
SPRUSON & FERGUSON
Australia

Patents Act 1990

NOTICE OF ENTITLEMENT

I, John Gordon Hinde, of Spruson & Ferguson, St Martins Tower, 31 Market 

Street, Sydney, New South Wales 2000, Australia, being the patent attorney for 

the Appl 1cant(s)/Nominated Person(s) in respect of Application No 66682/94 

state the following:-

The Applicant(s)/Nominated Person(s) has/have entitlement from the actual 

inventor(s) as follows:-

The Applicant(s)/Nominated Person(s) 1s/are the assignee(s) of the 

actual inventor(s).

The Applicant(s)/Nominated Person(s) is/are entitled to rely on the

application(s) listed in the Declaration under Article 8 of the PCT as follows:

The Appl1cant(s)/Nominated Person(s) is/are the assignee(s) of the basic 

applicant(s).

The basic application(s) listed on the Declaration under Article 8 of the PCT 

is/are the first applicatlon(s) made in a Convention country in respect of the 

inv°ntiun.

9 ·
DATED this EIGHTEENTH day of OCTOBER 19 95

John Gordon Hinde

IRN: 316367

13

INSTR CODE:60933

1054P



AU9466682

(12) PATENT ABRIDGMENT (11) Document No. AU-B-66682/94 
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 678471

(54) Title
MULTICAST VIRTUAL CIRCUIT SWITCH USING CELL RECYCLING

International Patent Classification(s)
(51)5 H04L 012/56

(21) Application No. : 66682/94 (22) Application Date : 22.04.94

(87) PCT Publication Number: WO94/24794

(30) Priority Data

(31) Number (32) Date (33) Country
052575 22.04.93 US UNITED STATES OF AMERICA

(43) Publication Date : 08.11.94

(44) Publication Date of Accepted Application : 29.05.97

(71) Applicant(s)
WASHINGTON UNIVERSITY

(72) Inventor(s)
JONATHAN STURh-P

(74) Attorney or Agent 
SPRUSON & FERGUSON , GPO Box 3898, SYDNEY NSW 2001

(56) Prior Art Documents
US 5305311
US 5237571 
US 5127000

(57) Claim
1. A packet switch for an ATM network, said 

switch including a switch fabric having a plurality of 
inputs and a plurality of outputs, said switch fabric 
including means for routing a plurality of data cells 
from a plurality of switch fabric inputs to a plurality 

bJhe.re.iin
of switch fabric outputs,^the improvement comprises 
means for recycling selected data cells through said 
switch fabric, said switch fabric including means for 
copying said selected data cells as they traverse the 
switch fabric, to thereby implement multicasting ir> said 
switch.
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(57) Abstract

Multicasting is implemented in ε virtual circuit switch (23) for an ATM network by recycling data cells through the switch fabric
(23) a multiple number of times with a copy-by-two nctwo.K (IPP) creating an additional data cell upon each recycle to thereby satisfy the
number of connection addresses in the multicast connection. Resequencing of the data cells may be implemented at the ~xit to die switch
fabric (23) as well as upon each recycle of data cells through the switch fabric (23).
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MULTICAST VIRTUAL CIRCUIT 
SWITCH USING CELL RECYCLING

Background and Summary of the Invention
Multicast virtual circuit networks of the prior 

art support communication paths from a sender to an arbi
trary number of receivers, as illustrated in Figure 1.

5 As shown, multicast virtual circuits induce a tree in a 
network connecting a sender to one or more receivers. 
Switching systems participating in the virtual circuit 
replicate received cells sing virtual circuit identifi

ers in the cell headers t access control information
10 stored in the switching system's internal control tables, 

then use this information to identify the outputs the 
cells are to be sent to and relabel the copies before 
forwarding them on to other switching systems.

