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(57) Abstract: Example implementations relate to re-
lay to peer virtual machine transition. For example, a
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each peer virtual machine of a set of peer virtual ma-
chines associated with the computing device. The
computing device may be a relay virtual machine re-
laying information to the set of peer virtual machines.
The processor may transition the computing device
from the relay virtual machine to a peer virtual ma-
chine. The processor may access data from another
peer virtual machine and process the data.
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RELAY TO PEER VIRTUAL MACHINE TRANSITION

BACKGROUND
[0001] Processing large data sets has become prevalent in research and
business environments. Practitioners rely on tools to store and process
increasingly larger amounts of data. Generally, a vast infrastructure capable
of handling the large amounts of data may be required to store the data and
carry out the processing. Cloud computing may provide a large-scale, on-

demand infrastructure to accommodate varying workloads.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] Some examples of the present application are described with
respect to the following figures:
[0003] FIG. 1 is a block diagram of an example data management system;
[0004] FIG. 2 is a block diagram of an example file divided into partitions
having some overlap with other partitions;
[0005] FIGS. 3-5 are schematic diagrams illustrating example
arrangements of virtual machines transitioning from relay to peer virtual
machines;
[0006] FIG. 6 is a block diagram of an example computing device for
transitioning a virtual machine from a relay to a peer virtual machine; and
[0007] FIG. 7 is a flowchart illustrating an example method of transitioning

a virtual machine from a relay to a peer virtual machine.
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DETAILED DESCRIPTION
[0008] As described above, many entities may utilize tools to store and
process large amounts of data. For big data deployment in a cloud computing
environment, virtual machines may be created to perform the processing of
data. Infrastructure as a Service (IaaS) cloud providers may provide such
computation and storage services. These capabilities may be exposed
through the use of an application programming interface (API) that may allow
users to deploy virtual machines based on predefined virtual images using
persistent storage services. When virtual machines are to be used to process
data, the setup time of these virtual machines may include the amount of time
for creation of the virtual machines, software configuration of the virtual
machines, and provisioning of the virtual machines with data to be processed.
While the task of populating freshly deployed virtual machines with data may
be performed more easily for small data sets from a central repository, data
transfer may become a bottleneck to performance as the data size grows.
For example, transferring large amounts of data to a large number of virtual
machines for processing may become a bottleneck if the data is to be sent

from a central repository to each of the several virtual machines.

[0009] To accommodate for larger data sets, a hierarchical to peer-to-peer
(P2P) data distribution may be used to reduce setup time on an on-demand
cloud computing environment. This distribution technique couples dynamic
topology with software configuration management tools (CMTs) to decrease
setup time (e.g., virtual machine creation time, virtual machine software
configuration time, virtual machine data loading time, etc.). To support a
hierarchical to P2P data distribution, each virtual machine may be configured
with suitable data transfer software tools (e.g., BitTorrent, Big Data

applications, etc.).

[0010] When providing the virtual machines with the data to be processed,
the data set from the central repository may be partitioned, and each partition
may be assigned to a particular virtual machine for processing. Each partition
of data may be distributed to its assigned virtual machine. The virtual

machines that receive a partition may be a relay virtual machine that may
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relay data to other virtual machines. A relay virtual machine may be a virtual
machine that transfers portions of data to one or more peer virtual machines
associated with the relay virtual machine based on a hierarchical relay tree.
For example, a relay virtual machine may be a virtual machine that is a parent
node to one or more peer virtual machines at child nodes. A peer virtual
machine may be a virtual machine that may transfer data to and from other

peer virtual machines using a P2P delivery approach.

[0011] When a relay virtual machine receives its assigned partition of data
from the data repository, the relay virtual machine may distribute a portion of
the partition to each of the peer virtual machines associated with the relay
virtual machine. Once the partition is distributed among the peer virtual
machines, the peer virtual machines may begin processing the data received.
The relay virtual machine may transition to a peer virtual machine such that it
may obtain unprocessed data from other peer virtual machines and may
process the obtained data. As such, the network of virtual machines may
transition from a hierarchical network of virtual machines to a P2P network of
virtual machines during the processing time, allowing data to be processed by

virtual machines as they become available to perform the processing.

