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PREDICTIVE SPOT BIDDING SERVICE FOR NETWORK RESOURCES

TECHNICAL FIELD

[0001] The present disclosure relates generally to bidding for network resources, and
in particular to bidding for network resources to be used over an additional network

interface of a network device.

BACKGROUND

[0002] Edge routers and other network devices within a network, including networks
with remote branch offices, often have both fixed broadband internet connectivity.
Some edge routers experience variable levels of traffic, and to accommodate this, they
support prepaid licensed spectrum connectivity up to a certain bandwidth with fixed
service level agreement (SLA) parameters. However, pre-paid licensed spectrum
access is expensive and the fact that SLAs are static in nature does not provide for
predictive, dynamic, and cost effective slicing of network traffic flows at the edge
network device. Current licensed spectrum service providers only provide static
options for network usage, and currently dynamic bidding for additional network

resources is unavailable.

[0003] For example, resource managers (such as MVYNOs) pre-provision for a certain
amount of static provisioning of capacity on route uplinks (e.g., LTE or 5G uplinks).
The resource managers buy spectrum in bulk and allow users to uplink in accordance
with the static provisioning. The user can buy chunks of spectrum for a month or
other fixed period of time. If the entire spectrum isn't used, however, it gets wasted. In
addition, if a network device needs more spectrum than has been provisioned, there's
no way for it to do so in real time or on demand — it must work within the spectrum

that has already been provisioned.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The above-recited and other advantages and features of the present technology
will become apparent by reference to specific implementations illustrated in the

appended drawings. A person of ordinary skill in the art will understand that these
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drawings only show some examples of the present technology and would not limit the
scope of the present technology to these examples. Furthermore, the skilled artisan
will appreciate the principles of the present technology as described and explained
with additional specificity and detail through the use of the accompanying drawings in

which:

[0005] FIG. 1 shows an example schematic diagram of a bidding framework that
includes a network device and a resource manager configured to provide additional

resources to the network device in accordance with some embodiments.

[0006] FIG. 2 is a flowchart representation of providing additional resources to a

network device in accordance with some embodiments.

[0007] FIG. 3 shows an example of a system for implementing certain aspects of the

present technology.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0008] Various examples of the present technology are discussed in detail below.
While specific implementations are discussed, it should be understood that this is
done for illustration purposes only. A person skilled in the relevant art will recognize
that other components and configurations may be used without parting from the spirit

and scope of the present technology.

OVERVIEW:

[0009] Systems, methods, computer-readable media, and devices are disclosed for
dynamically requesting a network resource. A network device can include a first
network interface and a second network interface. A resource manager can receive
from the network device a request for an additional resource for the second interface
on the network device, the request including negotiation parameters for the additional
resource. If a match to the request is found by the resource manager, the resource
manager can send, to the network device, configuration parameters in accordance
with the negotiation parameters for the additional resource to be used over the second

network interface. The configuration parameters, once received by the network
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device, cause a modification of the network device such that the additional resource is

used over the second network interface for a period of time.

EXAMPLE EMBODIMENTS:

[0010] The disclosed technology addresses the need in the art for enabling a network
device to dynamically provision additional network resources, such as additional
licensed spectrum or bandwidth, on a real time or on demand basis. A network device,
such as an edge router, can have multiple network interfaces including both statically
provisioned (e.g., backhauls for pre-purchased spectrum or bandwidth) and one or
more licensed spectrum interfaces (e.g., 4G/5G backhauls). Given that licensed
spectrum costs can be high, traffic can be carried via the statically provisioned
interface only as per the configured intent. Under certain conditions when the
statically provisioned interface is not capable of traffic, the network device can
request additional spectrum over the one or more licensed spectrum interfaces as
demand requires, enabling the network device to dynamically handle its traffic

requirements as needed or desired.

[0011] Additional licensed spectrum, or additional resources, can be provided by a
service provider through a spot bidding framework managed by a resource manager.
The network devices and the resource manager, along with the service providers, can
negotiate through the spot bidding framework and configure additional resources,
such as capacity and quality of service (QoS), to be used by the requesting network
device. This enables optimized network usage for optimum performance of the
network device and lowered costs to the end user. In some embodiments, the network
device can request additional resources after observing that additional resources are
needed to support its current traffic needs (e.g., based on the type of traffic it's
handling and its current load). In alternative embodiments, a predictive engine on the
network device can predict or determine whether additional resources should be

requested.

