1 MULTI CAST | NFORMATI ON DELI VERY SYSTEM AND MULTI CAST
| NFORVATI ON DELI VERY METHOD Back round of the
Invention: This invention relates to a nulticast
information delivery systemand a nulticast
information delivery nethod for selectively delivering
pl ural - channel communi cation information to
contractors. In particular, this invention relates’ to
a multicast information delivery systemand a
‘nmul'ticast information delivery method wherein
respective contractors sel ect desired channels from
-conmmuni cation information for a plurality of channels
of novies, television broadcasts, and so forth and
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obtain by broadcast has been strongly demanded.

Fol l owi ng this, users have been increasing who are
di ssatisfied with broadcasts of existing tel evision
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contents such as television programs that these individuals can obtain by
broadcast has been strongly demanded. Following this, users have been
increasing who are dissatisfied with broadeasts of existing television stafions
and utilize systems offering multichannel programs such as CATVs (Cable
Televisions) for selecting desired programs from more channels.
In an information delivery system for television programs using CATV,
~ coaxial cables are laid between a CATV station and respective contractors'
homes. In this information delivery system, since the coaxial cables are used,
television programs of as many as several tens of channels can be
simultaneously delivered to each of the system coniracters' homes and a user
can select a desired one of the channels.
Fig. 1 shows a conventional information delivery system 500 for

programs in a CATV station 501. In the information delivery system 500, the




coaxi al cabl e 503 can accommpdate many channel s.
Accordingly, the CATV station 501 can deliver
prograns of all the channels to setboxes 506 disposed
adj acent to televisions 505 of the respective
contractors' hones 502-1 to 502-P. In each of the
contractors' honmes 502-1 to 502-P, it is possible to
sel ect progranms of desired Zhannels or contracted
channels fromthe delivered prograns and watch them
by the usé of the setbox 506. That is, in the CATV
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Accordingly, in case of broadcasting a plurality of
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practical to broadcast programs of many channels to respective contractors’
homes as shown in Fig. 1. The biggest reason is that since a data transfer
amount, per unit time, of program data such as images and sounds s
considerably large per channel, it is difficult to simultaneously deliver data of
many programs on the Internet to the respective contractors' homes.

For example, in order to watch a television program composed of
images and sounds with relatively good quality, a data transfer amount of
3Mbps per channel is reportedly necessary. Accordingly, in case of
broadcasting a plurality of channels by the use of current ADSL lines, it is only

possible to deliver a television program of one channel or television programs of




contractor's honme nust select a channel to be watched
froma small nunber of channels so that there is
little roomfor program sel ection given to each
contractor. Even if a sufficient nunber of television
prograns can be sinultaneously delivered to each
contractor's honme by using another conmrunication
technol ogy or owing to furthér devel opment of the
conmuni cati on technol ogy, when a certain program
~distribution conpany continues to deliver a |arge
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Japanese Patent No. 3288365). Note that “multicast communication” is a

technology of transmitting packets with the same contents to a limited specified
targef group. |

FFig. 2 shows an outline of a conventionally praposed information
delivery system 520 on the basis of multicast communication. Inthe
information delivery system 620, a server 521 is connected 1o a bridge 522 via a
network 523 and each of hosts 524 is connected to one of network interfaces
(IFs) 525-1 to 525-C classified into several groups. The bridge 522 has a
function of sorting packets based on MAC (Media Access Control) addresses
and therefore is provided not to enter unwanted packets from the network 523.

The bridge 522 compriges a network interface 528 having one end side

connected to a backplane bus 527 connecting together the network interfaces




525-1 to 525-C and the other end side connected to the
network 523, and a maging . interface (IF) 529 that
manages the network interfaces 916-1 to 525-C and 528.
The managi ng interface 529 nonitors destinations of
data that all the hosts 524 transmt and receive, and
prepares data bases showi ng ,6 correl ation between the
hosts and the destinations. ‘turther, anong the data
bases, the nmanaging interface 529 delivers those data
bases, that are individually required by the network
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With respect to the proposal shown in Fig. 2, the desctiption has been

given, as an example, of the case where various information such as television
programs is transmitted by multicast from the server 521. On the other hand,
~ various data transmission sources other than the server 521 also exist on the
network 523, Packets sent from those data transmission sources are likewise
sent o the individual network interfaces 525-1 to 525-C via the network
interface 528 and the backplane 527 in the bridge 522. Therefore, even if
various data are transmitted by multicast from the server 521, when the total
transmission amount increases, the load applied to the backplane bus 527 in

the bridge 522 becomes considerably high. As a result, particularly when the




5 server 521 transmts data of which data anounts are
| arge, such as television prograns, over a plurality
of channels, there arises a problemthat reception of
packets sent fromthe other data transm ssion sources
cannot be properly <carried out. Further, there is a
possibility that reception of even the |nfornat|on
sent fromthe server 521 is ®egraded to a |level that
cannot satisfy viewers. Summary of the Invention: It
IS therefore an object of this invention to provide a
nukseiveaS: transiisdate ofiwhicH date aynotyistapeatgy] secias felavRiin
information delivery. method that, even when receiving
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| i iR termination units each accommodating an optional number of subscriber

lines each connected to a terminal, a packet reception section that, responsive
to arrival of a packet addressed to any of the terminals of the plurality of
subscriber line termination units, receives the packet, and a common
transmission line for transmitting packets received by the packet reception
section toward the plurality of subscriber line termination units. The multicast
information delivery system further comprises a priority classify section that
classifies priorities about forwarding to the common transmission line with
respect to the respective packets received by the packet reception section, and
a packet forwarding control section that controls a forwarding amount, per unit

time, of each of the packets with respect to the common transmission line




6 according to a result of classification by the

- priority classify section. In the nulticast

i nformati on delivery system according to the first
aspect of this invention, it is configured that when
transmtting the packets received by the packet
reception section toward the_plurality of subscriber
line termnation units via $he common transni ssion
line so that those of the subscriber line termnation
units corresponding to the destination termnals
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bei ng sel ected by the packet selection section, toward

t @cgmmogpmg,an optional number of subscriber lines each connected to a
terminal, a2 packet reception section that, responsive to arrival of a packet
addressed to any_of the terminals of the plurality of subscriber line termination