Figure 2 illustrates in more detail the function
15 of a multicast virtual circuit switch. The switch in

cludes control information, shown here as a table, which
for each incoming virtual circuit provides a list of
outputs and outgoing virtual circuit identifiers. For a
cell received on input link i and virtual circuit z, the
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switch forwards copies to outputs jlf j2, . !J[169Sfter 
relabeling them with new virtual circuit identifiers, 
ylf y2, · · · Notice that if the switch has n inputs and 
outputs and each output supports up to m virtual cir-

5 cuits, one can describe any collection of multicast vir
tual circuits with mn words of memory. One simply pro
vides for each (output, VCI) pair, the identity of the 
(input, VCI) pair from which it is to receive cells. 
Unfortunately, this method of defining a set of multicast 

10 connections is not particularly helpful in switching, as 
it does not give one a way to go from an (input, VCI) 
pair to the desired list of (output, VCI) pairs. Exist
ing virtual circuit switch architectures describe multi
cast virtual circuits in different ways, which while

15 suitable for switching, use far more than mn words of 
memory. The switch disclosed in the inventor's prior 
U.S. Patent No. 4,734,907, for example, requires mn2/2 

words of memory under worst-case conditions. Moreover, 
the time required to update a multicast connection grows 

20 with the size of the connection.
As an improvement over this prior implementation 

of multicasting, the present invention has been developed 
which describes a multicast switch architecture with 
0(n log n) hardware complexity that is nonblocking, in

25 the sense that it is always possible to accommodate a new 
multicast connection or augment an existing one, so long 
as the required bandwidth is available at the external 
Units, and which requires <2mn words of memory for multi
cast address translation. Moreover, the overhead for 

3C establishing or modifying a multicast connection is inde
pendent of the size of the connection or the switching
network. In essence, the present invention relies upon a
recycling and "copy-by-two" function creating extra cop
ies or duplicate copies of data cells for routing to the

35 multicast connection. By making multiple passes or recy
cles of the data cell through the same switch fabric,
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logical "trees" are set up which branch by two on each 
pass. The inventor has developed a methodology for add
ing and dropping multicast connections which provide for 
structuring of the "tree" to thereby minimize memory re
quirements and switch bandwidth requirements. In recog
nition of the fact that data cells will undoubtedly get 
out of sequence, resequencing buffers are provided and 
may be implemented either as the cells finally exit 
switch fabric or, additionally, as the cells are recycled 
back through the switch fabric. These resequencers place 
the data cells back in order so as to ensure the integri
ty of the data stream.

While a specific implementation of this recycling 
for multicast connection methodology is disclosed, it 
should be understood that it may be implemented in a wide 
variety of switch architectures in order to add multi
casting capability.

While the principal advantages and features of the 
present invention have been described above, a more com
plete and thorough understanding of the invention may be 
attained by referring to the drawings and description of 
the preferred embodiment which follow.
Brief Description of the Drawings

Figure 1 is a schematic diagram of an ATM network 
illustrating multicast virtual circuit switching;

Figure 2 illustrates the function of a multicast 
ATM switch;

Figures 3A-C are block diagrams of the present 
invention illustrating the recycling of data cells 
through a switch fabric, along with a conceptual flew 
chart illustrating the flow of data cells through the 
switch fabric;

Figures 4A and B are block diagrams illustrating
the flow of data cells, both in concept and through the
switch fabric, for multiple recycles;
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Figures 5A-D are block diagrams and conceptual 
flow diagram illustrating the addition of an end point to 
a multicast connection;

Figures 6A-D are block diagrams and conceptual 
flow charts illustrating the dropping of an end point in 
a multicast connection;

Figures 7A-C is are block diagrams and conceptual 
flow charts illustrating the resequencer's operation 
during transitions in multicast connections; and

Figure 8 is a schematic diagram of an illustrative 
switch fabric implementing a nonblocking implementation 
of the copy-by-two function.
Detailed Description of the Preferred Embodiment

