
US 20080140858A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2008/0140858 A1 

Holt (43) Pub. Date: Jun. 12, 2008 

orelgn pp lcatlon rlorlty ata 54 SWITCH PROTOCOL FOR NETWORK 30 F ' A l' ' P ' ' D 

COMMUNICATIONS 
Oct. 5, 2006 (AU) .............................. .. 2006905503 
Oct. 5, 2006 AU .............................. .. 2006905527 

(76) Invenwrl John M- Holt, Essex (GB) Oct. 5, 2006 (AU) .............................. .. 2006905533 
Oct. 5, 2006 (AU) .............................. .. 2006905539 

Correspondence Address: Publication Classi?cation 
PERKINS COIE LLP 

P'O' BOX 2168 (51) 1‘15/173 (2006 01) 
MENLO PARK CA 94026 ' 

’ (52) US. Cl. ...................................................... .. 709/238 

(21) Appl. No.: 11/973,375 (57) ABSTRACT 
A switch protocol for network communications (particularly 

. _ but not exclusively for multiple computer systems) is dis 
(22) Flled' Oct‘ 5’ 2007 closed in which each switch (S1, S2, S3) maintains a list of 

addresses which can be reached via each port (A, B, C) of the 
Related US, Application Data switch. In addition, prior to delivering a message or packet to 

_ _ _ _ a port, the switch deletes any address in the message or packet 
(60) PrOVlslOnal aPPhCaUOn NO- 60/850,519, ?led 011 Oct which is unable to be reached via that port. The arrangement 

9, 2006, provisional application No. 60/850,528, ?led 
on Oct. 9, 2006, provisional application No. 60/850, 
531, ?led on Oct. 9, 2006, provisional application No. 
60/850,711, ?led on Oct. 9, 2006. 
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saves the repetitive sending of uni-cast messages and also 
saves broadcast messages being sent via the switches to com 
puters which are not intended to receive the messages. Vari 
ous networked topologies are also disclosed 
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SWITCH PROTOCOL FOR NETWORK 
COMMUNICATIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims the bene?t of priority 
to US. Provisional Application Nos. 60/850,519 (5027DA 
US) and 60/850,528 (5027AA-US), and 60/850,531 (5027Z 
US) and 60/850,711 (5027T-US) all of Which Were ?led 9 
Oct. 2006; and to Australian Provisional Application Nos. 
2006905503 (5027DA-AU) and 2006905539 (5027AA-AU) 
and 2006905533 (5027Z-AU) and 2006905527 (5027T-AU), 
all of Which Were ?led on 5 Oct. 2006, each of Which are 
hereby incorporated herein by reference. 
[0002] This application is related to concurrently ?led US. 
Application entitled “Advanced Synchronization and Con 
tention Resolution,” (Attorney Docket No. 61130-8038. 
US01 (5027DA-US01)) and concurrently ?led U.S. Applica 
tion entitled “Advanced Synchronization and Contention 
Resolution,” (Attorney Docket No. 61130-8038.US03 
(5027DA-US03)), each of Which are hereby incorporated 
herein by reference. 

FIELD OF THE INVENTION 

[0003] The present invention relates to the transmission of 
addressed data packages in a communications netWork 
including one or more sWitches and a plurality of sources and 
destinations of data. In the preferred arrangement, the sources 
and destinations of data each constitute a computer of a mul 
tiple computer system, hoWever, the invention is not limited 
to multiple computer systems. For example, the present 
invention also ?nds application in other ?elds including the 
transmission of asynchronous data, for example stock 
exchange prices. 

BACKGROUND 

[0004] For an explanation of a multiple computer system 
incorporating replicated shared memory reference is made to 
the present applicant’s International Patent Application No. 
WO 2005/ 103926 Attorney Ref 5027F-WO (to which US. 
patent application Ser. No. 11/111,946 corresponds), and to 
International Patent Application No PCT/AU2005/001641 
(WO2006/110,937) (Attorney Ref 5027F-D1-WO) to which 
US. patent application Ser. No. 11/259,885 entitled: “Com 
puter Architecture Method of Operation for Multi-Computer 
Distributed Processing and Co-ordinated Memory and Asset 
Handling” corresponds, and to Australian Patent Application 
No. 2005 905 582 Attorney Ref 50271 (to which US. patent 
application Ser. No. 11/583,958 (60/730,543) and PCT/ 
AU2006/001447 (WO2007/ 041762) correspond). For an 
explanation of partial or hybrid replicated shared memory, 
reference is made to the present applicant’s co-pending appli 
cation PCT/AU2007/ . . . lodged simultaneously hereWith and 

claiming priority from Australian Patent Application No. 
2006 905 534 entitled “Hybrid Replicated Shared Memory 
Architecture” (Attorney Ref 5027Y-WO), and to US. Patent 
Application No. 60/ 850,537 all of Which are hereby incorpo 
rated by cross-reference for all purposes. 
[0005] Brie?y stated, the abovementioned patent speci?ca 
tions disclose that at least one application program Written to 
be operated on only a single computer can be simultaneously 
operated on a number of computers each With independent 
local memory. The memory locations required for the opera 
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tion of that program are replicated in the independent local 
memory of each computer. On each occasion on Which the 
application program Writes neW data to any replicated 
memory location, that neW data is transmitted and stored at 
each corresponding memory location of each computer. Thus 
apart from the possibility of transmission delays, each com 
puter has a local memory the contents of Which are substan 
tially identical to the local memory of each other computer 
and are updated to remain so. Since all application programs, 
in general, read data much more frequently than they cause 
neW data to be Written, the abovementioned arrangement 
enables very substantial advantages in computing speed to be 
achieved. In particular, the stratagem enables tWo or more 
commodity computers interconnected by a commodity com 
munications netWork to be operated simultaneously running 
under the application program Written to be executed on only 
a single computer. 
[0006] Prior art sWitch protocols rely upon a speci?c 
address for each message, Which means that messages sent to 
some only of the computers of the multiple computer system 
must be sent sequentially, each message having a correspond 
ingly different address. Alternatively, a broadcast message is 
sent to all computers and Which contains the speci?c 
addresses of the computers constituting the subset of the 
computers to Which the message is addressed. In these cir 
cumstances, computers receive messages Which are not 
addressed to them and ignore those messages. Both arrange 
ments are Wasteful of bandWidth and constitute relatively 
inef?cient communication arrangements. 