[0012] FIG. 1 shows an example schematic diagram of a spot bidding framework that
includes a network device and a resource manager. The resource manager is

configured to negotiate in a bidding process with service providers in order to identify
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and then provide additional resources to the network device in accordance with some

embodiments.

[0013] In some embodiments, the network device can include a first network interface
(e.g., statically provisioned) and a second network interface (e.g., capable of licensed
spectrum connectivity), although any number of statically provisioned or licensed
spectrum network interfaces can be used. A resource manager can receive from the
network device a request for an additional resource for the second interface on the
network device, the request including various negotiation parameters for the
additional resource (e.g., type of connectivity desired, pricing parameters, etc.). Once
an additional resource within the negotiation parameters is found by the resource
manager, which interfaces with various spectrum service providers offering additional
resources for purchase, the resource manager sends configuration parameters to the
network device. The configuration parameters are in accordance with the negotiation
parameters that specify the additional resource to be used over the second network
interface. The configuration parameters, once received by the network device, cause a
modification of the network device such that the additional resource is used over the
second network interface over the period of time offered and agreed to by the service

provider providing the additional resource.

[0014] System 100 illustrates an example embodiment system for dynamically
requesting an additional network resource for use by network devices. As discussed
above, the network devices can support statically provisioned connections and
bandwidths as well as additional, often licensed spectrum that are provided on
demand. For example, network device 110 can include multiple interfaces, such as
network interface A 112 that provides fixed internet connectivity and one or more
supplemental network interfaces, such as network interface B 114 that provides
connectivity to a mobile network or licensed spectrum that can increase or decrease

bandwidth in real time or near real time.

[0015] In system 100, resource manager 120 can receive a request (e.g., bid 122)
from network device 110 for an additional resource for network interface B 114. The
requesting bid 122 can be generated or created by bid service 116, which can include
within bid 122 multiple negotiation parameters for the requested additional resource,
such as the type of connectivity required, a desired time period, an acceptable price or

price range, etc.
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[0016] Bid service 116 requests additional network spectrum based on one or more
network conditions, which can include (a) an observation that current network traffic
is above a capability of the first network interface, and/or (b) a prediction that
network traffic will be above the capability of the first network interface at a future

time based on historical traffic data or currently executing application types.

[0017] For example, in some embodiments, bid 122 is sent to resource manager 120
based on a determination that the first network interface on the network device could
benefit from an additional resource based on a dynamic determination that current
network traffic is above a capability of network interface A 112. Any technique for
monitoring traffic over network interface A 112 can be used for this dynamic
determination, such that an increase in traffic over network interface A 112's
capabilities can triggers bid 122 creation in bid service 116. Bid 122 can also be sent
to resource manager 120 based on a determination that the resources needed to
support currently executing application types exceeds a capability of network

interface A 112.

[0018] Additionally and/or alternatively, bid 122 can be sent based on predictive
determinations made by prediction engine 118. Specific types of applications may
require more bandwidth or there could be predictable increases in load based on time
of day, seasonal load, etc. Prediction engine 118 has the capability of identifying the
type of connectivity desired, and how long additional network resources would need
to be provided to network device 110 based on traffic prediction and/or application
fingerprinting (e.g. presence of AR/VR applications in the network during a certain
time of the day, high seasonal traffic requirements during holiday hours etc.).
Prediction engine 118 can monitor and base predictions on historical traffic data
indicative of current or upcoming time periods, such as traffic picking up during rush
hour on a weekday. The prediction can be in real time, near real time, or periodic

based on the prediction engine's 118 configured intent.

[0019] In some embodiments, prediction engine 118 can utilize one or more
predictive models based on load and type of applications being executed to calculate
future bandwidth/spectrum needs of network device 110. If the predictive models
predict a future bandwidth usage that potentially exceeds the bandwidth capabilities
provided by network interface A 112, prediction engine 118 can notify bid service

116 of the additional spectrum or bandwidth needed so that bid 122 can be generated
5
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that requests the needed additional spectrum or bandwidth from resource manager
120. Prediction engine 118 in conjunction with bid service 116 can use, in some
examples, a defined API interface with resource manager 120 to spot bid and
negotiate for additional network resources including, but not limited to, bandwidth,
quality of service (QOS), duration, capacity, etc. in real time or near real time as

demand increases (or decreases).

[0020] Resource manager 120, which in some examples can be controlled by a
mobile virtual network operator, can receive bid 122 for the additional resource which
includes negotiation parameters corresponding to the additional resource requested by
network device 110. Bid 122 can include, but is not limited to including, a bid price
and a type of additional resource. The type of additional resource can be specified by
parameters that include, but is not limited to including, one or more of a duration, data

volume, quality of service, or service level agreement parameter.

