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MANAGEMENT OF STORAGE IN A STORAGE NETWORK
FIELD

The embodiments discussed herein are related to management of storage in a
storage network.
BACKGROUND

The amount of personal data (e.g., photos, video, documents, ctc.) is
increasing such that different methods and systems for storing personal data are also
increasing. However, many methods and systems of storing personal data may
provide other challenges such as being cumbersome and time consuming, providing
inadequate redundancy, and not allowing for easy accessibility of the data on
different devices, among other things.

The subject matter claimed 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

An example embodiment includes A storage block may include a first
portion allocated for storage of network data associated with a storage network. The
storage network may include the storage block and one or more other storage blocks.
The storage block may further include a second portion allocated for storage of local
data. The local data may be associated with one or more programs of a device that
includes the storage block. Additionally, the storage block may include a third
portion as free space of the storage block. The third portion may be maintained at
approximately a target size through adjustments made to an amount of network data
stored on the first portion.

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

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 invention, as claimed.

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

Fig. 1 illustrates a block diagram of an example storage system;

Figs. 2A-2C illustrate an example allocated storage block that may be
implemented in the storage system of Fig. 1;

Fig. 3 is a flow diagram of an example method of managing storage
allocation on a storage block; and

Fig. 4 is a flow diagram of an example method of managing storage on a
storage block, all in accordance with at least one embodiment described herein.
DESCRIPTION OF SOME EXAMPLE EMBODIMENTS

Some embodiments described herein relate to management of the storage of
data on a mobile storage system. An example embodiment includes a storage
network that includes one or more devices that include one or more storage agents
and one or more storage blocks. The storage network may include a management
service that may be referred to as storage network manager in the present disclosure.
The storage agents may be configured to manage the collaboratively storage of data
between the storage blocks. The storage network manager may be configured to
coordinate actions by the one or more storage agents as well as the storage of data
within the storage network among the storage blocks. Data associated with the
storage network may be referred to as “network data” and may include data files and
data objects, as well as metadata associated with the data files and data objects. In
some embodiments, the network data may include a catalog of the data stored in the
storage network, which in some instances may be a catalog of all of the data stored
in the storage network.

One or more storage blocks may include a first portion allocated for storage
of network data and a second portion allocated for local data. The local data may be
data that may be used and/or managed by one or more programs of the device in
which the storage blocks may be included. Additionally, one or more of the storage
blocks may include a third portion that is allocated as free space. The third portion
may have a target size such that a desired amount of free space may be maintained
on the storage block. As detailed below, the amount of storage network data stored
on the first portion may be adjusted such that the actual size of the third portion is

equal to, or approximately equal to, the target size.
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Embodiments of the present disclosure will be explained with reference to
the accompanying drawings.

Fig. 1 illustrates a block diagram of an example storage system 100
configured according to at least one embodiment of the present disclosure. The
storage system 100 may include a storage network 102 that includes storage agents
(SA) 104a-104c. Although the storage system 100 is illustrated as including a single
storage network 102 with three different storage agents 104 included therein, the
system 100 may include any number of storage networks 102 that may each include
any number of storage agents 104.

In some embodiments, the storage system 100 may be configured to store,
organize, and manage data files such as photos, videos, documents, etc. In some
embodiments, the data files may be included in data objects that may also include
metadata that may provide information about the data files. The term “data” in the
present disclosure may refer to any suitable information that may be stored by the
storage agents 104 and may include one or more data objects, data files, metadata, or
any combination thereof.

Additionally, the term “network data” may refer to any data that may be
shared by stored on, and/or synchronized between more than one storage agent 104
of the storage network 102. For example, the network data may include data files,
metadata, data objects, or other data like data object root and tree structure
information, storage agent status information (explained in further detail below),
digital rights management (DRM) license information (explained in further detail
below), sharing ticket information (explained in further detail below), any other
suitable information, or any combination thereof.

The storage system 100 may be configured to organize and manage the data
stored in storage blocks 110 that are associated with the storage agents 104a-104c in
an automated fashion that may reduce the amount of input required by a user. As
such, the storage system 100 may facilitate organization of and access to the data
stored by the storage blocks 110 within the storage network 102.

The storage agents 104 may cach be associated with a processor 150,
memory 152, and a storage block 110. For example, in the illustrated embodiment,
the storage agent 104a may include a processor 150a, memory 152a, and a storage

block 110a; the storage agent 104b may include a processor 150b, memory 152b,
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and a storage block 110b; and the storage agent 104¢ may include a processor 150c¢,
memory 152¢, and a storage block 110c.