GENESIS OF THE INVENTION 

[0007] The genesis of the present invention is a desire to 
increase the ef?ciency of netWork communications generally, 
and netWork communications betWeen multiple computers 
operating as a replicated shared memory arrangement par 
ticularly. 

SUMMARY OF THE INVENTION 

[0008] In accordance With the ?rst aspect of the present 
invention there is disclosed a sWitch arrangement for trans 
mission of addressed data packets in a communications net 
Work including one or more sWitches each having a plurality 
of ports and a plurality of computers each of Which is con 
nected to at least one sWitch via at least one port and each of 
Which can send or receive said data packets, said arrangement 
comprising a memory in each said sWitch listing for each said 
port those computers able to be accessed via that port. 
[0009] In accordance With a second aspect of the present 
invention there is disclosed a communications method in 
Which data packets addressed to multiple destinations are 
transmitted via at least one multi-port sWitch from a source, 
the method comprising the steps of: 
(i) providing the or each sWitch With a data processing capac 
ity, 
(ii) having each said sWitch on receipt of one of said data 
packets delete those addresses of said multiple destinations 
Which are inaccessible thereby. 
[0010] In accordance With a third aspect of the present 
invention there is disclosed a sWitch arrangement for trans 
mission of addressed replica memory update packets in a 
multiple computer system having a communications netWork 
including one or more sWitches each having a plurality of 
ports and a plurality of computers each of Which is connected 
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to at least one switch via at least one port and each of Which 
can send or receive said data packets, the computers of said 
multiple computer system each comprising an independent 
local memory and each operating a different portion of an 
application program Written to operate on only a single com 
puter, and Where each said independent local memory com 
prises at least one application memory location replicated in 
all of said independent local memories and is updated to 
remain substantially similar, and Where said packets com 
prise an identi?er and an updated value of a Written-to repli 
cated memory location, said arrangement comprising a 
memory in each said sWitch listing for each said port those 
computers able to be accessed via that port. 
[0011] In accordance With a fourth aspect of the present 
invention there is disclosed a communications method to be 
used for replica memory update transmissions betWeen single 
computers of a multiple computer system, each computer of 
said system having an independent local memory and oper 
ating a different portion of a single application program Writ 
ten to operate on only a single computer, and Where at least 
one application memory location is replicated in the indepen 
dent local memory of each said computer and updated to 
remain substantially similar, and in Which data packets 
addressed to multiple destinations are transmitted via at least 
one multi-port sWitch from a source, the method comprising 
the steps of: 
(i) providing the or each sWitch With a data processing capac 
ity, 
(ii) having each said sWitch on receipt of one of said data 
packets delete those addresses of said multiple destinations 
Which are inaccessible thereby. 
[0012] In accordance With a ?fth aspect of the present 
invention there is disclosed a multiple computer system com 
prising a sWitch arrangement for transmission of addressed 
replica memory update packets in a communications netWork 
including one or more sWitches each having a plurality of 
ports and a plurality of said computers each of Which is 
connected to at least one sWitch via at least one port and each 
of Which can send or receive said data packets, said computers 
each comprising an independent local memory and each 
operating a different portion of an application program Writ 
ten to operate on only a single computer, and Where each said 
independent local memory comprises at least one application 
memory location replicated in all of said independent local 
memories and updated to remain substantially similar, and 
Where said packets comprise an identi?er and an updated 
value of a Written-to replicated memory location, said 
arrangement comprising a memory in each said sWitch listing 
for each said port those computers able to be accessed via that 
port. 
[0013] In accordance With a sixth aspect of the present 
invention there is disclosed in a multiple computer system a 
communications method to be used for replica memory 
update transmissions betWeen the computers of said system, 
each computer having an independent local memory and 
operating a different portion of a single application program 
Written to operate on only a single computer, and Where at 
least one application memory location is replicated in the 
independent local memory of each said computer and 
updated to remain substantially similar, and in Which data 
packets addressed to multiple destinations are transmitted via 
at least one multi-port sWitch from a source, the method 
comprising the steps of: 
(i) providing the or each sWitch With a data processing capac 
ity, 
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(ii) having each said sWitch on receipt of one of said data 
packets delete those addresses of said multiple destinations 
Which are inaccessible thereby. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Preferred embodiments of the present invention Will 
noW be described With reference to the draWings in Which: i 

[0015] FIG. 1A is a schematic representation of a RSM 
multiple computer system, 
[0016] FIG. 1B is a similar schematic representation of a 
partial or hybrid RSM multiple computer system, 
[0017] FIG. 1 is a schematic circuit diagram ofa commu 
nications netWork incorporating three cascade connected 
sWitches and 18 computers, 
[0018] FIG. 2 is a circuit diagram of a communications 
netWork incorporating tWo sWitches but in Which the comput 
ers are connected to the sWitches by means of dual ports, 

[0019] FIG. 3 is a circuit diagram similar to FIG. 2 but 
illustrating the situation Where some computers are con 
nected to tWo sWitches, 
[0020] FIG. 4 is a similar circuit diagram illustrating three 
sWitches connected in an arrangement providing parallel 
paths, 
[0021] FIG. 5 shoWs a netWork topology for four computers 
Which does not utiliZe a netWork sWitch, 

[0022] FIG. 6 shoWs a netWork topology utiliZing three 
multi-port sWitches, 
[0023] FIG. 7 shoWs a netWork topology utiliZing four 
multi-port sWitches, and 
[0024] FIG. 8 shoWs a netWork topology utiliZing ?ve 
multi-port sWitches. 

DETAILED DESCRIPTION 

[0025] FIG. 1A is a schematic diagram of a replicated 
shared memory system. In FIG. 1A three machines are 
shoWn, of a total of “n” machines (n being an integer greater 
than one) that is machines M1, M2, . . . Mn. Additionally, a 
communications netWork 53 is shoWn interconnecting the 
three machines and a preferable (but optional) server machine 
X Which can also be provided and Which is indicated by 
broken lines. In each of the individual machines, there exists 
a memory 102 and a CPU 103. In each memory 102 there 
exists three memory locations, a memory location A, a 
memory location B, and a memory location C. Each of these 
three memory locations is replicated in a memory 102 of each 
machine. 

