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1

BI-DIRECTIONAL CHAINING OF
NETWORK ACCESS PORTS

FIELD OF THE INVENTION
The present invention relates generally to high-speed data 5

communication systems, and specifically to digital sub-
scriber line systems.

BACKGROUND OF THE INVENTION

Digital Subscriber Line (DSL) is a modem technology 1o
that enables broadband digital data to be transmitted over
twisted-pair wire, which is the type of infrastructure that
links most home and small business subscribers to their
telephone service providers. DSL modems enable users to
access digital networks at speeds tens to hundreds of times 1s
faster than current analog modems and basic ISDN service.
DSL thus opens the most critical bottleneck in local-loop
accesstohigh-speednetworks,suchasAsynchronousTrans-
fer Mode (ATM) and Internet Protocol (IP) networks, with-
out requiring major investments in new infrastructure. A 20
range of DSL standards have been defined, known generi-
cally as "xDSL," wherein the various standards have dif-
ferent data rates and other associated features but share
common principles of operation.

DSL subscribers are connected to high-speed networks 25
through Digital Subscriber Line Access Multiplexer
(DSLAM) systems. Because of the high cost of network
bandwidth, a single DSLAM must typically be designed to
serve between 100 and 1000 subscribers and to concentrate
their traffic through one or a few network trunks. The need 3o
to serve such a large and potentially variable number of
subscribers in the one DSLAM has led to the development
of "multi-shelf' access architectures.

FIG. 1 is a block diagram that schematically illustrates a
DSLAM system 20 implementing a multi-shelf architecture, 35
as is known in the art. System 20 comprises a master unit 25
coupled to multiple slave units 27 in a star configuration.
Master unit 25 communicates with a core network 22, such
as an ATM network. The master unit comprises a core
network interface element 24, providing the necessary 40
physical layer (PHY) and data link layer (for example, ATM)
functions. A concentrator 26 performs higher-level
functions, including VPI/VCI translation for the ATM
network, and multiplexes downstream and upstream
packets, or cells, among slave units 27. Each slave unit 45
typically comprises a switching core 29, coupled to a
plurality of ports 28 serving respective subscriber premises
via suitable DSL modems. In the physical implementation of
system 20, each such slave unit occupies its own shelf in an
electronics rack, and this is the reason for the use of the term 50
"'multi-shelf."

FIGS. 2A and 2B are block diagrams that schematically
illustrate topologies known in the art for use in multi-shelf
access systems, such as that shown in FIG. 1. FIG. 2Ashows
a simple star configuration. In a redundant star ss
configuration, shown in FIG. 2B, each slave unit is con-
nected to two or more alternative master units, so as to
provide protection in case of a failure in one of the master
units.

SUMMARY OF THE INVENTION

It is an object of some aspects of the present invention to
provide an improved multi-shelf access architecture.

It is a further object of some aspects of the present
invention to provide apparatus and methods for efficient, 65
high-speed transfer of data packets within an access multi-
plexer system.

2
It is still a further object of some aspects of the present

invention to improve the robustness and reliability of multi-
shelf access systems.

In preferred embodiments of the present invention, a
multi-shelf access system comprises two master units

("masters") and a plurality of slave units ("slaves") One of
the masters serves as an active master, through which the
slaves normally receive data packets from a core network
and transmit packets back upstream to the network. The
other master is termed a standby master. The slaves are
connected in one or more daisy chains between the active
and standby masters, and are configured so that both down-
stream and upstream packets can be transmitted in either
direction along each of the chains, i.e., from or to either of
the two masters. Thus, if a failure occurs in any one of the
slaves or in a link between them, the traffic direction in the
chain in which the failure has occurred is simply reversed so
as to run through the standby master. Substantially no
reprogramming of the slaves is required for this purpose. All
of the slaves (except possibly a slave that has failed)
continue to provide service to subscribers, typically with
only a short interruption until corrective action is completed.

Preferably, the upstream packets are bicast by the active
master to both the core network and to the standby master.
The standby master also transmits the upstream packets to
the core network, in order to protect against faults in the
network interface of the active master unit.

In some preferred embodiments of the present invention,
each slave comprises a pre-switch, which examines each
packet passed down its respective chain to determine
whether the packet is destined for any of the ports on that
slave. Preferably, every packet passed between the masters
and slaves has a pre-switch address. If the packet is
addressed to a particular slave, the pre-switch on that slave
conveys the packet to a switch or switching fabric of the
slave, which routes the packet to the appropriate port. If the
packet is a multicast packet with an appropriate pre-switch
address, the pre-switch both conveys a copy of the packet to
the switch or switching fabric of the slave and passes the
packet on down the chain. The pre-switch similarly accepts
packets carrying a "next" address, i.e., packets that are sent
from one slave to its immediate neighbor for topology
detection and diagnostics. Otherwise, the pre-switch rejects
the packet and passes it on to the next slave along the chain.

The pre-switch thus reduces the burden on the switching
fabric of the slave and ensures that packets are passed down
the chain at the full data rate supported by the master-slave
interface. Furthermore, in the case of a fault in the slave, the
pre-switch simply passes all packets through to the next
slave in the chain, so that the effect of the fault is limited as
far as possible.

Preferably, the slave pre-switch is bidirectional, i.e., it
treats packets passed both up and down the chain in sub-
stantially the same manner. The pre-switch thus supports the
failure protection mechanism described hereinabove,
wherein the traffic direction is reversed in response to a
failure in the chain.

There is therefore provided, in accordance with a pre-

60 ferred embodiment of the present invention, network access
apparatus, including:

first and second master units, each including a physical
interface to a packet-switched network;

a plurality of slave units, each slave unit including one or
more ports to respective subscriber lines; and

a plurality of physical interface lines, which link the slave
units in one or more daisy chains, in which the slave

Ex. 1002, Page 19
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3

units are mutually connected in series by the physical
interface lines therebetween, each daisy chain includ-
ing at least a first slave unit connected by one of the
physical interface lines to the first master unit and a last
slave unit connected by another of the physical inter- 5
face lines to the second master unit.

Preferably, in normal operation, downstream data packets
received from the network are passed from the first master
unit to each of the daisy chains via the first slave unit in each
chain, and upstream data packets received by the slaves in 1o
each chain from the subscriber lines are passed via the first
slave unit in the chain to the first master unit for transmission
over the network. Further preferably, the apparatus includes
a protection interface, which couples the second master unit
to the first master unit, and over which interface data packets
are conveyed between the first and second master units in
case of a fault. Most preferably, the first master unit bicasts
the upstream data packets that it receives from the slave
units to the network and, via the protection interface, to the
second master unit, which transmits the upstream data 20
packets to the network.

Preferably, in case of a fault at a location in one of the
daisy chains, data flow in a portion of the daisy chain
between the location of the fault and the second master unit
is reversed, so that the downstream data packets are passed 25
from the second master unit to the slave units in the portion
of the daisy chain via the last slave unit in the chain, and the
upstream data packets are passed by the last slave unit to the
second master unit. Further preferably, the downstream
packets for the slave units in the portion of the daisy chain 3o
between the location of the fault and the second master unit
are conveyed to the second master unit from the first master
unit via another one of the daisy chains.

In a preferred embodiment, each of the first and second
master units includes: 3s

a switch, configured to route data packets between the
respective physical interface and the one or more daisy
chains; and

a pre-switch, which in the event of a fault at a location in
one of the daisy chains, re-routes at least a portion of 40
the data packets exchanged with one or more of the
slaves in the daisy chain in which the fault has occurred
through another one of the daisy chains. Preferably, the
pre-switch re-routes the data packets such that substan-
tially no reconfiguration of the switch is required 45
responsive to the fault.

In a further preferred embodiment, each of the slave units
includes:

a switch fabric including one or more switches, which
convey data packets to respective ports on the switch to so
which the packets are addressed; and

a pre-switch, which receives the data packets from one of
the physical interface lines connected to the slave unit
and passes those of the data packets that are addressed
to any of the ports on the slave unit to the switch fabric, ss
while passing packets not addressed to any of the ports
on the slave unit for output through another of the
physical interface lines.

Preferably, each of the slave units is coupled to receive
packets transferred thereto from the first and second master 60
units over first and second ones of the physical interface
lines, respectively, and the pre-switch passes the packets
received through the first and second physical interface line
and addressed to any of the ports on the slave unit to
respective first and second addresses in the switch fabric. 65
Further preferably, in response to a reversal of a direction of
data flow in the daisy chain, the first and second addresses

4
are swapped in the pre-switch, so that substantially no
reconfiguration of the switch fabric is required.

In a preferred embodiment, the network includes an
asynchronous transfer mode (ATM) network. In another
preferred embodiment, the network includes an Internet
protocol (IP) network.

There is further provided, in accordance with a preferred
embodiment of the present invention, in a network access
multiplexing system, in which a master unit is connected by
a physical interface to a packet-switched network, a slave
unit configured to be coupled to the master unit in a daisy
chain of such slave units, the slave unit including:

a plurality of ports, for coupling the slave unit to respec-
tive subscriber lines;

first and second physical interfaces, coupled to exchange
packets with preceding and succeeding units,
respectively, along the daisy chain;

a pre-switch, coupled to receive packets from the first
physical interface and responsive to address data car-
ried by the packets, to sort the packets such that packets
addressed to the slave unit are retained, and packets
addressed to the succeeding units are passed to the
second physical interface; and

a fabric of one or more switches, which convey the
retained packets to the ports, responsive to the address
data.

Preferably, the pre-switch is further coupled to receive
packets transferred thereto from the second physical inter-
face and to sort the packets in like manner to the packets
received through the first physical interface. Most
preferably, the retained packets that were received from the
first and second physical interfaces and are passed by the
pre-switch to the switch fabric are identified by respective
first and second port numbers, wherein in response to a
reversal of a direction of data flow in the daisy chain, the first
and second port numbers are swapped in the pre-switch, so
that substantially no reconfiguration of the switch fabric is
required in response to the reversal.

Further preferably, when one of the packets received by
the pre-switch includes a multicast packet addressed to one
or more of the ports on the slave unit, the pre-switch sorts
the multicast packet such that one copy of the packet is
retained and another copy of the packet is passed to the
second physical interface.

Preferably, in the event of a fault in the switch fabric, the
pre-switch continues to pass the packets addressed to the
succeeding units on to the succeeding units without signifi-
cant interruption.

There is also provided, in accordance with a preferred
embodiment of the present invention, a method for provid-
ing access to a network, including:

coupling first and second master units to interface with the
network;

linking a plurality of slave units, each slave unit including
one or more ports to respective subscriber lines, in a
daisy chain between the first and second master units;

conveying initial downstream data packets, received from
the network by one of the master units, along the daisy
chain in a first direction, so as to deliver the packets to
the ports of the slave units; and

in the event of a fault in the daisy chain, conveying further
downstream data packets, received from the network
by one of the master units, along the daisy chain in a
second direction, opposite to the first direction, so as to
deliver the further packets to the ports of at least some
of the slave units.
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Preferably, the initial and further downstream packets are
received from the network by the first master unit, and
conveying the further downstream packets in the second
direction includes conveying the further downstream pack-
ets from the first master unit to the second master unit, and 5
then conveying the further downstream packets from the
second master unit to the daisy chain. Most preferably,
conveying the further downstream packets from the first
master unit to the second master unit includes linking further
slave units in an additional daisy chain between the first and lo
second master units, and conveying the further downstream
packets from the first master unit to the second master unit
over the additional daisy chain.

Further preferably, the method includes conveying initial
upstream data packets, received by the slave units from the 1s
subscriber lines, along the daisy chain in the second direc-
tion so as to transmit the upstream data packets via the first
master unit over the network, and in the event of the fault,
conveying further upstream data packets received by one or
more of the slave units along the daisy chain in the first 20
direction via the second master unit. Most preferably, the
method includes bicasting the upstream data packets from
the first master unit to the network and to the second master
unit, which transmits the bicast upstream data packets over
the network. 25

Preferably, conveying the initial downstream data packets
along the daisy chain includes pre-switching the packets at
each of the slave units, so that packets not addressed to any
of the ports on the slave unit are passed to the next slave unit
in the daisy chain, while packets that are addressed to one or 3o
more of the ports on the slave unit are passed to a switch
fabric that directs the packets to the ports to which they are
addressed.

The present invention will be more fully understood from
the following detailed description of the preferred embodi- 3s
ments thereof, taken together with the drawings in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram that schematically illustrates a
multi-shelf access system, as is known in the art; 40

FIGS. 2A and 2B are block diagrams that schematically
illustrate multi-shelf system topologies that are known in the
art;

FIG. 3 is a block diagram that schematically illustrates the 45
topology of a multi-shelf access system, in accordance with
a preferred embodiment of the present invention;

FIG. 4 is a block diagram that schematically illustrates a
pre-switch used in a slave unit of a multi-shelf access
system, in accordance with a preferred embodiment of the so
present invention;

FIG. 5 is a block diagram that schematically illustrates
data flow in a multi-shelf access system under normal
operating conditions, in accordance with a preferred
embodiment of the present invention; 55

FIG. 6 is a block diagram that schematically illustrates
details of an active master in the system of FIG. 5, in
accordance with a preferred embodiment of the present
invention;

FIG. 7 is a block diagram that schematically illustrates 60
details of a standby master in the system of FIG. 5, in
accordance with a preferred embodiment of the present
invention;

FIG. 8 is a block diagram that schematically illustrates
data flow in the system of FIG. 5 under fault conditions, in 65
accordance with a preferred embodiment of the present
invention;

6
FIG. 9 is a block diagram that schematically illustrates

details of the active master in the system of FIG. 5 under the
fault conditions of FIG. 8, in accordance with a preferred
embodiment of the present invention; and

FIG. 10 is a block diagram that schematically illustrates
details of the standby master in the system of FIG. 5 under
the fault conditions of FIG. 8, in accordance with a preferred
embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 3 is a block diagram that schematically illustrates a
multi-shelf access system 31, in accordance with a preferred
embodiment of the present invention. System 31 is prefer-
ably a DSLAM, which provides subscriber access to an
ATM network. Alternatively, system 31 may be configured
for providing broadband access to substantially any high-
speed, packet-switched network, such as an IP network, over
substantially any suitable communications infrastructure.
Some of the principles embodied in this system may also be
applied in core network switching devices.

System 31 comprises two mutually-linked masters 30 and
32, both of which are generally capable of performing the
functions of master 25, including interfacing to network 22
and higher-level routing functions, as shown in FIG. 1 and
described with reference thereto. Aplurality of slaves 34 are
connected between masters 30 and 32 by lines 38 ina
numbereof daisy chains 36, 37 and 39.hEach slave comprises
multiple subscriber ports28, which linksystem31 to
respective subscriber locations. Although three chains are
shown in FIG. 2, each comprising four slaves 34, it will be
appreciated that masters 30 and 32 may also be configured
to accommodate greater or smaller numbers of chains and/or
slaves. An advantage of the architecture of system 31 is that
additional slaves may be added to the chains as needed,
without having to change the number of interfaces associ-
ated with masters 30 and 32.

Master 30 is termed the active master, because in normal
operation of system 31, i.e., in the absence of faults in the
system, downstream traffic from the network is routed from
master 30 down chains 36, 37 and 39 to the respective slaves
34. Upstream traffic from the slaves is likewise routed up the
chains to master 30. Active master 30 bicasts upstream
packets to the network and to standby master 32. The
standby master conveys copies of the upstream packets to
the network, as well, as protection against a failure in the
network interface of active master 30. In case of a fault in
one of chains 36, 37 or 39, as described further hereinbelow,
the traffic direction in all or a part of the faulty chain is
reversed. Packets are then directed between some of the
slaves and standby master 32, rather than directly between
the slaves and active master 30. When a serious failure
occurs in the active master, all traffic may be directed
through the standby master.

FIG. 4 is a block diagram that schematically illustrates
details of one of slaves 34, showing particularly a pre-switch
60 in the slave, in accordance with a preferred embodiment
of the present invention. This embodiment makes use of a
pre-switch addressing scheme to facilitate traffic switching
at the shelves. Every packet sent between masters 30 and 32
and slaves 34 has a pre-switch address (PSA), which iden-
tifies the packet as either:

1. A packet to/from a distinct slave shelf;
2. A broadcast/multicast packet; or
3. A packet for immediate neighbor (also called "Next"

address, because it addresses the next element along a
chain).
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Pre-switch 60 processes packets according to their respec-
tive PSAs, as described further hereinbelow.

A PSA need not be unique over the entire multi-shelf
system 31. Uniqueness is required, however, within any
single chain 36, 37 or 39. If PSA is not unique at the entire 5
multi-shelf system level, another bit must be allocated to
distinguish between ordinary traffic and protection traffic
packets. Protection traffic arises, as described hereinbelow,
in situations wherein one of the chains delivers traffic for a
shelf on another chain inwhich a fault has occurred. 1

The PSA is implemented either by appending some extra
bits to every packet, or by using part of an already existing
packet header. Specifically, for ATM implementation, the
GFC portion of the standard ATM cell header is preferably
used to accommodate the PSA. GFC is a four-bit field, of 1
which three bits may be used for the PSA, and the remaining
bit to indicate protection traffic. Using the GFC for the PSA
limits the number of VPIs that can be allocated per slave
shelf to 256. This limitation is most often acceptable, as it
still allows at least one VPI per user. Alternatively, if more 2
VPIs are required, extra bits may be appended to every cell.

The "Next" (neighbor) address is used for various topol-
ogy detection and diagnostic procedures. Typically, each
shelf sends control packets with the "Next" address, carrying
the identity of the sending shelf identity, as well as the 2
identity of the neighbor as received over the link and,
optionally, additional information.

Referring back to FIG. 4, downstream data packets from
active master 30 on line 38 are received by a first physical
layer interface 40 and passed to a first demultiplexer 42 in 3
pre-switch 60. The demultiplexer examines the PSA of the
packets and, depending on this examination, takes the fol-
lowing actions:

If the PSA corresponds to this slave 34, a port number
(PORT 0) is appended to the packet. This port is 3
identified schematically in FIG. 4 by a block 48 in a
switch or switching fabric 46 of the slave. A demulti-
plexer 42 passes the packet to an input FIFO 44, from
which it is conveyed to switching fabric 46, which then
routes the packet to the appropriate port 28. 4

If the packet is a broadcast packet, sent to slave 34, as well
as to other slaves, the demultiplexer passes a copy of
the packet, with the appropriate port number, to input
FIFO 44, and switching fabric 46 routes the packet to
the appropriate port, as described above. Another copy 4
of the packet is passed to an output FIFO 50, from
which it is sent through a second physical layer inter-
face 52 over line 38 to the next slave in the chain.

If the PSAdoes correspond to this slave 34, demultiplexer
42 passes the packet to output FIFO 50 and from there s
through interface 52 and line 38 to the next slave in the
chain.

If the packet carries a "Next" neighbor address, the
demultiplexer passes the packet to input FIFO 44 and
from there to switching fabric 46. s

In this manner, pre-switch 60 relieves switching fabric 46 of
the need to deal with any packets that are not addressed to
ports 28 of the particular slave 34.

Upstream data packets are handled in an analogous fash-
ion. Such packets are received by physical layer interface 52 6
and are passed to a second demultiplexer 54 in pre-switch
60. In this case, too, the pre-switch examines the packets to
determine whether they carry a PSA corresponding to this
slave 34. If so, another port number (PORT 1) of the slave
is appended to the packet, identified by a block 58. In this 6
case, the packets are passed to an input FIFO 56 and from
there are conveyed to switching fabric 46 for routing to the

8
appropriate port 28. Otherwise, the packets are sent to an
output FIFO 62, for transmission upstream via physical
layer interface 40.

Packets that are received by slave 34 from ports 28 are
passed by switch fabric 46 to output FIFO 62, as appropriate,
for transmission back to active master 30. Alternatively,
when a fault has occurred, the upstream packets from the
ports are passed via FIFO 50 to standby master 32.

Because of the essential symmetry of slave 34 and par-
o ticularly of pre-switch 60, the reversal in the direction of

data flow over line 38 is accomplished without reprogram-
ming look-up tables in switching fabric 46. It is necessary
only to swap ports 0 and 1. The swap affects packets both
received and transmitted by the slave, but it has no effect on

sthrough traffic, which is passed by demultiplexers 42 and 54
to respective output FIFOs 50 and 62 in any case. Should a
fault occur in switch fabric 46 or elsewhere in slave 34, so
that the slave is unable to transfer packets to or from its ports
28, pre-switch 60 simply passes all packets through to the

0 next slaves (or master) up and down the chain. The effect of
the fault is thus limited to the subscribers served by the
particular slave, and other subscribers served by system 31
are substantially unaffected.

Although the operation of pre-switch 60 is described
5 herein in the context of system 31, it will be appreciated that

the principles embodied in the pre-switch may similarly be
applied, mutatis mutandis, in other multi-shelf access archi-
tectures. The pre-switching technique is particularly useful
when slave shelves are daisy-chained together, even when

o the chain is not closed as it is in system 31.
FIG. 5 is a block diagram that schematically illustrates

details of data packet flow in system 31 under normal,
fault-free conditions, in accordance with a preferred
embodiment of the present invention. Hatched arrows, such

s as an arrow 72, represent downstream data flow, while
unfilled arrows, such as an arrow 74, represent upstream
data flow. Packets received from network 22 are routed by
active master 30 down each of chains 36, 37 and 39, as
indicated by arrow 72. Standby master 32 normally discards

0 these downstream packets, as indicated by an arrow 80,
except when a fault occurs in the active master.

Upstream packets, received by slaves 34 from their
respective ports, are passed up the respective chains to active
master 30. The active master bicasts these packets, sending

5 them both to network 22 and to standby master 32 over a
protection interface 76 between the two masters, as indicated
by an arrow 77. The standby master also transmits the
upstream packets over network 22, as indicated by an arrow
78. This redundancy in transmission is in accordance with

o fault protection mechanisms used in high-speed networks
known in the art, such as the standard "1+1 APS" (automatic
protection switching) technique used in SONET.

FIG. 6 is a block diagram that schematically shows details
of active master 30 in normal operation, in accordance with

s a preferred embodiment of the present invention. Master 30
comprises a main switch 90 and a pre-switch 92. The main
switch receives downstream (incoming) packets from the
network physical layer interface (NET PHY). The network
interface has a switching address 102, corresponding to a

0 switch port no. 5. (For the particular case ofATM switching,
this and the other port numbers in the figure preferably
correspond to UTOPIA addresses.) The packets are distrib-
uted to chains 36, 37 and 39 at respective addresses 98, 96
and 94 (switch ports 2, 1 and 0). Upstream packets are

5 delivered to address 102 for transmission over the network.
Pre-switch 92 bicasts these packets, as described
hereinabove, to an address 100 (switch port 3) of protection
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interface 76 to standby master 32. Input packets to master 30
from the protection interface are discarded by pre-switch 92.
Other than these protection functions, the pre-switch oper-
ates as a transparent pass-through, as shown in FIG. 6, as
long as no faults have occurred in system 31. 5

FIG. 7 is a block diagram that schematically shows details
of standby master 32, in accordance with a preferred
embodiment of the present invention. The standby master is
structurally substantially identical to the active master,
including main switch 90 and pre-switch 92. In normal 1o
operation, as shown in the figure, standby master 32 com-
municates only with active master 30, and is not expected to
receive packets from or convey packets to any of slaves 34.
Control traffic between the active and standby masters is
preferably conveyed through chain 39, over an upstream
path 104 and a downstream path 106 through the chain. 15
Upstream data packets received by the standby master at
address 100, over protection interface 76 from active master
30, are conveyed by pre-switch 92 to the network physical
layer interface at address 102. The pre-switch passes any
traffic from chains 36 and 37 transparently to switch 90, 20
which treats any packets that it receives, except for control
packets, as misrouted traffic.

Optionally, active master 30 and standby master 32
include their own local ports (not shown in the figures). In
this case, the standby master is preferably treated as an 25
additional slave on one of the chains, typically chain 39, and
its ports have the same setup as all of the slave ports. Only
the local ports of the active master have a different setup.
The ports on the standby master are preferably assigned their
own PSA, reducing by one the number of slaves that can be 3o
added on chain 39. Data traffic to and from the local ports on
the standby master are carried over paths 106 and 104, in
addition to the control traffic. Because protection interface
76 is reserved and, preferably, hardware-switched to deal
with fault situations, it is undesirable to use this interface for 35
the ordinary data and control traffic between the active and
standby masters.

FIG. 8 is a block diagram that schematically illustrates
operation of system 31in the event of a communication fault
in chain 39, in accordance with a preferred embodiment of 40
the present invention. The fault is indicated by a mark 110
between two of slaves 34 and 34' in the chain, between
which communications have been interrupted. In multi-shelf
topologies known in the art, such as those shown in FIGS.
2A-2C, such a fault would result in interruption of service 45
to subscribers served by all of slaves 34' downstream of the
fault. In system 31, however, active master 30 recognizes
that a fault has occurred, and commands standby master 32
and slaves 34 to take corrective action.

Downstream traffic for slaves 34' is routed by active so
master 30 through chain 37, as indicated by an arrow 112.
Standby master 32 switches this traffic onto chain 39, as
shown by arrows 114 and 116, so that the packets reach
slaves 34'. The addresses of the two inputs to the pre-
switches 60 of slaves 34' are swapped, as described herein- ss
above (FIG. 4), in order to reverse the direction of traffic
flow on this portion of chain 39. Upstream packets returned
by slaves 34' are routed back to standby master 32, as shown
by an arrow 118. The standby master switches this traffic
over protection interface 76 to active master 30, as indicated 60
by arrows 120 and 122. From this point, the upstream traffic
is transmitted over network 22 in normal fashion. Traffic to
and from slaves 34 on chains 36 and 37 is substantially
unaffected. Failures in chains 36 and 37 are handled in
similar fashion. 65

FIG. 9 is a block diagram that schematically illustrates
details of the operation of pre-switch 92 in active master 30

under the fault conditions shown in FIG. 8, in accordance
with a preferred embodiment of the present invention. For
clarity of illustration, this block diagram and the other
illustrations of pre-switch 92 show only the elements of the
pre-switch that are of functional importance in handling this
particular fault. The illustrated arrangement of these
elements, and particularly of FIFO buffers in the pre-switch,
has been chosen for simplicity and conceptual clarity, and
variations on this arrangement will be apparent to those
skilled in the art.

For all incoming traffic destined for chain 39, a PSArouter
130 in pre-switch 92 determines whether the packets are
addressed to slaves 34, upstream of the fault indicated by
mark 110, or slaves 34', downstream of the fault. The PSA
re-routes the traffic for slaves downstream of the fault
through chain 37, in accordance with the following routing
table:

TABLE I

PSA Originalswitch New switch
address port port

0 0 0
1 0 0
2 0 1
3 0 1
4 0 0
5 0 0
6 0 1

In this table, PSAnumbers 2 and 3 refer to slaves 34', whose
traffic is thus routed via a FIFO 134 to address 96 (switch
port 1) of chain 37. Broadcast traffic for chain 39 is routed
by PSA router 130 to both chains 39 and 37, except for
"Next" packets, which are sent only to chain 39.

As noted hereinabove, it is necessary to avoid confusion
between downstream traffic to slaves 34', transferred on
chain 37 as represented by arrow 112, and ordinary down-
stream traffic to slaves 34 located on chain 37 itself. For this
reason, PSArouter 130 preferably sets a bit reserved for this
purpose in the packets destined for slaves 34'. In the case of
ATM cells, for example, router 130 preferably sets the least
significant bit of the GFC field to 1. Standby master 32
changes this bit back to 0 when switching the packets back
to chain 39.

In the upstream direction, the traffic from slaves 34' over
protection interface 76, represented by arrow 122, is merged
with the normal upstream traffic from slaves 34 on chain 39
by a FIFO 132. Switch 90 processes the merged traffic as
though it had all come directly from chain 39, and no special
processing is required after pre-switch 92.