[0021] Once bid 122 is received by resource manager 120, negotiation service 124
can negotiate on behalf of network device 110 to match bid 122 with a service
provider offering the requested additional resources. In some embodiments, resource
manager 120 includes an inventory of pre-purchased offers from service providers
who can provide additional resources. The pre-purchased offers can be stored in pre-
purchased resource store 126, which can store the resources offered for purchase as
well as resource parameters that can be matched with bid's 122 negotiation
parameters. Based on a match to the negotiation parameters within bid 122,
negotiation service 124 can select the corresponding offer for the additional network
spectrum from a service provider in pre-purchased resource store 126, which can then
be provided by the selected service provider for a period of time specified by the
service provider or by bid 122. In some embodiments, if there are no service providers
who offer resources in accordance with the negotiation parameters in pre-purchased
resource store 126, negotiation service 124 can interface with outside service

providers 128 to solicit offers that match the negotiation parameters in bid 122.

[0022] Once an offer is matched with bid 122, configuration service 130 can generate
configuration parameters 132 that enable network device 110 to establish connectivity
over network interface B 114. The configuration parameters 132 are sent to network
device 110, which modifies network interface B 114 to establish connectivity in

accordance with the additional resources for a period of time within service provider's
6
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offer. For example, the configuration parameters 132 can cause a reprograming of
network device 110 to enable usage of the additional network spectrum over network

interface B 114 over the period of time.

[0023] FIG. 2 is a flowchart representation of providing additional resources to a
network device in accordance with some embodiments. The spot bidding process can
begin when a network device (e.g., network device 110) sends a request (e.g., bid
122) to the resource manager 120 for an additional resource for network interface B
114 (step 210). The request can be based on an observation or prediction that network
device 110 may require additional resource connectivity over network interface B
114. Bid service 116, for example, can use a defined API interface with the resource
manager 120 to negotiate a bidding policy for the additional resources. For example,
the request includes one or more negotiation parameters, some of which may be fixed
and some of which may be open to service provider counteroffers. For example, the
negotiation parameters can include additional spectrum for a specified length of time
and for a specified price, but while the price parameters may be fixed, the length of

time may be shortened to what the service provider can offer.

[0024] The negotiation parameters define how the resource manager 120 matches
network device 110 with a service provider offering additional resources. The
negotiation parameters specify a type of resource requested (e.g., duration, data
volume, quality of service, SLA parameters, etc.), an IMEI number, a bid price (e.g., a
range of the maximum and minimum acceptable bidding price for the requested

resources), etc. to assist resource manager 120 in the bidding process.

[0025] Resource manager 120 can include an inventory of resources offered by a
number of service providers, all or at least a portion of the inventory of resources
being pre-purchased by the resource manager 120. Based on the request, the manager
resource 120 can search its available inventory of resources to be programmed and
evaluate the current cost offering for the requested parameter as per the bid price

range.

[0026] Resource manager 120 can determine if the inventory of pre-purchased
resources contains a resource in accordance within the proscribed bid price specified
by the negotiation parameters of bid 122 (step 212). If the inventory contains a

resource within the bid price/price range, resource manager 120 will determine if the
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resource is matched to or otherwise in accordance with the negotiation parameters

(step 214).

[0027] For example, resource manager 120 can use its internal available or unused
resources from the pool of connections it purchased or otherwise contracted from
various service providers. Based on the requested resource, resource manager 120 can
select an appropriate available or unused connection. The pre-purchased resources can
also be searched and selected based on geographic location, since service providers
located closer to network device 110 can offer resources with higher tier services or

lower prices than service providers located farther away.

[0028] Resource manager 120 can optimize pricing and the quality of resource
offered to network device 110. Where available, resource manager 120 can interact
with the mobile service providers to retrieve instantaneous resource vs. cost estimates.
Resource manager 120 can utilize a resource vs. cost mapping function that is most

optimal within the range of the customer bid.

[0029] If a match to bid 122 is found, the resource is selected by resource manager
120. If not, in some embodiments, resource manager 120 can select the next best
offer(s), such as checking its inventory to see if a resource with a lower tier service,
but still within the bid price, is available (step 216). In some embodiments, however,
step 216 can be skipped if bid 122 specifies that a lower tier service is not acceptable

(or bid 122 can specify that only resources above a threshold tier is acceptable).

