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METHOD AND APPARATUS FOR MULTICAST OF 
ATM CELLS WHERE CONNECTIONS CAN BE 

DYNAMICALLY ADDED OR DROPPED 

CROSS-REFERENCE 

[0001] This is a continuation-in-part of US. patent appli 
cation Ser. No. 08/330,381 ?led Oct. 27, 1994, Which is a 
continuation-in-part of Us. patent application Ser. No. 
08/305,576 ?led Sep. 14, 1994, now US. Pat. No. 5,528,588 
issued Jun. 18, 1996. 

FIELD OF THE INVENTION 

[0002] The present invention is related to the multicast of 
ATM cells. More speci?cally, the present invention relates to 
the multicast of ATMs through the use of multiple ports or 
a single port to multiple addresses Where connections can be 
dynamically added or dropped. 

BACKGROUND OF THE INVENTION 

[0003] ATM (asynchronous transfer mode) is used for 
communication purposes in integrated digital netWorks. 
Through these netWorks, ATM cells travel to desired desti 
nations. Due to the complexity and demands on a netWork, 
there exists concerns involving traf?c control in regard to 
cells in the netWork. Moreover, in multicast (i.e. the trans 
mission of a single ATM cell to multiple destinations), 
considerations must be given to memory utiliZation in regard 
to the storage of a cell going to a multitude of locations. 
Ideally, as little memory as possible should be utiliZed to 
maintain the cell for all the different locations to Which it 
Will be sent. The present invention provides an ef?cient 
approach to providing a cell to a multiplicity of connections 
for multicast. 

[0004] The multicast function can be limited to the act of 
causing an individual ATM cell to be transmitted by multiple 
output ports of an ATM sWitching system, or it may include 
causing an individual output port to transmit an individual 
ATM cell multiple times. In the former case, it is possible to 
restrict the use of connection addresses so that the instances 
of a multicast ATM cell transmitted at different output ports 
Will all have the same address information (knoWn as the 
VPI and VCI). In the latter case, it is necessary for each copy 
of a multicast ATM cell to have a different VPI and/or VCI 
to indicate that each copy of the cell should be sent to a 
different ?nal destination. The prior art for performing 
multicast in an ATM sWitch using multiple VPI/VCIs is to 
create and store multiple copies of the cell at some point 
Within the ATM sWitching system. 

[0005] Furthermore, a multicast VC (virtual connection) 
broadcasts the same packet to M destinations Where M>1. It 
might travel through a number of intermediate nodes/ 
sWitches before reaching the destinations. At each node, the 
intermediate VC might broadcast to more destinations gen 
erating a dynamic multicast graph as shoWn beloW. Each 
node might add or drop destinations/ports at any time. For 
example, a party can drop or add to a video conference call 
at any node any time. For instance, the port addition/drop 
mechanism implemented in the Series-C/Altantis netmods 
has severe ?aWs such as: Cells cannot be freed When a 
connection has been dropped (Series-C); The last cell of a 
multicast connection is reserved and is never freed (Series-C 
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and Atlantis); not robust, i.e, misbehaves When adding a port 
to an existing port; and costly (per-port drop 16-bit pointer). 

[0006] A mechanism Which supports dynamic automatic 
destination (port) addition and drop Would reduce the soft 
Ware interference and improve the system performance. 

[0007] HoWever, multicast VC frees cell at the speed of 
the sloWest port since it frees a cell until all ports are served 
for that cell. This dramatically increases the siZe of the 
multicast buffer. A mechanism Which supports cell discard 
based on selective ports Would reduce multicast queue siZe 
and recover from the potential congestion and cell loss 
quickly, Which further improves the performance of multi 
cast VC. 

[0008] The present invention relates to an ef?cient method 
and apparatus for multicasting a cell While preferably using 
different VPI/VCIs for each instance of the transmission of 
that cell and being able to add or drop connections from a 
conference or a broadcast at any time. The multiple trans 
missions of the cell can occur on the same output port or 
different output ports of an ATM sWitching system. 

SUMMARY OF THE INVENTION 

[0009] The present invention pertains to a multicast sys 
tem. The system comprises an ATM netWork. The system 
comprises a source connected to the ATM netWork. The 
system also comprises a ?rst destination connected to the 
ATM netWork. The system comprises at least a second 
destination connected to the ATM netWork. Additionally, the 
system comprises a mechanism for adding or dropping 
connections dynamically betWeen the ?rst source and any 
destinations at any time. 

[0010] The present invention pertains to a method for 
multicasting ATM cells. The method comprises the steps of 
forming a ?rst connection betWeen a ?rst source and a ?rst 
destination for transmitting a ?rst ATM cell therebetWeen. 
Next, there is be step of forming a second connection 
betWeen the ?rst source and a second destination While the 
?rst connection exists. Then there is the step of terminating 
the ?rst connection While the second connection exists. 