FIG. 10 is a block diagram that schematically illustrates
details of pre-switch 92 in standby master 32 under the fault
conditions of FIGS. 8 and 9, in accordance with a preferred
embodiment of the present invention. Downstream traffic
from chain 37 is examined by a local filter 148 in pre-switch
92 of standby master 32. The filter identifies packets des-
tined for slaves 34', preferably based on the least significant
bit of the GFC field in the packets, as noted above, and
routes these packets to address 94 (UTOPIA port 0) of chain
39. The local filter changes the least significant bits back to
0. Packets for local ports on the standby master are routed
to a FIFO 144, from which they are conveyed to switch 90.
Other packets, typically "next" traffic originating from the
last slave 34 on chain 37, are passed by filter 148 directly to
switch 90.

Traffic arriving at standby master 32 from chain 39 is
received by a next filter 142, which separates normal packet

9 10
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traffic from "Next" neighbor packets. The filter routes
upstream packets, sent by slaves 34', to a FIFO 150. From
this FIFO, these packets are conveyed through address 100,
via protection interface 76, to active master 30. Upstream
traffic from the local ports on the standby master is similarly 5
routed by a next filter 140 to FIFO 150, and from there over
the protection interface to the active master. The "Next"
packets, however, are routed by filters 140 and 142 directly
between the standby master and chain 39.

While FIGS. 8, 9 and 10 illustrate only a case in which a
fault has occurred in chain 39, it will be understood that
similar techniques may be applied when faults occur in
chains 36 and 37. In fact, these latter cases are simpler to
deal with, since control traffic between masters 30 and 32 is
normally carried only over chain 39. In all cases, the use of
pre-switches 92 in the two masters allows such faults to be
handled substantially without any reprogramming or recon-
figuration of switches 90.

Although preferred embodiments are described herein-
above with reference to DSL access to an ATM network, the
principles of the present invention are similarly applicable in 20
providing access to substantially any type of packet-
switched network, and over substantially any sort of sub-
scriber interface. The architecture and switching techniques
used in system 31 are most advantageous when there is a
need for high concentration at the access stage, i.e., for
multiplexing of many lines into one or a few trunks. Those
skilled in the art, however, will understand that the prin-
ciples embodied in system 31 may also be applied to
multiplexers and switches of other types, even including
core network devices.

It will thus be appreciated that the preferred embodiments
described above are cited by way of example, and that the
present invention is not limited to what has been particularly
shown and described hereinabove. Rather, the scope of the
present invention includes both combinations and subcom-
binations of the various features described hereinabove, as
well as variations and modifications thereof which would
occur to persons skilled in the art upon reading the foregoing
description and which are not disclosed in the prior art.

What is claimed is:
1. Network access apparatus, comprising:
first and second master units, each comprising a physical

interface to a packet-switched network;
a plurality of slave units, each slave unit comprising one 45

or more ports to respective subscriber lines; and
a plurality of physical interface lines, which link the slave

units in one or more daisy chains, in which the slave
units are mutually connected in series by the physical
interface lines therebetween, each daisy chain compris- so
ing at least a first slave unit connected one of the
physical interface lines to the first master unit, a second
slave unit connected to the first slave unit but not to the
first or second master unit, and a last slave unit con-
nected by another of the physical interface lines to the ss
second master unit.

2. Apparatus according to claim 1, wherein the network
comprises an asynchronous transfer mode (ATM) network.

3. Apparatus according to claim 1, wherein the network
comprises an Internet protocol (IP) network. 60

4. Network access apparatus, comprising:
first and second master units, each comprising a physical

interface to a packet-switched network;
a plurality of slave units, each slave unit comprising one

or more ports to respective subscriber lines; and 65
a plurality of physical interface lines, which link the slave

units in one or more daisy chains, in which the slave
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units are mutually connected in series by the physical
interface lines therebetween, each daisy chain compris-
ing at least a first slave unit connected by one of the
physical interface lines to the first master unit and a last
slave unit connected by another of the physical inter-
face lines to the second master unit,

wherein in normal operation, downstream data packets
received from the network are passed from the first
master unit to each of the daisy chains via the first slave
unit in each chain, and upstream data packets received
by the slaves in each chain from the subscriber lines are
passed via the first slave unit in the chain to the first
master unit for transmission over the network.

5. Apparatus according to claim 4, and comprising a
protection interface, which couples the second master unit to
the first master unit, and over which interface data packets
are conveyed between the first and second master units in
case of a fault.

6. Apparatus according to claim 5, wherein the first master
unit bicasts the upstream data packets that it receives from
the slave units to the network and, via the protection
interface, to the second master unit, which transmits the
upstream data packets to the network.

7. Apparatus according to claim 4, wherein in case of a
fault at a location in one of the daisy chains, data flow in a
portion of the daisy chain between the location of the fault
and the second master unit is reversed, so that the down-
stream data packets are passed from the second master unit
to the slave units in the portion of the daisy chain via the last
slave unit in the chain, and the upstream data packets are
passed by the last slave unit to the second master unit.

8. Apparatus according to claim 7, wherein the down-
stream packets for the slave units in the portion of the daisy
chain between the location of the fault and the second master
unit are conveyed to the second master unit from the first
master unit via another one of the daisy chains.

9. Network access apparatus, comprising:

first and second master units, each comprising a physical
interface to a packet-switched network;

a plurality of slave units, each slave unit comprising one
or more ports to respective subscriber lines; and

a plurality of physical interface lines, which link the slave
units in one or more daisy chains, in which the slave
units are mutually connected in series by the physical
interface lines therebetween, each daisy chain compris-
ing at least a first slave unit connected by one of the
physical interface lines to the first master unit and a last
slave unit connected by another of the physical inter-
face lines to the second master unit,

wherein each of the first and second master units com-
prises:
a switch, configured to route data packets between the

respective physical interface and the one or more
daisy chains; and

a pre-switch, which in the event of a fault at a location
in one of the daisy chains, re-routes at least a portion
of the data packets exchanged with one or more of
the slaves in the daisy chain in which the fault has
occurred through another one of the daisy chains.

10. Apparatus according to claim 9, wherein the pre-
switch re-routes the data packets such that substantially no
reconfiguration of the switch is required responsive to the
fault.

11. Network access apparatus, comprising:
first and second master units, each comprising a physical

interface to a packet-switched network;
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a plurality of slave units, each slave unit comprising one
or more ports to respective subscriber lines; and

a plurality of physical interface lines, which link the slave
units in one or more daisy chains, in which the slave
units are mutually connected in series by the physical 5
interface lines therebetween, each daisy chain compris-
ing at least a first slave unit connected by one of the
physical interface lines to the first master unit and a last
slave unit connected by another of the physical inter-
face lines to the second master unit, 1o

wherein each of the slave units comprises:
a switch fabric comprising one or more switches, which

convey data packets to respective ports on the switch
to which the packets are addressed; and

a pre-switch, which receives the data packets from one
of the physical interface lines connected to the slave
unit and passes those of the data packets that are
addressed to any of the ports on the slave unit to the
switch fabric, while passing packets not addressed to
any of the ports on the slave unit for output through
another of the physical interface lines.

12. Apparatus according to claim 11, wherein each of the
slave units is coupled to receive packets transferred thereto
from the first and second master units over first and second
ones of the physical interface lines, respectively, and 25
wherein the pre-switch passes the packets received through
the first and second physical interface line and addressed to
any of the ports on the slave unit to respective first and
second addresses in the switch fabric.

13. Apparatus according to claim 12, wherein in response 3o
to a reversal of a direction of data flow in the daisy chain,
the first and second addresses are swapped in the pre-switch,
so that substantially no reconfiguration of the switch fabric
is required.

14. In a network access multiplexing system, in which a 3s
master unit is connected by a physical interface to a packet-
switched network, a slave unit configured to be coupled to
the master unit in a daisy chain of such slave units, the slave
unit comprising:

a plurality of ports, for coupling the slave unit to respec- 40
tive subscriber lines;

first and second physical interfaces, coupled to exchange
packets with preceding and succeeding units,
respectively, along the daisy chain;

a pre-switch, coupled to receive packets from the first 45
physical interface and responsive to address data car-
ried by the packets, to sort the packets such that packets
addressed to the slave unit are retained, and packets
addressed to the succeeding units are passed to the
second physical interface; and so

a fabric of one or more switches, which convey the
retained packets to the ports, responsive to the address
data.

15. The slave unit according to claim 14, wherein the
pre-switch is further coupled to receive packets transferred ss
thereto from the second physical interface and to sort the
packets in like manner to the packets received through the
first physical interface.

16. The slave unit according to claim 15, wherein the
retained packets that were received from the first and second 60
physical interfaces and are passed by the pre-switch to the
switch fabric are identified by respective first and second
port numbers, and wherein in response to a reversal of a
direction of data flow in the daisy chain, the first and second
port numbers are swapped in the pre-switch, so that sub- 65
stantially no reconfiguration of the switch fabric is required
in response to the reversal.

14
17. The slave unit according to claim 14, wherein when

one of the packets received by the pre-switch comprises a
multicast packet addressed to one or more of the ports on the
slave unit, the pre-switch sorts the multicast packet such that
one copy of the packet is retained and another copy of the
packet is passed to the second physical interface.

18. The slave unit according to claim 14, wherein in the
event of a fault in the switch fabric, the pre-switch continues
to pass the packets addressed to the succeeding units on to
the succeeding units without significant interruption.

19. A method for providing access to a network, com-
prising:

coupling first and second master units to interface with the
network;

linking a plurality of slave units, each slave unit com-
prising one or more ports to respective subscriber lines,
in a daisy chain between the first and second master
units;

conveying initial downstream data packets, received from
the network by one of the master units, along the daisy
chain in a first direction, so as to deliver the packets to
the ports of the slave units; and

in the event of a fault in the daisy chain, conveying further
downstream data packets, received from the network
by one of the master units, along the daisy chain in a
second direction, opposite to the first direction, so as to
deliver the further packets to the ports of at least some
of the slave units.

20. A method according to claim 19, wherein the initial
and further downstream packets are received from the
network by the first master unit, and wherein conveying the
further downstream packets in the second direction com-
prises conveying the further downstream packets from the
first master unit to the second master unit, and then con-
veying the further downstream packets from the second
master unit to the daisy chain.

21. A method according to claim 20, wherein conveying
the further downstream packets from the first master unit to
the second master unit comprises linking further slave units
in an additional daisy chain between the first and second
master units, and conveying the further downstream packets
from the first master unit to the second master unit over the
additional daisy chain.

22. A method according to claim 19, and comprising
conveying initial upstream data packets, received by the
slave units from the subscriber lines, along the daisy chain
in the second direction so as to transmit the upstream data
packets via the first master unit over the network, and in the
event of the fault, conveying further upstream data packets
received by one or more of the slave units along the daisy
chain in the first direction via the second master unit.

23. A method according to claim 22, and comprising
bicasting the upstream data packets from the first master unit
to the network and to the second master unit, which trans-
mits the bicast upstream data packets over the network.

24. A method according to claim 19, wherein conveying
the initial downstream data packets along the daisy chain
comprises pre-switching the packets at each of the slave
units, so that packets not addressed to any of the ports on the
slave unit are passed to the next slave unit in the daisy chain,
while packets that are addressed to one or more of the ports
on the slave unit are passed to a switch fabric that directs the
packets to the ports to which they are addressed.

25. A method according to claim 19, wherein the network
comprises an asynchronous transfer mode (ATM) network.

26. A method according to claim 19, wherein the network

comprises an Internet protocol (IP) network.

* * * * *
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BI-DIRECTIONAL CHAINING OF NETWORK ACCESS PORTS

FIELD- OF THE INVENTION

The present invention- relates generally to high-

speed data communication systems, and specifically 'to

digital subscriber line systems.

BACKGROUND OF THE INVENTION

Digital Subscriber Line (DSL) is a modem technology

that enables broadband. digital data tco . be transmitted

over twisted-pair wire, which. is the. type of

infrastructure that links most. home and small business

subscribers to their telephone' service providers. DSL

modems enable users to access digital networks at. speeds

Jq::;tens to hundreds of times faster than current analog

modems and basic ISDN service'. DSL thus opens the .most

critical bottleneck in local-loop acceS;s to high-speed

networks, such as Asynchronou's'Transfer Mode (ATM) and

Internet Protocol (IP) networksi without requiring ma.jor

investments in new infrastructure. A range of DSL

standards have been defined, known generically as "xDSL,,"

wherein the various stanidards have different data rates

and other associated features but-share common principles

of operation.

DSL.subscribers.are connected to high-speed networks

through. Digital Subscriber Line Access Multiplexer

(DSLAM4) systems. Because of the high cost of network

bandwidth, a single DSLAM must typicallv be designed to

serve between 100 and 1000 subscribers arid to concentrate

their traffic through one or *a few. network trunks. The

need to.'serve such a large and potent ially -variable

number of subscribers in the one DSLAM has led to the

development of "multi-shelf" access architectures.

Fig. 1 is a block diagram that schematically

illustirates. * a DSLAM system' 20 implementing a multi-shelf
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architecture, as is known in the art. System 20

comprises a master unit 25 coupled to multiple slave

units 27. in a star configuration. M1.aster. unit 25S

communicates with *a core network 22, such as an, ATM

network. The master unit comprises a core network

interface element 2.4, providing the necessary physical

layer. (PHY) and data link layer (for example*, ATM)

functions. A concentrator 26 performs- higher-level

functions, including VPI/VCI' translation for the ATM

network, and multiplexes downstream and upstream packets,

or cells, among slave units .27;' Each-slave unit

typically .-comprises a switching core 29, coupled 'to a

plurality of ports 28 serving respective subscriber'

premises. via suitab.le DSL modems.- In the' physical

implementation of system. 20, each such slave unit

occupies its- own shelf -in an electronics rack, and this

is,the reason for the use of the term "multi-shelf."

Figs. 2A and 2B are block diagrams that

schematically. illustrate topologies known in the -art for

use in multi-shelf access systems, such as that shown. in.

Fig. 1. Fig. 2A shows a simple star*configuration. In a

redundant star configuration,'.shown in Fig. 2B, each

slave unit is connected to two or more alternative master

units, so as to provide protection in case of a failure

in one of the master unit.s.

2
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SUMMARY OF THE INVENTION

It is an object of some aspects, of the present

invention to provide an improved mu~lti-shelf access

architecture.

It is. a further object of some aspects of the

present invention to provide apparatus and methods for

*efficient, high-speed transfer of data packets within an

*access multiplexer system.

It is still a further object of. some aspects of the

present inventidn to improve the robustness and

reliability of multi-shelf access systems.

In preferred embodiments' of the preSent invention, a

multi-shelf access system comprises two' master units

(masters") and a plurality of -slave units ("slaves")

One of the masters serves as an active mast-er, through

which the slaves normally receive data packets from a

*core network and transmit packets back upstream to the

network. The other master is termed a standby master.

The slaves are connected in one or more daisy chains

4, between the active and standby' masters, and are

configure d so that both downstream and upstream packets

can be transmitted in either direction along each of. the

chains, i.e., from or to. either of, the two masters.

Thus, if a failure occurs in any one of the slaves or in

* a link between them, the traffic direction in the chain

in which the failure' has occurred is simply reversed so

as to run through the standby master. Substantially no

reprogramming of the slaves is required for this purpose.

All of the slaves (except possibly a 'slave that has.

failed) continue to provide service to subscribers,

*typically with only a short interruption until corrective

action is completed.,

Preferably,. the upstream packets'are bicast -by the

active master to both the core network and to the standby

3
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master. The standby master also transmits the upstream

packets. to the core network, in order to protect against

faults in -the network' interface, of the active master

unit.

In some preferred embodiments of the present

invention,. each slave comprises a pre-switch, which

examines each packet passed down its. respective chain to

determine whether the packet is destined for any of the

ports on that slave. Preferably, every packet passed

between the masters and' slaves has a prE-switch address.

I f the packet. is addressed to a particular slave, the

pre-wtho that slave conveys the packt oasvtc

or switching fabric of the slave, which routes the packet

to the appropriate port. If the pac-ket. is a multica-st.

packet with an appropri-ate pre-switch address, the pre-

switch both conveys a copy of the packet to the switch or

switching fabric of the 'slave and passes the packet on

down the chain. The pre-switch similarly accepts packets.

4 ~carrying a "next" address, i.e.,. packets that are sent

from one slave to its immediate neighbor for topology

detection and diagnostics., Otherwise, the pre-switdh

rejects the packet and passes it on to the next slave

along,.the chain.

The, pre-switch thus -reduces the burden on the

switching fabric of the slave and ensures that packets

are passed down the chain at the full data'rate supported

by the master-slave interface. Furthermore, in the case

of a fault in the slave, the pre-switch simply passes all

packets through to the next slave in the chain, so that

the effect of-the.'fault is limited as far as possible.

Preferably, the slave pre-switch is bidirectional,

i.e., it treats, packets passed both up anid down the chain

in substantially the same manner. The. pre-switch thus

supports the failure protection. mechanism described
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.hereinabove, wherein ,the traffic direction is reversed in

response to a failure in the chain..

There is therefore provided, in accordance with a

preferred embodiment *of the present invention, 'network

access apparatus, including:

first ..and second master, units, each including a

physical interface,to a packet-sWitched network;

a plurality of slave. un .its, each slave 'unit

including one or More ports to respective, subscriber

lines.; and

a plurality of- physical interface lines,' which link'

the slave' units in one or more daisy chains, in which the

slave units are, mutually connected in series by the

physical interface lines therebetween, e ach daisy chain

including at least a first slave unit coninected by one of

the physical interface lines to the first- master unit'and

a last slave -unit connected by 'another of, the. physical

interface lines'to,the second master unit.

Preferably, in, normal operation, 'downstream data

packets received from the network are passed from the

first master unit -to each of 'the daisy chains :-via 'the

first slave unit in each chain, and upstream data packets

received by the slaves. in each -chain from 'the subscriber

lines are passed via the first slave.uni.t in the-cha.in to

the first master uni't for transmiss'ion over the network*.

Further preferably, the apparatus includes a protection.

interface., which couples, the second master unit to the

first master unit, and over which interface data packets

are conveyed between the first and second master' units in

case of a fault. Most preferably, 'the first master uni't,

bicasts the upstream data.packe,ts that it receives from

the slave -units to the network and, via the protection

interface, to the second master unit, which transmits the

upstream data packets to the network.
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Preferably, in case' of a fault at a location in one

of the daisy chains, data flow in a portion of the daisy

chain between the location of the fault: and -the second

master unit is reversed, so. that the downstream data

packets are passed from the second master unit to the

slave units in the portion of. the da'i sy chain' via the

last slave unit in the chain, and the upstream data

packets are passed by the last.slave unit to the second

master .unit. 'Further preferably, the downstream packets.

for the slave units in' the portion of the daisy chain-

between the location of the fault and the -second,'mtaster

4' ~unit are conveyed. to the' second master unit, from' the

first master unit via another one of the daisy.chains.

In a, preferred embodiment, each of the .,first and.

second master units-includes:

a switch, conf igured, to route data. packets between:

the respective physical interface' and the 'one or, more

daisy chains; and

a' pre-switch, which i'n the event of a. fault at a

location in one of the daisy chains, re-routes at least. a

portion of the data packets' exchanged with one or. more of'

the slaves in the .daisy chain in- which the 'fault has

occurred through another one of the daisy chains.*
Preferably, the pr-switch .re-routes the -data akt

su ch that substantially- no reconf iguration of the.switch

is required responsive to the fault.

In a further preferred-embodiment, each of -the slave

units.includes:

a switch 'fabric including one or 'more switches,

which convey data packets' to respective ports on the

switch to which the packets are addr'essed; and

a pre-switch', which receives the data packets 'from

one of the. physical interface lines connected to the

slave unit and passes .those of the data packets that are

6
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addressed to any -of'the ports on the slave unit to the

switch fabric, while passing packets not addressed to any

of, the ports on the slave unit for output: through.another

of the physical interface lines.

* Preferably, each of the slav.e units 'is cbupled to

receive packets - transferred thereto from the first and

second master units over first and second ones of the

physical interface lines,. respectively, and the pre-

switch passes the packets received through'the first and-

second physical, interface line and addressed to any of

the ports on the slave unit to respective first and

second addresses in the switch fabric. Further

preferably, in response to a reversal of a direction of

data flow in the. daisy chain, the first and second

addresses are swapped in the pre-switch, so that

substantially no reconfiguration of the switch fabric is

required.

In a preferred embodiment, the network includes an

asynchronous transfer mode (ATM) network. In another

preferred embodiment, the network inclUdes an Internet

4) protocol (IP) network.

* There is further provided, in accordance with a

preferred embodiment of the present invention, in a

network access multiplexing system, in. which a master

unit is' connected by a physical interface to a packet-

switched network, a slave unit configured to be coupled

to the master unit in a.daisy chain of.such slave units,

the slave unit including:

a plurality of ports, for coupling the slave unit to

respective subscriber lines;

first and second "physical -interfaces, coupled to

exchange packets with p receding and succeeding units,

respectivel-y, along the daisy chain;

7'
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a pre':.switch, coupled to receive packets from.-the,

first physical interface and responsive to address data

carried by the packe-ts, to sort the packets such that

packets' addres.sed to the slave unit are retained, 'and.

packets addressed to the succeeding. units, are passed to

the.second-physical interface; and

a fabric of one or more switches,' which convey the

retained packetsl to the ports, responsive to the address

data.

Preferably, the. pre-switch is further coupled to

receive packets *transferred thereto from the second

physical interface and to sort the packet.s in like manner

to the packets -received through the first physical

interface. Most preferably, -the retained packets that

were received' from the first and second physical

interfaces and are passed by the pre-switch to the switch

fabric'.are' identified by respective f irst and second port

numbers, wherein in response to a reversal of a direction

of~ data flow in the daisy chain, the f irst and second

port' numbers are swapped in the pre-switch, so that

substantially. no reconfiguration' of the switch 'fabric is

required in response.to the reversal.'

Further preferably, when one of the packets,received

by the pre-switch includes a multicast packet addressed.

to one or more of'. the. ports on the slave unit, the pre-

switch sorts the multicast -packet such that one copy of

the packet is retained and another copy of the packet is'

passed to the.second physical interface.

Preferably, 'in the event of a' fault in. the switch

fabric, the pre-swit.ch continues 'to pass the packets

addressed to the succeeding units on to the succeeding

units without significant interruption.
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There is also provided,' in accordance with a

preferred embodiment of the present invention, a method

for providing access to a network, including:

coupling first and second master units to -interface

with the network;

linking a plurality of slave units, each slave unit

including one or more ports to respective subscriber

l ines, in a daisy chain between the first and second

master units;

conveying initial downstream data packets, received

from the network by one of the master uni.ts, along the

daisy chain in a first direction, so as to deliver the

packets to the pbrts of the slave units; and

in the event of a fault in the daisy chain,

conveying' further downstream -data packets, received f rom

the network by one of the master units, along' the daisy

chain in a' second direction, opposite to the first

direction, so as to deliver the f urther packets to'-the

ports of at least some of the slave units.

It- Preferably, 'the initial and- further downstream

packets are received from the network by the first master

unit, and conveying the further downstream packets in the

second direction includes conveying the further

downstream packets from the first master unit to the

second master unit, and -then conveying the further

downstream packets from the second master unit to the

daisy chain. Most, preferably, conveying the further

downstream packets from the first mast:er unit' to the

second master unit includes linking further slave units

in an additional daisy chain between the first and second

master units, and 'conveying the further downstream-

packets from the first master. un-it to t1ae second master

unit over the additional daisy chain.

9
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Fur ther preferably,' the method includes conveying*

initi al upstream data. packets, received by the slave

units from the subscriber lines, along the daisy chain in

the second direction -so 'as -to transmit the upstream data,

packets via the first master unit over the network, and

in the event of the fault, conveying further upstream

data packets 'received by one or more o f the slave units

along the daisy ch ain in the first- direction via the

second master. unit. Most preferably, 'the method

includes bicasting the upstream data- packets from the

first master unit to the network and to the second master

unit, which transmits the bicast upstream data packets

over the network.

Preferably, conveying the initial downstream data

packets along the daisy chain includes pre-switching the

packets a t each of.. the slave units, so that *packets not

addressed to any of the ports on the slave unit are

passed to the next slave unit inth daisy chain, while

pac-kets that are addressed to one or more of'the ports o,n

the slave unit are passed to a switch.fab)ric that directs

the packets to the ports to which they are addressed.

The present invent ion'\'wil11 be more fully unde.rstood

from the following. detailed description of the preferred

embodiments thereof,- taken together with. the drawings in

which:

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram that. schematically

illustrates -a multi-shelf access system, as. is known in

the art;

Figs. 2A and 2B are block diagrams that

schematically illustrate multi-shelf' system topologies

that are known in the art;

Fig. -3 is- a block diagram that schematically

illustrates, the topology of a multi-shelf access system,
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in accordance with a preferred embodiment of the present

invention;

Fig'. 4 is a block diagram thELt, schematically

illustrates a pre-switch used in. a.slave unit of a multi-*

shelf 'access systeni, in accordance. with a preferred

embodiment .of the present invention;

Fig. 5 is a block, diagram thELt'schematically

illustrates data flow in a multi-sh-elf access system

under normal operating conditions, in accordance with a

preferred embodiment of the present invention;

Fig. 6 is a block diagram that schematically

illustrates details of *an active master in. the system of

Fig. 5, in accordance with a preferred embodiment of the

present'invention;

Fig. 7 is a block diagram- that schematically

illustrates details of.a. standby master- in the.system of

*Fig. 5, in accordance with' a preferred embodiment of the

present invention;

Fig. 8 is -a-block diagram that schematically

illustrates data flow in the system of Fig.. 5 under fault

conditions, in accordance with a preferred embodiment of

the.present invention;

Fig. 9 is a block diagram that 'schematically

illustrates details- of the active master in'. the system of

Fig. 5 under* the' fault- conditions of Fig. 8, in

accordance with. a preferred embodiment -of the present

invention; and

Fig. 10 is a block diagram that schematica.ly

illustrates details of the. standby.-mas.ter -in the system

of Fig. 5 under the fault conditions of Fig. 8, in

accordance with a pref erred embodiment of the present

invention.
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DETAILEDUDESCRIPTION OF PREFERRED EMBODIMENTS'

Fig. 3 is 'a 'block diagram that, schematically

illustrates a multi-shelf access system 31, in accordance

*with a preferred embodiment- of the present invention.

*System 31 is preferably a DSLAM, which provides

subscriber access to an- ATM network. Alternatively,

system 31 may be configured for providing broadband

access to substantially any 'high-speed, packet- swit-ched

network, such as an IB network, over, susatially any
suitable communications infrastructure. Some of .the

principles embodied in this system may.also be "applied in

core network switching devices.

System 31 comprises two mutually- linked masters 30

and 32, both of which are generally. capable of performing.

the functions of master 25, including interfacing to

* network 22 and higher-level routing functions, 'as shown.

in Fig. 1 and ..described with reference thereto. A

plurality of slaves-34 are connected between masters 30

and 32 by lines 38 in a number -of daisy, chains 36,' 37 and

39. Each slave comprises multiple subscriber ports 28,

which link system 31 to respective subscriber locations.

Although three chains 'are shown in Fig. 2 each

comprising. four slaves 34, it will be appreciated that

masters 30 and 32 may.also be -configured to accommodate.

greater or smaller ''umbers of cains and/Vor slaves.*A

advantage of the architecture of system, 31 is tha't

additional slaves. may be added to the chiains as needed,

without having to change the number' of interfa'ces.

associat'ed.with masters 30 and 32.

Master. 30. is termed the active master, because' in

normal operation of system.' 31j i.e.,' in the absence of

faults,in the.system, downstream traffic from the network

is routed from master 30 down chains 36, 37 and '39 to the

respective, slaves 34. Upstreami traffic from the slaves

12
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is likewise routed up the chains to maSter- 30. Active

master*30 bicasts 'upstream packets to the network and' to

standby master '32. The standby master conveys copies of

the upstream packets to the. network, as well, as

*protection. against a. failure in the network interface of

*active 'master 30. In case of a fault ift one of chains

36, 37 or 39, as described further iereinbelow, the

traffic direction in all or a part of the faulty chain is

reversed. Packets are then directed between some of the

slaves and standby master 32, 'rather- than ' directly

between.the slaves and active master 30.. When a serious

failure occurs in the active master, all traf fic may be.

directed through the standby master.

