootable solid state disk. OS bootable
memory are those that include a bootable partition for operating system 112 and

OS boot-loader 114. In computing devices that implement both hibernation and
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suspend, there may be a separate non-volatile-memory device for each of
hibernation and suspend.

[0020] Mechanisms for interfacing non-volatile-memory device 110 with
other components of computing device 102 may include, but are not limited to, the
use of an internal data bus, a Small Computer System Interface (SCSI), an Internet
Small Computer System Interface (iISCSI), a Peripheral Component Interconnect
bus (PCI), a PCI eXtended bus (PCI-X), a Peripheral Component Interconnect
Express bus (PCle), a Universal Serial Bus (USB), a Serial ATA bus (SATA), a
Serial Attached SCSI bus (SAS), or a Fiber Channel network (FC). For example,
non-volatile-memory device 110 may be a flash memory device that is
communicatively attached to the other components of computing device 102
through a PCle connection.

[0021]  Computer-readable media 106 is shown including operating system
(OS) 112, OS boot-loader 114, hibernation-file handler 116, memory-dump driver
118, and BIOS 120. Operating system 112 is configured to operate computing
device 102. OS boot-loader 114 is typically installed when installing operating
system 112. During a normal boot of computing device 102, BIOS 120 loads OS
boot-loader 114, which then loads operating system 112.

[0022] Hibernation-file handler 116 can be software and/or hardware that
intercepts memory data 122 to be written to a hard drive and redirects it to non-
volatile-memory device 110. In some cases, hibernation-file handler 116 is a SCSI
miniport-driver that intercepts memory data 122 from memory-dump driver 118

when driver 118 attempts to write memory data 122 to the hard drive. In other
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cases, hibernation-file handler 116 is software that intercepts a command from
operating system 112 to memory-dump driver 118 to request storage of a
hibernation file on a spinning-media hard-disk drive. Hibernation-file handler 116
intercepts this command and saves the hibernation file to memory device 110
instead of the hibernation file being stored on the spinning-media hard-disk drive.
Alternatively, memory-dump driver 118 is configured to store the hibernation file
on memory device 110. In such a case, environment 100 may not include a
separate hibernation-file handler 116. In systems that do not implement a
hibernation feature, environment 100 may not include hibernation-file handler 116
and memory-dump driver 118.

[0023]  BIOS 120 is shown including suspend handler 124 and BIOS-side
hibernation handler 126, though both may not be present if only one of hibernation
or suspend is implemented. Suspend handler 124 comprises computer instructions
configured to request that non-volatile-memory controller 128 copy memory data
122 in and out of volatile system-memory 108 and non-volatile-memory device
110. Suspend handler 124 may also provide non-volatile-memory controller 128
with the address or addresses of one or more locations within volatile system-
memory 108.

[0024]  BIOS-side hibernation handler 126 comprises computer instructions
configured to redirect requests from OS boot-loader 114. The requests may
include BIOS INT 13y, requests, which are redirected to read from non-volatile-
memory device 110 instead of a hard disk intended by the requests. This

redirection causes the hibernation file to be loaded from non-volatile-memory
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device 110 on system boot up. Operating system 112 then uses the loaded memory
data 122 to resume from hibernation.

[0025]  Volatile system-memory 108 is shown including memory data 122,
which is preserved in non-volatile-memory device 110 during hibernation or
suspend.  Non-volatile-memory device 110 includes non-volatile-memory
controller 128. Non-volatile-memory controller 128 is configured to copy memory
data 122 into and out of non-volatile-memory device 110. Memory data 122 may
be compressed prior to being saved to non-volatile-memory device 110 and
decompressed prior to being saved to volatile system-memory 108.  This
compression is performed or aided by software within suspend handler 124 or by
an on-chip accelerator, or a combination of both. The on-chip accelerator may be
located within non-volatile-memory controller 128. Note that one or more of the
entities shown in Fig. 1 may be further divided, combined, and so on. Thus,
environment 100 illustrates some of many possible environments capable of
employing the described techniques.

