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METHOD AND APPARATUS FOR CONDITIONAL BROADCAST OF BARRIER

OPERATIONS

BACKGROUND

[0001] The present invention relates generally to the field of computers and in

particular to a method and apparatus for conditionally broadcasting memory barrier bus

operations.

[0002] Computers and other electronic systems and devices perform computational

tasks in a wide variety of applications. These systems and devices increasingly

integrate functionality beyond straight computation, often by integrating a variety of

independent, function-specific circuits or modules, such as processors, mathematical

co-processors, video and graphics engines, DMA controllers, GPS receivers, dedicated

compression or encryption circuits, and the like. High-bandwidth data transfer between

such devices and memory, as well as between the devices themselves, is critical to

achieving the desired level of performance. A data communication bus is a well-known

structure providing a shared communication link between devices or modules in a

processing system.

[0003] A common logical dichotomy of devices on a shared bus comprises

"master" and "slave" devices. Master devices initiate bus transactions, and commonly

arbitrate among themselves for access to the bus, and, in some systems, for a share of

the bus bandwidth. Slave devices respond to data transfer bus transactions initiated by

master devices, accepting data from the master device in response to write bus

transaction and providing data to the master device in response to read bus

transaction. Most slave devices execute data transfer operations in the order in which

the corresponding bus transactions occur on the shared bus.

[0004] In many cases, system performance may be optimized by allowing data

transfer operations - such as, for example, memory accesses - to be performed out of



order. For example, a sequence of memory operations may be reordered to allow all

operations to the same page in memory to be executed before a new page is opened.

Processing systems that are allowed to re-order memory operations are generally

referred to as "weakly-ordered" processing systems.

[0005] Conversely, processing systems that require memory operations to appear

to be performed in the same order as their corresponding bus transactions are referred

to as "strongly-ordered" processing systems. Note that slave devices in strongly-

ordered systems may actually perform memory operations out of bus transaction order,

so long as the memory state at any time appears to the processor(s) as if the memory

operations had been performed in order. This characteristic is known as "global

observability." Simple slave devices that always execute data transfer operations in the

order received are inherently globally observable. Other slave devices that may

execute data transfer operations out of order "snoop" the data transfer operation

addresses, and execute data transfer operations to the same address in a bus

transaction order. These types of slave devices are also globally observable. Slave

devices that execute data transfer operations without regard to bus transaction order

are not globally observable.

[0006] In some cases, even in weakly-ordered processing systems, data transfer

operation order must be enforced to ensure correct operation. For example, an

application may require a processor to write data to memory before the processor

reads from that memory location. Reordering these operations would result in incorrect

data being returned in the read operation.

[0007] Various conventional techniques have been employed for executing ordered

data transfer operations in a weakly-ordered processing system. One technique is

simply to delay a particular data transfer bus transaction until all data transfer

operations before it are executed. In the previous example, the processor may delay

issuing a read request until it receives an indication that guarantees that the write

operation data has been written to the memory location. Halting program execution to



enforce data transfer operation ordering obviously has a negative effect on

performance.

[0008] Another technique for executing ordered data transfer operations in a

weakly-ordered processing system is to define an execution synchronization bus

transaction as part of the bus protocol, also known as a "memory barrier." A memory

barrier is a bus transaction that ensures that all data transfer bus transactions issued

by a master device prior to issuance of the memory barrier are executed, or appear to

have been executed, before any data transfer bus transaction issued by the master

device after the memory barrier. Any memory barrier is a bus transaction that does not

involve any data transfer between master and slave devices. A memory barrier

operation may be explicitly initiated by a master device. Alternatively, or additionally, a

memory barrier operation may be generated by a bus controller in response to a

strongly-ordered data transfer operation initiated by a master device. In the previous

example, a memory barrier transaction could be issued by the processor before issuing

the read bus transaction. The memory barrier would ensure that the write operation (as

well as any other previously issued data transfer operation) is executed before the read

operation is executed. Memory barriers are described in co-pending US Patent

Application, "Enforcing Strongly-Ordered Requests In A Weakly-Ordered Processing

System," Serial No. 11/253,307, filed October 19, 2005, and assigned to the assignee

of the present application, which is incorporated herein by reference in its entirety.