[0012] Referring now to the figures, FIG. 1 is a block diagram of an
example data management system 100. Data management system 100 may
be one or more computing devices that include application-specific
management engine 102, monitoring engine 104, automatic deployment
engine 106, infrastructure abstraction engine 108, and processor 110. For
example, data management system 100 may be, for example, one or more, or
a combination of one or more, web-based servers, local area network servers,
cloud-based servers, notebook computers, desktop computers, all-in-one
systems, tablet computing devices, mobile phones, electronic book readers, or
any other system for managing data in a cloud computing environment.

[0013] Application-specific management engine 102 may include
processor executable instructions (e.g., executable by processor 110) and/or
at least one electronic circuit that includes electronic components for

managing various application-specific settings, configurations, and operations,
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such as user-specified configuration settings, partitioning of data from a
central repository, virtual machine configuration settings, and the like.

[0014] Applications-specific management engine 102 may receive user
input specifying various configuration settings and may manage any preset
configuration settings as well. For example, a user may provide parameters
to size the virtual infrastructure (e.g., the number and size of slave nodes, the
particular cloud computing provider to user, etc.). Applications-specific
management engine 102 may also receive and manage any other information
provided by a user, such as the topology of the virtual cluster, input files,
output folder locations software configuration parameters (e.g., the total
number of virtual machines, local directories where the data may be located,
data file names, etc.), cloud provider credentials (e.g., username, password,
token, etc.), and the like.

[0015] Applications-specific management engine 102 may manage data
partitioning for data to be processed by one or more virtual machines. The
applications-specific management engine 102 may operate as a centralized
partitioning service that may run on top of where the original copy of the data
is stored. For example, the centralized partitioning service may run on a
logical volume on a storage area network attached to a partitioning virtual
machine. When a new big data instantiation request arrives, this partitioning
virtual machine may be created and configured to receive the data, partition
the data, store a map of blocks to be transferred to the new virtual machines
that may process the data, and return to the call controller. The central
partitioning service of the applications-specific management engine 102 may
enable dynamic loading of different partitioning strategies (e.g., binary
partitioning, etc.). Data may be partitioned logically before transferring any
data. Anindex may be created and stored to specify where each partition
begins and ends. An example of a file partitioned by the centralized
partitioning service of applications-specific management engine 102 is
provided below in the explanation of FIG. 2.

[0016] Monitoring engine 104 may include processor executable
instructions (e.g., executable by processor 110) and/or at least one electronic
circuit that includes electronic components for monitoring and tracking the

progress of data processing such that any corrective action may be taken to
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keep the desired state of the resources. For example, monitoring engine 104
may track the progress of data processing to keep the processing running. In
some examples, monitoring engine 104 may create additional virtual
machines if monitoring engine 104 determines that other virtual machines
have failed. Monitoring engine 104 may periodically pull monitoring
information from virtual machines and/or push monitoring information to virtual
machines.

[0017] Automatic deployment engine 106 may include processor
executable instructions (e.g., executable by processor 110) and/or at least
one electronic circuit that includes electronic components for performing the
automatic deployment of the virtual infrastructure, automatic installation and
configuration of the software installed in the virtual machines used to process
the data, and the like. Automatic deployment engine 106 may create and
initiate a predetermined number of virtual machines within the selected cloud
computing provider. The virtual machines may be configured by a boot
volume shared across the virtual machines that may be used to process the
data. In some examples, the boot volume may contain a clean operating
system (OS) installation with a CMT and a modified BitTorrent installed as
daemons.

[0018] Automatic deployment engine 106 may also utilize an architecture
similar to and/or compatible with SmartFrog, which is a pure P2P architecture
with no central point of failure that enables fault-tolerant deployment and
dynamic reconfiguration to change infrastructure and services at runtime.
SmartFrog may also use late binding configuration information to configure
services. The virtual machines may start the SmartFrog daemons during boot
time. After the virtual machines have started, the SmartFrog daemon may
dynamically provision the data processing services, following the received
software installation and configuration instructions. Automatic deployment
engine 106 may play the role of an orchestrator to make sure certain actions
(e.g., SmartFrog setup, creation of the software distribution overlay, creation
of the data distribution overlay, software downloads etc.) occur at the
appropriate time. Upon completion of all the data transfers, the modified
BitTorrent notifies SmartFrog, and SmartFrog initiates all the required big data

processes on the virtual machines.
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[0019] Automatic deployment engine 106 may manage the SmartFrog
setup by downloading the application configuration file to a portion of the
virtual machines created and initiating the P2P distribution on a software
distribution overlay. The virtual machines operating as relay (e.g., master)
virtual machines may receive the configuration file, which may include any
relevant user-specified configuration settings as well as any relevant
partitioning information, and the relay virtual machines may start seeding data
to other virtual machines in a P2P manner.

