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COMPUTING METHOD AND APPARATUS ASSOCIATED WITH CONTEXT-
AWARE MANAGEMENT OF A FILE CACHE

RELATED APPLICATION
This application claims priority to U.S. Application No. 14/656,453, entitled
“COMPUTING METHOD AND APPARATUS ASSOCIATED WITH CONTEXT-
AWARE MANAGEMENT OF A FILE CACHE,” filed March 12, 2015.
TECHNICAL FIELD

Embodiments of the present disclosure are related to the field of cache

management, and in particular, to context-aware management of a file cache.
BACKGROUND

The background description provided herein is for the purpose of generally
presenting the context of the disclosure. Unless otherwise indicated herein, the materials
described in this section are not prior art to the claims in this application and are not
admitted to be prior art by inclusion in this section.

Cloud storage is rapidly gaining popularity in recent years due to its manageability,
convenience, and scalability. Accessing files from the remote cloud, especially when over
slow wireless links, however, may incur long latency which may negatively impact users’
experiences.

Caching the cloud storage content in a storage disk (for example a local hard drive)
of alocal client is one method of combatting network latency. Under the current state of
the art, cloud storage services may employ relatively naive methods for caching cloud
content. An example of one such method is the “mirror” approach, used by a majority of
cloud storage services (e.g., GoogleDrive, etc.). With this approach all cloud content may
be cached, or “mirrored,” on the local disk. Because of this, the mirror approach may only
be practical when cloud storage capacity is smaller than local storage. A second example
of such a naive method involves manual selection of important files that should be cached
on the local disk (e.g., “offline files” method of GoogleDrive). This approach is also
designed to deal with offline case when network connection is not available or is
experiencing delays from network latency. Cloud storage, however, is becoming larger
and larger making these naive approaches impractical.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts an example computing environment in which a file cache manager

that implements a context-aware eviction policy may be implemented, in accordance with
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various embodiments of the present disclosure.

Figure 2 illustrates an example process flow for a computer-implemented context-
aware eviction policy based file cache management, in accordance with various
embodiments of the present disclosure.

Figure 3 is a schematic illustration of an example computing device, in accordance
with various embodiments of the present disclosure.

Figure 4 illustrates an example non-transitory computer-readable storage medium
having instructions configured to practice all or selected ones of the operations associated
with the processes described above.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
Methods, computer-readable media, and computing devices associated with
context-aware management of a file cache are described herein. In the following detailed

description, reference is made to the accompanying drawings which form a part hereof
wherein like numerals designate like parts throughout, and in which is shown, by way of
illustration, embodiments that may be practiced. It is to be understood that other
embodiments may be utilized and structural or logical changes may be made without
departing from the scope of the present disclosure. Therefore, the following detailed
description is not to be taken in a limiting sense, and the scope of embodiments is defined
by the appended claims and their equivalents.

Various operations may be described as multiple discrete actions or operations in
turn, in a manner that is most helpful in understanding the claimed subject matter.
However, the order of description should not be construed as to imply that these
operations are necessarily order dependent. In particular, these operations may not be
performed in the order of presentation. Operations described may be performed in a
different order than the described embodiment. Various additional operations may be
performed and/or described operations may be omitted in additional embodiments.

For the purposes of the present disclosure, the phrase "A and/or B" means (A), (B),
or (A and B). For the purposes of the present disclosure, the phrase "A, B, and/or C"
means (A), (B), (C), (A and B), (A and C), (B and C), or (A, B and C). The description
may use the phrases "in an embodiment," or "in embodiments," which may each refer to
one or more of the same or different embodiments. Furthermore, the terms "comprising,"
"including," "having," and the like, as used with respect to embodiments of the present

disclosure, are synonymous.
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Figure 1 depicts an example computing environment 100 in which a file cache
manager 106 that implements a context-aware eviction policy may be practiced in
accordance with various embodiments of the present disclosure. In embodiments,
computing environment 100 may include a computing device 102 and a computing cloud
112, hereinafter referred to simply as cloud 112. Computing device 102 may include a file
cache 104, and file cache manager 106 coupled with file cache 104 to manage file cache
104. File cache 104 may be configured to store local copies of files that have been
recently accessed from one or more file repositories (e.g., cloud 112) by one or more
applications on computing device 102 or client devices (not shown) serviced by
computing device 102. In embodiments, file cache 104 may provide faster or more
efficient access to the files 105 stored within the file cache than would be achievable by
accessing the file from the repository. For example, as depicted, cloud 112 and computing
device 102 may be coupled with one another by way of a network connection 110.
Network connection 110 may represent any wired or wireless wide area network or any
combination thereof. Because computing device 102 may need to retrieve files not stored
locally in file cache 104 from cloud 112, the retrieval of any files from cloud 112 may be
impacted by latency of network 110, or any components thereof, and/or latency of cloud
112 in processing requests for the files. Examples of client devices (not shown) may be
client devices coupled with computing device 102 via a local or personal network. These
client devices may include, but are not limited to, tablets, smartphones, or various
wearable devices.