[0026] This arrangement of the replicated shared memory 
system alloWs a single application program Written for, and 
intended to be run on, a single machine, to be substantially 
simultaneously executed on a plurality of machines, each 
With independent local memories, accessible only by the 
corresponding portion of the application program executing 
on that machine, and interconnected via the netWork 53. In 
International Patent Application No PCT/AU2005/001641 
(WO2006/110,937) (Attorney Ref 5027F-D1-WO) to which 
US. patent application Ser. No. 11/259,885 entitled: “Com 
puter Architecture Method of Operation for Multi-Computer 
Distributed Processing and Co-ordinated Memory and Asset 
Handling” corresponds, a technique is disclosed to detect 
modi?cations or manipulations made to a replicated memory 
location, such as a Write to a replicated memory locationA by 
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machine M1 and correspondingly propagate this changed 
value Written by machine M1 to the other machines M2 . . . 

Mn Which each have a local replica of memory location A. 
This result is achieved by detecting Write instructions in the 
executable object code of the application to be run that Write 
to a replicated memory location, such as memory location A, 
and modifying the executable object code of the application 
program, at the point corresponding to each such detected 
Write operation, such that neW instructions are inserted to 

additionally record, mark, tag, or by some such other record 
ing means indicate that the value of the Written memory 
location has changed. 

[0027] An alternative arrangement is that illustrated in FIG. 
1B and termed partial or hybrid replicated shared memory 
(RSM). Here memory location A is replicated on computers 
or machines M1 and M2, memory location B is replicated on 
machines M1 and Mn, and memory location C is replicated 
on machines M1, M2 and Mn. HoWever, the memory loca 
tions D and E are present only on machine M1, the memory 
locations F and G are present only on machine M2, and the 
memory locations Y and Z are present only on machine Mn. 
Such an arrangement is disclosed in Australian Patent Appli 
cation No. 2005 905 582 Attorney Ref 50271 (to which US. 
patent application Ser. No. 11/583,958 (60/730,543) and 
PCT/AU2006/001447 (WO2007/041762) correspond). In 
such a partial or hybrid RSM systems changes made by one 
computer to memory locations Which are not replicated on 
any other computer do not need to be updated at all. Further 
more, a change made by any one computer to a memory 
location Which is only replicated on some computers of the 
multiple computer system need only be propagated or 
updated to those some computers (and not to all other com 
puters). 
[0028] Consequently, for both RSM and partial RSM, a 
background thread task or process is able to, at a later stage, 
propagate the changed value to the other machines Which also 
replicate the Written to memory location, such that subject to 
an update and propagation delay, the memory contents of the 
Written to memory location on all of the machines on Which a 

replica exists, are substantially identical. Various other alter 
native embodiments are also disclosed in the abovementioned 
speci?cation. 
[0029] Therefore, When operating a multiple computer sys 
tem in a replicated shared memory arrangement Where repli 
cated memory locations are not necessarily replicated on all 
member machines (such as for example memory location “A” 
of FIG. 1B), it is desirable that replica memory update trans 
missions (such as replica memory update messages or pack 
ets) transmitted by a single source machine and destined for 
some subset of all receiving machines on Which a correspond 
ing replica memory location resides, is transmitted by the 
netWork 53 (comprising one or more sWitches interconnect 

ing the plural machines) in such a manner that only the 
machines on Which a corresponding replica memory location 
resides receive such transmission. Additionally, it is further 
desirable that a single replica memory update transmission is 
sent corresponding to a single change of a replica memory 
location of the transmitting machine, and that such single 
replica memory update transmission be transmitted by the 

Jun. 12, 2008 

netWork 53 (comprising the one or more sWitches intercon 

necting the plural machines) to multiple receiving machines 
on Which a corresponding replica memory location resides, 
Without duplicate or super?uous transmissions. 

[0030] In the simplest type of multiple computer system the 
number of computers is less than the number of ports on a 
single substantially conventional sWitch and under these cir 
cumstances either broadcast messages or multiple single 
address messages have to be transmitted to the machines 
connected to the single sWitch. Either Way is an inef?cient use 
of the available netWork capacity and bandWidth. 

[0031] HoWever, as the number of computers in the mul 
tiple computer system increases the situation can rapidly be 
reached Where the number of computers exceeds the number 
of ports on a single sWitch and therefore it is necessary to have 
more than one sWitch. FIG. 1 illustrates an example of such an 

arrangement in Which the communications netWork 53 is 
formed from three cascade connected sWitches S1, S2 and S3 
Which interconnect 18 computers C1, C2, . . . C18 and a server 

computer X (Which is illustrated in phantom in FIG. 1 in order 
to indicate that it is optional or preferred). 

[0032] Before the communications netWork 53 can com 
mence routine communications, it is necessary for the com 
munications netWork 53 to undergo a set up procedure. Each 
computer connected to a sWitch is allocated an address. This 
step is preferably undertaken by the server computer X but 
can be undertaken by the sWitch itself. The address is an 
identi?er Which is unique across the entire netWork 53. Each 
of the sWitches S1-S3 includes logic capability including a 
memory capability. Thus, each sWitch is, for example, able to 
be implemented by means of a microprocessor or a device 
having similar computing capabilities. 
[0033] The set-up procedure proceeds in stages so that in, 
for example, the ?rst stage individual computers C1-C6 are 
each connected to the sWitch S1 via corresponding ports A-F. 
The server computer X already connected to port G allocates 
the hierarchical numbers 1-6 to the corresponding computers 
C1-C6 and the sWitch S1 stores in its local memory that port 
A corresponds to computer C1, port B corresponds to com 
puter C2, and so on. 

[0034] Next, sWitch 2 is connected to sWitch 1 by means of 
the interconnection of ports H and 0. Computer C7 then 
connects to sWitch S2. This connection is communicated by 
sWitch S2 to server computer X. Server computer X then 
communicates to computer C7 its address, in the form of 
hierarchical number 7. Computer C7 then noti?es sWitch S2 
of its address and so sWitch S2 records in its memory that port 
1 can reach the address 7 of computer C7. In addition, the 
sWitch S2 also noti?es the sWitch S1 via ports 0 and H that 
sWitch S2 can communicate With computer C7. SWitch S1 
therefore makes a note in its memory that its port H can 
communicate With computer C7. This procedure is then 
repeated for computer C8, and so on. In this Way the commu 
nication capability of the system 53 can be built up. 

[0035] Each neW computer’s presence is noti?ed to all 
existing computers and sWitches With no distinction being 
made betWeen a sWitch or a computer. In this aspect, the 
protocol is said to be “stateless” and thus cheap to implement. 

