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A NOVEL ARCHITECTURE FOR A MESSAGE BUS

Background of the Invention
Field of the Invention |
The present invention relates to message bus architectures used in digital systems,
and more specifically to a method and apparatus for reducing the number of additional

signal lines to be provided for control signals in a message bus.

Related Art

A parallel message bus (hereafter "message bus") generally contains a number of
signal lines, which can transfer signals in paraliel. In a typical scenario, multiple modules
are connected to a message bus, and each module can send data (in the form of signals) to

the other modules using the message bus. An arbitrator generally grants ownership of the

- message bus to only one of the modules, which can then send data to one or more of the

other modules using the signal lines in the message bus.

Signal lines (contained in the message bus) generally need to support various
control/status paths (in addition to data paths) to supervise the flow of data between various
modules connected to the message bus. The control/status signals, for example, may
represent signals such as bus request, bus grant (allocation) and signals which depict current

status of the modules and status of the data transfer.

A parallel message bus is often designed to meet several requirements such as
reduction in the width of the bus, support for higher bandwidth, etc. Reducing the width
of the bus leads to coﬁesponding reduction in number of interconnections (resulting in
reducéd cost of the system), reduction in power consumption as well as reduced area

requirements.
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In one prior embodiment referred to as a Peripheral Component Interconnect (PCI)

bus supporting 64-bit data transfer, the bus is defined with 64 signal lines to transfer 64 data

. bits in parallel, and a number of additional signal lines dedicated for control purposes (and

the number of such paths supporting control/status signals is high). It maybe desirable to
reduce such number of additional signal lines required for sending control signals (or, the

bus width, in general) further.

Brief Description of the Drawings

Various features of the present invention will be described with reference to the
following accompanying drawings. | 4 |

Figure (Fig.)1 is'a block. diagram of an example systerﬁ in which several aspects of
the present invention can be implemented.

Figure 2 is a diagram depicting the signal lines contained in a message bus in an
embodiment of the present invention.

Figure 3 is a block diagram depicting the details of amodule implemented according
to an aspect of the present invention.

figure 4 is a flow-chart illustrating the details of a method by which a module
operates in a transmit mode according to an aspect of the present invention.

Figure 5 is a flow-chart illustrating the details of a method by which a module
operates in a receive mode according to an aspect of the present invention.

Figure 6 is a block diagram of an arbitration block implemented according to an
aspect of the present invention.

Figuré 7 is a flow-chart illustrating thg detaiis of a method by which an arbitration
module operates to allocate a bus to one of the requesting modules according to an aspect

of the present invention.

Summary

An aspect of the present invention provides an improved approach to operating a
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message bus serving to transfer data between module connected to the message bus. In an
embodiment, a first set of signal lines contained in the message bus are used to send control
signals in a first duration, and to send data bits between the modules in a second duration.
Due to the use of the same signal lines for such multiple purposes, the aggregate number

of physical signal lines required in the message bus may be reduced.

In one implementation, the first duration represents an arbitration phase in which
modules réquest for ownership of the message bus using the first set of signal lines, and the
second duration represents a data transfer phase in which a first module allocated the

message bus transfers data on the message bus using the first set of signal lines.

The first module may further send an address of a second rﬁodule using the first set
of signal lines, wherein the data is sent by the first moc}ule to fhe second module m the data
transfer phase. In one embodiment, the first set of signal lines comprise one of a request
line on which a first module requests the message bus for transmission of data and a grant

line on which the first module is indicated that the message bus has been granted.

Further features and advanfages of the invention, as weﬂ as the structure and
operation of various embodiments of the invention,. are described in detail below with
referencetothe gccompanying drawings. Inthe d;awings, like reference numbers generally
indicaté identical, functionally similar, and/pr structurally similar elements. The drawing
in which an element first appears is indicated by the leftmost digit(s) in the corresponding

reference number.

Detailed Description of the Preferred Embodiments
1. Overview
An aspect of the present invention reduces the width of a message bus (hereafter

"bus") by multiplexing data bits, address bits (to indicate the address of the recipient
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module) and control signals in the same signal line in different time durations. In one
embodiment, the signal line is used by a module for requesting ownership of the bus and
another signal line is used by an arbitration block for indicating a grant allocating the bus
toa sp‘eciﬁc module. Thus, the same signal line is used to transfer address in an address
phase, data in a data transfer phase and control signal in bus arbitration phase (i.e., when
the data or address is not being transferred). Due to such use of a signal line, the aggregate

number of signal lines (bus width) can be reduced.

