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(57) Abstract: Various embodiments relate to a communications system and related method of advertising available bandwidth
capacities of leased links. After leasing a link to an operator device, a provider (101) or operator may monitor the available capaci

o ty of the leased link and generate an advertising frame when the actual available capacity is below the defined leased capacity of
the link. The advertising frame may be an L2 Ethernet frame in a form similar to the routing protocol used in the communications
network to avoid additional strain and complexity in the network due to additional protocols for traffic engineering. After propa

o gating the new information throughout the network using the advertising frame operator devices may redirect or shape their traffic
of data in response to the updated available capacity on the leased link.



COMMUNICATION AVAILABLE TRANSPORT NETWORK BANDWIDTH

TO L2 ETHERNET NODES

TECHNICAL FIELD

[0001] Various exemplary embodiments disclosed herein relate generally to

telecommunications networks and traffic management.

BACKGROUND

[0002] A device, such as a consumer edge device or user equipment like a laptop,

mobile phone, or other device connecting to a communications network, may

typically lease a certain bandwidth over transport network provider devices.

Such a lease may define the duration an allocation of bandwidth to an edge

device is valid. For example, a DHCP server may, upon receipt of a valid

request, assign a DCHP-configured client an IP address, lease, and IP

configuration parameters, such as a subnet mask and default gateway.

[0003] For Local Area Networks, the capacity of the bandwidth may usually

match the port speed of the device. For example, a consumer device with a

connection port speed of 1 Gbps (similar to the operating port speed of an

exemplary Gigabit Ethernet (GigE) connection) may end up with 1 Gbps of

communication speed. During regular operation, the actual bandwidth capacity,

which may be the actual available capacity or "true" or "normal" available

capacity, may usually match the leased bandwidth capacity (leased capacity) of

the link. However, the bandwidth of the leased link may not necessarily match



the port speed of the underlying infrastructure.

[0004] For example, a wireless mobile provider may lease 50 Mbps of peer-to-

peer lease line over a Metro Ethernet Network (MEN) provider (i.e. also known

as Ethernet virtual line or Ethernet virtual private line) Even though the GigE

port connectivity may offer a 1 Gbps capacity, the leased link may only be at 50

Mbps. In this instance, the actual available capacity over the transport provider

network may vary, depending on the network load conditions, availability of

links and many other factors. For example, when the transport provider network

is connected through microwaves, the provider network may be capable of

providing a higher bandwidth on a sunny day than during a stormy day.

However, the leased bandwidth does not employ any ways to adjust properly

due to such fluctuations. Traffic Engineering comes into play to inform edge

devices about such changes in capacity, availability, etc.

[0005] Other proposed solutions for traffic engineering have generally required

an additional protocol to handle messages. For example, Open Shortest Path

First - Traffic Engineering (OSPF-TE) is a dynamic routing protocol used in IP

networks that requires routing layer peering adjacencies. The protocol

exchanges information using opaque link-state advertisement (LSA) carrying

type-length-value (TLV) elements. However, because such traffic engineering

extensions are added to the network on top of the routing protocols, such

proposed solutions generally strain overall network performance and add

complexity to the network.

[0006] In view of the foregoing, it would be desirable to monitor the actual

available capacity of a leased link. In particular, it would be desirable to enable a

device in the communications network to determine whether a leased link is



operating at an actual available capacity comparable to the leased capacity of an

applicable link.

SUMMARY

[0007] In light of the present need for effective advertisement of actual available

capacity through an Ethernet frame, a brief summary of various exemplary

embodiments is presented. Some simplifications and omissions may be made in

the following summary, which is intended to highlight and introduce some

aspects of the various exemplary embodiments, but not to limit the scope of the

invention. Detailed descriptions of a preferred exemplary embodiment adequate

to allow those of ordinary skill in the art to make and use the inventive concepts

will follow in the later sections.

[0008] Various embodiments may relate to a method of transmitting information

over a communications network. The method may comprise of determining the

available capacity for a first link at a first interface, wherein the first link has a

defined leased capacity, creating an advertising frame comprising an Ethernet

frame including the available capacity, and transmitting the advertising frame to

at least a first device through the first interface.

