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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 sub-
scriber line systems.

BACKGROUND OF THE INVENTION

Digital Subscriber Line (DSL) is a modem technology
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
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 Trans-
fer Mode (ATM) and Internet Protocol (IP) networks, with-

out requiring major investments in new infrastructure. A

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
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
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,
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
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 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
“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 5

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,
high-speed transfer of data packets within an access multi-
plexer system.

=

—
o

60

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

5 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-
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
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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-
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
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
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
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
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:

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. Preferably, the
pre-switch re-routes the data packets such that substan-
tially no reconfiguration 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 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, 5

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
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
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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
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.

N
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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
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
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
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
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 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.

The present invention will be more fully understood from
the following detailed description of the preferred embodi-
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;

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, 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
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;

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;
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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. 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 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
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 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 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
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
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
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
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
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.

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 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 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 fash-
ion. 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
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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-
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
through 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
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 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
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
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
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
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
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 distrib-
uted to chains 36, 37 and 39 at respective addresses 98, 96
and 94 (switch ports 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
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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.

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
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.
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,
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
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
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
the ordinary data and control traffic between the 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
topologies 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 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
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- 5

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
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.

FIG. 9 is a block diagram that schematically illustrates
details of the operation of pre-switch 92 in active master 30
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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 PSA router
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 Original switch New switch
address port port
0 0 0
1 0 0
2 0 1
3 0 1
4 0 0
S 0 0
6 0 1

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 down-
stream traffic to slaves 34 located on chain 37 itself. For this
reason, PSA router 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
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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
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 AI'M 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 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.c., 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

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 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

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.
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
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
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 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
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
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
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-

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

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
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
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-
stantially no reconfiguration of the switch fabric is required
in response to the reversal.
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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.

ok ok % %
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BI-DIRECTIONAL CHAINING OF NETWORK ACCESS PORTS

‘ FIELD OF THE INVENTION
The present invention relates geherally 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 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 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) networks; without requiring major

investments in new infrastructure. A range of DSL

standards have beén'defined,bknown generically'as “xDSL,"”

wherein the wvarious standardsvhave different data rates -

and other associated features but share common principles
of operation. ' ‘ »

DSL subscribers are connected to high—speed networks
through vDigital 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
theif traffic through one or a few netwqu truﬁks. The
need to serve such a large and potentially 'vafiable
number of subscribers in the one DSLAM has led to the
development of “multi-shelf” access architectureé.

Fig. 1 is a block diagram that schematically
illustrates 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 - éonfiguration. Master unit 25
communicates with ‘a core network 22, 'such as an . ATM
network. The master unit comprises  a core network
. interface elément 24, providing the necessary physical
layer (PHY) and data link layer .(for exémple; ATM)
~ functions. A concentrator 26 perfofms~ highér-levei
fuhctions, 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 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 reasdn 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 invmulti—shélf access systems, such as that shown. in
Fig. 1. Fig. 2A shows a simple star configuration. In a
redundant star configﬁration,'Ushown in Fig.. 2B, each
slaﬁé 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 units.
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SUMMARY OF THE INVENTION

It 1is an object of some aspects . of the present )

invention to provide an improved multi-shelf access
architecture.

It 1is . a further objeét 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  invention to improve thev’ robustness ‘and
reliability of multi-shelf access systems.

In preferred'embodiments Qf the present invention, a
multi-shelf access system comprises. two master units
(“masters”) and a plurality of 'slave units (“slaves”).
One of the mastefs sefves as an active master, through
which the slaves normally receive data packets from a
dore network and transmit packets back upstream to the
network.  The other master is termed a standby master.
The slaves are .connectedA in ‘one or more daisy .chains
between - the active and. standby masters,. and are
configured so that both downstream and upstream packets
can be transmitted in either direction along each of the
chains, 1i.e., from or to either of the two masters.
Thus, i1f 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 correctiye

action is completed. 7 . _
Preferably, the upstream paékets’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'agaihst
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 paésed down 1its. respective chain to
detérmine whether the packet is destined for any of the
ports on that slave. Preferably, eveéry 'packet passed
betWeen the masters and slaves has a pre-switch éddress.
be 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 appropriaté port. If the packet is a multicast
packet with an appropriatevpre—switch address, the pre-
switch both conveys a copy of the pabket 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 1t 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 paséed both up and down the chain
in substantially the same manner. The pre—switch thus

supports the failure protection .. mechanism described
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_héreinabove, wherein thé tfaffic.direction is reversed in
responsc to a failure in the chain.

There 1is therefore provided, in accordance with a
preferred embodiment of the present invention, :network
access apparatus, including: . _ . )

first - and second master  units, each including - a

pnysical interface to a packet-switched network;

a plurality of slave = units, each slave unit

including one or more ports to vrespectivev subscriber

lines; and

a pluraiityvof physical interface iines, which link

the slavé units in one or more daisy chéins, in which the
slave units are"mutuaily connected in series by the
‘physicalvinterface lines therebetween, cach daiSy chain
including at least a first slave unit connécted by one of
the physical intefface‘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 passéd 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
fiist 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 packets to the network. : .

5
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Preferably, in case of a fault at a location in one

of the daisy chains, data‘fiow in a portion of the daisy
chain between the location of the fault and the secbnd
master unit is reversed, so that the downstream data

packets are passed from the'§econd master unit to the

.slaVe_units in the portion of the daisy chain wvia 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 master |

unit are conveyed to the second master unif from the

first master unit via another one of the daisy chains.

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

second master units ‘includes:

a switch, configured to route data packets betweén

ﬁhe 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 packeté exchanged with one or more of

the slaves in the .daisy chain in which_’the fault has

occurfed' through'_énother one of the daisy chains.
Preferably, the pre-switch - re-routes the data’ packets
such that s@bstantially no reconfiguration of the switch
is required’responsi§e to the fault. v | _

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

a switch fabric including éne 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 passeé_those Qf the data‘packeté that are

6
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addréésed to any of the ports on the slave unit to the
switch fabric, whilé passing packets not addressed to any
of the ports on the-slavé unit~for output through another
of the physical interface liﬁés. o .
Preferably, 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 1lines,  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 respdnse to a reversal of a direction of
data flow in the. daisy chain, the first and secbnd
addresses are swapped ‘in the pre-switch, so that
substantially no reconfiguration of the switch fabric is
required.

In a preferred embpodiment, the network includeé an
asynchronous tfansfer mode (ATM) network. ln 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 interféce 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' preceding and succeeding units,

respectively, albng the daisy chain;
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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 reﬁained, 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 éddreés
data. '

Preferably, the pre-switch is further coupled to

receive packeté -transferred ‘thereto from the second

- physical interface and to sort the packets in liké 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 swappéd in the pre-switch, so that
v substantially no“reconfiguration'of the switch fabric is
required in response to the reversal. _ .

Furthér preferably, when one of the packets received
by the pre—switch»includes a multicast packet addfessed
- to one or more of‘the>p0rts on the slave unit, the pre-~
switch sorts the‘multicast'packet such that'one copy of
the packet is retained and another copy df the packet is
‘passed to the.sécond 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 significant interruption.
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There 1is also provided, 1in accordance with a
prefer:ed embodiment of the present invention, a method
for providing access to a network, including:

coupling fifst 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
frpm the network by one of the master units, élong the
daisy chain in a first direction, so as to deliver the
packets to the pdrts of the slave units;'and . ‘

vin ‘the event of a fault in the daisy chain,
conveying further downstream data packets, received from
the nétwork 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.

Preferably, "~the initial and- - further downstream
packéts are received from the network by the first master
unit, and conveying the further downstream packets in the
second direction inciudes conQeying 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 master 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 unit to the second master

unit over the additional daisy chain.

9
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Fﬁrther preferably, " the method includes conveying
initialv 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 upstfeaﬁ
data packets received by one 6r more of the slave units
along the daisy chain 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 pécketé
over the network. } »

Preferably, conveying the initial downstream data
packets along the daisy chain ihcludes pre—switching the

packeté 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 packéts to the ports to which they are addressed.

The present invention\'will be more fully understood
~from the following>detailed descfipfion of ‘the preferred
embodiments thereof, taken together w;th,the drawings in
which: ‘ o

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a Dblock - diagram that schematically
illustrates a multi-shelf ‘access system, as is known ig
the art; )

Figs. 2R 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 tbpoloqy of a multi-shelf access systém,

10
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"in accordance with a- preferred embodiment of the present
invention;

Fig. 4 1is -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 thevpresent in?entien; v

Fig. 5. 1is 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;

Fig. 6 1s a Dblock .diagram that schemafically
‘illustrates details of an active master in. the system of
Fig; 5, in accqfdance with a preferred embodiment of the
present invention;

Fig. 7 1is a _bleck diagram that . schematically
illustrates details of_a,étandby master in the system of
Fig. 5/ in accordance with: a preferredvembodiment of the
present invention; ’

Fig. 8 1is. '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; . o

. 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 embodimeﬁt of ' the presenﬁ
invention; and : : i

Fig. 10 is a block diagram that 2schematically
illustrates details of the Standby.maeter-in the system
of Fig. 5 under the faﬁlt- conditions ‘of' Fig. 8, in
aecordance with a prefefred’ embodiment of the present

invention.

s
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
»Fig. 3 is - a “block diagram that schematically
illuStrates‘a multi-shelf access system Si, in accordance
with a preferred embodiment  of  the pressnt lnventlon.
- System 31 is 'preferably' a DSLAM, which fprovides
subscriber',access to 'ans ATM network. Alternatively,
system 31 may be‘ ccnfigured. for providing ,bfoadband

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 a]so be applled in-.

core network sw1tch1ng devices.

System 31 comprises two mutually-linked masters 30

and 32, both of which are'generally capable of pérforming-

the functions of master ™ 25, including interfacing to

]

network 22 and higher-level routing functions, as shown

in Fig. 1 and udéscribed 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 locatlons
Although three ~chains -‘are shown in _Flg. 2, each

comprlslng-foﬁr slaves 34, it will be appreciated that

masters 30 and 32 may also be -configured to- acéommodate:

greater or smaller numbers of chains and/or slaves. “An
édvantage of the architecture of system. 31 is that
additicnal slaves may be added to.the chains as needed)
without having to chaﬁge the number of interfaces
] associatedcwith masters 30 and 32. L _
Master 30.is<cerhed the active master, becéuse‘in
normal cperation of system 31; 1i.e., 1in the absence of
faults‘in the system, downstream traffic from the network

is routed from master 30 down chains 36, 37 and 3% to the

fespective slaves 34. Upstream traffic from the slaves

2
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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 in one of chains
36, 37 or 39, as described further hereinbelow, t@e
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 Dblock 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 identifies the
‘ packet as either: | ‘ ‘

1. A packet to/from a dlStlDCt slave shelf
2. A broadcast/multlcast packet, or
3. A packet for immediate neighbor (also called
“Next” .address, because if addresses the next element
along a chain). '
Pre-switch 60 prdcesses " 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 requlred, 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 packets. Protection traffic arises,

~as described hereinbelow, in situations wherein one of

the chains delivéré traffic .for a shelf 'on another chain
in which a fault has occurred.

The PSA 1is implemented either by appending some

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

aiready existing -packet header. Specifically, for ATM
imblementation, the GFC portion of the standard ATM cell
iheader is preferably used to accommodate the PSA. GEC 1is
a four-bit field, of which three bits may be used for the
PSA, -and the vremaining Dbit'. to -indicate protection
traffic. Using .the- GFC ‘for the PSA limits the number of
VPIs that .can be aliocated per slave shelf to, 256. This

limitation is most often.acceptable, as it still allows

at least one VPI per user. Alternatively, if more VPIs:

are required, extra bits may be appended to every cell.
The “Next” (neighbor) address is used for various
topology'detectionvand diagnostic procedures. Typically,

each shelf sends control packets with the “Next” addréss,

carrying the identity of the sending shelf identity; as

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

link and, optionaliy, additional information." )
Referring' back to Fig. 4, downstream data packets

from active maéter 30 on line 38vare>received by a first

physical . layer “interface 40 and passed to a first

demﬁltiplexer 42 in pre¥switch 60, The demultiplexer

examines the PSA of the packets and, depending on this

examination, takes the following actions:

o If the PSA'corfesponds to. this slave 34, a port

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

port is identified .schematically in Fig.. 4 Dby 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 output FIFO 50, from
which 1t 1is sent through, a second physical 'layer
interface 52 over line 38 to thé next slave in the
chain.

. If the PSA does correspond to this 'slave 34,
demultiplexer 42 passes the packet Lo output FIFO 50
and from there through interface 52 and line 38 to

the next slave in the chain.

° If the packet capries 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'aré 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 aré 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: 1f so, another port
number (PORT 1) of the slave is éppended to the packet,
identified by a block 58. 1In this case, the packets are
passed to an input FIFO 56 and from there are conveyed to
switching fabric - 46 for roﬁting>to the appropriate port

28. Otherwisé,_the packets are sent to an output‘FIFO

MQ' ‘
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62, for transmission upstream via physicél - layer
interface 40. '

'Packeté that are received by slave 34.from ports 28
aré passed by switch fabric 46 to output FIFO 62, as
appropriéte, for tfansmission back to -active master 30.
'Alternatively, when a fault has occurred, the upstream
'paCkets from the ports arebpassed via FIFO 50 to Standby
master 32. '

Because of the essential symmetry of slave‘34 and
particularly of pre-switch 60, the reversal in the

direction of data flow over 1line 38 1is accomplished

~.without reprogramming 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 through 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 1s unable to transfer packets to or from its ports
28,‘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 31, it will Dbe

appreciated that the principles 'embodied in the pre-
switch may similarly be applied, 'mutatis mutandis, in

other muiti—shelf. access architectures. The pre-

switching technique 1is 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 . details of data packet flow in system 31

L
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under normal, fault-free conditions, in accordance with a
preferted embodiment of . the present invention. Hatched
arrows, such as an arrow 72,'represent dbwnstream data
flow, while uhfilled arrbws, 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 ndrmally 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 the respective chains to

active 'master 30. The active master bicasts these

packets,  sending 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 méster’

also transmits the upstream packets over network 22, as.

indicated by an arfow 78. This redundancy in
‘transmissibn is in accordance with 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 a’ preférred embodiment of‘.the"present‘

invention. Master 30 comprises a main Sswitch 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 addfessés.) The packets . are
distfibuted~ to 'chains '36, 37 and 39 at respective

17
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addresses 98, 96 and .94 (switch ports 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 interface 76 to standby
.master 32. Input packets to master 30 from the
protectioh interface are discarded by. pre-switch 92.
Othet‘ than these. protection‘,functions, the pre—sWitch
' operates 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 schematlcally shows
-details of standby master 32, in accordance w1th a

preferred embodiment of the present invention. . The

“standby master is structurally substantially identical'tov

the active master, inciuding main  switch . 90 and pre- -

switch 92. In normal operation, as shown in the figure,

standby master 32 communicates ‘only with active master

‘30 and 1s not expected to recelve packets from or convey
packets to any of slaves 34. Control traffic between the
active and standby masters is preferably con?eyed through
chain 39, over an upstream‘path lO4vand é downstream_path

-106 through the chain. ' 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 trahsparently to switch 90, which treats
any'packets that it receives, except for control packets/
as misrouted tratfie.v o ‘

Optionally, active'master 30-ahd standby master 32
include their own localAports (not shown .in the figures).
In this case,.thefstandby.master is preferabiy treated as

an additional slave on one of the chains, typlcally chaln

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

18
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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 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 usie this interface -

for the ordinary data and control traffic between 'the
. ¢

Fig. 8 1s 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. 1In multi-shelf topologies 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 34’ downstream of the fault. 1In system

31, however, active master 30 recégnizes 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 shown by arrows 114 and 116, éo that the
packets reach slaves 34'. The addresses of the two
inpﬁts to the pre-switches 60 of slaves 34’ are swapped,
as described'hereiﬁabove (Figf 4), in order to reverse

the direction of traffic flow on this portion of chain

39, Upstream péckets returned by slaves 34’ are routed
back to standby master 32, as shown by an arrow 118. The
19
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standby méster switches: this traffic "over protection

‘interface 76 to active master 30, as indicated by arrows

120 and 122. From this pbint, the upstream traffic is
transmitted over network 22 in normal fashion.
from slaves 34 on chains 36 and 37 is
substantially unaffected.
.are handled in similar fashion.

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, 1in accordance with a preferred embodiment of the

present - invention. For  clarity of illustration;

- block diagram:and the other illustrations_of pre-switch -

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

functional importance in handlihg this particular fault.

The illustrated arrangement of these - elements, and
particularly of FIFO buffers in the pre-switch, has beéen
chosen for - simplicity and conceptual‘ clarity, and

. variations on this arrangement - will bé apparent to thoéé
skilled in the art. o _ '
For all iﬁcoming,traffiC'destinedvfor chain 39, .a
PSA router 130 in'pre—switch 92 determines  whether the
packets are addressed to slaves 34, upstream of the fault
‘indicated by-mark.liO) or slaves 34', downstréam'of the
fault. The PSA re-routes the traffic for slaves
downstreamvof the fault through chain 37, in accordance

with the following routing table:

TABLE I

Traffic'

Failures in chains 36 and 37

this

PSA address Original sWitch . New switch port
' port ‘ ‘ )
e 0
I - : 0 ' ‘ 0
2 ' ‘ 0 1
.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. ‘ v
‘ As 'noted hereinabove, it is neceséary to avoid
confusion between“downstream traffic to slaves 34,
transferred on chain 37 ‘as represented by arfow 112, and
ordinary downstream traffic to slaves 34 located on chain
37 itself. For this reason, PSA router 130 preferably
sets a bit reserved for this .purpose in the packets
desfinedvfor slaves 34’. In the case of ATM éells, foi
'example,vroutef 130 preferably sets the least significant
bit of the GFC field to 1. Standby master 32 éhanqes
this bit back to 0 when switching the paékets back to
chain 39. ' v . _ '

In the upstream direction, the traffic ﬁfom slaves
34" over _protection. interface 76, represented by arrow
122, 1is merged with the normal upstream traffic from
slaves 34 on Chain 39 by a FIFO 132. Switch 90 processes
ﬁhe merged traffic as though it had all come directly
from chain 39, and no special processing‘ is required
after pre;switcﬁ 92.

Fig. 10 1is 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
’agcordance 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
347, preférably based on the least significant bitvof the
GFC field in the packets, as noted above, and routes
these packets fo 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 maéter 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
backet 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

v address 100, via protection interface. 76, to éctive
master 30. ' Upstream traffic from the local ports dn thé
standby master is similarly routed by a next filter 140
to FIFO 150, and from there over the protection interface
to the active master. The “Néxt” 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 normallyvcarriéd 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 éhy reprogramming or

reconfiguration of switches 90.

22
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Although -preferfed "émbodiments _are described
hereinabove 'with reference to DSL access to an ATM
nétwdrk, the principles of the present invention ére
similarly appliéable in providing access'to substantially
any fype of packet-switched network, and. over
substantially any. sort of subscriber intérface. The
architecture and switching'techniqués uééd in system' 31
are most advantageous- When there is a need for high
'concentration at the'acceSSIStage, i.e., for multiplexing
of many lines into one or a few.trunks. Thoée»skilled in
the art, However,' will wunderstand that the. principles
‘embodied in system 31 may also be applied to multiplexérs
and switches of other types, even including core nétwork
devices. ) L » ‘

It will‘ thus be 'appreciated that 'the preferred
embodiments described above are cited by way of example,
and that the present invention ié not limited to what has
been parﬁicularly sho@n and . described Thereinabove.
' Rather, theé séope of the present invention includes both
combinations and subcombinations of the various features
"described 'hereiﬁabove, as - well as variations. “and
modifications thereof which would occur to persons
skilled in the art upoh reading the foregoing description

and which are not disclosed in the prior art.