[0009] The memory barrier may be inefficient in processing systems with multiple

slave devices. In such systems, to enforce an ordering constraint, a memory barrier

transaction must be propagated to every slave device that can be accessed by the

master device issuing a strongly-ordered data transfer bus transaction or memory

barrier operation. An acknowledgment of the memory barrier must be received from

each of the slave devices before the strongly-ordered the data transfer bus transaction,

or bus transaction following a memory barrier operation, is issued. Thus, the delay

imposed by the memory barrier is determined by the slowest slave device to respond.



This may adversely affect performance, particularly where the slower slave devices

perform data transfer operations in bus transaction order regardless of the memory

barrier.

[0010] Co-pending US Patent Application, "Minimizing Memory Barriers When

Enforcing Strongly-Ordered Requests in a Weakly-Ordered Processing System," Serial

No. 11/254,939, filed October 20, 2005 and assigned to the assignee of the present

application, which is incorporated herein by reference in its entirety, discloses a system

and method of dynamically minimizing memory barriers. A status register associated

with each slave device indicates, on a per-master basis, whether the slave currently

has a pending (unexecuted) data transfer operation from each master device from

which the slave may receive data transfer bus transactions. If a particular slave device

indicates that it does not have any pending data transfer operations from a particular

master device, a memory barrier from that master device need not be propagated to

that slave device. In this manner, memory barriers are propagated only where

necessary to enforce bus transaction ordering. That is, the memory barrier is directed

only to slave devices that have pending (previously issued) data transfer operations

from the master device requiring a strongly-ordered data transfer bus transaction or

memory barrier operation.

[001 1] Most conventional systems include at least some slave devices that

inherently provide global observability. With respect to such slave devices, there is no

need to dynamically monitor whether the slave device has pending data transfer

operations from a particular master to determine whether or not to direct a memory

barrier transaction to the slave device.

SUMMARY

[0012] According to one or more embodiments disclosed herein, a slave device

that ensures global observability many "opt out" of the memory barrier protocol. In

various embodiments, the opt-out decision may be made dynamically by each slave



device asserting a signal, may be set system-wide during a Power-On Self Test

(POST) by polling status registers in the slave devices to ascertain their global

observability, may be set by software, or it may be hardwired by system designers, so

that only slave devices capable of performing out-of-order data transfer operations

participate in the memory barrier protocol. This opt-out decision improves the system

performance and reduces power consumption by only propagating memory barrier

operations to slave devices as necessary, thus eliminating the delay associated with a

memory barrier acknowledgment from a globally observable slave device.

[0013] One embodiment relates to a weakly-ordered processing system. The

system includes a plurality of slave devices and two or more master devices, each

configured to direct data transfer bus transactions to one or more slave devices. The

system further includes a bus interconnect configured to implement data transfer bus

transactions between master and slave devices, and further configured to direct an

execution synchronization bus transaction to one or more slave devices that are not

globally observable in response to a strongly-ordered data transfer bus transaction

request from a master device.

[0014] Another embodiment relates to a bus interconnect operative to direct data

transfer bus transactions from one or more master devices to two or more slave

devices in a weakly-ordered processing system. The bus interconnect includes a bus

register operative to queue data transfer bus transaction requests and a controller

operative to control the issuance of data transfer bus transactions from the bus register

and further operative to issue an execution synchronization bus transaction to one or

more slave devices that are not globally observable in response to a strongly-ordered

data transfer bus transaction request from a master device.

[0015] Yet another embodiment relates to a method of executing a strongly-

ordered data transfer bus transaction in a weakly-ordered processing system including

one or more master devices and two or more slave devices. An indication of which of

the slave devices are globally observable is maintained. An execution synchronization



bus transaction is issued to one or more slave devices that are not globally observable

in response to a strongly-ordered data transfer bus transaction request from a master

device.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is a functional block diagram of a weakly-ordered processing system;

[0017] FIG. 2 is a functional block diagram of a bus interconnect in a weakly-

ordered processing system;

[0018] FIG. 3 is a functional block diagram of one embodiment of a controller in a

bus interconnect for a weakly-ordered processing system; and

[0019] FIG. 4 is a functional block diagram of another embodiment of a controller in

a bus interconnect for a weakly-ordered processing system.