According to another aspect of the present invention, an arbitrator block allocates the
bus to various modules according to a least recently used (LRU) policy. That is, in case
multiple modules request the bus at the same time, the module which has not used the bus
recently (in time domain) is allocated the bus. Alternatively, the modules may be grouped
according to different priorities, with a lower priority group being granted the bus only if
modules of higher priority are not requesting the bus. The LRU policy may be implemented

in allocating the bus to modules within each group.

Several aspects of the invention are described below with reference to examples for
illustration. It should be understood that numerous specific details, relationships, and
methods are set forth to provide a full understanding of the invention. One skilled in the
relevant art, however, will readily recognize that the invention can be practiced without one
or more of the specific details, or with other methods, etc. In other instances, well-known

structures or operations are not shown in detail to avoid obscuring the invention.

2. Example System

Figure 1 is a block diagram of an eﬁample system in which several aspects of the
present invention can be implemented. The system may correspond to any digital Systern
(both processing and communication systems) such as, without limitation, a computer

system, a router, telecom switch, a server, etc. The block diagram is shown containing only
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a few modules connected to a bus, however, systems may be implemented with more/fewer
modules and also more buses (e.g., for redundancy) without departing from various aspects

of the present invention.

The block diagram is shown containing modules 110-1 through 110-P, arbitration
block 150 and bus 180. It is assumed that arbitration block 150 operates to allocate the bus
to one of the modules requesting for ownership (for exclusive transmission of data) of the
bus. However, any module (110-1 through 110-P) connected to bus 180 may operate as an

arbitration block. The width of bus 180 can be reduced as described below in further detail.

Modules 110-1 through 110-P transmit/receive data using (the data patﬁs portion of
or data path signal lines) shared bus 180. Modules 110-1 through 110-P may
transmit/receive data/signal as needed for tasks such as arbitration of bus 180, error
detection/correction, etc. The modules represent components such as (without limitation)
central processing units, input/output interface modules, special purpose processor modules
(e.g., digital signal processing units), etc. The modules may be provided in various forms

such as cards/boards which plug into a system.

Arbitration block 150 receives requests for exclusive access to bus 180 potentially
from several modules, and determines a module to which the busis to be allocated. Priority
of the requests received from modules (ready to send data to other module(s)) are resolved
according to a specified logic and a grant signal is sent to a module to which the bus is
allocated. Some considerations in an example implementation of arbitration block 150 are

described in a section below.

Bus 180 provides signal lines supporting transfer of data/signals from one module
to another. A bus architecture may specify the number of signal lines (i.e., bus width) in

bus 180.
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An aspect of the present invention enables the bus width to be reduced by using the
same signal line for transferring data in some durations, address in some other durations and
for bus arbitration in durations when data or address is not being transferred. In one
embodiment, a 64 bit transfer with 8§ bit error correcting codes (ECC) is supported using 77
signal lines. The manner in which each signal line is used is described briefly below. The

manner in which the modules may use the signals is described in detail then.

3. Embodiment of a Bus Architecture ‘ )
Figure 2 is a diagram depicting the signal lines contained in message bus 180 in an

embodiment of the present invention. Broadly, the message bus is shown containing four

group of signal lines: data/arbitration (D/A) group, error correcting code (ECC) group,

control group and clock group. Each grouia is described below.

Data/arbitration (D/A) group 280 éontains 64 signal lines D/A201 through D/A264,
which can be used by modules 110-1 through 110-P to send data bits in a data transfer
phase. Also, each module may arbitrate for the bus (during bus idle phase) using the same
signal lines to send a request (e.g., on D/A201) and receive a bus grant/reject (e.g., on
D/A202) signal line in a bus arbitration phase. Two signal lines (one for sending bus
request and another for receiving bus grant, in D/A group) may be used by each module to

arbitrate for the bus during arbitration phase.

Enor correcting code (ECC) group 285 contains 8 signal lines ECC 265 through
ECC272, which may be used to transmit bits corresponding to an error correction code. The
code may be used to correct a few (1 bit of 64 bits) errors (at the receiving gnd) and detect
2 or more bits of errors (using any of known techniques), which may occur during

transmission of bits on signal lines.