[0026] Example Methods

The present disclosure describes techniques for suspending or hibernating a
computing device using a non-volatile-memory device to preserve the memory
data. This allows for additional power savings as well as enhanced data safety.
These techniques are described using three different methods, though they may act
independently or in combination. Aspects of these methods may be implemented

in hardware, firmware, software, or a combination thercof. The methods are
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shown as a set of acts that specify operations performed by one or more entities
and are not necessarily limited to the order shown.

[0027]  Fig. 2 illustrates a method 200 for suspending or resuming a
computing device using a non-volatile-memory device. At 202, an operating
status of a computing device is monitored. The operating status includes a suspend
mode. At 204, a notification of the suspend mode is received from an operating
system (OS) of the computing device. For example, suspend handler 124 (Fig. 1)
within BIOS 120 receives the notification of suspend from operating system 112.

[0028] At 206, a non-volatile-memory controller is directed to copy memory
data from volatile system-memory into a non-volatile-memory device. For
example, suspend handler 124 issues a request to have non-volatile-memory
controller 128 copy memory data 122 from volatile system-memory 108 into non-
volatile-memory device 110. The request may include one or more addresses of
corresponding locations within volatile system-memory 108 to copy. In this case,
controller 128 copies memory data 122 that is addressed. In alternative cases, if no
addresses are provided, controller 128 copies all of memory data 122.

[0029]  Storing memory data 122 in non-volatile-memory device 110
provides extra data security because non-volatile-memory device 110 retains its
data during a power failure. A power failure during a conventional suspend can
result in a hard shut-down of computing device 102, which results in memory data
122 being lost. Powering on from this state requires a normal system boot, which

takes considerably longer than resuming from a suspended state.

11
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[0030] At 208, a notification indicating that the memory data has been
copied is received from the non-volatile-memory controller. For example, suspend
handler 124 receives a notification from controller 128 that memory data 122 has
been copied into non-volatile-memory device 110.

[0031] At 210, power to the volatile system-memory is shut down in
response to receiving the notification at 208. Here, suspend handler 124 or other
components within BIOS 120 shut down power to volatile system-memory 108.
This saves additional power while computing device 102 is in suspend mode.

[0032] At 212, the volatile system-memory is powered on in response to
receiving a request to resume from the suspend mode. This is implemented if 210
is implemented. The request to resume from suspend may come from various
sources, such as a keyboard key press, a mouse movement or click, a system wake-
up event, or a wake-on-LAN request. For example, suspend handler 124 receives
a request to resume and powers on volatile system-memory 108.

[0033] At 214, the non-volatile-memory controller is directed to copy the
memory data from the non-volatile-memory device into the volatile system-
memory. The directing at 214 is similar to the directing at 206 except that the
memory data is requested to be copied into volatile system-memory instead of out
of volatile system-memory. At 214, the contents of the volatile system-memory
are restored to their pre-suspend state. This will allow the operating system to
continue operation from where it left off before the suspend paused its operation.

Continuing the example, suspend handler 124 requests that non-volatile-memory

12
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controller 128 copy memory data 122 from non-volatile-memory device 110 into
volatile system-memory 108.

[0034] The techniques may optionally compress and decompress the
memory data prior to storing it on the non-volatile-memory device and the volatile
system-memory, such as through use of an on-chip accelerator added to non-
volatile-memory controller 128 or use of suspend handler 124. Compressing the
memory data permits use of fewer memory resources to store the contents of the
volatile-system-memory. If the compression and decompression is sufficiently
fast, it may speed up the storage and retrieval of the memory data because less
time is spent saving and retrieving the memory data on the non-volatile-memory
device.