DETAILED DESCRIPTION

[0020] The detailed description set forth below in connection with the appended

drawings is intended as a description of various embodiments of the invention and is

not intended to represent the only embodiments in which the invention may be

practiced. In particular, for the purpose of explanation, embodiments are described with

respect to a processing system comprising one or more processors issuing memory

access requests to two or more memory controllers, and a bus interconnect. However,

the invention is applicable to any master devices issuing data transfer bus transactions

to slave devices in a shared bus system, and is not limited to processors and memory

controllers.

[0021] FIG. 1 is a functional block diagram of a weakly-ordered processing system.

The processing system 100 may be disposed of in a computer or other computational

system, including a portable electronic device, embedded system, distributed system,

or the like. The processing system 100 may be implemented as an integrated circuit,

discrete components, or any combination thereof. Only those portions of the



processing system 100 necessary for an explanation of embodiments of the present

disclosure are depicted in FIG. 1. Those skilled in the art will recognize how best to

implement the processing system 100 for each particular application.

[0022] The processing system 100, as depicted in FIG. 1, includes processors

102a-1 02c in communication with memory devices 104a-1 04c over a shared bus 106.

The actual number of processors and memory devices required for any particular

application may vary depending on the computational power required and the overall

design constraints. A bus interconnect 108 may be used to manage bus transactions

between the processors 102a-102c and memory devices 104a-104c using point-to-

point switching connections. In at least one embodiment of the bus interconnect 108,

multiple direct links may be provided to allow two or more bus transactions to occur

simultaneously.

[0023] One or more of the processors 102a-1 02c may be configured to execute

instructions under control of an operating system or other software. The instructions

may reside in one or more of the memory devices 104a-104c. Data may also be stored

in the memory devices 104a-104c, and retrieved by the processors 102a-102c to

execute certain instructions. The new data resulting from the execution of these

instructions may be written back into the memory devices 104a-104c. Each memory

device 104a-104c may include a memory controller (not shown) and a storage medium

(not shown), as known in the art.

[0024] Each processor 102a-102c may be provided with a dedicated channel 106a-

106c on the bus 106 for communicating with the bus interconnect 108. Similarly, the

bus interconnect 108 may use a dedicated channel 106d-106f on the bus to

communicate with each memory device 104a-104c. By way of example, a first

processor 102a can access a target memory device 104b by sending a data transfer

bus transaction request over its dedicated channel 106a on the bus 106. The bus

interconnect 108 determines the target memory device 104b from the address of the

data transfer bus transaction request and issues a data transfer bus transaction to the



target memory device 104b over the appropriate channel 106e on the bus 106. A data

transfer bus transaction may be a write transaction, a read transaction, or any other

bus transaction related to a data transfer. An originating processor 102a-102c may

issue a write transaction to a target memory device 104a-104c by placing the

appropriate address with a payload on the bus 106 and asserting a write enable signal.

An originating processor 102a-102c may issue a read transaction to a target memory

device 104a-104c by placing the appropriate address on the bus 106 and asserting a

read enable signal. In response to the read request, the target memory device 104a-

104c will send the payload back to the originating processor 102a-102c. An originating

processor 102a-102c may also issue bus transactions that are not data transfer bus

transactions, such as a memory barrier transaction.

[0025] In at least one embodiment of the processing system 100, the processors

102a-102c may transmit an attribute with each memory access request. The attribute

may be any parameter that describes the nature of the data transfer bus transaction.

The attribute may be transmitted with the address over the address channel.

Alternatively, the attribute may be transmitted using sideband signaling or some other

methodology. The attribute may be used to indicate whether or not the data transfer

bus transaction request is strongly-ordered. A "strongly-ordered" request refers to a

data transfer bus transaction request that cannot be executed out of order.