:M::,Fig. 4 is a block diagram thELt schematically

illustrates details of one of slaves .34, showing

particularly a pre-switch '60 in the slave, in accordance
with a preferred embodiment of the present invention.

This embodiment makes use of a pre-switch addressing

scheme to facilitate traffic switching at the. shelves.

'M . Every packet sent between masters 30 and 32 and slaves 34

has a pre-switch address (PSA) , which identifies the

packet as either:

1. A.packet to/from a distinct slave shelf;'

2. A broadcast/multicast packet; or

3., A packet for immediate neighbor (also called

"Next" address, because it address'es the next element

along a chain).

Pre-switch. 60 processes packets according to their

respective PSAs, as described,.further hereinbelow..

A PSA need not be unique over the entire multi-shelf

system 31. Uniqueness is required, however, within any

single chain 36,,37 or 39. If PSA is hot unique at the

entire multi-shelf system level, another bit must be'

allocated to distinguish between ordinary traffic- and

13
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protection traffic pack ets. Protection traffic arises,

as described hereinbelow, in situations wherein one of

the chains delivers traffic for a shelf .on aniother chain

in-which a fault has occurred.

The PSA is implemented either by appending. some

extra bits to every packet, or by using part- of an

alIready existing .packet header. Speciifically, 'for ATM'

implementation, the GFC portion of the. standard'ATM cell

header is preferably used to accommodate the PSA. GFC is

a four-bit field, of which three bits may be used-for the

PSA, -and the remaining bit- to -indicate protection

traffic. Using the- GFC !for, the PSA 'limit,s the number of

VPIs.that.can be allocated per slave shelf to,256. This

limitation is' most often. acceptable, as it still allows

at least one VPI per user. Alternativel'y, if more VP,I's.

are required, extra bits may be.,appended -to every cell.

The "Next." (neighbor) address is used -for various

topology detection and diagnostic procedures'. Typically,

each shelf sends control packets with the "Next," address,,

carrying the identity of the sending shelf identity, as

well as the identity.of the neighbor as received over the

link and, optionally, additional information.

Referring back to Fig. 4, downstream data packets

from active master 30 on line 38-are received by a f irst

physical layer -interface '40 and pa ssed to a first

demultiplexer 42 in pre-switch .60., The demultiplex-er-

examines the, PSA of the packets and, depending on this'

examination., tak'es the following actions:

* If the PSA corresponds to. this slave 34, a port

number (PORT 0) is appended to the -packet. This

port is identified schemat.ically in Fig.. 4 by a

block 48 in a switch or switching fabric 46- of the

slave. A demultiplexer 42 passes the packet to- an

input FIFO 44,. from which it is conveyed to

14
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switching fabric 46, which then routes the packet to

the appropriate port 28.

* If the packet is a broadcast packet, sent' to

slave 34, as well as to other slaves, the

demultiplexer passes a copy of 'the packet, with the

appropriate port number, to input FIFO 44, and

switching. fabric 46 routes the packet to the

appropriate port,. as described above. Another*copy

of the packet is passed to an outpuat FIFO 50, from

which it is, sent. through a second physical layer

interface 52 over.line 38 to the next slave in the

chain.

* If the PSA does correspond to this 'slave 34,

demultiplexer 42 passes the packet to output FIFO 50

and from there through interface' 52 and line 38 to

the -next slave in the chain.

* If the packet carries a "Next" neighbor address,

the demultiplexer passes the packet to input FIFO.44

and from there to switching fabric 46.

In this manner, pre-switch 60 relieves switching fabric

46 'of the' need to deal with any packets that' are not

addressed to- ports 28 of the particular slave 34.

Upstream, data packets are handled 'in an analogous

fashion.* Such' packets are received by physical layer

interface 52 and are passed to a second demultiplexer 54

in pre-switch 60. In this case, too, the pre-switch

examines the packets to determine whether they carry 'a

PSA corresponding to this slave 34. If so, another port

number (PORT 1) of the slave is appended to the packet,

identified by a block 58. In this-case, the packets are

passed to an input FIFO 56 and from there are conveyed to

switching fabric '46 for routing, to the appropriate port

28. Otherwise, the packets are sent to an output FIFO

15
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62, for transmission upstream via Physical layer

interface 40.

Packets that are' received by slave '34 from ports 28

are passed by switch fabric 46 to output FIFO 62, as

appropriate, for trans mission back to -active master 30..

Alternatively, when a fault has. occurred, the upstream

packets from the ports are passed via FIFO 50 to standby

master 32.

Because of the essential symmetry of slave 3 4 and

pa rticularly of pre-switch 60, the reversal in the

direction of data flow over line 38 is accomplished

without reprogramming 'look-up tables in switching fabric

46. It.ds necessary only to 'swap ports 0 and 1. The

swap affects packets both received and transmitted by the

W. slave, but it has no effect on through traffic, which is.

passed by demultiplexers 42 and 54 to r-espective output

FIFOs 50 and 62 in any case. Should EL fault -occur in

switch fabric '46' or elsewhere in slave 34, s0 that the

slave is unable to transfer packets to or from its ports

28,f pre-switch 60 simply passes all packets through to

the next slaves (or master) up and down the chain. The

effect of the fault is thus limited to the subscribers

served by the particular. slave, and other subscribers

served by system 31 are substantially unaffected.

Although the operation of pre-switch-.60 is-described

herein in the context -of system 31L, i t will be

appreciated that the principles 'embodied in the pre-

switch may similarly be applied, -=Latis mutandis, in

other multi-shelf. access architectures. The pre-

switching technique is particularly useful when slave'

shelves are daisy-chained together, even when the chain

is not closed as it,.,is.in system 31.

Fig. _5. is a block diagram that schematically

illustrates. detail-s of data packet f low in system 31

16
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under'normal, fault-free conditions, in accordance with a

preferred embodiment of. the present invention. Hatched

arrows, such as an arrow 72, represent downstream data

flow, while unfilled arrows, such as an arrow .74,

represent upstream data flow. Packets received from

network 22 are routed. by active master 30 down each of

chains 36,'37 and 39, as indicated by ar'row 72. Standby

master 32 'normally discards these downstream packets, as

indicated by an arrow 80, except when a fault occurs in

the active master..

Upstream packets., received by slaves 34 from their

respective. ports, are passed- up th'e respective chains to

active .,master .30. The active maste:r bicasts these

packets,-sending them both to network 22 and t.o standby

master 32 over a protection interface 76 between the two

masters, as indicated by an arrow 77.. The standby master

also ,'transmits the upstream packets over network 22, as

indicated by an arrow 78. This redundancy in

transmission is in accordance with J:ault protection

mechanisms. used 'in high-speed networks known 'in the c:rt,

4,such as the standard "1+1 APS" (automnatic protection,

switching) technique'used in SONET..

Fig. 6 i-s, a block *diagram that schematicall'y shows

details of active -master 30 -in normal operation,. in

accordance with -a* preferred embodiment of.. the present-

invention. Master 30 comprises a main switch 90 and a

pre-switch 92. The 'Main switch receives downstream

(incoming) packets from the network physical. layer

interface (NET PHY) . The network.interface has a

switching .address 102, corresponding,to a. switch.port no.

5. (For the particular case of ATM switching, 'this and

the other port numbers' in the figure preferably

correspond to UTOPIA addresses.) The' packets. are

di.stributed-- to 'chains 36, 37 and' 39 at respective

17
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addresses. 98, 96 and, 94 (switch port:'3 2, 1 and 0).

Upstream. packets are. delivered to 'address 102 for

transmission over' the * network. Pre-switch .92 bicasts

these packets, as described, hereinabove, to an address

100 (switch.-port 3) of. protection interfELce 76 to standby,

*master 32.. Input packets t o master 3,0 from the

protection interface are discarded by. pre,-switch 92.

Other' than these. protection functions, the pre-switch

operate.s as a transparent pass-through, as shown in Fig.

*6, as long'as no faults have occurred-in system 31.

Fig. ' 7 is a block diagram that schematically shows

-details of standby 'master 32, in accordance with a

:4.preferred 'embodiment of the present invention. The

! standby master is structurally substantially identical to

the active mast,er,' including main.,-switch 90 'and pre-

sich 92. In 'hormal operation, as shown in the figure,

standby' master 32 communicates only with active master
3 0, a nd 'i s not expected to receive packets from or convey

.:4 packets to any of'.slaves 34. Control traffic between the
active and standby masters i rfrbycnee through

chain 39, over' an upstream path 104 and aL downstream path

106 through the chain. Upstream data packets received by

'the standby master at address 100, over protection

interface-7.6 from, active master 30,' are conveyed by pre-,

switch 92 to the -network physical. layer interface at

address 102. The. pre-switch passes any t.ra.f fic from

chains 36 and 37 transparently to.switch 90.,which treats

any packets that it' receives, except for control- pa'ckets,

as misrouted traffic..

Optiohally, active master 30 and standby master 32

includ e their own l,ocal ports (not shown.in the figures).

In this case, the''standby.master.is pref.erably:treated- as

an additional slave on one of the chains, typically chain

39, and its-ports have the same, setup as all.of the slave

* ' ' '18
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ports. Only the loal ports of the active master have a
different setup. The ports on the standby master are
preferably assigned their own PSA, reducing by one the

number of slaves that can be added on chain 39. Dat'a

traffic to and from the local ports on the standby master

are carried over paths 106 and. 104, in' addition' to the

control traffic. Because protection interface 76 is

reserved and, preferably, hardware- swi tched to deal with

fault situations., it is undesirable to uSe this interface

for the ordinary data and control traffic betwee'n *th e

active and standby masters.

Fig. 8 is a block diagram that schematically

'illustrates operation of system 31 in the event of a

communication fault in chain 39, in accordance 'with a

'preferred embodiment of the.present invention. The fault

is indicated by a mark 110 between- two of slaves 34 and

34' in the chain, between which communications have been

interrupted. In multi-shelf topolog.ies known in the art,

such as those shown in Figs. 2A-2C, such a fault 'would

result in interruption of service to subscribers served

by all of slaves 341 downstream of the fault. In system

31', however, active master 30, recognizes that a fault has

occurred, and commands standby master 32 and slaves 34 to

take corrective action.

Downstream traffic for slaves 34' is routed by

active master 30 through chain' 37, as indicated by an

arrow 112. Standby master 32 switches this traffic onto

chain 39, as show4n by arrows 114 and 116, so that the
packets reach slchves 34'f The addresses of the two

inputs to the pre-switches 60 of slaves 34' are swapped,

as described ' hereinabove (Fig. 4) , in order to reverse

the direction of traffic flow on this portion of chain

39. Upstream packets returned by, slaves 34' are' routed

back to standby master 32, as shown by an arrow 118. The

19
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standby master switches. this traffic 'over protection

interface 76 to active'master 30, as incicated.by,arrows,

*120 and 122. From' this point, the. upstream tra'fic is

transmitted, over network 22 in normal fashion.- Traf fic-

*to and f rom slaves 34 on chains 36 and 37 i s

*substantially unaffected. Failures in chains 36 and 37

are handled in similar fashion.

Fig. 9 is a block diagram that schematica lly

illustrates details of the operation of pre-switch 92 in

active master 30 under the fault.-conditions shown in Fi.g.

8, in accordance with a preferred embodiment of the

:2present - inv"ention. For- clarity, of illustration, this.

*block diagram and the other illustrations of pre-switch

92 show only the elements of the pre-switch that are of

functional importanc'e-in handling this particular fault.

The illustrated arrangement of these.* elements, and
..particularly of FIFO buffers in the pre-switch, has been

chosen for- simplicity and conceptual clarity, and

variations on this arrangement -will be apparent to those

skilled-in the.art.

For all. incoming. 'traf fic -destined -for chain 39, a

PSA router 130. in pre-switch 92 determiLnes- whether the

packets are addressed to slaves 34, upstream of the, fault

indicated by-mark,.11-0., or slaves 34'-, downstream of the

fault. The PSA re-routes. the traffic for slaves

downstream of the fault. through chain 37, in' accordance

with the following routing table:

TABLE I

* PSA address Original switch N'ew switch-port

port

0 0 0.

1- * 0 0

2 * 01

20
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In this table, PSA numbers 2 and 3' refer to slaves 34',

whose traffic is thus routed via a FIFO 134 to address 96

(switch port 1) of chain 37. Broadcast traffic for chain

39 is routed by PSA router 130 to'both chains 39 and 37,

except for "'"Next" packets, which are sent only to chain

39.

As *noted hereinabove, it is necessary to avoid

confusion between 'downstream traffic to slaves 34',

transferred on chain .37 *as represented by arrow 112, and

ordinary downstream traffic to slaves 34 located-on chain

37 itself. For this reason, PSA router 130 preferably

set-s a bit reserved for' this purpose in the. packets

destined for slaves 34'f. In the case of ATM cells, for

example, -router 130 preferably sets the least significant

bit' of the GFC field to 1. Standby ma-ster 32 changes

this bit back to 0 -when switching the packets. back to

chain 39..

In the upstream direction, the traffic from slaves

34' over protection interface 76, repre sented -by arrow

122, is. merged with the normal upstream traffic from

slaves 34 on chain 39 by a FIFO 132. Switch 90 processes

the merged traffic as though it had all come directly

from chain' 39, and no special processing is required

after pre-switch 92.

Fig. 10 is a' block diagram that. schematically

illustrates details of pre-switch 92 in Standby master 32

under' the fault conditions- of Figs. 8 -and 9, in

accor dance with a preferred embodiment of the present

invention. Downstream traffic from chain 37 is examined

21
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by a local filter 148. in pre-switch 92 of standby master
32.. The filter identifies packets destined for slaves

34', preferably based on the least significant bit of the

GFC field, in- the packets, as noted above, and routes

these packetis to address 94, (UTOPIA port 0) of chain 39.
The local filter changes the least signi.ficant bits back
to 0. Packets for..local ports on the standby master are
routed to a FIFO 144, from which they are conveyed to

switch 90. Other packets, typically "next" traffic

originating from the last slave 34 on chain 37, air e

passed by filter 148 directly to switch 90.

Traffic arriving at. standby master 32 from chain 39
is received by a next filter 142, which -separates normal

packet traffic from "Next" neighbor packets. The filter

IM" routes upstream packets, sent by' slaves 34', to a FIFO

150. From this FIFO, these packets are conveyed through

address, 100, 'via protection interface. 76, to active

master 30.- Upstream traffic from the local ports on the

standby master is similarly routed by a 'next filter14

to FIFO 150,.and from there over the protection interface

to the active master. The "Next" packets, however, are

routed by filters 140 and 142 directly between the

standby master and chain 39.

While Figs. 8, 9 and 10 illustrate only a case in

which a fault- has occurred in 'chain 39, it will be

understood that similar techniques may be applied when

faults occur in chains 36 'and 37. In f act, these latter.

cases are, simpler. to deal with, since control traf fic

between masters 30 and 32 is normally carried only over

chain 39. In all cases, the use of pre-switches 92 in

the two masters allows such faults to be handled

substantially- without any reprogramming or

reconfiguration of switches 90..
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Although -preferred -embodiments are described

hereinabo-ve with reference to DSL access to an ATM

network, the principles of the present invention are

similarly applicable in providing access to*substantially'

any type of packet-switched network,. and. over

* substantially any sort of subscriber. interface. The

* 'architecture and switching 'techniques used in. system- 3.1

are most advantageous'- when there is a need for high

concentration at.the' access stage, i.e., for multiplexing

of many lines into'one or'a few..trunks. Those skilled in

the art, h owever,' will understand tha.t the, principles

embodied in system 31 may 'also be applied to-multiplexers-

and switche-s of other types, even including core network

devices..

It will thus be 'appreciated that the preferred

embodiments described above arte cited by way of example,

and that the present invention.is not,limited to what has

been particularly shown and. described here-inabove.

Rather, the scope of the present invent.ion includes both

combinations and subcoombinations of. the various 'features

4decrbe -eriabove, as' well as variations and

modifications thereof which would occur to persons

skilled in the.art upon reading the.foregoing description

and which are not disclos.ed in the prior art.
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N twork access apparatus, comprising:

fir t and second master units, each comprisinga

physical.i terface to a.packet-switched,network;

a' plu ality' of slave units, each slave unit

comprising. oe or more ports. to respective. subscriber

lines; and

a plurality of physical interface lines,. which link

the,slave units i one or more daisy chains, in.which the.

slave units arem tually connected. in series by the

physical interface lnes -therebetween, each -daisy chain

comprising at least a first 'slave, unit connected by one

of the physical interfa e lines to the first master unit

and a 'last slave. unit connected by another of. the

% \physical interface lines t the second master unit.

2. Apparatus according to claim* 1, wherein in normal

operation,. downstream data ackets received from the

network are passed from the fi st master unit to.each of

:J . the daisy chains via the first, lave unit in each chain,,

and upstream data packets receive by the slaves in< each

chain from the subscriber lines ar passed via the first

slave unit in. the chain to the ~f st master. unit for

transmission over thenetwork.

3. Apparatus accorfding to claim 2, and comprising *a,

protect ion interface, which' 'couples . second master

unit to the first master unit, and over.which interface

data packets are conveyed between the fi st and second

master units in case of a fault.

4. Apparatus according to claim 3, wherei the first
* master unit bicassth sptream data packe s 'that it

receives from.the slave units to the network an, via the

protection interface, to the second master un t.,.which

transmits the,.upstream.data packets to the networ

24
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Ap±_paratus according to claim 2, wherein in case of a
faita t alcto noeo h as his aafo

in lportion. of the daisy chain between the location of

the f ult and the second master unit is reversed, so that

the -do stream data packets are passed, from -the second

master u it to the slave units in the portion of 'the

daisy chai via the last'slave,unit in the chain, and the

upstream da a packets are passed by the last slave unit

to the secon master unit.

6. Apparatus according to claim 5, wherein the,

downstream packe s for the slave units in the'portion of
:J;tthe daisy chain b tween the location of the-fault and the

second master unit. re conveyed to the se cond master unit

:IJ from the first mast unit-via another one of the daisy

chains.

7. Apparatus accordin to claim 1, wherein each of the

first and second master its comprises:

::14 a switch, configured to route data packets between

the 'respective physical i terface and the one or' more

daisy chains; and

a pre-switch, which in the event of a fault. at a

location in one of,the daisy c ains, re-routes' at'least a-

portion of the data packets exc anged with one or more of

the slaves in. the daisy chain in whi*ch the. fault has

occurred through another one of th 'daisy chains.

8. Apparatus according to claim 7, wherein the pre-

switch re-routes the data packets su h that substantially

no reconfiguration of the switch is required responsive

to the fault.

9. Apparatus'according to claim 1, w e'rein each of the

slave units comprises:,

25
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a witch fabric comprising one or more switches,

which con ey data packets to respective ports on the

Switch to ich the packets'are addressed; and

apre-s itch, which receives the data packets from
one of. the p,ysical interface lines connected to the

slave unit and asses those of the data packets that are
addressed to any of - the ports on the slave unit to the-
switch fabric, whi e passing packets not addressed to any

of the ports,on th slave-unit for output through another

of the physical inte face.lines.

10. Apparatus accordng to claim 9, wherein each of the
Y slave units is coupl d to receive packets transferred

thereto from the first nd second master units over first

and second ones of he physical interface lines,
respectively, and* wherein the pre-wthpse te

WJ packets received through he first and second physical
interface line and addresse to any of tChe ports on the

slave unit to respective fi st and second addresses in

*the switch fabric.

11. Apparatus accordi.ng to clam 10,. whE,rein in,response

to a reversal of a direction o data f low in the daisy

chain, the first and second addr sses-are swapped in the

pre-switch, -so that substantially no reconfiguration of

the switch fabric is required.

12. Apparatus according to -claim 1, wherein the network

comprises an asynchronous transfer no (ATM) network.

13. Apparatus according to claim 1, erein the network

comprises an.Internet protocol (IP.) netw rk.

In a network access multiplexing sy, ten, in- which a

master unit is connected by a physical interface to a

packet- swit ched network,. a slave unit cofigured to be

2 6
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coupled-to the master. unit in a.daisy chain of,such slave

units, the\ lave uni.t comprising:

a plu'a\i't y of ports, for coupling t;he slave unit to

respective subscriber lines;

first and\ second- physical interfaces,* coupled to.

exchang'e packet with preceding and -succeeding units,

respectively, al 'ng the daisy. chain;

a pre-switch coupled to receive packets 'from the

first physical it rface and responsive to address data

carried' by the pac ets, to sort the packets such that

packets addressed t the slave unit are. retained, and

packets addressed to the succeeding u;nits are passed to

the second'Physical in' erface; and

a fabric of one o more switches, which convey the
retained packets' to the orts,rsosv to the address

data.

15.' Apparatus' according t claim 14, wherein the pre--

switch is further coupled t' receive packets transferred

thereto f rom the second phy 'ical interf ace and to sor't

the packets in like manner to the packets received

through the first,physical inte ace.-

16. Apparatus according'. to aim 15, wherein the

retained . packets . that were recei ed from the f irst and

second physical interfaces and ar passed by the pre-

switch to the switch fabric are ide tified by respective

first anid second port numbers, and wh rein.''in re sponse to

a -reversal of a direction of da ta f low in the daisy

chain, the f irst and second port numb rS are swapped in

the pre-switch, so that substantially ' reconfiguration.

of the switch fabric is required in esponse t o theK_
.reversal.

17.. Appar.atus according-to claim, 14, wher in when one of

the packets received by the pre-switch compris .es a.
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multi ast packet addressed to one*or more of the ports. on

the slave unit, the pre-switch.sorts the multicast.pack'et

such tha\one copy of. the packet. is retained and another

copy of Th!ie packet is passed to the second, -physical'

interface.

18. Apparatus according. to -claim 14, wherein -in the

event of a f au t in the switch fabric, the pre-switch

continues,to pass the packets addressed to the succeeding

units on 'to the ucceeding units without significant

interruption.

A. method for oviding access to a network,

comprising:

coupling first and s cond. master units to, interface.

with the network;

linking a,,plurality of lave units, each 'sl1ave' unit

comprising- one or more. port to respective subscriber

lines, in a daisy chain betw n the first and 'second

master units,

conveying initial downstream ata packets, received

'from' the* network by one of the ma er unit's, along the

daisy chain 'in. a first direct-ion, s a,,- to deliver the

packets to the ports,-of.the slave units and

in the event 'o'f a fault in t Le. daisy chain,

conveying. further 'downstream data packets received from.'

the network by.one o.f the master units, a ong the daisy

chain' in a second direction, opposite the first

direction, so as to deliver the further pa ets to the

ports of at least some of the slave units.

20. A method according,'to claim 19, wherein t e., initial

and further downstream' packets are received from the*

network by the first master unit, and wherein '. onveyin'g

the further downstream packets in the' second' irection

comprises conveying the further downstream packets 'from

28
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the fir st master unit to the second maste r unit, and then
conve ying~ the further *downstream packets from the second

master uniI to the daisy chain.

21. A method according to claim 20, wherein conveying

the further dowvnstream packets. from the first master unit-
to the second m ter unit comprises linking further slave

units in an addi ional daisy chain between the first and

second master unit ,and conveying the further downstream

packets from the fi st master u~nit to th~e second master

unit over the additio al daisy chain.

22. A method accord ng .to claim 19,, and *comprising
C F conveying initial upstr am data packets, received by the

slave units from the su scriber lines, along the daisy
chain in, the second dir ction so as to transmit the
upstream data, packets via he first master unit over the

network, and in the event o the fault, conveying further
* upstream data packets recei ed by one or more of the

slave units along the daisy ch in in the first direction

via the second master unit.

23. A method *according to cl in 22, and comprising

bicasting the upstream data packet from the first master

unit to the network *and to the sec nd master unit, .which'

transmits the bicast upstream da a packets over the

network.

24. A method according to claim 19, whierein ,conveying

the initial downstream data packets alo the daisy chain

comprises pre-switching the packets at e ,ch'*of the slave

units, so. that packets -not addressed to a y of the ports
on the 'slave' unit are *passed to 'the next lave -unit in

the daisy chain, while packets. that are add essed to one
or more of -the ports on the slave unit are assed' to a
switch fabric that directs the packets to th ports to

which they are addressed.

29
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25. A meth d'according to claim 19, -wherein

comprises an. synchronous transfer mode (ATPM)'

26., A method . ccording to claim 19, wherein

comprises an Tntd'net.Protocol (TB) network.

the network

network.

the. network
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ABSTRACT

Network access apparatus includes first* and second

master units, each having a physical interface to a

*packet-switched network. A plurality of slave units,

each slave unit having 'one. or more ports to respective

subscriber lines,. are linked by. a plurality of physical

interface lines in one or more daisy chains, in which the

slave units. are mutually connected 'in series by the.

*physical interface lines. therebetween. Each daisy chain-

includes *at least. a first slave unit connected by one of

the physical interface lines. to the first, master unit and

a last slave unit connected by another- of the physical

'interface lines to the second master unit.

31
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UNITED STATES

PATENT APPLICATION
DECLARATION AND POWER OF ATTORNEY - OR[G[NAL APPLICA\TION

ATTORNEY'S DOCKET NO.
204,344

As a below named inventor, I hereby declare that:
My residence, post office address and citizenship are as stated below next to my nam e:
I verily believe I am the original, first and sole inventor (if only one name is -listed below) or a joint inventor (if
plural inventors are named below) of the invention entitled

(I)' BI-DIRECTIONAL CHAINING OF NETWORK-ACCESS PORTS

the, specification of which

(2)F] is attached hereto.

D- -was f iled on ________________ as Application No._

.and was amended on (if ap plicable).

(3) CHECK
APPROPRIATE

BOX

(4) CONDLETE
DATA INDICATED

IF APPLICABLE

(5) CONPLETE
DATA INDICATED

MFAPPLICABLE

I hereby state that I have reviewed and un~derstand the contents of the above identified specification, including the
claims, as amended by any amendment referred to above.
I acknowledge my duty to'disclose information. of which I am aware which is material to the patentability of this
application under 37 CFR 1.56(a): the invention has not been patented or made the subject of an inventor's
certif icate issued before. the date of this.application in any country foreign to. the. United States of America on an
application filed by me,or my legal representatives or assigns more than twelve months prior to this application; and
as to applications for patents or inventor's certificate on the invention filed in 'any country foreign to the United
States prior to this application by me,or my legal representatives or assigns.

(3) F no such applications have been filed, or

Dsuch applications. have been filed as follows:

EARLIEST FOREIGN, APPLICATION(S), IF ANY, FILED WITH[N 12 MONTHS PRIOR TO THIS APPLICATION

Country Application Number Date of Filing j Date of Issue Priority Claimed
(day, month, year) (day, month,'year) Under 3 5 US C 119

(4), C3Yes C3No

___________ L__________ Yes CONo
ALL FOREIGN APPLICATIONS, IF ANY, FILED MORE THAN 12 MONTHS PRIOR TO THIS APPLICATION

(4).

I hereby claim thebenefit under Title 35, United States. Code § 120 of any United States application(s) listed below
and,, insofar as the subject matter of each of the claims.of this application is not disclosed in the prior United States
application' in the manner provided by' the first par agraph of Title 35, United States Code, § 112. I acknowledge the
duty to disclose material information as.defined in Title 37, Code of Federal Regulations, § 1.56(a) which occurred
between the filing date of the prior application and the national or PCT intemnational filing date of this application.

(5),

(Application Ser. No.) (Filing date) (Status: patented, pending, abandoned)

(Application Ser. No.) (Filing' date) (Status: patented, pending, abandoned)

(1) TrMLE OF

rNVENnON

(2) CHECK
APPROPRIATE

BOX

-----------I

(Application Ser. No.) (Filing-datc) (Status: patented, pending, abandoncd)
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Po'yer of Attorney: As a ed inventor. I hereby appoint the following attorn.
and transact all business in the Patent and Trademark Office connected therewith.

