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(57) ABSTRACT

A mesh network management resource receives connectivity
status information indicating wireless connectivity amongst
multiple wirelessly interconnected access points in a mesh
network and multiple clients. Based on the received connec-
tivity status information, the mesh network management
resource allocates portions of wireless bandwidth in the mesh
network to wirelessly communicate between a root access
point in the mesh network and each of the multiple intercon-
nected access points. The root access point transmits mes-
sages over the allocated portions of wireless bandwidth from
the root access point through the multiple interconnected
access points to the multiple clients. According to one con-
figuration, the mesh network management resource allocates
use of wireless bandwidth amongst the wirelessly intercon-
nected access points in the mesh network based at least in part
on class of service information assigned to different subscrib-
ers in the mesh network environment.
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RESOURCE ALLOCATION IN A WIRELESS
MESH NETWORK ENVIRONMENT

RELATED APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 13/857,430 entitled “RESOURCE ALLOCA-
TION IN A WIRELESS MESH NETWORK ENVIRON-
MENT,” Attorney Docket No. TWC13-10(13-17), filed on
Apr. 5, 2013, the entire teachings of which are incorporated
herein by this reference.

BACKGROUND

[0002] In general, a conventional Wireless Mesh Network
(WMN) is a communications network made up of radio nodes
organized in a mesh topology. A wireless mesh network can
include multiple access points, multiple clients, multiple
mesh routers, gateways, etc.

[0003] The interconnected radio nodes of a conventional
mesh network can be configured to facilitate distribution of
messages. For example, a first radio node in the mesh network
can receive a communication targeted for delivery to a desti-
nation device. To deliver a message, the first radio node for-
wards the communication to a second communication node;
the second radio node forwards the communication to a third
communication node; and so on. Eventually, the radio nodes
in the mesh network forward the communication to the appro-
priate target client.

[0004] Wireless mesh networks can be implemented with
various wireless technologies including standards such as
802.11, 802.15, 802.16, cellular technologies or combina-
tions of more than one type.

[0005] Certain conventional mesh networks sometimes
allocate use of respective internal wireless bandwidth based
on parameters such as hop count and RSSI (Received Signal
Strength Indicator). For example, a mesh network can include
a root access point. The root access point provides connec-
tivity between a network such as the Internet and other access
points in the mesh network.

[0006] When allocating available bandwidth based on hop
count, a respective conventional mesh network typically allo-
cates more bandwidth to access points disposed closer to the
root access point. Access points further away from the root
access point are allocated less bandwidth.

BRIEF DESCRIPTION OF EMBODIMENTS

[0007] Conventional mesh networks suffer from a number
of deficiencies. For example, as mentioned, conventional
mesh networks allocate bandwidth based on merely hop
counts and RSSI (Received Signal Strength Indicator). If a
mesh network is heavily loaded with clients at nodes farthest
away from a root access point, there typically is insufficient
bandwidth to support communications to such clients.

[0008] As anillustrative example, many clients can be com-
municatively coupled to a farthest node in the network at a
highest number of hops away from the root access point. A
single client may be connected to a wireless access point node
nearest the root access point. In such an instance, in accor-
dance with a conventional mesh network, the single client
nearest the root access point receives the highest available
data throughput, whereas the multiple clients coupled to the
furthest node must share use of a small amount of available
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bandwidth at the furthest node. Accordingly, distribution of
data to clients via a conventional mesh network can be inher-
ently unfair.

[0009] Embodiments herein deviate with respect to con-
ventional techniques. For example, one embodiment herein is
directed to providing greater fairness of servicing multiple
clients in a mesh network. In certain instances, the clients can
subscribe to different class of services. Numbers of clients,
classes of service, etc., are factors that can be taken into
account when providing fair use of services to multiple clients
coupled to a mesh network.

[0010] More specifically, one embodiment herein includes
a mesh network management resource. The mesh network
management resource receives connectivity status informa-
tion indicating wireless connectivity amongst multiple inter-
connected access points and multiple clients in a mesh net-
work. Based on the received connectivity status information,
the mesh network management resource allocates portions of
wireless bandwidth in the mesh network to wirelessly com-
municate between aroot access point in the mesh network and
the multiple interconnected access points. The root access
point transmits messages over the allocated portions of wire-
less bandwidth from the root access point through the mul-
tiple interconnected access points to the multiple clients.
[0011] In one embodiment, the root access point receives
communications directed to the multiple clients and initiates
distribution of the communications over the allocated por-
tions of wireless bandwidth in the mesh network to the mul-
tiple interconnected access points. The multiple intercon-
nected access points, in turn, forward the communications in
a wireless manner to the corresponding clients in communi-
cation with the wireless access points. Allocation of the por-
tions of wireless bandwidth for communications amongst the
interconnected access points based on the status information
facilitates a fairer distribution of data.

[0012] As a further illustrative example, the mesh network
management resource can receive at least a first data rate
value and a second data value. The first data rate value rep-
resents a data rate assigned to a first client; the second data
rate value represents a data rate assigned to a second client.
The mesh network management resource can receive addi-
tional data values as well.

[0013] Assume in this example that the first client is wire-
lessly coupled to a first access point in a mesh network of
multiple wirelessly interconnected access points. Assume
further in this example that the second client is wirelessly
coupled to a second access point in the mesh network of
multiple wirelessly interconnected access points. The mesh
network management resource processes the data rate infor-
mation (e.g., data rate values) and allocates use of wireless
bandwidth amongst the wirelessly interconnected access
points in the mesh network based at least in part on the first
data rate value and the second data rate value.

[0014] In a more specific example embodiment, the mesh
network management resource utilizes the summation of data
rate values as a basis to allocate a sufficient portion of avail-
able wireless bandwidth in the mesh network to support trans-
mission of data through the mesh network at a rate as speci-
fied by the first data rate value to the first client and to support
transmission of data through the mesh network at a rate as
specified by the second data rate value to the second client. In
other words, an access point located nearer the root access
point may directly service a first client as well as pass a
portion of data to a downstream access point that, in turn,
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transmits data to a second client. In such an instance, the
management resource allocates sufficient bandwidth to the
transmit data to the first access point to account for the com-
bination of supported data service rates.

[0015] Thus, embodiments herein include allocating difter-
ent portions of available wireless bandwidth in the mesh
network to communicate between a root access point and the
multiple interconnected access points based on different
classes of data rate services assigned to the clients. Accord-
ingly, certain embodiments herein provide greater fairness of
delivering data to respective clients over conventional tech-
niques.

[0016] Note that the mesh network management resource
can reside at any suitable location in a network environment.
For example, in one non-limiting example embodiment, the
mesh network management resource resides in the root
access point. Each of the access points can be configured to
keep track of which clients are connected to the respective
access point. The root access point can be configured to
communicate with one or more of the multiple interconnected
access points in the mesh network to retrieve data such as the
connectivity status information indicating how many clients
each of the access points services, number of clients con-
nected to a respective access point, etc.

[0017] Inoneembodiment, the mesh network management
resource processes the received connectivity status informa-
tion to identify a number of clients wirelessly coupled to each
of the multiple interconnected access points in the mesh net-
work. The mesh network management resource then allocates
the portions of wireless bandwidth in the mesh network based
at least in part on a magnitude of the number of clients
wirelessly coupled to each of the multiple interconnected
access points. Allocation of the different portions of available
wireless bandwidth can include allocating proportionally
more of the available bandwidth to access points in the mesh
network for access points servicing a greater numbers of
clients.

[0018] As mentioned above, the allocation of bandwidth
also can be based at least in part on data rate values assigned
to the clients (subscribers) coupled to the mesh network. The
data rate values assigned to different subscribers may vary
depending on a class of service to which each respective
client subscribes. For example, by way of a non-limiting
example, a first class of service can support 10 megabits per
second of data through the mesh network to a respective
subscriber; a second class of service can support 20 megabits
per second of data through the mesh network to a respective
subscriber; a third class of service can support 30 megabits
per second; and so on.

[0019] Information such as the data rate values and class of
service information associated with a respective client can be
retrieved from any suitable resource such as from the clients,
from the access points, from a remote storage resource that
stores subscriber information, etc.

[0020] These and other more specific embodiments are dis-
closed in more detail below.

[0021] Note that any of the resources as discussed herein
can include one or more computerized devices, servers, base
stations, wireless communication equipment, communica-
tion management systems, workstations, handheld or laptop
computers, or the like to carry out and/or support any or all of
the method operations disclosed herein. In other words, one
or more computerized devices or processors can be pro-
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grammed and/or configured to operate as explained herein to
carry out different embodiments of the invention.

