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A METHOD FOR BURSTING PROCESSOR DATA
TO OR FROM AN I/O DEVICE

FIELD OF THE INVENTION

This invention relates to a method for bursting processor data to or from an I/O device over

a bus.



BACKGROUND OF THE INVENTION

Computer systems such as c;Jmputer workstations operate due to the passage of information
between at least one microprocessor and various subsystems. Communications between the
microprocessor(s) and subsystems occur over a data communication pathway called a bus. In a
present-day system, there is often a need for Input/Output (I/O) subsysterns, such as monitors,
graphics adapters, and IDE-type’ devices, to receive or send information, via a bus, to or from a
microprocessof.

Today's computer systems are being designed with microprocessors of ever-increasing
speed; however, the I/O subsystems are not keeping pace. 1/O devices are moving further away
from the processors in terms of the chips and buses that must be crossed and in the increased
Jatency of programmed operations to these devices. This is leading to a loss in potential
performance when the processor is used in applications to send or receive data to or from the 1/0
devices. These applications can inci'ude using a processor to control graphics adapters and IDE-
type devices. .

Typically, these I/O devices are “mapped into" the memory space of the processor. Instead
of issuing input/output instructions, as was common in older processors, today's processors issue
memory-type instructions (e.g., loads or stores) to send/receive information to the 170 device, as
if the device was part of the memory. However, rather than residing in memory, these devices
in fact are attached to an I/O bus such as ISA or PCI. These devices must be mapped into the non-
cachable memory space of the processor's memory, since these devices do not obey all the rules
of cachable memory protocols, such as full coherency, burst ordering, deadlock prevention, etc.

Because these devices are in non-cachable space, each processor access must be issued to the
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external bus and only very small data transfers can be made, with each load or store typically
transferring 1-8 bytes of data, Si;xce these buses are running several times slower than today's
processors, severe loss of performance is generated by multiple transfers across the bus hierarchy
(arbitration, crossing asynchronous boundaries, etc.)

In contrast, a processor's ability to sen§ or receive data to/from cachable memory is made .
much more efficient by virtue ofithe ability to "burst” a Iarge amount of data over the bus at one
time. Instead of trgnsferring 1-8 bytes per instruction, a cachable system can burst an entire cache
line of data in one instruction (typi_cally 32, 64, or 128 bytes).

In the current prior art scheme used to perform non-cachable fetches, the processor must
wait to receive each packet of data it has requested from an I/O device. The current invention's
emulation of a cache-line read from an I/O device helps overcome this limitation in prior art
systems by enabling the processor to access additional data by accessing the cache (1-2 processor
cycles) instead of performing additional fetches from the non-cachable memory mapped to the
desired I/O device (ilundreds of processor cycles).

A second benefit of this-aspect of the invention is that it allows the processor to utilize its
cache for pre- or post-transfer data processing while, at the same time, transferring additional data
to or from the I/O device. Such a "pipelining" feature is not possible with the current method of

programmed I/O transfers.



SUMMARY OF THE INVENTION

The present invention relages to a method for bursting processor data to or from an IO
device within a computer system. The method is used to emulate the burst capabilities of a
cachable system when the processor writes to, or reads from, a non-cachable I/0 device. Thus,
the method addresses many of the disadvantages found in prior art systems in which processors
must send or receive data from non-cachable I/O devices using a DMA scheme.

The present invention is implemented within the context of a computer worksiation system
that allows information to be transferred between at least one microprocessor and at least one ﬁO
- device over at least one bus. The preferred embodimeﬁt comprises three modes of emulated
cache-line data transfer: a WRITE from the ﬁrocessor to the I/O device; a READ, which transfer:s
data from the IO device to the processor; and a MOVE, which transfers data from one I/0 devide
to another I/O device rather than to the processor. These functions are initiated by receipt of a
"Write Trigger" or "Read Trigger':' command from the processor to the memory/I/O controller
of the system. In the preferred embodiment, the functions of the present method are performed
in an I/O bridge unit, -which is part of the memory/I/O controller. Upon receipt of a trigger
command, the I/O bridge unit will initiate intermediate processing that transfers data between an
I/O device and an internal cache-emulation buffer. The present .method also provides for the 170
bridge unit to intercept processor cachable-read and -write instructions to memory pages
d&iéﬁated as pages that are to participate in the emulated cache-line transfer scheme embodied in
this invention. This is accomplished through the use of registers in the memory/I/O controller
which are loaded with the addresses of designated memory pages to be mapped out of the main

memory space and used as cache-emulation buffers. The I/O bridge unit can then associate the
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processor cachable-read and -write instructions to a corresponding IO adapter address in I/O
space or memory-mapped I/O space. This is accomplished through the use of registers in the

memory/1/O, controller which are loaded with I/O adapter addresses.
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BRIEF DESCRIPTION OF THE DRAWINGS