[0011] The present invention pertains to a method for 
multicasting ATM cells. The method comprises the steps of 
forming a ?rst connection betWeen a ?rst source and a ?rst 
destination. Next there is the step of obtaining a ?rst ATM 
cell to the transmitted out the ?rst source. Next there is the 
step of forming a second connection betWeen a ?rst source 
and a second destination While the ?rst connection exists and 
after the ?rst ATM cell has been obtained. 

[0012] The present invention pertains to a linked list for 
multicast in an ATM netWork. The linked list comprises a 
?rst cell. The linked list also comprises a plurality of read 
pointers. Each read pointer is associated With a port. Each 
read pointer points to the ?rst cell. 

[0013] The present invention also pertains to a multicast 
system for an ATM netWork. The system comprises a ?rst 
port through Which a cell passes. The system also comprises 
a ?rst read pointer associated With the ?rst port. The 
multicast system additionally comprises at least a second 
port through Which the cell passes. There is at least a second 
read pointer associated With the second port. The multicast 
system is comprised of a cell to Which each read pointer 
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points. Furthermore, the multicast system is comprised of a 
controller for controlling When a read pointer reads a cell. 
The system preferably includes a plurality of cells. Each cell 
has a cell pointer pointing to a next cell. The plurality of 
cells forms a linked list. The controller points a read pointer 
to the next cell after the cell the read pointer Was pointing to 
is read. 

[0014] The present invention additionally pertains to a 
method for multicasting. The method comprises the steps of 
forming a ?rst read pointer and at least a second read pointer. 
Each read pointer corresponds to a ?rst port and a second 
port, respectively. Each read pointer points to a cell. Then 
there is the step of choosing a port. Next there is the step of 
locating the read pointer for the port. Then there is the step 
of reading the cell to Which the read pointer is pointing. 
Preferably, the cell includes data and the cell includes a cell 
pointer pointing to a second cell, if there is a second cell. The 
?rst cell and at least the second cell forms a linked list. 

[0015] The present invention pertains to a multicast sys 
tem for an ATM netWork. The multicast system comprises at 
least a ?rst ATM cell pointer mechanism. The multicast 
system is also comprised of at least a ?rst cell having data. 
The ?rst ATM cell pointer mechanism points to the ?rst 
ATM cell. The multicast system is additionally comprised of 
a ?rst node having a ?rst address for the ?rst ATM cell and 
a node address pointer. The ?rst ATM cell pointer mecha 
nism points to the ?rst node. The multicast system is 
comprised of a second node having a second address for the 
?rst ATM cell. The node address pointer of the ?rst node 
points to the second node. The ?rst and second nodes form 
a linked list of addresses. The multicast system preferably is 
also comprised of a controller in communication With the 
?rst ATM cell pointer mechanism, the ?rst node and the 
second node. The controller causes the ?rst ATM cell to be 
transmitted out a port to the ?rst address and then to the 
second address. 

[0016] The present invention pertains to a method for 
multicasting an ATM cell. The method comprises the steps 
of reading a ?rst node having a ?rst address to Which a ?rst 
ATM cell is to be sent. Then there is the step of transmitting 
the ?rst ATM cell out a port to the ?rst address. Next there 
is the step of reading a second node having a second address 
to Which the ?rst ATM cell is to be sent. Then there is the 
step of transmitting the ?rst ATM cell out the port to the 
second address. 

[0017] The present invention pertains to a method for 
multicasting ATM cells. The method comprises the steps of 
reading a ?rst ATM cell to Which a ?rst cell read pointer is 
pointing. Then there is the step of transmitting the ?rst ATM 
cell out a ?rst port to a ?rst address. Next there is the step 
of determining Whether the ?rst ATM cell is to be transmit 
ted out the ?rst port to a second address. Next there is the 
step of reading a cell pointer pointing to a second ATM cell 
if the transmission of the ?rst ATM cell out the ?rst port to 
addresses is completed. 

[0018] The present invention pertains to a multicast sys 
tem for an ATM netWork. The multicast system is comprised 
of a ?rst ATM cell pointer mechanism associated With a ?rst 
port. The multicast system also comprises at least a second 
ATM cell pointer mechanism associated With a second port. 
The multicast system is also comprised of at least a ?rst 
ATM cell. The ?rst ATM cell pointer mechanism and the 
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second ATM cell pointer mechanism points to the ?rst ATM 
cell. There is a ?rst node having a ?rst address and a node 
address pointer. The ?rst ATM cell pointer mechanism 
points to the ?rst node. There is a second node having a 
second address. The node address pointer of the ?rst node 
points to the second node. The ?rst and second nodes form 
a linked list of addresses. The ?rst ATM cell preferably has 
a cell pointer. The multicast system preferably includes a 
second ATM cell. The cell pointer of the ?rst ATM cell 
points to the second ATM cell. The ?rst ATM cell and second 
ATM cell forms a linked list of ATM cells. The multicast 
system can include a controller for controlling When a 
pointer is read and When an ATM cell is transmitted out a 
port and With Which address. The controller is in commu 
nication With the nodes, cells and pointers. The multicast 
system preferably also includes a Write pointer pointing to a 
last ATM cell in the linked list of ATM cells. 