[0009] Various embodiments may also relate to a method of routing information

over a communications network. The method may comprise of receiving, at a

first device, an advertising frame comprising an Ethernet frame including an

available capacity for a first link at a first interface of a provider device, wherein

the first link has a defined leased capacity, and rerouting, by the first device,

excess or all data to at least one other link, wherein said rerouting compensates



for the difference between the leased capacity of the first link and the available

capacity of the first link.

[0010] Various embodiments may also relate to an apparatus that transmits

information over a communications network. The apparatus may comprise a

first interface that sends data through a first link, wherein the first link has a

defined leased capacity. The apparatus may also comprise a network traffic

monitor that determines the available capacity for the first link at the first

interface, a frame generator that creates an advertising frame comprising an

Ethernet frame including the available capacity, and a network traffic manager

that transmits the advertising frame to at least a first device through the first

interface.

[0011] It should be apparent that, in this manner, various exemplary

embodiments enable advertisement of a link's actual available capacity through a

network's existing routing protocols. Particularly, by defining a new Ethernet

frame type, there may be less stress on the performance of the network and less

complexity required to efficiently lease available bandwidth to various devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] In order to better understand various exemplary embodiments, reference

is made to the accompanying drawings wherein:

[0013] FIG. 1 illustrates an exemplary communications system for delivery of

data through a series of links;

[0014] FIG. 2 illustrates an exemplary communications system with a plurality of

links between communications devices;



[0015] FIG. 3 illustrates an exemplary embodiment of the communications

system where the available capacity is less than the leased capacity of a link;

[0016] FIG. 4 illustrates an exemplary communications device and its constituent

components;

[0017] FIG. 5 illustrates an exemplary advertising frame as an L2 Ethernet frame;

[0018] FIG. 6 illustrates an exemplary flowchart for transmitting an advertising

frame; and

[0019] FIG. 7 illustrates an exemplary flowchart for rerouting excess data upon

receipt of an advertising frame.

DETAILED DESCRIPTION

[0020] Referring now to the drawings, in which like numerals refer to like

components or steps, there are disclosed broad aspects of various exemplary

embodiments.

[0021] FIG. 1 illustrates an exemplary communications system for delivery of

data through a series of links. Communications system 100 may include a

provider 101, a provider edge gateway (PE) 103, and consumer edge gateways

(CEs) 105, 107. In some embodiments, communications system may have a

plurality of providers 101 and PEs 103. In some embodiments, a plurality of

other devices may connect between the shown devices, such as, for example,

provider 101 and PE 103, or PE 103 and CEs 105, 107. In the exemplary

embodiment, the links between the devices 101-107 may be Gigabit Ethernet

(GigE) communication links. In other embodiments, the links between devices

101-107 may be a plurality of links that are capable of transporting Ethernet



frames. As will be discussed below in relation to FIG. 2, there may be a plurality

of heterogenous links between devices, such as a GigE communication link and

an FE/100 Mbps link between the provider 101 and the PE 103.

[0022] Provider 101 may be, for example a MAIL/FTP server that may provide

data to CEs 105, 107. In some instance, the provider 101 may provide data upon

the request of the CE 105. Provider 101 may consist of a plurality of devices,

such as a content server connected to a content database (not shown). In other

embodiments, provider 101 may be an edge device to connect CEs 105, 107 to an

IP network (not shown). Provider 101 may include, for example, a network

traffic monitor and/or network traffic manager and may therefore determine the

actual capacity of the link to PE 103 and shape the data rate based on the actual

measured rate, as will be discussed below.

[0023] Provider Edge Gateway (PE) 103 may be, for example, a provider edge

router that may manage the transmission of data from the provider 101 to a

plurality of consumer edge gateways 105, 107. In some embodiments, the PE 103

may monitor the bandwidth of both the ingress link from provider 101 and the

plurality of egress links to CEs 105, 107. When monitoring any of these links, PE

103 may generate an advertising frame when the actual available capacity of the

link is less than the leased capacity of the link. This may involve the PE 103

generating an advertising frame for each respective link. In some embodiments,

each respective link may have heterogeneous leased links. For example, PE 103

may lease a link to the provider 101 at 1 Gbps. Accordingly, in this example, PE

103 may then allow CEs 105, 107 to lease links at 500 Mbps, respectively.