The foreground aspects an;i other features of the present invention are explained in the
following written description, taken in connection with the accompanying drawings, wherein:

Figure 1 is a computer system in which the present invention can be employed;

Figure 2 is a schematic representation of an internal memory map depicting various
memory allocations and register’s used in implementing the present method;

Figure 3 is a block diagram illustrating data flow in the present method between the
microprocessor cache, the I/O bridge controller, and the I/O bus;

Figtire 4 illustrates the format of the “trigger" commands;

Figure 5 is a flow chart of the processor fuﬁctions involved in the WRITE portion of the
present method; | f

Figure 6 is a flow chart of the processor functions involved in the READ portion of the
present method;

Figure 7 is a flow chart of the operations of the I/O bridge unit ("Controller") in the
present method;

Figure 8, a continuation of the flow chart represented in Figure 7, is a flow chart of the
Cdntroller's read trigger portion of the present method; and

Figure 9 is a flow chart illustrating the processor functions involved in the MOVE portion
of the present method that allows emulated cache-line burst transfers of information from one I/O

device to another.
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DETAILED DESCRIPTION OF THE DRAWINGS

The method of the present invention is implemented in the context of a computer

workstation system with at least one microprocessor and at least one IO device that can utilize at

least one bus to transfer information to each other. A computer system typically used in

- conjunction with a software operating system that controls communications between
micCroprocessors aﬁd 1/0 devices is illustrated in Figure 1. A computer workstation system is the
combination of interconnected components. For example, a microproéessor 10 is connected by
data link 14 to a data bus 20 and connected by data link 16 to an address bus 22. Additional
microprocessors 10b, 10c may be similarly connected to the processor data bus 20 aﬂd the
processor address bus 22. :An arbiter 12 geﬁerally i)roc&sses requests from a processor 10 to
assign access to the data bus 20 and address bus 22. While the preferred embodiment of the
present invention includes multiple processors 10a, 10b, 10c, an alternative embodiment can
include a single processor. Single processor systems do not require the arbiter 12.

Computer worksfation systems are additionally composed of at least one system memory
card 46 or memory module. Once the arbiter 12 assigns access on the data bus 20 and address bus
22 in response to a processor 10 request, such request is typically processed by memory controller
logic executed by a data chip 32 and an address chip 34. The memory controller can be optionally
combined with the IO bus controller function in one component called a memory/I/O bus
corl1;1.-oller 30. The memory/I/O bus controller 30 controls processor 10 access to memory 46 and
to the I/0 mezzanine bus 36. The I/O mezzanine bus 36 is connected by data link 38 to one ‘or
more I/O bridges 40 whose functionality may also be incorporated into the memory/I/O controller

30. In the preferred embodiment, the method of the present invention is performed in the I/O
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bridge 40. It should be noted that, while the ermllation logic is performed {;y the I/O bridge 40
resident, in the preferred embodi;nent, in the memory/I/O controller 30, certain supporting
fanctions must be performed by the processor 10. These processor functions are described in
detail below in the discussion of Figures 5, 6, and 9.

The 1/O bridge 40 intercepts, as explained later, trigger commands and processor 10
requests for comxﬁunication with an input/output device 60. The I/O bridge 40 then processes
these requests to allow emulated cache-line burst transfers of data to or from the I/O device 60
over the I/O bus 50. This function is also explained below, in the discussion of Figure 7.

Figure 2 is a schematic representation of an internal memory map depicting various
regis:ters and memory space allocations used in implementing the invention. The cache line buffer
address register (“CLBAR”) 100 typically contains a page address 112 to be “mapped out" of
memory 46 and used to transfer data to an I/O devjce 60. The address 112 in the CLBAR 100
corresponds to the initial memory address of a mapped page 108.

The I/O target address register ("IOTAR") 102 typically contains an I/O adapter address
114 in non-cachable memory. The address 114 in the IOTAR 102 corresponds to the initial
address in memory-mapped I/O space of the I/O device 60.

In connection with Figure 2, it should be noted that the preferred embodiment contains
multiple CLBAR registers 100 and multiple IOTAR tegisters 102. An index X 308 is used as an
off-s;t to access the particular desired pair of CLBAR 100/IOTAR 102 registers.

