1 SUBSCRIBER UNIT REDUNDANT SYSTEM AND SUBSCRIBER
UNIT REDUNDANT METHOD Background of the Invention: This
invention relates to a subscriber unit redundant system and a subscriber
unit redundant method that implement a remedy when failure occurs at a
portion of a subscriber unit terminating a plurality of subscriber lines and,
in particular, relates to a subscriber unit redundant system and a
subscriber unit redundant method that can be suitably used in an
asymmetric digital subscriber transmission system. Following the spread
of always-on connection to the Internet, attention has been paid to the
technology using ADSL (Asymmetric Digital Subscriber Line) that enables
reception of a relatively large amount of data at low communication
charge by the useSQESCRIBERNONETCREDUH DAGTRIYSITEMOWSIAN outline of
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asymmetric digital subscriber transmission system.

Following the spread of always-on connection to the Internet,
attention has been paid to the technology using ADSL (Asymmetric Digital
Subscriber Line) that enables reception of a relatively large amount of data
at low communication charge by the use of an existing telephone line,

Fig. 1 shows an outline of a communication system using the ADSL.
In Fig. 1, ADSL modems 501-1 to 501-M are respectively disposed at
subscribers’ homes (not-iliustrated) and respectively connected to Internet
connection devices (not-illustrated) such as computers and Internet
televisions. The ADSL modems 501-1 to 501-M are respectively connected
to a subscriber exchange 502 via user splitters (not-illustrated). In the
subscriber exchange 502, splitter units 511-1 to 511-M are provided in
one-to-one correspondence with the ADSL modems 501-1 to 501-M.  The
subscriber exchange 502 further comprises DSL subscriber line termination
units (hereinafter referred to as "LTUs") 514-1 to 514-1.

Among the splitter units 511-1 to 511-M, the splitter unit 511-1 will
be representatively described. The splitter unit 511-1 splits a signal 504-1



voice frequency band and an ADSL signal 513-1 of a predetermined
frequency band higher than the voice frequency band. The telephone
signal 512-1 is sent to an exchange 515 serving for line switching. The
ADSL signal 513-1 split by the splitter unit 511-1 is
modulated/demodulated at an initial stage (not illustrated) of the
corresponding LTU 514-1 so that ATMcells are extracted and then input
into an integrated gateway unit (IGU) 517 via a backplane bus 516.
Details of the integrated gateway unit 517 will be described later. Like the
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corresponding to a predetermined number of lines (e.g. 32 lines at
maximum). The DSL transceiver module is formed by, for example, a DSP
(Digital Signal Processor). Each of the LTUs 514-1 to 514-] performs
high-speed data communication in an uplink direction via an uplink line 521
serving as an interface for connection to the Internet 519, by the use of the
corresponding lines among the DSL subscriber lines 503-1 to 503-M, while
receives and modulates downlink data and sends the modulated downlink
data to the corresponding lines among the DSL subscriber lines 503-1 to
503-M. Note that the uplink direction is a direction toward the Internet 519,
while a downlink direction is opposite to the uplink direction.

In the communication system as dascribed above, following the
spread of the ADSL modems 501-1 to 501-M, the number of the LTUs 514-1
to 514-) each connecting, for example, 32 lines also increases, Therefore,
in order to improve the rellability of the whole subscriber exchange 502, a
countermeasure upon occurrence of failure in any of the LTUs 514-1 to 514-]

is important.



3 Fig.2 shows the main part of a subscriber unit redundant system
generally employed for such a failure countermeasure. The integrated
gateway unit 517 comprises a bridge 531 for entering only necessary
packets from a network 523. To the integrated gateway unit 517 are
connected current-use DSL subscriber line termination units (hereinafter
referred to as "current-use LTUs") 53231 to 532-3 respectively
corresponding to the LTUs 514-1 to 514-3 shown in Fig. 1 and, in addition
thereto, auxiliary DSL subscriber line termination units (hereinafter
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are normally cannectéd to the curre’nt-use LTUs 532-1 10 532-]. On the
other hand, second change-over switches $35-1 to 535-3 are respectively
disposed adjacent to the current-use LTUs 532-1 to 532-J and the auxiliary
LTUs 533-1 to 533-] on their sides closer to the ADSL modems 501-1 to
501-M (Fig. 1). As illustrated, the second change-over switches 535-1 to
535-] respectively have contacts that are normatlly connected to the
current-use LTUs 532-1 to 532-1.

In the subscriber unit redundant system shown in Fig. 2, the
current-use LTUs 532-1 to 532-] are normally connected to the bridge 531
and packets are exchanged therebetween. Upon occurrence of failure or
trouble (hereinafter referred to as simply "failure"} in any of the current-use
TUs 532-1 to 532-3, corresponding ones of the first and second change-over
switches 534-1 to 534-) and 535-1 to 535-1 are automatically or manually
switched from current-use to auxiliary. For example, upon occurrence of
fallure in the current-use LTU 532-1, the auxiliary LTU 533-1, instead of the
current-use LTU 532-1, exchanges packets between itself and the bridge 531,



failure in the current-use LTU 532-1, the auxiliary LTU 533-1, instead of
the current-use LTU 532-1, exchanges packets between itself and the
bridge 531. 4 Accordingly, for example, the signal processing of
corresponding 32 lines of the current-use LTU 532-1 is restored so that
services to subscribers can be continued. However, as already explained
above, following the spread of the comymunication system using the
asymmetric digital subscriber lines, the number of the DSL subscriber line
termination units in use has been rapidly increasing. The subscriber unit
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unit. Further, there is provided a common connection board that can
connect each of the DSL subscriber line termination units to the additional
DSL subscriber line termination unit.  Upon occurrence of failure in any of
the DSL subscriber line termination units, switching to the additional DSL
subscriber line termination unit is carried out by controlling the common
connection board.
In the subscriber unit redundant system according to the foregoing
proposal, each of the DSL subscriber line termination units is provided with a
detection section for detecting failure and a relay circuit.  Upon detection of
failure by the detection section, the relay circuit connects a port
corresponding to the DSL subscriber line termination unit subjected to the
failure, to the common connection board.  Further, by this switching of the
relay circuit, a relay circuit provided for the additional DSL subscriber line
termination unit is driven to connect the additional DSL subscriber line
rermination unit to the cornmon connection hoard by the use of a common

line. As a result, the DSL subscriber line termination unit subjected to the



relay circuit, a relay circuit provided for the additional DSL subscriber line
termination unit is driven to connect the additional DSL subscriber line
termination unit to the common connection board by the use of a common
line. As a result, the DSL subscriber line termination unit subjected to the
5 failure is switched to the additional DSL subscriber line termination unit.
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of subscriber line termination units each having the same processing circuits for a
pluraiity of channels, only the processing circuit/circuits of the channel/channels
subjected to the occurrence of the failure is/are switched fo corresponding auxiliary
onefones.

