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SEGMENTED CACHES

BACKGROUND

[0001] A computing device may include a fast storage device, such as a flash
memory, having a relatively fast access time. The fast storage device may be
used as a cache to store frequently accessed information. However, fast storage
device may be relatively more expensive per unit of storage than other types of
storage devices have a relatively slow access time, such as a hard disk drive
(HDD).

[0002] As a result, the fast storage device may be of relatively small storage
capacity. If the fast storage device becomes filled to capacity, performance of the
computing device may be affected. Manufacturers are challenged to more
efficiently use the fast storage device in order to improve the performance of the

computing device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] The following detailed description references the drawings, wherein:
[0004] FIG. 1 is an example block diagram of a device having a first non-
volatile memory including a plurality of segments;
[0005] FIG. 2 is example block diagram of the first non-volatile memory of FIG.
1;
[0006] FIG. 3 is an example block diagram of a computing device including

instructions for segmenting and pinning a first non-volatile memory;
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[0007] FIG. 4 is an example flowchart of a method for segmenting and pinning
a first non-volatile memory; and
[0008] FIG. 5 is another example flowchart of a method for segmenting and

pinning a first non-volatile memory.

DETAILED DESCRIPTION

[0009] Specific details are given in the following description to provide a
thorough understanding of embodiments. However, it will be understood by one
of ordinary skill in the art that embodiments may be practiced without these
specific details. For example, systems may be shown in block diagrams in
order not to obscure embodiments in unnecessary detail. In other instances,
well-known processes, structures and techniques may be shown without
unnecessary detail in order to avoid obscuring embodiments.

[0010] A computing device may include a faster storage device, such as a
flash memory, in addition to a slower storage device, such as a hard disk drive
(HDD). The faster storage device may have a lower latency than the slower
storage device. The computing device may increase performance by storing more
frequently accessed information, such as cache information, at the faster storage
device, instead of the slower storage device. For example, the computing device
may use the faster storage device as a cache to store cache information including
frequently accessed software code and/or data thereof. The computing device
may either immediately (write-through) or after a period of time (write-back) write

the updated cache information at the faster storage device to the slower storage
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device. For example, non-temporary files in the faster storage device may be
mirrored in the slower storage device after the cache is flushed.

[0011] However, the faster storage device may not have a large enough
storage capacity to store all the cache information being used by the computing
device. Also, if the cache information is not retrievable from the faster storage
device, such as during a cache miss, the missing cache information may be
retrieved from the slower storage device. Therefore, a storage capacity of the
faster storage device may indirectly act as a bottleneck to the performance of the
computing device. Moreover, as the faster storage device is generally significantly
more expensive than the slower storage device per unit of memory, the storage
capacity of the faster storage device may not generally be increased.

[0012]  Further, as a first application is continuously used by a user, more of the
cache information thereof may populate the faster storage device, allowing the first
application to become progressively more responsive and/or improve in
performance. For example, the first application may increasingly launch or run
faster. However, if the user starts using a second application, this responsiveness
may be lost as the user waits for the cache information of the second application
to increasingly populate the faster storage device.

[0013] Moreover, due to the limited storage capacity of the faster storage
device, the cache information of the first application may be overwritten with cache
information of the second application. Therefore, should the user switch back to
the first application, the first application may initially also be less responsive than
before. Thus, a newly launched application may not be immediately responsive

and/or responsiveness may be lost when reverting back to a previously used
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application, due to waiting for the faster storage device to be populated with the
cache information of the application currently in use.

[0014] Embodiments may allow for software, such as the first application, to be
immediately responsive or initially more responsive, even for a first access of the
first application or even if another application, such as the second application, is
heavily used between accesses of the first application. For example, in
embodiments, the faster storage device may be divided into segments. At least
one of these segments, such as a first segment, may be pinned to a type of
software, such as the first application, so as to only store cache information of that
type of software. Further, the cache information of that type of software may
populate the segment pinned thereto even before that type of software is
accessed.

