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BACKGROUND

[0003] Resilient Packet Ring (RPR) networks are often utilized as a metro

technology due at least in part on protection and fault tolerance properties.

However, some metro networking technologies exhibit several limitations. For

example, in a Synchronous Optical Networking-type (SONET) ring, individual nodes

may be granted with a minimum fair share; however, it may not be possible to

reclaim the unused bandwidth. Moreover, a percentage of the potentially available

bandwidth may be reserved for protection, thus potentially resulting in poor

utilization. On the other hand, a Gigabit Ethernet-type ring may result in full statistical

multiplexing at the expense of fairness. RPR networks may be utilized to mitigate the

respective underutilization and unfairness problems associated with the current

SONET-type ring and Ethernet-type ring technologies.



SUMMARY

[0004] The present disclosure generally describes methods related to allocating

bandwidth in a resilient packet ring (RPR) network by a proportional-integral (Pl-

type) controller. Some example methods of the present disclosure may include a

determination of a fair rate to facilitate an allocated bandwidth in the resilient packet

ring network via a Pl-type controller associated with at least one node of the resilient

packet ring network. One or more transit queue lengths may be stabilized at a target

queue length under unbalanced traffic scenarios, based at least in part on the

allocated bandwidth.

[0005] The present disclosure also generally describes computer program

products related to allocating bandwidth in a resilient packet ring network by a Pl-

type controller. Some example computer program products of the present disclosure

may include a determination of a fair rate to facilitate an allocated bandwidth in the

resilient packet ring network via a Pl-type controller associated with at least one

node of the resilient packet ring network. One or more transit queue lengths may be

stabilized at a target queue length under unbalanced traffic scenarios, based at least

in part on the allocated bandwidth.

[0006] The present disclosure also generally describes systems related to

allocating bandwidth in a resilient packet ring network by a Pl-type controller. Some

example systems of the present disclosure may include a resilient packet ring

network, which may include a plurality of nodes, an inner ring of links, an outer ring

of links, and/or a Pl-type controller. The inner ring of links may be associated

between the plurality of nodes. The outer ring of links may be associated between



the plurality of nodes. The Pl-type controller may be associated with at least one of

the plurality of nodes. The Pl-type controller may be configured to determine a fair

rate to facilitate an allocated bandwidth in the resilient packet ring network, and/or

configured to stabilize one or more transit queue lengths at a target queue length

under unbalanced traffic scenarios, based at least in part on the allocated

bandwidth.

[0007] The present disclosure also generally describes apparatus related to

allocating bandwidth in a resilient packet ring network by a Pl-type controller. Some

example apparatus of the present disclosure may include a Pl-type controller. The

Pl-type controller may be associated with at least one of a plurality of nodes in the

resilient packet ring network. The Pl-type controller may be configured to determine

a fair rate to facilitate an allocated bandwidth in the resilient packet ring network,

and/or configured to stabilize one or more transit queue lengths at a target queue

length under unbalanced traffic scenarios, based at least in part on the allocated

bandwidth.

[0008] The foregoing summary is illustrative only and is not intended to be in any

way limiting. In addition to the illustrative aspects, embodiments, and features

described above, further aspects, embodiments, and features will become apparent

by reference to the drawings and the following detailed description.



BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Subject matter is particularly pointed out and distinctly claimed in the

concluding portion of the specification. The foregoing and other features of the

present disclosure will become more fully apparent from the following description

and appended claims, taken in conjunction with the accompanying drawings.

Understanding that these drawings depict only several embodiments in accordance

with the disclosure and are, therefore, not to be considered limiting of its scope, the

disclosure will be described with additional specificity and detail through use of the

accompanying drawings.

[0010] FIG. 1 illustrates a diagram of an example RPR ring;

[0011] FIG. 2 illustrates a block diagram of a given node of an example RPR ring;

[0012] Fig. 3 illustrates a flow chart illustrating an example process for allocating

bandwidth in a resilient packet ring network;

[0013] Fig. 4 illustrates an example control process for allocating bandwidth in a

resilient packet ring network;

[0014] Fig. 5 illustrates a diagram of an example unbalanced traffic scenario;

[0015] Fig. 6 illustrates a diagram of an example unbalanced traffic scenario;

[0016] Fig. 7 illustrates a chart of throughput over time under an example

unbalanced traffic scenario;

[0017] Fig. 8 illustrates a chart of throughput over time under an example

unbalanced traffic scenario;

[0018] Fig. 9 illustrates a chart of transit queue buffer occupancy over time under



an example unbalanced traffic scenario;

[0019] Fig. 10 illustrates a chart of end-to-end delay over time under an example

unbalanced traffic scenario;

[0020] Fig. 11 illustrates an example computer program product; and

[0021] Fig. 12 is a block diagram illustrating an example computing device, all

arranged in accordance with the present disclosure.



DETAILED DESCRIPTION

[0022] The following description sets forth various examples along with specific

details to provide a thorough understanding of claimed subject matter. It will be

understood by those skilled in the art, however, that claimed subject matter may be

practiced without some or more of the specific details disclosed herein. Further, in

some circumstances, well-known methods, procedures, systems, components

and/or circuits have not been described in detail in order to avoid unnecessarily

obscuring claimed subject matter. In the following detailed description, reference is

made to the accompanying drawings, which form a part hereof. In the drawings,

similar symbols typically identify similar components, unless context dictates

otherwise. The illustrative embodiments described in the detailed description,

drawings, and claims are not meant to be limiting. Other embodiments may be

utilized, and other changes may be made, without departing from the spirit or scope

of the subject matter presented here. It will be readily understood that the aspects of

the present disclosure, as generally described herein, and illustrated in the Figures,

can be arranged, substituted, combined, and designed in a wide variety of different

configurations, all of which are explicitly contemplated and make part of this

disclosure.

[0023] This disclosure is drawn, inter alia, to methods, apparatus, systems and/or

computer program products related to allocating bandwidth in a resilient packet ring

(RPR) network by a proportional-integral (Pl-type) controller.

[0024] RPR networks may be utilized as a high-speed backbone technology for

metropolitan area networks. For example, RPR networks may be introduced to



mitigate underutilization and unfairness problems associated with SONET-type ring

and Ethernet-type ring technologies, respectively. Some performance objectives of

RPR may include achieving high bandwidth utilization, optimum spatial reuse on the

dual rings of an RPR, and/or fairness.

[0025] One challenge may be to design an algorithm that can react dynamically to

the traffics in achieving such performance objectives. Aggressive mode (RPR-AM)

and conservative mode (RPR-CM) RPR fairness algorithms may be comparatively

simple processes, but may pose some limitations. For example, one such limitation

may be that the amount of band-width allocated by RPR-CM and/or RPR-AM may

oscillate under unbalanced traffic scenarios. Such unbalanced traffic scenarios will

be described in greater detail below with respect to examples illustrated in Figs. 5

and 6 . These oscillations may be a barrier to achieving spatial reuse and/or high

bandwidth utilization. Moreover, the performance of RPR-CM and/or RPR-AM may

be sensitive to algorithm parameter settings. Accordingly, methods, apparatus,

systems and/or computer program products related to allocating bandwidth in a RPR

network via a proportional-integral (Pl-type) controller will be described below to

address limitations of RPR-CM and/or RPR-AM fairness algorithms.