in accordance with a first aspect of the present invention, there is provided a
subscriber unit redundant system comprising a predetermined number of current-use
subscriber units each provided on a board with processing circuits of the same
structure for a plurality of channels and each corresponding to as many subscriber
lines as the number of said plurality of channels;

an auxiliary subscriber unit provided on a board with processing circuits for
said plurality of channels; and a per-channel switching circuit that, upon occurrence
of failure in any of the processing circuits in said predetermined number of current-
use subscriber units, switches a path connecting between the subscriber line and the
processing circuit which both correspond to the channel subjected to the occurrence
of the failure, to a path connected to the processing circuit of the same channel in

the auxiliary subscriber unit.



lines as the number of said plurality of channels; an auxiliary subscriber
unit provided on a board with processing circuits for said plurality of
channels; and a per-channel switching circuit that, upon occurrence of
failure in any of the processing circuig in said predetermined number of
current- use subscriber units, switches a path connecting between the
subscriber line and the processing circuit which both correspond to the
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the processing cifcuit of the same channel in the auxiliary subscriber-unit.

the cursemtadseotihe GHoeessihg circuits has the same structure as the
processing circuit of the current-use subscriber unit. 6 In accordance with
a second aspect of the present invention, there is provided a subscriber
unit redundant method comprising the steps of providing a predetermined
number of current-use subscriber units and an auxiliary subscriber unit,
each of said current-use subscriber units and said auxiliary subscriber unit
having the same number of processing circuits provided in one-to-one
correspondence with a plurality of subscriber lines, said processing
circuits serve as per-channel processing circuits, and upon occurrence of
failure in any of the processing circuits in said predetermined number of
current-use subscriber units, switching a path connecting between the
subscriber line and the processing circuit which both correspond to a
channel subjected to the occurrence of the failure, to a path connected to
the processing circuit of the same channel in said auxiliary subscriber
unit. With this configuration, upon the occurrence of the failure, the
processing circuit per channel can be switched to the processing circuit of
the corresponding channel of the auxiliary subscriber unit. Therefore,
even if the processing circuits of all the channels forming one current-use
subscriber unit are subjected to failure at a



time, the auxiliary subscriber unit can be substituted for those processing
circuits so that it is possible to configure the highly reliable subscriber unit
redundant system. 7 Brief Description of the Drawings: Fig. 1 is a system
configuration diagram showing an owline of a conventional
communication system using ADSL; Fig. 2 is a block diagram showing the
main part of a subscriber unit redundant system generally employed for a
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With this configuration, upon the occurrence of the failure, the processing
circuit per channel can be switched to the processing circuit of the corresponding
channel of the auxiliary subscriber unit. Therefore, even if the processing circuits of
all the channels forming one current-use subscriber unit are subjected to failure at a
time, the auxiliary subscriber unit can be substituted for those processing circuits so

that it is possible to configure the highly reliable subscriber unit redundant system.



after rewriting in the embodiment of this invention; and Fig. 11 is a
flowchart showing an outline of processing of a device control section of
this invention upon occurrence of failure. 8 Description of the Preferred
Embodiment of the Invention: Now, a preferred embodiment of this
invention will be described in detail. <Outline of System> Fig. 3 shows an
outline of a communication system 1007using a subscriber unit redundant
system according to the embodiment of this invention. The
communlcatlon system 100 mcludes a subscriber line accommodation
device 10848 L Pigital Subscriber Line). In the
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invention;

Fig. 6 is a block diagram showing an outline of 2 hardware
configuration of an integrated gateway unit in the embodiment of this
invention;

Fig. 7 Is a block diagram showing an outline of a software
configuration of the integrated gateway unit in the embodiment of this
invention;

Fig. 8 is a principle diagram showing a circuit for performing
interface conversion and its peripheral configuration In the embodiment of
this invention;

Fig. 9 is an explanatory diagram showing part of a mapping table
before rewriting in the embodiment of this invention;

Fig. 10 is an explanatory diagram showing part of the mapping table
after rewriting in the embodiment of this invention; and

Fig. 11 is a flowchart showing an outline of processing of a device
control section of this invention upon occurrence of failure.



The ADSL signals 107-1 to 107-M split by the splitter units 104-1 to

104-M are output into an accommodation rack 111 provided in the
subscriber line accommodation device 103. In the accommodation rack
111, first to 11th DSL subscriber line termination units (current-use
subscriber units; hereinafter referred to as "LTUs") 112-1 to 112-11 are
detachably disposed 9 in order of first& 11th slots. Each of the first to
11th LTUs 112-1to 112-11 comprises a DSL transceiver module
corresponding to 32 lines at maximum. In the accommodation rack 111, a
twelfth DShesdhstrheiflthe Pesforratiempodiiaaiso haditisnounted in
a twelfth slot as an auxiliar SL, subscriber line terminatjon unit (guxiliary
cubscribe OH 4 BFE ARG PRGRIELF R, Sl e MHARFOF b Pegseribed i
Fugggyil.in the accommodation rack 111, a redundant control panel 114
that executes a redundant control with respect to the first to 11th LTUs
112-1 to 1TR4HINE BERYHEY mounted in a thirteenth slot. The auxiliary
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A bridge forwarder 118 connected to the Internet 117 via an uplink line
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are connected to each of the splitter units 104-1 to 104-M via DS\ subscriber
lines 102-1 to 102-M. Signais 105-1 to 105-M are respectively sent via the
DSL subscriber lines 102-1 to 102-M. Hereinbelow, a description will be
mainly given of the splitter unit 104-1 among the splitter units 104-1 to
104-M.