[0020] Automatic deployment engine 106 may manage the creation of the
software distribution overlay by downloading the software from the
appropriate service catalogues, which may be repositories with various
configuration files and software. These repositories may store the big data
software packages to be copied and executed on the virtual machines as well
as the configuration templates filled with the configuration parameters and
copied into the virtual machines. The software configuration files and binaries
may also be distributed in a P2P manner, which may allow for faster
distribution and may prevent flash crowd calls against the repositories when a
large number of virtual machines are deployed.

[0021] Automatic deployment engine 106 may manage the creation of the
data distribution overlay. Once the download of the modified BitTorrent from
the repositories has completed, automatic deployment engine 106 may use
SmartFrog to configure BitTorrent with the portions of the data set to be
processed by the BitTorrent host. Those portions may be specified by the
centralized partitioning service of the applications-specific management
engine 102. BitTorrent may be initiated by SmartFrog, and the data transfers
may begin for the relay virtual machines, and for the peer virtual machines as
the data is moved to the peer virtual machines.

[0022] Automatic deployment engine 106 may manage software
downloads and installations. In some examples, the installed software may
be configured, from an automatically generated configuration file, in parallel
with the downloading of the data set to be processed. The automatically
generated configuration file may be automatically created by the automatic

deployment engine 106 using configuration parameters provided by the user.
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In some examples, one of the virtual machines may be randomly chosen to be
the master node providing the configuration file to the other slave nodes.
[0023] Infrastructure abstraction engine 108 may include processor
executable instructions (e.g., executable by processor 110) and/or at least
one electronic circuit that includes electronic components for homogenizing
the APls exposed by the different cloud computing infrastructure providers,
providing a high-level view across different public and private infrastructure
providers.

[0024] Processor(s) 110 may be one or more, or a combination of one or
more, central processing units (CPUs), semiconductor-based
microprocessors, and/or other hardware devices suitable for retrieval and
execution of instructions to perform at least a portion of the functions of
application-specific management engine 102, monitoring engine 104,
automatic deployment engine 106, infrastructure abstraction engine 108, and
processor 110, as described above.

[0025] FIG. 2 is a block diagram of an example file 200 divided into
partitions having some overlap with other partitions. The example original file
200 may be partitioned, using the centralized partitioning service of
applications-specific management engine 102 of FIG. 1, into four parts: Part
1, Part 2, Part 3, and Part 4. After partitioning the file, a portion of each part is
overlapped with other parts. For example, a portion of Part 1 is added to Part
2, a portion of Part 2 is added to Part 1 and Part 3, a portion of Part 3 is
added to Part 2 and Part 4, and a portion of Part 4 is added to Part 3. The
added overlapped portions of each partition, which may originate from other
partitions, may be ignored by the data set loader on each of the virtual
machines but may be used to seed other peer virtual machines that may use
the data. The amount of overlap may be optimized and/or selected by the
centralized partitioning service of applications-specific management engine
102 of FIG. 1. The higher the amount of overlap, the higher the consumption
of bandwidth and the lower the transfer time (e.g., assuming the actual
maximum capacity of the underlying network fabric has not been reached).
However, if the overlap is not big enough, then some of the partitions may
only be stored in one of the initial relay virtual machines accessing the central

repository. In some examples, a full overlap may not be used and instead
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some portions of data may be located only in the central repository. Access
to those portions may be randomized to reduce the likelihood of a flash crowd
effect. In some examples, the overlapped partitions may be based on a
binary partition of the original file 200. For example, the number of bytes of
the original file 200 may be determined, and the number of bytes may be
evenly divided among the number of desired partitions of data. In some
examples, the partitions may be based on the structure of the original file 200
(e.g., if the original file 200 is a graph, create partitions based on the graph).
In some examples, the number of partitions created may be based on the
number of relay virtual machines created.