[0019] Preferably, for each ATM connection, a linked list 
of VPI/VCIs is stored for each output that transmits that 
connection. A cell is transmitted by a given output one time 
for each entry in the VPI/VCI list, With each transmission 
using the VPI/V CI stored in the current entry in that list. 
When the end of the VPI/V CI list is reached, reading of the 
current ATM cell has been completed for that output port and 
reading of the next ATM cell for that connection and output 
port begins at the beginning of the VPI/V CI list. 

[0020] A VPI/V CI list requires a series of pointers. For 
each output port of each connection, there is a pointer to 
VPI/VCI list to point to the current entry in the appropriate 
VPI/VCI list. Whenever a cell is read, the pointer to VPI/ 
VCI list points to the entry from Which the VPI/VCI is taken 
and used as the VPI/V CI of the transmitted cell. Each time 
a cell is read, the pointer to VPI/V CI list is updated to point 
to the next entry in the VPI/VCI list. 

[0021] One of the entries in the VPI/VCI list is designated 
as the ?nal entry. Once the ?nal entry is reached, the cell 
being read has been sent to every VPI/VCI and that cell is 
no longer read by the given output port. When the next read 
takes place for the given connection and output port, the next 
cell for that connection is sent. 

[0022] The innovation provides the folloWing bene?ts. 

[0023] It alloWs a cell to be transmitted multiple 
times to either the same output port or different 
output ports and alloWs each transmission of the cell 
to occur With a different VPI/V CI. 

[0024] It alloWs a cell to be multicast to multiple 
VPI/VCIs Without requiring that multiple copies of 
the cell be stored at any point in an ATM sWitching 
fabric, Which saves both the memory space and the 
bandWidth needed to store multiple copies of a cell. 

[0025] It alloWs for the list of VPI/VCIs for a given 
output of a connection to be modi?ed Without dis 
rupting the How of cells for that connection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] In the accompanying draWings, the preferred 
embodiment of the invention and preferred methods of 
practicing the invention are illustrated in Which: 

[0027] FIG. 1 is a schematic representation a system for 
multicast in an ATM netWork shoWing a linked list. 
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[0028] FIG. 2, FIG. 3, FIG. 4 and FIG. 5 are schematic 
representations of a linked list under dynamic operation. 

[0029] FIG. 6 is a schematic representation of a multicast 
system for an ATM netWork. 

[0030] FIGS. 7, 14 and FIG. 17 are schematic represen 
tations of a general connection information memory. 

[0031] FIG. 8 and FIG. 9 are schematic representations of 
a cell memory. 

[0032] FIG. 10, FIG. 13 and FIG. 16 are schematic 
representations of a connection Write information memory. 

[0033] FIG. 11, FIG. 12 and FIG. 15 are schematic 
representations of a connection read information memory. 

[0034] FIG. 18 shoWs a block diagram of an implemen 
tation involving the present invention. Cells from an ATM 
cell stream are multicast to multiple VPI/VCIs at one or 
more of the output ports. 

[0035] FIG. 19 shoWs the contents of the connection 
pointer information. For each output port of each connec 
tion, there eXists a cell read pointer to point to the current 
cell being read from the ATM cell buffer, as Well as a pointer 
to VPI/VCI list to point to the VPI/VCI list entry that should 
be used When the neXt cell read takes place for the given 
connection and output port. 

[0036] FIG. 20 shoWs the contents of a VPI/V CI list entry. 
The pointer to the neXt entry is used to point to the neXt entry 
(and thus the neXt VPI/V CI in a set of VPI/VCIs) that should 
be used When reading a cell. The terminating connection 
indication bit is set to indicate that both the neW VPI and 
neW VCI should be included in the cell being read (if it is not 
set, the neW VPI is still included but the neW VCI is not 
inserted into the cell being read). The ?nal entry in the 
VPI/VCI list indication bit is set to indicate that the current 
VPI/VCI entry is the last entry in the list and thus that the 
multicast to multiple VPI/VCIs has been completed for a 
given ATM cell. 

[0037] FIG. 21 provides an eXample of the steps that 
occur during the multicast of an ATM cell to multiple 
VPI/VCIs. 

[0038] FIG. 22 is a schematic representation of a multi 
cast system for ATM cells involving multiple addresses and 
multiple ports. 

[0039] FIG. 23 is a schematic representation of a multi 
cast system Which can dynamically add or drop connections. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0040] Referring noW to the draWings Wherein like refer 
ence numerals refer to similar or identical parts throughout 
the several vieWs, and more speci?cally to FIG. 1 thereof, 
there is shoWn a linked list 10 for multicast in an ATM 
netWork 12. The linked list 10 comprises a ?rst cell 14. The 
linked list 10 also comprises a plurality of read pointers 16. 
Each read pointer 16 is associated With a port 18. Each read 
pointer 16 points to the ?rst cell 14. Aport 18, for purposes 
herein, can mean a port internal to a sWitch, such as a stage 
of the sWitch, or an eXternal port of a sWitch. 