Because the storage capacity of cloud 112 may be larger than the storage capacity
of file cache 104, only a selection of files (e.g., files 105) may be able to be stored, or
cached, in file cache 104. As aresult, occasionally, one or more of files 105 may need to
be evicted or deleted, to make room for a new file that may need to be cached with files
105. Because of this, file cache manager 106 may be configured to evict, or delete, one or
more of files 105, in response to a determination that file cache 104 has reached a
threshold of available capacity. Such a threshold may be reached by the addition of one or
more files to file cache 104 or through a reduction of capacity allocated to file cache 104.
To accomplish this, file cache manager 106 may be configured to automatically evict, or
delete, one or more of files 105 to make room in file cache 104 for the new file or account
for the reduction in capacity. In evicting a file from file cache 104, it is important to keep,

if possible, those files that have a higher likelihood of being accessed in an effort to ensure
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that any latency in file accesses is reduced or minimized. As such, file cache manager 106
may be configured to implement a context-aware eviction policy, such as that depicted by
process flow 200 of Figure 2, to identify a candidate file for deletion from file cache.

Such a process flow may enable automatic identification of a candidate file based on file-
level context information 108 associated with the individual files, as opposed to block-
level or object-level context information which may lose important and useful file-level
information. As used herein, automatic may refer to a process or procedure carried out
autonomously, or without human intervention.

In embodiments, file-level context information 108 may include an indication of
access recency and/or access frequency associated with the individual files of files 105. In
such embodiments, file cache manager 106 may automatically identify a candidate file for
deletion, or eviction, from file cache 104 based, at least in part, on the access recency
and/or the access frequency of the individual files. Taking into account recency of file
access may be beneficial as the most recently accessed files might be accessed again in a
relatively short amount of time. Taking into account access frequency may be beneficial
by reducing the weight given to a recently accessed file that has only ever been accessed a
relatively small number of times, thereby giving the files that are accessed more frequently
more weight in determining the candidate for eviction.

In some embodiments, the access recency and access frequency may be indicated
by a frequency-recency value (FRV) associated with the individual files. Such a value
may be based on any formula taking into account both recency and frequency. For
example, in some embodiments, the FRV may be calculated as a weighted exponentially
moving average (WEMA). Such a WEMA may be represented, for example, by the
equation

FRVi=a * FRVy. + (1- a)*sample,

where FRVy may represent a current, or new, FRV;

FRVy.; may represent an immediately preceding FRV;

o may represent a degree of weighting decrease to be applied to discount
older observations; and

sample may be utilized to take into account access recency.

For example, sample may represent a value of 1 for an individual file that is
currently accessed or -1 for an individual file that is not currently accessed. The weighting

decrease for o may be, for example, a value chosen between 0 and 1, where a higher value
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for o may discount older observations faster. By doing this, the current sample

(represented as recency) is smoothed overtime, while the WEMA gives more weight to
recent samples. Thus both frequency and recency information may be captured by this
equation. It will be appreciated there are a multitude of ways in which the recency and
frequency may be captured and that the above example is meant to be illustrative only.

In some embodiments, file-level context information 108 may include an
indication of application-level relationships between files 105. In such embodiments, file
cache manager 106 may be configured to identify the candidate file for deletion from the
file cache based on these application-level relationships. For example, in some
embodiments, these application level relationships may be generated from file access
traces that indicate a sequence, or pattern, in which individual files are accessed based on
execution of an application. In such embodiments, file cache manager 106 may be
configured to eliminate for consideration those individual files that are indicated, by such
a file access pattern, as being accessed after an individual file that was recently accessed
by the application.

In some embodiments, for example, file cache manager 106 may be configured to
observe file access patterns during execution of the application, and may be further
configured to generate the application-level relationships between the individual files
based at least in part on the observed file access patterns. These application level
relationships may be maintained in file level context info 108 or may be stored in a central
repository, such as one or more of the mass storage devices discussed below in reference
to figure 3. In other embodiments, the application-level relationships may be maintained
in a database in cloud 112, in such embodiments, file access patterns may be generated by
one or more other computing devices of cloud 112 that are configured to observe file
access patterns during execution of the application, and generate the application-level
relationships between the individual files based at least in part on the observed file access
patterns.