[0026] Some example methods of the present disclosure may include a

determination of a fair rate to facilitate an allocated bandwidth in the resilient packet

ring network via a Pl-type controller associated with at least one node of the resilient

packet ring network. One or more transit queue lengths may be stabilized at a target

queue length under unbalanced traffic scenarios, based at least in part on the

allocated bandwidth.

[0027] Some example computer program products of the present disclosure may



include a determination of a fair rate to facilitate an allocated bandwidth in the

resilient packet ring network via a Pl-type controller associated with at least one

node of the resilient packet ring network. One or more transit queue lengths may be

stabilized at a target queue length under unbalanced traffic scenarios, based at least

in part on the allocated bandwidth.

[0028] Some example systems of the present disclosure may include a resilient

packet ring network, which may include a plurality of nodes, an inner ring of links, an

outer ring of links, and/or a Pl-type controller. The inner ring of links may be

associated between the plurality of nodes. The outer ring of links may be associated

between the plurality of nodes. The Pl-type controller may be associated with at

least one of the plurality of nodes. The Pl-type controller may be configured to

determine a fair rate to facilitate an allocated bandwidth in the resilient packet ring

network, and/or configured to stabilize one or more transit queue lengths at a target

queue length under unbalanced traffic scenarios, based at least in part on the

allocated bandwidth.

[0029] Some example apparatus of the present disclosure may include a Pl-type

controller. The Pl-type controller may be associated with at least one of a plurality of

nodes in the resilient packet ring network. The Pl-type controller may be configured

to determine a fair rate to facilitate an allocated bandwidth in the resilient packet ring

network, and/or configured to stabilize one or more transit queue lengths at a target

queue length under unbalanced traffic scenarios, based at least in part on the

allocated bandwidth.

[0030] In some examples of the present disclosure, the determination of the fair

rate may include determining a difference between the target queue length and a



current transit queue length. In some examples, the determination of the fair rate

may include determining a rate of change of a difference between the target queue

length and a current transit queue length. In some examples, the determination of

the fair rate may be based at least in part on a round trip delay between a bottleneck

link of the resilient packet ring network and the at least one node of the resilient

packet ring network. In some examples, methods related to allocating bandwidth in a

resilient packet ring (RPR) network by a proportional-integral (Pl-type) controller may

include stabilizing an end-to-end delay associated with one or more transit queues

under unbalanced traffic scenarios, based at least in part on the allocated

bandwidth.

[0031] In some examples of the present disclosure, the determination of the fair

rate may be based at least in part on a proportional gain kp expressed as:

0 < <
P Wx

where W may represent a sum of weights associated with nodes of the resilient

packet ring network and where may be based at least in part on a round trip

delay between a bottleneck link of the resilient packet ring network and the at least

one node of the resilient packet ring network.

[0032] In some examples of the present disclosure, the determination of the fair

rate may be based at least in part on an integral gain / expressed as:

K rj

0 < k j < —



where kp may represent a proportional gain and where may be based at least in

part on a round trip delay between a bottleneck link of the resilient packet ring

network and the at least one node of the resilient packet ring network.

[0033] In some examples of the present disclosure, the fair rate F(n) may be

expressed as:

F {ή) =F(n - ) +Kp OO) - e(n - 1)) +K j Te{ή) .

where F(n - 1) may represent a prior fair rate, where Kp may represent a

proportional gain, where K1 may represent an integral gain, where e(n) may

represent a difference between the target queue length and a current transit queue

length, where e(n - 1) may represent a prior difference between the target queue

length and a current transit queue length, and where T may represent a sampling

time between fair rate F(n) and prior fair rate F(n - 1).

[0034] FIG. 1 illustrates a diagram of an example RPR network 100 in accordance

with one or more example implementations. RPR network 100 may include two

rotating ringlets. For example, one such ringlet may be referred to as the inner

ringlet 102, and the other such ringlet may be referred to as the outer ringlet 104.

Inner and outer ringlets 102, 104 may traverse two or more nodes. For example,

inner and outer ringlets 102, 104 may traverse nodes 106A, 106B, 106C, 106D,

106E, and 106F. A portion of inner ringlet 102 or outer ringlet 104 that operably

associates two adjacent nodes 106A, 106B together may be referred to as a link

108. Accordingly, inner ringlet 102 and/or outer ringlet 104 may include several links

108 operably associated between two or more nodes 106A, 106B, 106C, 106D,



106E, and 106F. In operation, information may enter RPR network 100 at a given

upstream node, such as node 106A, and may pass along inner ringlet 102 or outer

ringlet 104 via one or more links 108 to a downstream destination node, such as

node 106B. In such a case, when such information reaches a downstream

destination node, such as node 106B, such information may then pass out of RPR

network 100.

[0035] FIG. 2 illustrates a block diagram of a given node 106B of an example RPR

network 100 (Fig. 1) arranged in accordance with at least some embodiments of the

present disclosure. Node 106B may include hardware, software and/or any

combination thereof capable of performing the functions of ingress data

measurements, congestion, and bandwidth allocation. For example, node 106B may

include one or more rate controllers 2 10, one or more local buffers 2 12, a primary

transit queue (PTQ) buffer 214, a secondary transit queue (STQ) buffer 2 16, a

checker 2 18, a scheduler 220, and/or a Pl-type controller 222. These functional units

may operate to perform a flow control in the RPR network 100 (Fig. 1) . Such flow

control may allow a congested node 106B to send a fairness message (derived

according to measurements made at node 106B) to one or more upstream nodes

106A, etc. (Fig. 1) . Such a fairness message may result in one or more upstream

nodes 106A, etc. (Fig. 1) throttling ingress information rates in order to reduce and/or

eliminate a state of congestion at congested node 106B and apply fairness among

participating nodes 106A, etc. (Fig. 1) .

[0036] Node 106B may utilize one or more rate controllers 210 to throttle station

traffic 230 entering RPR network 100 (Fig. 1) . For example, rate controllers 2 10 may

throttle station traffic 230 on a per-destination basis to support virtual destination



queuing and/or avoid head-of-line blocking (HOL). As used herein, HOL blocking

may refer to situations where a head-of-line packet of a certain buffer cannot be

switched to a destination because of congestion along the path from source to

destination, potentially resulting in the rest of the packets in that buffer being blocked

by that head-of-line packet, even if there is no congestion along the path from the

source to their destinations. Additionally or alternatively, rate controllers 2 10 may

permit station traffic 230 to be delivered to local buffers 2 12 . Local buffers 2 12 may

define several service classes of user traffic. For example, local buffers 2 12 may

define Class A user traffic with guaranteed rate and jitter; Class B user traffic with a

committed information rate (CIR) and bounded delay and jitter; and/or Class C user

traffic as best effort traffic.

[0037] Checker 2 18 may receive inlet traffic 232 from ringlet (not shown) into node

106B. Checker 2 18 may shunt egress traffic 234 out of node 106B. Additionally or

alternatively, checker 2 18 may forward transit traffic 236 through to PTQ buffer 214

and/or STQ buffer 2 16

[0038] Scheduler 220 may coordinate the flow of information out from PTQ buffer

2 14, STQ buffer 2 16, and/or local buffers 2 12 . For example, scheduler 220 may

selectively permit outlet traffic 238 from PTQ buffer 214, STQ buffer 2 16, and/or local

buffers 2 12 to exit node 106B to continue along RPR network 100 (Fig. 1) . For

example, 220 may selectively permit outlet traffic 238 from PTQ buffer 214 first. In

cases where PTQ buffer 214 is empty, STQ buffer 2 16 may have priority over the

station traffic from local buffers 2 12 . For example, STQ buffer 2 16 may have priority

over the station traffic from local buffers 212 in cases where the STQ queue length

exceeds an STQ threshold; otherwise, the station traffic 230 may be served. In such



a case, station traffic 230 may be divided into one or more classes of importance,

such as Class A, Class B, Class C, and/or the like. For example station traffic 230

may be served in the following order: Class A traffic, then Class B traffic. In cases

where node 106B has no Class A or B traffic, then Class C traffic may be served.