[0035] At 216, a notification indicating that the memory data has been
copied is received. After such notification, the conventional method of resuming
from suspend can, but is not required to, be implemented as if a non-volatile-
memory device was not used to save the memory data. For example, suspend
handler 124 receives a notification from controller 128 indicating that memory
data 122 is restored to volatile system-memory 108. Suspend handler 124 or other
components within BIOS 120 may continue to act to resume computing device 102
using conventional methods. Operating system 112 is able to power back on any
devices that were turned off during the suspend and use memory data 122 to

continue operation as though no suspend occurred.

13
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[0036]  Fig. 3 illustrates a method 300 for hibernating a computing device
using a non-volatile-memory device to store a hibernation file. Method 300 may
be implemented on a computing device that also implements method 200.

[0037] At 302, an operating status of a computing device is monitored. The
operating status includes a hibernation mode. At 304, a notification of the
hibernation mode is received from an operating system (OS) of the computing
device. At 306, memory data from volatile system-memory is copied to a non-
volatile-memory device in the form of a hibernation file. During conventional
hibernation, the operating system loads a memory-dump driver, which dumps
memory data to a hibernation file on an OS boot partition located on a hard drive.
In this method, the memory-dump driver is modified and/or a hibernation-file
handler is used. The hibernation-file handler may comprise computer software
added to a computing device, such as computing device 102 of Fig. 1.

[0038] By way of example, hibernation-file handler 116 receives a
notification of hibernation. Hibernation-file handler 116 intercepts each write
command from memory-dump driver 118 and redirects each write command to
non-volatile-memory device 110. This causes the hibernation file to be stored on
non-volatile-memory device 110 instead of a hard drive intended by the write
command(s).

[0039] In another example, hibernation-file hander 116 intercepts a
command from operating system 112 to memory-dump driver 118. The command
is originally intended to instruct memory-dump driver 118 to save memory data

122 to a hard drive. Hibernation-file handler 116 intercepts this command and

14
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dumps memory data 122 to a hibernation file. The hibernation file is saved to non-
volatile-memory device 110 instead of the hard drive intended by the command.

[0040] In another example, memory-dump driver 118 is modified to copy
memory data 122 to non-volatile-memory device 110 instead of the OS boot
partition of the hard drive. In this case, the method forgoes the use of a separate
hibernation-file handler 116.

[0041] At 308, the operating system is informed that the hibernation file has
been saved. This allows the operating system to continue shutting down power to
various components of the computing device. In the example in which
hibernation-file handler 116 intercepts each write command from memory-dump
driver 118, handler 116 will notify driver 118, which in turn will notify operating
system 112. In the example in which hibernation-file hander 116 intercepts a
command from operating system 112 to memory-dump driver 118, handler 116
sends operating system 112 a notification when done copying memory data 122.
In the example in which memory-dump driver 118 has been modified, driver 118
will notify operating system 112. The notification at 308 allows operating system
112 to continue shutting down the system in hibernation mode.

[0042] Storing the hibernation file on a non-volatile-memory device that is
separate from an OS boot disk allows for faster hibernation and resumption in
cases where the non-volatile-memory device is faster than the OS boot disk. The
OS boot disk is a disk that has a boot partition for the OS. In an example in which
the OS boot disk is a solid-state-disk, this method can still be beneficial as faster

memory can be used to store the hibernation file. The size requirements for the OS
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boot disk are quite large and thus it can be cost prohibitive to use large amounts of
the fastest memory. Furthermore, use of a solid-state-disk as the OS boot disk is
often cost prohibitive because the cost per capacity is greater than with spinning-
media hard-disk drives. The non-volatile-memory device of method 300 can be
small enough to only store a hibernation file. In such a case it is often economical
to use the fastest memory available.

[0043]  Additionally the techniques may request one or more spinning-media
hard-disk drives in the computing device to spin-down. This allows for additional
power savings and data safety. As a separate non-volatile-memory device is used
to store the hibernation file, spinning-media hard-disk drives are no longer needed
as soon as the hibernation process begins and can safely be spun down. This act is
performed prior to 306 if maximum power savings and data safety are desired.

[0044]  Fig. 4 illustrates a method 400 for resuming a computing device
from hibernation, which may be implemented on a computing device that also
implements method(s) 200 and/or 300.