[0026] The bus interconnect 108 may monitor the attribute for each data transfer

bus transaction request from the processors 102a-102c. If an attribute indicates a

strongly-ordered data transfer bus transaction request, the bus interconnect 108 may

enforce an ordering constraint on that transaction to every slave device that accepts

bus transactions from that master and is capable of out-of-order execution of data

transfer bus transactions, except for the slave device to which the strongly-ordered

data transfer bus transaction is directed. By way of example, a data transfer bus

transaction request from a first processor 102a to a target memory device 104a may

include an attribute. The bus interconnect 108 may determine from the attribute



whether the transaction is strongly-ordered. If the bus interconnect 108 determines that

the transaction is strongly-ordered, it sends a memory barrier to every memory device

104b and 104c that the first processor 102a is capable of accessing and that may

execute data transfer bus transactions out of bus transaction order, other than the

target memory device 104a. The bus interconnect 108 also sends the strongly-ordered

data transfer bus transaction to the target memory 104a without a memory barrier

because the target memory device 104a will implicitly handle it as a strongly-ordered

request due to the attribute associated with the data transfer bus transaction.

Alternatively, the processor 102a may issue a memory barrier bus transaction prior to

issuing the strongly-ordered data transfer bus transaction.

[0027] FIG. 2 is a functional block diagram illustrating an example of a bus

interconnect 108 in a weakly-ordered processing system. The manner in which the bus

interconnect is actually implemented will depend upon design considerations. Those

skilled in the art will recognize the interchangeability of various designs, and how best

to implement the functionality described herein for each particular application.

[0028] Referring to FIG. 2 , a bus register 202 may be used to receive and store

information from the bus 106. The bus register 202 may be any type of storage device

such as a First-In-First-Out (FIFO) memory, or other suitable storage device. The

information received and stored by the bus register 202 may be any bus related

information, but more specifically may include the address and attribute for each data

transfer bus transaction request, and in the case of a write operation, the payload. The

bus register 202 may also store the attribute in the case of a non-data transfer bus

transaction such as a memory barrier operation issued by a master device. The

address for each data transfer bus transaction request is also provided to a decoder

204. The decoder 204 may be used to determine the target memory device for each

data transfer bus transaction request in the bus register 202. This determination is

used to control a bus switch 206. The bus switch 206 is used to demultiplex each data

transfer bus transaction from the bus register 202 to the appropriate channel of the bus



106 for its target memory device. A controller 208 may be used to control the timing of

the data transfer bus transactions released from the bus register 202.

[0029] FIG. 3 is a functional block diagram of one embodiment of a controller 208

in a bus interconnect 108 for a weakly-ordered processing system. The controller 208

enforces ordering constraints on memory operations based on information it receives

from the decoder 204. The information may include the attribute for each bus

transaction, which may be stored in a first input register 302. The information may also

include data that identifies each memory device, other than the target memory device,

that the originating processor is capable of accessing. The particular memory devices

accessible by each processor are preconfigured during the design stage, and

therefore, can be programmed or hardwired into the decoder 204. In any event, a

second input register 304 may be used to store this information. The first and second

input registers 302, 304 may be separate registers as shown in FIG. 3 , or alternatively

a single register. In some embodiments of the controller 208, the information from the

decoder 204 may be stored in registers shared with other bus interconnect functions.

Each register may be a FIFO or any other suitable storage medium.

[0030] The controller 208 enforces ordering constraints on data transfer operations

by controlling the timing of data transfer bus transactions released from the bus register

202. The process will first be described in connection with an attribute which indicates

that a strongly-ordered memory data transfer bus transaction is ready to be released

from the bus register 202. In this case, the attribute is provided from the first input

register 302 to a memory barrier generator 306 as an enabling signal. At the same

time, the data stored in the second input register 304 is provided to the input of the

memory barrier generator 306. As indicated above, the data stored in the second input

register 304 includes data that identifies each memory device, other than the target

memory device, that the originating processor is capable of accessing. When the

memory barrier generator 306 is enabled by the attribute, this information is used to

generate a memory barrier for each memory device identified by the data. Each



memory barrier may be provided to the appropriate memory device by issuing a

memory barrier transaction directed to the identified memory devices, with an attribute

identifying the originating processor which initiated the strongly-ordered request.

