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1
DETERMINATION OF MAXIMAL
INDEPENDENT SETS OF MOBILE DEVICES

BACKGROUND

A mobile computing device such as a notebook computer,
tablet computer, mobile phone, or smart device may be pow-
ered by a portable energy source, such as at least one battery,
fuel cell, etc. The operation of such a device may be limited by
the life of the energy source. Accordingly, appropriate power
management of the device may be beneficial for extending the
life of the energy source and the operation of the device.

BRIEF SUMMARY

In some implementations, a target mobile device, of a
plurality of mobile devices, includes a communication inter-
face to communicate with at least one neighbor mobile device
of the plurality of mobile devices, wherein the target and
neighbor mobile devices each have a first identifier of a first
identifier assignment for the plurality of mobile devices. The
target mobile device also includes a maximal independent set
(MIS) controller. The MIS controller generates, based on at
least identifier generation information, a second identifier for
each of the target and neighbor mobile devices, wherein the
second identifiers are part of a second identifier assignment
for the plurality of mobile devices. The MIS controller also
participates, with the other of the plurality of mobile devices
via the communication interface, in concurrent distributed
determinations of first and second MISs of the plurality of
mobile devices based on the first and second identifier assign-
ments, respectively. The MIS controller additionally selects
one of the first and second MISs as a set of representatives.

In some implementations, the MIS controller selects one of
the first and second MISs based on a selection communica-
tion received, via the communication interface, from one of
the at least one neighbor mobile devices.

In some implementations, the target mobile device also
includes a computing resource and the MIS controller is
further configured to utilize the computing resource in
response to a utilization request from one of the at least one
neighbor mobile devices, if the target mobile device is a
member of the selected MIS, and provide a utilization request
to a member of the selected MIS, if the target mobile device
is a constituent of the selected MIS.

In some implementations, to participate in the distributed
determination of the first and second MISs, the MIS control-
ler, for each of the identifier assignments, stores an MIS status
for the target mobile device, stores a number of outstanding
status communications for the target mobile device, and pro-
vides the MIS status to a receiving neighbor of the at least one
neighbor mobile devices.

In some implementations, to participate in the distributed
determination of the first and second MISs, the MIS control-
ler, for each of the identifier assignments, receives, from a
sending neighbor mobile device of the at least one neighbor
mobile device via the communication interface, a status com-
munication, and updates at least one of the MIS status and the
number of outstanding status communications in accordance
with the received status communication.

In some implementations, a non-transitory machine-read-
able storage medium is encoded with instructions executable
by a processor of a target mobile device of a plurality of
mobile devices. The storage medium includes instructions to
store a principal identifier for each of the target mobile device
and at least one neighbor mobile device of the plurality of
mobile devices, wherein the principal identifiers are part of a
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principal identifier assignment. The storage medium also
includes instructions to generate, based on identifier genera-
tion information and the principal identifiers, a plurality of
alternative identifiers including, for each of a plurality of
alternative identifier assignments, alternative identifiers for
the target and neighbor mobile devices. The storage medium
additionally includes instructions to cause the target mobile
device to interact with the at least one neighbor mobile device
to contribute to concurrent distributed determinations, by the
plurality of mobile devices, of a plurality of maximal inde-
pendent sets (MISs) of the plurality of mobile devices based
on a collection of identifier assignments including the alter-
native identifier assignments and the principal identifier
assignment. The storage medium further includes instruc-
tions to select one of the plurality of MISs as a set of repre-
sentatives.

In some implementations, the storage medium also
includes instructions to provide, from the target mobile
device to one of the at least one neighbor mobile devices, a
combined status communication including first and second
MIS statuses for first and second identifier assignments of the
collection of identifier assignments, respectively.

In some implementations, the combined status communi-
cation includes an indication that the first MIS status is asso-
ciated with the first identifier assignment and an indication
that the second MIS status is associated with the second
identifier assignment.

In some implementations, the plurality of MISs have an
order, the instructions to select one of the plurality of MISs
comprise instructions to cycle through the plurality of MISs,
in order, in response to successive selection triggers, and the
instructions to cause the target mobile device to interact with
the at least one neighbor mobile device include instructions to
store an MIS status for the target mobile device for each of the
collection of identifier assignments and instructions to store a
number of outstanding status communications for the target
mobile device for each of the collection of identifier assign-
ments.

In some implementations, the identifier generation infor-
mation includes a plurality of modifiers each associated with
one of the alternative identifier assignments, and wherein, the
instructions to generate the alternative identifiers include
instructions to concatenate one of the plurality of modifiers
with each of the primary identifiers to generate a plurality of
salted identifiers, for each of the alternative identifier assign-
ments, and instructions to take a hash of each of the salted
identifiers to generate the alternative identifiers for the target
and neighbor mobile devices, for each of the alternative iden-
tifier assignments.

In some implementations, a method includes storing, on a
target mobile device of a plurality of mobile devices, a prin-
cipal identifier for each of the target mobile device and at least
one neighbor mobile device of the plurality of mobile devices.
The method also includes generating, with the target mobile
device based on identifier generation information and the
principal identifiers, a plurality of alternative identifiers
including, for each of a plurality of alternative identifier
assignments, an alternative identifier for each of the target and
neighbor mobile devices. The method additionally includes
communicating with each of the at least one neighbor mobile
devices, after generating the alternative identifiers, to
advance concurrent distributed determinations, by the plural-
ity of mobile devices, of a plurality of maximal independent
sets (MISs) of the plurality of mobile devices based on at least
the alternative identifier assignments.
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In some implementations, selecting the first MIS includes
selecting the first MIS based on at least the number of mem-
bers in each of the plurality of MISs.

In some implementations, the method also includes pro-
viding a resource utilization request to a member of the first
MIS, if the target mobile device is a constituent of the first
MIS. The method additionally includes receiving a resource
utilization request from a constituent of the first MIS, if the
target mobile device is a member of the first MIS. The method
further includes providing cached information to the constitu-
ent in response to receiving the resource utilization request.

In some implementations, the method includes determin-
ing whether to select another MIS of the plurality of MISs.
The method also includes selecting a second MIS of the
plurality of MISs as a second set of representatives for the
plurality of mobile devices, if the result of the determination
is to select another MIS.

In some implementations, selecting the second MIS
includes selecting, as the second MIS, an MIS of the plurality
of MISs having the fewest number of members in common
with the first MIS.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description references the draw-
ings, wherein:

FIG. 1 is a block diagram of an example target mobile
device to participate in distributed maximal independent set
(MIS) determinations;

FIG. 2 includes two series of block diagrams for a plurality
of mobile devices illustrating stages in example distributed
determinations of two MISs of the mobile devices;

FIG. 3 is a block diagram of an example target mobile
device to store information regarding distributed MIS deter-
minations;

FIG. 41is ablock diagram of another example target mobile
device to interact with a neighbor mobile device to contribute
to distributed determinations of a plurality of MISs;

FIG. 5 is a flowchart of an example method for communi-
cating with a neighbor mobile device for the determination of
a plurality of MISs; and

FIG. 6 is a flowchart of an example method for selecting
MISs of a plurality of MISs of mobile devices.

DETAILED DESCRIPTION

As noted above, appropriate power management may be
beneficial for extending the life of a mobile device’s portable
energy source, such as at least one battery, at least one fuel
cell, or the like. Some mobile device functionalities, such as
global positioning system (GPS) and wireless networking
functionalities, may use power at a higher rate than other
functionalities, such as short-range or personal area network
(PAN) communication functionalities. Moreover, extended
usage of one of the high-power functionalities may drain the
portable energy source of a mobile device at an unacceptably
high rate.

To address these issues, examples disclosed herein may
enable a mobile device to conserve power by using low-
power communication to collaborate with other mobile
devices in the performance of a more power-intensive func-
tionality. In such examples, a plurality of mobile devices may
select a subset of the devices as representatives. The repre-
sentatives may perform the power-intensive functionality for
itself and any mobile device able to communicate with the
representative via low-power communication. In some
examples, the representatives may cache information
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4

obtained via the power-intensive functionality, which may be
provided to other mobile devices when requested. Addition-
ally, having representatives perform certain functionalities
for non-representatives in accordance with examples
described herein may reduce the heat generation of the non-
representatives, and may reduce the amount of wear the non-
representatives would experience by performing those func-
tionalities, and the like.