The basic principle behind the present invention 
is illustrated in Figures 3A and 3B. To implement a 
multicast connection from input a to outputs b, c, d and 
e, a binary tree is constructed with the source switch 
port a at its root and the destination switch ports b, 

c, d, e at its leaves. Internal nodes x, y represent 
switch ports acting as relay points, which accept cells 
from the switch but then recycle them back into the 
switch after relabeling the cells with a destination pair 
identifying the next two switch ports they are to be sent 
to. There are many possibilities for constructing the 
switching network. The combination of the distribution 
network and routing network described in U.S. Patent No. 
4,734,907 offers one possibility. To provide the "copy- 
by-two" function, one would augment the routing network 
so that at the point the paths to the two destinations 
diverge, it would copy the cell along both paths. Other 
switching networks, suitably extended to provide the 
copy-by-two function, can also be used.

Figure 3C details the hardware associated with
each port of the switching system. Because networks such
as the one described in U.S. Patent No. 4,734,907 may
deliver cells in a different order than that by which
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they enter, the ports are typically augmented with a 
resequencing buffer to restore the proper ordering on 
output. The resequencing buffers have an additional role 
in the recycling architecture, which will be described 

5 later. In Figure 3C, the buffer labeled RSQ 20 is the 
resequencing buffer, while the buffer labeled RCYC 22 is 
a simple FIFO. The box labeled VXT26 in the figure rep
resents the virtual circuit translation table associated 
with the port. Given a virtual circuit identifier, ob- 

10 talned from a cell's header, the table provides two (out
put, VCI) pairs that are added to the cell header plus 
two additional bits that indicate, for each pair, whether 
it is to be recirculated another time, or not. The ele
ment labeled RCB (Receive Buffer) 2b holds cells received 

15 from the input link that are waiting to enter the switch 
fabric, while the element labeled XMB (Transmit Buffer) 
30 holds cells waiting to be transmitted on the outgoing 
link.

In switching networks that allow cells to follow 
20 different paths through the network, it is possible for 

cells to get out of sequence. U.S. Patent
No. 5,23^211 filed January 19, 1993, which is a contin
uation of U.S. Patent No. 5,260,935, the disclosure of 
which is incorporated herein by reference, describes a 

25 system for reestablishing the proper sequence. The in
vention involves adding a time stamp to a cell when it 
first enters the switching network and using that field 
to reestablish the proper time sequence when the cell 
exits the switching network. In Figure 3C, the time 

30 stamp field is added by the TSC 32 and the cells are 
resequenced at the RSQ20. Note that cells are time 
stamped only upon their initial entry to the system, 
which means that the resequencing buffer must be dimen
sioned to allow for the longest delay.

35 Figures 4A and B illustrate the operation of the
multicast switch in more detail. In this example, a
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multicast connection delivers cells from input a to out
puts b, c, d and e, using ports x and y as relay points. 
Figure 4B shows the implementation of the connection in 
an "unrolled" form, to clarify the flow of cells through

5 the system. It should be understood, however, that this 
is purely illustrative. There is in fact just one 
switching network, not three, and cells are simply sent 
through it multiple times in order to reach all the des
tinations. In the example, cells entering at input a

10 with VCI i, are forwarded to output e, VCI k and output 
x, VCI j. At x, the cell is recycled, with VCI j used to 
select a new table entry from x’s VXT. The resulting 

information causes the cell to be forwarded to output b, 

VCI n and output y, VCI m. At y, the cell is recycled
15 again, with the resulting copies delivered to c and d.

