
WO 03/063424 PCT/GB03/00127  1 METHOD AND SYSTEM FOR SIMULTANEOUS
MANAGEMENT OF  MULTIPLE TOKENS ON A COMMUNICATION RING 5 Field of the
Invention This invention generally relates to the field of computer
networks.  Background of the Invention 10 Computer networks allow for the
connected devices to communicate  with each other. There are three basic
types of networks that are defined  based on the proximity of the computer
to a peripheral device. The  smallest is a PAN (Personal Area Network) An
example of a PAN is a home 15 computer using the USB (Universal Serial Bus)
method for connecting a  computer, printer, scanner, and more. This PAN is
used to communicate with  each other as long as they are in close
proximity. Communication is based on a serial bus and has several
limitations  20 one of which being the inability to do simultaneous
communications.  Accordingly there exist a need for communications, which
allow improved  simultaneous networks. In a typical business environment
many offices are connected 25 together so that the computers, printers, and
associated equipment can  communicate together. This configuration is known
as a LAN (Local Area  Network). There are two widely deployed types of
LANs. One type of LAN is  Ethernet Net (IEEE 802.3) and the other type of
LAN is Token Ring (IEEE  802.5) networks. The Ethernet network is more
widely deployed, because it 30 is typically less expensive to deploy.
However, if several communication  devices contend for communication at the
same time, bottlenecks occur  during which all devices except one device
must "Backoff" or hold-off  communicating until the one device completes
the communication. Then  another device starts communicating until all
devices are complete. This 35 is a problem with "simultaneous"
communications. In an Ethernet network  topology, the aggregated bandwidth
of the network cannot approach the  incremental bandwidth due to the lack
of controlled loading. In contrast, to an Ethernet network topology, a
Token Ring does 40 allow for controlled loading. As the name implies, a
Token Ring network is  



based on token passing, for higher shared bandwidth, and avoids collisions
based on the control of the tokens. WO 03/063424 PCT/GB03/00127  2 These
LAN standards of Ethernet network and Token Ring network  although both
useful are not without their shortcoming. One shortcoming is  that both
Ethernet and Token Ring networks do not allow for simultaneous
communications. Accordingly there exists a need to provide simultaneous 5
communications and to improve communication bandwidth. As stated above, the
cost of network deployment is often a major  factor in adoption of a
network topology. Other solutions in the prior art  for simultaneous
communications that require significant additional costs 10 are not
desirable because of the high cost of adoption. Accordingly, there  is a
need for a method and apparatus to provided simultaneous  communications at
a reasonable cost. A WAN (Wide Area Network), as the name implies, widely
separates 15 computers and computer equipment. There are several methods of
connecting  these computers. The Internet is by far the most popular.
Network  contention with other computers while using a WAN is controlled by
having  simultaneous connections of varying connections speed and feed
rates.  Stated differently a computer typically communicates using a WAN 20
simultaneously with other computers, however the communications can take a
long time due to the extended distance between communicating units.
Accordingly there exist a need for a method and apparatus that permits
simultaneous communications while being part of a LAN. 25 DISCLOSURE OF THE
INVENTION Briefly, according to the present invention, disclosed is a
method,  an apparatus and computer readable medium for simultaneous
communication  over a bus in a master/slave agent network topology. Each
communication 30 agent on the network is either a master agent or slave
agent with an input  and an output. In one embodiment, the input and the
output are latched.  The method permits more than one token to be on the
ring at any given  time. A master agent can start a request a slave agent
cannot start a  request. When a master agent receives a token from the ring
and it has a 35 pending request, the master agent removes the token from
the ring and  



issues its request. The token is not put back onto the ring until the
master agent receives the response to the request from the designated
slave agent. That is, the token time slot is used for a complete, round
trip transaction, rather than simply the sending of a request or response.
40 When the slave agent receives a request, it generates the response and
puts it on the ring as soon as it is possible, without waiting for a WO
03/063424 PCT/GB03/00127  3 token. The present invention, using the
technology described herein,  supports multiple master agents coupled to
the same bus. According to a first aspect, there is provided a method for 5
simultaneous communication over a bus coupling at least one master agent
with at least one slave agent, the method on a master agent having an input
and an output to the bus comprising the steps of: determining if there is
data from the master or data from the bus, and if there is data from the
master then performing the sub-steps of: testing if the data from the bus
is 10 a token; if the data from the bus is a token, then moving the data
from the  master to the bus and discarding the token from the bus; and if
the data is  not a token from the bus, then moving the data from the input
of the bus to  the output of the bus; wherein if the data is from the bus,
then moving the  data from the input of the bus to the output of the bus.
15 Preferably if there is no data on the output or if an advance line is
asserted and if there is no data on the output or an advance line is
asserted then performing the step of determining if there is data from the
bus or if there is data from the master. In a preferred embodiment, the 20
method further comprises the step of: determining if the master agent is
coupled to an access macro and if the master agent is coupled to an access
macro, then when the bus is initialized performing the step of placing
tokens on the bus, where the maximum number of tokens on the bus is set
equal to a total number of master agents plus the total number of slave 25
agents less one. Aptly, the method further comprises the steps of receiving
a reset command; determining after being reset if the master agent  is
coupled to an access macro and if the master agent is coupled to the
access macro then placing n-1 tokens on the bus, where n is the total
number  



