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ROUTER DEVICE AND DATAGRAM 
TRANSFER METHOD FOR DATA 

COMMUNICATION NETWORKSYSTEM 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a router device for con 
necting a virtual connection network with another virtual 
connection network or non-virtual connection network, and 
a datagram transfer method using a router device in a data 
communication network system. 

2. Description of the Background Art 
A router device is used for connecting LANs, and trans 

ferring datagram from one LAN to another LAN. Datagram 
contains communication data as well as Source and final 
destination network layer addresses (such as IP addresses in 
a case of IP), and the router device determines an output 
interface and a next transfer node (a router device or a host 
functioning as a communication terminal) for the datagram 
according to these address information. 

Here, a datagram transfer Scheme in a conventional router 
device will be described with reference to FIG. 1, for an 
exemplary case of a router device connected with Ethernet 
which is a non-virtual connection oriented LAN. When an 
Ethernet frame (datalink frame) is received from a LAN, a 
reception unit 911 changes the received datalink frame into a 
datagram Suitable for handling at the network layer. Then, a 
datagram analysis unit 921 determines an output interface 
and a network layer address of a next transfer node (a host or 
a router device) from the final destination address of that 
datagram, and gives that datagram to a datagram processing 
unit 922 of the determined output interface via a transfer unit 
930. The datagram processing unit 922 which received the 
datagram then carries out the network layer processing (a 
processing to reduce TTL (Time To Live), a checksum 
calculation, an optional processing, etc. in a case of IP). 
Finally, a transmission unit 913 determines an Ethernet 
address (datalink layer address) from the network layer 
address of the next transfer node, constructs an Ethernet 
frame from that address and the datagram, and outputs the 
constructed Ethernet frame to the LAN. 
The datagram transfer is carried out similarly in a case of 

ATM which is a virtual connection oriented LAN. First, 
when an ATM cell is received from a LAN, the received 
ATM cell is changed into an AAL (ATM adaptation Layer) 
frame (datalink frame), and this AAL frame is changed into 
a datagram Suitable for handling at the network layer. Then, 
an output interface and a network layer address of a next 
transfer node is determined from the final destination 
address of that datagram, and the network layer processing is 
carried out. Finally, at the transmission unit 913, a virtual 
connection identifier of a virtual connection for transferring 
the datagram is determined from the network layer address 
of the next transfer node, an ATM cell is constructed from 
that identifier and the datagram, and the constructed ATM 
cell is outputted to the LAN. 
Now, regardless of whether it is a router device connected 

with the virtual connection oriented LAN or a router device 
connected with the non-virtual connection oriented LAN, at 
a time of transferring datagram, an output target is deter 
mined by referring to datagram content (including a header 
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2 
information Such as a Source address, a destination address, 
and a type of service, and an upper layer information Such as 
a port address in a case of IP) at a datagram analysis unit. For 
this reason, a considerable transfer processing time is taken 
by the datagram analysis unit, and consequently it has been 
impossible to realize a high speed transfer of datagram. 

Moreover, when the requested quality of service is differ 
ent for different datagrams to be transferred, it is preferable 
to carry out the processing which accounts for the requested 
quality of service for different datagrams rather than just 
processing datagrams according to an order of their arrivals. 
To this end, as shown in FIG. 2, it is possible to provide a 
function called scheduler 961, which controls an order by 
which datagrams are to be given to a next function not just 
according to their arrival order but also by accounting for 
their requested quality of service. 

However, an information concerning the quality of service 
requested to each datagram is to be obtained by referring to 
datagram content, so that as shown in FIG. 2, it has been 
necessary to carry out a priority control processing 
(scheduling) at the scheduler961 only after the processing at 
the datagram analysis unit 921 is applied, according to the 
result of this processing at the datagram analysis unit 921. 
This scheduling is effective in a case of output processing 
datagrams in an order of their requested quality of service 
when a transmission interface to a next hop node does not 
have a Sufficient capacity. 

But, in a case where the analysis processing power of the 
datagram analysis unit 921 itself is not sufficient, despite of 
the fact that a processing wait time at the datagram analysis 
unit 921 can be a problem from a viewpoint of an overall 
performance, the scheduling accounting for the quality of 
service cannot be carried out at this point because the prior 
ity level information is not yet available at this point, and 
consequently it has been necessary for the scheduler 961 to 
carry out the processing in the arrival order. 

Thus in a conventional router device, the transfer target 
cannot be determined and the quality of service cannot be 
ascertained until the datagram content is referred. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a router device and a datagram transfer method capable of 
improving the datagram transfer efficiency by ascertaining 
the transfer target without referring to the datagram content. 

It is another object of the present invention to provide a 
router device and a datagram transfer method capable of 
improving the datagram transfer efficiency by ascertaining 
the requested quality of service for the datagram without 
referring to the datagram content, and carrying out the trans 
fer accounting for the requested quality of service for the 
datagram more effectively. 

According to one aspect of the present invention there is 
provided a router device for transferring datagrams among 
networks, comprising: network interfaces connected with 
networks including at least one virtual connection oriented 
network; table means for registering a correspondence 
between a virtual connection identifier and a transfer target 
network interface; connection identifier analysis means for 
determining a transfer target network interface for a data 
gram entered from one virtual connection, by referring to the 
table means according to a virtual connection identifier of 
said one virtual connection; and transfer means for transfer 
ring the datagram to the transfer target network interface 
determined by the connection identifier analysis means. 

According to another aspect of the present invention there 
is provided a router device for transferring datagrams among 



US RE41,772 E 
3 

networks, comprising: at least one network interface con 
nected with at least one virtual connection oriented network; 
tables means for registering a correspondence between a vir 
tual connection identifier and an output virtual connection 
identifier, connection identifier analysis means for determin 
ing an output virtual connection identifier for a datagram 
entered from one virtual connection, by referring to the table 
means according to a virtual connection identifier of said 
one virtual connection; and transfer means for transferring 
the datagram Such that the datagram is outputted to a virtual 
connection having the output virtual connection identifier 
determined by the connection identifier analysis means. 

According to another aspect of the present invention there 
is provided a router device for transferring datagrams among 
networks, comprising: at least one network interface con 
nected with at least one virtual connection oriented network; 
table means for registering a correspondence between a vir 
tual connection identifier and a quality of service; connec 
tion identifier analysis means for determining a quality of 
service for a datagram entered from one virtual connection, 
by referring to the table means according to a virtual connec 
tion identifier of said one virtual connection; scheduler 
means for applying a priority control for datagrams to be 
transferred by the router device according to the quality of 
service determined by the connection identifier analysis 
means; and transfer means for transferring the datagram to 
which the priority control is applied by the scheduler means. 

According to another aspect of the present invention there 
is provided a router device for transferring ATM cells from 
an ATM network, comprising: network interfaces connected 
with networks including at least one ATM network, each 
network interface connected with said at least one ATM net 
work including reception means for receiving ATM cells 
transmitted from an ATM network and assembling an AAL 
frame from the received ATM cells, and transmission means 
for forming ATM cells from an AAL frame and transmitting 
the formed ATM cells to an ATM network; table means for 
registering a correspondence between a virtual connection 
identifier and a transfer target network interface; connection 
identifier analysis means for determining a transfer target 
network interface for an AAL frame assembled from ATM 
cells entered from one virtual connection, by referring to the 
table means according to a virtual connection identifier of 
said one virtual connection; processing means for determin 
ing a transfer target network interface for the AAL frame by 
assembling datagram from the AAL frame and analyzing the 
assembled datagram, when the table means does not register 
the transfer target network interface in correspondence to the 
virtual connection identifier of said one virtual connection; 
and transfer means for transferring the AAL frame to the 
transfer target network interface determined by one of the 
connection identifier analysis means and the processing 
CaS. 

According to another aspect of the present invention there 
is provided a router device for transferring AAL frames from 
an ATM network through network interfaces connected with 
networks including at least one ATM network, each network 
interface connected with said at least one ATM network 
including reception means for receiving ATM cells transmit 
ted from an ATM network and assembling an AAL frame 
from the received ATM cells, and transmission means for 
forming ATM cells from an AAL frame and transmitting the 
formed ATM cells to an ATM network, the router device 
comprising: table means for registering a correspondence 
between a virtual connection identifier and a transfer target 
network interface; connection identifier analysis means for 
determining a transfer target network interface for an AAL 
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4 
frame assembled from ATM cells entered from one virtual 
connection, by referring to the table means according to a 
virtual connection identifier of said one virtual connection; 
processing means for determining a transfer target network 
interface for the AAL frame by assembling datagram from 
the AAL frame and analyzing the assembled datagram, 
when the table means does not register the transfer target 
network interface in correspondence to the virtual connec 
tion identifier of said one virtual connection; and transfer 
means for transferring the AAL frame to the transfer target 
network interface determined by one of the connection iden 
tifier analysis means and the processing means. 

According to another aspect of the present invention there 
is provided an ATM network interface card device for inter 
facing an ATM network and a bus connecting other network 
interfaces connected with other networks, the ATM network 
interface card device comprising: reception means for 
receiving ATM cells transmitted from the ATM network and 
assembling an AAL frame from the received ATM cells; 
table means for registering a correspondence between a vir 
tual connection identifier and a transfer target network inter 
face; connection identifier analysis means for determining a 
transfer target network interface for one AAL frame 
assembled from ATM cells entered from one virtual 
connection, by referring to the table means according to a 
virtual connection identifier of said one virtual connection; 
and transfer means for transferring said one AAL frame 
through the bus to the transfer target network interface deter 
mined by the connection identifier analysis means. 

According to another aspect of the present invention there 
is provided a router device for transferring ATM cells from 
an ATM network, comprising: at least one network interface 
connected with at least one ATM network, each network 
interface connected with said at least one ATM network 
including reception means for receiving ATM cells transmit 
ted from an ATM network and assembling an AAL frame 
from the received ATM cells, and transmission means for 
forming ATM cells from an AAL frame and transmitting the 
formed ATM cells to an ATM network; table means for reg 
istering a correspondence between a virtual connection iden 
tifier and an output virtual connection identifier, connection 
identifier analysis means for determining an output virtual 
connection identifier for an AAL frame assembled from 
ATM cells entered from one virtual connection, by referring 
to the table means according to a virtual connection identi 
fier of said one virtual connection; processing means for 
determining an output virtual connection identifier for the 
AAL frame by assembling datagram from the AAL frame 
and analyzing the assembled datagram, when the table 
means does not register the output virtual connection identi 
fier in correspondence to the virtual connection identifier of 
said one virtual connection; and transfer means for transfer 
ring the AAL frame such that the AAL frame is outputted to 
a virtual connection having the output virtual connection 
identifier determined by one of the connection identifier 
analysis means and the processing means. 

According to another aspect of the present invention there 
is provided a router device for transferring datagrams among 
networks, comprising: at least one network interface con 
nected with at least one virtual connection oriented network; 
table means for registering a correspondence between a vir 
tual connection identifier and a protocol type information 
indicating a type and/or a version of a protocol; connection 
identifier analysis means for determining a protocol type 
information for a datagram entered from one virtual 
connection, by referring to the table means according to a 
virtual connection identifier of said one virtual connection; 
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datagram analysis means for determining a transfer target 
network interface/next hop network layer address for the 
datagram according to a datagram content of the datagram, 
the datagram analysis means having a plurality of processors 
in correspondence to different protocols, and the datagram is 
entered into one of said plurality of processors which corre 
sponds to a protocol of a type and/or a version indicated by 
the protocol type information determined by the connection 
identifier analysis means; and transfer means for transferring 
the datagram to the transfer target network interface/next 
hop network layer address determined by the datagram 
analysis means. 

According to another aspect of the present invention there 
is provided a method for transferring datagrams among 
networks, using a router device having network interfaces 
connected with networks including at least one virtual con 
nection oriented network, the method comprising the steps 
of registering a correspondence between a virtual connec 
tion identifier and a transfer target network interface in a 
table provided at the router device; determining a transfer 
target network interface for a datagram entered from the 
virtual connection at the router device, by referring to the 
table according to a virtual connection identifier of said one 
virtual connection; and transferring the datagram to the 
transfer target network interface determined by the deter 
mining step. 

According to another aspect of the present invention there 
is provided a method for transferring datagrams among 
networks, using a router device having at least one network 
interface connected with at least one virtual connection ori 
ented network, the method comprising the steps of register 
ing a correspondence between a virtual connection identifier 
and an output virtual connection identifier in a table pro 
vided at the router device; determining an output virtual con 
nection identifier for a datagram entered from one virtual 
connection, by referring to the table according to a virtual 
connection identifier of said one virtual connection; and 
transferring the datagram Such that the datagram is outputted 
to a virtual connection having the output virtual connection 
identifier determined by the determining step. 

According to another aspect of the present invention there 
is provided a method for transferring datagrams among 
networks, using a router device having at least one network 
interface connected with at least one virtual connection ori 
ented network, the method comprising the steps of register 
ing a correspondence between a virtual connection identifier 
and a quality of service in a table provided at the router 
device; determining a quality of service for a datagram 
entered from one virtual connection at the router device, by 
referring to the table according to a virtual connection iden 
tifier of said one virtual connection; applying a priority con 
trol for datagrams to be transferred by the router device 
according to the quality of service determined by the deter 
mining step; and transferring the datagram to which the pri 
ority control is applied by the applying step. 

According to another aspect of the present invention there 
is provided a method for transferring ATM cells from an 
ATM network, using a router device having network inter 
faces connected with networks including at least one ATM 
network, each network interface connected with said at least 
one ATM network including reception means for receiving 
ATM cells transmitted from an ATM network and assem 
bling an AAL frame from the received ATM cells, and trans 
mission means for forming ATM cells from an AAL frame 
and transmitting the formed ATM cells to an ATM network, 
the method comprising the steps of registering a correspon 
dence between a virtual connection identifier and a transfer 
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6 
target network interface in a table provided at the router 
device; determining a transfer target network interface for an 
AAL frame assembled from ATM cells entered from one 
virtual connection, by referring to the table according to a 
virtual connection identifier of said one virtual connection; 
processing the AAL frame to determine a transfer target net 
work interface for the AAL frame by assembling datagram 
from the AAL frame and analyzing the assembled datagram, 
when the table does not register the transfer target network 
interface in correspondence to the virtual connection identi 
fier of said one virtual connection; and transferring the AAL 
frame to the transfer target network interface determined by 
one of the determining step and the processing step. 

According to another aspect of the present invention there 
is provided a method for transferring AAL frames from an 
ATM network, using a router device having network inter 
faces connected with networks including at least one ATM 
network, each network interface connected with said at least 
one ATM network including reception means for receiving 
ATM cells transmitted from an ATM network and assem 
bling an AAL frame from the received ATM cells, and trans 
mission means for forming ATM cells from an AAL frame 
and transmitting the formed ATM cells to an ATM network, 
the method comprising the steps of registering a correspon 
dence between a virtual connection identifier and a transfer 
target network interface in a table provided at the router 
device; determining a transfer target network interface for an 
AAL frame assembled from ATM cells entered from one 
virtual connection, by referring to the table according to a 
virtual connection identifier of said one virtual connection; 
processing the AAL frame to determine a transfer target net 
work interface for the AAL frame by assembling datagram 
from the AAL frame and analyzing the assembled datagram, 
when the table does not register the transfer target network 
interface in correspondence to the virtual connection identi 
fier of said one virtual connection; and transferring the AAL 
frame to the transfer target network interface determined by 
one of the determining step and the processing step. 

