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[57] ABSTRACT

An improved packet switching apparatus with multichannel
and multi-cast switching functions and a packet switching
system using the same which are capable of more simpli-
fying the routing of an internal routing during the integration
of the switching apparatus by using a simpler 2x2 switch
device for a concentration network in order to provide a
routing network and a recirculation path and by using a
pattern connection characteristic consisting of a column and
row. The apparatus includes an output group address gen-
erator for providing an address information of an output port
grouped, a routing unit for receiving a cell which is recir-
culated through a recirculation path and a newly inputted
cell, assigning an output link with respect to the recirculated
cell when an output port-dependent address inputted from
the output group address generator and a destination address
set in a routing tag of a cell inputted by the port are identical,
and outputting the cells which was not assigned of the output
link through a plurality of bypass links, a recirculation path
setting unit for selecting a cell as many as the number of
circulation paths among cells outputted from the routing unit
through the plurality of the bypass links and for outputting
the cells through the recirculation link, and a synchroniza-
tion unit for receiving a cell which is recirculated from the
recirculation path setting unit through the recirculation link.

in Communications, vol. 6, No. 9, Dec. 1988, pp.
1489-1499. 11 Claims, 11 Drawing Sheets
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PACKET SWITCHING APPARATUS WITH
MULTI-CHANNEL AND MULTI-CAST
SWITCHING FUNCTIONS AND PACKET
SWITCHING SYSTEM USING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a packet switching appa-
ratus with multi-channel and multi-cast switching functions
and a packet switching system using the same, and
particularly, to an improved packet switching apparatus with
multi-channel and multi-cast switching functions and a
packet switching system using the same which are capable
of using an ATM (Asynchronous Transfer Mode) which is a
fixed length switching apparatus as a key element for a
B-ISDN, providing a multi-channel switch structure having
a physical and logical relationship between input/output
ports, whereby it is possible to enhance a cell processing
capacity of a switch.

2. Description of the Conventional Art

The key technique for a building-up of the B-ISDN is an
ATM design which performs a transmission and exchange of
a fixed length packet unit. In particular, the switching system
which becomes a key element in designing a network
apparatus must be made based on an ATM switching
method. So far, many studies have been conducted concern-
ing the ATM switch structure for the above-described pur-
poses. As a result such intensive studies, a part of the
technique is actually used in the industry.

The speed of a link which is used based on the building-up
of the B-ISDN is variable. In particular, a high speed link is
a consideration in the industry. As the basic speed of the
initial stage of the B-ISDN, there are an STM (Synchronous
Transfer Mode) -1 class 155 Mbps and an STM-4 class 622
Mbps. Recently, at the advent of high speed optical transport
systems, bit rates of 2.5 Gbps, 10 Gbps, and even 100 Gbps
are possible. For the reasons of the high speed and economic
service network, in a DAVIC (Digital Audio and Video
International Council), the ATM system requires a slower
speed link as 25 Mbps and 51 Mbps. Therefore, the ATM
switching system requires a switching method which is
capable of effectively using various channel speed.

However, most conventional switching methods are used
as a single channel switching method which has one-to-one
concept in an input/output port of a switch network. Hence,
the single channel switching method means that the output
port physically and logically one link. Therefore, a band-
width allocation and a routing path determination in a switch
network are independently performed with respect to each
port. Therefore, to support a virtual connection of nXV bps
in a switching network with basic port speed of V bps, it is
necessary to employ a complex multiplexing/demultiplexing
scheme. Such a scheme, which enforces cells from a single
virtual connection to traverse over the same physical input/
output port, is essential in order not to separate cells from the
virtual connection. For the above-described reasons, the
construction of the system is complex, and the system is
costly for the implementation thereof.

Differently from the above-described single channel
switching method, the multi-channel switching method is
configured in a multiple-to-multiple input/output port
method. In addition, a plurality of input/output links is
configured as one group, so that it is possible to logically
perform a switching service as one port.

An arrived cell may exit from any output port belonging
to a single logical group in the switch, and this improves a
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chance of exiting from the switch in a given time slot, based
on a well known queueing discipline called the economies of
scale. In addition, since it is possible to share the maximum
total band width of multiple links of one logical port, it is
possible to effectively use an effective bandwidth. In
addition, the burst characteristic of an ATM traffic is
adapted, for thus improving a cell loss characteristic.

Therefore, it is possible to concurrently use input/output
links which need different speeds by using one switch
network. At this time, since a time division multiplexor/
demultiplexor having a simple function is used, the con-
struction of the system is simple, and the cost of the system
is low.

For the above-described necessities, a switching method
which provided a few multi-channel switching functions are
disclosed. However, there is a problem in providing the
multi-channel switching, so that a cell sequence integrity
method which is an important operational characteristic is
not clear, for thus degrading the efficiency of the system.

In the switching system, integrating the sequence of the
cells inputted is one of the important characteristics. Hence,
if the sequence of the cells is not integrated in the switch
network, a complex function is additionally necessary for
the integrity of the cell sequence. In addition, in the end
point of the service, a function for controlling the sequence
of the cells is additionally necessary.

In particular, in the multi-channel switching method, the
above-described function is more important. Namely, the
sequence of the cells inputted through one input link and the
input sequence of the cells of one virtual connection which
cells are distributed to a plurality of input links must be
maintained when outputting the same through the grouped
links consisting of a plurality of output links.

However, in the conventional multi-channel switching
method, the above-described sequences of the cells are not
provided to the switch network, and the sequence informa-
tion is added to a payload of the cell, and then is transferred
to the end point of the service, for thus adjusting the
sequence of the cells by using a buffer mechanism at the
stage of the service end point.

Therefore, both end points of the service must have a
specific protocol for the cell sequence integrity, and the
identification of the protocol must be maintained. In
addition, since the sequence information is added to the
payload of the cell, the transmission efficiency of the cell is
degraded.

The multicasting feature requires certain cells to be cop-
ied inside the switch. This cell copying function is tradi-
tionally done by a separate copy network, which along with
the routing network, forms the overall space division switch.
Namely, the cells of a desired number of ports is copied, and
the paths are provided with respect the copied cells through
the routing network.

For the above-described operations, the cells are copied to
a plurality of output ports by using the information reacted
to the amount of the copies, and the routing network must
assign the path in accordance with the output port
information, to which the cells with respect to each cell
which is distributed to multiple ports must finally outputted.
Here, the problems are that two networks of the copy
network and the routing network are needed for the multi-
casting service, and it is difficult, if not impossible, to avoid
the placement of a large size look up table between routing
and copy networks.

Namely, in the copy network, the cell copy is performed
by only a numerical information. When the copied cells are
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outputted to the output port of the copy network, a fixed
output port is not assigned with respect to the cell of one
virtual connection. Namely, the copied cells are outputted to
a temporary port at every cell time.