[0022] Yet other embodiments herein include software pro-
grams to perform the steps and operations summarized above
and disclosed in detail below. One such embodiment com-
prises a computer program product including a non-transitory
computer-readable storage medium (i.e., any physical com-
puter readable hardware storage medium) on which software
instructions are encoded for subsequent execution. The
instructions, when executed in a computerized device having
a processor or logic, program and/or cause the processor to
perform the operations disclosed herein. Such arrangements
are typically provided as software, code, instructions, and/or
other data (e.g., data structures) arranged or encoded on a
non-transitory computer readable storage medium such as an
optical medium (e.g., CD-ROM), floppy disk, hard disk,
memory stick, etc., or other a medium such as firmware or
shortcode in one or more ROM, RAM, PROM, etc., or as an
Application Specific Integrated Circuit (ASIC), etc. The soft-
ware or firmware or other such configurations can be installed
onto a computerized device to cause the computerized device
to perform the techniques explained herein.

[0023] Accordingly, embodiments herein are directed to a
method, system, computer program product, etc., that sup-
ports operations as discussed herein.

[0024] One or more embodiment includes a computer read-
able storage medium and/or system having instructions
stored thereon. The instructions, when executed by a proces-
sor of a respective computer device, cause the processor or
multiple processors of the system to: receive connectivity
status information indicating wireless connectivity amongst
multiple interconnected access points in a mesh network and
multiple clients; based on the received connectivity status
information, allocate portions of wireless bandwidth in the
mesh network to wirelessly communicate between a root
access point in the mesh network and the multiple intercon-
nected access points; and transmit messages over the allo-
cated portions of wireless bandwidth from the root access
point through the multiple interconnected access points to the
multiple clients.

[0025] Yetanother embodiment herein includes a computer
readable storage medium and/or system having instructions
stored thereon. The instructions, when executed by a proces-
sor of a respective computer device, cause the processor or
multiple processors of the system to: receive a first data rate
value, the first data rate value assigned to a first client wire-
lessly coupled to a first access point in a mesh network of
multiple wirelessly interconnected access points; receive a
second data rate value, the second data rate value assigned to
a second client wirelessly coupled to a second access point in
the mesh network of multiple wirelessly interconnected
access points; and allocate use of wireless bandwidth
amongst the wirelessly interconnected access points in the
mesh network in accordance with the first data rate value and
the second data rate value.

[0026] The ordering of the steps above has been added for
clarity sake. Note that any of the processing steps as discussed
herein can be performed in any suitable order.

[0027] Other embodiments of the present disclosure
include software programs and/or respective hardware to per-
form any of the method embodiment steps and operations
summarized above and disclosed in detail below.

[0028] Itis to be understood that the system, method, appa-
ratus, instructions on computer readable storage media, etc.,
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as discussed herein also can be embodied strictly as a soft-
ware program, firmware, as a hybrid of software, hardware
and/or firmware, logic, or as hardware alone such as within a
processor, or within an operating system or a within a soft-
ware application.

[0029] As discussed herein, techniques herein are well
suited for allocating bandwidth in a wireless mesh network
environment. However, it should be noted that embodiments
herein are not limited to use in such applications and that the
techniques discussed herein are well suited for other applica-
tions as well.

[0030] Additionally, note that although each ofthe different
features, techniques, configurations, etc., herein may be dis-
cussed in different places of this disclosure, it is intended,
where suitable, that each of the concepts can optionally be
executed independently of each other or in combination with
each other. Accordingly, the one or more present inventions as
described herein can be embodied and viewed in many dif-
ferent ways.

[0031] Also, note that this preliminary discussion of
embodiments herein purposefully does not specify every
embodiment and/or incrementally novel aspect of the present
disclosure or claimed invention(s). Instead, this brief descrip-
tion only presents general embodiments and corresponding
points of novelty over conventional techniques. For addi-
tional summary and details and/or possible perspectives (per-
mutations) of the invention(s), the reader is directed to the
Detailed Description section and corresponding figures of the
present disclosure as further discussed below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The foregoing and other objects, features, and
advantages of the invention will be apparent from the follow-
ing more particular description of preferred embodiments
herein, as illustrated in the accompanying drawings in which
like reference characters refer to the same parts throughout
the different views. The drawings are not necessarily to scale,
with emphasis instead being placed upon illustrating the
embodiments, principles, concepts, etc.

[0033] FIG. 1 is an example diagram illustrating a mesh
network and corresponding mesh network management
resource according to embodiments herein.

[0034] FIG. 2 is an example diagram illustrating a mesh
network and allocation of bandwidth according to embodi-
ments herein.

[0035] FIG. 3 is an example diagram illustrating a mesh
network and allocation of bandwidth according to embodi-
ments herein.

[0036] FIG. 4 is an example diagram illustrating a mesh
network and allocation of bandwidth according to embodi-
ments herein.

[0037] FIG. 5 is an example diagram illustrating a mesh
network and failure of a mesh network access point according
to embodiments herein.

[0038] FIG. 6 is an example diagram illustrating a mesh
network and reallocation of bandwidth according to embodi-
ments herein.

[0039] FIG. 7 is a diagram illustrating an example com-
puter architecture in which to execute any of the functionality
according to embodiments herein.

[0040] FIGS. 8-9 are example diagrams illustrating difter-
ent methods according to embodiments herein.
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DETAILED DESCRIPTION AND FURTHER
SUMMARY OF EMBODIMENTS

[0041] A mesh network management resource receives
connectivity status information indicating wireless connec-
tivity amongst multiple wirelessly interconnected access
points in a mesh network and multiple clients. Based on the
received connectivity status information, the mesh network
management resource allocates portions of wireless band-
width in the mesh network to wirelessly communicate
between a resource such as a root access point in the mesh
network and each of the multiple interconnected access
points. The root access point transmits messages over the
allocated portions of wireless bandwidth from the root access
point over the mesh network through the multiple intercon-
nected access points to the multiple clients. According to one
configuration, the mesh network management resource allo-
cates use of wireless bandwidth amongst the wirelessly inter-
connected access points in the mesh network based at least in
part on a number of clients coupled to the wirelessly inter-
connected access points. According to another configuration,
the mesh network management resource allocates use of
wireless bandwidth amongst the wirelessly interconnected
access points in the mesh network based at least in part on
class of service information assigned to different subscribers
in the mesh network environment.

[0042] Now, more specifically, FIG. 1 is an example dia-
gram illustrating a network environment including a mesh
network according to embodiments herein.

[0043] As shown, network environment 100 includes net-
work 190, mesh network 191, and multiple computer devices
150 (e.g., computer device 150-1, computer device 150-2,
computer device 150-3, computer device 150-4, etc.). Users
108 (e.g., user 108-1, user 108-2, user 108-3, user 108-4, etc.)
operate computer devices 150 to retrieve content over mesh
network 191 through the root access point 105-R.

[0044] Each of computer devices 150 can be or include any
suitable resource such as a mobile communication device,
phone, personal computer system, a wireless device, base
station, phone device, mobile phone, desktop computer, lap-
top, notebook, netbook computer, handheld computer, work-
station, network computer, application server, storage device,
a consumer electronics device such as a camera, camcorder,
set top box, mobile device, video game console, handheld
video game device, etc.

[0045] As shown in this example embodiment, mesh net-
work 191 includes multiple wireless access points 105 (e.g.,
root access point 105-R, mesh access point 105-1, mesh
access point 105-2, mesh access point 105-3, mesh access
point 105-4, mesh access point 105-5, . . . ). Network 190
includes switch resource 155, controller 125, etc. Repository
180 stores accessible status information such as settings
information 185.

[0046] By way of a non-limiting example, each of com-
puter devices 150 can be stationary or mobile. Collectively,
computer devices 150 utilize respective access points 105 in
the mesh network 191 as a means to connect to a respective
network such as the Internet or other suitable network. For
example, each of the users 108 operates a respective computer
device to establish a connection over the mesh network 191
with root access point 105-R. Thus, root access point 105-R
can be configured to provide access to the Internet.

[0047] The connections in the mesh network 191 between a
respective computer device and root access point 105-R can
include one or more hops. For example, computer device
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150-1 is connected to root access point 105-R via a path
through the mesh network 191 including mesh access point
105-5, mesh access point 105-3, and mesh access point 105-1.
Wireless communication link 138-1 supports communica-
tions between the computer device 150-1 and the mesh access
point 105-5; wireless communication link 128-5 supports
communications between the mesh access point 105-5 and
mesh access point 105-3; wireless communication link 128-3
supports communications between the mesh access point
105-3 and mesh access point 105-1; wireless communication
link 128-1 supports communications between the mesh
access point 105-1 and root access point 105-R. At least a
portion of bandwidth in the wireless links in the sequence of
mesh access points 105-5, 105-3, and 105-1 supports com-
munications between the computer device 150-1 and root
access point 105-R.

[0048] As shown, the computer device 150-2 operated by
user 108-2 is also wirelessly connected to mesh access point
105-5 via wireless communication link 138-2. In a similar
manner as discussed above, the sequence of access points
105-5, 105-3, and 105-1 support bi-directional communica-
tions between the computer device 150-2 and the root access
point 105-R.