[0026] Once logical partitions are ready for distribution across peer virtual
machines, the distribution of data may occur such that data transfer
redundancy is minimized and transfer rates are maximized. A torrent
controller, which may be a lightweight hypertext transfer protocol daemon
(httpd) that hosts an announce path onto which BitTorrent clients update their
state, may be used to achieve this optimization. The central repository may
be used to provide the files to be deployed onto the virtual machines.

[0027] The centralized partitioning service may decide how the original file
is split across virtual machines. After obtaining the global partitioning index
from the centralized partitioning service, each partition of the file may be
placed into a directory, and a new torrent is created for each directory. This
directory may then be compressed, packaged, and transformed into a .torrent
file, which may be a file with basic hash information about the compressed
directory. The BitTorrent tracker may keep track of which .torrent files are
being distributed as they are being distributed.

[0028] The CMT may set a predefined number of virtual machines as relay
virtual machines. In some examples, this predefined number of relay virtual
machines may be set by using a heuristic value (e.g., log(N)’, where N is the
total number of virtual machines). Relay virtual machines may connect to the
central repository to obtain data that may have been previously uploaded.
The peer virtual machines may receive blank information from the BitTorrent
tracker until the relay virtual machines receive data. The peer virtual
machines may connect to their assigned relay virtual machine, and these

relay virtual machines may relay data to their associated peer virtual
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machines, which may prevent an initial avalanche that may occur if all peer
virtual machines accessed the central repository while initializing the
download (e.qg., flash crowd effect).

[0029] The peer virtual machines may receive portions of the partitions
and may distribute the portions among other peer virtual machines. Once a
peer virtual machine is finished downloading its assigned portion, it may
continue seeding for a configurable amount of time (e.g., depending on the
size of the data downloaded) to prevent a hotspot effect on its associated
relay virtual machine.

[0030] Because the number of initial relay virtual machines is smaller than
the total number of virtual machines, the relay virtual machines may receive
data from one or more partitions to serve as relay virtual machines for a
number of peer virtual machines. Once peer virtual machines begin receiving
portions of data and make the portions available to other peer virtual
machines, relay virtual machines may be automatically reconfigured by the
data management system 100 of FIG. 1 as peer virtual machines. If the
partitioning algorithm leave some portions of data without replication and no
relay virtual machines receive data, the peer virtual machines may randomly
connect to the central repository when they no longer have data to be
processed and may download data for processing.

[0031] This reconfiguration from relay virtual machines to peer virtual
machines may be expressed as a Markov chain model, which may have as
state variables the populations of initial relay virtual machines and peer virtual
machines in the system behaving in the manner as follows. Peer virtual
machines may arrive as a Poisson process of rate A to their assigned relay
virtual machines, stay in a peer virtual machine queue until completing the
download, and then stay in a relay virtual machine queue for an exponential
time of parameter y, where the mean upload time for the file is 1/y, which may
lead to a continuous time Markov chain. Assuming the mean upload time for
a portion of data is 1/y, this may be capped by a particular data transfer rate
(e.g., 10 MB/s limit) that may be imposed to avoid crashing the network. In
some examples, A may be controlled by the data management system 100 of
FIG. 1 such that the rate of arrival of peer virtual machines may be controlled

at the beginning. The tracker may be modified to filter out responses from
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peer virtual machines during the initial setup stages. The particular data
transfer rate may indirectly limit the value of A both initially and through the
data transfer.
[0032] In some examples, the number of initial relay virtual machines
accessing the central repository may be constrained and controlled to prevent
the flash crowd effect. Other nodes may be capped peer virtual machines
(e.g., leecher virtual machines) such that these nodes are prevented from
establishing any connection until their assigned initial relay virtual machine
receives data from the central repository. Thus, during the download of the
initial data, x(f) may denote the number of capped peer virtual machines at
time t, and y(f) may denote the number of relay virtual machines. As such,
the total upload capacity in the system in partitions per second becomes Q,, =
U (y + x). Because x(0) = 0 and y(0) = 0, since the initial relay virtual
machines are not uploading anything, Q,, = 0.
[0033] Additionally, Qqown may denote the total download rate of the
system in partitions per second as Quown = plog(N)>, where N is the total
number of virtual machines.
[0034] At this point, there may be a transient period where initial relay
virtual machines start to supply peer virtual machines with portions of data,
and peer virtual machines that finish downloading portions start to seed
themselves as follows:
dx/dt = A - Qgown (X, ¥)
dy/dt = Qaown (X, ¥) = v(¥)