Therefore, it is necessary to configure the table for deter-
mining that a corresponding cell is outputted which output
port of the routing network by using an inherent information
contained in the cell outputted, such as a connection number
which is assigned to one value of the system, namely, a
connection identification number, etc. Namely, since it is
impossible to detect the copied cell is outputted to which
output port of the copy network, the routing table must be
configured in each output port of the copy network, and the
identical routing path information must be duplicatingly
provided in each table.

With the above-described operation and configuration, the
entire switching system is complex. In particular, if there are
many virtual paths for supporting by the input link, the
capacity of the table must be large. As the speed of the
system input/output link is made high, since the number of
virtual connections for supporting is exponentially
increased, the system is costly, and there is a problem in
implementing a high speed table access.

The capacity extension of the switch network is conven-
tionally obtained by extending a unit switch of a proper
capacity to a multi-stage interconnection network. As the
type of the multi-stage interconnection network, there are
Banyan network, Clos network, etc. However, such the
multi-stage interconnection network uses switch units based
on a single channel switching paradigm. Thus, even if there
are multiple physical links connecting two switch units in
two successive stages, all cells belonging to the same virtual
connection must utilize a single link out of these multiple
links over the entire duration of connection.

When the virtual connection is being established in a
switch, one specific link must be selected for each inter-
stage connection. This implies that all links in the inter-stage
connection must be checked individually for their available
capacity. In this case, if there is not enough available
capacity in any of the links checked, the connection cannot
be established even if there is sufficient capacity available
scattered over multiple links.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide an improved packet switching apparatus with multi-
channel and multi-cast switching functions and a packet
switching system using the same which overcome the afore-
mentioned problems encountered in the conventional art.

It is another object of the present invention to provide an
improved packet switching apparatus with multi-channel
and multi-cast switching functions and a packet switching
system using the same which are capable of effectively using
an input/output link in excess of a basic speed V of a switch
by providing a multiple-to-multiple function in a relation-
ship between an input/output port of a switch, namely, a
multi-channel function (a super-rate switching function),
and using a link having different speed by one switch
network by dynamically configuring the number of a group
unit available link of a link (a multi-rate switching function),
for thus improving a service available capacity of a switch-
ing apparatus.

It is another object of the present invention to provide an
improved packet switching apparatus with multi-channel
and multi-cast switching functions and a packet switching
system using the same which are capable of reducing the
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4

kinds of networks which are needed for configuring the
switching apparatus by concurrently processing a cell copy
function and a routing function in one network for providing
a multi-casting function, and which eliminates the need for
large size look tables between the copy network and the
routing network along with complex control schemes in
maintaining information in the tables.

It is another object of the present invention to provide an
improved packet switching apparatus with multi-channel
and multi-cast switching functions and a packet switching
system using the same which significantly reduces the cell
loss by efficiently concentrating and recirculating the cells
that are not able to exit through the output due to contention.

It is another object of the present invention to provide an
improved packet switching apparatus with multi-channel
and multi-cast switching functions and a packet switching
system using the same which are capable of providing a
multi-channel switching function and maintaining the time
sequence among the cells, whether they enter into the switch
from the same physical link or from multiple links forming
a single group, throughout the entire switching process.

It is another object of the present invention to provide an
improved packet switching apparatus with multi-channel
and multi-cast switching functions and a packet switching
system using the same which are capable of simplifying a
path assigning operation through a bandwidth searching in a
switching apparatus by providing a multi-channel switch for
a unit switch in a multiple network structure which is mainly
used for extending the capacity of a switching apparatus by
using the unit switch as a basic switch, and which maximizes
the cell processing capability of the switch by considering
multiple links as a single combined resource.

It is another object of the present invention to provide an
improved packet switching apparatus with multi-channel
and multi-cast switching functions and a packet switching
system using the same which results in a crossbar structure
consisting of simple 2x2 switch elements organized in rows
and columns for the routing network and concentration
network, thereby increasing the efficiency in the VLSI
wiring area.

To achieve the above objects, there is provided an
improved packet switching apparatus with multi-channel
and multi-cast switching functions and a packet switching
system using the same which include an output group
address generator for providing an address information of an
output port grouped, a routing unit for receiving cells which
are recirculated through a recirculation path and newly
inputted cells, assigning output links to these cells with
preference given to the recirculated cells when an output
port-dependent address inputted from the output group
address generator and a destination address set in a routing
tag of a cell inputted by the port are identical, and outputting
the cells which was not assigned of the output link through
a plurality of bypass links, a recirculation path setting unit
for selecting a cell as many as the number of circulation
paths among cells outputted from the routing unit through
the plurality of the bypass links and for outputting the cells
through the recirculation link, and a synchronization unit for
receiving a cell which is recirculated from the recirculation
path setting unit through the recirculation link, time-
synchronizing the cells recirculated and the cells which are
newly inputted into the routing unit, and outputting the
recirculated cells to the routing unit.

To achieve the above objects, there is provided an
improved packet switching system which includes an output
group address generator for providing an address informa-
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tion of an output port grouped, a routing unit for receiving
cells which are recirculated and inputted through a recircu-
lation path and newly inputted cells, assigning an output link
to each of these cells when the output port address of the
output link from the output group address generator matches
the destination address in the routing tag of the cell, with
preference given to the recirculated cells, and outputting the
cells, which were not assigned of the output link, through a
plurality of bypass links, a recirculation path setting unit for
selecting the cells as many as the number of recirculation
paths among the cells inputted from the routing unit through
the bypass links and for outputting the cells through the
recirculation link, and a synchronizing unit for receiving a
recirculated cell from the recirculation path setting unit
through the recirculation link, synchronizing the recirculated
cells and the cells which are newly inputted into the routing
unit, and outputting the recirculated cells to the routing unit,
for thus performing a switching function with respect to the
input/output link wherein the input/output speed exceeds a
predetermined speed, wherein the packet switching system
includes a maximum processing speed of each input port
including a switch network having a predetermined speed, a
plurality of input ports having a predetermined speed and a
maximum output speed include one output port having a
predetermined speed exceeding the speed, a time division
multiplexor for providing an even service time with respect
to each input is connected to a plurality of output ports of the
switch network, one input port having a predetermined
speed exceeding the speed and a maximum output speed
include a plurality of output ports having a predetermines
speed, and a time division demultiplexor having an even
characteristic of a service time with respect to each output
port is connected to a plurality of input ports of the switch
network.