[0024] As an intermediate device, PE 103 may either monitor the actual available

bandwidth, or alternatively, relay an advertising frame generated from another



device, e.g., the provider 101. For example, if the link between the provider 101

and the PE 103 is leased at 1 Gbps, but only has an actual available capacity of

500 Gbps, either the provider 101 or the PE 103 may monitor the actual available

capacity of the link. As will be discussed in further detail below in relation to

FIG. 4, when the provider 101 monitors the capacity of the link, the network

traffic monitor in the provider 101 may cause its constituent frame generator to

create an advertising frame, which may then be transmitted to the PE 103. PE

103 may then have its network traffic manager adjust its links to compensate for

the actual capacity, as relayed in the advertising frame.

[0025] For example, the PE 103 may alter the links to CEs 105, 107 to have

capacities of 250 Mbps, respectively. PE 103 may then relay the advertising

frame generated from the provider 101 that details the actual available capacity.

In some embodiments, the network traffic monitor in PE 103 may, upon receipt

of the advertising frame from the provider 101, cause the frame generator of PE

103 to generate a second advertising frame, with the relevant bandwidth

information based on, but not equivalent to, the bandwidth information included

in the advertising frame generated by the provider 101.

[0026] In an alternative embodiment, the PE 103 may itself through its network

traffic monitor determine that the actual available capacity for any of the links to

the provider 101 or the CEs 105, 107 is less than the defined leased capacity.

When this occurs, the network traffic monitor may trigger the frame generator in

PE 103 to generate an advertising frame. The network traffic manager may then

send the advertising frame in both directions, sending an advertising frame

towards the provider 101 and at least one additional, identical advertising frame

towards at least one CE 105. In some embodiments, the PE 103 may send an



identical advertising frame over each link connected to a interface at PE 103. For

example, PE 103 may generate and transmit three identical advertising frames to

transmit towards the provider 101 and the CEs 105, 107. In other embodiments,

PE 103 may generate and transmit different advertising frames depending on the

recipient.

[0027] Consumer edge gateway (CE) 105, 107 may be, for example, a residential

gateway. In some embodiments, CE 105 may be for example, a consumer end

device, such as a laptop, mobile device, or other device used directly by a

consumer that connects to the communications network. Upon receipt of an

advertising frame, the CE 105, 107 may, for example, reshape the rates of data

received. For example, CE 105 may, upon receipt of an advertising frame that

indicates the actual available capacity is 250 Mbps, police the actual rates so that

it expects to receive at a bandwidth of only 250 Mbps.

[0028] In some embodiments, CE 105 may reroute expected excess data over

other links. For example, if the CE 105 possessed multiple links to either the PE

103 (not shown) or direct links to the provider 101 (not shown), the CE 105 may,

upon receipt of the advertising frame, reroute expected excess data through these

alternative links so that the CE 105 receives data at the leased bandwidth over

multiple links, instead of the single leased link. In alternative embodiments, the

provider 101 or the PE 103 may reroute the excess data through alternative links

to maintain the leased bandwidth capacity.

[0029] FIG. 2 illustrates an exemplary communications system 200 with a

plurality of links between communications devices. As discussed above in

relation to communications system 100, the provider 201 in the communications

system 200 may connect the provider edge gateway (PE) 203 through at least one



link 211. In this embodiment, the provider 201 connects to PE 203 through a

plurality of parallel links 211-217. In some embodiments, the links 211-217 share

identical properties and may carry equal proportions of the leased link capacity.

In alternative embodiments, the links 221-217 may be heterogeneous, with the

respective network traffic managers in the provider 201 and the PE 203 setting

proportional bandwidths based on the proportional bandwidth capacities of each

respective link 211-217.

[0030] In some embodiments, the group of links 211-217 may be treated by the

provider 201 and the PE 203 as a group link, with an aggregate bulk capacity

being measured against the leased capacity. In these embodiments, a lowered

actual available capacity on a link, for example, a drop of available capacity on

link 214 from 50 Mbps to 25 Mbps, may cause the other links in the group to raise

their respective capacities as compensation.