where Qgown (X, ¥) = min { Q,p, cx} states that Qqown is constrained by either
the available upload capacity or the maximum download rate per peer virtual
machine, defined as c¢.

[0035] After this transient period, the system reaches a dynamic
equilibrium characterized by a total upload capacity in the system in partitions
per second, as Q. = u (y + x). Because x(t) = M and y(0) = 0, since the
virtual machines are now all peer virtual machines, Q,, = yM. Atan
equilibrium of dx/dt and dy/dt, the number of peer virtual machinesis y =A/y.
After some time, the number of relay virtual machines may approach zero

after the initial setup period, independently of the value of A.
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[0036] FIGS. 3-5 are schematic diagrams illustrating example
arrangements of virtual machines transitioning from relay to peer virtual
machines. FIGS. 3-5 show how the topology of the distribution network
changes from a hierarchical structure to a P2P structure.

[0037] In FIG. 3, arrangement 300 of virtual machines 2-101 shows the
initial hierarchical, tree-like infrastructure of virtual machines 2-101. Virtual
machines 2-101 may process data originating from central repository 1. The
hierarchical arrangement 300 shows virtual machines 2-9 being relay virtual
machines capable of accessing data directly from central repository 1. Virtual
machines 10-101 may be peer virtual machines that may each access data
from their associated relay virtual machine. For example, peer virtual
machine 46 may be associated with relay virtual machine 5 and may receive
data from relay virtual machine 5. This arrangement 300 may prevent the
flash crowd effect of a large number of virtual machines 2-101 accessing
central repository 1 at once.

[0038] In FIG. 4, arrangement 400 of virtual machines 2-101 shows the
evolution to a more decentralized P2P structure after a certain amount of time
passes from the initial arrangement 300 of FIG. 3. This evolution may
increase throughput of data between virtual machines 2-101.

[0039] In FIG. 5, arrangement 500 of virtual machines 2-101 shows the
evolution to a decentralized P2P structure after a certain amount of time
passes from the arrangement 400 of FIG. 4. This evolution may increase
throughput of data between virtual machines 2-101. In some examples, peer
virtual machines may coordinate with data management system 100 of FIG. 1
when no other peer virtual machines has data. In this case, the peer virtual
machine may access data directly from the central repository 1. In some
examples, access to central repository 1 may be randomized by the data
management system 100 upon starting BitTorrent.

[0040] FIG. 6 is a block diagram of an example computing device 600 for
transitioning a virtual machine from a relay to a peer virtual machine.
Computing device 600 may be a virtual machine that may operate as a relay
virtual machine and/or a peer virtual machine.

[0041] Computing device 600 may be, for example, a web-based server, a

local area network server, a cloud-based server, a notebook computer, a
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desktop computer, an all-in-one system, a tablet computing device, a mobile
phone, an electronic book reader, or any other electronic device suitable for
transitioning computing device 600 from a relay to a peer virtual machine.
Computing device 600 may include a processor 602 and a machine-readable
storage medium 604. Computing device 600 may be in communication with one
or more other virtual machines 618. Computing device 600 may be capable of
relaying data from repository 616 to the other virtual machines 618 and
processing data from repository 616.

[0042] Processor 602 may be a CPU, a semiconductor-based
microprocessor, and/or other hardware devices suitable for retrieval and
execution of instructions stored in machine-readable storage medium 604.
Processor 602 may fetch, decode, and execute instructions 606, 608, 610,
612, and 614 to control a process of transitioning computing device 600 from
a relay to a peer virtual machine. As an alternative or in addition to retrieving
and executing instructions, processor 602 may include at least one electronic
circuit that includes electronic components for performing the functionality of
instructions 606, 608, 610, 612, 614, or a combination thereof.