The splitter unit 104-1 splits the signal 105-1 received via the DSL
subscriber line 102-1 into a telephone signal 106-1 of a voice frequency band
and an ADSL signal 107-1 of a predetermined frequency band higher than
the voice frequency band. The telephone signal 106-1 is sent to an
axchange 109 serving for line switching and connected to a PSTN (Public
Switched Telephone Network) 108,

The ADSL signals 107-1 to 107-M split by the splitter units 104-1 to
104-M are output into an accommodation rack 111 provided in the subscriber
fline accommodation device 103. In the accommodation rack 111, first to
11th DSL subscriber line termination units (current-use subscriber units;
hereinafter referred to as "LTUs") 112-1 to 112-11 are detachably disposed



detachably Inserted into the accommodation rack 111. The bridge
forwarder 118 has a function of forwarding at Layer 2 and classifying
packets based on MAC (Media Access Control) addresses. Referring to
Fig. 3, a principle of the subscriber unit redundant system in this
embodiment will be briefly explained. Each of the firstto 11th LTUs 112-1
to 112-11 comprises DSL transceiver rdodules (not illustrated)
corresponding to 32 lines, i.e. first to 32nd lines as indicated by 10
encircled numerals in Fig. 3. In the case where "M" is "352", the first to
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the, xillary LTU 112-12, the auxiliary LTU 112-12 can be used as a twelfth DSL
subscriber line termination unit. If the first to 12th LTUs 112-1 to 112-12
are used without employing the redundant configuration as referred to above,
384 DSL subscriber lines 102-1 to 102-384 at maximum can be
accommodated in the subscriber line accommodation device 103,  Naturally,
if the accommodation rack 111 can be expanded, the number of DSL
subscriber lines 102 to be accornmodated can also be increased.

A bridge forwarder 118 connected to the Internet 117 via an uplink
line 116 is connected to the accommodation rack 111 via a nonillustrated
circuit.  Naturally, it may be configured that the bridge forwarder 118 is also
detachably Inserted into the accommodation rack 111, The bridge
forwarder 118 has a function of forwarding at Layer 2 and classifying packets
based on MAC (Media Access Control) addresses.

Referring to Fig. 3, a principle of the subscriber unit redundant
system in this embodiment will be briefly explained. Each of the first to
11th LTUs 112-1 to 112-11 comprises DSL transceiver modules (not
ilfustrated) corresponding to 32 lines, i.e. first to 32nd lines as indicated by



auxiliary LTU 112-12 is connected to an auxiliary through card 115. The
auxiliary through card 115 is connected to the first to 11th LTUs 112-1 to
112-11 and performs route setting by switching a circuit portion, subjected
to failure in the first to 11th LTUs 112-1 to 112-11, to a substitute circuit
portion in the auxiliary through card 115 upon occurrence of the failure.
The first splitter unit 104-1 comprises fit§t to 32nd change-over switches
121-1 to 121-32 for connection to the first to 32nd ADSL modems 101-1
to 101-32 via the first to 32nd DSL subscriber lines 102-1 to 102-32,
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this case, the relay excitation control circuit 124 in the redundant control

panki214edddsld s@'ﬁ%ngnﬁéq:ér%%p%sﬁaﬁﬁgiméwewe&frﬂméém@ction

ol b I 0 e o copte el

firstfaliaege-oneobihe PIk iransssteaisnetipoivernectritaks dHa LTUs 112-1
to 112-11, the DSL transceiver module in the auxiliary LTU 112-12 having
the same channe! number as that of the DSL transceiver module subjected
to the failure operates instead of it under the control of the redundant
control panet 114,

Fig. 4 shows the main part of the subscriber unit redundant system
in this embodiment. The first to 11th LTUs 112-1 to 112-11 are respectively
connected to first to 11th splitter units 104-1 to 104-11 and further
connected to the redundant control panel 114. On the other hand, the
auxiliary LTU 112-12 is connected to an auxiliary through card 115. The
auxiliary through card 115 is connected to the first to 11th LTUs 112-1 to
112-11 and performs route setting by switching a circuit portion, subjected
to failure in the first to 11th LTUs 112-1 to 112-11, to a substitute circuit
portion In the auxiliary through card 115 upon occurrence of the faiiure,

The first splitter unit 104-1 comprises first to 32nd change-over
switches 121-1 to 121-32 for connection to the first to 32nd ADSL modems
101-1 to 101-32 via the first to 32nd DSL subscriber lines 102-1 to 102-32,

respectively.  The first splitter unit 104-1 further comprises a first relay



In the first to 32nd change-over switches 121-1 to 121-32,

normally-closed contact sides thereof in the illustrated contact state are
respectively connected to the first to 32nd DSL transceiver modules 125-1
to 125-32in the first LTU 112-1. On the other hand, normally-open

contact sides of the first to 32nd change-over switches 121-1 to 121-32

are respectively connected to input-side-terminals of first to 32nd jumper
circuits 127-1 to 127-32 of the auxiliary through card 115. Output-side
terminals of the first to 32nd jumper circuits 127-1 to 127-32 are
respamitm|wmma§duim(sssm1dMrﬁomsuitchméiveﬂtadcmﬂ@@ch of the
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carchddasary. 1In this case, the relay excitation control circuit 124 in the
redundant control panel 114 sends a signal to the corresponding first relay
contact selection circuit 122-1 of the first splitter unit 104-1 to thereby
control the first relay contact selection circuit 122-1 to switch a contact of
the corresponding first change-over switch 121-1 to its normally-open
contact side.