According to another aspect of the present invention there 
is provided a method for interfacing an ATM network and a 
bus connecting other network interfaces connected with 
other networks, the method comprising the steps of receiv 
ing ATM cells transmitted from the ATM network and 
assembling an AAL frame from the received ATM cells; 
registering a correspondence between a virtual connection 
identifier and a transfer target network interface in a table: 
determining a transfer target network interface for one AAL 
frame assembled from ATM cells entered from one virtual 
connection, by referring to the table according to a virtual 
connection identifier of said one virtual connection; and 
transferring said one AAL frame through the bus to the the 
transfer target network interface determined by the deter 
mining step. 

According to another aspect of the present invention there 
is provided a method for transferring ATM cells from an 
ATM network, using a router device having at least one net 
work interface connected with at least one ATM network, 
each network interface connected with said at least one ATM 
network including reception means for receiving ATM cells 
transmitted from an ATM network and assembling an AAL 
frame from the received ATM cells, and transmission means 
for forming ATM cells from an AAL frame and transmitting 
the formed ATM cells to an ATM network, the method com 
prising the steps of registering a correspondence between a 
virtual connection identifier and an output virtual connection 
identifier in a table provided at the router device; determin 
ing an output virtual connection identifier for an AAL frame 
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assembled from ATM cells entered from one virtual 
connection, by referring to the table according to a virtual 
connection identifier of said one virtual connection; process 
ing the AAL frame to determine an output virtual connection 
identifier for the AAL frame by assembling datagram from 
the AAL frame and analyzing the assembled datagram, 
when the table does not register the output virtual connection 
identifier in correspondence to the virtual connection identi 
fier of said one virtual connection; and transferring the AAL 
frame such that the AAL frame is outputted to a virtual con 
nection having the output virtual connection identifier deter 
mined by one of the determining step and the processing 
step. 

According to another aspect of the present invention there 
is provided a method for transferring datagrams among 
networks, using a router device having at least one network 
interface connected with at least one virtual connection ori 
ented network, the method comprising the steps of register 
ing a correspondence between a virtual connection identifier 
and a protocol type information indicating a type and/or a 
version of a protocol in a table provided at the router device: 
determining a protocol type information for a datagram 
entered from one virtual connection, by referring to the table 
according to a virtual connection identifier of said one Vir 
tual connection; determining a transfer target network 
interface/next hop network layer address for the datagram 
according to a datagram content of the datagram, wherein a 
plurality of processors are provided at the router device in 
correspondence to different protocols, and the datagram is 
entered into one of said plurality of processors which corre 
sponds to a protocol of a type and/or a version indicated by 
the protocol type information determined by the determining 
step; and transferring the datagram to the determined trans 
fer target network interface/next hop network layer address. 

According to another aspect of the present invention there 
is provided a data communication network system, compris 
ing: networks including at least one virtual connection ori 
ented network; a transmission node provided in each net 
work for transmitting datagrams such that datagrams 
destined to an identical destination are transmitted through 
specific virtual connection; and a router device for connect 
ing at least two of the networks, the router device including: 
network interfaces connected with said at least two of the 
networks; table means for registering a correspondence 
between a virtual connection identifier and a transfer target 
network interface; connection identifier analysis means for 
determining a transfer target network interface for a data 
gram entered from one virtual connection, by referring to the 
table means according to a virtual connection identifier of 
said one virtual connection; and transfer means for transfer 
ring the datagram to the transfer target network interface 
determined by the connection identifier analysis means. 

According to another aspect of the present invention there 
is provided a data communication network system, compris 
ing: networks including at least one virtual connection ori 
ented network; a transmission node provided in each net 
work for transmitting datagrams such that datagrams 
destined to an identical destination are transmitted through 
specific virtual connections; and a router device for connect 
ing at least two of the networks, the router device including: 
at least one network interface connected with said at least 
two of the networks; table means for registering a correspon 
dence between a virtual connection identifier and an output 
virtual connection identifier, connection identifier analysis 
means for determining an output virtual connection identi 
fier for a datagram entered from one virtual connection, by 
referring to the table means according to a virtual connection 
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identifier of said one virtual connection; and transfer means 
for transferring the datagram Such that the datagram is out 
putted to a virtual connection having the output virtual con 
nection identifier determined by the connection identifier 
analysis means. 

According to another aspect of the present invention there 
is provided a data communication network system, compris 
ing: networks including at least one virtual connection ori 
ented network; a transmission node provided in each net 
work for transmitting datagrams such that datagrams with an 
identical quality of service are transmitted through specific 
virtual connections; and a router device for connecting at 
least two of the networks, the router device including: at 
least one network interface connected with said at least two 
of the networks; table means for registering a correspon 
dence between a virtual connection identifier and a quality 
of service; connection identifier analysis means for deter 
mining a quality of service for a datagram entered from one 
virtual connection, by referring to the table means according 
to a virtual connection identifier of said one virtual connec 
tion; scheduler means for applying a priority control for 
datagrams to be transferred by the router device according to 
the quality of service determined by the connection identifier 
analysis means; and transfer means for transferring the data 
gram to which the priority control is applied by the scheduler 
CaS. 

According to another aspect of the present invention there 
is provided a data communication network system, compris 
ing: networks including at least one ATM network; a trans 
mission node provided in each network for transmitting 
datagrams such that datagrams destined to an identical desti 
nation are transmitted through specific virtual connections: 
and a router device for connecting at least two of the 
networks, the router device including: network interfaces 
connected with said at least two of the networks, each net 
work interface connected with said at least one ATM net 
work including reception means for receiving ATM cells 
transmitted from an ATM network and assembling an AAL 
frame from the received ATM cells, and transmission means 
for forming ATM cells from an AAL frame and transmitting 
the formed ATM cells to an ATM network; table means for 
registering a correspondence between a virtual connection 
identifier and a transfer target network interface; connection 
identifier analysis means for determining a transfer target 
network interface for an AAL frame assembled from ATM 
cells entered from one virtual connection, by referring to the 
table means according to a virtual connection identifier of 
said one virtual connection; processing means for determin 
ing a transfer target network interface for the AAL frame by 
assembling datagram from the AAL frame and analyzing the 
assembled datagram, when the table means does not register 
the transfer target network interface in correspondence to the 
virtual connection identifier of said one virtual connection; 
and transfer means for transferring the AAL frame to the 
transfer target network interface determined by one of the 
connection identifier analysis means and the processing 
CaS. 

According to another aspect of the present invention there 
is provided a data communication network system, compris 
ing: networks including at least one ATM network; a trans 
mission node provided in each network for transmitting 
datagrams such that datagrams destined to an identical desti 
nation are transmitted through specific virtual connections; 
and a router device for connecting at least two of the 
networks, and for transferring AAL frames from an ATM 
network through network interfaces connected with the 
networks, each network interface connected with said at 
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least one ATM network including reception means for 
receiving ATM cells transmitted from an ATM network and 
assembling an AAL frame from the received ATM cells, and 
transmission means for forming ATM cells from an AAL 
frame and transmitting the formed ATM cells to an ATM 
network, the router device including: table means for regis 
tering a correspondence between a virtual connection identi 
fier and a transfer target network interface; connection iden 
tifier analysis means for determining a transfer target 
network interface for an AAL frame assembled from ATM 
cells entered from one virtual connection, by referring to the 
table means according to a virtual connection identifier of 
said one virtual connection; processing means for determin 
ing a transfer target network interface for the AAL frame by 
assembling datagram from the AAL frame and analyzing the 
assembled datagram, when the table means does not register 
the transfer target network interface in correspondence to the 
virtual connection identifier of said one virtual connection; 
and transfer means for transferring the AAL frame to the 
transfer target network interface determined by one of the 
connection identifier analysis means and the processing 
CaS. 

According to another aspect of the present invention there 
is provided a data communication network system, compris 
ing: networks including at least one ATM network; a trans 
mission node provided in each network for transmitting 
datagrams such that datagrams destined to an identical desti 
nation are transmitted through specific virtual connections; 
and a router device for connecting at least two of the net 
works including an ATM network; and an ATM network 
interface card device for interfacing an ATM network and a 
bus connecting other network interfaces connected with 
other networks, the ATM network interface card device 
including: reception means for receiving ATM cells trans 
mitted from the ATM network and assembling an AAL 
frame from the received ATM cells; table means for register 
ing a correspondence between a virtual connection identifier 
and a transfer target network interface; connection identifier 
analysis means for determining a transfer target network 
interface for one AAL frame assembled from ATM cells 
entered from one virtual connection, by referring to the table 
means according to a virtual connection identifier of said 
one virtual connection; and transfer means for transferring 
said one AAL frame through the bus to the the transfer target 
network interface determined by the connection identifier 
analysis means. 

According to another aspect of the present invention there 
is provided a data communication network system, compris 
ing: networks including at least one ATM network; a trans 
mission node provided in each network for transmitting 
datagrams such that datagrams destined to an identical desti 
nation are transmitted through specific virtual connections; 
and a router device for connecting at least two of the 
networks, the router device including: at least one network 
interface connected with said at least two of the networks, 
each network interface connected with said at least one ATM 
network including reception means for receiving ATM cells 
transmitted from an ATM network and assembling an AAL 
frame from the received ATM cells, and transmission means 
for forming ATM cells from an AAL frame and transmitting 
the formed ATM cells to an ATM network; table means for 
registering a correspondence between a virtual connection 
identifier and an output virtual connection identifier, connec 
tion identifier analysis means for determining an output Vir 
tual connection identifier for an AAL frame assembled from 
ATM cells entered from one virtual connection, by referring 
to the table means according to a virtual connection identi 
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fier of said one virtual connection; processing means for 
determining an output virtual connection identifier for the 
AAL frame by assembling datagram from the AAL frame 
and analyzing the assembled datagram, when the table 
means does not register the output virtual connection identi 
fier in correspondence to the virtual connection identifier of 
said one virtual connection; and transfer means for transfer 
ring the AAL frame such that the AAL frame is outputted to 
a virtual connection having the output virtual connection 
identifier determined by one of the connection identifier 
analysis means and the processing means. 

According to another aspect of the present invention there 
is provided a data communication network system, compris 
ing: networks including at least one virtual connection ori 
ented network; a transmission node provided in each net 
work for transmitting datagrams such that datagrams of an 
identical protocol type and/or version are transmitted 
through specific virtual connections; and a router device for 
connecting at least two of the networks, the router device 
including: at least one network interface connected with said 
at least two of the networks; table means for registering a 
correspondence between a virtual connection identifier and a 
protocol type information indicating a type and/or a version 
of a protocol; connection identifier analysis means for deter 
mining a protocol type information for a datagram entered 
from one virtual connection, by referring to the table means 
according to a virtual connection identifier of said one Vir 
tual connection; datagram analysis means for determining a 
transfer target network interface/next hop network layer 
address for the datagram according to a datagram content of 
the datagram, the datagram analysis means having a plural 
ity of processors in correspondence to different protocols, 
and the datagram is entered into one of said plurality of 
processors which corresponds to a protocol of a type and/or 
a version indicated by the protocol type information deter 
mined by the connection identifier analysis means; and 
transfer means for transferring the datagram to the transfer 
target network interface/next hop network layer address 
determined by the datagram analysis means. 

According to another aspect of the present invention there 
is provided a transmission node device for transmitting data 
grams to a router device, comprising: table means for regis 
tering a correspondence between a destination and an output 
virtual connection identifier used by the router device; data 
gram analysis means for determining an output virtual con 
nection identifier for a datagram to be transmitted, by refer 
ring to the table means according to a destination of the 
datagram; and transmission means for transmitting the data 
gram to a virtual connection having the output virtual con 
nection identifier determined by the datagram analysis 
means. Such that datagrams destined to an identical destina 
tion are transmitted through specific virtual connections. 

According to another aspect of the present invention there 
is provided a transmission node device for transmitting data 
grams to a router device, comprising: table means for regis 
tering a correspondence between a quality of service speci 
fying information indicating a quality of service and an 
output virtual connection identifier, used by the router 
device; datagram analysis means for determining an output 
Virtual connection identifier for a datagram to be 
transmitted, by referring to the table means according to a 
quality of service specifying information of the datagram; 
and transmission means for transmitting the datagram to a 
virtual connection having a virtual connectionn identifier 
identical to the output virtual connection identifier deter 
mined by the datagram analysis means, such that datagrams 
with an identical quality of service specifying information 
are transmitted through specific virtual connections. 
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According to another aspect of the present invention there 
is provided a transmission node device for transmitting data 
grams to a router device, comprising: table means for regis 
tering a correspondence between a protocol type information 
indicating a type and/or a version of a protocol and an output 
virtual connection identifier used by the router device; data 
gram analysis means for determining an output virtual con 
nection identifier for a datagram to be transmitted, by refer 
ring to the table means according to a type and/or a version 
of a protocol of the datagram; and transmission means for 
transmitting the datagram to a virtual connection having a 
virtual connection identifier identical to the output virtual 
connection identifier determined by the datagram analysis 
means, such that datagrams of an identical protocol type 
and/or version are transmitted through specific virtual con 
nections. 

According to another aspect of the present invention there 
is provided a method for transmitting datagrams to a router 
device, comprising the steps of registering in a table a cor 
respondence between a destination and an output virtual 
connection identifier used by the router device; determining 
an output virtual connection identifier for a datagram to be 
transmitted, by referring to the table according to a destina 
tion of the datagram; and transmitting the datagram to a 
virtual connection having the output virtual connection iden 
tifier determined by the determining step, such that data 
grams destined to an identical destination are transmitted 
through specific virtual connections. 

According to another aspect of the present invention there 
is provided a method for transmitting datagrams to a router 
device, comprising the steps of registering in a table a cor 
respondence between a quality of service specifying infor 
mation indicating a quality of service and an output virtual 
connection identifier used by the router device; determining 
an output virtual connection identifier for a datagram to be 
transmitted, by referring to the table according to a quality of 
service specifying information of the datagram; and trans 
mitting the datagram to a virtual connection having a virtual 
connection identifier identical to the output virtual connec 
tion identifier determined by the determining step, such that 
datagrams with an identical quality of service specifying 
information are transmitted through specific virtual connec 
tions. 

According to another aspect of the present invention there 
is provided a method for transmitting datagrams to a router 
device, comprising the steps of registering in a table a cor 
respondence between a protocol type information indicating 
a type and/or a version of a protocol and an output virtual 
connection identifier used by the router device; determining 
an output virtual connection identifier for a datagram to be 
transmitted, by referring to the table according to a type 
and/or a version of a protocol of the datagram; and transmit 
ting the datagram to a virtual connection having a virtual 
connection identifier identical to the output virtual connec 
tion identifier determined by the determining step, such that 
datagrams of an identical protocol type and/or version are 
transmitted through specific virtual connections. 

Other features and advantages of the present invention 
will become apparent from the following description taken 
in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram of one conventional 
router device. 

FIG. 2 is a schematic block diagram of another conven 
tional router device. 