[0015]  For instance, the first application may be pinned to the first segment.
Thus, at least some of the cache information of the first application, such as
software code for launching the first application, may be stored at the first segment
even before the first application is accessed. Hence, first application may be more
responsive, such as by launching faster, even on a first access by the user. The
user may heavily use the second application, and then switch back to the first
application. Nonetheless, the first application will remain responsive because the
cache information thereof will be retained in the first segment.

[0016] Referring now to the drawings, FIG. 1 is an example block diagram of a
device 100 having a first non-volatile memory 140 including a plurality of segments
142-1 to 142-n. Examples of the device 100 may include a notebook computer,

a desktop computer, an all-in-one system, a slate computing device, a portable
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reading device, a wireless email device, a mobile phone, and the like. In the
embodiment of FIG. 1, the device 100 includes a processor 110, a segmenting
module 120, a pinning module 130 and the first non-volatile memory 140. The first
non-volatile memory 140 further includes the plurality of segments 142-1 to 142-n,
where n is natural number greater than 1.

[0017]  The processor 110 may be a CPU, a GPU, or a microprocessor suitable
for retrieval and execution of instructions from the first non-volatile memory 140
and/or electronic circuits configured to perform the functionality of any of the
modules 120 and 130 described below. The first non-volatile memory 140 may be
one or more non-volatile machine-readable storage mediums such as any
electronic, magnetic, optical, or other physical storage device that retains the
stored information even when not powered. Examples of the first non-volatile
memory 140 may include a solid-state drive (SSD) or a flash memory.

[0018] Each of the modules 120 and 130 may include, for example, hardware
devices including electronic circuitry for implementing the functionality described
below. In addition or as an alternative, each module may be implemented as a
series of instructions encoded on a machine-readable storage medium, such as
the first non-volatile memory 140, and executable by the processor 110. In
embodiments, some of the modules 120 and 130 may be implemented as
hardware devices, while other modules are implemented as executable
instructions. For example, the modules 120 and 130 may be implemented as part
of an application run by an operating system (OS) (not shown) running on the

device 100.
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[0019]  The first non-volatile memory 140 may be used as a cache to store
cache information. The first non-volatile memory 140 may have a lower latency
than a second non-volatile memory (not shown) of the device 100. The second
non-volatile memory may store the plurality of types of software, such as first
and/or second types of software. The second non-volatile memory may be one or
more non-volatile machine-readable storage mediums such as any electronic,
magnetic, optical, or other physical storage device that retains the stored
information even when not powered. @ Examples of the second non-volatile
memory may include a hard disk drive (HDD) or a storage drive.

[0020] The cache information include may include information that is likely to
be used again or frequently used, such as software instructions and/or data
related thereto, such as metadata and/or data generated or modified by the user
or software. For example, the cache information of a plurality of types of software,
such as the OS, an application, or web browser, or hardware, such as the
processor 110 or another memory, may be stored at the first non-volatile memory
140 for faster access to the cache data.

[0021] The segmenting module 120 is to divide the first non-volatile memory
140 into the plurality of segments 142-1 to 142-n. The number of segments
142-1 to 142-n and a size of each of the segments 142-1 to 142-n may be
variable. The pinning module 130 may pin one or more of plurality of types of
software to one or more of plurality of segments 142-1 to 142-n. For example,
the pinning module 130 may pin the first type of software of the plurality of types

of software to a first segment 142-1 of the plurality of segments 142-1 to 142-n.



WO 2013/062542 PCT/US2011/057913

[0022] The pinning module 130 may also, for example, pin the second type
of software of the plurality of types of software to a second segment 142-2 of
the plurality of segments 142-1 to 142-n, the second pinned segment 142-2 to
store the cache information associated with the second type of software. The
second segment 142-2 may be any of the plurality of segments 142-1 to 142-n
that has not yet been pinned. Embodiments may include up to all of the plurality
of segments 142-1 to 142-n being pinned. However, generally one of the
plurality of segments 142-1 to 142-n, such as a third segment 142-3, may
remain unpinned to act as a general cache. An example first non-volatile
memory 140 is explained in greater detail with respect to FIG. 2 below.

