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ELECTRONIC DEVICE DATA DISTRIBUTION
FIELD

The embodiments discussed herein are related to data distribution in an
electronic device.

BACKGROUND

The amount of data that users desire to store on portable electronic devices is
increasing. Most portable electronic devices utilize solid-state memory such as flash
memory for storage because of its relatively low power consumption and robust
nature as compared to spinning storage such as hard disk drives. However, solid-
state memory with large amounts of storage space may be expensive.

The subject matter described herein is not limited to embodiments that solve
any disadvantages or that operate only in environments such as those described
above. Rather, this background is only provided to illustrate one example technology
arca where some embodiments described herein may be practiced.

SUMMARY

According to an aspect of an embodiment, A non-transitory computer-
readable storage medium may include instructions that cause a system to perform
operations, the operations may include receiving an operation associated with data
and managing storage of the data on a first storage medium of an electronic device
and in a cache on a second storage medium of the electronic device based on the
operation and a cache policy. The cache policy may be based on one or more
characteristics of the data that include a duration since a previous access of the data.

The object and advantages of the embodiments will be realized and achieved
at least by the elements, features, and combinations particularly pointed out below.

It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory and are not restrictive
of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments will be described and explained with additional
specificity and detail through the use of the accompanying drawings in which:

Fig. 1 illustrates an example system configured to manage data storage on an
electronic device;

Fig. 2 is a flowchart of an example method of managing data storage on an
electronic device;

-1-
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Fig. 3 is a flowchart of an example method of managing storage of data on
an clectronic device when an operation associated with the data is an “open”
operation;

Fig. 4 is a flowchart of an example method of managing storage of data on
an clectronic device when an operation associated with the data is a “close”
operation;

Fig. 5 is a flowchart of an example method of managing storage of data on
an clectronic device when an operation associated with the data is a “write”
operation; and

Fig. 6 is a flowchart of an example method of managing removal of data
from a cache.

DESCRIPTION OF EMBODIMENTS

As described in further detail below, an electronic device may include a first
storage medium (e.g., a hard disk drive (HDD)) that may provide for a large amount
of storage space on the electronic device at a significantly lower cost than using a
second storage medium (e.g., a solid-state drive (SSD)) to obtain the same amount
of storage space. However, accessing data and files on the first storage medium
(c.g., HDD) may consume a significant amount of energy, which may be
problematic for many electronic devices—especially portable, battery-powered
electronic devices where increased battery life and decreased energy consumption
may be a high priority. As such, as explained in detail below, the electronic device
may also include the second storage medium (e.g., an SSD) that may consume less
energy than the first storage medium, but that may be more expensive than the first
storage medium with respect to storage capacity.

The electronic device may also include a storage manager where the storage
manager may be configured to manage data storage on the first and second storage
media such that the relatively low energy consumption of the second storage
medium and the relatively large storage capacity of the first storage medium may be
utilized to allow for use of the first storage medium in the electronic device while
reducing power consumed by accessing the first storage medium. Therefore, the
storage manager may allow for the electronic device to have a relatively large and
inexpensive storage capacity through the use of the first storage medium while
reducing and/or minimizing the negative effects of increased power consumption
associated with the first storage medium.

-0



WO 2015/035343 PCT/US2014/054624

10

15

20

25

30

Fig. 1 illustrates a block diagram of an example system 100 configured to
manage data storage on an electronic device 102, according to at least one
embodiment of the present disclosure. In some embodiments, the electronic device
102 may include an application 112, a storage manager 104, and a storage space 105
that may include an SSD 106 and an HDD 108.

The SSD 106 may include any suitable solid-state memory drive and may
include Electrically Erasable Programmable Read-Only Memory (EEPROM) and/or
flash memory, by way of example. In the present disclosure, use of the term “SSD”
may refer to any suitable type of solid-state storage media and is not limited to
“drives” per se. The HDD 108 may include any type of hard disk drive and may
include any suitable computer-readable media configured to be accessed by spinning
a component of the HDD 108.

The application 112 may include any suitable software or hardware
application of the electronic device 102 that may be configured to direct operations
associated with data that may be read from and/or written to the storage space 105.
The operations may include any number of applicable operations including open and
close operations which may also be associated with read and/or write operations. In
some embodiments, the data may have various characteristics such as data size,
frequency of access of the data, duration since a previous access of the data, and
type of the data such as whether the data is configured as a file or as a directory as
well as format or file type.

The storage manager 104 may be configured to intercept operations intended
for the storage space 105 (e.g., operations intended for the storage space 105 as
directed by the application 112). The storage manager 104 may include a cache
manager 116 configured to manage storage of the data on the HDD 108 and in a
cache 110 of the SSD 106 based on the operations as well as a cache policy, which
may be applied according to the different operations in some embodiments.

In some embodiments, the cache policy may be based on reducing or
minimizing accessing the HDD 108. Accessing the HDD 108 may result in causing
the HDD 108 to spin (also referred to as “spinning up”), which may consume a
relatively large amount of energy. Therefore, reducing or minimizing accessing the
HDD 108 may reduce overall energy consumption. In some embodiments, the cache
policy may be based on storing data on the cache 110 that is most likely to be
accessed such that the data may be accessed without accessing the HDD 108.