[0030] In some embodiments, all or a portion of the negotiation parameters in the
request are not modifiable by resource manager 120. If a pre-purchased resource is
not within the bid price range or negotiation parameters, resource manager 120 can
communicate and negotiate with outside service providers for an additional resource
in accordance with the request (step 218). If an outside service provider can provide
an offer for a resource that matches bid 122's negotiation parameters, then that
resource is selected by resource manager 120 to fulfill network device 110's request

(step 220).

[0031] Acceptance by network device 110 may be required before initiating the
licensed spectrum in some examples. If a resource is selected (either from a pre-
purchased resource or from an outside service provider), resource manager 120 can

send the service provider's offer to network device 110 for acceptance (in other

8
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embodiments, this step can be skipped and the first resource meeting the bid price and
negotiation parameters are automatically accepted). If an acceptance is required,
network device 110 can reply to resource manager 120 with parameters associated
with a response type (e.g., accept the offer, proposed new request, new cost structure,
proposed alternate policy, reject the offer, etc.). The network device reply can also
include a map of values per response type (such as values related to a proposed new
cost structure or proposed alternate policy). The service provider may also negotiate
with network device 110 through resource manager 120. For example, resource
manager 120 can offer a new higher price for the requested resources or propose a
lower tier service within the proposed cost on behalf of the service provider.
Prediction engine 118 can either accept the proposal or go on a bidding loop with
resource manager 120 until an acceptable offer is found according to the negotiation
parameters. If prediction engine 118 accepts a proposed policy, it will send an
acknowledge message to resource manager 120 with the parameters of the accepted

policy.

[0032] Once a selection of a resource is finalized, such as through an
acknowledgement from the network device 110, resource manager 120 can send
configuration parameters 132 for the additional resource to be used over network
interface B 114 (step 222). The configuration parameters 132 cause a modification of
network device 110 to enable usage of the additional resource over network interface
B 114 (step 224). For example, resource manager 120 will send configuration
information to network device 110, which will in turn configure the network device's
programmable sim with the details of the service provider and the connectivity
parameters. At that point, network device 110 will start forwarding traffic of the

chosen flows via the licensed spectrum interface (network interface B 114).

[0033] In some embodiments, the additional resource is automatically terminated over
the network interface B 114 when the period of time that has been negotiated for has
expired. Resource manager 120 can disable the service, for example, by removing the
MNO database entry for the edge router IMEI and inform the edge router via a service

complete APL.

[0034] In other embodiments, the additional resource over the network interface B
115 is extended after the period of negotiated time has expired, and the network

device is charged a price based on the actual usage of the additional resource within
9
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the extended time. If the prediction engine 118 decides that it needs to extend the
resource usage further (such as through one or more predictive models), it will
renegotiate the contract with resource manager 120 prior to the expiry of the previous

contract.

[0035] FIG. 3 shows an example of computing system 300 in which the components
of the system are in communication with each other using connection 305.
Connection 305 can be a physical connection via a bus, or a direct connection into
processor 310, such as in a chipset architecture. Connection 305 can also be a virtual

connection, networked connection, or logical connection.

[0036] In some embodiments computing system 300 is a distributed system in which
the functions described in this disclosure can be distributed within a datacenter,
multiple datacenters, a peer network, etc. In some embodiments, one or more of the
described system components represents many such components each performing
some or all of the function for which the component is described. In some

embodiments, the components can be physical or virtual devices.

[0037] Example system 300 includes at least one processing unit (CPU or processor)
310 and connection 305 that couples various system components including system
memory 315, such as read only memory (ROM) and random access memory (RAM)
to processor 310. Computing system 300 can include a cache of high-speed memory

connected directly with, in close proximity to, or integrated as part of processor 310.

[0038] Processor 310 can include any general purpose processor and a hardware
service or software service, such as services 332, 334, and 336 stored in storage
device 330, configured to control processor 310 as well as a special-purpose processor
where software instructions are incorporated into the actual processor design.
Processor 310 may essentially be a completely self-contained computing system,
containing multiple cores or processors, a bus, memory controller, cache, etc. A

multi-core processor may be symmetric or asymmetric.

[0039] To enable user interaction, computing system 300 includes an input device
345, which can represent any number of input mechanisms, such as a microphone for
speech, a touch-sensitive screen for gesture or graphical input, keyboard, mouse,
motion input, speech, etc. Computing system 300 can also include output device 335,

which can be one or more of a number of output mechanisms known to those of skill

10
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in the art. In some instances, multimodal systems can enable a user to provide
multiple types of input/output to communicate with computing system 300.
Computing system 300 can include communications interface 340, which can
generally govern and manage the user input and system output. There is no restriction
on operating on any particular hardware arrangement and therefore the basic features
here may easily be substituted for improved hardware or firmware arrangements as

they are developed.