In examples disclosed herein, a plurality of mobile devices
may select the representatives in a distributed manner, with
each mobile device contributing to the collective determina-
tion of which mobile devices are to be the representatives. For
example, the mobile devices may be considered vertices of a
connected graph having an edge between vertices if the
mobile devices represented by the vertices are able to com-
municate bi-directionally via low-power communication
(e.g., short-range radio). An independent set of the graph is a
subset of the vertices in which no two members of a subset are
adjacent (i.e., connected by an edge). Moreover, an indepen-
dent set is a maximal independent set (MIS) if the indepen-
dent set is not a subset of any larger independent set of the
vertices. In an MIS, no two members of the MIS are adjacent
to one another, and each non-member is adjacent to at least
one member of the MIS. As such, an MIS ofthe vertices of the
graph representing the plurality of mobile devices may be an
appropriate set of representatives for the plurality of mobile
devices.

In some examples, the plurality of mobile devices may
determine an MIS of the mobile devices in a distributed
manner, and then utilize the mobile devices that are members
of the MIS as representatives for performing the power-in-
tensive functionality. In this manner, many of the mobile
devices may conserve power by allowing the representatives
to perform the power-intensive functionality for them and
receiving results from the representatives via lower-power
communication.

Additionally, examples disclosed herein may enable a
mobile device to participate with other devices in concurrent
distributed determinations of a plurality of MISs of the
mobile devices. In such examples, a smallest MIS of the
plurality of MISs determined may then be selected as the set
of representatives. By selecting a small MIS, fewer devices of
the plurality may perform the power-intensive functionality,
so that more of the mobile devices may conserve power.
Moreover, a distributed determination of the plurality of
MISs may be faster and more efficient than one device learn-
ing all vertices and edges in a graph representing the plurality
of mobile devices and then having that one device determine
the plurality of MISs.

Referring now to the drawings, FIG. 1is ablock diagram of
an example target mobile device 100 to participate in distrib-
uted maximal independent set (MIS) determinations. As used
herein, a “mobile device” is a mobile phone, a smart device
(e.g., a smartphone), a slate or tablet computer, a notebook
computer, or any other computing device having a commu-
nication interface and a portable energy source capable of
powering the device. A mobile device may also be referred to
herein as a “mobile computing device”. In the example of
FIG. 1, target mobile device 100 includes a communication
interface 115, and an MIS controller 120.

As used herein, a “communication interface” is at least one
hardware component that may be used by a mobile device to
perform low-power communication with another mobile
device. Additionally, as used herein, “low-power communi-
cation” may be any type of short-range radio communication
(e.g., utilizing short wavelength radio communication, Blue-
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tooth®, etc.), or any other type of short-range, point-to-point
communication having relatively low power consumption.

In some examples, target mobile device 100 is one mobile
device of a plurality of mobile devices. In such examples, the
plurality of mobile devices may be a connected plurality of
mobile devices in which, for each pair of mobile devices of
the plurality, the mobile devices of the pair may communicate
with one another directly via low-power communication or
through the low-power communication of at least one other
mobile device of the plurality. In some examples, each of the
plurality of mobile devices may include a communication
interface and an MIS controller, as described in relation to
target mobile device 100. As used herein, a first mobile device
of'the plurality of mobile devices may be considered a “neigh-
bor” in relation to a second mobile device of the plurality if
the first and second mobile devices are able to communicate
with one another directly via respective communication inter-
faces of the first and second mobile devices. In the example of
FIG. 1, target mobile device 100 may utilize communication
interface 115 to communicate with at least one neighbor of
the plurality of mobile devices.

In some examples, each of the plurality of mobile devices
has a principal identifier. As used herein, an “identifier” is any
value or data structure for which there exists a static order of
identifiers of the same type. For example, an identifier may be
a number, an alphanumeric value, or the like. In some
examples, a device’s principal identifier may be a serial num-
ber of the mobile device, another unique identification num-
ber for the mobile device, or the like. Additionally, the prin-
cipal identifiers of each of the plurality of mobile devices may
collectively form a principal identifier assignment. As used
herein, an “identifier assignment” is a one-to-one mapping of
a plurality of identifiers to a plurality of mobile devices in
which an identifier assignment for a plurality of mobile
devices includes a unique identifier for each of the mobile
devices.

In some examples, an identifier assignment may include
only identifiers of the same type (e.g., numbers, etc.). More-
over, because identifiers have a static order, a mobile device
may compare its identifier to the identifier of one of its neigh-
bors to determine whether, for a given identifier assignment,
its identifier is greater than or less than the neighbor’s iden-
tifier. A neighbor of a mobile device having a greater identifier
than the mobile device, for a given identifier assignment, is
referred to herein as a “higher neighbor” for that identifier
assignment. Additionally, a neighbor of a mobile device hav-
ing a lower identifier than the mobile device, for a given
identifier assignment, is referred to herein as a “lower neigh-
bor” for that identifier assignment.

In some examples, target mobile device 100 may discover
its neighbors among the plurality of mobile devices by using
communication interface 115 to discover mobile devices
within the range of communication interface 115. In such
examples, target mobile device 100 may receive a principal
identifier from each of its neighbors and store the principal
identifiers of its neighbors in addition to storing its own
principal identifier.

In the example of FIG. 1, MIS controller 120 includes
modules 122,132, and 134. In other examples, MIS controller
120 may include additional modules to perform additional
functionality. In some examples, the functionality of modules
of MIS controller 120 may each be implemented in the form
of executable instructions encoded on a machine-readable
storage medium, in the form of electronic circuitry, or a
combination thereof. In the example of FIG. 1, alternative
identifier generating module 122 may generate an alternative
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identifier for target mobile device 100 and each of its neigh-
bors based at least in part on identifier generation informa-
tion.

As used herein, “identifier generation information” is any
information that may be used to generate identifiers for a
mobile device. In some examples, identifier generation infor-
mation may be a plurality of salt values (e.g., a sequence of
numbers). In such examples, module 122 may generate an
alternative identifier for a mobile device by concatenating one
of the salt values to the device’s principal identifier to gener-
ate a salted identifier, and then taking a hash of the salted
identifier. In such examples, module 122 may generate an
alternative identifier for target mobile device 100 and each of
its neighbors using the same salt value. In this manner, mod-
ule 122 may determine alternative identifiers for the neigh-
bors of target mobile device 100 without any communication
with the neighbors after receiving their principal identifiers.
The alternative identifiers generated for target mobile device
100 and its neighbors may be part of an alternative identifier
assignment for the plurality of mobile devices.

Moreover, in some examples, each mobile device of the
plurality of mobile devices may generate and store alternative
identifiers for itself and its neighbors as described above in
relation to module 122. In such examples, all mobile devices
may have the identifier generation information stored thereon
and may use the same salt value to generate the alternative
identifiers. As such, each mobile device may generate and
store the same alternative identifier for itself that its neighbors
generate for it. In this manner, each of the mobile devices may
store the principal identifiers for itself and its neighbors for
the principal identifier assignment and the alternative identi-
fiers for itself and its neighbors for the alternative identifier
assignment.

In the example of FIG. 1, after module 122 determines the
alternative identifiers, distributed determination participation
module 132 may participate in a distributed determination of
first and second MISs of'the plurality of mobile devices based
on the principal and alternative identifier assignments,
respectively. As noted above, the plurality of mobile devices
may be considered vertices of a connected graph having an
edge between vertices if the mobile devices represented by
those vertices are able to communicate bi-directionally via
low-power communication. Also, as used herein, an “MIS of
a plurality of mobile devices” is a set of mobile devices
among the plurality, wherein the set forms an MIS of the
graph representing the plurality of mobile devices. Mobile
devices that are part of the MIS may be referred to herein as
“members” of the MIS, and mobile devices that are not part of
the MIS may be referred to herein as “constituents” of the
MIS. Moreover, as used herein, a “determination” of an MIS
of'a plurality of mobile devices is a determination of which of
the plurality of mobile devices are members of the MIS and
which are constituents.