Alternatively, the memory barriers may be provided to the appropriate memory devices

using sideband signaling, or by other suitable means. The memory barrier generator

306 may also generate memory barrier bus transactions in response to memory barrier

bus transaction requests from a master device, which are also stored in the bus

register 202, in a manner similar to that described above.

[0031] According to one or more embodiments, the memory barrier generator 306

may be used to suppress unnecessary memory barriers. For example, a memory

barrier for a memory device accessible by the originating processor is superfluous, and

may be suppressed, if the memory device is inherently globally observable. Globally

observable slave devices may be identified in a number of ways.

[0032] In one embodiment of the controller 208, a logical global observability

register 307 includes a bit for every slave device in the system. The state of the global

observability register bit indicates whether the associated slave device is globally

observable, and hence may be exempted from a memory barrier transaction. The

global observability register 307 is an input to the memory barrier generator 306. The

global observability register 307 may comprise a physical register set by system

software during a Power On Self Test (POST), following a poll of slave devices to

ascertain their behavior and capabilities with respect to global observability of bus

transactions, such as by reading configuration status registers (CSRs) within the

respective slave devices.

[0033] In one embodiment, which may be particularly advantageous in an ASIC or

System On Chip (SOC) environment, one or more bits of a logical global observability

register 307 may be hardwired by designers to a predetermined state indicating the

known global observability of a corresponding slave device. This may reduce the

complexity and execution time of the POST software.



[0034] In another embodiment, one or more bits of a logical global observability

register 307 may comprise a dynamic, binary signal from a slave device. This allows

the slave device to indicate periods of global observability. For example, a slave device

may queue data transfer operations in a buffer, and execute the operations out of bus

transaction order. When pending data transfer operations reside in the buffer, the slave

device would indicate a lack of global observability, thus requiring memory barrier bus

transactions be directed to the slave device if a processor issues a strongly-ordered

data transfer bus transaction or memory barrier operation. However, if the buffer is

empty, the slave device can guarantee global observability for at least the next

occurring data transfer bus transaction (that is, the slave device guarantees that all

data transfer operations previously issued to it have been executed). In this case, the

slave device may indicate via the binary signal that it need not receive memory barrier

transactions, and may maintain this indication only as long as its buffer is empty.

[0035] In any given implementation, the logical global observability register 307

may comprise any mix of one or more physical registers set by system software,

hardwired bits, or dynamic signals from slave devices, as required or desired in a

particular application.

[0036] Referring to FIGS. 1-3, an example will now be provided to illustrate the

manner in which the global observability register bits can be used to suppress memory

barriers. In this example, the processing system may be configured such that the first

processor 102a can access the first, second, and third memory devices 104a, 104b,

104c. When a strongly-ordered data transfer bus transaction issued by the first

processor 102a to the first memory device 104a (or alternatively when a memory

barrier operation issued by the first processor 102a is at the output of the bus register

202), the corresponding attribute from the first input register 302 enables the memory

barrier generator 306. The data provided to the memory barrier generator 306 from the

second input register 304 identifies the memory devices, other than the target memory

device, that the first processor 104a can access. In this case, the data identifies the



second and third memory devices 104b, 104c. The memory barrier generator 306

checks the bits 307b, 307c in the logical global observability register 307 corresponding

to the second and third memory devices 104b, 104c to determine whether either of

memory device 104b, 104c is globally observable. In this example, bit 307b indicates

global observability, and bit 307c does not. Accordingly, a memory barrier bus

transaction is issued to the third memory device 104c, and the memory barrier to the

second memory device 104b is suppressed.