In the first to 32nd change-over switches 121-1 to 121-32,
normally-closed contact sides thereof in the illustrated contact state are
respectively connected to the first to 32nd D5L transceiver modules 125-1 o
125-32 in the first LTU 112-1. On the other hand, normally-open contact
sides of the first to 32nd change-over switches 121-1 to 121-32 are
respectively connected to input-side terminals of first to 32nd jumper circuits
127-1 to 127-32 of the auxiliary through card 115. Output-side terminals of
the first to 32nd jumper circuits 127-1 to 127-32 are respectively connected
to 353th to 384th DSL transceiver modules 125-353 to 125-384 disposed in
the auxiliary LTU 112-12. The input-side terminals and the output-side
terminals of the first to 32nd jumper ¢ircuits 127-1 to 127-32 are shorted



As a result, upon occurrence of the failure in the first DSL transceiver
module 125-1 corresponding to the first DSL subscriber line 102-1 in the

first LTU 112-1, the first change-over switch 121-1 is switched to its
normally-open contact side as described before. Accordingly, the 353rd

DSL transceiver module 125-353 of the_auxiliary LTU 112-12 operates
instead of the first DSL transceiver moddle 125-1. Likewise, upon
occurrence of the failure in the 32nd DSL transceiver module 125-32
corrgfgfon%g%to the 32nd DSL subscriber line 102-32 in the first LTU
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integhaEl§anttheDGhitEdEceiver modules 125 identified by the encircled
numeral of "1" in Fig. 3 and therefore are commonly connected to the
input-side terminal of the first jumper circuit 127-1 of the auxiliary through
card 115,

As a result, upon occurrence of the failure in the first DSL transceiver
module 125-1 corresponding to the first DSL subscriber ling 102-1 in the first
LTU 112-1, the first change-over switch 121-1 is switched to its
normally-open contact side as described before.  Accordingly, the 353rd DSL
transceiver module 125-353 of the auxiliary LTU 112-12 operates instead of
the first DSL transceiver module 125-1.  Likewise, upon occurrence of the
failure in the 32nd DSL transceiver module 125-32 corresponding to the
32nd DSL subscriber line 102-32 in the first LTU 112-1, the 32nd
change-over switch 121-32 is switched to its normally-open contact side.
Accordingly, the 384th DSL transceiver module 125-384 of the auxiliary LTU
112-12 operates instead of the 32nd DSL transceiver module 125-32,

In Fig. 4, the spiitter units 104-1 to 104-M, the redundant control
panel 114, and the auxiliary through card 115 collectively serve as a



further comprises an ATM SAR (Asynchronous Transfer Mode
Segmentation and Reassembly) 134 that carries out segmentation and
reassembly of ATM cells, and the bridge forwarder 118 that performs
forwarding of Layer 2 frames and classifies packets based on MAC
addresses. The ATM cells are transmitted between the ATM SAR 134
and the LTUs 112-1 to 112-12, while Ethernet (registered trademark)
frames are transmitted at input and output portions of the uplink line 116.
Fig. 6 shows an outline of a circuit configuration of the Integrated gateway
unipgaehanmelmetching geteilalpimedlis tieimprisds pactipragedsors, i.e.
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prOggrifsiixggagfafltraiwteeifg:aenfserpiattggc?(tp[ane. The integrated gateway unit 131
further comprises an ATM SAR (Asynchronous Transfer Mode Segmentation
and Reassembly) 134 that carries out segmentation and reassembly of ATM
cells, and the bridge forwarder 118 that performs forwarding of Layer 2
frames and classifies packets based on MAC addresses. The ATM cells are
transmitted between the ATM SAR 134 and the LTUs 112-1 to 112-12, while
Ethernet {registered trademark) frames are transmitted at input and output
portions of the uplink line 116.

Fig. 6 shows an outline of a circuit configuration of the integrated
gateway unit 131. The integrated gateway unit 131 comprises two
processors, i.e. a davice control CPU (Central Processing Unit) 14 and a
network processor 142, and & memory group having a flash ROM (Read Only
Memory) 143, an SDRAM (Synchronous Dynamic Random Access Memory)
144, and a nonvolatile RAM (Random Access Memoty) 145. The integrated
gateway unit 131 further comprises the backplane bus IF circuit 133 formed

by an ASIC (Application Specific Integrated Circuit) as a dedicated integrated



gigabit speed. The backplane bus IF circuit 133 processes the LTUs
112-1 to 112-12 individually by polling. Fig. 7 shows main functional
blocks of the integrated gateway unit 131. The integrated gateway unit
131 comprises a basic functional section 161 created by the device
control CPU 141 and its associated hardware in Fig. 6, and a signal
processing section 162. The signal protéssing section 162 is created in a
software manner by the use of the network processor 142 and its
associated hardware in Fig. 6 and a control program. Naturally, the signal
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software section 171 further includes a CLI (Command Line Interface)

sedierlings ForCaraBteHhiNaN RAGE AIrorESETf Beroes Irneniing at
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to 112-12 individually by polling.

Fig. 7 shows main functional blocks of the integrated gateway unit
131. The integrated gateway unit 131 comprises a basic functional section
161 created by the device controt CPU 141 and its associated hardware in
Fig. 6, and a signal processing section 162. The signal processing section
162 is created in a software manner by the use of the network processor 142
and its associated hardware in Fig. 6 and a control program. Naturally, the
signal processing section 162 may also be created only by hardware,

In this embodiment, the basic functional section 161 comprises a
functional software section 171 that performs processing such as
communicating with a host (not illustrated) to operate a console {not
llustrated), a TCP/IP (Transmission Control Protocoif/Internet Protocol)
section 172 as a protocol for performing packet communication with the
functional software section 171, and an MAC section 173 that manages an
MAC (Media Access Control).