Jeffrey A. Schwab, Registration Number 24,490
Stewart J. Fried, Registration Number 20, 694
Jay S. Cinamon, Registration Number 24,156
Dennis A. Mason, Registration Number 19,571

Send Correspondence To:
Abelman, Frayne & Schwab
150 East 42 nd Street

New York, New York 100 17-5612

nd/or agent(s) to prosecute -this application

Michael I. Markowit7- Registration Number 30,659
Thomas E. Spath, Registration Number 25, 928
Joseph J. Catanzaro, Registration Number 25,837
Anthony Coppola, Registration Number 41 ,403

Direct Telephone Calls To:
Jeffrey A. S-chwab,' Stewart J. Fried, Jay S. Cinamnon,
Dennis A. Mason, Michael 1. Markowitz,
Thomas E. Spath, Joseph J. Catanzaro
or Anthony Coppola at (212) 949-9022)

I hereby dc*lare that all statements made herein of my own knowledge are true and that all statements made on information and belief &re
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment or both under Section 1001 of Title 18 'of the United States Code and that such willful false statements may
jeopardize the validity of the application or any patent issued thereon.

Full Name of Sole or First Inventor Inventor's Signature Date

Yenachem KAPL
Residence Citizenship

3a Hadar Street' Petach TikVa'49327, Israel Israel

Post Office Address sarne-as above

Full Name of Third Joint Inventor, If Any Inventor's Signature Date

Residence Citizenship
19 HazarneStreet,lGAivt62m57 1.IralIsrael,

Post Office Address s m a b v

Full Name of Forth Joint Inventor, If Any Inventor's Signature Date

Residence Citizenship

28 HaZoatree,TeluAiva462,IsaelIsrael
Post Office Address

sam as-above
Full Name of Fifth Joit Inventor, If Any Inventor's Signature Date

Residence Citizenship

22 BqaritSYearet,Kur IyatOn48 5544,IIsraelIsrael

Post Office Address
saze as above

ABELMA, FRANE & CHWAB 150 East 42 "d Street, New York, New York 100 17-5612- Pg

(6) DETAILS
REQUTRED
FOR EACH
fNVENTOR

ABELMAN, FRAYNE & SCHWAB Page 2

Ex. 1002, Page 90



Power of Attorney: As 2 -ned inventor. I hereby ;,ppoint- the following artorT
and transact all business ie Patent and Trademark Office connected therew,.

Jeffrey'A. Schwab, Registration Number 24,490 Michael I,
Stewart J. Fried, Registration Number*20, 694 Thomas E
Jay S. Cinamon,.Registration Number 24,156 Joseph 1.1
Dennis A. Mason, Registration Number 19,571 AnthonyI

Send Correspondence To: Direct TeI
Abelman, Frayne & Schwab Jeffrey A.
15 0 East 4 2 '~ Street Dennis A,
New York, New York 100 17-56 12 ThomasE

or-Anthor
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Catanzaro, Registration Number 25,837
Coppola, Registration Number 41,493
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believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment or both under Section 1001 of Title 18 of the United States Code and that such willful false statements.may
jeopardize the validity of the applicationor any patent issued thereon.

Full Name of Soeond Jit Inventor,IAn Inventor's Signature Date

Residence Citizenship

Post Office Address

Full Name of Third Joint Inventor, If Any Inventor's Signature Date

Residence Citizenship

Post Office Address

Full Name of Fhirdh Joint Inventor, If Any Inventor's Signature Date

Residence Citizenship

Post Office Address

Full Name of Sixth Joint Inventor, If Any Inventor's Signature Date

Residence Citizenship

Post Office Address

ABELMA, FRANE & CHWAB 150 East 420' SEreet, Ne'w York, New York 10017-5612Pa3
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INVENTOR
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Ex. 1002, Page 91



Transaction History Date 7.000 - Q1_ Q4
Date Idormation retrieved from- USPTO Patent

Application IhfbfmatVon Retrieval (PAIR)
system records at www.uspto.gov

* UNITED STATES, DEPARTMENT OF COMMERCE K
Patent and Trademark U)ffice

~7Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

APPLICATION NUMBER- FILING/RECEIPT DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NO/fTITLE

r)J3: ...t ....: ~ '. l1 ..... pI~.*>

DATE MAILED:

NOTICE TO FILE MISSING PARTS OF APPLICATION
Filing Date Granted

An Application Number and Filing Date have been assigned to this pplication. The items indicated below, however, are missing. Applicant
is given TWO MONTHS FROM THE DATE OF THIS NOTICE ithin which to file all required items and. pay.any fees required below to
avoid. abandonment. Extensions of time may be obtained by iling a petition accompanied by tho extension fee under the provisions of
37 CFR 1% 1 36(a). If any of items 1 or.3 through 5 are Indic§fed as missing, the SURCHARGE set forth in 37 CFR 1.16(e) of 0I $65.00
for a small entity in compljance.with 37 CF 1.27, or ' $130.00 for a non-small entity, muist also be timely submitted in reply*
to this -NOTICE to avoid abil'ndonment.

if all required Items on thIs'Iform ar filied within the period set above,3.ttd amount owed by applicant as a
Elsmall entity (statement ilied). non-small entity is fX'

El 1. The statutory basic filing fee is:
E0 missing.
0. insuff icient.
Applicant- must submit $ to complete the basic filing fee and/or file a small entity statement
claiming such status (37 CFR 1.27).

El.2. The following additional claims fees are due:

$for total claims over-20.

for independent claims over 3.
for multiple dependent claim surch arge.

ApplI ant must either submit- the additional claim fees or cancel additional claims for which fees are due.
/3. T oath -or decJat.is missing

El does not cog've;rP newly submitted items.
An oath or declaration in compliance with 37 CFR 1. 63, including residence-information and identifying the application by
the above Application Number-and Filing Date is required.

El. 4. The signature(s) to the oath or declaration is/are by a person other than inventor or person qualified under 37 CFR 1.42,
1.43 or 1.47.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and Filing Date, is required.

El5. The signature of the following joint inventor(s) is missing from the oath or declaration:

An oath or declaration in compliance with 37 CFR 1.63 listing the names of all inventors and signed by the omitted
inventor(s), identifying this application by the above Application Number and Filing Date, is required.

El7 6. A.$50.00 processing fee is required. since youir check was returned without payment (37 CFR 1.21(m)).
El 7. Your filing receipt was mailed in error because your check was returned without payment.
El 8. The application was filed in a language. other than English.

Applicant must file a verified English translation. of the application, the $130.00 set forth in 37 CFR 1. 17(k), unless
previously submitted, and a statement that the translation is accurate (37 CFR 1.52(d)).

El 9. OTH ER:
Direct the reply and -any questions. about this notice to."Atention: Box Missing Parts."

Ex. 1002, Page 92



Lawrence E. Abelman
Jeffrey A. Schwab

Victor M. Tannenbaum.
Peter J. Lynfield
Alan 1. Hartnick(

Caridad Pifteiro Scordatof
Michael Aschen

Julianne Abelmnan
Jonathan W. Gumpor

Marsha G. Ajhar

Of Counsel:
Norman S. Beier
Alan D. Gilliland
Thomas E. Spath

Robert C. Osterberg
Howard R. Jaeger
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Attention:- Box Missing Parts

R: Inveritor:
Ser. No:
For:

Alpril 3, 2000

Menachemn Kaplan, et'al.
09/472,683
BfUDRECTIONAL CHAINING
OF NETWORK ACCESS PARTS

Docket: 204,344

Sir:

In response to the Notice of Missing Parts of February 4, 2000, attached are the
Declaration and Power of Attorney, check inthe amount of $130 to cover filing fee and Return
Postcard Receipt. A copy of the Notice of Missing Part's is also attached.

ResPectfully submitted,

ELMAN, E&SHWAB

J S inamon
eg.- o. 24,156

"EXPRESS MAIL" label no: EK 051. 382 428 US-

Date of Deposit: 03 APR 2000
This is to certify that this paper or fee is being depos-'

itd Vith the United States' Postal Service 'Express Mail
Post Office to Addressee' service under 37 CFR 1.10 on the
date indicated above and is addressed to: Commissioner of
Patents and Trademarks, Washington, Db.C.- 2023 1.
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UNITEED STATES

P,\tTC\-TAPPL[CAN~ON A*\ORNEY'( 0C.XZTN,O
0riCLARM0lN,AN.DrC%Vl-:R OF ATTOR.NCY- ORIGD.4AL APPLICATION4 204 344

20AM a below named inventor, I hereb- declarc that:
M~ 'y residerice. post offict address and cltizcnship are os stated bcloW nem (at my name:
I Ycrily believe I ani the origincal, 17irst and soft! invcncor (ifConly one name Is livrd below) or ajoirtic nventor(i
plural inverimrs are n3med bclowv).or th-. invention encitlcd

(11rrTME OF () BI-DIRECTION.kL CHAINING OF UNETWORK ACCESS PORTS

thc specificz6ion aof which

(2) rECK (2)]D is 3tce c:o
APROA9 eeme 2,19909/472,683

aO7X w3s Mied onDeebr2,19 as Applicat;inNo. _________

and %vas amended on____________________ (if applicable).

I hereby state that I have reviewed and under;tand the contentsofMhe -3bove.iden6ificd specification, including the
claims, as amended by any amendment re-ferred to above.
I :ickno%vledge my duty to disclosc-inf orTnation ofwhichI lam aware wvhich is matcriil to the patentability of his
application under 37 CFR 1.36(a): the invenition. has noc been patented or made the subject oran inventor's
certificzte Issued before the date of this application In any councry (oreign to th lUnited States of(America on -lul
application iled by me or my legal rcprcscnL.atIvcs or assigns more than twclvc m onths prior to thi: app licocion I and
as to applications ror patents or inventor; certiicate on the Invention filed in any country fortl&,n to the United
States prior to this applicavion by me or my legal representatives or 15'signs.

(3)CtMCK (3)EI no such applications have been filed, or
APPROPPLIATE

Box such appiica(ions have been filed as follows:

*DATA MEOCATED

k7A M(DCATED

'APPL(CADL2~

4.

EARLIEST FOMG\.4~ APPLICATION(S). IF ANY, MS0E WITHEN 12 &cIONTHS P1RIOR TO THIS APPLICATION__

Country Applicition Number Date of Filing Date f a(Wuo Priority Claimcd
(d ay.m o nth. y nr) (day, mroanth, ycaw) Under 35 USC 119

) .0CYes 0ONo

C3Yes 0 No

ALL FORE TGN APPLICATTONS, IF ANY. F(L ED NMO RE TR~AN 12 MONTHS PRI10R TO T1IS APPLI(CATION

~(4)

I hereby claimn the benerig under Title 35, United Staces Code § 120 Of ary TUnited SS ctecs applicatiou(s) listed below
and, insoFir as the subjecct maner of each of the claims of tllis applicationis not disclosed int the prior United States
application in the mantner Orovidcd by the first paragraph oMdite 35, United Stztcs Code, § 112. 1 acknowledge the
ducy to disclose material information as deFined in Title 37, Code of Feder-at Rc3ulations, § 1 .56(a).which occurred
betwveen tht fillng date of th-. pi-or applicat(on zAd the nationat or PCT internztoorna(i ing date of this applic3tiorL

(5)

(Appl;c2tion Str. No.) (71Lig date) (SLI at's ~entcd. ;cnding. if=.dcaced)

( /A I
(Su(W:pucntc(J.qcndLir abudoncd)

3 mm.

(Applic-iclon Scr. No.) (FIVII& d4(c)
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ig(i tfn!ct all 'jusirncss5%'n :ttc Pitcnt :.nJ Tr:-Lcn%-..r QiTic: -anncc::d S:vt.

k7lrcui A. Schwab, i:tt Numb,:r -'.O

Stc%vart 1. Fricd. RcSitratiol Nurr.bcr 20. 69-4
Jay S. Ciniamron. RcSisduation \,umbcc 21,! 56
Ocn,lis A-M'.ason. Rc3isntlion Numbcr 19,571

Sc-i~d Corrcspoidcncc To:
Abctrnan. Fraync- L' Schw'-b
IS50 E,t 4 2 4 S tcct
Ncw YorkA Nc%v York 100 17-56 12

MNlocacl .1 ~w. z,R;I-su-31ton Nurnbc-*30.659
Tho-n:s E. SpatS, Rcg;siration Numbcf 2f. 923
lo-.c;h 1. Ca=nzaro. Rcgiv.ruion Numbcr 2 .337
An O.nY COPPOla. RC3isUlion Numbc.-,41.;

.Dir--ct Tc(cphonc Call T o:
Wforcy A. SchNv:i, S(cwi- 1. Frcd. Jay S. Cinan on,
Dcntlis A. Nauon, M;ch3cl 1.I.fa:cwiLz,.
Thomas E. Spau'a. loscph 1. Caran,zaro
or Amthony Co;pola zt (212) 9-49-9021-

I hcrrby dc:lu-h3 al -Stzrtmcclu mid c hcrein of my own1MO-1cd;c vt "rC M.1d Lhat :ll iut,-mcnLs made an Ltform atoI a a=d be cart
bclicvcdto bc ic:ci nd turhJcg utt ,c scc.1c: --. r:m:dc NvWISchc lTaowl.-d;c th:L willful L-,L= -,ttc,-nnL: and theclike so -7--d-
pvn;sh3bl(:b'~ rtm a rncnrncnt or od'tundecrSc:ion 1001 O(Tl0lc 3c( Lhc United Sut---Code .nd t"i. such svlltul CLlse ma"-e
j-copardzz the va1idicy ofOhe i;plic-.6on *'r --%y p:tcn tciC ldca

Full Nzmic aofSolcor o rz lac-.Lor lnvzGtirj S;grourc p

R-,,Idcncc c Zisl

3a *--1a63X Stree'ct, PetaCh Tik-,s 49327, Israel Israel.

Poft O(ric.- Add(::ss
sm as abo%e

Full 1'aM -(c6nd Join( (nvciior. If Anty lntvcnmrt S ,ru rc 0:11C

Pd&t 0MTCc Addrc.-i same as ac)%e'

Full NanxcirfThird Joint Inventor, irAmy Lnvcrw('s S;Qn3rrcc
POV KIMLCN

Ra;dcnc: C6z-,-1

19 .azahar St-reet, Tel 'Aviv 62507 .-- Ixae 1

PoIOITkc Addrt=X
sazIrp-a s atove

Full Nan-rca(Fouth injt Invrrr. t(Any lv.OcSignaturciZiiI ~ 3 2

283 Agard.t Street, Tzur-Ical 44862,-I!=a--l Irae-1

sam ea s above.

Ful wc o r, I~ nventor. Lf Anty l"rrS ;cn:(vrc ~]. a:~~'

Rc;dcntcc t L-- ru h 1?

1/22 Bar Ye-.da Street, Kiryat Cnro 55404, 1sra;Dl CIsraeL

Post OM-Ic Addrtis
sp.-e as above-

Full Namne nt Inrcntcr. IrAny- ni.to':SsncDc

Rzicnc,c /CiGzc.-uh;p-
39 nirrxn Een Zvi Street, Givatai-m 53631, Isxael Israel

Post 0MCc Addre--:

ABELMN,FRY &SC1A 10 Eas 42'Scrccc.New York, N6v York 100 17-56 12

C H
02 A.C~

Pag: 2ABELMALN, FRAYNE &' SCHWAB
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?3N.-(r of A (, c'o,: -Lmcd '1,1vc.,):or.IFihc a.c ;0 In: ,,*I c fo I I ow I"~ I ernc',ir:V.n )tz;rcizz:~.r ~Sapi.:o-
and cran ,ct a311uin in he PVtcr(.tl .n r e7 tA Dnecormcc,'cd thzrtw.~j

]-.(Trcy A. Sch-wab. A.cgi;(o-oon Ntvr,bcfr2..4qo

Stc-inrt1, Fr6ed. Rc-,i,rcrion N.uber 20. 694
lay S. Cinamnon. Rcgistnation'urn,bcr 24.156
Dennis A. Mizson. Rcg;simflion Numb-cr 19571

Stnrd Conrc;pordcnc: To:
AMelman. Fraync &Sche~wab

150 Eant 41,4Soc--
,New York,.N4c%vYo'S 100 17-56 12

*Michad I1. YaAowvia-k eSitaston Numr 3~ 0.6 59
Thomas E. SpalI, Rcgisntion Number 23..923
Joseph 1.O.n. r,Rc;istnt~ion Numbtr 25.327
Anftony Coppol., Rc;istr-a(lon Num6crA 1493

Direct TcJcphont Call,. To:
lcXrvj A. Schwab, Stewin 1. Ftied. J.-y S, Cinamn,n
Dtnnis A. Mmaon 'Michacll. MorUnwiL7-
Thom:. E. Spa(h. lostph J. Caruz.~aro'
or Az(hony Cop 'ola,at (212) 949-9022

Ihreby dcc I wcth tla.11ru ccrnts tmid: herCin or my o-M kKo-I.dg: =*'juc OcLrd t tJ Is Lim nfcnu mode an.intorrmuton md bclc( I. C
btlicvcd to bc true: and trur.cr Ltai Lhc1d jutcmcnu wc-,-- made wiU tPie k-iowcdgC thzt*111N.furalc stimcmLl Ind the liee o M.3de a1c
punishabic by fincor ;m*pr;cnmcnt or both undciSc-tiom 1001 crT*itlc 13 oCthc Unrircd S3tiez Codc 2nd tha tsuch -111f~ul fa!,,ceotM(cnt may~

jcoprdiz:: tc valyidirl oathc app.1caciOonY patentit.-ucd thcrteen.

ulNaecSale or FLrn Ivna nccrtS*%JftuwreDi.r
Eld AAL~~4

F,c;idcncceizcsi

7 Sh.irarYahu Le,;L S.re-Tl vv645, I~e it~si

Poet 0CiMcc Addrtis
sa-e as above

Full N4amnc oaSecond Joint fnvcnuflf AiY Inventor's Signicurc

Rcsidc.nce Giunship

Po5x OMc4 Add(--st

Full '43mc ofTWrd Joint Invtntor. Ir"Ay (nvtnors SijnaaotDat

Post Otficc Addrms

Full lN-ie ofFourt JiAL Inycwor. fAny xvto Sn..jeDe

Rc:1dence .Cidzcwhp

Full mirna or rnp.h joint inventor. It A-iy Inytritori SlgAatcsr Date

Pc:ldcnccr

Pot Ofricz Addrr:s

ABEL,**IkN. FR.AYNE j4SCHVTwAn ISo E:.t 4Z' S"--te. N*c.wYorie c'. -4Yoric 100 11 -561 Z

(4y:ETAILS
P.CQU~.Z0
FDa L&d
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i'UNITED.STATES L6 ARTMENT OF COMMERCE'
.:..atent and Trademrrark Office

Address:,' COMMISSIONER.OF PATENTS AND TRADEMARKS
Washington, D.C. 20231~

:APPLIC ATION,NUM13ER::. ..Fi T E FIRST NAMED APPLICANT . ATTORNEY 06E OUTF

I H I ~r I "r RF I' IT

DATE IVAILED:

:NOTICE'.TO.FiLE'MISSiNG:.PARTS OF APPLICATION
tFifind Dat6eGranted ,

An Application'Number-and Filing Date'hAVe been assigned to1thisppl*cati*n The items indicated below,,,,owever, are missing. Applicant,
is given7TWO MONTHS. FROM-THE. DATE OF,,THIS NOTICE)bthin which to file all required items anq.1pay. any fees required,below to.
avoid..6bandonment. ',Ex(tensions of time mayt,be obtained by/iing a petition accompanied by the extdr(sion'fee- under the provisions of
3;7 CFR t. 1 36(a).. If'anr of items 1 odr 3 th rough 5 are, ndicaed amissing '*the SURq-,HARGE .et fort -I,in.37 CFF:1.1,6(e) ofD.l$65.00
for.asal niy compliande,with 37.. .2,or $300 for a: non-small!entity,,must, also be timely submitted in reply,
to this,NOTICE to avoid abaindonm'penit.

fie intieiostaIf all-requirediesonti fra fldwihnth1eio.e-a,,4M~tiamount owed by applicant asmal ntty ~tteent ie) nnsmall'enti.s:.'
-l1. The,statuor bsi flig.eeis

El2.caiin uc mits(7CF .7t.t~o ete the6ias

The ollowing a:6dditionagl cdlaims h fde -are dUe6,.-

*S-fo - .* total claims over 20:-,'

for.:inideppendent: claims. over 3...
Sfor. multipleAdependent,claim surcharge..

.App4int must'either- submit-the.-additional claim.fees.or cancel additional'claims for which, fees are.d6e.-
3. T oath or decili;.f

* El does notmco. e:newly.submittd items. . .

,An:,,oath:.or:'dectaration"in.compliance with .37 CFR: 1. 63, including residence-information and identifying the- application by
th e:.above'Appliecation,,Number-cand:,Filing-Date is -required

4.l-4 The,.siginatWrea(s ) to. the-,oAth pr:declaration is/are,by a person, otherthain inventor or.person qualified under 37 CFR 1.42,.
1.43 or1.7

A-roperly.,signed,oath or declarationmin compliance,'.With .37 CEFR 1.63, identifying the application by the above
\E .AppicationiNumber-annd Filing Diate, is. required.

5"The 'signaturigOf .th~eiollowing -joint -inventor(s) is missing from the oath or declaration:

.An -oath or ddl tibn in-comipliance with,37 CFR. 63 listing the. names. of all inventors and signed by the: omitted /
invento(s),- Identifying th sapplctonbJhe aboveAppication.Number and IFiling Pate,! is required.-

El0 6. A $50.00, processing fee.Is: required since youir check was -returned. without payment (37 CFR 1.21(m)).
El7. Your'fling receipt. was. mailed ierobecause yourchkwareunditotpy nt

El 8 Th aplication-was filed..inalngae.:other'hnEnls.
Appc~rt mst ilea vnfed nglsh traslaionofthe applicatio, te.'$13O0.0set forth in 37 CFFR 1, 17(k, u.nle8s;

prviuly ubmitted and a statementha-eiranslation is accuratet(37CFR .2d)

El "9. OQTHER -' - -- --.

Dieth th p.y _nd ny uetns.1abdthsntc o'teto:B~MsigPrS

4A cp dfhIntie U Terturned-With therely

Customer SriceCentere
'AInitial: Patent Examnto Diision1703)308-1202.
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IN THE UNITED STATES PATENT AND TRADEMN/ARK OFFICE

'flie Application of:

Menachem KAPLAN et al.

Serial No. 09/472,,683

Filed: December 27,* 1999.

For: BI-DIRECTIONAL CHAINING OF
NETWORK ACCESS PORTS

INFORMATION DISCLOSURE!

Art Unit: 2734

Eximiner: NIA;PCek7o01 '0 -0

Washington, D.C. <0

NMay 8 101

) Docket No.: 204,344

STATEMENT [IDS]

Ho1norable Commissioner of Patents and Trademarks
Washington, D.C. 20231

Sir:

This- Information Disclosure Statement is submitted in accordance with 37 C.F.R. 1.971,
1.98, and it is requested that the inform-ation set forth inh this statement and in the listed
documents be considered during the pendency of -the above-identi fled application, and'any
other, application relying on the filing date of the above-identified application or
cross-referencingit as a related application.

[X] 1. This IDS should be'considered,, in accordance with 37 C.F.R. 1..97, as it is
Ifiled:

(Check one of the boxes A-D)
[]A. within three . months of the filing date. of the aboVe-idenitified national

application 'O*r within three months of the entry into the national stage of the above-identified
international application.

[]B. before the mailing. date of a first office action on the merits.

have []C. after (A) and (B) above, but before final rejection or allowance, and Applicants

haemade. the necessary certification (box 'T' below) or. paid the necessary fee (box."ii",
below).

(check one of the boxes 'i' and "iP" below:)
1 . Counsel certifies that, upon information and belief,'each- item of information

listed, herein was either'(a) cited in a -communication from a. foreign patent office in a
counterpart foreign application not.more than three months- prior to t he filing of this IDS; or'(b)
was not cited in a communication. from, a foreign patent office in a counterpart foreign
application and, to the knowledge of undersigned after making reasonable inquiry, was not,
known to any individual designated in 1.56(c) more than three months prior to the filing of this
IDS-.

2

4 ).l
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[]ii. A check for the fee set forth in 1.l17(p), presently believed to be- $230, is
enclosed (check no.______

[]D. after (A), (B) and (C ) above, but before payment of the issue fe e: Applicant
petitions under 37 C.F.R,.-1.97(d),for the consideration -of this IDS.'A check for the fee set forth
in § 1. 17(i), presently believed to be.$1.3 0 is' enclosed (check-no. . Counsel certifies
that, upon information and belief, each item of information listed herein. was either (i) cited in
a communication from a foreign patent office in a -counterpart foreign application not more
than three months prior to the filing of the IDS--,or (11) was not cited in a communication from, a
foreign patent office. in *.a counterpart foreign application and, to the knowledge of the
undersigned after making reasonable, inquiry, was not known to any individual designated in
1.56(c) more than three months prior to the filing'of this IDS.

q 2. In accordance with '37 C.F.R. 1.98, this IDS includes a. list (e.g., form
PTO- 1449) of all patents, publications, or other i nformation submi1tted for consideration by the
office, either incorporated into.this IDS or a's' an attachment hereto. A copy of each document
listed is attached, except as explained below.

(check boxes A and/or B and fill in blanks, if appropriate.)
[]A. Document(s)' is (are) deemed substantially. cumulative to

document(s)
___________and'; in accordance with 1.98(*C),''only a copy of each of the latter documents is

enclosed.

[]B. Certain documents were previously cited by or submitted to the Office in the
following prior application(s), which are relied upon under 35 U.S.C. 120:

[insert serial numbers and filing dates of prior applications]

Applicant identifies these documents by attaching hereto copies of the forms PTO-892 and
PTO-1449 from the files of the prior application(s) or a fresh PTO-1449 listing' these
documents, and request that they be considered and made of record in accordance with. 1.98(d).
Per *37 CFR 1.98(d), copies of these -documents need not be filed in this application.

[]3. Document(s) is(are) not in the English language. In accordance
with 1.98(c), Applicant states:

[]An English translation of each document (Or of the pertinent portions thereof), or-
a copy. of'- each corresponding English-language patent or application, or
English-language abstract (or claim) is enclosed.

[]A concise explanation of -the relevance of document(s)-_ ' is found.in the
attached search report (see reply to Comment 68 in. the preamble to the final'
rules; 1135 OG 13 at 20).

[]A concise explanation of therelevance of document(s) ' is set forth as
follows:'

[Insert concise ekplanation of relevance].
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[]A concise explanation of the relevance of document(s)._____ can be found
on page(s)____ of the specification.

[]A concise, explanation of document(s) _____ can be found on the attached
sheet.

4. No explanation of 'relevance is necessary for documents in the English
language (se.e reply to Comments 67 and 68,in the preamble to the final rules; 11.35 OG 13 at
20).

[]5. Other information being provided for the examiner's consideration, follows:

A.-_____ dated _____ which issued during the prosecution of Applicant's
Patent Application No. ___ which corresponds to the present application.

6. In accordance with 37 C.F.R. 1.97(g) and (h), the filing of this IDS should not
be construed as a representation that a search has been made or that information cited is, or is
considered to be, material to patentability as defined in Ä 1.56 (b), or that any cited documnent
listed or attached is (or constitutes) prior art. Unless otherwise indicated, the date of
publication indicated for an item is taken from the face of the itemn and Applicant reserves the
right to prove that the date-of publication is in fact different.