[0049] The computer device 150-3 operated by user 108-3
is also wirelessly connected to mesh access point 105-5 via
wireless communication link 138-3. In a similar manner as
discussed above, the sequence of access points 105-5, 105-3,
and 105-1 supports bi-directional communications between
the computer device 150-3 and the root access point 105-R.
[0050] Computer device 150-4 is connected to root access
point 105-R via a path through mesh access point 105-2.
Wireless communication link 138-4 supports bi-directional
communications between the computer device 150-4 and the
mesh access point 105-2. Wireless communication link 128-2
supports single or bi-directional communications between
the mesh access point 105-2 and root access point 105-R.
[0051] By way of a non-limiting example, the wireless
links 138 between computer devices 150 and corresponding
access points can be established in accordance with a WiFi™,
802.11, or any other suitable communications standard. The
wireless links 128 amongst computer devices 150 and corre-
sponding access points can be established in accordance with
a WiFi™, 802.11, or any other suitable communications stan-
dard.

[0052] Access points 105 may provide public or private
access services. For example, in certain instances, any of one
or more access points 105 in network environment 100 may
support free WiFi™ access services to users. In other embodi-
ments, users must be authenticated in order to use the mesh
network 191 to retrieve requested content.

[0053] Thus, use of any of one or more access points 105
may be subscription-based. In this latter instance, the user
may be required to pay a fee, be a member of an organization,
subscribe to other services, etc., in order to be granted use of
the access points 105.

[0054] Network 190 includes controller 125. In one
embodiment, among other functions, controller 140 facili-
tates connectivity of computer devices to the mesh network
191. For example, computer device 150-1 initially commu-
nicates with mesh access point 105-5 to establish a respective
communication session between the computer device 150-1
and the mesh access point 105-5. In response to receiving a
request message, the mesh access point 105-5 communicates
through mesh network 191 to controller resource 125. The
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controller resource 125 communicates with server resource
170-1 to access settings information 185 associated with a
respective user. In one embodiment, if the user 108-1 pro-
vides the appropriate username and password information,
the controller resource 125 allows the mesh access point
105-5 to establish the wireless communication link 138-1.

[0055] Subsequent to establishing a respective wireless
connection, the root access point 105-R serves as a gateway
resource to computer devices 150. For example, the root
access point 105-R can receive communications from the
computer devices 150 via conveyance of messages through
the mesh network 191. Each of the mesh access points 105 in
the mesh network 191 can include a respective forwarding
table indicating which upstream access point to forward a
respective message toward the root access point 105-R. As
mentioned, messages transmitted in the upstream direction to
the root access point 105-R may pass through one or more
access points along the way depending on a configuration of
the forwarding tables and which of the multiple access points
the users are connected.

[0056] The root access point 105-R is coupled (via a suit-
able link such as a wired connection to switch resource 155.
Switch resource 155 forwards the communications received
from root access point 105-R over network 190 to target
destinations such as one or more server resources 170 (e.g.,
server resource 170-2, server resource 170-3, etc.). The com-
munications generated by the computer devices to server
resources 170 can be content request messages.

[0057] Server resources 170 respond to the communica-
tions via transmission of requested data through switch
resource 155 to root access point 105-R. The switch resource
155 forwards the communications received from server
resources 170 to root access point 105-R through mesh access
points 105 in mesh network 191 to the corresponding com-
puter devices 150.

[0058] Each of the access points in mesh network 191 can
include a downstream routing table. The downstream routing
table indicates to which downstream access point an access
point is to forward a respective message.

[0059] As an illustrative example, the root access point
105-R can receive a message from network 190. The message
can include a unique identifier value such as a network
address indicating that the message is to be delivered to com-
puter device 150-1. In such an instance, the root access point
105-R utilizes a downstream forwarding table to identify that
mesh access point 105-1 is a next hop node in which to
forward the message toward computer device 150-1. The
mesh access point 105-1 utilizes its downstream forwarding
table to identify that mesh access point 105-3 is a next hop
node in which to forward the message. The mesh access point
105-3 utilizes its downstream forwarding table to identify that
mesh access point 105-5 is a next hop node in which to
forward the message. The mesh access point 105-5 then for-
wards the message over wireless communication link 138-1
to computer device 150-1.

[0060] In asimilar manner, the mesh network 191 supports
conveyance of addressed messages in an upstream manner
from computer devices 150 and the root access point 105-R.

[0061] As discussed above, conventional management of
mesh networks includes allocating a large amount of band-
width to radio nodes nearer to a root access point. In the
current example, and according to a conventional mesh net-
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work management, the computer devices 150-1, 150-2, and
150-3 would experience a poor level of service compared to
computer device 150-4.

[0062] Incontrast to conventional mesh networks and con-
ventional allocation of wireless bandwidth amongst corre-
sponding access points, embodiments herein include man-
agement resource 140. Management resource 140 can be
located in any suitable one or more locations. In one embodi-
ment, the management resource 140 is disposed in root access
point 105-R.

[0063] As its name suggests, management resource 140
manages mesh network 191. For example, management
resource 140 receives connectivity status information indi-
cating wireless connectivity amongst multiple interconnected
access points in a mesh network and multiple clients.

[0064] As a more specific example, in one embodiment,
each of the mesh access points keep track of the different
computer devices connected to it. For example, mesh access
point 105-5 can be configured to keep track of connectivity
status information indicating that computer device 150-1,
150-2, and 150-3 are wirelessly coupled to access point 105-5
via respective wireless communication links 138-1, 138-2,
and 138-3; mesh access point 105-2 can be configured to keep
track of connectivity status information indicating that com-
puter device 150-4 is wirelessly coupled to access point 105-2
via respective wireless communication link 138-4; and so on.
[0065] Each ofthe mesh access points can be configured to
forward their connectivity status information to root access
point 105-R. Any suitable method can be used to forward the
data. For example, the management resource 140 can be
configured to occasionally or periodically transmit a respec-
tive query to each of the mesh access points in mesh network
191. The mesh access points respond with transmission of the
connectivity status information. In accordance with further
embodiments, the mesh access points can be configured to
push the connectivity status information to the management
resource 140 at the root access point 105-R.

[0066] Based on the received connectivity status informa-
tion, the management resource 140 allocates portions of wire-
less bandwidth in the mesh network to wirelessly communi-
cate between the root access point 105-R in the mesh network
191 and the multiple interconnected access points 105.
[0067] For example, in one embodiment, the management
resource 140 identifies that there is a high number of users
(e.g., user 108-1, user 108-2, and user 108-3) connected to
mesh access point 105-5 compared to a low number of users
(e.g., user 108-4) connected to mesh access point 105-2. In
such an instance, the management resource 140 allocates
sufficiently higher bandwidth for use on each of wireless
communication links 128-1, 128-3, and 128-5 to accommo-
date the high number of users connected to mesh access point
105-5.

[0068] Inother words, according to embodiments herein, a
substantially high number of users connected to mesh access
point 105-5 warrants that additional bandwidth be allocated
to support such users. As mentioned, conventional mesh net-
work management includes allocating less bandwidth
resources to access points disposed a greater number of hops
away from the root access point 105-R.

[0069] As further described herein, note that the manage-
ment resource 140 can be configured to allocate wireless
bandwidth in mesh network 191 based on any suitable one or
more parameters. For example, further embodiments herein
include allocating different portions of available wireless
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bandwidth in the mesh network to communicate between the
root access point and the multiple interconnected access
points based on different classes of data rate services assigned
to the clients.

[0070] FIG. 2 is an example diagram illustrating a mesh
network and allocation of bandwidth according to embodi-
ments herein.

[0071] As shown, mesh network 291 of network environ-
ment 200 includes root access point 205-R, mesh access point
205-1 and mesh access point 205-2. Wireless communication
link 228-1 supports communications between root access
point 205-R and mesh access point 205-1. Wireless commu-
nication link 228-2 supports communications between root
access point 205-R and mesh access point 205-2.

[0072] In this example, multiple computer devices 250-1
and 250-2 are communicatively coupled to mesh access point
205-1. Wireless communication link 238-1 supports commu-
nications between the computer device 250-1 and the mesh
access point 205-1. Wireless communication link 238-2 sup-
ports communications between the computer device 250-2
and the mesh access point 205-1.

[0073] Further in this example, multiple computer devices
250-3, 250-4, 250-5 and 250-6 are communicatively coupled
to mesh access point 205-2. Wireless communication link
238-3 supports communications between the computer
device 250-3 and the mesh access point 205-2; wireless com-
munication link 238-4 supports communications between the
computer device 250-4 and the mesh access point 205-2;
wireless communication link 238-5 supports communica-
tions between the computer device 250-5 and the mesh access
point 205-2; wireless communication link 238-6 supports
communications between the computer device 250-6 and the
mesh access point 205-2; and so on.