of master agents and slave agents communicating on the bus. 30 According to
a second aspect, there is provided a computer program  comprising program
code means adapted to perform all the steps of the  above method when said
program is run on a computer. 35 According to a third aspect, there is
provided a method for  simultaneous communication over a bus which couples
at least one master  agent with at least one slave agent, the method on a
slave agent having an  input and an output to the bus comprising the steps
of: determining if there  is data from the bus or from the slave and if
there is data from the bus but 40 not from the slave then moving the data
from the bus to the output and if  there is data from the slave but not the
bus then moving the data from the  slave to the output; determining if
there is data both from the bus and the WO 03/063424 PCT/GB03/00127  4
slave and if there is data from both the bus and the slave then performing
the sub-steps of: if the bus has priority then moving the data from the bus
to the output and setting the priority to the slave; and if the bus does
not  have priority then moving the data from the slave to the output and
setting 5 the priority to the bus. Aptly, the method further comprises the
step of:  determining if there is no data on output or if an advance line
is asserted  and if there is no data on output or an advance line is
asserted then  performing the step of determining if there is data from the
bus or if there  is data from the slave. 10 According to a fourth aspect,
there is provided a computer program  comprising program code means adapted
to perform all the steps of the  above method when said program is run on a
computer. 15 According to a fifth aspect, the present invention provides a
data  communications network for simultaneous communications between two or
more  agents comprising: at least one agent designated as a slave agent
coupled to  a communications bus; at least one agent designated as a master
agent  coupled to the communications bus; an interface to the master agent
with an 20 input from the bus and an output to the bus, the interface
comprising a  plurality of latches for testing if there is data, and if
there is data from  



the master then testing if the data from the bus is a token; if the data
from the bus is a token, then moving the data from the master to the bus
and  discarding the token; and if the data is not a token from the bus,
then 25 moving the data from the input of the bus to the output of the bus;
wherein if the data is not from the master and the data is from the bus,
then moving the data from the input of the bus to the output of the bus.
According to a fourth aspect, the present invention provides a data  30
communications network for simultaneous communications between two or more
agents comprising: at least one agent designated as a slave agent coupled
to a communications bus; at least one agent designated as a master agent
coupled to the communications bus; an interface on each slave agent with
an input to the bus and an output to the bus, the interface comprising a 35
plurality of latches for testing if there is data from the bus or from the
slave agent and if there is data from the bus but not from the slave then
moving the data from the bus to the output and if there is data from the
slave but not from the bus then moving the data from the slave to the
output; wherein the plurality of latches tests if there is data both from
40 the bus and data from the slave and if there is data from both the bus
and  from the slave then testing if the bus has priority and: if the bus
has  priority then moving the data from the bus to the output and setting
the WO 03/063424 PCT/GB03/00127  5 priority to the slave; and if the bus
does not have priority then moving  the data from the slave to the output
and setting the priority to the bus.  Preferably, the data further includes
control, data and parity data. 5 More preferably, at least one of the
communication agents is coupled to a  first brand of computer and at least
one of the communications agents is  coupled to a second brand of computer
so as to form a heterogeneous  environment. Still more preferably, the bus
is selected from a group of  buses consisting of wire, wireless and
infrared. 10 In a preferred embodiment, an interface on each slave agent
comprises a plurality of latches for testing if the data is for the slave
agent and if the data is for the slave agent then transferring the data to
the slave. Preferably, the interface to the master agent further comprises 



15 a plurality of latches for testing if the data is for the master agent
and  if the data is for the master agent, then passing the data to the
master.  According to a fifth aspect, there is provided a data
communications  network for simultaneous communications between two or more
agents 20 comprising: at least one agent designated as a master agent
coupled to the  communications bus as described above; and at least one
agent designated  as a slave agent coupled to the communications bus as
described above. According to a sixth aspect, there is provided a computer
readable  25 medium containing programming instructions for simultaneous
communication  over a bus coupling at least one master agent with at least
one slave  agent, the method on a master agent having an input and an
output to the  bus, the programming instructions comprising: receiving a
reset command;  determining after being reset if the master agent is
coupled to an access 30 macro and if the master agent is coupled to the
access macro then placing  n-1 tokens on the bus, where n is the total
number of master agent agents  and slave agents communication on the bus.
According to a seventh aspect, there is provided a computer readable  35
medium containing programming instructions for simultaneous communication
over a bus coupling at least one master agent with at least one slave
agent, the method on a master agent having an input and an output to the
bus, the programming instructions comprising: determining if there is data
from the master, and if there is data from the master then performing the
40 programming instructions of: testing if the data from the input is a
token; if the data from the bus is a token, then moving the data from the
master to the bus and discarding the token; and if the data from the bus WO
03/063424 PCT/GB03/00127  6 is not a token, then moving the data from the
input of the bus to the  output of the bus; wherein if the data is not from
the master and the data  is from the bus, then moving the data from the
input of the bus to the  output of the bus. 5 BRIEF DESCRIPTION OF THE
DRAWINGS The present invention will now be described, by way of example
only,  with reference to preferred embodiments thereof, as illustrated in
the  following drawings, in which: 