The processors 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 processors 150 may interpret
and/or execute program instructions and/or process data stored in their associated
memory 152 and/or one or more of the storage blocks 110.

The memories 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
(e.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 processors 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 processors 150) to perform a certain function or group of
functions.

The storage blocks 110 may be also be any suitable computer readable
medium configured to store data and/or data objects. The storage blocks 110 may
store network data that may be substantially the same across different storage blocks
110 and may also store local data that may only be found on the particular storage
block 110. Although each storage agent 104 is depicted as including a single storage
block 110, the storage agents 104 may include any number of storage blocks 110 of
any number of computer-readable medium. For example, a storage agent 104 may

include a first storage block 110 that is a hard disk drive and a second storage block
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110 that is a flash disk drive. Further, a storage block 110 may include more than
one type of computer-readable medium. For example, a storage block 110 may
include a hard disk drive and a flash drive.

Additionally, more than one storage agent 104 may be associated with the
same storage block 110 depending on different implementations and configurations.
For example, a storage block 110 may be a Universal Serial Bus (USB) storage
device or a Secure Digital (SD) card that may be connected to different storage
agents 104 at different times. Additionally, although the storage agents 104 are
explicitly depicted as including the processors 150, the memories 152 and the
storage blocks 110, different implementations may have different configurations.
For example, in some embodiments, the storage agents 104 may be modules
included in the memories 152 of their associated devices with computer-executable
instructions configured to cause the processors 150 of their associated devices to
perform operations associated with managing data that may be stored on the storage
blocks 110.

Some functionality of associated with the organization and management of
the data within the storage network 102 may be associated with allocation and
management of one or more portions in the storage blocks 110. Through the
allocation, the efficient use of the storage blocks 110 may be maintained. An
example, allocation of the storage blocks 110 and an example management process
of the storage blocks 110 is provide with respect to Figs. 2A-2C.

In some embodiments, one or more of the storage agents 104 may be
included with any suitable device that may include the components of the storage
agents 104. For example, the storage agents 104 may be included in a cloud storage
server, a mobile phone, a tablet computer, a personal computer, a laptop computer, a
camera, a personal digital assistant (PDA), a smartphone, a music player, a video
player, an external hard drive, etc.

The devices associated with the storage agents 104 may include any device
that may allow for communication of data between the storage agents 104.
Accordingly, the devices may provide some sort of communication capability
between the storage agents 104 such as Internet connectivity, Local Area Network
(LAN) connectivity, Wide Areca Network (WAN) connectivity, Bluetooth

connectivity, 3G connectivity, 4G connectivity, LTE connectivity, Wireless Fidelity
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(WiFi) connectivity, Machine-to-Machine (M2M) connectivity, Device-to-Device
(D2D) connectivity, any other suitable communication capability, or any suitable
combination thereof.

As indicated above, the storage agents 104 may perform the above
communications via direct communications and/or via network communications. In
the illustrated embodiment, the storage agents 104 are depicted as being
communicatively coupled to each other directly as well as through a communication
network 112. In some embodiments, the communication network 112 may include,
either alone or in any suitable combination, the Internet, an Intranet, a local WiFi
network, a wireless LAN, a mobile network (e.g., a 3G, 4G, and/or LTE network), a
LAN, a WAN, or any other suitable communication network.

The communication of data between the storage agents 104 may accordingly
allow for their associated devices to access and use network data that may not
necessarily be stored locally on their respective storage blocks 110. As such, the
storage network 102 and storage agents 104 may allow for storage of network data
while also allowing for access to the network data even when the data is not stored
locally on a particular storage agent.

In some embodiments, the storage agents 104 may act similar to clients or
servers included in an object-based file system. For instance, the storage agents 104
may be configured to implement protocols associated with communicating data
within the storage network 102 and the storage system 100. Additionally, some
storage blocks 110 managed by the storage agents 104 may be configured to store
only metadata included in various data objects, while other storage blocks 110 may
be configured to store metadata and data files included in the various data objects.

In some embodiments, to manage and provide information related to the
storage of data in the storage network 102, a catalog of data may be generated and
managed for the storage network 102. For example, in some embodiments, the
catalog may include information such as which storage blocks 110 may be locally
storing data objects, individual data files, and/or any other metadata. The catalog
may also include any other metadata that may be associated with the data files. In
some embodiments, the catalog may include a collection of all the metadata of the
data objects stored in the storage network 102. Accordingly, the catalog may be used

to determine which storage block 110 has certain data stored thereon as well as other
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information about the data stored on the different storage blocks 110. As such, the
storage agents 104 may know from where to access data if the data is not stored
locally on their respective storage blocks 110.