[0031] For example, if each of the links 211-217 maintained a leased capacity of 50

Mbps, a drop in link 214 from 50 Mbps to 20 Mbps may cause the remaining six

links to make up for the excess data bandwidth of 30 Mbps. Accordingly, in this

embodiment, links 211-213, 215-217 may raise their actual available capacity from

50 Mbps to 55 Mbps. In some embodiments, the compensation may be triggered

automatically, so that the network traffic managers in either the provider 201 or

the PE 203 only see the bulk group link rate. In some embodiments, making the

new available bandwidth information on individual links must be

communicated between the provider 201 and the PE 203. Both the provider 201

and the PE 203 must have a common understanding of the newly available

bandwidth on per link basis. Because the group rate did not change, the

respective traffic managers may not trigger the rerouting of excess data to the



alternative links. In alternative embodiments, the plurality of links 211-217 may

be treated by the network traffic monitor and network traffic managers in the

provider 201 and PE 203 as distinct, independent lines. In such instances, the

rerouting of the excess data from link 214 to links 211-213, 215-217 may occur as a

response to a receipt of a generated advertising frame.

[0032] FIG. 3 illustrates an exemplary embodiment of the communications

system 300 where the available capacity is less than the leased capacity of a link.

The communications system 300 may be similar to the communications systems

100, 200, as discussed above. Provider 301 and provider edge gateway (PE) 303

may be connected through a link 311. PE 303 may lease the link 311 from the

provider 301 at a set capacity. In the exemplary embodiment, the PE 303 leases

link 311 from the provider 301 at a bandwidth equal to the port speed, for

example, 1 Gbps.

[0033] However, during the interval that the lease is valid, the actual capacity of

the link 311 may not be equal to the capacity leased. This may be due to, for

example, fluctuations in overall network capacity due to the nature of the

network connections. This is especially true for microwave networks, as

changing weather patterns may significantly affect the maximum bandwidth

capacity of its constituent links. In some embodiments, high demand for

bandwidth may cause the provider 101 to allocate bandwidth to connected

devices that exceed the overall capability of the constituent links. In other

embodiments, high network load conditions or availability of interfaces at each

respective device may also cause a difference between an initial leased

bandwidth capacity and the actual available capacity over a link.

[0034] In such instances, the link 311 may only deliver an actual available



bandwidth capacity 321 that is measurably lower than the capacity of bandwidth

leased to the PE 303. When this occurs, it may be crucial to send the actual

available bandwidth capacity back to the devices (provider 301 and PE 303), such

that each device may take immediate action. Such actions may include shaping

and/or policing the rates of the data transfer to match the actual available

bandwidth. Other actions may also include rerouting of data partially or in

whole (i.e. all data traffic) over alternative links when they exist so as to maintain

the leased capacity through a plurality of independent links.

[0035] FIG. 4 illustrates an exemplary communications device 400 and its

constituent components. Network device 400 may be, for example, the provider

101, PE 103, or CE 105, 107 in the communications system 100 of FIG. 1. In the

illustrative embodiment, the network device 400 may be a PE 103 connected to

links 411, 413. Network device 400 may include a network traffic monitor

(monitor) 401, a network traffic manager (manager) 402, and a frame generator

403. Both the monitor 401 and the manager 402 may be connected to both links

411, 413. In the illustrative embodiment, link 411 may connect at the ingress

interface 421 of the network device 400 to, for example, a provider 101, while link

413 may connect at the egress interface 423 of the network device 400 to a CE 105.

[0036] Network traffic monitor 401 may be a component internal to the network

device 400 that monitors the traffic flow at ingress interface 421 and/or egress

interface 423 connected to network device 400. In some embodiments, network

device 400 may contain a plurality of ingress interfaces and/or egress interfaces.