In this embodiment, the functional software section 171 includes an



detailed description will be given later of the components that are
particularly necessary for describing this invention. The signal processing
section 162 comprises an Ether transmission/reception control section
182 that performs transmission and reception of frames on the Ethernet
(registered trademark) between itself %%d the GbE IF circuit 147. Packets
received from, for example, a program~distribution server (not illustrated)
via the uplink line 116 shown in Fig. 5 and the Ether
transmission/reception control section 182 and packets received from the
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destinatiorThtAsgadtpeeseBEingnséctiomi S comgtiisetam dtbapacket to be
transmission/reception control sectiors 182 that performs transmission and
reception of frames on the Ethernet (registered trademark) between itself
and the GbE IF circuit 147. Packets received from, for example, a program
distribution server {not illustrated) via the uplink iine 116 shown in Fig. 5
and the Ether transmission/reception control section 182 and packets
received from the LTUs 112-1 to 112-12 via the backplane bus IF circuit 133
and the ATM SAR 134 in Fig. 6 are sent to a detection section 183 where a
forwarding destination of each packet is sorted into the MAC section 173 or
an input filter section 184. A packet carrying an IGMP control message, an
IP packet carrying a DHCP protocol message, and an IP packet directed to
an IP address of the basic functional section 161 are forwarded to the MAC
section 173.

The input filter section 184 serves to block, for example, an illegally

accessed Layer 2 frame OI: Layer 3 packet. The input fliter section 184
compares a forwarded packet with a condition registered in advance and

discards an agreed packet or passes only an agreed packet. The packet



relayed cannot be found at the beginning to thereby send the packet to all
logical ports other than a logical port having received the packet, it
becomes possible through such learning of transfer destinations to
transfer the packet only to the logical port corresponding to its destination
by the use of sender information as ani< y. An MAC aging section 188 is
connected to the MAC table 186. Evernin case of an MAC address stored
In the MAC table 186 as a result of the learning, unless the same address
Is relearned within a preset time, the MAC aging section 188 deletes it
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sedkbivadzanephsifyadipsie mmﬁﬁﬂéogé@iwm thadecketinall
p“%l'%YF‘é?QIﬁ‘Eé%‘?;&HP%R%%&L&;L Fgé?({'%‘r‘tﬂ t%kéﬁz‘é‘b%&%%cﬁéﬁg?yv Igﬁ%es

cont or rorwarding a partlc cket car Ing voice or the
regpdssibie dhtraghtrsucinkissiing picfensitaizst mtienplrkewsiEnthenpacket

contl ihere Iﬁ%ﬁ?&a@‘ @6@@%&‘%}8}{8&&@%@%&%@%2% gzﬁé%%%%t: ﬁ%ﬁﬁer

priority control tHat gives priority to an“address o
information as a key.

An MAC aging section 188 is connected to the MAC table 186. Even
in case of an MAC address stored In the MAC table 186 as a resuit of the
learning, unless the same address is relearned within a preset time, the MAC
aging section 188 deletes it from the MAC table 186 as determining that an
effective time is over.

The bridge forwarder 118 formed as a Layer 2 forwarder is
connected to the MAC learning section 185, the MAC table 186, an output
filter section 191, and the MAC section 173.  The output filter section 191
corresponds to the input filter section 184, After identifying an output
logical port corresponding to a destination, the output filter section 191
discards an inappropriate packet without sending it out in the process of
controlling discarding or passing of a frame matching a filtering condition set
for the identified output logical port. The conditions used by the output
filter section 191 for such filtering are preset by a network manager
according to protocols, IP addresses, and inputfoutput togical ports.

On the output side of the output filter section 191 is disposed a



A frame heading toward the LTUs 112-1 to 112-12 (Fig. 4) via the first
priority control section 192A is forwarded to the ATM SAR 134. The ATM
SAR 134 converts the frame on the Ethernet (registered trademark) into
ATM cells and sends them to the LTUs 112-1 to 112-12 via the backplane
bus IF circuit 133. On the other hand, g frame heading toward the uplink
line 116 (Fig. 4) via the second priority control section 192B is forwarded
to the Ether transmission/reception control section 182. The frame input
into the Ether tTnSégissio érece tion con%rol section 182 is input into the
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subscriber line termination unit after the substitution is changed. In the
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in the first LTU 112-1, if a physical interface number thereof is given as
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bridge forwarder 118 (Fig. 5) according to a physical interface number
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s it'is, a physical interface number set in the bridge forwarder 118
shdugtsmission/reception control section 182. The frame input into the Ether

transmission/reception controf section 182 is input into the GbE IF circuit 147
as it is, l.e. In the form of the frame.

<Processing of Integrated Gateway Unit in Reception>

As described with reference to Fig. 4, upon occurrence of failure in
part of the circuits within the first to 11th LTUs 112-1 to 112-11, a
corresponding one of the DSL transceiver modules 125-353 to 125-384 of
the auxiliary LTU 112-12 is substituted therefor on a channel basis, L.e. in
unit of the channel as identified by each of the encircled numbers from “1*
to "32. However, if only this control is simply performed, a physical
interface number of the DSL subscriber line termination unit after the
substitution is changed. In the example as described above, since the
failure has occurred at the first (first channel) circuit portion, i.e. the first
DSL transceiver module 125-1, in the first LTU 112-1, if a physical interface
number thereof is given as "1/1" (slot number/channel number), this will be
changed to "12/1".

The backplane bus 129 shown in Figs. 5 and 6 delivers a signal to



be rewritten upon every occurrence of failure. In the foregoing example,
setting is required to rewrite the physical interface number from "1/1" to
"12/1". Further, when setting configuration or monitoring the state of the
subscriber line accommodation device 103 thereafter, necessity arises for
using the line number in the auxiliary LTU 112-12 after the switching with
respect to the circuit portion subjected § the failure, so that the
processing becomes complicated. Further, with respect to the function
where setting is implemented based on interfaces of the bridge or the
serthedvithes datriardecd$8afigo Howdapidismte 6f physicsl dggdahensober
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conyassigarete ko eapasie e fideniitieesadtabpmadieality arises, upon
impsla?gc?h%%déf the interface, for reading the information as corresponding to an
interface after the switching or temporarily stopping the service. This
results in causing suspension of the service longer than a physical line
switching time caused by an end user.  To give an example, the address
allocation by the DHCP server 171B is managed per interface, In the case
where the DHCP server 171B has a function of judging it to be illegal access
when an interface does not agree and performing blocking, necessity arises
for changing a database (not illustrated) of the server or a security check
function thereof in consideration of the interface switching.