To achieve the above objects, there is provided an
improved packet switching system which includes an output
group address generator for providing an address informa-
tion of an output port grouped, a routing unit for receiving
cells which are recirculated and inputted through a recircu-
lation path and newly inputted cells, assigning an output link
to each of these cells when the output port address of the
output link from the output group address generator matches
the destination address in the routing tag of the cell, with
preference given to the recirculated cells, and outputting the
cells, which were not assigned of the output link, through a
plurality of bypass links, a recirculation path setting unit for
selecting the cells as many as the number of recirculation
paths among the cells inputted from the routing unit through
the bypass links and for outputting the cells through the
recirculation link, and a synchronizing unit for receiving a
recirculated cell from the recirculation path setting unit
through the recirculation link, synchronizing the recirculated
cells and the cells which are newly inputted into the routing
unit, and outputting the recirculated cells to the routing unit,
wherein the packet switching system includes a switch
network for performing a unit switching function, a multi-
stage connection networks using a plurality of switch
networks, a plurality of connection links between unit
switches of one group, and a logic group for assigning an
identical address with respect to a plurality of output links of
the unit switch of a front point, for thus forming one logic
group, wherein a plurality of input cells outputted from the
unit switch through one input link are outputted to one of
output links at every cell transmission time and then are
inputted into the unit switch of an end point.

Additional advantages, objects and other features of the
invention will be set forth in part in the description which
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6

follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the invention. The objects
and advantages of the invention may be realized and attained
as particularly pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illus-
tration only, and thus are not limitative of the present
invention, and wherein:

FIG. 1 is a block diagram illustrating a multi-channel/
multi-cast switching apparatus according to the present
invention;

FIG. 2 is a diagram to explain an operation of a routing
network according to the present invention;

FIG. 3 is a diagram to explain a routing tag conversion
according to the present invention;

FIG. 4 is a diagram illustrating a signal configuration of
a routing network switch device according to the present
invention;

FIG. 5 is a flow chart illustrating an operation of a routing
network switch device according to the present invention;

FIG. 6 is a diagram illustrating the construction of a
recirculation path concentration network according to the
present invention;

FIG. 7 is a diagram illustrating a signal configuration of
a switch device of a recirculation path concentration net-
work according to the present invention;

FIG. 8 is a flow chart illustrating a recirculation path
concentration network switch device according to the
present invention;

FIG. 9 is a diagram illustrating a cell sequence integrity
according to the present invention;

FIG. 10 is diagram illustrating a super/multi-rated switch-
ing system according to the present invention;

FIG. 11 is a diagram illustrating a functional construction
of a multiplexor/demultiplexor according to the present
invention; and

FIG. 12 is a diagram illustrating an extended switch
system using a multi-channel switching function according
to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 is a block diagram illustrating a multi-channel/
multi-cast switching apparatus according to the present
invention.

As shown therein, the multi-channel/multi-cast switching
apparatus according to the present invention, which appa-
ratus is basically directed to concurrently providing a multi-
channel and multi-cast function and achieving a better
operational performance, includes an MMRN (Multi-
channel/Multi-cast Routing Network) 2 for providing a
multi-channel switching and multi-cast switching function,
an RPCN (Recirculation Path Concentration Network) 3 for
providing a function of selecting as many of cells as the
number of recirculation paths among those lost the output
contention, a recirculation output link 4 for recirculating the
cells selected through the RPCN 3 to an input of the routing
network, a synchronous logic unit § for providing a time-
dependent synchronization between a cell which recirculates
through the recirculation output link and the cells newly
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inputted into the routing network, and an OGAB (Output
Group Address Broadcastor) 6 for providing an address
information of a grouped output port.

The operation of the multi-channel/multi-cast switching
apparatus according to the present invention will now be
explained with reference to the accompanying drawings.

First, the OGAB 6 inputs an output port grouping address
information from a system controller during a system ini-
tialization or a service time into the multi-channel/multi-cast
routing network 2. The address information inputted is used
for a comparison of a destination address of an input cell for
determining a routing path of a destination output port of the
cells inputted from the multi-channel/multi-cast routing net-
work 2.

The cells inputted through the input link 7 and the
recirculation input link 8 are assigned of a path to an output
port through an output link 9 or a path to the circulation path
concentration network 3 through a bypass link 10 through a
comparison process between a corresponding destination
address and an output port grouping address from an output
group address generator 6 in the multi-channel/multi-cast
routing network 2.

The cells which were assigned of the path to the output
port are directly outputted through the output link, and the
cells which were assigned of the path to the bypass link 10
are outputted into the recirculation path concentration net-
work 3, and then an R-number of cells which is the link
number limited by the recirculation path concentration net-
work 3 is selected, and is inputted into the synchronous logic
unit 5 through the recirculation output link, and the syn-
chronous logic unit § provided a function for adjusting a
time difference so that the cells inputted through the recir-
culation output link are synchronized with the cells inputted
through the input link 7.

The recirculation cells the time difference of which is
adjusted and the cells inputted into the switching apparatus
through the recirculation input link 8 are inputted into the
multi-channel/multi-cast routing network 2, respectively.
The above-described routines are repeatedly performed for
a predetermined number.

Namely, the present invention is directed to externally
providing a switch having an N-number of input ports.
However, the packet switching apparatus according to the
present invention internally includes a switch having a
characteristic of a shared memory corresponding to an
R-number of cells, so that the total input of the multi-
channel/multi-cast routing network 2 is “N+R=M".

The maximum N-number of cells among the M-number
of cells is assigned of a switching path of the output port, and
the cells which was not assigned of any path are inputted
into the recirculation path concentration network 3 through
the bypass link, and then only R-number of cells is selected,
and is inputted into the multi-channel/multi-cast routing
network 2 through the synchronization process, and then is
given a new competition for a path assigning to the output
port together with the cells which are newly inputted.

FIG. 2 is a diagram to explain an operation of a routing
network according to the present invention.

As shown therein, the multi-channel/multi-cast routing
network 2 consists of M input links, N output links, and M
bypass links.

The multi-channel/multi-cast routing network 2 is formed
in a crossbar network type which consists of a switch device
11 having a 2x2 operational characteristic. Namely, the
multi-channel/multi-cast routing network 2 consists of an
MxN number of switch devices.
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The operation of the multi-channel/multi-cast switching
operation in the multi-channel/multi-cast routing network
will now be explained with reference to the accompanying
drawings.

First, the output group address generator 6 which provides
an output port address information includes a total
N-number of grouping address information 12, for thus
providing a channel grouping information set in accordance
with a system requirement.

As shown in FIG. 2, there is an output port “1” which
consist of three physical links. Namely, among the input
cells, the cells having an output address “1” means that it is
possible to provide maximum three paths at the same time.
Here, the condition of the number “G” of the grouping link
with respect to the output address is 1=Gi=N, and the sum
of Gi can not exceed N, provided that 1 =i=N. Namely, one
logic output link consists of an N-number of physical links
from “1”.