In some examples, an MIS of the plurality of mobile
devices may be determined in a distributed manner by the
plurality of mobile devices based on a given identifier assign-
ment of the plurality of mobile devices. In such examples, the
determination may proceed in the following manner. As
described above, each mobile device may store its own iden-
tifier and the identifiers of each of its neighbors, for the given
identifier assignment. Moreover, each mobile device may
determine, for each of its neighbors, whether the neighbor is
a higher neighbor or a lower neighbor for the given identifier
assignment. To determine the MIS, each mobile device may
await status communications from its higher neighbors (if
any), determine its MIS status (i.e., member or constituent)
based on the MIS status of at least one of its higher neighbors
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(if any), and communicate its MIS status to its lower neigh-
bors (if any) once determined. As used herein, an “MIS sta-
tus” of a mobile device is an indication of whether the mobile
device is a member of an MIS for a given identifier assign-
ment, a constituent of an MIS for the given identifier assign-
ment, or undeclared for the given identifier assignment. A
mobile device has an “undeclared” MIS status for a given
identifier assignment before it declares itself to be either a
member or constituent for the given identifier assignment.
Additionally, as used herein a “status communication” is a
communication including the MIS status of a mobile device
providing the status communication.

For example, if a mobile device has no higher neighbors,
the mobile device may declare itself to be a member of the
MIS and notify its lower neighbors that it is a member. If a
mobile device receives a communication indicating that one
of its higher neighbors is a member, then the mobile device
cannot also be a member, and the mobile device may declare
itself to be a constituent and notify its lower neighbors that it
is a constituent. If a mobile device has received communica-
tions from each of its higher neighbors and none is a member,
then the mobile device may declare itself to be a member and
notify its lower neighbors that it is a member. In this manner,
the determination of an MIS for the given identifier assign-
ment by the plurality of mobile devices is completed once the
mobile device with the lowest identifier has declared its sta-
tus. In the manner described above, the MIS of'the plurality of
mobile devices may be determined in a distributed manner by
providing one status communication over each edge of the
graph representing the plurality of mobile devices. In such
examples, the distributed determination of the MIS is ongo-
ing at least until a status communication has been provided
over each edge of the graph.

While in many examples no mobile device is aware of the
entire MIS when the distributed determination described
above is completed, each mobile device is aware of aneighbor
that is a member of the MIS, or knows that it is a member
itself. Although the distributed determination of an MIS has
been described above in the context of an example in which
each node receives status communications from its higher
neighbors and provides status communications to its lower
neighbors, in other examples, each mobile device may receive
status communications from its lower neighbors and provide
status communications to its higher neighbors and may end
when the mobile device with the highest identifier declares its
status.

In the above example, the MIS is determined based on the
identifiers of the identifier assignment used in the determina-
tion. As such, performing the above distributed determination
based on different identifier assignments may produce difter-
ent MISs of the plurality of mobile devices. In some
examples, each mobile device of the plurality of mobile
devices may generate and store alternative identifiers for
itself and its neighbors as described above in relation to
module 122. In such examples, the plurality of mobile devices
may thereby collectively generate and store an alternative
identifier assignment in addition to the principal identifier
assignment. In such examples, each of the mobile devices
may store the identifiers for itself and its neighbors for both
the principal and the alternative identifier assignments.

In the example of FIG. 1, module 132 may participate in a
distributed determination, by the plurality of mobile devices,
of a first MIS of the plurality of mobile devices based on the
principal identifier assignment, and in a distributed determi-
nation, by the plurality of mobile devices, of a second MIS of
the plurality of mobile devices based on the alternative iden-
tifier assignment. In some examples, the plurality of mobile
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devices may perform the distributed determinations of the
first and second MISs concurrently. In such examples, mod-
ule 132 may participate with the other mobile devices via
communication interface 115 in concurrent distributed deter-
minations of first and second MISs of the plurality of mobile
devices based on the first and second identifier assignments,
respectively. As used herein, distributed determinations of a
plurality of MISs based on a plurality of identifier assign-
ments are “concurrent” if, for each of the identifier assign-
ments, at least one mobile device is declared to be an MIS
member before the MIS determination is completed for any of
the identifier assignments. As used herein, an MIS determi-
nation is considered “completed” for a given identifier assign-
ment once the MIS status for every mobile device has been
declared as either member or constituent.

Additionally, in some examples, for the concurrent deter-
minations of a plurality of MISs (e.g., first and second MISs)
of the plurality of mobile devices, module 132 may await
status communications 182 from its higher neighbors for each
identifier assignment concurrently, declare the status of
device 100 for each identifier assignment as the appropriate
information is received, and provide status communications
182 to the lower neighbors of device 100 for each identifier
assignment once it declares its status for that assignment.
Status communications 182 may be provided to and received
from neighbors via communication interface 115 of target
mobile device 100. Additionally, in such examples, each of
the other mobile devices of the plurality of mobile devices
may also perform the functionality described above in rela-
tion to module 132 for the concurrent determinations of a
plurality of MISs for the plurality of mobile devices. In this
mannet, the plurality of mobile devices may perform concur-
rent distributed determinations of a first MIS based on the
principal identifier assignment and a second MIS based onthe
alternative identifier assignment.

Inthe example of FIG. 1, after the determination of the first
and second MISs, module 134 may select one of the first and
second MISs as a set of representatives for the plurality of
mobile devices in any suitable manner. As used herein, a
“representative” is a mobile device, of a plurality of mobile
devices, that may perform a functionality on behalf of another
mobile device of the plurality and provide results of the per-
formance of the functionality to the other mobile device. In
some examples, the functionality may be a power-intensive
functionality, such as the utilization of GPS interface, the
utilization of a wireless networking interface, or the like.

In some examples, after the first and second MISs are
determined, module 134 may receive a selection communi-
cation 182 from another mobile device of the plurality of
mobile devices via communication interface 115, and select
the MIS indicated by the selection communication 182. In
some examples, the selection communication 182 may be
received from a neighbor of target mobile device 100. As used
herein, an “MIS selector” is a mobile device of a plurality of
mobile devices that may select at least one MISs of a plurality
of MISs of the plurality of mobile devices on behalf of the
mobile devices. In some examples, after the MISs are deter-
mined, the MIS selector may select one of the MISs and
provide to all the other mobile devices a selection communi-
cation indicating the selected MIS. In some examples, the
MIS selector may communicate to the other mobile devices
either directly via low-power communication or through the
low-power communication of at least one other mobile device
of the plurality.

In some examples, one of the plurality of mobile devices,
other than target mobile device 100, may be an MIS selector
and may select one of the first and second MISs as a set of
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representatives for the plurality of mobile devices. In such
examples, after selecting one of the MISs, the selector MIS
may provide a selection communication 182, indicating the
selected MIS, to each of the other mobile devices, including
target mobile device 100. Each mobile device, including tar-
get mobile device 100, may know whether it or one of its
neighbors is a representative for the selected MIS based on
the declared status of target mobile device 100 and each of its
neighbors for the selected MIS, which may be determined by
module 132 during the distributed determination of the MISs.

In some examples, the MIS selector may be determined
from among the plurality of mobile devices in any suitable
manner. For example, the MIS selector may be determined
based on the receipt of a request to utilize a functionality,
where the request to utilize that functionality triggers the
formation of an MIS. In some examples, one of the plurality
of'mobile devices may receive, from a user via a user interface
of'the mobile device, a request to utilize a GPS functionality,
or any other power-intensive functionality. In such examples,
the mobile device that receives the request from the user may
declare itself to be the MIS selector, instruct the other of the
plurality of mobile devices to determine a plurality of MISs of
the mobile devices as described above, select one of the MISs,
and communicate the selection to the other mobile devices.

In other examples, the MIS selector may be determined by
any suitable leader election protocol before or after determin-
ing a plurality of MISs of the mobile devices. For example,
the mobile device with the highest or lowest principal iden-
tifier may declare itself to be the MIS selector. In such
examples, when the mobile device with the lowest principal
identifier is to be the MIS selector, each mobile device may
broadcast its principal identifier to its neighbors. Then, at
each of a number of rounds, each mobile device may then
broadcast any principal identifier it receives that is lower than
any principal identifier it has previously broadcasted, includ-
ing its own. After a sufficient number of rounds (e.g., equal to
the diameter of the graph representing the plurality of mobile
devices), the mobile device having a principal identifier equal
to the smallest principal identifier it has seen may declare
itself to be the MIS selector.

In some examples, the MIS selector may select one of the
plurality of MISs based on features of and/or information
about the MISs. For example, the features of the MISs may be
the respective sizes of the MISs. In such examples, the MIS
selector may select one of the MISs based on the respective
sizes of the MISs. For example, the MIS selector may select
an MIS having a smallest size among the MISs. In such
examples, the MIS selector may obtain the size information
by forming a routing tree or spanning tree of the mobile
devices (i.e., of the graph representing the mobile devices) in
which the MIS selector is the root of the tree.