In some embodiments, the storage agents 104 may be configured to connect
to cach other and synchronize network data that may be stored across the storage
network 102. For example, in some embodiments, the storage blocks 110 may be
configured to store all metadata from the catalog associated with the storage network
102 such that each of the associated storage agents 104 may have information (e.g.,
data file updates, data file deletions, data file additions, etc.) pertaining to the
different data files indexed by the catalog. In these and other embodiments, the
storage agents 104 may synchronize the catalog between the storage blocks such that
they may have up to date information pertaining to the storage network 102.

By synchronizing network data such as the catalog, the storage agents 104
may be aware of or updated as to the statuses of the other storage agents 104 as well
as the network data stored within the storage network 102. For example, the first
storage agent 104a may be synchronized with the second storage agent 104b and/or
the third storage agent 104c¢ such that the first storage agent 104a is updated as to the
connectivity or operating status of the second storage agent 104b and/or the third
storage agent 104c, as well as the network data stored thereon.

In addition to communicating between each other, in some embodiments, the
storage agents 104 may communicate with one or more storage network controllers
that may manage the storage of network data throughout the storage network and
that may be referred to collectively or individually as a storage network manager
114. The storage network manager 114 may act similarly to a central service in a
distributed storage system. The storage network manager 114 may perform multiple
functions in the storage system 100 such as coordinating actions by the storage
agents 104. For example, the functions of the storage network manager 114 may
include, but are not limited to, locating data files within the storage network 102,
coordinating synchronization of network data between the storage agents 104, and
allocating network data between the storage blocks 110.

In some embodiments, the storage network manager 114 may be included in
the same device(s) as the storage agents 104 and, in other embodiments; the storage

network manager 114 may be included in one or more devices separate from the
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storage agents 104. Further, in some embodiments, the storage network manager 114
may perform operations such that the storage network manager 114 may act as and
be a storage agent. For example, the storage network manager 114 may store some
network data such as the catalog and/or other metadata associated with the storage
network 102 and may synchronize its network data with the storage agents 104 such
that the storage network manager 114 may act as a storage agent with respect to such
network data.

In some embodiments, the storage network manager 114 may communicate
with the storage agents 104 via the communication network 112 (as illustrated in
Fig. 1). The storage network manager 114 may also be configured to communicate
with one or more of the storage agents 104 via a direct communication (not
expressly illustrated in Fig. 1) to the respective storage agents 104.

In some embodiments, the storage network manager 114 may be configured
such that data files stored in the storage network 102 are not stored on the storage
network manager 114, but metadata related to the data files (e.g, the catalog) of the
storage network 102 may be stored on the storage network manager 114. In some
embodiments, the storage network manager 114 may communicate instructions to
the storage agents 104 regarding storage of the data. The storage agents 104 may act
in response to the instructions communicated from the storage network manager
114.

The storage agents 104 may locate data files within the storage network 102
according to metadata that may be stored on the storage blocks 110. For example,
the storage agent 104a may locate a data file stored on the storage block 110b using
the metadata (e.g., catalog) stored on the storage block 110a associated with the
storage agent 104a. Some or all the information to locate data files may be
communicated during synchronization between the storage agents 104 and/or a
storage agent 104 and the storage network manager 114. Additionally or
alternatively, the storage agents 104 may communicate with the storage network
manager 114 to locate data files stored on the storage network 102.

Additionally, the storage network manager 114 may communicate with one
or more of the storage agents 104 with unreliable or intermittent connectivity with
other storage agents 104. For example, the storage agent 104c may be

communicatively coupled to the storage agent 104b and/or the storage agent 104a
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using an unreliable connection or the storage agent 104c may be included in an
external device that intermittently connects to the storage agent 104b and/or the
storage agent 104a. The storage network manager 114 may accordingly
communicate with the storage agent 104c via the communication network 112, then
relay information (e.g., network data) to the storage agent 104b and/or the storage
agent 104a regarding the storage agent 104c¢ and the storage block 110c.

In some embodiments, one or more of the storage agents 104 (or their
associated devices) may include a local adaptor 130. In Fig. 1, the local adaptor 130
is depicted as being included in the second storage agent 104b; however, one or
more other storage agents 104a and/or 104c¢ or their associated devices may include
a local adaptor 130. Generally, the local adaptor 130 may create an interface
between the device associated with the storage agent 104b and the storage network
102. In addition, the local adaptor 130 may be configured to perform multiple
functions such as, browse and read a catalog of data, create new data objects, and
register and unregister adapter-managed data files. For example, the device
associated with the storage agent 104b may produce a data object and the local
adaptor 130 may be configured to facilitate ingestion of the produced data object
into the storage network 102.