~ units, receives said packet, and a packet selection section that selects multicast
packets each having a plurality of destinations and unicast packets each having
a single destination, from among packets received by the packet reception
section. The multicast information delivery system further comprises a
common fransmission line for transmitting the multicast packets and the unicast
packets after being selected by the packet selection section, toward the plurality

of subscriber line termination units, and a muiticast packet forwarding amount




of subscriber line termnation units, and a nulticast
packet forwardi ng anount 7 regul ating section that is
provi ded between the common transnission |line and the
packet sel ection section and regul ates a forwarding
anount, per unit tinme, of each of the nulticast
packets, selected by the packet selection section, to
be forwarded to the common fransnmission line. In the
mul ticast information delivery systemaccording to the
~ second asepect of this invention, it is configured
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According to a third aspect of this invention, a muilticast information
delivery method is provided. The multicast information delivery method
comprises a packet reception step of, when a packet arrived is addressed to
any of terminals connected to subscriber lines an optional number of which is

~accommodated in each of a plurality of subscriber line termination units
provided in a subject device, receiving said packet, and a packet forwarding
amount regulation step of, when forwarding packets, received in the packet
reception step, toward a common transmission line serving to transmit the
packets toward the plurality of subscriber line termination units, regulating
amounts of the respective packets forwarded to the common transmission line

per unit time, depending on the packets and the terminals to which the




packets toward the plurality of subscriber line
termnation units, regulating anounts of the
respective packets forwarded to the common

transm ssion line per unit tinme, depending on the
packets and the termnals to which the 8 respective
packets are addressed. In the nulticast information
delivery nmethod according t& the third aspect of this
invention, it is configured that, with respect to each
"of the packets forwarded to the plurality of

S Uegpadtibe hadkefParkidaiggaéd, on units via the comon
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forwarding the multicast packets and the unicast packets after being selected in
the packet selection step toward a common transmission line serving to transmit
the multicast packets and the unicast packets toward the plurality of subscriber

_ line termination units, regulating amounts of the multicast packets forwarded to
the common transmission line per unit time, depending on groups of the
terminals to which the respective multicast packets are addressed.

In the multicast information delivery method according to the fourth

aspect of this invention, it is configured that when transmitting the packets to the
plurality of subscriber line termination units via the commeon transmission line,

the ameunts of the multicast packets forwarded to the common transmission




In the nmulticast information delivery nmethod according
to the fourth aspect of this invention, it is
configured that when transmitting the packets to the
plurality of subscriber line termination units via the
conmon transm ssion line, the anounts of the
mul ti cast packets forwarded to the common transm ssion
9 line per unit tine are redll ated dependi ng on groups
of the termnals to which the respective nulticast
packets are addressed, thereby ensuring the quality of
t hiingoperkmitsimenare otqllatdy deperdingtdngoapsefdhe t¥rnlnarsde which
from bei ng caused .on reception of unicast packets or.
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possible to inprove the relrabilit ormation
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processing such as degradation of the image quality due to signal delay.

Therefore, it becomes possible to improve the reliability of information delivery
and realize the stable services while suppressing the cost required for

- constructing and managing the system.

Brief Description of the Drawings:
Fig. 1 is a system configuration diagram showing &n outline of a

conventional information delivery system for programs in a CATV station;
Fig. 2 is a system configuration diagram showing an outline of a
conventionally proposed information delivery system based on multicast

communication;




conventional information delivery systemfor prograns
in a CATV station; Fig. 2 is a systemconfiguration
di agram showi ng an outline of a conventionally
proposed i nformati on delivery system based on
mul ti cast conmmunication; 10 Fig. 3 is a system
configuration diagramshowi ng an outline of a

mul ticast information deliveAQ system for seeing and
hearing tel evision i mages and sounds according to a
“preferred enbodinent of this invention; Fig. 4is a

bl ock di Bigr &in sdyetin gordigutitivh idkgyrah sﬂovﬁH@%ﬁ uutnﬁé of4ne
accommodation device and its peripheral circuit
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ac comodgygi SR mé{&l@tﬁagrﬁni shﬁa bR of@f subBérber line

i nvention; Fig. is a block diagram show ng an
0 utalccmmodatwnwaﬂwané its pefiptgualadrowhcondiuration imtthgr at ed
gateway, unit, in the enbodi nent of this invention; Fig.

7 eebodiment of Yisdgvestieshowi ng an outline of a sof t war e
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enbodi nen entl1 on

di pgrtafthesobsdaibet e dobmmuAiationevicedih R erhbddifment of this
reception processing of nulticast packets in the

subwepiigier | i ne accomrmodati on devi ce; Fig. 9is an
expl anatr_o
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frame reception processing inplemented by a bridge

s ect i on Fig #ka m:ikclhhmamtshoﬁwrtgrarmuﬂmae:inlsoﬂwaté gpnfigdration
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ot hgrdmt;ﬁlngmir rhuifidas@packet in the subscriber line accommedation device;

Fig. 8 is an explanatory diagram showing the main patt of a global
multicast distribution table in the embodirnent of this invention;

Fig. 10 is a flowchart showing an outline of frame reception processing
implemented by a bridge section in the embediment of this invention;

Fig. 11 is a flowchart showing an outline of processing implemented by
an IGMP shoop section with respect to a frame delivered in step S306 of the
flowchart of Fig. 10; and

Fig. 12 is an explanatory diagram showing the main part of a local

multicast distribution table in the embaodiment of this invention.

