
(19) United States 

Luft 

US 20050244158A1 

(12) Patent Application Publication (10) Pub. N0.: US 2005/0244158 A1 
(43) Pub. Date: Nov. 3, 2005 

(54) METHOD AND APPARATUS FOR A 
VARIABLE RATE PIPE ON A LINEAR 
CONNECTION 

(76) Inventor: 

Correspondence Address: 
BLAKELY SOKOLOFF TAYLOR & ZAFMAN 
12400 WILSHIRE BOULEVARD 
SEVENTH FLOOR 
LOS ANGELES, CA 90025-1030 (US) 

(21) 

(22) Filed: 

(63) 

Appl. No.: 09/999,503 

Oct. 22, 2001 

Siegfried Luft, Vancouver (CA) 

Related US. Application Data 

?led on Jun. 22, 2001. 

\ 113 

Continuation-in-part of application No. 09/887,299, 

(60) Provisional application No. 60/258,765, ?led on Dec. 
30, 2000. 

Publication Classi?cation 

(51) Im. c1? ................................................... .. H04B 10/20 
(52) Us. 01. .............................................................. .. 398/59 

(57) ABSTRACT 

A method and apparatus for a variable rate pipe on a linear 
connection. In one embodiment of the invention, a method 
comprises provisioning a pipe from a part of a Working 
channel and at least part of a protection channel of an M:N 
linear connection, load balancing layer 2/3 traf?c transmit 
ted in the pipe While there is not a failure, reducing the pipe’s 
bandwidth When the failure occurs in the M:N linear con 
nection, load balancing layer 2/3 traf?c for the reduced pipe; 
and transmitting the load balanced layer 2/3 traf?c in the 
reduced pipe While there is the failure. 
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METHOD AND APPARATUS FOR A VARIABLE 
RATE PIPE ON A LINEAR CONNECTION 

NOTICE OF RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 09/887,299, titled Method and 
Apparatus for Variable Rate Pipes, ?led on Jun. 22, 2001, 
Which claims priority to US. Provisional Patent Application 
Ser. No. 60/258,765, titled Method and Apparatus for Vari 
able Rate Pipes, ?led on Dec. 30, 2000. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to communication netWorks. 
More speci?cally, the present invention relates to commu 
nication over optical netWorks. 

[0004] 2. Description of the Related Art 

[0005] Current netWorks must satisfy consumer demand 
for more bandWidth and a convergence of voice and data 
traf?c. The increased demand of bandWidth by consumers 
combines With improved high bandWidth capacity of core 
netWorks to make edge netWorks a bottleneck despite the 
capacity of optical netWorks. 

[0006] Multiplexing is used to deliver a variety of traf?c 
over a single high speed broadband line. An optical standard 
such as Synchronous Optical Network (SONET) or Syn 
chronous Digital Hierarchy (SDH) in conjunction With a 
multiplexing scheme is used to deliver various rates of traf?c 
over a single high speed optical ?ber. SONET/SDH is a 
transmission standard for optical netWorks Which corre 
sponds to the physical layer of the open standards institutes 
(OSI) netWork model. One of the protection schemes for 
SONET/SDH involves automatic protection sWitching 
(APS) in a bi-directional line sWitched ring (BLSR) archi 
tecture. BLSR utiliZes linear sWitching to implement APS. 

[0007] FIGS. 1A-1E are diagrams illustrating an example 
of traf?c How in a Bi-Directional Line SWitched Ring 
(BLSR) While there is and is not a failure in the ring. FIG. 
1A is a diagram of exemplary traf?c How on the ring While 
there is not a failure. Although a BLSR has a Working 
channel and a protection channel for traf?c ?oWing East and 
West, only one Working channel and its protection channel 
(Which traverse the ring in the opposite direction) are shoWn 
in FIGS. 1A and 1B. In FIG. 1A, an optional ring includes 
nodes 101, 103, 105, 111, 109, and 107 clockWise. In FIG. 
1A, a stream of time division multiplex (TDM) traf?c 113 is 
received from a source external to the ring at node 101. Node 
101 transmits this traf?c 113 over its East span 115 on a 
Working channel 119 to a node 103. Node 103 transmits the 
traf?c 113 over its East span 117 in a Working channel 121 
to node 105. The stream of TDM traf?c 113 exits the ring at 
node 105 to a destination external to the ring. Although extra 
traf?c may be ?oWing in the protection channels of the ring, 
only the stream of TDM traf?c 113 is shoWn for simplicity. 