-3-
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For example, in some embodiments, the cache policy may be based on
frequency of access of data and data types such that data, data types, and/or related
data that are more frequently accessed may be prioritized as being stored on the
cache 110 over data, data types, and/or related data that is less frequently accessed.
Similarly, the cache policy may be based on a number of times that data and data
types may be accessed such that data, data types, and/or related data that have been
accessed a relatively large number of times may be prioritized as being stored on the
cache 110 over data, data types, and/or related data that have been accessed a
relatively small number of times. Related data may include data having a similar
data type, similar metadata (e.g., similar timestamps, similar location information,
similar tagging, etc.).

Further, many times recently stored, created, and/or accessed data is more
likely to be accessed than less recently stored, created, and/or accessed data.
Therefore, in some embodiments, the cache policy may be based on a duration of
time from when data was stored, created, and/or accessed.,

Additionally, in some embodiments the cache 110 may have limited storage
space. Therefore, in these and other embodiments, the cache policy may be based on
file sizes of the data so as to not fill the cache 110 with a relatively small number of
files, which may cause more frequent access of the HDD 108. For example, the
cache policy may be based on storing in the cache 110 data with file sizes that allow
for a relatively large number of files to be stored in the cache 110. sizes of files
where the HDD 108 not spinning up often to access data that may not fit on the
cache 110 because the cache 110 is full of a relatively small number of files or data
sets. As such, the cache policy may be based on a potential number of files or data
sets that the cache 110 may be capable of storing, which may be based on a
maximum allowed size of files that may be stored in the cache 110.

Further, as mentioned above, data may be transferred from the HDD 108 to
the cache 110 as part of energy savings associated with the electronic device 102.
However, the transfer or copying of large files from the HDD 108 to the cache 110
may cause the HDD 108 to spin up for a relatively long period of time, which may
use a lot of energy such that potential energy savings may be reduced or eliminated.

Accordingly, the cache policy may be based on storing in the cache 110 files
with sizes that may allow for desired energy savings where the HDD 108 is not
spinning for relatively long periods of time because of large files or data sets being
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transferred to the cache 110. As such, in some embodiments, the cache policy may
be based on a relationship between file sizes and spinning time of the HDD 108 in
which data with corresponding file sizes that may correspond to relatively long spin
times may not be cached.

In some embodiments, the cache policy may be based on file size and
available storage space on the cache 110 such that partial files may not be stored on
the cache 110. Storing a portion of a file on the cache 110 and a portion of the same
file on the HDD 108 may still result in the HDD 108 spinning up when that
particular file is accessed. Therefore, energy savings may be increased by not
partially storing files in the cache 110.

In some embodiments, the cache manager 116 may include a set of caching
rules 118 that may be based on the cache policy. For example, the caching rules 118
may include specific data characteristics that may dictate when to store data in the
cache 110 and/or when to remove data from the cache 110. In some embodiments,
the caching rules 118 may include values such as file sizes, file access frequencies
(e.g., how many times files may be accessed in a certain period of time), how many
times a file has been accessed total, and/or durations since the last access to files that
may dictate whether or not data should be stored in the cache 110 or removed from
the cache 110. In some embodiments, the caching rules 118 may also include
weights for the different data characteristics such that some data characteristics may
be given a higher priority and/or more deference than other data characteristics in
determining whether or not to store data on or remove data from the cache 110.

The cache manager 116 may also include a rules module 120 in some
embodiments. The rules module 120 may be configured to apply the caching rules
118 to data to determine whether the data should be stored on or removed from the
cache 110. In some embodiments, the rules module 120 may be configured to assign
a cache relevancy score and/or a cache relevancy rank to the data based on the cache
policy and the caching rules 118 where the cache relevancy score and/or rank may
dictate whether the data should be stored on or removed from the cache 110.

For example, in some embodiments, the rules module 120 may assign the
cache relevancy score according to the following principles:

Possible scores: 1 2 3 (high / low / do not cache)

Score =(cl1)?3 -c2-¢3:3

Where:
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cl = (file size < MaxFileSize);
c2 = (current time < last access time + MinFileLife);
c3 = (file access frequency > MinAccessFrequency).
In the above principles, “MaxFileSize” may represent the largest file size

2

that may be cached, “MinAccessFrequency” may represent a minimum count of
times that a file may be accessed over a period of time, and “MinFileLife” may
represent a duration since the last time that a file was accessed, created, or stored.

In some embodiments, the different factors used to generate the cache
relevancy score may be given different weights such that some factors may
influence the cache relevancy score more than others. For example, in some
embodiments, one or more of the file size, the last access time, and the file access
frequency may be given different weights for generating the cache relevancy score.

The rules module 120 may also be configured to determine whether the data
should be stored on or removed from the cache 110 based on the operations
requested by the application 112 and/or based on a power policy associated with
when the electronic device 102 includes a battery as a power source. In some
embodiments, the power policy may be based on a power state of the electronic
device 102 as described below. In some embodiments, the rules module 120 may be
configured to determine whether to store data in or remove data from the cache 110
based on the operations, the power policy, and/or the cache policy according to
methods 200-500, discussed with respect to Figs. 2-5 below.