[0036] Furthermore, the protocol automatically cascades 
With each neW connected sWitch or computer. 
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[0037] When all the computers indicated in FIG. 1 are 
connected and all switches are interconnected as indicated in 
FIG. 1, the position can be represented by the following 
tables: 

MEMORY TABLE OF SWITCH Sl OF FIG. 1 

ADDRESS/ES ABLE TO BE REACHED VIA THAT PORT 

0?, cs, 09, C10, C11, C12, C13, C14, C15, C16, C17, C18 

MEMORY TABLE OF SWITCH S2 OF FIG. 1 

ADDRESS/ES ABLE TO BE REACHED VIA THAT PORT 

wozzvweH Q 

MEMORY TABLE OF SWITCH S3 OF FIG. 1 

ADDRESS/ES ABLE TO BE REACHED VIA THAT PORT 

C13 
C14 
C15 
C16 
C17 
C18 

01, c2, c3, c4, c5, C6, 0?, cs, 09, C10, C11, C12 

[0038] The above described arrangement enables a particu 
lar computer, say C11, to send a message to only some of the 
computers, such as computers C1-C10 of the multiple com 
puter system. Such a message is sent from computer C11 to 
switch S2 via port M. Switch S2 then sends the message 
directly to computers C7, C8, C9 and C10 via their respective 
ports I, J, K and L. In addition, switch S2 also sends the 
message to port O. Port O being connected to port H of switch 
1 means that switch S1 receives the message and sends it to 

computers C1, C2, C3, C4, C5 and C6. 
[0039] In a co-pending Application No. PCT/AU2007/ . . . 

by the present applicant entitled “Multiple Network Connec 
tions for Multiple Computers” and lodged simultaneously 
herewith and claiming priority from Australian Provisional 
Patent Application No. 2006 905 539 (which corresponds to 
US. Provisional Patent Application No. 60/850,528) (Attor 
ney Reference 5027AA), a system of using dual data ports to 
send data from a computer in a multiple computer system is 
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disclosed. The contents of this speci?cation are hereby incor 
porated into the present speci?cation for all purposes. 

[0040] Brie?y stated, in the last mentioned speci?cation 
there is disclosed a multiple computer system including a 
multiplicity of computers each executing a different portion 
of an applications program written to execute on a single 

computer, and each having an independent local memory 
with at least one memory location being replicated in each 
said local memory, wherein each of the computers is con 
nected to a single communications network via at least two 

independent ports and wherein each of the computers sends 
and receives data via the network utiliZing data packets which 
can be transmitted or received out of sequence. 

[0041] In addition, there is disclosed a multiple computer 
system including a multiplicity of computers each of which is 
connected to a single communications network via at least 
two independent communications ports and wherein each of 
the computers sends and receives data via the network utilis 
ing a data protocol in which data packets can be transmitted or 
received out of sequence. 

[0042] Also, there is disclosed a method of interconnecting 
a multiplicity of computers with a single communications 
network, the method including the steps of: 
(i) connecting each of the computers to the network via at 
least two independent communications ports, and 

(ii) having each computer execute a different portion of a 
single applications program written to execute on only a 
single computer with each computer having an independent 
local memory with at least one memory location being repli 
cated in each local memory. 

[0043] Still further, there is disclosed a method of intercon 
necting a multiplicity of computers with a single communi 
cations network, the method including the steps of: 
(i) connecting each of the computers to the network via at 
least two independent communications ports, and 

(ii) having each of said computers send and receive data via 
said network with a data protocol which identi?es the 
sequence position of each data packet in a transmitted 
sequence of data packets. 
[0044] There is also disclosed a single computer for use in 
cooperation with at least one other computer in a multiple 
computer system, the multiple computer system including a 
multiplicity of computers each executing a different portion 
of an applications program written to execute on a single 
computer, and each of the multiplicity of computers having an 
independent local memory with at least one memory location 
being replicated in each said local memory, each of the com 
puters being connected to a communications network via at 
least two independent ports; the computer including ?rst and 
second independent communications ports operating inde 
pendently of each other for sending data to and receiving data 
from other of the multiplicity of computers. 

[0045] A method of interconnecting a single computer with 
a multiplicity of other external computers over a communi 
cations network is also disclosed, the method including the 
steps of: 
(i) connecting the single computers to said network via at 
least two independent communications ports, and 
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(ii) having the single computer execute only a portion of a 
single applications program Written to execute in its entirety 
on only a one computer, other ones of the multiplicity execut 

ing other portions of the single applications program, the 
single computer and each of the other multiplicity of comput 
ers having an independent local memory With at least one 

memory location being replicated in each said local memory. 

[0046] Furthermore, there is disclosed a method of inter 
connecting a single computer With a multiplicity of other 
external computers over a single communications netWork, 
the method including the steps of: 

(i) connecting the single computer to the netWork via at least 
tWo independent communications ports, and 

(ii) having said single computer send and receive data With 
said other computers via the netWork With a data protocol 
Which identi?es the sequence position of each data packet in 
a transmitted sequence of data packets. 

[0047] Thus a system and method for interconnecting mul 
tiple computers (M1, M2, . . . , Mn) via at least tWo indepen 

dent communications ports (28, 38) are disclosed. Data is sent 
and received via a data protocol Which identi?es the sequence 
position of each data packet in a transmitted sequence of data 
packets. The packets can be transmitted and/ or received out of 
order. The multiple computers each execute a different por 
tion of an application program Written to execute on a single 

computer. 
[0048] Similarly, in a co-pending Application No. PCT/ 
AU2007/ . . . by the present applicant entitled “Multiple 

Communication Networks for Multiple Computers” and 
lodged simultaneously hereWith and claiming priority from 
Australian Provisional Patent Application No. 2006 905 533 
(Which corresponds to US. Provisional Patent Application 
No. 60/850,531) (Attorney reference 5027Z) a system of 
using tWo or more netWorks to interconnect multiple comput 
ers is disclosed. The contents of this speci?cation are also 

hereby incorporated into the present speci?cation for all pur 
poses. 

[0049] Brie?y stated, the last mentioned speci?cation dis 
closes a multiple computer system including a multiplicity of 
computers each executing a different portion of an applica 
tion program Written to be executed on a single computer and 
each having an independent local memory With at least one 
memory location being replicated in each said local memory, 
Wherein the computers are interconnected by at least tWo 
communications netWorks. 