CLK277 represents a clock signal with reference to which data is transmitted and
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received by each module. The same clock may be provided to all the modules connected

to bus 180.

Control group 290 contains four control signals BUSY273, TRDY274, ERR275 and
STOP276, which are shared by all the modules. BUSY 273 Iﬁay be asserted by a module
after taking ownership (post-allocation) of the bus and releas ed after completion of transfer
of data. The asserted BUSY signal may be monitored by other modules. Modules requiring
bus for transferring data may refrain from requesting for the bus till BUSY is de-asserted.
Target Ready (TRDY 274) signal may be asserted by a recéiving module indicating that the

receiving module is ready to accept the data.

Error (ERR275) signal may be asserted by the receiving module (on path 275) to
indicate (to the transmitting module) occurrence of an uncorrectable error in the received

packet data (causing the transmitting module to re-transmit previous packet). Both ERR275

_ and STOP276 are asserted by the receiving module if error is deemed to have occurred in

re-transmitted data and the transmitting module may terminate data tranisfer.

The description is continued with reference to the manner in which a module may

be implemented to use the bus of Figure 2 according to an aspect of the present invention.

4. Module

Figure 3 is a block diagram depicting the details of module 110-1 in an embodiment
of the present invention. Module 110-1 is shown containing transmit buffer 310, receive
buffer 320, module control block 330, processor 340 and memory 345. Each block is
described below in further detail.

Transmit buffer 310 provides memory space to store data ready for transmission to

other modules. Similarly, receive buffer 320 provides memory space to store data received
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from other modules. Memory 345 may store instructions (and data) executed by processor
340. Even though shown as three separate blocks, buffers 310/320 and memory 345 may

be integrated into a single unit.

Processor 340 may execute instructions provided in memory 345 to generate data to
be transrrﬁtted, énd save the generated data in memory 345. The data stored in niemory 345
may be transferred to transmit buffer 310 using techniques such as direct memory access
(DMA). The target/receiving module may also be specified to module control block 330 by
an appropriate interface (e.g., by storing a corresponding identifier in transmit buffer

according to a convention).

Processor 340 may receive (from module control block 330) indication of presence .
of data in receive buffer 320, and transfers data from receive buffer 320 to memory 345.
Techniques such as direct memory access (DMA) may be used to transfer data from receive

buffer 320 to memory 345 without intervention of processor 340.

Module control block 330 interfaces with arbitration block 150 to gain exclusive
access to transmit data (stored in transmit buffer 310), and transmits the data present in
transmit buffer 310 on bus 180. | Signal line 201 may be used to request ownership of the
bus, and the grant request may be received on path 202. Once the bus is granted, both
request and grant signal lines (201 and 202) may be used to transfer data/address along with

other signal lines according to an aspect of the present invention.

Similarly, module control block 330 may operate to receive data transmitted by other
mbdules 110-2 through 110-P, and store the recéivpd data in receive buffer 320. Error
detection and correction may also be performed during the data transfers. The description
'is continued with reference to the manner in which module 110-1 may transmit and receive

data in an embodiment of the present invention.
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5. Transmit Mode |
Figure 4 is a flow-chart illustrating a method by whfch module 110-1 operates (in
transmit mode) to transfer data according to an aspect of the present invention. For
illusfration, the method is described with reference to Figures 1, 2 and 3, however, the
method may be implemented by other types of modules and/or in other scenarios. The

method begins in step 401 in which control is immediately transferred to step 410.

In step 410, module control block 330 (contained in module 110- 1) determines
whether bus is free by checking if BUSY273 is asserted. Bus 180 is deeme(i to be free. ‘if '
BUSY?273 is not asserted, as described above with reference to Figure 2. Control passes to
step 430 if bus is free (indicating a bus idle phase) and loops back to step 410 otherwise (in

normal operating conditions).

In step 430, module control block 330 sends a request on (or asserts) D/A path 201
requesting (arbitration block 150) allocation of bus 180 (in arbitration phase). In step 435,
module control block 330 determines whether bus is busy and control passes to step 410 if

bus is busy and to step 440 otherwise.

In step 440, module control block 330 examines D/A path 202 to determine whether
bus grant is received. Control passes to step 450 if a grant is received and to step 410 if the

bus grant is not received by the time BUSY273 is asserted (by some other module which

. has got the ownership of bus 180).