In view of this, in the subscriber unit redundant system of this
embodiment, it is configured that sefting about configuration using a user
interface by an operator can be implemented using a physical interface
hefore occurrence of the failure, ignoring the presence of the auxiliary LTU
112-12, with respect to setting of the first to 11th LTUs 112-1 to 112-11,
Specifically, in this embodiment, there is provided a mapping table as a
conversion table for converting a physical inferface to a logical interface.



Fig. 8 is a principle diagram showing a circuit for performing interface
conversion and its peripheral configuration. Between the ATM SAR 134
and the backplane bus 129 in the integrated gateway unit 131, there is
provided a main signal control section 211 formed by an ASIC. The main
signal control section 211 refers to a mapping table 212 formed in a
memory area within the device controft€ection 132 to thereby perform
conversion of a physical interface number to a logical interface number.
The device control section 132 is connected to an input/output device 214
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an error monitor mechanism (not iliustrated) or when a command for
switching is input from the input/output device 214 by an operator, a
switching detection section 216 connected to the device control section 132
detects that switching to the auxiliary LTU 112-12 is implemented with
respect to a subject circuit portion.  Based on this, the main signal control
section 211 notifies a physical interface number of the subject circuit portion
to the redundant confrol panel 114. In the device control section 132, a
protection control section 215 is provided as a section for executing a
redundant control.

In Fig. 8, the device control section 132 serves as an identification
information assigning section and an upon-failure identification information
changing section both of which are claimed in claim 2. The mapping table
212 serves as a correlation table claimed in claim 2. The main signal
control section 211 serves as a packet processing section claimed in claim 1.

The user interface 213 serves as an upon-failure switching display section

claimed in claim 4.



212, physical interface numbers each composed of a slot number and a
channel number, and logical interface numbers are stored being
associated with each other. The mapping table 212 is prepared by the
protection control section 215 which, when any of the DSL subscriber
lines 102-1 to 102-M shown in Fig. 3 links up, allocates a unique logical
interface number to a physical interfac&number representing the subject
physical line. When packets are sent from the ADSL modems 101 via the
DSL subscriber lines 102-1 to 102-M, the first to 11th LTUs 112-1 to
112-11 asEignSigeRwRRaIbPHySicaNAiag fekls wlhe padketanaingtable
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the packet of the, Iogiﬁal ,intierf?c number, "0003.js converted t!o th%
pacngghe respective physical interface numbers.  The main signal control
section 211 rewrites the physical interface numbers on the packets into the
obtained logical interface numbers. Then, the main signal control section
211 feeds these packets to the bridge forwarder 118 via the ATM SAR 134.
Consequently, for example, the packet received from a physicai interface
number "1/3" Is recognized as the packet of a logical interface number
“0003" by the bridge forwarder 118.

On the other hand, a packet received from the bridge forwarder 118
by the main signal control section 211 is assigned a logical interface number
of an output destination by the bridge forwarder 118. The main signal
contro! section 211 searches the mapping table 212 using this logical
interface number as & key. The main signal control section 211 converts
the logical interface number to a corresponding physical interface m.;mber.
Based on this physical interface number, the packet is delivered to the
corresponding LTU in the first to 11th LTUs 112-1 to 112-11. For example,

the packet of the logical interface number "0003" is converted to the packet



21 of the physical interface number "1/3" and sent to the backplane bus
129. The foregoing description relates to the conversion of the interface
number when no failure occurs in the first to 11th LTUs 112-1 to 112-11. It
is assumed, as an example, that failure has occurred in the DSL
transceiver module 125-3 (not illustrat i) corresponding to the line of a
physical Interface number "1/3" in the fitSt LTU 112-1 mounted in the first
slot and the switching detection section 216 has detected a switching
commend. Based on this, th%grotectlon control section 215 notifies the
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corrésponding to the physical interface number "1/3", is copied into the
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arelidetiZnrosintied lofthe twelfth slot.  Specifically, the relay excitation control
circuit 124 shown in Fig. 4 controls the first relay contact selection circuit
122-1 of the first splitter unit 104-1 to switch a contact of the corresponding
third change-over switch 121-3 (not illustrated) to its normally-open contact
side, As a result, a packet that should be input into the DSL transceiver
module 125-3 corresponding to the line of the physical interface number
"1/3" is input into the DSL transceiver module 125-355 (not illustrated})
corresponding to the third channel of the auxiliary LTU 112-12, bypassing
the DSL transceiver module 125-3,

Simultaneously, setting information prescribing ADSL connection
properties, which is set in the DSL transceiver module 125-3 corresponding
to the physical interface number "1/3", is copied into the DSL transceiver
module 125-355. As such setting information, there can be cited ranges of
maximum connection speed and minimum connection speed, noise margin,
error recovery power, and so on. These information are used in training of
DSL transceivers depending on communication environment such as

distances from individual subscribers' homes to the subscriber line



DSL transceivers depending on communication environment such as
distances from individual subscribers' homes to the subscriber line 22
accommodation device 103 (Fig. 3) along the DSL subscriber lines 102-1
to 102-M. Note that "training” is an operation wherein ADSL modems
(transceivers) disposed at both ends ofﬁ? ADSL line judge the state of
the line and negotiate optimal communication parameters, which is based
on the same principle as that of the technique used for analog modems

and facsimilgagevifis.,ﬂls%ﬁf%e, t?i f.fondition set in the DSL transceiver
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"12/3", L.e. the fact that the protection has been implemented. Then, on
the basis of this, the protection control section 215 rewrites the mapping
table 212,

Fig. 10 corresponds to Fig. 9 and shows a portion of the mapping
table 212 that has been rewritten based on the foregoing example. In
comparison with the mapping table 212 before the change shown in Fig. 9,
the physical interface number "1/3" has been rewritten to the physical
interface number "12/3" in the mapping table 212 shown in Fig. 10.