[0023] Pinning one of the segments 142-1 to 142-n my may refer to
reserving or making permanent a memory space of the pinned segment for a
specific use. So if the first type of software is pinned to first segment 142-1, the
first pinned segment 142-1 may store the cache information associated with the
first type of software. Further, the first pinned segment 142-1 may not store any
of the cache information that is not associated with the first type of software,
such as that of the second type of software. Examples of the types of software
may include at least part an OS, a process such as a boot, hibernate, shutdown
or sleep process, a web browser, productivity tools such as a graphics editing
program or CAD program editor, a software framework, a user application, a
vendor application and the like.

[0024] When one of the types of software, such as the first type of software,
is pinned to one of the segments 142-1 to 142-n, such as the first segment 142-

1, the pinning module 130 may store code of, such as files or logical block
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addresses (LBAs), and/or data related to the first type of software that is most
frequently used to the first segment 142-1. For example, the code may include
source and/or runtime code and the data may include metadata and/or user
data. Further, at least some of the code, such as the code for launching the first
type of software, may be stored to the first segment 142-1, even before the first
type of software is initially launched, in order to launch the first type of software
more quickly. In such cases, calls for the first type of software may be directed
from the second non-volatile memory to the first non-volatile memory 140.
[0025]  Further, the first segment 142-1 may be updated with the code of the
first type of software when the first type of software is launched and/or modified
as well as when the first segment 142-1 is accessed. Alternatively or in
addition, the first segment 142-1 may be updated based on usage rate of the
first type of software. The usage rate may refer to a number of times that the
type of software is accessed and/or modified during a given time period. For
example, the pinning module 130 may update the first segment 142-1 if the
usage rate of the first type of software is greater than a threshold usage rate.
The pinning module 130 may update the first segment 142-1 by pushing an
updated version of the file or LBA of the first type of software stored at the
second non-volatile memory to the first segment 142-1 in order to replace a
previous version thereof.

[0026] While FIG. 1 describes only a single type of software being pinned to
one of the segments 142-1 to 142-n, embodiments may include more than one
type of software being pinned to one of the segments 142-1 to 142-n. The size

and number of the segments 142-1 to 142-n as well as the type of software that
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is pinned to any of the segments 142-1 to 142-n may be determined, for
example, by a vendor, a user and/or the modules 120 and 130. Further, in
embodiments, any of the size, number, and pinning of the segments 142 to 142-
n may be static or changed dynamically. The term static may refer to a
condition that is fixed or unchangeable. For instance, the size of or type of
software pinned to the static segment may not be changed by the user. The
pinning module 130 may determine which of the types of software are to be
pinned to which of the segments 142-1 to 142-n based on usage rates of the types
of software.

[0027] In one example, the vendor may seek to ensure that device 100 boots
quickly. Therefore, the vendor may create the first segment 142-1 and statically
pin the OS process, such as the boot process, to the first segment 142-1 to
decrease a booting time of the device 100. As the first non-volatile memory 140
may retain information without being powered, the cache information related to
the boot process will not be lost if the device 100 is powered down.

[0028] In another example, the user may vary the size of the segments 142-1
to 142-n, delete or add segments 142-1 to 142-n and/or change which of the
types of software are pinned to the segments 142-1 to 142-n via a graphical
user interface (GUI). The GUI may run on the OS of the device 100 and interact
with the first non-volatile memory 140 via an application programming interface
(API).

[0029] In yet another example, the segmenting and/or pinning modules 120
and 130 may dynamically vary the size, number, and/or pinning of the segments

142 to 142-n via adaptive algorithms. For instance, the segmenting module 120
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may automatically decrease the size of one of the segments 142-1 to 142-n that
is not usually completely filled or increase the size another of the segments 142-
1 to 142-n that is usually completely filled. The responsiveness of the type of
software may be a function of a size of a segment pinned thereto. The
segmenting module 120 may also delete one of the segments 142-1 to 142-n
that is pinned to the type of software that is not often accessed in order to
increase the size of another of the segments 142-1 to 142-n that is often
accessed.