The above-described output port channel grouping
address information is provided to all switch devices of a
column through the address transfer path 13 consisting of
columns.

As shown in FIG. 2, the first column of the multi-channel/
multi-cast routing network 2 receives an information with
respect to the output port address “0”, and the columns from
the second column to the fourth columns receive an infor-
mation with respect to the output port address “17, and the
fifth column receives an information with respect to the
output port address “3”.

The input cell 14 inputted through an M-number of input
links is inputted in a form that the routing tag region is added
to the front end of the ATM cell of 53 bytes, and this routing
tag includes a plurality of output port address information
for the multi-casting operation. In order to express a plural-
ity of output ports within the routing tag having a limited
number of bits, a bit addressing method of assigning the bit
one by one by the output unit is used.

For example, if the switch size is 8x8, the routing tag of
the cell which needs output ports 0, 1, and 4 can be
expressed as “00010011”. Here, the leftwardmost bits are
the bits related to the port 7, and the bits from the leftward-
most are the bits related to port 0.

The information of this routing tag is compared with the
output port grouping address information from the output
group address generator 6 in each switch device. As a result
of the comparison, if the information is identical therewith,
and the switch device arranged in the upper portion of the
identical column is not connected with the output port, the
input cell is connected with the output port. Namely, only
one switch device in the identical column is connected with
the output port. In addition, the cell which made the con-
nection eliminates the address information from the routing
tag, so that the routing is not duplicatingly performed to
another output port grouped to on group in the identical row.

The cell 15 which is outputted through the routing tag
conversion process in the identical row and then is finally
outputted is converted into the routing tag having only a
destination address information which must be outputted at
the next cell transmission time. The information conversion
process of the routing tag will now be explained with
reference to FIG. 3.

As shown therein, the cells inputted through the input port
“0” includes a destination output port address of “0” and “1”
and request a multi-casting, and the cell of the input port “1”
requests a routing to only the output port “17, and the cell
from the input port “2” includes output port addresses of “0”
and “3”.
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The switch device of the first row and the first column is
provided with a path to the output port “0” with respect to
the cell from the input port “0” through the address com-
parison process, and the information with respect to the
output “0” is eliminated from the routing tag, and the only
the information with respect to the output port “1” is
transferred to the next switch device in the identical row.

In addition, the switch device of the first row and the
second column is provided with a path to the output port “1%,
and the information with respect to the output port “1” is
eliminated from the routing tag and is converted into an
unassigned cell having a null routing tag information,
namely, in a state that there is not a desired output port.

The switch device of the second row and the first column
is not provided with any path since the grouping address
information 12 from the output group address generator 6
and the address of the routing tag are not identical, so that
the routing tag information is provided to the second switch
device of the identical row in a state that there is not a
conversion of the routing tag.

The switch device of the second row and the second
column may be provided with a path since the address
information is identical, but since the switch device of the
upper portion of the identical column is previously provided
with a path, the path setting is not performed, and then the
conversion of the routing tag is also not performed.

The switch device of the second row and the third column
does have a switch device above it whose address informa-
tion is identical. The above switch device therefore does not
make any connection. This along with the identical address
information at the switch device of the second row and the
third column allows this switch device to make the connec-
tion and to modify the routing tag of the arrived cell to null
status before passing to the next switch device in the same
row. Based on this action, all the remaining switch device in
the same row would not take any action of making the
connection.

Since the cell from the input port 2 is only assigned of a
path to the output port 3 since the path with respect to the
output 0 is not set in the upper portion of the first column,
since there is no more output left in output group 0, the
routing tag is outputted to the end point of the remaining row
in a state that there exists only the information with respect
to the output port 0.

FIG. 4 is a diagram illustrating a signal configuration of
a routing network switch device according to the present
invention, and FIG. 5 is a flow chart illustrating an operation
of a routing network switch device according to the present
invention.

The input 16 of the multi-channel output group number is
an output port grouping address information from the output
group address generator 6 and consists of a plurality of bit
groups in accordance with an operational speed which is
needed for the switching system for a parallel processing.

The output 17 of the multi-channel output group number
is an information that the input 16 of the multi-channel
output group number is transferred to the next switch device
through the switch device. The contents thereof is identical
to the input 16 of the multi-channel output group number.

The input 18 of the request group number is a routing tag
information inputted to the switch device and consists of a
plurality of bit groups in accordance with an operational
speed which is needed for the switching system for a parallel
processing.

The output 19 of the request group number is an infor-
mation that the number of request groups is converted in
accordance with a path assigning by the switch device.
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A path setting state input 20 is a path setting state
information of the upper portion switch device of the
identical column.

A path setting state output 21 is a path setting state
information of a corresponding switch device and is pro-
vided to a switch device of a lower portion as a path setting
state input.

A connection indicator 22 is a signal indicating a path
setting state of a position device after the comparison
process for a path setting is completed and is used as an
enable signal for providing a data path of the input cell.

FIG. 5 is a flow chart illustrating an operation of a routing
network switch device according to the present invention.

As shown therein, the comparison operation of each
switch device for setting a path is repeatedly performed until
all switch devices in the multi-channel/multi-cast routing
network are completed, and consists of a simple gate logic
circuit without a synchronous circuit such as a flip-flop
circuit.

Namely, the path setting state input 20 and the output
signal 21 can be repeatedly converted until the path setting
of all the switch device of the multi-channel/multi-cast
routing network are completed, and there is not state con-
version after all comparison operations are completed. This
time is called a path setting time.

The connection indicator 22 operates a circuit with
respect to the data transfer path of the input cell using this
signal in a state that the final switch device is set after a path
setting time t.

In accordance with the above-described operational
characteristic, the priority is in competition with respect to
the output port. The cell inputted into the input port 0 has the
priority in the input sequence of the network, and then the
priority sequence is decreased in accordance with the port
sequence number, so that the cell inputted into an (M-1)th
port has the low priority.

This sequence may be recognized as there is a problem in
a proper competition between ports; however, it is an
important functional element in maintaining a sequence of
the cells in the identical links and between cells distributed
to a few input links. The operation for maintaining the
sequence of cells in the entire switching apparatus will now
be explained with reference to FIG. 9.

When the above-described path setting process is
completed, the number of switch devices in the row con-
nected to the output port is maximum one. In addition, the
cell is transferred to the destination output port through the
path established in such a manner, namely, the output link 9
as shown in FIG. 2.