According to the change in the mapping table 212, packets output
from the third channe! DSL transceiver module 125-355 of the auxiliary LTU
112-12 are delivered to the bridge forwarder 118 as packets of the logical
interface number "0003" thereafter. That is, before and after occurrence of
the fallure, the bridge forwarder 118 receives packets of the same logical
interface number "0003" and processes them,

Fig. 11 shows an outline of the flow of processing of the device
control section 132 upon occurrence of failure. The device control section

132 implements this processing by the use of a predetermined controi



interface number "0003" and processes them. Fig. 11 shows an outline of
the flow of processing of the device control section 132 upon occurrence
of failure. The device control section 132 implements this processing by
the use of a predetermined control 23 program. Specifically, when the
device control section 132 is notified fr the switching detection section
216 that a circuit portion will be switched to the auxiliary LTU 112-12 due
to occurrence of failure (step S301: Y), the protection control section 215
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concerned in the mapping table 212 is rewritten to an identifier of a

corPEERANTRGTEIRAREIST BRPRINAIFRRI #1241 HIsIo desd beHigiiobRatithat
therpinchian spalie) seeHaviiReRadier Boaysierlintesiage number of

the failure portion to the redundant control panel 14, thereby switching the
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user interface 213 to display the occurrence of the failure and the

receh/B1§ WaRRngbRBIS #d fosHeRlampaEgd- T Pagdificaltyiptisogge, the
failure has occurred in any of the first to 11th LTU 112-12, and further, the
auxiliary LTU 112-12 can cope with the failure. Therefore, an identifier of a
physical intérface concerned in the mapping table 212 is rewritten to an
identifier of a corresponding channel of the auxiliary LTU 112-12, On the
basis of this, the protection control section 215 notifies the physical interface
number of the failure portion to the redundant control panel 14, thereby
switching the subject circuit portion to the auxiliary LTU 112-12 (step $305).
Then, the protection control section 215 controis the input/output device 214
via the user interface 213 to display the occurrence of the failure and the
recovery by the switching to the auxiliary LTU 112-12 (step 5306).

On the other hand, when step 5302 judges that the failure has
occurred in the auxiliary LTU 112-12, it is not passible to recover the failure
in the system configuration of this embodiment having only one auxiliary LTU
112-12. Therefore, upon occurrence of such a situation, the protection
control section 215 controls the input/output device 214 to perform a display
for urgent failure recovery, thereby commanding the fallure recovery (step



On the other hand, when step 5302 judges that the failure has occurred in
the auxiliary LTU 112-12, it is not possible to recover the failure in the
system configuration of this embodiment having only one auxiliary LTU
112-12. Therefore, upon occurrence of such a situation, the protection
control section 215 controls the input/output device 214 to perform a
display for urgent failure recovery, thefeby commanding the failure
recovery (step 24 S307). It may be configured that a notification to that
effect is directly sent to a maintenance company through electronic mail
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described above, the auxiliary channels are provided in one-to-one
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usetie riestiécot thie Tbppihd-tatiel 2221, Thereforé, even if failures |
simultaneously occur in a plurality of channels of one LTU 112, simultaneous
switching to the auxiliary LTU 112-12 is enabled go that it is possible to
enhance the reliability of the subscriber unit redundant system. Further, as
the auxiliary LTU 112-12, use can be made of one having the same
configuration as that of each of the first to 11th LTUs 112-1 to 112-11,
Therefore, it is possible to use the auxiliary LTU 112-12 as a normal LTU 112
upon occurrence of a temporary line increase,

In the embodiment, use is made of the mapping table 212
associating the physical interfaces and the logical interfaces with each other,
to thereby virtualize the interfaces handied by the bridge into the logical
interfaces. Therefore, it becomes possibie to continue the service without
changing the setting on the bridge side at all upon occurrence of the
redundant switching.

In the embodiment, one auxiliary DSL subscriber line termination unit
is allocated to 11 DSL subscriber line termination units, However, naturally,
the numbers thereof can be optionally changed. Further, in the



associating the physical interfaces and the logical interfaces with each
other, to thereby virtualize the interfaces handled by the bridge into the
logical Interfaces. Therefore, it becomes possible to continue the service
without changing the setting on the bridge side at all upon occurrence of
the redundant switching. in the embodiment, one auxiliary DSL subscriber
line termination unit is allocated to 11 DSL subscriber line termination
units. However, naturally, the numbers thereof can be optionally changed.
Further, in the 25 embaqdiment, one auxiliary DSL subscriber Jine .
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required, the number of subscriber lines that can be handled in the whole
system can be increased by adding the auxiliary subscriber unit to the
current-usa subscriber units. Therefore, even when an increase in number
of subscriber lines does not temporarily correspond to expansion of the

device, it is possible to cope with the increase in number of subscriber lines.



1. A subscriber unit redundant system comprising: a predetermined
number of current-use subscriber units each provided on a board with
processing circuits of the same structure for a plurality of channels and
each corresponding to as many subscriber lines as the number of said
plurality of channels; an auxiliary subscriber unit provided on a board with
processing circuits for said plurality oféhannels, said processing circuits
each having the same structure as the processing circuit of said
current-use subscriber unit; and a per-channel switching circuit that, upon
occurrence of failure in any of the processing circuits in said

pr ' of current-use subscriber units, switches a path
connecting between the subscriber line and the processing circuit which
both correspond to the channel subjected to the occurrence of the failure,

to a path (:f)nnectﬁ%ﬁg%a%’% i f‘?%ﬁgmtssgs(ﬁgﬁ? é&mﬁigﬁ%nel in said

auxiliary subscriber un scriber unit redundant system according
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a per-channe! switching circult that, upon occurrence of failure in any
of the processing circuits in said predetermined number of current-use
subscriber units, switches a path connecting between the subscriber line and
the processing circuit which both correspond to the channel subjected to the
occurrence of the failure, to a path connected to the processing circuit of the

same channel in said auxiliary subscriber unit.

2. A subscriber unit redundant system according to claim 1,
further comprising:

an identification information assigning section for assigning mutually
different logical Identification informations to respective physical
identification informations of the subscriber lines connected to said
predetermined number of current-use subscriber units;

an upon-failure identification information changing section for, upon
the occurrence of the failure in any of the processing circuits in said
predetermined number of current-use subscriber units, allocating the logical

identification information corresponding to the physical identification



corresponding to physical identification information of the same channel of
said auxiliary subscriber unit; a correlation table reflecting a correlation,
assigned by said identification information assigning section, between the
physical identification informations and the logical identification
informations and a correlation, changed by said upon-failure identification
information changing section, betweer.the physical identification
information and the logical identificatioh information; and a packet
processing section for processing packets input into and output from the
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output from the respective subscriber lines, according fo the logical

identification informations by referring to said correlation table.