[0041] Preferably, the linked list 10 includes at least a 
second cell 14b and Wherein each cell 14 includes a cell 
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pointer 20 pointing to a neXt cell 14, unless it is a last cell 
14c. Preferably, each cell 14 includes data. If minimiZing the 
dif?culty of maintaining the read pointer (bandWidth) is 
more important than memory utiliZation, then the last cell 
14c is not freed, but is maintained. This alloWs the read 
pointer to remain established and not have to be possibly 
reWritten each time a neW linked list 10 is formed. If 
utiliZation is more important to the overall architecture then 
the last cell 14c can be freed. 

[0042] Preferably, the linked list 10 includes a Write 
pointer 22 pointing to the last cell 14c. Each cell 14 can also 
include a count 24 Which identi?es all ports 18 the cell 14 
Will be sent out. The list 10 can also include a stop pointer 
26 corresponding With each read pointer 16. The stop pointer 
26 identi?es the last cell to be sent out of a corresponding 
port 18. 

[0043] The present invention also pertains to a multicast 
system 28 for an ATM netWork 12. The system 28 comprises 
a ?rst port 18a through Which a cell 14 passes. The system 
28 also comprises a ?rst read pointer 16a associated With the 
?rst port 18a. The multicast system 28 additionally com 
prises at least a second port 18b through Which the cell 14 
passes. There is at least a second read pointer 16b associated 
With the second port 18b. The multicast system 28 is 
comprised of a cell 14 to Which each read pointer 16 points. 
Furthermore, the multicast system 28 is comprised of a 
controller 30, as shoWn in FIG. 6, for controlling When a 
read pointer 16 reads a cell 14. The system 28 preferably 
includes a plurality of cells 14. Each cell 14 has a cell pointer 
20 pointing to a neXt cell. The plurality of cells 14 forms a 
linked list 10. The controller 30 points a read pointer 16 to 
the neXt cell 14 after the cell 14 the read pointer 16 Was 
pointing to is read. 

[0044] Preferably, the system 28 includes means or a 
mechanism for pointing to a last cell 14c in the linked list 10. 
The means or mechanism for pointing to the last cell 14c in 
the linked list 10 is a Write pointer 22. Preferably, each cell 
14 has a count 24 Which identi?es all ports 18 the cell 14 Will 
be sent out. The controller 30 preferably removes a port 18 
from the count 24 after the cell 14 the read pointer 16 is 
pointing to is read. Additionally, the system 28 preferably 
includes a stop pointer 26 corresponding With each read 
pointer 16. The stop pointer 26 identi?es the last cell 14c that 
Will be sent out the port 18. The controller 30 frees the cell 
14 if there is no other port 18 the cell 14 Will be sent out and 
no ports 18 in the count 24 unless it is the last cell 14c in the 
linked list 10. 

[0045] The present invention additionally pertains to a 
method for multicasting. The method comprises the steps of 
forming a ?rst read pointer 16a and at least a second read 
pointer 16b. Each read pointer 16 corresponds to a ?rst port 
18a and a second port 18b, respectively. Each read pointer 
16 points to a cell 14. Then there is the step of choosing a 
port 18. Next there is the step of locating the read pointer 16 
for the port 18. Then there is the step of reading the cell 14 
to Which the read pointer 16 is pointing. Preferably, the cell 
includes data and the cell 14 includes a cell pointer 20 
pointing to a second cell 14b, if there is a second cell 14b. 
The ?rst cell 14a and at least the second cell 14b forms a 
linked list 10. 

[0046] After the reading step, there is preferably the step 
of pointing the read pointer 16 to the second cell 14b pointed 
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to by the cell pointer 20 of the cell 14a. After the reading 
step, there can also be the step of sending the cell 14a out 
of the port 18a. After the pointing step, there can be the step 
of checking Whether there is at least one other port 18 
through Which the cell 14a Will be sent out. After the 
checking step, there can be the step of freeing the cell 14a 
if there is no other port 18 the cell 14a Will be sent out. 

[0047] Preferably, the cell 14 includes a count 24 Which 
identi?es all ports 18 the cell 14 Will be sent out. Preferably, 
after the sending step, there is the step of removing from the 
count 24, the port 18a. The freeing step then includes the 
step of freeing the cell 14a if there is no other port 18 the cell 
Will be sent out and there are no other ports 18 in the count 
24 and the cell 14 is not the last cell 14c in the linked list 10. 

[0048] After the pointing step, there can be the step of 
reading the second cell 14b to Which the pointer 16a is 
pointing. The removing step can include the step of decre 
menting by one a value of the count 24 equal to the number 
of ports 18 the cell 14 Will be sent out. 