In some embodiments, the cache manager 116 may be configured to modify
the cache policy and/or the rules module 120 may be configured to modify the
caching rules 118 over time according to use of the electronic device 102 and/or the
data that may be stored in the storage space 105 of the electronic device 102. For
example, usage patterns of the data and the electronic device 102 may be monitored
and may indicate data types (e.g., music files, photo files, video files) that may be
commonly accessed, an access frequency of particular data and/or particular data
types, a relationship between how recently data was stored, created, and/or accessed,
a number of times that particular data (e.g., a particular file) or a particular data type
may be accessed, and subsequent accessing of the data, etc. As such, the cache
policy and/or the caching rules 118 may be modified based on the usage patterns to

include in the cache 110 the data that may be more likely to be accessed. The
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improved caching may help better achieve the objectives (e.g., reduced power
consumption) of the cache policy.

By way of example, in some embodiments, the use may indicate that
different values for file sizes, file access frequencies, and/or durations since previous
accesses to files and/or their respective weights that may be included in the caching
rules 118 may be modified. For example, with respect to the principles described
above for generating the cache relevancy score, the “MaxFileSize” may be adjusted
over time according to usage such that it may represent a value that covers sizes of
data most accessed by a user (e.g., music file sizes, photo file sizes, video file sizes,
etc.). Additionally, the “MinAccessFrequency” may be adjusted over time based on
usage patterns such that it may be related to an access frequency of particular data
and particular data types that may more accurately predict the probability of future
access of the particular data, the particular data type and/or data that may be related
to the particular data and particular data type. Further, “MinFileLife” may be tuned
according to usage patterns (e.g., a relationship between how recently data was
stored, created, and/or accessed and subsequent accessing of the data) such that it
may be related to a probability of future access of data that may have been recently
stored, created, and/or accessed, as indicated by prior use.

In some embodiments, the rules module 120 may be configured to change
the caching rules 118 based on instructions or suggestions received from an external
service or module such as a storage service 114 communicatively coupled to the
electronic device 102 and configured to assist in management of the storage space
105 of the electronic device 102. In some embodiments, the storage service 114 may
be configured to monitor the usage patterns of the electronic device 102 and
associated data to determine changes that may be made to the caching rules 118. In
these or other embodiments, the rules module 120 may also be configured to
monitor the usage patterns of the electronic device 102 and associated data to
determine changes that may be made to the caching rules 118. In some
embodiments, the rules module 120 may be configured to determine whether or not
to implement suggestions by the storage service 114 to change the caching rules
118.

The cache manager 116 may also include a cache lookup table 124 and an
associated lookup table module 122. The cache lookup table 124 may be configured
to include which data and associated files may be stored in the cache 110. In some

-7 -
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embodiments, the cache lookup table 124 may also include scores and/or ranks of
the data as ranked or scored according to the cache policy such that priorities with
respect to maintaining storage of the data in the cache 110 may be determined. The
lookup table module 122 may be communicatively coupled to the rules module 120
and the cache lookup table 124 and may be configured to update the cache lookup
table 124 as data is removed from or added to the cache lookup table 124.

In some embodiments, the storage manager 104 may include a processor 150
and a memory 152. The processor 150 may include, for example, a microprocessor,
microcontroller, digital signal processor (DSP), application-specific integrated
circuit (ASIC), a Field-Programmable Gate Array (FPGA), or any other digital or
analog circuitry configured to interpret and/or to execute program instructions
and/or to process data. In some embodiments, the processor 150 may interpret
and/or execute program instructions and/or process data stored in the memory 152.
Although illustrated as including a single processor, reference to the processor 150
may include any number of processors configured to individually or collectively
perform one or more of the operations of the processor 150.

The memory 152 may include any suitable computer-readable media
configured to retain program instructions and/or data for a period of time. By way of
example, and not limitation, such computer-readable media may include tangible
computer-readable storage media including, Random Access Memory (RAM),
Read-Only Memory (ROM), Electrically Erasable Programmable Read-Only
Memory (EEPROM), Compact Disk Read-Only Memory (CD-ROM) or other
optical disk storage, magnetic disk storage or other magnetic storage devices, flash
memory devices (e.g., solid-state memory devices), a specific molecular sequence
(c.g., DNA or RNA), or any other storage medium which may be used to carry or
store desired program code in the form of computer-executable instructions or data
structures and which may be accessed by the processor 150. Combinations of the
above may also be included within the scope of computer-readable media.
Computer-executable instructions may include, for example, instructions and data
that cause a general-purpose computer, special-purpose computer, or special-
purpose processing device (e.g., the processor 150) to perform a certain function or
group of functions.

In some embodiments, the memory 152 may be configured to include
instructions associated with operations that may be associated with the storage
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manager 104 and the cache manager 116 such that the processor 150 may be
configured to execute the operations associated with the cache manager 116 and the
storage manager 104. Accordingly, in some embodiments, the processor 150 and the
memory 152 may be part of an implementation of the cache manager 116 and the
storage manager 104.

Modifications, additions, or omissions may be made to the storage system
100 without departing from the scope of the present disclosure. For example, the
processor 150 and/or the memory 152 may not necessarily be included in the storage
manager 104, but may be included elsewhere in the electronic device 102 but may
be configured to perform the operations of the storage manager 104. As another
example, in some embodiments, the SSD 106 may be included with the HDD 108 as
a drive-level hybrid system and in other embodiments the SSD 106 may be separate
from the HDD 108. Additionally, the individual modules and eclements of the
electronic device 102 are merely to provide an understanding to and illustrate the
different functionality associated with the caching described herein. Accordingly,
different implementations of the caching that include different elements or modules
are within the scope of the present disclosure.