[0043] Machine-readable storage medium 604 may be any electronic,
magnetic, optical, or other physical storage device that contains or stores
executable instructions. Thus, machine-readable storage medium 604 may
be, for example, Random Access Memory (RAM), an Electrically Erasable
Programmable Read-Only Memory (EEPROM), a storage device, an optical
disc, and the like. In some examples, machine-readable storage medium 604
may be a non-transitory storage medium, where the term “non-transitory”
does not encompass transitory propagating signals. As described in detalil
below, machine-readable storage medium 604 may be encoded with a series
of processor executable instructions 606, 608, 610, 612, and 614 for
accessing a partition of a data file from repository 616, distributing a portion of
the partition to each peer virtual machine of a set of peer virtual machines
(e.g., one or more of virtual machines 618) associated with computing device
600, transitioning computing device 600 from a relay virtual machine to a peer
virtual machine, accessing data from another peer virtual machine (e.g., from

one of virtual machines 618), and processing the data.
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[0044] Repository access instructions 606 may manage and control
access to repository 616 for data to be relayed and/or processed by
computing device 600. For example, repository access instructions 606 may
manage and control access to partitions of data stored in repository 616.
[0045] Data distribution instructions 608 may manage and control the
distribution of portions of data accessed from repository 616. For example,
data distribution instructions 608 may manage and control the distribution of
data to one or more peer virtual machines associated with computing device
600.

[0046] Virtual machine transitioning instructions 610 may manage and
control the transition of computing device 600 from a relay virtual machine to
a peer virtual machine. For example, virtual machine transitioning instructions
610 may coordinate with data management system 100 of FIG. 1 to transition
computing device 600 from a relay virtual machine to a peer virtual machine
after data accessed from repository 616 has been distributed to the
associated peer virtual machines.

[0047] Peer access instructions 612 may manage and control access to
other peer virtual machines processing data from repository 616. For
example, peer access instructions 612 may manage and control access to
other peer virtual machines (e.g., at least a portion of virtual machines 618) to
send and/or receive data to be processed by computing device 600 once peer
computing device 100 has transitioned to a peer virtual machine. Peer virtual
machines may make their data available to other peer virtual machines that
may be available for processing (e.g., peer virtual machines with no data left
to process) such that another peer virtual machine may download data to aid
in the processing of the data.

[0048] Data processing instructions 614 may manage and control the
processing of data originating from repository 616. For example, data
processing instructions 614 may manage and control the processing of data
received from other peer virtual machines, such as a portion of virtual
machines 618.

[0049] Repository 616 may be a central repository storing data to be
processed. For example, repository 616 may be a cloud computing storage

system for storing large amounts of data.
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[0050] Virtual machines 618 may be one or more virtual machines
processing data from repository 616. For example, virtual machines 618 may
include peer virtual machines associated with computing device 600 when
computing device 600 operates as a relay virtual machine and may include
other peer virtual machines that computing device 600 may access when
computing device 600 operates as a peer virtual machine.

[0051] FIG. 7 is a flowchart illustrating an example method 700 of
transitioning a virtual machine from a relay to a peer virtual machine. Method

700 may be implemented using computing device 600 of FIG. 6.

[0052] Method 700 includes, at 702, accessing, by a computing device
(e.g., computing device 600), a partition of a data file from a data repository
(e.g., repository 616). The computing device may operate as a relay virtual
machine to relay data to peer virtual machines associated with the computing

device.

[0053] Method 700 also includes, at 704, distributing a portion of the
partition of the data file to each peer virtual machine of a set of peer virtual
machines associated with the computing device operating as a relay virtual

machine.

[0054] Method 700 also includes, at 706, transitioning the computing
device from the relay virtual machine to a peer virtual machine. The
computing device may transition to a peer virtual machine after the portions of
the partition of the data file have been distributed to the associated peer

virtual machines.

[0055] Method 700 also includes, at 708, accessing data from another
peer virtual machine. For example, the computing device operating as a peer
virtual machine may access data from other peer virtual machines with

unprocessed data.

[0056] Method 700 also includes, at 710, processing the data accessed

from the other peer virtual machines.