23

it

et o o e i greren e o nn e s 4 e e e e s+ 3 e

Ex. 1002, Page 52



Ex. 1002, Page 53




3543053

o [CLAIM/S]

\\ N&twork access apparatus, comprising:

firgt and second master units, . each comprising a

physical -1Qterface to a packet-switched network;

a plukality of slave units, each slave unit

Comprising‘ o or more ports to respective subscriber

lines; and

a plurality\of physicél interface lineép which link

the .slave units in

~slave units are mytually conneéted in series by the

physical interface I\nes therebetween, cach .daisy chain

comprising at least a first "slave. unit connected by one

of the physical interfage 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 paséed from the fikst master unit to each of
the daisy chains via the first. 3jlave unit in,éaCh chain,
and upstream data packets receivey by the slaves in each
chain from the subscriber lines ar passed via the fifst
sla&e unit in- the chain to the .fArst master unit for
transmission over the‘network._' ‘ '
3. Apﬁaratus according to c¢laim 2, \and ,compfising “a
protection interface, which <couples "the second maéter
unit to the first master unit, and over \which interface
data packets are conveyed between the fikst and second

master units in case of a fault.

4. Apparatus according fo claim 3, wherel
master unit bicasts the upstream data packets that it
rece;ves'from the slave units to the network an ,‘via the
protection interface, .to the second master unlt, which

transmits the upstream data packets to thé networ

24

one or more daisy chains, in which the.

the .first
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Apparatus according to claim 2, wherein in case of a
faylt at a location in one of the daisy chains, data flow
in portion of the daisy chain between the location of

the fault and the second master unit is reversed, so that

upstream -da\a packets are passed by the last slave unit .

to the second\master unit.

6. Apparatus
~downstreanm pécke s for the slave units in the portion of
. the daisy chain between the location of the fault and the
vsecond master unit Rre conveyed to the second master unit
from the first mast unit- via another one &f the daisy

chains.

7. Apparatus accordin) to claim 1; wherein each of the

.first and second master 1its comprises:

v a switch, configured\to route data packets between
the respective physical interface and the one or more
_daisy chéins; 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 th "daisy chains:

8.  Apparatus accérding to claim\ 7,  wherein the pre-
switch re-routes the data packets sugh that substantially
no reconfiguration of the switch is\required responsive
to the fault. -

9. Apparatus according to claim 1, wherein each of the

slave units comprises:

25

according. to claim &, wherein the

Ex. 1002, Page 55



ik

‘the switch fabric.

3543083

a 9witch fabric comprising one or more switches,

which conyey data packets to respective ports on the
switch to ich the packets are addressed; and ' ‘
a pre-syitch, 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, whille passing packets not addressed to any
of the ports_on'th slave unit for output through another

of the physical inteyface lines.

10. Apparatus according to claim 9, wherein each of the
slave units is coupl&d to feceiVe packets transferred
thereto from the first %nd second master units over first
and second ones of he physical interfacé lines,
réspectively( and where\n the pfe—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 fiyrst and second addresses in

11. Apparatus according to cla'ﬁ 10,. wherein in response
to a reversal of a direction of data flow in the daisy
chain, the first and second addri&sses are swapped in the
pre—sWitch,‘so that‘substantially no reconfiguration of

the switch fabric is required.

wherein the network
(ATM) network.

12. Apparatus according to -claim 1,

comprises an asynchronous transfer mo

13. Apparatus according to claim 1, erein the network

comprises an Internet protocol (IP) hetw rk.

}4* In a network access multiplexing sy%tem, in- which a
master unit 1is connected by a physical \interface to a

packet-switched network,. a slave unit configured to be

26
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coupled to\the master unit in a daisy chain of such slave
units,'the lave unit comprising: _

a plu&aklty of ports, for coupling the slave unit to
respective subscrlber lines;

first and\ second physical interfaces,  coupled to

with preceding and succeeding units,
respectively, alqng the daisy chain; - .

‘a pre-switch coﬁpied, to recéive packets from the
firstAphysical interface and responsive to address‘data
carried by the packets, to sort the packets such that
packets addressed t the slave unit are. retained, and
packets addressed to the succeeding units are passed to
the second phy51cal inf erface, and )

a fabrlc of one oX more switches, which convey the
retained packets to the

data.

orts, responsive to the address

15. * Apparatus’ according .t claim 14; wherein the pre=

switch is further coupled tQ& receive packets transferred
thereto from the second phyaical interface and to sort
the packets in 1like manner

through the first‘physical intenface.

16. Apparatus according’ to aim 15/ wherein the
retained packets that were receivyed from the first'and
second physical interféces and are passed by the pre-
switch to the sw1tch fabrlc are ideftified by respective

flrst 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 numbadrs are swapped in
the pre-switch, so that substantially mn

of the switch fabric 1is required in esponse to the

17. Apparatus according to claim-14, wher&in when one of

the packets recelved by the pre.switch

27

to the packets received‘

reconfiguration

comprises a-
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multicast packet addressed to one or more of the pofts_on o

the slaye unit, the pre-switch sorts the multicast packet

such thal one copy of the packet is retained and aﬁother

copy of the packet . is passed to the second- physical -

interface.

1@, Apparatus\ according- ﬁo claim 14,‘ wherein 'in the
event of a fau\t in the Mswitch  fabric, the pre—sWitch
continues to pass\the packets addressed to the succeeding
units :on "to the ucceeding: units without significaﬁt

interruption.

}g. A  method for

comprising:

oviding access to a network,

‘_-coupliﬁg first and skcond master units to interface
with the network; ‘ ' ’ ’
linking a plurality of
comprising one or more. port to respective subscriber
lineé, in a daisy chain betwéen the first and 'éecond
maétef units; ’ '
‘conveying initial downstream bata‘packeté; received

~ from the_nétwork by one of the ma |
daisy chain in.a first direction, sd as to deliver the
packets to the ports -of the slave uhits» and

in the event of a fault .in tXe daisy‘ Chain,

conveying further downstream data packets\ received from .

the network by_bne of the master units, along the daisy -

the first
ets to the

chain in a second direction, opposite
direction, so as to deliver the further‘pa

ports of at least some of the slave units.

20. A method accdrding'to claim 19, wherein t e;iﬁitial
and further downstream packets are received
network by the first maéter unit, and wheréin"onvéying
the further downstream packets in the second - irection

cbmprises-cbnveYing‘the further downstream packets from

28

lave units, each .slave unit

er units, along the
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the fi{st master unit to the second master unit, and then
conveyiﬁq the further downstream packets from the second

master unit to the daisy chain.

21. A methéda according to claim 20, wherein conveying

the further ddhnstream packets. from the first master unit
to the second magter unit comprises linking further slave

units in an addif\ional daisy chain between the first and

second master unity, and conveying the further downstream
packets from the fiyst master unit to the second master

unit over the additiopal daisy chain.

22. A method accordi\ng to «claim 19, and ‘comprising
conveying initial upstrgam data packets, received by the
~slave units from the subscriber lines, along the daisy
chain in the second dirkction 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
upétream data packets receiwed 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 cliim 22, and comprising
bicasting the upstream data packets from the first master
unit to the network and to the sechnd master unit, which
transmits the bicast upstream dafja packets over the

ﬁetwork.

24. A method according to clain1:l9, wherein ' conveying

the initial downstream data packets alo the daisy chain

comprises pre-switching the packets at exch of the slave

units, sé that packets not addressed to a\y of the ports

on the slave unit are passed to the next
the daisy chain, while packets fhat are addnessed to one
or more of -the pofts on the slave unit are Yassed to a
switch fabric that directs the packets to th ports to

which they are addressed.

29

lave ‘unit in
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25. A methXd according to claim 19, wherein the network_
comprises an ®{synchronous transfer mode (ATM) network.
26. A method according to claim 19, Wherein the network

comprises an IntéQPet.protocol (IP) network.

\

30,
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ABSTRACT »
Network access apparatus includesufi:et‘and second
master uhits, each having‘_a physical interfece to ‘a
packet-switched network. A plurality of slave uniﬁs{
each slave unit having one. or more ports to respebtive
.shbscriber‘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 ser;es 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 unlt connected by another of the phy51cal

“interface llnes to the second master unlt
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. application in the manner provided by the first paragraph 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 international filing date of this application.
(5) COMPLETE (5)'
“DATA INDICATED : o .
[F APPLICABLE (Application Ser. No.) . (Filing date) ' C 0 (Status: patcm;d, pending, abandoned)
®) ,
(Application Ser. No.) (Filing date) (Status: p d, pending, abandoned)
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Power of Attorney: As a .ed inventor, | hereby appoint the following attorn, .nd/or agent(s) to prosccute this application
and transact all business in the Patent and Trademark Office connected therewith.

Jeffrey A. Schwab, chistralibn Number 24,490 - Michael I. Markowitz, Registration Number 30,659

Stewart J. Fried, Registration Number 20, 694 Thomas E. Spath, Registration Number 25, 928

Jay S. Cinamon, Registration Number 24,156 Joseph J. Catanzaro, Regisxra‘tion Number 25,837

Dennis A. Mason, Registration Number 19,571 - Anthony Coppola, Registration Number 41,493

Send Correspondence To: Direct Telephone Calls To:

Abelman, Frayne & Schwab ’ Jeffrey A. Schwab, Stewart J. Fried, Jay S. Cinamon,

150 East 42" Street Dennis A. Mason, Michael I. Markowitz, <
New York, New York 10017-5612 Thomas E. Spath, Joscph J. Catanzaro

. or Anthony Coppola at (212) 949-9022

I hereby declare that alt statements made herein of my own knowledge are true and that all statements made on information and belief are
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 dr any patent issued thereon.

(6) DETAILS Full Name of Sole or First Inventor .. | Inventor’s Signature Date
REQUIRED : .
FOR EACH Menachem KAPTAN

INVENTOR Residence - - | Citizenship
3a Hadar Street, Petach Tikva“ 49327, Israel Israel

Post Office Address

same -as above

Full Name of Second Joint Inventor, If Any Inventor’s Signature Date

pavid ZELIG

Residence Citizenship

25 Hana Senesh Street, Givataim 53541, Israel i Israel

PostOfﬂc:Addrcss same’ as above

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

Roy KINAMON
Residence Citizenship

19 Hazohar Street, 'Dal Av1v 62507 ] : Israel
Post Office Address

same as above

L F Full Name of Fourth Joint Inventor, If Any Inventor’s Signature Date
W Eli ALONI 1 _

Residence Citizenship

28 Againit Street, Tzur—Igal 44862, Israel Israel

Posl Office Address

same as above

Full Name of Fifth Joint Inventor, If Any Inventor’s Signature . Date
Ron- SLAVOSR

Residence ' : Citizenship

1/22 Bar Yehuda Street, Kiryat Ono 55404, Israel © Israel
Post Office Address ‘

same as above

Full Name of Si int Inventor, If Any Inventor's Signature : Date
Erac %Mﬁ’ ) .

Residence Citizenship

39 Shimori Ben Zvi Street, Givataim 53631, Israel Israel
i Post Office Address

same as above

ABELMAN, FRAYNE & SCHWAB 150 East 42" Street, New York, New York 10017-5612 Page 2
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Power of Attorney: As2 med inventor. | hereby ppoint the following attorr: nd/or agent(s) to prosccute this npp!}cation

and transact all business - 1e Patent and Trademark Office connected therew:

Jeffrey A. Schwab, Registration Number 24,490 - Michael I. Markowitz, Registration Number 30,659
Stewart J. Fried, Registration Number 20, 694 Thomas E. Spath, Registration Number 25, 928

Jay S. Cinamon, Registration Number 24,156 Joseph J. Catanzaro, Registration Number 25,837
Dénnis A. Mason, Registration Number 19,571 ) . Anthony Coppola, Registration Number 41,493

Send Correspondence To: ) ' . Direct Telephone Calls To: .

Abelman, Frayne & Schwab ' Jeffrey A. Schwab, Stewart J. Fried, Jay S. Cinamon, .
150 East 42 Street Dennis A. Mason, Michael I. Markowitz,

New York, New York 10017-5612 Thomas E. Spath, Joseph J. Catanzaro

or-Anthony Coppola at (212) 949-9022

[ hereby declare that all statements made herein of my own knowledge are true and that all statements made on information‘and belief are
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 impri 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. .

(6) DETAILS Full Name of Sole or First Inventor Inventor's Signature ) Date
REQUIRED =14 GAL

FOR EACH E11l MA
INVENTOR

Residence Citizenship
7 Shmaryahu Levin Street, Tel Aviv 64357, Israel Isarel

Post Office Address

. same as above

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

Residence . Citizenship

Post Office Address

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

Residence . ) ) v Citizenship

Post Office Address

Full Name of Fourth Joint Inventor, If Any Inventor’s Signature ) Date

Residence ) Citizenship

Post Office Address

Full Name of Fifth Joint Inventor, If Any Inventor's Signature : . | Date

Residence Citizenship

Post Office Address

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

Residence . : Citizenship

Post Office Address

t

ABELMAN, FRAYNE & SCHWAB 150 East 42 Street, New York, New York 10017-5612 : Pagcs
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7 BESTCOPY
f W\ UNITED STATES DEPART‘MENT OF COMMERCE /Z/

“« | Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
: [ APPLICATION NUMBER [ FILING/RECEIPT DATE | FIRST NAMED APPLICANT l ATTORNEY DOCKET NO/TITLE —I

Washington, D.C. 20231
'urn of

G FLEF fil

DATE MAILED:

NOTICE TO FILE MISSING PARTS OF APPLICATION
Filing Date Granted

An Application Number and Filing Date have been assigned to thisapplication. The items indicated below, however, are missing. Applicant
is given TWO MONTHS FROM THE DATE OF THIS NOTICE #vithin which to file all required items and pay any fees required below to
avoid.abandonment. ‘Extensions of time may be obtained byfiiling a petition accompanied by the: extension fee under the provisions of
37 CFR 1:136(a). If any ofitems 1 or.3through 5 are lndlE; ed as missing, the SURCHARGE set forth in 37 CFR 1.16(e) of (] $65.00
for a small entity in compliance with 37 CFR 1.27, or $130 00 for a non-small entity, must aiso be timely submitted in reply’
to this NOTICE to avoid abandonment.

‘If all required items on this,form aif filed within the penod set aboxg‘jm.tml amount owed by appllcant asa
{1 small entity (statement flled) ®non-small entity Is $u IJ
[J 1. The statutory basic filing fee is:
: missing.
O insufficient. .
Applicant must submit $. ____to complete the basic filing fee and/or file a small entity statement
claiming such status (37 CFR 1.27). .
O 2. The following additional claims fees are due:

$ _for total claims over 20.

$ for independent claims over 3.

- for multiple dependent claim surcharge.
Applj ant must elrher submit the additional claim fees or cancel additional claims for which fees are due.

. Thé oath.or dec : . }
is missing '
O does not cover the 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.
03- 4. The signature(s) to the oath or declaration is/are by a person other than inventor or person quallfled under 37 CFR 1 42
1.43 or 1.47.
A properly signed oath or declaration in comp//ance with 37 CFF? 1.63, identifying the application by the above
-Application Number and Filing Date, is required.

0O 5.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 Iisting 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.

(J 6. A'$50.00 processing fee is required since your check was returned without payinent (37 CFR 1.21(m)).

3 7. Your filing receipt was mailed in error because your check was returned without payment.

O 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

préeviously submitted, and a statement that the translation is accurate (37 CFR 1.52(d)).

O 9. OTHER: :

Direct the reply-and-any questions about this notice to “Attention: Box Missing Parts.”

. A copy of this notice MUST be returned with the reply.
S SV

Customer Service Center
Initial Patent Examination Division (703) 308-1202

. . U.S. GPO 1999 450-587
FORM PTO-1533 (REV. 9/96) @ s

PART 3 - OFFICE COPY
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Lawrence E. Abelman SELMAN FRAYNE & SCHWA ) - ’ ’ Jay S. Cinamnon

Jeffrey A. Schwab Attorneys at Law L

Victor M. Tannenbaum’ ‘ D e
Poce . Lynfitd 150 East 42nd Street Maric Anne Mastrovito
. : Michael I, Markowitz*
. Alan ). Hartick New York, NY 10017-5612 ny 3 it
Cand};(:l :alﬁllterO ;Ccldﬂw _— : Warren L. Zeserman**
ichael Aschen y Y y : i
e e Telephone: (212) 949-9022 - T e
Jonathin W. Gumport Facsimile: (212) 949-9190 o . Anthony A. Coppola
Marsha G. Ajhar . Michael J. Schwab
Of Commact: ‘ v Cable: LAWABEL New York e el
Norman §. Beier . o Telex: 661108 and 276592 ' Jennifer R. Waitman
Alan D. Gilliland : - Internet: e-mail@lawabel.com . Lori B. Cohen
Thomas E. S_pai}i X ) ' . Laura J, Winston
Robert C. Osterberg . . . - ) ' Stephen J. Quigley

Howard R. Jaeger

Gabriel M. Frayne (1929 - 2000)

-+ Dennis A. Mason
" U.S. Patent Agent

*Member PA Bar Only
**Member NJ Bar Only
***Member MD Bar Only

April 3, 2000

Assistant Commissioner for Patents
‘Washington, D.C. 20231

Attention: Box Missing Parts

Ré: ‘Inven’tor: Menachem Kaplan et al.
Ser. No: = 09/472,683
For: ~ BI-DIRECTIONAL 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 in the amount of $130 to cover filing fee and Return
Postcard Receipt. A copy of the Notice of Missing Parts is also attached

Respectfully submitted,

"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-’
ited with 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, D.C.- 20231.
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UNITED STATES

PATENT APPLICATION - ATTORNEY'S 0OCXE
DECLARATION AND POWER OF ATTORNEY - ORIGRYAL APPLICATION |+ 204,344

As a below named inventor, | hercby chlarc that;

My residence, post offics address and citizenship are os sntcd below next ta my name?

[ verily believe [ am the ociginal, first and sole inventar (if only one name is fisted below) or a joint inventor (if
plural inventors ace named below).of the invention entitled

(11 TTTLE OF [€))] + BI- DIRECTIONA.L CHAINING OF" NFTWORK ACCESS PORTS
VENTION

the specification of which

M QrECK (2) D is attached herzto. :
APPROPRIATE o 2,683
ox was filed on December 27, 1933 as Application Na. 0s/47
and w3s amended on (it :pplica‘blc).

" I hereby state that | have reviewed and understand the concents of the above identified specification, ncluding the
claims, a1 amended by any amendment referred ¢a above. )
1 acknowledpe my duty to disclosc infortation of which [ am aware which is matecial to the patentability of this
“application under 37 CFR 1.56(a): the iavention has na¢ been patented or made the subject of an inventor's
certificate fssued before the date of this application In any counay forcign ta the United States of America on an
application filed by me oc my legal rcpr:«cnmuvn or assigns moare thaa twelve moaths prior (o this applx..anon and
as ta applications far patents oc inventor's certificate on the invention filed in any country forelgn 1o the United
States prior to this application by me o my legal representatives or assigns.