[0039] Pl-type controller 222 may receive traffic measurements, including transit

queue length 240. For example, Pl-type controller 222 may receive traffic

measurements regarding a transit queue length 240 associated with STQ buffer 2 16 .

Based at least in part on such traffic measurements, Pl-type controller 222 may

apply a fairness algorithm to determine a fair rate F(n). Such a determined a fair rate

may be utilized to allocate bandwidth in RPR network 100 (Fig. 1) . For example,

such a determined a fair rate may be sent to upstream nodes 106A, etc. (Fig. 1) in

the form of a control message 242. Such upstream nodes 106A, etc. (Fig. 1) that

receive control message 242 may use the control message information and/or local

information to throttle rates accordingly.

[0040] Fig. 3 illustrates a flow chart illustrating an example process 300 for

allocating bandwidth in a resilient packet ring network, in accordance with at least

some embodiments of the present disclosure. Process 300, and other processes

described herein, set forth various functional blocks or actions that may be described

as processing steps, functional operations, events and/or acts, etc., and that may be

performed by hardware, software, and/or firmware. Those skilled in the art in light of

the present disclosure will recognize that numerous alternatives to the functional

blocks shown in Fig. 3 may be practiced in various implementations. For example,

although process 300, as shown in Fig. 3, comprises one particular order of blocks

or actions, the order in which these blocks or actions are presented does not



necessarily limit claimed subject matter to any particular order. Likewise, intervening

actions not shown in Fig. 3 and/or additional actions not shown in Fig. 3 may be

employed and/or some of the actions shown in Fig. 3 may be eliminated, without

departing from the scope of claimed subject matter.

[0041] As illustrated, process 300 may be implemented to allocate bandwidth in a

resilient packet ring network. Processing begins at action 302, where at the end of a

given sampling time T, a Pl-type controller 222 (Fig. 2) at downstream node 106B

may sample the current transit queue length. For example, downstream node 106B

may sample the current transit queue length of STQ buffer 2 16 (Fig. 2). As used

herein, the term "sampling time V may refer to a sampling time between a

determination of a current fair rate F(n) and a determination of a prior fair rate F(n -

1). Processing continues from action 302 to 304 where the transit queue length

may be compared with a target queue length. For example, Pl-type controller 222

(Fig. 2) at downstream node 106B may compare the current transit queue length of

STQ buffer 2 16 (Fig. 2) with a previously specified target queue length.

[0042] Continuing to action 306, a fair rate may be determined. For example, Pl-

type controller 222 (Fig. 2) at downstream node 106B may determine a fair rate

based at least in part on the comparison of the current transit queue length of STQ

buffer 2 16 (Fig. 2) to the previously specified target queue length. In one

implementation, such a fair rate may be determined so as to facilitate an allocated

bandwidth in RPR network 100 via Pl-type controller 222 (Fig. 2) associated with at

least one node of RPR network 100, such as downstream node 106B, for example.



[0043] Continuing to action 308, such a determined fair rate may be forwarded to

one or more upstream nodes 106A. For example, downstream node 106B may

forward a fair rate to one or more upstream nodes 106A on an opposite ringlet 102

(Fig. 1) . Accordingly, individual upstream nodes 106A may be made aware of the

supported fair rates at downstream node 106B. Additionally or alternatively, similar

fair rates may be determined broadcast from other nodes (such as nodes 106C, etc.)

in RPR network 100. Accordingly, individual nodes 106A, 106B, etc. in RPR network

100 may be made aware of the supported fair rates at downstream node 106B,

and/or the supported fair rates at individual nodes 106A, 106B, etc. in RPR network

100.

[0044] Continuing to action 3 10, downstream node 106A may adjust its forwarding

rate. For example, upstream node 106A may adjust its forwarding rate based at

least in part on the fair rate received from downstream node 106B. As will be

discussed in greater detail below, the operation of procedure 300 may result in

stabilizing the transit queue lengths at a target queue length, as is illustrated at

action 312. For example, one or more transit queue lengths may be stabilized at a

target queue length under unbalanced traffic scenarios, based at least in part on an

allocated bandwidth, discussed above with respect to action 306. In one

implementation, at action 3 12, downstream node 106A may repeat one or more of

actions 302-308 to stabilize one or more transit queue lengths of STQ buffer 2 16

(Fig. 2) at a target queue length. Additionally or alternatively, similar actions may be

taken at other nodes (such as nodes 106C, etc.) in RPR network 100. Accordingly,

individual nodes 106C, 106D, etc. (Fig. 1) in RPR network 100 may also stabilize the

one or more transit queue lengths of STQ buffers 2 16 (Fig. 2) respectively

associated with the individual nodes 106C, 106D, etc. (Fig. 1) in RPR network 100.



Additionally or alternatively, such stabilization of one or more transit queue lengths

may be achievable under unbalanced traffic scenarios.

[0045] Fig. 4 illustrates an example control process 400 for allocating bandwidth in

a resilient packet ring network, in accordance with at least some embodiments of the

present disclosure. Process 400, and other processes described herein, set forth

various functional blocks or actions that may be described as processing steps,

functional operations, events and/or acts, etc., and that may be performed by

hardware, software, and/or firmware. Those skilled in the art in light of the present

disclosure will recognize that numerous alternatives to the functional blocks shown in

Fig. 4 may be practiced in various implementations. For example, although process

400, as shown in Fig. 4 , comprises one particular order of blocks or actions, the

order in which these blocks or actions are presented does not necessarily limit

claimed subject matter to any particular order. Likewise, intervening actions not

shown in Fig. 4 and/or additional actions not shown in Fig. 4 may be employed

and/or some of the actions shown in Fig. 4 may be eliminated, without departing

from the scope of claimed subject matter.

[0046] As illustrated, control process 400 may be implemented to allocate

bandwidth in a resilient packet ring network. At block 401 , a comparison of the

transit queue length Q(s) 402 and the target queue length Qr 404 may be made. For

example, an error E(s) 406 may be determined to quantify such a comparison of the

transit queue length Q(s) 402 and the target queue length Qτ 404. In one

implementation, error E(s) 406 may be determined based at least in part on the

following equation:



E(s) QT s ) )
(eq. 1)

[0047] Processing continues from block 401 to block 408, where a fair rate F(s)

4 10 may be determined based at least in part on the comparison of the transit queue

length Q(s) 402 and the target queue length Q 404. For example, error E(s) 406

may be modified based at least in part on a proportional gain kp and/or an integral

gain integral gain k to result in fair rate F(s) 4 10, as illustrated at block 408. In

one implementation, fair rate F(s) 4 10 may be determined based at least in part on

the following equation:

F(s) = ( k p + -
K÷)E(s)

(eq. 2)

[0048] Processing continues from block 408 to block 412, where an updated

transit queue length Q(s) 402 may be determined. For example, updated transit

queue length Q(s) 402 may be determined based at least in part on fair rate F(s)