To add an endpoint to a multicast connection, some 
rearrangement of the connection is needed. This is il
lustrated in Figures ^A-D. Let d be the output that is 

to be added to a connection, let c be an output closest
20 to the root of the tree and let a be its parent. Select 

a switch port x with a minimum amount of recycling traf
fic. Enter c and d in an unused VXT entry at x and then 
replace c with x in a's VXT entry. These changes have 
the effect of inserting x into the tree, with children c

25 and d, as illustrated in Figure 5C.
Dropping an endpoint is similar, as illustrated in 

Figures 6A-D. Let c be the output to be removed from a 

connection and let d be its sibling in the tree, x be its 
parent and a its grandparent. In a's VXT entry, replace 

30 x with d. If the output to be removed has no grandparent 
but its sibling has children, replace the parent's VXT 
entry with the sibling's children. For example in Figure 
6A, if b were the output to be deleted, we would copy x’s 
VXT entry to a, effectively removing x from the connec- 

35 tion. If the output to be removed has no grandparent and
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its sibling has no children, then we simply drop the 
output to be removed from its parent's VXT entry, and the 
connection reverts to a simple point-to-point connection. 
For example, in Figure 6C, if b were to be dropped from

5 this connection, we would be left with the point-to-point 
connection from a to d.

As described, the invention requires a large 
resequencer at each output port processor. The total 
amount of resequencing hardware can be reduced if cells

10 are resequences on every pass through the network. This 
requires changing RCYC 22 in Figure 3C to a resequencing 
buffer and moving the TSC 32 to follow the VXT 26. How
ever, this requires some extra care when connections are 
modified.

15 When an endpoint is added to a connection its new
sibling becomes repositioned in the tree and its cells 
experience a longer delay, because of the additional pass 
through the network. Consequently, there is a momentary 
gap in the flow of cells to the output, but the ordering

20 of the cells is unaffected. However, when an endpoint is 
removed from a connection, outputs immediately following 
the cut point, are moved closer to the root of the tree 
and so the cells being sent to them experience a shorter 
delay and are at risk of being mis-sequenced with cells

25 that left the cut point just before the change. To pre
vent cells from being delivered out of order, the re
sequencer must provide an extra delay for cells forwarded 
immediately after the cut occurs. This is illustrated in 
Figures 7A-C. Let T be the resequencer delay threshold

30 and let B be a register in the time stamp circuit. In
general, the clock is incremented by 1 on every opera
tional cycle of the system but the time stamp field is
augmented with an extra bit that denotes "half steps" of
the clock. At the moment that a connection is changed

35 (call this moment t), R is set to value τ + T. After
that, all data cells for the affected connection are
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given a time stamp equal to either the current time or 
the value of R, whichever is I?" ?.r. If R is larger, 
one-half is added to the value ' R. By the time τ + 2T, 

the current time is certain be larger than R, so from
5 that point on, the time stamp process reverts to its 

normal operation and the data cells have been reliably 
resequenced.

As shown in Figure 8, an implementation is illus
trated for a specific switching network which utilizes a 

10 Distribution Section and a Route & Copy Section. As 
illustrated therein, a single data cell having a pair of 
addresses appears at switch fabric input 40. The distri
bution portion 44 has three stages which distribute cells 
evenly to ensure that the load on the internal links is 

15 less than or equal to the load on the external links.
The Route & Copy Section 46 then begins routing at each 
successive stage of its four stages by using successive 
bits of the address pair 48. As illustrated in Figure 8, 
both addresses in the address pair 48 include one as

20 their left-most bit. Hence through stage 52, the data 
cell is routed along the lower branch 54 to a node in the 
next stage 56. At that stage, the second from the left 
bit of each address in pair 48 is compared and, as this 
is the first stage at which the addresses differ, copies

25 of the data cell are made and the address pair is divided 
so that each data cell has a single address and the cells 
are separately switched or routed to the third stage 58. 
At this stage, the data cells continue to be routed ac
cording to the next successive bit, or third bit, from

30 the left until they reach the fourth stage 60 which again
routes the data cell by its last bit, or right-most bit,
of its address such that it appears at the correct out
put. In this implementation, the four-bit address de
fines an address in a 16 link switch. This same imple-

35 mentation may be made with networks having larger switch-
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es with addresses in different number bases and different 
numbers of digits.

