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MULTI-SERVICE PACKET NETWORK 
INTERFACE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS/INCORPORATION BY 

REFERENCE 

[0001] The applicants claim priority based on provisional 
application Ser. No. 60/419,865, “Multi-Service Ethernet 
Over-SONET Silicon Platform,” ?led Oct. 21, 2002, the 
complete subject matter of Which is incorporated herein by 
reference in its entirety. 

[0002] This application is a continuation in part of US. 
application Ser. No. 10/318,444, “Multi-Service Ethernet 
Over-SONET Silicon Platform,” ?led on Dec. 13, 2002, 
Which is incorporated herein by reference in its entirety. 

FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

[0003] [Not Applicable] 

MICROFICHE/ COPYRIGHT REFERENCE 

[0004] [Not Applicable] 

BACKGROUND OF THE INVENTION 

[0005] Certain embodiments of the present invention 
relate to providing access to broadband communication 
systems. More speci?cally, certain embodiments relate to an 
apparatus Which provides an interface to connect to broad 
band synchronous optical netWorks in order to provide a 
variety of synchronous and packet netWork connections. 
Additional embodiments described relate to an apparatus 
that may provide a packet netWork interface operating at a 
higher bit rate using a group of communications links 
operating at a loWer bit rate as the transport mechanism. 

[0006] In the past, a variety of transmission technologies 
have been used to electronically transfer large amounts of 
digital information, including both terrestrial and satellite 
links. Terrestrial facilities that have commonly been used 
include both buried and above-ground cable, microWave 
radio and most recently, optical ?ber, Which offers the largest 
bandWidth. NetWorks used for such high capacity data 
transport systems are typically synchronous netWorks. 

[0007] A synchronous netWork is one example of What is 
traditionally referred to as a circuit-sWitched netWork. In a 
synchronous netWork, data is transmitted from one location 
to another as a continuous stream of digital information 
moving from the source to the destination at a constant rate. 
The stream is organiZed as a sequence of frames, each frame 
containing a ?xed number of ?elds in a de?ned order, each 
?eld of the same length. An end-to-end connection or 
“circuit” in a synchronous netWork exists as a collection of 
individual segments Which are assigned When the circuit is 
built or “provisioned.” At the time that a circuit is provi 
sioned it is assigned the use of one or more of the ?elds in 
the frames exchanged across a given segment, and a circuit 
may be assigned a different ?eld Within the frames carried on 
different segments. The transfer of data at the point of 
connection of one segment to another is time synchroniZed, 
and does not add signi?cant delay. Because the data on any 
segment moves at a constant rate, and no delay occurs at the 
connections betWeen segments, the time needed to travel 
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from one end to the other end of a circuit is ?xed. The 
Synchronous Optical NetWork (SONET) and Synchronous 
Digital Hierarchy (SDH) are the principal synchronous 
optical netWork standards currently in use. In the SONET 
standard, the term “circuit” in the above discussion corre 
sponds to the SONET term “path,” and the term “segment” 
corresponds to the SONET term “link.” An example of a 
path in a SONET netWork is shoWn in FIG. 1. 

[0008] In most cases, no single user needs all of the 
capacity of an optical ?ber-based transmission system, so 
the standards have been designed to provide a means to 
share the bandWidth. For example, SONET netWorks typi 
cally operate at data rates of betWeen 51.84 megabits per 
second (Mbps) and 10 gigabits per second (Gbps). Within 
that range, a device called an add/drop multiplexer (ADM) 
can be used to insert or extract a loWer bit rate stream to or 

from one of a higher bit rate. Adiagram shoWing the SONET 
hierarchy and the relationships betWeen bits rates is illus 
trated in FIG. 2. 