[0040] Storage device 330 can be a non-volatile memory device and can be a hard
disk or other types of computer readable media which can store data that are
accessible by a computer, such as magnetic cassettes, flash memory cards, solid state
memory devices, digital versatile disks, cartridges, random access memories (RAMs),

read only memory (ROM), and/or some combination of these devices.

[0041] The storage device 330 can include software services, servers, services, etc.,
that when the code that defines such software is executed by the processor 310, it
causes the system to perform a function. In some embodiments, a hardware service
that performs a particular function can include the software component stored in a
computer-readable medium in connection with the necessary hardware components,
such as processor 310, connection 305, output device 335, etc., to carry out the

function.

[0042] For clarity of explanation, in some instances the present technology may be
presented as including individual functional blocks including functional blocks
comprising devices, device components, steps or routines in a method embodied in

software, or combinations of hardware and software.

[0043] Any of the steps, operations, functions, or processes described herein may be
performed or implemented by a combination of hardware and software services or
services, alone or in combination with other devices. In some embodiments, a service
can be software that resides in memory of a client device and/or one or more servers
of a content management system and perform one or more functions when a processor
executes the software associated with the service. In some embodiments, a service is a
program, or a collection of programs that carry out a specific function. In some
embodiments, a service can be considered a server. The memory can be a non-

transitory computer-readable medium.

11
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[0044] In some embodiments the computer-readable storage devices, mediums, and
memories can include a cable or wireless signal containing a bit stream and the like.
However, when mentioned, non-transitory computer-readable storage media expressly
exclude media such as energy, carrier signals, electromagnetic waves, and signals per

S€.

[0045] Methods according to the above-described examples can be implemented
using computer-executable instructions that are stored or otherwise available from
computer readable media. Such instructions can comprise, for example, instructions
and data which cause or otherwise configure a general purpose computer, special
purpose computer, or special purpose processing device to perform a certain function
or group of functions. Portions of computer resources used can be accessible over a
network. The computer executable instructions may be, for example, binaries,
intermediate format instructions such as assembly language, firmware, or source code.
Examples of computer-readable media that may be used to store instructions,
information used, and/or information created during methods according to described
examples include magnetic or optical disks, solid state memory devices, flash
memory, USB devices provided with non-volatile memory, networked storage

devices, and so on.

[0046] Devices implementing methods according to these disclosures can comprise
hardware, firmware and/or software, and can take any of a variety of form factors.
Typical examples of such form factors include servers, laptops, smart phones, small
form factor personal computers, personal digital assistants, and so on. Functionality
described herein also can be embodied in peripherals or add-in cards. Such
functionality can also be implemented on a circuit board among different chips or

different processes executing in a single device, by way of further example.

[0047] The instructions, media for conveying such instructions, computing resources
for executing them, and other structures for supporting such computing resources are

means for providing the functions described in these disclosures.

[0048] Although a variety of examples and other information was used to explain
aspects within the scope of the appended claims, no limitation of the claims should be
implied based on particular features or arrangements in such examples, as one of

ordinary skill would be able to use these examples to derive a wide variety of

12
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implementations. Further and although some subject matter may have been described
in language specific to examples of structural features and/or method steps, it is to be
understood that the subject matter defined in the appended claims is not necessarily
limited to these described features or acts. For example, such functionality can be
distributed differently or performed in components other than those identified herein.
Rather, the described features and steps are disclosed as examples of components of

systems and methods within the scope of the appended claims.

13
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CLAIMS
1. A method for dynamically requesting a network resource comprising:

receiving, from a network device comprising a first network interface and a
second network interface, a request to a resource manager service for an additional
resource for the second interface on the network device, the request comprising

negotiation parameters for the additional resource;

sending, from the resource manager service to the network device,
configuration parameters for the additional resource to be used over the second
network interface, the configuration parameters being in accordance with the

negotiation parameters; and

wherein the configuration parameters are for causing a modification of the
network device when received thereby so as to cause usage of the additional resource

over the second network interface for a period of time.

2. The method of claim 1, wherein the request for an additional resource
comprises a bid price and a type of additional resource comprising at least one of a

duration, data volume, quality of service, or service level agreement parameter.

3. The method of claim 1 or 2, wherein the resource manager comprises an
inventory of resources offered by a plurality of service providers, at least a portion of

the inventory of resources that have been pre-purchased.