[0030] The device 100 may also include multiple instances for a single type
of software. For example, the device 100 may include two web browsers, such
as Internet Explorer and Firefox. In this case, the cache information of all the
instances of the web browser type of software may be directed to a segment
pinned to the web browser type of software, such as a third segment 142-3.
Alternatively, the user, the vendor and/or the pinning module 130 may
determine which of the instances of the type of software are to be pinned. For
example, the user may pin Firefox to the third segment 142-3 but not pin
Internet Explorer to the third segment 142-3 because the user uses Firefox
more than Internet Explorer. The pinning module 130 may determine which of
instances of the single type of software to pin based on usage rates. For
example, the pinning module 130 may pin the instance having the highest
usage rate.

[0031] In one embodiment, the device 100 may include a memory controller
(not shown) to control the first non-volatile memory 140 and the second non-

volatile memory, such as if the first non-volatile memory 140 and the second
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non-volatile memory are part of a hybrid drive. In this case, the segmenting and
pinning modules 120 and 130 may communicate via the OS with the memory
controller to at least one of create and pin the plurality of segments 142-1 to
142-n. For example, the segmenting and pinning modules 120 and 130 may
communicate with the memory controller via a SATA interface, a PATA
interface, tagged short command files, or other hybrid drive communication
mechanisms.

[0032] As noted above, the cache information will be retained in the first non-
volatile memory 140, even if the device 100 is in a power off state, unlike a
RAM. However, the user and/or vendor may not wish for all of the cache
information to be retained. For example, the user and/or vendor may wish for
confidential cache information like personal or proprietary information and/or
unnecessary cache information like momentary context information of
components of the device 100 to be erased. Nonetheless, the user and/or
vendor may still seek to retain a remainder of the cache information, such as
that the boot process for faster booting of the device 100 or that of the user
application for faster launching and/or running of the user application.

[0033] The device 100 may include an erasing module (not shown) to
individually erase one or more of the plurality of segments 142-1 to 142-n if at
least one of the OS is to enter a reduced power state and the user selects the
one or more plurality of segments to be erased. Examples of the reduced
power state may include the device 100 entering a power off state, a hibernate
state, or a sleep state. For example, the user and/or vendor may set the device

100 to automatically erase one or more of the segments 142-1 to 142-n before
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entering the reduced power state. In addition, the user may erase one more of
the segments 142-1 to 142-n during operation of the device 100, such as
through the GUI. The user may be notified after the one more of the segments
142-1 to 142-n have been successfully erased. The erasing module will be
explained in greater detail with respect to FIG. 5 below.

[0034] Any operations or properties described with respect to the first and/or
second segments 142-1 and 142-2 may be applicable to any of the other
plurality of segments 142-1 to 142-n too. Thus, embodiments may improve a
responsiveness of the types of software such as by decreasing a launch or run
time by decreasing access times to the cache information thereof. Further, the
plurality of segments 142-1 to 142-n may allow this responsiveness to occur on
a first launch of the type of software and/or be retained even when switching
between different type software. Further, the vendor may be able to improve a
performance of the device 100 out of box (OBE).

[0035] FIG. 2 is an example block diagram of the first non-volatile memory 140
of FIG. 1. In this embodiment, the first non-volatile memory 140 includes six
segments 142-1 to 142-6, e.g., n is 6. The first segment 142-1 is shown to store
cache information related to a first type of software, such as an OS process.
Examples of the OS process may include a boot, hibernate, shutdown or sleep
process. The second segment 142-2 is shown to store cache information related
to a second type of software, such as a vendor application. Examples of the
vendor application may include software that is preinstalled on the device 100,
such as proprietary software or software specific to a hardware component of

the device 100.
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[0036] The third segment 142-3 is shown to store cache information related to
a third type of software, such as a web browser. Examples of web browsers may
include software such as Internet Explorer, Firefox, Google Chrome, Safari,
Opera, and the like. The fourth segment 142-4 is shown to store cache
information related to a fourth type of software, such as first user application, and
the fifth segment 142-5 is shown to store cache information related to a fifth type
of software, such as a second user application. Examples of the first and second
user applications may include any type of user installed and/or non-vendor
application, such as a graphics program, a video game, multimedia software,
and the like.