The routing tree or spanning tree may be formed in any
suitable manner. For example, if target mobile device 100 is
the MIS selector, then module 134 may declare target mobile
device 100 to be the root of the spanning tree and broadcast to
its neighbors a communication requesting the formation of a
spanning tree, indicating the principal identifier of target
mobile device 100. Each mobile device that receives the
communication and has not previously received a tree forma-
tion request may then set the mobile device from which it
received the message as its parent, and send a similar com-
munication to its neighbors, substituting its identifier into the
request. The spanning tree has been formed once all mobile
devices other than the root have a parent. In other examples,
the tree formation request may further include the level in the
tree of the sending mobile device (starting with a level of zero
forthe root). In such examples, when a mobile device receives
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a tree formation request, the receiving device may set the
device from which it has received the request as the parent if
the request includes the lowest level the receiving device has
yet seen. The receiving device may then set its level to be one
more than its parent’s level, and then broadcast a tree forma-
tion request with its own level. In such examples, a mobile
device may initially update its level and broadcast a tree
formation request in response to the first tree formation
request it receives, and subsequently update its level and
broadcast another tree formation request each time it receives
a request that includes the lowest level it has yet seen.

Moreover, in examples in which target mobile device 100
is the MIS selector, module 134 may request MIS size infor-
mation from the other mobile devices after or concurrent with
requesting formation of the spanning tree. In such examples,
starting from target mobile device 100 (i.e., the root), each
mobile device in the tree may request, from each of its chil-
dren, the number of MIS members in the tree rooted at that
child for each of the plurality of MISs. For each of the MISs,
the mobile device may then add the number of MIS members
received from each of its children, add one if it is a member,
and provide the total to its parent. For each of the MISs,
module 134 may then add the numbers received from its
children and add one if target mobile device 100 is a member.
In this manner, module 134 may determine the size of each of
the plurality of MISs. In such examples, module 134 may then
select an MIS having a smallest size among the plurality of
MISs and then provide a selection communication 182 to the
other mobile devices of the plurality.

In some examples, after selecting a first MIS, the MIS
selector may select a second MIS of the plurality based on
which of the MISs has the fewest mobile devices in common
with the first MIS. In this manner, the mobile devices may
more evenly spread the burden of being a representative. In
such examples, the MIS selector may use a spanning tree
formed as described above to obtain the size of the intersec-
tion of a pair of MISs. In such examples, for each of the MISs
other than the first MIS, the MIS selector may request the
intersection size for the first MIS and the other MIS. The MIS
selector may then choose the MIS having the smallest inter-
section with the first MIS. As used herein, a “size” of an
intersection is the number of mobile devices that a given pair
of MISs has in common.

In some examples, the MIS selector may determine an
intersection size for a given pair of MISs in the following
manner. Starting from the root (e.g., the MIS selector), each
mobile device in the tree may request, from each of its chil-
dren, the number of mobile devices that are members of both
MISs in the tree rooted at that child. Each mobile device may
add the numbers received from each of its children, add one if
it is amember of both MISs, and provide the total to its parent.
In this manner, the MIS selector may obtain the intersection
size by adding the numbers received from its children and
adding one for itself if it is a member of both MISs.

In other examples, the MIS selector may use the spanning
tree to request from each of the mobile devices an indication
of which MISs the mobile device is a member of. In such
examples, this membership information for each mobile
device may be passed to the MIS selector via the spanning
tree. In some examples, the MIS selector may then use this
membership information to determine the MIS having the
least mobile devices in common with the first MIS and select
that MIS as a second MIS.

In examples described above, a mobile device may partici-
pate in concurrent distributed determinations of a plurality of
MISs of the plurality of mobile devices. By determining a
plurality of MISs, an MIS selector may select a smallest MIS
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among the determined MISs as the set of representatives so
that more mobile devices can, for example, conserve power
by not acting as a representative. Moreover, by determining
the MISs in a distributed manner, the MISs may be deter-
mined concurrently and may be determined faster than if
determined by a single one of the plurality of mobile devices.

FIG. 2 includes two series of block diagrams for a plurality
of mobile devices 220 illustrating stages in example distrib-
uted determinations of two MISs of the mobile devices 220.
FIG. 2 illustrates a plurality of mobile devices 220 including
target mobile device 100 of FIG. 1, and mobile devices 102,
104, 106, and 108. In FIG. 2, a series of block diagrams 202
illustrates a distributed determination of a first MIS for the
plurality of mobile devices 220 based on a principal identifier
assignment. Also in FIG. 2, a series of block diagrams 204
illustrates a distributed determination of a second MIS for the
plurality of mobile devices 220 based on an alternative iden-
tifier assignment. In the example of FIG. 2, the first and
second MIS may be determined concurrently by the plurality
of mobile devices 220, as illustrated by timeline 201, having
successive time periods 201A, 201B, and 201C.

In the example of FIG. 2, the principal and alternative
identifier assignments both include numbers as identifiers.
The principal identifier assignment includes principal identi-
fiers 4, 3, 2, 1, and 0 for mobile devices 100, 102, 104, 106,
and 108, respectively. The alternative identifier assignment
includes alternative identifiers 3, 1, 2, 0, and 4 for mobile
devices 100, 102, 104, 106, and 108, respectively. In FIG. 2,
the identifier and MIS status for each mobile device are shown
inside the blocks representing the mobile devices. The MIS
status is shown in parentheses, with a “U” indicating an MIS
status of undeclared, an “M” indicating an MIS status of
member, and a “C” indicating an MIS status of constituent.

In the example of FIG. 2, the distributed determination of a
first MIS of mobile devices 220 based on the principal iden-
tifier assignment may proceed as described above in relation
to FIG. 1. An example of such a distributed determination of
the first MIS, shown in FIG. 2 by the series of block diagrams
202, may proceed in the following manner.

As described above in relation to FIG. 1, each of the plu-
rality of mobile devices 220 may store its own identifier and
the identifiers of each of its neighbors, for the principal iden-
tifier assignment. Moreover, each of mobile devices 220 may
determine, for each of its neighbors, whether the neighbor is
a higher neighbor or a lower neighbor for the given identifier
assignment. Then, to determine the first MIS, each of mobile
devices 220 may await status communications from its higher
neighbors (if any), determine its MIS status based on the MIS
status of at least one of its higher neighbors (if any), and
communicate its MIS status to its lower neighbors (if any)
once determined.

For example, during time period 201A, target mobile
device 100 may determine that it has no higher neighbors and
therefore declare itself to be a member of the first MIS. After
declaring itself to be member, target mobile device 100 may
provide its MIS status (i.e., member) to its lower neighbors.
For example, target mobile device 100 may provide a status
communication 280 to mobile device 102 and a status com-
munication 282 to mobile device 104, each indicating that
target mobile device 100 is a member.

In such examples, during time period 201B, mobile device
102 may declare itself to be a constituent in response to status
communication 280 indicating that one of its neighbors is a
member. Similarly, mobile device 104 may declare itselfto be
a constituent in response to status communication 282 indi-
cating that one of its neighbors is a member. Further, each of
mobile devices 102 and 104 may provide a status communi-
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cation to each of its lower neighbors after determining its
status. In such examples, mobile device 102 may provide a
status communication 284 to mobile device 106 indicating
that mobile device 102 is a constituent, and mobile device 104
may provide a status communication 286 to mobile device
106 indicating that mobile device 106 is a constituent.

In some examples, during time period 201C, in response to
status communications 284 and 286, mobile device 106 may
determine that it has received a status communication from
each of its higher neighbors, determine that none of its higher
neighbors is a member, and declare itself to be a member in
response to those determinations. Once mobile device 106
has declared its status, it may provide a status communication
288 to mobile device 108 to indicate that mobile device 106 is
a member. In response, mobile device 108 may declare itself
to be a constituent, since one of its neighbors is a member,
Mobile device 108 has no lower neighbor to which to com-
municate its MIS status, and so the determination of the first
MIS is complete, with the MIS members being mobile
devices 100 and 106 and the other mobile devices being
constituents.