[0009] In contrast to circuit sWitched netWorks, packet 
netWorks consist of a mesh of nodes interconnected by links, 
and data is exchanged in bursts called packets. The use of 
packet netWorks is groWing in popularity due to the Hex 
ibility offered by the ability of a packet netWork to ef?ciently 
handle multiple data streams of Widely varying bandWidth. 
This ?exibility is one of the factors helping to bring about a 
convergence of data and voice netWorks. The packet con 
tents include the address of its destination, and it is the 
function of each node to direct each packet that it receives 
to a link that Will send it closer to its destination. In general, 
a packet is queued at a node before being forWarded to the 
next node in the path, because it may have to Wait for the 
outgoing link to become available. Packets may contain 
voice, data, or video information, and can be of varying 
length. The amount of time that a packet takes to travel from 
the source to the destination varies based upon a number of 
factors including the number of nodes, the speed of the links, 
and the queuing delay that occurred at each node. Each of 
the services supported on a packet netWork has its oWn set 
of requirements including, for example, end-to-end delay, 
packet loss, and privacy. Designers of packet netWorks take 
those requirements into consideration. 

[0010] Synchronous optical netWorks are the primary 
transport mechanism for long distance transmission of infor 
mation, and are becoming increasingly important in metro 
politan areas. At the same time, the use of packet netWorks 
is groWing rapidly due to their ability to ef?ciently carry 
multiple data streams of Widely varying bandWidth. With the 
passage of time, the number and variety of data services, the 
number of users, and the total bandWidth required at any 
particular user location Will groW. Some legacy equipment 
requires loWer speed synchronous netWork connections, 
While other equipment requires a packet netWork interface. 
In some applications, more than one synchronous optical 
link may be needed to support the total bandWidth required. 
As user demand for higher bandWidth connections groWs 
and synchronous optical netWorks expand, support for con 
nections of varying bandWidth Will become increasingly 
important. The result is an ever-groWing need for high 
capacity, highly-functional, cost-effective systems for the 
connection of synchronous optical netWorks to packet net 
Works and to loWer speed synchronous netWorks. 
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[0011] The functionality that may be needed to connect a 
SONET or SDH synchronous optical network and a packet 
network includes that of an Add-Drop Multiplexer (ADM) 
or terminal, a Digital Cross-Connect (DCC), and a Multi 
Service Provisioning Platform (MSPP). ADMs are used to 
transport SONET or SDH traf?c on netWork ring topologies. 
An example of such a SONET ring is shoWn in FIG. 3. The 
most popular of these ring topologies are Unidirectional 
Protected SWitched Rings (UPSR) and Bidirectional Line 
SWitched Rings (BLSR). In this arrangement, the nodes on 
the ring are linked by tWo optical ?ber connections that 
transmit data in opposite directions. Should one of the 
optical ?bers experience a failure, the nodes in the ring are 
still able to communicate using the other optical ?ber. The 
ADMs are nodes on such rings that are used to arbitrate (add 
or drop) traffic to or from the ring. Rings are interconnected 
by gateWays, as illustrated in FIG. 4. The client traf?c on the 
ADM (the traf?c that is added or dropped from the netWork 
ring) is normally transmitted at a lesser data rate than the 
netWork traf?c (the traffic on the ring). Typical ring traf?c 
rates for both SONET and SDH are 155 Mbps, 622 Mbps, 
2488 Mbps and 9953 Mbps. These correspond to OC-3, 
OC-12, OC-48 and OC-192 rates for SONET respectively, 
and to STM-1, STM-4, STM-16 and STM-64 rates for SDH 
respectively. Client traf?c on the ADM can either be a loWer 
SONET or SDH rate than the ring rate, or it can be a PDH 

rate (Plesiochronous Digital Hierarchy), such as DS1, DS2 
or DS3 or E1, E2 and E3. The DS1 rate is 1.544 Mbps, DS2 
is 6.312 Mbps, DS3 is 44.736 Mbps, E1 is 2.048 Mbps, E2 
is 8.448 Mbps, and E3 is 34.368 Mbps. 

[0012] A SONET/SDH terminal performs a function simi 
lar to that of an ADM except that the netWork connection is 
not in a ring con?guration. A terminal terminates a high 
speed point-to-point SONET path, and hands off a number 
of loWer rate lines and paths on the client side. For example, 
an OC-3 terminal could be used to terminate an OC-3 path 
and hand off three DS3 lines on the client side. 