As described above, the multi-channel/multi-cast routing
network internally has a non-blocking characteristic. In
addition, the multi-channel/multi-casting function is pro-
vided in one network, so that it is possible to maximize the
cell processing ratio of the switch. Since the multi-casting is
concurrently provided, differently from the conventional
switching apparatus, a complex connection path manage-
ment table is not necessary between the copy network and
the routing network. In addition, since the cross-bar network
is used as a basic type, when integrating the functions of the
system, it is possible to fabricate a compact size system.
Since the layout is made easier, it is possible to fabricate the
system as low price.

FIG. 6 is a diagram illustrating the construction of a
recirculation path concentration network according to the
present invention.
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As shown therein, the recirculation path concentration
network selects cells as much as an R-number of recircula-
tion paths among the cells transferred to the bypass link 10
which was not provided with any path during the multi-
channel/multi-cast routing network and performs a function
of transferring the cells to the multi-channel/multi-cast rout-
ing network as an input through the recirculation link.

The recirculation path concentration network consists of
an M-number of inputs and an R-number of recirculation
output links 4. As a function block, it consists of an ACFG
(Assigned Cell Flag Generator) 23 and an RPC
(Recirculation Path Comparator) 24.

The assigned cell flag generator 23 checks the routing tag
from the bypass link 10 through the routing tag conversion
process by the multi-channel/multi-cast routing network on
whether there is a destination output port address in the
routing tag.

As a result of the checks, if a path to the output port is
assigned in the multi-channel/multi-cast routing network,
the routing tag has a null address information, otherwise
since the destination address to be outputted at the next cell
transmission time exists in the tag, the assigned cell flag
generator 23 checks that the information in the tag is in a
state of null. As a result of the checks, if the information is
a null state, the flag 29 is made to 0, and if there is a
destination address, the flag is made to 1.

The recirculation path comparator 24 selects an R-number
of cells the flag 29 of which is 1 by using the flag 29 from
the assigned cell flag generator 23, performs a function of
assigning a path to the recirculation output link 4, and
consists of a 2x2 switch device as many as RxN.

The recirculation path assigning process by the recircu-
lation path comparator will now be explained with reference
to FIG. 6.

The information type of the routing tag inputted into the
assigned cell flag generator 23 through the bypass link 10 are
the same as the routing tag 25. The assigned cell flag
generator 23 makes the flag as “0” if the routing tag is null,
and makes the flag as “1” if the routing tag is not null in
accordance with the state of the bypassed routing tag 25.

Each column of the recirculation path comparator 24
receives a comparison initial value 26 of “0” through the
state link 27. Each switch device of the recirculation path
comparator 24 determines a path assigning to the recircu-
lation link of a corresponding link by using the information
of the flag 29 from the assigned cell flag generator 23 and the
path setting state information from the switch device posi-
tioned just above the identical column.

For example, since the flag 29 from the bypass link “1” is
“0”, and the path to the output port which is needed for the
multi-channel/multi-cast routing network is all assigned, the
recirculation path comparator 24 is not assigned of the
recirculation path.

Since the flag 29 from the bypass link “2” is “17, the path
to the recirculation link “0”, is set, and the state of the flag
29 is converted to “0”, for thus preventing a duplicating
recirculation path setting in the identical row.

Since the cell from the bypass link “5” is assigned of the
recirculation path in the first column, the bypass path is
assigned in the second column. In this manner, it is possible
to assign the recirculation path of the cells from the first
volume to an R-th column. If the number of the cells which
have the flag of “1” exceeds R-number, only the R-number
of cells is recirculated, and the remaining cells is processed
as drop by the recirculation path comparator 24.
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For example, the cells inputted through the (M-1)th by
pass link as shown in FIG. 6 is processed as drop by the
recirculation path comparator 24. Namely, there occurs a
cell drop. If the system required cell drop ratio is high, the
value “R” is reduced, and then the multi-channel/multi-cast
routing network and the hardware of the recirculation path
concentration network are reduced. On the contrary, if the
system required cell drop ratio is low, the structure is
configured, which is capable of increasing the value “R”.
Namely, since the value “R” is considered to perform a
function of the sharing memory, the cell drop ratio is
determined based on the value “R”. As another important
characteristic, the input cells through the first row of the
multi-channel/multi-cast routing network has the top prior-
ity compared to the other cells, the input cells through the
first row are assigned of all the path by the multi-channel/
multi-cast routing network.

Therefore, in the recirculation path concentration
network, the construction of the switch device with respect
to the first row is not needed.

The 2x2 switch device 28 consisting of the recirculation
path concentration network as shown in FIG. 6 has a
function which is very similar to the function of the multi-
channel/multi-cast routing network. However, it has a more
simplified construction and function. The construction and
the operational characteristic of the input/output signal from
the recirculation path concentration network will now be
explained with reference to FIGS. 7 and 8.

The construction of the signal as shown in FIG. 7 is as
follows.

The path setting state input 30 indicates a path setting
state of a switch device just above the device in the identical
column. If the value is 1, it denotes a path set.

The path setting state output 31 indicates a path setting
state, which output is outputted to the switch device of the
identical column based on its path set state, and if the value
is “07, it indicates that there is not a path set in the switch
device of the upper portion.

The assigned cell flag input 32 denotes a flag 29 which
indicates the routing tag state of the cell. The switch device
of the first column receives an input from the assigned cell
flag generator, and the next switch devices receives an input
from the leftward switch device. Each switch device checks
the flag. If the value is 1, the path setting is performed, and
if the value is 0, no operation is performed, and the value is
transferred to its rightward switch device. If the path setting
is performed, the flag is converted to 0, and there does not
occur a path setting operation in the switch device in the
identical row.

The assigned cell flag output 33 is a signal of the path
setting state of the switch device, which signal is transferred
to the rightward switch device. If the inputted assigned cell
flag is 0, the signal is transferred to the rightward switch
device, and the flag is 1, the value is varied in accordance
with its path setting state and then is transferred to the
rightward direction.

The connection indicator 34 indicates a signal which
denotes a final state after the path setting operation of all the
switch device in the recirculation path concentration net-
work like the connection indicator of the multi-channel/
multi-cast routing network is completed. The transfer path
setting of the cell in the recirculation path concentration
network is performed by using such signal.

FIG. 8 is a flow chart illustrating an operation process of
a switch device based on the state of the input signal. As
shown therein, the routine is repeatedly performed until all
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the switch devices in the recirculation path concentration
network are set. In addition, the switch device of the
recirculation path concentration network consists of a simple
gate logic differently from the construction of the synchro-
nous logic (flip-flop) like the switch device of the multi-
channel/multi-cast routing network. Maintaining a sequence
integrity among the cells of one virtual connection distrib-
uted and inputted to a plurality of input links is very
important.

In particular, if the switch structure has a recirculation
path, since the cells through the recirculation path is earlier
than the cells which are newly inputted through the input
link, in order to maintain the cell sequence integrity, a
priority must be provided for providing a path to cells
through the recirculation path. The switch construction
according to the present invention satisfies the conditions for
all the cell sequence integrity. The operation thereof will
now be explained with reference to FIG. 9.