An example of a distributed determination of a second MIS
is shown in FIG. 2 by the series of block diagrams 204.
Additionally, mobile devices 220 may concurrently deter-
mine the first and second MIS, as shown by timeline 201. In
some examples, mobile devices 220 may determine the alter-
native identifiers of the alternative identifier assignment from
the principal identifiers and identifier generation information,
as described above in relation to FIG. 1, before determining
the first MIS based on the principal identifier assignment
(e.g., before time period 201A). In such examples, mobile
devices 220 may concurrently determine the first and second
MISs based on the principal and alternative identifier assign-
ments, respectively.

In the example of FIG. 2, the determination of the second
MIS, concurrent with the determination of the first MIS, may
proceed in the following manner, as shown by the series of
block diagrams 204. During time period 201A, target mobile
device 100 and mobile device 108 may each determine that it
has no higher neighbors and therefore declare itself to be a
member of the second MIS. After declaring itself to be mem-
ber, each of target mobile device 100 and mobile device 108
may provide its MIS status (i.e., member) to its lower neigh-
bors. For example, target mobile device 100 may provide a
status communication 281 to mobile device 102 and a status
communication 283 to mobile device 104, each indicating
that target mobile device 100 is a member. Additionally,
mobile device 108 may provide a status communication 285
to mobile device 103 indicating that mobile device 108 is a
member.

In such examples, during time period 201B, mobile devices
102, 104, and 106 may each declare itself to be a constituent
in response to status communications 281, 283, and 285,
respectively. Further, each of mobile devices 102 and 104
may provide a status communication to each of its lower
neighbors after determining its status. In such examples,
mobile devices 102 and 104 may provide status communica-
tions 287 and 289, respectively, to mobile device 106. How-
ever, as noted above, mobile device 106 has already declared
itself to be a constituent, so mobile device 106 does not
declare itself to be a member in response to status communi-
cations 287 and 298. After time period 201B, the determina-
tion of the second MIS is complete, with the MIS members
being mobile devices 100 and 108 and the other mobile
devices being constituents.

As shown in FIG. 2, performing distributed determinations
of two MISs of a plurality of mobile devices 220, in the
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manner described above in relation to FIG. 1, based on two
different identifier assignments produces two different MISs.
In other examples, performing the distributed determination
on different identifier assignments may yield MISs of differ-
ent sizes. For example, MISs having two members each are
determined based on the principal and alternative identifier
assignments of the example of FIG. 2. However, an MISs
having three members may be determined based on an iden-
tifier assignment having identifiers 1, 3, 2, 0, and 4 for mobile
devices 100, 102, 104, 106, and 108. As such, in examples in
which a plurality of MISs are determined for a plurality of
mobile devices, the resulting MISs may have different sizes.
In such examples, the smallest MIS of the plurality of MISs
may be selected by an MIS selector, as described above in
relation to FIG. 1. Moreover, the sizes of different MISs of a
plurality of mobile devices may vary widely. For example, a
graph of a number “N” mobile devices may resemble a hub-
and-spokes arrangement in which one of the mobile devices is
ahub and the only edges in the graph are N-1 edges between
the hub mobile device and the remaining N-1 mobile devices,
respectively. In such examples, one MIS of the mobile
devices has a size of one (i.e., only the hub mobile device is a
member), and another MIS may has a size of N-1 (i.e., each
mobile device except the hub is a member).

Additionally, when determining first and second MISs
concurrently, as in the example of FIG. 2, status communica-
tion for different MIS determinations can be combined in
some cases. For example, when determining the first and
second MISs of FIG. 2, during time period 201A, status
communication 280 for the determination of the first MIS and
status communication 281 for the determination of the second
MIS may be provided from mobile device 100 to mobile
device 102 in a single communication. Similarly, status com-
munications 282 and 283 may be provided in one communi-
cation. Additionally, during time period 201B, status commu-
nications 284 and 287 may be provided in one
communication, and status communications 286 and 289
may be provided in one communication. In such examples,
combining status communications for multiple MIS determi-
nation may make the concurrent distributed determinations of
multiple MISs faster and more efficient.

FIG. 3 is a block diagram of an example target mobile
device 300 to store information regarding distributed MIS
determinations. In the example of FIG. 3, target mobile
device 300 includes communication interface 115 and MIS
controller 120 described above in relation to FIG. 1. In addi-
tion to modules 122, 132, and 134 described above, MIS
controller 120 includes additional modules 336 and 338 in the
example of FIG. 3. Target mobile device 300 also includes a
computing resource 317 and a storage arca 340.

As used herein, a “computing resource” may be a compo-
nent of a mobile device (e.g., a GPS interface, a wireless
network interface, etc.), a functionality of a mobile device
(e.g., GPS functionalities, wireless network communications,
etc.), and/or a set of machine-readable instructions execut-
able by a mobile device. In some examples, the computing
resource may consume power at a high rate. For example, the
computing resource may consume power at a higher rate than
low-power communication (e.g., short-range radio commu-
nication). Additionally, as used herein, a “storage area” may
comprise a number of physical media for storing data, such as
atleast one hard disk, solid state drive, tape drive, and the like,
or any combination thereof. Additionally, any storage area
described herein may include a plurality of storage devices
that, in combination, form a pool of available storage.

In the example of FIG. 3, identifier generation information
342 may be stored in storage area 340. Identifier generation
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information 342 may be, for example, a list of numbers which
may be used by module 122 as salts for the generation of
alternative identifiers as described above in relation to FIG. 1.
Additionally, identifier assignment information 344 may be
stored in storage area 340. Identifier assignment information
344 may include the identifiers for target mobile device 300
and its neighbors for at least one identifier assignment. In
some examples, identifier assignment information 344 may
initially include principal identifiers 344 A for mobile device
300 and its neighbors for a principal identifier assignment. In
such examples, module 122 may store any alternative identi-
fiers it generates in storage area 340 as part of identifier
assignment information 344. For example, module 122 may
generate and store alternative identifiers 344B for mobile
device 300 and its neighbors for an alternative identifier
assignment in storage arca 340 as part of identifier assign-
ment information 344. In the example of FIG. 3, identifier
assignment information 344 includes identifiers 344A and
344B, for two different identifier assignments, for mobile
device 300 and two of its neighbors. In other examples, iden-
tifier assignment information 344 may include identifiers for
more or fewer neighbors and/or for more than two identifier
assignments.

In some examples, target mobile device 300 may partici-
pate in concurrent distributed determinations of a plurality of
MISs based on a plurality of identifier assignments, respec-
tively, as described above in relation to FIG. 1. In such
examples, an MIS is determined for each of the identifier
assignments, and mobile device 300 may store, in storage
area 340, MIS information 346, which may include MIS
decision information 346A, 346B, etc., for each of the iden-
tifier assignments. In such examples, target mobile device
300 may maintain the MIS decision information for each
identifier assignment as target mobile device 300 participates
in the distributed determinations of MISs based on the iden-
tifier assignments.

In the example of FIG. 3, target mobile device 300 may
participate in concurrent distributed determinations of first
and second MISs based on the principal and alternative iden-
tifier assignments, respectively. In such examples, to partici-
pate in the distributed determinations of the first and second
MISs, module 132 may store, for each of the identifier assign-
ments, a current MIS status for target mobile device 300 and
a number of outstanding status communications for target
mobile device 300. In the example of FIG. 3, MIS information
346 includes MIS decision information 346 A for the princi-
pal identifier assignment, including an MIS status 348A of
target mobile device 300 for the principal identifier assign-
ment, and a number of outstanding status communications
349A for target mobile device 300 for the principal identifier
assignment. Similarly, MIS information 346 includes MIS
decision information 346B for the alternative identifier
assignment, including an MIS status 348B and a number of
outstanding status communications 349B for target mobile
device 300 for the alternative identifier assignment.

In some examples, for each identifier assignment, each ofa
mobile device’s neighbors may be a sending neighbor or a
receiving neighbor. As used herein, a “sending neighbor” of a
mobile device for a given identifier assignment is a neighbor
that is to provide a status communication to the mobile device
in the distributed determination of an MIS based on the given
identifier assignment. Also, as used herein, a “receiving
neighbor” of a mobile device for a given identifier assignment
is a neighbor that is to receive a status communication from
the mobile device in the distributed determination of an MIS
based on the given identifier assignment. In examples in
which higher neighbors provide status communications to
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lower neighbors, higher neighbors of the mobile device may
be sending neighbors for the mobile device while lower
neighbors may be receiving neighbors. In examples in which
lower neighbors provide status communications to higher
neighbors, lower neighbors may be sending neighbors of the
mobile device while higher neighbors may be receiving
neighbors of the mobile device. In the example of FIG. 3, the
number of outstanding status communications for a given
identifier assignment may initially be the number of sending
neighbors for mobile device 300, and that number may be
decremented each time mobile device 300 receives a status
communication from one of its sending neighbors.