(3) CHECK @3) no such applications have been filed, or
APPROPRIATE - o
Bax D such applications have been filed as follows:

EARLIEST FOREIGN Ai’PLICATION(S), IF ANY, FILED WITHIN 12 MONTHS PRIOR TO THIS APPLICATION

Cauntry Appliu(iﬁn Number ba(c o[Fih’ng’ Date of Lasuo ‘ Prianty Claimed
(day. moath, year) (day, month, yer) Under 35 USC 119
(4) COMPLETS 4 . .
. DATA QYDICATED “ N OYes ©@ N°<
IF AP?LICADLE ’ ’ )
QYes T No

ALL FOREIGN APPLICATIONS, IF ANY, FILED MORE THAN 12 MONTHS PRIOR TO THIS APPLICATION

(O

1 hereby claim the benefic und<r Title 55, United States Code § 120 of any United States application(s) listed below
and, insofar as the subjcet maner of cach of the claims of this application’is nat disclosed in the prior Unifted States
applicatlon in the manner provided by the first paragraph of Title 35, United States Codo, § 112. 1 acknowledge the
duty to disclose material information as defined in Title 37, Code of Federal Regulations, § 1.56(a). which accurred
between thz fillng date of thz prior application and the national or PCT international filing date of this application.

%) COMPLETZ %)
\TA VDICATED

‘APELICADLE (Application Ser.No.) (Flllag date)

© (Swteus patented. pending, bandencd)
6y ' o

(Application Ser. No.) {Fillng date)

(Swius: puented, pending, abandoncd)
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o BEST COPY

Powes af Attamey: AS 3 azmed inventor. | $)13 prosczuis s azali

Cazfain e fllowing IRCTOS) Aar x

aird t-3azact 3l Susiness in the Patent 2nd Tr N O| icz sannecizd theszwith, €xion
JefTrey A Schwad, Regisiz2tion Number 24,190 = Michael I Merbowizz Resisteation Numses 10,659
Stewant L. Fried, Registration Number 20, 694 . - Thomzs E. Sgath, Registeation Number 2. 929

lay S. Cinamon, Registration Number 24,156 - Josesh J. Catanzare, Registration Number 2£.337

Dennis A, Mason, Registation Number 19,571 : Aanthoay Coppola, Regiswaian Number 41,433

Scad Correspondence Ta: : Dicact Telephone C;[];'Tc;

Abclman, Fraynz & Schwzl . Iefleey A Schwabd, Stawar J. Fried, Jay S. Cinaman,

150 Ex5t 42 Steeet . . Dennis A, Mason, Michael I, Maskewitz,

New York. New Yark 10017.5612 ' Thomas E. Spady, Jascph 1. Caranzace

or Anthany Coppola 3t (212) 949-9022

I hereby deslare that all srement: made hercin of my ewn-dRowlzdge a2 true 304 that all stements made on aformatian 1ad belief wre
belicved to be tue; and (urfu *hat theze stemens wers made wity due tnowledge thal willul Glse staements and whe like so 7
pumgh:blc oy finz ar imgRscament or Soth under Seation 1001 a{Thk 13 el the United Sutes Code :nd that sueh Wl]lrul f_.m s
jeopardrzz the validity of the applicztion of aay pztentissued Nerson:

Full Name of Sale or Firss Iaventor Inv:a}:r‘x Sighature . Pa=-"
Menacrem KAPLAN /7 ,{é ~ B

Razidence % Citizznshlp A
3a dHadar Street, Setach Tikva 49327, Israel Israzl

Pait Qffics Addrzss .
_same as abowe

Full Mame of Second Jaint fnvanar, If Any Inventor's Signaure Date
David ZELIG . s .1‘/74 /3 o0
=
Rezidence Cldzenship . .
'25 Hana Senesh Street, Givatain 33 'S41, Isreel B Igrael

Pas( Offlce Address sare asaoo_ye

—

Fult r;l.\én‘;ugc‘rﬁfrd Joint lnvc.mnvr, IfAy lavenar's Signature % Date 2 5/3/ ge
Residencs . o g Citizenzhip

19 Bazahar Street, Tel Aviv 62507 _/ Israel

Post Office Addrez )

‘“ “ANTE same as above o
r " e

Full Name of Fourth Jaiat lavenese. ((Any laveatdr's Signature - \'\ Date

E1i ALONI [ \ [ 13/3/22.
Residenze / ‘ Citizenshlp

28 Agamit Street, Tzur-Iaal 744862, Tsreel IsTzael

sare as akove.

Full%ngc é&w Inveator, U Any ‘ ! [ln‘«:mnr‘: Signsture . q//)}g jh ' Datz Z .(. 1. da

Residence ’ . Citizzaship

1/22 Bar Yehuda Street, Kiryat Cno 55404, Israel Israel

Post Offize Address

Past Office A:.;dr::x ' J
|
sere as akbove ° ]

FuEI_Ellaga %Mm laventat, thny' : F&wﬁ‘x Si;n:rgf? \(/I‘\M‘ .[D:(: L}\\)\}_ﬂ . [
|

Resdence Civzership

{
39 Shimon Ben Zvi Street, Givataim 53631, Israel Israel

Past OMee Address
same as abcve

ABELMAN, FRAYNE & SCHWAB 150 East 42" Sgeat, New York, New York 10017-5612 Pag:‘_z
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(G\ SETALS
REQURAZD
FOR EACH
ROVENTOR

Pawer of Attermey;

med iaveaar, [hereSv3gzainl ihe fallowing anemev(s

wxging(s) 1a prasazute

this applizziion

and frangact all dusinez: in the Patert and Trademarx Ofice connezied tharewita,

J2fTrey A. Schwab, Regiztation Number 24,493
Stevant J, Fried, Registrtion Number 20, 694
lay S. Cinamon, Rc;ismdon Number 24156

Dennis A. Mason, Registration Number 19,571

Send Correzpondencs To:
Abelman, Frayne & Schwab
150 East 427 Secat

Michach . Markowiex, Registration Number 30,659
Thomas E, Spaty, Registratian Number 25,923
Joseph J. Caanrare, Registation Number 25,317
Aathony Copzala Registration Num‘)cr‘ll.l‘)]

Direct Telephane Calls To:

JefTeey A. Schwab, Stewan J, Fn:d Jay S. Cinaman,

Dennis A. Mason. Michacl 1. Morkowiwz,
Thomas E. Spath. Joseph J, Carnzaro

New Yark, New York 10017-5612
- _ar A.mhony Coppolaat (212) 949-9022

t hcr:hy declare thacall fatements madz hercin ol my own knowledgs are wuc and (.‘\:l Al serements made on information 3ad belie s
belicved 10 be true! and f\n‘ﬂer Bt these statements weze made with the kaowledge tha: willful false staiements and the like so made e
punishable by finc or impriscament ar both undes Seztian 1001 of Thlle 13 of the Unired Sates Code and that such willful false sotemens may
jeopardizz dhe validiey of the agplication or 2y patent iszued thereén,

Full Name c{ Sale or Flem laveatsr

‘Eli MAGAL

laventar's Signsture Dix ’
. ‘ Ae— z;/ 3&0

o g

Residence Citlzenship

-7 Srraryahu Ievin Street, Tel Aviv 64357, Iszael Isare.L

sare as above

Post Qffice Address . ) l

Full Name of Sccond Jofat [nvenar, If Any laventor's Signarure Oate’

Residence

Citizenship  * i - ]

Pont OMce Addeest

Full Name of Thicd lolat tnventar, I Any

{nvenior's Signaasre

Residence Cluzeaship

Post Otfice Address

Jomv _ ‘

Full Name of Fourth Joiat [nvenor, If Any ' laventor's Signazure ) _ . J Date

Rezidenee Cidzenship

Post Office Addrass

Full Nama of FiBA Joint tnventar. If Aay laventar's Slgnature Date

Residence Cuizerzhip

Post Offica Addresz

Full Name of Sixth Joiar Invenwor, [[Any Lwvanwor's Signacurs . s

Rezidence *\ Citizenship

Post Officz Address J

ABELMAN. FRAYNE & SCHWAE 150 Exs 2~ Strest, New Yark, New York 100175612 ) 2age 3
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: .'UNITED STATES L ARTMENT OF CDMMERCE
:2 | Patent and Trademark Office .
f | ‘Address: COMMISSIDNER OF PATENTS AND TFIADEMARKS
Lt Washlngton DC. 20231 "
a) 2

ATTORNEY apEKET NOJTITLE |

. DATE MAILED:

NOTICE TO.FILE MISSING PARTS OF APPLICATION

Within whlch to flle all requlred items ang‘pay any fees requrred below to-. .
L avoid abandonment Extensrons of tlme may:be. obtamed by filing-a petition accompanied by the extenision fee-under the provisions of.
37 CFR RN 136(a) Ifany of ltems 1or3 through 5 are: mdlc ed as mlssmg, the SURQHARGE setforthiin 37 CFR1.16(e) of (] $65.00
’entrty, must also’ be tlmely submmed in reply- :

- ,ﬁled withln the. perlod set abox_e’d_tg_g.totdl amount owed by applicanl asa

‘o smaII enMy is: $___7|_ 29

total clarms over 20

mdependent clalms over 3

Ior mumple dependent claim surcharge

s  the-above Abpllcat/dn NUmber and Fl/mg Date is requ:red
.- 4. Theisignatiire(s): to. the oath or declaratlon is/are by a person otherthan mventor or | person quahfled under 37 CFR 1 42

- 1.43 or 1.47, )

A propérly stgned oath.or declaratton in compllance with 37 CFR 1.63, /denrlfylng the appllcatton by the above

: Appllcatlon Number and F/Img Date, is. requrred

A lnventor(s), ldentlfy/ng lh/s app/:canan by the above Appl/ca t:on ‘Number and ang Date is requtred
C-0 6 A'$50.00; processing: fee.is: requlred since your check was returned without payment (37 CFR 1 21(m))
- D 7 Your fmng receipt wa's malledvln error because your: check was returned wrthout payment g

Customer Sen/ice Center .
Imtlal Patent Examinatlon Dwnsmn (703) 308-1202

[ FOFIM PTO-1533 (REV. 9/95) : K . . L ) _U-S GPO 1999 450-5875

 PART 2- COPY TO BE RETURNED WITH RESPONSE
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B S U LR

IN THE UNTTED STATES PATENT AND TRADEMARK OFFICE ' 5/ /é L—l[/

re Apphcatlon of: g | Art Unit: 2734 _‘ M/”:JCE/ VE@(/\/
Menachem T(APLAN etal. ) Examiner: N/A@cbﬂo/ogyc ’ 0y
Serial No.: 0.9/472,683 | g ' Wcshington, D.C e”tef26‘00 |
Filed: December 27, 1999 ‘ g . May 8, *‘"20"01 - |
. For: BI-DIRECTIONAL CHAINING OF g Docket No.: 204,344

NETWORK ACCESS PORTS

)

INFORMATION DISCLOSURE STATEMENT [IDS]

Honorable Commlsswner of Patents and Trademarks
Washington, D.C. 20231 .

Is

Sir:

This. Information Disclosure Statement is submitted in accordance with 37 CFR. 1.97,
1.98, and it is requested that the information set forth in this statement and in the listed
documents be considered during the pendency of the above-identified application, and any
other application relying on the filing date of the above- 1dent1ﬁed application or
Cross- referencmg 1t as a related apphcatlon

[X] 1. ThlS IDS should be considered, in accordance with 37 CFR 197 as 1t is
filed: .

(Check one of the boxes A-D) .

[1 A. within three months of the filing date of the .lbove-ldenuﬁed natlonal
application or within three months of the entry into the national stage of the above-identified:
international application. :

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

{1 C. after (A) and (B) above, but before final rejection or allowance, and Applicénts

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:)

[] i Counsel certifies that, upon information and belief, each item of mformatlon _
listed herem 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 not
Jknown to any 1nd1v1dua1 demgnated in 1.56(c) more than three months prior to the ﬁlmg of this
IDS:
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[] it. A check for the fee set forth in 1. l7(p) presently believed to be $230, is
enclosed (check no. ).

[1 D.after (A) (B) and (C) above, but before payment of the issue fee: Applicant
petitions under 37 CFER. 1 97(d) for the cons1derat1on of this IDS. A check for the fee set forth
in §1.17(i), presently believed to be $130 is enclosed (checkno. ______ ). 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 1nd1v1dual designated in
1.56(c) more than three months prior to the ﬁlmg of this IDS.

! g 2. In accordance with 37 CF. R 1.98, this IDS includes a l1st (e. g form

PTO 1449) of all 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 explamed below.

(check boxes A and/or B and fill in blanks if appropriate.)
{1 A Document(s) _ . __ is (are) deemed substant1ally cumulatlve to
document(s)

, and; in accordance with '1.98('c),~only a copy of each of the latter documents is
" enclosed. ' ' ) ' :

[1 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 vprior applications]

Applicant 1dent1ﬁes these documents by attaching hereto coples 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 appl1cat1on

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

[] An Enghsh translat1on of each document (or of the pertinent portlons thereof), or - -

a copy of each corresponding English- language patent or application, or
English-language abstract (or claim) is enclosed.

[1' 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 explanatlon of the relevance of document(s) _is set forth as
~ follows: :
[Insert concise explanation of relevance]
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[1- A concise explanation of the relevance of document(s) - _ can be found

on page(s) - of the specification.
[1° A concise explanation of document(s) ‘can be fburid on the attached

sheet.

4. No explanation of relevance is necessary for documents in the Evngli'sh
language (see reply to Comments 67 and 68 in the preamble to the final rules; 1135 OG 13 at
20).

[1 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 6f 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 §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 pubhcatlon is in fact different.

CROSS REFERENCE UNDER 37 C.F.R. §1.78 TO RELATED APPLICATIONS

Pursuant to 37 CFR. § 1.78, Applicant ‘notes that the above- 1dent1ﬁed 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.

Respectfull)yQAbmmed

Asgorney for Appllcants
Reg. No. 24,156

ABEIMAN, FRAYNE & SCHWAB
150 E. 42nd Street

New York, New York 10017
(212) 949-9022
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3492082 .
- U.S. Patent Application Serial No. 09/443,157, filet November 18, 1999

SWITCH WITH SERIAL OUTPUT LINKS AND MULTI-DIMENSAGNAL

My ;.

FIELD OF THE INVENTION 75?0/;
o),

"speed data communication systems, ' and specifically to

digital subscriber line systems.

BACKGROUND -OF THE ‘INVENTICN

Digital‘Subscriber Line (DSL).is a modem technology

e s ———

SCHEDULING | Ly Vep

The present invention relates genefaily toqnﬁiwgybs

that enables broadband digital data to be tranémitted.

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 uéeré'to access digital netwérks at speeds
.tens to hundreds of times -faster than current  analog
modemé and basic_ISDN servicé. -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) networks, without requirinq major
investments in. new = infrastructure. A range. of DSL
" standards have Eeen defined, known genericaliy 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 VMultiblexer'

(DSLAM) systems. . ‘The DSLAM is built around a

concentrator, which multiplexes the traffic Carried by a
large number of DSL subsc;ibef modems, or ports, through
a common link to the network backbone. . The concentrator
‘should ensure that all of the subséribers,have,continuoué
acéess to the full béndwidth for which .they  have
contracted. Ideally, ﬁhe DSLAM system‘should’be designed
so that i;, éan economically serve an initial, limited

subscfiber -base, and still be 'capable of g:owing in

1
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. capac;ty as the number of subscrlbers and their bandw1dth
demands increase over time.
Typlcal;y, 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

éither in a star or serial configuration. _ For example,.

PMC-Sierra, 'Inc., of Bﬁrnaby, British Columbia, offers a
product known as the Vortex Chip Set, which alldws serial
point-to- p01nt connection of multlple ports to -a DSLAM

concentrator. -The Vortex Chlp Set is described in a

Preliminary Release, issued Juneﬁ 1999, by PMC-Sierra,

which document is incorporated hereih by‘reférence.
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SUMMARY OF THE INVENTION ‘

It is an object of éome aspects of the present
invention to provide improved methods and apparatué for
multiplexed network access by multiple subscribers. '

It is a further object of some aspects> of the
pfesent inventioﬁ to provide a multiplexer architecture
that facilitates ekpansign of the number of subscribers
who can be served by é 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 commeon trunk - so that éll
of the subscribers served by the trunk receive their fair
share of the available bandwidth.

In preferred embodiments of the present invention, a
multipléx access systeﬁv-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 concenﬁrates 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. o .

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 iinked by point-to-point connections to the
concentrator and to a second port. The sécond port 1s in
turn linked to a third port, and so forth. 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 pprt,-the packet

'3

Ex. 1002, Page 104



3492082

is sent out‘ithrough thex respective subscriber line.‘
Sim;larly, packets received from a user at one of the
ports are paséed along the chain until they reach the
concentrator, whiehvsends them-out over the network.

' Daisy-chaining. the pdrts‘ in a loop of this sort
differs from multiplexef. systems 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 confiquration is  limited to a
predetermined‘number of porﬁs that are provided byvthe'
concentrator, the daisy-chain configuration allows the
- number of ports to be scaled up arbitrarily in response
to ihcreases' in system speed, component density and
numbefs of spbscribers. Unlike bus configurations,
. daisy—chaining of the ports does not require complex,
'high—speed‘bus arbitration_logic.' . Daisy chaining also
‘enables’ groups of ports to be serviced in locations
remote from -the cbncentrator, using only a single duplex
line for an entire group. ,

_ In some preferred embodiments of the preseht_
invention, the concentrator manages the transmission of
‘packets. of different‘pridriﬁies between the network and
‘ the plurality of subséribeps dsing- a multi-dimensiona;
scheduling method. The method takes into account two or
more sets of criteria, or dimenéions, in queuing the
"packets and determining the order in which‘fhey are-to be
transmitted. Pféferably, one of the sets of criteriais
5ased upon priorities assigned . to different service
types,'such‘as voice or electronic mail. Another set of
criteria = is preferably Dbased upod ensuring that
communlcatlons resources are allocated falrly among the
subscrlbers or, alternatively or addltlonally, take into
account differing levels of service for Wthh different
users have contracted with a ~network operator. -The

concentrator statlst1cally multiplexes the packets to and
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from the ports while balancing the various dimensions'one

against another;

This multi-diménsional scheduling enables each type,

of service to be maintained at .a predetermined qﬁality
level, based on it; respectivé 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” scheddling, are
incapable of ensuring that criteria of prioritization and
fairness are simultaneously observed at all times. = It
will Dbe appreciated that while preferred embodiments of

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 appiied to
multiplexing systems of other types. ‘

There 1is therefore provided, in accordance with a
preferréd 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 arraﬁged in a serial chain and
,linked to respective subscriber lines servinq/ 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 preceding one of the ports in the chain,
such that the data packet 1is passed along the‘se:ial
chain until it reaches the port coupled to the subscriber
line Servidg the selected one of the'subséribers, which

port passes the packet to the subscriber.

5
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Preferably, each of the ports includes a modem, MOst

‘preferably, a Digital Subscriber Line moden, for

communicating over the subscriber line. In a preferred
embodiment, the network includes an>Asynchronous'Transfer
Mode network. ' ‘ A
} In another  preferred embodiment, the - network
operates in accordance Wiﬁh~the Internet Protoéol.
Preferably, the plurality of ports includes a last
'port'inbthe 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 ofjthe

ports, the upstream packet is passed from port to port in

turn 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 1link 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 muitiplexer receives and
queues a plurality of packets of different types, for
different ones of the subscribers, and conveys the
packéts in an order corresponding to a priority order of
the different types while serving the different ones of
the subscribers in a round robin. -’

There 1is also provided, 1in accordance with a
preferred embodimenr of the present invention, a method
fbr prqviding network access ¢to multiple sUbscribers,
including:

receiving from a network a downstream data packet

destined for a selected one of the subscribers;

6
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passing ‘the packet along a sefial chéin of pofts
liﬁked to ' respective. subscriber lines serving the
subscribers, such that the packet is passed from port to
port until it reaches the port coupledbto the subscriber
line that serves the selected one of the subscribers; and
conveying the packet over the subscriber line tovthe

subscriber.