In such instances, the monitor 401 may track and measure each interface

independently. Monitor 401 may record the leased bandwidth capacity for each

link 411, 413 and may measure the actual available bandwidth on each link 411,



413. In some embodiments, the monitor 401 may measure the bandwidth of

links 411, 413 at defined intervals, for example, every 10 ms. In other

embodiments, monitor 401 may be passive, only acting when there is a threshold

difference between the leased capacity of a link 413 and the actual capacity in the

link 411. For example, monitor 401 may passively measure the link 413 at egress

interface 423 until the actual capacity is under a threshold (e.g., a difference of 5

Mbps, typically a user configured threshold). When this difference occurs, the

monitor 401 may send a signal to the frame generator 403 to generate an

advertising frame.

[0037] The signal sent from the monitor 401 to the frame generator 403 may

include the actual measured capacity at interface 421, 423. Continuing with this

example, when the monitor 401 measures at least a 5 Mbps difference either

passively or during an active interval, the monitor 401 may generate a signal to

send to the frame generator, with the actual available capacity for an identified

link (for example, 35 Mbps at link 413 instead of the leased capacity of 50 Mbps)

included in the payload of the generated signal.

[0038] Network traffic manager 402 may be a component in the network device

400 that manages the transfer of data through interfaces 421, 423. Manager 402

may direct the flow of data, for example, from ingress interface 421 to egress

interface 423. Manager 402 may also relay data packets, such as L2 Ethernet

frames, according to information included in the packet. For example, when

network device 400 is a PE, the manager 402 may relay a received data packet to

a destination CE according to, for example, the destination Media Access Control

(MAC) address included in the data packet's header.

[0039] Manager 402 may receive an advertising frame generated from frame



generator 403 and direct the packet to at least one of the interfaces 421, 423. In

some embodiments, the manager 402 may add the destination address of the

advertising frame. Accordingly, in such instances, the manager 402 may also

multicast the advertising frame. When multicasting the advertising frame, the

manager 402, or in some embodiments, all routers within the subnet (i.e.

224.0.0.2), may use any other multicast destination address where the least-

significant bit of the first octet is set to "1" . This may indicate that the Ethernet

frame is to be flooded to all points in the subnet or network. In some

embodiments, use of standard Ethernet broadcast packet may also be desirable.

Manager 402 may therefore send an advertising frame both over its ingress

and/or egress interfaces. Manager 402 may either relay the advertising frame

from the frame generator 403 when the monitor 401 in the same device measures

a difference in the actual available bandwidth capacity, or may relay an

advertising frame received from another device, such as an advertising frame

received at ingress interface 421 over link 411 from the provider 101.

[0040] Frame generator 403 may be a component in the network device 400 that

generates an advertising frame, which includes information about the actual

available capacity of a given link. Frame generator 403, may produce, for

example, an L2 Ethernet frame, as will be discussed in further detail below, in

response to a signal received from the monitor 401. In some embodiments, the

frame generator 403 may include the actual available capacity in the payload of

the message. In some embodiments, the frame generator 403 may add the

address information in the advertising frame instead of the manager 402.

[0041] In some embodiments, the internal components 401-403 of the network

device 400 may be combined into a larger component. For example, a network



device may have a chip or other hardware that includes a frame generator 403

and network traffic manager. A person of skill would be knowledgeable of

existing combinations of internal components of a network device 400.

[0042] FIG. 5 illustrates an exemplary advertising frame as an L2 Ethernet

frame. Advertising frame 500 may be an L2 Ethernet (i.e., DIX) frame used for

signaling at the physical layer of the OSI networking model (following, for

example, IEEE 802.3). In some embodiments, the advertising frame is transferred

on the data link layer. Advertising frame 500 may therefore have a MAC Header

511 consisting of destination MAC address 501, Source MAC Address 503, and

Ether Type 505. Advertising frame 500 may also have a data payload 507 and a

CRC Checksum 509.

[0043] The length of the advertising frame 500 may vary, with its various

components being at least two octets in length. For example, the destination and

source MAC addresses 501, 503 are six octets in length, while the CRC checksum

is four octets and the Ether Type is two octets, respectively. Data payload 507

may vary in length, ranging from a minimum of 46 to a maximum of 1500 octets.

Exemplary advertising frame 500 illustrates an example L2 Ethernet frame, with

each octet represent by its hex equivalent (i.e., 7Eh = OIIIIHO2).