CROSS REFERENCE UNDER 37 C.F.R. 41.78 TO RELATED APPLICATIONS

Pursuant to 37 C.F.R. Ä 1.78, Applicant'notes that the above-identified patent
application may be related to the following U.S.. Patent Applications:

(1) U.S. Patent Application Serial No. 09/443,157, entitled SWITCH WITH SERIAL
OUTPUT LINKS AND MULTI-DIMENSIONAL SCHEDULING, filed November 18,) 1999..,

RespetflySbttd

S. INAON, ESQ.
A amry for Applicants
Regj. No. 24,156

ABETIAN, FRAYNE & SCHWAB
150 E. 42nd Street'
New York, New York. 10017
(212) 949-9022
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Date: May-$r' 2 o001

: TXTENTS AND 'PUBLICATIONS
APPLICANTS' INFORMATION

STATEMENT

ATTY DOCKET NO.
204,1344 -

APPLICANT

Menachem KAPLAN etali.

SERIL NUTSBE9,

rechiol
Il/gy Center 260

FILING DATE GROUP ART UN[T

* December 27, 1999 i34 N C
U.S. PATENT DOCUMENTS

Examiner's FILlING
Initials DOCUMENT NO. DATE NAME CLASS SUB DATE

AA

AB

AC

AD

AE

AF

FOREIGN PATENT DOCUME NTS

TRANS-

DOCUMENT NO. DATE COUNTRY, CLASS SUB LATION

AG

AH

Al

OTHER ART (Including Author, Bills, Pertinent 'Pages, Etc.)

AJDave Allan et aL, "An "Optimized for ATM" ADSL Access Architectu re using
AJ SDP"5), 7 pages, ADSL Forum 98-22 1, November'1 7 t to 20th, 1998, Los Angeles,

CA, USA.

AK "VORTEX CH-IP SET: Intr'oduction", Preliminary Issue 1, 16 pages, June 1999,
PMC-Sierra, Inc., BC Canada.

AL,

EXANffNER: ~k~t~ DATE CONSIDERED:. 2j 03
EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP

609; Draw line through citation if not in conformance and not considered. Include
copy of this form with next communication to applicant.

/Q011

QIP,-
N

6~C Page 1 of 1
I

i . FA 19 -
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p ~, U.S. Patent Application Serial No. 09/4403,157, filed November 18,) 1999

SWITCH WITH SERIAL OUTPUT LINKS AND MULTI-DIMENS&AL

8 .hSCHEDULINGMA

0%FIELD OF THE*INVENTION e101
The present invention relates generally oqq4 rp? 600

speed data communication systems, and specifically to

digital subscriber line systems.

BACKGROUND'.OF THE 'INVENTION.

Digital 'Subscriber Line (DSL) i.s a modern technology

that enables broadband digital data to be transmitted

over twisted-pair- wire,, which is the ty'pe of

infrastructure that, links most home and small business

*subscribers to their telephone service providers. DSL

modemns enable users to access digital 'networks at. speeds

tens to. hundreds of. times. faster than current- analog

modems and basic ISDN service. DSL thus opens the,most

critical bottleneck' in local-loop access to high-speed

networks, such as Asynchronous Transfer' Mode (ATM) and

Internet Protocol .(IP) -network.s, without requiring major

investments in. new infrastructure. A range'. of DSL

standards have been defined,'known gene*rically as "xDSL."

*wherein the various standards have different data rates

and other associated features but share.common principles

of operation.

-. DSL subscribers are.connected to high-speed networks

through Digital Subscriber Line' Access Multiplexer

(DSLAM) systems.. 'The DSLAM is built, around a

concentra.tor,.which multiplexes the traffic 'carried by a

large number of DSL subscriber modems, or 'ports, through

a common -link to the netwo.rk backbone'. The concentrator

*should ensure'that.all of the subscribers.have.continuous

* access to the full bandwidth for which .they, have

contracted.. Ideally*,. the DSLAM-system should'be designed

so that it. can economically serve an initial,., limited

subscribe'r .,base, and still be 'capable of growing in.
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capacity as the number of subscribers and their bandwidth

demands increase over time.

Typically,- the ports of the DSLAM,.,are connected by a

common bus to the concentrator. Alternatively, the ports

are connected,by point-to-point links to the concentrator.

either in a star or. serial- configuration.'. For example,.

PMC-Sierra, -Inc., of Burnaby, British Columabia, offers a

product known as the.Vortex Chip Set, which.allows serial

point-to-point.connection of multiple ports to -a DSLAM

concentrator. The Vortex Chip Set is described in a

Preliminary Release, issued June,. 1999, by 'PMC-Sierra,

which document is incorporated herein by,reference.I
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SUMMARY OF THE INVENTION

It is an object of some aspects of the present

invention to provide improved methods and apparatus for

multiplexed network access by multiple subscribers..

it is a further object of some. aspects 'of the

present invention to provide a multiplexer architecture

that facilitates expansion of the numxber. of subscribers

who can be served by a common multiplexer system.

It is yet a 'further object of some aspects of the

present invention to provide methods for scheduling

transmission of data through a common trunk. so that all

of the subscribers served by the trunk receive their fair

share of the available bandwidth.

In preferred embodiments of the present invention, a

multipl ex access system -serves a plurality of. network

users, who are coupled' thereby to access a high-speed

packet-switched network through a multiplexer, or

concentrator. The multiplexer concentrates traffic

between the- users and the network over a common trunk.

The users communicate with the concentrator via

subscriber lines, connected. to respective ports of the

multiplexer system. Preferably, 'the ports comprise

Digital Subscriber Line (DSL) modems.. The ports are

linked to the concentrator in series, most preferably in

a loop configuration.

In some preferred embodiments -of the present

invention, the ports are' linked by a "daisy chain" of

mutual point-to-point connections. A first port in the

chain is linked by point-to-point connections to the

concentrator and to a second port. The,second port is in

turn linked to a third port, and so fort:h. The' last port

in the chain- is linked back to' the' concentrator. Data

packets received over the network are passed from the

concentrator to the first port -and thence from 'one port

to, the next in the chain. When. a. packet addressed to a

particular. user reaches the appropriate port, -the packet
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is sent out through the respective subscriber l ine.

Similarly, packets received from a user at one of the

ports are passed along the chain until they reach the

concentrator, which sends them-out over the network.
* Dai-sy-chaining, the ports* in a loop of this or

differs from multiplexer. sys.tems known in the art,. in

which. the ports, are 'typically arranged in a star

configuration around the multiplexer, or else *on a bus.

*Whereas the star configuration is limited to a

predetermined numnber of ports that are provided by the'

concentrator, the- daisy-chain conf iguration -allows, the

number of ports to be scaled up arbitrarily in. response

to increases in system speed, component, density and

numbers of subscribers. Unlike bus configurations,'

daisy-chaining of the ports does. riot. require complex,

high-speed bus arbitration logic.. Daisy chaining also

enables, groups o f ports to be serviced in locations

remote. from -the concentrator, using only a single duplex

line for an entire group.

In some preferred embodiments- of the present

invention, the concentrator manages the transmission of.

packets. of different priorities between the network and

the. plurality of subscrib,er.s using. a multi-dimensional

scheduling method. The method takes,into-account two or.

more sets of criteria, or dimensions, in queuing the

pac.kets and determining the order in which- they are-to be

transmit ted. Preferably, one. of the sets of criteria'is

based upon' priorities assigned.. to different service

types, such as voice or.electroni.c mail.. Another set of

criteria* is preferably based, upon ensuring that

communications resources' are allocatedf a irl y amo ng the

subscribers or, alternatively or additionally, take into

account' differing levels' of service for which different

users have contracted with a network operator. * The

concentrator statistically multiplexes the packets to and.
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from the ports while balancing the various dimensions one

against another.

This multi-dimensional scheduling enables* each' type

of service to be maintained at .a predetermined quality

level, based on its, respective priority, and *to ensure

that all subscribers receive their fair share of the

available bandwidth, even when a total packet demand rate

exceeds the capacity of the trunk. By contrast, systems

known in the art, using "one-dimensional" scheduling, are

incapable of ensuring that criteria of prioritization and

fairness are simultaneously observed at all times. It

will be appreciated.*that while preferred embodiments o f

the present invention are described with reference to a

particular series configuration of- subscriber ports-

linked to a concentrator, the -principles of multi-

dimensional scheduling may similarly be applied. to

multiplexing systems of other types.

There is therefore provided, in accordance with a

preferred embodiment of, the present' invention,

multiplexing apparatus for providing network access to

multiple subscribers,. including:

a multiplexer, -which. communicates with a network so

as.to receive a downstream data packet therefrom destined

for a selected.one of the subscribers; and

a plurality of ports arran ged in a s.erial chain and

linked to respective subscriber lines serving_ the

subscribers, the ports including:

a first port, coupled to receive' the' data

packet from the multiplexer; and

one or more subsequent ports, coupled so that

each subsequent port receives the data packet in

turn from a prec eding one of the ports in the chain,

such that the data packet is passed along the'serial

chain until it reaches the port coupled to the subscriber

line serving the selected one of the *subscribers, which

port passes the packet to the subscriber.

..........
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Preferably, each of the ports includes a modem, most

preferably, a Digital Subscriber Li ne modem, 'for

communicating over the subscriber line. In a preferred

embodiment, the network includes an-Asynchrono us Transfer

Mode network.

In another preferred emb2odiment, the network

operates in accordance with-the Internet Protocol.

Preferably, the plurality of ports includes a last

port in' the chain-, which is coupled to pass data packets

to the multiplexer, wherein when an. upstream data* packet

is received from one of the 'subscribers by one of ,the

ports, the upstrea m packet is passed from port to port in

tufrn' along the. serial chain until it reaches the

multiplexer, which conveys the packet over the network.

In a preferred embodiment, the plurality of ports

are located at a site remote from the multiplexer, -and

wherein' the first- port is coupled to the multiplexer by a

serial link between the multiplexer and the remote site.

Optionally, the serial link passes through a circuit-

switched network.

* Preferably, -the multiplexer appends a routing tag.,to

the packet, responsive to which the ports, determine

whether to' convey the packet over the respective

subscriber lines.

Further preferably, the multiplexer receives and

queues a plurality. of packets of different types., for,

different ones of the subscribers, and conveys the

packets in an order corresponding to a priority order of

the different types while serving he different ones of

the subscribers in a round robin.'

There is also provided, in accordance with a

preferred embodiment o f the present invention, a method

for providing network access to multiple subscribers.,

including:

receiving 'from a network a downstFream data packet

destined for a'selected one of the subscribers;
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passing 'the packet. along a serial chain of -ports

linked to respective, subscriber lines serving the

subscribers, such that the packet' is passed-from port to

port. until -it' reaches the port coupled to the subscriber

line that serves the selected one of- the subscribers; and

conveying the packet-over the sub-ccriber line.to' the

subscriber.

There i's additionally provided, in accordance with-a'

preferred embodiment of the present invention,'a. method

for scheduling transmission for multiple subscribers of

data packets of a plurality *of different types over a

common trunk,,wherein the.subscribers belong to a defined

subscriber order, and' the' types. of packets belong to a

defined type order, the method including:

arranging the packets in one. or-more queues;

selecting from one of the queues a packet of a'.first

type in- the type order 'to convey over the, truAnk for a

first subscriber'in the subscriber order;

* seeking in 'the. one or more 'queues, a further packet,

of the first type to. conv ey ov'er the trunk for a second

subscriber, subsequent to the first subscriber in the'

subscriber order; and

if no further packet of the first type is found,

conveying over the -trunk for the sec:ond s'ubscriber a

packet of a second type, subsequent to the.first type in

the type order.

Preferably, the type order includes an order of

priLorities, ahd wherein arranging the packets in the one

or more queues includes arranging packets in order '-of

priority.

Preferably, arranging the 'akt in the'one or more-

queues includes assigning, to each of. . the subscribers a

respective maximum queue' s i Ze and. discarding 'data

packets from the queues, when the respec,tive queue sizes

are exceeded. Most preferably, assigning the respective

maximum queue size. includes assigning a q .ueue size to

Ex. 1002, Page 108



34 92 0S2

each of the subscribers 'responsive to a respective level

of network service.'provided to *each of the sUbscribers.

Further preferably, assigning the queue size to each of

the subscribers 'includes assigning .qu ue sizes dependent

on data rates re'spectively guaranteed to the subscribers.

Preferably, seeking in the -one or more queues the

further, packet of the, first *type includes conveying

substantially all of the packets of the first.type in all

of the queues before, conveying 'the packet of the' second.

*type. Preferably, conveying for the second subscriber

the packet of the second type includes conveying a packet

of the second type for the subscriber next 'in 'the,

subscriber order after the subscriber for whom the. l1ast

one of the packet's of the, first type was conveyed. Most

* preferably, conveying the packet of the second *type

includes conveying substantially all of the packets of

*the second type in all of. the queues,- and the. method

includes conveying a 'packet of a third type, subsequent

to the second type in the type order, 'for the subscriber

n e xt in the subscriber order after the- subscriber fo r

whom the last one.of the packets of the. second' type. was

conveyed.

There is.-additionally provided, in accordance with a

preferred embodiment of the present *invention,.*apparatus

for scheduling. transmission for multiple. subscribers of

data packets of a plurality' of' dif ferent types, over a

common trunk, wherein the subscribers belong to a defined

subscriber order, and the types of pac'kets belong to a.

defined.type order, the apparatus includiLng:

.a plurality.of queues; and'

a multiplexer, which arranges thE: packet's in the

queues, and which selects fro.m one of the queues'-a packet,

of a first type in the type order' to, convey over the.

trunk for a first subscriber in the subscriber,order, an.d

which seeks,in the one or more queues.,a-further packet of

the first type, to convey over the trunk for* a second
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subscriber, subsequent to the first- subscriber in. the

subscriber order,

wherein if no further packet of the first type is

found, the multiplexer conveys over the trunk for the

second subscriber a packet of a- second type, subsequent

to the first type in the typ,e order.

The present invention will. be more fully understood

from the following detailed description of the preferred

embodiments thereof, taken together with the drawings in

which:
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BRIEF DESCRIPTION-OF THE DRAWINGS

Fig. 1 is a block' diagram that schematically

illustrates a multiplexing system, for coupling multiple

subscribers to a communications network, in accordance

with a preferred embodiment of the present invention;

Fig. 2 i s a block diagram that schematically

illustrates a concentrator in the system of Fig. 1 in

accordance wi.th a preferred emrbodiment of the. present

invention;.

Fig. 3' is a block diagram that schematically

illustrates the structure of a data packet conveyed, in

the system of, Fig.. 1,- in accordance with a prefer'red

embodiment of the present invention;-

Fig.' 4 is a block diagram that schematically

illustrates the. multiplexing system of Fig. 1 in.-an

alternative configuratio .n, in accordance with a preferred

embodiment of the present invention;

Fig. 5 is a block diagram that, schematically shows a

detail of a multiplexing system, useful in. under'standing

a method for multi-dimensional scheduling of transmission.

of packets in the system, in accordance with a preferred

embodiment of the present invention; and

Fig's. 6A and 6B are, flow' charts that schema.ticallyv

illustrate methods for multi -dimens ional. scheduling, in

accordance with a''preferred embodiment of the present.

invention.
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DETAILED DESCRIPTION OF PREFERRED) El-MODII-ENTS

Fig. 1. isa schematic block diagram illustrating a

multiplex system 20, which provides'- access to a network

22 for a plurality of subscribers 24, in accordance with

a preferred embodiment of the present invention.

Preferably,. system 20 comprises a DSLAM system, as

described generally in the Background of the, Invention.

Network 22 is shown as comprising.an ATM network, but may

alternatively comprise substantially any- other type of-

*packet-switched network,.such as an IP network.

System 20. cdmprises 'a network interface 26,

preferably a Utopia interface, as is known in the art,

which conveys data packets between network 22, and a-

concentrator 28. Typically, interface 26 comprises a

*physical layer (PHY) and data link layer (ATM) interface,

communicating with the network core, and :also performs

virtual path/Virtual circuit identifier (VPI/VCI)

translation and other higher-lay 'er functions. These

elements are well known in the-ATM art. Concentrator 28

comprises a multiplexer, which couples a plurality of

ports '30, serving subscribers 24, to- network interface

26. Ports 30, which preferably comprise suitable DSL

modems, as are known. in the art, are mounted on line

cards 36, which are. typically inserted in slots of a

common backplane (not shown) .for conv enience. of

construction and service. The ports are'marked "Port 1,,"

" Port 2," etc., in the figure. Each port may be on'it.s

own line card, in its own backplane slot, or

alternatively, several *ports may share. a common card and

slot, as shown in Fig. 1." Although for s implicity only'

one line card 36 is shown in detail in the figure, system

20 typically comprises a plurality of 'such line cards,

each having its own connection to concentrator 28 and

serving multiple ports,.

Ports -30 are arr.anged in series in a "daisy chain"

38, wherein each port is connected to the'next one in the
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chain by a point-to-point data line 32 and, optionally, a

clo.ck line 34. Alternatively, the clock is provided to

all of the line cards in parallel through the backplane.

Whenever concentrator. 28 receives a* packet destined for

one of ports 30 in chain 38*, the packet is passed over

line 32 to Port 1. If the pa,cket is not destined for the

subscriber 24 served by Port 1, labele d Subscriber 1 in

the figure, the packet is passed on to Port 2, and so on

down the line. Similarly, when one of ports 30 receives

a packet from the respective subscriber 24 for

transmission over network-22, it is passed down the chain

of ports until it reaches concentrator 28. Preferably,

lines 32 are driven by concentrator 28 at a high clock

rate, most preferably at least 12-16 Mbs, so that-there

is sufficient -bandwidth for substantially all downstream

and upstream traffi-c without loss of packets. At this

rate,, delay introduced by the daisy-chain 'configuration

is insignificant.

Although for the sake of simplicity, only four ports

30 are shown in Fig. 1, a typical daisy chain will

include up-to 8 ports, with concentrator 28 serving up to

64 such daisy chains in parallel. The' daisy chain may

include all of the ports on a given line -card 36, or

alternatively a single card may include a number of

different daisvi chains. Additionally oralternatively, a

daisy chain may include ports residing on two or-' more

different cards, since only a simple serial connectio.n.is

needed from one port,to'the next in 'the chain. A further

advantage of the daisy-chain approach is that as

component density and' speed increases, and it becomes

possible to produce line cards 36 that incorporate

greater numbers of ports on a single card, the additional

ports may simply be added into the daisy chain. The

capacity of system 20 can thus be scaled up without

necessarily- replacing concentrator 28 or. the back plane on

which line cards 36.reside..~
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Fig. 2 is a block diagram 'that schematically

illustrates details of concentrator 28', in accordance

with -a preferred embodiment of the present invention.

Cells are received from network- interface 26 in an input

FIFO (first-in-first-out) input buffer 39. A downstream

processor 40, preferably a reduced instruction set

computer (RISC) device, reads the headers of the incoming

cells to determine to which. port or ports 30 they should

be routed and, preferably, to add an appropriate routing

tag to each cell. (or packet), as described further

hereinbelow. The cells are stored in a SDRAM buffer 44,

to be.transmitted to the appropriate port s according to a

transmission priority scheme, which is likewise. described

hereinbelow.

Cells to be transmitted to ports 30 on -line cards 36

are read into an output RAM 41 'and from the re to one of a'

plurality of two.-cell FIFO output. buffer's 42. Each'such

FIFO is associated.with a respective one. of daisy chains

38 on the' line cards.. The. chains in Fig.: 2 are 'numbered

for convenience CHAIN 0, CHAIN 1,., CHAIN N..

Cells returning from the daisy-chained ports 'are'

received in respective FIFO input buffers 43, and from

there are conveyed' to an input RAM 45'and to SDRAM'buffer.

44. An upstream RISC processor 46 removes the internal

routing .tag and generates an appropriate header to be

attached to each cell for transmission . through' the ATM

network. These cells are queued and 'then' sent out

through *an 'output FIFO buffer 47 over network interface

26.

Fig. 3 is a schematic 'block diagram illustratin~g a

packet' 51 'conveyed by concentrator 28 over daisy chain

38, -in accordance with a-'preferred- embodiment of the

present invention. An original cell 52. (or' packet) - is

received from' network interface 26 and is identified by

the concentrator as-being destined for o'n-e of ports 30 on,

the particular daisy chain in question. The concentrator'
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preferab .ly adds an internal .routing tag 53,. typically' a'

heade.r, to the- cell, in order to indicate for which. of

the ports on the. daisy chain the" packetI is desti Ined.

Alternatively, a portion o-f original cell 52, typically

a 4-bit field known'as the GFC in ATM' access. system s, is

set. aside for routing and, is then reset to a de faul t.-

value when the routing information has been used and is

no longer needed. -The information- in the -routing tag is

preferably read - by the concentrator' from' a suitable

routing.'table stored-in memory.

Routing tag 53 includes a port. address 49, which

indicates whic.h port 30 is to take the packet. For each

por t along daisy' chain, 38,' if *port' address 49 does not

match the port number, packet 51. is passed on to the next.

port in ,the c hain. For upstreamt. packets sent f rom

subscribers 24, port address 49 indicates concentrator 23

(or contains a null addre,ss, since' such packets- will

reach the concentrator in any event). A given physical

port .30 may.include two or more chann.els, 'associated with'

different subscribers on a single line or different types

of service provided to a -given subscriber. For such

cases, an optional, logical port field 48 identifies the,

applicable channel of the physical port indicated by

address 49. One -or more additional ' fields 50 are

preferably' reserved for other information, for example,

to flag multicast packets.' Thus, when 'one.' of ports .30

receives. a suitably- flagged multicast packet with po'rt

address 49 matching that port, it both sends a copy of

the packet to the corresponding subscrLber 24 and passes

the packet on to the next port in the chain.

If -port address 49 assigned by' concentra.tor 28 do,es

not match any of ports 30, or equivalently, if a- null

address is assigned, packet. 51 -will loop through all of

chain 38 and return to the concentrator. This feature

enables' testing connectivity of the- chain without, the

necessity of interrupting user traffic.,

14
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* Fig. 4 is a block diagram that schematically shows

multiplexing system 20 in an alternative configuration,

in accordance with a.preferred embodiment of-the present

invention.- In order to maintain the transmission speeds

and quality of service- prescribed by xDSL standards, the

mod.ems associated with ports 30 must be within a certain

maximum distance (expressed in terms of the required run.

of copper-wire cable) from the premises of subscribers:

24. On the other hand, the elements of system 20 are

costly, and it is uneconomic to deploy the entire system

in an area in which there are relatively few subscribers

to serve. Therefore, the configuration of Fig. 4 offers

the possibility of remote transmission convergence (TO)

extension, whereby one or .mbre extension. elements 54,

functionally similar to line cards .36, are located remote

from system 20 and -provide network access to subscribers

24 in the remote area..
Extnsonelerint54compr ises prts 30, arranged.in

a daisy chain, like the ports on line card 36 in Fig. 1.

Element 54 is connected to concentrator 28 by a duplex

pointL!to-point line, such as a T1, El. or other. high-speed

line.- through an existing network 55, s0 that.* the

concentrator. interacts with the remote extension element

in essentially the same manner as with the local line

card. Preferably, network' 55 comprises' a circuit-

switched network, such as. a public switched telephone

network (PSTN)f which typically uses time-divi'sion-

multiplexing (TDM), rather than packet switching as in

network 22. Alternativ~ely, the connection between

element 54- and system 2.0 may -be made through th e

infrastructure of a cable entertainment network, or any

other suitable infrastructure that, may be available.

This sort of remote TO. extension is possible because of

the serial, daisy-chain connection between concentrator

28 and ports 30. only the single duplex line is. needed

between the concentrator and the multiple ports, by

15
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contrast *with systems. known in the, art., which require

either a separate concentrator at the remote location or

a remote bus extension.

Fig. 5 is ,a. block diagram, that schematically

illustrates a detail of a multiplexing system 60,-useful

in understaK ding a method for multi-dimensional

scheduling of transmission of packets *in the system, in

accordance with a pref-erred embodiment of the present

invention. In the' example shown in Fig. 5,. the

scheduling method is applied to a link between

concentrator 28 and a unit with multiple ports, such as

extension element 54. The principles -of the method

described hereinbelow, however, are applicable to a wide

range -of. situations in which data packets must be routed''

to multiple recipients- and/or from~ multiple sources over-

a common trunk 'of limited, capacity. The trunk: is

preferably a serial.trunk, as. in- system 20, but" may also

comprise a' parallel link, such as 'a multi-line bus,, as

well as a wireless.connection.

System 60 includes *a number m oft different clients,

each typically. corresponding to one of ports.'30 (Fig. 1.

or 3) . Each client i contracts' for 'a range of ni

different services' j, such as 'voice, 'video, Internet.

browsing, electron'ic mail,' etc. -Each such 'servic .e is

assigned.a priority level and is characterized by a peak

data rate Zj,and a sustained rate'over time Si All

of the palckets directed to the m clients are conveyed

over the commnno trunk between concentrator, 28 and *element

54, -which has a .maximum data capacity of. X. Each

subscriber is assured a minimum average. bandwidth of Yi

for which he or she has.:contracted. BurstsE of data above

the average' are handled by queuing when necessary.' As

long-as excess bandwidth is available at any given time,

the client may' e ven be- allowed to exceed Yi.~ but..there. is

no guarantee of bandwidth above this minimum.
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Problems in system 60, such as loss of data and

violation of client contradts, wIll arise when the data

rate 'demand exceeds 'the maximum capacity of the trunk,

i.e., when:

Inn ii

T,ziW> X()
i=lj=l

Such problems must be resolved by the use of statistical

multiplexing, so that the maximum trunk capacity is. not

exceeded.. In other words, the situation. expressed by

equation (1) must be handled -by appropriate

prioritization and scheduling, of data packets when

possible. the available capacity must be 'distributed

fairly among the subscribers, preferably in accordance

with the. assigned priority levels of the data to be

conveyed and subject to the constraint (at least at times

when the total demand is in excess of the trunk capacity)

that.for each subscriber i:

/7i

J.=J

Although as noted above, 'violations of equation (1)

can be handled by appropriate buffering, and statistic

multiplexing, 'When. the' sustained, rate exceeds the trunk

capacity, i.e., when

In 17i

ZZsi.j > X- (3)-
i=1 j=1

over a period of time, packets must be dropped from the

data streams. of subscribers who exceed their. contract

rates, as given by equation (2) . Preferably, elimination

of excess packets is accomplished using methods of early
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packet discard. (EPD) and partial packet discard (PPD), as

are known in the art.

Fig. G6A is a flow chart that schematically

illustrates a method for queuing data packets f or

transmission' over a common trunk, such as that shown in

Fig. 5,' in accordance with a preferred. embodiment of 'the

present invention.' In order to meet the criterion of

equation* (2), eac~h subscriber J.i is assigned a maximum

permitted queue siz.e, which is determined for each

service- type as a function of the. subscriber's,

contractual minim Ium-average bandwidth Yi and the peak and

sustained rates for - the particular service type i. j.

Methods for determining permitted queue sizes and

allocating buffer memory accordingly are well' known in

the art.

Thus, as shown in.'Fig. 6A,' when a data packet

arrives at concentrator 28, it is sorted and queued

according to the priority of its service type' j and the

identity of the subscriber i to whom it belongs. When.

the total data rate is at or near the, maximum trunk

capacity, and the contractual bandwidth is exceeded, the

subscriber's queue will fill beyond the maximum permitted

si ze. In -this case, any packets over.flowing *the queue

are discarded, as noted above, in order to ensure that

the queues of other subscribers, who have stayed within

their respective limits, are not damaged.

Fig.. GB is a flow chart that schematically

illustrates a method for transmitting data,' followi'ng

queuing of. the data using the. method of Fig.'GA., in

accordance, with a. preferred embodiment of the present

invention. Packets 'are sent in' order 'of their

priorities, while subscribers .(or users) are served in a

round robin, to, ensure that- all of them receive their

fair shares of the available bandwidth.

The process of selecting the user to be, served

begins each time a new packet' is to be sent over the
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common trunk,, subject to the constraint of the trunk

bandwidth on the total rate of packet:s that can be sent.

Typically, subject to this. bandwidth constraint, the

process is triggered. wh.enever.a buffer (such as FIFO 42-

or 43 in Fig. 2) on one. of the lines served by the

concentrator -becomes empty. An -interrupt is then
*generated (to the appropriate RISC processor 40.or 46, in

the example of Fig.. 2), which initiates' the selection

process.