[0074] Management resource 140 communicates with
mesh access point 205-1 to obtain connectivity status infor-
mation. In this example, the connectivity status information
from mesh access point 205-1 (or other suitable resource)
indicates that the computer device 250-1 and computer device
250-2 are both communicatively coupled to mesh access
point 205-1.

[0075] As shown, each of the computer devices 250 can be
assigned to a respective class of service (COS). Assume in
this example that there are four possible classes of service
such as class of service #1, class of service #2, class of service
#3, and class of service #4. Each class can support a different
downlink data rate.

[0076] For sake of simplicity and by way of a non-limiting
example, assume that class of service #1 can support a down-
link data rate of 10 megabits per second to a respective sub-
scriber; class of service #2 can support a downlink data rate of
20 megabits per second to a respective subscriber; class of
service #3 can support a downlink data rate of 30 megabits per
second to a respective subscriber; and class of service #4 can
support a downlink data rate of 40 megabits per second to a
respective subscriber.

[0077] As previously discussed, the management resource
140 allocates use of wireless bandwidth available in mesh
network 291 to wireless communication link 228-1 and wire-
less communication link 228-2 based on one or more param-
eters such as number of users, class of service, etc. The class
of service information for each of the subscribers can be
retrieved from any suitable resource. For example, the com-
puter devices operated by the subscribers can be configured to
provide the class of service information. Alternatively, the
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management resource 140 in the root access point 205-R can
be configured to access settings from a remote server that
stores the information.

[0078] In this non-limiting example, as shown, the sub-
scriber at computer device 250-1 is assigned class of service
#3; the subscriber at computer device 250-2 is assigned class
of service #3. In this instance, the management resource 140
sums the required bandwidth (i.e., 30 megabits per second for
computer device 250-1+30 megabits per second for computer
device 250-2) to produce a value of 60 megabits per second.
To facilitate communications to mesh access point 205-1, the
management resource 140 allocates available wireless band-
width to support a data rate of 60 megabits per second over
wireless communication link 228-1.

[0079] Wireless communication link can represent one or
more wireless channels allocated to support the throughput
requirements of combined subscribers.

[0080] Further in this non-limiting example, the subscriber
at computer device 250-3 is assigned class of service #2; the
subscriber at computer device 250-4 is assigned class of
service #2; the subscriber at computer device 250-5 is
assigned class of service #4; the subscriber at computer
device 250-6 is assigned class of service #4. In this instance,
the management resource 140 sums the required bandwidth
(i.e., 20 megabits per second+20 megabits per second+40
megabits per second+40 megabits per second) to produce a
value of 120 megabits per second. That is, the combination of
bandwidth requirements for computer devices 250-3, 250-4,
250-5, and 250-6 is 120 megabits per second. To facilitate
communications to mesh access point 205-2, the manage-
ment resource 140 allocates sufficient wireless bandwidth to
support a data rate of 120 megabits per second over wireless
communication link 228-2. Wireless communication link
228-2 can represent one or more wireless channels allocated
to support the throughput requirements of combined sub-
scribers.

[0081] Accordingly, embodiments herein can include
obtaining a first downlink data rate assigned to a first client;
obtaining a second downlink data rate assigned to a second
client; summing the first downlink data rate and the second
downlink data rate; and setting a magnitude of a given portion
of the available wireless bandwidth in mesh network 291 to
provide the first downlink data rate to the first client and the
second downlink data rate to the second client.

[0082] FIG. 3 is an example diagram illustrating a mesh
network and allocation of bandwidth according to embodi-
ments herein.

[0083] Wireless communication link 328-1 in mesh net-
work 391 supports communications between root access
point 305-R and mesh access point 305-1; wireless commu-
nication link 328-2 supports communications between root
access point 305-R and mesh access point 305-2; wireless
communication link 328-3 supports communications
between root access point 305-R and mesh access point 305-
3; wireless communication link 328-4 supports communica-
tions between mesh access point 305-1 and mesh access point
305-2; wireless communication link 328-5 supports commu-
nications between mesh access point 305-2 and mesh access
point 305-3; wireless communication link 328-6 supports
communications between mesh access point 305-1 and mesh
access point 305-4; wireless communication link 328-7 sup-
ports communications between mesh access point 305-2 and
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mesh access point 305-4; wireless communication link 328-8
supports communications between mesh access point 305-3
and mesh access point 305-4.

[0084] In this example, multiple computer devices 350-1
and 350-2 are communicatively coupled to mesh access point
305-1. Wireless communication link 338-1 supports commu-
nications between the computer device 350-1 and the mesh
access point 305-1. Wireless communication link 338-2 sup-
ports communications between the computer device 350-2
and the mesh access point 305-1.

[0085] Further in this example, computer device 350-3 is
communicatively coupled to mesh access point 305-2. Wire-
less communication link 338-3 supports communications
between the computer device 350-3 and the mesh access point
305-2.

[0086] Further in this example, multiple computer devices
350-4 and 350-5 are communicatively coupled to mesh
access point 305-4. Wireless communication link 338-4 sup-
ports communications between the computer device 350-4
and the mesh access point 305-4. Wireless communication
link 338-5 supports communications between the computer
device 350-5 and the mesh access point 305-4.

[0087] Further in this example, multiple computer devices
350-6, 350-7 and 350-8 are communicatively coupled to
mesh access point 305-3. Wireless communication link 338-6
supports communications between the computer device
350-6 and the mesh access point 305-3; wireless communi-
cation link 338-7 supports communications between the com-
puter device 350-7 and the mesh access point 305-3; wireless
communication link 338-8 supports communications
between the computer device 350-8 and the mesh access point
305-3.

[0088] Management resource 140 communicates with
mesh access points 305 (or other suitable resource) to obtain
connectivity status information. In this example, the received
connectivity status information from mesh access point 305-1
(or other suitable resource) indicates that the computer device
350-1 and computer device 350-2 are both communicatively
coupled to mesh access point 305-1; received connectivity
status information from mesh access point 305-2 (or other
suitable resource) indicates that the computer device 350-3 is
communicatively coupled to mesh access point 305-2; the
received connectivity status information from mesh access
point 305-4 (or other suitable resource) indicates that the
computer device 350-4 and computer device 350-5 are both
communicatively coupled to mesh access point 305-4; the
received connectivity status information from mesh access
point 305-3 (or other suitable resource) indicates that the
computer devices 350-6, 350-7, and 350-8 are communica-
tively coupled to mesh access point 305-3.

[0089] As shown, each of the computer devices 350 is
assigned to a respective class of service. Assume in this
example that there are four possible classes of service such as
class of service #1, class of service #2, class of service #3, and
class of service #4. Each class can support a different down-
link data rate.

[0090] For sake of simplicity and by way of a non-limiting
example, class of service #1 can support a downlink data rate
of 10 megabits per second to a respective subscriber; class of
service #2 can support a downlink data rate of 20 megabits per
second to a respective subscriber; class of service #3 can
support a downlink data rate of 30 megabits per second to a
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respective subscriber; and class of service #4 can support a
downlink data rate of 40 megabits per second to a respective
subscriber.

[0091] As previously discussed, the management resource
140 allocates use of wireless bandwidth available in mesh
network 391 to wireless communication links 328 based on
one or more parameters such as number of users, class of
service, etc.

[0092] The class of service information for each of the
subscribers and corresponding computer devices can be
retrieved from any suitable resource. For example, the com-
puter devices operated by the subscribers can be configured to
provide the class of service information. Alternatively, the
management resource 140 in the root access point 305-R can
be configured to access settings from a remote server that
stores the information.

[0093] In this non-limiting example, as shown, the sub-
scriber at computer device 350-1 is assigned class of service
#3; the subscriber at computer device 350-2 is assigned class
of service #3. In this instance, the management resource 140
sums the required bandwidth (i.e., 30 megabits per second for
computer device 350-1+30 megabits per second for computer
device 350-2) to produce a value of 60 megabits per second.
To facilitate communications to mesh access point 305-1, the
management resource 140 allocates sufficient wireless band-
width in mesh network 391 to support a data rate of 60
megabits per second over wireless communication link 328-
1.

[0094] Further in this non-limiting example, the subscriber
at computer device 350-3 is assigned class of service #4; the
subscriber at computer device 350-4 is assigned class of
service #4; the subscriber at computer device 350-5 is
assigned class of service #4; the subscriber at computer
device 350-6 is assigned class of service #4; the subscriber at
computer device 350-7 is assigned class of service #3; the
subscriber at computer device 350-8 is assigned class of
service #3.

[0095] In this example embodiment, the management
resource 140 allocates available wireless bandwidth based on
the subscribers’ class of service settings. Assume that the root
access point 305-R has a sufficient wireless bandwidth avail-
able to wirelessly transmit at a downlink data rate of 280
megabits per second.