Moreover, in the example of FIG. 3, to participate the in the
distributed determinations of the first and second MISs, mod-
ule 132 may further, for each of the identifier assignments,
receive status communications from sending neighbors,
update the MIS status for mobile device 300, and provide
status communications to receiving neighbors of mobile
device 300. For example, for each of the identifier assign-
ments, module 132 may receive, from each sending neighbor
(if any), a status communication 387 via communication
interface 115, and may update the MIS status and/or the
number of outstanding status communications in accordance
with the status communication. For example, if the status
communication indicates the status of a sending neighbor for
the principal identifier assignment, module 132 may decre-
ment the number of outstanding status communications 349A
for the principal identifier assignment in response to status
communication 387. In some examples, module 132 may also
update the MIS status 348A of mobile device 300 for the
principal identifier assignment if the number of outstanding
status communications has reached zero (e.g., declare itselfto
be a member of the MIS) or if the communication indicates
that the sending neighbor is a member of the MIS for the
principal identifier assignment.

Additionally, in some examples, for each of the identifier
assignments, module 132 may provide the MIS status of
target mobile device 300, once declared, to a receiving neigh-
bor (if any exist) for that identifier assignment. In such
examples, module 132 may provide the MIS status to a
receiving neighbor via a status communication 385 with com-
munication interface 115. For example, if target mobile
device 300 declares itself to be a member of an MIS based on
the principal identifier assignment, target mobile device 300
may provide its MIS status 348 A for the principal identifier
assignment to each of its receiving neighbors for the principal
identifier assignment, if any exist.

After the determinations of the first and second MISs,
module 134 may select one of the MISs as a set of represen-
tatives for the plurality of mobile devices in any suitable
manner. For example, module 134 may select one ofthe MISs
as described above in relation to FIG. 1. In other examples,
the determined MISs may have an order and module 134 may
select the MIS that is first in the order of the MISs. In such
examples, more than two MISs of the mobile devices may be
determined, and the plurality of mobile devices may cycle
through the MISs in order. In this manner, the mobile devices
may share the burden (e.g., power consumption, etc.) of being
a representative among the plurality of mobile devices. For
example, after selecting the MIS that is the first in the order,
module 134 may select the next MIS in the order after a given
time period has elapsed, returning to the MIS that s first in the
order after selecting each of the other MISs.

Target mobile device 300 may know whether it is a member
of the selected MIS based on the MIS status stored in MIS
information 346 for each of the MISs. In some examples, if
target mobile device 300 is a member of the selected MIS,
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resource utilization module 336 may receive, from a neighbor
via communication interface 115, a request 384 to utilize
computing resource 317 of mobile device 300. In such
examples, module 336 may utilize computing resource 317 in
accordance with the request 384. For example, computing
resource 317 may be a GPS interface, and request 384 may be
a request to obtain information from (or otherwise commu-
nicate with) a GPS satellite. In such examples, module 336
may utilize computing resource 317 to obtain the information
from the GPS satellite and provide the obtained information
to the neighbor. Additionally, in some examples, target
mobile device 300 may cache the received information and
provide the cached information to a neighbor in response to a
similar request 384.

In other examples, if target mobile device 300 is not a
member (i.e., is a constituent) of the selected MIS, requesting
module 338 may provide, to a neighbor that is a member of
the selected MIS via communication interface 115, a request
386 to utilize a computing resource of the neighbor. In such
examples, mobile device 300 may receive a result of the
computing resource utilization from the neighbor. Addition-
ally, in some examples, target mobile device 300 may begin
performing tasks of a representative or constituent after
declaring its MIS status for a given identifier assignment,
without waiting for the entire MIS determination to be com-
pleted for that identifier assignment. For example, in
examples in which module 134 selects successive MISs
according to an order of the MISs, after target mobile device
300 declares its MIS status for the MIS that is first in the order,
target mobile device 300 may begin performing tasks as a
representative or constituent based on the declared MIS sta-
tus. In such examples, if target mobile device 300 declares
itself to be a member of the MIS that is first in the order,
module 336 may begin receiving resource requests and uti-
lizing computing resource 317 in response to such requests.
Also, in such examples, if target mobile device 300 declares
itself to be a constituent of the MIS that is first in the order,
module 338 may begin sending resource utilization requests
to a neighbor declared to be a member of the MIS, without
waiting for the entire MIS to be determined.

FIG. 4 is a block diagram of another example target mobile
device 400 to interact with a neighbor mobile device to con-
tribute to distributed determinations of a plurality of MISs. In
the example of FIG. 4, target mobile device 400 includes a
communication interface 115, a storage area 340, a processor
410, and a machine-readable storage medium 420. In some
examples, storage area 340 may include identifier generation
information 342, identifier assignment information 344, and
MIS information described above in relation to FIG. 3. Addi-
tionally, in the example of FIG. 4, target mobile device 400 is
one of a plurality of mobile devices.

As used herein, a “machine-readable storage medium”
may be any electronic, magnetic, optical, or other physical
storage device that contains, stores, or is otherwise encoded
with executable instructions. For example, any machine-
readable storage medium described herein may be any of
Random Access Memory (RAM), flash memory, a storage
drive (e.g. a hard disk), a Compact Disc Read Only Memory
(CD-ROM), and the like, or a combination thereof. Further,
any machine-readable storage medium described herein may
be non-transitory. Additionally, as used herein, a “processor”
may be at least one central processing unit (CPU), at least one
semiconductor-based microprocessor, at least one graphics
processing unit (GPU), at least one other hardware device
suitable for the retrieval and execution of instructions stored
on a machine-readable storage medium, or a combination
thereof.
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Machine-readable storage medium 420 includes instruc-
tions 422, 424, 426, 428, 430, 432, 434, 436, and 438. In the
example of FIG. 4, processor 410 may fetch, decode, and
execute the instructions of machine-readable storage medium
420 to implement the functionality described herein. As an
alternative or in addition to fetching, decoding, and executing
instructions, processor 410 may include at least one inte-
grated circuit (IC), at least one other electronic circuit, other
control logic, or a combination thereof for performing some
or all of the functionality of the instructions of machine-
readable storage medium 420 described herein.

In the example of FIG. 4, instructions 422 may store a
principal identifier for each of target mobile device 400 and at
least one neighbor of target mobile device 400. In such
examples, the principal identifiers may be part of a principal
identifier assignment for the plurality of mobile devices. In
some examples, instructions 422 may store the principal iden-
tifiers in storage area 340 as part of identifier assignment
information 344. In some examples, after storing the princi-
pal identifiers, alternative identifier generating instructions
424 may generate a plurality of alternative identifiers. In such
examples, the plurality of alternative identifiers may include
at least one alternative identifier for target mobile device 400
and at least one alternative identifier for each of the neighbors
of'target mobile device 400. In some examples, the alternative
identifiers may include identifiers for each of a plurality of
alternative identifier assignments. In such examples, instruc-
tions 424 may generate, for each of the plurality of alternative
identifier assignments, an alternative identifier for target
mobile device 400 and the neighbors of mobile device 400.

In some examples, instructions 424 may generate the alter-
native identifiers based on identifier generation information
342 and the principal identifiers. In such examples, identifier
generation information 342 may include a plurality of modi-
fiers (e.g., numbers), each of which is associated with one of
the plurality of alternative identifier assignments, respec-
tively. In the example of FIG. 4, instructions 424 may include
concatenating instructions 426 and hashing instructions 428.
In such examples, instructions 426 may concatenate one of
the modifiers with each of the primary identifiers to generate
aplurality of salted identifiers, and instructions 428 may take
a hash of each of the salted identifiers to generate the alter-
native identifiers. In some examples, instructions 426 and 428
may repeat the process described above for each of a plurality
of alternative identifier assignments using a different modifi-
ers for each of the alternative identifier assignments. As used
herein, to “take a hash” of a value means to input the value to
a hash function and obtain a hash value output by the hash
function in response to the input value.