10 FIG. 1A is a block diagram of a typical Token Ring network  illustrating
two Master Agents and two Slave Agents; FIG. 1B is a block diagram of a
packet, illustrated as an example of  15 how data and control is defined;
FIG. 2 is a logic block diagram, illustrating an embodiment of an
interface between the bus and an agent, which may be a Master Agent or
Slave Agent; 20 FIGs. 3 through 9, are a series of logical diagrams
illustrating  simultaneous communication for an exemplary time period TO -
T6 for a ring  network topology of FIG. 1; 25 FIG. 10 is a flow diagram
taken from the perspective of the L1 latch  of a Master Agent, on the
previously described bus or ring; and FIG. 11 is a programming flow diagram
1100 for a Slave Agent.  30 DETAILED DESCRIPTION OF THE PRESENT INVENTION
Glossary of Terms Used in this Disclosure 35 AGENT - a set of data
communications logic which connects a requester  (master) or responder
(slave) to a communications fabric. BUS - a wire or group of wires used to
transmit data and control between  two nodes. The term bus is used
interchangeable with the term RING in  40 this invention for a closed loop
BUS topology. WO 03/063424 PCT/GB03/00127  7 HETEROGENOUS - networks based
on standards-conforming hardware and  software interfaces used in common by
different products, thus  allowing them to communicate with each other. The
Internet itself is  an example of a heterogeneous network. 5 LAN - A local
area network (LAN) is a group of computers and associated  devices that
share a common communications line and typically share  the resources of a
single processor or server within a small  geographic area (for example,
within an office building). Usually, the 10 server has applications and
data storage that are shared in common by  multiple computer users. A local
area network may serve as few as two  



or three users (for example, in a home network) or many as thousands  of
users (for example, in an FDDI network). 15 MASTER / SLAVE - Master: A
communicating entity, which generates requests  and consumes responses. A
master connects to the communications fabric  through a Master Agent.
Slave: A communicating entity, which consumes  requests and produces
responses. A Slave connects to the communications fabric through a Slave
Agent.  20 RING - a closed-loop topology that forms a logical ring. A Token
Ring  topology forms a logical ring but has the cable layout of a star
topology, with a central hub. A true ring topology is rare since it is
easier to plan and install a star topology. 25 ROUND-TRIP - is a complete
send and receive transaction from a Master  Agent over the ring or bus
comprising both a request and a response. A  Slave Agent cannot start a
request. 30 SIMULTANEOUS - communications on a bus in which more that one
AGENT either  Master Agent or Slave Agent, communicates at the same time
independent  of a clock signal. Contrast with Isochronous and synchronous.
The  communication occurs between two or more agents coupled to the bus so
that a request and reply is accomplished in one round-trip or cycle of  35
the bus. TOKEN RING NETWORK - Token Ring network is a local area network
(LAN) in  which all computers are connected in a ring or star topology and
a  binary digit, or token passing scheme is used in order to prevent the 40
collision of data between two computers that want to send messages at  the
same time. The Token Ring protocol is the second most widely-used  protocol
on local area networks after Ethernet. The IBM Token Ring WO 03/063424
PCT/GB03/00127  8 protocol led to a standard version, specified as IEEE
802.5. Both  protocols are used and are very similar. The IEEE 802.5 Token
Ring  technology provides for data transfer rates of either 4 or 16
megabits  per second. A brief description of the technology is described
below:  5 



1. Empty information frames are continuously circulated on the ring.  2.
When a computer has a message to send, it inserts a token in an  10 empty
frame (this may consist of simply changing a 0 to a 1 in the token bit part
of the frame) and inserts a message and a destination  identifier in the
frame. 3. The frame is then examined by each successive workstation. If the
15 workstation sees that it is the destination for the message, it  copies
the message from the frame and changes the token back to 0. 4. When the
frame gets back to the originator, it sees that the token  has been changed
to 0 and that the message has been copied and 20 received. It removes the
message from the frame. 5. The frame continues to circulate as an "empty"
frame, ready to be  taken by a workstation when it has a message to send.
25 WAN - (wide area network) is a geographically dispersed
telecommunications  network and the term distinguishes a broader
telecommunication  structure from a local area network (LAN). A wide area
network may be  privately owned or rented, but the term usually connotes
the inclusion  of public (shared user) networks. 30 Ring Topology and
Packet Definition FIG. 1A is a block diagram of a typical Token Ring
network 100  illustrating two Master Agents 102 and 106 (Ml and M2) and two
Slave 35 Agents 104 and 108 (Sl and S2), according to the present
invention. Each  agent 102, 104, 106, and 108 is connected by a serial or
parallel bus or  ring 110. Master Agent 1 102 is connected from the
parallel ring 110 at  port 112, and is connected to the ring 110 at port
114. 40 FIG. 1B is a block diagram of a packet 120, illustrated as an
example of how data bits 122 and control bits 124 are defined, according
to the present invention. In this embodiment, the data packet 120 is shown
WO 03/063424 PCT/GB03/00127  9 to be 64 bits wide, or 8 bytes. Associated
with each byte is a parity bit.  This results in a total data bit width of
72 bits. It is important to note  that the total number bits and the
allocation of data bits 122 and control  bits 124 may change and is not
limiting to the teachings of the present 