There is additionally provided, in accordance with .a’

preferred embodiment of the present invention, a method
for scheduling transmissionAfof multible subscribers of
data packets-of a pluralityvof different types over a
common trunk, wherein the ‘subscribers belong to a defined
subscriber order, and’tﬁe‘types-of,packets belong to a
defined type order, the method including: '

arranqing the packets in one. or more queues; »

selecting from one ¢f the queues a packet ofva‘first
type in- the typé 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 convey over the trunk for a second

subscriber, subsequent"to the fifst subscriber in the

subscriber order; and , : '
if no further packet of the first typé 1s . found,

conveying over .the -trunk for the second 'Subscriber a

packet of a second typé, subsequent‘to the first type in

the type order.
Preferably, the type order ,includes' an order of

priorities, and wherein arranging the packets in the one
or more queues includes arranging packets in order -of

priority.

Preferably, arranging thetpackets in the ore or more.

queues includes assigning to each of .the subscribers a

respective maximum queue size, and. discarding 'data

packets from the queues when the respective queue sizes

are exceeded. MoStvpreferably, assigning the respeétivev

‘maximum queue size. includes assigning a queue size to

7
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each of the subscribers responsive to a fespective level
of network service'providéd tofeach of the subscribers.
Further preferably, assigning the queuve size to each of
the subscribers ‘includes assigning -queue sizeé'depéndent
on data rates respectively guaranteed tb the subscribers.

Préferably, seeking 'in the 'one or more qﬁeﬁes the
further packet df‘,the first ~type includes convéying
substantially all of the packets of the first type in all
of the queueées before conveying the pagket of the‘sécond

type. Preferably, conveying for the second subscriber

the packet of the second typé includes conveying a packet

of the second type for the substriber next ' in the

subscriber order after the subscriber for whom the. last

one of the packets 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
next in the subscriber order after the- subscriber ﬁér

whém the last ohe of the packets of the second‘typé was

conveyed.

There is.additionally provided, in accordance with a
preferred embodiment of the present’inventién[»apparatus
for schedulingvtransmission for multiple subscribers of

data packets of a plurality of different types over a

_common trunk, wherein the subscribers belong to aAdéfined

subscriber order, and the types of packets belong to a

‘defined type order, the apparatus including:

‘a plurality»of_queues} and
a multiplexer, which arraﬁges the " packets in the

queues, and which selects from one of the queues a packet

of a first type in the type order to convey over the.

trunk for a first subécriber’in the subscriber order, and
which'seeksiin the one or more queues- a further packet of

the first type. to. convey over the trunk.for a second

8
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subscriber, = subsequent to the first subscriber in the
subscriber order, .

vwherein 1f 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
vﬁo the first type in ‘the type order.

The present invention will be more fully understood
from the following detailed description of the preferred
embodiments thereof, taken togéther with the drawings in

which:
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BRIEF DESCRIPTION OF THE DRAWINGS

. Fig. 1 is a Dblock diagram ' that schematically‘

illustrates a multiplexing system, for coupling multiple
subscribers to a commuﬁications network, in accordance
"with a preferred_embodiment'of the present invention;

o Fig. 2 +is a block diagram that sthematicaily
illustrates a concentrator. in the systeﬁ>of Fig. "1, 1in
accordance with a preferred embodiment _6f the' present
invention; , ' -

Fig. 3 1s a block diagram that SChemaﬁigally

illustrates the structure of a data pécket conveyed in -

the system of Fig. 1, 'in accordance with a preferred

embodiment of the present invention; .
Fig.. 4 is a block diagram . that schematically

illustrates fhe< multiplexing system of Fig. 1 in  an

.alternative configuration, in accordance with a preferred

'embddiment of the present invention;

Fig. 5 is a block diagrém that schematically shows a
" detail of a multiplexing system, useful in. understanding
a method for multi?dimensional scheduling of transmission
_of packets in the system, in accordance with a preferred

embodiment of the present invention; and

Figs. 6A and 6B are flow charts that schematically

illustrate methods for multi-dimensional scheduling; in

accordance with a preferred embodiment of the present.

invention.
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. DETAILED DESCRIPTION OFV PREFERRED EMBODIMENTS

Fig. 1 1s a schematic block diagram illustrating a
multiplex system 20, which provides-access to a network
22 fdr»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 substaﬁtially any other type of
packet-switched network, such as an IP network.

System 20. comprises a network interface 26,

preferably a Utopia interface, as isiknown in the art,

A A M Y0

which convéys data packets between mnetwork 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—layer ‘functidns. These
elements are well known in the- ATM art. Concentrator 28
comprises a multiplexer, which couples a"ﬁlurality of
ports 30, serving subscribers 24, to network interface
26. Ports 30, which preferably comprise suitable DSL
modems, as are known in the 4art, are mounted on line
cards 36, which are typically inserted in slots of a
common  backplane (not  shown) for convenience. of
construcﬁion and sefvice. The porté are marked “Port 1,”
“port 2,” etc., in the figure. Each port may be on its
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 simplicity .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. » v

v Ports 30 are arranged in series in a “daisy chain”

38, wherein each port is connected to the next one in the

11
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chain by a point-to-point data line 32'and, optionally, a
clotk line 34. Alternatively, the clock is provided to
all of the line cards in parallel through the backplane.
Whene&er concéntrator 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 packet is not destined for the
subscriber .24 served by Port 1, labeled Subscriber 1 in
the figure, the packet.is passed on to Port 2, and éo 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 traffic without loss of packeté, At this
rate, delay introducéd by the daisy-chain configuration
is insignificant. ‘
Although for the sake of simplicity,»only four pbrts
30 are shown in Fig. 1, a typical daisy chain will
include up to 8 ports, with concentrator 28 serving upzto

64 such daisy‘chains in parallel. The daisy chain may

include all of the porté on a given line ‘card 36, or

alternatively a single card may include a number of
'dlfferént daisy chains. Additionally or alternatively, a
daisy chain may include ports residing on two or- more
different cards, since only a simple serial connectidn-is
needed from one port tc the next in the chain. A further
advantage of the daisy—chain approach is that as
component density and spéed increases, and it becomes
pbssible to produce line cards 36 that incorpofate
greater numbers of ports on a single card, the additional
ports méy simply be added into. the daisy chain. The
capacity of system 20 can thus be scaled up without
necessarily replacing concentrator 28 or the backplane on

which line cards 36 reside.

12
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Fig. 2 1is a Block diagram that 'schematically

illustrates details of concentrator 28, 1in 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

computef (RISC) device, reads the headefs of the incoming

cells to determine to which port or ports 30 they should

be routed and, preférably, td 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 ports aCcording to a

transmission priority scheme, which is likewise described

hereinbglow. o , ' _ - ,
Cells to be transmitted to ports 30 on line cards 36

are read into an output RAM 41 and from there to one of a’

pluralityvof two-cell FIFO output. buffers 42. Eagh’suéh
FIFO is associated with a respective>one of déisy chains
38 on the line cards. The chains in Fig. 2 are numbered
for convenience CHAIN 0, CHAIN 1, .., CHAIN N. '

Cells :eturning from theb 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'tbe 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 diégram illustrating a
packet 51 'conveyed by concentrator 28 over daisy chain
38, 1in accordance with "a- preferred - embodiment of the
present invention. An original cell 52 (or'paéket)‘is
received f:dm‘network_interface 26 and is identified by

the concentrator as being destined for one of ports 30 on

the particular daisy chain in question. The concentrator

13
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‘preferably adds an internal:routingytag 53,,typicaliy'a'
header, to the cell, in order to indicate fof'Which of
~the ports on the daisy chain the"packet"is »destined.

- Alternatively, é portion of original cell 52, typically
a 4-bit field known as the‘GFC in ATM access. systems, is
set. aside for routing and is then reset to a default-
Value when the routing information has been used and is
no longer needed. ‘The information in the fouting tag isn
preferably read “ by theb concentrator from a suitable
routing table stored in memory. ‘_ '

Routing tag 53 includes a po;t vaddress 49, which
indiéatesvwhich port 30 is towtake the packet; For'each
port along daisy éhain»38,-if'port address 49 does not
match the port number, packet 51 is passed on to the next
‘port 1in  the chain. For upstream. packets sent from
sdbsqribers 24, porﬁ address 49 ind;cates éoﬁcentratér 28
(or contains a null' address, since' such packets will
reachithe concentrator in any event). A .given physica;
port 30 may include two or more channels,'assdciated with
different subscribers on a single line or different types
of service provided to a -giveﬁ subscriber. For such
cases, an“optionai 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 othérvinformation, for example,
to flag multicast packets.- Thus, whed -one of ports:30
receives a suitably-flagged 'multicést packet withv port
address 49 matching that port, it both sends a copy of
the packet -to the corresponding sﬁbscriber 24 and passes
the packet on to the next'port‘in the cha;n;

If port'address 49 assigned by concentrator 28 does
not match any of ports 30, or equivalently, if a null
address is assigned, packet_SI-Will lbop through all of
chain 38 and return to the concentrator. This feature -
enables testing connectivity of the chain without the

necéssity of interrupting user trafficf

14
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Fig. 4 1is a block diagram that schematically ‘shows
multiplexing system 20 in an alternative coﬁfiguration,
in accordance with a preferred embodiment of the present
invention.. In order to maintain theé transmission speéds
and quality of service prescribed by xDSL standards, the

modems associated with ports 30 must be within a certéih

maximum distance (expressed in terms of the required run.

of copperQWire 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 syétem
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 (TC)

extension, whereby one or more 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. ‘

Extension element'54'gomprises'ports 30, arranged in
a daisy chain, like the ports on line card 36 in Fig. 1.
Element 54 is connécted to concentrator 28 by a duplex
point‘to-point line, such as a Tl, El or other high-speed
line, through an existing network 55, so that the
concentrator interacts with the remote extension element
in essentially the same manner as With the local line
card. Preferabiy; network 55 comprises’ a circuit-
switched netwcrk, such as- a public switched telephone
network (PSTN), which typically wuses. time-division-
multiplexing (TDM), rather than packet switching as in
network 22. Alternatively, the connection between
element v54- and system 20 may 'be made through the
infrastructure of a cable entertainment network, or any
other suitable infrastruéture -that may be available.
This sort of remote TC extension 1is possible because of

the serial, daisy-chdin 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 of
a remote bus extension. ' _ a

Fig. 5 is ~a .block diagram that schematically
illustrates a detail of a multiplexiﬁg system 60, useful

‘ih understanding a method for multi-dimensional
scheduling of transmission of packets 'in the system, in

accordance with a preferred 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 pr1nc1ples 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 soﬁrces over
a common trunk of .limited capacity. The trunk 1is
‘preferably a serial.trunk, as in system 20, but’mayvalso
comprise a parallel link, auch as a muiti—lihe bus, as
well as a wireless connection

System 60 1ncludes a number m of different cllents,

each typlcally corresponding to one of ports 30 (Flg 1_‘

or 3). Each client I contracts for a range of nj

different services j, such as voice, video, Internet

browsing, electronic mail, eté.  Each such service is

assigned. a priority level and is characterized by a peak
data rate Zj,4 and a sustained rate over time Sj 4.° All

of the packets directed to ‘the m clients are conveyed

over the common trunk between concentfatqr-ZB and element

.54, which has a -maximum data capacity of X.  Each
subscriber is assured a minimum’average-bandWLdth of Yi
for which he or she has:contracted. Bursts of data above
the averagé are handled by queuing when necessary.  As
long as excess bandwidth is available at any given time,
the client may even be allowed to exceed Yj, but there;is

no guarantee of'bahdwidth above this minimum.

16
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Problems in system 60, such as loss of data and

violation of’client contracts, will ‘arise when the data -

rate demand exceeds the maximum capacity of the trunk,
i.e., when:

moni

20z > X : Y

i=lj=1

Such problems must be resolved by the use of statistical
multiplexing, so that the maximum trunk capacity 1is 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:

ni )
> S<t ‘ (2.
J=1 : ' : v

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

m ni

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

17
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packet discard. (EPD) and partial packet discard (PPD), as

are known in the art.

Fig. 6A 1is a flow chart that schematidally

illustrates a method for queuing data packets for
transmission over a common trunk, such as that shown iﬁ
Fig. 5, in accordance with a preferred embodiment of the
present invention. = In Order to ﬁeet the criterion of
equation’ (2), each subscriber i.is assigned a maximum
permitted queue size, which 1is determined -for each
service = type as i a function of the. subscriber’s
contractual minimum.average bandwidth Y; and the peak and
" sustained Trates for the particular serice type 1i,7.
Methods for determining permitted queue sizes and
allocating buffér memory accordingly are well known in
the art.

Thus, as shown in - Fig. 6A, when a data packet
arrives at concentrator 28, it 1is sorted and queued
according to the priority of its service ﬁype 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
size. In this case, any packeté bverflowing‘the queué
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. 6B is a flow chart that schematically
Jillustrates a method for transmitting data, following
queuing of the data vusing the method of Fig. 6A, in
accordance with a prefefred 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

18
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common trunk, "subject to the constraint of the trunk
'bandwidth on the total rate of packets that can be sent.
Typically, subject to this bandwidth constraint, the
process is triggered'whehever a buffer (such as FIFO 42
or 43 in Fig. 2) on -Qﬁe 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 iﬁitiateé the selection
process: . : _  ‘ ‘ _
The selection- 1is preferably based 6n 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 fows correspond to the different
levels of service priority. For each user and priority
level, the table includes two binaryventries, or layérs
(creatihg 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 Servi¢e at this bycle, based on the
service bandwidth .allocated to the user,. for
eXample,'which may vary from ohe user ‘to another.
bb Queue status for each client'at éaéh pfiofity
level. A value of 1 in this case indicates that
there 'is a packet waiting to be 'sent in ‘the
corresponding queue. ' '
A logical “AND” operation is  applied to the two table
levels in order fo génerate, at each ~cycle - of the
.process, a two-dimensional ‘table of binary ‘values,_
indicating ﬁhe! users -and priority levels to be served
Table I below, shows an example ofvsuch a fable.generated

for eight users at four prior;ty levels:

19
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TABLE I

" User
priority [T ]2 [3 14 [5 [6 7 T8
T 1 ]0 000 L 00
2 0 [T [0 [T |1 [0 ]0 [0
3 T 0 0 |0 [0 T T |1
g 0 J1 [0 [0 o jo 1 o

‘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. determihation, the.

two-dimensional table 1is opened out  intQ a one-
dimensional sequence, starting from the least-recently

served user at the highest priority. For the:examplé in

Table f, assuming that user 4 was served in ‘the preceding

cycle; the sequence begins with user 5 at priority 1, as

.shown in Table II below:

|  TABLE. II

[User G I S B T I B0 B - B
Priority |1 |1 |1 [T 1T |1 112212121212
Value 0T [0 0T [0[0[0[I 000 01

The concentratdr needs only to find'the first non-

zero entry in this sequence in order to select the user.

and priority of the queue from which the next packet 1is

to be selected. . In-_thisi case, it will be the first-

priority queue of user 6. On the othei hand/‘if all of

the first . eight entries. in the seduendé of Table II were

0, the selection process would go on to the next priority
20 '
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level (starting from the ninth entry - user 5 at priority
S 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. ‘ o

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 pa;ket. When two subscribers
are walting for transmission of queued packets at the
samevpriority level,. the least-recently-served subscriber
will always be served next.  This arrangemenﬁ 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 example, a.

packet in a low—priority'queﬁé that has not been serviced
within a given period  of time may be automatically
upgraded to a higher—priority qUeue. ‘ 4
Although preferred embodiments are described
hereinabove with reference to DSL technology and systems
and -to particular packet—switchsd networks and access
devices, it will be appreciated that the.principles of
the present invention may be applied. generally in other
fields of network access technology ahd, with-appropriate
modifications, in netwbrk core swifching devices, as
well. It will -be wunderstood that the preferred
embcdiments described above are cited by way of example,
and that. the present invention is not limited to whét‘has
been parficularly shown  and described = hereinabove.
Rather, the scope of the present invention includesbboth

- combinations and: subcombinations 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.
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CLAIMS

1. iMultiplexing apparatué for providing network access
to multiple subscribers;‘coﬁprising: ‘

a multiplexer, which communicates with a network so
as to receive a downstream data packet therefrom destlned
'vfor a selected one of the subscribers;. and

a plurality of ports arranged ln a’ serlal chaln and

linked to respective = subscriber lines serving the

subscribers, the pdrts comprising:
a first port, coupled to Vreceive the data
packet from the multiplexer; and ' ’
one‘or more subéequent ports, cdupled so that
each subsequent port receives the data packet in
turn from a preceding one of the pdrts in the chain,
such that the data packef is passed élong the serial
chain until it reaches the port coupled to the subscriber
‘line serving the selected one of the subscribefs, 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. Apparatus according té claim 2, wherein the modem

‘comprises a Digital Subscriber-Line modem.

4. Apparatus according to claim 1, wherein the network

comprises an Asynchronous Transfer Mode network.

5. Apparatus according to claim 1, wherein the network

operates in accordance with the Internet Prdtocol}

6. Apparatus according to . claim. 1, wherein the

plurality of ports CompriSes a last port in the chain,
which is coupled to pass data packets to the multiplexer.

7. ~ Apparatus according to claim 6, wherein when an

upstream data packet is received from. one of the

subscribers by one of the ports, the upstream packet .is -

. passed from port to port in turn'along the serial chain
22 '
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until it reaches the multiplexer, 'which conveys fhe

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 coupléd 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 detérmine whether to convey

{
N

the packet over the respective subscriber lines.

il. Apparatus according to claim 1, wherein the
multipléxer receives and queues a plurality of packets of
different types, for different ones of the subscribers}
and conveys the péckets in an order corresponding to a
priority order of the different typeé while serving the

different ones of the subscribers in 'a round robin.

12. A method for providing network access' to multiple

subscribers, comprising:

receiving from a network a downstream data packet

destined for a selected one of the subscribers;
pasoing the packet along a serial chain of ports
linked to respective subscriber - lines serving— the
subscribers, such that thé.packet is paséed from” port to
port until it feaches the port coupled to the subscriber
line that serves the selected one of the subscriberé; and
conveying the packet over the subscriber line to  the
subscriber. ' .
13. A method according to claim 12, wherein conveying
the packet to the subscribervcomprises passing the packet

over a Digi@al Subscriber Line.
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14. A méthod‘according to claim 12, wherein the network

comprises an Asynchronous Transfer Mode network.

15. A method according to claim 12, wherein the network

operates in accordance with the Internet Protocol.

16. A method according to claim 12, and comprising:

receiving at one of +the ports an upstream data
packet from one of the subscribers; |

passing the ﬁpstream‘packet from port to port to a
final port in the serial chain; and

conveying the packet frdm the final port over - the

network.

17. A method according to claim 12, wherein passing the

packet along the serial .chain comprises appending a .

routinqvtag 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
of packets of different types, for different ones of the
subscribers, and wherein passing the packet aldng the
serial chain comprises passing the packets in an order

corresponding to a priority order of the different typés

while serving the different ones of the subscribers in a

round rcbin.

19. A method for scheduling transmission for muitiple'

subscribers of data packets of a plurality of different
types over a common trunk, wherein the subscribers belong
to a definéd subscriber order, and the‘types of péckets
belong to a defined type order, the method comprising:
' arranging the packets in one or more queues;
selecting from.one of the queues a packet of a first
type 1in 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 convey over the trunk for a second
: 24
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subscriber, subsequent to the first subscriber in the

“subscriber ordér; and

if no further packet of the first type is found,
convéying ~over the :trunk for the second subscriber 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 priorities, 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 packéts in the one or more'quéues comprises assigning
to each of the subscribers a respective maximum queue
siée, and discarding data packets from the queues when
- the respeétive queue sizes are exceeded; A

22. A method abcording' to claim 21, wherein aésigning
the respective.maximum queue size compriées'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 comprises
assigning queue sizes - dependent on data rates
respectively guaranteed to the subscribers. o

24. A method accofding to.claim 19, wherein seeking in

the one or more queues the further packet of the first

type comprises conveying sdbstantially all of the packets

- of the first'type in all of the queués-before conveying'

the packet of the second type.