[0037] The sixth segment 142-6 is shown to be a generic cache in which any of
the cache information may be stored. The general cache may operate according
to a cache algorithm, such as Least Recently Used (LRU), Most Recently Used
(MRU) and the like. Thus, in this example, the first through fifth segments 141-1 to
142-6 are pinned while the sixth segment 142-6 remains unpinned. For example,
any of the cache information that is not pinned to the first through fifth segments
142-1 to 142-6 may be stored to the sixth segment 142-6. Further, should any of
the first through fifth segments 142-1 to 142-6 become filled, additional or overflow
cache information thereof may also be stored to the sixth segment 142-6, despite
not being pinned to the sixth segment 142-6. For example, cache information
associated with the first type of software, such as the OS Process or the second
type of software, such as the vendor application information, may be stored at
the sixth segment 142-6, if the first or second segments 142-1 or 142-2 become

full. The cache information pinned to one of the segments 142-1 to 142-5 will
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not be stored at the general cache or sixth segment 142-6 until the pinned
segment is full, thus reducing a likelihood that part of the storage capacity of the
first non-volatile memory 140 is wasted or not used.

[0038] While the first non-volatile memory 140 of FIG. 2 is shown to have six
segments 141-1 to 142-6, embodiments of the first non-volatile memory 140 may
have more or less than six segments. Further, a size and/or number of the
segments of the first non-volatile memory 140 may depend on storage capacity of
the first non-volatile memory 140. For example, there may be a greater size
and/or number of the segments for a larger storage capacity than that of a smaller
storage capacity of the first non-volatile memory 140.

[0039] FIG. 3is an example block diagram of a computing device 300 including
instructions for segmenting and pinning the first non-volatile memory 140. In the
embodiment of FIG. 3, the computing device 300 includes a processor 310, the
first non-volatile memory 140 and a machine-readable storage medium 320. The
machine-readable storage medium 320 further includes instructions 322 and 324
for segmenting and pinning the first non-volatile memory 140.

[0040] The computing device 300 may be, for example, a chip set, a notebook
computer, a slate computing device, a portable reading device, a wireless email
device, a mobile phone, or any other device capable of executing the instructions
322 and 324. In certain examples, the computing device 300 may include or be
connected to additional components such as memories, sensors, displays, etc.
For example, the computing device 300 may include a second non-volatile

memory (not shown) similar to the second non-volatile memory described in FIG.
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1. Alternatively, the second non-volatile memory may be part of the machine-
readable storage medium 320.

[0041] The processor 310 may be, at least one central processing unit (CPU),
at least one semiconductor-based microprocessor, at least one graphics
processing unit (GPU), other hardware devices suitable for retrieval and execution
of instructions stored in the machine-readable storage medium 320, or
combinations thereof. The processor 310 may fetch, decode, and execute
instructions 322 and 324 to implement segmenting and pinning a first non-volatile
memory 140. As an alternative or in addition to retrieving and executing
instructions, the processor 310 may include at least one integrated circuit (IC),
other control logic, other electronic circuits, or combinations thereof that include a
number of electronic components for performing the functionality of instructions
322 and 324.

[0042] The machine-readable storage medium 320 may be any electronic,
magnetic, optical, or other physical storage device that contains or stores
executable instructions. Thus, the machine-readable storage medium 320 may
be, for example, Random Access Memory (RAM), an Electrically Erasable
Programmable Read-Only Memory (EEPROM), a storage drive, a Compact
Disc Read Only Memory (CD-ROM), and the like. As such, the machine-
readable storage medium 320 can be non-transitory. As described in detail
below, machine-readable storage medium 320 may be encoded with a series of
executable instructions for segmenting and pinning a first non-volatile memory

140.
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[0043] Moreover, the instructions 322 and 324 when executed by a processor
(e.g., via one processing element or multiple processing elements of the
processor) can cause the processor to perform processes, such as, the process of
FIGS. 4 or 5. For example, the segments instructions 322 may be executed by
the processor 310 to segment the first non-volatile memory 140 into a plurality
of segments. The pin instructions 324 may be executed by the processor 310
to pin a first type of software of a plurality of types of software to a first segment
142-1 of the plurality of segments 142-1 to 142-n. The first pinned segment
stores the cache information associated with the first type of software. The pin
instructions 324 may also be executed by the processor 310 to pin a second
type of software of the plurality of types of software to a second segment 142-2
of the plurality of segments 142-1 to 142-n. The second pinned segment 142-2
stores the cache information associated with the second type of software.