4 10 . In one implementation, fair rate F(s) 4 10 may be modified based at least in part

on the following equation to determine updated transit queue length Q(s) 402:

N
- sτ .

w i e

i-l
Q(s) = F(s)

(eq. 3)

Block 4 12 of the control process 400 is illustrated in Fig.4 where W may represent a

sum of weights associated with various nodes of a RPR network as follows:



N

Additionally, T-may represent the round trip delay between a bottleneck link 108

(Fig. 1) and a source node i of a RPR network. Such a round trip delay T-may

represent an amount of time between initiation of communications at downstream

node 106B (Fig. 1) and receipt at upstream node 106A (Fig. 1) , represented by

backward delay τ , and may represent an amount of time between initiation of

communications at upstream node 106A (Fig. 1) and receipt at downstream node

106B (Fig. 1) , represented by forward delay - . For example, round trip delay T-

T = τ b + τ f h
may be calculated as / i i , where τ

,- may represent a backward delay

from a bottlenecked link 108 (Fig. 1) to a source node i , and where may

represent a forward delay from source node i to bottlenecked link 108 (Fig. 1) . In

one implementation, may represent an upper bound of such a round trip delay T -.

[0049] More particularly, control process 400 may be better understood with

reference to the following discussion regarding the formation of control process 400.

At a bottleneck link 108 (Fig. 1) associated with a downstream node 106B (Fig. 1) , a

rate of change of a transit queue length 402 may be written as follows:

N
q -τfyC (eq 5)



[0050] In such a case, may represent a transmitting rate of source node / , such

as upstream node 106A (Fig. 1) , l
t may represent the forward delay from source

node / to the bottlenecked Iink1 08 (Fig. 1) , t may represent time, N may represent

the number of source nodes, and C may represent the available bandwidth of

downstream node 106B (Fig. 1) associated with bottleneck link 108 (Fig. 1) . For

example, a rate of change of a transit queue length 402 may be proportional to traffic

transmitted from upstream source nodes / through bottleneck link 108 (Fig. 1)

associated with downstream node 106B (Fig. 1) , when taking into consideration

available bandwidth C and forward delay , .

[0051] One or more of source nodes / , such as upstream node 106A (Fig. 1) , may

transmit information at rate according to a received fair rate/ from the bottlenecked

link 108 (Fig. 1) associated with a downstream node 106B (Fig. 1) as follows:

(0 - (t - τ ) (eq 6)

b
In such a case, 1. may represent a weight less than or equal to one, and τ t may

represent the backward delay from bottlenecked link 108 (Fig. 1) associated with a

downstream node 106B (Fig. 1) to source node / , such as upstream node 106A (Fig.

1) -

[0052] A fair rate f it) for bottlenecked link 108 (Fig. 1) associated with a

downstream node 106B (Fig. 1) may be represented as follows:

f (t) =kpe(t) +kI e(t) (eq . 7)



In such a case, kp may represent a proportional gain for a Pl-type controller, kj may

represent an integral gain for a Pl-type controller, and e(t) = qτ - q (t) may

represent a difference between a transit queue length q (t) and a target queue

length qτ .

[0053] RPR network 100 (Fig. 1) may be represented as closed-loop system that

may include an equilibrium point at which

t
l
→
im

∞
q (t) = 0,

t
l
→
im

∞
q (t) = r , a nd

t →

m
∞

/ (O = / . In such a case,
J
/ *may

J
represent an

optimal fair rate. Thus, (eq. 5), at the equilibrium point can be written as follows:

N
r*=C (eq. 8)

In such a case, r*may represent an optimal rate that individual source nodes / , such

as upstream node 106A (Fig. 1) , may transmit through bottlenecked link 108 (Fig. 1)

associated with a downstream node 106B (Fig. 1) .

[0054] Using (eq. 8) and (eq. 6), the following may be obtained:

- (eq.9)

In such a case, (eq. 9) may establish that the Pl-type controller may achieve the

following weighted max-min fair rates:

C
f = N (eq. 10)

W i
z=l

[0055] In addition to the weighted max-min fair rates of (eq. 10) described above,

stability conditions for controller gains, including proportional gain kp and/or integral



gain Ic1 for Pl-type controller may be found. Using (eq. 5) and (eq. 6), the following

may be obtained:

_ b f
In such a case, τ - τ + τ may represent a round trip time between source node

/ , such as upstream node 106A (Fig. 1) , and bottlenecked link 108 (Fig. 1)

associated with a downstream node 106B (Fig. 1) , for example.

[0056] By taking the Laplace transform of (eq. 8) and (eq. 11) , the following (eq.

2) and/or (eq. 3), discussed above, may be obtained:

= ( ) ) , (eq. 2)

and

N - sτ
W J

i=\
Q(s) F(s) (eq. 3)

For simplicity, it may be assumed that round trip delay ,- = , V z' E N |n suc h a

case, T may represent an upper bound of round trip delay τ -. Accordingly, control

process 400 may be formulated based at least in part on (eq. 2), (eq. 3), and/or (eq.

1) -

[0057] Control process 400 illustrated in Fig. 4, may be represented at least in part

by a characteristic equation in the Laplace domain as follows:



[0058] A first order Taylor series may be utilized to approximate the exponential

- sτ
function utilized at block 412 of control process 400, e.g., e = 1- sτ . Thus, based

at least in part on a first order Taylor series, (eq. 12) may be rewritten as follows:

( 1 - Wk τ )s + (Wk - Wk1T)S +Wk1 = 0 (eq. 13)

[0059] The characteristic equation of (eq. 13) is in the form of a second order

quadratic equation as follow:

aos + S + 2
= 0 (eq. 14)

To compute controller gains, including proportional gain kp and/or integral gain kj

for Pl-type controller, a Routh array may be constructed based at least in part on (eq.

13) in the form of a second order quadratic equation (eq. 14) as follows in Table 1:

Table 1

Row

1 (1-Wkpτ) Wk1

2
(Wkp -Wk1T) 0

3
Wk1

One condition for stability may be that the elements in the first column of Table 1

must be positive. After some algebraic manipulation, the following conditions under

which a closed-loop system may be stable may be obtained, based at least in part

on the stability conditions from Table 1, above:

0 < (eq. 15)



and

kp0 < ki < . (eq. 16)

In such a case, W may represent a sum of weights associated with source nodes / of

RPR network 100 (Fig. 1) , and may represent an upper bound of such a round

trip delay T-between a bottleneck link 108 (Fig. 1) associated with a downstream

node 106B of RPR network 100 (Fig. 1) and an upstream node 106A (Fig. 1) of RPR

network 100 (Fig. 1) , for example. Accordingly, a determination of a fair rate, as

discussed below, may be based at least in part on a round trip delay T-between a

bottleneck link 108 (Fig. 1) of RPR network 100 (Fig. 1) and at least one of source

nodes / of RPR network 100 (Fig. 1) .

[0060] A discrete implementation of the Pl-type controller may be formed so as to

take into consideration the occurrence of sampling at non-continuous times. Such a

implementation of the Pl-type controller in discrete time may be based at least in part

on a derivative of (eq. 7) in the real time domain and may be expressed as follows:

F(n) =F(n - l) + Kp (e(n) - e(n - l)) +K I Te(n) . (eq . 17 )

In such a case, F(n) may represent a current fair rate, n may represent a sample

time, F(n - 1) may represent a prior fair rate, Kp may represent a proportional gain,

K1 may represent an integral gain, e(n) may represent a difference between the

target queue length and a current transit queue length, e(n - 1) may represent a prior

difference between the target queue length and a current transit queue length, and T

may represent a sampling time between fair rate F(n) and prior fair rate F(n - 1).