5 invention.  Overview of Protocol A typical Token Ring network with
Master/Slave Agent communicating  10 devices, a Master Agent can issue a
new request only when it has the  token, as with the normal Token Ring
protocol. However, there are several  departures from the normal token
protocols.  A round trip is a round trip from a Master Agent over the ring
or bus  15 comprising both a request and a response. A Slave Agent cannot
start a  request.  When a Master Agent receives a token from the ring and
it has a pending  request, the Master Agent removes the token from the ring
and issues 20 its request. The token is not put back onto the ring until it
receives  the response to the request from the designated Slave Agent. That
is,  the token time slot is used for a complete, round trip transaction,
rather than simply the sending of a request or response. This avoids
deadlock by pre-allocating a slot for the slave response. 25  When the
Slave Agent receives a request, it generates the response and  puts it on
the ring as soon as it is possible, without waiting for a  token. The token
is used by the Master Agent to initiate a complete  round trip. The token
used by the Master Agent reserves space for both  30 the request and the
response.  More than one token can be circulating on the ring at any time.
Agent Interface 35 Turning now to FIG. 2, shown is a logic block diagram,
illustrating  an embodiment of an interface 200 between the bus 110 and an
agent (102,  104, 106, and 108), which may be a Master Agent (102 and 106)
or Slave  Agent (104 and 108). A L2 latch 202, is connected to the previous
agent 40 (not shown) at port 112. It receives the control and data
information in  the packet 120 via lines 210. Once the control bits 124 is
latched in the WO 03/063424 PCT/GB03/00127  10 L2, the CTS (Clear To Send)
212 signal is sent back upstream to the  previous agent (not shown). A
decision is made based on the received  



control bits 124 in L2 as to whether the associated data is for this agent
200. If it is, the control bits 124 are passed on to the L3 latch 208 via 5
line 228 for processing by this agent. This described the receiving of
control bits and data bits for this agent. If the agent has information to
be put on to the ring 218, the  information is presented to the Ll latch
204 by the L4 latch 206 using the  10 connection 230. This information in
turn is presented onto the bus 110 at port 114. If this is the completion
of a send / receive round trip, the  Master Agent (102 and 106) presents
it's token back (not shown) out on to  the bus 110, using the same path
230. This described the transmitting of  control and data onto the bus 110
at port 114 from an agent. 15 If the data that was received by the L2 latch
202, is not for this  agent it is presented to the Ll latch 204 using
connection 226. The Ll  latch 204 will pass information that is not
identified for this agent.  This is accomplished by presenting this
information on to the bus 110 via 20 path 214 at port 114 after the
downstream agent's L2 (not shown) presents  a CTS signal 216 to the Ll
latch 204. If a sending Master Agent received a request back from the bus
110  with out being processed by another agent, the sending Master Agent
may  25 retry, or do a timeout and try again later. Data Flow Around the
Ring Turning now to FIGs. 3 through 9, shown is a series of logical  30
diagrams illustrating simultaneous communication for an exemplary time
period TO - T6 for a ring network topology 100 of FIG. If according to the
present invention. A labeling convention for each alphanumeric from the
left-to-right,  35 where # denotes a place holder for FIGs 3 - 9 is as
follows: 1. the first number is the number of the figure e. g., 3#### and
8####;  2. next, the alpha numeric is the type of agent and it's number,
where  40 M is for Master Agent and S is for Slave Agent, e.g. , #Ml## and
#S2## WO 03/063424 PCT/GB03/00127  11 3. next, the label is for a latch L
and the number of the latch ###L2  



and ###L3 The cable nomenclature has six place holder as follows, i.e.,
###-##. The first the number is the figure number. The next number are  5
labels of the connected agents where "M" is for Master Agent and "S" is for
Slave Agent, ###-##, and the "-" denotes from-to, e.g. 4M2-S2 is a  cable
from FIG. 4, Master Agent 2 (M2) to Slave Agent 2 (S2). Time TO 10
Referring to FIG. 3, shown are four ring agents and the four
interconnecting cables. At this time defined as T-0, the ring agents have
just been powered up or have been reset. Reset initializes n-1 agents with
tokens. Where n is the total number of ring agents. In this example, there
are 4 ring agents (102, 104, 106, and 108) so the maximum number of tokens
15 would be 3. Master Agent 1's L1 3M1L1, L3 3M1L3 and L4 3M1L4 are all
blank. L2  3M1L2 has a-token, labeled T1. 20 Slave Agent 1's Li 3S1L1, L3
3S1L3 and L4 3S1L4 are all blank. L2  3S1L2 has a token, labeled T2. Master
Agent 2's L1 3M2L1, L3 3M2L3 and L4 3M2L4 are all blank. L2  3M2L2 has a
token, labeled T3. 25 Slave Agent 2's L1 3S2L1, L3 3S2L3 and L4 3S2L4 are
all blank. L2  3S2L2 is also blank. There must be one fewer tokens than
ring agents  circulating on the bus 110. 30 Time Ti Turning now to FIG. 4,
shown are four ring agents and the four  interconnecting cables. At this
time defined as T-1, the Master Agents  have reacted simultaneously to
their individual control by pulling in the  given tokens and placing their
request on the bus 110 as described below.  35 Master Agent 1 pulls in the
T1 token and placed the READ S2 request  on the bus 110 Therefore:  L1
4M1L1 has the request Ml: Read S2 in its register.  40  L2 4M1L2 has a
blank in its register WO 03/063424 PCT/GB03/00127  12 