[0044] The machine-readable storage medium 320 may also include
instructions (not shown) to store information associated with the first type of
software to a third segment 142-3 of the plurality of segments 142-1 to 142-n, if
the first segment is full, and to store information associated with the second type
of software to the third segment 142-3, if the second segment is full. An
operation of the device 300 may be described in more detail with respect to
FIGS 4 and 5.

[0045] FIG. 4 is an example flowchart of a method 400 for segmenting and
pinning a first non-volatile memory 140. Although execution of the method 400 is
described below with reference to the device 100, other suitable components for

execution of the method 400 can be utilized, such as the device 300. Additionally,
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the components for executing the method 400 may be spread among multiple
devices (e.g., a processing device in communication with input and output
devices). In certain scenarios, multiple devices acting in coordination can be
considered a single device to perform the method 400. The method 400 may be
implemented in the form of executable instructions stored on a machine-readable
storage medium, such as storage medium 320, and/or in the form of electronic
circuitry.

[0046] At block 410, the device 100 divides the first non-volatile memory 140
to store cache information into a plurality of segments 142-1 to 142-n. The
device 100 may initially set a number and size of the plurality of segments 142-1
to 142-n at block 410 based on at least one a vendor specification, a user
command, and a size of the first non-volatile memory 140. At least one of the
number and size of the plurality of segments 142-1 to 142-n may dynamically
change at block 410 based on at least one of the user command and a usage
pattern of the plurality of types of software.

[0047] Then, at block 420, the device 100 pins a first type of software of a
plurality of types of software to a first segment 142-1 of the plurality of segments
142-1 to 142-n. The first pinned segment 142-1 stores the cache information
associated with the first type of software. As noted above, the device 100 may
dynamically pin one or more of the plurality of types of software to one of the
plurality of segments 142-1 to 142-n based on at least one of a usage pattern of
the plurality of types of software and a user command, at block 420.

[0048] For instance, the device 100 may pin a second type of software to a

second segment 142-2 of the plurality of segments 142-1 to 142-n. The device
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100 may not pin all the of the plurality of segments 142-1 to 142-n at block 420,
such as a third segment 142-3 of the plurality of segments 142-1 to 142-n.
Further, at block 420, the device 100 may store the cache information
associated with the first type of software to the third segment 142-3, if the first
segment 142-1 is full, and the cache information associated with the second
type of software to the third segment 142-3, if the second segment is full 142-2.
[0049] The device 100 may also determine a usage rate of first and second
applications classified as the first type of software at block 420 and dynamically
pins one of the first and second applications to the first pinned segment 142-1
based on the determined usage rate. The device 100 updates the first pinned
segment 142-1 if the first type of software is at least one of modified and
launched at block 420. The device 100 at least one of launches the first type of
software from the first pinned segment 142-1 and directs calls to the first type of
software to the first pinned segment 142-1.

[0050] FIG. 5 is another example flowchart of a method 500 for segmenting
and pinning a first non-volatile memory 140. Although execution of the method
500 is described below with reference to the device 100, other suitable
components for execution of the method 500 can be utilized, such as the device
300. Additionally, the components for executing the method 500 may be spread
among multiple devices (e.g., a processing device in communication with input
and output devices). In certain scenarios, multiple devices acting in coordination
can be considered a single device to perform the method 500. The method 500

may be implemented in the form of executable instructions stored on a machine-
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readable storage medium, such as storage medium 320, and/or in the form of
electronic circuitry.