In step 450, module control block 330 asserts BUSY273 to indicate that ownership
is taken by module 110-1. The assertion of BUSY273 indicates (to all other modules) that
the bus is presently being used. Any other module may refrain from requesting allocation
of the bus by examining BUSY273. As a result, module 110-1 transits from arbitration

phase to address phase.
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In step 460, module control block 330 (now operating in address phase) sends a
control packet on data/arbitration path group (64 bits in the “illustrative embodiment)
containing control information. In one embodiment, module 110-1 now operating in
address phase sends a control packet (on D/A201 through D/A264.) containing destination
address (in 1% byte), source address (in 2*? byte), and the number of 64-bits ("packets") that

a trahsmjtting module would transmit (in 3® byte) in the present allocation cycle.

The destination address (in 1% byte) may correspond to one of a direct address (of a
receiving module), a broadcast address (of all modules connected to bus 180), and a group
address (sub-set of modules connected to bus 180) while operating in direct addressing

mode, broadcasting mode and group addressing mode respectively.

Addresses may be assigned to the moduies using various techniques. In an
embodiment, while the system is initialized, each module is assigned an address depending
on the specific purpose for‘ which the module is used. Such allocation/assignment of
addresseé may be performed using one of several known techniques. The manner in which
the control packet is used by a receiving module is described below with reference to Figure

5.

In step 470, module control block 330 determines whether a target ready signal
(TRDY?274) is received on a control path (274) (corresponding to the direct addressing
scheme). As noted above and also described below with reference to Figure 5, a
recipient/receiver module asserts TRDY 274 to indicate readiﬁess to receive data (in direct
addressing mdde). Control passes to step 480 if TRDY274 is received and to step 410

otherwise.

In step 480, module control block 330 sends a data packet (stored in transmit
buffer310) on data path group (D/A201 through D/A264). The duration in which data



10

15

20

WO 2006/027791 PCT/IN2004/000283
-11-

packets are thus transmitted, may be referred to as a data transfer phase.

In step 485, module control block 330 determines whether an error is indicated on
acontrol path (ERR275). Control passes to step 490 if error signal is indicated/asserted and

to step 496 otherwise.

In step 490, module control block 330 may re-transmit the (previously transmitted)
data packet. In step 491, module control block 330 examines whether ERR275 and
STOP276 signals are asserted. Control passes to step 495 if the condition is true and to step

496 otherwise. In step 495, module control block 330 stops sending data packets and

‘control is then passed to step 498.

In step 496, module control block 330 determines whether the pre-determined
number of data packets are trans.ferred. The pre-determined number of data packets may
be indicated in a size field of control packet sent in step 460. Control then passes to step
497 if more of pre-determined number of packets need to be transferred and to step 498
otherwise. In step 497, module control block 330 sends next data packet on D/A201
through D/A264. Control then transfers to step 485 to transmit the following packet.

In step 498, module control block 330 de-asserts BUSY273 signal (asserted in step

450) indicating release of the bus (as data transfer phase is completed). The method ends

in step 499.

Thus, by using a same signal line for bus arbitration, address and data transfer, the
width of bus 180 may be reduced. Howe\}er, it should be understood that merely to avoid
obscuring various features of the present invention, some of the unneeded details have been

simplified and/or not described.
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Different combinatiéns ofthe control signals can be used to indicate various coinplex
events oécurring during the data transfer. For example, both TRDY274 and STOP276 may
be asserted together to indicate receive buffer 320 is full and an attempt may be made to
transmit data at a later time point. Also, ERR275 and STOP276 signals may be used m a
more éomplex way for superior error handling. The description is continued with reference

to a method by which a module operates in receive mode.

6. Receive Mode

Figure 5 is a flow-chart illustrating the details of a method using which rﬁodule 110-
loperates (in receive mode) to receive data according to an aspect of the present invention.
For illustration, the method is described with reference to Figures 2, 3 and 4, however, the
method may be implemented by other types of modules and/or in other scenarios. The

method begins in step 501 in which control is immediately transferred to step 505.

In step 505, module control block 330 determines whether BUSY27 3 is asserted (to
check if bus 180 is busy). Control passes to step 510 if bus 180 is busy and to step 599

otherwise.

In step 510, module control block 330 receives (while module 110-1 is operating in
address phase) a control packet on data/arbitration signal lines (D/A201 through D/A264)
upon the assertion of BUSY273.