FIG. 3 is a schematic block diagram of a transmission 
node in the data communication network system used for the 
present invention. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
FIG. 4 is a block diagram of a router device in the first 

embodiment of the present invention. 
FIG. 5 is a diagram showing a routing table in the data 

gram analysis unit of the router device of FIG. 4. 
FIG. 6 is a diagram showing a transfer table in the connec 

tion identifier analysis unit of the router device of FIG. 4. 
FIG. 7 is a block diagram showing an exemplary opera 

tion in the router device of FIG. 4. 
FIG. 8 is a block diagram of one modified configuration 

for the-router device in the first embodiment of the present 
invention. 

FIG. 9 is a block diagram of another modified configura 
tion for the router device in the first embodiment of the 
present invention. 

FIG. 10 is a block diagram of a router device in the second 
embodiment of the present invention. 

FIG. 11 is a diagram showing a QOS table in the connec 
tion identifier analysis unit of the router device of FIG. 10. 

FIG. 12 is a block diagram showing an exemplary opera 
tion in the router device of FIG. 10. 

FIG. 13 is a block diagram of one modified configuration 
for the router device in the second embodiment of the 
present invention. 

FIG. 14 is a block diagram of a router device in the third 
embodiment of the present invention. 

FIG. 15 is a block diagram of one modified configuration 
for the router device in the third embodiment of the present 
invention. 

FIG. 16 is a block diagram of a router device in the fourth 
embodiment of the present invention. 

FIG. 17 is a block diagram of one modified configuration 
for the router device in the fourth embodiment of the present 
invention. 

FIG. 18 is a schematic block diagram of another modified 
configuration for the router device in the fourth embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now, various embodiments of a router device and a data 
gram transfer method according to the present invention will 
be described with references to the drawings. 

First, a prerequisite concerning a data communication net 
work system will be described. 

In short, the present invention carries out the datagram 
transfer at a router device by referring to a virtual connection 
identifier of a received datalink frame, instead of the data 
gram transfer based on a network layer address of a transfer 
target that can be obtained by referring to datagram content 
extracted from a received datalink frame. 

In order to make it possible to determine a transfer target 
of the datagram according to a virtual connection identifier 
of a received datalink frame, it is necessary to make each 
datagram transmission node to transmit a specific type of 
datagrams only through specific virtual connections, such 
that only a specific type of datagrams are transmitted 
through these specific virtual connections. 

Here, a specific type of datagrams can be any of the fol 
lowing three types of datagrams according to the need: 

Type I: Datagrams destined to a specific destination; 
Type II: Datagrams with a specific QOS (Quality Of 

Service); and 
Type III: Datagrams of a specific protocol type or a spe 

cific protocol version. 
Type I datagrams destined to a specific destination can 

include those datagrams which have an identical destination 
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address, or those datagrams which have an identical value 
for a logical product of a destination address and a mask, for 
example. 

Type II datagrams with a specific QOS can include those 
datagrams which have identical values for one or more of the 
following QOS specifying information, for example. 

(1) Protocol type (such as IP, IPX) 
(2) IP version (such as IPv4, IPv6) 
(3) Protocol identifier (such as TCP, UDP) 
(4) Destination address 
(5) Logical product of destination address and mask 
(6) Destination transport layer port 
(7) Source address 
(8) Logical product of source address and mask 
(9) Source transport layer port 
(10) Stream ID for ST-2 (in a case of IPv5) 
(11) Flow ID (in a case of IPv6) 
(12) TOS (Type Of Service) (in a case of IPv4) 
(13) Traffic class (in a case of IPv6) 
Note that each of the above QOS specifying informations 

(9) to (13) is an information usually used to define QOS, 
while each of the above QOS specifying informations (1) to 
(8) is an information that can be used as an indication of 
QOS. 

For example, in a case of using the QOS specifying infor 
mation (1), datagrams of the protocol type IP can be associ 
ated with a particular QOS so that they can form one specific 
type of datagrams to be transmitted only through some spe 
cific virtual connections, while datagrams of the protocol 
IPX can be associated with another particular QOS so that 
they can form another specific type of datagrams to be trans 
mitted only through some other specific virtual connections. 

Similarly, in a case of using the QOS specifying informa 
tion (4), datagrams destined to one particular destination can 
be associated with a particular QOS so that they can form 
one specific type of datagrams to be transmitted only 
through some specific virtual connections, while datagrams 
destined to any other destinations can be associated with 
another particular QOS so that they can form another spe 
cific type of datagrams to be transmitted only through some 
other specific virtual connections. 

Type III datagrams of a specific protocol type or a specific 
protocol version can include those datagrams which have an 
identical protocol type such as IP or IPX, or those datagrams 
which have an identical IP version such as IPv4 or IPv6, for 
example. 

In order to transmit a specific type of datagrams only 
through specific virtual connections, it is possible to use a 
transmission node having a configuration as shown in FIG. 
3, which comprises a datagram analysis unit 1 having a rout 
ing table 2, and an interface (I/F) 3 having a transmission 
unit 4 connected between the datagram analysis unit 1 and a 
virtual connection oriented LAN 4.1. Note that FIG. 3 shows 
an exemplary case of classifying datagrams according to 
their destinations and QOSs, so that the routing table 2 
shown in FIG.3 has a field for a destination and a field for a 
QOS specifying information along with fields for an output 
I/F and an output virtual connection identifier, but a field for 
a destination or a field for a QOS specifying information 
may be omitted if unnecessary, and a QOS specifying infor 
mation can be given by any one or more of QOS specifying 
information (1) to (13) enumerated above so as to realize any 
desired classification of datagrams. Note also that FIG. 3 
shows only one I/F3 for the sake of simplicity, but the trans 
mission node may actually have as many I/FS as necessary. 
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Here, a procedure for this transmission node of FIG. 1 to 

output datagram according to its destination will be 
described. 

For example, in a case of transmitting a datagram to a 
destination A, the datagram analysis unit 1 refers to the rout 
ing table 2 which registers a correspondence among the 
destination, the output I/F, and the output virtual connection 
identifier, by using the destination A as a key, and determines 
that, for this datagram to the destination A, the output I/F is 
"atml and the output virtual connection is a virtual connec 
tion with a virtual connection identifier “1”. Accordingly, the 
datagram analysis unit 1 sends this datagram to the I/F 3 
corresponding to "atml. Then, the transmission unit 4 of 
this IVF 3 assembles an AAL frame which is the datalink 
frame from the received datagram, divides the assembled 
AAL frame into ATM cells, and outputs the ATM cells to the 
virtual connection with a virtual connection identifier “1” in 
the virtual connection oriented LAN 41. 

Note that the datagram analysis unit 1 searches through 
the routing table 2 by using “destination” as a key in the 
above description, but it is also possible to provide a routing 
table which can be searched through by using other informa 
tion such as “quality of service' or “source address' as a key. 

In the following description of the various embodiments 
of a router device according to the present invention, it is 
assumed that a data communication network system uses 
transmission nodes of a type shown in FIG. 3 described 
above, so that a specific type of datagrams are transmitted 
only through specific virtual connections. 

Also, in the following, the virtual connection oriented net 
work can be a network in which nodes are connected 
through ATM switches, or a network in which nodes are 
connected through point-to-point links without using ATM 
Switches. 

Also, in the following, the networks to which the inter 
faces are connected can be physical networks, or logical 
networks. In the latter case, the logical networks may belong 
to a single physical network, or a plurality of physical net 
works. 

Also, in the following, the interface is not necessarily lim 
ited to a physical interface, and may include an interface 
function realized on CPU by means of software. 
Now, with references to FIG. 4 to FIG.9, the first embodi 

ment of a router device according to the present invention 
will be described in detail. 

In the following description of this first embodiment, it is 
supposed that the router device is connected with two virtual 
connection oriented LANs 41 and 42 as well as one non 
virtual connection oriented LAN 43 for the sake of definite 
ness. Here, the virtual connection oriented LAN is assumed 
to be an ATM-LAN and the non-virtual connection oriented 
LAN is assumed to be an Ethernet for the sake of explana 
tion. 
As shown in FIG. 4, the router device of this first embodi 

ment has an interface (I/F) 10 including a reception unit 11 
and a transmission unit 13, a datagram analysis unit 21 con 
nected with the reception unit 11, and a datagram processing 
unit 22 connected with the transmission unit 13, all in corre 
spondence to each LAN connected to this router device. In 
addition, the interface 10 connected to the virtual connection 
oriented LAN 41 or 42 further includes a connection identi 
fier analysis unit 12 connected between the reception unit 11 
and the datagram analysis unit 21. The router device also has 
a transfer unit 30 connected with each datagram analysis 
unit 21, each datagram processing unit 22, and each connec 
tion identifier analysis unit 12, so as to mutually connect 
sections corresponding to different LANs. In the figure, Sub 
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Scripts attached to the reference numeral are used to distin 
guish similar elements provided in correspondence to differ 
ent LANs. 

In the following description of this first embodiment, the 
network protocol for transferring the datagram is assumed to 
be IP (Internet Protocol) for the sake of definiteness, 
although the present invention is equally applicable to any 
network protocol other than IP such as IPX. 
The reception unit 11 receives the datalink frame from a 

connected LAN, and applies a processing appropriate for 
that LAN. 

In a case of the Ethernet LAN, the reception unit 11 
extracts the datalink frame destined to itself, and applies a 
CRC check for detecting errors in the datalink frame. Then, 
the reception unit 11 constructs the datagram from the 
datalink frame and determines which network protocol is to 
be used according to the datalink frame. Then, the con 
structed datagram and the received virtual connection identi 
fier are given to the connection identifier analysis unit 12. 
On the other hand, in a case of the ATM-LAN, the recep 

tion unit 11 detects errors in the ATM cells, assembles the 
AAL frame, carries out the error detection, determines 
which network protocol is to be used, and constructs the 
datagram. Then, the constructed datagram and the received 
VPI/VCI are given to the connection identifier analysis unit 
12. 
The datagram analysis unit 21 determines an output inter 

face and a network layer address of a next hop node by 
referring to datagram content (including a header informa 
tion Such as a source address, a destination address, a flow 
ID, and TOS, and an upper layer information Such as a port 
address). In order to realize this function, the datagram 
analysis unit 21 is provided with a routing table 210 as 
shown in FIG. 5, which registers the output interface and the 
next hop network layer address in correspondence to each 
datagram destination address. In this routing table 210, the 
output virtual connection identifier is registered instead of 
the next hop network layer address when the output interface 
is the virtual connection oriented LAN. 

In the routing table 210 shown in FIG. 5, in order to 
explain both a case in which the next hop network layer 
address is registered in the routing table 210 and a case in 
which the output virtual connection identifier is registered in 
the routing table 210, the routing table 210 registers the next 
hop network layer address when the output interface is the 
non-virtual connection oriented LAN, or the output virtual 
connection identifier when the output interface is the virtual 
connection oriented LAN. 
The datagram analysis unit 21 gives the datagram to the 

datagram processing unit 22 connected with the output inter 
face determined according to this routing table 210, via the 
transfer unit 30. 

Note that the routing table 210 shown in FIG. 5 is to be 
referred by using only the destination address as a key, but it 
is also possible to provide a routing table which can be 
searched through by using other datagram content as enu 
merated above as a key. 
The connection identifier analysis unit 12 is provided only 

in the interface 10 connected with the virtual connection 
oriented LAN. Unlike the datagram analysis unit 21 which 
determined the output interface from the datagram content, 
the connection identifier analysis unit 12 determines the out 
put interface by referring to the virtual connection identifier 
of the received datalink frame rather than the datagram con 
tent. In addition, the next hop network layer address or the 
output virtual connection identifier may also be determined 
by the connection identifier analysis unit 12. In order to 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
realize this function, the connection identifier analysis unit 
12 is provided with a transfer table 120 as shown in FIG. 6, 
which registers the output interface and the next hop net 
work layer address in correspondence to each input connec 
tion identifier. In this transfer table 120, the output virtual 
connection identifier is registered instead of the next hop 
network layer address when the output interface is the virtual 
connection oriented LAN. 

This transfer table 120 may be prepared manually, or 
automatically by means of a protocol with respect to the 
transmission node. This transfer table 120 can be con 
structed automatically by exchanging the virtual connection 
identifier and a type (Such as a destination network layer 
address or a transport layer port) of datagram conveyed by 
that virtual connection between this router device and neigh 
boring nodes. 
The connection identifier analysis unit 12 determines 

whether the datagram should be sent to the datagram analy 
sis unit 21 or to the datagram processing unit 22 of the inter 
face 10 for transmitting this datagram via the transfer unit 
30, according to this transfer table 120. Namely, the data 
gram received via the connection registered in this transfer 
table 120 will be given to the datagram processing unit 22 
belonging to the corresponding output interface. On the 
other hand, a datalink frame which has a connection identi 
fier not registered in this transfer table 120 or a datagram 
which has description indicating that is it to be given to the 
datagram analysis unit 21 will be given to the datagram 
analysis unit 21 so as to refer to its datagram content there. 
The transfer unit 30 receives the datagram from the data 

gram analysis unit 21 or the connection identifier analysis 
unit 12, and gives that datagram to the datagram processing 
unit 22 belonging to the specified output interface. At this 
point, in addition to the datagram itself, the next hop net 
work layer address or the output virtual connection identifier 
searched out from the routing table 210 of the datagram 
analysis unit 21 or the transfer table 120 of the connection 
identifier analysis unit 12 is also given to the datagram pro 
cessing unit 22. This transfer unit 30 can be constructed from 
a bus or a Switch, for example. 
The datagram processing unit 22 carries out a processing 

to rewrite a header of the datagram (including a processing 
to reduce TTL (Time To Live), a checksum calculation, an 
optional processing, etc. in a case of IP). Also, when the 
datagram is larger than a maximum frame length of the 
LAN, the datagram processing unit 22 divides the datagram 
into parts which fit to the maximum frame length of the 
LAN. The actual processing contents of these processings 
may differ depending on which network protocol is used. 
The transmission unit 13 carries out the processing appro 

priate for a connected LAN, in order to transmit the data 
gram to that LAN. For example, in a case of the ATM-LAN. 
the datagram is changed to the datalink frame (AAL frame), 
divided into ATM cell sizes, and outputted by attaching the 
specified output connection identifier. 
When the output virtual connection identifier is not speci 

fied in both the routing table 210 and the transfer table 120, 
the network layer address of the next hop node is specified at 
the routing table 210 or the transfer table 120. Then, the 
output virtual connection identifier is determined from the 
specified network layer address of the next hop node by 
referring to a table provided in the transmission unit 13, 
which registers a correspondence between the network layer 
address and the virtual connection identifier. The cells are 
then outputted to the LAN by using the output virtual con 
nection identifier determined in this manner. 
When the output virtual connection identifier is obtained 

from the routing table 210 or the transfer table 120, the ATM 
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cells are constructed from the datagram and outputted to the 
LAN by using the obtained output virtual connection identi 
fier. 

Next, the datagram transfer operation in the router device 
of this first embodiment will be described with reference to 
FIG. 7. 

Suppose now that I/F1 has three virtual connections 
(virtual connection-1, Virtual connection-2, and virtual 
connection-10) set up and I/F2 has one virtual connection 
(virtual connection-3) set up as shown in FIG. 7, while the 
transfer table 120 of the connection identifier analysis unit 
12 and the routing table 210 of the datagram analysis unit 21 
for I/F1 are set up as shown in FIG. 7. These settings may be 
made manually, or automatically by means of a protocol, 
similarly as described above in conjunction with the transfer 
table 120 of the connection identifier analysis unit 12. 