[0096] To facilitate assigned data rates, the management
resource 140 allocates sufficient wireless bandwidth from
root access point 305-R to wireless communication link
328-1 to transmit 60 megabits per second of data to mesh
access point 305-1. Mesh access point 305-1 supports a 30
megabits per second data rate over wireless communication
link 338-1 to computer device 350-1. Mesh access point
305-1 supports a 30 megabits per second data rate over wire-
less communication link 338-2 to computer device 350-2.
[0097] Assume in this example that the management
resource 140 allocates available wireless bandwidth on wire-
less communication link 328-2 and 328-7 to support commu-
nications to computer device 350-3, computer device 350-4,
and computer device 350-5. Each of computer devices 350-3,
350-4, and 350-5 require data rates of 40 megabits per second.
To accommodate such data rates, the management resource
140 allocates sufficient wireless bandwidth to support 80
megabits per second (40+40 megabits per second) over wire-
less communication link 328-7.

[0098] In addition to being a pass-through device in which
wireless communications are forwarded over wireless com-
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munication link 328-7 to computer devices 350-4 and 350-5,
the mesh access point 305-2 supports forwarding of commu-
nications to computer device 350-3 over wireless communi-
cation link 338-3. In such an instance, to accommodate com-
munications to a combination of the computer devices 350-3,
350-4, and 350-5, the management resource 140 allocates
sufficient wireless bandwidth to support a data rate of 120
megabits per second over wireless communication link 328-

[0099] Lastly, a combination of the computer devices 350-
6, 350-7, and 350-8 requires a data rate of 100 megabits per
second (e.g., 30+30+40). The management resource 140 allo-
cates appropriate bandwidth to wireless communication link
328-3 to support the combined data rate requirement of 100
megabits per second.

[0100] In one embodiment, the management resource 140
occasionally or periodically reassesses the current wireless
bandwidth allocations in mesh network 391 to adjust current
allocations. The current allocations may be static for some
amount of time before they need to be changed. For example,
the management resource 140 can configure the allocation of
wireless bandwidth as discussed above. After several min-
utes, or passage of some amount of time, the management
resource 140 can update the allocation of bandwidth to dif-
ferent values to account for changing conditions such as a
failure, increased number of subscribers using a particular
mesh access point, etc.

[0101] Inthe above example of setting bandwidth, note that
the wireless communication links 328-4, 328-5, 328-6, and
328-8 are not allocated any wireless bandwidth. Note how-
ever that the management resource 140 may receive notifica-
tion that the wireless communication link 328-7 is unable to
support robust communications. In other words, the wireless
communication link 328-7 may be prone to communication
failures. In such an instance, the management resource 140
can dynamically adjust the allocation of bandwidth.

[0102] For example, in response to detecting that the wire-
less communication link 328-7 performs poorly, the manage-
ment resource 140 can be configured to reallocate wireless
bandwidth to wireless communication links 328-1, 328-2,
and 328-6.

[0103] For example, wireless communication link 328-1
can be assigned wireless bandwidth to support a data rate of
140 megabits per second; wireless communication link 328-2
can be assigned wireless bandwidth to support a data rate of
40 megabits per second; wireless communication link 328-3
can be assigned wireless bandwidth to support a data rate of
100 megabits per second; wireless communication link 328-4
can be assigned wireless bandwidth to support a data rate of 0
megabits per second; wireless communication link 328-5 can
be assigned wireless bandwidth to support a data rate of O
megabits per second; wireless communication link 328-6 can
be assigned wireless bandwidth to support a data rate of 80
megabits per second; wireless communication link 328-7 can
be assigned wireless bandwidth to support a data rate of O
megabits per second; and wireless communication link 328-8
can be assigned wireless bandwidth to support a data rate of 0
megabits per second.

[0104] As another example, in response to detecting that
the wireless communication link 328-6 performs poorly, the
management resource 140 can be configured to reallocate
wireless bandwidth to wireless communication links 328-8.
For example, wireless communication link 328-1 can be
assigned wireless bandwidth to support a data rate of 60
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megabits per second; wireless communication link 328-2 can
be assigned wireless bandwidth to support a data rate of 40
megabits per second; wireless communication link 328-3 can
be assigned wireless bandwidth to support a data rate of 180
megabits per second; wireless communication link 328-4 can
be assigned wireless bandwidth to support a data rate of 0
megabits per second; wireless communication link 328-5 can
be assigned wireless bandwidth to support a data rate of 0
megabits per second; wireless communication link 328-6 can
be assigned wireless bandwidth to support a data rate of 0
megabits per second; wireless communication link 328-7 can
be assigned wireless bandwidth to support a data rate of 0
megabits per second; and wireless communication link 328-8
can be assigned wireless bandwidth to support a data rate of
80 megabits per second.

[0105] In this manner, the management resource can
dynamically adjust the wireless bandwidth available in mesh
network 391 such that the distribution of data to the computer
devices is fair.

[0106] It is possible that the root access point 305-R is
unable to provide a combined downlink data rate output equal
to 280 megabits per second. In other words, there may be so
many users or so much interference that the downlink through
mesh network 391 becomes saturated and only supports half
the bandwidth such as 140 megabits per second. In such an
instance, the management resource can be configured to pro-
portionally adjacent allocation of wireless bandwidth in mesh
network 391 such that each of the subscribers is allocated a
portion (e.g., half) of their original assigned class of service
data rate. For example, the management resource 140 can be
configured to assign wireless communication link 328-1
wireless bandwidth to support a data rate of 30 megabits per
second (each of computer devices 350-1 and 350-2 would be
allocated 15 megabits per second); wireless communication
link 328-2 can be assigned wireless bandwidth to support a
data rate of 20 megabits per second (for computer device
350-3); wireless communication link 328-3 can be assigned
wireless bandwidth to support a data rate of 50 megabits per
second; wireless communication link 328-4 can be assigned
wireless bandwidth to support a data rate of 0 megabits per
second; wireless communication link 328-5 can be assigned
wireless bandwidth to support a data rate of 0 megabits per
second; wireless communication link 328-6 can be assigned
wireless bandwidth to support a data rate of 0 megabits per
second; wireless communication link 328-7 can be assigned
wireless bandwidth to support a data rate of 0 megabits per
second; and wireless communication link 328-8 can be
assigned wireless bandwidth to support a data rate of 40
megabits per second (each of computer devices 350-4 and
350-5 would be allocated 20 megabits per second).

[0107] Thus, the available wireless bandwidth allocated to
communicate with respective mesh access points 305 in mesh
network 391 can vary.

[0108] As previously discussed, example mesh network
391 of network environment 300 includes root access point
305-R, mesh access point 305-1, mesh access point 305-2,
mesh access point 305-3, and mesh access point 305-4. In one
embodiment, the management resource 140 utilizes a map of
the mesh network 391 (indicating interconnectivity of access
points) to identitfy which of the mesh access points lie in a
corresponding communication path between the root access
point 305-R and another terminal mesh access point in a
sequence. In response to detecting that communications to
one or more client devices (such as computer devices 350-4
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and 350-5) must pass through a communication path includ-
ing a mesh access point 305-2 and another access point such
as mesh access point 305-4, as mentioned above, the man-
agement resource 140 produces a summation value to account
for communications through mesh access point 305-2 to com-
puter device 350-3 as well as communications through mesh
access point 305-2 to mesh access point 305-4.

[0109] In accordance with another example embodiment,
assume that the root access point 305-R is able to support
more than 280 megabits per second on the downlink through
mesh network 391. The management resource 140 can be
configured to split the bandwidth to computer devices 350-4
and 350-5 amongst multiple paths in mesh network 391
instead of through a single mesh access point path as dis-
cussed above.

[0110] More specifically, in one embodiment, the manage-
ment resource 140 assigns wireless communication link
328-1 wireless bandwidth to support a data rate of 100 mega-
bits per second (60 megabits per second for computer devices
350-1 and 350-2 plus 40 megabits per second for computer
device 350-4); wireless communication link 328-6 can be
assigned wireless bandwidth to support a data rate of 40
megabits per second to mesh access point 305-4; wireless
communication link 328-2 can be assigned wireless band-
width to support a data rate of 80 megabits per second (40
megabits per second for computer device 350-3 and 40 mega-
bits per second for computer device 350-5); wireless commu-
nication link 328-7 can be assigned wireless bandwidth to
support a data rate of 40 megabits per second; wireless com-
munication link 328-3 can be assigned wireless bandwidth to
support a data rate of 100 megabits per second (for computer
devices 350-6, 350-7, and 350-8); wireless communication
link 328-4 can be assigned wireless bandwidth to support a
data rate of 0 megabits per second; wireless communication
link 328-5 can be assigned wireless bandwidth to support a
data rate of 0 megabits per second; and wireless communica-
tion link 328-8 can be assigned wireless bandwidth to support
adatarate of 0 megabits per second. Accordingly, the wireless
bandwidth in mesh network 391 allocated to support commu-
nications to a mesh access point more than one hop away from
the root access point 305-R can be split through multiple
mesh access points. For example, mesh access point 305-4
receives 40 megabits per second of bandwidth from mesh
access point 305-1 and 40 megabits per second from mesh
access point 305-2.