[0049] The checking step can include the step of preparing 
a stop pointer 26 value for the port 18 With a right pointer 
value 22 for the port 18. The right pointer 20 points to a last 
cell 14c to be sent out the port 18. Alternatively, after the 
pointing step, there can be the step of clearing a bit 32 
corresponding to the port 18 from a status ?eld 34 of the cell 
14. The freeing step then includes the step of freeing the cell 
14 if the status ?eld 34 is empty and the value of the count 
24 is equal to 0, and the cell 14 is not the last cell 14c in the 
linked list. 

[0050] In an alternative embodiment, the method for mul 
ticasting comprises the steps of choosing a port 18. Then 
there is the step of locating a read pointer 16 for the port 18. 
Next there is the step of reading a cell 14 to Which the read 
pointer 16 is pointing. Next there is the step of sending the 
cell 14 out of the port 18. Then there is the step of removing 
from a count 24 Which identi?es all ports 18 the cell 14 Will 
be sent out, the port 18. Next there is the step of pointing the 
read pointer 16 to a second cell 14b pointed to by a cell 
pointer 20 of the cell 14a if there is a second cell 14b. Then 
there is the step of checking Whether there is at least one 
other port 18 the cell (14a) Will be sent out. Next there is the 
step of freeing the cell 14a if there is no other port 18 the cell 
14a Will be sent out and there are no other ports 18 in the 
count 24, and the cell 14 (14a) is not the last cell 14c in the 
linked list 10. 

[0051] After the pointing step, there can be the step of 
reading the second cell 14b to Which the read pointer 16 is 
pointing. The checking step can include the step of com 
paring a stop pointer 26 value for the port 18 With a Write 
pointer 22 value for the port 18. The Write pointer 22 points 
to the last cell 14c to be sent out the port 18. Alternatively, 
after the pointing step, there can be the step of clearing a bit 
32 corresponding to the port 18 from a status ?eld 34 of the 
cell 14. The freeing step can then include the step of freeing 
the cell 14 if the status ?eld 34 is empty and the value of the 
count 24 is equal to 0 and the cell 14 is not the last cell 14c 
of the linked list 10. 

[0052] In the operation of an embodiment involving mul 
tiple cells, a cell C1 is introduced to the system 28. The read 
pointer Ra1, the read pointer Ra2 and the read pointer RaN 
corresponding to port 1, port 2 and port N, respectively, 
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point to the cell C1. (The ?rst subscript, for instance a, refers 
to the connection. The second subscript, for instance 1, 
refers to the port. Thus, Ra1 refers to the read pointer 
associated With connection a and port 1.) The count 24 of 
cell C1 is set to 3 to correspond With the number of ports that 
Will ultimately receive the cell C1 for output, and the status 
?eld 34 has bits 32 at corresponding locations Which identify 
the ports to Which the cell C1 Will ultimately be sent out. 
Similarly, the Write pointer Wa points to cell C1, Which 
being the only cell 14 is the last cell 14c. The Write pointer 
Wa has its count incremented to 3 to re?ect the number of 
ports Which receive the cell C1. Additionally, the Write 
pointer Wa has its status ?eld 34 Which acts as a reference 
status ?eld ?lled With corresponding bits for each port that 
the cell C1 Will be sent out. See FIG. 2. In addition, the stop 
pointer Sa1, the stop pointer Sa2 and the stop pointer Sa3 
Which correspond to read pointer Ra1, read pointer Ra2 and 
read pointer RaN, respectively, do not point to anything 
since no port is in the process of being dropped. 

[0053] For exemplary purposes, next, port 2 is dropped 
from reading any cells of linked list 10, and cells C2 and C3 
are added to the link list 10 beginning With cell C1. When 
the cell C2 is added, the cell pointer 20 of the cell C1 points 
to the cell C2. Cell C2 has its count 24 incremented to 2 
since there are tWo ports, port 1 and port N Which cell C2 
Will go out. Similarly, cell C2’s status ?eld 34 has bits 32 
introduced into the locations corresponding to the ?rst port 
and the Nth port to identify that cell C2 Will go out port 1 
and port N. Additionally, the cell C2 has its cell pointer 20 
pointing to cell C3. Cell C3 also has its count incremented 
to 2 and bits 32 introduced into the corresponding locations 
of its status ?eld 34 for port 1 and port N. Furthermore, the 
read pointer Wa noW points to cell C3 since cell C3 is the last 
cell 14c of the link list 10. The count of the read pointer Wa 
is changed to 2 since there are only tWo ports that the link 
list 10 having cells C1, C2 and C3 Will go out and its 
reference status ?eld has only tWo bits 32 in it corresponding 
to the location of port 1 and the location identi?ed port N. 
Because the port 2 has been dropped before cells C2 and C3 
have been added, they do not re?ect the presence of port 2 
at all. Cell C1 still re?ects the presence of port 2 since port 
2 Was present at the time cell C1 Was introduced to the 
system 28. Also, the stop pointer Sa2 is changed to point to 
cell C1 since Port 2 has been removed from reading any cells 
14 of the linked list 10. Only When a Port 18 is removed 
from receiving any cells 14 of the linked list 10 is a stop 
pointer 26 set to point to the last cell of the linked list 10 
Where that Port is removed from it. See FIG. 3. 