[0050] There is also disclosed a multiple computer system 
including a multiplicity of computers each of Which is inter 
connected by at least tWo communications netWorks and 
Wherein each of the computers sends and receives data via the 
netWorks With a data protocol Which identi?es the sequence 
position of each data packet in a transmitted sequence of data 
packets. 
[0051] In addition there is disclosed a method of intercon 
necting a multiplicity of computers to form a multiple com 
puter netWork in Which each of the computers executes a 
different portion of an applications program Written to be 
executed on a single computer and each having an indepen 
dent local memory With at least one memory location being 
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replicated in each local memory. The method includes the 
step of: 
(i) interconnecting the computers by at least tWo communi 
cations netWorks. 

[0052] Furthermore, there is disclosed a method of inter 
connecting a multiplicity of computers to form a multiple 
computer netWork. The includes the steps of: 
(i) interconnecting the computers by at least tWo communi 
cations netWorks, and 
(ii) having each of said computers send and receive data via 
said netWorks With a data protocol Which identi?es the 
sequence position of each data packet in a transmitted 
sequence of data packets. 
[0053] Thus a system and method for interconnecting mul 
tiple computers (M1, M2, . . . , Mn) via at least tWo commu 
nications netWorks (N 1, N2, N3) are disclosed. The connec 
tions are made via multiple communications ports (28, 38). 
Data is sent and received via a data protocol Which identi?es 
the sequence position of each data packet in a transmitted 
sequence of data packets. The packets can be transmitted 
and/or received out of order. The multiple computers each 
execute a different portion of an applications program Written 
to execute on a single computer. 

[0054] The data protocol referred to above is preferably that 
incorporating a count value described in the present appli 
cant’s co-pending Application No. PCT/AU2007/ . . . lodged 

simultaneously hereWith and claiming priority from Austra 
lian Provisional Patent Application No. 2006 905 527 entitled 
“Advanced Contention Detection” (Attorney Ref 5027T) 
(and to which US. Provisional Patent Application No. 
60/850,711 corresponds). 
[0055] Brie?y stated this involves a sequence of messages 
being issued from one or more sources. Typically each source 
is one computer of the multiple computer system and the 
messages are memory updating messages Which include a 
memory address and a (neW or updated) memory content. 

[0056] Thus each source issues a string or sequence of 
messages Which are arranged in a time sequence of initiation 
or transmission. The problem arises that the communications 
netWork 53 cannot alWays guarantee that the messages Will be 
received in their order of transmission. Thus a message Which 
is delayed may update a speci?c memory location With an old 
or stale content Which inadvertently overWrites a fresh or 
current content. 

[0057] In order to address this problem each source of 
messages includes a count value in each message. The count 
value indicates the position of each message in the sequence 
of messages issuing from that source. Thus each neW mes sage 
from a source has a count value incremented (preferably by 
one) relative to the preceding messages. Thus the message 
recipient is able to both detect out of order messages, and 
ignore any message having a count value loWer than the last 
received message from the source. Thus earlier sent but later 
received messages do not cause stale data to overWrite current 
data. 

[0058] With the foregoing in mind, FIGS. 2-4 incorporates 
elements of the above-referenced and incorporated speci?ca 
tions. In FIG. 2 all of the computers are connected to their 
corresponding sWitch by means of a dual port so that com 
puter C1 is connected to computer S1 by means of ports A and 
B, and so on for the other computers C2-C8. In FIG. 3, a 
computer such as C4 is connected to sWitch S1 by means of 
port F and is connected to sWitch S2 by means of port N. 
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[0059] In FIG. 4, three switches S1, S2 and S3 are provided 
Which are interconnected so as to provide a parallel path. In 
addition, computer C3 is connected to sWitch S1 by means of 
port C and connected to sWitch S3 by means of port R. SWitch 
S1 is connected to sWitch S2 via interconnected ports E and 
G. SWitch S1 is also connected to sWitch S3 by means of 
interconnected ports D and N. Similarly, sWitch S2 is inter 
connected to sWitch S3 by means of interconnected ports L 
and T. 
[0060] All the networks of FIGS. 2-4 are characterised by 
the potential of a loop path by means of Which a message sent 
by one computer may be received by the same computer. For 
example, in FIG. 2 computer C4 sending a message via port G 
could receive a message back via port H. Similarly, in FIG. 3, 
computer C4 sending a message via port F could receive the 
message back via sWitch S2 and port N. Similarly, in FIG. 4, 
computer C6 sending a message to sWitch S2 may ?nd the 
same message being received by S2 having been transmitted 
via port L to sWitch S3 and from sWitch S3 to sWitch S1 and 
then to sWitch S2 via port G. 
[0061] The folloWing tables summarize the memory con 
tents of the sWitches of FIGS. 2-4: 

MEMORY TABLE OF SWITCH Sl OF FIG. 2 

ADDRESS/ES ABLE TO BE REACHED VIA THAT PORT 

05, C6, 0?, cs 

MEMORY TABLE OF SWITCH S2 OF FIG. 2 

ADDRESS/ES ABLE TO BE REACHED VIA THAT PORT 

c1, c2, c3, 04, X 

MEMORY TABLE OF SWITCH Sl OF FIG. 3 

ADDRESS/ES ABLE TO BE REACHED VIA THAT PORT 

EQmmUOW> O w 

03, c4, c5, C6 
X 
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MEMORY TABLE OF SWITCH S2 OF FIG. 3 

PORT ADDRESS/ES ABLE To BE REACHED VIA THAT PORT 

J 05 
K 05 
L C6 

N 04 
0 03 
P i 

MEMORY TABLE OF SWITCH Sl OF FIG. 4 

PORT ADDRESS/ES ABLE TO BE REACHED VIA THAT PORT 

c1, c2, c3, c4, c5, C6, 0?, cs, 09, C10, X 
01, c2, c3, c4, c5, C6, 07, X, cs, C9, 010 
C4 