[0008] FIG. 1B is a diagram of exemplary traffic How on 
the ring While there is a failure. In FIG. 1B, the node 103’s 
East span 117 has failed (e.g., severed lines). The stream of 
TDM traf?c 113 is protection sWitched at node 103. Node 
103 informs the other nodes in the ring of the failure. The 
stream of TDM traf?c 113 is transmitted back to node 101 
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from node 103 in the protection channel 110 of node 103’s 
West span 115. The stream of TDM traf?c 113 continues 
around the ring counter-clockWise to node 105 along a 
protection path. The protection path includes the protection 
channels 114, 120, 128, and 120 carrying traffic betWeen 
nodes 101 and 107, 107 and 109, 109 and 111, and 111 and 
105 respectively. 
[0009] FIG. 1C is a diagram of exemplary traf?c How in 
spans 115 and 117 of the ring illustrated in FIG. 1A or 1B 
While there is not a failure. In FIG. 1C, transmit Working 
channel 137, protection channels 110 receiving Working 
channel 119, and protection channel 139 of node 103’s West 
span 115 are shoWn. Similarly, transmit Working channel 
121 and transmit protection channel 135, receiving Working 
channel 141 and protection channel 143 of node 103’s East 
span 117 are shoWn. The transmit Working channel 137 and 
the receiving protection channel 139 of node 103’s West 
span 115 are not shoWn in FIGS. 1A and 1B for simplicity. 
The transmit protection channel 135 and the receiving 
Working channel 141 of node 103’s East span 117 are also 
not shoWn in FIGS. 1A and 1B for simplicity. A stream of 
Working TDM traf?c 104 is transmitted in the transmit 
Working channel 137 from node 103 to node 101. Another 
stream of Working TDM traf?c 113 is received in the 
receiving Working channel 119 and transmitted to node 105 
in the transmit Working channel 121 While there is not a 
failure. The receive Working channel 141 carries TDM 
traffic not shoWn in the ?gure. 

[0010] FIG. 1D is a diagram of exemplary traf?c ?oW in 
spans 115 and 117 of the ring illustrated in FIGS. 1A and 
1B While there is a failure. In FIG. 1D, the stream of 
Working TDM traf?c 104 continues to be transmitted in the 
transmit Working channel 137. The stream of TDM traf?c 
113 is protection sWitched to the transmit protection channel 
110 While there is a failure. 

[0011] The ring described in FIGS. 1A-1D can be a 2 ?ber 
or 4 ?ber BLSR. The channels described in FIGS. 1A-1D 
are logical channels Which may reside on different optical 
?bers depending on the ring architecture. A ring sWitch, 
Which is a protection sWitch that occurs in both 2 ?ber and 
4 ?ber BLSRs, is illustrated in FIGS. 1C-1D. 

[0012] FIG. 1E is a diagram illustrating a span sWitch 
While the transmit Working channel 121 of FIGS. 1C-1D 
fails. In FIG. 1E, the transmit Working channel 121 of node 
103 fails. In a 4 ?ber optical ring, the failure is detected and 
the stream of TDM traffic 113 is span sWitched to the 
transmit protection channel 135. A span sWitch is a protec 
tion sWitch Which occurs in a 4 ?ber BLSR. Physically, the 
East span 117 is 2 ?bers. The transmit Working channel 121 
exists on one ?ber and the transmit protection channel 135 
exists on a separate ?ber. The failure of the Working channel 
121 is a failure of the ?rst ?ber. The stream of TDM traf?c 
113 is sWitched from being transmitted over the ?rst ?ber to 
being transmitted over the second ?ber. 