Also, Suppose that the virtual connection-1 is set to trans 
mit only datagrams destined to the destination A, and the 
virtual connection-2 is set to transmit only datagrams des 
tined to the destination B. These settings can be realized by 
using the transmission node shown in FIG. 3 described 
above. The destination A is assumed to be located in a direc 
tion of I/F2, and the destination B is assumed to be located in 
a direction of I/F3. Note that the setting used here requires 
the transmission of only datagrams destined to one destina 
tion through one virtual connection, but it is also possible to 
use the setting which requires the transmission of only data 
grams having identical source address and identical destina 
tion address through one virtual connection by means of the 
transmission node shown in FIG. 3 described above, for 
example, such that only a specific type of datagrams can be 
transmitted between the router device and its neighboring 
nodes. 
Then Suppose that the datagram is transmitted through the 

virtual connection-1. First, the reception unit 11 receives this 
datagram, and gives the received datagram and the virtual 
connection identifier of the virtual connection-1 to the con 
nection identifier analysis unit 12. 
The connection identifier analysis unit 12 can recognize 

that this datagram is a datagram entered from the virtual 
connection-1, so that the connection identifier analysis unit 
12 refers to the transfer table 120 by using the input con 
nection identifier “1” of the virtual connection-1 as a key. As 
a result, it can be determined that this datagram should be 
outputted to the virtual connection-3 of I/F2. In this manner, 
according this first embodiment, it is possible to determine 
the output target without referring to the datagram content. 
When the output target is determined in this manner, this 

datagram and the output virtual connection identifier 3 of 
the virtual connection-3 as the output virtual connection 
identifier are given to the datagram processing unit 22 of 
I/F2 via the transfer unit 30. Then, after the network layer 
processing is applied at the datagram processing unit 22, 
this datagram is transmitted from the transmission unit 13 
to the virtual connection-3 as determined from the transfer 
table 120. In this manner, the transfer from one virtual con 
nection oriented LAN 41 to another virtual connection ori 
ented LAN 42 can be completed. 

If the network layer address of the next hop node rather 
than the output virtual connection identifier is given in the 
transfer table 120 of the connection identifier analysis unit 
12, the transfer unit 30 gives the datagram and the network 
layer address of the next hop node to the datagram process 
ing unit 22. Then, the datagram is given from the datagram 
processing unit 22 to the transmission unit 13 after the net 
work layer processing is applied to the datagram at the data 
gram processing unit 22. The transmission unit 13 then 
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determines the output virtual connection identifier from the 
network layer address of the next hop node, and transmits 
the datagram to the LAN. 

Next, a case of transfer from the virtual connection ori 
ented LAN to the non-virtual connection oriented LAN will 
be described. 

Suppose here that the datagram is transmitted through the 
virtual connection-2 of I/F1. After this datagram is received 
at the reception unit 11, the connection identifier analysis 
unit 12 refers to the transfer table 120, by using the input 
connection identifier “2 of the virtual connection-2 as a key. 
As a result, it can be determined that this datagram should be 
outputted from the output I/F3 to the next hop network layer 
address C. 
The connection identifier analysis unit 12 then gives this 

datagram and the network layer address C of the next hop 
node to the datagram processing unit 22 of I/F3 via the 
transfer unit 30. Then, after the network layer processing is 
applied at the datagram processing unit 22, this datagram 
and the network layer address C of the next hop node are 
given to the transmission unit 13. The transmission unit 13 
then determines the datalink address from the network layer 
address of the next hop node, and transmits the datagram to 
the LAN. 

In the above, the transfer target is determined by using the 
connection identifier, without referring to the datagram 
content, but it is also possible to use a conventional Scheme 
here. Namely, when the transfer target cannot be determined 
from the connection identifier at the connection identifier 
analysis unit 12, the datagram can be given to the datagram 
analysis unit 21 so that the transfer target can be determined 
from the datagram content there. 

For example, the datalink frame entered from the virtual 
connection-10 is received by the reception unit 11, and after 
being changed into the datagram there, the transfer table 
120' is referred at the connection identifier analysis unit 12. 
In this case, the transfer table 120 has no corresponding 
entry registered, so that the datagram is given to the data 
gram analysis unit 21. Also, when the transfer table 120 
has an indication that this datagram should be given to the 
datagram analysis unit 21, the datagram is given to the data 
gram analysis unit 21 similarly. 
The datagram analysis unit 21 then refers to the datagram 

content, and recognizes that this datagram is destined to the 
destination B. Then, the datagram analysis unit 21 refers to 
the routing table 210 and recognizes that the datagram des 
tined to the destination B should be outputted from I/F3 to 
the next hop network layer address C. Accordingly, the data 
gram and the network layer address C of the next hop node 
are given to the datagram processing unit 22 of I/F3 via the 
transfer unit 30, and then outputted from the transmission 
unit 13 to the non-virtual connection oriented LAN 43. 

In this manner, it is possible for the router device to deter 
mine the destination address of the input datagram from the 
virtual connection identifier of the virtual connection 
through which the datagram is entered. 

Consequently, an output interface and an address of a next 
hop router or an output virtual connection identifier in a case 
where an output target is a virtual connection network can be 
determined at the router device without looking into the 
datagram content, and therefore it is possible to improve the 
transfer efficiency at the router device. 

It is to be noted that FIG. 4 shows an example in which the 
datagram analysis unit 21 and the datagram processing unit 
22 are provided in correspondence to each interface 10, but a 
configuration of FIG. 4 can be modified to share a single set 
of the datagram analysis unit 21 and the datagram process 
ing unit 22 among a plurality of interfaces 10, as shown in 
FIG 8. 
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Here, a procedure for carrying out the datagram transfer in 
this router device of FIG. 8 will be described. 

In this case, the detailed operation of each element in this 
router device of FIG. 8 is similar to that described above for 
the router device of FIG. 4. 

Suppose now that the virtual connection-1 is set to trans 
mit only datagrams destined to the destination D, and the 
virtual connection-10 is set to transmit various types of data 
grams destined to different destinations. These settings can 
be realized by using the transmission node shown in FIG. 3 
described above. 
When the datalink frame is entered from the virtual 

connection-1, the reception unit 11 changes the received 
datalink frame into the datagram. Then, the transfer table 
120 is referred at the connection identifier analysis unit 12 
to determine that the datagram received from the virtual 
connection-1 should be outputted from I/F3 to the next hop 
network layer address C. After that, the datagram is given to 
the datagram processing unit 22 via the transfer unit 30, and 
then to the transmission unit 13 via the transfer unit 30, and 
outputted from there similarly as in an exemplary case of 
FIG. 7 described above. 
On the other hand, when the datalink frame is received 

from the virtual connection-10, the reception unit 11 
changes the received datalink frame into the datagram. Then, 
the transfer table 120 is referred at the connection identifier 
analysis unit 12. As a result, when it is confirmed that this 
virtual connection-10 is not registered in this transfer table 
120, the datagram is given to the datagram analysis unit 21 
via the transfer unit 30. Then, the datagram analysis unit 21 
refers to the routing table 210 to determine that this data 
gram should be outputted from I/F3 to the next hop network 
layer address B. Then, similarly as in the above, the data 
gram is given to the datagram processing unit 22 via the 
transfer unit 30, and then to the transmission unit 13 via the 
transfer unit 30, and outputted from there. 

It is also to be noted that a configuration of FIG. 8 can be 
further modified as shown in FIG. 9. Namely, in this router 
device of FIG. 9, the function to change the datalink frame 
into the datagram and the function to change the datagram 
into the datalink frame are removed from the reception unit 
11 and the transmission unit 13, respectively, and a datalink 
frame/datagram conversion unit 50 having these functions 
are additionally provided between the transfer unit 30 and 
the datagram analysis unit 21 and between the transfer unit 
30 and the datagram processing unit 22. 

In this case, the operation since the datalink frame is 
entered from the virtual connection-1 or the virtual 
connection-10 until it is transmitted from the transmission 
unit 13 is basically similar to that in a case of the router 
device of FIG. 8 described above, except for the operation of 
the datalink frame/datagram conversion unit 50 which takes 
place between the operations of the transfer unit 30 and the 
datagram analysis unit 21 and between the operation of the 
transfer unit 30 and the datagram processing unit 22. 

In this modified configuration of FIG. 9, unlike a configu 
ration of FIG. 8, there are cases in which the processings at 
the datagram analysis unit 21, the datagram processing unit 
22, and the datalink frame/datagram conversion unit 50 can 
be omitted while transferring data. 

For example, the datalink frame received from the virtual 
connection-2 of I/F2 is applied with the datalink layer pro 
cessing Such as the datalink checksum calculation at the 
reception unit. 11, and then the transfer table 120 is 
referred at the connection identifier analysis unit 12. As a 
result, it can be determined that this datalink frame should be 
outputted to the virtual connection-3 of I/F1. In this case, 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

20 
this datalink frame is then given to the transmission unit 13 
via the transfer unit 30, and after the datalink layer process 
ing is applied at the transmission unit 13, this datalink 
frame is outputted to the virtual connection oriented LAN 
41, so that this datalink frame can be transferred without 
requiring the processings at the datagram analysis unit 21, 
the datagram processing unit 22, and the datalink frame/ 
datagram conversion unit 50. 

It is to be noted that, in the first embodiment described 
above, the transfer table 120 of the connection identifier 
analysis unit 12 is used for determining an output interface 
to which the datagram is to be transferred, but it is also 
possible to use the transfer table 120 of the connection iden 
tifier analysis unit 12 for determining an output virtual con 
nection identifier corresponding to an input connection 
identifier, and transfer the datagram Such that the datagram is 
outputted to a virtual connection having a virtual connection 
identifier identical to the determined output virtual connec 
tion identifier, in the similar manner as described above. 

It is also to be noted that, in the first embodiment 
described above, the output interface and the network hop 
network layer address are searched out from the transfer 
table 120 of the connection identifier analysis unit 12 by 
using the input connection identifier as a key, but it is also 
possible to modify the above first embodiment such that the 
connection identifier analysis unit has a table for registering 
a correspondence between an input virtual connection iden 
tifier and a protocol type information indicating a type and/ 
or a version of a protocol of the datagram, Such that a proto 
col type and/or version can be searched out from this table of 
the connection identifier analysis unit by using the input 
connection identifier as a key. 

In this case, the output interface cannot be determined by 
the connection identifier analysis unit, so that all the data 
grams will be sent to the datagram analysis unit to determine 
their appropriate output interfaces. Here, however, the data 
gram analysis unit can recognize the protocol of the received 
datagram before the datagram content is referred by means 
of the operation by the connection identifier analysis unit. 

In general, the datagram analysis unit can have a multi 
processor configuration formed by a plurality of processors, 
which are provided in correspondence to different protocols. 
In Such a case, the datagram analysis unit can enter the 
received datagram into an appropriate processor correspond 
ing to the protocol of that datagram, without referring to the 
datagram content, so that there is no need for an operation to 
classify the received datagrams according to their protocols 
at the datagram analysis unit. 

For example, when the datagram analysis unit has one 
processor responsible for the datagram analysis and process 
ing of datagrams of IP (or IPv6) and another processor 
responsible for the datagram analysis and processing of 
datagrams of IPX (or IPv4), the datagram entering into the 
datagram analysis unit can be appropriately entered into the 
corresponding processor according to the protocol type and/ 
or version of the datagram determined by the connection 
identifier analysis unit according to the input connection 
identifier of the datagram. 

Referring now to FIG. 10 to FIG. 13, the second embodi 
ment of a router device according to the present invention 
will be described in detail. 

In this second embodiment, the router device has a con 
figuration as shown in FIG. 10, where the reception unit 11, 
the connection identifier analysis unit 12, the transmission 
unit 13, the datagram analysis unit 21, the datagram process 
ing unit 22, and the transfer unit 30 are basically similar to 
those in the first embodiment described above, except that 
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the connection identifier analysis unit 12 has a modified 
internal configuration as will be described below. Here, the 
datagram analysis unit 21 and the datagram processing unit 
22 are shared among a plurality of interfaces similarly as in a 
configuration of FIG. 8 described above. 

In addition, this router device of FIG. 10 has a scheduler 
60 connected between the connection identifier analysis unit 
12 and the transfer unit 30, and a scheduler connected 
between the transfer unit 30 and the transmission unit 13. 

The router device of FIG. 10 is connected with two virtual 
connection oriented LANs 41 and 42 as well as one non 
virtual connection oriented LAN 43 similarly as in the first 
embodiment described above. 

This second embodiment differs from the first embodi 
ment described above in the incorporation of the schedulers 
60 and 61, and the internal configuration of the connection 
identifier analysis unit 12. 

Each one of the schedulers 60 and 61 changes an output 
order of the datagrams according to the requested quality of 
service of each datagram, instead of outputting the data 
grams in the received order. For example, the output order of 
the datagrams can be changed by separately storing the data 
grams in buffers provided in correspondence to different lev 
els of quality of service, and changing a rate of extracting the 
datagrams from each buffer according to the corresponding 
quality of service. 
On the other hand, the connection identifier analysis unit 

12 is provided with a QOS table 126 as shown in FIG. 11, 
which registers the quality of service (QOS) in correspon 
dence to each input connection identifier, instead of the 
transfer table used in the first embodiment described above. 
By changing this QOS table 126, the information that can be 
determined from the input connection identifier can be 
changed. 

Next, the datagram transfer operation in the router device 
of this second embodiment will be described with reference 
to FIG. 12. 

Suppose now that I/F1 has three virtual connections 
(virtual connection-1, Virtual connection-2, and virtual 
connection-10) set up as shown in FIG. 12, where the virtual 
connection-1 is set to transmit only datagrams of QOS-1, 
and the virtual connection-2 is set to transmit only data 
grams of QOS-2. These settings can be realized by using the 
transmission node shown in FIG. 3 described above. Here, 
the QOS-1 is assumed to be in a higher priority level than the 
QOS-2. 

Suppose also that the QOS table 126 of the connection 
identifier analysis unit 12 for I/F1 and the routing table 210 
of the datagram analysis unit 21 are set up as shown in FIG. 
12. The QOS table 126 shown in FIG. 12 indicates that the 
virtual connection-1 corresponds to the QOS-1, and the vir 
tual connection-2 corresponds to the QOS-2. These settings 
may be made manually, or automatically by means of a pro 
tocol. This QOS table 126 can be constructed automatically 
by exchanging the virtual connection identifier and a quality 
of service of datagram conveyed by that virtual connection 
between this router device and neighboring nodes. 