4. The method of claim 3, wherein the resource manager selects a resource from
the portion of the inventory of resources that have been pre-purchased, the resource
being within a proscribed range of a bid price and in accordance with the negotiation

parameters.

5. The method of claim 3, wherein, upon a determination that none of the
plurality of service providers offer a resource within a proscribed range of a bid price,

the resource manager selects a resource from the portion of the inventory of resources

14
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that have been pre-purchased with a lower tier service within the proscribed range of

the bid price.

6. The method of any preceding claim, wherein, based on a determination that a
plurality of service providers do not offer the additional resource in accordance with
the negotiation parameters, the resource manager communicates with service
providers outside the plurality of service providers for the additional resource in

accordance with the request.

7. The method of any preceding claim, wherein the additional resource is
automatically terminated over the second network interface when the period of time

has expired.

8. The method of any preceding claim, wherein the additional resource over the
second network interface is extended after the period of time has expired, and the
network device is charged based on actual usage of the additional resource within the

extended time.

9. The method of any preceding claim, wherein the negotiation parameters

comprises additional spectrum for a specified length of time and for a specified price.

10. A non-transitory computer-readable medium comprising instructions stored
thereon, the instructions executable by one or more processors of a computing system
to perform a method for dynamically requesting a network resource, the instructions

causing the computing system to:

receive, from a network device comprising a first network interface and a
second network interface, a request to a resource manager service for an additional
resource for the second interface on the network device, the request comprising

negotiation parameters for the additional resource;

15



WO 2020/040727 PCT/US2018/047104

send, from the resource manager service to the network device, configuration
parameters for the additional resource to be used over the second network interface,

the configuration parameters being in accordance with the negotiation parameters; and

wherein the configuration parameters are for causing a modification of the
network device when received thereby so as to cause usage of the additional resource

over the second network interface for a period of time.

11. The non-transitory computer-readable medium of claim 10, wherein the
request for an additional resource comprises a bid price and a type of additional
resource comprising at least one of a duration, data volume, quality of service, or

service level agreement parameter.

12. The non-transitory computer-readable medium of claim 10 or 11, wherein the
resource manager comprises an inventory of resources offered by a plurality of
service providers, at least a portion of the inventory of resources that have been pre-

purchased.

13. The non-transitory computer-readable medium of claim 12, wherein the
resource manager selects a resource from the portion of the inventory of resources
that have been pre-purchased, the resource being within a proscribed range of a bid

price and in accordance with the negotiation parameters.

14. The non-transitory computer-readable medium of claim 12, wherein, upon a
determination that none of the plurality of service providers offer a resource within a
proscribed range of a bid price, the resource manager selects a resource from the
portion of the inventory of resources that have been pre-purchased with a lower tier

service within the proscribed range of the bid price.

15. The non-transitory computer-readable medium of any of claims 10 to 14,

wherein, based on a determination that a plurality of service providers do not offer the

16
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additional resource in accordance with the negotiation parameters, the resource
manager communicates with service providers outside the plurality of service

providers for the additional resource in accordance with the request.

16. The non-transitory computer-readable medium of any of claims 10 to 15,
wherein the additional resource is automatically terminated over the second network

interface when the period of time has expired.

17. The non-transitory computer-readable medium of any of claims 10 to 16,
wherein the additional resource over the second network interface is extended after
the period of time has expired, and the network device is charged based on actual

usage of the additional resource within the extended time.

18. The non-transitory computer-readable medium of any of claims 10 to 17,
wherein the negotiation parameters comprises additional spectrum for a specified

length of time and for a specified price.

19. A system for dynamically requesting a network resource, the system

comprising:

a network device on a network comprising a first network interface and a

second network interface, wherein the network device:

predicts that a first network interface on the network device could

benefit from an additional resource;

based on the prediction, sends a request to a resource manager service
for the additional resource, the request comprising negotiation parameters for

the additional resource; and

a resource manager in communication with the network device, wherein the

resource manager:

selects a resource from a service provider within a proscribed range of

a bid price and in accordance with the negotiation parameters of the request;

17
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sends configuration parameters to the network device for the additional

resource to be used over the second network interface; and

wherein the configuration parameters are for causing the network
device to be modified when received thereby so as to cause usage of the

additional resource over the second network interface for a period of time.

20. The system of claim 19, wherein the resource manager comprises an inventory
of resources offered by a plurality of service providers, at least a portion of the

inventory of resources that have been pre-purchased.

18
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