In the example of FIG. 4, machine-readable storage
medium 420 further includes instructions 430 to cause target
mobile device 400 to interact with at least one neighbor to
contribute to concurrent distributed determinations, by the
plurality of mobile devices, of a plurality of MISs of the
plurality of mobile devices based on a collection of identifier
assignments. In some examples, the collection of identifier
assignments includes the principal identifier assignment and
the plurality of alternative identifier assignments. In the
example of FIG. 4, the concurrent distributed determinations
of the plurality of MISs by the plurality of mobile devices
may proceed as described above in relation to FIGS. 1 and 2.

In some examples, instructions 430 may cause target
mobile device 400 to interact with the at least one neighbor by
awaiting status communications 484 from its sending neigh-
bors (if any), and providing status communications to its
receiving neighbors (if any) once its status is determined, for
each identifier assignment of the collection of identifier
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assignments. In such examples, instructions 430 may also
cause target mobile device 400 to declare its MIS status (i.e.,
member or constituent) based onthe MIS status of at leastone
of its sending neighbors (if any) for each of the identifier
assignments.

Additionally, in some examples, instructions 430 may
combine status communications for different identifier
assignments into a single communication, as described above
in relation to FIG. 2. In such examples, instructions 430 may
include status providing instructions 432 which may cause
target mobile device 400 to provide a combined status com-
munication 480 to a neighbor. The combined status commu-
nication may include, for example, a first MIS status 481 A of
target mobile device 300 for a first identifier assignment of the
collection of identifier assignments, and a second MIS status
481B of target mobile device 300 for a second identifier
assignment of the collection of identifier assignments. In such
examples, the combined status communication 480 may also
include information indicating which identifier assignments
the MIS statuses are associated with. For example, the com-
bined status communication 480 may include an indication
482A (“IA17) that first MIS status 481 A is associated with the
first identifier assignment, and an indication 482B (“1A2”)
that the second MIS status 481B is associated with the second
identifier assignment. In such examples, the indications 482 A
and 482B may be metadata included in the combined status
communication.

In some examples, instructions 430 may also include MIS
status storing instructions 434 and status communication
count storing instructions 436. In such examples, instructions
434 may cause target mobile device 400 to store an MIS status
for target mobile device 400 for each of the collection of
identifier assignments. Additionally, in such examples,
instructions 436 may cause target mobile device 400 to store
a number of outstanding status communications for target
mobile device 400 for each of the collection of identifier
assignments. In such examples, instructions 434 and 436 may
store the MIS statuses and numbers of outstanding status
communications in storage area 340 as part of MIS informa-
tion 346.

In the example of FIG. 4, machine-readable storage
medium 420 may further include MIS selecting instructions
438. In such examples, after the plurality of MISs have been
determined for the plurality of mobile devices, instructions
438 may select one of the MISs as a set of representatives in
any manner described above in relation FIGS. 1 and/or 3. In
some examples, the plurality of MISs may have an order, and
instructions 438 may select the MIS that is first in the order of
the MISs. In such examples, instructions 438 may periodi-
cally select a new MIS of the plurality in response to a selec-
tion trigger, such as, for example, an indication received from
another mobile device, the passage of a given amount of time,
or the like. In such examples, instructions 438 may include
cycling instructions 439 that may select the next MIS in the
order in response to a selection trigger to thereby cycle
through the plurality of MISs in order (and returning to the
first MIS after the selection of the last MIS), in response to
successive selection triggers.

FIG. 5 is a flowchart of an example method 500 for com-
municating with a neighbor mobile device for the determina-
tion of a plurality of MISs. Although execution of method 500
is described below with reference to target mobile device 100
of FIG. 1, other suitable components for the execution of
method 500 can be utilized (e.g., target mobile devices 300 or
400). Additionally, method 500 may be implemented in the
form of executable instructions encoded on a machine-read-
able storage medium, in the form of electronic circuitry, or a
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combination thereof. In some examples, target mobile device
100 may be one of a plurality of mobile devices.

Method 500 may start at 510, where target mobile device
100 may store a principal identifier for target mobile device
100 and a principal identifier for each neighbor of target
mobile device 100, wherein each of the neighbors is also part
of the plurality of mobile devices. After storing the principal
identifiers, method 500 may proceed to 515, where target
mobile device 100 may generate a plurality of alternative
identifiers. In some examples, the plurality of alternative
identifiers may include an alternative identifier for target
mobile device 100 and for each of its neighbors, for each of'a
plurality of alternative identifier assignments. In such
examples, the alternative identifiers may be generated based
on identifier generation information and the principal identi-
fiers.

After generating the alternative identifiers, method 500
may proceed to 520, where target mobile device 100 may
communicate with each of its neighbors to advance concur-
rent distributed determinations, by the plurality of mobile
devices, of a plurality of MISs of the plurality of mobile
devices based on at least the alternative identifier assign-
ments. In some examples, the plurality of MISs may be deter-
mined based on the alternative identifier assignments and the
principal identifier assignment. In some examples, target
mobile device 100 may communicate to advance the MIS
determinations by receiving status communications from its
sending neighbors (if any) for each identifier assignment, and
providing its MIS status to its receiving neighbors (if any)
once its status is determined for each identifier assignment.

After communicating with its neighbors, method 500 may
proceed to 525, where target mobile device 100 may select an
MIS of the plurality of MISs determined by the plurality of
mobile devices as a set of representatives. In some examples,
target mobile device 100 may select the MIS based on at least
one feature of each of the plurality of MISs. In some
examples, the feature information may be the number of
members in (i.e., a size of) each of the MISs, which target
mobile device 100 may determine as described in relation to
FIG. 1. In other examples, the plurality of MISs may have an
order, and target mobile device 100 may select the first MIS
according to the order.

FIG. 6 is a flowchart of an example method 600 for select-
ing MISs of a plurality of MISs of mobile devices. Although
execution of method 600 is described below with reference to
target mobile device 100 of FIG. 1, other suitable components
for execution of method 600 can be utilized (e.g., target
mobile device 300 or 400). Additionally, method 600 may be
implemented in the form of executable instructions stored on
amachine-readable storage medium, in the form of electronic
circuitry, or a combination thereof. In some examples, target
mobile device 100 may be one of a plurality of mobile
devices.

Method 600 may start at 610, where target mobile device
100 may store a principal identifier for target mobile device
100 and each of its neighbors, wherein each of its neighbors
is also part of the plurality of mobile devices. The principal
identifiers may each be part of a principal identifier assign-
ment. After storing the principal identifiers, method 600 may
proceed to 615, where target mobile device 100 may generate
a plurality of alternative identifiers based on identifier gen-
eration information and the principal identifiers, in any man-
ner described above. Method 600 may then proceed to 620,
where target mobile device 100 may communicate with each
of'its neighbors to advance concurrent distributed determina-
tions, by the plurality of mobile devices, of a plurality of MISs
of the plurality of mobile devices based on at least the alter-
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native identifier assignments as described above in relation to
FIG. 5. In some examples, the MIS may be determined based
on the alternative identifier assignments and the principal
identifier assignment. Method 600 may then proceed to 625,
where target mobile device 100 may select a first MIS, of the
plurality of MISs determined by the plurality mobile devices.
In some examples, target mobile device 100 may select a first
MIS based on at least the number of members in each of the
plurality of MISs. In such examples, target mobile device 100
may obtain the number of members in each of the MISs as
described above in relation to FIG. 1. In other examples, the
plurality of MISs may have an order, and target mobile device
100 may select, as the first MIS, the MIS that is first in the
order of the MISs.

After selecting a first MIS, method 600 may proceed to
630, where target mobile device 100 may determine whether
it is amember or a constituent of the first MIS. If target mobile
device 100 is a constituent of the first MIS, then method 600
may proceed to 635, where target mobile device 100 may
provide, to a member of the first MIS, a request to utilize a
computing resource of the member (i.e., the representative).
In such examples, the member may utilize the computing
resource and provide a result (e.g., information obtained) to
target mobile device 100 in response to the request. Method
600 may then proceed to 650.