In some embodiments, the file-level context information 108 may include an
indication of file size of the individual files. In such embodiments file cache manager 106
may be configured to identify the candidate file for deletion from file cache 104 based on
the respective file sizes of files 105. For example, file cache manager 106 may be
configured to assign a smaller weight to a file with a relatively large size in an effort to

increase or maximize the number of files that may be able to be stored in file cache 104,
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In such an example, a file with a relatively smaller size may be assigned a correspondingly
greater weight.

In some embodiments, the file-level context information may include an indication
of user preference of the individual files. For example, in some embodiments, the user
may select one or more files that the user regularly accesses in an effort to ensure that
these one or more files are cached and thereby quickly accessible. In, other embodiments,
the user may assign weights, or priorities, to the files for the file cache manager to take
into account when identifying the candidate file for eviction. In such embodiments, the
file cache manager may be configured to identify the candidate file for deletion from the
file cache based on the user preference of the individual files.

In some embodiments, file-level context information 108 may include, any
combination of the above discussed file-level context information. Such other file-level
context information. While depicted here as a cloud storage cache, it will be appreciated
that file cache 104 may be any suitable type of file cache including, but not limited to a
disk cache, web cache, etc.

Figure 2 illustrates an example process flow 200 for a computer-implemented
context-aware eviction policy based file cache management, in accordance with various
embodiments of the present disclosure. Process flow 200 may begin at block 202, after
which either a file access operation 204 or a caching capacity adjustment 206 may be
detected by a cache manager (e.g., file cache manager 106) of a file cache. As depicted, in
the event that a file access operation 204 is detected, a frequency-recency value (FRV) for
each file of an associated file cache, such as that discussed in greater detail above in
reference to figure 1, may be updated, by the file cache manager, at block 208. In
addition, in embodiments where file access patterns are observed and generated by a file
cache manager, any application-level file relationships may be updated by the file cache
manager at block 208.

At block 210 a determination may be made by the file cache manager as to whether
one or more files need to be evicted. Such a determination may be made based upon
whether a file cache has reached a threshold of capacity by the addition of one or more
files to the file cache or through a reduction of capacity allocated to the file cache. If the
file cache has not reached such a threshold of capacity, process flow 200 may continue to
block 220, where the process may end. If, on the other hand, the file cache has reached
such a threshold of capacity, the process may proceed to block 212. At block 212, an
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initial or next candidate file for eviction may be selected based upon a combination of the
respective FRVs and file sizes of the individual files. As discussed above, in reference to
Figure 1, the file size may be taken into account by applying a weight, or priority, to the
individual files based on the respective file size and an initial candidate file may be
selected based upon this weight. For example, the file cache manager may assign a
smaller weight to a file with a relatively large size in an effort to increase or maximize the
number of files that may be able to be stored in the file cache. In such an example, a file
with a relatively smaller size may be assigned a correspondingly greater weight. As such,
in this example, a file with a relatively larger size, but a relatively high FRV may be
selected as an initial or next candidate for eviction, based on the combination of the file
size and FRV, while a relatively smaller file with a lower FRV may not.

Once an initial or next candidate file is selected at block 212, the process may
proceed to block 214, where a determination may be made as to whether the candidate file
is included in a user selected file list. If the file is in a user selected file list, the process
may proceed to block 212 where a next candidate file may be selected. If the file is not in
the user selected file list, the process may proceed to block 216. It will be appreciated that
the user selected file list is merely an example mechanism by which a user preference may
be implemented, other methods may be utilized, such as those discussed above in
reference to figure 1. For example, in embodiments where the user has assigned a priority
value to the files, the priority value may be considered in conjunction with the FRV and
file size at block 212, or may be separately considered at block 214.

At block 216, a determination may be made as to whether the candidate file is
closely related to a recently accessed file. As used here, a closely related file may be a file
that is generally accessed, at least according to file access patterns of an application, in
synchronization with an access to the candidate file. If the candidate file is closely related
to a recently accessed file, the process may proceed to block 212 where a next candidate
file may be selected. If the file is not closely related to a recently accessed file, the
process may proceed to block 218, where the candidate file may be evicted from the file
cache by the file cache manager. Finally, at block 220, the process may end.