[0054] For exemplary purposes, next, port 1 reads tWice 
and then port N reads the linked list 10 once. When port 1 
reads the ?rst time, the cell C1 is sent out port 1 and read 
pointer Ra1 is moved to cell C2 since that is Where the cell 
pointer 20 of cell C1 points. Because the stop pointer Sa1 is 
not set to point to any cell 14, the read pointer is alloWed to 
continue onto the next cell. Since the port 1 has read cell C1, 
the count 24 of cell C1 is decremented by 1 to re?ect the fact 
that port 1 no longer Will read cell C1 since it already has. 
Additionally, the bit 32 in the status ?eld 34 of C1 is 
removed to also re?ect the fact that the port 1 no longer Will 
read cell C1, since it already has. Similarly, When port 1 is 
read again, cell C2 goes out port 1, its count 24 is decre 
mented by one and its bit 32 in the status ?eld 34 corre 
sponding to port 1 is removed. The read pointer Ra1 for port 
1 then points to cell C3 since cell C3 is the cell to Which the 
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cell pointer 20 points. The read pointer Wa is not changed 
since its count still re?ects the fact that there are tWo ports 
that are associated With the linked list 10 and its reference 
status ?eld shoWs these tWo ports to be port 1 and port N. 
Next, port N is read Which causes cell C1 to be read out of 
port N, the bit 32 in the status ?eld 34 of cell C1 corre 
sponding to port N to be removed and the count 24 of cell 
C1 to be decremented by 1. The read pointer RaN is then 
moved to cell C2 since cell C2 is the cell 14 to Which the cell 
pointer 20 of cell C1 points. Because the stop pointer SaN 
is not set to any cell, the pointer RaN moves to cell C2. See 
FIG. 4. 

[0055] When port 2 is read, port 2 stops since the stop 
pointer Sa2 points to cell C1. This indicates that read pointer 
Ra2 is to stop reading cells 14 in linked list 10 When it points 
to cell C1. Then the read pointer Ra2 is changed to point to 
null. The cell C1 has its count reduced to 0 and the bit 32 of 
the status ?eld 34 corresponding to port 2 removed. Since 
the count is 0, the status ?eld shoWs no bits there are no ports 
still to receive cell C1 and the cell C1 is freed. See FIG. 5. 

[0056] The presence of the stop pointer 26, Which is set to 
the value of the Write pointer at the point Where a given port 
is removed from the multicast of the linked list 10, alloWs 
the number of ports that a connection to Which a cell is going 
to be decreased. The stop pointer enables a port to be 
removed and the linked list 10 to recogniZe this fact. 
Similarly, in regard to the status ?eld 34 of each cell, and the 
counter 24, When the counter 24 reaches 0 in a given cell 14, 
the cell 14 has been read by all the ports 18 and the memory 
location associated With the cell can be returned to a free list. 
In this Way, to drop a port 18 from a multicast of a linked list 
10, all that has to be done is to unset the bit 32 in the 
reference status ?eld of the Write pointer 22 Which corre 
sponds to a given port 18 but keep the old count value. When 
the next cell 14 is Written to the linked list 10, it receives the 
neW status ?eld, but the old count value. Each neW cell that 
arrives also receives the neW status ?eld and a count value 
equal to the number of bits 32 set in the status ?eld 34. Once 
the status ?eld is added, the full count value becomes 
redundant, one only needs to keep a count of the number of 
ports that are being dropped as of that cell. Most cells Would 
have a count of 0. When one or more ports is dropped from 
the multicast their bits are unsent in the reference status 
?eld, and the next cell Written to the list has the counter set 
to the number of ports being dropped. When a cell 14 is read 
out a port 18, it unsets its bit 32 in the status ?eld 34. If both 
the status ?eld 34 is empty and the counter 24 is 0, then the 
cell 14 can be freed. If a cell 14 is read out a port 18 and its 
bit 32 in the status ?eld 34 Was not set, then the counter 24 
is decremented by 1 since it is one of the ports being dropped 
as of this cell, and as above if both the status ?eld 34 is 
empty and the counter 24 is 0 then the cell 14 can be freed. 
Since the counter 24 that goes With each cell 14 noW only 
needs to be large enough to count the maximum number of 
ports 14 that can be dropped as of a given cell 14, as opposed 
to the maximum number of ports 18 that a cell 14 could go 
to, it can be smaller. If the maximum number of ports 14 that 
can be dropped as of a given cell 14 is one then it becomes 
a one bit counter. 