Fig. 2 is a flowchart of an example method 200 of managing data storage on
an electronic device, according to at least one embodiment described herein. One or
more steps of the method 200 may be implemented, in some embodiments, by one
or more components of the storage system 100 of Fig. 1 such as the storage manager
104. Although illustrated as discrete blocks, various blocks may be divided into
additional blocks, combined into fewer blocks, or eliminated, depending on the
desired implementation.

The method 200 may begin at block 202, where an operation associated with
data may be received. For example, the storage manager 104 of Fig. 1 may intercept
an operation intended for the storage space 105 of the electronic device 102. At
block 204, a type of the operation received at block 202 may be determined. The
operation may include any applicable operation that may be performed with respect
to data and the storage space 105 and may include an open, close, read, and/or write
operation. Accordingly, the specific operation type (e.g., open, close, read, write,
etc.) may be determined at block 204.

At block 206, storage of the data on an HDD and in a cache of an SSD may
be managed based on the operation type determined at block 204 and based on a
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cache policy such as the cache policy described above with respect to Fig. 1. For
example, the cache policy may be based on one or more characteristics of the data,
which may include size of a file associated with the data, frequency of access of the
data, a number of times that the data has been previously accessed, a duration since
previous access of the data, a creation time of the data, and type of the data. The
managing of the data may include determining whether to store the data on the HDD
and in the cache based on the cache policy, removing the data from the cache based
on the cache policy, determining whether to transfer the data from the HDD to the
cache based on the cache policy, and determining whether to transfer the data from
the cache to the HDD based on the cache policy.

Method 300 of Fig. 3 illustrates a flowchart of an example method of
managing storage of the data when the operation is an “open” operation, method 400
of Fig. 4 illustrates a flowchart of an example method of managing storage of the
data when the operation is a “close” operation, and method 500 of Fig. 5 illustrates a
flowchart of an example method of managing storage of the data when the operation
is a “write” operation.

Accordingly, the method 200 may be performed to manage storage of data
on an HDD and in a cache of an SSD based on operations associated with the data
and the cache policy. Storage management of data in this manner may provide for
improved energy efficiency associated with data storage using an HDD while also
allowing for use of the HDD and its storage capacity potential.

One skilled in the art will appreciate that, for the method 200 and other
processes and methods disclosed herein, the functions performed in the processes
and methods may be implemented in differing order. Furthermore, the outlined steps
and operations are only provided as examples, and some of the steps and operations
may be optional, combined into fewer steps and operations, or expanded into
additional steps and operations without detracting from the essence of the disclosed
embodiments.

For example, in some embodiments, the method 200 may include further
steps associated with assigning a rank to the data with respect to other data stored in
the cache based on the cache policy and managing storage of the data on the HDD or
the cache based on the rank. In these or other embodiments, the data may be
assigned a score and managing storage of the data on the HDD and in the cache may
be based on the assigned score. In these or other embodiments, the method 200 may
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include operations associated with determining whether to store the data on the
HDD and in the cache based on a power state of the electronic device, as discussed
below.

Further, in some embodiments, the method 200 may include blocks
associated with generating a set of caching rules based on the cache policy and
managing storage of the data on the hard disk drive and in the cache based on the set
of caching rules. In these or other embodiments, the method 200 may include blocks
associated with modifying the caching rules according to usage of the eclectronic
device.

As mentioned above, Fig. 3 is a flowchart of an example method 300 of
managing storage of data on an HDD and in a cache when an operation associated
with the data is an “open” operation, according to at least one embodiment described
herein. One or more steps of the method 300 may be implemented, in some
embodiments, by one or more components of the storage system 100 of Fig. 1 such
as the storage manager 104. Although illustrated as discrete blocks, various blocks
may be divided into additional blocks, combined into fewer blocks, or eliminated,
depending on the desired implementation.

The method 300 may begin at block 302, where it may be determined
whether the “open” operation associated with the data is for reading the data or
writing the data. When the “open” operation is for writing the data, the method 300
may proceed to block 304. When the “open” operation is for reading the data, the
method 300 may proceed to block 316.

At block 304, it may be determined whether an electronic device configured
to store the data (e.g., the electronic device 102 that includes the storage space 105
of Fig. 1) is in a first power state or a second power state. Block 304 may be
applicable in instances where the electronic device may be powered by a battery
source and where the cache policy may be based on increasing the life and amount
of time between charges of the battery. Accordingly, the power policy may dictate
whether or not to store the data on the HDD and/or cache the data in some
embodiments based on whether or not the electronic device is in the first power state
or the second power state.

The first power state may include any power state where it may be deemed
that accessing the HDD may not be a large concern. For example, the first power
state may include a state where the electronic device is not operating off of the
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battery (e.g., when the electronic device is plugged in) such energy use for accessing
the HDD may not be a concern. In these or other embodiments, the first power state
may include a state where the electronic device is operating off the battery but a
power level of the battery is at or above a threshold such that accessing the HDD
may be less of an issue than if the battery level were below the threshold.
Additionally or alternatively, the first power state may include a state where the
electronic device is operating off the battery but when the battery is also charging.

The second power state may include any power state where it may be
deemed that accessing the HDD may be more problematic. For example, the second
power state may include a state where the electronic device may be operating under
battery power regardless of the power level of the battery. Additionally or
alternatively, the second power state may include a state where the electronic device
may be operating under battery power and when the power level is below a
threshold.

If it is determined at block 304 that the electronic device is in the first power
state, the method 300 may proceed from block 304 to block 314. At block 314, the
data may be stored on the HDD. Following block 314, the method 300 may proceed
to block 332 where a file handle associated with the data may be returned to the OS.