Referring now to Figure 3, wherein an example computing device suitable to
implement any of the computing devices discussed herein, in accordance with various
embodiments, is illustrated. As shown, computing device 300 may include one or more

processors or processor cores 302, and system memory 304. In embodiments, multiple
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processor cores 302 may be disposed on one die. For the purpose of this application,
including the claims, the terms “processor’ and “processor cores” may be considered
synonymous, unless the context clearly requires otherwise. Additionally, computing
device 300 may include mass storage device(s) 306 (such as flash drive, diskette, hard
drive, compact disc read-only memory (CD-ROM), and so forth), input/output (I/0)
device(s) 308 (such as camera, display device, keyboard, cursor control, gyroscope,
accelerometer, and so forth), and communication interfaces 310 (such as network interface
cards, modems, and so forth). In embodiments, a display device may be touch screen
sensitive and may include a display screen, one or more processors, storage medium, and
communication elements. Further, it may be removably docked or undocked from a base
platform having the keyboard. The elements may be coupled to each other via system bus
312, which may represent one or more buses. In the case of multiple buses, the buses may
be bridged by one or more bus bridges (not shown).

Each of these elements may perform its conventional functions known in the art.
In particular, system memory 304 and mass storage device(s) 306 may be employed to
store a working copy and a permanent copy of programming instructions implementing
the operations described earlier (e.g., but not limited to, operations associated with file
cache manager 106 of Figure 1 or the context-aware eviction policy depicted by process
flow 200 of Figure 2) generally referred to as computational logic 322, or to store a file
cache, such as file cache 104 of Figure 1. The various operations may be implemented
by assembler instructions supported by processor(s) 302 or high-level languages, such as,
for example, C, that may be compiled into such instructions.

The permanent copy of the programming instructions may be placed into
permanent mass storage device(s) 306 in the factory, or in the field, through, for example,
a distribution medium (not shown), such as a compact disc (CD), or through
communication interface 310 (from a distribution server (not shown)). That is, one or
more distribution media having an implementation of any of the operations described
earlier may be employed to distribute these components to various computing devices.

The number, capability, and/or capacity of these elements 302-312 may vary,
depending on the intended use of example computing device 300, e.g., whether example
computer 300 is a smartphone, tablet, ultrabook, laptop, desktop, server, etc. The
constitutions of these elements 310-312 are otherwise known, and accordingly will not be

further described.
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Figure 4 illustrates an example non-transitory computer-readable storage medium
having instructions configured to practice all or selected ones of the operations associated
with the processes described above. As illustrated, non-transitory computer-readable
storage medium 402 may include a number of programming instructions 404.
Programming instructions 404 may be configured to enable a device, e.g., computing
device 400, in response to execution of the programming instructions, to perform one or
more operations of the processes described in reference to Figures 1-2, in particular, the
operations associated with file cache manager 106 for managing file cache 104. In
alternate embodiments, programming instructions 404 may be disposed on multiple non-
transitory computer-readable storage media 402 instead. In still other
embodiments, programming instructions 404 may be encoded in transitory computer-
readable signals.

Referring back to Figure 3, for one embodiment, at least one of processors 302
may be packaged together with memory having computational logic 322 (in lieu of storing
in mass storage device(s) 306) configured to perform one or more operations of the
processes described with reference to Figures 1-2. For one embodiment, at least one of
processors 302 may be packaged together with memory having computational logic 322
configured to practice aspects of the methods described in reference to Figures 1-2 to form
a System in Package (SiP). For one embodiment, at least one of processors 302 may be
integrated on the same die with memory having computational logic 322 configured to
perform one or more operations of the processes described in reference to Figures 1-2.
For one embodiment, at least one of processors 302 may be packaged together with
memory having computational logic 322 configured to perform one or more operations of
the process described in reference to Figures 1-2 to form a System on Chip (SoC). Such a
SoC may be utilized in any suitable computing device.

Although certain embodiments have been illustrated and described herein for
purposes of description, a wide variety of alternate and/or equivalent embodiments or
implementations calculated to achieve the same purposes may be substituted for the
embodiments shown and described without departing from the scope of the present
disclosure. This application is intended to cover any adaptations or variations of the
embodiments discussed herein. Therefore, it is manifestly intended that embodiments
described herein be limited only by the claims.

[33-3]

Where the disclosure recites “a” or “a first” element or the equivalent thereof, such
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disclosure includes one or more such elements, neither requiring nor excluding two or
more such elements. Further, ordinal indicators (e.g., first, second, or third) for identified
elements are used to distinguish between the elements, and do not indicate or imply a
required or limited number of such elements, nor do they indicate a particular position or
order of such elements unless otherwise specifically stated.