In these and other circumstances, the local adaptor 130 may act as a short-
term cache for the data object until the data object is ingested into the storage
network 102. In an alternative example, the storage network manager 114, one or
more of the storage agents 104, or another system may be configured to detect
whether a data file of the produced data object is accessible through the local
adaptor 130. When the data file is accessible through the local adaptor 130, metadata
of the data object may be stored in the storage block 110 such that the data object
may be added to the catalog to provide awareness of the data object and associated
data file to the other storage agents 104 of the storage network 102. Additionally,
when the data file is accessible through the local adaptor 130, the storage network
manager 114, the storage agent 104, or another system may be configured to prevent
creation of an additional copy of the data file in the storage blocks 110. The data file
may thus be assessable by the storage network 102 via the local adaptor 130,

essentially creating a simulated link to the data file.
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As described in further detail below, the storage blocks 110 may be allocated
to store the network data efficiently and to ensure redundancy within the storage
network 102 as well as a desired configuration of the storage blocks 110. Figs. 2A-
2C illustrate an example allocated storage block 200 that may be managed by a
storage agent 201, in accordance with at least one embodiment described herein. The
allocated storage block 200 may be substantially similar to the storage blocks 110
discussed with reference to Fig. 1. The storage agent 201 may be substantially
similar to one or more of the storage agents 104 discussed with reference to Fig. 1.
The allocated storage block 200 may be included in a storage network such as the
storage network 102 of Fig. 1. Additionally, the storage agent 201 and the allocated
storage block 200 may be associated with a device such as one of the devices 106 of
Fig. 1. The storage network of which the storage agent 201 and allocated storage
block 200 may be associated may have a catalog of data that may index the network
data stored within the storage network. The allocated storage block 200 may be
configured to store metadata 224 of the data objects of the catalog of data and/or
data files of the data objects of the catalog of data.

Figs. 2A-2C include example allocations 210a-210c of the allocated storage
block 200, according to at least one embodiment described herein. Specifically, Fig.
2A depicts an initial allocation 210a, Fig. 2B depicts an intermediate allocation
210b, and Fig. 2C depicts a resolved allocation 210c. With combined reference to
Figs. 2A-2C, the allocated storage block 200 may include a first portion 202, a
second portion 204, and a third portion 206.

The first portion 202 may be allocated for storage of network data related to
the storage network of which the allocated storage block 200 is included. For
example, the metadata 224 stored on the first portion 202 may include metadata of
cach data object of the network data. In some embodiments, the metadata 224 may
be arranged as a catalog of data that indexes all of the network data. Additionally,
depending on a variety of factors including the amount of storage space in the first
portion 202, all of, or a subset of the network data may be stored on the first portion
202. In some embodiments, the size of the first portion 202 ¢ (e.g., the amount of
storage space allocated to the first portion 202) may be a minimum amount of
storage space or a certain percentage of the storage space of the allocated storage

block 200. In other embodiments, the size of the first portion 202 may be the amount
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of storage space left on the allocated storage block 200 after a desired size for the
second portion 204 and a target size for the third portion 206 are met, as explained in
further detail below.

In this and other embodiments, whether all of or a subset of the network data
is stored on the first portion 202 may be based on the available space of the first
portion 202. When the available space of the first portion 202 is larger than the size
of the network data, then all of the network data may be stored on the first portion
202. Alternatively, when the available space of the first portion 202 is smaller than
the size of the network data, a first subset of network data 212 may be stored on the
first portion 202. In some embodiments, a storage network manager such as the
storage network manager 114 of Fig. 1 may be configured to allocate which data
files of the network data may be included in the first subset of network data 212.

Additionally, in some embodiments, one or more of the data files of the first
subset of network data 212 may be designated as secondary copies or primary copies
of the data files. The primary copies may be copies that the storage network manager
may designate as being stored on the first portion 202 as part of a desired
redundancy for the associated data files. Alternatively, the secondary copies be
copies of the associated data files stored locally on the allocated storage block 200 in
the first portion 202 to facilitate access to the associated data files on the device with
which the allocated storage block 200 and the storage agent 201 are associated, but
not as part of a desired redundancy. In some embodiments, the secondary copies
may be stored in a cache associated with the allocated storage block 200. In some
embodiments, the storage agent 201 may be allowed to unilaterally remove
secondary copies of data files from the first portion 202 without permission from the
storage network manager but not primary copies of data files without permission
from the storage network manager.