25. A method according 'to claim 24, wherein.conveying
for the 5econd 5ubsCriber'the‘paCket of.the second type
comprises conveying a packet of the second type for the

subscriber - next in- the =~ subscriber order after the

25
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subscrlber for whom the last one of the packets of the

first type was conveyed |

26. 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 conveying 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 subscriber for whom the last ‘one of the packets

of the second type was conveyed

27. Apparatus for scheduling transmission for multiple

subscribers of data packets of'a plurality of diffe;ent

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,vthe apparatus combrising:
: ‘a plurality of queues; and ’. _

a multiplexer, which arranges the packets in the

queues, and‘which selects from one of the queues a packet

of a first type 1n the type order to'convey'dver the .

trunk for a first subscrlber in the subscrlber order, and
which seeks in the one or more queues a further packet of

the first type to convey over the trunk for a ‘second

subscriber, subsequent to the first subscriber in the

suoscrlber order,

Whereln if ‘no- rurther 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 type order.
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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 porté arranged 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 subséquent 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. Introd uction

This contribution is the 1998 version of the “ruthlessly srmphﬁed 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 cabmet in terms of physical deployment constraints.

What has also changed since 1996 is the understandmg that the access node needs to be
- fully featured in both the ATM sense arid 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 layers. The key notion is the minimization and
simplification of internal interfaces and DSL interfaces such that high degrees of
integration and den51ty 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 functrons
between the common equrpment and the ATUs.

This has several useful properties, the most notable of which is that only one interface is
required between the commori 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 engmeermg
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 deployrnent scenano has real phy51cal constraints such as a remote
or a “co- 10 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 common
equipment (WAN interface, SNMP TR-006[4] compliant agent, multiplexing function

etc.), ATU-C line cards connected to the common equipment via a backplane, and the
ATU- Rs

The G.ploam Implementation

G.997.1 recommends the use of SNMPv1 over the clear channel EOC between the
ATU-C and the ATU-R to perform physical layer management of the ATU-R. There are
several DSLAM implementation possibilities, each of which has substantial
disadvantages:

Option 1: The clear channel EOC is implemented on the common equipment and merely
relayed by the ATU-C. This may or may not share a common phy51ca1 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.

3
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- Ifit does share the interface, then de-multiplexing is required as well as complexity
in protocol handling as the error recovery for SNMP 1s end-to-end, and the ATU-C-
would be obligated to correctly replicate errors. '

Further, most designers when obliged to implement SNMP for ATU-R phy layer

management, may also want to simplify the design and implement SNMP in the ATU-C
“as well :

Option 2: The clear channel EOC 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 SNMP in the ATU-C to communicate with
the ATU-R, will also choose to implement it as the ATU-C to common equipment
interface as well. A separate physical interface between the ATU-C and the common
equipment is still required. ' '

Signallin -
g

R—
I SigTerm

LM

CC-EOC

e e

In essence, we could find ourselves implementing SNMP 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 SNMP is relatively trivial in implementation and

4
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. resource consumption. We would contend that it is still an order of magnitude more
complex than what is required for physical layer OAM and ATM/ADSL configuration
and control, and provision of SNMPv3 security features adds 51gmﬁcantly more
complexxty

The SDP Implementation '

SDP 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 SNMP 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 ﬁ]ter the

- cell streams to obtain cells destined to the local VPI/VCI 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 transaction can still be reliably
obtamed ‘

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 ATM architecture SDP based
control mechanisms are no more vulnerable to interruptions in connectmty than any
other mechanisms that could be employed

Currently, all data transport vacross 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 recovery tirhe from
errors if the error caused a loss of cell delineation (time to re-synchronize on ‘n’ correct
HECs) however this can be considered to be inconsequential in proportion to the required
data rates and latency requirements for contro} information. It is hard to envision
transmission errors that pathologically interfered wuh cell delineation whlle permitting
other paths (EOC, AOC etc.) to work.

- The reliability of the path between the common equipment and the ATU- Cis sxmllarly an
issue, but as this is ennrely new equxpment this can be adequately engmeered

! 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.

. 98-221 An fOptimized for ATM” ADSL Access Architecture using SDP
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The conclusron is that using SDP in place of any other DSL communication path will not
cause a reduction in rellabllrty

3. 2 'Security

~ The SDP path between the common eunpment and the ATU-R has the followmg
secunty attributes:’ .

1) It depends on physical connect1v1ty for mutual authentrcatlon

2) It does not naturally traverse any unknown parties. It is camed 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 SDP controller ThlS is
-scoped by the interface the devrce presents to the controller.

5) The SDP controlled device may only ongmate 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 ﬁltermg function is required at the common
equlprnent

The conclusron 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 bemg within the ADSL subsystem and has severely scoped functionality. ’

A malicious customer may connect equipment to the network and attempt to mampulate
the SDP trap mechanism to perform denial. of setvice, but for reasonable
lmplementatrons 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 severely scoped
functionality is adequate security (especially when compared to attempting to manipulate
signalling, and other higher order service functions). ‘ '

The possible attacké that SDP is vnlnerable_-to may only be Vprevented via the
incorporation of cryptographic. techniques for strong authentication and non-repudiation.

The complexity of such techmques is significantly out of proportion to the value of what
1s being protected ,

. 6 '
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4.0 Conclusion

The SDP implementation shares the ATM service transport connectivity required

between the ATUs and the common equipment, this has numerous advantages:

e sharing the message delineation mechanisms common to the ATM service transport.

“e 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.

e - 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.

o the management link is in-band. This is much simpler to use the same ,
transmit/receive procedure for all purposes, especially for G.LITE. This is according
to the ATM architecture when the management is always in-band, using a separate
VC.

eliminate the need to terminate 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 archheéture promises to be significantly more capable than competing
proposals and should be pursued by the ADSL Forum:

5. Recommendation

The ADSL Forum should promote SDP as a mechanism for physical layer configuration
and control of ATU-Cs and ATU-Rs.
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1_PURPOSE AND SCOPE OF THIS DOCUMENT

PMC-Sierra has lntroduced the Industrys first standard product chlp set designed from
the ground up to satisfy requ:rements of the newest and fastest growing network access
applications: .

* Digital Subscnber Line Access Mumplexers - DSLAMs

o Third-generation digital wireless base-stations and base-statlon controllers.

* Mutlti-service access muitiplexers. '

This paper discusses how and why PMC-Sierra implemented a system level solution to
" satisfy the 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 CDMA wireless equipment (hereafter called 3G
Wireless) and muiti-service access plaﬁorms capable of suppomng ATM, frame, and
TDM mterfaces
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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 cycie cost of access platforms targeted to mass market service deployment.

VORTEX chip set Feature

Impa}ct on equipment life cycle

Centralized switching and traffic management

for 2048 subscriber lines, efiminating the need
for expensive and complex traffic management
functions on the line card.

System hardware and software design is
greatly simplified, thereby reducing
development costs and speeding time to
market. )

Reduced system software complexity by
eliminating the need for software intelligence on
the line cards.

Future in-field upgrades of software and
hardware will not impact the line cards (which
are the most numerous cards in the system).
This extends the system’s lifetime and reduces
ongoing maintenance costs.

Class of Service (CoS) differentiated traffic
buffering and scheduling is implemented on
each of the 2048 lines, and on the WAN up-link.
Traffic shaping is implemented on the WAN up-
link ports.

Service providers can offer differentiated
services to address specific needs of distinct
market segments. CoS processing is handled
centrally, thereby ensuring fairness across all
customers regardless of system size.

Low Voltage Differential Signal (LVDS) serial
interconnect between the DSLAM subscriber .
line cards and the centralized switch card..

In an architecture based on a parallel bus
backplane the entire backplane can be taken
out of service by a failure on one line card.
With the serial point-to-point backplane
implemented by the VORTEX chip set, failures
on one line card do not impact other line cards.

Designing for fault tolerance- is greatly

simplified, reducing development costs and
improving time to market. In-field operating
costs are lowered due to improved reliability

| and simplified servicing that results from line

card independence.

LVDS operates over the backplane or between
shelves on twisted pair cabling, and is “hot-
swap” capable. The physical location of the line
card — whether it is on the same or a different
shelf from the switching card —is hidden from
the traffic management device.

This architecture directly scales to large, multi-
shelf systems without increasfng the cost or
complexity of the traffic management hardware
and software. In-field expansion from single to
multi-shelf configurations is directly supported
with no impact on the system software.

Optional 1:1 redundancy of the common
equipment. )

Directly supports “carrier grade” reliability,
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 résidential customers to follow. 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 residential 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, whnle the DSLAM ‘must prowde a dedicated line interface for each
customer.

Flgure 1 - Cable Modem Infrastructure compared to xDSL Infrastructure’

One- mterface for

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 platforms.

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.

PHOPHIETAHYAAID CONFIDENTIAL TO PMC-SIERRA, INC., AND FOR ITS CUS' TOMERS' INTEANAL USE 3

Ex. 1002, Page 142



SSuE 1 INTRODUCTION

_PMC-950712

VP”EUM’.N‘"?” o : P“A % ’PMC-Sierra,v Inc. VORTEX CHIP SET

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.

- 8ince 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, T1, E1, and HDSL2 interfaces.

Figure 2 -Typical ATM Switch or Shared Bus DSLAM
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Attempts to incrementally improve the traditional architecture, such as by placing more
modems 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
system 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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Figure3  -The Access Multiplexer Silicon Map
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Current DSLAM solutions typically employ widely distributed traffic management,
switching, butfering, and control functions that span the line interface cards and the
network interface card. The cards that interface to the customer’s 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 trafic
management, buffering and control functions on the line cards. '

" As shown in Figure 4, this reduces the line card’s complexity 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 aiso eliminates complex traffic
management software from the line card, making the line card’s processor optional.
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Figure 4 - Line Card Complexity Comparison
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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 important 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 prewously,
¢ and as shown in Figure 6, traditional architecturés 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 - Muiti-shelf Architecture Comparison

line card , v
line card line card line card
L — ! g
line card | | line card card line card card line card
, i | line card line card line card
Shelf #1 > Shelf #2 line card ;
é Shelf #1 | " Shelf #2
Traditional ) »
VORTEX chip set

" In the traditional architecture each shelf requires its own dedicated switch, plus an
interface card on the main shelf. In this architecture maintaining fairness and QoS
across all interfaces is difficult. There is also an increase in cross-switch transit delay
due to the multiple switching stages -- potentially degrading voice service quality.
Software complexity is high, increasing development costs and greatly increasing the
risk of programming errors.

ln the VORTEX chip set architecture serial point to pomt connections are used between :
the line cards and the switching card. Switching and traffic management functionality is
not impacted by the physical location of the line card because to the switch card a multi-
shelf configuration appears simply to be a single, very large shelf!

Software development costs and ongoing maintenance can be a significant portion of
the platforms life-cycle costs. Since the VORTEX chip set eliminates the need for
“intelligent” line interface cards there is a dramatic reduction in software complexity, as
show by the table in Figure 7. Here we see that as the DSLAM grows the traditional
architecture experiences a large increase in the number-of “intelligent” elements that will
require programming and software updates. An architecture based on a more '
centralized traffic management function, such as implemented by the VORTEX chip set,
experiences very little growth in complexity even as the DSLAM grows to many racks of
equipment.
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Figure 7 - Access Equipment Software Complexity

Traditional VORTEX Chip
# shelves |# line cards| Architecture . Set
] i 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
g 144 . 153 3
10 160 170 3
11 176 : 187 3
12 192 204 3
13 {1 - 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 fulfil 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-speedpoint-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 smgle 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

41 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 thé 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 cohnect 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/translatlon (i.e
switch tag generation), statistics gathermg, 1.610 FM & PM OAM.

The S/UNI-APEX provides per VC queduing, schedulmg, and switching functions for up to
2K logical PHYs on the line side and up to four physical high-speed PHY's on the WAN
side. The S/UNI-APEX provides QoS parameter conﬂgurahon with EPD/PPD
processing for up to 64K ¢connections.
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4.2 3G Wireless

l

- Figure 10'shows a typical network configuration for 3G 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 BSC are typically multiple T1/E1/J1/J2 (often with Inverse Multlplexmg over .
ATM or IMA). The links may also be STS-1 or OC-3, although the bandwidth actually
used will normally be significantly less than 155 Mbit/s.

Figure 10 - 3rd Gen_eratlon Wireless Network

 AAL2
TUEVJVJ2

0C-3/
0C-12

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 transfer capable microprocessor
port on the S/UNI APEX in order to attach a processor capable of performing AAL2 to
AALS mappung

in the downstream (to the radio) direction the AAL2 processor accepts AAt2 cells trom_
the up-link and splits them into individual AAL5 cell strearns per radio channel. Each cell .
stream is treated as a separate VC by the S/UNI-APEX and is routed to the appropriate
radio card and channel by the S/UNI-VORTEX and S/UNI-DUPLEX. ' In the upstream .
direction (to the up-link) the AAL2 processor accepts individual voice cell streams
muttiplexed up from the radio cards (one voice stream per VC). The AAL2 processor
combines the individual streams: |nto the multiplexed AAL2 stream that is sent over the
up-link.

' There are other ways in which the AAL2 to AALS5 processing could be done, including placmg an
interworking device in-line between the IMA 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 AALS 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 buﬁermg and congestion management
of bursty data traffic.

Figure 11 - Radio Base Transceiver Station
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'[| | Transceiver . . IMA =
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Processor | RAM I RAM
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e _ Optional 1:1 Protection_

The Downstream traffic flow has several potential paths: ‘
Voice: MPH-IMA-Atlas-Apex-AAL2/5-Apex-Vortex-Duplex-SAR-DSP-Radio
Data: MPH-IMA-Atlas-Apex-Vortex-Duplex-SAR-Radio
Signaling: MPH-IMA-Atlas-Apex-Comman Microprocessor, or
MPH-IMA-Atlas-Apex-Vortex-Duplex-Fadio Microprocessor, or ‘
Common Microprocessor-Apex-Vortex-Duplex-Radio Microprocessor

~ The Upstream traffic flow has similar optnons
Voice: Radio-DSP-SAR-Duplex-Vortex-Apex-AAL2/5-Apex-Atlas-IMA-MPH
Data: . Radio-SAR-Duplex-Vortex-Apex-Atlas-IMA-MPH
Signaling: Common Microprocessor- Apex-Atlas-IMA-MPH, or . ’
Radio Microprocessor- Duplex-Vortex-Atlas- Apex-AtIas~IMA -MPH, or
Common Microprocessor- Duplex-Voriex-Atlas-Apex-Microprocessor

As shown in Figure 12 the portion of the Radio Base Station Controller (BSC) that
terminates the ATM traffic 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-fines and switch the traffic to and from the voice processors. For data
traffic, the front end switches traffic directly to the network interface.
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Figure 12 - Radio Base Station Controller
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4.3 Multi-service Access Switches

Figure 13 provides 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 celis, 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 traﬁlc 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 summarlzes PMC-Sierra’s goal |n developmg the VORTEX
_chip set:

A mass market architecture for mass market deployment of
3G wireless and high speed access services

PROPRIETARY AND CONFIDENTIAL TO PMC-SIERRA, INC., AND FOR ITS CUSTOMERS' INTEHNAL USE 14
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 rssuE 1 INTRODUCTION

PMC-990712

PRELIMINARY h -. PB A“ PMC-Sierra,inc. - VORTEX CHIP SET

CONTACTING PMC-SIERRA. |NC.
PMC-Sierra, Inc. - o . . '
- 105-8555 Baxter Place Burnaby, BC S ' ﬁ '
Canada V5A 4V7 : : .

Tel:  (604) 415-6000
Fax: (604) 415-6200

Document Information:  document@pmec-sierra.com
Corporate information: info @ pme-sierra.com

Application Information:  apps@pmc-sierra.com
Web Site: . http://www.pmc-sierra.com

None of the information contained in this document constitutes an express or implied warranty by PMC-Sierra, Inc. as to the sufficiency, fitness of

suitability for a particular purpose of any such information or the fitness, or suitability for a particular purpose, merchantability, performance, compatibility

with othar parts or sy , of any of the products of PMC-Siema, Inc., or any portion thereof, referred to in this document. PMC-Sierra, Inc. expressly

disclaims all representations and warmrmes of any kind regarding the contents or use of the information, including, but not limited to, express and implied
* warranties o' accuracy, completeness, merchartability, fitness for a particular use, or non-infringement.

In no event will PMC-Sierra, Inc. be liable for any direct, indirect, special, incidental or consequential damages, including, but not limited :o. lost profits,
lost business or lost data resulting from any use 01 or reliance upon the information, whether or not PMC-SIe(m Inc. has been advised of the possxb»hty
of such damage.

® 1599 PMC-Sierra, Inc.
PM-9%0712 (P1) lssue date: June 1899

PMC-Siorra, Inc. : 105 - 8555 Baxter Place Bumaby, BC Canada V5A 4V7 604 .415.6000
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DATE MAILED: 02/04/2003

Please find below and/or attached an Office communication concerning this application or proceeding.
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Application No. Applicant(s)
, 09/472,683 ' KAPLAN ET AL. T)?
Office Action Summary Examiner . ArtUnit 4
' Duc C Ho | 2665

-- The MAILING DATE of this communication éppears on the cover sheet with the correspondence address --
Period for Reply )

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION. :

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
if the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
Fallure to reply within the set or exténded period for reply will, by statute, cause the application to become ABANDONED (35.U.S.C. § 133).
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

)X Reésponsive to communication(s) filed on 27 December 1999 .
2a)] This action is FINAL. 2b)X This action is non-final.
3)J Since this application is in condition for‘allbwance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.
Disposition of Claims
4 Claim(s) 1-26 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5)X Claim(s) 14 and 19-26 is/are allowed.
6)X] .Claim(s) 1,12 and 13 is/are rejected. -
7)X Claim(s) 2-11 and 15-18 is/are objected to.

8)(] Claim(s)
Application Papers

are subject to restriction and/or election requirement.

9)[] The specification is objected to by the Examiner.

10)[] The dtawing(s) filed on
-Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

11)[ The propaosed drawing correction filed on is: a)[] approved b)[] disapproved by the Examiner.
If approved, corrected drawings are required in reply to this Office action.

12)[] The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. §§ 119-and 120 4 . .
13)J Acknowledgment is made of a claim for foreign priority under 35 U.S.C.'§ 119(a)-(d) or (f).
a)J Al b)J Some * ¢)[] None of:

. 1.0 Certified copies of the priority documents have been received.

isfare: a)[J accepted or b)[] objected to by the Examiner.