[0111] In accordance with such an embodiment, when for-
warding communications through mesh network 391 to the
computer devices 350-4 and 350-5, the root access point
305-R can be configured to include a forwarding table indi-
cating that messages addressed to the computer device 350-4
are to be sent over a portion of wireless communication link
328-1 to mesh access point 305-1; mesh access point 305-1
uses its own forwarding table to forward received messages
addressed to computer device 350-4 to mesh access point
305-4. The root access point 305-R can be configured to
include a forwarding table indicating that messages
addressed to the computer device 350-5 are to be sent over a
portion of the wireless communication link 328-2 to mesh
access point 305-2; mesh access point 305-2 uses its own
forwarding table to forward the received message through
mesh access point 305-4 to computer device 350-5. Thus,
allocated wireless bandwidth in mesh network 391 can be
earmarked for use by particular computer devices.
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[0112] As an alternative, the use of allocated bandwidth in
mesh network 391 can be more flexible. For example, the
forwarding table in root access point 305-R can indicate that
any messages addressed to computer devices 350-4 and 350-5
can be sent through either mesh access point 305-1 and 305-2.
For example, the root access point 305-R can be configured to
transmit messages (to either of computer devices 350-4 and
350-5) over a portion (e.g., 40 megabits per second) of the
bandwidth allocated to wireless communication link 328-1.
In such an instance, mesh access point 305-1 can include a
forwarding table indicating that any received messages
addressed to computer devices 350-4 and 350-5 are to be
forwarded through mesh access point 305-4 to the respective
destination devices; mesh access point 305-2 can include a
forwarding table indicating that any received messages
addressed to computer devices 350-4 and 350-5 are to be
forwarded through mesh access point 305-4 to the respective
destination devices. The root access point 305-R can be con-
figured to choose amongst the multiple available paths to
communicate messages through mesh network 391 to the
target devices based on one or more parameters such as con-
gestion, health of a respective channel, bit error rate of a
channel, signal to noise ratio of a channel, etc.

[0113] FIG. 4 is an example diagram illustrating a mesh
network and fair allocation of wireless bandwidth in a mesh
network environment according to embodiments herein.
[0114] As shown, example mesh network 491 of network
environment 400 includes root access point 405-R, mesh
access point 405-1, mesh access point 405-2, mesh access
point 405-3, mesh access point 405-4, mesh access point
405-5, and mesh access point 405-6.

[0115] Wireless communication link 428-1 in mesh net-
work 491 supports communications between root access
point 405-R and mesh access point 405-1; wireless commu-
nication link 428-2 supports communications between root
access point 405-R and mesh access point 405-2; wireless
communication link 428-3 supports communications
between root access point 405-R and mesh access point 405-
3; wireless communication link 428-4 supports communica-
tions between mesh access point 405-1 and mesh access point
405-2; wireless communication link 428-5 supports commu-
nications between mesh access point 405-2 and mesh access
point 405-3; wireless communication link 428-6 supports
communications between mesh access point 405-1 and mesh
access point 405-4; wireless communication link 428-7 sup-
ports communications between mesh access point 405-2 and
mesh access point 405-5; wireless communication link 428-8
supports communications between mesh access point 405-3
and mesh access point 405-6; wireless communication link
428-9 supports communications between mesh access point
405-4 and mesh access point 405-5; wireless communication
link 428-10 supports communications between mesh access
point 405-5 and mesh access point 405-6.

[0116] Further in this example, multiple computer devices
450-1 and 450-2 are communicatively coupled to mesh
access point 405-1. Wireless communication link 438-1 sup-
ports communications between the computer device 450-1
and the mesh access point 405-1. Wireless communication
link 438-2 supports communications between the computer
device 450-2 and the mesh access point 405-1.

[0117] Computer device 450-13 is communicatively
coupled to mesh access point 405-2. Wireless communication
link 438-13 supports communications between the computer
device 450-13 and the mesh access point 405-2.
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[0118] Multiple computer devices 450-3 and 450-4 are
communicatively coupled to mesh access point 405-4. Wire-
less communication link 438-3 supports communications
between the computer device 450-3 and the mesh access point
405-4. Wireless communication link 438-4 supports commu-
nications between the computer device 450-4 and the mesh
access point 405-4.

[0119] Multiple computer devices 450-5 and 450-6 are
communicatively coupled to mesh access point 405-5. Wire-
less communication link 438-5 supports communications
between the computer device 450-5 and the mesh access point
405-5. Wireless communication link 438-6 supports commu-
nications between the computer device 450-6 and the mesh
access point 405-5.

[0120] Multiple computer devices 450-7, 450-8 and 450-9
are communicatively coupled to mesh access point 405-6.
Wireless communication link 438-7 supports communica-
tions between the computer device 450-7 and the mesh access
point 405-6; wireless communication link 438-8 supports
communications between the computer device 450-8 and the
mesh access point 405-6; wireless communication link 438-9
supports communications between the computer device
450-9 and the mesh access point 405-6.

[0121] Multiple computer devices 450-10, 450-11 and 450-
12 are communicatively coupled to mesh access point 405-3.
Wireless communication link 438-10 supports communica-
tions between the computer device 450-10 and the mesh
access point 405-3; wireless communication link 438-11 sup-
ports communications between the computer device 450-11
and the mesh access point 405-3; wireless communication
link 438-12 supports communications between the computer
device 450-12 and the mesh access point 405-3.

[0122] Assume in this example that the root access point
405-R supports 230 megabits per second of throughput on a
downlink through mesh network to respective computer
devices. The summation of data rates assigned to the sub-
scribers is 460 megabits per second (e.g., 30+30+40+40+40+
40+40+30+30+40+30+30+40).

[0123] To achieve fairness amongst users, each of the mesh
access points is allocated sufficient wireless bandwidth to
support half their assigned bandwidth rate. For example, the
management resource 140 assigns wireless communication
link 428-1 sufficient wireless bandwidth to support a com-
bined data rate of 70 megabits per second from root access
point 405-R to mesh access point 405-1; the management
resource 140 assigns wireless communication link 428-6 suf-
ficient wireless bandwidth to support a combined data rate of
40 megabits per second from mesh access point 405-1 to
mesh access point 405-4; the management resource 140
assigns wireless communication link 428-2 sufficient wire-
less bandwidth to support a combined data rate of 60 megabits
per second from root access point 405-R to mesh access point
405-2; the management resource 140 assigns wireless com-
munication link 428-7 sufficient wireless bandwidth to sup-
port a combined data rate of 40 megabits per second between
mesh access point 405-2 and mesh access point 405-5; the
management resource 140 assigns wireless communication
link 428-3 sufficient wireless bandwidth to support a com-
bined data rate of 100 megabits per second from root access
point 405-R to mesh access point 405-3; the management
resource 140 assigns wireless communication link 428-8 suf-
ficient wireless bandwidth to support a combined data rate of
50 megabits per second between mesh access point 405-3 and
mesh access point 405-6.
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[0124] Note that the wireless bandwidth in mesh network
491 can be allocated in a similar manner to support fairness of
transmitting data on the uplink from mesh access points to
root access point 405-R.

[0125] FIG. 5 is an example diagram illustrating a mesh
network and failure of a mesh network access point according
to embodiments herein.

[0126] Assume in this example that the root access point
305-R supports at least 250 megabits per second of data rate
throughput on a downlink through mesh network to respec-
tive computer devices.

[0127] Assume further in this example that, prior to the
failure of mesh access point 305-2, the management resource
140 assigns wireless communication link 328-1 sufficient
wireless bandwidth to support a data rate of 60 megabits per
second from root access point 305-R to mesh access point
305-1; the management resource 140 assigns wireless com-
munication link 328-6 no wireless bandwidth; the manage-
ment resource 140 assigns wireless communication link
328-2 sufficient wireless bandwidth to support a combined
data rate of 80 megabits per second from root access point
305-R to mesh access point 305-2; the management resource
140 assigns wireless communication link 328-7 sufficient
wireless bandwidth to support a combined data rate of 80
megabits per second between mesh access point 305-2 and
mesh access point 305-4; the management resource 140
assigns wireless communication link 328-3 sufficient wire-
less bandwidth to support a combined data rate of 100 mega-
bits per second from root access point 305-R to mesh access
point 305-3; the management resource 140 assigns the wire-
less communication link 328-8 no wireless bandwidth.

[0128] As shown, mesh access point 305-2 experiences a
fault condition and is unable to convey communications. The
management resource 140 receives notification of the fault
condition associated with mesh access point 305-2 in the
mesh network 391. The fault condition can indicate a failed
wireless communication link, a failed mesh access point, etc.

[0129] In response to notice of the fault condition associ-
ated with mesh access point 305-2, the management resource
140 adjusts a magnitude of the portions of the wireless band-
width in mesh network 391 allocated to the multiple inter-
connected access points to circumvent a physical location
where the fault condition occurs.