Returning to block 304, when the electronic device is determined to be in the
second power state, the method 300 may proceed from block 304 to block 306
where it may be determined whether or not the data should be cached. In some
embodiments, the determination may be made by applying caching rules to the data,
where the caching rules may be based on a cache policy, such as described above
with respect to Fig. 1. If it is determined that the data should not be cached, the
method 300 may proceed from block 306 to block 308 where the data may be saved
on the HDD of the electronic device. Following block 308, the method 300 may
proceed to block 332 where a file handle associated with the data may be returned to
an operating system (OS) of the electronic device.

Returning to block 306, if it is determined that the data should be cached, the
method 300 may proceed from block 306 to block 310. At block 310, it may be
determined whether or not the cache has space for the data. If there is space in the
cache for the data, the method 300 may proceed from block 310 to block 312 where
the data may be saved in the cache. Following block 312, the method 300 may
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proceed to block 332 where a file handle associated with the data may be returned to
the OS.

Returning to block 310, if there is not space in the cache for the data, the
method 300 may proceed from block 310 to block 311. At block 311, space may be
freed up in the cache based on the cache policy. In some embodiments, the space
may be freed up according to a relevancy policy that is based on the cache policy.
For example, as mentioned above, in some embodiments, data and associated files
stored in the cache may be given a particular score and/or rank based on one or more
characteristics of the data such as file size, access frequency, and/or duration since
the last access to a file. Accordingly, to free up space in the cache to store the data,
one or more files may be removed from the cache based on their scores and/or rank
as compared to other files stored on the cache, where the files with the lowest rank
or score may be removed first. The files may be transferred from the cache to the
HDD or simply deleted from the cache depending on the importance of maintaining
the files on the electronic device. In some embodiments, the number of files
removed from the cache may be based on the amount of space needed to free up in
the cache and the size of the lowest priority files. Following block 311, the method
300 may proceed to block 332 where a file handle associated with the data may be
returned to the OS.

Returning to block 302, if it is determined that the “open” operation is
associated with reading the data, the method 300 may proceed from block 302 to
block 316, where it may be determined whether the data is a file type or a directory
type. If the data is a directory type, the method 300 may proceed from block 316 to
block 318. At block 318, a directory stored on the HDD and associated with the data
may be opened. Following block 318, the method 300 may proceed to block 332
where a file handle associated with the data may be returned to the OS.

Returning to block 316, if the data is a file type, the method 300 may proceed
from block 316 to block 320. At block 320 it may be determined whether the data
and associated file are already stored in the cache. For example, a cache lookup table
such as the cache lookup table 124 of Fig. 1 may be referenced to determine whether
the data and associated file are already stored in the cache. If the data and associated
file are already stored in the cache, the method 300 may proceed from block 320 to
block 334. At block 334, the file associated with the data may be opened from the
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cache. Following block 334, the method 300 may proceed to block 332 where a file
handle associated with the data may be returned to the OS.

Returning to block 320, if the file associated with the data is not already
stored in the cache, the method 300 may proceed from block 320 to block 322. At
block 322, it may be determined whether the file should be cached. In some
embodiments, the determination may be made by applying caching rules to the file,
where the caching rules may be based on a cache policy, such as described above
with respect to Fig. 1. If it is determined that the file should not be cached, the
method 300 may proceed from block 322 to block 324 where the file may be opened
from the HDD of the electronic device. Following block 324, the method 300 may
proceed to block 332 where a file handle associated with the data may be returned to
the OS.

Returning to block 322, if it is determined that the file should be cached, the
method 300 may proceed from block 322 to block 326. At block 326, it may be
determined whether or not the cache has space for the file. If there is space in the
cache for the file, the method 300 may proceed from block 326 to block 330 where
the file may be copied from the HDD to the cache. Following block 330, the method
300 may proceed to block 332 where a file handle associated with the data may be
returned to the OS.

Returning to block 326, if there is not space in the cache for the file, the
method 300 may proceed from block 326 to block 328. At block 328, space may be
freed up in the cache based on the cache policy. Similar to as described above with
respect to block 311, in some embodiments, the space may be freed up at block 328
according to a relevancy policy that is based on the cache policy.

Accordingly, the method 300 may be performed to manage storage of data
on an HDD and in a cache of an SSD based on an “open” operation associated with
the data and based on the cache policy. Storage management of data in this manner
may provide for improved energy efficiency associated with data storage using an
HDD while also allowing for use of the HDD and its storage capacity potential.

One skilled in the art will appreciate that, for the method 300 and other
processes and methods disclosed herein, the functions performed in the processes
and methods may be implemented in differing order. Furthermore, the outlined steps
and operations are only provided as examples, and some of the steps and operations
may be optional, combined into fewer steps and operations, or expanded into
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additional steps and operations without detracting from the essence of the disclosed
embodiments.

Fig. 4 is a flowchart of an example method 400 of managing storage of data
on an HDD and in a cache when an operation associated with the data is a “close”
operation, according to at least one embodiment described herein. One or more steps
of the method 400 may be implemented, in some embodiments, by one or more
components of the storage system 100 of Fig. 1 such as the storage manager 104.
Although illustrated as discrete blocks, various blocks may be divided into
additional blocks, combined into fewer blocks, or eliminated, depending on the
desired implementation.