Embodiments of the disclosure can take the form of an entirely hardware
embodiment, an entirely software embodiment or an embodiment containing both
hardware and software elements. In various embodiments, software, may include, but is
not limited to, firmware, resident software, microcode, and the like. Furthermore, the
disclosure can take the form of a computer program product accessible from a computer-
usable or computer-readable medium providing program code for use by or in connection
with a computer or any instruction execution system. As used herein, module may refer to
a software module, a hardware module, or any number or combination thereof.

As used herein, the term module includes logic that may be implemented in
a hardware component or device, software or firmware that may be run or running on a
processor, or a combination of processors. The modules may be distinct and independent
components integrated by sharing or passing data, or the modules may be subcomponents
of a single module, or be split among several modules. The components may be processes
running on, or implemented on, a single compute node or distributed among a plurality of
compute nodes running in parallel, concurrently, sequentially or a combination, as
described more fully in conjunction with the flow diagrams in the figures.

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

Some non-limiting examples are:

Example 1 may be a computing device comprising: a file cache; and a file cache
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manager coupled with the file cache. The file cache manager may be configured to
implement a context-aware eviction policy to identify a candidate file for deletion from the
file cache, from a plurality of individual files contained within the file cache, based at least
in part on file-level context information associated with the individual files. The file-level
context information may include an indication of access recency and access frequency
associated with the individual files, and identify the candidate file for deletion from the
file cache may be based, at least in part, on both the access recency and the access
frequency of the individual files.

Example 2 may be example 1, wherein the file cache manager may be configured
to use a frequency-recency value (FRV) associated with each individual file to determine
access recency and access frequency, wherein the file cache manager may be configured
to caclulate the FRV as a weighted exponentially moving average (WEMA) represented
by the equation

FRVygw= o * FRVorp + (1- a)*sample,

where FRV\pw represents a new FRV,

FRVrp represents an immediately preceding FRV,

o represents a weighting decrease between 0 and 1, and

sample represents a value of 1 for an individual file that is currently
accessed or -1 for an individual file that is not currently accessed.

Example 3 may be example 1, wherein the file-level context information may
further include an indication of application-level relationships between the individual files,
and the file cache manager may be further configured to identify the candidate file for
deletion from the file cache based at least in part on the application-level relationships.

Example 4 may be example 3, wherein the file cache manager may be further
configured to observe file access patterns during execution of one or more applications;
and generate the application-level relationships between the individual files based at least
in part on the observed file access patterns.

Example 5 may be example 3, wherein the application-level context information
may include a file access pattern of an application under execution on the computing
device, and to identify a candidate file for deletion from the file cache, based at least in
part on the application-level relationships, the file cache manager may be further
configured to eliminate for consideration those individual files that are indicated, by the

file access pattern, as being accessed after an individual file that was recently accessed by
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the application.

Example 6 may be example 1, wherein the file-level context information may be
further configured to include an indication of file size of the individual files, and wherein
the file cache manager may be further configured to identify the candidate file for deletion
from the file cache based at least in part on the respective file sizes of the individual files.

Example 7 may be example 1, wherein the file-level context information may
further include an indication of user preference of the individual files, and the file cache
manager may be further configured to identify the candidate file for deletion from the file
cache based at least in part on the user preference of the individual files.

Example 8 may be any one of examples 1-7, wherein the file cache manager may
be further configured to implement the context-aware eviction policy in response to a
determination that the file cache has reached a threshold of available capacity.

Example 9 may be example 8, wherein the file cache is one of: a disk cache; a web
cache; or a cloud storage cache.

Example 10 may be a computer-implemented method comprising: determining, by
a file cache manager, that a file cache of a computing device has reached a threshold of
available capacity; and implementing, by the file cache manager, in response to the
determining, a context-aware eviction policy to identify a candidate file for deletion from
the file cache based at least in part on file-level context information associated with
individual files contained within the cache, wherein the file-level context information
includes an indication of application-level relationships between the individual files, and
wherein to identify a candidate file for deletion from the file cache is based at least in part
further on the application-level relationships of the individual files.

Example 11 may be example 10, wherein the file-level context information may
include an indication of access recency and access frequency associated with the
individual files, and identifying the candidate file for deletion from the file cache may be
based, at least in part, on both the access recency and the access frequency of the
individual files.

Example 12 may be example 11, wherein implementing may include computing a
frequency-recency value (FRV) associated with each individual file to indicate access
recency and access frequency, wherein calculating FRV may include calculating a
weighted exponentially moving average (WEMA) represented by the equation:

FRVygw= o * FRVorp + (1- a)*sample,
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where FRV\pw represents a new FRV,

FRVrp represents an immediately preceding FRV,

o represents a weighting decrease between 0 and 1, and

sample represents a value of 1 for an individual file that is currently
accessed or -1 for an individual file that is not currently accessed.