2.7 Certified copies of the priority documents have been received in Application No.

3.00 Copies of the certified copies of the priority documents have been received in this National Stage
» application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

14)[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (t_o a provisional application).

a) [J The translation of the foreign'language provisional application has been received.
15)_] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121,

‘ Attachmenit(s) )
1) IX] Notice of References Cited (PTO-892) f 4)[] Interview Summary (PTO-413) Paper No(s). -
2) D Notice of Draftsperson’s Patent Drawing Review (PTO-948) 5) D Notice of Informal Patent Application (PTO-152)
3) @ Information Disclosure Statemerit(s) (PTO-1449) Paper No(s) 4 . 6) E] Other: ’

U.S. Patent and Trademark Office K § ; T
PTO-326 (Rev. 04-01) Office Action Summary Part of Paper No. 5
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Application/Control Number: 09/472,683 ' ' Page 2
Art Unit: 2665 ‘

DETAILED ACTION

Claim Obje.cvtions
1. » Claims 15-18 are objected to because of the following informalities: The
preambie of the independent claim 14‘discloses a n'etwork access mulﬁplexing system.
Therefore, the word “ Apparatus ” as appeared in the preamble of claims 15-18 should
be replece‘d by the word_“ s.ys‘tem "in order‘to be consistent with the term used in the
-independent claim. |

Appropriate correction is required. -

Claim Rejections - 35 USC § 102

2. The fol]owmg is a quotation of the appropriate paragraphs of 35 U S.C. 102(e) that form

the basis for the rejections under this section made in this Office action:
i

A person shall be entltled to a patent unless ~

(e) the invention was 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. 102(e) by the American Inventors Protection Act
of 1999 (AIPA) do not apply to the examination of this appllcation as the appllcatlon
belng examined was not (1) filed on or after November 29, 2000, or (2) voluntarlly
publxshed under 35 U.S.C. 122(b). Therefore this application is examlned under 35

U.S.C. 102(e) pnor to the amendment by the AIPA (pre-AIPA 35U.8.C. 102(e))
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Application/Control Number 09/472,683 R - ~ Page 3

Art Unit: 2665

4, Claims 1, 12 are rejected under 35 U.S.C.102(e) as being' anticipated by the
admitted prior art' of the instant’applica.tion in figures 1, and its block diagram in figure
2B, | | e

Regarding ciaifn ‘1 figure 2B of the adrnitted prior art of the instant application is"
block diagrams that schematically illustrate topologles known in the art for use in multi-
shelf access systems such as that shown in fig. 1 page 2, lines 18-25, whereln 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. ZB) each
compr/smg a physical /nterface foa packet—sw:tched network ( As shown, each master -
unit 25 connected to the ATM network 22, therefore, each master unit 25 inherently
includes a physical inte'rfe‘ce to the network 22);’
a plurality of slave unifs each slave unit 'comp’rising one or more ports to
respective subscr/ber lines (The admltted prior art |n figure 1 of the mstant application
| dlscloses a DSLAM system 20 Implementmg a multl shelf archltecture The DSLAM 20 ’
has a plurallty of slave units 27, and each slave unit comprises a plurallty of ports to . ‘
respective subscriber premlses via suitable DSL modems, page 2, Ilnes 11- 14 );

a plurality of phyS/ca/ interface lines, which link the slave units in one or more
da/sy chains ( the bi- dlrectlonal arrows which links the slave units 27-f|g ZB in daisy
chain constitute a plurallty of physical interface lines), in which the slave unlts are
. mutually connected in series by the physical interface lines thereb'etween ( as shown,
the slave units 27-fig. 25 arer rnutually connected in series by the"physical interface
lines), each daisy chain com,orising at least a first slave unit connected by one of the
physical interface lines to the frst master unit and a last slave unif connected by another
of the physical interface lines to the Ssecond master unlt ( the shown daisy chain havmg

the first slave unit 27-fig. 2B connected to the first master umt via a physical interface
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Application/Control Number: 09/472,683 , ' 'Page 4
Art Unit: 2665 | ‘ |

line, and the Iast slave unit 27-f|g 2B ¢onnected to the second master unit via another

physmal mterface line) .

~ Regarding claim 12, the network 22-fig. 2B is an Asynchronous Transfer Mode

network, page2 column1 5.

‘ CIalm Rejections - 35 USC § 103 v .
5. The followmg is a quotatlon of 35 U S.C. 103(a) Wthh forms the basis for all
obwousness rejections set forth in this Office action:
(@) A patent may not be obtained though the invention is not identically disclosed or described as set . -
forth %n section 102 of this title, if the differences bgtween the subject matter sought to be patented and
tﬁe prior art are such thai the subject matter.as a whole would have been obvious at the timg the .
inventiqn was made to a person having ordinary ékill in the art to which said subject matter. pertairlis.v
Patentabili& shall not bé negatived by the manner in which the invention was méde. )
6. This application currently names jointinventors. In considering patentability of
the claims under 35 U.8.C. 103(a), thé examiner presumes that the subject matter of
the various claims was commonly 6wned at the time any inventions covered therein -
~ were'made absent any evvidencev to the contrary. Applicant is advised of the‘obligation
under 37 CFR 1.56 to point out the i‘nvéntor and invention dates of eéch claim that was
not commonly owned at the time a Iater invention was made in order for the éxaminer to_
consider the applicability of 35 U.S.C. 103© and potentlal 35'U.8.C. 102(f) or (g) prior
art under 35 U.S.C. 103(a) | o o
7. Claim 13 is rejected under 35 U.S.C. 103(a) as being unpatenta’ble over the

admitted prior art of the insta:nt application in figures 1, and 2B as applied to claim 1
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Application/Control Number: 09/472,683 ' Page 5
Art Unit: 2665

above, and further in view of Phillips et al. (US 6,181,715), hereinafter referred to as
Phillips. | | |
* Regarding claim 13, the admitted prior art of the instant application in figures 1,

and‘2B disclose all claimed limitations, exceptb the network comprisés an Internet
Protocol (IP) network. ' ’

Phillips discloses a method and system for emulated telephony over DSL;

Referring to figure 1, a DSLAM 54 connected to the packet network 20 (IP network,

| column 4, lines 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 DSL 61>, 62, and 65

respectively, column 5, lines 3-13.

It would have been obvious to one of ordinary skill in the art, at the .time'inventidn ‘
was made, to employ a DSLAM unit connecting to an IP network as taught by Phillips
into the system of t‘hevadmitted pribr artin figures 1, and 2B of the instant applicatidn in
order to reduce the cost requiringb maijor investment in new infrastructure since DSL
opens the most critical bottieneck in local-loop access to high-speéd network such as

ATM and IP 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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Art Unit: 2665 ' ‘ ‘

10. Claims 2-11 are objected to as being dependent upon a rejected base claim, but
would be aIIowabIe if wntten in mdependent form mcludmg all of the Ilmltatlons of the

base claim and any intervening claims.
' )

‘ Reason for Allowance ‘
11. ' Regarding CIaim 14, the prior art fails to teach or sugge‘;t in a network access
multiplexing system compnses -a pre-switch, coupled to receive packets from the flrst
physical interface and responsrve 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 unlts‘are passed to the second physrcal mterface, in
combination with other limitations. |
Regarding claims 19-26, the prior art fails to teach or suggest a method for

providing access to a network, comprises a step in the event vo'f 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, oppcsite to the first. |
direction, so as tc“del_iver the further packets to the ports of at least some of the slave

units, in combination with other limitations, as specified in claikm'19.

_ ‘ Conclusion
12.  The prior art made of record and not relied upon is considered pertinent to .
applicant's disclosure.. Fink etal. (US 6,219‘,354); Veit et aI.‘( US 6,424,657) are cited to
. show bi-directional chaining of network access ports, which is considered pertinent to

the claimed invention.

Ex. 1002, Page 162



Application/Control Number: 09/472,683 Page 7
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13.  Any inquiry concerning this communication 6r»earlier communications from the
examiner should be directéd to Duc Ho whose telephone number ié (703) 305-1332.
The‘ examiner can ﬁormally be reached on Monday through Friday from 7:00 am to 3:30
pm.

If attempt to reach the examiner by telephone are un'successful, the examiner’s
supervisor, Huy Vu, can be reached dn (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 v\vhose telephone number is
(703) 305-4750 | ' |
14.  Any response to this action should be mailed to:

Commissioner of Patents and Trademarks

Washington, D.C. 20231 |
or faxv'ed to:

(703) 872-9314 _ _

.‘Hand-deli-vér‘ed responses should be brought to Crystal Park I, 2121 Crystal :
Drive, '

Arlington. VA, Sixth Floor (Receptionist).

Patent Examiner

DucHo
1-23-03
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

; 7

tion of: - ) ArtUnit: 2665 - N S- /%0
_ o ) RECEIvED
Menachem KAPLAN, et al. ) Examiner: Duc C Ho M

| | Ly | AY 1 6 2003
Serial No.: 09/472,683 ") Washington, D.C. Techniogy Center 2600
Fﬂed December 27, 1999 ) May 12, 2003
) ‘

For: BI-DIRECTIONAL CHAINING OF ) Docket No.: 204,344

NETWORK ACCESS PORTS

: INFORMATION 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
considered during the pendency of the above-identified application, and any other application relying
on the ﬁling date of the above-identified application or cross-referencing it asa related application.

[X] 1. This IDS should be constdered in accordance with 37 C.F.R. 1.97, as it is. filed:

(Check one of the boxes A-D) ‘ ‘
[1 A.within three months of the filing date of the above-identified national apphcauon or
" within three months of the _entry into the national stage of the above-identified international
apphcatlon

[1 B. before the majling date'of a ﬁrsvt 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: ) ,
I 11 Counsel certifies that, upon information and behef each item of information llsted
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 forcign application and, to the
‘knowledge of undersigned after making reasonable inquiry, was not known to any md1v1dual
- designated in 1.56(c) more than three months prior to the ﬁhng of this IDS '

05/15/2003 CNGUYEN 00000016 09472683
01 FC:1806 . 180.00 0P
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[? . A check for the fee set forth in 1.17(p), presently believed.to be $180 is enclosed '

(check no. ;4305 ).

[ D aﬁer (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(1),
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 (i) 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 md1v1dual designated in 1.56(c) more than three months prior to the
filing of this IDS. v .

B 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 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 appropnate )

[1 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 byvor submitted to the Office in the
folloWing prior application(s) which are relied upon under 35U.8.C. 120:

[msert serial numbers and ﬁlmg dates of prlor applications]

Applicant 1dent1ﬁes these documents by attaching hereto copies of the form$ 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.

0 3 Document(s) ___is(are) not in the English language. In accordance with
1 98(c) Apphcant states: - B

[1 An English translation of each document (or of the pertinent pbrtions thereof), or a copy
of each corresponding English-language patent or appllcatlon or Enghsh-language

abstract (or claim) is enclosed

[1 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).

[1 A concise explanatnon of the relevance of document(s) _______is set forth as follows
[Insert concise explanation of relevance] :

i A concise explanation of the relevance of document(s) _ . can be found on
page(s) of the spec1ﬁcat10n ’ '

[] A concise explanation of document(s) can be found on the attachied 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 OG 13 at 20).

[X] 5. Other information being provided for the examiner’s consideration follows:

An Official Action dated February 3, 2003, which 1ssued during the prosecution of Apphcant s U.S.
Patent Apphcatlon No.: 09/443.157.

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 citedis, or is considered
to be, material to patentability as defined in §1.56 (b), or that any cited document listed or attached 1s'_
(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. §1.78 TO RELATED APPLICATIONS

Pursuant to 37 C.F.R. § 1.78, Applicant notes that the above 1dent1ﬁed patent application
may be related to the following U.S. Patent Applications:

Respectfully submitte

N, ESQ.
for Applicants

ABELMAN; FRAYNE & SCHWAB
150 East 42nd Street

New York, New York - 10017
(212) 949-9022

(212) 949-9190
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/O VPR Date: May 12, 20u. . Page 1 of 1.
FORM PTO-1449 (C lb)MAY ‘f; TTY DOCKET NO. SERIAL NUMBER
7 2003 ¢ 4344 //‘/7) (5 09/472,683
&) &
x *\‘}
LIST OF PATENTS ANQoewt®”") 5 ppy 1cANT EXAMINER
PUBLICATIONS FOR APPLICANTS Menachem KAPLAN. et al /
INFORMATION STATEMENT ’ : Duc C Ho
FILING DATE | GROUP ART UNIT
December 27, 1999 2665
U.S. PATENT‘DOCUMENTS
Examiner’s - R : v FILING
Initials DOCUMENT NO. DATE NAME CLASS | SuUB DATE
AA 6,215,863 Apr. 2001 | Bennett, Il et al.
AB | 6345051 |Feb.2002 | Gupta,etal. .
eb upta, et a RE Ci.
“AC 5,899,582 May 1999 { DuLac | WAY 1 ¢
Dart T .
AD §,317,415 Nov. 2001 | Darnell, et al. eChﬂOIogy Ce
AE 6,404,861 Jun. 2002 | Cohen, et al.
AF
AG
AH
FOREIGN PATENT DOCUMENTS
: ' . , TRANS-
; ’ DOCUMENT NO. DATE COUNTRY CLASS SUB LATION
‘ B .
1 Al
Al
AK
: ' . OTHER ART (Including Author, Bills, Pertinent Pages, Etc.)
|
| AL
AM
o
i EXAMINER: DATE CONSIDERED:
EXAMINER: Initial if referénce considered, whether or not citation is in conformance with MPEP
609; Draw line through citation if not in conformance and not con51dered Include
copy of this form with next commumcatlon to apphcant
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Docket No.: 204,344 2

)
-

TREE
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£ IRApEES

b

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
¢ .

In Application of . KAPLAN et al. . .

y Serial No.: 09/472,683 ‘ : Group Art Unit: 2665
Filed : December 27, 1999 : Examiner: Duc Chi Ho
For - . : BI-DIRECTIONAL CHAINING OF NETWORK.ACCESS

PORTS

June 18, 2003.°

AMENDMENT

Honorable Commissiﬁner fqr Patents | - iFaEE(:EEI\/EE[)
P.0. Box 1450 - : : h - JUN 2 42003 )
Alexandria, Virginia 22313-1450 c T _chhnmogyCenwrQGOO'

STATEMENT OF FILING BY EXPRESS MAIL 37 C.F.R. §1.10

This correspondence is being deposited with -the United States Postal
- Service on June 18, 2003 in an envelope as “Express Mail Post Office to
Addressee” Mailing Label No. ET 537 599 921 US addressed to the Honorable

Commissioner for Patents; P.O. Box 1450, Alexandria, VA~ 22313-1450.
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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 enclose the
requisite fee of $410.00 for a Large Entity. Charge any

deficiency or other fees to Deposit .Account No. 01-0035. °

Cj%éz,zf,
Jay S. Cinamon
(Typed or printed name of person mailing paper or fee)
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INTRODUCTORY COMMENTS
Sir:

.In response to an Official Action dated February 4,

2003, kindly amend this application as follows.
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\

AMENDMENTS . TO THE CLAIMS

1. (Currentf; © amended) Network access apparatus,
comprising: ‘ |

first _ana second master units, e;ch comprising a
physical interface to a packet—switchedvﬁetwork; ‘

‘a plurality of slave units, each slave unit

comprising one or more ports to. respective subscriber’

iines; 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 .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 interface lines

to the second master unit.

[ ~
;& (Currently amended) Appa;aeus—aeee;ding—4a}~elaiﬁk—;‘

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 1iﬁes, which 1link

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 omne

" of the physical interface lines to the first master unit
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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,_dowﬁstream‘data packets
received from the network are passed from the first
master uniﬁ to each of the daisy chainé 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 éhain to

the first master unit for transmission over the network.

§.  (Original) Apparatus according to claim 2%/ 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.

%. (Original) Apparatus according to claim ¥, wherein
the first mastér 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 thevupstream data packets to the network. .

5. (original) Apparatus according to claim XSF 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 afe 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.

(Original) Apparatus according'to claim §, wherein
the downétr?amkpackets for the slave units in the portion

of the daisy chain between the location of the fault and

‘07
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the second master unit are conveyed to the second master
unit from the first master unit via another one of the

daisy chains.
. / . . i
\. (Currently amended) Apparatus—according—to—elaim—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 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

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
kcohprises: .

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

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.

9

(Original) Apparatus according to c¢laim VY, wherein
the pre-switch .re-routes the data packets such that
substéntially no reconfiguration of the switch is

required responsive to the fault.

%

Ex. 1002, Page 174



35430A

s

‘> : ‘4/ ) o . o
N, (Currently amended) Apparatus—according to claim 1

Network access apparatus, comprising:

yfirst and second master units, each comprising a

physical interface to a packet—sWitchéd netWofk}

a plurality of slave units; each slave unit

comprising one or more ports to respective subscriber
lines; and

a plurality of physical interface iines, 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

and a last slave unit connected by another . of the

Va .
- physical interface lines to the second master unit,

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 1lines .connected to the
slave unitiand passeé those of the data packets that ére
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.

/l

0 (Originai) Apparatus according to claim o, wherein
each of the slaye units is coupled to receive packets
transferred thereto from the first and second master
units over- first and second ones of the physical
interface lihés, respectively[ ahdeherein the pre-switch

passes the packets received through the first and second

g
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' physical interface line and addressed: to aﬁy of the ports

on the slave unit to respective first and  second

addresses in the switch fabric.

(%

)&? (original) Apparatus according to claim ¥0, wherein

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 vnd

reconfiguration of the switch fabric is required.

Vv o
¥2. (Original) Apparatus according to claim 1, wherein

the network comprises an asynchronous. transfer mode . (ATM)

network.

1% (Original) Apparatus according to claim 1, wherein

the network comprises an Internet protocol (IP) network.

14. (Original) 1In a:network agcess multipiexing system,
in which a master unit is - connected by‘ a physiéal
interface to a packet-switched network, 'a slave unit
.coﬁfigured 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‘éléve unit to

respective subscriber lines;

first and second physical interfaces, coupled to .

exchange pagkets with preceding and succeeding units,

respectively, -along the daisy chain;

a pre—switcﬁ, céupled to receive packets from the
firét physical interface and responsivé to address data
carried by the packets, to:sort the packets such that
packets addressed to . the bslave uﬁit are retained, and
packets addressed to thé suCceéding units are passed to

the second physical interface; and

8

)
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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) A?pa;a;us .The slave unit

according to claim 14, wherein the prefswitch is further

coupled to receive packets transferred thereto from the

second physical_intefface and to sort the packets in like

" manner to the packets received through the first physical

interface.

16. (Currently  amended) Appaxratus The slave unit

_according 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 éwitch
fabric ére identified by respectivé first and sécond 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) Apparatus 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. ‘(Currently amended) Apparatus The slave  unit

according to claim 14, wherein in the event of a fault in

the switch fabric; the pré-switch,continues to pass the

packets - addressed - to .the succeeding units -on to the.

succeeding units without significant interruption.

¥l
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19. (Original) A method for préviding access to a
network, comprising: . ‘ .

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

linking a plurélity of slave units, each slave unit

‘comprising 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 1in the daisy chain,
conveying further downstream data péckets, received from
thé 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 aré‘recéiVed
from the network by the first master -unit, and wherein
cdnveying the further downstream packets in the second
direction comprisés conveying ' the fufther downstream
packets from the first master unit to. the second master
unit,  and then conﬁeying the further downstream péckets

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 first

master unit to the second master unit comprises linking

further slave units in an additional daisy chain between

the first and second master wunits, and conveying the
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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 1lines,

‘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 sécond 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 upstfemn data packets

over the network.

24.  (Original) A method according to claim 19, wherein

'cbnveying the initial downstream data packe;s'along the

daisy chain comprises pre-switching the packets at each

of the slave units, so that paékets not acldressed to any
of the ports on the. slave unit are paséed 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 transfer 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 néw matter has been added.
Reconsideration is respectfully reqﬁestéd.

Claims 15-18 were objected to for use of the term

.apparatus, which is inconsistent with the terminology

used in claim 14, from which thesebclaims depend. The
Examiner suggéested that this term be replaced with the
word “system.” . -In fact, claim 14 is_drﬁwn to a slave
unit in a network access multiplexihg system“ App1icant
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{\ZB. The amended claim recites that each daisy
chain includés a second slave unit connected to the first
slave unit but not to the first or second master unit.
This limitation is absent from thé cited art. Therefore,
claim 1 as amended is believed to be patentable, as 1is
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. pPpatent 6,181,715). In view of the
patentébility of amended claim 1, from which claim 13
depends, claim 13 is believed to be paﬁgntable, as well.
Claims 2-11 Qere ~objected to for depending from
rejected claim 1, but were held to recite allowable

subject matter. Applicant has therefore amended claims

12

Ex. 1002, Page 180



© 35430A

2, 7 and. 9 to stand as independenﬁ claims, - incorporating
the limitations of claim 1, from which they formerly
depended. Claims 3-6 depend from elaim ,2; claim 8
depends- from claim 7; and claims 10-11 depend from claim
9. Therefore, all of claims 2-11 are now belleved to be
in condltlon for allowance

Applicant believes the amendment s and. remarks
presented herelnabove to be fully respon 1ve to all of

the grounds of rejectlon and objections ralsed by. the

examlner, 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 efféct is hereby requested.