[0051] Block 510 of FIG. 5 may be similar to block 410 of FIG. 4 and block 520
of FIG. 5 may be similar to block 420 of FIG. 4. For instance, at block 510, the
device 100 divides the first non-volatile memory 140 to store cache information
into a plurality of segments 142-1 to 142-n. Then, at block 520, the device 100
pins a first type of software of a plurality of types of software to a first segment
142-1 of the plurality of segments 142-1 to 142-n. The first pinned segment 142-1
stores the cache information associated with the first type of software. At block
530, the device 100 individually erases one or more of the plurality of segments
142-1 to 142-n if at least one of the device 100 enters a reduced power state
and a user selects the one or more plurality of segments 142-1 to 142-n to be
erased. For example, the erasing module of the device 100 may receive a
command from the user to immediately erase a first segment 142-1 of the
plurality of segments 142-1 to 142-n and/or from the OS of the device 100 to
erase the first segment 142-1 before the device 100 enters the reduced power
state.

[0052] However, if the first non-volatile memory 140 includes a flash or SSD
memory, the first non-volatie memory 140 may only be erasable in units of
blocks that do not correspond to an addressing structure of the plurality of
segments 142-1 to 142-n. For example, erasing one of the blocks may erase
only part of the first segment 142-1 and/or erase part of second segment 142-2

of the plurality of segments 142-1 to 142-n. In order to ensure that only the first
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segment 142-1 is erased, the erasing module may communicate with a flash
controller (not shown) of the first non-volatile memory 140.

[0053] The flash controller may maintain a flash file system that is used to
provide procedures to store, retrieve and update data, as well as manage the
available space on the first non-volatiie memory 140. For example, as the
blocks may have to be explicitly erased before being written to, the flash
controller may erase unused blocks while the device 100 is idle to save time.
Further, the flash controller may distribute writes evenly over the entire first non-
volatile memory 140 to reduce or prevent wear leveling, which occurs when one
of the blocks wears out by being repeatedly overwritten to.

[0054] The erasing module may communicate with the flash controller to
determine a correlation between the mapping of the plurality of segments 142-1
to 142-n and the blocks of the first non-volatile memory 140. Also, the erasing
module may communicate with the flash controller to retain the cache
information of the plurality of segments 142-1 to 142-n that are not to be erased.
For example, if erasing the first segment 142-1 would also erase at least part of
the second segment 142-2, such as if the first and second segments 142-1 and
142-2 share part of the same block, the erasing module may communicate with
the flash controller to first save the cache information of the second segment
142-2 in the block to be erased to another location, such as to another memory
block. Alternatively, the cache information of the third segment 142-3 in the
block to be erased may be saved to another memory, such as the storage
medium 320 or second non-volatile memory. Then, the erasing module may

communicate with the flash controller to erase the first segment 142-1 by
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erasing the one or more blocks storing the cache information of the first
segment 142-1. Afterward, the erasing module may direct the flash controller to
write back the cache information of the third segment 142-3, depending on
where the cache information of the third segment 142-3 was stored.

[0055] Moreover, at block 530, the erasing module may communicate with
the OS to delay the device 100 from entering the reduced power state until the
erasing of the one or more segments 142-1 to 142-n is completed. However, if
the erasing of the one or more plurality of segments 142-1 to 142-n is not
completed before the device 100 enters the reduced power state, the erasing
module is to continue erasing the one or more plurality of segments 142-1 to
142-n when the device 100 returns to a high power state, such as a power on
state. Further, the one or more plurality of segments 142-1 to 142-n being
erased may not be available to store the cache information until the erasing of
the one or more plurality of segments 142-1 to 142-n is completed. While
embodiments have described the above procedure with respect to erasing,
embodiments are not limited thereto. For example, the device 100 may also carry
out similar procedures for overwriting and/or encrypting/decrypting the cache
information of at least one of the segments 142-1 to 142-n.

[0056] According to the foregoing, embodiments provide a method and/or
device for segmenting and pinning a first non-volatile memory storing cache
information. For example, cache information of a first type of software may be
pinned to a first segment of the plurality of segments. Thus, in embodiments,

the first type of software may be immediately responsive or initially more
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responsive, even for a first access of the first type of software or even if a second

type of software is heavily used between accesses of the first type of software.
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1. A method for segmenting a cache, comprising:

dividing a first non-volatile memory to store cache information into a plurality
of segments; and

pinning a first type of software of a plurality of types of software to a first
segment of the plurality of segments, wherein

the first pinned segment stores the cache information associated with the

first type of software.