[0057] Once the status ?eld 34 is added, the full count 
value becomes redundant. One only needs to keep a count of 
the number of ports that are being dropped as of that cell. 
Most cells Would have a count of 0. When one or more ports 
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is dropped from the multicast their bits are unset in the 
reference status ?eld, and the next cell 14 Written to the 
linked list 10 has it count 24 set to the number of ports being 
dropped. When a cell is read out a port 18 it unsets its 
corresponding bit in the status ?eld 34. If both the status ?eld 
34 is empty and the count 24 is 0 then the cell can be freed. 

[0058] If a cell 14 is read out a port 18 and its bit in the 
status ?eld 34 Was not set, then the cell 14 has its count 24 
decremented by one since it is one of the ports being 
dropped as of this cell 14. As above, if both the status ?eld 
34 is empty and the counter is 0 then the cell 14 can be freed. 
Since the count 24 that goes With each cell 14 noW only 
needs to be large enough to count the maximum number of 
ports that a cell could go to, it can be made smaller. If the 
maximum number of ports that can be dropped as of a given 
cell is one then it becomes a one bit counter. When a port is 
indicated as being dropped, and since there is only one port 
that can be dropped at a time, then the port being dropped 
must be that port. If ports 14 are not to be removed from 
reading the linked list 10, than the stop pointers 26 can be 
eliminated and just the status ?eld needs to be present. 

[0059] In yet another alternative embodiment, a cell 14 
can have tWo types of status ?elds. The need for a count 24 
or a corresponding stop pointer 26 is then eliminated. Of 
these tWo types of status ?elds, there is a status ?eld 34 as 
described above. There is also a status ?eld that has bits 
Which identify Whether the cell is the last cell to be read by 
a port (thus acting like a stop pointer). It can be established 
in the protocol of the system 28 that the cell 14 is also read 
if it is the last cell to be read for the corresponding port 18. 
Or, it can be established the cell is not to be read When it is 
identi?ed through the additional status ?eld to be the last cell 
associated With a corresponding port 18. Status ?elds have 
the advantage of simply adding or removing bits, as com 
pared With counters Which require subtraction in their opera 
tion and are thus more complex, relatively speaking. 
Whether logic constraints or memory constraints are more 
important determines the ultimate con?guration. 

[0060] The multicast of the linked list 10 is accomplished 
With system 28 as shoWn in FIG. 6, Which is a schematic 
representation of the system 28. The system 28 is comprised 
of a scheduler 36. The scheduler 36 decides Which connec 
tion should be read by some scheduling algorithm such as 
the round robin, Weighted round robin, Weighted fair queu 
ing, virtual clock, etc. Each time a controller 38 desires to 
send a cell 14 out of a port 18, given the identity of the 
connections With cells 14 in the linked list 10, the scheduler 
36 is called upon. The controller 38 updates the general 
connection information, manages the list of free cell loca 
tions (the “free list”), informs the scheduler 36 about the 
status of connections based on information it receives from 
read controller 40 and Write controller 42, and instructs the 
read controller 40 Which connections to read. The read 
controller 40, given a port number and a connection number, 
reads the next cell for that connection on the given port. 

[0061] The system 28 is comprised of a general connec 
tion information memory 44. As shoWn in FIG. 7, the 
general connection information contains pointers to the read 
and Write information entries if they are not either adjacent 
to the general connection information in the same memory 
or at the same address if they are in different memories. The 
“port ?eld” and “port count” entries, if used, may reside With 
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the general connection information or With a connection 
Write information (if both exist, then they may both be With 
either the general information or the Write information, or 
one might be With each). 

[0062] The Write controller 42 of the system 28 receives 
cells from input and Writes them to cell memory 46 (see 
FIG. 8 and FIG. 9), and updates the connection Write 
information, gets cells 14 from and returns cells to the free 
list (managed by the controller 38), informs the controller 38 
When a neW cell 14 arrives for a connection, and What 
connection it arrived for. In FIG. 8 and 9, the cell 14 and its 
data can either be stored together in one memory or sepa 
rately in different memories, With each item of data at the 
same address (Where the addressing is by data item). The 
“different memories” can be physically separate (different 
chips), or logically separate (different regions of the same 
memory, or even interleaved i.e. all even numbered (Word or 
data item) addresses 0, 2, 4 . . . are in “memory” A, and all 
odd numbered addresses 1, 3, 5, 7 are in “memory” B, Where 
item “i” Would be stored at physical address 2*i if it Were in 
logical “memory” A, and at physical address (2*i)+1 if it 
Were in logical “memory” B) 

[0063] The system 28 is comprised of a connection Write 
information memory 48, as shoWn in FIG. 10. The connec 
tion Write information contains the pointer to either the last 
cell 14c in the linked list 10 for that connection or the 
location Where the next cell 14 for that connection Will be 
Written (depending on Whether or not the read pointer 16 
optimiZation is performed). It also contains any of the “port 
?eld” or “port count” ?eld Which are needed but not con 
tained in the general connection information. 