Description of the Preferred Embodiment of the Invention:

Now, a preferred embodiment of this invention will be described in

detall.




mul ticast distribution table in the enbodi nent of this
i nvention. Description of the Preferred Enbodi nent of
the Invention: Now, a preferred enbodi nent of this
invention will be described in detail. 11 <Qutline of
Systenr> Fig. 3 shows an outline of a mnmulticast

i nformati on delivery system 100 for seeing and
hearing tel evision i mages an#fl sounds according to this
enbodi ment. The nulticast information delivery system
~ 100 uses ADSL (Asymmetric Digital Subscriber Line).

" In the raitimasftSysteher mati on del i very system 100,
user splitters 101 -1 to 1 01-Mrespectively disposed.. . ...
at subsdtig-bbshows gnaputlinernfadoulieast inforoetien defversy system 100

' line. dat i on deyice 102 ar. :
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105-1 to 105-M are connected to the user splitters
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pr ogrireeedaogetheraimnBEL edbdonibémimedDBE- 110 d 08, 1 O=ziebhbres
05- M vi a set -tcg:';oA boxes 107-1 to 107-M respectively.

Thd04&{ i 94-Meand AlRRL medemfd8atl tar 06d areeconpected to the user
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I n87-Netesbetirelysi ons 108-1 to 108- M of respective

HSErs: The subscriber line accommodation device 102 is connected to a voice
exchange 112 and thus is adapted to be connected to a public switched
telephone network {PSTN) 113, Further, the subscriber line accommodation
device 102 is connected, via a router 114, fo a packet communication network
115 such as the Internet for carrying out packet communication, To the packet
communication network 115 is connected a program distribution server 116 for
distributing various television programs with respect to the Internet televisions
108-1 to 108-M of respective users.

Fig. 4 shows a configuration of the subscriber line accommodation
device 102 and its peripheral configuration. In this embodiment, the subscriber
line accommodation device 102 has a capacity of 1920 lines at maximum per
system,

The subscriber line accommodation device 102 comprises splitter units




Fig. 4 shows a configuration of the subscriber |ine
accommodati on device 102 and its periphera
configuration. In this enbodi nent, the subscri ber

i ne acconmodati on device 102 has a capacity of 1920
lines at maxi num per system The subscriber line
accommodati on device 102 conprises splitter units 12
122-1 to 122-1920 connected % the ADSL nodens 105-1
to 105-1920 via the DSL subscriber lines 103-1 to
103-1920, respectively. Anong them the splitter unit
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t he pac catl n networ
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connection to the Internet, by the use of the
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%e&etér%\ rerOasn rﬁ@er ‘of Wbés Such & %'Z\fﬁés gﬂgnaxlmum. Each of the DSL

subscriber line termination units 127-1 to 127-J performs high-speed data
communication in an uplink direction (direction toward the packet
commmunication network 115 in Fig. 3) via an uplink line 130 serving as an

~ Interface for connection 1o the Internet, by the use of the corresponding lines

~ among the DSL subscriber lines 103-1 to 103-1920, while receives and
modulates downlink data and sends the modulated downlink data to the
corresponding lines among the DSL subscriber lines 103-1 to 103-1920.

Fig. 5 shows a system configuration of the main part of the subscriber

line accommodation device 102,  The subscriber line accommodation device
102 comprises the DSL subscriber line termination units 127-1 to 127-J

described referring to Fig. 4, which are connected to onhe end side of the




nodul ates downl i nk data and sends the nodul at ed
downlink data to the corresponding |ines anong the
DSL subscriber lines 103-1 to 103-1920. Fig. 5 shows a
system configuration of the main part of the
subscri ber [|ine acconmodati on device 102. The
subscri ber |ine acconmodati on device 102 conprises
the DSL subscriber line termation units 127-1 to
127-J described referring to Fig. 4, which are
connected to one end side of the 13 |ntegrated gat eway
unintegraed gFtewaynné dBht cthegntoguadsd gateway Bdit tBtshazren interface
connection.to, the Internet and
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|pr‘%%ﬁﬂ(]m@ﬁm ntegrated gateway unit 131 conprises a
device control section 132 that perfornms the whole

cont r ol Thedntegratddaystevgayainitt 13d cotipsissd Haevikd Behtrol section 132
accommodat i on device 102, a backplane bus I|IF
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processor 142, a memory group having a flash ROM (Read Only Memory) 143,
an SDRAM (Synchronous Dynamic Random Access Memory) 144, and a
nonvolatile RAM {Random Access Memory) 145, the backplane bus IF circuit
133 formed by an ASIC (Application Specific Integrated Circuit) as a dedicated

integrated circuit, and a GbE (Gigabit Ethernet (registered trademark)) IF
(Interface) circuit 147 formed by an LS| (Large Scale Integration) chip (not
illustrated).