[0013] High speed optical rings offer large amounts of 
bandWidth, but the protection scheme utiliZes 50% of that 
bandWidth. This 50% of total bandWidth for a protection 
channel often goes unused While there is not a failure. It is 
often unused because traf?c transmitted in the protection 
channel Would be preempted by the Working TDM traf?c 
While a failure occurs. 

[0014] FIGS. 2A and 2B are diagrams illustrating the use 
of a protection channel to carry extra (TDM) traf?c While 
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there is and is not a failure. FIG. 2A is a diagram illustrating 
the use of a protection channel to carry extra TDM traf?c 
While there is not a failure. In FIG. 2A, a West span 201 is 
divided into a Working channel 205 and a protection channel 
207. The Working channel 205 carries TDM traf?c 209 and 
the protection channel 207 carries extra TDM traf?c 211. An 
East span 203 is also divided into a Working channel 204 and 
a protection channel 206. The Working channel 204 of the 
East span 203 carries TDM traf?c 213 and the protection 
channel 206 carries extra TDM traffic 215. 

[0015] FIG. 1A is a diagram of exemplary traf?c How on 
the ring While there is not a failure. FIG. 1B is a diagram of 
exemplary traf?c How on the ring While there is a failure. 
FIG. 1C is a diagram of exemplary traffic How in spans 115 
and 117 of the ring illustrated in FIG. 1A or 1B While there 
is not a failure. FIG. 1D is a diagram of exemplary traf?c 
How in spans 115 and 117 of the ring illustrated in FIGS. 1A 
and 1B While there is a failure. FIG. 1E is a diagram 
illustrating a span sWitch While the transmit Working channel 
121 of FIGS. 1C-1D fails. FIG. 2A is a diagram illustrating 
the use of a protection channel to carry extra TDM traf?c 
While there is not a failure. In FIG. 2B, the East span 203 
has failed. The Working TDM traf?c 213 is protection 
sWitched into the protection channel 207 of the West span 
201. The protection sWitched Working TDM traf?c 213 
preempts the extra TDM traf?c 211 Which Was previously 
carried in the protection channel 207 of the West span 201. 
The extra TDM traf?c 215 previously transmitted over the 
protection channel 207 of the East span 203 is not protected 
and is therefore completely lost upon the failure. 

[0016] Extra TDM traffic is problematic to sell to custom 
ers because it is preemptable and unprotected. A consumer 
could purchase the extra traf?c service from tWo netWork 
oWners or providers and alternate betWeen the tWo upon 
failures. While the above is true for a 2 ?ber BLSR, the 
impact to extra TDM traffic in a 4 ?ber BLSR depends on 
the type of failure. In particular, While a ring sWitch in 4 ?ber 
BLSR operates in a similar manner as described above, a 
span sWitch in a 4 ?ber BLSR does not impact the extra 
TDM traf?c transmitted on the non-failing spans. 

SUMMARY OF THE INVENTION 

[0017] The invention provides a method and apparatus for 
a variable rate pipe on a linear connections. According to 
one aspect of the invention, a method is provided Which 
provisions a pipe from a part of a Working channel and at 
least a part of a protection channel of an M:N linear 
connection. While there is not a failure in the linear con 
nection, the method provides for load balancing layer 2/3 
traf?c that is transmitted in the pipe. When there is a failure 
in the linear connection, the pipe’s bandWidth is reduced and 
layer 2/3 traffic is load balanced for the reduced pipe. 
Furthermore, the method provides for transmitting load 
balanced layer 2/3 traf?c in the reduced pipe While there is 
a failure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The invention may best be understood by referring 
to the folloWing description and accompanying draWings 
that are used to illustrate embodiments of the invention. In 
the draWings: 

[0019] FIG. 1A is a diagram of exemplary traf?c How on 
the ring While there is not a failure. 
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[0020] FIG. 1B is a diagram of exemplary traffic How on 
the ring While there is a failure. 

[0021] FIG. 1C is a diagram of exemplary traf?c How in 
spans 115 and 117 of the ring illustrated in FIG. 1A or 1B 
While there is not a failure. 

[0022] FIG. 1D is a diagram of exemplary traf?c How in 
spans 115 and 117 of the ring illustrated in FIGS. 1A and 
1B While there is a failure. 