Then, when the datagram is received from the virtual 
connection-1, the reception unit 11 receives this datagram, 
and applies the datalink layer processing. After that, the con 
nection identifier analysis unit 12, refers to the QOS table 
126 i by using the input connection identifier “1” of the 
virtual connection-1 as a key. As a result, it can be deter 
mined that this datagram is of the QOS-1. In this manner, 
according this second embodiment, it is possible to deter 
mine the quality of service without referring to the datagram 
COntent. 
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Next, the scheduler 60 enters this datagram into a buffer 

1 provided therein in correspondence to the QOS-1. The 
scheduler 60 extracts the datagrams from the buffers 
according to the priority order among the datagrams, and 
sends the datagrams to the datagram analysis unit 21 via the 
transfer unit 30. Here, an order of extracting can be set such 
that any datagrams of QOS-1 at a higher priority order exist 
ing in the buffers are extracted first, and any datagram of 
QOS-2 are extracted after that. 
The datagram extracted from the buffers in the scheduler 

60 is then given to the datagram analysis unit 21 to deter 
mine the output interface and the network layer address of 
the next hop node from the destination of the datagram by 
referring to the routing table 210, and then given to the data 
gram processing unit 22. After that, the datagram is given to 
the scheduler 61 of the output target, and then given to the 
transmission unit 13, and outputted from there to complete 
the transfer. Here, the datagram transfer from the scheduler 
61 to the transmission unit 13 in the output interface is also 
carried out according to the priority order similarly as in a 
case of the scheduler 60, described above. 

Similarly, the datagram entered from the virtual 
connection-2 is received by the reception unit 11, and deter 
mined that it is of the QOS-2 by referring to the QOS table 
126 at the connection identifier analysis unit 12. Then, this 
datagram is entered into a buffer provided in correspondence 
to the QOS-2 at the scheduler 60, and thereafter processed 
similarly as the datagram of QOS-1 described above. 
As for the datagram entered from the virtual connection 

10, the QOS table 126 of the connection identifier analysis 
unit 12 does not register a corresponding virtual connection 
identifier, so that this datagram is entered into a buffer pro 
vided in correspondence to the lowest priority order at the 
scheduler 60, and thereafter processed similarly as the data 
gram of QOS-1 described above. 

In this manner, it is possible for the router device to deter 
mine the QOS class of the input datagram from the virtual 
connection identifier of the virtual connection through 
which the datagram is entered. Consequently, the datagrams 
can be classified according to their QOS classes at the router 
device without looking into the datagram content. By means 
of this, at a time of datagram scheduling at an input stage, it 
becomes possible to realize the scheduling according to the 
QOS classes even if the processings of the transfer unit 30, 
the datagram analysis unit 21, and the datagram processing 
unit 22 are slow. 

It is to be noted that a configuration of FIG. 10 can be 
modified to incorporate the datagram analysis unit 21 and 
the datagram processing unit 22 for each interface separately 
as shown in FIG. 13. In this modified configuration of FIG. 
13, the received datalink frame is applied with the datalink 
layer processing at the reception unit 11, and the quality of 
service is determined from the QOS table 126 at the connec 
tion identifier analysis unit 12, and the datagram is given to 
the scheduler 60 according to the determined quality of 
service, similarly as in a case of FIG. 12 described above. 

In this modified configuration of FIG. 13, however, the 
datagram outputted from the scheduler 60 is given to the 
datagram analysis unit 21 and the output interface and the 
network layer address of the next hop node or the output 
virtual connection identifier are determined from the desti 
nation address of the datagram there. After that, the data 
gram is transferred to the datagram processing unit 22 of the 
output interface via the transfer unit 30, and then given to the 
scheduler 61 and outputted from the transmission unit 13 in 
the output interface. Here, the datagram transfer from the 
scheduler 61 to the transmission unit 13 in the output inter 
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face is also carried out according to the priority order simi 
larly as in a case of the scheduler 60 described above. 

Referring now to FIG. 14 and FIG. 15, the third embodi 
ment of a router device according to the present invention 
will be described in detail. 

This third embodiment is a combination of the first and 
second embodiments described above, in which both the 
transfer target and the quality of service can be determined 
without referring to the datagram content. 

In this third embodiment, the router device has a configu 
ration as shown in FIG. 14, where the reception unit 11, the 
connection identifier analysis unit 12, the transmission unit 
13, the datagram analysis unit 21, the datagram processing 
unit 22, the transfer unit 30, and the schedulers 60 and 61 are 
basically similar to those in the second embodiment 
described above, except that the connection identifier analy 
sis unit 12 has a modified internal configuration as will be 
described below. Here, the datagram analysis unit 21 and the 
datagram processing unit 22 are shared among a plurality of 
interfaces similarly as in a configuration of FIG. 8 described 
above. 

This router device of FIG. 14 is connected with two vir 
tual connection oriented LANs 41 and 42 as well as one 
non-virtual connection oriented LAN 43 similarly as in the 
first and second embodiments described above. 
The connection identifier analysis unit 12 is provided with 

a transfer table 129 as shown in FIG. 14, which registers the 
quality of service (QOS), the output interface (output I/F), 
and the next hop network layer address or the output virtual 
connection identifier (address) in correspondence to each 
input connection identifier (input), so that this transfer table 
129 combines the transfer table 120 of the first embodiment 
and the QOS table 126 of the second embodiment. 

Next, the datagram transfer operation in the router device 
of this third embodiment will be described with reference to 
FIG 14. 

Suppose now that I/F1 has the virtual connection-1 which 
is set to transmit only datagrams of QOS-1 destined to the 
destination A, and the virtual connection-2 which is set to 
transmit only datagrams of QOS-2. These settings can be 
realized by using the transmission node shown in FIG. 3 
described above. Here, the QOS-1 is assumed to be in a 
higher priority level than the QOS-2. 

Suppose also that the transfer table 129 of the connection 
identifier analysis unit 12 for I/F1 and the routing table 210 
of the datagram analysis unit 21 are set up as shown in FIG. 
14. 

Then, when the datagram is received from the virtual 
connection-1 at the reception unit 11, of I/F1, the datalink 
layer processing is applied to this datagram there, and this 
datagram is given to the connection identifier analysis unit 
12. Then, the connection identifier analysis unit 12 refers 
to the transfer table 129 by using the input connection iden 
tifier “1” of the virtual connection-1 as a key. As a result, it 
can be determined that this datagram is of the QOS-1, for 
which the output interface is I/F2 and the output virtual con 
nection is the virtual connection-3. 

Next, this datagram is entered into a buffer-1 provided in 
correspondence to the QOS-1 in the scheduler 60 to receive 
the transfer order priority control by the the scheduler 60, 
and then given to the transfer unit 30 along with the output 
virtual connection identifier '3”. 

Then, this datagram is given to the datagram processing 
unit 22 and applied with the network layer processing there, 
and then given to the scheduler 61 of I/F2 via the transfer 
unit 30 to receive the transfer order priority control there. 
This datagram is then given to the transmission unit 13, and 
outputted to the virtual connection-3 from there. 
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In the above description, the datagram and the virtual con 

nection identifier '3' are given from the scheduler 60 to the 
transfer unit 30, but the quality of service QOS-1 may also 
be given in addition to them for use in the priority control at 
the scheduler 61. 

Similarly, the datagram entered from the virtual 
connection-2 is received by the reception unit 11, and given 
to the connection identifier analysis unit 12. Then, by refer 
ring to the transfer table 129 at the connection identifier 
analysis unit 12, it can be determined that this datagram is 
of the QOS-2 for which the output I/F and the address are not 
specified. 

Consequently, this datagram is entered into a buffer pro 
vided in correspondence to the QOS-2 at the scheduler 60, 
and as the output I/F is not determined yet, this datagram is 
given to the datagram analysis unit 21 via the transfer unit 
30. The datagram analysis unit 21 then refers to the destina 
tion of this datagram, and when it is recognized that this 
datagram is destined to the destination B, the routing table 
210 is referred by using this destination B as a key, to deter 
mine that the output interface is I/F3 and the network layer 
address of the next hop node is D in this case. 

Then, this datagram is given to the datagram processing 
unit 22 and applied with the network layer processing there, 
and then given to the scheduler 61 of I/F3 via the transfer 
unit 30 to receive the transfer order priority control there. 
Then, at the transmission unit 13, the datalink address is 
determined from the next hop network layer address, the 
datalink frame is constructed, and outputted to the LAN 
from there. 

In this manner, it is possible for the router device to deter 
mine the destination address and the quality of service of the 
input datagram from the virtual connection identifier of the 
virtual connection through which the datagram is entered. 
Consequently, it is possible to improve the transfer effi 
ciency at the router device considerably. 

It is to be noted that a configuration of FIG. 14 can be 
modified to incorporate the datagram analysis unit 21 and 
the datagram processing unit 22 for each interface separately 
as shown in FIG. 15. 

In this modified configuration of FIG. 15, the received 
datalink frame is applied with the datalink layer processing 
at the reception unit 11, and the destination address and the 
quality of service are determined from the transfer table 129 
at the connection identifier analysis unit 12, and the data 
gram is given to the scheduler 60 according to the deter 
mined quality of service, similarly as in a case of FIG. 14 
described above. 

In this modified configuration of FIG. 15, however, the 
scheduler 60 determines whether the datagram should be 
given to the datagram analysis unit 21 or the transfer unit 30. 
When the virtual connection-1 is set to transmit only dataa 
grams of QOS-1 destined to the destination A, and the vir 
tual connection-2 is set to transmit only datagrams of QOS-2 
as in a case of FIG. 14, the output interface and the next hop 
network layer address or output virtual connection identifier 
can be determined from the transfer table 129 of the connec 
tion identifier analysis unit 12 for the datagram received 
from the virtual connection-1, so that this datagram and the 
next hop network layer address or output virtual connection 
identifier are given to the datagram processing unit 22 of the 
output interface via the transfer unit 30. 
On the other hand, the output interface and the next hop 

network layer address or output virtual connection identifier 
cannot be determined from the transfer table 129 of the con 
nection identifier analysis unit 12 for the datagram received 
from the virtual connection-2. For this reason, this datagram 
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is given to the datagram analysis unit 21, and the routing 
table 210 is referred by using the destination of this data 
gram to determine the output interface and the next hop 
network layer address or output virtual connection identifier, 
and then this datagram is given to the datagram processing 
unit 22 of the output interface via the transfer unit 30. 

It is also to be noted here that in the first to third embodi 
ments described above, a number of the virtual connection 
oriented LANs and/or the non-virtual connection oriented 
LANs is arbitrary. In addition, the present invention may be 
applied to any type of LAN other than the ATM-LAN and 
Ethernet used in the above description. 

Referring now to FIG. 16 to FIG. 18, the fourth embodi 
ment of a router device according to the present invention 
will be described in detail. 

This fourth embodiment concerns with a case of a router 
for connecting ATM networks, which is capable of determin 
ing the output interface and virtual connection identifier by 
using the input virtual connection identifier (VPI/VCI) with 
out looking into the network layer datagram, and transfer 
ring the datagram as the AAL (ATM Adaptation Layer) 
frame (AAL PDU or AAL SDU). 

In this fourth embodiment, the router device has a con 
figuration as shown in FIG. 16, where a plurality of ATM 
NICs (Network Interface Cards) 1000 and a CPU board 
1100 for carrying out the network layer processing are con 
nected to a single general purpose bus 1021. In addition, the 
general purpose bus 1021 may also be connected with a 
non-virtual connection oriented NIC such as an Ethernet 
NIC 2000. Note that the general purpose bus 1021 may be 
replaced by a switch, if desired. 

The CPU board 1100 carries out the network layer proto 
col processing by means of software processing, and 
includes a network layer protocol selection unit 1101 and a 
network layer protocol multiplexing unit 1102 each of which 
is connected with the general purpose bus 1021, an IP pro 
cessing unit 1103 and an IPX processing unit 1104 each of 
which is connected with both the network layer protocol 
selection unit 1101 and the network layer protocol multi 
plexing unit 1102, and a connection identifier analysis unit 
1105. Here, the connection identifier analysis unit 1105 has 
a connection management table for registering input VPI/ 
VCI, output I/F, and output VPI/VCI or next hop network 
layer address in correspondence to input I/F as shown in 
FIG. 16. 
The ATM NIC 1000 carries out the disassembly of the 

AAL frame into the ATM cells and the assembly of the AAL 
frame from the ATM cells, and includes an ATM reception 
unit 1001 connected with the ATM network 1023 or 1025, an 
AAL reception processing unit 1002 connected with the 
ATM reception unit 1001, a reception buffer 1003 connected 
with the AAL reception processing unit 1002, a bus trans 
mission unit 1004 connected with the reception buffer 1003 
and the general purpose bus 1021, a bus reception unit 1005 
connected with the general purpose bus 1021, a transmission 
buffer 1006 connected with the bus reception unit 1005, an 
AAL transmission processing unit 1007 connected with the 
transmission buffer 1006, and an ATM transmission unit 
1008 connected with the AAL transmission processing unit 
1007 and the ATM network 1023 or 1025. 
The Ethernet NIC 2000 includes an Ethernet reception 

unit 2001 connected with the Ethernet, a reception buffer 
2002 connected with the Ethernet reception unit 2001, a bus 
transmission unit 2003 connected with the reception buffer 
2002 and the general purpose bus 1021, a bus reception unit 
2004 connected with the general purpose bus 1021, a trans 
mission buffer 2005 connected with the bus reception unit 
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2004, and an Ethernet transmission unit 2006 connected 
with the transmission buffer 2005 and the Ethernet. 
As for a transfer scheme between one ATM NIC and 

another ATM or non-virtual connection oriented NIC or 
CPU board, the following two schemes are available. 
The first scheme presents the reception buffer 1003 and 

the transmission buffer 1006 of the ATMNIC 1000 as shared 
memories to the CPU such that they appear similarly as a 
memory possessed by the CPU. By means of this, the read 
ing and writing between the ATM NIC 1000 and the CPU 
board 1100 can be realized by the CPU. The transfer 
between the ATM NICs can be realized as the CPU reads 
from one ATM NIC 1000 and writes into another ATM NIC 
1000. The transfer between the ATM NIC and the Ethernet 
NIC can be realized similarly by replacing one ATM NIC 
1000 in the above case with the Ethernet NIC 2000. 
The second scheme realizes the data transfer in a form of 

reading from the ATM NIC 1000 to the CPU board 1100, or 
another ATM NIC 1000, or the Ethernet NIC 2000, by speci 
fying a transfer target memory address, a data size, and an 
address of the reception buffer 1003 of the ATM NIC 1000, 
to the bus transmission unit 1004. In a case of writing into 
the ATM NIC 1000, the data are transferred to the transmis 
sion buffer 1006 by writing a transfer data size, a transmis 
sion source memory address, and a memory address of the 
transmission buffer 1006 of the transfer target ATM NIC 
1000 in the bus transmission unit 1004. Also, by replacing 
the transfer target ATM NIC 1000 with the Ethernet NIC 
2000, the transfer between the ATM NIC and the Ethernet 
NIC can be realized similarly. 

In the following, a procedure for transferring cells 
received from the ATM network, either by carrying out the 
network layer processing or by keeping a form of the AAL 
frame, will be described. 

In the ATM NIC 1000, the ATM cells are received from 
the ATM network at the ATM reception unit 1001, the 
received ATM cells are assembled into the AAL frame at the 
AAL reception processing unit 1002, and the obtained AAL 
PDU and the VPI/VCI of a connection through which the 
ATM cells are received are stored into the reception buffer 
1003. When data are entered into the reception buffer 1003, 
the fact that data are received and the input interface are 
notified from the bus transmission unit 1004 to the CPU 
board 1100. 