[0064] The system 28 is also comprised of a connection 
read information memory 50, as shoWn in FIGS. 11 and 12. 
The connection read information has an entry for each port 
18 Which has a pointer to the cell 14 in the linked list 10. 
This cell 14 Will be read out for that port 18 the next time 
this connection should send a cell 14 out the given port 18. 
Each entry Will contain a stop pointer 26 if needed. Each 
entry has additional information such as a neW header, since 
a connection might need a different VPI or VCI for each port 
18 that it exits. If the connection read entries are stored 
separately, then there Will be an array Which is indexed by 
port number Which contains pointers to the connection read 
entries for each port 18. As described in FIGS. 7, 10, 11, 12, 
13, 14, 15, 16 and 17, the various memories may be 
physically separate, or they may be logical memories in one 
or more physical memories. In regard to these ?gures, they 
have the folloWing nomenclature: 

[0065] (3 & 4) only needed if read/Write information 
is not stored adjacent to the connection entry in the 
same memory or stored in different memories in 
different locations 

[0066] (4) if the read information entries for different 
ports are stored together, then the read information 
pointer can point to one of them 

[0067] (5) id needed 

[0068] Referring to FIG. 21, there is shoWn a multicast 
system 100 for an ATM netWork 12. The multicast system 
100 comprises at least a ?rst ATM cell pointer mechanism 
62. The multicast system 100 is also comprised of at least a 
?rst ATM cell 14a having data. The ?rst ATM cell pointer 
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mechanism 62 points to the ?rst ATM cell 14a. The multicast 
system 100 is additionally comprised of a ?rst node 64 
having a ?rst address 66 for the ?rst ATM cell 14a and a 
node address pointer 68. The ?rst ATM cell pointer mecha 
nism 62 points to the ?rst node 64. The multicast system 100 
is comprised of a second node 70 having a second address 
71 for the ?rst ATM cell 14a. The node address pointer 68 
of the ?rst node 64 points to the second node 70. The ?rst 
and second nodes form a linked list 72 of addresses. The 
multicast system 100 preferably is also comprised of a 
controller 300 in communication With the ?rst ATM cell 
pointer mechanism 62, the ?rst node 64 and the second node 
70. The controller 300 causes the ?rst ATM cell 14a to be 
transmitted out a port 18 to the ?rst address 66 and then to 
the second address 71. 

[0069] The ?rst ATM cell pointer mechanism 62 prefer 
ably includes a ?rst cell read pointer 16 pointing to the ?rst 
ATM cell 14a. The ?rst ATM cell pointer mechanism 62 
preferably also includes an address pointer 74 Which points 
to the node in the linked list 72 of addresses Whose address 
is the address Where the ?rst ATM cell 14a is to go. 

[0070] Preferably, each node of the linked list 72 of 
addresses comprises neW VPI information, neW VCI infor 
mation, a terminating connection indication bit and a ?nal 
entry in the linked list of addresses indication bit. Preferably, 
if the terminating indication bit in the node is set and the 
address pointer 74 is pointing to the node, then the ?rst ATM 
cell 14a is caused to be transmitted by the controller 300 
With the VPI and VCI information in the node, otherWise the 
?rst ATM cell 14a is transmitted With only the VPI infor 
mation from the node. If the ?nal entry in the linked list of 
addresses is set in the node, then preferably after the ?rst 
ATM cell 14a is transmitted, the ?rst cell read pointer 16a 
is caused by the controller 300 to point to a second ATM cell 
14b. 

[0071] The present invention pertains to a method for 
multicasting an ATM cell 14. The method comprises the 
steps of reading a ?rst node 64 having a ?rst address 66 to 
Which a ?rst ATM cell 14a is to be sent. Then there is the 
step of transmitting the ?rst ATM cell 14a out a port 18 to 
the ?rst address 66. Next there is the step of reading a second 
node 70 having a second address 71 to Which the ?rst ATM 
cell 14a is to be sent. Then there is the step of transmitting 
the ?rst ATM cell 14a out the port 18 to the second address 
71. 

[0072] The folloWing table provides an example of cells 
transmitted and corresponding changes to the pointers in 
regard to FIG. 21. In the table, the address pointer 74 is 
called a pointer to VPI/VCI list entry and the node address 
pointer 68 is called a pointer to next VPI/VCI list entry. 

TABLE 

1. Cell A1 transmitted With 
VPI 2, VCI 2 

Pointer to VPI/VCI List 
Entry changed to point to 
ENTRY 2 
Pointer to VPI/VCI List 
Entry changed to point to 
ENTRY 3 
Pointer to VPI/VCI List 
Entry changed to point to 
ENTRY 1 
Cell Read Pointer changed 
to point to CELL A2 

2. Cell A1 transmitted With 
VPI 3, VCI 1 

3. Cell A1 transmitted With 
VPI 4, VCI 4 