[0023] FIG. 1E is a diagram illustrating a span sWitch 
While the transmit Working channel 121 of FIGS. 1C-1D 
fails. 

[0024] FIG. 2A is a diagram illustrating the use of a 
protection channel to carry extra TDM traf?c While there is 
not a failure. 

[0025] FIG. 2B illustrates preemption of extra TDM traf 
?c While there is a failure. 

[0026] FIG. 3 is a conceptual diagram illustrating an 
exemplary division of an optical span’s bandWidth accord 
ing to one embodiment of the invention. 

[0027] FIG. 4A is a diagram illustrating an example traf?c 
?oW While there is not a failure in an optical span according 
to one embodiment of the invention. 

[0028] FIG. 4B is a diagram illustrating an example traf?c 
?oW While there is a failure in an optical span according to 
one embodiment of the invention. 

[0029] FIG. 4C is a diagram of the example traf?c How 
419 of FIGS. 4A and 4B While there is not and is a failure 
of the span 403 of FIGS. 4A an 4B in a ring according to 
one embodiment of the invention. 

[0030] FIG. 5 is a diagram of circuit components in a 
hybrid netWork element according to one embodiment of the 
invention. 

[0031] FIG. 6 is a ?oWchart for allocating a layer 2/3 pipe 
and subpipes in an optical ring according to one embodiment 
of the invention. 

[0032] FIG. 7A illustrates traf?c ?oWing through the 
BLSR While there is not a failure according to one embodi 
ment of the invention. 

[0033] FIG. 7B illustrates the example traf?c ?oW through 
the BLSR While there is a failure before a routing protocol 
detects the failure according to one embodiment of the 
invention. 

[0034] FIG. 7C illustrates the example traffic ?oW 
through the BLSR While there is a failure after the routing 
protocol detects the failure according to one embodiment of 
the invention. 

[0035] FIG. 8A illustrates varying concatenations over the 
BLSR of FIGS. 7A-7C While there is not a failure according 
to one embodiment of the invention. 

[0036] FIG. 8B illustrates a failure in the BLSR according 
to one embodiment of the invention. 

DETAILED DESCRIPTION 

[0037] In the folloWing description, numerous speci?c 
details are set forth to provide a thorough understanding of 
the invention. HoWever, it is understood that the invention 
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may be practiced Without these speci?c details. In other 
instances, Well-known circuits, structures and techniques 
have not been shoWn in detail in order not to obscure the 
invention. 

[0038] A method and apparatus is described that provides 
a pipe through an optical ring netWork that includes some 
bandWidth from the Working and protection channels While 
there is no failure, but that is not completely lost on a failure. 
In this ring netWork, netWork elements are used that can 
transmit and receive TDM ring traffic. In addition, at least 
certain of the netWork elements provide tWo different 
sWitching techniques—TDM and packet. The packet sWitch 
ing provided can support any number of protocols including 
layer 2 and layer 3 type protocols such as ATM, Ethernet, 
Frame Relay, etc. In addition to typical operations of a TDM 
netWork element, the netWork elements are implemented to 
be able to: 1) programmably select on an STS basis certain 
of the incoming TDM traffic to be extracted and packet 
sWitched rather than TDM sWitched; and/or 2) receive 
packet traffic in another form and to be packet sWitched. 
Regardless of Which sWitching technique is used, the 
sWitched traf?c going back onto the ring is put in TDM 
format and transmitted out. HoWever, each time traffic is 
packet sWitched, that traffic can be statistically multiplexed 
(e.g., the packets can be selectively dropped based on 
various criteria). An exemplary implementation of such 
hybrid netWork elements is provided in FIG. 5. 