Connections can also be constructed using trees 
with larger branching factors (that is, in which nodes 

5 have more than two children). Larger branching factors 
reduce the amount of recycling, reducing the amount of 
bandwidth needed for recycling cells and reducing delay, 
but increasing the size of table entries and the per cell 
overhead. In practice, one cannot maintain b children at 

10 all internal nodes when b > 2, but it is possible to have 
at most one internal node per tree that has fewer than ib 
children. Maintaining this property may require that the 
tree be restructured when an endpoint is dropped. The 
number of steps required for this restructuring is pro- 

15 portional to the tree depth, in the worst-case.
Another variant of the invention involves copying 

cells sequentially at the input port processor instead of 
within the switching network. In this implementation, 
whenever the VXT entry has multiple outputs listed, a 

20 copy is made for each output, labeled with the output 
port and virtual circuit identifier, and sent to the 
switching network. This allows any point-to-point 
switching network to be used, eliminating the need for a 
"copy-by-two" function.

25 There are various changes and modifications which
may be made to the invention as would be apparent to 
those skilled in the art. However, these changes or 
modifications are included in the teaching of the disclo
sure, and it is intended that the invention be limited 

30 only by the scope of the claims appended hereto.
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What ia Claimed is:

PCTfUS

to thereby implement multicasting in said

switch of Claim 1 wherein said recycling 
means for recycling selected data cells a '

1. A packet switch for an ATM network, said 
switch including a switch fabric having a plurality of 
inputs and a plurality of outputs, said switch fabric 
including means for routing a plurality of data cells 
from a plurality of switch fabric inputs to a plurality 
of switch fabric outputs,^the improvement comprises 
means for recycling selected data cells through said 
switch fabric, said switch fabric including means for 
copying said selected data cells as they traverse the 
switch fabric, 
switch.

2. The 
means includes
plurality of times through said switch fabric.

3. The switch of Claim 2 wherein said copying 
means includes means for copying said recycled data cells 
to thereby create a plurality of duplicate data cells 
each time a data cell is recycled through said switch 
fabric and means for addressing said plurality of dupli
cate data cells for routing to different multicast desti
nations .

4. The switch of Claim 3 wherein 
means includes means for copying by two 
recycled data .-ills to thereby create a 
data cell.

5. The switch of

said copying 
each of said 
second duplicate

of

6. The switch of

means includes means

upon each pass

7. The

means includes

Claim 3 further

said data cells.

Claim 5 wherein

comprising means

said resequencing

for resequencing said data cells

through said switch fabric.

switch of Claim 5 wherein said resequencing

means for resequencing all of said data

cells upon their last exit from said switch fabric.

AMENDED SHEET
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8. The switch of Claim 7 wherein said resequencing 

means includes means for reeequencing all of said data 

cells only upon their last exit from said switch fabric.

9. The switch of Claim 3 wherein said switch

^abric includes said copying means, each of said recycled 

data cells having a plurality of output addresses, said 

switch fabric including means for routing said recycled 

5 data cells by comparing the addresses comprising each of 

said plurality of addresses.

10. The switch of Claim 9 wherein said copying 

means includes means for copying said data cell upon 

comparing said addresses in a bit comparison and finding 

a mismatch in value of compared bits.

11. A method for implementing multicasting in a 

packet switch for an ATM network, said packet switch 

including a switch fabric having a plurality of inputs 

and a plurality of outputs, said switch fabric including

5 means for routing a plurality of data ceils from said 

inputs to said outputs, the method comprising the stepe 

of:

determining which data cells are to be multicast 

to a plurality of destinations;

10 copying each of said multicast data cells to

thereby create at least one duplicate data cell as 

said multicast data cells are routed through said 

switch fabric; and

AMENDED SHEET
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recycling said multicast data cells through said

switch fabric.

12. The method of Claim 11 further comprising the 

step of resequencing all of said data cells.