[0044] MAC Header 511 may contain the destination MAC address 501, source

MAC address 503, and Ether Type 505. Frame generator 403 may add the Ether

Type 505 to the advertising frame, while either the frame generator 403 or the

network traffic manager 402 may add the destination and source MAC addresses

501, 503. In the illustrative embodiment, the advertising frame 500 may be

multicast by the manager 402, as the last octet of destination MAC address of

2Dhex = 00101101 has a least-significant bit of "1," indicating that the advertising



frame is to be multicast and propagated throughout the communications

network.

[0045] Ether Type 505 may indicate that the L2 Ethernet frame 500 is an

advertising frame. Frame generator 403 may indicate a particular frame is an

advertising frame 500 by specifying an undefined Ether Type. For example, the

communications network 100 may assign the undefined Ether Type code

"15241ο" to indicate an advertising frame. When the frame generator 403

subsequently adds the 05h F4h octets as the Ether Type 505, the manager 402

may determine that the Ethernet frame it is handling is in fact an advertising

frame. The communications network 100 may specify any undefined Ether Type,

such as values in the range of 1523-1535, or non-allocated values above 1535. In

this context, undefined Ether Type can include undefined values between 1500

and 1536 (exclusive) and unspecified values above 1535 (exclusive). Such

unspecified values may be values not already allocated to an organization in the

IEEE List of EtherType values. Use of Ethernet frame for bandwidth

advertisement may allow the co-existence of other protocols including routing

protocols. Ethernet-layer bandwidth advertisement may typically not add extra

strain to communication nodes, unlike routing protocols that support traffic

engineering information. Such devices that support traffic engineering also have

coupled with its operation the burden of running a routing protocol, handling

keepalive packets, and re-calculating topology based on changes within the

network; etc. all add extra burden on communication device's processor.

[0046] Data payload 507 may vary in length and may contain information

regarding the actual available capacity of a target link and may also contain

relevant rerouting information. Data payload 507 may contain one or more TLVs



(type-length-value) that may contain information regarding, for example, the

single bulk-sum aggregate link capacity when the target link is in fact a plurality

of links grouped together.

[0047] An advertisement frame may also contain a dotlp, which may be a Virtual

Local Area Network (VLAN) header priority bit. The dotlp may designate the

required treatment for a particular Ethernet heading for a particular priority. For

example, the dotlp may indicate a specific VLAN or link used for a particular set

of data. This may occur when the excess data includes different data types (e.g.,

voice packets, video packets, and text packets). The dotlp header may therefore

differentiate between different component links in a link group, which may

enable a network traffic manager to re-route excess data with more specificity.

For example, an advertising frame including specific actual capacities of

individual links of link group 211-217 in FIG. 2 may enable the relevant manager

to reroute data from a deficient link 214 to other links 211-213, 215-217 capable of

handling the excess data.

[0048] FIG. 6 illustrates an exemplary flowchart for transmitting an advertising

frame. Method 600 may be performed by, for example, a provider 101 or PE 103

to determine whether a link leased by another device has a lower actual capacity.

Method 600 begins at step 601 and proceeds to step 603, where the device

determines the defined capacity for the leased link. This may involve leasing a

defined bandwidth to another device, for example a provider 101 leasing 500

Mbps to a PE 103 or a PE 103 leasing 50 Mbps to a CE 105. In some

embodiments, this may involve the provider 101 or PE 103 determining the terms

of an existing leased capacity by, for example, checking a stored value in the

network traffic monitor 401. The value determined may be termed the defined



leased capacity.

[0049] In step 605, the device may determine the actual available capacity for the

leased link. This may include, for example, probing the bandwidth data from

interface/port object. This may involve, for example, the network traffic monitor

401 in the device measuring the actual capacity at a given time. This determining

step 605 may occur at pre-determined intervals (e.g., every 10 ms), or may occur

passively, where the monitor 401 taking no action until step 607.