[0037] Returning to FIG. 3 , logic 308 in the controller 208 may be used to monitor

feedback from the memory devices for memory barrier acknowledgements. A "memory

barrier acknowledgement" is a signal from a memory device indicating that every data

transfer operation from the processor requiring a strongly-ordered data transfer bus

transaction or issuing a memory barrier operation, that preceded the memory barrier,

has been executed. The data from the second input register 304 and the bits of the

logical global observability register 307 are used by the logic 308 to determine which

memory devices should be monitored for memory barrier acknowledgements. When

the logic 308 determines that all necessary memory barrier acknowledgements have

been received, it generates a trigger that is used to release the corresponding data

transfer bus transaction from the bus register 202 (or the next pending data transfer

bus transaction if the memory barrier operation was issued directly by the master

device). More specifically, the attribute from the first input register 302 is provided to

the input of a select multiplexer 310. The multiplexer 310 is used to couple the trigger

generated by the logic 308 to the bus register 202 when the attribute indicates that the

data transfer bus transaction is strongly-ordered. The release signal output from the

multiplexer 310 is also coupled to the decoder to synchronize the timing of the bus

switch 206 (see FIG. 2).

[0038] Once the data transfer bus transaction is released from the bus register, it is

routed to the target memory device through the bus switch 206 (see FIG. 2). A second

multiplexer 312 in the controller 208 may be used to delay the release of data from the



first and second registers 302, 304 until a data transfer acknowledgement is received

from the target memory device when an attribute indicating a strongly-ordered data

transfer bus transaction or master device-issued memory barrier operation is applied to

the select input. As discussed above, the attribute included in the bus transaction

enforces an ordering constraint on the target memory device. Namely, the target

memory device executes all outstanding data transfer operations issued by the

originating processor before executing the strongly-ordered data transfer operation. A

data transfer acknowledgement is generated by the target memory device following the

execution of the strongly-ordered data transfer operation. The data transfer

acknowledgement is fed back to the multiplexer 312 in the controller 208, where it is

used generate a trigger to release new data from the first and second registers 302,

304 corresponding to the next data transfer bus transaction in the bus register 202. If

the new data includes an attribute indicating that the corresponding data transfer bus

transaction in the bus register 202 is strongly-ordered or comprises a master device-

issued memory barrier operation, then the same process is repeated. Otherwise, the

data transfer bus transaction can be released immediately from the bus register 202.

[0039] The controller 208 is configured to immediately release a data transfer bus

transaction from the bus register 202 when the corresponding attribute in the first input

register 302 indicates that the request is not strongly-ordered or a master device-

issued memory barrier operation. In that case, the attribute disables the memory barrier

generator 306. In addition, the attribute forces the multiplexer 310 into a state which

couples an internally generated trigger to the bus register 202 to release the data

transfer bus transaction. The data transfer bus transaction is released from the bus

register 202 and coupled to the target memory device through the bus switch 206 (see

FIG. 2). The data corresponding to the next data transfer bus transaction is then

released from the first and second registers 302, 304 by an internally generated trigger

output from the second multiplexer 312 in the controller 208.



[0040] FIG. 4 is a functional block diagram illustrating another embodiment of a

controller in a bus interconnect for a weakly-ordered processing system. In this

embodiment, a strongly-ordered data transfer bus transaction is released from the bus

register 202 by the controller 208 at the same time the memory barriers are provided to

the appropriate memory devices. More specifically, the first input register 302 is used to

provide the attribute for a data transfer bus transaction to the memory barrier generator

306. If the attribute indicates that the corresponding data transfer bus transaction is

strongly-ordered, then the memory barrier generator 306 is enabled. When the memory

barrier generator 306 is enabled, the data from the second input register 304 is used to

identify each memory device accessible by the originating processor, other than the

target memory device. For each memory device identified, the memory barrier

generator 306 checks the corresponding bit of the logical global observability register

307. A memory barrier is then generated for each memory device, other than the target

memory device, that does not (at that time) indicate that it is globally observable.