L3 4M1L3 has a blank in its register   L4 4M1L4 has a blank in its register
Slave Agent 1 has received the T2 token but cannot initiate any  requests,
therefore: 5  L1 4S1L1 has the T2 token in its register   L2 4S1L2 has a
blank in its register  L3 4S1L3 has a blank in its register   L4 4S1L4 has
a blank in its register.  10 Master Agent 2 has pulled in the T3 token and
placed the request WRITE  S1 on the bus 110. Therefore:  Li 4M2L1 has the
command M2: WRITE S1 in its register  15  L2 4M2L2 has a blank in its
register  L3 4M2L3 has a blank in its register   L4 4M2L4 has a blank in
its register. Slave Agent 2 has not received any tokens and therefore:  20
L1 4M2L1 has a blank in its register   L2 4M2L2 has a blank in its register
L3 4M2L3 has a blank in its register   L4 4M2L4 has a blank in its
register. 25 This completes the description of T-1.  Time T2 Referring to
FIG. 5, shown are four bus 110 agents and the four 30 interconnecting
cables. At this time defined as T-2, the bus 110 agents  have just
completed a transmission of their individual content to the next  bus 110
agent. Master Agent 1 has received blank information from the Slave Agent 2
35 agent. Therefore:  Ll 5M1L1 has a blank in its register WO 03/063424
PCT/GB03/00127  13  L2 5M1L2 has a blank in its register   L3 5M1L3 has a
blank in its register  



L4 5M1L4 has a blank in its register. 5 Slave Agent 1 has received the
information from the Master Agent 1  agent, and is ready for the next
communication cycle. This command is not  for this Slave Agent. Therefore:
L1 5S1L1 has the command M1: read S2 in its register  10  L2 5S1L2 has a
blank in its register  L3 5S1L3 has a blank in its register   L4 5S1L4 has
a blank in its register. Master Agent 2 has received the information from
the Slave Agent 1  15 agent. The information is the T2 token. Therefore:
L1 5M2L1 has the T2 token  L2 5M2L2 has a blank in its register   L3 5M2L3
has a blank in its register  20  L4 5M2L4 has a blank in its register.
Slave Agent 2 has just received the information from the Master Agent 2
agent. Therefore: 25  L1 5S2L1 has the M2: Write Si in its register   L2
5S2L2 has a blank in its register  L3 5S2L3 has a blank in its register
L4 5S2L4 has a blank in its register.  30 Time T3 Referring to FIG. 6,
shown are four bus 110 agents and the four  interconnecting cables. At this
time defined as T-3, the bus 110 agents  have just completed another
transmission of their individual content to  35 the next bus 110 agent. WO
03/063424 PCT/GB03/00127  14 Master Agent 1 has received the Master Agent 2
command to write Si.  This command is not for this Master Agent. Therefore:
L1 6M1L1 the command M2: write S1 in its register  5  L2 6M1L2.has a blank
in its register  L3 6M1L3 has a blank in its register   L4 6M1L4 has a
blank in its register. Slave Agent 1 has received blank information.
Therefore:  10  L1 6S1L2 has a blank in its register 



L2 6S1L2 has a blank in its register   L3 6S1L3 has a blank in its register
L4 6S1L4 has a blank in its register. 15 Master Agent 2 has received the
M1: read S2 command. This command is  not for this Master Agent. Therefore:
Li 6M2L1 has the M1: read S2 command in its in its register   L2 6M2L2 has
a blank in its register 20  L3 6M2L3 has a blank in its register   L4 6M2L4
has a blank in its register. Slave Agent 2 has received the T2 token.
Therefore:  25  L1 6S2L1 has the T2 token in its register  L2 6S2L2 has a
blank in its register   L3 6S2L3 has a blank in its register   L4 6S2L4 has
a blank in its register. 30 This completes the description of T-3.  Time T4
Referring to FIG. 7, shown are four bus 110 agents and the four 35
interconnecting cables. At this time defined as T-4, the bus 110 agents WO
03/063424 PCT/GB03/00127  15 have just completed another transmission of
their individual content to  the next bus 110 agent. Master Agent 1 has
received the T2. Therefore:  5  L1 6M1L1 has the commanded Ml: READ S2 in
its register   L2 6M1L2 has a bland in its register  L3 6M1L3 has a blank
in its register   L4 6M1L4 has a blank in its register.  10 Slave Agent 1
has received the command M2: Write Si. This command is  for this Slave
Agent, the Write command from Master 2 will be performed.  Therefore: 15
L1 6S1L1 has nothing in its register   L2 6S1L2 has a blank in its register
L3 6S1L3 has the command M2: Write S1 in its register. This command is  



for this Slave Agent, therefore the Write command from Master Agent 2  will
be performed. The results of the command will be put into the L4  20
register.  L4 6S1L4 has a blank in its register. Master Agent 2 has
received blanks from the Slave Agent 1 bus 110  agent. Therefore: 25  L1
6M2L1 has a blank in its register   L2 6M2L2 has a blank in its register
L3 6M2L3 has a blank in its register   L4 6M2L4 has a blank in its register
30 Slave Agent 2 has the command M1: Read S2 in its register. As this
command is for this Slave Agent the Read command from Master Agent 1 will
be performed. Therefore: 35  L1 6S2L1 has a blank in its register   L2
6S2L2 has a blank in its register WO 03/063424 PCT/GB03/00127  16  L3 6S2L3
has the command Ml: Read S2 in its register. As this command  is for this
Slave Agent the Read command from Master Agent 1 will be  performed. The
results of the command will be put into the L4 register.  L4 6S2L4 has a
blank in its register.  5 This completes the description of T-4.  Time T5
Referring to FIG. 8, shown are four bus 110 agents and the four 10
interconnecting cables. At this time defined as T-5, the bus 110 agents
have just completed another transmission of their individual content to
the next bus 110 agent. Master Agent 1 has received blanks from the Slave
Agent 1 bus 110  15 Therefore:  Li 8M1L1 has a blank in its register   L2
8M1L2 has a blank in its register   L3 8M1L3 has a blank in its register 20
L4 8M1L4 has a blank in its register 