[0050] In step 607, the monitor 401 may determine whether the measured, actual

available capacity of the link is less than the defined leased capacity. In some

embodiments, this may be true only when the available capacity drops below a

defined value of the leased capacity, such as 5 Mbps below the defined leased

capacity. Such a threshold may help avoid unnecessary traffic adjustments due

to slight variations from the defined leased capacity. The threshold value may be

set by a network engineer, or may be set by the provider 101 or PE 103 upon the

set up of the lease. If the actual available capacity is equal to or above the

defined leased capacity, the method 600 may end at step 615. Otherwise, when

the actual available capacity is below the defined leased capacity, method 600

may proceed to step 609.

[0051] In step 609, an advertising frame may be generated. This may include the

monitor 401 sending a signal including the actual available capacity to the frame

generator 403, with the frame generator 403 producing an advertising frame in

the form of an L2 Ethernet frame including the actual available capacity

information in its payload. The advertising frame may also include a value in its

Ether Type 505 that is undefined in the standard, but used in communications

system 100 to indicate that the produced frame is an advertising frame. The



frame may also include various TLVs indicating specific information about one

or more related links in a group. Once the advertising frame is generated,

method 600 may move to step 611.

[0052] In step 611, the frame generator may send the advertising frame to the

network traffic manager 403. Method 600 may then move to step 613, where the

network traffic manager 403 may send the advertising frame to one or more

devices. The devices receiving the advertising frame may also process the

information included in the advertising frame and relay the information to other

devices. In some embodiments, the traffic manager in 613 may add a destination

MAC address to the advertising frame if it was not added by the frame generator

403 in step 611. In some embodiments, the network traffic manager 403 may

send the advertising frame through multicast, which may propagate the

advertising frame throughout the communications system. Once the network

traffic manager transmits the advertising frame, method 600 may end at step 615.

[0053] FIG. 7 illustrates an exemplary method 700 for rerouting excess data upon

receipt of an advertising frame. Method 700 may be performed by an Operator

device, such as a PE 103 or CE 105, 107 that leases a link from a provider device,

such as provider 101 or PE 103. Method 700 may be performed in order to

compensate for the newly-updated loss in leased capacity by rerouting excess

data through alternative links. Similarly, the operator device may also use other

methods to shape and/or police the traffic in response to the reduction of actual

available capacity.

[0054] Method 700 begins at step 701 and proceeds to step 703, where the

network traffic manager 403 of the operator device receives an advertising frame.

The advertising frame may be received from another device, such as a provider



101 or PE 103. In some embodiments, the network traffic manager 403 may

receive the advertising frame from the frame generator 403. In either

embodiment, the advertising frame may include information about a target link

that has an actual available capacity below that of the defined leased capacity.

[0055] Method 700 may therefore proceed to step 705, where the network traffic

manager of the Operator device may respond to the information included in the

advertising frame by rerouting the excess data to other links. The other links

may be capable of increasing their actual available bandwidth to compensate for

the difference between the defined leased capacity and the actual available

capacity of the target link.

[0056] For example, PE 203 may be connected to the provider 201 through a

series of 1 Gbps links 211-217 leased at 500 Mbps each. The network traffic

manager of PE 203 may in step 703 receive an advertising frame indicating that

the actual available capacity of the link 214 is only 200 Mbps. The network traffic

manager may therefore in step 705 reroute excess data to links 211-213, 215-217,

increasing the actual available capacity of each respective link beyond the leased

capacity of 500 Mbps to 550 Mbps.

[0057] In step 707, the network traffic monitor of the Operator device may

determine whether, after the rerouting of excess data, the actual available

bandwidth of the target link has returned to its defined leased capacity. Step 707

may occur at a defined interval after step 705 (e.g., 10 min). In some

embodiments, the network traffic manager may determine that the two

quantities are "equal" when the actual available bandwidth is within the defined

threshold. If the network traffic monitor determines that the quantities are

"equal," method 700 may proceed to step 709, where the network traffic manager



reroutes the excess data back to the original target link and end at step 711.

When the actual available capacity remains below the defined leased capacity at

step 707, method 700 may then proceed directly step 711 and the process.

[0058] It should be apparent from the foregoing description that various

exemplary embodiments of the invention may be implemented in hardware

and/or firmware. Furthermore, various exemplary embodiments may be

implemented as instructions stored on a machine-readable storage medium,

which may be read and executed by at least one processor to perform the

operations described in detail herein. A machine-readable storage medium may

include any mechanism for storing information in a form readable by a machine,

such as a personal or laptop computer, a server, or other computing device.