3. A subscriber unit redundant system according to claim 1 or 2,
wherein each of said current-use subscriber units and said auxiliary
subscriber unit is a DSL subscriber line termination unit and each of said

processing circuits is a DSL transceiver module.

4, A subscriber unit redundant system according to any of
claims 1 to 3, further comprising an upon-failure switching display section
for, upon the switching, by said per-channel switching circuit, of the
processing circuit of the channel subjected to the occurrence of the failure to
the processing circuit of the same channel in said auxiliary subscriber unit,

displaying it to the exterior.

5. A subscriber unit redundant system according to any of claims
1 to 4, wherein said per-channel switching circuit comprises:

change-over switches disposed corresponding to said current-use



a switching control section for causing one of said change-over switches
corresponding to the processing circuit subjected to the occurrence of the
failure to switch from the current-use subscriber unit to the auxiliary
subscriber unit. 6. A subscriber unit redundant system according to claim
5, wherein said change-over switches. gf said per-channel switching
circuit are disposed in splitter units provided corresponding to said
current-use subscriber units, each of said splitter units adapted to split a
signa %ro the su%gcriber line into a telephone signal of a vgice
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method comprising the steps of: providing a predetermined number of

curPERESSING ArseiiiRl e R8 B ANanBehif S8 S alsiiape pulserbsc Bk sang
current-usg SWAREHEEHHS RRUSRIFbALXINARY SHBSA RS eRlrRvingthe
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of failure in any of the processing circuits in said predetermined number
of dikparfiieseisifoscriber units, switching a path connecting between the
subscriber line and the processing circuit which both correspond to a

channel subjected to the occurrence of the failure, to a path connected to
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idenfilicatios} units, each of sald splitter units adapted to split a signal from the
subscriber fine into a telephone signal of a voice frequency band and an
ADSL signal of a predetermined frequency band higher than the voice

frequency band.

7. A subscriber unit redundant method comprising the steps of:

providing a predetermined number of current-use subscriber units
and an auxiliary subscriber unit, each of said current-use subscriber units
and said auxiliary subscriber unit having the same number of processing
circuits provided in one-to-one correspondence with a plurality of subscriber
lines, said processing clrcuits serving as per-channel processing circuits; and

upon occurrence of failure in any of the processing circuits in said
predetermined number of current-use subscriber units, switching a path
connecting between the subscriber line and the processing circuit which both
correspond to a channel subjected to the occurrence of the failure, to a path
connected to the processing circuit of the same channel in said auxiliary

subscriber unif.



informations of the subscriber lines connected to said predetermined
number of current-use subscriber units; an upon-failure identification
information changing step of, upon the occurrence of the failure in any of
the processing circuits In said predetermined number of current-use
subscriber units, allocating the logical identification information
corresponding to the physical identific2fon information of the subscriber
line corresponding to the channel subjected to the occurrence of the
failure, as logical Identification information corresponding to physical

identificati®n inforvsithisrdianurshred wiiamidnethediacaasdiag,te gaetiBer
unig; rocessing step of changing, by said upon-failure
ideﬁ"tﬁﬁ:%t%ﬂﬁg?gr ation changing step, a correlation, assigned by said
identification idgokifiaaiderdssnjmpdonassipaineg siemel ssyisiomg unique
depicatamdrioimA‘ RS Adtdhe 199 alddaieoira nisrtans, and
procéssing “packets input into and output from the'respective subscriber
lindsfonrediehagftthehsukrpdberdinesicennaciahbiensald needalierningg manber
cor, Ir | et of said auxiliary subscriber unit upon the
océf@gﬁgg%ﬁoégﬁaglmQS ! UBSCRIBER UNIT REDUNDANT

SYSTEM aNIpsSuaSeR BERIiGTRBDUNDIAN THUETIMCEEswactdhe

:2?&%%%%5%% SF gﬁf‘ﬁ%ﬁ Fﬁ@ﬂ%@%ﬁ Ef%#n%rbg%%é@ggﬁn er lines for a
plupadit}_;am‘rmrjnejs}bar_aaboar_mrmmse mibesori_mmq.taitsamﬁiﬁeaﬁr[ﬁhe logical
SRR R SRR TR drsamnaing
anyndftinatiohafritis sabenlined dintcuntasppadiéid te4hsabemehssbjected to
Swittﬁg iggc&?rgnce of the failure, as logical identification information
corresponding to physical identification information of the same channel of
said auxiliary subscriber unit; and
a packet processing step of changing, by said upon-failure
identification information changing step, a correlation, assighed by said
identification information assigning step, between the physical identification
informations and the logical identification informations, and processing
packets input into and output from the respective subscriber lines, according
to the logical identification informations while using the corresponding

processing circuit of said auxiliary subscriber unit upon the occurrence of the

failure.



corresponding channel of the auxiliary DSL subscriber line termination
unite By this switching, a physical interface number of a packet is
changed. However, it can be dealt with by conversion to the same logical
interface number as before using a mapping table (212) under the control
of a protection control section (215). Figgre 3

SUBSCRIBER UNIT REDUNDANT SYSTEM AND
SUBSCRIBER UNIT REDUNDANT METHOD

Abstract of the Disclosure:

With respect to first to 11th DSL subscriber line termination units
(112-1 to 112-11} each terminating subscriber lines for a plurality of
channels on a board, there is provided an auxiliary DSL subscriber line
termination unit (112-12) terminating the same number of subscriber lines
on a board. Upon occurrence of fatlure corresponding to any of the
channels, a redundant control panel (114) implements switching to a
corresponding channe!l of the auxiliary DSL subscriber line termination unit.
By this switching, & physical interface number of & packet is changed.
However, it can be dealt with by conversion to the same logical interface
number as before using a mapping table (212} under the controi of a
protection control section (215).

Figure 3