The device control CPU 141 executes a control with respect to

management, communication, and setting of configuration of the device. The
network processor 142 is a high-speed communication processor comptising a

built-in CPU 151 and the ATM SAR 134. The bridge forwarder 135 shown in




integrated circuit, and a GE (G gabit Ethernet
(registered trademark)) IF (interface) circuit 147
formed by an LSI (Large Scal e Integration) chip (not
illustrated). The device control CPU 141 executes a
control Wth respect to nmanagenent, conmunication, and
setting of configuration of the device. The network
processor 142 is a hi gh-speet# communi cati on processor
conprising a built-in CPU 151 and the ATM SAR 134.
The bridge forwarder 1,35 shown in 14 Fig. 5is

cr €1, 6ds cma&dsmétswm@reml‘ bpihelle of gR ﬁb‘iwérk%rdtfébwﬁlﬂz
processor 142 and carries out processing such as .
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| nindiyidabiobppslay uni t 131 conprises a basic
functional section 161 created by the device control

CPU 141 Figh d shows aaajo fngtienal Haﬁkmfrtae inﬁegratgd gateway Hait 331.

s o205 st Batehay B 14 Pries A et R fRiondl 65T 16
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hardware”in Fig. 6 and a control program Naturally,
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Control Protocol/Internet Protocol) section 172 as a

pr ot ocolin this erpeediment, g hasicifenctiobahseatianal Iemaress éhe

f uﬁ%tt:t%o%gﬁsoﬂ%v%fré \é\géﬁ%n 171 that performs processing such as

communicating with a host (not illustrated) to operate a console (not illustrated),
a TCP/IP (Transmission Control Protocol/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 is formed by
circuits such as an IGMP (Internet Group Management Protocol) snoop section
171A that snoops multicast communication, a DHCP (Dynamic Host
Configuration Protocol} server 171B that automatically performs dynamic
allocation of IP {Internet Protocol) addresses reusable in an IP network and

various setting, a ffip (trivial file transfer protocol) client 171C, an SNMP (Simple




section 171, and an MAC section 173 that nanages an
MAC (Media Access Control). In this enbodi nent, the
functional software section 171 is formed by circuits
such as an I GW (Internet G oup Managenent Protocol)
snoop section 171A that snoops nul ticast

communi cation, a DHCP (Dynam ¢ Host Configuration
Protocol) server 171B that alfiomatically perforns
dynami c allocation of IP (Internet Protocol)
addresses reusable in an I P network and various

s eNetwrgk Managemer(tProtecal) adént 71D frekvice popitea®), i system
client 171C, _an. SNVE {3'- | e 15 Network Managenent
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The input filter section 184 serves to block, for example, an illegally
accessed Layer 2 frame or Layer 3 packet. The input filter 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
having passed through the input filter section 184 is delivered to a MAC learning
section 185, The MAC learning section 185 learns sender MAC addresses of
respective received packets and logical port numbers having received the
packets and registers these results in a MAC table 186. Then, the packet is
delivered to the bridge forwarder 135. The bridge forwarder 135 extracts a
destination MAC address from the packet and searches the MAC table 186 to




accessed Layer 2 frame or Layer 3 packet. The i nput
filter section 184 conpares a forwarded packet with a
condition registered in advance and discards an
agreed packet or passes only an agreed packet. The
packet having passed through the input filter section
184 is delivered to a MAC |l earning section 185. The
MAC | earni ng section 185 | eatths sender MAC addresses
of respective received packets and | ogical port
nunbers having received the packets and registers
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output filter section 191 for such filtering are preset by a network manager

according to protocols, IP addresses, and input/foutput logical ports.

On the output side of the output filter section 191 is disposed a priority
control section 192 camprising a first priority control section 192A and a second
priority control section 192B. The priority control section 192 executes a
control of forwarding a particular packet carrying voice or the like which requires
real-time transmission, preferentially to other packets. For this control, there
exist a priority control that gives priority to a protocol and a priority control that
gives priority to an address of a particular destination. A frame heading toward

the DSL subscriber line termination units 127-1 to 127-J (Fig. 4) via the first




output filter section 191 for such filtering are
preset by a network manager according to protocols,

| P addresses, and input/output |ogical ports. On the
out put side of the output filter section 191 is

di sposed a priority control section 192 conprising a
first priority control section 192A and a second
priority control section 1928 The priority contro
section 192 executes a control of forwarding a
particul ar packet carrying voice or the |ike which
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section 194 and the ATM
frames, output from the bridge section 184, to the ATM SAR 134 according to
priorities thereof. The first priority control section 192A comprises a forwarding
centrol section (WRR) 202 that allocates forwarding of the frames, received

_from the bridge section 194, in sequence according to a weighted round robin
system, and a multicast processing section 203 that controls a forwarding
amount, per unit time, of each of the frames per multicast group. Frames
heading toward the uplink line 130 from the bridge section 194 pass through the
second priority control section 192B and the Ether transmission/reception

control section 182 so as to become uplink signals in the uplink line 130.

in a managing section 204 created by the basic functional section 161




SAR 134, there is provided the first priority control
section 192A that forwards franes, output fromthe
bri dge section 194, to the ATM SAR 134 according to
priorities thereof. The first priority control section
192A conprises a forwarding control section (WRR) 202
that allocates forwarding of the franes, received
fromthe bridge section 194,18 n sequence according to
a weighted round robin system and a mnulticast
processi ng section 203 that controls a forwarding
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copying section 212 that performs conversion of a header portion of each ATM
cell and duplicates as many coples of each ATM cell as required, a VPIVCI
(Virtual Path Identifier/Virtual Channe! Identifier) table 213 as a correlation table

between logical ports and ATM-VC identifiers included in ATM cell headers, and

a central-office side DSL modem 214 formed by a DSP that performs digital
signal pracessing by programming. The DSL subscriber line termination units
127-1 to 127-J all have the same circuit configuration and therefore the circuit
configuration of only the DSL subscriber line termination unit 127-1 is shown in

Fig. 8. Since the backplane bus 128 is used for transferring ATM packets, a

control-dedicated interunit communication channel 216 is arranged between the




127-1 to 127-J, there are provided a local multicast
distribution table 211 corresponding to the gl oba
mul ticast distribution table 205, a header conversion
copyi ng section 212 that perforns conversion of a
header portion of each ATM cell and duplicates as
many copi es of each ATM cell as required, a VPI NC
(Virtual Path ldentifier/Virtal Channel Identifier)
table 213 as a correlation table between |ogica
ports and ATMVC identifiers included in ATM cel

he mdaaging section20demtitid DSL substrideimeReiminatbarondd 427-1 to
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information to the managi ng section 204. 'In the case
ofassbeiated adgihahe corresponding port identifiers.