The second portion 204 of the allocated storage block 200 may be allocated
for local data that may be used and/or maintained by one or more programs of the
device associated with the storage agent 201 and the allocated storage block 200.
For example, the second portion 204 may enable a program that is unrelated to the
storage network associated with the first portion 202 to store local data to run and/or
process information. A size of the second portion 204 may be based on any number

of factors such as, the device type, historical use of the device, a number of
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programs loaded onto the device, type of programs loaded on the device, etc. For
example, the device may include a word processor or a spreadsheet that may
generate documents that may be stored on the second portion 204. Accordingly, the
size of the second portion 204 may be allocated to accommodate the addition of this
type of data.

Additionally, the size of the second portion 204 may generally change or
vary based on a number of programs running on the device and/or the number of
processes being performed by the programs. For example, the second portion 204
may be initially allocated as having an initial size that is approximately the same
size as the local data stored on the allocated storage block 200. When the amount of
local data is increased, such as through the addition of a program, the size of the
second portion 204 may also increase.

The third portion 206 of the allocated storage block 204 may be allocated as
free space. The term “free space” is used to refer to a section of the allocated storage
block 200 that may be free of data files, metadata, program files, etc. The third
portion 206 may include a target size. The target size may be the desired size of the
third portion 206 and may be such to provide flexibility for the addition of data to
the allocated storage block 200. In some embodiments, the target size may be a fixed
amount of storage space or a percentage of the overall size of the allocated storage
block 200.

For example, the target size of the third portion 206 may include a pre-
determined percentage of the allocated storage block 200, a certain amount of
storage space, or some other target size that enables the functions described herein.
As an example, the third portion 206 may be twenty-five percent of a total storage
capacity of the storage block 200. Alternatively, the third portion 206 may include a
certain amount of bits or bytes. In some embodiments, the target size may be based
on an average size of data files of the local data and/or an average size of the data
files of the network data, such that the allocated storage block 200 may have room to
add applicable data files if needs be.

The size of the third portion 206 may change or vary. For example, when a
new data object is added to the allocated storage block 200 (e.g., added to the first
portion 202, the second portion 204, or the third portion 206), the amount of free

space in the allocated storage block 200 may be reduced. Accordingly, in some
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instances, the third portion 206 of the allocated storage block 200 may be reduced.
For instance, the new data object may include a photograph taken by the device on
which the allocated storage block 200 is included. The photograph may be
automatically added to the allocated storage block 200 (e.g., to the first portion 202)
by an associated adaptor, which may reduce the amount of free storage space on the
allocated storage block 200 and consequently may, in some instances, reduce the
size of the third portion 206. As another example, in some embodiments, the second
portion 204 may increase in size (e.g., through the addition of a program, etc.) such
that the third portion 206 may reduce in size. Additionally, in some embodiments,
network data may be added to the first portion 202 as directed by the storage
network manager such that the size of the third portion 206 may be reduced.
Conversely, one or more data files or data objects may be removed from the first
portion 202 and/or the second portion 204, which may increase the size of the third
portion 206.

The storage agent 201 and/or the storage network manager may be
configured to maintain the third portion 206 at approximately the target size by
adjusting the amount of network data stored on the first portion 202. For example, in
some embodiments, it may be determined that the size of the third portion 206 (e.g.,
the amount of free space on the allocated storage agent) is greater than the target size
of the third portion 206. Accordingly, in some instances the storage agent 201 may
inform the storage network manager of this and the storage network manager may
allocate additional data files from the network data to be stored on the first portion
202, which may reduce the size of the third portion 206. The allocation of additional
data files of the network data to the first portion 202 may be made such that the size
of the third portion 206 may be equal to, or approximately equal to, the target size.

Additionally, in some embodiments, it may be determined that the size of the
third portion 206 is less than the target size of the third portion 206. For example,
the size of the third portion 206 may be reduced due to an addition of data to the first
portion 202 and/or the second portion 204. Accordingly, in some instances, the
storage agent 201 may remove network data from the first portion 202 such that the
size of the third portion 206 may increase. The removal of network data may be
performed until the size of the third portion 206 is approximately equal to, or equal

to, the target size.
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In some embodiments, the storage agent 201 may be configured to first
remove data files of the network data that are designated as secondary copies
because the secondary copies may not be part of a desired redundancy for their
associated data files. In contrast, the storage agent 201 may not be able to remove
data files that are designated as primary copies without first receiving permission
from the storage network manager. Accordingly, in some embodiments, when there
are no more secondary copies of data files stored on the first portion 202 and the size
of the third portion 206 is less than the target size, the storage agent 201 may
communicate a request to the storage network manager as to which data files may be
removed from the first portion 202.