13. The method of Claim 12 wherein the step of re

sequencing includes the step of resequencing all of said 

data cells as they exit the switch fabric.

14. The method of Claim 12 wherein the step of re

sequencing includes the step of resequencing said multic

ast data cells each time they are recycled through said 

switch fabric.

15. The method of Claim 11 wherein each of said 

multicast data cells has a plurality of addresses and 

further comprising the step of routing said multicast 

data cells by comparing their addresses with each other.

16. The method of Claim 11 further comprising the 

steps of:

assigning a plurality of addresses to each of

said recycled data cells; and

5 routing said data cells having a plurality of

addresses by comparing said addresses with each 

other.

17. The method of Claim 16 wherein the step of

routing includes the step of comparing said plurality of 

addresses on a bit basis, and wherein the step of copying 

includes the step of copying said recycled data cell as ·
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5 said comparison detects a difference between correspond

ing bits of said plurality of addresses.

18. The switch of Claim 9 wherein each of said 

recycled data cells has a pair of output addresses.

19. The switch of Claim 18 wherein said copying 

means includes means for copying said recycled data cell 

upon coatparing said address pairs in a bit-by-bit compar

ison end finding a mismatch in val;a of compared bits.

20. The method of Claim 16 wherein the step of 

assigning addresses includes the step of assigning only 

two addresses to each of said recycled data cells.

21. The method of Claim 2G wherein the step of 

routing includes the step of comparing said pair of ad

dresses on a bit-by-bit basis, and wherein the step of 

copying includes the step of copying said recycled

5 cell as said comparison detects a difference between 

corresponding bits of an address pair.

22. The method of Claim 15 wherein the step of 

copying includes the step of copying said multicast data 

cells upon said routing step determining a difference in 

said plurality of addresses.

23. The method of Claim 22 wherein said addresses 

are expressed in a binary code, and wherein the routing 

step includes the step of comparing said binary codes 

with each other.

24. A packet switch for an ATM network, said 

switch including a switch fabric having a plurality of

amended sheet
j

it
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inputs and a plurality of outputs, said switch fabric 

including means for routing a plurality of data cells 

from a plurality of switch fabric inputs to a plurality 

of switch fabric outputs, and wherein at least some of 

said data cells have a plurality of addresses thereby
wkiarein

indicating a multicast data cell,^the improvement com

prises means for recycling said multicast data cells 

through said switch fabric, means for routing said 

multicast data cells by comparing said plurality of ad

dresses, means for copying said multicast data cells as 

said multicast data cells traverse said switch fabric to 

create at least one duplicate data cell in response t<->
by colaVwj rv\exxr\3

said address comparison^meettts, means for assigning at 

least one address to each of said duplicate data cells, 

and means for resequencing all of said data cells upon 

their exit from said switch fabric.

25. The switch of Claim 24 wherein each multicast 

data cell has no more than two addresses, and said copy

ing means includes means for copying said multicast data 

cell only into a single duplicate data cell upon each 

pass through the switch fabric.

f'T \
AMENDED sheet
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26. A packet switch for an ATM network, said switch including a switch 

fabric having a plurality of inputs and outputs, said switch fabric including means for 

routing a plurality of data cells from a plurality of switch fabric inputs to a plurality of 

switch fabric outputs, said packet switch being substantially as hereinbefore described

5 with reference to Figs. 3 to 8 of the accompanying drawi ngs.

27. A method for implementing multicasting in a packet switch for an 

ATM network, said packet switch including a switch fabric having a plurality of inputs 

and a plurality of outputs, said switch fabric including means for routing a plurality of

io data cells from said inputs to said outputs, said method being substantially as 

hereinbefore described with reference to Figs. 3 to 8 of the accompanying drawings.

DATED this Thirteenth Day of March 1997

Washington University

Patent Attorneys for the Applicant

SPRUSON & FERGUSON

INAlIbcclOOr JO:MXL
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