Accordingly, a determination of a fair rate F(n) may be based at least in part on a

difference between the target queue length and a current transit queue length.

Additionally or alternatively, a determination of a fair rate F(n) may be based at least

in part on rate of change of a difference between the target queue length and a

current transit queue length.

[0061] Fig. 5 illustrates a diagram of an example unbalanced traffic scenario 500

arranged in accordance with the present disclosure. A Pl-type controller 222, as

described in Figs. 2-4 may be shown to stabilize transit queue length 402 at target

queue length 404 under unbalanced traffic scenarios. Similarly, Pl-type controller

222 may be shown to stabilize an end-to-end delay of data traffic. As used herein

the term "end-to-end delay" may refer to the time needed for the data from a source

to reach a destination. For example, "end-to-end delay" may refer to the time needed

for the data from the outlet traffic 238 (Fig. 2) source associated with an upstream

node to reach the egress traffic 234 (Fig. 2) destination associated with a

downstream node. As used herein the term "unbalanced traffic scenarios" may

include scenarios where there is a variation among rates of information from

upstream nodes 106A, etc. For example, unbalanced traffic scenarios may include

scenarios where one or more rates of information from upstream nodes 106A, etc.

are greedy while one or more rates of information from upstream nodes 106A, etc.

are not greedy, such as by having a given predetermined rate, for example.

[0062] In the example unbalanced traffic scenario 500, flow from a first node 502

to a third node 506 may be greedy while a flow from a second node 504 to third

node 506 may be at a low rate. For example, flow from second node 504 to third

node 506 may be at a low rate of 50 megabits per second (Mbps). A link 508

between first node 502 and second node 504 as well as a link 5 10 between second



node 504 and third node 506 may have fixed capacity, such as 622 Mbps. In

unbalanced traffic scenario 500, second node 504 may become congested in

instances where a sum of the rate of flow 5 12 from second node 504 to third node

506 and the rate of flow 514 from first node 502 to third node 506 is greater than the

link 5 10 capacity between second node 504 and third node 506. In such a case, link

5 10 may be a bottleneck link and second node 504 may broadcast an updated fair

rate to upstream nodes, such as first node 502. In the example unbalanced traffic

scenario 500, forward delay - may represent an amount of time a packet takes to

go from first node 502 to STQ 2 16 (Fig. 2) of second node 504, while backward

J
delay τ may represent an amount of time between initiation of communication of an

updated fair rate at second node 504 and receipt at first node 502.

[0063] Fig. 6 illustrates a diagram of an example unbalanced traffic scenario 600

arranged in accordance with the present disclosure. In this example unbalanced

traffic scenario 600, there are ten nodes 601 -61 0 . In unbalanced traffic scenario

600, all of the links 6 12 have the same capacity, such as 622 Mbps, and each link

6 12 has a propagation delay of 0.1 ms. All flows are UDP flows where all flows start

at time 0 . Flow 614, flow 6 16, flow 6 18, and flow are greedy, and flow 622 has a rate

equal to 50Mbps. In unbalanced traffic scenario 600, unbalance traffic may occur at

link 624. Without use of Pl-type controller 222 (Fig. 2) there may be oscillation

during operation due to the unbalanced traffic at link 624. Such oscillation may

result in a bandwidth loss. Moreover, without use of Pl-type controller 222 (Fig. 2),

due to the congestion, the lengths of several transient queues associated with nodes

601 -61 0 may be increased. Lastly, such oscillations may increase an end-to-end

delay and may prevent stabilization of end-to-end delay. In some cases, variation in



end-to-end delay may be referred to as "delay jitter," such as a standard deviation of

such an end-to-end delay, for example.

[0064] Fig. 7 illustrates a chart 700 of throughput over time under an example

unbalanced traffic scenario 500, in accordance with the present disclosure. As

illustrated, flows 5 12 and 514 may converge to their respective stabilized optimal fair

rates. As used herein the term "stabilized" and/or the like may refer to being at a

condition with little or no oscillation at the steady state.

[0065] Fig. 8 illustrates a chart 800 of throughput over time under an example

unbalanced traffic scenario 600, in accordance with the present disclosure. In the

simulation results illustrated in Figs. 8-1 0, the measurement time interval was set to

=i ms, the STQ size was 256KB, and the target length of the transit queue was set

STQ- size
to <l τ = — Ϊ 6— The simulation results illustrated in Figs. 8-1 0 were obtained by

using an RPR simulator as described in S. Gjessing, "The Simula RPR Simulator

implemented in Java," Simula Research Laboratory Technical Report 2003-1 2,

December 2003. As illustrated in Fig. 8, flows 614-620 and flow 622 may converge

to their respective stabilized optimal fair rates at the steady state.

[0066] Fig. 9 illustrates a chart 900 of transit queue buffer occupancy over time

under an example unbalanced traffic scenario 600 in accordance with the present

disclosure. As illustrated, the transit queue buffer occupancies associated with nodes

600-603 and node 604 stabilize. For example, the transit queue buffer occupancy

associated with congested node 604 may stabilize at the target value, while the

transit queue buffer occupancies associated with non-congested nodes 600-603

may stabilize near zero.



[0067] Fig. 10 illustrates a chart 1000 of end-to-end delay over time under an

example unbalanced traffic scenario 600 in accordance with the present disclosure.

As illustrated, flow 614, flow 6 16, flow 618, flow 620, and flow 622 may converge to

minimum end-to-end delay.

[0068] Fig. 11 illustrates an example computer program product 1100 that is

arranged in accordance with the present disclosure. Program product 1100 may

include a signal bearing medium 1102. Signal bearing medium 1102 may include

one or more machine-readable instructions 1104, which, if executed by one or more

processors, may operatively enable a computing device to provide the functionality

described above with respect to Fig. 3 and/or Fig. 4 . Thus, for example, referring to

the system of Fig. 2, Pl-type controller 222 may undertake one or more of the actions

shown in Fig. 3 and/or Fig. 4 in response to instructions 1104 conveyed by medium

1102.

[0069] In some implementations, signal bearing medium 1102 may encompass a

computer-readable medium 1106, such as, but not limited to, a hard disk drive, a

Compact Disc (CD), a Digital Video Disk (DVD), a digital tape, memory, etc. In some

implementations, signal bearing medium 1102 may encompass a recordable

medium 1108, such as, but not limited to, memory, read/write (R/W) CDs, R/W

DVDs, etc. In some implementations, signal bearing medium 1102 may encompass

a communications medium 1110, such as, but not limited to, a digital and/or an

analog communication medium (e.g., a fiber optic cable, a waveguide, a wired

communications link, a wireless communication link, etc.).

[0070] Fig. 12 is a block diagram illustrating an example computing device 1200

that is arranged in accordance with the present disclosure. In one example



configuration 1201 , computing device 1200 may include one or more processors

121 0 and system memory 1220. A memory bus 1230 may be used for

communicating between the processor 12 10 and the system memory 1220.