The selection- is preferably based on a three-

dimensional.table, which is updated at each cycle of the

selection process. The columns of the, table, correspond

to the users, while the rows correspond to the- different

levels of service, priority. For each user and priority

level, the table includes two binary entries, or layers

(creating the third dimension of the table):

* Eligibility of each. of the, users to send or

receive data. A value of 1 indicates that the user.

is eligible-for service at this-cycle, based on the.

service bandwidth allocated to the- user,. for

example, which may vary from one. user-*to another.

* Queue status for each client, at each priority.

level. A value of 1 in this. case. indicates that

thr .is a packet waitin' to be sent in -the

corresponding queue.'

A logical "AND" operation is"'applied t'o the two table

levels in order to generate, at each cycle of the

process, a two-dimensional table. of binary values,

indicating the ' users. and' priority level*s to be served

Table I below, shows an example of such a,table generated

for eight users at four priority levels:
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TABLE *T

User

Priority ~1 2 3 4 57. ]8

1 0 0 0 0 1 0 0

2 0 1 0 1 1 .0 0 .0

3 10. 0 0 0 .1 1 1

4 .0 10 0 0 1O 0

Concentrator 28 uses this table to determine from

which of the queues. to take- the packet ,that-is to be sent

in. the current cycle. To make the, determination, the.

two-dimen sional table 'is opened out. into a one-

dimensional sequence, starting from .the least-recently

served user at the highest priority. For the example in

Table I, assuming that user 4 was served in the precedinig

cydle, the sequence begins with.user 5 at priority 1, as

Shown in Table II below:

TABLE.-II

Use r. 56 7 8 .1 2 3 .4 5 6 7 8 12.

Priority, 1 1 1 11 1 1, 1 2 2 2 2 22

Value, 0 1 0 0 1 0 0 0 1 0 0 0. 01

3 45 6.7 81 23 4 56 7 812.-3 4

2 2 3 3. 3 3- 3 3 3 3 4 4 4 4 4 .4 4'4 4

01 1 11 1 0.000 0 1 0 0 1.0. 0

The concentrator needs only to f ind the first non-

zero,.entry in this sequence. in. order to s.elect. the user.

and priority of the queue from which the next.packet is

to be selected.. In this. cas -e, -it will* be the first-

priority queue of user 6. on the othel- hand,- if all. of

the first e ight, entries, in the sequence of Table,II were

0, the. selection 'process would go on to the next priority
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level (starting from the ninth entry - user 5 at priority

2). This process continues until it is determined that

all of the queues of all of the eligible users'are empty,

down to the most-recently served user at the last

priority.

The result of this scheme is that a packet of a

given priority in one of the queues will always be sent

*before any lower-priority packet. W'hen two subscribers

are waiting for transmission of queued packets at the

* same priority level,,.the least-recently-served subscriber

will alwa,ys be served next. This arrangement may result,

however, in subscribers with low-priority service waiting

excessive periods for transmission -due to heavy high-

priority traffic. To overcome this problem, other-

transmission criteria may be added. For exampl.e, a.

packet in a low-priority-queue that has not been serviced

within a given period- of 'time may be automatically

upgraded to a higher-priority queue.

Although preferred embodiments are described

hereinabove. with reference to DSL technology and' systems

and -to particular packet-switched networks and access

devices, it will. be appreciated that -the principles of

the present invention. may be applied, generally in other

fie'lds of network access, technology and, with-appropriate

* modifications, in network core switching devices, as

well. It will *be understood that the preferred

embodiments described above are cited by.way of example,

and that.the present invention is not limited to what'has

been particularly shown and described, hereinabove.

Rather, the scope of the present invention includes both

combinations and- subcomnbinations of the various features

described hereinabove, as well as variations and'

modifFication's thereof which would occur to persons

skilled in the art upon reading the foregoing description

and which are not disclosed in the.prior art.
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CLAIMS

1. Multiplexing apparatus for provict'ng network access

to multiple subscribers, comprising:

a multiplexer, which communicates with a network so

as to receive a downstream data packet. therefrom destined

for a selected one of the subscribers; and

a plurality of ports arranged in a' serial chain and

linked to respective subscriber lines serving the

subscribers, the ports comprising:

a first port, coupled to 'receive the data

packet from the multiplexer; and

one or more subsequent ports,.couled so that

each subsequent port receives the data packet in

turn from a preceding one of the ports in the chain,.

such that the data pa-cket is passed along the serial

chain until-it reaches the po rt coupled to the subscriber

line serving the selected one of the subscriber.s, which

port passes',the packet to. the subscriber.

2. Apparatus according to-claim 1, wherein each- of the

ports. comprises a modem for communicating. over the

subscriber line.

3. Apparat-us according to claim 2, wherein the 'modem

comprises a Digital Subscriber-Line modem.

4. Apparatus according to claim. 1, wherein the network

comprise's-an,Asynchronous Transfer Mode network.

5. Apparatus according to claim 1, wherein the network

operates in accordanc'e with the Intern'et Protocol'.

6. Apparatus according to claim. 1, wher-ein the

plurality of ports comprises a last port in 'the chain,

which is coupled to'pass da'ta packets to the multiple.xer.

7.' Apparatus according to claim 6, wherein when an,

upstream data' pa cket' is received from. one of the

subscriber's. by 'One of' the ports, the upstream p-acket is.

passed from port to port in turn along the serial chain

22
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until it reaches the multiplexer, 'which conveys the

packet over the'network.

8. Apparatus according to claim 1, wherein the

plurality of ports are located at a site remote from the

multiplexer, and wherein the first port: is coupled,to the

multiplexer by a serial' link between the-multiplexer and

the remote site.

9. Apparatus according 'to claim *8, wherein the serial

link passes through a circuit-switched,network.

10. Apparatus according to claim 1, wherein the

multiplexer appends a routing. tag to the packet,

responsive-to which the. ports determine whether to convey

the packet over the respective subscribe r lines.

11. Apparatus according to claim. 1, wherein the

multiplexer receives and queues a plura1lit of packets of

different types, for different ones of the subscribers,

and conveys the packets in an order corresponding to a

priority order of the different types while serving the

different ones of the, subscribers in'.a round-robin.

2.-A method for providing network access. to multiple

subscribers, compri-sing:'

receiving from a network a downstream data packet,

destined for a.selected one of the subscribers;

passing the packet along a serial chain of ports

linked to respective subscriber lines serving the

subscribers, such that the packet is passed from' port to

port until it reaches the, port coupled -to the subscriber

line that serves the selected one of the subscribers; and

conveying the packet over.the subscriber.line to-the

subscriber.

13' A. method according to claim 12, where'in 'conveying'

the packet to the subscriber comprises passing the packet

over a Digital Subscriber Line.
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14. A method according to claim 12, wherein the. network'

comprises an Asynchronous Transfer Mode network.

15.-A method according to claim 12, i,herein the network

operates in accordance with the InternE t Protocol.

16., A method according to claim 12, arid comprising:

receiving at one of -the ports an upstream data

packet from one of the subscribers;

passing the upstream.packet from port to port to a

final port-in the serial chain;.and

conveying the packet from the final port over -the

network.

17. A method according to claim 12, wherein passing the

packet along the serial *chain comprises appending a.

routing, tag to the packet, responsive to which. the ports

determine whether to convey the 'packet over the

respective subscriber lines.

18. A method -according to claim 12, wherein receiving

the downstream data packet comprises. queuing a plurality

opackets of different types, for different ones of 'the

subscribers,. and wherein passing the packet along the

serial chain comprises passing the packets in an order

corresponding to a priority order of the different types.

while serving the' different ones of. the subscribers in a

round robin.

19. A method for scheduling transmission for multiple

subscribers of data packets. of a plurality of different

types over a common trunk, wherein the subscribers belong

to a defined subscriber order,. and the types of packets

belong to a defined type'order, the.method compr.ising:

arranging the packets in one or more queues;

selecting from one of the- queues. a packet of a first

type in the type order to convey over the trunk for a

first. subscriber in the subscriber order;

seeking in the one or more queues a further packet

of the first type to, conv ey 'over the. trunk' for a second
24
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subscriber, subsequent to the first subscriber in the
subscriber order; and

if no further packet of the first type is found,L

conveying over the trunk for the second 'sub .scriber a

packet of a .second. type, subsequent to the first type in

the type order.

20., A method .according to claim 19., wherein the type

order comprises an order' of prio Irities, and wherein

arranging the packets-in the one or more queues comprises

arranging packets in order.of priority.

21. A method, according to- claim 19, wherein arranging

the packets.in-the one o r more'queues 'Comprises assigning

to each of the subscribers a - respective maximuim queue

size, and discarding data packets -from .the queues when

the respective queue sizes are exceeded..

.22. A method according to claim 21, wherein assigning

the respective maximum queue size comprises 'assigning a

queue size to each of the subscribers responsive 'to a

respective -level of network service provided to each of

the subscribers.

23. A method according to. claim 22, wherein assigning.

the. queue size' to each of the subscribers cbmprise,s

assigning queue sizes dependent. on 'data rates

respectively guaranteed to the subscribers.

24. A method according to .claimn 19, wherein seeking in

the one or more. queues the further pac(-ket of the, first

type comprises conveying substantially all of' -the packets

of the first type in al.of the queues'-before conveying

the pac,ket of the second 'type.

25. A method according 'to claim 24, wherein conveying.

for 'the second subscriber 'the packet- of .. the second type

comprises conveying a~ packet' of the second type' for the

subscriber- next in- the ' subscriber order after the
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subscriber for whom the last one of the packets of the'

first type was conveyed.

26.1 A method -according to claim 25, wherein conveying

the packet of the,,second type comprises conveying

substantially all of~ the - packets of the. second type in

all of the queues, and comprising convey ing-a packet of a

third type, subsequent to the second type. in the type,

order, for the. subscriber next in the subscriber order

after. the..subscr'iber for whom the last'one--of the packets-

of the second type was conveyed.

27. Apparatus for scheduling transmission. for multipl.e

subscribers of data packets of a plurality of - different.

type's.ove .r a common trunk, wherein the subscribers belong

*to a defined subscriber order, and thE 'types of packets

belong to a defined, type.order, the apparatus comprising:.

a plurality of queues; and

a multiplexer, which arranges tbhe packets in *the

queues, and which selects from one of tLie queues-a packet

of a first type in the type order to convey 'oyer the.

trunk for a firs,t subscriber in the subscriber order, and

whi.ch seeks.-in the one' or more queues a further packe,t of

the first type to convey over . the trunk for 'a'second

subscriber, subsequent to, the first 'subscriber in. the-

subscriber order,

wherein if no. further packet of the first type is

found, the multiplexer conveys over t e trunk for the

second subscriber a packet of a second type, subsequ.ent

*tob the first- type in the type order.

26-
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ABSTRACT

Multiplexing apparatus for. providing network access

to multiple subscribers includes a multiplexer, which

communicates with, a network so as to receive a downstream

data packet therefrom destined for a Selected one of the

subscribers,, and a plurality, of ports arr anged 'in a

serial chain and linked to respective subscriber lines

* serving the subscribers. The ports include a first-port,

coupled to receive the data packet from the multiplexer,

*and one or more subs'equent ports, coupled so- that -each

subsequent port receives the data packet, in turn from'a

preceding one of the ports in-the chain. The data packet

is passed along the serial chain until it reaches the

port coupled to the subscriber line serving the selected

one of the subscribers, which port passes the packet to

the subscriber.
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1.-Introduction
This'contribution is the 1998 version of the," ruthlessly simplified DSLAM" first
discussed in [1].

The rationale for minimizing footprint, and power.consumption has not diminished with
time. In fact given the- current regulatory environment, the attributes of central office
frugality is desirable to an even larger potential customer base. The co-location cage is
the'CLEC version of the remote'cabinet in terms of physical deployment constraints.

What has also changed'since 1996 is the understanding that the access node needs to be
fully featured in both the ATM sense and in the ADSL sense. Full ATM/ADSL
functionality needs to be provided while providing deployment flexibility.

This contribution proposes exclusive use of the ATM layer for control/configuration-and
management of the ATM/ADSL l ayers.- The key notion is the minimization and'
simplification of internal interfaces and DSL interfaces such that high degrees of
integration and density can be achieved.

2.0 the Simplified DSLAM
The key attribute of the,simplified DSLAM is that ATM is used for all control and
configuration functions. Specifically, SDP is recommended for ATM/ADSL
control/configuration functions and management information gathering functions
between the common equipment and the ATUs.

This has several useful properties, the most notable of which is, that only one interface is
required between the commorl equipment and the ATU-C/ATU-Rs. Further, this interface
is distance insensitive,such that subtending.line card drawers can be remotely located
from the common equipment. This opens up numerous possibilities in "distributed
DSLAM architectures to meet both regulatory and physical plant engineering
requirements.

This is a significant benefit. Non ATM solutions require multiple interfaces on the
backplane and significant complexity to be deployed both on the line card and in the.
ATU-R. This additional complexity translates into reduced density, which has significant
drawbacks when the deploymrent scenario has real physical constraints such as a remote
or a "co-o" cage.

2
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As a case study, let's contrast implementing SDP[2) vs. the recommendations in G.997. 1
(G.ploam) [3].. We will adopt the architecture that the ADSL system consists of comimon
equipment (WAN interface, SNM TR-006[4] compliant agent, multiplexing function
etc.), ATUJ-C line cards connected to* the common equipment via a backplane, and the
ATUT-Rs.

The G.Ploam Implementation

G.997. 1 recommends the use of SNMPvl over the clear channel EGC between the
ATU-C and the ATU-R to perform physical layer -management of the ATUJ-R. There. are
several DSLAM implementation possibilities, each of which has substantial
disadvantages:

Option 1: The clear channel EGG is implemented on the common equipment and merely
relayed by the ATU-C. This may or may not share a common physical interface with the
ATU-C to common equipment path.

-If it does not share the'interface, then two separate backplane interfaces are required
in addition to the ATM interface. This burdens the backplane with TWO additional
interfaces and associated transceivers (hence additional power dissipation) as well as
two additional sets of physical contacts reducing reliability.

98-221 An "Optimized for ATM' ADSL Access -Architecture using SDP
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-If it does share the interface, then de-multiplexing is required as well as complexity
in protocol handling as the error recovery for SNMP is end-to-end, and the ATU-C:
would be obligated to correctly replicate errors.

Further, most designers when obliged to implement SNMP forATU-R phy layer
management, may also want to simplify the design and-implemient SNMPin the ATUJ-C
as well

Option 2: The clear channel BOC is generated at the ATU-C and the ATU-C presents a
consolidated ATU-C/R view over a single physical interface to the common equipment.
In this scenario, the ATU-C is burdened with implementing not only SNMP (and
potentially the associated security provisions), but requires a repository for ATU-R
information prior to presenting the consolidated view'to the common equipment. Again,
most designers when obliged to implement SNMNP in the ATUT-C to communicate with
the ATU-R., will also choose to implement it as the AmU-C to common equipment
interface as well. A separate physical interface between the ATU-C and the common
equipment is still required.

Line .SigTermn

LILM

Loc AM JC

In essence, we could find ours elves implementing SNMT on the line card in all
circumstances as well as providing a' separate physical path (with associated electronics).
Even assuming multiple ports on a single card, significant complexity is required.-
Numerous sources will point out that SNMNT is relatively trivial in implementation and

4
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resource consumption. We would contend that it is still an order of magnitude mnore
complex than what is required for physical layer OAM and ATM/ADSL configuration
and control, and provision of SNNMPv3 security features adds significantly more
complexity.

The SDP Implementation

SP uses ATM cells over well known VPI/VCIs to directly communicate with the
ATU-C and ATU-Rs. The SDP control function is implemented on the common
equipment and is coupled to the common SNN{P agent, signalling termination and ATM
layer management functions. In this scenario, the ATM connectivity across the backplane
is re-used for control and configuration of both the ATU-Cs and ATU-Rs.

As SDP messages fit into a single cell, the ATU-C and ATU-R merely need to filter the
cell streams to obtain cells destined to the local VPIVC1 termination. The messages are
already delineated on cell boundaries, so additional delineation of the traffic via software
is not required. The data that can be'obtained is delineated on virtual register boundaries,
so the rare information token that overflows a single transacti on can still be reliably
obtained.

3.0 Other Considerations'
3.1 Reliability

The reliability of the common equipment to ATU-R path is- an -issue. Carriage over.
different paths in the DSL link may have different characteristics that must be
considered. The key requirement is that the optimized for ATMV architecture SDP based
control mechanisms, are no more vulne rable to interruptions in connectivity than any
other mechanisms that could be employed.

Currently, all data transport across the DSL link (AOC, EOC, bearer channels etc.) is
equally vulnerable to induced communication errors and has the, same error detection and
recovery mechanisms'. The.ATM layer does potentially have. a longer recoyery time from
errors if the error. caused a loss of cell delineation (time to re-synchronize on 'n' correct
H-ECs) however th is can be considered to be- inconsequential in proportion to the required
data rates and latency requirements for control information. It is hard to envision
transmission errors that pathologically interfered with cell delineation while permitting
other paths (EOC, AOC etc.) to work.

The reliability of the path between the common equipment and the ATU-C is similarly an
issue, but as this is entirely new equipment,'this can be.adequately engineered.'

The reader is referred to the-reference models in [6] section 4 in which it can be seen that the combined-
bearer channel, EOC/AOC, payload is CRC'd, FEC'd and interleaved together.

5
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The conclusion is that using SDP in place of any other DSL communication path will not

cause a reduction in reliability.

3.2 'Security

The SDP path between the common equipment and the ATU-R has the following
security attributes:,

I) It depends on physical connectivity for mutual authentication.

2) It does not naturally traverse any unknown parties. It is carried on a unique virtual.
connection local to the ADSL subsystem.

3) Only via'physical interdiction Of the SDP path, can either the device.or the controller
be impersonated or may the traffic be altered.

4) Only a limited set of functions can be performed by the SDR controller. This is
scoped by the interface the device presents to the controller..

5) The SDP controlled device may only originate trap messages. Traffic originated by
the device is only parasitic of bandwidth between the controller and the device
(minimal impact on other customers). Traffic originated by the device may attempt a
form of denial of service attack by causing excessive SNMP traps from the common
equipment to the local EMS. A filtering funiction is required at the common
equipment.

The conclusion is that for a third party to interfere with the service, physical interdiction
is required (to which all systems are vulnerable, regardless of the technology): Once this
has occurred, the SDP path is probably the least vulnerable. ATM path in that. it is scoped
to being,within the ADSL subsystem and has severely scoped. functionality.

A malicious customer may connect eqUipment to the network and attempt to manipulate
the SDP trap mechanism to 'perform denial. of service, but for reasonable
implementations, they may only interfere with their own service. The combination of
scoped reach into the network or the,premises via the SDP path, and the severe ly scoped
functionality is adequate security (especially when compared to attempting to manipulate
signalling, and other higher order service functions).

The possible attacks that SDP is vulnerable.-to may only be prevented via the
incor poration of cryptographic. techniques for strong authenti cat ion and n on-repudiation.
The complexity of such techniques is significantly out of proportion to. the value of what
is being protected.

6
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4.0 Co'nclusion
The SDP implementation ' shares the ATM service transport connectivity required
between the ATUs and the common equipment, this has numerous advantages:
* sharing the message delineation mechanism s common to the ATM service transport.
9 minimizes the functionality required to be implemented in the ATUs by pushing the

complexity into the common equipment and not replicating it in each system
component.

*via the use of WAN capable transport (ATM), the, common equipment may be
located remotely from the ATU-Cs expanding the deployment options for ADSL
equipment.

*the management link is in-band. This is much simpler to use the same
transmit/receive procedure for all purposes, especially for G.LITt. This is according
to the ATM architecture when the management is always in-band, using a separate
VC.

eliminate the need to termninate the ATU-R's management protocol in the ATU-C simply
for sending it through the EOC. The ATU-R"s management protocol will pass through
the ATU-C without any interference. This functional decoupling opens up numerous
possibilities as to how DSLAMs may evolve.

An SDP capable architecture promises to be significantly more capable than competing
proposals and should be pursued by the ADSL Forum.

5. Recommendation
The ADSL Forum should promote SD P as a mechanism for physical layer configuration

and control of ATU-Cs and ATU-Rs.
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1 PURPOSE AND SCOPE OFTHIS DOCUMENT

PMC-Sierra has introduced the Industry's first standard product chip set designed f rom
the ground up to satisfy requirements of the newest and fastest growing network access
applications:

a Digital Subscriber Line Access Multiplexers - DSLAMs.
0 Third-generation digital wireless base-stations and.base-station controllers.
0 Muti-service access multiplexers.

This paper discusses how and why PMC-Sierra implemented a system level solution to
satisfy t he unique requirements of this marketplace. We first analyze the requirements
driving Digital Subscriber Line Access Multiplexer (DSLAM) Market and describe how
the features of the VORTEX chip set meet these requirements. We then expand the
discussion to-include third generation COMA wireless equipment (hereafter called 3G
Wireless) and multi-service access platforms capable of supporting ATM, frame, and
TOM interfaces.
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2 VORTEX CHIP SET OVERVIEW.

The VORTEX chip set is optimized for use in carrier grade, full-featured access
equipment delivering high speed Internet and voice services to end customers.. As.
shown in the following table, its feature set has been carefully crafted to minimize the
entire life cycle cost of access platforms targeted to mass market service deployment.

VORTEX chip set Feature Impact on equipment life cycle
Centralized switching and traffic management System hardware and softw~are design is
for 2048 subscriber lines, eliminating the need greatly simplified, thereby reducing-.
for expensive and complex traffic management development costs and speeding time to
functions on the line card. market.

Reduced system software complexity by Future in-field upgrades of software and
eliminating the need for software intelligence on hardware will not impact the.ine cards (which
the line cards., are the most numerous cards in the system).

This extends the system's lifetime and reduces
_________________________________ongoing maintenance costs.

Class of Ser-vice (CoS) differentiated1traffic Service providers can offer differentiated
buffering and scheduling is implemented on services to address specffic needs of distinct
each of the 2048 lines, and on the WAN up-link, market segments. CoS processing is handled
Traffic shaping is implemented on the WAN up- centrally, thereby ensuring fairness across all
link ports. customers regardless of system size.

Low Voltage Differential Signal (LVDS) serial Designing for fault tolerance. is greatly
interconnect between the DSLAM subscriber. simplified, reducing development cos ts and
line cards and the centralized switch card.. improving time to market. In-field operating

In an architecture based on a parallel buscotarlweddutoipvdrlabiy
backlan theentre ackpanecan e tken and simplified servicing that results from line

out of service by a failure on one line card. card independence.
With the serial point-to-point backplane
implemented by the VORTEX chip set, failures
on one line card do not impact other line cards.

LVDS operates over the backplane or between This architecture directly scales to large, multi-
shelves' on twisted pair cabling, and is "hot- shelf systems without increasing the cost or
swap" capable. The physical location of the line compl exity of the-traffic management hardware
card - whether it is on the same or a different and software., In-field expansion from single to
shelf from the switching card -iAs hidden from multi-shelf configurations is directly supported
the traffic management device, with no impact on the system software.

Optional 1:1 redundancy of the. common Directly supports "carder grade" reliability,
equipment. greatly simplifying system design and reducing

time to market. In-field upgrades from
unprotected to 1:*1 protected systems can be
done without taking equipment out of service.
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3 TAKING XDSL SERVICES TO THE MASS MARKET

Access services based on ADSL, SDSL, HDSL, and G.Lite have moved rapidly from trial,
to deployment. The current focus of many of these service offerings is the business
customer, with deployment for residential customers to lollow. However, to be successful
in the higher volume, lower margin. residential access services the service provider must
be supported.by network equipment capable of competitive mass market deployment.

In the reside.ntial market the main competition in the broadband Internet access market
are cable modems. Where it is Available, Internet access delivered.over the cable
television plant has often been priced lower -- sometimes significantly lower -- than
xDSL based services. Price is almost always a significant factor in the mass market,
and the shared nature of the cable plant reduces the electronic. equipment dedicated to
each customer. As shown in Figure 1, the cable head end equipment is fully shared
across all subscribers, while the DSLAM must provide a dedicated line:interface for each
customer.

Figure 1I Cable Modem Infrastructure compared to xDSL Infrastructure'

Shgle'iterfacea-shared.
00 f utmers"

DSLAM

The shared cable can create traffic bottlenecks'as high-speed services grow in
popularity. This is often cited as a key technical advantage of xDSL based services, but
the reduced complexity at the head-end does create a cost advantage for cable modems
in terms of the amount of electronics needed. However, this competitive advantage of.
cable modem based services is neutralized when the per-customer cost of the DSLAM
is significantly reduced by deploying fully optimized DSLAM p latform.s.

Current DSLAM solutions such as shown in Figure 2 typically employ distributed traffic
management and control functions that span the line cards and the central switch - the
same architecture used to implement traditional ATM access multiplexers and switches.
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Traditional ATM core equipment is designed for a relatively small number of high-speed
ports-and does not take advantage of the different traffic characteristics exhibited by
lower speed xDSL ports versus higher speed optical ports.

.Since currently available traffic management devices typically support 32 ports, the
traditional approach works well for implementing line cards with a few high speed ports
(DS-3s and OC-3s). However, this approach is not optimal for terminating the numerous
relatively low speed interfaces provided by xDSL, Ti, El, and HDSL2 interfaces.

Figure2 -Typical ATM Switch or Shared Bus DSLAM

Attempts to incrementally improve the traditional architecture, such as by placing more
mode ms on each line card, tend not to scale well and often run,into physical and
thermal limits. To properly address system level complexity it is necessary to implement
syste'm level solutions. As shown in Figure 3 the VORTEX chip set is the first in the
world to provide the system-scale integration needed to fully.address these
requirements.
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Figure 3 -The.Access Multiplexer Silicon Map

Third
Party

Products

Current DSLAM solutions typically employ widely distributed traffic management,
switching,. buffering, and control functions that span the line interface cards and the
network interface card. The cards that interface to the customers access line are the
most numerous and hence cost sensitive card in the system. By applying system level
integration across a family of devices the VORTEX chip set eliminates the need for traffic
management, buffering and control functions on. the line cards.

A's shown in Figure 4, this reduc es the line card's com plexity. and cost while increasing
the card's reliability. The traditional interfaces to a shared bus or centralized switch
fabric, typically via a parallel bus interface, are replaced by a simple serial interface, with
built in protection switching capability. The traditional complex traffic management
required on the card -- including packet discard, congestion control, policing, QoS
support, etc. - is centralized in a common card where its costs can be spread across the
maximum number of paying customers! This also eliminates complex traff ic
management software, from the line card, making the line card's processor optional.
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Figure 4 - Line Card Complexity Comparison

Traditional-

L4
wires

VORTEX chip set

As modem technology matures the cost of ADSL, G.Lite, and other xDSL modems is
decreasing rapidly. By remaining independent of any modem technology, equipment
based on the VORTEX chip set can take full advantage..of these cost reductions. Also,
as modem costs decline the cost of the rest of the devices become an increasingly
larger fraction of the equipment cost. As shown in the'graph in Figure 5, as access
equipment moves to mass market -scale it becomes increasingly imhportant to have
selected the right system architecture.

Figure5 -DSLAM System Silicon, Cost
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The cost savings shown are derived from two main sources:
.The cost of each line card is reduced significantly as discussed previously,
*and as shown in, Figure 6, traditional architectures use'multiple stages of

switching to tie together multiple shelves. This becomes complex and -costly,.
especially when redundancy is used to improve fault tolerance.

Figure 6- Multi-shelf Architecture Comparison
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Figure 7 - AccessEqimn Software Complexity

Traditional VORTEX Chip
#shelves# line cards Architecture Set

_______Complexity Complexity
1 16 17 1
2 32 34' 1
3 48 51 1
4 64 68 1
5 80 85 2
6 96 102 2
7 112 119 '2
8 128 136 2
9 144 153 3

10 160 170 3,
11 176 187 3
12 192 204 3
13 208. 221 4
14 224 238 4
15 240 255 4
16 256 272 4

A key requirement that a mass market capable DSLAM must f ulf il is "Carrier Grade"
reliability and fault tolerance. As shown in Figure 8, with the traditional architecture the
shared parallel bus allows a mechanical or device failure to corrupt'all traffic on the bus.
As well, the high component count..on the line cards reduces -reliability and software
complexity is high, greatly increasing the risk of programming errors.