[0039] FIG. 3 is a conceptual diagram illustrating an 
exemplary division of an optical span’s bandWidth accord 
ing to one embodiment of the invention. In FIG. 3, the 
optical span’s 301 bandWidth is evenly split betWeen a 
Working channel 303 and a protection channel 305. A port 
307 of the Working channel 303 Will carry TDM traffic. This 
part of the Working channel 303 Will be referred to as the 
Working TDM pipe 307. While there is not a failure, the 
remaining port 309 of the Working channel 303 forms a 
subpipe (“Working layer 2/3 subpipe”) and all of the pro 
tection channel 305 forms a subpipe. Together these sub 
pipes form a layer 2/3 pipe to transmit TDM traf?c having 
layer 2/3 traf?c (ATM, Ethernet, Frame Relay, Internet 
Protocol, etc.) as payload. While there is a failure, a port 313 
of the protection channel 305 Will carry a protection 
sWitched stream of TDM traf?c. Aport 311 of the protection 
channel 305 Will be used as a protecting layer 2/3 subpipe to 
carry another stream of protection sWitched TDM traffic that 
has layer 2/3 traffic as payload. The Working layer 2/3 
subpipe 309 Will carry the TDM traf?c having layer 2/3 
traffic as payload transmitted in the layer 2/3 pipe While 
there is not a failure. 

[0040] FIGS. 4A-4C are diagrams illustrating example 
traffic flow While there is and is not a failure on an optical 
span according to one embodiment of the invention. FIG. 
4A is a diagram illustrating an example traffic flow While 
there is not a failure in an optical span according to one 
embodiment of the invention. In FIG. 4A, a West transmit 
span 401 is divided into a Working channel 405 and a 
protection channel 407. In FIG. 4A, the West transmit span 
401 carries tWo streams of traffic. In a Working TDM pipe 
402 the West transmit span 401 carries a stream of TDM 
traf?c 409. The West transmit span 401 carries another 
stream of TDM traf?c 411 having layer 2/3 traffic as payload 
in a layer 2/3 pipe 412. The stream of TDM traffic 411 s 
represented by tWo lines to shoW the layer 2/3 pipe 412 
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encompassing a segment of the Working channel 405 and all 
of the protection channel 407 (it should be noted that the 
layer 2/3 pipe need not encompass all of the protection 
channel 407—some of this channel could go unused and/or 
some of this channel could be used for a different purpose, 
e.g., extra traf?c). 

[0041] In FIG. 4A, an East transmit span 403 is also 
divided into a Working channel 406 and a protection channel 
408. The East transmit span 403 carries tWo streams of 
traffic. In a Working TDM pipe 404 the East transmit span 
403 carries a stream of TDM traf?c 417. The East transmit 
span 403 carries another stream of TDM traf?c 419 having 
layer 2/3 traffic as payload in a layer 2/3 pipe 414. The 
stream of TDM traf?c 419 is represented by tWo lines to 
shoW the layer 2/3 pipe 414 encompassing a segment of the 
Working channel 406 and all of the protection channel 408 
(again, it should be noted that the layer 2/3 pipe need not 
encompass all of the protection channel 408). 

[0042] The streams of TDM traffic 411 and 419 carry data 
traffic formatted according to a layer 2/3 protocol such as 
ATM, Ethernet, Frame Relay, Internet Protocol, etc as 
payload. The streams of TDM traf?c 411 and 419 can be 
transmitted in a number of scenarios. The streams of TDM 
traffic 411 and 419 may be sWitched into the ring through the 
packet sWitching mechanism in one node and exit the ring as 
TDM traffic from another node. The streams of TDM traf?c 
411 and 419 maybe sWitched into the ring as layer 2/3 traffic 
through the packet sWitching mechanism in one node and 
exit the ring through the packet sWitching mechanism in 
another node in the form of layer 2/3 traffic. These examples 
are described as illustrations to aid in understanding the 
invention and not meant to be limiting upon the invention. 

[0043] FIG. 4B is a diagram illustrating an example traffic 
flow While there is a failure in an optical span according to 
one embodiment of the invention. In FIG. 4B, the East 
transmit span 403 fails (e. g. a severed line, failing hardWare, 
etc.). The West transmit span 401 continues to carry the 
stream of TDM traf?c 409 in the Working TDM pipe 402. 
The West transmit span 401 also continues to carry the 
stream of TDM traffic 411 having layer 2/3 traffic as pay 
load, but only in a Working layer 2/3 subpipe 433. A 
protecting layer 2/3 subpipe 435 noW carries the stream of 
TDM traf?c 419 having layer 2/3 traffic as payload because 
all traffic traveling in the Working channel 406 of the East 
transmit span 403 prior to the failure Was protection 
sWitched to the protection channel 407 of the West transmit 
span 401. The East stream of TDM traf?c 417 noW travels 
in the protecting TDM pipe 410 of the West transmit span 
401. The West protecting TDM pipe 410 is the same siZe or 
number of timeslots as the Working TDM pipe 404. 