[0071] Depending on the desired configuration, processor 12 10 may be of any

type including but not limited to a microprocessor (µP), a microcontroller (µC), a

digital signal processor (DSP), or any combination thereof. Processor 121 0 may

include one or more levels of caching, such as a level one cache 12 11 and a level

two cache 121 2, a processor core 12 13, and registers 1214. The processor core

121 3 may include an arithmetic logic unit (ALU), a floating point unit (FPU), a digital

signal processing core (DSP Core), or any combination thereof. A memory controller

121 5 may also be used with the processor 1210, or in some implementations the

memory controller 121 5 may be an internal part of the processor 12 10 .

[0072] Depending on the desired configuration, the system memory 1220 may be

of any type including but not limited to volatile memory (such as RAM), non-volatile

memory (such as ROM, flash memory, etc.) or any combination thereof. System

memory 1220 may include an operating system 1221 , one or more applications

1222, and program data 1224. Application 1222 may include an allocation of

bandwidth algorithm 1223 in a resilient packet ring network that is arranged to

perform the functions as described herein including the functional blocks and/or

actions described with respect to process 300 of Fig. 3 and/or process 400 of Fig. 4 .

Program Data 1224 may include data 1225 for use in allocation of bandwidth

algorithm 1223, for example, data corresponding to an indication of one or more

transit queue lengths. In some example embodiments, application 1222 may be

arranged to operate with program data 1224 on an operating system 1221 such that



implementations of allocation of bandwidth may be provided as described herein.

For example, RPR node 106B may comprise all or a portion of computing device

1200 and be capable of performing all or a portion of application 1222 such that

implementations of allocation of bandwidth may be provided as described herein.

This described basic configuration is illustrated in Fig. 12 by those components

within dashed line 1201 .

[0073] Computing device 1200 may have additional features or functionality, and

additional interfaces to facilitate communications between the basic configuration

1201 and any required devices and interfaces. For example, a bus/interface

controller 1240 may be used to facilitate communications between the basic

configuration 1201 and one or more data storage devices 1250 via a storage

interface bus 1241 . The data storage devices 1250 may be removable storage

devices 1251 , non-removable storage devices 1252, or a combination thereof.

Examples of removable storage and non-removable storage devices include

magnetic disk devices such as flexible disk drives and hard-disk drives (HDD),

optical disk drives such as compact disk (CD) drives or digital versatile disk (DVD)

drives, solid state drives (SSD), and tape drives to name a few. Example computer

storage media may include volatile and nonvolatile, removable and non-removable

media implemented in any method or technology for storage of information, such as

computer readable instructions, data structures, program modules, or other data.

[0074] System memory 1220, removable storage 1251 and non-removable

storage 1252 are all examples of computer storage media. Computer storage media

includes, but is not limited to, RAM, ROM, EEPROM, flash memory or other memory

technology, CD-ROM, digital versatile disks (DVD) or other optical storage, magnetic



cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices,

or any other medium which may be used to store the desired information and which

may be accessed by computing device 1200. Any such computer storage media

may be part of device 1200.

[0075] Computing device 1200 may also include an interface bus 1242 for

facilitating communication from various interface devices (e.g., output interfaces,

peripheral interfaces, and communication interfaces) to the basic configuration 1201

via the bus/interface controller 1240. Example output interfaces 1260 may include a

graphics processing unit 1261 and an audio processing unit 1262, which may be

configured to communicate to various external devices such as a display or speakers

via one or more AA/ ports 1263. Example peripheral interfaces 1260 may include a

serial interface controller 1271 or a parallel interface controller 1272, which may be

configured to communicate with external devices such as input devices (e.g.,

keyboard, mouse, pen, voice input device, touch input device, etc.) or other

peripheral devices (e.g., printer, scanner, etc.) via one or more I/O ports 1273. An

example communication interface 1280 includes a network controller 1281 , which

may be arranged to facilitate communications with one or more other computing

devices 1290 over a network communication via one or more communication ports

1282. A communication connection is one example of a communication media.

Communication media may typically be embodied by computer readable instructions,

data structures, program modules, or other data in a modulated data signal, such as

a carrier wave or other transport mechanism, and may include any information

delivery media. A "modulated data signal" may be a signal that has one or more of

its characteristics set or changed in such a manner as to encode information in the

signal. By way of example, and not limitation, communication media may include



wired media such as a wired network or direct-wired connection, and wireless media

such as acoustic, radio frequency (RF), infrared (IR) and other wireless media. The

term computer readable media as used herein may include both storage media and

communication media.

[0076] Computing device 1200 may be implemented as a portion of a small-form

factor portable (or mobile) electronic device such as a cell phone, a personal data

assistant (PDA), a personal media player device, a wireless web-watch device, a

personal headset device, an application specific device, or a hybrid device that

includes any of the above functions. Computing device 1200 may also be

implemented as a personal computer including both laptop computer and non-laptop

computer configurations. In addition, computing device 1200 may be implemented

as part of a wireless base station or other wireless system or device such as node

106B described above with respect to Fig. 2 .

[0077] Some portions of the foregoing detailed description are presented in terms

of algorithms or symbolic representations of operations 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 is here, 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, combined, compared or otherwise manipulated. It has proven



convenient 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 otherwise, as apparent from the

following discussion, it is appreciated that throughout this specification discussions

utilizing terms such as "processing," "computing," "calculating," "determining" or the

like refer to actions or processes of a 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 computing device.

[0078] Claimed subject matter is not limited in scope to the particular

implementations described herein. For example, some implementations may be in

hardware, such as employed to operate on a device or combination of devices, for

example, whereas other implementations may be in software and/or firmware.

Likewise, although claimed subject matter is not limited in scope in this respect,

some implementations may include one or more articles, such as a signal bearing

medium, a storage medium and/or storage media. This storage media, such as CD-

ROMs, computer disks, flash memory, or the like, for example, may have instructions

stored thereon, that, when executed by a computing device, such as a computing

system, computing platform, or other system, for example, may result in execution of

a processor in accordance with claimed subject matter, such as one of the

implementations previously described, for example. As one possibility, a computing

device may include one or more processing units or processors, one or more

input/output devices, such as a display, a keyboard and/or a mouse, and one or



more memories, such as static random access memory, dynamic random access

memory, flash memory, and/or a hard drive.

[0079] There is little distinction left between hardware and software

implementations of aspects of systems; the use of hardware or software is generally

(but not always, in that in certain contexts the choice between hardware and

software may become significant) a design choice representing cost vs. efficiency

tradeoffs. There are various vehicles by which processes and/or systems and/or

other technologies described herein can be effected (e.g., hardware, software,

and/or firmware), and that the preferred vehicle will vary with the context in which the

processes and/or systems and/or other technologies are deployed. For example, if

an implementer determines that speed and accuracy are paramount, the

implementer may opt for a mainly hardware and/or firmware vehicle; if flexibility is

paramount, the implementer may opt for a mainly software implementation; or, yet

again alternatively, the implementer may opt for some combination of hardware,

software, and/or firmware.