[0057] Examples provided herein (e.g., methods) may be implemented in
hardware, software, or a combination of both. Example systems may include

a controller/processor and memory resources for executing instructions stored
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in a tangible non-transitory medium (e.g., volatile memory, non-volatile
memory, and/or machine-readable media). Non-transitory machine-readable
media can be tangible and have machine-readable instructions stored thereon
that are executable by a processor to implement examples according to the
present disclosure.

[0058] An example system can include and/or receive a tangible non-
transitory machine-readable medium storing a set of machine-readable
instructions (e.g., software). As used herein, the controller/processor can
include one or a plurality of processors such as in a parallel processing
system. The memory can include memory addressable by the processor for
execution of machine-readable instructions. The machine-readable medium
can include volatile and/or non-volatile memory such as a random access
memory (“RAM”), magnetic memory such as a hard disk, floppy disk, and/or
tape memory, a solid state drive (“SSD”), flash memory, phase change

memory, and so on.
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Claims

What is claimed is:
1. A computing device comprising:
a processor to:
access a partition of a data file from a data repository;
distribute a portion of the partition to each peer virtual machine
of a set of peer virtual machines associated with the
computing device, the computing device being a relay
virtual machine relaying information to the set of peer
virtual machines;
transition the computing device from the relay virtual machine to
a peer virtual machine;
access data from another peer virtual machine; and

process the data.

2. The computing device of claim 1, wherein the data accessed by
the computing device is capable of being accessed by other peer virtual

machines.

3. The computing device of claim 1, wherein the processor is
further to:

identify a particular peer virtual machine with additional data to be
processed;

access at least a portion of the additional data; and

process the at least a portion of the additional data.

4. The computing device of claim 1, wherein the processor is
further to:
access additional data from the data repository; and

process the additional data.
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5. The computing device of claim 1, wherein the processor is

further to publish a status indicating the processing of the data is complete.

6. A method comprising:

receiving, by a computing device, a partition of a data file from a data
repository;

sending, by the computing device, a portion of the partition to each
peer virtual machine of a set of peer virtual machines associated
with the computing device, the computing device being a relay
virtual machine relaying information to the set of peer virtual
machines;

reconfiguring, by the computing device, the computing device from the
relay virtual machine to a peer virtual machine;

accessing, by the computing device, data from another peer virtual
machine;

processing, by the computing device, the data; and

providing, by the computing device, the processed data.

7. The method of claim 6, wherein the data accessed by the
computing device is capable of being accessed by other peer virtual

machines.

8. The method of claim 6, further comprising:

identifying, by the computing device, a particular peer virtual machine
with additional data to be processed;

accessing, by the computing device, at least a portion of the additional
data; and

processing, by the computing device, the at least a portion of the

additional data.

9. The method of claim 6, further comprising:

accessing, by the computing device, additional data from the data
repository; and

processing, by the computing device, the additional data.
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10.  The method of claim 6, further comprising:

publishing a status indicating the processing of the data is complete.

11. A non-transitory machine-readable storage medium storing
instructions that, if executed by at least one processor of a computing device,
cause the computing device to:

access a partition of a data file from a data repository;

send a portion of the partition to each peer virtual machine of a set of

peer virtual machines associated with the computing device, the
computing device being a relay virtual machine relaying
information to the set of peer virtual machines;

change the computing device from the relay virtual machine to a peer

virtual machine;

obtain data from another peer virtual machine; and

process the data;

12.  The non-transitory machine-readable storage medium of claim
11, wherein the data obtained is capable of being accessed by other peer

virtual machines.

13.  The non-transitory machine-readable storage medium of claim
11, wherein the instructions, if executed by the at least one processor, further
cause the computing device to:

identify a particular peer virtual machine with additional data to be
processed;

access at least a portion of the additional data; and

process the at least a portion of the additional data.

14.  The non-transitory machine-readable storage medium of claim
11, wherein the instructions, if executed by the at least one processor, further
cause the computing device to:

access additional data from the data repository; and

process the additional data.
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15.  The non-transitory machine-readable storage medium of claim
11, wherein the instructions, if executed by the at least one processor, further
cause the computing device to publish a status indicating the processing of

the data is complete.
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