MEMORY TABLE OF SWITCH S2 OF FIG. 4 

PORT ADDRESS/ES ABLE TO BE REACHED VIA THAT PORT 

c1, c2, c3, c4, c5, C6, 07, X, cs, C9, 010 
C5 

07 

c1, c2, c3, c4, c5, C6, 0?, cs, 09, C10, X FW'THEQ 
MEMORY TABLE OF SWITCH S3 OF FIG. 4 

PORT ADDRESS/ES ABLE TO BE REACHED VIA THAT PORT 

c1, c2, c3, c4, c5, C6, 0?, cs, 09, C10, X 
cs 

010 

c1, c2, c3, c4, c5, C6, 0?, cs, 09, C10, X ewowoz 
[0062] In order to prevent any looping back of messages, all 
sWitches folloW the rule that When sending an addressed data 
packet to any port, all addresses other than those Which can be 
reached via that port are deleted from the addresses of the data 
packet, for example in the address header of the data packet. 
[0063] Thus, With reference to FIG. 1, sWitch S1 sending a 
packet to port D deletes all addresses eXcept that of computer 
C4. Similarly, sWitch S1 sending a message to port H deletes 
all addresses eXcept those relating to computers C7-C18 
inclusive. 
[0064] In connection With FIG. 2, sWitch S1 sending a 
message to port E, deletes all addresses other than that of 
computer C3. The sWitch Will prioritise those ports With only 
one address prior to sending to those ports Which have mul 
tiple addresses. 
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[0065] In addition, by decrementing the address list by 
removing those addresses to Which the message has been sent 
directly, those ports Which enable multiple addresses to be 
accessed receive an address set of a reduced number of 
addresses. This procedure prevents messages continually 
being sent via ports Which access multiple addresses or com 
puters. 
[0066] Preferably, for those sWitches such as sWitch S3 of 
FIG. 4 Which have tWo ports Which connect to other sWitches, 
the sWitch S3 can divide the message into tWo parts, one of 
Which contains one group of addresses and the other Which 
contains the remainder of the addresses. This is preferably 
arranged so that neither of the tWo parts have common or 
similar addresses. One message is then sent via port N and the 
other is sent via port T. This optimises the packet transmis 
sion. 

[0067] In a further embellishment, the computers able to be 
reached by a particular port, such as port T of sWitch S3 of 
FIG. 4, can be arranged into sets so that, for example, the ?rst 
set Would include addresses C5, C6, C7 and X Which are 
reached in a single stage, the second set Would include 
addresses C1, C2 and C3 Which are reached in tWo stages and 
the third set Would include addresses C8, C9 and C10 Which 
are reached in three stages. 

[0068] In the abovementioned breaking up of the message 
into tWo parts (or possibly more than tWo parts), the ?rst part 
Would include the addresses of the ?rst set, the second part 
Would include the addresses of the second set, and so on. 

[0069] FIG. 5 shoWs a netWork interconnection of a mul 
tiple computer system having four computers M1-M4 each of 
Which has a dual port netWork interface card. Thus each of the 
computers M1-M4 has one link Which is connected to one 
computer and another link Which is connected to another 
computer. Thus the cost of any additional sWitch to form the 
netWork interconnecting the computers is avoided. In the 
embodiment illustrated in FIG. 5, the individual computers 
M1-M4 by implementing the above described protocol 
arrangements are able to successfully transmit packets 
betWeen themselves in an optimised an e?icient manner. 

[0070] FIGS. 6, 7 and 8 respectively shoW hoW three, four 
and ?ve 24 port sWitches can be used to interconnect multiple 
computers. In FIG. 6 each of the 24 port sWitches S1-S3 uses 
2 ports for direct connection to a different one of the other tWo 
sWitches. The remaining 22 ports of each sWitch are each 
available for connection to a corresponding computer 
M1-M22, M23-M44 or M45-M66. 

[0071] In FIG. 7 four 24 port sWitches S1-S4 are used and 
this arrangement is suitable for up to 84 computers. Each 
sWitch S1-S4 uses 3 ports for direct connection to a different 
one of the other three sWitches. The remaining 21 ports of 
each sWitch are each available for connection to a correspond 
ing computer M1-M21, M22-M42, M43-M63, M64-M84. 
[0072] Similarly, in FIG. 8, ?ve 24 port sWitches S1-S5 are 
used and this arrangement is suitable for up to 100 computers. 
Each sWitch uses 4 ports for direct connection to a different 
one of the other four sWitches. The remaining 20 ports of each 
sWitch are each available for connection to a corresponding 
computer M1-M20, M21-M40, M41-M60, M61-M80 and 
M81-M100. 

[0073] In all three arrangements of FIGS. 5-8, each sWitch 
uses a separate port for direct connection to a different one of 
all the other sWitches. The remaining ports of the sWitches are 
each available for connection to a corresponding computer. 
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[0074] The above described addressing arrangements 
transform the utility of the netWork topology of each of FIGS. 
5-8 making them a useful and practical arrangement for a 
multiple computer system. 
[0075] It Will also be appreciated that the abovementioned 
protocol arrangements also provide bene?ts even in the sim 
plest type of multiple computer system Where the number of 
computers is less than the number of ports on a single sub 
stantially conventional sWitch. The above described protocol 
enables a machine of such a simple system to send one packet 
addressed to a subset of tWo or more of the available 
machines, and the simple sWitch sends that packet through to 
only the machines to Which the packet is actually addressed. 
Thus the problems of multiple single address messages are 
avoided. So too is the problem of a broadcast message Which 
gets sent to all machines regardless of Whether or not the 
packet is actually really intended for all the machines. 
[0076] Finally, in one speci?c arrangement of each of the 
above described ?gures, the indicated computers C1 . . . Cn 

(or machines M1 . . . Mn) are operating together as a repli 

cated shared memory arrangement, and utilising the above 
described sWitch protocol for replica memory update trans 
missions betWeen the plural computers C1 . . . Cn (or 

machines M1 . . . Mn). Speci?cally, in such speci?c arrange 

ments, each computer C1 . . . Cn (or machine M1 . . . Mn) is 

operating a different portion of a same application program 
Written to operate on only a single computer, each computer 
(machine) of Which comprises an independent local memory 
With at least one application memory location replicated in 
the independent local memory of at least tWo machines and 
updated to remain substantially similar, and utilising the 
above described protocol for single-sent replica memory 
update transmissions (for example single-sent replica 
memory update messages or packets comprising changes 
made by the transmitting machine to a replicated memory 
location) sent by each computer (machine) and addressed to 
multiple receiving computers (machines) on Which a corre 
sponding replica memory location resides, each such single 
sent transmission being received once by each of the 
addressed plural computers (machines) and not received by 
any non-addressed computers (machines). Preferably, the 
computer (machine) addresses used for each such single-sent 
replica memory update transmission, are the per-machine 
hierarchical addresses allocated by the server computer (ma 
chine) X for each computers C1 . . . Cn (machine M1 . . . Mn) 