Finally, the trigger address space 104 is a predetermined range of addresses that are used
by the memory/I/O controller 30 to decode the trigger commands that are explained below in

connection with Figure 4.
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Figure 3 is a schematic representation of data flow between the microprocessor 10, the
microprocessor cache 200, the I/O‘bridge 40, and the I/O bus 50. If the processor 10 requests to
send or receive data from an address that matches the contents 112 of the CLBAR 100 indicating
a designated "mapped page" 108, the I/O bridge controller 40 will intercept the instruction and
proceed with the IO burst emulation logic described below, ultimately transferring the appropriate
amount of data over the I/O bus 50 between a cache-emulation buffer 120 and an I/O device.
Otherwise, the system will perform a cache-line operation to memory 46 in a manner well know.nd

Figure 4 is a schematic representation of the data format of a "trigger" command 300. The
trigger command 300 is issued by the processor 10 to the memory/I/O controller 30. The left-
most bits 302 of a trigger command 30 contain an address that falls within the range of trigger
address spaces 104 used by the controller 30 to decode trigger commands 300. The mid-order bits
304 contain a numerical index 308 which indicates which CLBAR 100/IOTAR 102 pair of
addresses to be used for the desired xbpcration. The right-most bits 306 contain a numerical value
310 representing the number of bytes of daté to be transferred in the desired operation.
PROCESSOR WRITE OPERATION

Figure 5 is a flow chart which illustrates the steps 400 executed by the processor 10 in
initiating the WRITE operation of the present method. First, the processor attempts to initialize
402 an indexed CLBAR register 100 within the memory/I/O controller 30 with the real address
112‘ 6f a memory page 108. Similarly, the processor 10 also attempts to initialize 404 an IOTAR
register 102 within the memory/I/O controller 30 with the real address 114 of the mapped I/O
adapter in PCI space 106. Index X 308 is used to determine which CLBAR 100/I0TAR 102 pair

of registers will be used for the operation. It should be noted that these initialization requests 402,
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404 will be received (see 602 of Figure 7) by the memory /I/O controller 30. If a read or write
is pending (see 604 of Figure 7): the initialization requests 402, 404 will be rejected by the
controller 30_ (see 606 of Figure 7), and must be retried by the processor 10. In the event of
successful initialization of the proper CLBAR100/IOTAR102 pair, the processor next allocates
406 a line 202 in the processor cache 200 to be used for the write operation. The cache-line.
alfocated is associated with the pige 108 whose address 112 is programmed in the indexed CLBAR
register 100. The processor 10 initializes 408 a pointer (not shown) to point to the beginning
address of the cache-line 202. An internal cache-line byte-count (not shown) is also reset 408.to
zero. The processor 10 next enters 410 data destined for I/O device 60 into the cache-line 202
using processor stores to the memory page 168 whose address 112 was loaded into the indexed
CLBAR 100 being currently used. With each processor store, the internal cache-line pointer (not
shown) is updated. The internal cache-line byte-count register (not shown) is also updated 412
to reflect the number of bytes of data stored in the cache-line 202.

When the processor 10 has completed 414 entering data for the current write operation into
the cache-line 202, it forces 416 the data out of the cache 200 to the memory/I/O Controller 30
in a burst transaction of the full cache line 202. This action generates a processor write command
which is intercepted and processed by the Controller 30 (See 680 of Figure 7). In order to initiate
intezjnediate processing of the cache-emulation buffer 120, the processor issues 418 a write trigger
cc&nmand 300 in the format depicted in Figure 4. The trigger command 300 contains the current
value 308 of the internal cache-line byte-count (not shown) in the right-most bits and also contains
Index X 308 in the mid-order bits 304. Steps 408 through 418 may be repeated to accomplish

additional I/O writes until the processor has no more data to send 420.
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PROCESSOR READ OPERATION

Figure 6 is a flow chart wiﬁch illustrates the steps S00 executed by the processor 10 in
initiating the READ operation of the present method. First, a CLBAR register 100 within the
memory/I/O controller 30 is initialized 502 with the real address 112 of a memory page 108.
Similarly, an IOTAR register 102 within the memory/I/O controller 30 is initialized 504 with the
rgal address 114 of the mapped ¥/O adapter in PCI space 106. Index X 308 is used to determine
which CLBAR 100/IOTAR 102 pair of registers will be used for the operation. The initialization
steps 502, 504 will not be processed by the memory/I/O controller 30 if a read or write is pendmg
(see 604, 606 of Figure 7). In the event of successful initialization, the processor 10 will issue
506 a read trigger command 300 in the format depicted in Figure 4. The numerical value 310 in
the right-most bits 306 of the trigger command 300 represents the number of bytes of data to be
transferred from the I/O device 60 to the processor cache 200. It should be noted that the read
trigger command issued 506 by tif:e processor 10 will not be processed by the memory/I/O
controller 30 if the cache-emulation buffer 108 is already full. (See 616 of Figure 7). In such a
situation, the processor 10 must retry the read trigger command.

In order to keep from reading "stale" data, the processor initially invalidates 508 the
processor cache-line 202, Processor 10 accomplishes this invalidation function by issuing a “data
cach; invalidate" instruction to the address 112 residing in the indexed CLBAR register 100.
Aﬁer the memory/I/O controller 30 processes the read trigger command issued 506 by the
processor 10 and fills the cache-line buffer 120 from IfO using burst transfers (see 704, 706 of
Figure 8), the cache-line buffer 120 will be ready to be read into the processor cache-line 202.