If target mobile device 100 is not a constituent (i.e., is a
member) of the first MIS, method 600 may proceed to 640,
where target mobile device 100 may receive, from a constitu-
ent of the MIS, a request to utilize a computing resource of
target mobile device 100. In some examples, target mobile
device 100 may utilize the computing resource (e.g., a GPS
interface) in response to the utilization request. In such
examples, if target mobile device 100 obtains information in
response to utilizing the computing resource (e.g., receives
information from a GPS satellite), target mobile device 100
may provide this information to the constituent. In some
examples, when target mobile device 100 obtains information
(e.g., GPS position, weather, time, etc.) via the computing
resource, it may cache the information. In such examples,
after receiving the utilization request at 640, method 600 may
proceed to 645, where target mobile device 100 may provide
cached information to the constituent in response to the
resource utilization request received from the constituent at
640.

After providing the cached information, method 600 may
proceed to 650, where target mobile device 100 may deter-
mine whether to select another MIS of the plurality of MISs.
In some examples, target mobile device 100 may determine to
select another MIS after a given period of time has elapsed
since selecting the first MIS. In other examples, target mobile
device 100 may determine to select another MIS in response
to receiving an indication to select another MIS. In some
examples, the indication may be received from a user of target
mobile device 100 via a user interface or from another mobile
device of the plurality of mobile devices.

If target mobile device 100 determines at 650 not to select
another MIS, method 600 may proceed to 630. If target
mobile device 100 determines to select another MIS, then
method 600 may proceed to 625, where target mobile device
100 may select a second MIS of the plurality of MISs as a
second set of representatives for the plurality of mobile
devices. In such examples, target mobile device 100 may
select the second MIS based on features of the plurality of
MISs. For example, the features may be the number of mem-
bers in (i.e., the size of) each of the MISs. In other examples,
any other suitable features or characteristics of the MISs may
be used to select the second MIS. For example, target mobile
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device 100 may select, as the second MIS, an MIS of the
plurality of MISs having the fewest number of members in
common with the first MIS. In such examples, target mobile
device 100 may select an MIS having the fewest number of
members in common with the first MIS as described above in
relation to FIG. 1.

Alternatively, in examples in which the plurality of MISs
have an order, target mobile device 100 may select, as the
second MIS, the MIS that is second in the order of the MISs.
In such examples, target mobile device 100 may cycle
through the MISs in order by continually selecting the next
MIS after the passage of a given amount of time (or any other
selection trigger), and returning to the first MIS after selecting
the last MIS in the order.

What is claimed is:
1. A target mobile device, of a plurality of mobile devices,
comprising:
a communication interface to communicate with at least
one neighbor mobile device of the plurality of mobile
devices, wherein the target and neighbor mobile devices
each have a first identifier of a first identifier assignment
for the plurality of mobile devices; and
amaximal independent set (MIS) controller to:
generate, based on at least identifier generation informa-
tion, a second identifier for each of the target and
neighbor mobile devices, wherein the second identi-
fiers are part of a second identifier assignment for the
plurality of mobile devices;

participate, with the other of the plurality of mobile
devices via the communication interface, in concur-
rent distributed determinations of first and second
MISs of the plurality of mobile devices based on the
first and second identifier assignments, respectively;
and

select one of the first and second MISs as a set of repre-
sentatives.
2. The target mobile device of claim 1, wherein the MIS
controller is to:
select one of the first and second MISs based on a selection
communication received, via the communication inter-
face, from one of the at least one neighbor mobile
devices.
3. The target mobile device of claim 1, further comprising:
a computing resource; and
wherein the MIS controller is further to:
utilize the computing resource in response to a utiliza-
tion request from one of the at least one neighbor
mobile devices, if the target mobile device is a mem-
ber of the selected MIS; and

provide a utilization request to a member of the selected
MIS, if the target mobile device is a constituent of the
selected MIS.

4. The target mobile device of claim 1, wherein, to partici-
pate in the distributed determination of the first and second
MISs, the MIS controller is to, for each of the identifier
assignments:

store an MIS status for the target mobile device;

store a number of outstanding status communications for
the target mobile device; and

provide the MIS status to a receiving neighbor of the at
least one neighbor mobile devices.

5. The target mobile device of claim 4, wherein, to partici-
pate in the distributed determination of the first and second
MISs, the MIS controller is further to, for each of the identi-
fier assignments:
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receive, from a sending neighbor mobile device of the at
least one neighbor mobile device via the communication
interface, a status communication; and

update at least one of the MIS status and the number of

outstanding status communications in accordance with
the received status communication.

6. A non-transitory machine-readable storage medium
encoded with instructions executable by a processor of a
target mobile device of a plurality of mobile devices, the
storage medium comprising:

instructions to store a principal identifier for each of the

target mobile device and at least one neighbor mobile
device of the plurality of mobile devices, wherein the
principal identifiers are part of a principal identifier
assignment;

instructions to generate, based on identifier generation

information and the principal identifiers, a plurality of
alternative identifiers including, for each of a plurality of
alternative identifier assignments, alternative identifiers
for the target and neighbor mobile devices;

instructions to cause the target mobile device to interact

with the at least one neighbor mobile device to contrib-
ute to concurrent distributed determinations, by the plu-
rality of mobile devices, of a plurality of maximal inde-
pendent sets (MISs) of the plurality of mobile devices
based on a collection of identifier assignments including
the alternative identifier assignments and the principal
identifier assignment; and

instructions to select one of the plurality of MISs as a set of

representatives.

7. The machine-readable storage medium of claim 6,
wherein the instructions to cause the target mobile device to
interact with the at least one neighbor mobile device com-
prise:

instructions to provide, from the target mobile device to

one of the at least one neighbor mobile devices, a com-
bined status communication including first and second
MIS statuses for first and second identifier assignments
of the collection of identifier assignments, respectively.

8. The machine-readable storage medium of claim 7,
wherein the combined status communication includes an
indication that the first MIS status is associated with the first
identifier assignment and an indication that the second MIS
status is associated with the second identifier assignment.

9. The machine-readable storage medium of claim 6,
wherein:

the plurality of MISs have an order;

the instructions to select one of the plurality of MISs com-

prise instructions to cycle through the plurality of MISs,

inorder, in response to successive selection triggers; and

the instructions to cause the target mobile device to interact

with the at least one neighbor mobile device comprise:

instructions to store an MIS status for the target mobile
device for each of the collection of identifier assign-
ments; and

instructions to store a number of outstanding status com-
munications for the target mobile device for each of
the collection of identifier assignments.

10. The machine-readable storage medium of claim 6,
wherein the identifier generation information includes a plu-
rality of modifiers each associated with one of the alternative
identifier assignments, and wherein, the instructions to gen-
erate the alternative identifiers comprise:

instructions to concatenate one of the plurality of modifiers

with each of the primary identifiers to generate a plural-
ity of salted identifiers, for each of the alternative iden-
tifier assignments; and
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instructions to take a hash of each of the salted identifiers to
generate the alternative identifiers for the target and
neighbor mobile devices, for each of the alternative
identifier assignments.

11. A method comprising:

storing, on a target mobile device of a plurality of mobile
devices, a principal identifier for each of the target
mobile device and at least one neighbor mobile device of
the plurality of mobile devices;

generating, with the target mobile device based on identi-
fier generation information and the principal identifiers,
aplurality of alternative identifiers including, for each of
a plurality of alternative identifier assignments, an alter-
native identifier for each of the target and neighbor
mobile devices;

communicating with each of the at least one neighbor
mobile devices, after generating the alternative identifi-
ers, to advance concurrent distributed determinations,
by the plurality of mobile devices, of a plurality of maxi-
mal independent sets (MISs) of the plurality of mobile
devices based on at least the alternative identifier assign-
ments; and

selecting a first MIS of the plurality of M1Ss as a first set of
representatives.
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12. The method of claim 11, wherein selecting the first MIS
comprises:

selecting the first MIS based on at least the number of
members in each of the plurality of MISs.

13. The method of claim 11, further comprising:

providing a resource utilization request to a member of the
first MIS, if the target mobile device is a constituent of
the first MIS;

receiving a resource utilization request from a constituent
of the first MIS, if the target mobile device is a member
of the first MIS; and

providing cached information to the constituent in
response to receiving the resource utilization request.

14. The method of claim 11, further comprising:

determining whether to select another MIS of the plurality
of MISs; and

selecting a second MIS of the plurality of MISs as a second
set of representatives for the plurality of mobile devices,
if the result of the determination is to select another MIS.

15. The method of claim 14, wherein selecting the second

MIS comprises:

selecting, as the second MIS, an MIS of the plurality of
MISs having the fewest number of members in common
with the first MIS.
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