Slave Agent 1 has received the T2 token and placed the response M2:  Write
Verify S1 on the bus 110. Therefore: 25  L1 8S1L1 has a blank in its
register  L2 8S1L2 has the token T2 in its register  L3 8S1L3 has a blank.
The response M2: Write verify Si in L1   L4 8S1L4 has a blank its register.
30 Master Agent 2 has received blanks from the Slave Agent 1 bus 110
Therefore:  L1 8M2L1 has a blank in its register   L2 8M2L2 has a blank in
its register  35  L3 8M2L3 has a blank in its register  L4 8M2L4 has a
blank in its register WO 03/063424 PCT/GB03/00127  17 Slave Agent 2 did not
receive any tokens but placed the response Ml:  Data from S2 on the bus
110. Therefore:  Ll 8S2L1 has the response M2: Write verify S1 in its
register  5  L2 8S2L2 has a blank in its register  L3 8S2L3 has a blank in
its register   L4 8S2L4 has a blank in its register.  This completes the
description of T-5  10 Time T6 Referring to FIG. 9, shown are four bus 110
agents and the four  interconnecting cables. At this time defined as T-6,
the bus 110 agents  15 have just completed another transmission of their
individual content to  the next bus 110 agent. Master Agent 1 has received
the results of its pending command. At this  time the request by the Master
Agent 1 bus 110 agent has been completed.  20 It will put the T1 token on
the bus 110. Therefore:  L1 9M1L1 has a blank in its register   L2 9M1L2
has a blank in its register  L3 9M1L3 has the response Ml: Data from S2 in
its register   L4 9M1L4 has a blank in its register 25 



Slave Agent 1 has received the T2 token. Therefore:   L1 9S1L1 has a blank
in its register  L2 9S1L2 has the token T2 in its register  30  L3 9S1L3
has a blank in its register  L4 9S1L4 has a blank in its register. Master
Agent 2 has received the results of its pending command. At this  time the
request by the Master Agent 2 agent has been completed. It will  35 put the
token on the bus 110. Therefore:  L1 9M2L1 has a blank in its register WO
03/063424 PCT/GB03/00127  18  L2 9M2L2 has the response M2: Write verify Si
in its register   L3 9M2L3 has a blank in its register  L4 9M2L4 has a
blank in its register 5 Slave Agent 2 did not receive any tokens.
Therefore:   Ll 9S2L1 has a blank in its register  L2 9S2L2 has a blank in
its register   L3 9S2L3 has a blank in its register  10  L4 9S2L4 has a
blank in its register. This completes the description of T-6, and of the
subject invention's  Token Ring simultaneous information transfer example.
15 Summary of The Ring Rules For Each Agent In summary the following is a
description of the rules and behaviors  of each component on the ring with
reference to the interface 200 of FIG.  2. 20 1. At initialization time,
one Master Agent places n-1 tokens on the  ring, where n is the total
number of ring agents. A token is  simply a short message, which indicates
permission for a Master  Agent to initiate a request. All of these tokens
can be 25 identical. In another embodiment, at initialization time all ring
agents put a token on the ring except for the agent coupled to  Access
Macro. 2. The L2 latch has a single buffer. If the buffer is empty, a 30
signal is presented to the upstream L1 that it is clear to send.  



3. When any L4 has data to send, it indicates Valid, and  either Request or
Response as appropriate, to Li. It can send  when it sees CTS from L1. 35
4. When the L1 latch sees a CTS (Clear To Send) signal from  the downstream
agent, it attempts to find data through the  following ordered scheme: WO
03/063424 PCT/GB03/00127  19  A) Looks for Valid from L4  If the L4
indicates Valid and Response, then the L1 can set  CTS to the L4 and take
the data. 5  If the L4 indicates valid and Request, then the L1 can only
set CTS to the L4 if the L1 sees CTS from the downstream agent  and the L2
indicates Valid and Token. In this case, the L1  issues CTS to both L2 and
L4. The L4 data is forwarded on the 10 bus 110, and the L2 data (the token)
is discarded. B) If the L2 indicates Valid, set CTS to the L2 and take the
data.   After any L2 sends a response to an L3, it also forwards a  15
token on the bus 110 (indicates Valid and Token to Li) (This is always a
Master Agent completing a transaction and making  the token available for
use.  When any L3 receives a request, no special function must be 20
performed. However, the attached logic must ensure that the L3  not receive
another request until the L4 has transmitted the  response. This is always
a Slave Agent receiving a request. It  has implicit permission to send, in
order to complete the  transaction. In one embodiment, the 3 does not
assert CTS to 25 the upstream L2 until the L4 is empty.  Flow Diagram For
Master Agent FIG. 10 illustrates a flow diagram 1000 taken from the
perspective  30 of the Li latch of a Master Agent, on the previously
described bus or ring  110. At the top of the page is a summing node 1002
from which the process  begins. Below the summing node 1002 is a decision
block, step 1004. If there  