[0045] At 402, a request to read a hibernation file from a boot disk is
received. In some conventional approaches, when hibernation is to be terminated,
the OS boot loader uses BIOS interrupt 13 to read the hibernation file from the
OS boot disk. In this method, a BIOS-side hibernation handler can instead receive
the request. For example, BIOS-side hibernation handler 126 of Fig. 1 receives the
request to read all or part of the hibernation file. The request is received from OS

boot-loader 114.
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[0046] At 404, the request to read the hibernation file from the OS boot disk
is redirected and the hibernation file is read from a non-volatile-memory device.
Continuing the example, BIOS-side hibernation handler 126 reads the hibernation
file from non-volatile-memory device 110 instead of from the OS boot disk as
requested. If the hibernation file is not found, BIOS-side hibernation handler 126
may then read from the OS boot disk. Once memory data 122 within the
hibernation file is loaded into volatile system-memory 108, operating system 112
resumes operation using memory data 122.

[0047] Note that OS boot-loader 114 may be modified to read the
hibernation file from non-volatile-memory device 110 and as such, no redirection
is used. In this case, BIOS-side hibernation handler 126 is part of OS boot-loader
114, such that the modified OS boot-loader requests the hibernation file from the
non-volatile-memory device and loads the memory data that is within the
hibernation file into volatile system-memory.

[0048]  One or more of the techniques described above can be performed by
one or more programmable processors executing a computer program to perform
functions by operating on input data and generating output. Generally, the
techniques can take the form of an entirely hardware embodiment, an entirely
software embodiment, or an embodiment containing both hardware and software
components. In one implementation, the methods are implemented in software,
which includes but is not limited to firmware, resident software, microcode, etc.
Furthermore, the methods can take the form of a computer program product

accessible from a computer-usable or computer-readable medium providing
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program code for use by or in connection with a computer or any instruction
execution system.

[0049]  For the purposes of this description, a computer-usable or computer-
readable medium can be any apparatus that can contain, store, communicate,
propagate, or transport the program for use by or in connection with the instruction
execution system, apparatus, or device. The medium can be an electronic,
magnetic, optical, electromagnetic, infrared, or semiconductor system (or
apparatus or device) or a propagation medium. Examples of a computer-readable
medium include a semiconductor or solid state memory, magnetic tape, a
removable computer diskette, a random access memory (RAM), a read-only
memory (ROM), a rigid magnetic disk and an optical disk. Current examples of
optical disks include compact disk — read only memory (CD-ROM), compact disk
— read/write (CD-R/W) and DVD.

[0050] Although the subject matter has been described in language specific
to structural features and/or methodological techniques and/or acts, it is to be
understood that the subject matter defined in the appended claims is not
necessarily limited to the specific features, techniques, or acts described above,

including orders in which they are performed.
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CLAIMS

What is claimed is:

1. A method comprising:

monitoring operating status of a computing device, the operating status
including a suspend mode;

directing a non-volatile-memory controller to copy memory data from a
volatile system-memory into a non-volatile-memory device in response to
detecting a notification of the suspend mode; and

directing the non-volatile-memory controller to copy the memory data from
the non-volatile-memory device into the volatile system-memory in response to

receiving a request to resume from the suspend mode.

2. The method as recited in claim 1, further comprising:

receiving, from the non-volatile-memory controller, a notification that the
memory data has been copied to the non-volatile-memory device;

responsive to receiving the notification, shutting down power to the volatile
system-memory; and

responsive to receiving a request to wake from the suspend mode, powering

up the volatile system-memory.
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3. The method as recited in claim 1, further comprising receiving, from the
non-volatile-memory controller, a notification that the memory data has been
copied from the non-volatile-memory device into the volatile system-memory, the
notification indicating that the memory data is available for an operating system of

the computing device to use to resume from the suspend mode.