In step 520, module control block 330 determines whether the destination address
is equal to a self address (i.e., a unique direct/unicast address allocated/assigned to module
110-1). Control passes to step 530 if both the addresses are equal and to step 599 otherwise.
Similarly, even if the destination address equals a broadcast address (directed to all
modules), or a group/multicast address directed to a group of modules including module

110-1, control passes to step 530.



10

15

20

WO 2006/027791 PCT/IN2004/000283
-13-
. In step 530, module control block 330 asserts a target ready (TRDY274) signal on
control path 274 indicating that module 110-1 is ready to receive packets (64 bits each). In
step 540, module control block 330 receives a data packet on data/ mbiﬁation signél lines

201 through 264. The received data packet is stored in receive buffer 320.

In step 550, modile control block 330 determines whether error has occurred in the
received data packet. Such a determination may be made by comparing the received error
control code (on signal lines 265 to 272) with the bit code generated by an error

detection/correction block (not shown) contained in module control block 330.

" In step 560, if error is deemed to have occurred in the received data packet, control
is transferred to step 570 and to step 565 otherwise. Alternatively, in an embodiment, an
8-bit error (correcting) code may be used, which allows for correction of a few bits (1 bit).
Only if the number of errors exceeds 1 bit, control is transferred to step 570. Various error

correction/detection approaches well known in the relevant arts may be used for such a

purpose.

In step 565, module control block 330 determines whether BUSY273 is asserted. As -
noted above, the sending module continues to assert BUSY273 until completion of
transmission of all the packets for the present allocation cycle. Control passes to step 568
if BUSY273 is asserted and to step 595 otherwise. In step 568, module control block 330

receives next data packet, and control passes back to step 560.

In step 570, module control block 330 sends an error signal (ERR275) on control -
path 275. In step. 575, re-transmitted packet may be received in response. In step 580,
module control block 330 determines whether error has occurred in the “received (i.e., re-
transmitted) data packet. Control passes to step 590 on occurrence of error and to step 565

otherwise.
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In step 590, module control block 330 sends an error (ERR275) signal and stop
(STOP) signal on paths 275 and 276 respectively. The error signal (ERR275) indicates that
an error has occurred with respect to the previously received packet, and the stop signal
(STOP 276) causes the transmitting block to cease transmitting édditional packets. Control

then passes to step 595.

Instep 595, module control block 330 de-asserts TRDY274 inresponse to BUS Y273
being de-asserted or after asserting the STOP276 and ERR275 signals. Control then passes
to step 599 in which the method ends. Thus, a module may operate to receive data
according to an aspect of the present invention. The déscription is continued with reference .
to the details of an embodiment of arbitration block 150 implemented according toan aspect

of the present invention.

7. Arbitration Block

Figure 6 is ablock diagram illusfrating the manner in which an arbitration block may
provide prioritization in allocation of bus 180 according to an aspect of the present
invention. The block diagram is shown containing priority queues 610, 620, 630 and 640

and arbitration controller 650. Each component is described in detail below.

Broadly, a user may assign each module to one of the priority queues. Modules
assigned to lower priority queues are allocated the bus only if requests are not received from
modules assigned to higher priority queues. Within each priority queue, modules may be
allocated the bus according to least recently used (LRU) policy. The manner in which such

features may be iniplemented is described below in further detail.

Priority queues 610, 620, 630 and 640 store data indicating the order in which
modules of corresponding priority have been allocated bus 180 in the prior durations. The

data enables implementation of LRU policy within each priority queue. For illustration, it
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is assumed that priority queues 610, 620, 630 and 640 are in decreasing order of priority

(i.e., priority queues 610 and 640 respectively having highest and lowest priority).

In one embodiment, each module in a queue is represented by a single token, and the
token is pushed to the back of the queue upon allocation of the bus to the corresponding
module. Thus, a module at the front of the priority queue is allocated bus 180 if more than
one module within a queue requests access to the bus at the same tﬁne. Within a single
priority queue, only that requesting module wins the ownership of the bus which is ahead

of all other requésting modules (i.e., whose token is ahead in the queue).

Arbitration controller 650 receives requests requesting allocation of bus from
multiple modules and gfants ‘a request to one of the modules during the time when the bus
is idle. As described above, the request from each module maif be received on a .
corresponding one of the D/A signal lines (201, 203, 205, in general odd numbers uplto
263).