The method 400 may begin at block 402, where it may be determined
whether the data and its associated file that are related to the “close” operation are
stored in a path managed by a storage manager configured to manage caching
operations. For example, the storage manager 104 of Fig. 1 may determine whether
data associated with an intercepted “close” operation is stored in the portions of the
storage space 105 that are managed by the storage manager 104. If the data and its
associated file are not stored in a storage manager managed path, the method 400
may proceed from block 402 to block 403 where the file associated with the data
may be closed. Following block 403, the method 400 may proceed to block 416
where handling of the data may be returned from the storage manager to the OS of
the electronic device.

Returning to block 402, if the file associated with the data is stored in a
storage manager managed path, the method 400 may proceed from block 402 to
block 404. At block 404, it may be determined whether the file was opened for a
read operation or a write operation. If the file was opened for a read operation, the
method 400 may proceed from block 404 to block 403, where the file may be closed.

Returning to block 404, if the file was opened for a write operation, the
method 400 may proceed from block 404 to block 406. At block 406, it may be
determined whether the file was opened from the HDD or from the cache. If the file
was opened from the HDD, the method 400 may proceed from block 406 to block
403 where the file may be closed. If the file was opened from the cache, the method
may proceed from block 406 to block 408.

At block 408, it may be determined whether the file that is to be closed and
that is stored on the cache should also be stored on the HDD. If the file should not be
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stored on the HDD, the method 400 may proceed from block 408 to block 403
where the file may be closed. If the file should be stored on the HDD, the method
400 may proceed from block 408 to block 410. At block 410, the file may be closed.

At block 412, a cache relevancy score, such as the relevancy score described
with respect to blocks 311 and 328 of Fig. 3 may be determined for the file. At block
414, a cache flush message that includes the cache relevancy score for the file may
be posted. Method 600 described below with respect to Fig. 6 illustrates an example
of how the cache flush message may be handled.

Accordingly, the method 400 may be performed to manage storage of data
on an HDD and in a cache of an SSD based on a “close” operation associated with
the data and based on the cache policy. Storage management of data in this manner
may provide for improved energy efficiency associated with data storage using an
HDD while also allowing for use of the HDD and its storage capacity potential.

One skilled in the art will appreciate that, for the method 400 and other
processes and methods disclosed herein, the functions performed in the processes
and methods may be implemented in differing order. Furthermore, the outlined steps
and operations are only provided as examples, and some of the steps and operations
may be optional, combined into fewer steps and operations, or expanded into
additional steps and operations without detracting from the essence of the disclosed
embodiments.

Fig. 5 is a flowchart of an example method 500 of managing storage of data
on an HDD and in a cache when an operation associated with the data is a “write”
operation, according to at least one embodiment described herein. One or more steps
of the method 500 may be implemented, in some embodiments, by one or more
components of the storage system 100 of Fig. 1 such as the storage manager 104.
Although illustrated as discrete blocks, various blocks may be divided into
additional blocks, combined into fewer blocks, or eliminated, depending on the
desired implementation.

The method 500 may begin and at block 502 it may be determined whether
the data and its associated file that are related to the “write” operation are stored in a
path managed by a storage manager configured to manage caching operations. If the
data and its associated file are not stored in a storage manager managed path, the

method 500 may proceed from block 502 to block 503 where a write command may
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be passed to a standard OS storage stack. Following block 503, the method 500 may
proceed to block 518 where the write result may be returned to the OS.

Returning to block 502, if the file associated with the data is stored in a
storage manager managed path, the method 500 may proceed from block 502 to
block 504. At block 504, it may be determined whether the file was opened from the
HDD or from the cache. If the file was opened from the HDD, the method 500 may
proceed from block 504 to block 503, where the write command may be passed to
the standard OS storage stack such that the data and associated file may be written in
the HDD and the method may proceed from block 503 to block 518. If the file was
opened from the cache as determined at block 504, the method 500 may proceed
from block 504 to block 506.

At block 506, the write command may be passed to the standard OS storage
stack such that the data and its associated file may be written in the cache and the
method 500 may proceed from block 506 to block 508. At block 508, it may be
determined whether an error returned from the OS storage stack. If no error is
returned, the method 500 may proceed from block 508 to block 518 where the write
result may be returned to the OS. If an error is returned, the method 500 may
proceed from block 508 to block 510.

At block 510, it may be determined whether the error is due to a lack of
space in the cache. If the error is not due to a lack of space in the cache, the method
500 may proceed from block 510 to block 518. If the error is due to a lack of space
in the cache, the method 500 may proceed from block 510 to block 512.

At block 512, it may be determined whether or not space may be freed in the
cache to continue writing to the cache. If space may be freed in the cache, the
method 500 may proceed to block 516 from block 512. At block 516, space may be
freed up in the cache. In some embodiments, the space may be freed according to a
relevancy score such as described above with respect to blocks 311 and 328 in Fig.
3. In some embodiments, the number of files removed from the cache may be based
on the amount of space needed to free up in the cache and the size of the lowest
priority files. Following block 516, the method 500 may proceed to block 518.

Returning to block 512, if space may not be freed in the cache as determined
at block 512, the method 500 may proceed from block 512 to block 514. At block
514, the file associated with the data may be closed and logged to a cache database
such as a cache lookup table. It may be logged that the file is a partial file due to the
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write not being able to be completed because of lack of space on the cache. In some
embodiments, the file may be opened on the HDD to continue the write that was not
able to finish. Following block 514, the method 500 may proceed to block 518.