[0130] More specifically, as shown in FIG. 6, the manage-
ment resource 140 assigns wireless communication link
328-1 sufficient wireless bandwidth to support a data rate of
140 megabits per second from root access point 305-R to
mesh access point 305-1; the management resource 140
assigns wireless communication link 328-6 sufficient wire-
less bandwidth to support a data rate of 80 megabits per
second from mesh access point 305-1 to mesh access point
305-4; the management resource 140 assigns wireless com-
munication link 328-3 sufficient wireless bandwidth to sup-
port a combined data rate of 100 megabits per second from
root access point 305-R to mesh access point 305-3; the
management resource 140 assigns the wireless communica-
tion link 328-8 no wireless bandwidth. Thus, even during a
failure, mesh network 391 can be used to deliver data to
subscribers.

[0131] Assume in this example that another computer
device and corresponding user having a class of service of #4
establishes a wireless communication link between itself and
mesh access point 305-4. In such an instance, in response to
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detecting the new client, the management resource 140 real-
locates use of wireless bandwidth in mesh network 391.
[0132] For example, to accommodate the new computer
device, the management resource 140 assigns wireless com-
munication link 328-1 sufficient wireless bandwidth to sup-
port a data rate of 140 megabits per second from root access
point 305-R to mesh access point 305-1; the management
resource 140 assigns wireless communication link 328-6 suf-
ficient wireless bandwidth to support a data rate of 80 mega-
bits per second from mesh access point 305-1 to mesh access
point 305-4; the management resource 140 assigns wireless
communication link 328-3 sufficient wireless bandwidth to
support a combined data rate of 140 megabits per second from
root access point 305-R to mesh access point 305-3; the
management resource 140 assigns the wireless communica-
tion link 328-8 sufficient wireless bandwidth to support a data
rate of 40 megabits per second between mesh access point
305-3 and mesh access point 305-4. Thus, embodiments
herein can include adjusting an allocation of wireless band-
width in the mesh network 391 in response to detecting a
change in the number of clients communicatively coupled to
any of the mesh access points.

[0133] As discussed herein, each mesh access point is allo-
cated use of available wireless bandwidth in mesh network
391 to support communications with respective clients
depending on how many clients the respective mesh access
point services. For example, in one embodiment, the manage-
ment resource 140 assigns sufficient wireless bandwidth to
support a data rate of 60 megabits per second between root
access point 305-R and mesh access point 305-1 to support
communications with computer devices 350-1 and 350-2; the
management resource 140 assigns sufficient wireless band-
width to support a data rate of 80 megabits per second
between root access point 305-R and mesh access point 305-4
(through mesh access point 305-1) to support communica-
tions with computer devices 350-4 and 350-5; the manage-
ment resource 140 assigns sufficient wireless bandwidth to
support a data rate of 100 megabits per second between root
access point 305-R and mesh access point 305-3 to support
communications with computer devices 350-6, 350-7, and
350-8; the management resource 140 assigns sufficient with
bandwidth to support a data rate of 40 megabits per second
between root access point 305-R and mesh access point 305-4
(through mesh access point 305-3) for the new client.
[0134] FIG. 7 is an example block diagram of a computer
device for implementing any of the operations as discussed
herein according to embodiments herein.

[0135] As shown, computer system 750 such as a root
access point (or other suitable resource) of the present
example can include an interconnect 811 that couples com-
puter readable storage media 812 such as a non-transitory
type of media (i.e., any type of hardware storage medium) in
which digital information can be stored and retrieved, a pro-
cessor 813 (e.g., one or more processor devices of hardware),
I/O interface 814, and a communications interface 817.
[0136] 1/O interface 814 provides connectivity to a reposi-
tory 480 and, if present, other devices such as a playback
device, display screen, keypad (input resource 792), a com-
puter mouse, etc.

[0137] Computer readable storage medium 812 can be any
hardware storage resource or device such as memory, optical
storage, hard drive, floppy disk, etc. In one embodiment, the
computer readable storage medium 812 stores instructions
and/or data.
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[0138] Communications interface 817 enables the com-
puter system 750 and processor 813 to communicate over a
resource such as network 190 to retrieve information from
remote sources and communicate with other computers.
Communications interface 817 also enables the computer
system 750 and processor 813 to communicate with one or
more access points in mesh network 191. 1/O interface 814
enables processor 813 to retrieve stored information from
repository 480.

[0139] As shown, computer readable storage media 812 is
encoded with management application 140-1 (e.g., software,
firmware, etc.) executed by processor 813. Management
application 140-1 can be configured to include instructions to
implement any of the operations as discussed herein.

[0140] During operation of one embodiment, processor
813 accesses computer readable storage media 812 via the
use of interconnect 811 in order to launch, run, execute,
interpret or otherwise perform the instructions in manage-
ment application 140-1 stored on computer readable storage
medium 812.

[0141] Execution of the management application 140-1
produces processing functionality such as management pro-
cess 140-2 in processor 813. In other words, the management
process 140-2 associated with processor 813 represents one
or more aspects of executing management application 140-1
within or upon the processor 813 in the computer system 750.
[0142] Those skilled in the art will understand that the
computer system 750 can include other processes and/or soft-
ware and hardware components, such as an operating system
that controls allocation and use of hardware resources to
execute management application 140-1.

[0143] Inaccordance with different embodiments, note that
computer system may be any of various types of devices,
including, but not limited to, a root access point, computer, a
personal computer system, a wireless device, base station,
phone device, desktop computer, laptop, notebook, netbook
computer, mainframe computer system, handheld computer,
workstation, network computer, application server, storage
device, a consumer electronics device such as a camera, cam-
corder, set top box, mobile device, video game console, hand-
held video game device, a peripheral device such as a switch,
modem, router, or in general any type of computing or elec-
tronic device. The computer system 750 may reside at any
location or can be included in any suitable resource in net-
work environment 100 to implement functionality as dis-
cussed herein.

[0144] Functionality supported by the different resources
will now be discussed via flowcharts in FIGS. 8-9. Note that
the steps in the flowcharts below can be executed in any
suitable order.

[0145] FIG. 8 is a flowchart 800 illustrating an example
method according to embodiments. Note that there will be
some overlap with respect to concepts as discussed above.
[0146] In processing block 810, and in view of FIG. 1, the
root access point 105-R receives connectivity status informa-
tion indicating wireless connectivity amongst multiple inter-
connected access points 105 in mesh network 191 and mul-
tiple computer devices 150 such as clients.

[0147] Inprocessing block 820, based on the received con-
nectivity status information, the root access point 105-R allo-
cates portions of wireless bandwidth in the mesh network 191
to wirelessly communicate between a root access point 105-R
in the mesh network 191 and the multiple interconnected
access points 105.
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[0148] Inprocessing block 830, the root access point 105-R
transmits messages over the allocated portions of wireless
bandwidth from the root access point 105-R through the
multiple interconnected access points 105 to the multiple
computer devices 150 such as clients.

[0149] FIG. 9 is a flowchart 900 illustrating an example
method according to embodiments. Note that there will be
some overlap with respect to concepts as discussed above.
[0150] In processing block 910, and in view of FIG. 1, the
root access point 105-R receives a first data rate value. The
first data rate value is assigned to a first client (e.g., user
108-4) wirelessly coupled to a first access point 105-2 in a
mesh network 191 of multiple wirelessly interconnected
access points 105.

[0151] Inprocessing block 920, the root access point 105-R
receives a second data rate value. The second data rate value
is assigned to a second client such as user 108-1 wirelessly
coupled to a second access point 105-5 in the mesh network
191 of multiple wirelessly interconnected access points 105.
[0152] Inprocessing block 930, the root access point 105-R
allocates use of wireless bandwidth amongst the wirelessly
interconnected access points in the mesh network 191 in
accordance with the first data rate value and the second data
rate value.

[0153] Note again that techniques herein are well suited for
managing one or more resources such as access points in a
mesh network environment. However, it should be noted that
embodiments herein are not limited to use in such applica-
tions and that the techniques discussed herein are well suited
for other applications as well.