Example 13 may be example 11, further comprising: observing, by the file cache
manager, file access patterns during execution of one or more applications; and generating
the application-level relationships between the individual files based at least in part on the
observed file access pattems.

Example 14 may be example 12, wherein the application-level context information
may include a file access pattern of an application under execution on the computing
device, and wherein identifying a candidate file for deletion from the file cache, based at
least in part on the application-level relationships, may further include eliminating for
consideration those individual files that are indicated, by the file access pattern, as being
accessed after an individual file that was recently accessed by the application.

Example 15 may be example 10, wherein the file-level context information may
further include an indication of file size of the individual files, and wherein identifying the
candidate file for deletion from the file cache may be based at least in part on the
respective file sizes of the individual files.

Example 16 may be any one of examples 10-15, wherein the file-level context
information may further include an indication of user preference of the individual files,
and wherein identifying the candidate file for deletion from the file cache may be based at
least in part on the user preference of the individual files.

Example 17 may be example 16, wherein the file cache is one of: a disk cache; a
web cache; or a cloud storage cache.

Example 18 may be one or more computer-readable media having instructions
stored thereon which, in response to execution by a computing device, provide the
computing device with a file cache manager to: determine that a file cache of the
computing device has reached a threshold of available capacity; and implement, in
response to the determine, a context-aware eviction policy to identify a candidate file for
deletion from the file cache based at least in part on file-level context information
associated with individual files contained within the cache, wherein the file-level context

information includes an indication of access recency and access frequency associated with
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the individual files, and wherein to identify the candidate file for deletion from the file
cache is based, at least in part, on both the access recency and the access frequency of the
individual files.

Example 19 may be example 18, wherein to implement may include to calculate a
frequency-recency value (FRV) associated with each individual file to indicate access
recency and access frequency, wherein to calculate may include to calculate the FRV as a
weighted exponentially moving average (WEMA) represented by the equation:

FRVygw= o * FRVorp + (1- a)*sample,

where FRV\pw represents a new FRV,

FRVrp represents an immediately preceding FRV,

o represents a weighting decrease between 0 and 1, and

sample represents a value of 1 for an individual file that is currently
accessed or -1 for an individual file that is not currently accessed.

Example 20 may be example 18, wherein the file-level context information may
further include an indication of application-level relationships between the individual files,
and wherein the file cache manager may be further configured to identify the candidate
file for deletion from the file cache based at least in part on the application-level
relationships.

Example 21 may be example 20, wherein the file cache manager may be further
configured to observe file access patterns during execution of one or more applications;
and generate the application-level relationships between the individual files based at least
in part on the observed file access patterns.

Example 22 may be example 20, wherein the application-level context information
may further include a file access pattern of an application under execution on the
computing device, and wherein to identify a candidate file for deletion from the file cache,
based at least in part on the application-level relationships, the file cache manager may be
further configured to eliminate for consideration those individual files that are indicated,
by the file access pattern, as being accessed after an individual file that was recently
accessed by the application. \

Example 23 may be example 18, wherein the file-level context information may
further include an indication of file size of the individual files, and wherein the file cache
manager may be further configured to identify the candidate file for deletion from the file

cache based at least in part on the respective file sizes of the individual files.
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Example 24 may be any one of examples 18-23, wherein the file-level context
information may further include an indication of user preference of the individual files,
and wherein the file cache manager may be further configured to identify the candidate
file for deletion from the file cache based at least in part on the user preference of the
individual files.

Example 25 may be example 24, wherein the file cache is one of: a disk cache; a
web cache; or a cloud storage cache.

Example 26 may be a computing device comprising: means for determining that a
file cache of a computing device has reached a threshold of available capacity; and means
for implementing, in response to the determining, a context-aware eviction policy to
identify a candidate file for deletion from the file cache based at least in part on file-level
context information associated with individual files contained within the cache, wherein
the file-level context information includes an indication of application-level relationships
between the individual files, and wherein means for implementing includes means for
identifying a candidate file for deletion from the file cache is based at least in part further
on the application-level relationships of the individual files.

Example 27 may be example 26, wherein the file-level context information may
include an indication of access recency and access frequency associated with the
individual files, and wherein means for identifying may comprise means for identifying
the candidate file for deletion from the file cache is based, at least in part, on both the
access recency and the access frequency of the individual files.