With the VORTEX chip set architecture the S/UNI-DUPLEX and S/UNI-VORTEX
implement a high-speed -point-to-point serial LVDS backplane. Communication links are
not shared, so failure on one line card cannot corrupt traffic to the other line cards.
Direct support for duplicated common cards ensures no single failure can disable a large
number of subscribers.

Figure 8 - Fault Tolerance Comparison
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4 EXAMPLE APPLICATIONS OF THE VORTEX CHIP SET

4.1 ATM DSLAM

Figure 9 -VORTEX Chip Set Based ATM DSLAM
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In an ATM DSLAM the S/UNI-VORTEX and S/UNI-DUPLEX devices work together.to
create an interconnect architecture in.which up to 2048 modems, framers, or PHY
devices are connected to working and protection common cards. Interconnect between
line cards and the common card is point-to-point 4-wire serial LVDS running at 200
Mbit/s. S/UNI-VORTEX and S/UNI-DUPLEX are mixed signal devices and.-require no
external analog components. They connect directly to backplane'traces or up to 10
meters of inter-shelf twisted pair cabling. in multi-shelf architectures.

The S/UNI-ATLAS handles ingress and egress policing, address lookup/translation (i.e.
switch tag generation), statistics gathering, 1.610 FMV & P M QAM.

The S/UNI-APEX provides per VC queUing, sc heduling, and switching functions for up to
2K logical PHYs on the line side and up to four physical -high-speed PHYs on the WAN
side. The S/LJNI-APEX provides QoS parameter configuration -with EPD/PPD-
processing for up to 64K connections.
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4.2 3G Wireless

Figure 10O'shows a typical network configuration for 33 wireless systems. These next
generation wireless networks are being specified with ATM, and AAL2 between the Base
Station Controller (BSC) and the Base Transceiver Station (BTS). The links between
BTS and 6S0 are- typically multiple'Tl/El/Jl/J2 (often with Inverse Multiplexing over
ATM or IMA). The links may also be STS-1 or 0C-3,. although the bandwidth actually
used will normally be significantly. less than 155 Mbit/s.

Figure 10 - 3rd Generation Wireless Network

BS

BTS

An example configuration for a BTS is shown'in Figure 11. This architecture takes
.advantage of the serial backplane, protection switching (for large base stations),
policing, traffic management, and VC switching capabilities of,the VORTEX chip set. It
also takes advantage of the 32-bit wide, 66 MHz, burst trCansfer capable microprocessor
port on.the S/UNI-APEX in order to attach a processor capable of performing AAL2 to
AAL5 mapping."

In the downstream (to the radio) direction the AAL2 processor accepts AAL2 cells from
the up-link and splits them into individual AAL5 cell strearns per radio channel. Each cel.11
stream is treated as a separate VC by the S/U NI-APEX and is routed to the appropriate
radio card and channel by the S/UNI-VORTEX and S/U NI-DUPLEX. In the upstream,
direction (to the up-link) the AAL2 processor accepts individual voice cell streams
multiplexed up from the radio cards (one voice stream per VC). The AAL2 processor
combines the individual streams-into the multiplexed AAL2 stream that is sent over the
up-link.

1There are other ways in which the AAL2 to AAL5 processing could be done, including placing an
interworking device in-line between the IMIA processor and the S/UNI-APEX.
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Data and signaling traffic need not be routed through the AAL2 processor if it is'
encapsulated in AAL5 cells, for example. The traffic management and CoS capabilities
of the S/UNI-APEX are used to ensure minimal delay of the voice traffic, priority
treatment of signaling channels, and CoS aware buffering and congestion management
of bu rsty data traffic.

Figure 11 Radio Base Transceiver Station

.O.... ..... j Third Party

M custom silicon

A?5 I~~ ~ [MA t

Processors[or

Poesr Interworking Common card

O:ptinl1:1'Protection:

The Downstream traffic flow has several potential paths:
Voice: MPH-I MA-Atlas-Apex-AAL25-Apex-Vortex-Duplex-SAR-DSP-Radio
Data: MPH- IMA-Atlas-Apex-Vo rtex-Dup lex- SAR- Radio
Signaling: MPH-IMA-Atas-Aoex-Common Microprocessor, or

M PH-1IMA-Atlas-Apex-Vortex- Duplex- Radio Microprocessor, or
Common Microprocessor-Apex-Vortex -Duplex- Radio -Microprocessor

The Upstream traff ic flow has similar options:
Voi ce: Radio-DSP-SAR-Duplex-Vortex-Apex-AAL2/5-Apex-Atias-IMA-MPH
Data: Radio- SAR-Duplex-VorteX-Apex-Atlas-I MA-M PH
Signaling: Common Microprocessor- Apex-Atlas-I MA-MPH, or

Radio Microprocessor- Duplex-Vortex-Atlas-Apex-Atlas-I MA-MPH, or
Common Microprocessor- Duplex-Vor.ex-Atas-Apex-Microprocessor

As shown in Figure 12 the portion of the Radio Base Station Controller (BSC) that
terminates the ATM traff ic from the Base Transceiver Stations (BTS), can be built- much
like a DSLAM. For voice traffic the key function' of the "front end" of the. BSC is to
terminate many. lines and switch the traffic to and from the voice processors. For data
traffic, the front end switches traff ic directly to the -network interface.
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Figure, 12 - Radio Base Station, Controller

4.3 Multi-service Access Switches

Figure 13 provi des an' example of a "frame at the edge, cells in the core" architecture
that takes advantage of the packet contiguous switching capabilities of the S/UNI-APEX.
A SAR is used to convert from frames to cells, but the SAR's reassembly functionality- is
greatly simplified because all cells arrive at the SARs in packet contiguous order,
meaning, packet reassembly does not have to span multiple packet streams.
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Figure.13 - High Density Frame Relay Port Card
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5 CONCLUSION

The VORTEX chip set fully addresses the data'path requirements for the exploding
markets of wireline and wireless network access. The key requirements of these
markets are:

*efficient processing of voice and data traffic from hundreds or even thousands of
lines or channels,

*full featured quality of service differentiation on every port,
*built in fault tolerance and protection switching of common components,

simplified software architecture,. and
support for simple in-field upgrades.

There is a single phrase that summarizes PMC-Sierra's goal in developing the VORTEX
chip set:

A mass market architecture for mass market deployment of,
3G wireless and high speed ac(,,ess services
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DETAILED ACTION

Claim Objections

1 'Claims 15-18 are objected to because of the following irnformalities: The

preamble of the- independent claim 14 discloses a -network access multiplexing system.-

Therefore, the word "Apparatus7"as appeared in'the preamble of.claims 15-18 should

be replaced by the word "system "in order to be consistent with the term used in the

independent claim.

Appropriate correction is required.

Claim Rejections - 35 USC § 102

2. The following is a.quotation of the appropriate paragraphs of 35 U.S.C. 102(e) that formn

the basis for the rejections under this section made in this Office action:

A person shall be eniftled to apatehit unless -
(e) the invention W as described in a -patent granted on an application for patent by another filed in the
United States before the invention thereof by the applicant for patent, or on an international application
by another who has fulfilled the requirements of paragraphs (1), (2), and (4).of section 371 (c) of this
title before the invention thereof by the applicant for patent.

3. The changes made to 35 U.S.C. 1.02(e) by the American Inventors Protection Act

of 1999 (AIPA) do not apply to the examination of this application as the application

being examined was not (1) filed on or after -Novemnber 29, 2000, or (2) Voluntari ly

published under 35 U.S.C. 122(b). Therefore, this application is examined under 35

U.S.C. 102(e) prior to the amendment by the AIPA (pre-AIPA 35 U.S.C. 102(e)).
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4. Claims 11, 12 are rejected under 35 U.S.C. 102(e) as being anticipated by the

admitted prior art of the instant application in figures 1, and'its block diagram in figure

2B.'

Regarding claim 1,. figure 2B of the admitted prior art of the instant application is,

block diagrams that schematically illustrate topologies known'in the art for use in multi-

shelf access systems, such -as that shown in fig. 1, page 2, line s 18-25, wherein the

core network 22 is an ATM network( packet -switched network ),'page 2, lines 1-4
first and second master units (first and second -master units 25-fig. 2B), each

comprising a physical interface'to a packet-switched network (As shown, each master

unit 25 connected to the ATM network 22, therefore, each master unit 25 inherently

includes a physical interface to the network 22);.
plurality of slave units, each slave unit comprsigoermreptso

respective subscriber lines (The admitted prior art in figure 1 of the instant application,

discloses a DSLAM system 20 implementing a multi-shelf architecture. The DSLAM 20

has a plurality'of slave units 27, and each slave -Unit comprises a plurality of ports to,

respective subscriber premises via suitable DSL modems, page 2, lines 11-14)

a plurality of physical interface lines, which link the slaveunits in'.one or more

daisy chains (the bi-directional arrows which links the slave units 27-fig. 2B in daisy.

chain constitute a plurality of physical interface lines), in which the slave units are

mutually connected in series by the, physical interface lines therebetween (as.s.hown,

the slave unit's 27-fig. 28 are m utually connected in series by the pyia interface

lines), .each daisy chain comprising at, least a first slave unit connected by one of the

physical interface lilne's to the, first master unit and a last slave unit connected by another

of the physical- interface lines to the second master unit (the shown daisy chain having

the first slave unit 27-fig. 2B connected to the first master unit via a physical interface.
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line, and the last slave unit 27-fig. 2B connected to the second master unit via. another

physical 'interface line).

Regarding claim 12, the network 22-fig. 2B is an Asynchronous Transfer Mode-

network, page-2, column 1-5.

Claim Rejections -35 USC § 103

5. The following is a, quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set

forth in section 102 of this title, if the differences between the subject matter sought to be patented and

the prior art are such that the subject matter. as a whole would have been obvious at the time the,

invention was made to a person having ordinary skill in the art to which said subject matter. pertains.

* Patentability shall not be negatived by the manner in which the invention was made.

6. This application currently names joint inventors. In considering patentability of

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of

the various claims was commonly owned at the time any inventions covered -therein

were. made absent any evidence. to the contrary. Applicant is advised of the obligation

under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at.the time a later invention was Made in order for the examiner to

consider theoapplicability of 35 U.S.C. 103@ and potential 35 U.S.C. 1 02(f)'or (g) -prior -

art under 35 U.S.C. 103(a).

7. Claim 13 is rejected under 35 U.S.C.. 1 03(a) as being unpatentable over the

admitted prior art of the instant application in figures 1, and 2B as applied to claim 1
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above, and further in view of Phillips et al. (US 6,181,715), he reinafter referred to as

Phillips.

Regarding claim 13, the admitted prior art of the instant application in figures 1,
and 2B disclose all claimed Iilimtations, except the'-network com7prises an Internet

Protocol (1P) network.

Phillips discloses* a method and system for emulated telephony over IDSL.

Referring to figure 1, a IDSLAM 54 connected to the packet network 20 (IP network,

column 4, ines 3-5) includes a transmission unit 56 and an adaptation layer 58, serving

a plurality of remote terminals 60, 62, and, 64 with a corresponding IDSL 61, 6.2, and 65
respectively, column 5, lines.3-13.

It would have been obvious to one of ordinary skill in the art, at the time invention

was made, to employ a IDSLAM unit connecting to an IP network as taught by Phillips

into the system of the admitted prior art in figures 1, an d 2B of the instant application in

order to reduce the cost requiring major investment in new infrastructure since IDSL

opens the most critical bottleneck in local-loop acc ess to high-speed network such as

ATM and I P networks.

Allowable Subject Matter

8. Claims 14,'and 19-26 are allowed.

9. Claims 15-18 would be allowable if rewritten or amended to overcome the

objection(s) set forth in this Office action.
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10. Claims- 2-11 are objected to as being dependent upon a rejected base claim, but

would be allowable if written in independent form including all of the limitations of the-

base claim and any interveninig'claims.

Reason foe Allowance

11. Regarding Claim 14, the prior art fa ils to teach or suggest.in a network access
Multiplexing system coMprises,-a pre-switch, coupled to receive packets from the first

physical interface and responsive to address data carried by the packets, to sort,the

packets'such that. packets addressed to the slave unit are.retained, and packets

addres.sed to the succeeding units are passed to'the second. physical" interface, in

combination with other limitations.

Regarding claims 19-26, the prior art fails to teach or suggest a method for

provid ing access to a network, comprises a step in the event of a fault in the daisy

chain, conveying further downstream data packets,'ecived from the network by one of

the master units, along the daisy chain in a second direction, opposite to the first

direction,, so ais to deliver the further packets to the ports of at least some of the slave

units, in combination with other limitations, as specified in'claim 19..

Conclusion

12. The prior'art made of record and not relied upon is considered pertinent to

applicant's disclosure.. Fink et al. (US 6,219,354); Voit et al. (US'6,424,657) are cited to

show bi-directional chaining of network access ports, which is considered pertinent to

the claimed invention.
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13. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Duc Ho whose telephone Pnumber is (703) 305-1332.
The. examiner can normally be reached on Monday through Friday from 7:00 am to 3:30
pm.

If attempt to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Huy Vu, can be reached on (703) 308-6602.
Any inquiry of a general'nature or relating to the status of this application or

proceeding should be directed to the Group receptionist whose telephone number is

(703) 305-4750
14. Any response to this action should be mailed to:

Commissioner of Patenits and Trademarks

Washington, D.C. 20231
or faxed to:

(703) 872-9314
Hand!-delivered responses should be brought.to Crystal Park 11, 2121 Crystal

Drive,

Arlington. VA, Sixth Floor (Receptionist).

Patent Examiner

Duc Ho

1-23'-03
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INFORMATION'

) May 12, 2003

) Docket No.: 204,344

DISCLOSURE STATEMENT [IDS]

Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231

Sir:

This Information Disclosure Statement is -submitted in accordance.with 37 C.F.R. 1.97, 1.98,
and it is requested that the information set forth in this statement and in the listed documents be,
c onsidered during the pendency of the above-identified application, and any other application relying
on the filing date of the above-identified application or cross-referencingy it as a related application.

[X] 1. This IDS should be considered, in accordance with 3 7 C.F.R. 1.97, -as it is. filed:

(Check one of the boxes A-D)
[]A. within three, months of the filing date of the above-identified national application or

wi*thin three months of the entry into the'national stage of the above-identified international
application.

[]B. before the mailing date'of a first office action on -the merits.

[X] C. after (A) and (B). above, -but before final rejection or allowance, and Applicants have
made the necessary certification (box, "i" below) or paid the necessary fee (box "ii" below).

(check one of the boxes."i" and "ii" below:)
L i. Counsel certifies that, upon information and belief, each -item of information listed

herein was either (a) cited in a communication from a foreign patent office in a counterpart foreign
application not more than three months prior to, the filing of this IDS; or (b) was not 'Cited in. a
communication from a foreign patent office in a counterpart foreign application and, to the
knowledge of undersigned. after making -reasonable inquiry, was niot known to any individual
designated in 1.56(c) more than three.months prior to the filing of this IDS..

05115/2003 CNGUIYEN 00000016 09472683

01 FC: 1806 180.00 OP
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[~ii. A check for the fee set forth in 1.17(p), presently believed,.to be $180 is en closed
(check no.41L.0k 5)

[]D. after (A), (B) and'(C) above,. but before -payment of the issue fee: Applicant petitions
under 37 C.F.R. 1.97(d) for the consideration of this IDS-. A check for the fee set forth in § 1.17(i),
presently believed to be $130 is enclosed (check no.______). Counsel certifies that, *upon
information and belief, each item of information listed herein was either (i) cited in a communication
from a foreign patent office in a counterpart foreign application not more than'three months prior to
the filing of the IDS; or'(ii) was not cited in a communication from a foreign patent office in a
counterpart foreign application and, to the knowledge of the undersigned after making reasonable
inquiry, was not known to any in dividual designated in 1.56(c) more than three months prior to the
filing of this IDS.

S2. In accordance with 37 C.F.R. 1.98, this IDS includes a. list (e.g., form PTO- 1449) of
all1 patents, -publications, or other -information submitted for consideration by the office, either
incorporated into this IDS or as an attachment hereto. A copy of each document listed is attached,
except as explained below.

(check boxes A and/or.B and fill in blanks, if appropriate.)
[]A. Document(s) ______ is (are)'deemed substantial,ly.cumulative to document(s)

_______and,'in accordance with 1.98(c),'only a copy of each of the latter documents is
enclosed.

[]B. Certain documents were, previously cited by or submitted to the Office in the
following prior application(s), which are relied upon under 35 U.S.C. 120:

[insert serial numbers and filing dates of prior applications]

Applicant identifies these documents by attaching hereto copies of the forwms PTO-892 and PTO- 1449
from the files of.the prior application(s) or a fresh PTO- 1449 listing these documents, and request
that they be considered and made of record in accordance with 1.98(d)..Per 37 CFR 1.98(d), copies of
these documents need not be filed in this application.

[]3. Document(s). is(are) not in the English language. In accordance with'
1.98(c), Applicant states:

[]An English translation of -each document (or of the pertinent portions thereof),: or a copy
of each corresponding English-language patent or application, or English-language
abstract (or claim) is enclosed.

[]A concise explanation of the relevance.of document(s) -__ is found in the attached.
search report (see reply to Comment 68 in the preamble to.the final rules; 1135. OG 13
at 20).

[]A concise explanation .of the relevance of document(s) -___is set forth as follows:
[Insert concise explanation of relevance]

[]A concise explanation of the relevance of document(s)______ca be found on
page(s)____ of the specification.

[]A concise explanation.of document(s)____ can be -found on the attached sheet.
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4. No explanation of relevance is necessary for documents in the English language (see
reply to Comments 67 and 68 in the -preamble to the final rules; 1135 0(G 13 at 20).

[X] 5. Other information being provided for the examiner's conisideration follows:

An Official Action dated FebruMry3. 2003, which issued during the prosecution of Applicant's U.S.
Patent Application No.: 09443,157.

6. In accordance with 37 C.F.R. 1.97(g)'and (h), the filing of this IDS should not be
construed as a representation that a search has been made or that information cited'is, or is considered
to be, material to patentability as defined in Ä 1.56 (b), or that any -cited document listed or attached is
(or constitutes) prior art. Unless otherwise indicated, the date of publication indicated for an item is
taken from the face of the item and Applicant reserves the right to prove that the date of publication is
in fact different.

CROSS REFERENCE UNDER 37 C.F.R. 41.78 TO RELATED APPLICATIONS

Pursuant to 37 C.F.R. Ä 1.78, Applicant. notes that the above-identified patent application
may be related to the following U.S. Patent Applications:

Respectfully submitte

S. N, ESQ.
to for Applicants

R g. .V24,1156

ABELJMAN, FRAYNE & SCHWAB
150 East 42nd Street
New York, New York. 10017
(212) 949-9022
(212) 949-9190
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35430A,

Docket No.: 204,344

IN THE UNITED,STATES PATENT AND TRADEMARK OFFICE

In Application of : KAPLAN et al.'.

Serial No. : 09/472,683 Group Art U.nit: 2665

*December 27, 1999: Examiner: Duc Chi Ho

*BI-DIRECTIONAL CHAINING OF NETWORK,ACCESS

PORTS

June 18, 2003.

AMENDMENT

Honorable Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 223'13-1450

RECEIVED
JUN. 2 4 2003

Technology Ceniter 2600

STATEMENT OF FILING BY EXPRESS MAIL 37 C..F.R. §1.10

This correspondence is b eing deposited with -the United States Postal

Service on June 18, 2003 in an envelope as I'Expres;s Mail Post Office to

Addressee" Mailing Label No. ET 537 599 92,1 US addressed to the Honorable

Commissioner for Patents;' P.O. Box 1450, Alexandria, VA*'22313-1450.

0G/27/2003 MORDON~ 00000001 010035' 09472683
01 FC:1201 25L.00 DA

06/23/2003 MBERHE 00000003 09472683
01 FC:1252 410.00 OP

Filed

For
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PETITION PURSUANT TO 37 CFR,1.136 (a)

We request the response term be extended,2 months
from February 4, 2003 to July 4, 2003. We 6nclose,the
requisite fee of .$410.00 for a Large Entity.. Charge any

* deficiency or other'fees to Deposit.Account No'. 01-0035.

Jay S. Cinamon
* (Typed or printed name of person mailing paper or fee)

2 A /
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INTRODUCTORY COMMENTS

Sir:

In response to an Official Action dated February 4,

2003, kindly amend this application as foll,ows.

3
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1. (Current y' amended) Network access apparatus,

comprising:

first and second master units, each comprising a

physical interface to a packet-switched network;

a. plurality of slave* units,. each, slave unit

comprising one or more ports to. respective subscriber'

lines; and

a plurality of physical interface -lines,, which link

the slave units in one or more daisy chains, in which the.

slave units are mutually. connect*ed in series by the

physical interface lines therebetween, each daisy chain

com prising at least a fi.rst slave unit cofinected one of.

the physical interface lines to the first.master unit, a
second slave unit connected to the first slave unit -but

not to the*first or second master unit,,_and A last slave

unit connected by another of the physical interf ace lines

to the second master unit.

~.(Currently amended) Appar=atUS according to claim1

Network access apparatus, comprising:

first'- and second master units, 'each 'comprising a

physical interface to a. packet-switched network;

a plurality of. slave units, 'each slave unit

comprising one or more-'ports to respective subscriber

lines; and

a plurality of physical interface lines, which link

the slave units in one or.more daisy chains , in which' the

slave units are mutually connected in' series by the

physical interface lines therebetween, each daisy -chain

comprising at least a first *slave unit connected by one

of the physical interface lines to the first master unit

4'
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and a last slave unit connected by another 'of the

physical interface lines to the second master unit,

wherein in normal.operation,,downstreaim,data packets

received from the network are passed from the first

master unit to each of the daisy chains via the first

slave unit in each chain, and upstream data packets

received by the slaves in each chain from the subscriber

lines are passed via the first slave unit in the chain to

the first master unit for transmission over the network.

.(Original)' Apparatus according to claim and

comprising a protection interface, which couples the

second master unit to the first master unit, and over

which interface data packets are conveyed between the

first and second master units in case of a fault.

4 . (original) Apparatus according to claim ~ wherein

the first master unit bicasts the upstream data packets

that it receives from the slave units to.the network and,

via,the protection interface, to the second master unit,

which transmits the upstream data packets to the network..

~.(original) Apparatus according to claim .2, wherein

in case of. a fault at a location in one of the daisy

chains, data flow in 'a portion of the daisy chain between

the location' of the fault and -the second master unit is

reversed, so that the downstream data -packets are passed

from the second master unit to the slave units in the

portion of the daisy chain via the last's-lave, unit in the

chain, and the upstream data packets are passed by the

last slave unit to the second master unit.

~. (original) Apparatus according to claim ~ wherein

the downstream packets for the slave units in the portion.

of the daisy chain between the location of, the fault and

5fk
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the second-master unit are conveyed to the second master

unit from the f irst master unit via another. one 'of the

daisy chains.

\. (Currently amended) AprtsaccoI=di.ng to) cl1aiM1

Network access apparatus, comprising:

first and second master units,- each comprising a

physical interface to a packet-switched network;

a plurality of s lave units, each slave unit

comprising one or- more ports to respective subscriber

lines; and

a plurality of physical interface lines, which link

the slave units in one or more daisy chains, in which the

slave units are, mutually. connected in series by the

physical interface lines therebetween, each_da*isy chain

comprising at least a first slave unit connected'by one

of the physical interface lines to the first master unit

and a last slave unit connected by another of., the

physical interface lines to the second master unit,

wherein each of the first and second master units

comprises:

a switch, configured to route dta packets between

the respective physical interface and the one or more

daisy chains; and

a pre-switch, which in the event of a fault at a

location in one of the daisy chains, re-routes at least',a

portion of the data packets-exchanged with one or 'more of

the slaves in the daisy chain in which the fault -has

occurred through another,one of. the daisy chains.

~. (original) Apparatus according to claim ',wherein

the pre-switch -re-routes the data packets such that

substantially no reconfiguration of the switch is

required.responsive to the fault.*

HAI
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(currently 'amended) App4ratus ac-cording to) cl-aim1

Network access apparatus, comprising.:

f irst and second ma-ster units, each comprising a

physical interface to a packet-switched network;

a 'plurality of slave units*, each slave unit

comprising, one or more- ports t respective subscriber

lines;- and

a' plurality of physical interface lines, which link

the slave units in one or more 'daisy chain,a, in which the

slave 'units are mutually connected, in series by the

physical interface lines therebetween, each, daisy chain

comprising at least a first slave unit connected by one

of the physical interface. lines- to the first -master unit

and a last slave unit connected by another. of the

physical interface lines to the second master unit,

wherein each of the slave units comprises:

*a switch fabric. comprisingon or more switches',

which convey data packets .to respective ports on the

switch to which the packet*s are addressed; and

a pre-switch, which receives the data packets. from

one -of the physical interface* lines connected to the

slave unit-and passes, those of the data packets that are,

addressed to any of the ports on the slave unit to the

switch,.fabric, while passing packets not addressed,to any

of the ports on the slave unit,f or output through another

of the physical inte'rf ace lines..

1-QA* (original) Apparatus according to .claim ,, wherein

each of the slave units is coupled to receive packets

transferred thereto from the, first and second master

units. over- first' and second. ones of the physical*

interface. lines, respectively,' and wherein the pre-switch

passes the packets received through the first,.and second

7
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physical interface line and addressed to anty of the ports,

on the slave ui to respective f irst and second

addresses in the switch fabric.

x~ (Original) Apparatus according to claim 1ir wherein

in response to -a. reversal of a direction of data f low in

the daisy chain, the first and second addresses are

swapped.-in' the pre-switch, so that Substantially no

reconfigurat-ion of the 'switch fabric is required.

--. (Original) 'Apparatus according to claim 1, 'Wherein

the network comprises an asynchronous. transfer mode (ATM)

network.

3z. (original) Apparatus according to' claim 1, where-in

the.network comprises an Internet protocol (IP) network.

14. (Original) In a, network access multi'plexing system,.

in which a master unit is -connected by a physical

interface to a packet -switched, network, 'a slave unit

configured to be, coupled to the master unit ,'in, a daisy

chain of such slave.units, the slave-unit comprising:

a plurality of Ports, for coupling the slave unit to

respective subscriber lines;

first and second physical interfaces, coupled 'to

exchange packets with preceding' and succeeding units,

respectively,.~along the, daisy chain;

a pre-switch, coupled* to' receive packets f rbm the

first physical interface and responsive to address data

carried by the packets, to sort the. packets such that

packets addressed to~ the slave unit are retained, and

packets. addressed to the succeeding -units are passed to

the second physical interface; and

82f'
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a fabric of one' or more switches, which convey the

retained packets to the ports, responsive to the address.

data.

15. (Currently amended) Apparat The slave unit

according to claim 1.4, wherein the pre-switch is further

coupled to receive packets transferred thereto. from the

second physical interface and to sort the packets in like

manner to the packets received through the first physical

interface.

16. (Currently amended) Apaa s. The- slave unit

accord ing to claim 15, wherein the, retained packets that

were received from the. first and second physical

interfaces and are passed by the pre- switch to the switch

fabric are identified by respective first and second port

numbers, and wherein in response to a reversal of a

direction of data flow in the daisy chain, the first and.

second port numbers are swapped in the -pre-switch, so.,

that substantially no reconfiguration of the switch

fabric is required in response to the reversal.

17. "(Currently amended) Appar~a-t- The slave unit

according to claim. 14, wherein. when one of the packets

received by the pre-switch comprises a multicas,t*packet

*addressed to one or more of the ports 'on t:he slave unit',

the pre-switch sorts the multicast packet such that one

copy of the packet is retained and another copy of the.

packet is passed to the second,physical interface.