Respectful y submltted

CINAMON
ney for Applicants
eg No. 24,156

ABELMAN, FRAYNE & SCHWAB
150 East 42™. Street

New York, New York 10017
(212) 949-9022 ‘
(212) 949-9190

colb\61803kap.amt .

13

N
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. ] Applicatipn No. Applicant(s) o
. e 472 KAPLAN ET AL.
Notice of Allowability gi/a;irﬁs At Unit
Duc C Ho ) 2665

-- The. MAILING DATE of this communication appears on the cover sheet with the correspondence address--
" All claims being allowable, PROSECUTION ON-THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previgusly mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to W|thdrawal from issue at the |n|t|at|ve
of the Office or upon petition by the applicant. 'See 37 CFR 1.313 and MPEP 1308.

1.[X This communication is responsive to the amendment filed 6-18-03.
2. X The allowed claim(s) is/are 1, 12, 13, 2-11, and 14-26 which have been renumbered 1-26, respectively.
3 The'drawings filed on 27 December 1999 are accepted by the Examiner.
4.7 Acknowledgnient is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[J Al “b)[0 Some* c)[JNone of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule . 17 2(a)) »
* Certified cop|es not received:
‘5. E] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).
(a) (] The transtation of the foreign language provisional application has been received.
6.1 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements noted
below Failure to timely comply will resultin ABANDONMENT of this application. THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

7. ] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

8. [J CORRECTED DRAWINGS must be submitted.
(a) O including changes required by the Notice of Draftsperson’s Patent Drawmg Review ( PTO-948) attached
1) [ hereto or 2) [J to PaperNo. ____
(b) O including changes required by the proposed drawmg correction filed , which has been approved by the Examiner.
(c) O including changes required by the attached Examiner's Amendment / Comment or in the Office action of Paper No.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawnngs inthe front (not the back) of
each sheet.

9. (] DEPOSIT OF. and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s) . .
1] Notice of References Cited (PTO 892) 2[] Notice of Informal Patent Application (PTO-152)
3[] Notice of Draftperson's Patent Drawing Review (PTO 948) ) 4[] Interview Summary (PT0-413), Paper No.

57 Information Disclosure Statements (PTO-1449), Paper No. ____. 6] Examiner's Amendment/Comment

7[J Examiner's Comment Regarding Requlrement for Dep03|t . 8X] Examiner's Statement of Reasons for Allowance

of Biological Material- 9] Other

U.S. Patent and Trademark Office . .
PTOL-37 (Rev. 04-03 Notice of Allowability ’ Part of Paper No. 9
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"Applic‘:ation/Control Number:>09/472,683_ . ‘ . Page?2

Art Unit: 2665
DETAILED ACTION
Reason for allowance
- L ~ The following is an examiner's statement of reasons for allowance:

Regarding claims l", 12, and 13, the prior arts fail to teach or>fairly suggest a networi(
access apparatus, which comprises first and second master iunits, and a second slave unit
connécted to the first slave unit. but nof to the first or second master unit, in combination with
other limitafions, as spéciﬁed in the independent claim 1.. -

‘ Regarding claims 2-6, 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, wh;rein in normal operatiion, downstream data packets recéived from
the network are passed from the first master unit to each of the daisy chains via the first slave
unit in the chaiﬁ, and upstream data packets received by tﬁe slaves in each chain frofn 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

indepéndent claim 2.

Regarding claims 7-8, the prior: arts fail to ‘teach or fairly suggest a network access
apparatus, which compﬁées first and second master units, whereiﬁ each of the first and the
secoﬁd master unit comprises a pre-switch, which in the event of a fault at a location in one of
the daisy chains,‘ re-roﬁtes at least a portion of thevdata packets exchanged with one or more of |

the slaves in the daisy' chain in which the fault has océurred 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

v 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
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Art Unit: 2665

the slave unit and passes those of thé data packets that are a&dressed to vany of the ports on the
slave unlt to the switch fabric, while passing péckets not addressed to any of the ports on the
slave unit for outﬁut through énotﬁer of the physical interface lines, i]l combination with other.
limitations, as specified in the independent claim 9.

ﬁegarding claims 14-18, the prior art failsto teach or suggest in a netw"ork access
multiplexing system compl_'ises a pre-switch, coupled to receivé packéts from the first physical .
interfaée and responsive to .address data carried by the packéts, to sort the packets such that
packets addressed to the slave ﬁnit are retained, aﬁd packets addressed to ‘thve succeeding units are
passed to the second phyéical interfaé_e, in combination with other limitation_s, as‘speciﬁed in
claim 14. o |

Regarding claims 19-26, the prior art féi]s to teach or suggest a method for préviding‘
access to a network, comprises a step 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, in combination with other limitations, as specified in

“claim 19.

2. Any comments considered necéssary 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 b: clearly labeled "Comments on Statement 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-‘1332; The

' ~ examiner can normally be reached on Monday throu‘gh‘Friday from 7:00 am to 3:30 pm.

. If attempt to reach the examiner by telephone are unsuccessful, the examiner’s

supervisof, Huy Vu, can be reached on (703) 308-6602.
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Application/Control Number: 09/472,683 'Page 4
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Any inquiry of a genéral nature or relating to the status of this applicatidn or proceeding
should be directed to the Group receptionist whose telephone number is (703) 305-4700

Patent Examiner

it
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O Applicant claims SMALL ENTITY Sstatus.
See 37 CFR 1.27.

"IL PART B - FEE(S) TRANSMITTAL should be comipleted and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Bven 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.

III. All communications regarding th1s applxcahon must give the apphcauon number. Please direct all communications pnor to issuance to
Mail Stop ISSUE FEE unless advised to the contrary

IMPORTANT REMINDER: Utility patents lssumg on appllcanons filed on or after Dec. 12, 1980 may requnre payment of
maintenance fees. It is patentee's responsnblllty to ensure tlme]y payment of mamtenance feus when due.

Page 1 0f4
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE .
: : : Commissioner for Patents
Alexandria, Virginia 22313-1450
. : or Fax (703) 746-4000 B
INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if requiredl?ﬁocks 1 through 4 should be completed where
3

appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the. current corres

app! C e P nd ; ondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; :nd/or (b) indicating a separate "I‘PBE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Nolc: Legibly mark-up with any corrections or use Block 1)

Note: A certificate of mailing can only be used for domestic mailings of the

7590 09/03/2003 , Fee(s) Téanls]miéﬁl‘l.‘ Thails certi lcatchcannot be used for FLX’\)} othml' gccompunying
. apers. Bach additional paper, such as an assignment or formal drawing, must
ABELMAN FRAYNE & SCHWAB Bave its own certificate of mailing or tmnsmnss%on. ¢
150 EAST 42ND STREET

Certificate of Mailing or Transmission_
NEW YORK, NY 10017-5612 1 hereby certify that this Fee(fs Transmittal is béing deposited with the United
States Postal Sefvice with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile *
transmitted to the USPTO, on the date indicated below.

(Depositor's namc)

{Signature)
{Datc)
l APPLICATION NO. FILING DATE [ FIRST NAMED INVENTOR - l ATTORNEY DOCKET NO. CONFIRMATION NO. . |
09/472,683 . 12/27/1999 MENACHEM KAPLAN 204.344 9079
TITLE OF INVENTION: BI-DIRECTIONAL CHAINING OF NETWORK ACCESS PORTS
(L apnTvrs T smalLENTITY | ISSUE FEE _|__rusuicamonreE | TOTALFEE®)DUE | DATEDUE |
nonprovisional NO . $1300 . $0 . $1300 12/03/2003
1 EXAMINER | ART UNIT | crass-suscrass |
HO, DUC CHI 2665 - 370-217000
1. Change of correspond address or indication of "Fee Address" (37 2. For printing on the patent front page, list (1) the
CFR 1.363). . . names of up to 3 registered patent attorneys or |
U Change of correspondence address (or Change of Correspondence agents OR, altematively, (2) the name of a single

Address form PTO/SB/122) attached. firm (having as a member a registered aworney or o

T . agent) and the names of up to 2 registered patent
Ul "Fee Address" indication (or "Fee Address" Indication form ” p [Ph
PTO/SB/47; Rev 03-02 or ngore recent) attached. Use of a Customer atpmeys or zgents. If no name is listed, no name 3
Number is required. will be printed.

w

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is onl! / appropriate when an assignment has
been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Please check the appropriate assignee category or categories (will not be printed on the patent); U individual U corporation or other private group entity U government
4a. The following fee(s) are enclosed: ) 4b. Payment of Fee(s): .
U Issue Fee ) "1 A check in the amount of the fee(s) is enclosed.
U Publication Fee \I Payment by credit card. Form PTO-2038 is attached. .
U Advance Order - # of Copies \J The Director is hereby authorized by churge the required fee(s), or credit any overpayment, to '
- Deposit Account Number . ____(enclose an extra copyof this foms,

Director for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to }:-apply any previously paid issue fee to the application identified above.

(Authorized Signature) 3, " (Date)
/

NOTE,; The Issue Fee and Publication Fee (if required) will not be accepted from anyone
other than the applicant; a registered attorne ent; or the assignee or other parfy in.

or ag
interest as shown gy the records of the United gmtcs l#atcnl and Trademark Office.

This collection of information 1s required by 37 CFR 1.311. 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 governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is
estimated to take 12 minutes to comglcw including gathering, preparing, and submitting the
completed application form to the SPTO. Time will vary dep_cndini; upon the individual
case. Any comments on the amount of time_you require to complete this form and/or
suggestions for reducing this burden, should bé sent to the Chief Information Officer, U.S.
Pafent 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 22313-1450.

Under the szpei'worlg Reduction Act of 1995, ml)\d%ersons are required to respond to a
collection of information unless it displays a valid OMB control number.

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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'UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.O. B
Alcxm\dnn Vu'gum\llJlJ 1450

ke
[ APPLICATION NO. FILING DATE FIRST NAMED INVENTOR [ ATTORNEY DOCKETNO. | CONFIRMATION m
09/472,683 . 12/27/1999 MENACHEM KAPLAN ' *. 9079
7590 09/03/2003- - EXAMINER _ ]
ABELMAN FRAYNE & SCHWAB HO, DUC CHI
150 EAST 42ND STREET

NEW YORK, NY 10017-5612

[ paPERNUMBER _]

DATE MAILED: 09/03/2003

Determination of Patent Temi Extension under 35 U.S.C. 154 (b) -

(application filed after June 7, 1995 but prior to May 29, 2000)

The Patent Term Extension is 0 day(s). Any patent to issue from the above 1(lent1ﬁed application will include an
.indication of the 0 day extension on the front page.

If a Continued Prosecution Apphcatlon (CPA) was filed in the above-identified apphcatlon the filing date that

determines Patent Term Extension is the filing date of the most recent CPA.

Applicant w111 be able to Gbtain more detailed information by accessing the Patent Apphcatlon Informatlon Retrieval

(PAIR) system (http://pair. uspto.gov).

Any questions regarding the Patent Term Extcnsxon or Adjustment determmatlon should be directed to the. Office of -
Patent Legal Administration at (703) 305-1383. 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.

PTOL-85 (Rev. 08/03) Approved for use through 04/30/2004.
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) \%} "UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alcxandria, Virginia 22313-1450
WWW.USPLO.gOV.
[ aprLicamionno. FILING DATE I FIRST NAMED INVENTOR - | ATTORNEY DOCKETNO. | CONFIRMATION No. |
09/472,683° 12/27/1999 MENACHEM KAPLAN . 204.344 ~ 9079
7590 ovanoos . L EXAMINER |
ABELMAN FRAYNE & SCHWAB ) : HO, DUG CHI
150 EAST 42ND STREET B :
NEW YORK, NY 10017-5612 ] . [ ART UNIT | paPERNUMBER |

2665
DATE MAILED: 09/03/2003

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. See Revision of Patent Fees for Fiscal Year 2004; Final Rule, 68 Fed.

‘Reg. 41532, 41533, 41534 (July 14, 2003).

The current fee schedule is accessible from (http://www.uspto.gov/main/howtofees.htm).

If the fee paid is the amount shown on the "Notice of Allowance and Fee(s) Duc" but not the correct amount in view
of the fee increase, a "Notice of Pay Balance of Issue Fee" will be mailed to applicant. In order to avoid processing
delays associated with mailing of a "Notice of Pay Balance of Issue Fee," if the response to the Notice of Allowance

" is to be filed on or after October 1, 2003 (or mailed with a certificate of mailing on or after October 1, 2003), the

issue fee paid should be the fee that is required at the time the fee is paid. If the issue fee was previously. paid, and the
response to the "Notice of Allowance and Fee(s) Due" includes a request to apply a previously-paid issue fee to the
issue fee now due, then the difference between the issue fee amount at the time the response is filed -and the
previously-paid .issue fee should be paid. See Manual of Patent Examining Procedure, Section 1308.01 (Eighth
Edition, August 2001). ' : :

Effective October 1, 2003, 37 CFR 1.18 is amended by révising paragraphs (a) through (c) to read as set forth below.
Section 1.18 Patent post alloWaﬁce (including issue) fees.

(a) Issue fee for issuing each original or reissue patent,

~ except a design or plant patent:

By a small entity (Sec. 1.27(2)).........c.o.e...... $665.00

By other than a small entity......................... $1,330.00 .
(b) Issue fee for issuing a design patent: T

By a small entity (Sec. 1.27(2))...cccoerverrvernnns $240.00

By other than a small entity.................... s $480.00

(c) Issue fee for issuing a plant patent: -
By a small entity (Sec. 1.27(a)) $320.00
By.other than a small entity........ : ... $640.00

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. : :

Page 4 of 4
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W T~ ’.,ABF'MANFRAYNE&SCHWAB
/B ,

L) © Attomeys at Law

e 2 - 150 East 42™ Street ‘
me O 18 ¥ New York, New York 10017-5612
i —_— ,
: & Telephone: (212) 949-9022

% '
(Q‘itsana““# © Fassimile: (212) 9499190

Cable: LAWABEL New York
Telex: 661108 and 276592
e-mail@lawabel.com

BOX ISSUE FEE
December 1, 2003
Hon. Assistant Commissioner of Patents
Alexandria, VA 22313-1450
Sir"Madam:

We enclose our check in payment of the issue fee on the following application.

APPLICANT . Kaplan, Menachem CASE: 204,344
SERIAL NO.: . 09/472,683 : FILED: December 27, 1999
* TITLE: o * BI-DIRECTIONAL CHAINING OF NETWORK ACCESS PORTS

ASSIGNED TO: Orckit Communications Ltd. _

ALLCWED: September 3, 2003 with 26 claims |
ISSUE FEE DUE: December 3, 2003 AMOUNT: $_1330.00
PRIORITY: [X] None - ‘

SMALL ENTITY STATUS: NO

‘We await the receipt of the issue notification and the Letters Patent Document.

ctfully submitt
§jmﬂ @ww?ﬂ“)

No 4, 156

JSC:ma

Enclé_iéed Check No. 15604
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,.,

J

. pESTCOPY

Ve . —F)D R 7
/o ,‘2,03 02 R ,
R ? e - : Lt ) "% <
o Dl {8 . "PARTB- FEE(S) TRANSMITTAL
y Completeé:l‘:d send this form, tagether with applicable fee(s), to: Mail Mail Stop ISSUE FEE
g Commissioner for Fatenty ,
© ) . Alcxandrlnﬂ‘Virginin 2131373,450
or Fax (703) 7464
TNSTRUCTIONS: This form should be used for msmnmg (s 1SSUE FEE ond PUBLICATION FBE ( requ I'IEB1 lhmugh 4 should be compl:lch
. riate. All funher correspondence inchoding the Patent, advance orders and noﬂﬁcanon of maintenance fces wnll t the current co lpg ce address .
mmnd uniess corrected below or directed otherwise in Block 1, by.(a) specifying a new correspondence address; nndlar ® mdlcanng a scpnmz B AD RBSS" fm-
maintenance fee notifications. o
mnmmmmﬂmmnmsnmwwm ith a0Y COTTCUORS Of WA ) Note: A certficate of mailing can-anly be vsed for dmnesuc mailings of the
7590 09/03/2003 Fee(s) Tﬂhm&u.mn;ls oalu“gmsh canfiot be nsed ::tr an}; m xmnpmym%
N an or fo: wmng, mu.
< ABELMAN FRAYNE & SCHWAB PoEeT e e e AP B o wonsm oo, i
150 BAST 42ND STREET . . Certificate of Mailing or Transmission
NEW YORK, NY 10017-5612 hcwbgﬂ that this Fee(s) Transmittal is being deposited with the Umu
C States Postal Service with saffidient pos GECRICRDOBECOKDOBEMEIGY
sed to the Mail Stop ISSUE FBE address nhnve. or being facsun Maxl
mmnn:d to the USPTO, on the date indicated below.
Jay 5. W Rea, NO. 24, ISPeiorssme
77 o Ay ST (Stgnarore)|
‘ , [ December 1, 2003 o
APPLICATIONNO, | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | coNFRMATIONNO. |
09/472 6;5 . 122711999 . MENACHEM KAPLAN 204344 9079

TITLE OF INVENTION: BI-DIRECTIONAL CHAINING OF NETWORK ACCESS PORTS
2/05/2003 AKONDAF2 00000066 010035 094726&3

12/05/2003 AWONDAF2 00000048 09472683

01 FC:1501 - 1330,00 0P
1 FC28001 6,00 DA . -
APPLN, TYPE f SMALL ENTITY ] 1SSUB FEE .| rusLIcATION FEE | TotaLFEEs)DUE | DATE DUE |
" nonprovisional " NO $1300 50 51300 12/0372003
1 EXAMINER 1 ART UNIT | ctasssusclass |-
HO, DUC CHI i 2665 370-217000

ol Ch e of pond: sddress or indication of "Fee Address” (37 2, For printing on the patent froant page, hst(l)lhe‘
1.363). : names of up w 3 regi paent Y3 1. Abelman, Frayne

U Change of correspondence address (ur Change of Correspandznce sgents OR, altematively, (2) the name of a smgle

\‘ Aﬂdmsfnnnl’l‘ B/122) attach ﬁmghav:sfhuhammb;zang;smd attorney o 3 & Schwab
agent) and the names of up to'2 registered patent
Address" indication (or 'Fee Address” Indication form
P’I‘OISBM‘I Rev 0302 nrn(mruecznl) attached. Use of a Customer | 349M<ys or sgants. If no name is lisied, no name 5
Number s reqnlred will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (prlnt or ype)

PLEASE NOTB: Unlcss an nss:%m s identificd below, no assignee data will on the atent. Inclusion of assignee data i u on opriate when an assignment has
been previously submitted to the USPTO or is being submitted under separate :ol\g“crumpleugm of this form is ?qo o Y appr 5 gom

" (A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
ORCKIT COMMUNICATIONS LTD. '1\3.'1z .. Bviv Israel
' A
Pleasc check the i i ulc.gory or ies (will not be printed on the patent); . Windividua\ U corporation or other private group entity U government
42 The following fee(s) are enclosed: ] 4b. Payment of Fee(s): ) ) ’
XKssue Fee . .. XA check in the amount of the fee(ms enclosed.
U Publication Fee 2 ( ) . U Payment by credit card. Form PTO-2038 is attached.
\XKAdvance Order - # of Copies {two) The Direct hereby agtho: the required fee(s), or credit yment, to
venes v %cpo:ﬂ Ancc‘:;l.‘;lm = ﬂ,ﬁ‘iw(m ::( :x)n:Kwpy olﬂt?u); go N
[D\lredor for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue f2e to the application identified abave.
rized §i (Date) g _
rayt\ > December 1, 2003 EXPRESS MAIL” Label No.: ET537601024US
: suc Fee 'snd Publication Fee (it required) will  po be accepied gam anyone Date of Deposit: December 1, 2003
otfer gistered o —— -
infrest b e R e v 3mm'l>gmzmrmmak S Offver P P“s “f"?ﬁ;d‘mc‘ej;ﬁm";im
i3 collection of information is 37 CFR 1 311 Th nfonmu Brquicd o] o cm i
obtain or retsin a benefit by the m%hc wx?:yr.h is Lo fil (‘n bf he USPTO o process) an Postal Service “Express Mail Post
npgllccnm:.n Cﬁ;’,‘,ﬁ?‘?‘m‘” wovm ml dmc 122 ind 37 CFR 1. 14 m‘lzm s:gmnu Office to Addressee” service under
timated minutcs €Ol arng, : H
::mpleted spplication form to the mB PTO. Tm%l varyaagp’;nydm n!tic u&amvm 37CFR § 1.10 on the date indicated
cgm:ﬁn on lhe smount sgf mbe Ch Pl form and/or above and addressed to:
suzse D e s e ey wf'h' ief Inlormation Officer, U-S. Commissioner for Patents
2731}]450 DO NOT SBN'D FE'ES OR COMPLETED FORMS TO THIS ADD&S . :
SEND TO: Commissioner for Patents, Alrxandria, Virginia 223131450, P.O: Box 1450

Under the Paperwork Reduction_Act of 1995, nthguwm are uquimd to respond to B Alexandria, VA 223 1-3-1450
collection of uu'omwm unless itdisplaysa valid OMB control number.