35 is no data in the Li and the next bus 110 agent does not send an advance
line (A) then the ring 110 is indexed by returning to summing node 1002.
If there is no data in the Ll or the next bus agent sends an advance line
then the process continues at step 1006 below. 40 In step 1006, a
determination is made as to if there is valid data  from the bus 110 or
this Master unit (102 and 106). If it is NOT from the WO 03/063424
PCT/GB03/00127  20 bus 110 or the Master, then the ring 110 is indexed by
returning to  summing node 1002. If there is valid data from the ring 110
or from this  Master then the process continues at step 1008. 5 In step
1008, a determination is made as to if the data is from the  bus 110 and
NOT from the Master. If the data 120 is from the bus 110 and  NOT from the
Master, in step 1008, then the process continues at step  1009. If the data
120 is NOT from the bus 110 or is from the Master, the  process continues
at step 1010. 10 In step 1009, a determination is made as to if the bus 110
data is  for the Master Agent. If the bus 110 data is for the Master Agent,
then  the bus 10 data is passed to the Master, in step 1017, and the ring
is  indexed by returning to the summing node 1002. If the bus 110 data is
NOT 15 for the Master Agent, then the bus 110 data is passed to the L1, in
step  1016, and the ring 110 is indexed by returning to the summing node
1002.  In step 1010, a determination is made as to if the data is from the
Master and NOT the bus 110. If the data is from the Master and NOT the bus
20 110 then the ring 110 is indexed by returning to summing node 1002.
Otherwise the data is NOT from the Master or it is from the bus 110 then
the process continues at step 1012. In step 1012 if the data from the bus
110 equals the token, then in  25 step 1014 the Master request is placed
into the L1, and the Token is  decimated by being discarded in a bit bucket
and ring 110 is indexed by  returning to summing node 1002. Otherwise, if
the data from the bus 110  does NOT equal the token, in step 1018, the bus
110 is passed to the L1  and the ring 110 is indexed by returning to
summing node 1002. 30 



Flow Diagram For Slave Agent Turning now to FIG. 11, shown is a programming
flow diagram 1100 for  a Slave Agent. At the top of the page is a summing
node 1102. This point  35 represents a cycle on the ring 110 if entered.
Below the summing node 1102 step is the first decision block NOT L1  or
Advance in step 1104. If neither is valid the ring 110 is indexed by
returning to summing node 1102. If either is valid, the process continues
40 in step 1106. WO 03/063424 PCT/GB03/00127  21 In step 1106, a decision
is made as to if the information is for the  Slave Agent or to be passed on
to the ring 110. If the data is NOT for the  ring 110 or for the Slave
Agent, then the ring 110 is indexed by returning  to summing node 1102. If
the information is either for the Ring or for the  5 Slave Agent then the
process continues in step 1107. In step 1107, a decision is made as to if
the information is for the  Slave Agent. If the data is for the Slave Agent
the ring 110 transfers the  information into the Slave at step 1105 and the
process continues at step  10 1102. If the Ring information is not for the
Slave Agent, in step 1108 the  Ring information is exclusively OR'ed (i.e.,
XOR) with the Slave tag. If  the information is either for the ring OR
information is being presented 15 from the Slave then in step 1110 the data
is transferred to the Ll or the  Slave response is transferred to the Ll
and the ring is indexed by  returning to summing node 1102. Otherwise, if
the information is both from  the ring AND it is for the Slave Agent then
the process continues at step  1112. 20 In step 1112, priority (P) is
compared to the ring information. If  the priority matches then in step
1114 the Ring information is put into  the Ll and the Slave information is
processed after the ring is indexed by  returning to summing node 1102.
Otherwise, if the priority does NOT equal 25 the Ring information in step
1112, the Slave information is put into the  Li and the Ring information
will be processed after the ring is indexed  1114. It should be understood
that steps 1112 through 1116 allow the  



priority on the Slave Agents 104 and 109 to be set in a round-robin
method, where the priority is switched between the ring 110 and the Slave
30 during each cycle. The present invention, as would be known to one of
ordinary skill in  the art could be produced in hardware or software, or in
a combination of  35 hardware and software. The system, or method,
according to the inventive principles as disclosed in connection with the
preferred embodiment, may  be produced in a single computer system having
separate elements or means  for performing the individual functions or
steps described or claimed or  one or more elements or means combining the
performance of any of the 40 functions or steps disclosed or claimed, or
may be arranged in a  distributed computer system, interconnected by any
suitable means as would  be known by one of ordinary skill in art. WO
03/063424 PCT/GB03/00127  22 According to the inventive principles as
disclosed in connection  with the preferred embodiment, the invention and
the inventive principles  are NOT limited to any particular kind of
computer system but may be used 5 with any general purpose computer, as
would be known to one of ordinary  skill in the art, arranged to perform
the functions described and the  method steps described. The operations of
such a computer, as described  above, may be according to a computer
program contained on a medium for  use in the operation or control of the
computer, as would be known to one 10 of ordinary skill in the art. The
computer medium, which may be used to  hold or contain the computer program
product, may be a fixture of the  computer such as an embedded memory or
may be on a transportable medium  such as a disk, as would be known to one
of ordinary skill in the art. 15 The invention is not limited to any
particular computer program or  logic or language, or instruction but may
be practiced with any such  suitable program, logic or language, or
instructions as would be known to  one of ordinary skill in the art.
Without limiting the principles of the  disclosed invention any such
computing system can include, inter alia, at 20 least a computer readable
medium allowing a computer to read data,  instructions, messages or message
packets, and other computer readable  information from the computer
readable medium. The computer readable  