18. (Currently amended) -Appa.ra The slave unit

according to claim-.14, wherein in the event of a fault in

the switch -fabric; the pre -switch. continues to pas's the

packets addressed to the succeeding units -on to' the.

succeeding units without significant interruption.

9
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2.9. -(Original) A. method 'for providing access to a

network, comprising:.

coupling first and second master units to interface

with'the network;

linking a plurality of -slave units, each slave unit

comprising one or more ports to respect-ive. subscriber

lines, in a daisy chain between *the f irst and second*

master units;

conveying initial downstream \data packets, received.

f rom the, network by onie of the master units,. along the

daisy chain' in a first direction, .so as- to deliver the

packets to the ports of the slave units; and

in the event of a. fault in the daisy chain,

conveying further downstream data packets, received from

the network 'by one. of the'master units, 'along the daisy

chain in a second direction, opposite. to the first

direction, so as to deliver the further -packets to the

.Ports of at least some of the slave units.

20. (original) A method* according to claim 19, wherein

the initial and further downstream packets are; received

from the network by the first master -unit, and wherein

conveying the further downstream packets in the second

direction comprises conveying, the further downstream

packets from the- first master unit 'to. the second master

unit,. and then conveying. the further downstream packets

from the second master unit-to the daisy chain.

21. (Original) A method according to claim 20, wherein.

conveying the further downstream.packets from the f irst

master unit to'the second master unit comprises. linking

further slave units in*an additional daisy chain between

the first and second master units, and conveying the

10.
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further downstream packets from the first master unit to

the second master unit over the additional-daisy chain.

22. (original) A method according to claim 19, and

comprising. conveying initial upstream data packets,

received 'by the slave units from the subscriber lines,

along the daisy chain in the. second direction so as to

transmit the upstream data packets - via th.e f irst master

unit over the network, and in -the event of the fault,

*conveying further upstream data packets- received by o ne

*or more of the slave units along the daisy chain in the

first direction via the second-master unit..

23. (original) A method according to claim 22,, and

*comprising bicasting the upstream data packets from the

first master unit to the network and to the second.master

unit, which transmits the bicast upstream data packets

over the network.

24. -(original) A method according to. claim 19, wherein

conveying the initial downstream data packets along the

daisy chain 'comprises pre-switching the packets at each

of the slave units, so that packets not addressed to any

of the Ports on the. slave unit' 'are pasSEd to the' next

slave unit in the daisy chain, while packets that are

addressed to one or. more of the ports, on the slave unit

are passed to.a switch fabric that directs the packets.to

the ports to which they are,addressed.

25. (original) A method according to claim 19, wherein

the network comprises an asynchronous trans;fer mode (ATM)

network.

26. (original) A method according to claim 19, wherein

the network comprises an Internet protocol (IP) network.
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REMARKS

This application contains claims 1-26. Claims 14

and 19-26 are allowed. 'Claims 1, 2, 7, 9 and 15-18 have

been amended. No new matter has been added.

Reconsideration is respectfully requested.

Claims 15-18 were objected to for use of the term

apparatus, which is inconsistent. with th~e terminology

used in claim 14, from which these claims depend. The

Examiner, suggested that this term be *replaced with the

word "system." In fact, claim 14 i's. drawn to a sl'ave

unit in a network access multiplexing system. Applicant

has therefore amended claims 15-18 to' read, ."The slave

unit according to claim 14...

Claims 1 and 12 were rejected under 35 U.S.C.,102(e)

over the admitted -prior art in Fig. 2B. of the present

patent. application. Applicant has amended claim 1 in

order to clarify the distinction.of the present invention

over Fig.,2B. The. amended claim recites that each daisy

chain includes a second slave unit connected to the first

slave unit but not to the first or second master unit.

This limitation is absent from the cited art. Therefore,

claim 1 as amended is believed to be patentable, as is

claim 12, which depends from claim 1.

Claim 13 was rejected under 35 U.S.C. 103(a) over

the admitted prior art in Fig.*2B, in view of Phillips et

al.. (U.S. Patent 6,181,715).. In view of the

patentability of amended claim 1, from which. claim 13

dep,ends, claim 13 is believed to be patentable, as well.

Claims 2-11 w ere objected to for depending from

rejected claim 1, but were held to recite allowable

subject matter. Applicant has therefore' ame nded claims
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2, 7 and 9 to stand as independent claims, incorporating,

the limitations. of claim 1,- -from which they formerly

depended. Claims 3-6 depend from claim 2; claim 8

depends. from claim 7; and claims 10-11 depend' from claim

9. Therefore, all of claims 2-11 are now believed to.be

in condition for allowance.

Applicant believes the amendments and, remarks

presented hereinabove to. be fully responsive to all of

the grounds' of rejection and objections raised by., the'

examiner. In view of these 'amendments and remarks,

applicant respectfully submits that all .of the claims in

the present application are. in order -for .-allowance.

Notice to this effect is hereby requested.

Respectful y submitted,

J Y .CINAMON

t0ny for Applicants
eg. No. 24,156

ABELMAN, FRAYNE & SCHWAB
150 East 4 2 nd St reet
New York, New York 10017
(212) 94 9 -9022
(212) 949-9190

colb\61803kap .amt

13./
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DETAILED ACTION

Reason for allowance

1. The following is an examiner's statement of reasons for allowance:

Regarding claims 1, 12, and 13, the prior arts fail to teach or fairly suggest a network

access apparatus, which.comprises first and second master units, and a second slave unit

connected to the first slave unit but not to the first or second master unit, in combination with

other limitations, as specified in the independent claim 1.

Regarding claims 1-6, the prior arts fail to teach or fairly suggest a network access

apparatus, which comprises first and.second master units, each comprising a physical interface to

a packet-switched network, wherein in normal operation, downstream data packets received from

the network are passed from the first master unit to each of the daisy chains via the.first slave

unit in the chain, and upstream data packets received by the slaves in each chain from the

subscriber lines are passed via the first slave unit in the chain to the first master unit for

transmission over the network, in combination with other limitations,' as specified in the

independent claim 2.

Regarding claims 7-8, the prior arts fail to teach or fairly suggest a network access

apparatus, which comprises first and second master units, wherein each of the first and the

second master unit comprises a pre-switch, which in the event Of a faul t at a location in- one.of

the daisy chains, re-routes at'least a portion of the data packets exchaniged.with one* or more of

the slaves in the daisY chain in.which the fault has occurred through another one of the daisy

*chains, in combination with other limitations, as specified in the independent-claim 7.

Regarding claims 9-11 , the prior arts fail to teach or fairly suggest a network access

apparatus, which comprises a plurality of slave units, wherein each of the slave unit comprises a

pre-switch, which receives the data packets from. one of the physical interface lines connected to

Ex. 1002, Page 183



Application/Control Number: 09/472,683 'Page 3
Art Unit: 2665

the slave unit and passes those of the data packets that. are, addressed to any of the ports on the

slave unit to the switch fabric, while passing packets not addressed to any of the ports on the

slave.unit for output through another of the physical interface lines, incombination with other.

limitations, as specified in the independent claim 9.

Regarding claims 14-18, the prior art fails-to teach or suggest in a network access

multiplexing system comprises a pre-swi tch, coupled to receive packets from the first physical

interface and responsive to address data carried by the packets, to sort the packets such. that

packets addressed to the slave unit are retained, and packets addressed to the succeeding units are

passed to the second physical interface, in combination with other liitation.s, as specified in

claim 14.

Regarding claims 19-26, the prior art fails to teach or suggest a method for providing-

access to a network, comprises a stepin the event of a fault in the daisy chain*, conveying further

downstream data packets, received from the network by one of the master units, along the. daisy

chain in a second direction, opposite to the first direction, so as to deli ver the further packets to

the ports of at least some -of the slave units,'in combination with other limitations, as specified in

claim 19.

2. Any conmments considered necessary by applicant must be submitted no later than, the

payment of the issue .fee' and, to avoid processing delays, should preferably accompany the issue

fee. Such submissions should be clearly labeled "Comments on Staterment of Reasons for

Allowance."

3'. Any inquiry concerning this communication or earlier communications from the.

examiner should be directed to Duc Ho whose telephone, number is (703) 305-J332. The

examiner can normally be reached on Monday through Friday from 7: 00 am to 3:3 0 pm.

If attempt to reach the examiner by telephone are unsuccessful, the examiner's,

supervisor, Huy Vu, can be reached on (703) 308-660.2.
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Any inquiry of a general 'nature or relating to the status of this 'application or proceeding

should be directed -to the Grou p receptionis .t whose telephone number is (703) 305-4700

4Pate t xm;e

Duc Ho

08-28-03
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THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSCUTIN IMlj MERIITS COSD THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.

THIS APPLICATION IS SUBJECT TO WITHDRAWA L FROM' ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT.- SEE 37 CFR 1.3 13 AND MPEP 1308.
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HOW TO REPLY TO THIS NOTICE:

I. Review the SMAkLL ENTITY status shown above.
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A. If the status is the same, pay the TOTAL FEE(S) DUE shown
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B.. -If the status is changed, pay the PUBLICATION FEE (if
required) and twice the amount of the ISSUE FEE shown'above
and notify the United States Patent and Trademark Office of the
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If the SMALL ENTITY is shown as NO:

A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENT]TY status; check the box below and enclose
the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

El Applicant. claims S MALL ENTITY'status.
See 37 CFR 1.27.

*II., PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States tlatentanid Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the -fee(s) have already been paid, Part B - Fee(s) Transmittal should be'
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should'be
completed and an extra copy of the form should be submitted.

111. All communications regarding this application must give the applicatioh number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT 'REMINDER: Utility,.patents issuing on applications filed on or after 'Dec. 12, 1980 may require payment 'of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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Complete and send this form, together with applicable fee(s), to: bwl Mail Stop ISSUE FEE.
Commissioner for- Patents
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NEW YORK, NY 10017-5612 I hereby certify that this Fee(s) Transmittal is being deposited with the United

States Postal Service with sufficient postage for first class mail in an envelope
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1. Chane of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front p)age, Ilist (I) the
CFR I.63)., names of up to 3 registered patent attorneys or 1

LI Change of correspondence address (or Change of Correspondence agents OR, alternatively, (2) the name of a single
Address form PTO/SB/I122) attached. firm (having as a member a registered attorney or 2
LJ "Fee Address" indication'(or "Fee Address" Indication form agent) and the names of up to 2 registered patent
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer attorneys or agents. If no name is listed, no nanme 3
Number is required. will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an assig'nee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is only appropriate when an assignment hasbeen previously submitted to the-USPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for fil ing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUiNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent); LJ individual Li corporation or other private group entity LI government
4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):

Li Issue Fee Li A check in the'amount of the fee(s) is enclosed.
Li Publication Fee Li Paym.,ent by credit card. Form PT0-2038 is attached.
Li Advance Order - # of Copies U___________L The Director is hereby authorized by chEirge the required fee(s), or credit any overpayment, to

Deposit Account Number ___________ (enclose an extra.copyof this form).
Director for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply tany previously'paid issue fee to the application,identified above.

(Authorized Signature) (Date)

NOTE; The Issue Fee and Publication Fee (if required) will not bie accepted from anyone
other than the applicant; a registered attorney or a gent; or the assignee or other* party in.
interest as shown by the records of the United States Patent and Trademark Office.
This collection of information is required by 37 CFR 1.311. The information is r equired to
obtain or retain a benefit by the public which is to file (and by the USPTO to process).an
application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1. 14. This collection is
estimated to take 12 minutes to comp lete including gathering, preparing, and submitting the
completed application formn to the URRPO. Time will vary dependingf upon the individual
case. Any com.ments on the amount of time you require to'complete this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office,. U.S. Department of Commerce, Alexandria, Virginia
22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.
SEND TO: Commissioner for Patents, Alexandria, Virginia 223 13-1450.
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a
collection of information unless it displays a valid 0MBff control numrber.

TRANSMIT THIS FORM WITH FEE(S)

PTOL-85 (Rev. 08/03) Approved for use through 04/30/2004. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Determination of Patent Term Extension under 35 U.S.C. 154 (b)
(application filed after June 7, 1995 but prior to May 29, 2.000)

The Patent Term Extension is 0 day(s). .Any patent to issue from the above-identified application
indication of the 0 day extension on the front page.

If a Continued Prosecution Application (CPA) was, filed in the above-identified application,. the'
determines Patent Term Extension is the filing date of the most recent CPA.

will include an

filing date that

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) system (http://pair.uspto.gov).

Any questions regarding the Patent-Term Extension or Adjustment determination s hould be directed to .the. Office of-
Patent Legal Administration at (703) 305-1383. Questions relating to issue and. publication fee payments. shou'ld be
directed to the Customer Service Center of th.e Office of Patent Publication at (703) 305-8283.
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Notice of Fee Increase on October 1, 2003

If a reply to a "Notice of Allowance and Fee(s) Due" is filed in the Office on or after October 1, 2003, then the
amount due will be higher than that set forth in the "Notice of Allowance and Fee(s) Due" since there will be an
increase in fees effective on October 1, 2003. S= Reisio Q~f Paten E-=fQjr Fisal ar ~2004; EjnLl Rule, 68 Fed.
Reg. 41532, 41533, 41534 (July 14, 2003).
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(b) Issue fee for issuing a design patent:
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(c) Issue fee for issuing a plant patent:
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Questions relating to issue and'publication fee payments should be directed to the Customer Service Center of the.
Office of Patent Publication at (703) 305-8283.
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Alexandria, VA 223 13-1450

Sir/Madam:

We enclose -our check in payment of the issue fee on the following application.

APPLICANT:

SERIAL NO.:

..,Kaplan, Menachem CASE:

FILED:.09/472,683

204,344

December 27, 1999

TITLE:

ASSIGNED TO:

BI-DIRECT1ONAL CHAINING OF NETWORK ACCESS PORTS

Orckit Communications Ltd.

ALLOWED: September 3,2003

ISSUE FEE DUE: December 3, 2003

with 26 claims

AMOUNT: $_1330.00

PRIORITY: [X]None

SMALL ENTITY STATUS: N_O_

We await the receipt of the issue notification and the Letters Patent Document.

JSC:ma

Re ctfully submitt

J y Ci ncl'u"Y s'j
. .,. I Nh o 4,156

Enclo'sed Check No. 15604

A
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C17i~

C.)PART.B - FRE(S) TRANSMnrrAL

Completeeknd send this form, together W;th applicable fee(s), to: Midl Mail Stop ISSUE FEE
Commissioner for Eae4,

ZaAD~~ Alexandria 'Virginia.2233.4.
or Euz (703) 746-46(0

INSRCTIONS: Ths farm should be used for transmitting tke ISSUE FEE and PUBLICA1T1ON E1(f rcqied.Blcs Tiog 4sould be complmtd-wheme

iNcae nes or=tdblwnor dirctdterwise in Block 1, by (a) specifying a new correspondence address; and/ !cratdtgtePL=,W c resadntf or (b) indicating a separate FE ADDRESS" for
mainenance fee notifications.

1590. O0312003

ABELMAN FRAYNE & SCHWAB
.150 EAST 42ND STREET
NEW YORK, NY 10017-5612

5

Note: A certificate of mailin can -only be used ror domestic mailings of the
Fee(s) Transmitt-J. This certiicate cannot be used for any other accompanying
papers. Elach additional pper such as an asslptracat or formal.drawirg. must
have its own certificate of mailing or trarimnission.

Certiflcate of Mailing or Transmission
I eeyc tha Ut this Fec(s Transmittal isbcm* sited with the United

addressed to the Mail Stop ISSUE IS adesaoe or being &asiMTW
transmitted to tho UJSPTO. on the date indicatcd below.

f ayS. !M W No 24,5& w 4

Decemiber 1,1 2003

APP11ICAT[ON NO. FILING DAM Fim TNAmEiN vEhrToR ARNEY IDOCITNO. CONFIRMATION NO.
09472,683 . 1=17/1999 MINACHEM'KAPLAN 20434 9079

TITLE OF INVENTION- BI-DIRECTONAL CHAINING OF N%TWORK ACCESS POR"Ts 12/203 AWM~JF2 00000048, 09472683

210512003 AUGHO1DAF2 00000066-010035 '09472683 01 RF: 1501 .1330.00 OP

F;.!AQQ1 6. 00DA 7 AEUAI.N. TWPE SMALL OnmIT mSug F"MPUBLICATIONMFETOT.L FEE(S) DUEl D E E

nonprovisional NO $1300 so S1300 12/03/2003

ET:hMINER T - ART UTJ?CL-ASS-SUBCLASS ~~
HO, DUC CHI 2665 370-217000

?1. Change ofecorrespondence address or indication of "Fec Address" (37 2. For printing on the patent fiont pap.list (1) the'CR163).nms of up to 3 registered patent altorneys or Ab ha , ry

U Change of correspondence address (or Change of Correspondence agents OR, alternatively, (2) the name of a single & s ia
Address form PTOISB/122) attached. fim(aing a a member a registered attorney or 2im(avSbm

U "Fee Address" indication (or *Fee Address" Indication form aet n h nmso pt eitrdptn
PTO/SB/47; Rev 03.02 or more recent) attached. Use of a Customer attorneys or agants. If no name L-- listed, no name 3
Number Is required. will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BEPRINTED ON THE PATENT (printeor type)
PLEASE NOTE: Unless an assignee is idetified below, oasinelata will appear on ihe p&ALet Inclusion of assignee data is only appropriate when an assignment has
been previously subrmitted to the USPTO or Is being submittedundercsparate cover. Completion of this form is NOT a substitute for filing an assignmient.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

ORCKITCOMMMCAMICNS LTD. Tt; Aviv Israel

Please check the appropriate assignice category or categories (will not be printed on the patent); . U individuW U corporation or other private group entity U government
4L' The folowing fees) are enclosed.- 4b. Payment of Fee(s)

lXlssueFee 1Cc Ic in the amon of the fee(s) is enclosed.
.U Publication Fee U Payment by credit card. Ferms PTO-2032 is attached.
LgAdvancic Order - of Copies 2 MWOY V The Director is hereby an d-L!y4!!.ha the requidfees),'or credit any overpyment, to

uceposit AccatintNrumbei . J.IL~....(nlose an extra copy ofhi orm.
Director for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any pre viousty paid issue fri to the application identifiedabove.

i ar)(Date)

% Y-V ll 1 2003 EXPRESS MAIL" Label No.: ET537601024US

o er te appli cant; a registered attorney or agent; or the assignee or other. party in. This correSpondence is being
in tshown by the records of the United States Patent and Thdd6t&rk Office. , Dpstdwt h ntdSae

is colle-cdon of infofmation isdeured by 37 LTR 1.311. The information is requircd'to0 DpostSedrviche UnitpeSalePst
obtan or retain abenefit bytho puoiwaei file and bythe USPTO to proess) an PotlSrie"xesMalot
application. Confidentiality is governed by 35 U1.S.C. 122 hnd 37 CFR 1. 14. This collection is Office to AddresseeI service under
esimoated to take 12 minutes to co %lete. including gathering, preparing, and subnmitting the
completed application f 1m o -0eSPO.Timp will vary depcnding upon the individa 3 7 COR § 1. 10 on thi date indicated
case. Any comments on the amount of time you require to cornplee this form andi/or above and addressed to:
suggestions for reducin this burden, should be sent to the Chief IWfrtiation oinceir,us.Paten and Trademark Office, US. Department of Comrce. Ak7andria. V, Commissioner for Patents
22313-1430. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRES. PO Box 1450SEND TO: Commissioner for Patents, Alextandria, Virginia 22313-1450.

UdrtePperwork ReductionAct of 1995. no Persons are required to respond to a Aecnra A23315
collection of ifnration unless it displiys a valid 0M13 control numubir.

TRANsmrT THIS FoRMmWwTH FEEMS

PVOL85 Rev 0803)Appove forse hrogh 4/3/204.MB 0651-0033 U.S. Patent and Tra&emark Owice; U.S. DEPARTMENT OF COMMERCEPli-&-85 (R". 08103) Appmved for use through 04/30=04.
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File History Content Report

The following content is missing from the original file history record obtained from the

United States Patent and Trademark Office.  No additional information is available.

Document Title  -      USPTO Grant

Document Date -       2004-01-20

This page is not part of the official USPTO record.  It has been determined that content 
identified on this document is missing from the original file history record.  
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File History Content Report

The following content is missing from the original file history record obtained from the

United States Patent and Trademark Office.  No additional information is available.

Document Title  - Applicant Communication Re: Verified Statement of Small Entity 
Status in Compliance with 37 CFR 1.27

Document Date - 2012-01-27

This page is not part of the official USPTO record.  It has been determined that content identified 
on this document is missing from the original file history record.  
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Electronic Acknowledgement Receipt

EFS ID: 25972064

Application Number: 09472683

International Application Number:

Confirmation Number: 9079

Title of Invention: Bl-DIRECTIONAL CHAINING OF NETWORK ACCESS PORTS

First Named Inventor/Applicant Name: MENACHEM KAPLAN

ABELMAN FRAYNE & SCHWAB

150 EAST 42ND STREET

Correspondence Address: -

NEW YORK NY 10017-5612

US 212 949-9022

Filer: Yehuda Binder

Filer Authorized By:

Attorney Docket Number: 204.344

Receipt Date: 06-JUN-2016

Filing Date: 27-DEC-1999

Time Stamp: 02:53:07

Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no

File Listing:
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Document DocumentDescription FileName File Size(Bytes) Multi Pages
Number Message Digest Part .zip (if appl.)

137789

1 Power of Attorney Signed-POA.pdf no 2
03199d6fc2535ea8201418fc7d2606b12fce

fb97

Warnings:

Information:

137786
2 Assignee showing of ownership per 3 SIGNED-sb0096-61.pdf no 2

CFR 3.73
2c8428f80e2e0ca9d 8d abe276f7afd ee4444

0108

Warnings:

Information:

Total Files Size (in bytes)l 275575

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

NationalStna fn IntrntinalAnnlicatinunder 11 5 1 71

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Aoolication Filed with the USPTO asa Receivina Office
If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

a W"Q Q!Jww a" " =I "a W"Q ee UQ W" U" =1ti I St f I t ti I A Ii ti d 35USC 371
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PTO/SB/80 (11-08)
Approved for use through 11/30/2011. OMB 0851-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

I hereby revoke all previous powers of attorney given in the application identified in the attached statement under
37 CFR 3.73hbt
I hereby appoint:

Practitioners associated with the Customer Number: 131926
ORI

l Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):

Name Registration NaeRegistration
____________Number_______ Number

as attoney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with
any and all patent applications assigned only to the undersigned according to the USPTO assignment records or assignment documents
attached to this form in accordance with 37 CFR 3.73(b).

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(b) to:

W] The address associated with Customer Number: 131926
OR

L imor
IIndividual Name

Address

City Zip

Country

TelephoneEmi

Assignee Name and Address:

Orckit IP, LLC
874 Walker Road, Suite C, Dover, Delaware, USA

A copy of this form, together with a statement under 37 CFR 3.73(b) (Form PTO/SBl96 or equivalent) is required to be
filed in each application in which this form is used. The statement under 37 CFR 3.73(b) may be completed by one of
the practitioners appointed in this form if the appointed practitioner is authorized to act on behalf of the assignee,
and must identify the aplication in which this Power of Attorney is to befjleck c L

SIGNATLO)RGj"JieWcR' 161=
The individual whosesignature andtitle is bqjov&*n QW Malfofthe assignee

Signature / te June5,2016

Title CEO and Owner of Orckit IP LLC

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

I

Thiscollection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is govemed by 35 U.S-C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes
to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Anycomments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETEDFORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

37 CFR 3-73(h)

F r. A - a Aft
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTO/SB/96 (07-09)
Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner: MENACHEM KAPLAN et al

Application No./Patent No.: 09/472,683 Filed/Issue Date: 12-27-1999

Titled:
Bl-DIRECTIONAL CHAINING OF NETWORK ACCESS PORTS

ORCKIT IP, LLC
(Name of Assignee)

a Limited Liability Company
(Type ofAssignee, e.g., corporation, partnership, university, government agency, etc.

states that it is:

1. R the assignee of the entire right, title, and interest in;

2. an assignee of less than the entire right, title, and interest in
(The extent (by percentage) of its ownership interest is %);or

3. n the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made)

the patent application/patent identified above, by virtue of either:

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame_, or for which a
copy therefore is attached.

OR

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: ORCKIT COMMUNICATION LTD

2. From:

To: ORCKIT IP, LLC

The document was recorded in the United States Patent and Trademark Office at

Reel 038541 , Frame 0 9 8 4  , orforwhichaco

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame,

3. From:

py thereof is attached.

or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

D Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain of title from the original owner to the assignee was,
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i-e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act nbh o e assignee.

/Yehuda Binder / RCKIT
dine DE LLC # t6' 3507

Yehuda Binder 831 898co %.80

140n %waoflt#0fl')45TitlePrinted or TVDed Name NOW~U",u''- -

June 5, 2016
Date

C,6) and Owner of Orckit IP LLi

Title
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and bythe USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount oftime
you require to complete this form and/or suggestions forreducingthisburden,shouldbesenttotheChiefInformation Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNIIEI) SIAES I)EPARIMENI' OF COMMERC
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PC" Box 1450
Alexandria,Virginia 22313-1450

_wrspto.gov

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

09/472,683 12/27/1999 MENACHEM KAPLAN

131926
May Patents Ltd. c/o Dorit Shem-Tov
P.O.B 7230
Ramat-Gan, 5217102
ISRAEL

CONFIRMATION NO. 9079
POA ACCEPTANCE LETTER

00 00000836 7 11

Date Mailed: 06/13/2016

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 06/06/2016.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office

of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/rmturner myles/

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNIIEI) SIAES I)EPARIMENI' OF COMMERC
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PC" Box 1450
Alexandria,Virginia 22313-1450
wwspto.gov

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

09/472,683 12/27/1999 MENACHEM KAPLAN

ABELMAN FRAYNE & SCHWAB
150 EAST 42ND STREET
NEW YORK, NY 10017-5612

CONFIRMATION NO. 9079
POWER OF ATTORNEY NOTICE

000000083617089

Date Mailed: 06/13/2016

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 06/06/2016.

* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office

of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/rmturner myles/

page 1 of 1
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File History Content Report

The following content is missing from the original file history record obtained from the

United States Patent and Trademark Office.  No additional information is available.

Document Title  -     USPTO Communication Re: Change of Address  

Document Date -       2016-06-13

This page is not part of the official USPTO record.  It has been determined that content 
identified on this document is missing from the original file history record.  
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C a se-v-.026JR -S Document 4 Filed 07/22/22 Page 1of IPageD 4:119

AO 120 (Rev. 08/10) ________________________________

Mail Stop 8 REPORT ON THE
TO: altp

Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK

In Compliance with 35 U.S.C. §290 and/or 15 U.S.C. §1116 you are hereby advised that acourt action has been

filed in the U.S. District Court Eastern District of Texas on the following

D Trademarks or Y Patents. (E]the patent action involves 35 U.S.C. §292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
2:22-cv-276 7/22/2022 Eastern District of Texas

PLAINTIFF DEFENDANT

Orckit Corporation Cisco Systems, Inc.

PATENT OR DATE OF PATENT
PAT EMNO.DATE ORRAE K HOLDER OF PATENT OR TRADEMARK

TRADEMARK NO. OR TRADEMARK

1 6,680,904 1/20/2004 Orckit Corporation

2 7,545,740 6/9/2009 Orckit Corporation

3 8,830,821 9/9/2014 Orckit Corporation

4 10,652,111 5/12/2020 Orckit Corporation

5

In the above-entitled case, the following patent(s) trademark(s) have been included:

DATEINCLUDED INCLUDED BY

O Amendment 0 Answer E Cross Bill E Other Pleading

PATENTOR DATEOFPATENT HOLDER OF PATENT OR TRADEMARK
TRADEMARK NO. ORTRADEMARK

1

2

3

4

5

In the above-entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DAT

Copy 1-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy
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