Accordingly, the method 500 may be performed to manage storage of data
on an HDD and in a cache of an SSD based on a “write” operation associated with
the data and based on the cache policy. Storage management of data in this manner
may provide for improved energy efficiency associated with data storage using an
HDD while also allowing for use of the HDD and its storage capacity potential.

One skilled in the art will appreciate that, for the method 500 and other
processes and methods disclosed herein, the functions performed in the processes
and methods may be implemented in differing order. Furthermore, the outlined steps
and operations are only provided as examples, and some of the steps and operations
may be optional, combined into fewer steps and operations, or expanded into
additional steps and operations without detracting from the essence of the disclosed
embodiments.

Fig. 6 is a flowchart of an example method 600 of managing removal of data
from the cache (also referred to as “flushing the cache”), according to at least one
embodiment described herein. One or more steps of the method 600 may be
implemented, in some embodiments, by one or more components of the storage
system 100 of Fig. 1 such as the storage manager 104. Although illustrated as
discrete blocks, various blocks may be divided into additional blocks, combined into
fewer blocks, or eliminated, depending on the desired implementation.

The method 600 may begin at block 602 where a flush file message may be
waited for. For example, at block 602 a flush file message such as the flush file
message posted in block 414 of Fig. 4 may be anticipated. The flush file message
may be associated with determining whether or not to flush a particular file from the
cache. Additionally, the flush file message may be received when the particular file
stored on the cache has been closed after a write operation was performed with
respect to the particular file.

When a flush file message is received at block 602, the method 600 may
proceed to block 604. At block 604, it may be determined whether any flush
requests are outstanding. If a flush request is outstanding, such as the flush request
caused by the flush file message that triggers the transition from block 602 to block
604, the method 600 may proceed from block 604 to block 606.
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At block 606, the particular file associated with the flush file message may
be copied from the cache to the HDD. In some instances, a series of flush file
messages may be outstanding and their corresponding files may be placed in a
queue. Accordingly, the particular file may be selected from the queue according to
some embodiments.

At block 608, it may be determined whether the particular file should be
stored in the cache based on a cache relevancy score associated with the particular
file. If it is determined that the particular file should not be stored in the cache, the
method 600 may proceed to block 610 where the particular file may be deleted from
the cache. If it is determined that the particular file should be stored in the cache, the
method 600 may proceed to block 604 where it may be determined if any other flush
requests are outstanding.

If no flush requests are outstanding, the method 600 may proceed from block
604 back to block 602. This may typically occur after operations associated with
handling the flush message received at block 602 have been performed and no other
flush messages have been received in the meantime.

Accordingly, the method 600 may be used to manage removal of data and
associated files from the cache. One skilled in the art will appreciate that, for the
method 600 and other processes and methods disclosed herein, the functions
performed in the processes and methods may be implemented in differing order.
Furthermore, the outlined steps and operations are only provided as examples, and
some of the steps and operations may be optional, combined into fewer steps and
operations, or expanded into additional steps and operations without detracting from
the essence of the disclosed embodiments.

As indicated above, the embodiments described herein may include the use
of a special-purpose or general-purpose computer (e.g., the processors 150 of Fig. 1)
including various computer hardware or software modules, as discussed in greater
detail below.

Embodiments described herein may be implemented using computer-
readable for carrying or having computer-executable instructions or data structures
stored thereon. Such computer-readable media may be any available media that may
be accessed by a general-purpose or special-purpose computer. By way of example,
and not limitation, such computer-readable media may include tangible computer-
readable storage media including RAM, ROM, EEPROM, CD-ROM or other optical
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disk storage, magnetic disk storage or other magnetic storage devices, flash memory
devices (e.g., solid-state memory devices), or any other storage medium which may
be used to carry or store desired program code in the form of computer-executable
instructions or data structures and which may be accessed by a general-purpose or
special-purpose computer. Combinations of the above may also be included within
the scope of computer-readable media.

Computer-executable instructions comprise, for example, instructions and
data which cause a general-purpose computer, special-purpose computer, or special-
purpose processing device (e.g., one or more processors) to perform a certain
function or group of functions. Although the subject matter has been described in
language specific to structural features and/or methodological acts, it is to be
understood that the subject matter defined in the claims is not necessarily limited to
the specific features or acts described above. Rather, the specific features and acts
described above are disclosed as example forms of implementing one or more
embodiments of the present disclosure and claims.

As used herein, the terms “module” or “component” may refer to specific
hardware implementations configured to perform the operations of the module or
component and/or software objects or software routines that may be stored on and/or
executed by general-purpose hardware (e.g., computer-readable media, processing
devices, etc.) of the computing system. In some embodiments, the different
components, modules, engines, and services described herein may be implemented
as objects or processes that execute on the computing system (e.g., as separate
threads). While some of the system and methods described herein are generally
described as being implemented in software (stored on and/or executed by general-
purpose hardware), specific hardware implementations or a combination of software
and specific hardware implementations are also possible and contemplated. In this
description, a “computing entity” may be any computing system as previously
defined herein, or any module or combination of modulates running on a computing
system.

All examples and conditional language recited herein are intended for
pedagogical objects to aid the reader in understanding the present disclosure and the
concepts contributed by the inventor to furthering the art, and are to be construed as
being without limitation to such specifically recited examples and conditions.
Although embodiments of the present disclosure have been described in detail, it

-20 -



WO 2015/035343 PCT/US2014/054624

10

should be understood that the various changes, substitutions, and alterations could
be made hereto without departing from the spirit and scope of the present disclosure.