Arbitration controller 650 may first determine the priority queue to which each

~ requesting module is assigned to, and whether any of the modules of a higher priority queue

are present before allocating bus 180 to requesting module of lower priority. Once it is
determined that there is at least one module of a giveﬁ priority requesting bus 180,
arbitration controllér 650 then examines the corresponding priority queue to determine the

specific one of the requesting modules having the corresponding token at front.

The requesting module corresponding to the token at the front of the queue is granted
the bus by asserting the corresponding one of D/A signal line (202, 204, 206, in general
even numbers up to 264). Thus, arbitration block 150 determines the module to which bus
has to be allocated based on priorities between queues and with LRU approach within a

queue. The token corresponding to a module to which bus 180 is granted is pushed to the
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back of the queue. The operation of arbitration block 150 is summarized below with

reference to Figure 7.

Figure 7 is a flow-chart summarizing the operation of arbitration module in one
embodiment. For illustration, the method is described with reference to Figures 1, 2 and

6. The method begins in step 701 in which control is immediately transferred to step 710.

In step 710, arbitration controller 650 receives requests from potentially multiple
modules on corresponding data/arbitration paths (when bus 180 is free). Requests may be

received‘ on signal lines D/A 201, D/A 203 and D/A263 from modules 110-1, 110-2 and

110-P respectively.

In step 740, arbitration controller 650 determines the specific module to grant (access
right to transmit on) bus 180. Approaches such as those described above with reference to

Figure 6 may be used in determining the specific module to Which to grant bus 180.

In step 780, controller 650 allocates the bus by asserting the corresponding one of
the D/A signal lines 202, 204, 206, etc. Assuming that module 110-1 is allocated bus 180,
a grant signal may be sent on D/A 202. The method ends in step 799.

Thus, by using the same signal path to support data path in some durations and to
support control/status path (for bus arbitration and addressing in the above example), the

bus width can be reduced according to several aspects of the present invention.

8. Conclusion

While various embodiments of the present invention have been described above, it
should be understood that they have been presented by way of example only, and not

limitation. Thus, the breadth and scope of the present invention should not be limited by
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any of the above described exemplary embodiments, but should be defined only in

accordance with the following claims and their equivalents.
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What Is Claimed Is:

1. A method of operating a message bus serving to transfer data between a plurality
of modules, said plurality of modules being connected to said message bus, said method
comprising:

using a first set of signal lines to send control signals in a first duration, said first set
of signal lines being comprised in said message bus; and

using said first set of signal lines to send data bits between said phjrality of modules

in a second duration.

2. The method of claim 1, wherein said ﬁfst duration represents an arbitration phase
in which one or more of said plurality of modules request for ownership of said message
bus using said first set of signal lines,

and wherein said second duration represents a data transfer phase in which a first
module allocated said message bus transfers data on said message bus using said first set

of signal lines.

3. The method of claim 2, further comprising sending an address of a second module
from said first module using said first set of signal lines, wherein said data is sent by said
first module to said second module in said data transfer phase and wherein said second

module is also contained in said plurality of modules.

4. The method of claim 2, wherein said first set of signal lines comprise one of a
request line on which said first module requests said message bus for transmission of data
and a grant line on which said first module is indicated that said message bus has been

granted.

5. The method of claim 4, wherein said first set of signal lines comprises the other

one of said request line and said grant line.
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6. The method of claim 5, wherein said using said first set of signal lines to send
control signals in said arbitration phase comprises:

determining in said first module whether a BUSY signal line is asserted, wherein
said BUSY signal line indicates whether any of said plurality of modules is available on
said message bus;

requesting from said first module ownership of said message bus by sending a
request on said request line if said BUSY line is not asserted; and

receiving a bus grant signal from an arbitration controller on said grant line, wherein

said grant signal indicates allocation of said message bus to said first module.

7. The method of claim 6, wherein said first module includes said address of said
second module in a control packet, wherein said control packet indicates a number of data

'packets to be sent by said first module to said second module.

8. The method of claim 7, wherein said using said first set of signal lines as data
paths in said second duration comprises:

asserting in said first module said BUSY line to indicate ownership of said message
bus;

examining a TRDY line to determine whether said second module is ready to receive
said number of packets after sending said address on said message bus; and

sending from said first module said number of data packets on said message bus,
wherein some bits of each of said number of data packets is sent on said first set of signal

lines.