As shown in FIG. 9, three output links of the cells inputted
through five input links are grouped as one group 39 for a
cell sequence integrity when routing cells between input
cells.

Cells al, bl, and d1 are inputted through each link at a
first cell time, and the cells a2, b2, c1, d2, and el are inputted
at the next cell time. There are two cases in each link. One
of which is that there exists a cell at every time, and another
of which is that there does not exist a cell at every time. FIG.
9 illustrates a sequence that the cells are inputted by a sixth
cell time.

In the multi-channel/multi-cast routing network and the
recirculation path concentration network of the switching
apparatus, the cell inputted through the upper portion row
with respect to the destination address or the remaining
recirculation paths has the top priority during the path
assigning compared to the cells inputted through the lower
[OW.

The time-based input cell type 36 of the cells inputted is
illustrated in FIG. 9. The cells al, bl, and dl1 which are
inputted at the first cell time are all assigned of a path to the
output port at the identical cell time and then are outputted,
and in the case of the input, the output port is assigned from
the leftward direction to the rightward direction in accor-
dance with the sequence from the upper portion to the lower
portion.

Since the number of the cells inputted at the second cell
time is 5, and the group of the output port is 3, these cells
a2, b2, and cl from the upper portion among five input cells
are assigned of a path, and the remaining two cells d2 and
el are recirculated through the recirculation path concen-
tration network.

The cells d2 and el recirculated at the third cell time and
the cells b3 and c2 which are newly inputted compete with
each other with respect to three output ports. Since the cells
through the recirculation path has an earlier priority com-
pared to the cells which are newly inputted, the paths to the
output ports are assigned of d2, el, and b3, and c2 is
recirculated. Therefore, since there are cells ¢2 and ¢3 at the
fourth cell time, two cells are all outputted.

The time sequence by the port of the cells outputted
through the above-described processes is the same as the
output cell type 37 as shown in FIG. 9. The time-based order
of the cells through the recirculation path is shown as the
element 38. In view of the sequence, the input link-
dependent cell sequence, and the link-dependent cell
sequence are maintained. Therefore, three output ports are
multiplexed, and then a system which support a high speed
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output link 41 is configured, so that a time division multi-
plexor 40 is added, and the switch output port are multi-
plexed in the order from the leftwardmost port to the
rightward direction one by one. The type of the cells which
are finally outputted by the above-described multiplexing
function are shown in 42.

The switch structure according to the present invention
provides a multi-channel switching function, so that it is
possible to provide super-rate and multi-rate switching func-
tions. Namely, if the basic speed of each port of the switch
network is v, it is possible to use a system input/output link
which requires a speed of nxV in accordance with the
number of ports of one channel group. This is called a
super-rate switching function. In addition, it is possible to
support the input/output links, which require different speed,
such as 155 Mbps, 622 Mbps, 2.5 Gbps, etc., by using one
switch network. This function is called a multi-rate switch-
ing function.

Therefore, as shown in FIG. 10, it is possible to provide
a multi-channel switching function with which it is possible
to implement an input/output of the system having different
speeds and a super-rate switching function which is capable
of receiving an input/output link which is a predetermined
time the basic speed of the switch network.

As shown in FIG. 10, one switch network includes a
multiplexor 47, a demultiplexor 43 thereof having an output
speed of nxV, a multiplexor 44 having an mxV output speed
and a demultiplexor 46 thereof, and an input/output link 45
having a basic speed.

The demultiplexor performs a function which is contrary
to the operation of the multiplexor as shown in FIG. 9.
Namely, the demultiplexor performs a function of a time
division demultiplexor.

FIG. 11 illustrating a multiplexing operation and demul-
tiplexing operation based on a time division of the multi-
plexor 48 and the demultiplexor 49. Here, it is possible to
evenly provide a function of a multiplexor and a demulti-
plexor with respect to each input link. If there is not a cell,
it is possible to provide an assigned service time. This
operational characteristic makes it possible to maintain a cell
input sequence based on the time, and it is possible to
maintain the sequence between cells of one virtual connec-
tion which cells are distributed to a plurality of links and
inputted thereto.

The switch structure having large capacity uses a method
of configuring a unit switch which has smaller input/output
capacity by using multi-stage method.

There may be various multi-stage methods based on the
type of multi-stage interconnection networks. For example,
there are a multi-stage network of a Banyan type, a multi-
stage network of a Benes type, a multi-stage network of a
Clos type, etc. In addition, it is possible to configure various
types of multi-stage networks by slightly varying the struc-
ture thereof in consideration with a cell drop and easiness of
the implementation which are different from its type.

In addition, when configuring the multi-stage network,
one unit switch and another switch of the next stage are
connected to each other by a plurality of links. The basic
concept of the present invention is to improve the perfor-
mance of the switch by recognizing a plurality of links as
one logic group, and in the present invention, the multi-
channel switching function is adapted to the extension
method of the switch.

FIG. 12 illustrates an extension switch structure of a Clos
network which is most general in the multi-stage network.

This method is adapted to an extension switch structure
having a multi-stage network such as a Banyan type, a Flip
type, an Omega type, etc., not the Clos type network.
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The capacity of the unit switch as shown in FIG. 12 is as
follows.

The unit switch of the first stage is a x (¢ X j), and the unit
switch of the second stage is (¢ x h) x (d x k), and the unit
switch of the third stage is (d x j) x b.

Therefore, the entire unit switch capacity is obtained by (a
x h) x (b x k). The output link of the unit switch 50 of the
first stage is grouped into the c-number of the link. In
addition, the each c-number of the output link group is
connected with the unit switches 51 of the second stage.

In addition, the output link of the unit switch 51 of the
second stage is grouped into the unit switch 52 of the third
stage.

In the present invention, one of the important elements is
connected to the stage, so that it is possible to implement a
multi-channel switching function by the channel grouping.

If the switch structure is configured by a single channel
switching method for a connection between stages as shown
in FIG. 12, the input unit switch of the first stage checks the
bandwidth with respect to the (¢ x j) number of the links so
that the controller which manages the connection setting of
the system searches an optimum switch searches an opti-
mum path (namely, the path which the bandwidth can
provide) whenever the connection setting is requested, and
since the bandwidth with respect to the link as much as “d”
for every unit switch of the second stage connected with the
link must be checked. Therefore, the bandwidth as many as
the (¢ x j) x (d x j) number must be checked. Namely, the
system controller must checks a lot number of bandwidth for
one connection setting, and the table is made bigger for
managing many bandwidth, and the management process
becomes complex.