[0013] The DCCs are used to sWitch and groom traf?c 
betWeen different lines and paths. A netWork may include 
several ADMs and terminals to arbitrate or terminate traf?c 
along rings or point-to-point connections, and a DCC Will be 
used to sWitch the traf?c betWeen all the paths. A DCC is a 
circuit sWitch, Which means that all connections are provi 
sioned statically. 

[0014] The Multi-Service Provisioning platform combines 
the function of the DCC, the ADM, and the terminal along 
With the ability to support data protocols such as Ethernet to 
the client users. In all instances today, these MSPPs are 
scalable platforms based on a chassis. This means that to 
build a useful system, a user needs to install a speci?c circuit 
card supporting each function. The purpose of the chassis is 
to hold the required circuit cards, provide an electrical 
interconnect or “backplane” to connect signals from one 
card to another, and to supply poWer for system operation. 
For example, separate cards are needed for sWitching, sup 
porting the ADM function, supporting and mapping DS1 
traf?c, supporting and mapping DS3 traf?c, and supporting 
and mapping Ethernet traffic. FIG. 5 illustrates an example 
chassis arrangement of an MSPP 500, shoWing Ethernet 
interface card 502, cross-point sWitch card 504, synchronous 
optical interface cards 506 and 508, and processor card 510. 
The silicon devices developed to support these platforms 
tend to implement an ever increasing but still small portion 
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of the needed functionality. For instance, there are devices 
on the market supporting SONET framing, DS1 framing and 
mapping, DS3 framing and mapping, DS1 mapping into 
DS3 (knoWn as M13 mappers), Ethernet-over-SONET map 
pers, and digital cross-connects. Building a system is com 
plex and costly due to the number of cards and/or individual 
integrated circuit devices required. The variety and number 
of netWork connections that can be supported by the MSPP 
system is limited by several factors, including the level of 
functionality and number of connections on each integrated 
circuit device, the number of circuit cards that can be 
contained Within the chassis, and the number of signals that 
must be carried by the backplane. 

[0015] Situations exist Where Ethernet packet netWork 
service is desired and Where optical connectivity is not 
available or is not cost effective, but Where there are 
available multiple loWer bit-rate circuit-sWitched communi 
cations links. For example, synchronous time division mul 
tiplex service such as DS1 has been in Widespread use for 
many years. Some subscribers may have multiple DS1 or 
digital subscriber loop (DSL) lines available on site, but 
have a need for 10 Mbps Ethernet packet connectivity. Many 
subscribers that may need Ethernet packet netWork connec 
tivity cannot make effective use of even the loWest level of 
SONET/SDH capacity. A loW-cost solution to provide a 
packet netWork interface via multiple loWer speed links is 
needed. 

[0016] As can be seen from the above discussion, there is 
a fundamental disconnect betWeen the packet netWork envi 
ronment and core optical netWorks such as SONET and 
SDH. There is also a need for systems able to provide packet 
netWork connectivity using available loWer speed facilities. 
The relatively high cost of the technology typically used to 
?ll these gaps hinders netWork groWth and further expansion 
of support for metropolitan optical netWorks and packet 
netWork service. Accordingly there is a need for a more 
compact, cost-effective, and more ?exible solution to pro 
viding packet netWork over legacy facilities as Well as neWer 
SONET and SDH-based optical netWorks. 

[0017] Further limitations and disadvantages of conven 
tional and traditional approaches Will become apparent to 
one of skill in the art, through comparison of such systems 
With some aspects of the present invention as set forth in the 
remainder of the present application With reference to the 
draWings. 

BRIEF SUMMARY OF THE INVENTION 

[0018] Aspects of the present invention relate to a device 
that permits the interconnection of circuit-sWitched and 
packet netWorks. More speci?cally, one embodiment of the 
present invention may be a single integrated circuit that 
includes the functionality that may be required to provide 
Ethernet packet service using a group of loWer-speed, time 
division multiplex connections. 

[0019] An embodiment in accordance With the present 
invention may comprise a hashing processor for selecting a 
transmit data channel and for designating a receive packet 
interface and a transmit packet interface. In addition, it may 
comprise a packet mapper for processing at least one trans 
mit packet from the designated transmit packet interface 
operating at a ?rst bit rate, the packet mapper transferring 
the contents of the at least one transmit packet to the selected 
