For example, the caching operations have been described above with respect
to an SSD and an HDD where data may be cached on the SSD such that accessing
the HDD may be reduced. However, the caching operations may be performed with
respect to any differing types of storage media where storage space may be less
expensive on a first storage medium than a second storage medium but where the
second storage medium may have better performance (e.g., energy efficiency) than
the first storage medium. Accordingly, the caching operations and principles of the
present disclosure are not limited to particular types of storage media although the
above description gives the specific examples of an SSD and an HDD.

Embodiments of the present disclosure can be further illustrated by reference

to the following claims, which relate to various aspects of the present disclosure.
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CLAIMS

What is claimed is:

1. A method comprising:

receiving an operation associated with data; and

managing storage of the data on a hard disk drive of an electronic device and
a cache on a solid-state storage medium of the electronic device based on the
operation and a cache policy, the cache policy being based on reducing access to the
hard disk drive according to characteristics of the data that include size of a file
associated with the data, frequency of access of the data, a total number of times that
the data has been previously accessed, a duration since a previous access of the data,
a creation time of the data, and type of the data.

2. The method of claim 1, wherein the cache policy is based on one or
more of:

a relationship between file sizes and spinning time of the hard disk drive with
respect to transferring data corresponding to the file sizes between the cache and the
hard disk drive;

a potential number of files or data sets that the cache is capable of storing;
and

preventing storage of partial files in the cache.

3. The method of claim 1, wherein managing storage of the data
comprises one or more of:

determining whether to store the data on the hard disk drive and in the cache
based on the cache policy;

removing the data from the cache based on the cache policy;

determining whether to transfer the data from the hard disk drive to the cache
based on the cache policy; and

determining whether to transfer the data from the cache to the hard disk drive
based on the cache policy.

4. The method of claim 1, further comprising assigning a rank to the
data with respect to other data stored in the cache based on the cache policy and

managing storage of the data on the hard disk drive or the cache based on the rank.
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5. The method of claim 1, further comprising assigning a score to the
data based on the cache policy and managing storage of the data on the hard disk
drive or the cache based on the score.

6. The method of claim 1, wherein the operation includes one or more
of an open operation, a close operation, a read operation, and a write operation.

7. The method of claim 1, further comprising managing storage of the
data on the hard disk drive and in the cache based on a power state of the electronic
device.

8. The method of claim 1, further comprising generating a set of
caching rules based on the cache policy and managing storage of the data on the
hard disk drive and in the cache based on the set of caching rules.

9. The method of claim 8, further comprising modifying the caching
rules according to usage of the electronic device.

10. A non-transitory computer-readable storage medium including
instructions that cause a system to perform operations, the operations comprising:

receiving an operation associated with data; and

managing storage of the data on a first storage medium of an electronic
device and in a cache on a second storage medium of the electronic device based on
the operation and a cache policy, the cache policy being based on one or more
characteristics of the data that include a duration since a previous access of the data.

11.  The non-transitory computer-readable storage medium of claim 10,
wherein the one or more characteristics of the data include one or more of: size of a
file associated with the data, frequency of access of the data, a total number of times
that the data has been previously accessed, and a creation time of the data.

12.  The non-transitory computer-readable storage medium of claim 10,
wherein managing storage of the data comprises one or more of:

determining whether to store the data on the first storage medium and in the
cache based on the cache policy;

removing the data from the cache based on the cache policy;

determining whether to transfer the data from the first storage medium to the
cache based on the cache policy; and

determining whether to transfer the data from the cache to the first storage

medium based on the cache policy.
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13.  The non-transitory computer-readable storage medium of claim 10,
wherein the operations further comprise assigning a rank to the data with respect to
other data stored in the cache based on the cache policy and managing storage of the
data on the first storage medium or the cache based on the rank.

14.  The non-transitory computer-readable storage medium of claim 10,
wherein the operations further comprise assigning a score to the data based on the
cache policy and managing storage of the data on the first storage medium or the
cache based on the score.

15.  The non-transitory computer-readable storage medium of claim 10,
wherein the operation includes one or more of an open operation, a close operation,
a read operation, and a write operation.

16.  The non-transitory computer-readable storage medium of claim 10,
further comprising managing storage of the data on the first storage medium and in
the cache based on a power state of the electronic device.

17.  The non-transitory computer-readable storage medium of claim 10,
wherein the operations further comprise generating a set of caching rules based on
the cache policy and managing storage of the data on the first storage medium and in
the cache based on the set of caching rules.

18.  The non-transitory computer-readable storage medium of claim 17,
wherein the operations further comprise modifying the caching rules according to
usage of the electronic device.

19.  The non-transitory computer-readable storage medium of claim 10,
wherein the first storage medium includes a hard disk drive and the second storage
medium includes a solid-state storage medium.

20. A non-transitory computer-readable storage medium including
instructions that cause a system to perform operations, the operations comprising:

receiving an operation associated with data;

generating a set of caching rules based on a cache policy configured to
reduce accessing a first storage medium of an electronic device, the cache policy
being based on one or more characteristics of the; and

managing storage of the data on the first storage medium and in a cache on a
second storage medium of the electronic device based on the operation, the set of

caching rules, and a power state of the electronic device.
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