Therefore, when processing a plurality of links of one
stage as one group, the unit switch of the first stage checks
the total band width based on the j-number of groups, and
the unit switch of the second stage checks the total band-
width of the group of the channel (consisting of the
d-number of the channels as one group) connected with the
unit switch of the corresponding destination (namely, the
unit switch of the third stage). Finally, the total (j x k)number
of the bandwidth checks are performed with respect to the
first stage and the second stage.

Therefore, it is possible to improve the speed of the
system controller, and it is possible to more economically
configure the system in cooperation with the reduced size of
the table.

Generally, since the ATM traffic has a high burstness of
the cell attribute, eventhough the average traffic is less, a
peak rate traffic is high, so that the peak rate traffic of one
link exceeds the bandwidth that the link can provide, for thus
causing a cell loss.

Therefore, in case of the multi-channel, since it is possible
to use the total bandwidth of the entire links of the group, a
sufficient bandwidth can be obtained in accordance with the
traffic variation, so that it is possible to improve the cell loss
characteristic.

If the switch is used as an unit switch of the extension
network for maintaining a cell sequence, since it is possible
to maintain a cell sequence during the multi-channel switch-
ing of a single group, eventhough the cells connected to one
group passes through another link in the identical group, the
cell sequence maintains at the final output port identically to
the input state, except for the delay incurred by the recir-
culation paths in the switch network.

As described above, the packet switching apparatus with
multi-channel and multi-cast switching functions and a
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packet switching system using the same according to the
present invention have the following advantages.
First, since the switch operation has a multi-channel
switching function, it is possible to effectively adapt an
input/output link which becomes an n-time the basic speed
V of the switch port by using one switch network. In
addition, since it is possible to dynamically assign the
double number “n” from 1 to the total switch size “N”, it is
possible to adapt input/output links having different speed to
one switching system, whereby it is possible to support
various kinds of services of the system.
Second, since the multi-channel switching has an opera-
tion characteristic of the output buffer type, it is possible to
provide a plurality of switch ports with respect to the
input/output link which has a lower cell loss ratio compared
to another port, whereby it is possible to improve the cell
loss characteristic without a support, such as a traffic flow
control, of another function of the system.
Third, it is possible to concurrently process a cell copy
and a routing by using one network, so that it is not
necessary to configure a table for setting a path between two
networks when a routing network and a copy network are
separately provided, for thus reducing the cost of the system,
and the control operation of the system control software is
performed at high speed and is made simpler.
Fourth, it is possible to eliminate a complex control
operation for maintaining a cell sequence integrity which is
required between service end points by providing a cell
sequence integrity function in a switch network, for thus
simplifying the construction of the end point system, and it
is possible to eliminate an information element for a cell
sequence integrity from a pay load part of the cell, for thus
maximizing the information amount which can be trans-
ferred per time.
Fifth, it is possible to provide an extension switch struc-
ture of a multistage type by using a unit switch having a
multi-channel switching operation and a cell sequence integ-
rity characteristic. At this time, the links connected to the
stage is recognized as one group unit, so that the bandwidth
management is made easily, and since available total band-
width are all used, it is possible to effectively adapt the burst
characteristic of the traffic, for thus maximizing the cell
processing capacity.
Sixth, since a 2x2 simple switch device and a crossbar
type network are basically used for the construction of the
switch, it is possible to perform a routing operation of a
pattern which is required for a device when integrating the
switch by using a column and a row, so that the pattern
routing in the integration device has a simpler structure,
whereby it is possible to more easily develop the device.
Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as recited in the
accompanying claims.
What is claimed is:
1. A packet switching apparatus, comprising:
output group address generation means for providing an
address information for each one of a plurality of
individual output ports in a grouped output port;

routing means for receiving input cells comprising recir-
culated cells, which have been recirculated through a
recirculation path, and newly inputted cells, each of
said cells having a routing tag including a destination
address data;
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said routing means further comprising means for com-
paring said destination address data for each of said
input cells to said address information output by said
output group address generation means and assigning
an output link to selected ones of said input cells when
said destination address data is identical to said address
information, with preference given to recirculated cells,
and outputting others of said input cells, which were
not assigned said output link, through a plurality of
bypass links;

said output links corresponding to said individual output
ports;

recirculation path setting means for selecting an
R-number of said others of said input cells from said
bypass links and outputting said R-number of cells
through said recirculation path, wherein said R-number
comprises a number of cells which can be simulta-
neously transmitted through said recirculation path;
and

synchronization means for receiving said R-number of
cells on said recirculation path, time-synchronizing
said R-number of cells with a new group of newly input
cells and outputting R-number of cells as said recircu-
lated cells to said routing means.

2. The apparatus of claim 1, wherein said output group
address generation means comprises an N-number of
address transmission logic devices, said plurality of indi-
vidual output ports comprising an N-number of individual
output ports, an output port address transmitted from each of
said N-number of address transmission logic devices com-
prises an N-number of bits and uses a bit addressing means
having a predetermined interrelationship with an associated
one of said N-number of output ports, said N-number of
address transmission logic devices being operatively con-
nected for transmitting identical address information to each
of said N-number of output ports, and said address infor-
mation from each of said N-number of address transmission
logic devices being dynamically converted into a predeter-
mined address information in accordance with said prede-
termined interrelationship.

3. The apparatus of claim 1, wherein at least one of said
input cells includes said routing tag comprising a plurality of
destination address information and said routing means
further comprises:

means for comparing said plurality of destination address

information with an output port address from the output
group address generation means and outputting said
one of said input cells to more than one of said plurality
of individual output ports wherein each of said plurality
of output ports is associated with said output port
address that is identical to one of said plurality of
destination address information; and

multi-channel means for concurrently outputting a des-

tined group comprising up to m input cells having the
identical destination address, where m is within the
range from 0 to N, and where N is the number of output
ports and m is the size of the destined output group.