[0044] As shoWn in the illustration of FIGS. 4A and 4B, 
the streams of TDM traf?c 409 and 417 are transmitted at a 
constant rate because they utiliZe the same amount of 
bandWidth While there is not and is a failure. In contrast, the 
streams of TDM traf?c 411 and 419 are transmitted at a 
variable rate. While a failure does not exist, both streams of 
TDM traf?c 411 and 419 are transmitted over the layer 2/3 
pipe Which is allocated a large segment of bandWidth 
including some of the Working channel and possibly all of 
the protection channel timeslots. While a failure exists, the 
streams of variable rate TDM traffic 411 and 419 are 
transmitted over layer 2/3 subpipes Which are allocated an 
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equal amount of the timeslots not used by the constant rate 
TDM traf?c 409 and 417, hence the layer 2/3 pipe is 
reduced. 

[0045] The variability in the pipe siZe is possible because 
of the statistical multiplexing capability of the packet 
sWitching mechanism in the network elements of the ring. 
Speci?cally, the reduction in the amount of available band 
Width for the TDM traf?c having layer 2/3 traf?c as payload 
requires the packet sWitch of the netWork element to buffer 
and/or to drop layer 2/3 traf?c to make that traf?c ?t the 
provided pipe. 

[0046] FIG. 4C is a diagram of the example traffic How 
419 of FIGS. 4A and 4B While there is not and is a failure 
of the span 403 of FIGS. 4A an 4B in a ring according to 
one embodiment of the invention. In FIG. 4C, three nodes 
431, 439, and 441 are coupled With each other to form an 
optical ring. Each node in the ring has a West and East 
transmit span, but in FIG. 4C only the East and West 
transmit spans from the node 431 and an East transmit span 
from the node 439 are shoWn. The West transmit span 401 
carries traf?c from node 431 to node 439. The East transmit 
span 403 carries traf?c from the node 431 to the node 441. 
The East transmit span 440 carries traf?c from the node 439 
to the node 441. As previously shoWn in FIG. 4A, the 
variable rate TDM traf?c 419 travels over the layer 2/3 
subpipe 414 to node 441. Once node 431 ’s East transmit 
span 403 fails, the variable rate TDM traf?c 419 travels over 
the protecting layer 2/3 subpipe 435. Since the variable rate 
TDM traf?c 419 is destined for node 441, the variable rate 
TDM traf?c 419 is sWitched through node 439 and travels 
along node 439’s East transmit span 440 in its protecting 
layer 2/3 subpipe 443. Node 439 knoWs to transmit the 
variable rate TDM traf?c 419 onto a protecting layer 2/3 
subpipe because node 431 has communicated to node 439 a 
protection sWitch. 

[0047] As an illustration of the protection sWitch in rela 
tion to end users, assume that traffic from a ?rst, second, and 
third user enter the ring illustrated in FIG. 4C at node 431. 
Also assume that the ?rst and second user’s traf?c is to be 
terminated at node 441 and exit the ring at node 441 to an 
external netWork element. The third user is to be terminated 
at node 439 and exit the ring to an external netWork element. 
The traf?c from all three users is transmitted over the layer 
2/3 pipe from node 431 to node 441. The traffic from the 
third user is sWitched through the packet mesh of node 441 
and transmitted over a second layer 2/3 pipe (not shoWn) 
betWeen node 441 and node 439. As before, assume that 
there is a failure of span 403. While there is this failure, the 
traf?c in the layer 2/3 pipe 414 is sWitched to the protecting 
layer 2/3 pipe 435. The traf?c from all three users is passed 
through the cross connect of node 439 and terminated at 
node 441. The traf?c from the ?rst and second users exit the 
ring at node 441 While the traf?c from the third user is 
sWitched through the packet mesh of node 441 and trans 
mitted back to node 439 over the Working subpipe of the 
second layer 2/3 pipe (not shoWn). 