9. The method of claim 8, further comprising:
receiving said control packet in said second module;

determining in said second module that said number of packets are directed to said
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second module by comparing said first address to a self address of said second module; and
asserting said TRDY line to indicate that said second module is ready to receive said

~ number of packets.

10. The method of claim 9, further comprising:

determining in said second module whether an uncorrectable etror is f)res eritina first
packet, wherein said first packet is comprised in said number of data packets;

asserting an ERR signal in said second module to indicate presence of said
uncorrectable error; |

transmitting said first packet again from said first module upon said ERR signal
being asserted; |

receiving said packet again and performing said determining and asserting ERR and
STOP signal in said 'sécond module if said uncorrectable error is present again; and

terminating transferring in said first module after determhﬁng both said ERR and

said STOP is asserted.

11. The method of claim 10, Whérein said message bus contains only 4 control

signal lines.

12. The method of claim 4, further comprising:

receiving in an arbitration block said request on said request line;

determining a first priority group in which éaid first module is assigned, wherein said
first priority group is contained in a plurality of priority groups, wherein a second priority
group has a higher priority than said first priority groﬁp;

allocating said message bus to said first module only if request for said message bus
is not received from any modules in said second priority group, wherein said aﬂoqaﬁng
' allocates said message bus according to a least recently used (LRU) approach among

modules in said first priority group if more than one module in said first priority groups
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requests said message bus.

13. A system comprising:

a message bus containing a plurality of signal lines including a first signal line;

a first module and a second module sharing said message bus to transfer data to each
other,
| an arbitration module allocating said message bus to one of said first module and
said second module,

wherein said first module requests access to transmit data on said message bus using
said first sigﬁal line and transmits a bit of each of a plurality of packets to said second

module on said first signal line.

14. The system of claim 13, wherein said message bus comprises a second signal
line, said arbitration module indicating that said message bus is granted to said first module
on said second signal line, wherein said first module transmits another bit of each of said

plurality of packets on said second signal line to said second module.

15. The system of claim 14, further comprising a plurality of modules including said
first module and said second modulé, wherein each of said plurality of modules is assigned
to one of a plurality of priority groups, said plurality of groups including a first priority
group and a second priority group, wherein said first module is assigned to said first priority
group, said second priority group having‘ a higher priority than said first priority group,

wherein said arbitration module allocates said message bus to modules in said first
priority group only if a request is not received from arly modules in said second priority
group,

said arbitration module allocating said message bus to modules in said first priority

group according to a least recently used (LRU) approach.
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" 16. The system of claim 14, further comprising a plurality of modules including said
first module and said second module, wherein said message bus further comprises a BUSY
line shared by each of said pluralify of modules,

wherein said first module determines whether said BUSY line is asserted, wherein

. said BUSY line indicates whether any of said plurality of modules is transmitting on said
message bus;

| whereiq said first module requests ownership of said message bus by sending a

request on said first signal line if said BUSY line is not asserted.

17. The syStem of claim 16, wherein said first module asserts said BUSY line to
indicate ownership of said message bus after said second signal line indicates that said

“message bus is granted to said first module.

18. The system of claim 16, wherein said first module sends a control packet on said
message bus, wherein said control packet contains a ﬁrst‘add'ress representing an address
of said second module and a number of packets to be transferred, wherein one bit of said
control packet is sent on said first signal line and another bit of said control packet is sent

on said second signal line.

19. The system of claim 18, wherein said second module receives said control packet
and determiﬁes that said number of packets are directed to said second module by
comparing said first address to a self address of said second module, said second module
asserting a TRDY line to indicate that said second module is ;eady to receive said number
of packets, wherein said first module sends said number of data packets on said message

bus upon assertion of said TRDY line.

20. The system of claim 19, wherein said second module determines whether an

uncorrectable error is present in a first packet, wherein said first packet is comprised in said
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number of data packets, said second module asserting a ERR signal line in said message bus
to indicate presence of said uncorrectable error, wherein said first module sends said first

packet again upon said ERR signal line being asserted.

21. The system of claim 20, wherein said second module receives said first packet
again and asserting said ERR signal line and a STOP signal if said uncorrectable error is
detected again in said second module, wherein transferring said number of data packets is
terminated by said first module upon assertion of said ERR signal line and said STOP

signal.
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