described above, and knoWn to the single or plural sWitches. 
[0077] In alternative multicomputer arrangements, such as 
distributed shared memory arrangements and more general 
distributed computing arrangements, the above described 
methods may still be applicable, advantageous, and used. 
Speci?cally, any multi-computer arrangement Where replica, 
“replica-like”, duplicate, mirror, cached or copied memory 
locations exist, such as any multiple computer arrangement 
Where memory locations (singular or plural), objects, classes, 
libraries, packages etc are resident on a plurality of connected 
machines and preferably updated to remain consistent, then 
the methods are applicable. For example, distributed comput 
ing arrangements of a plurality of machines (such as distrib 
uted shared memory arrangements) With cached memory 
locations resident on tWo or more machines and optionally 
updated to remain consistent comprise a functional “repli 
cated memory system” With regard to such cached memory 
locations, and is to be included Within the scope of the present 
invention. Thus, it is to be understood that the aforementioned 
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methods apply to such alternative multiple computer arrange 
ments. The above disclosed methods may be applied in such 
“functional replicated memory systems” (such as distributed 
shared memory systems With caches) mutatis mutandis. 
[0078] It is also provided and envisaged that any of the 
described functions or operations described as being per 
formed by an optional server machine X (or multiple optional 
server machines) may instead be performed by any one or 
more than one of the other participating machines of the 
plurality (such as machines M1, M2, M3 . . . Mn of FIG. 1A). 

[0079] Alternatively or in combination, it is also further 
provided and envisaged that any of the described functions or 
operations described as being performed by an optional 
server machine X (or multiple optional server machines) may 
instead be partially performed by (for example broken up 
amongst) any one or more of the other participating machines 
of the plurality, such that the plurality of machines taken 
together accomplish the described functions or operations 
described as being performed by an optional machine X. For 
example, the described functions or operations described as 
being performed by an optional server machine X may broken 
up amongst one or more of the participating machines of the 
plurality. 
[0080] Further alternatively or in combination, it is also 
further provided and envisaged that any of the described 
functions or operations described as being performed by an 
optional server machine X (or multiple optional server 
mOachines) may instead be performed or accomplished by a 
combination of an optional server machine X (or multiple 
optional server machines) and any one or more of the other 
participating machines of the plurality (such as machines M1, 
M2, M3 . . . Mn), such that the plurality of machines and 
optional server machines taken together accomplish the 
described functions or operations described as being per 
formed by an optional single machine X. For example, the 
described functions or operations described as being per 
formed by an optional server machine X may broken up 
amongst one or more of an optional server machine X and one 
or more of the participating machines of the plurality. 
[0081] Any and all embodiments of the present invention 
are able to take numerous forms and implementations, includ 
ing in softWare implementations, hardWare implementations, 
silicon implementations, ?rmware implementation, or soft 
Ware/hardWare/silicon/?rmWare combination implementa 
tions. 
[0082] Various methods and/or means are described rela 
tive to embodiments of the present invention. In at least one 
embodiment of the invention, any one or each of these various 
means may be implemented by computer program code state 
ments or instructions (possibly including by a plurality of 
computer program code statements or instructions) that 
execute Within computer logic circuits, processors, ASlCs, 
microprocessors, microcontrollers, or other logic to modify 
the operation of such logic or circuits to accomplish the 
recited operation or function. In another embodiment, any 
one or each of these various means may be implemented in 
?rmware and in other embodiments such may be imple 
mented in hardWare. Furthermore, in at least one embodiment 
of the invention, any one or each of these various means may 
be implemented by a combination of computer program soft 
Ware, ?rmWare, and/or hardWare. 
[0083] Any and each of the aforedescribed methods, pro 
cedures, and/or routines may advantageously be imple 
mented as a computer program and/or computer program 
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product stored on any tangible media or existing in electronic, 
signal, or digital form. Such computer program or computer 
program products comprising instructions separately and/or 
organiZed as modules, programs, subroutines, or in any other 
Way for execution in processing logic such as in a processor or 
microprocessor of a computer, computing machine, or infor 
mation appliance; the computer program or computer pro 
gram products modifying the operation of the computer on 
Which it executes or on a computer coupled With, connected 
to, or otherWise in signal communications With the computer 
on Which the computer program or computer program prod 
uct is present or executing. Such computer program or com 
puter program product modifying the operation and architec 
tural structure of the computer, computing machine, and/or 
information appliance to alter the technical operation of the 
computer and realiZe the technical effects described herein. 
[0084] To summariZe, there is disclosed a sWitch arrange 
ment for transmission of addressed data packets in a commu 
nications netWork including one or more sWitches each hav 
ing a plurality of ports and a plurality of computers each of 
Which is connected to at least one sWitch via at least one port 
and each of Which can send or receive the data packets, the 
arrangement comprising a memory in each the sWitch listing 
for each the port those computers able to be accessed via that 
port. 
[0085] Preferably each sWitch never sends back to one of 
the computers a data packet originating With the one com 
puter. 
[0086] Preferably each sWitch sending one of the addressed 
data packets containing the addresses of a plurality of desti 
nation computers to a speci?c one of the ports deletes from 
the addresses any address Which cannot be reached via the 
speci?c port. 
[0087] Also there is disclosed a communications method in 
Which data packets addressed to multiple destinations are 
transmitted via at least one multi-port sWitch from a source, 
the method comprising the steps of: 
(i) providing the or each sWitch With a data processing capac 
ity, 
(ii) having each sWitch on receipt of one of the data packets 
delete those addresses of the multiple destinations Which are 
inaccessible thereby. 
[0088] Preferably the method includes the further steps of: 
(iii) maintaining a list of the corresponding port for each one 
of those destinations to Which the sWitch is directly connected 
and the corresponding port(s) of that or those destination(s) to 
Which the sWitch is not directly connected, and 
(iii) having each sWitch on receipt of one of the data packets 
addressed both to at least one destination to Which the sWitch 
is directly connected and at least one destination to Which the 
sWitch is indirectly connected, deliver the packet to the cor 
responding port of the directly connected destination(s) and 
delete the addresses of the directly connected destination(s) 
from the packet before delivering the one packet to the port(s) 
corresponding to that or those destination(s) to Which the 
sWitch is not directly connected. 
[0089] Preferably ports With a ?rst plurality of addresses 
are prioritised over ports With either a single address or a 
second plurality of addresses, the second plurality being less 
than the ?rst plurality. 
[0090] There also is disclosed a sWitch arrangement for 
transmission of addressed replica memory update packets in 
a multiple computer system having communications netWork 
including one or more sWitches each having a plurality of 



US 2008/0140858 A1 

ports and a plurality of computers each of Which is connected 
to at least one switch via at least one port and each of Which 
can send or receive the data packets, the computers of the 
multiple computer system each comprising an independent 
local memory and each operating a different portion of an 
application program Written to operate on only a single com 
puter, and Where each the independent local memory com 
prises at least one application memory location replicated in 
all of the independent local memories and is updated to 
remain substantially similar, and Where the packets comprise 
an identi?er and an updated value of a Written-to replicated 
memory location, the arrangement comprising a memory in 
each the sWitch listing for each the port those computers able 
to be accessed via that port. 