Thus, a machine-readable storage medium may include read-only memory

(ROM), random-access memory (RAM), magnetic disk storage media, optical

storage media, flash-memory devices, and similar storage media.

[0059] It should be appreciated by those skilled in the art that any block

diagrams herein represent conceptual views of illustrative circuitry embodying

the principals of the invention. Similarly, it will be appreciated that any flow

charts, flow diagrams, state transition diagrams, pseudo code, and the like

represent various processes which may be substantially represented in machine

readable media and so executed by a computer or processor, whether or not such

computer or processor is explicitly shown.

[0060] Although the various exemplary embodiments have been described in

detail with particular reference to certain exemplary aspects thereof, it should be

understood that the invention is capable of other embodiments and its details are

capable of modifications in various obvious respects. As is readily apparent to



those skilled in the art, variations and modifications can be affected while

remaining within the spirit and scope of the invention. Accordingly, the

foregoing disclosure, description, and figures are for illustrative purposes only

and do not in any way limit the invention, which is defined only by the claims.



CLAIMS:

1. A method of transmitting information over a communications network,

the method comprising:

determining the available capacity for a first link at a first interface,

wherein the first link has a defined leased capacity;

creating an advertising frame comprising an Ethernet frame including the

available capacity; and

transmitting the advertising frame to at least a first device through the

first interface.

2 . The method of claim Error! Reference source not found., wherein the

advertising frame comprises an L2 Ethernet frame including an Ether type value

selected from one of a number of values that are undefined for the Ether Type

field and at least one type-length-value (TLV) in the payload that includes link

capacity information.

3 . The method of claim Error! Reference source not found., further

comprising:

transmitting, by the first device through at least one secondary link, the

advertising frame to at least one secondary device.

4 . The method of claim Error! Reference source not found., further

comprising:

leasing, from a second device a leased capacity of bandwidth over a

second link;



transmitting the advertising frame to at least the second device through a

second interface; and

transmitting, by the second device through at least one secondary link, the

advertising frame to at least one secondary device.

5 . The method of claim Error! Reference source not found., further

comprising:

rerouting, by the first device, at least excess data to at least one other link,

wherein said rerouting compensates for the difference between the leased

capacity of the first link and the available capacity of the first link;

determining when the available capacity for the first link at the first

interface is equal to the leased capacity;

creating a second advertising frame comprising an L2 Ethernet frame

including the updated available capacity;

transmitting the second advertising frame to at least a first device through

the first interface; and

rerouting at least the excess data to the first link at the first interface.

6 . An apparatus that transmits information over a communications network,

the apparatus comprising:

a first interface that sends data through a first link, wherein the first link

has a defined leased capacity;

a network traffic monitor that determines the available capacity for the

first link at the first interface;

a frame generator that creates an advertising frame comprising an



Ethernet frame including the available capacity; and

a network traffic manager that transmits the advertising frame to at least a

first device through the first interface.

7. The apparatus of claim 6, wherein the frame generator creates step the

advertising frame when the available capacity of the first link is below the leased

capacity of the first link.

8 . The apparatus of claim 6, wherein the advertising frame comprises an L2

Ethernet frame including an undefined Ether type and at least one type-length-

value (TLV) in the payload that includes link capacity information.

9 . The apparatus of claim 6, further comprising:

a second interface that receives data through a second link, wherein the

second link has a second defined leased capacity, wherein the network traffic

manager transmits the advertising frame to at least a second device through the

second interface and the second device transmits the advertising frame to at least

one secondary device through at least one secondary link.

10. The apparatus of claim 6, wherein the network traffic manager reroutes

excess data to at least one other link, said rerouting compensating for the

difference between the leased capacity of the first link and the available capacity

of the first link, the network traffic monitor determines when the available

capacity for the first link at the first interface is equal to the leased capacity, the

frame generator creates a second advertising frame comprising an L2 Ethernet



frame including the updated available capacity, and the network traffic manager

transmits the second advertising frame to at least a first device through the first

interface and reroutes the excess data to the first link at the first interface.
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