2. The method of claim 1, wherein

the pinning pins a second type of software of the plurality of types of
software to a second segment of the plurality of segments, and

the second pinned segment stores the cache information associated with the

second type of software.

3. The method of claim 2, wherein

the first and second types of software are at least one of a type of
application and a type of process related an operating system (OS),

the application is at least one of a web browser, a user application and a
vendor application, and

the process is at least one of a boot, hibernate, shutdown and sleep

process.
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4. The method of claim 3, wherein

the pinning does not pin a third segment of the plurality of segments,

the pinning stores the cache information associated with the first type of
software to the third segment, if the first segment is full, and

the pinning module stores the cache information associated with the second

type of software to the third segment, if the second segment is full.

5. The method of claim 1, wherein

the dividing initially sets a number and size of the plurality of segments
based on at least one a vendor specification, a user command, and a size of the
first non-volatile memory,

the dividing dynamically changes at least one of the number and size of the
plurality of segments based on at least one of the user command and a usage

pattern of the plurality of types of software.

6. The method of claim 1, wherein the pinning dynamically pins one of the
plurality of types of software to one of the plurality of segments based on at
least one of a usage pattern of the plurality of types of software and a user

command.

7. The method of claim 1, wherein,
the pinning determines a usage rate of first and second applications
classified as the first type of software, and

the pinning dynamically pins one of the first and second applications to the

24



WO 2013/062542 PCT/US2011/057913

first pinned segment based on the determined usage rate.

8. The method of claim 1, wherein,

the pinning updates the first pinned segment if the first type of software is at
least one of modified and launched, and

the pinning at least one of launches the first type of software from the first
pinned segment and directs calls to the first type of software to the first pinned

segment.

9. The method of claim 1,further comprising:
erasing one or more of the plurality of segments individually if at least one of
a device including the first non-volatile memory is to enter a reduced power

state and a user selects the one or more plurality of segments to be erased.

10.The method of claim 9, wherein

the erasing is to continue erasing the one or more plurality of segments
when the device returns to a high power state, if the erasing of the one or more
plurality of segments is not completed before the device enters the reduced
power state, and

the one or more plurality of segments being erased are not available to store

the cache information until the erasing is completed.

11.A non-transitory computer-readable storage medium storing instructions

that, if executed by a processor of a device, cause the processor to:
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segment a first non-volatie memory to store cache information into a
plurality of segments; and

pin a first type of software of a plurality of types of software to a first segment
of the plurality of segments, wherein

the first pinned segment stores the cache information associated with the

first type of software.

12.The non-transitory computer-readable storage medium of claim 11,
further comprising instructions that, if executed by the processor, cause the
processor to:

pin a second type of software of the plurality of types of software to a second
segment of the plurality of segments, wherein

the second pinned segment stores the cache information associated with the
second type of software, and

at least one of the first and second type of software are selected to be
pinned based on at least one of a user command, a vendor specification, and a

usage rate.

13.The non-transitory computer-readable storage medium of claim 12,
further comprising instructions that, if executed by the processor, cause the
processor to:

store information associated with the first type of software to a third segment
of the plurality of segments, if the first segment is full, and

store information associated with the second type of software to the third
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segment, if the second segment is full.

14.A device, comprising:

a first non-volatile memory to store cache information;

a segmenting module to divide the first non-volatile memory into a plurality of
segments; and

a pinning module to pin a first type of software of a plurality of types of
software to a first segment of the plurality of segments, wherein

the first pinned segment stores the cache information associated with the

first type of software.

15.The device of claim 14, further comprising:

a second non-volatile memory to store the first type of software; and

a memory controller to control the first and second non-volatile memories,
wherein

the segmenting and pinning modules communicate via an operating system
(OS) with the memory controller to at least one of create and pin the plurality of

segments.
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