[0091] Further there is disclosed a communications method 
to be used for replica memory update transmissions betWeen 
single computers of a multiple computer system, each com 
puter With of the system having an independent local memory 
and operating a different portion of a single application pro 
gram Written to operate on only a single computer, and Where 
at least one application memory location is replicated in the 
independent local memory of each the computer and updated 
to remain substantially similar, and in Which data packets 
addressed to multiple destinations are transmitted via at least 
one multi-port sWitch from a source, the method comprising 
the steps of: 
(i) providing the or each sWitch With a data processing capac 
ity, 
(ii) having each the sWitch on receipt of one of the data 
packets delete those addresses of the multiple destinations 
Which are inaccessible thereby. 

[0092] Furthermore there is disclosed a multiple computer 
system comprising a sWitch arrangement for transmission of 
addressed replica memory update packets in a communica 
tions netWork including one or more sWitches each having a 
plurality of ports and a plurality of the computers each of 
Which is connected to at least one sWitch via at least one port 
and each of Which can send or receive the data packets, the 
computers each comprising an independent local memory 
and each operating a different portion of an application pro 
gram Written to operate on only a single computer, and Where 
each the independent local memory comprises at least one 
application memory location replicated in all of the indepen 
dent local memories and updated to remain substantially 
similar, and Where the packets comprise an identi?er and an 
updated value of a Written-to replicated memory location, the 
arrangement comprising a memory in each the sWitch listing 
for each the port those computers able to be accessed via that 
port. 
[0093] Also furthermore there is disclosed a multiple com 
puter system comprising a communications method to be 
used for replica memory update transmissions betWeen the 
computers of the system, each computer With having an inde 
pendent local memory and operating a different portion of a 
single application program Written to operate on only a single 
computer, and Where at least one application memory loca 
tion is replicated in the independent local memory of each the 
computer and updated to remain substantially similar, and in 
Which data packets addressed to multiple destinations are 
transmitted via at least one multi-port sWitch from a source, 
the method comprising the steps of: 
(i) providing the or each sWitch With a data processing capac 
ity, 
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(ii) having each the sWitch on receipt of one of the data 
packets delete those addresses of the multiple destinations 
Which are inaccessible thereby. 
[0094] The foregoing describes only some embodiments of 
the present invention and modi?cations, obvious to those 
skilled in the communication arts, can be made thereto With 
out departing from the scope of the present invention. 
[0095] The term “comprising” (and its grammatical varia 
tions) as used herein is used in the inclusive sense of “includ 
ing” or “having” and not in the exclusive sense of “consisting 
only of’. 

l/We claim: 
1. A communications method to be used for replica 

memory update transmissions betWeen single computers of a 
multiple computer system, each computer With of said system 
having an independent local memory and operating a differ 
ent portion of a single application program Written to operate 
on only a single computer, and Where at least one application 
memory location is replicated in the independent local 
memory of each said computer and updated to remain sub 
stantially similar, and in Which data packets addressed to 
multiple destinations are transmitted via at least one multi 
port sWitch from a source, the method comprising the steps 
of: 

(i) providing the or each sWitch With a data processing 
capacity; and 

(ii) having each said sWitch on receipt of one of said data 
packets delete those addresses of said multiple destina 
tions Which are inaccessible thereby. 

2. A multiple computer system comprising a sWitch 
arrangement for transmission of addressed replica memory 
update packets in a communications network including one 
or more sWitches each having a plurality of ports and a plu 
rality of said computers each of Which is connected to at least 
one sWitch via at least one port and each of Which can send or 
receive said data packets, said computers each comprising an 
independent local memory and each operating a different 
portion of an application program Written to operate on only 
a single computer, and Where each said independent local 
memory comprises at least one application memory location 
replicated in all of said independent local memories and 
updated to remain substantially similar, and Where said pack 
ets comprise an identi?er and an updated value of a Written-to 
replicated memory location, said arrangement comprising a 
memory in each said sWitch listing for each said port those 
computers able to be accessed via that port. 

3. In a multiple computer system comprising a communi 
cations method to be used for replica memory update trans 
missions betWeen the said computers of said system, each 
computer With having an independent local memory and 
operating a different portion of a single application program 
Written to operate on only a single computer, and Where at 
least one application memory location is replicated in the 
independent local memory of each said computer and 
updated to remain substantially similar, and in Which data 
packets addressed to multiple destinations are transmitted via 
at least one multi-port sWitch from a source, the method 
comprising the steps of: 

(i) providing the or each sWitch With a data processing 
capacity; and 

(ii) having each said sWitch on receipt of one of said data 
packets delete those addresses of said multiple destina 
tions Which are inaccessible thereby. 
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4. A computer program stored in a computer readable 
media, the computer program including executable computer 
program instructions and adapted for execution by a proces 
sor or a CPU that is coupled With a memory to modify the 
operation of the processor and possibly devices or systems 
coupled With said processor; the modi?cation of operation 
including performing a communications method for replica 
memory update transmissions to be used for replica memory 
update transmissions betWeen the said computers of said 
system, each computer With having an independent local 
memory and operating a different portion of a single applica 
tion program Written to operate on only a single computer, 
and Where at least one application memory location is repli 
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cated in the independent local memory of each said computer 
and updated to remain substantially similar, and in Which data 
packets addressed to multiple destinations are transmitted via 
at least one multi-port sWitch from a source, the method for 
replica memory update communications comprising the steps 
of: 

(i) providing the or each sWitch With a data processing 
capacity; and 

(ii) having each said sWitch on receipt of one of said data 
packets delete those addresses said multiple destinations 
Which are inaccessible thereby. 

* * * * * 