Figs. 2A-2C illustrate an example progression of actions in the allocated
storage block 200 when the second portion 204 increases in size such that the third
portion 206 decreases in size below the target size. Fig. 2A illustrates the initial
allocation 210a. In the initial allocation, the target size of the third portion 206 may
be ten percent of the total storage capacity of the allocated storage block and the size
of the third portion 206 may be approximately equal to the target size. Additionally,
the second portion 204 may be allocated for local data associated with one or more
programs and the first portion 202 may be allocated for storage of metadata 224 and
the first subset of network data 212.

Fig. 2B illustrates the intermediate allocation 210b in which the second
portion 204 increases to include a part 208 of the third portion 206. For example, a
program that may have initially used the second portion 204 may increase storage
usage to include the part 208 of the third portion 206. Thus, the third portion 206
may be reduced—e.g., from about ten percent of the storage capacity of the
allocated storage block 200 to about seven percent. The intermediate allocation 210b
may result for example from one or more programs being loaded and/or run on the
device including the allocated storage block 200.

Fig. 2C illustrates the resolved allocation 210¢ in which the third portion 206
may be increased. Specifically, the third portion 206 may be returned to the target
percentage (e.g., of about ten percent) by reallocating some of the first portion 202
into the third portion 206. Thus, the target size of the third portion 206 (e.g., ten
percent of the overall size of the allocated storage block 200) may be maintained by

reallocating some of the first portion 202 into the third portion 206.
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In some embodiments, to reallocate the first portion 202, one or more data
files on the first portion 202 may be deleted. For example, with reference to Figs. 2A
and 2C, in the initial allocation 210a, a first subset of network data 212 may be
stored on the first portion 202 of the allocated storage block 200. In the resolved
allocation of Fig. 2C, a second subset of network data 216 may be stored on the first
portion 202, in which the second subset of data files 216 may be smaller than the
first subset of data files 212. In embodiments in which the data files may be deleted
to maintain the preconfigured percentage, the second subset of data files 216 may
include one or more of the first subset of data files 212.

Fig. 3 is a flow chart of an example method 300 of managing storage
allocation on a storage block in accordance with at least one embodiment described
herein. One or more steps of the method 300 may be implemented, in some
embodiments, by a storage agent and/or a storage network manager operating in a
storage system, such as the example storage agents 104 and the example storage
network manager 114 operating in the example storage system 100 of Fig. 1. For
example, one of the storage agents 104 and/or the storage network manager 114 of
Fig. 1 may be configured to execute computer instructions to perform operations of
managing storage allocation on a storage agent as represented by one or more of the
blocks of the method 300. 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 will now be discussed
with reference to Fig. 3.

The method 300 may begin at block 302 in which a first portion of a storage
block is allocated into a first portion for storage of network data. The network data
may be associated with a storage network including the storage block and one or
more other storage blocks. At block 304 a second portion of the storage block may
be allocated for local data associated with one or more programs of a device that
includes the storage block. At block 306, a third portion of the storage block may be
allocated as free space of the storage block. The third portion may have a target size
associated with a desired amount of free space on the storage block.

At block 308, the size of the third portion may be maintained at
approximately the target size by adjusting an amount of network data stored on the

first portion. In some embodiments, the size of the third portion may be maintained
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at approximately the target size according to the method 400 described with respect
to Fig. 4 below.

Fig. 4 is a flow diagram of an example method 400 of managing storage on a
storage block, in accordance with at least one embodiment described herein. One or
more steps of the method 400 may be implemented, in some embodiments, by a
storage agent and/or a storage network manager operating in a storage system, such
as the example storage agents 104 and 201 of Figs. 1 and 2A-2C, and the example
storage network manager 114 operating in the example storage system 100 of Fig. 1.
For example, one of the storage agents 104, 201 and/or the storage network manager
114 described above may be configured to execute computer instructions to perform
operations of managing storage allocation on a storage agent as represented by one
or more of the blocks of the method 400. 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 will now be discussed with reference to Fig. 4. In some
embodiments, the method 400 may be implemented with respect to a storage block
that has been allocated into a first portion for network data, a second portion for
local data, and a third portion for free space, in a manner as described above with
respect to Figs. 2A-2C and 3. For purposes of explanation, the method 400 is
described below with respect to the storage agent 201, the allocated storage block
200 and its associated first portion 202, second portion 204, and third portion 206.
However, the method 400 is not limited to this specific implementation.

The method 400 may begin at block 402, where a target size of the third
portion 206 may be determined for the allocated storage block 200. In some
embodiments, the storage agent 201 may determine the target size of free storage
space. In these or other embodiments a storage network manager associated with the
storage network of which the allocated storage block 200 may be included may also
determine the target size of the third portion 206 and may communicate the target
size to the storage agent 201.