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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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 Date - 2004-01-20

Document Title -  USPTO Grant

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 Date - 2012-01-27

Document Title -  Applicant Communication Re: Verified Statement of Small Entity
Status in Compliance with 37 CFR 1.27

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.

Ex. 1002, Page 194



Electronic Acknowledgement Receipt

EFS ID: 25972064
Application Number: 09472683
International Application Number:
Confirmation Number: 9079

Title of Invention:

BI-DIRECTIONAL CHAINING OF NETWORK ACCESS PORTS

First Named Inventor/Applicant Name:

MENACHEM KAPLAN

Correspondence Address:

ABELMAN FRAYNE & SCHWAB

150 EAST 42ND STREET
NEW YORK NY
us 212 949-9022

10017-5612

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 s . File Size(Bytes)/ Multi Pages
Document Description File Name A . .
Number Message Digest | Part/.zip| (ifappl.)
137789
1 Power of Attorney Signed-POA.pdf no 2
03199d6fc2535a8201418fc7d 2606b12fce|
Warnings:
Information:
Assi howing of hi 37 137786
5 ssignee showing of ownership per SIGNED-sb0096-61.pdf o 5
CFR3.73
2c8428f80e2e0ca9d8dabe276f7afdee4444)
Warnings:
Information:
Total Files Size (in bytes){ 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.

National Stage of an International Application under 35 U.S.C. 371
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 applicationas a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving 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.
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PTO/SB/80 (11-08)

Approved for use through 11/30/2011. OMB 0651-0035

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 colfection of information unless it displays a valid OMB control number.

[ POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO j

I hereby revoke all previous powers of attorney given in the application identified in the attached statement under
37 CFR 3.73(b).
| hereby appoint:

Practitioners associated with the Customer Number: 131926
OR
D Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):

Name Registration
Number

Name Registration
Number

as attorney(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:

The address associated with Customer Number: 131926

OR
Firm or
Individual Name
Address

City State Zip

Country

Telephone I Email

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/SB/96 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 application in which this Power of Attorne

siGNATUED

The individual whose signature and title is §up

Signature / pid n St. # 30Qbate June 5, 2016
Name = Yehuda Bind 02459-18400hone 1972 544444577
Title CEO and Owner of Orckit IP LLC

This collection 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 governed 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 itting the p ication form to the USPTO. Time will vary depending upon the individual case. Any
comments 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 COMPLETED
FORMS TO THIS ADDRESS. SEND TO: C issi forF P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9189 and select option 2.

Ex. 1002, Page 197



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.

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.

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.

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).

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.

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)).

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 29086. 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.

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.

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/86 (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/lssue Date: 12-27-1999
itled:
Titled BI-DIRECTIONAL CHAINING OF NETWORK ACCESS PORTS
ORCKIT IP, LLC ,a Limited Liability Company
(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.

states that it is:
1. 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. |___| 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. D 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 To: ORCKIT IP, LLC

The document was recorded in the United States Patent and Trademark Office at

Reel 038541 Frame 0984 ., or for which a copy thereof is attached.

2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel ,  Frame , or for which a copy thereof is attached.

3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame or for which a copy thereof is attached.

|:| Additional documents in the chain of titie are listed on a supplemental sheet(s).

D 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 on btat:ée assignee.

IYehuda Binde%’ 7. - ORcK.T i ’ 1 June 5, 2016
Signa% DE LLﬁ_Ssataf?o? Date

. n 5 ;
Yehuda Binder 831 Beaco! 459.1840 C£ O and Owner of Orckit IP Lig
Printed or Typed Name N, 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 by the USPTO to

an ication. C tiality 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 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 COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you 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 histher 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

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO Box 1450

Alexandria, Virginia 22313-1450
WWW.LSDEO.ZOV

[ APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
09/472,683 12/27/1999 MENACHEM KAPLAN
CONFIRMATION NO. 9079

131926 POA ACCEPTANCE LETTER

May Patents Ltd. ¢/o Dorit Shem-Tov

P.0.B 7230 0O L0 o
Ramat-Gan, 5217102 0000000836170

ISRAEL

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

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO Box 1450

ﬁ:adfgzg\gma 22313-1450
[ APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
09/472,683 12/27/1999 MENACHEM KAPLAN
CONFIRMATION NO. 9079
ABELMAN FRAYNE & SCHWAB POWER OF ATTORNEY NOTICE
150 EAST 42ND STREET

NEW YORK, NY 10017-5612

R

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 Date - 2016-06-13

Document Title - USPTO Communication Re: Change of Address

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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Case 2:122-ov-00276-IRG-REP

AO 120 (Rev. 08/10)

ocument 4 Filed 07/22/2

Page 1 of 1 PagelD# 119

TO: Mail Stop 8 REPORT ON THE
’ 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 a court action has been
filed in the U.S. District Court Eastern District of Texas on the following
[ Trademarks or [V Patents. ( [] 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
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT 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:
DATE INCLUDED INCLUDED BY
] Amendment ] Answer [ Cross Bill [] Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

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 DATE

Copy 1—Upon initiation 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

Copy 3—Upon termination of action, mail this copy to Director
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BEST COPY

S TOTALY ™
1 ADDIT. FEE

ApoIT. FEE L

- Coli
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Derwent Innovation

Derwent Innovation Patent Export, 2022-09-20 00:35:54 +0000

Search results for: PNS=(US6680904);

Collections searched: DWPI; ARIPO grant; Argentina UM; Argentina app; Armenia grant; Australia
UM; Australia app; Australia grant; Austria UM; Austria app; Austria grant; Belarus UM; Belarus
grant; Belgium app; Belgium grant; Brazil UM; Brazil app; Brazil grant; Bulgaria UM; Bulgaria app;
Bulgaria grant; Canada app; Canada grant; China, Mainland UM; China, Mainland app; China,
Mainland grant; Colombia app; Costa Rica UM; Costa Rica app; Croatia UM; Croatia app; Croatia
grant; Cuba app; Cuba grant; Czech Republic UM; Czech Republic app; Czech Republic grant;
Czechoslovakia grant; Denmark UM; Denmark app; Denmark grant; Estonia UM; Estonia app;
Estonia grant; Eurasian (EAPO) grant; Europe (EP) app; Europe (EP) grant; Finland app; Finland
grant; France app; France grant; Georgia grant; German Democratic Republic app; German
Democratic Republic grant; Germany UM; Germany app; Germany grant; Greece app; Greece
grant; Gulf Cooperation Council grant; Hong Kong UM; Hong Kong app; Hong Kong grant;
Hungary grant; Iceland grant; India app; India grant; Indonesia UM; Indonesia app; Ireland UM,;
Ireland app; Ireland grant; Israel grant; Italy grant; Italy grant; Italy grant; Italy grant; Japan UM,;
Japan app; Japan grant; Korea UM; Korea app; Korea grant; Latvia grant; Lithuania grant;
Luxembourgh app; Luxembourgh grant; Malaysia app; Malaysia grant; Mexico app; Mexico grant;
Moldova UM; Moldova grant; Monaco grant; Mongolia UM; Mongolia grant; Morocco app; Morocco
grant; Netherlands app; Netherlands grant; New Zealand grant; Norway app; Norway grant; OAPI
grant; PCT (WO) app; Philippines UM; Philippines app; Philippines grant; Poland UM; Poland
grant; Portugal UM; Portugal app; Portugal grant; Romania UM; Romania app; Romania granted,;
Russia UM; Russia app; Russia grant; Serbia UM; Serbia app; Serbia grant; Singapore app;
Singapore grant; Slovakia UM; Slovakia app; Slovakia grant; Slovenia UM; Slovenia grant; South
Africa app; Spain UM; Spain app; Spain grant; Sweden app; Sweden grant; Switzerland app;
Switzerland grant; Taiwan UM; Taiwan appl; Taiwan grant; Thailand UM; Thailand app; Thailand
grant; Tunisia app; Turkey UM; Turkey app; Turkey grant; UK app; UK grant; USSR grant; Ukraine
UM; Ukraine grant; United States app; United States grant; Uruguay app; Vietnam UM; Vietnam
app; Vietnam grant; Other

Table of Contents

1. US6680904B1 Bi-directional chaining of network access ports
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Family 1/1

1 record(s) per family

Record 1/1 US6680904B1 Bi-directional chaining of network access ports

Title: Bi-directional chaining of network access ports

Title - DWPI: Network access apparatus for digital subscriber line system, has daisy chain with
top and bottom slaves connected to active master and standby master by different physical
interface lines

Priority Number: US1999472683A

Priority Date: 1999-12-27

Application Number: US1999472683A

Application Date: 1999-12-27

Publication Date: 2004-01-20

IPC Class Table:

IPC Section Class Subclass Class Group Subgroup
H04L001256 H HO4 HO4L HO04L0012 HO04L001256
H04Q001104 H Ho4 H04Q H04Q0011 H04Q001104

IPC Class Table - DWPI:

IPC - DWPI Section - DWPI Class - DWPI Subclass - DWPI  Class Group - Subgroup - DWPI
DWPI
GO01R003108 (IPC G Go1 GO1R G01R0031 G01R003108 (IPC
1-7) 1-7)
H04Q001104 (IPC  H HO4 HO4Q HO04Q0011 H04Q001104 (IPC
1-7) 1-7)
H04J000316 (IPC  H HO4 HO4J H04J0003 H04J000316 (IPC
1-7) 1-7)
H04L001228 (IPC H HO4 HO4L HO04L0012 H04L001228 (IPC
1-7) 1-7)
HO04L001256 (IPC H Ho4 HO4L HO04L0012 HO04L001256 (IPC
1-7) 1-7)
H04L001266 (IPC  H HO4 HO4L H04L0012 H04L001266 (IPC
1-7) 1-7)
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Assignee/Applicant: Orckit Communications Ltd., Tel Aviv,IL
JP F Terms:

JP FI Codes:

Assignee - Original: Orckit Communications Ltd.

Any CPC Table:

Type Invention Additional Version Office
Current HO4L 49/3081 HO4L 2012/5603 20130101 EP; US
Current HO4L 12/56 HO4L 2012/5614 20130101 EP; US
Current HO04Q 11/0478 HO4L 2012/5627 20130101 EP; US
Original HO4L 49/3081 HO4L 2012/5603 20130101 us
Original HO4L 12/56 HO4L 2012/5614 20130101 us
Original HO04Q 11/0478 HO4L 2012/5627 20130101 us

ECLA: H04L004930J | HO4L001256 | HO4Q001104S2
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.

Language of Publication: EN

INPADOC Legal Status Table:

Gazette Date Code INPADOC Legal Status Impact

2022-07-19 AS -

Description: ASSIGNMENT ORCKIT IP, LLC, MASSACHUSETTS ASSIGNMENT OF ASSIGNORS INTEREST;
ASSIGNOR:NAHUM COMMUNICATION N.T.B LTD.; REEL/FRAME:060544/0799 2022-06-15

2022-07-18 AS -

Description: ASSIGNMENT NAHUM COMMUNICATION N.T.B. LTD., ISRAEL ASSIGNMENT OF ASSIGNORS
INTEREST; ASSIGNOR:ORCKIT IP, LLC; REEL/FRAME:060539/0804 2021-12-31

2019-01-13 AS -
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Description: ASSIGNMENT ORCKIT IP, LLC, MASSACHUSETTS ASSIGNMENT OF ASSIGNORS INTEREST;
ASSIGNOR:BLACKBIRD TECH LLC; REEL/FRAME:048067/0604 2019-01-09

2018-05-03 AS -

Description: ASSIGNMENT BLACKBIRD TECH LLC, MASSACHUSETTS ASSIGNMENT OF ASSIGNORS INTEREST;
ASSIGNOR:ORCKIT IP, LLC; REEL/FRAME:045708/0435 2018-04-26

2016-05-11 AS -

Description: ASSIGNMENT ORCKIT IP, LLC, DELAWARE ASSIGNMENT OF ASSIGNORS INTEREST;
ASSIGNORS:ORCKIT COMMUNICATION LTD.; ORCKIT-CORRIGENT LTD.; CORRIGENT SYSTEMS LTD.;
REEL/FRAME:038541/0984 2016-04-25

2016-01-13 SULP +

Description: SURCHARGE FOR LATE PAYMENT FEE PAYMENT YEAR 11

2016-01-13 FPAY +

Description: FEE PAYMENT FEE PAYMENT YEAR 12

2015-08-28 REMI -

Description: MAINTENANCE FEE REMINDER MAILED

2013-07-26 AS -

Description: ASSIGNMENT ORCKIT COMMUNICATIONS LTD., ISRAEL RELEASE BY SECURED PARTY;
ASSIGNOR:HUDSON BAY IP OPPORTUNITIES MASTER FUND LP; REEL/FRAME:030885/0117 2013-07-23

2013-03-18 AS -

Description: ASSIGNMENT HUDSON BAY IP OPPORTUNITIES MASTER FUND, LP, NEW Y SECURITY AGREEMENT;
ASSIGNOR:ORCKIT COMMUNICATIONS LTD.; REEL/FRAME:030034/0366 2013-03-18

2012-01-20 SULP +

Description: SURCHARGE FOR LATE PAYMENT FEE PAYMENT YEAR 7

2012-01-20 FPAY +

Description: FEE PAYMENT FEE PAYMENT YEAR 8

2011-08-29 REMI -

Description: MAINTENANCE FEE REMINDER MAILED
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2007-07-18 FPAY +

Description: FEE PAYMENT FEE PAYMENT YEAR 4

2003-12-30 STCF -

Description: INFORMATION ON STATUS: PATENT GRANT PATENTED CASE

Post-Issuance (US):

Reassignment (US) Table:

Assignee Assignor Date Signed Reel/Frame Date
ORCKIT IP LLC,WEST NAHUM COMMUNICATION  2022-06-15 060544/0799 2022-07-19
NEWBURY,MA,US N.T.BLTD.

Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).
Corresponent: RICHARD A. BAKER, JR. 291 MAIN STREET WEST NEWBURY, MA 01985
NAHUM COMMUNICATION  ORCKIT IP, LLC 2021-12-31 060539/0804 2022-07-18
N.T.B. LTD.,RAMAT GAN,IL
Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).
Corresponent: RICHARD A. BAKER, JR. 291 MAIN STREET WEST NEWBURY, MA 01985
ORCKIT IP BLACKBIRD TECH LLC 2019-01-09 048067/0604 2019-01-13
LLC,NEWTON,MA,US
Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).
Corresponent: MAY PATENTS LTD. C/O DORIT SHEM-TOV P.O.B 7230 RAMAT-GAN, 5217102 ISRAEL
BLACKBIRD TECH ORCKIT IP, LLC 2018-04-26 045708/0435 2018-05-03
LLC,BOSTON,MA,US
Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).
Corresponent: BLACKBIRD TECH LLC ONE BOSTON PLACE, SUITE 2600 BOSTON, MA 02108
ORCKIT IP ORCKIT COMMUNICATION  2016-04-25 038541/0984 2016-05-11
LLC,DOVER,DE,US LTD.

ORCKIT-CORRIGENT LTD.  2016-04-25 ® =

CORRIGENT SYSTEMS 2016-04-25 - -
LTD.

Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).
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Corresponent: MAY PATENTS LTD. C/O DORIT SHEM-TOV P.O.B 7230 RAMAT-GAN, 5217102 ISRAEL

ORCKIT HUDSON BAY IP 2013-07-23 030885/0117 2013-07-26
COMMUNICATIONS OPPORTUNITIES MASTER
LTD.,TEL AVIV,IL FUND LP

Conveyance: RELEASE BY SECURED PARTY (SEE DOCUMENT FOR DETAILS).

Corresponent: SHEEHAN PHINNEY BASS + GREEN PA 1000 ELM STREET, 17TH FLOOR PO BOX 3701
MANCHESTER, NH 03105

HUDSON BAY IP ORCKIT 2013-03-18 030034/0366 2013-03-18
OPPORTUNITIES MASTER | COMMUNICATIONS LTD.
FUND LP,NEW YORK,NY,US

Conveyance: SECURITY AGREEMENT

Corresponent: SHEEHAN PHINNEY BASS + GREEN PA 1000 ELM STREET, 17TH FLOOR PO BOX 3701
MANCHESTER, NH 03105

Maintenance Status (US):

Litigation (US): 2022-07-22 2022 Orckit Corporation Cisco Systems, Inc. E.D. Texas
2:22cv00276

Opposition (EP):

License (EP):

EPO Procedural Status:

Front Page Drawing:
10 METWORK T0 NETHORK

31

Priority Number - DWPI: US1999472683A

Priority Date - DWPI: 1999-12-27
Assignee - Current US: ORCKIT IP LLC

2 Clarivate”
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Copyright 2007-2022 CLARIVATE
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United States Patent and Trademark Office

Office of the Commissioner for Patents

BI-DIRECTIONAL CHAINING OF NETWORK ACCESS PORTS

PATENT # APPLICATION # FILING DATE ISSUE DATE
6680904 09472683 12/27/1999 01/20/2004

Payment Window Status

No maintenance

WINDOW STATUS FEES fees are due.
11.5 Year Closed Paid

Window First Day to Pay Surcharge Starts Last Day to Pay Status Fees

3.5 Year 01/20/2007 07/21/2007 01/22/2008 Closed Paid

7.5 Year 01/20/2011 07/21/2011 01/20/2012 Closed Paid

11.5 Year 01/20/2015 07/21/2015 01/20/2016 Closed Paid

Patent Holder Information

Customer # 287
Entity Status SMALL
Phone Number 00352/499841
Address DENNEMEYER & CO. LUXEMBOURG
P.O. BOX 1502
L-1015
LUXEMBOURG,
LUXEMBOURG
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