[0041] With the memory barrier generator 306 enabled, logic 314 in the controller

208 may be used to prevent subsequent data transfer bus transactions from being

released from the bus register 202 until the strongly-ordered data transfer bus

transaction is executed by the target memory device. A delay 316 may be used to allow

an internally generated trigger to release the strongly-ordered data transfer bus

transaction from the bus register 202 before the trigger is gated off by the attribute. In

this way, the data transfer bus transaction can be provided to the target memory device

concurrently with the memory barriers for the remaining, non-globally observable

memory devices accessible by the originating processor.

[0042] Logic 318 may be used to monitor feedback from the memory devices for

the data transfer acknowledgement from the target memory device, and the memory

barrier acknowledgements. The data from the second input register 304 and the bits of

the logical global observability register 307 are used by the logic 318 to determine

which memory devices need to be monitored for memory barrier acknowledgements.



When the logic 318 determines that the various data transfer and/or memory barrier

acknowledgements have been received, it generates a trigger to release new data from

the first and second input registers 302, 304 corresponding to the next data transfer

bus transaction in the bus register 202. The trigger is coupled through a multiplexer

320 which is forced into the appropriate state by the attribute from the first input

register 202. If the new data includes an attribute indicating that the corresponding data

transfer bus transaction in the bus register 202 is strongly-ordered, then the same

process is repeated. Otherwise, the data transfer bus transaction can be released

immediately from the bus register 202 with an internally generated trigger via the logic

314. An internally generated trigger may also be coupled through the multiplexer 320 to

release the data from the first and second input registers 302, 304 for the next data

transfer bus transaction in the bus register 202.

[0043] Although the present invention has been described herein with respect to a

controller 208 within the bus interconnect 108 of a shared bus system, those of skill in

the art will readily recognize that the invention is not limited to such implementation. In

particular, the global observability indicator for each slave device may be propagated to

or accessible by each master device, which may determine whether a memory barrier

bus transaction is required, and if so, to which slave devices it should be directed.

[0044] Although the present invention has been described herein with respect to

particular features, aspects and embodiments thereof, it will be apparent that numerous

variations, modifications, and other embodiments are possible within the broad scope

of the present invention, and accordingly, all variations, modifications and

embodiments are to be regarded as being within the scope of the invention. The

present embodiments are therefore to be construed in all aspects as illustrative and not

restrictive and all changes coming within the meaning and equivalency range of the

appended claims are intended to be embraced therein.



CLAIMS

What is claimed is:

1. A weakly-ordered processing system, comprising:

a plurality of slave devices;

at least one master device configured to direct data transfer bus transactions to

one or more slave devices; and

a bus interconnect configured to implement data transfer bus transactions

between master and slave devices, and further configured to direct an

execution synchronization bus transaction to one or more slave devices

that are not globally observable in response to an execution

synchronization bus transaction request from a master device.

2 . The system of claim 1 wherein the bus interconnect includes a logical global

observability register comprising a plurality of bits, each bit corresponding to a slave

device and indicating whether the slave device maintains global observability.

3 . The system of claim 2 wherein the global observability register comprises one

or more physical registers set by system software during system initialization.

4 . The system of claim 3 wherein the system software polls configuration registers

in slave devices to ascertain their global observability.

5 . The system of claim 2 wherein one or more bits of the logical global

observability register are hard-wired.

6 . The system of claim 2 wherein one or more bits of the logical global

observability register comprise dynamic binary signals from slave devices.



7 . The system of claim 6 wherein a slave device buffers data transfer operations

prior to executing the data transfer operations, and wherein the slave device indicates it

is globally observable via a dynamic binary signal to the logical global observability

register when its buffer is empty.

8 . The system of claim 1 wherein data transfer bus transaction requests from the

master devices include an attribute indicating whether the data transfer bus transaction

is strongly-ordered.

9 . The system of claim 1 wherein each slave device receiving the execution

synchronization bus transaction executes all previously received data transfer

operations from at least the master device issuing the strongly-ordered data transfer

bus transaction.

10. The system of claim 1 wherein the slave device to which the strongly-ordered

data transfer bus transaction is directed appears to master devices to have executed

all previously received data transfer operations from at least the master device issuing

the strongly-ordered data transfer bus transaction, prior to executing the strongly-

ordered data transfer bus transaction.