As indicated above, the target size may be determined in some embodiments
based on a desired amount of free storage space for the allocated storage block 200
such that the allocated storage block 200 may add data if needed or desired. In some

embodiments, the target size may be based on average file sizes of the network data,
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average file sizes of the local data, and/or a total storage capacity of the allocated
storage block 200. In these and other embodiments, the target size may be a
percentage of the total storage capacity of the allocated storage block 200 or a fixed
amount of storage space.

At block 404 the size of the third portion 206 may be monitored. The storage
agent 201 and/or the associated storage network manager may perform the
monitoring. At block 406, it may be determine whether the size of the third portion
206 is approximately equal to, or equal to, the target size related to the desired
amount of free storage space. Once again, the storage agent 201 and/or the
associated storage network manager may make this determination. When the size of
the third portion 206 is approximately equal to, or equal to, the target size, the
method 400 may return to block 404 for monitoring of the size of the third portion
206. When the size of the third portion 206 is not approximately equal to, or equal
to, the target size, the method 400 may proceed to block 408.

At block 408, it may be determined whether the size of the third portion 206
is greater than the target size. When the size of the third portion 206 is greater than
the target size, the method 400 may proceed to block 410 in some embodiments.
When the size of the third portion 206 is greater than the target size, the allocated
storage block 200 may be able to store more data such as network data. Accordingly,
in some embodiments, at block 410, it may be determined which data files of the
network data may be added to the first portion 202.

In some embodiments, at block 410, certain data files of the network data
may have been allocated to the first portion 202 by the storage network manager, but
all of the data files allocated to the first portion 202 may not have been saved to the
first portion 202 yet. As such, it may be determined that one or more of these data
files should be added to the first portion 202 at block 410. In these or other
embodiments, all of the allocated data files may be stored on the first portion 202, or
the allocation may be out of date, such that the storage network manager may
generate a list of data files of the network data that may be added to the first portion
202 according to any suitable allocation scheme. Accordingly, in some
embodiments, it may be determined at block 410 that one or more data files of the
list of data files generated by the storage network manager should be added to the

first portion 202. In some embodiments, the storage network manager may be
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configured to monitor the first portion 202 and may unilaterally generate the list,
while in other embodiments the storage agent 201 may request the list from the
storage network manager.

At block 412, the data files of the network data determined to be added to the
first portion 202 in block 210 may be added to the first portion 202. In some
embodiments, the data files of the network data may be added to the first portion
202 from one or more other storage blocks that may be included in the storage
network of which the storage agent 201 is included. Following block 412, the
method 400 may return to block 404. In some embodiments, the method 400 may
omit blocks 410 and 412 and the method 400 may proceed back to block 404 from
block 408 when the size of the third portion is greater than the target size.

Returning to block 408 where it may be determined whether the size of the
third portion 206 is greater than the target size. When the size of the third portion
206 is less than the target size, the method 400 may proceed to block 414 in some
embodiments. At block 414, a list of data files stored on the first portion 202 as
secondary copies may be generated. At block 416, one or more of the data files
designated as secondary copies may be removed. The storage agent 201 and/or the
storage network manager may be configured to generate and/or execute the
instructions associated with blocks 414 and 416. The secondary copies of the data
files may be removed first in some instances because as mentioned above, they may
not be very important with respect to a desired redundancy of their associated data.
Additionally, the storage agent 201 may be able to perform the operations associated
with blocks 414 and 416 without explicit authorization from the storage network
manager due to the operations being related to secondary copies of the data files.

At block 418, it may be determined whether the size of the third portion 206
is still less than the target size after deleting one or more of the secondary copies. In
some embodiments, when the size of the third portion 206 is still less than the target
size, more secondary copies may be deleted if all of them have not been deleted
already. In these and other embodiments, at block 420, when the size of the third
portion 206 is still less than the target size, the storage agent 201 may contact the
storage network manager for a list of one or more data files that may be removed
from the first portion 202. The storage network manager may generate the list based

on the allocation scheme that may be used by the storage network manager to
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allocate network data to the storage agent 201. At block 422, the storage agent 201
may remove data files from the first portion 202 according to the list generated by
the storage network manager with respect to the request generated at block 420.
Following block 422, the method 400 may return to block 404.

Accordingly, the methods 300 and/or 400 may be used to manage the storage
of data on a storage block. One skilled in the art will appreciate that, for these and
other procedures 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 disclosed
embodiments. Additionally, although specific elements may be disclosed as
performing specific steps, in some embodiments a different element may perform
the same steps. The embodiments described herein may include the use of a special
purpose or general-purpose computer including various computer hardware or
software modules, as discussed in greater detail below.