The backplane bus 128 shown in Fig. 4 may be called a common
transmission line claimed in claim 1. The GbE IF circuit 147, the Ether
transmission/reception control section 182, and the detection section 183
shown in Fig. 7 are collectively serves as a packet reception section claimed in
claim 1. The bridge section 194 and the first priority control section 192A
shown in Fig. 7 collectively serves as a priority classify section claimed in claim
1. The first priority control section 192A also serves as a packet forwarding

control section claimed in claim 1. The bridge section 194 also serves as a

packet selection section ¢laimed in claim 2. The shapers 233 in the multicast




di stribution server 116 as an exanpl e, the managi ng
section 204 prepares, based on these obtained

i nformati on, the global nulticast distribution table
205 in which nulficast groups defined on a basis of
tel evi sion program channels are associated wth the
correspondi ng port identifiers. The backpl ane bus 128
shown in Fig. 4 may be cal l efa common transnission
line clained in claiml1l. The GbE IF circuit 147, the
Ether trans mssion/reception control section 182,
an@radeesiogseaion 283 {kigt 8)meness a andisastipacket dorwardingeamount
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di stribution table 205 o o
In the case of the program distribution server 116 shown in Fig. 3 as an

example, "MC Group Address" in the global muiticast distribution table 205
shown in Fig. 9 identifies multicast group addresses that comespond to the
~ channels of the television programs, respectively. For example, a multicast

group address of "1" represents "first channel", while a multicast group address
of "3" represents "thitd channel". In the global multicast distribution table 205,
each multicast group address is associated with predetenmined information
such as a port identifier and a timer.

In the global multicast distribution table 205, "Pott ldentifier” identifies a

slot number, a number of a physical port, and a number of a logical port in the



thus configured is used by the managi ng section 204
for processing frames sent by nmulticast and for
prepari ng and updating the |ocal nulticast
distribution tables 211 arranged in the DSL
subscriber line termnation units 127-1 to 127-J,
respectively. In the case of the programdi stribution
server 116 shown in Fig. 3 a&lan exanple, WC G oup
Address” in the global multicast distribution table
205 shown in Fig. 9 identifies nulticast group

adghysiatport, rcm:omrmsmg reich of the ©SLEBEEHReE i tefhifation units
tel evisign_pro respectively. For. exanple, a

mufig7-ddei27dr o “Sampis 22061 37" R%Wé&ﬁﬁr' yepresests a third

" RRRELpart 4 o Bl i inPRSt R e somimalige ot

di $p7-2DUNKRR phiditt pdfS and RARBI fBHsdré MdnedoYHe addr ess

is associated with predeterm ned information such as
a porespoodance withreagh ather,tsinveraach physiel gbnb has thewdingle logical
di strl hution table 2 Port ldentifier" identifies a

S:C Bert iR Bat necassay R QSS&F'b%\“'ﬂﬂz%’Pé’H edegieal PaREinA nunber
0 canénaﬁb%ﬂng Sl thils LBfghled NIPIERask Bf dgindhhe ATMAVC,

correspon SCH

t eslrrd:map!umlltymf ivgical ]Jﬁés a)@ad BépﬂepaFetrwiﬂxmphﬁ to 6R45.
in "Port Identifier" represents a third 1| ogical

pophvseﬁal ey thevmiteys pidtae lqsdﬁai potts araasesbL Whers @ ppH ddentifier

) | L] t i 4T t d
| 'ofé.%& o 450k 2o BB ettt o R PR hiRbeRRE W T
Fan SheShE DS RBYE beAlinaBirkinkieh drikg 1&171195@274
Io ica ort, it 1s not necessary to describe nunbers

of“‘tt“ledlnlemglmtmr (nhwsital pomt),candCdharingicabparbn syst em t hus
configured. In the case of usin the ATM Vi si nce gen

o7t ' ifior Bereenif 3 (rruner R reshadits Brasmatien ey WA
" SRR iobf) cask G £R05 SRS t[még@ﬁét Poderk s

oglca ports are use en a port

0i umiatals e, thid'timenbéddmes old&tﬂanfa @Irtent e byepr esent s
a nunber of a correspondi ng one of the DSL subscri ber
I i predeterminedting or mare.<a deletion i made from the gipbapmpitigst

I T A

| N&;@PN, [208n ¥WAST ANiddlrhe8 finished watching a television program, that

television program is delivered to the user.

Other information described in the global multicast distribution table 2056
may be information indicative of priorities in frame distribution or information
indicafive of kinds of data sent in frames. These information are also obtained
by the managing section 204 from the IGMP snoop section 174 and can be

“used for 2 band limitation control when ATM cells forwarded onto the backplane
bus 128 from the ATM SAR 134 exceed a forwardable upper limit value.

Fig. 10 shows the flow of frame reception processing implemented by
the bridge section 194. When a frame is sent from the uplink line 130 (step
$301: Y), the bridge forwarder 135 judges from a destination thereof whether or




in the global nulticast distribution table 205 or a
time when content was updated. Wien this tinme becones
ol der than a current tine by a predetermned time or
nore, a deletion is nade fromthe gl obal mnulticast

di stribution table 205. This is carried out for
preventing a situation where, for exanple, even after
a user has finished watchi ngzza tel evi si on program
that television programis delivered to the user.