[0080] The foregoing detailed description has set forth various embodiments of

the devices and/or processes via the use of block diagrams, flowcharts, and/or

examples. Insofar as such block diagrams, flowcharts, and/or examples contain one

or more functions and/or operations, it will be understood by those within the art that

each function and/or operation within such block diagrams, flowcharts, or examples

can be implemented, individually and/or collectively, by a wide range of hardware,

software, firmware, or virtually any combination thereof. In one embodiment, several

portions of the subject matter described herein may be implemented via Application

Specific Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs),



digital signal processors (DSPs), or other integrated formats. However, those skilled

in the art will recognize that some aspects of the embodiments disclosed herein, in

whole or in part, can be equivalently implemented in integrated circuits, as one or

more computer programs running on one or more computers (e.g., as one or more

programs running on one or more computer systems), as one or more programs

running on one or more processors (e.g., as one or more programs running on one

or more microprocessors), as firmware, or as virtually any combination thereof, and

that designing the circuitry and/or writing the code for the software and or firmware

would be well within the skill of one of skill in the art in light of this disclosure. In

addition, those skilled in the art will appreciate that the mechanisms of the subject

matter described herein are capable of being distributed as a program product in a

variety of forms, and that an illustrative embodiment of the subject matter described

herein applies regardless of the particular type of signal bearing medium used to

actually carry out the distribution. Examples of a signal bearing medium include, but

are not limited to, the following: a recordable type medium such as a flexible disk, a

hard disk drive (HDD), a Compact Disc (CD), a Digital Video Disk (DVD), a digital

tape, a computer memory, etc.; and a transmission type medium such as a digital

and/or an analog communication medium (e.g., a fiber optic cable, a waveguide, a

wired communications link, a wireless communication link, etc.).

[0081] Those skilled in the art will recognize that it is common within the art to

describe devices and/or processes in the fashion set forth herein, and thereafter use

engineering practices to integrate such described devices and/or processes into data

processing systems. That is, at least a portion of the devices and/or processes

described herein can be integrated into a data processing system via a reasonable

amount of experimentation. Those having skill in the art will recognize that a typical



data processing system generally includes one or more of a system unit housing, a

video display device, a memory such as volatile and non-volatile memory,

processors such as microprocessors and digital signal processors, computational

entities such as operating systems, drivers, graphical user interfaces, and

applications programs, one or more interaction devices, such as a touch pad or

screen, and/or control systems including feedback loops and control motors (e.g.,

feedback for sensing position and/or velocity; control motors for moving and/or

adjusting components and/or quantities). A typical data processing system may be

implemented utilizing any suitable commercially available components, such as

those typically found in data computing/communication and/or network

computing/communication systems.

[0082] The herein described subject matter sometimes illustrates different

components contained within, or connected with, different other components. It is to

be understood that such depicted architectures are merely exemplary, and that in

fact many other architectures can be implemented which achieve the same

functionality. In a conceptual sense, any arrangement of components to achieve the

same functionality is effectively "associated" such that the desired functionality is

achieved. Hence, any two components herein combined to achieve a particular

functionality can be seen as "associated with" each other such that the desired

functionality is achieved, irrespective of architectures or intermedial components.

Likewise, any two components so associated can also be viewed as being "operably

connected", or "operably coupled", to each other to achieve the desired functionality,

and any two components capable of being so associated can also be viewed as

being "operably couplable", to each other to achieve the desired functionality.

Specific examples of operably couplable include but are not limited to physically



mateable and/or physically interacting components and/or wirelessly interactable

and/or wirelessly interacting components and/or logically interacting and/or logically

interactable components.

[0083] With respect to the use of substantially any plural and/or singular terms

herein, those having skill in the art can translate from the plural to the singular and/or

from the singular to the plural as is appropriate to the context and/or application.

The various singular/plural permutations may be expressly set forth herein for sake

of clarity.

[0084] It will be understood by those within the art that, in general, terms used

herein, and especially in the appended claims (e.g., bodies of the appended claims)

are generally intended as "open" terms (e.g., the term "including" should be

interpreted as "including but not limited to," the term "having" should be interpreted

as "having at least," the term "includes" should be interpreted as "includes but is not

limited to," etc.). It will be further understood by those within the art that if a specific

number of an introduced claim recitation is intended, such an intent will be explicitly

recited in the claim, and in the absence of such recitation no such intent is present.

For example, as an aid to understanding, the following appended claims may contain

usage of the introductory phrases "at least one" and "one or more" to introduce claim

recitations. However, the use of such phrases should not be construed to imply that

the introduction of a claim recitation by the indefinite articles "a" or "an" limits any

particular claim containing such introduced claim recitation to inventions containing

only one such recitation, even when the same claim includes the introductory

phrases "one or more" or "at least one" and indefinite articles such as "a" or "an"

(e.g., "a" and/or "an" should typically be interpreted to mean "at least one" or "one or



more"); the same holds true for the use of definite articles used to introduce claim

recitations. In addition, even if a specific number of an introduced claim recitation is

explicitly recited, those skilled in the art will recognize that such recitation should

typically be interpreted to mean at least the recited number (e.g., the bare recitation

of "two recitations," without other modifiers, typically means at least two recitations,

or two or more recitations). Furthermore, in those instances where a convention

analogous to "at least one of A , B, and C, etc." is used, in general such a

construction is intended in the sense one having skill in the art would understand the

convention (e.g., "a system having at least one of A, B, and C" would include but not

be limited to systems that have A alone, B alone, C alone, A and B together, A and

C together, B and C together, and/or A , B, and C together, etc.). In those instances

where a convention analogous to "at least one of A, B, or C, etc." is used, in general

such a construction is intended in the sense one having skill in the art would

understand the convention (e.g., "a system having at least one of A, B, or C" would

include but not be limited to systems that have A alone, B alone, C alone, A and B

together, A and C together, B and C together, and/or A, B, and C together, etc.). It

will be further understood by those within the art that virtually any disjunctive word

and/or phrase presenting two or more alternative terms, whether in the description,

claims, or drawings, should be understood to contemplate the possibilities of

including one of the terms, either of the terms, or both terms. For example, the

phrase "A or B" will be understood to include the possibilities of "A" or "B" or "A and

B."

[0085] It should also be understood that, the term "optimize" may include

maximization and/or minimization. The term "minimization" and/or the like as used

herein may include a global minimum, a local minimum, an approximate global



minimum, and/or an approximate local minimum. Likewise, it should also be

understood that, the term "maximization" and/or the like as used herein may include

a global maximum, a local maximum, an approximate global maximum, and/or an

approximate local maximum.

[0086] Reference in the specification to "an implementation," "one

implementation," "some implementations," or "other implementations" may mean that

a particular feature, structure, or characteristic described in connection with one or

more implementations may be included in at least some implementations, but not

necessarily in all implementations. The various appearances of "an implementation,"

"one implementation," or "some implementations" in the preceding description are

not necessarily all referring to the same implementations.

[0087] While certain exemplary techniques have been described and shown

herein using various methods and systems, it should be understood by those skilled

in the art that various other modifications may be made, and equivalents may be

substituted, without departing from claimed subject matter. Additionally, many

modifications may be made to adapt a particular situation to the teachings of claimed

subject matter without departing from the central concept described herein.

Therefore, it is intended that claimed subject matter not be limited to the particular

examples disclosed, but that such claimed subject matter also may include all

implementations falling within the scope of the appended claims, and equivalents

thereof.



WHAT IS CLAIMED:

1. A method implemented in a resilient packet ring network, comprising:

determining a fair rate to facilitate an allocated bandwidth in the resilient

packet ring network via a Pl-type controller associated with at least one node of the

resilient packet ring network; and

stabilizing one or more transit queue lengths at a target queue length under

unbalanced traffic scenarios, based at least in part on the allocated bandwidth.

2 . The method of claim 1, wherein determining the fair rate comprises

determining a difference between the target queue length and a current transit

queue length.

3 . The method of claim 1, wherein determining the fair rate comprises

determining a rate of change of a difference between the target queue length and a

current transit queue length.