Embodiments described herein may be implemented using computer-
readable media 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 comprise
non-transitory computer-readable storage media including RAM, ROM, EEPROM,
CD-ROM or other optical disk storage, magnetic disk storage or other magnetic
storage devices, or any other non-transitory storage medium which may be used to
carry or store desired program code means 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 should 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 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
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defined in the appended 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 the 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
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.
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CLAIMS
What is claimed is:

1. A method of managing storage allocation on a storage block, the method
comprising:

allocating a first portion of a storage block for storage of network data
associated with a storage network including the storage block and one or more other
storage blocks;

allocating a second portion of the storage block for storage of local data
associated with one or more programs of a device that includes the storage block;

allocating a third portion of the storage block as free space of the storage
block, the third portion having a target size associated with a desired amount of free
space on the storage block; and

maintaining the third portion at approximately the target size by adjusting an
amount of network data stored on the first portion.

2. The method of claim 1, wherein maintaining the third portion at
approximately the target size comprises adding network data to the first portion from
the one or more other storage blocks of the storage network when an actual size of
the third portion is greater than the target size of the third portion.

3. The method of claim 2, further comprising adding the network data to
the first portion according to instructions received from storage network manager of
the storage network.

4. The method of claim 1, wherein maintaining the third portion at
approximately the target size comprises removing network data from the first
portion when an actual size of the third portion is less than the target size of the third
portion.

5. The method of claim 4, further comprising removing one or more data
files of the network data designated as secondary copies first.

6. The method of claim 4, further comprising removing the network data
according to instructions received from a storage network manager of the storage
network.

7. The method of claim 1, further comprising:

determining whether an overall size of the network data is larger than

available space on the first portion;
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when the overall size of the network data is larger than the available space on
the first portion, storing, on the first portion, a catalog of data including information
about data files of the network data and storing a subset of the data files on the first
portion; and

when the overall size of the network data is smaller than the available
space on the first portion, storing all the network data on the first portion.

8. The method of claim 1, wherein the target size is a percentage of a total
storage capacity of the storage block or a fixed amount of storage space.

9. The method of claim 1, wherein the target size is based on one or more
of average file sizes of the network data and average file sizes of the local data.

10. A storage block comprising:

a first portion allocated for storage of network data associated with a storage
network including one or more other storage blocks;

a second portion allocated for storage of local data associated with one or
more programs of a device that includes the storage block; and

a third portion as free space of the storage block, the third portion being
maintained at approximately a target size through adjustments made to an amount of
network data stored on the first portion.

11. The storage block of claim 10, wherein, to maintain the third portion at
approximately the target size, network data is added to the first portion from the one
or more other storage blocks of the storage network when an actual size of the third
portion is greater than the target size of the third portion.

12. The storage block of claim 11, wherein the network data is added
according to instructions received from a storage network manager of the storage
network.

13. The storage block of claim 10, wherein to maintain the third portion at
approximately the target size, network data is removed from the first portion when
an actual size of the third portion is less than the target size of the third portion.

14. The storage block of claim 13, wherein the network data is removed
according to instructions received from a storage network manager of the storage

network.
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15. The storage block of claim 13, wherein one or more data files the
network data that are designated as secondary copies are removed first.

16. The storage block of claim 10, wherein the target size is a percentage of
a total storage capacity of the storage block or a fixed amount of storage space.

17. The storage block of claim 10, wherein the target size is based on one or
more of average file sizes of the network data and average file sizes of the local data.

18. A computer-readable storage medium including instructions that cause a
system to perform operations to manage storage allocation on a storage agent, the
operations comprising:

allocating a first portion of a storage block for storage of network data
associated with a storage network including the storage block and one or more other
storage blocks;

allocating a second portion of the storage block for storage of local data
associated with one or more programs of a device that includes the storage block;

allocating a third portion of the storage block as free space of the storage
block, the third portion having a target size associated with a desired amount of free
space on the storage block; and

maintaining the third portion at approximately the target size by adjusting an
amount of network data stored on the first portion.

19. The computer-readable storage medium of claim 18, wherein
maintaining the third portion at approximately the target size comprises adding
network data to the first portion from the one or more other storage blocks of the
storage network when an actual size of the third portion is greater than the target size
of the third portion.

20. The computer-readable storage medium of claim 18, wherein
maintaining the third portion at approximately the target size comprises removing
network data from the first portion when an actual size of the third portion is less

than the target size of the third portion.
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