In the CPU board 1100, after the data reception is 
recognized, the input VPI/VCI is read out. Here, the input 
VPI/VCI may be notified from the ATM NIC 1000 to the 
CPU board 1100 at a time of notifying the data reception. 
Then, the connection identifier analysis unit 1105 in the 
CPU board 1100 determines the output interface and VPI/ 
VCI or next hop network layer address from the input inter 
face and VPIAVCI. 
The processing from here on is different for a case of 

carrying out the network layer processing and a case of 
keeping a form of AAL frame (AAL transfer), so that these 
two cases will be described separately. 
(1) A case of carrying out the network layer processing 
When the output interface is the CPU board 1100 at the 

connection identifier analysis unit 1105, the AAL frame is 
transferred from the reception buffer 1003 of the ATM NIC 
1000 to the network layer protocol selection unit 1101. 
The network layer protocol selection unit 1101 removes a 

header/trailer of the data in the AAL frame according to a 
protocol type field in the AAL frame to covert the data into 
the datagrams, and gives the obtained datagrams to the cor 
responding network layer processing units (such as the IP 
processing unit 1103 and the IPX processing unit 1104). The 
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network layer processing units then carry out the process 
ings unique to the respective network layers. For example, at 
the IP processing unit 1103, the TTL field in the packet is 
reduced, and the router to be sent next is selected from the 
destination address. 
The datagrams processed by the network layer processing 

units are then given to the network layer protocol multiplex 
ing unit 1102, at which a header having a protocol type field 
for indicating the network layer is attached to each 
datagram, the output VPI/VCI is obtained from the address 
of the router selected above, and the datagram with the 
header attached is converted into the AAL frame. This AAL 
frame is then transferred to the transmission buffer 1006 of 
the output interface by specifying the transfer target memory 
address. In addition, the output VPI/VCI obtained above is 
additionally written into the transmission buffer 1006, and 
the AAL transmission processing unit 1007 disassembles the 
AAL frame in the transmission buffer 1006 into the ATM 
cells. Then, the ATM transmission unit 1008 outputs these 
ATM cells to the ATM network by using the output VPI/VCI 
written in the transmission buffer 1006. 

In the above, the AAL frame to be outputted and the out 
put VPI/VCI are separately transferred to the output ATM 
NIC, but it is also possible to transfer the AAL frame and the 
output VPI/VCI simultaneously. 
When the output interface is the Ethernet NIC 2000, the 

AAL frame obtained by converting the datagrams processed 
at the network layer processing units is transferred to the 
transmisiosn buffer 2005. Then, at a time of conversion to 
the AAL frame, the Ethernet address is determined from the 
address (next hop network layer address) of the selected 
router, and this Ethernet address is additionally written into 
the transmission buffer 2005. Then, this Ethernet address is 
attached to the AAL frame in the transmission buffer 2005, 
and this AAL frame is transmitted from the Ethernet trans 
mission unit 2006. 
(2) A case of AAL transfer 
When the output interface is other than the CPU board 

1100 at the connection identifier analysis unit 1105, the out 
put interface and the position of the transmission buffer 1006 
of the output interface are specified in order to send the AAL 
frame through the general purpose bus to the output interface 
written in the connection management table. The AAL frame 
is transferred from one ATM NIC to another ATM NIC by 
one of the two schemes described above, and stored in the 
transmission buffer 1006 of the transmission interface. At 
this point, the connection identifier analysis unit 1105 enters 
the VPI/VCI to be used for transmission in the transmission 
buffer 1006. Then, the AAL transmission processing unit 
1007 converts the AAL frame into the ATM cells, and the 
ATM transmission unit 1008 outputs the ATM cells to the 
ATM network by using the VPI/VCI written in the transmis 
Sion buffer 1006. 

In the above, the AAL frame to be outputted and the out 
put VPI/VCI are separately transferred to the output ATM 
NIC, but it is also possible for the connection identifier 
analysis unit 1105 to convert the input VPI/VCI of the recep 
tion buffer 1003 into the output VPI/VCI, and transfer the 
AAL frame and the output VPI/VCI simultaneously to the 
transmission buffer. 
When the output interface is the Ethernet NIC 2000, the 

following two AAL transfer schemes are available. 
In the first scheme, the AAL frame is transferred from the 

ATMNIC which received the ATM cells to the Ethernet NIC 
of the output interface written in the connection manage 
ment table, while the connection identifier analysis unit 
1105 enters the next hop network layer address written in the 
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connection management table into the transmission buffer 
2005, similarly as in the above described case in which the 
output interface is the ATM NIC. In this case, the Ethernet 
transmission unit 2006 has an additional function for deter 
mining the Ethernet address from the next hop network layer 
address, so that the corresponding Ethernet address is 
obtained from the next hop network layer address entered 
into the transmission buffer 2005, this Ethernet address is 
attached to the AAL frame in the transmission buffer 2005, 
and this AAL frame is transmitted to the network. 

In the second scheme, only the function for determining 
the Ethernet address from the next hop network layer 
address is utilized among the functions provided in the net 
work layer protocol multiplexing unit 1102 as described for 
the above described case of carrying out the network layer 
processing. In this case, the AAL frame is transferred from 
the ATM NIC which received the ATM cells, while the Eth 
ernet address corresponding to the next hop network layer 
address written in the connection management table is 
obtained, and this Ethernet address is written into the trans 
mission buffer 2005. 

In this manner, by connecting a plurality of usual ATM 
NICs or non-virtual connection oriented NICs to the general 
purpose bus, it is possible to realize a high speed transfer by 
transferring the AAL frame as it is, without carrying out the 
network layer processing. 

It is to be noted that the configuration of FIG. 16 can be 
modified as shown in FIG. 17, where each ATM NIC 1000 
has a connection identifier analysis unit 1009 connected 
between the reception buffer 1003 and the bus transmission 
unit 1004, instead of the connection identifier analysis unit 
1105 provided in the CPU board 1100 in the configuration of 
FIG. 16. This connection identifier analysis unit 1009 has a 
table registering output I/F and output VPI/VCI or next hop 
network layer address in correspondence to input VPI/VCI 
as shown in FIG. 17. With this modified configuration of 
FIG. 17, the additional mechanism is necessary for the ATM 
NIC 1000, but the processing at the CPU board 1100 can be 
reduced, so that the CPU processing load can be reduced. In 
this modified configuration of FIG. 17, the operation is 
mostly similar to that in the configuration of FIG. 16 
described above. 

It is also to be noted that the configuration of FIG.16 may 
be expanded as shown in FIG. 18, where a plurality of gen 
eral purpose buses 1029 and 1031 and an internal bus 1027 
are provided and connected through bridges 1200, while the 
ATM NICS 1000 and the Ethernet NIC 2000 are connected 
to the general purpose bus-2 1031, the CPU 1100 is con 
nected to the internal bus 1027, and a display card 1300 and 
other cards are connected to the general purpose bus-1 1029. 
such that the display card 1300 and others connected to the 
general purpose bus-1 1029 will not be affected by the AAL 
frame transfer between the ATMNIC and another ATM NIC 
or non-virtual connection oriented NIC. In this expanded 
configuration of FIG. 18, the AAL frame to be transferred 
between the ATMNIC and another ATMNIC or non-virtual 
connection oriented NIC will be transferred only within the 
general purpose bus-2 1031, and not passed to the general 
purpose bus-1 1029 by means of the bridge 1200, so that it is 
possible-to reduce the influence due to the AAL transfer on 
elements such as the CPU 1100 and the display card 1300 
which are connected to buses other than the general purpose 
bus-2 1031. 
As described, according to the present invention, it is pos 

sible to improve the transfer efficiency of the router device 
by determining the information for the transfer control and/ 
or priority control (the network interface which is the trans 
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fer target of the datagram or AAL frame, and/or the quality 
of service of the datagram) from the virtual connection iden 
tifier of the entered datagram or the assembled AAL frame, 
without looking into the datagram content. 

In the router device of the first embodiment, the network 
interface that is the transfer target of the datagram can be 
determined by referring to a table according to the identifier 
of the virtual connection from which the datagram is 
entered, without looking into the datagram content, and the 
datagram can be transferred to the determined network inter 
face. Here, the router device may include means for applying 
the network layer processing to the datagram according to 
the protocol of the network. 

This means for applying the network layer processing to 
the datagram is preferably provided for each network inter 
face. This is because the entered datagrams can be distrib 
uted to the output interfaces at high speed according to the 
identifiers of the virtual connections, and the network layer 
processings can be applied in parallel at the output inter 
faces. 

Also, in the router device of the second embodiment, the 
quality of service of the datagram can be determined by 
referring to a table according to the identifier of the virtual 
connection from which the datagram is entered, without 
looking into the datagram content, and the priority control 
for the datagrams can be carried out according to the deter 
mined quality of service. 

Also, in the router device of the third embodiment, the 
network interface that is the transfer target of the datagram 
and the quality of service of the datagram can be determined 
by referring to a table according to the identifier of the vir 
tual connection from which the datagram is entered, without 
looking into the datagram content, and the datagram can be 
transferred to the determined network interface while carry 
ing out the priority control for the datagrams according to 
the determined quality of service. 
By obtaining the information from the virtual connection 

identifier before referring to the datagram itself in this 
manner, the work required for the router device can be 
reduced and the transfer efficiency of the router device can 
be improved. 

Note that the priority control may be carried out at a stage 
immediately before the network layer processing according 
to the protocol of the network is applied, or at a stage imme 
diately before the datagram is outputted to the output side 
network interface. It is also possible to carry out the priority 
control at a stage immediately before the datagram analysis 
to determine the transfer target network interface from the 
datagram content. 

Also, in the router device of the fourth embodiment, the 
network interface that is the transfer target of the AAL frame 
and the output virtual connection identifier can be deter 
mined by referring to a table according to the identifier of the 
virtual connection from which the AAL frame is entered, 
without assembling the datagram from the AAL frame that is 
assembled at the reception unit and looking into the data 
gram content, and the AAL frame can be transmitted to the 
virtual connection having the determined output virtual con 
nection identifier by the transmission unit of the determined 
network interface. Here, the notification of the determined 
output virtual connection identifier to the transmission unit 
and the transfer of the AAL frame to the transmission unit 
can be done in any desired order. 

In this router device of the fourth embodiment, by obtain 
ing the information from the virtual connection identifier 
without referring to the datagram itself, the transfer effi 
ciency of the router device can be improved. In addition, 
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because of the use of the AAL frame assembling, it is pos 
sible to prevent a transfer of those ATM cells which cannot 
be assembled into the AAL frame because of cell loss or 
some other causes, so that the utilization efficiency of the 
transmission channel can be increased. 

Also, when AAL5 is used, if the ATM cells received from 
a plurality of input connections are merged and transmitted 
to the output connection, it is impossible to assemble the 
AAL frame at the final destination in a case of the ATM cell 
transfer. However, by using the AAL transfer, the AAL 
frames received from a plurality of input connections can be 
merged and transmitted to the output connection, so that it 
becomes easier to deal with the multicast. 

Note that the transmission unit and the reception unit in 
this fourth embodiment can be provided in forms of network 
interface cards. 

It is to be noted that, in the fourth embodiment described 
above, the connection management table of the connection 
identifier analysis unit is used for determining an output 
interface to which the datagram is to be transferred, but it is 
also possible to use the connection management table of the 
connection identifier analysis unit for determining an output 
virtual connection identifier corresponding to an input con 
nection identifier, and transfer the datagram such that the 
datagram is outputted to a virtual connection having a virtual 
connection identifier identical to the determined output vir 
tual connection identifier, in the similar manner as described 
above. 

It is also to be noted that, besides those already mentioned 
above, many modifications and variations of the above 
embodiments may be made without departing from the 
novel and advantageous features of the present invention. 
Accordingly, all such modifications and variations are 
intended to be included within the scope of the appended 
claims. 
What is claimed is: 
1. A router device for transferring datagrams among net 

works comprising: 
network interfaces connected with networks including at 

least one virtual connection oriented network; 
a memory for storing a correspondence between a virtual 

connection identifier and a transfer target network 
interface; 

connection identifier analysis means for determining a 
transfer target network interface for a datagram entered 
from a virtual connection, by referring to the memory 
according to a virtual connection identifier of the Vir 
tual connection; and 

transfer means for transferring the datagram to the trans 
fer target network interface determined by the connec 
tion identifier analysis means. 

2. The router device of claim 1, further comprising recep 
tion means for receiving a datalink frame from the virtual 
connection and assembling the datalink frame into the data 
gram. 

3. The router device of claim 1, wherein the memory also 
stores a correspondence between a virtual connection identi 
fier and an output virtual connection identifier to be used in a 
case where a network connected with the transfer target net 
work interface is a virtual connection oriented network. 

4. The router device of claim 3, wherein the connection 
identifier analysis means also notifies an output virtual con 
nection identifier for the datagram to the transfer target net 
work interface. 

5. The A router device of claim 1 for transferring data 
grams among networks comprising: 

network interfaces connected with networks including at 
least one virtual connection Oriented network, 
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a memory configured to store a correspondence between a 
virtual connection identifier and a transfer target net 
work interface, 

a connection identifier analysis unit configured to deter 
mine a transfer target network interface for a datagram 
entered from a virtual connection, by referring to the 
memory according to a virtual connection identifier of 
the virtual connection, and 

a transfer unit configured to transfer the datagram to the 
transfer target network interface determined by the 
connection identifier analysis unit, 

wherein the memory also stores a correspondence 
between a the virtual connection identifier and a next 
hop network layer address to be used in a case where 
network connected with the transfer target network 
interface is a non-virtual connection oriented network. 

6. The router device of claim 5, wherein the connection 
identifier analysis means unit also notifies a next hop net 
work layer address for the datagram to the transfer target 
network interface. 

7. The A router device of claim 1, further comprising: 
for transferring datagrams among networks comprising: 

network interfaces connected with networks including at 
least one virtual connection Oriented network, 

a memory configured to store a correspondence between a 
virtual connection identifier and a transfer target net 
work interface, 

a connection identifier analysis unit configured to deter 
mine a transfer target network interface for a datagram 
entered from a virtual connection, by referring to the 
memory according to a virtual connection identifier of 
the virtual connection, 

a transfer unit configured to transfer the datagram to the 
transfer target network interface determined by the 
connection identifier analysis unit, and 

a datagram analysis means for registering unit config 
ured to register in advance a correspondence between a 
datagram content and a transfer target network 
interface, and determining to determine a transfer tar 
get network interface for the datagram according to a 
datagram content of the datagram when the memory 
does not store the transfer target network interface in 
correspondence to the virtual connection identifier of 
the virtual connection). 

wherein the transfer means unit transfers the datagram 
to the transfer target network interface determined by 
the datagram analysis means unit when the memory 
does not store the transfer target network interface in 
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the virtual connection. 

8. The A router device of claim 1 for transferring data 
grams among networks comprising: 

network interfaces connected with networks including at 
least one virtual connection Oriented network, 

a memory configured to store a correspondence between a 
virtual connection identifier and a transfer target net 
work interface, 

a connection identifier analysis unit configured to deter 
mine a transfer target network interface for a datagram 
entered from a virtual connection, by referring to the 
memory according to a virtual connection identifier of 
the virtual connection, and 

a transfer unit configured to transfer the datagram to the 
transfer target network interface determined by the 
connection identifier analysis unit, wherein: 
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the memory also stores a correspondence between a 

virtual connection identifier and a quality of service; 
the connection identifier analysis means unit also 

determines a quality of service for the datagram by 
referring to the memory according to a virtual con 
nection identifier of the virtual connection; and 

the router device further comprises: 
a scheduler means for applying configured to apply 

a priority control for datagrams to be transferred 
by the router device according to the quality of 
service determined by the connection identifier 
analysis means unit, such that the transfer 
means unit transfers the datagram to which the 
priority control is applied by the scheduler 
means). 