4 . The method of claim 1, wherein determining the fair rate is based at least in

part on a round trip delay between a bottleneck link of the resilient packet ring

network and the at least one node of the resilient packet ring network.

5 . The method of claim 1, further comprising stabilizing an end-to-end delay

associated with one or more transit queues under unbalanced traffic scenarios,

based at least in part on the allocated bandwidth.



6 . The method of claim 1, wherein determining the fair rate is based at least in

part on a proportional gain kp expressed as:

where J is a sum of weights associated with nodes of the resilient packet ring

network and where is based at least in part on a round trip delay between a

bottleneck link of the resilient packet ring network and the at least one node of the

resilient packet ring network.

7 . The method of claim 1, wherein determining the fair rate is based at least in

part on an integral gain / expressed as:

where kp is a proportional gain and where is based at least in part on a round trip

delay between a bottleneck link of the resilient packet ring network and the at least

one node of the resilient packet ring network.

8 . The method of claim 1, wherein the fair rate F(n) is expressed as:

F {ή) =F{n - l) +Kp (e(n) - e{n - 1)) +K j Te(n) .

where F(n - 1) is a prior fair rate, where Kp is a proportional gain, where K1 is an

integral gain, where e(n) is a difference between the target queue length and a

current transit queue length, where e(n - 1) is a prior difference between the target



queue length and a current transit queue length, and where T is a sampling time

between fair rate F(n) and prior fair rate F(n - 1).

9 . The method of claim 1, wherein the fair rate F(n) is expressed as:

F {ή ) = F(n - ) + K p 00) - e(n - 1)) +K j Te{ ή ) .

where F(n - 1) is a prior fair rate, where Kp is a proportional gain, where K1 is an

integral gain, where e(n) is a difference between the target queue length and a

current transit queue length, where e(n - 1) is a prior difference between the target

queue length and a current transit queue length, and where T is a sampling time

between fair rate F(n) and prior fair rate F(n - 1);

wherein the proportional gain kp is expressed as:

where J is a sum of weights associated with nodes of the resilient packet ring

network and where is based at least in part on a round trip delay between a

bottleneck link of the resilient packet ring network and the at least one node of the

resilient packet ring network; and

wherein the integral gain 1 is expressed as:

10. An article for use with a resilient packet network, comprising:



a signal bearing medium comprising machine-readable instructions stored

thereon, which, if executed by one or more processors, operatively enable a

computing device to:

determine a fair rate to facilitate an allocated bandwidth in the resilient packet

ring network via a Pl-type controller associated with at least one node of the resilient

packet ring network; and

stabilize one or more transit queue lengths at a target queue length under

unbalanced traffic scenarios, based at least in part on the allocated bandwidth.

11. The article of claim 10, wherein the determination of a fair rate is based at

least in part on rate of change of a difference between the target queue length and a

current transit queue length.

12. The article of claim 10, wherein the determination of a fair rate is based at

least in part on a round trip delay between a bottleneck link of the resilient packet

ring network and the at least one node of the resilient packet ring network.

13. The article of claim 10, further comprising stabilizing an end-to-end delay

associated with one or more transit queues under unbalanced traffic scenarios,

based at least in part on the allocated bandwidth.

14. The article of claim 10, wherein the determination of a fair rate is based at

least in part on a proportional gain kp expressed as:

0 < <
Wx



where J is a sum of weights associated with nodes of the resilient packet ring

network and where is based at least in part on a round trip delay between a

bottleneck link of the resilient packet ring network and the at least one node of the

resilient packet ring network.

15 . The article of claim 10, wherein the determination of a fair rate is based at

least in part on an integral gain / expressed as:

where kp is a proportional gain and where is based at least in part on a round trip

delay between a bottleneck link of the resilient packet ring network and the at least

one node of the resilient packet ring network.

16. The article of claim 10, wherein the fair rate F(n) is expressed as:

F {ή) =F{n - ) +Kp (e(n) - e{n - 1)) +K j Te(n) .

where F(n - 1) is a prior fair rate, where Kp is a proportional gain, where K1 is an

integral gain, where e(n) is a difference between the target queue length and a

current transit queue length, where e(n - 1) is a prior difference between the target

queue length and a current transit queue length, and where T is a sampling time

between fair rate F(n) and prior fair rate F(n - 1).

17. A resilient packet ring network, comprising:



a plurality of nodes;

an inner ring of links associated between the plurality of nodes;

an outer ring of links associated between the plurality of nodes; and

a Pl-type controller associated with at least one of the plurality of nodes,

wherein the Pl-type controller is configured to:

determine a fair rate to facilitate an allocated bandwidth in the resilient

packet ring network, and

stabilize one or more transit queue lengths at a target queue length

under unbalanced traffic scenarios, based at least in part on the allocated

bandwidth.

18. The resilient packet ring network of claim 17, wherein the determination of a

fair rate is based at least in part on a proportional gain expressed as:

where J is a sum of weights associated with nodes of the resilient packet ring

network and where is based at least in part on a round trip delay between a

bottleneck link of the resilient packet ring network and the at least one node of the

resilient packet ring network.

19 . The resilient packet ring network of claim 17, wherein the determination of a

fair rate is based at least in part on an integral gain 1 expressed as:



where kp is a proportional gain and where is based at least in part on a round trip

delay between a bottleneck link of the resilient packet ring network and the at least

one node of the resilient packet ring network.

20. The resilient packet ring network of claim 17, wherein the fair rate F(n) is

expressed as:

F {ή) =F{n - ) +Kp (e(n) - e{n - 1)) +K j Te(n) .

where F(n - 1) is a prior fair rate, where Kp is a proportional gain, where K1 is an

integral gain, where e(n) is a difference between the target queue length and a

current transit queue length, where e(n - 1) is a prior difference between the target

queue length and a current transit queue length, and where T is a sampling time

between fair rate F(n) and prior fair rate F(n - 1).

2 1 . An apparatus for use with a resilient packet network, comprising:

a Pl-type controller associated with at least one of a plurality of nodes in the

resilient packet ring network, wherein the Pl-type controller is configured to:

determine a fair rate to facilitate an allocated bandwidth in the resilient

packet ring network; and

stabilize one or more transit queue lengths at a target queue length

under unbalanced traffic scenarios, based at least in part on the allocated

bandwidth.

22. The apparatus of claim 2 1 , wherein the Pl-type controller is further configured



to determine the fair rate based at least in part on a proportional gain expressed

as:

0 < <
P Wx

where J is a sum of weights associated with nodes of the resilient packet ring

network and where is based at least in part on a round trip delay between a

bottleneck link of the resilient packet ring network and the at least one node of the

resilient packet ring network.

23. The apparatus of claim 2 1 , wherein the Pl-type controller is further configured

to determine the fair rate based at least in part on an integral gain 1 expressed as:

Kγ
0 < kτ < - -1 τ

where kp is a proportional gain and where is based at least in part on a round trip

delay between a bottleneck link of the resilient packet ring network and the at least

one node of the resilient packet ring network.

24. The apparatus of claim 2 1 , wherein the fair rate F(n) is expressed as:

F {ή) =F{n - l) +Kp (e(n) - e{n - 1)) +K j Te(n) .

where F(n - 1) is a prior fair rate, where Kp is a proportional gain, where K1 is an

integral gain, where e(n) is a difference between the target queue length and a

current transit queue length, where e(n - 1) is a prior difference between the target



queue length and a current transit queue length, and where T is a sampling time

between fair rate F(n) and prior fair rate F(n - 1).
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