Example 28 may be example 27, wherein means for identifying may comprise
means for calculating a frequency-recency value (FRV) associated with each individual
file to indicate access recency and access frequency, wherein the FRV may be calculated
as a weighted exponentially moving average (WEMA) represented by the equation:

FRVygw= o * FRVorp + (1- a)*sample,

where FRV\pw represents a new FRV,

FRVrp represents an immediately preceding FRV,

o represents a weighting decrease between 0 and 1, and

sample represents a value of 1 for an individual file that is currently
accessed or -1 for an individual file that is not currently accessed.

Example 29 may be example 26, further comprising: means for observing file

access patterns during execution of one or more applications; and means for generating the
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application-level relationships between the individual files based at least in part on the
observed file access pattems.

Example 30 may be example 29, wherein the application-level context information
may include a file access pattern of an application under execution on the computing
device, and wherein means for identifying a candidate file for deletion from the file cache,
based at least in part on the application-level relationships, may further include means for
eliminating for consideration those individual files that are indicated, by the file access
pattern, as being accessed after an individual file that was recently accessed by the
application.

Example 31 may be example 26, wherein the file-level context information may
further include an indication of file size of the individual files, and wherein means for
identifying may comprise means for identifying the candidate file for deletion from the file
cache, based at least in part on the respective file sizes of the individual files.

Example 32 may be any one of examples 26-31, wherein the file-level context
information may further include an indication of user preference of the individual files,
and wherein means for identifying may comprise means for identifying the candidate file
for deletion from the file cache, based at least in part on the user preference of the
individual files.

Example 33 may be example 32, wherein the file cache is one of: a disk cache; a
web cache; or a cloud storage cache.

Although specific embodiments have been illustrated and described herein, it will
be appreciated by those of ordinary skill in the art that a wide variety of alternate and/or
equivalent implementations may be substituted for the specific embodiments shown and
described, without departing from the scope of the embodiments of the disclosure. This
application is intended to cover any adaptations or variations of the embodiments
discussed herein. Therefore, it is manifestly intended that the embodiments of the

disclosure be limited only by the claims and the equivalents thereof.
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Claims

What is claimed is:
1. A computing device comprising:

a file cache; and

a file cache manager coupled with the file cache, to implement a context-
aware eviction policy to identify a candidate file for deletion from the file cache,
from a plurality of individual files contained within the file cache, based on file-
level context information associated with the individual files, wherein the file-level
context information includes an indication of access recency and access frequency
associated with the individual files, and wherein to identify the candidate file for
deletion from the file cache is based, at least in part, on both the access recency
and the access frequency of the individual files.
2. The computing device of claim 1, wherein the file cache manager is to use
a frequency-recency value (FRV) associated with each individual file to determine
access recency and access frequency, wherein the cache manage is to caclulate the
FRYV as a weighted exponentially moving average (WEMA) represented by the
equation

FRVygw= o * FRVorp + (1- a)*sample,

where FRV\pw represents a new FRV,

FRVrp represents an immediately preceding FRV,

o represents a weighting decrease between 0 and 1, and

sample represents a value of 1 for an individual file that is currently
accessed or -1 for an individual file that is not currently accessed.
3. The computing device of claim 1, wherein the file-level context
information further includes an indication of application-level relationships
between the individual files, and wherein the file cache manager is further to
identify the candidate file for deletion from the file cache based on the application-
level relationships.
4, The computing device of claim 3, wherein the file cache manager is further
to observe file access patterns during execution of one or more applications; and
generate the application-level relationships between the individual files based at
least in part on the observed file access patterns.

5. The computing device of claim 3, wherein the application-level context
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information includes a file access pattern of an application under execution on the
computing device, and wherein to identify a candidate file for deletion from the
file cache, based on the application-level relationships, the file cache manager is
further to eliminate for consideration those individual files that are indicated, by
the file access pattern, as being accessed after an individual file that was recently
accessed by the application.
6. The computing device of claim 1, wherein the file-level context
information further includes an indication of file size of the individual files, and
wherein the file cache manager is further to identify the candidate file for deletion
from the file cache based on the respective file sizes of the individual files.
7. The computing device of claim 1, wherein the file-level context
information further includes an indication of user preference of the individual files,
and wherein the file cache manager is further to identify the candidate file for
deletion from the file cache based on the user preference of the individual files.
8. The computing device of any one of claims 1-7, wherein the file cache
manager is to implement the context-aware eviction policy in response to a
determination that the file cache has reached a threshold of available capacity.
9. The computing device of claim 8, wherein the file cache is one of:

a disk cache;

a web cache; or

a cloud storage cache.
10. A computer-implemented method comprising:

determining, by a file cache manager, that a file cache of a computing
device has reached a threshold of available capacity; and
implementing, by the file cache manager, in response to the determining, a