9. The router device of claim 8, further comprising: 
a datagram analysis means for registering unit config 

ured to register in advance a correspondence between a 
datagram content and a transfer target network 
interface, and determining to determine a transfer tar 
get network interface for the datagram to which the 
priority control is applied by the scheduler means 
according to a datagram content of the datagram; 

wherein the scheduler means makes the priority control 
of orders in which datagrams are given to the datagram 
analysis means unit. 

10. The router device of claim 8, further comprising: 
processing means for determining a processor config 
ured to determine a transfer target network interface 
and/or next hop network layer address and to apply 
ing apply a network layer processing for the datagram 
to be transferred by the router device 

wherein the scheduler means makes the priority control 
of orders in which datagrams are given to the process 
ing means processor. 

11. The router device of claim 1, further comprising 
datagram processing means for applying a network layer 

processing to the datagram to be transferred by the 
router device. 

12. The A router device of claim 11 for transferring 
datagrams among networks comprising: 

network interfaces connected with networks including at 
least one virtual connection Oriented network, 

a memory configured to store a correspondence between a 
virtual connection identifier and a transfer target net 
work interface, 

a connection identifier analysis unit configured to deter 
mine a transfer target network interface for a datagram 
entered from a virtual connection, by referring to the 
memory according to a virtual connection identifier of 
the virtual connection, and 

a transfer unit configured to transfer the datagram to the 
transfer target network interface determined by the 
connection identifier analysis unit, and 

a datagram processing unit configured to apply network 
layer processing to the datagram to be transferred by 
the router device, wherein the datagram processing 
means unit is separately provided for each network 

interface. 
13. A router device for transferring datagrams among 

networks, comprising: 
at least one network interface connected with at least one 

virtual connection oriented network; 
a memory for storing a correspondence between a virtual 

connection identifier and an output virtual connection 
identifier; 
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connection identifier analysis means for determining an 
output virtual connection identifier for a datagram 
entered from a virtual connection, by referring to the 
memory according to a virtual connection identifier of 
the virtual connection; and 

transfer means for transferring the datagram Such that the 
datagram is outputted to a virtual connection having the 
output virtual connection identifier determined by the 
connection identifier analysis means. 

14. The router device of claim 13, further comprising 
reception means for receiving a datalink frame from the Vir 
tual connection and assembling the datalink frame into the 
datagram. 

15. A router device for transferring datagrams among 
networks, comprising: 

at least one network interface connected with at least one 
virtual connection oriented network; 

a memory for storing configured to store a correspon 
dence between a virtual connection identifier and a 
quality of service; 

a connection identifier analysis means for determining 
unit configured to determine a quality of service for a 
datagram entered from a virtual connection, by refer 
ring to the memory according to a virtual connection 
identifier of the virtual connection; 

a scheduler means for applying configured to apply a 
priority control for datagrams to be transferred by the 
router device according to the quality of service deter 
mined by the connection identifier analysis means 
unit; and 

a transfer means for transferring unit configured to 
transfer the datagram to which the priority control is 
applied by the scheduler means. 

16. The router device of claim 15, further comprising: 
a datagram analysis means for registering unit config 

ured to register in advance a correspondence between a 
datagram content and a transfer target network 
interface, and determining to determine a transfer tar 
get network interface for the datagram to which the 
priority control is applied by the scheduler means 
according to a datagram content of the datagram. 

wherein the scheduler means makes the priority control 
of orders in which datagrams are given to the datagram 
analysis means unit. 

17. The router device of claim 15, further comprising: 
processing means for determining a processor config 
ured to determine a transfer target network interface 
and/or next hop network layer address and to applying 
a network layer processing for the datagram to be 
transferred by the router device. 

wherein the scheduler means makes the priority control 
of orders in which datagrams are given to the process 
ing means processor. 

18. A router device for transferring AAL frames from an 
ATM network through network interfaces connected with 
networks including at least one ATM network, each network 
interface connected with said at least one ATM network 
including reception means for receiving ATM cells from an 
ATM network and assembling an AAL frame from the 
received ATM cells, and transmission means for forming 
ATM cells from an AAL frame and transmitting the formed 
ATM cells to an ATM network, the router device compris 
ing: 

a memory for storing a correspondence between a virtual 
connection identifier and a transfer target network 
interface; 
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connection identifier analysis means for determining a 

transfer target network interface for an AAL frame 
assembled from ATM cells entered from a virtual 
connection, by referring to the memory according to a 
virtual connection identifier of the virtual connection; 

processing means for determining a transfer target net 
work interface for the AAL frame by assembling data 
gram from the AAL frame and analyzing the assembled 
datagram, when the memory does not store the transfer 
target network interface in correspondence to the Vir 
tual connection identifier of the virtual connection; and 

transfer means for transferring the AAL frame to the 
transfer target network interface determined by one of 
the connection identifier analysis means and the pro 
cessing means. 

19. An ATM network interface card device for interfacing 
an ATM network and a bus for connecting other network 
interfaces connected with other networks, the ATM network 
interface card device comprising: 

reception means for receiving ATM cells from the ATM 
network and assembling an AAL frame from the 
received ATM cells; 

a memory for storing a correspondence between a virtual 
connection identifier and a transfer target network 
interface; 

connection identifier analysis means for determining a 
transfer target network interface for an AAL frame 
assembled from ATM cells entered from a virtual 
connection, by referring to the memory according to a 
virtual connection identifier of the virtual connection; 
and 

transfer means for transferring the AAL frame through the 
bus to the transfer target network interface determined 
by the connection identifier analysis means. 

20. A router device for transferring datagrams among 
networks, comprising: 

at least one network interface connected with at least one 
virtual connection oriented network; 

a memory for storing configured to store a correspon 
dence between a virtual connection identifier and a pro 
tocol type information indicating a type and/or a ver 
sion of a protocol; 

a connection identifier analysis means for determining 
unit configured to determine a protocol type informa 
tion for a datagram entered from a virtual connection, 
by referring to the memory according to a virtual con 
nection identifier of the virtual connection; 

a datagram analysis means for determining unit config 
ured to determine a transfer target network interface/ 
next hop network layer address for the datagram 
according to a datagram content of the datagram, the 
datagram analysis means unit having a plurality of 
processors in correspondence to different protocols, 
and the datagram is entered into one of said plurality of 
processors which corresponds to a protocol of a type 
and/or a version indicated by the protocol type informa 
tion determined by the connection identifier analysis 
means unit; and 

a transfer means for transferring unit configured to 
determine the datagram to the transfer target network 
interface/next hop network layer address determined by 
the datagram analysis means unit. 

21. A method for transferring datagrams among 
networks, using a router device having network interfaces 
connected with networks including at least one virtual con 
nection oriented network, the method comprising the steps 
of: 
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storing a correspondence between a virtual connection 
identifier and a transfer target network interface in a 
memory provided at the router device; 

determining a transfer target network interface for a data 
gram entered from a virtual connection at the router 
device, by referring to the memory according to a vir 
tual connection identifier of the virtual connection; and 

transferring the datagram to the transfer target network 
interface determined by the determining step. 

22. A method for transferring datagrams among 
networks, using a router device having at least one network 
interface connected with at least one virtual connection ori 
ented network, the method comprising the steps of 

storing a correspondence between a virtual connection 
identifier and an output virtual connection identifier in a 
memory provided at the router device; 

determining an output virtual connection identifier for a 
datagram entered from a virtual connection, by refer 
ring to the memory according to a virtual connection 
identifier of the virtual connection; and 

transferring the datagram Such that the datagram is out 
putted to a virtual connection having the output virtual 
connection identifier determined by the determining 
step. 

23. A method for transferring datagrams among networks, 
using a router device having at least one network interface 
connected with at least one virtual connection oriented 
network, the method comprising the steps of: 

storing a correspondence between a virtual connection 
identifier and a quality of service in a memory provided 
at the router device; 

determining a quality of service for a datagram entered 
from a virtual connection at the router device, by refer 
ring to the memory according to a virtual connection 
identifier of the virtual connection; 

applying a priority control for datagrams to be transferred 
by the router device according to the quality of service 
determined by the determining step; and 

transferring the datagram to which the priority control is 
applied by the applying step. 

24. A method for transferring AAL frames from an ATM 
network, using a router device having network interfaces 
connected with networks including at least one ATM 
network, each network interface connected with said at least 
one ATM network including reception means for receiving 
ATM cells from an ATM network and assembling an AAL 
frame from the received ATM cells, and transmission means 
for forming ATM cells from an AAL frame and transmitting 
the formed ATM cells to an ATM network, the method com 
prising the steps of: 

storing a correspondence between a virtual connection 
identifier and a transfer target network interface in a 
memory provided at the router device; 

determining a transfer target network interface for an 
AAL frame assembled from ATM cells entered from a 
virtual connection, by referring to the memory accord 
ing to a virtual connection identifier of the virtual con 
nection; 

processing the AAL frame to determine a transfer target 
network interface for the AAL frame by assembling 
datagram from the AAL frame and analyzing the 
assembled datagram, when the memory does not store 
the transfer target network interface in correspondence 
to the virtual connection identifier of the virtual con 
nection; and 
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transferring the AAL frame to the transfer target network 

interface determined by one of the determining step and 
the processing step. 

25. A method for interfacing an ATM network and a bus 
for connecting other network interfaces connected with 
other networks, the method comprising the steps of 

receiving ATM cells from the ATM network and assem 
bling an AAL frame from the received ATM cells; 

storing a correspondence between a virtual connection 
identifier and a transfer target network interface in a 
memory; 

determining a transfer target network interface for an 
AAL frame assembled from ATM cells entered from a 
virtual connection, by referring to the memory accord 
ing to a virtual connection identifier of the virtual con 
nection; and 

transferring the AAL frame through the bus to the transfer 
target network interface determined by the determining 
step. 

26. A method for transferring datagrams among networks, 
using a router device having at least one network interface 
connected with at least one virtual connection oriented 
network, the method comprising the steps of: 

storing a correspondence between a virtual connection 
identifier and a protocol type information indicating a 
type and/or a version of a protocol in a memory pro 
vided at the router device; 

determining a protocol type information for a datagram 
entered from a virtual connection, by referring to the 
memory according to a virtual connection identifier of 
the virtual connection; 

determining a transfer target network interface/next hop 
network layer address for the datagram according to a 
datagram content of the datagram, wherein a plurality 
of processors are provided at the router device in corre 
spondence to different protocols, and the datagram is 
entered into one of said plurality of processors which 
corresponds to a protocol of a type and/or a version 
indicated by the protocol type information determined 
by the determining step; and 

transferring the datagram to the determined transfer target 
network interface/next hop network layer address. 

27. A data communication network system, comprising: 
networks including at least one virtual connection ori 

ented network; 
a transmission node provided in each network for trans 

mitting datagrams such that datagrams destined to an 
identical destination are transmitted through at least 
one specific virtual connection; and 

a router device for connecting at least two of the networks, 
the router device including: 
network interfaces connected with said at least two of 

the networks: 
a memory for storing a correspondence between a vir 

tual connection identifier and a transfer target net 
work interface; 

connection identifier analysis means for determining a 
transfer target network interface for a datagram 
entered from a virtual connection, by referring to the 
memory according to a virtual connection identifier 
of the virtual connection; and 

transfer means for transferring the datagram to the 
transfer target network interface determined by the 
connection identifier analysis means. 
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28. A data communication network system, comprising: 
networks including at least one virtual connection ori 

ented network; 
a transmission node provided in each network for trans 

mitting datagrams such that datagrams destined to an 
identical destination are transmitted through at least 
one specific virtual connection; and 

a router device for connecting at least two of the networks, 
the router device including: 
at least one network interface connected with said at 

least two of the networks: 
a memory for storing a correspondence between a vir 

tual connection identifier and an output virtual con 
nection identifier; 

connection identifier analysis means for determining an 
output virtual connection identifier for a datagram 
entered from a virtual connection, by referring to the 
memory according to a virtual connection identifier 
of the virtual connection; and 

transfer means for transferring the datagram such that 
the datagram is outputted to a virtual connection hav 
ing the output virtual connection identifier deter 
mined by the connection identifier analysis means. 

29. A data communication network system, comprising: 
networks including at least one virtual connection ori 

ented network; 
a transmission node provided in each network for trans 

mitting configured to transmit datagrams such that 
datagrams with an identical quality of service are trans 
mitted through at least one specific virtual connection; 
and 

a router device for connecting configured to connect at 
least two of the networks, the router device 
including 
at least one network interface connected with said at 

least two of the networks 
a memory for storing configured to store a correspon 

dence between a virtual connection identifier and a 
quality of service 

a connection identifier analysis unit means for deter 
mining configured to determine a quality of service 
for a datagram entered from a virtual connection, by 
referring to the memory according to a virtual con 
nection identifier of the virtual connection 

a scheduler means for applying configured to apply a 
priority control for datagrams to be transferred by the 
router device according to the quality of service 
determined by the connection identifier analysis 
means and 

a transfer means for transferring unit configured to 
transfer the datagram to which the priority control is 
applied by the scheduler means. 

30. A data communication network system, comprising: 
networks including at least one ATM network; 
a transmission node provided in each network for trans 

mitting datagrams such that datagrams destined to an 
identical destination are transmitted through at least 
one specific virtual connection; and 

a router device for connecting at least two of the networks, 
and for transferring AAL frames from an ATM network 
through network interfaces connected with the 
networks, each network interface connected with said 
at least one ATM network including reception means 
for receiving ATM cells from an ATM network and 
assembling an AAL frame from the received ATM 
cells, and 
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transmission means for forming ATM cells from an AAL 

frame and transmitting the formed ATM cells to an 
ATM network, the router device including: 
a memory for storing a correspondence between a vir 

tual connection identifier and a transfer target net 
work interface; 

connection identifier analysis means for determining a 
transfer target network interface for an AAL frame 
assembled from ATM cells entered from a virtual 
connection, by referring to the memory according to 
a virtual connection identifier of the virtual connec 
tion; 

processing means for determining a transfer target net 
work interface for the AAL frame by assembling 
datagram from the AAL frame and analyzing the 
assembled datagram, when the memory does not 
store the transfer target network interface in corre 
spondence to the virtual connection identifier of the 
virtual connection; and 

transfer means for transferring the AAL frame to the 
transfer target network interface determined by one 
of the connection identifier analysis means and the 
processing means. 

31. A data communication network system, comprising: 
networks including at least one ATM network; 
a transmission node provided in each network for trans 

mitting datagrams such that datagrams destined to an 
identical destination are transmitted through at least 
one specific virtual connection; and 

a router device for connecting at least two of the networks 
including an ATM network; and 

an ATM network interface card device for interfacing an 
ATM network and a bus for connecting other network 
interfaces connected with other networks, the ATM net 
work interface card device including: 
reception means for receiving ATM cells from the ATM 

network and assembling an AAL frame from the 
received ATM cells; 

a memory for storing a correspondence between a vir 
tual connection identifier and a transfer target net 
work interface; 

connection identifier analysis means for determining a 
transfer target network interface for a AAL frame 
assembled from ATM cells entered from a virtual 
connection, by referring to the memory according to 
a virtual connection identifier of the virtual connec 
tion; and 

transfer means for transferring the AAL frame through 
the bus to the transfer target network interface deter 
mined by the connection identifier analysis means. 