[0048] As illustrated in FIG. 4C, a failure on the ring does 
not cause the loss of the traffic on the layer 2/3 pipe, just a 
reduction in the available bandWidth. This is because the 
layer 2/3 pipe is made partially from the Working channel 
and partially from the protection channel. As such, this layer 
2/3 pipe is more sellable to customers than the extra traf?c 
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described in the background section because a failure does 
not result in a total loss of service. Moreover, using the 
BLSR protection scheme enables the traf?c traveling in the 
layer 2/3 pipe to be protection sWitched in a 50 millisecond 
time frame. 

[0049] To provide an example of the manner in Which the 
layer 2/3 pipe could be sold, assume that the Working and 
protection channel parts of the layer 2/3 pipe 414 are 
respectively 30 mbps and 90 mbps. Assume, that each of the 
?rst, second and third users above Want an equal amount of 
bandWidth of the layer 2/3 pipe 414. Each customer could be 
offered a guaranteed (in the event of a single failure) 10 
mbps and a maximum of 40 mbps. The customers traf?c at 
node 431 Would be statistically multiplexed to ?t the siZe of 
the layer 2/3 pipe currently being provided. The guaranteed 
10 mbps per customer Would be provided by the Working 
subpipe on span 403 or the protecting layer 2/3 subpipe 435. 
The maximum 30 mbps per customer Would be provided by 
the protection subpipe on span 403 While there is no failure. 
In this manner partially BLSR protected layer 2/3 traf?c is 
provided around the ring. 

[0050] It should be understood that the ability to offer a 
guaranteed minimum bandWidth requires that the bandWidth 
of the layer 2/3 pipes on the ring not be oversold. Thus, in 
the above example, to offer the third user the service 
identi?ed above, the ring provider Would also have at least 
the needed bandWidth (guaranteed 10 mbps and a maximum 
of 40 mbps) on the second layer 2/3 pipe from node 441 to 
node 439 (not shoWn) because the third users traf?c must 
traverse that span as Well as span 403. In other Words, if a 
potential user’s traf?c must traverse multiple spans of the 
ring in layer 2/3 pipes, each of these layer 2/3 pipes must 
have available the necessary bandWidth. 

[0051] It should also be noted that not every netWork 
element in the ring need to be of the type that is capable of 
both TDM and packet sWitching (a hybrid netWork element). 
Speci?cally, While node 431 must be a hybrid netWork 
element, the node 439 could be a standard TDM netWork 
element capable of only performing TDM sWitching. Thus, 
compatibility is maintained. 

[0052] FIG. 5 is a diagram of circuit components in a 
hybrid netWork element according to one embodiment of the 
invention. While in this embodiment separate sWitching 
mechanisms are provided for the TDM and packet sWitching 
(namely a TDM sWitch fabric and a packet mesh), alterna 
tive embodiments could provide a single sWitching mecha 
nism and/or different sWitching mechanisms (e.g., a packet 
sWitch fabric, a TDM mesh, etc.). In FIG. 5, four optical 
transmit ?bers 515, 502, 506, 510 connect to physical ports 
515, 502, 506, and 510 respectively. Four optical receive 
?bers 517, 504, 508, and 512 connect to physical ports 513, 
516, 520, and 523 respectively. TDM traffic is received over 
the optical receive ?bers 517, 504, 508, 512 and transmitted 
over the optical transmit ?bers 511, 514, 518, 522. The TDM 
traffic is transmitted and received as optical signals by 
physical connection circuitry (FCC) 501, 507, 503, 505. The 
PCCs convert optical signals to electrical signals and vice 
versa for reception and transmission. The TDM traffic is 
transmitted and received betWeen the PCCs 501, 507, 503, 
505 and the TDM processing circuits (TPCs) 519, 531, 525, 
and 537 respectively as electrical signals. The TPCs transmit 
and receive TDM traf?c from a control card (CC) 509. In 
