O her information described in the global nulticast
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mlbéﬂn[h@St Hbﬁéﬁn HidQAventibn ischat emidd therdteld eFor example, filtering
and learning may first be carried out, then the selection of a multicast packet
shown in Fig. 10 may be carried out.

Fig. 11 shows the flow of processing implemented by the IGMP snoop

section 171A with respect to the frame received in step 8305, In the IGMP

- snoop section 171A, this processing is performed by the program. Specifically,

~ the IGMP snoop section 171A reads predetermined information from the
received [GMP protocol frame (step $321) and reflects it in the global multicast
distribution table 205 of the managing section 204 (step $322). The frame 232
(see Fig, 8), after the information thereof is shooped, is sent {o a predetermined

destination. The IGMP packet is subjected only to the information reading and




process such as filtering, learning, and bridging is
carried out (step 8308). On the other hand, if it is
judged in step 5302 that the frame should not be
entered (step S302: N), the franme is discarded (step
$309). In this enbodinment, after the multicast packet
is selected by the sequence shown in Fig. 10, the
uni cast packet is subjected Zb filtering and '

| ear ni ng. However, this invention is not limted
thereto. For exanple, filtering and |earning my

f i isteldyed ositioueanyothangé eprinkipie, $etRUesBiatioh where it should
mul ticast packet shown in Fig. 10 nay be carried out.
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C heyeficamO aSsunilfg thaPth@ F&tERPf an amount allowed in multicast

communication per unit time is 10% relative to the maximum amount of ATM

cells that can be forwarded onto the backplane bus 128 per unit time, the band
limitation is Emplemgnted so that an amount of ATM cells that are converted at
the ATM SAR 134 from frames received from the forwarding control section 202
and then forwarded onto the backplane bus 128 falls within the range of 10%.
For example, in the case where the maximum allowable amount of ATM cells
forwarded onto the backplane bus 128 is 1Gbps, the total of the multicast
communicationh frames 207 fed to the forwarding control section 202 is
controlied to a band of 100Mbps. Assuming that all that are delivered from the

program distribution server 116 shown in Fig, 3 are television programs, if each




a band nore than necessary. Frames 207 thus subjected
to the band limtation per nulticast group are fed to
the forwarding control section 202. Naturally, it is
possi bl e that a network nmanager sets bands of the

i ndi vi dual shapers 233 based on experience and so on.
A description will be given of a case where a band
occupi ed by total nulticast2€onmunication franmes is
adj usted by an al gorithmon the device side.
Specifically, assuming that the ratio of an anount
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cafbEWaHIRG corter! saetioni202 frone theiravticastirossssingeection 203.

time, t l.i_pd t.at . [,S,. 1 pl erent ed so, t.hat .an .,
amount o Yatgelt o i Vo B ERE e PR atpdior
13 grdgrams breodimply demeirats dafis R RikdiSorimiRstidismnedton!
section 202 and then forwarded onto the backpl ane bus

128amgk lage inputinta thewulisas) pravesdingsectivn 208 feamdseof inages or
th . i || owgbl e . t ATM

o TRt AEE Fiohi Srfe e o R R a0 £ Bl EerpeR prging
t Nt ﬁtogﬂ?tiéﬁ!ilc Wk blsGast inf(frﬂmyﬁl!o‘i%@%g alﬁér%g?ecﬁ topleset

fedto t orwar di ng control section

c oponisopiverdpimiteark prefeehtidiYGivbigaed Basdsnanaded fothe fdrlvarding
that are delivered fromthe programdistribution
sefYHPl 5agios gE%Ffomihemylticastpracessing $eetion208r o Ghedescription

| . T ‘ -
£ fick Bebriinade freipShatid Rl abBubt (GRS <BheHe Bawarcing
Cogdntl setioh 0P réMand maMichftproddsting 384tioR20BeSftdddelative to
section 203. In the case where, as different fromthe

c athe maxmemalibyabie amoyntenfiAg Movellp foyasied cptecths ibaghplane bus
deliyvered. .various ki nds of | ticast ni.cati on

F r SAROr i iR PRy Py Atpet T cobo e B LGk by o
208 IceMTBuAl RGN 1RE badkhhus 2B iQUReHLd Bha, when this
necessary to be reproduced I'n real tine, tranes

c ammyinids leas thanta prededeminadrefarande vatued trestsindrimitation
information, or frames addressed to_ preset

gi PIETRNtRR Py e dndtioeebpasestng-sactioni3ed igrelax XS sagnsing

g biie b B s ARSI L0 T mdd e bhOIAR By o

?gs?mgéfi gybmgsgi?:ﬂéa taltoridde at b dhangiRWekisf 204, AdRBtiGrENt
amounts of downlink frames in the uplink line 130 and feeding this result to the
multicast processing section 203 via the bridge section 194 or the like, thereby
dynamically controlling the upper limit value of the total amount regulation

~ thereof,

To sum up, rather than how to control the allowable amaount per channel
in multicast communication, what is important is a scheduling that each channel
Is used to its maximum value within the range of the maximum aliowable
capagcity of the backplane bus 128. Even with respect to the limitation to the
band of 3Mbps per channel as described above, there also exists such a server

that temporarily requires a larger band in a burst faghion. Therefore, by




control section 202 fromthe nulticast processing
section 203 is fixed relative to the maxi mum

al | owabl e anbunt of ATM cells forwarded onto the
backpl ane bus 128 per unit time. However, it may al so
be configured that the total anmount of ATMcells
actually flow ng on the backplane bus 128 is detected
and, when this anmount is |e88 than a predetermined
reference value, the band linmtation inplemented by
the nulticast processing section 203 is rel axed
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controf section 202 is provided with a buffer memory per frame and forwards the
frames preferentially from the buffer memories having higher priorities to the
ATM SAR 134,