medium may include nonvolatile memory, such as ROM, Flash memory, floppy
disk, Disk drive memory, CDROM, and other permanent storage. Additionally,
25 a computer readable medium may include, for example, volatile storage
such  as RAM, buffers, cache memory, and network circuits. Furthermore, the
computer readable medium may include computer  readable information in a
transitory state medium such as a network link 30 and/or a network
interface, including a wired network or a wireless network,  that allow a
computer to read such computer readable information. Although a specific
embodiment of the invention has been disclosed. It  will be understood by
those having skill in the art that changes can be made  35 to this specific
embodiment without departing from the spirit and scope of the invention.
The scope of the invention is not to be restricted,  therefore, to the
specific embodiment, and it is intended that the appended  claims cover any
and all such applications, modifications, and embodiments  within the scope
of the present invention. 40 WO 03/063424 PCT/GB03/00127  23 CLAIMS  1. A
method for simultaneous communication over a bus coupling at least 5 one
master agent with at least one slave agent, the method on a master agent
having an input and an output to the bus comprising the steps of:
determining if there is data from the master or data from the bus, and if
there is data from the master then performing the sub-steps of:  10 testing
if the data from the bus is a token; if the data from the bus is a token,
then moving the data from  the master to the bus and discarding the token
from the bus; and 15 if the data is not a token from the bus, then moving
the data  from the input of the bus to the output of the bus; wherein if
the data is from the bus, then moving the data from the  20 input of the
bus to the output of the bus. 2. The method according to claim 1, further
comprising the step of:  determining if there is no data on the output or
if an advance line is  



25 asserted and if there is no data on the output or an advance line is
asserted then performing the step of determining if there is data from the
bus or if there is data from the master. 3. The method according to claim 1
or claim 2, further comprising the  30 step of: determining if the master
agent is coupled to an access macro and if  the master agent is coupled to
an access macro, then when the bus is  initialized performing the step of
placing tokens on the bus, where the 35 maximum number of tokens on the bus
is set equal to a total number of master  agents plus the total number of
slave agents less one. 4. The method according to claim 1 or claim 2,
further comprising the  steps of: 40 receiving a reset command; WO
03/063424 PCT/GB03/00127  24 determining after being reset if the master
agent is coupled to an  access macro and if the master agent is coupled to
the access macro then  placing n-1 tokens on the bus, where n is the total
number of master agents  and slave agents communicating on the bus. 5 5. A
method for simultaneous communication over a bus which couples at  least
one master agent with at least one slave agent, the method on a slave
agent having an input and an output to the bus comprising the steps of: 10
determining if there is data from the bus or from the slave and if  there
is data from the bus but not from the slave then moving the data from  the
bus to the output and if there is data from the slave but not the bus  then
moving the data from the slave to the output; 15 determining if there is
data both from the bus and the slave and if  there is data from both the
bus and the slave then performing the sub-steps  of: if the bus has
priority then moving the data from the bus to the  20 output and setting
the priority to the slave; and if the bus does not have priority then
moving the data from the  slave to the output and setting the priority to
the bus. 



25 6. The method according to claim 5, further comprising the step of:
determining if there is no data on output or if an advance line is
asserted and if there is no data on output or an advance line is asserted
then performing the step of determining if there is data from the bus or if
30 there is data from the slave. 7. A data communications network for
simultaneous communications  between two or more agents comprising: 35 at
least one agent designated as a slave agent coupled to a  communications
bus; at least one agent designated as a master agent coupled to the
communications bus; 40 an interface to the master agent with an input from
the bus and an  output to the bus, the interface comprising a plurality of
latches for WO 03/063424 PCT/GB03/00127  25 testing if there is data, and
if there is data from the master then  testing if the data from the bus is
a token; if the data from the bus is a token, then moving the data from  5
the master to the bus and discarding the token; and if the data is not a
token from the bus, then moving the data  from the input of the bus to the
output of the bus; 10 wherein if the data is not from the master and the
data is from the  bus, then moving the data from the input of the bus to
the output of the  bus. 8. The data communications network, according to
claim 7, wherein the  15 interface to the master agent further comprises a
plurality of latches for  testing if the data is for the master agent and
if the data is for the  master agent, then passing the data to the master.
9. The data communications network for simultaneous communications  20
between two or more agents comprising: at least one agent designated as a
slave agent coupled to a  communications bus; 25 at least one agent
designated as a master agent coupled to the  communications bus; 



an interface on each slave agent with an input to the bus and an  output to
the bus, the interface comprising a plurality of latches for 30 testing if
there is data from the bus or from the slave agent and if there  is data
from the bus but not from the slave then moving the data from the  bus to
the output and if there is data from the slave but not from the bus  then
moving the data from the slave to the output; 35 wherein the plurality of
latches tests if there is data both from  the bus and data from the slave
and if there is data from both the bus and  from the slave then testing if
the bus has priority and: if the bus has priority then moving the data from
the bus to  40 the output and setting the priority to the slave; and WO
03/063424 PCT/GB03/00127  26 if the bus does not have priority then moving
the data from the  slave to the output and setting the priority to the bus.
10. The data communications network, according to claim 9, wherein the 5
interface on each slave agent further comprises a plurality of latches for
testing if the data is for the slave agent and if the data is for the
slave agent then transferring the data to the slave. 11. A data
communications network for simultaneous communications  10 between two or
more agents comprising: at least one agent designated as a master agent
coupled to the  communications bus as claimed in claim 7 or claim 8; and 15
at least one agent designated as a slave agent coupled to the
communications bus as claimed in claim 9 or claim 10. 12. A computer
program comprising program code means adapted to perform  all the steps of
claims 1 to 4 when said program is run on a computer. 20 13. A computer
program comprising program code means adapted to perform  all the steps of
claims 5 to 6 when said program is run on a computer. 