4. The method as recited in claim 1, wherein the notification of the suspend
mode is received from an operating system of the computing device and
comprises:

a request to enter the suspend mode; or

a notification that the computing device is going to suspend.

5. The method as recited in claim 1, wherein the volatile system-memory

includes static random access memory (SRAM).

6. The method as recited in claim 1, wherein the non-volatile-memory device

includes flash memory.
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7. The method as recited in claim 1, wherein:

directing the non-volatile-memory controller to copy the memory data from
the volatile system-memory into the non-volatile-memory device includes
communicating a source address corresponding to a location within the volatile
system-memory to the non-volatile-memory controller; and

directing the non-volatile-memory controller to copy the memory data from
the non-volatile-memory device into the volatile system-memory includes
communicating a destination address corresponding to a location within the

volatile system-memory to the non-volatile-memory controller.

8. A method comprising:

monitoring operating status of a computing device, the operating status
including a hibernation mode;

receiving a notification of the hibernation mode from an operating system
of the computing device; and

in response to the notification, copying memory data from a volatile
system-memory to a non-volatile-memory device as a hibernation file, wherein the
non-volatile-memory device is not a memory device from which the operating

system is booted.
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9. The method as recited in claim 8, wherein receiving the notification of the
hibernation mode includes intercepting a command from the operating system to a
memory-dump driver, the command comprising instructions to save the memory

data from the volatile system-memory to a hard-drive.

10. The method as recited in claim 8, wherein copying the memory data from
the volatile system-memory to the non-volatile-memory device as the hibernation
file includes intercepting a data write command from a memory-dump driver to a
hard drive and redirecting the data write command to the non-volatile-memory

device.

11. The method as recited in claim 8, wherein receiving the notification
includes receiving a command from the operating system, the command
comprising instructions to save the memory data from the volatile system-memory

to the non-volatile-memory device as the hibernation file.

12.  The method as recited in claim 8, wherein the non-volatile-memory device

includes flash memory.

13.  The method as recited in claim 8, further comprising requesting a hard drive

to spin-down, the requesting performed prior to copying the memory data from the

volatile system-memory to the non-volatile-memory device.
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14.  The method as recited in claim 8, wherein copying the memory data from
the volatile system-memory to the non-volatile-memory device as the hibernation
file enables the operating system to resume from the hibernation mode using the

memory data that was saved in the hibernation file.

15.  The method as recited in claim 14, wherein a Basic Input Output System
(BIOS) is modified to redirect a call from an OS boot loader and the modified
BIOS causes the hibernation file to be read from the non-volatile-memory device

instead of a hard disk.

16. The method as recited in claim 15, wherein the call that is redirected is a

BIOS interrupt 13, call.

17. A computing device comprising:

a non-volatile-memory device;

a volatile system-memory;

a processor;

a hibernation-file handler configured to save a hibernation file to the non-
volatile-memory device instead of a hard drive or solid-state-disk from which an
operating system is booted; and

a BIOS-side hibernation handler configured to redirect a BIOS interrupt
13;ex call and cause the hibernation file to be read from the non-volatile-memory

device.
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18.  The computing device as recited in claim 17, further comprising:
a non-volatile-memory controller; and
a suspend handler configured to direct the non-volatile-memory controller
to:
copy memory data from the volatile system-memory into the non-
volatile-memory device in response to a notification of a suspend mode;
and
copy the memory data from the non-volatile-memory device into the
volatile system-memory in response to a notification of a resume from the

suspend mode.

19.  The computing device as recited in claim 18, further comprising:
an on-chip accelerator located within the non-volatile-memory controller,
the on-chip accelerator configured to:
compress the memory data when copying the memory data into the
non-volatile-memory device; and
decompress the memory data when copying the memory data into

the volatile system-memory.
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20. The computing device as recited in claim 17, wherein the hibernation-file
handler is a Small-Computer-System-Interface (SCSI) miniport-driver configured
to:

intercept a data write command from a memory-dump driver to the hard

drive; and

redirect the data write command to the non-volatile-memory device.
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