Fig. 12 shows one example of a structure of the local multicast
distribution table 211. This figure shows, as one example, content of the local
multicast distribution table 211 of the DSL subscriber line termination unit 127-1
shown in Fig. 8. With respect o ATM cells to be refayed by the DSL subscriber
line terrmination unit 127-1, the local multicast distribution table 211 describes

~ port identifiers for those ATM cells to be output therefrom, which are described
in the global multicast distribution table 205 shown in Fig. 9, as bitmap data




fromthe bridge section 194, in sequence in the round
robin fashion and forwards the selected franes to the
ATM SAR 134. The ATM SAR 134 divides each frame into
ATM cel I s and forwards them onto the backpl ane bus
128. In this enbodi nent, the nulticast processing
section 203 perfornms the b control of the
i ndi vi dual nulticast communi<ation frames. On the
other hand, it nay also be configured that the
mul ticast Proce33|ng section 203 sets a band
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t he forwardi ont, ctlo 202,
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the subject DSL subscriber line termination unit 127 can judge which logical port
of which physical port the packet should be sentto. When there are a plurality
of transmission destinations, the subject DSL subscriber line termination unit
127 duplicates copies of the ATM cell and writes, into a cell header of each copy,
VPIWWVCI being a virtual path identifier and a virtual channel identifier for ATM
communication of a corresponding logical port, This means that the flag
indicative of the muiticast packet and the multicast group identifier have been
converted into the VPINVCIL. By repeating this conversion for each of the logical

ports concerned, i.e. writing the VPINCI in the cell header of each copy as




line 103-2, the second |ogical port of the DSL

subscri ber line 103-4, and so on. Anong ATM cells

fl ow ng on the backpl ane bus 128 shown in Fig. 8,

each of the ATMcells corresponding to multicast

conmuni cation frames has, at its predeterm ned

position, a flag (identification information)

indicating that it is a nuldd cast packet, and a

following bit string with a predeterm ned nunber of

bits formng a nulticast group identifier identifying
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127-1t0 127-J. Consequently, multicast packets of that group are discarded in

all the DSL subscriber line termination units 127-1 to 127-J.

In this embodiment as described above, the multicast communication
frames are subjected to the band adjustment per group in the first priority |
control section 192A. Therefore, with respect to what requires real-time
processing such as the television program, it is passible to ensure the
communication satisfying such requirement, Further, since the communication
other than the multicast communication is not suppressed, it is possible to

achieve the harmony of the whole communication system using the ADSL




accommodat i on device 102 shown in Fig. 8 fromthe
uplink line 130 include such a franme that is
registered in the global nulticast distribution table
205, such a frame that is not yet registered therein,
such a franme that has once been registered therein
but al ready been deleted and enters the nulticast
processing section 203 and €& staying therein, and so ..
on. Even when a franme of a certain nulticast group
~that is not registered in the global nmulticast

di sodemetiod+ todlgbdt. 205 for sone reason has passed
through .t he multijcast .processing section 203 and the
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particularly provided as in t
204 sends data relating to the local multicast communication tables 211 to the

respective DSL subscriber line termination units 127-1 to 127-J. However, as
‘long as the quickness of communication is ensured, the backplane bus 128 ora

~ similar common transmission line may be used to thereby perform the same
processing.

Moreover, in the embodiment, the forwarding control section 202
executes the priority control only for the individual multicast communication
frames. However, itis possible to also implement a priority control for unicast
communication frames. Scheduling of this priority control can be performed

integrally with forwarding of the multicast communication frames by the use of




case of the ATMcells, and the franes are taken into
correspondi ng one or nore of the DSL subscriber |ine
term nation units 127-2 to 127-J dependi ng on MAC
addresses of destinations described in headers

thereof. Therefore, it is possible to efficiently
perform nul ti cast communi cati on extendi ng over the
plurality of DSL subscriber 243 ne term nation units _
127. In this case, the frames having high priorities
may be secured in advance as preferential packets that
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Io@gﬂﬁﬁﬁﬂwegﬁ onmuni cation tables 211 to the
respective DSL subscriber Iine termnation units 127-1
to 127-J. However, as long as the quickness of

comruni cation is ensured, the backplane bus 128 or a
simlar conmon transm ssion |ine may be used to

t hereby performthe sane processing, Mreover, in the
enbodi nment; the forwarding control section 202
executes the priority control only for the individua
mul ti cast conmuni cation franes. However, it is

possi ble to also inplement a priority control for

uni cast conmmuni cation frames. Scheduling of this
priority control can be perforned integrally with
forwarding of the nmulticast conmuni cation frames by
the use of 29 the weighted round robin (VWRR) system
or another algorithm For exanmple, it is effective to
pride a nulticast information delivery system wherein
packets according to IP (Internet Protocol)

~ tel ephones are given the highest priority, nmulticast
conmuni cation frames are forwarded in a constant band
Wth a lower priority, and data comruni cati on such as
access to Web sites is scheduled Wth




a further lower priority. 30 WHAT IS CLAIMED IS: 1. A
mul ticast information delivery system conprising: a
plurality of subscriber Iine termnation units each
accommodating an optional nunber of subscriber |ines
each connected to a term nal; a packet reception
section that, responsive to arrival of a packet _
addressed to any of the terndhals of said plurality of
subscriber Iine termnation wunits, receives said
packet; a common transm ssion line for transmtting
packets received by said packet reception section
toyward.said plurality of subscriber line termnation
unW@gThSEM ER{S:cl assify section that classifies
~priorities about forwarding to said comon

transm ssion line with respect to the respective

packets 1.ecei xeslitidst HRindafRtddiled, 27a0H mpiemb! on;
and a packet forwarding control seciion that controls
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ection section that selects nulticast packets each
havtitsy a plurality of destinations and unicast
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said common transmission line with respect to the respective packets received
by said packet reception section; and

a packet forwarding control section that controls a forwarding amount,
per unit tirme, of each of the packets with respect to said common transmission

line according to a result of classification by said priority classify section.