context-aware eviction policy to identify a candidate file for deletion from the file
cache based on file-level context information associated with individual files
contained within the cache, wherein the file-level context information includes an
indication of application-level relationships between the individual files, and
wherein to identify a candidate file for deletion from the file cache is based further
on the application-level relationships of the individual files.
11. The computer-implemented method of claim 10, wherein the file-level

context information includes an indication of access recency and access frequency
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associated with the individual files, and wherein identifying the candidate file for
deletion from the file cache is based, at least in part, on both the access recency
and the access frequency of the individual files.
12.  The computer-implemented method of claim 11, wherein implementing
includes computing a frequency-recency value (FRV) associated with each
individual file to indicate access recency and access frequency, wherein calculating
FRYV includes calculating a weighted exponentially moving average (WEMA)
represented by the equation:

FRVygw= o * FRVorp + (1- a)*sample,

where FRV\pw represents a new FRV,

FRVrp represents an immediately preceding FRV,

o represents a weighting decrease between O and 1, and s

ample represents a value of 1 for an individual file that is currently
accessed or -1 for an individual file that is not currently accessed.
13.  The computer-implemented method of claim 11, further comprising:
observing, by the file cache manager, file access patterns during execution of one
or more applications; and generating the application-level relationships between
the individual files based at least in part on the observed file access patterns.
14.  The computer-implemented method of claim 12, wherein the application-
level context information includes a file access pattern of an application under
execution on the computing device, and wherein identifying a candidate file for
deletion from the file cache, based on the application-level relationships, further
includes eliminating for consideration those individual files that are indicated, by
the file access pattern, as being accessed after an individual file that was recently
accessed by the application.
15. The computer-implemented method of claim 10, wherein the file-level
context information further includes an indication of file size of the individual
files, and wherein identifying the candidate file for deletion from the file cache is
based on the respective file sizes of the individual files.
16. The computer-implemented method of claim 10, wherein the file-level
context information further includes an indication of user preference of the
individual files, and wherein identifying the candidate file for deletion from the file

cache is based on the user preference of the individual files.
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17.  The computer-implemented method of claim 10, wherein the file cache is
one of:
a disk cache;
a web cache; or
a cloud storage cache.
18. One or more computer-readable media having instructions stored thereon
which, in response to execution by a computing device, provide the computing
device with a file cache manager to practice one of the methods of claims 10-17.
19. A computing device comprising:
means for determining that a file cache of a computing device has reached a
threshold of available capacity; and
means for implementing, in response to the determining, a context-aware
eviction policy to identify a candidate file for deletion from the file cache based on
file-level context information associated with individual files contained within the
cache, wherein the file-level context information includes an indication of
application-level relationships between the individual files, and wherein means for
implementing includes means for identifying a candidate file for deletion from the
file cache is based further on the application-level relationships of the individual
files.
20.  The computing device of claim 19, wherein the file-level context
information includes an indication of access recency and access frequency
associated with the individual files, and wherein means for identifying comprises
means for identifying the candidate file for deletion from the file cache is based, at
least in part, on both the access recency and the access frequency of the individual
files.
21.  The computing device of claim 20, wherein means for identifying
comprises means for calculating a frequency-recency value (FRV) associated with
each individual file to indicate access recency and access frequency, wherein the
FRV is calculated as a weighted exponentially moving average (WEMA)
represented by the equation:
FRVygw= o * FRVorp + (1- a)*sample,
where FRV\pw represents a new FRV,

FRVrp represents an immediately preceding FRV,
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o represents a weighting decrease between 0 and 1, and

sample represents a value of 1 for an individual file that is currently
accessed or -1 for an individual file that is not currently accessed.
22, The computing device of claim 19, further comprising: means for observing
file access patterns during execution of one or more applications; and means for
generating the application-level relationships between the individual files based at
least in part on the observed file access patterns.
23.  The computing device of claim 22, wherein the application-level context
information includes a file access pattern of an application under execution on the
computing device, and wherein means for identifying a candidate file for deletion
from the file cache, based on the application-level relationships, further includes
means for eliminating for consideration those individual files that are indicated, by
the file access pattern, as being accessed after an individual file that was recently
accessed by the application.
24.  The computing device of claim 19, wherein the file-level context
information further includes an indication of file size of the individual files, and
wherein means for identifying comprises means for identifying the candidate file
for deletion from the file cache, based on the respective file sizes of the individual
files.
25. The computing device of any one of claims 19-24, wherein the file-level
context information further includes an indication of user preference of the
individual files, and wherein means for identifying comprises means for
identifying the candidate file for deletion from the file cache, based on the user

preference of the individual files.
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