11. The system of claim 1 wherein the bus interconnect directs the execution

synchronization bus transaction only to non-globally observable slave devices to which

the master device issuing the strongly-ordered data transfer bus transaction request

may direct data transfer bus transactions.

12. The system of claim 1 wherein the bus interconnect is further configured to

direct an execution synchronization bus transaction to one or more slave devices that



are not globally observable in response to a strongly ordered data transfer bus

transaction request.

13. A bus interconnect operative to direct data transfer bus transactions from one or

more master devices to two or more slave devices in a weakly-ordered processing

system, comprising:

a bus register operative to queue data transfer bus transaction requests; and

a controller operative to control the issuance of data transfer bus transactions

from the bus register and further operative to issue an execution

synchronization bus transaction to one or more slave devices that are

not globally observable in response to an execution synchronization bus

transaction request from a master device.

14. The bus interconnect of claim 13, wherein the controller includes a logical global

observability register indicating which slave devices are globally observable.

15. The bus interconnect of claim 14 wherein the logical global observability register

comprises a physical register set by system software.

16. The bus interconnect of claim 15 wherein the system software polls status

registers in slave devices to ascertain their global observability, prior to setting the

global observability register.

17. The bus interconnect of claim 14 wherein one or more bits of the logical global

observability register are hardwired by system designers.

18. The bus interconnect of claim 14 wherein one or more bits of the logical global

observability register comprise dynamic binary signals from slave devices.



19. The bus interconnect of claim 18 wherein a slave device is operative to buffer

data transfer operations prior to executing them, the slave device indicating global

observability via a dynamic binary signal when the buffer is empty.

20. The bus interconnect of claim 12, further comprising a decoder logically

connected to the controller and operative to ascertain to which slave device a pending

data transfer bus transaction is directed, and further operative to detect strongly-

ordered data transfer bus transactions.

2 1 . The bus interconnect of claim 14, further comprising a bus switch receiving data

transfer bus transactions from the bus register, the bus switch operative to direct the

data transfer bus transactions to slave devices under the control of the decoder.

22. The bus interconnect of claim 13 wherein the controller is further operative to

issue an execution synchronization bus transaction to one or more slave devices that

are not globally observable in response to a strongly ordered data transfer bus

transaction request.

23. A method of executing a strongly-ordered data transfer bus transaction in a

weakly-ordered processing system including one or more master devices and two or

more slave devices, comprising:

maintaining an indication of which of the slave devices are globally observable;

and

issuing an execution synchronization bus transaction to one or more slave

devices that are not globally observable in response to an execution

synchronization bus transaction request from a master device.



24. The method of claim 23 further comprising detecting a strongly-ordered data

transfer bus transaction by decoding an attribute of each data transfer bus transaction

request received from a master device.

25. The method of claim 23 wherein the execution synchronization bus transaction

is issued only to non-globally observable slave devices to which the master device

issuing a strongly-ordered data transfer bus transaction request may direct data

transfer bus transactions.

26. The method of claim 23 wherein in maintaining an indication of which of the

slave devices are globally observable comprises maintaining a logical global

observability status register, one bit of which corresponds to each slave device.

27. The method of claim 26 further comprising:

polling status registers in slave devices during initialization to ascertain each

slave device's global observability; and

setting a physical global observability status register.

28. The method of claim 26 wherein maintaining an indication of which of the slave

devices are globally observable comprises receiving a dynamic binary signal from one

or more slave devices indicating the slave device's global observability.

29. The method of claim 23 further comprising, for each a slave device receiving an

execution synchronization bus transaction, executing all pending data transfer

operations from at least the master device issuing the strongly-ordered data transfer

bus transaction request.



30. The method of claim 23 further comprising, for the slave device receiving the

strongly-ordered data transfer bus transaction, executing all pending data transfer

operations from at least the master device issuing the strongly-ordered data transfer

bus transaction request, prior to executing the strongly-ordered data transfer bus

transaction.

3 1 . The method of claim 23 further comprising:

Receiving a strongly-ordered data transfer bus transaction request.
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