32. A data communication network system, comprising: 
networks including at least one virtual connection ori 

ented network; 
a transmission node provided in each network for trans 

mitting configured to transmit datagrams such that 
datagrams of an identical protocol type and/or version 
are transmitted through at least one specific virtual con 
nection; and 

a router device for connecting configured to connect at 
least two of the networks, the router device 
including 
at least one network interface connected with said at 

least two of the networks. 
a memory for storing configured to store a correspon 

dence between a virtual connection identifier and a 
protocol type information indicating a type and/or a 
version of a protocol). 
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a connection identifier analysis means for determin 
ing unit configured to determine a protocol type 
information for a datagram entered from a virtual 
connection, by referring to the memory according to 
a virtual connection identifier of the virtual 
connection. 

a datagram analysis unit means for determining con 
figured to determine a transfer target network 
interface/next hop network layer address for the 

40 
memory according to a type and/or a version of a proto 
col of the datagram; and 

a transmission means for transmitting unit configured to 
transmit the datagram to a virtual connection having a 
virtual connection identifier identical to the output vir 
tual connection identifier determined by the datagram 
analysis means unit, such that datagrams of an identi 
cal protocol type and/or version are transmitted through 
at least one specific virtual connection. 

36. A method for transmitting datagrams to a router 
device, comprising the steps of: 

storing in a memory a correspondence between a destina 

datagram according to a datagram content of the 10 
datagram, the datagram analysis means unit having 
a plurality of processors in correspondence to differ 
ent protocols, and the datagram is entered into one of 
said plurality of processors which corresponds to a 

tion and an output virtual connection identifier, the cor 
respondence being known to the router device; 

protocol of a type and/or a version indicated by the 15 determining an output virtual connection identifier for a 
protocol type information determined by the connec- datagram to be transmitted, by referring to the memory 
tion identifier analysis means unit, and according to a destination of the datagram; and 

a transfer means for transferring unit configured to transmitting the datagram to a virtual connection having 
transfer the datagram to the transfer target network the output virtual connection identifier determined by 
interface/next hop network layer address determined 20 the determining step. Such that datagrams destined to 
by the datagram analysis means unit. 

33. A transmission node device for transmitting data 
an identical destination are transmitted through at least 
one specific virtual connection. 

grams to a router device, comprising: 
a memory for storing a correspondence between a destina 

tion and an output virtual connection identifier, the cor- 25 

37. A method for transmitting datagrams to a router 
device, comprising the steps of: 

storing in a memory a correspondence between a quality 
respondence being known to the router device; 

datagram analysis means for determining an output virtual 
connection identifier for a datagram to be transmitted, 
by referring to the memory according to a destination 

of service specifying information indicating a quality of 
service and an output virtual connection identifier, the 
correspondence being known to the router device; 

determining an output virtual connection identifier for a 
of the datagram; and 30 datagram to be transmitted, by referring to the memory 

transmission means for transmitting the datagram to a vir- according to a quality of service specifying information 
tual connection having the output virtual connection of the datagram; and 
identifier determined by the datagram analysis means, transmitting the datagram to a virtual connection having a 
Such that datagrams destined to an identical destination virtual connection identifier identical to the output vir 
are transmitted through at least one specific virtual con- 35 tual connection identifier determined by the determin 
nection. ing step, such that datagrams with an identical quality 

34. A transmission node device for transmitting data- of Service specifying information are transmitted 
grams to a router device, comprising: through at least one specific virtual connection. 

a memory for storing configured to store a correspon- 40 38. A method for transmitting datagrams to a router 
dence between a quality of service specifying informa- device, comprising the steps of: 
tion indicating a quality of service and an output virtual storing in a memory a correspondence between a protocol 
connection identifier, the correspondence being known type information indicating a type and/or a version of a 
to the router device; protocol and an output virtual connection identifier, the 

a datagram analysis means for determining unit config- as correspondence being known to the router device; 
ured to determine an output virtual connection identi- determining an output virtual connection identifier for a 
fier for a datagram to be transmitted, by referring to the datagram to be transmitted, by referring to the memory 
memory according to a quality of service specifying according to a type and/or a version of a protocol of the 
information of the datagram; and datagram; and 

a transmission means for transmitting unit configured to so transmitting the datagram to a virtual connection having a 
transfer the datagram to a virtual connection having a virtual connection identifier identical to the output vir 
virtual connection identifier identical to the output vir- tual connection identifier determined by the determin 
tual connection identifier determined by the datagram ing step, such that datagrams of an identical protocol 
analysis means unit, such that datagrams with an type and/or version are transmitted through at least one 
identical quality of service specifying information are ss specific virtual connection. 

39. A router device for transferring datagrams among net 
works comprising: 

network interfaces connected with networks including at 
least one virtual connection Oriented network and at 
least one non-virtual connection Oriented network, 

transmitted through at least one specific virtual connec 
tion. 

35. A transmission node device for transmitting data 
grams to a router device, comprising: 

a memory for storing configured to store a correspon- 60 
dence between a protocol type information indicating a a memory configured to store a correspondence between a 
type and/or a version of a protocol and an output virtual 
connection identifier, the correspondence being known 
to the router device; 

a datagram analysis means for determining unit config 
ured to determine an output virtual connection identi 
fier for a datagram to be transmitted, by referring to the 

65 

virtual connection identifier and a transfer target net 
work interface, and also to store a correspondence 
between the virtual connection identifier and a network 
layer address, 

a first connection identifier analysis unit configured to 
determine a transfer target network interface for a 
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datagram entered from a virtual connection, by refer 
ring to the memory according to a virtual connection 
identifier of the virtual connection, 

a second connection identifier analysis unit configured to 
determine a transfer target network layer address for 
the datagram entered from the virtual connection, by 
referring to the memory according to the virtual con 
nection identifier of the virtual connection, 

a first transfer unit configured to transfer the datagram to 
the transfer target network interface connected with 
another virtual connection Oriented network, when the 
transfer target network interface is determined by the 
first connection identifier analysis unit, and 

a second transfer unit configured to transfer the datagram 
to the transfer target network interface connected with 
the at least one non-virtual connection Oriented net 
work toward the transfer target network layer address, 
when the transfer target network layer address is deter 
mined by the second connection identifier analysis unit. 

40. A router device according to claim 39, wherein: 
the transfer target network interface is configured to 

transfer the datagrams toward a datalink address 
determined using the transfer target network layer 
address. 

41. A router device according to claim 39, wherein: 
a transfer target of the datagram is determined without 

referring to the datagram content. 
42. A method for transferring datagrams among 

networks, using a router device having network interfaces 
connected with networks including at least One virtual con 
nection Oriented network and at least one non-virtual con 
nection Oriented network, the method comprising the steps 
of: 

storing a correspondence between a virtual connection 
identifier and a transfer target network interface in a 
memory provided at the router device, and also storing 
a correspondence between the virtual connection iden 
tifier and a network layer address 

first determining a transfer target network interface for a 
datagram entered from a virtual connection at the 
router device, by referring to the memory according to 
a virtual connection identifier of the virtual connection, 

second determining a transfer target network layer 
address for the datagram entered from the virtual 
connection, by referring to the memory according to the 
virtual connection identifier of the virtual connection, 

first transferring the datagram to the transfer target net 
work interface connected with another virtual connec 
tion Oriented network, when the transfer target network 
interface is determined by the first determining step, 
and 

second transferring the datagram to the transfer target 
network interface connected with the at least One non 
virtual connection Oriented network toward the transfer 
target network layer address, when the transfer target 
network layer address is determined by the second 
determining step. 

43. A method according to claim 42, wherein. 
the step of second transferring transmits the datagrams 

from the transfer target network interface toward a 
datalink address determined using the transfer target 
network layer address. 

44. A method according to claim 42, wherein. 
the step of determining the transfer target network layer 

address is performed without referring to the datagram 
COF2tent. 
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45. A method for transferring datagrams among 

networks, using at least two router devices having network 
interfaces connected with networks including at least one 
virtual connection Oriented network, the method comprising 
the steps of 

storing a correspondence between a virtual connection 
identifier and a transfer target network interface in a 
memory provided at a router device, 

determining transfer target network interface for a data 
gram entered from a virtual connection at the router 
device, by referring to the memory according to a vir 
tual connection identifier of the virtual connection on 
which the datagram is received 

transferring the datagram to the transfer target network 
interface determined by the determining step, 

first transmitting the datagram along with another virtual 
connection identifier from the transfer target network 
interface over a second virtual connection to another 
router device, 

receiving the datagram, at said another router device, 
from the transfer target network interface at the router 
device over the second virtual connection, 

removing said another virtual connection identifier from 
the datagram at said another router device, and 

second transmitting said datagram, at said another router 
device, away from said another router device without 
said another virtual connection identifier; and without 
adding another virtual connection identifier: 

46. A method according to claim 45, wherein said step of 
second transmitting said datagram away from said another 
router device comprises transmitting said datagram over a 
non-virtual connection Oriented network. 

47. A method according to claim 46, wherein said step of 
second transmitting said datagram way from said another 
router device comprises transmitting said datagram to a 
location using a network layer address associated with the 
datagram. 

48. A method according to claim 45, wherein said step of 
second transmitting said datagram way from said another 
router device comprises transmitting said datagram to a 
location using a network layer address associated with the 
datagram. 

49. A method according to claim 48, wherein said step of 
second transmitting said datagram way from said another 
router device comprises transmitting said datagram without 
referring to the datagram content to a location using a net 
work layer address associated with the datagram. 

50. A method for transferring datagrams among 
networks, using a router device having network interfaces 
connected with networks including at least one virtual con 
nection Oriented network, the method comprising the steps 
of: 

storing a correspondence between a virtual connection 
identifier and a transfer target network interface in a 
memory provided at the router device, 

determining a transfer target network interface for a data 
gram entered from a virtual connection at the router 
device, by referring to the memory according to a vir 
tual connection identifier of the virtual connection on 
which the datagram is received 

transferring the datagram to the transfer target network 
interface determined by the determining step, and 

transmitting said datagram from the router device without 
said virtual connection identifier; and without adding 
another virtual connection identifier: 
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51. A plurality of router devices for transferring data 
grams among networks, comprising: 

a first router device including, 
a first set of network interfaces connected to at least a 

first virtual connection Oriented network, 5 
a first memory configured to store a first correspon 

dence between a first input virtual connection identi 
fier and a first transfer target network interface, 

a first connection identifier analysis unit configured to 
determine the first transfer target network interface 
for a first datagram entered from a first input virtual 
connection, by referring to the first memory accord 
ing to the first input virtual connection identifier of 
the first virtual connection, and 

a first transfer unit configured to transfer the first data 
gram to the first transfer target network interface 15 
determined by the first connection identifier analysis 
unit, and 

a second router device including, 
a second set of network interfaces connected to at least 

a second virtual connection Oriented network, 2O 
a second memory configured to store a second corre 

spondence between a second input virtual connec 
tion identifier and a next hop layer address to be used 
in a case where the second set of network interfaces 
is connected to at least a non-virtual connection ori- as 
ented network, 

a second connection identifier analysis unit configured 
to determine a second transfer target network inter 
face for a second datagram entered from a second 
input virtual connection, by referring to the second 
memory according to the second input virtual con 
nection identifier of the second virtual connection, 
and 

a second transfer unit configured to transfer the second 
datagram to the second transfer target network inter 
face determined by the second connection identifier 35 
analysis unit. 

52. A method for transferring datagrams among 
networks, using a first router device and a second router 
device having network interfaces connected with networks 
including at least one virtual connection Oriented network, 40 
the method comprising the steps of 

storing a correspondence between a first virtual connec 
tion identifier and a first transfer target network inter 
face in a memory provided at the first router device, 

determining a first transfer target network interface for a 4s 
datagram entered from a first virtual connection at the 
first router; by referring to the memory provided at the 
first router device according to a virtual connection 
identifier of the first virtual connection, 

transferring the datagram entered from the first virtual 
connection to the first transfer target network interface 
determined by the determining step, 

storing a correspondence between a second virtual con 
nection identifier and a second transfer target network 
interface in a memory provided at the second router 
device, said second transfer target network interface 
being connected to a next hop network layer address to 
be used in a case where the network interfaces of the 
second router is connected to at least a non-virtual con 
nection Oriented network, 

determining a second transfer target network interface for 60 
a datagram entered from a second virtual connection at 
the second router, by referring to the memory provided 
at the second router device according to a virtual con 
nection identifier of the second virtual connection, 

transferring the datagram entered at the second virtual 65 
connection to the second transfer target network inter 
face determined by the determining step. 
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53. A plurality of router devices for transferring data 

grams among networks, comprising: 
a first router device including, 
a first set of network interfaces connected to at least a first 

virtual connection Oriented network, 
a first memory configured to store a first correspondence 

between a first input virtual connection identifier and a 
first output virtual connection identifier, 

a first connection identifier analysis unit configured to 
determine the first transfer target network interface for 
a first datagram entered from a first input virtual 
connection, by referring to the first memory according 
to the first input virtual connection identifier of the first 
virtual connection, and 

a first transfer unit configured to transfer the first data 
gram to the first transfer target network interface deter 
mined by the first connection identifier analysis unit 

a second router device including, 
a second set of network interfaces connected to at least a 

second virtual connection Oriented network, 
a second memory configured to store a second correspon 

dence between a second input virtual connection 
identifier, a second transfer target network interface, 
and a second output virtual connection identifier; 

a second connection identifier analysis unit configured to 
determine the second transfer target network interface 
for a second datagram entered from a second input 
virtual connection, by referring to the second memory 
according to the second input virtual connection identi 
fier of the second virtual connection, and 

a second transfer unit configured to transfer the second 
datagram to the second transfer target network inter 
face determined by the second connection identifier 
analysis unit without attaching said second output vir 
tual connection identifier to said second datagram. 

54. A method for transferring datagrams among 
networks, using a first router device and a second router 
device having network interfaces connected with networks 
including at least one virtual connection Oriented network, 
the method comprising the steps of 

storing a correspondence between a first virtual connec 
tion identifier and a first transfer target network inter 
face in a memory provided at the first router device, 

determining a first transfer target network interface for a 
datagram entered from a first virtual connection at the 
first router; by referring to the memory provided at the 
first router device according to a virtual connection 
identifier of the first virtual connection, 

transferring the datagram entered from the first virtual 
connection to the first transfer target network interface 
determined by the determining step, 

storing a correspondence between a second virtual con 
nection identifier and a second transfer target network 
interface in a memory provided at the second router 
device, 

determining a second transfer target network interface for 
a datagram entered from a second virtual connection at 
the second router; by referring to the memory provided 
at the second router device according to a virtual con 
nection identifier of the second virtual connection, and 

transferring the datagram entered at the second virtual 
connection to the second transfer target network inter 
face determined by the determining step without attach 
ing an output virtual connection identifier to said data 
gram entered from the second virtual connection. 