[0154] Based on the description set forth herein, numerous
specific details have been set forth to provide a thorough
understanding of claimed subject matter. However, it will be
understood by those skilled in the art that claimed subject
matter may be practiced without these specific details. In
other instances, methods, apparatuses, systems, etc., that
would be known by one of ordinary skill have not been
described in detail so as not to obscure claimed subject matter.
Some portions of the detailed description have been presented
in terms of algorithms or symbolic representations of opera-
tions on data bits or binary digital signals stored within a
computing system memory, such as a computer memory.
These algorithmic descriptions or representations are
examples of techniques used by those of ordinary skill in the
data processing arts to convey the substance of their work to
others skilled in the art. An algorithm as described herein, and
generally, is considered to be a self-consistent sequence of
operations or similar processing leading to a desired result. In
this context, operations or processing involve physical
manipulation of physical quantities. Typically, although not
necessarily, such quantities may take the form of electrical or
magnetic signals capable of being stored, transferred, com-
bined, compared or otherwise manipulated. It has been con-
venient at times, principally for reasons of common usage, to
refer to such signals as bits, data, values, elements, symbols,
characters, terms, numbers, numerals or the like. It should be
understood, however, that all of these and similar terms are to
be associated with appropriate physical quantities and are
merely convenient labels. Unless specifically stated other-
wise, as apparent from the following discussion, it is appre-
ciated that throughout this specification discussions utilizing
terms such as “processing,” “computing,” “calculating,”
“determining” or the like refer to actions or processes of a
computing platform, such as a computer or a similar elec-
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tronic computing device, that manipulates or transforms data
represented as physical electronic or magnetic quantities
within memories, registers, or other information storage
devices, transmission devices, or display devices of the com-
puting platform.
[0155] While this invention has been particularly shown
and described with references to preferred embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the present
application as defined by the appended claims. Such varia-
tions are intended to be covered by the scope of this present
application. As such, the foregoing description of embodi-
ments ofthe present application is not intended to be limiting.
Rather, any limitations to the invention are presented in the
following claims.
We claim:
1. A method comprising:
receiving a first data rate value, the first data rate value
assigned to a first client wirelessly coupled to a first
access point in a mesh network of multiple wirelessly
interconnected access points;
receiving a second data rate value, the second data rate
value assigned to a second client wirelessly coupled to a
second access point in the mesh network of multiple
wirelessly interconnected access points; and
allocating use of wireless bandwidth amongst the wire-
lessly interconnected access points in the mesh network
in accordance with the first data rate value and the sec-
ond data rate value.
2. The method as in claim 1, wherein allocating use of the
wireless bandwidth includes:
producing a summation of the first data rate value and the
second data rate value; and
utilizing the summation as a basis to allocate a sufficient
portion of available wireless bandwidth in the mesh
network to support transmission of data as specified by
the first data rate value to the first client and to support
transmission of data as specified by the second data rate
value to the second client.
3. The method as in claim 1 further comprising:
utilizing a map of the mesh network to identify that the first
access point lies in a communication path between the
first access point and the second access point; and
producing the summation in response to detecting that
communications to the second client pass through the
communication path including the first access point and
the second access point.
4. The method as in claim 1, wherein allocating use of the
wireless bandwidth includes:
producing a summation of the first data rate value and the
second data rate value; and
utilizing the summation as a basis to allocate a sufficient
portion of available wireless bandwidth in the mesh
network to support transmission of an amount of data as
specified by the summation between a root access point
in the mesh network and the first access point, the root
access point being a gateway resource facilitating distri-
bution of communications to the first client and the
second client through the mesh network.
5. The method as in claim 1 further comprising:
receiving connectivity status information indicating wire-
less connectivity amongst the multiple wirelessly inter-
connected access points in the mesh network; and

Sep. 24, 2015

allocating the wireless bandwidth based at least in part on
the received connectivity status information.

6. The method as in claim 5 further comprising:

conveying messages over the allocated wireless bandwidth
from a root access point in the mesh network through the
multiple wirelessly interconnected access points to the
first client and the second client.

7. The method as in claim 1 further comprising:

at a root access point in the mesh network, receiving con-
nectivity status information from the multiple intercon-
nected access points in the mesh network; and

allocating different portions of available wireless band-
width in the mesh network to communicate between the
root access point and the multiple interconnected access
points based on the first data rate value and the second
data rate value.

8. The method as in claim 7 further comprising:

processing the received connectivity status information to
identify a number of clients wirelessly coupled to each
of the multiple access points in the mesh network; and

allocating portions of wireless bandwidth in the mesh net-
work based on a combination of:
a magnitude of the number of clients wirelessly coupled

to each of the multiple access points, and

the first data rate value and the second data rate value.

9. The method as in claim 1 further comprising:

processing received connectivity status information to
identify a number of clients wirelessly coupled to each
of the multiple interconnected access points in the mesh
network; and

allocating the portions of wireless bandwidth in the mesh
network based on a magnitude of the number of clients
wirelessly coupled to each of the multiple intercon-
nected access points.

10. The method as in claim 1 further comprising:

allocating a first portion of available wireless bandwidth in
the mesh network to wirelessly communicate data from
arootaccess point in the mesh network to the first access
point to satisfy conveyance of communications in accor-
dance with the first data rate value assigned to the first
client; and

allocating a second portion of available wireless bandwidth
in the mesh network to wirelessly communicate data
from the root access point to the second access point to
satisfy conveyance of communications in accordance
with the second first data rate value assigned to the
second client.

11. The method as in claim 1, wherein allocating the use of

the wireless bandwidth comprises:

assigning a first portion of available wireless bandwidth in
the mesh network between a root access point and the
first wireless access point based on the first data rate
value; and

assigning a second portion of available wireless bandwidth
in the mesh network between the root access point and
the second wireless access point based on the second
data rate value.

12. The method as in claim 1 further comprising:

producing a summation value of the first data rate value and
the second data rate value; and

utilizing the summation value to set a magnitude of a given
portion of the available wireless bandwidth to provide
the first data rate value to the first client and the second
data rate value to the second client, the given portion of
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the available wireless bandwidth supporting conveyance
of communications to a combination of the first client
and the second client.

13. The method as in claim 1 further comprising:

receiving notification of a fault condition in the mesh net-
work, the fault condition indicating a failed wireless
communication link; and

in response to the fault condition, adjusting a magnitude of
portions of the bandwidth assigned to the multiple inter-
connected access points to circumvent a physical loca-
tion where the fault condition occurs in the mesh net-
work.

14. The method as in claim 1 further comprising:

at a root access point in the mesh network, receiving com-
munications directed to the first client and the second
client; and

initiating distribution of the communications over the allo-
cated portions of bandwidth to the multiple intercon-
nected access points, the multiple interconnected access
points forwarding the communications to the first client
and the second client.

15. A computer system comprising:

computer processor hardware; and

a hardware storage resource coupled to the computer pro-
cessor hardware, the hardware storage resource storing
instructions that, when executed by the at the computer
processor hardware, causes the computer processor
hardware to perform operations of:

receiving a first data rate value, the first data rate value
assigned to a first client wirelessly coupled to a first
access point in a mesh network of multiple wirelessly
interconnected access points;

receiving a second data rate value, the second data rate
value assigned to a second client wirelessly coupled to a
second access point in the mesh network of multiple
wirelessly interconnected access points; and

allocating use of wireless bandwidth amongst the wire-
lessly interconnected access points in the mesh network
in accordance with the first data rate value and the sec-
ond data rate value.

16. The computer system as in claim 15, wherein allocating

use of the wireless bandwidth includes:

producing a summation of the first data rate value and the
second data rate value; and

utilizing the summation as a basis to allocate a sufficient
portion of available wireless bandwidth in the mesh
network to support transmission of data as specified by
the first data rate value to the first client and to support
transmission of data as specified by the second data rate
value to the second client.
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17. The computer system as in claim 16, wherein the com-
puter processor hardware further performs operations of:
utilizing a map of the mesh network to identify that the first
access point lies in a communication path between the
first access point and the second access point; and

producing the summation in response to detecting that
communications to the second client pass through the
communication path including the first access point and
the second access point.

18. The computer system as in claim 15, wherein allocating
use of the wireless bandwidth includes:

producing a summation of the first data rate value and the

second data rate value; and

utilizing the summation as a basis to allocate a sufficient

portion of available wireless bandwidth in the mesh
network to support transmission of an amount of data as
specified by the summation between a root access point
in the mesh network and the first access point, the root
access point being a gateway resource facilitating distri-
bution of communications to the first client and the
second client through the mesh network.

19. The method as in claim 15, wherein allocating use of
the wireless bandwidth includes:

producing a summation of the first data rate value and the

second data rate value; and

utilizing the summation as a basis to allocate a sufficient

portion of available wireless bandwidth in the mesh
network to support transmission of an amount of data as
specified by the summation between a root access point
in the mesh network and the first access point, the root
access point being a gateway resource facilitating distri-
bution of communications to the first client and the
second client through the mesh network.

20. Computer-readable hardware storage having instruc-
tions stored thereon, the instructions, when carried out by
computer processor hardware, causes the computer processor
hardware to perform operations of:

receiving a first data rate value, the first data rate value

assigned to a first client wirelessly coupled to a first
access point in a mesh network of multiple wirelessly
interconnected access points;

receiving a second data rate value, the second data rate

value assigned to a second client wirelessly coupled to a
second access point in the mesh network of multiple
wirelessly interconnected access points; and

allocating use of wireless bandwidth amongst the wire-

lessly interconnected access points in the mesh network
in accordance with the first data rate value and the sec-
ond data rate value.
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