4. The apparatus of claim 1, wherein said routing means
comprises a crossbar network having a plurality of switching
devices arranged in rows and columns, said switching
devices receiving said input cells from a plurality of input
ports, one of said plurality of input ports connected with
each row;

said switching device comprising means for comparing

said address information for each one of a plurality of
individual output ports connected with each column of
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said switching devices, respectively, with said destina-
tion address of each one of said input cells connected
with each row of said switching devices, and assigning
said output link with respect to said selected ones of
said input cells when said address information for each
one of a plurality of individual output ports connected
with each column of said switching devices,
respectively, is identical to said destination address of
each one of said selected ones of said input cells, and

said switching device further comprising means for out-
putting each of said selected ones of said input cells to
said plurality of individual output ports through said
assigned output link by correcting a destination address
corresponding to an output link assigned from the
destination address of a routing tag added to an input
cell, outputting said input cells to said bypass link,
recognizing said input cells from the bypass link as a
null value when input cells therefrom are assigned said
output links with respect to each of a plurality of said
destination address information corresponding to a
plurality of output ports, and changing said destination
address information with respect to the output port
when there remains an output port in said destination
address information which was not assigned said output
link for outputting said input cells to the bypass link
with only said destination address information which
was not assigned said output link.
5. The apparatus of claim 3, wherein said routing means
includes a crossbar network having a plurality of switching
devices arranged in rows and columns, said switching
devices receiving said input cells from a plurality of input
ports connected with each row;
said switching device comprising means for comparing
said address information for each one of a plurality of
individual output ports connected with each column of
said switching devices, respectively, with said destina-
tion address of each one of said input cells connected
with each row of said switching devices, and assigning
said output link with respect to said selected ones of
said input cells when said address information for each
one of a plurality of individual output ports connected
with each column of said switching devices,
respectively, is identical to said destination address of
each one of said selected ones of said input cells, and

said switching device further comprising means for out-
putting each of said selected ones of said input cells to
said plurality of individual output ports through said
assigned output link by correcting a destination address
corresponding to an output link assigned from the
destination address of a routing tag added to an input
cell, outputting said input cells to said bypass link,
recognizing said input cells from the bypass link as a
null value when input cells therefrom are assigned said
output links with respect to each of a plurality of said
destination address information corresponding to a
plurality of output ports, and changing said destination
address information with respect to the output port
when there remains an output port in said destination
address information which was not assigned said output
link for outputting said input cells to the bypass link
with only said destination address information which
was not assigned said output link.

6. The apparatus of claim 4, wherein said plurality of
switching devices comprises:

means for receiving said address information from the

output group address generation means;

means for setting a connection identification value as a

predetermined value when a path is not set in an upper
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row of said switching devices and a destination address
of the cell inputted and the output port address are
identical;

means for setting a path setting state as a predetermined
value;

means for outputting said path setting state to a lower row
of said switching devices;

means for correcting a routing tag of the cell inputted;

means for outputting the corrected routing tag to the
switching device of the next column of said switching
devices; and

means for outputting said path setting state information
and said routing tag of said input cell when a path is set
in the switching device of the upper row, or when said
destination address of said input cell and said address
information are not identical.

7. The apparatus of claim 1, wherein said recirculation

path setting means comprises:

an assigned cell flag generation means for setting a flag to
a first value when said routing tag value of said input
cell is a null value, and for setting the flag to a second
value when said destination address information is set
in said routing tag of said input cell; and

a recirculation path comparison means which does not set
a recirculation output link when the flag from the
assigned cell flag generation means equals said first
value, and sets the recirculation output link when said
flag equals said second value and said output link is not
set in an upper row of said routing means.

8. The apparatus of claim 7, wherein said recirculation

path comparison means includes:

a crossbar network type configured by using a plurality of
switching devices arranged in an NxM array of col-
umns and rows, respectively; and

means for receiving from the assigned cell flag generation
means from a leftward direction of each row, the
rightward end portion of the row is connected with the
recirculation path, the total number of rows is an
integer M where M equals the sum of N, the number of
input ports of the switch, and R, the number of recir-
culation paths, wherein in said switch device of each
row and column, when said flag from said assigned cell
flag generation means is the second value, said recir-
culation link is assigned when the corresponding recir-
culation link was not set in one of said switching
devices of an upper row, said path setting state infor-
mation is changed, and is outputted to said switching
device of a lower one of said rows, said flag value is
changed to said first value, and is outputted to said
switching device of a next one of said columns.

9. The apparatus of claim 8, wherein said recirculation
cells are inputted into an input port associated with upper
ones of said routing means, and said newly inputted cells are
inputted into input ports associated with lower ones of said
rows of said routing means, such that said recirculated cells
are assigned to output links with a higher priority than that
of said newly arrived cells at the input.

10. A packet switching system, comprising:

a plurality of input ports;

a plurality of output ports:

a switch network connected to said plurality of input ports
and said plurality of output ports having a predeter-
mined speed, wherein said plurality of input ports have
a first predetermined speed and a maximum output
speed; an output port exceeding said predetermined
speed;

10

15

20

25

30

35

40

45

50

55

60

65

20

a time division multiplexing means for providing an even
service time with respect to each one of said input ports
is operatively connected to said plurality of output
ports,

one of said plurality of input ports having a second
predetermined speed exceeding said predetermined
speed of the switch network; and

said time division demultiplexing means having an even
characteristic of a service time with respect to each one
of said plurality of output ports is also operatively
connected to said plurality of input ports;

said switch network, comprising:

output group address generation means for providing an
address information for a grouped output port;

routing means for receiving input cells which comprise
recirculated cells inputted through a recirculation path
and newly inputted cells, assigning an output link to
each of said input cells when said output port address
of the output link from the output group address
generation means matches a destination address in the
routing tag of said input cell, with preference given to
recirculated cells, and outputting said input cells which
were not assigned onr of said output links through a
plurality of bypass links;

recirculation path setting means for selecting an
R-number of said input cells in said bypass links and
for outputting the selected input cells to said recircu-
lation path; and

synchronizing means for receiving said input cells from
said recirculation path, synchronizing the recirculated
input cells and a new set of newly inputted cells, and
outputting the recirculated input cells to said routing
means, for thus performing a switching function with
respect to the input/output link wherein the input/
output speed exceeds a predetermined speed.

11. A packet switching system, comprising:

a plurality of switch networks for performing unit switch-
ing functions;

a multi-stage connection network using said plurality of
switch networks;

a plurality of connection link s between unit switches of
one group;

a logic group for assigning an identical address with
respect to a plurality of output links of the unit switch
of a front point, for thus forming one logic group,
wherein a plurality of input cells outputted from the
unit switch through one input link are outputted to one
of output links at every cell transmission time and then
are inputted into the unit switch of an end point, said
multi-stage connection network, comprising:
output group address generation means for providing

an address information for a grouped output port;
routing means for receiving input cells comprising
recirculated cells inputted through a recirculation
path and newly inputted cells, assigning an output
link to each of said input cells which has a destina-
tion address in a routing tag of said input cell
matching the output port address of the output link
from the output group address generation means with
preference given to recirculated cells, and outputting
the input cells which were not assigned one of said
output links through a plurality of bypass links;
recirculation path setting means for selecting R-number
of said input cells in said bypass links, said
R-number being the maximum number of cells
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allowed in said recirculation path and for outputting synchronizing said recirculated input cells with a
said R-number of cells through said recirculation new set of newly inputted cells, and outputting said
path; and recirculated input cells to said routing means.
synchronizing means for receiving a recirculated one of
said R-number of cells from said recirculation path, L
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