2. A muilticast information delivery system comprising:

a plurality of subscriber line termination units each accommodating an
optional number of subscriber lines each connected to a terminal;

a packet reception section that, responsive to atrival of a packet
addressed fo any of the terminals of said plurality of subscriber line termination
units, receives said packet;

a packet selection section that selects multicast packets each having a
plurality of destinations and unicast packets each having a single destination,

from among packets received by said packet reception section;




a common transm ssion line for transmtting the
mul ti cast packets and the unicast packets after being
sel ected by said packet selection section, toward
said plurality of subscriber line termnation units;
and a nulticast packet forwarding anount regul ating
section that is provided bejween said common
transmission |ine and said packet selection section
and regulates a forwardi ng anount, per unit tinme, of
~each of the nmulticast packets, selected by said '
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prtf@ilﬂrl'@'§51m bsify section. 4. A nulticast information
delivery systemaccording to claim3, wherein said
forwardi ng anount is regulated by setting a ratio of a
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4, A multicast information delivery system according to claim 3,
wherein said forwarding amount is regulated by setting a ratio of a total amount
of the multicast packets occupying a maximum allowable amount of packets
that are forwarded to said common transmission line, to a predetermined upper

limit value.

5. A multicast information delivery system according to claim 1 or
3, wherein said priority classify section classifies the priority depending on

whether or not the packet is addressed to a particular one of the terminals.




real time. 7. A nmulticast information delivery system
according to claim3, wherein said nulticast packet
forwardi ng anount regul ating section limts

forwarding of the respective nmulticast packets that
are classified by said priority classify section to
have a priority of being addressed to the term nals
that receive television i s, to a predeterm ned
bandwi dt h necessary for reproducing the television
‘images. 8. A nulticast infornmation delivery system
accor di fy t o Aruitieast infomationslelivsyrpysten mgcardigh dbelkim 1 or
nmukt j.cast. .di i.bution tahle. preparing . section.that
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t heeaplirneal ity of subscriber line termination units,

and a | ogical port of said subscriber line, as a
delivery destination for each of the received
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subscriber line termination units, and a logical port of said subscriber line, as a
delivery destination for each of the received multicast packets,

wherein the multicast packets are sent to the corresponding subscriber
line termination units via said common transmission line by referring to said
global multicast distribution table prepared by said global multicast distribution

table preparing section.

9. A multicast information delivery system according {o claim 8,
further comprising a local multicast distribution table preparing and updating
section that prepares local multicast distribution tables based on said globai
multicast distribution table and updates contents thereof, said local multicast

distribution tables individually required by said plurality of subscriber line




further conprising: a total anount judgnment section
that judges a total anount, per unit tinme, of the
packets forwarded to said common transm ssion |ine;
and an upper limt value changing section that
changes, depending on a result of judgnment by said
total anount judgnent section, the upper Iimt value
of the ratio occupied by thgs total anmount of the

mul ti cast packets. 11. A nulticast infornmation
del i very system according to any of the preceding

cl aifRatioM\fhi€l N the packets forwarded to said common
tr%h@natéy orl;tg’ line are ATM packets of which each

mul ti cashefircdaid sutasritser Neadenhinatistechiirédpectively refer to their
identification informati on indicative of being a
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connected to subscriber lines an optional nunber of
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subscri Ber | Ameulticashinfoarnation delivary systemiadeatding fo elaim 4,
sybject devi.ce, receiving said packet; and a packet
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delivery net conprising: a packet reception step
of , when a packet arrived is addressed to any of
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identification information indicative of being a multicast packet.

12. A multicast information delivery method comprising:

a packet reception step of, when a packet arrived is addressed to any of
terminals connected to subscriber lines an optional number of which is
accommodated in each of a plurality of subscriber line termination units provided
in a subject device, receiving said packet; and

a packet forwarding amount regulation step of, when forwarding packets,
received in said packet reception step, toward a common transmission line
serving to transmit the packets toward said plurality of subscriber line
termination units, regulating amounts of the respective packets forwarded to

said common transmission line per unit time, depending on the packets and the




plurality of destinations and unicast packets each
havi ng a single destination, fromanong packets
received in said packet reception step; and a
mul ti cast packet forwardi ng anount regul ation step of,
when forwarding the nulticast packets and the unicast
packets after being selected in said packet selection
stop toward a conmon transmi3ion |ine serving to
transmt the nulticast packets and the unicast packets
‘toward said plurality of subscriber 'ine term nation
uniterminatsstguvtieh the respectivespaskets laee addressedst packet s
forwarded to said comon transmi.ssion line per unit

ti me, depending on groups of the termnals to which
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VahiRided in a subject device, receiving said packet;

a packet selection step of selecting multicast packets each having a
plurality of destinations and unicast packets each having a single destination,

~ from among packets received in said packet reception step; and

a multicast packet forwarding amount regulation step of, when
forwarding the multicast packets and the unicast packets after being selected in
said packet selection step toward a common transmission line serving to
transmit the multicast packets and the unicast packets toward said plurality of
subscriber line termination units, regulating amounts of the multicast packets
forwarded to said common transmission line per unit time, depending on groups

of the terminals to which the respective multicast packets are addressed,

14. A multicast information delivery method according to claim 13,
wherein said multicast packet forwarding amount regulation step sets a ratio of
a total amount of the multicast packets occupying a maximum allowable amount

~ of packets that are forwarded to said common transmission line, toa

predetermined upper limit value.