Thus, the processor issues 510 a Read instruction to the real address 112 that was loaded into the
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indexed CLBAR register 100. This operation functions to dump a cache-line block of data from
the cache-line buffer 120 associateci with the address 112 in the indexed CLBAR register 100 into
the processor cache-line 202. The processor 10 may then proceed to process 512 the data in the
cache-line 202. The processor may repeat steps 506-512 to request additional I/O reads until the
processor no longer requires them 514.
PROCESSOR MOVE OPERATION

For certain applications, a processor 10 may command the Controller 30 to read a burst
of data from one I/O device 60 into the cache-emulation buffer 120, reprogram the IOTAR 102,
and trigger a write to another I/O device 60 without ever commanding a transfer of data into the
processor cache 200. This is a highly useful function for compressing or uncompressing data,
encoding data, etc. This function is the MOVE portion of the present invention. The steps 800
associated with this function are shown in the flow chart in Figure 9. To initiate the operation,
the processor 10 requests 802 initialization of an indexed CLBAR register 100 with the real
address 112 of a memory pége 108 to be used in the MOVE operation. The processor 10 also
requests 804 initialization of an indexed IOTAR register 102 with the real address 114 of an I/O
adapter in PCI space 106. This address 114 corresponds to the source I/O device 60. As with the
processor READ and WRITE functions, initialization steps 802 and 804 will not be processed by
the memory/I/O controller 30 if a read or write is pending (see 604, 505 of Figure 7). In the event
of éuccessful initialization, the processor 10 will issue 806 a read trigger command 300 in the
format depicted in Figure 4. (This will cause the memory/I/O controller 30 to issue 704 a read
burst to the I/O address 114 found in the indexed IOTAR 102 and place 706 the read data in the

cache emulation buffer 120 associated with the memory page address 112 in the CLBAR 100. See
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Figure 8). The processor then requests 808 initialization of the iﬁdcxed IOTAR register 102 with
the real address of the target I/O d;evice 60. The processor next issues 810 a write trigger to the
Controller 30. (This will cause the memory/I/O controller 30 to send 618 the data in the cache-
emulation buffer 120 to the target I/O device 60. Sec Figure 7). Steps 804-810 may be repeated
until the processor no longer requests. 812 additional MOVE operations.
MEMORY CON;I‘ROLLER OPERATIONS

Figure 7 is a flow chart of the functions performed by' the memory/I/O controller
("Controller") 30 (specifically, the-I/O Bridge Unit 40) in the present method. The Controller 30
performs four basic classes of functions: 1) initialization of CLBAR 100 and IOTAR 102 register
contents 112, 114, respectively; 2) proccssin:g of trigger commands 300; 3) processing a cache-line |
"read" command from the processor 10; and 4) processing a cache-line “write" command from'
the processor 10. Initialization, represented by steps 602 - 608 in Figure 7, is a relatively minor
function; the bulk of the Controller‘--.s'-30 portion of the present method involves the processing of
trigger commands 300, “read" commands, and "write" commands.

Initialization

‘When the processor 10 attempts to read to or write from an address that corresponds to the
range of addresses allocated for CLBAR 100 or IOTAR 102 registers, such attempt is intercepted
by the Controller 30. The Cbntroller 30 checks 602 to determine if the processor’s 10 attempted
ré;\d or write is destined for one of these registers 100, 102. If so, the controller 30 then
determines 604 if a read or write cache-line burst emulation operation is in progress. (When
processing a trigger command, the Controller sets these “pending" indicators to lock out reads or

writes to/from the registers 100, 102. See 614 of Figure 7 and 702 of Figure 8). If so, the
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Controller 30 rejects 606 the read or write, causing the processor 10 to retry the operation. If no
read or write is pending, the Conu:oller 30 will update the contents 112 or 114 of the CLBAR 100
or JOTAR 102 register as requested by the processor 10.

Trigger Commands

Emulated burst cache-line communications with an I/O device 60 is a two-step process.
In order for the ulﬁmate step - transmission of data to or from the processor cache 200 - to occur,
an intermediate step must be performed. Processing of "trigger” commands 300 represents this
intermediate step. ‘This intermediate step involves dumping data from the internal cache-emulation
buffer 120 to the I/O device 60 on a write operation. For read 6perations, the intermediate step
involves fetching data from the I/O device 60 into the internal cache—cmufétion buffer 120. A
trigger command 300 indicates to the Controliex.' 30 how many bytes of data 310 are to be
transferred to or from the /O device 60 into or from an internal buffer 120, and which pair of
CLBAR 100/IOTAR 102 registers to use. The address 114 in the indexed IOTAR register 102
indicates to the Controller 30 which IO device 60 is to be involved in the operation. The address
112 in the indexed CLBAR register 100 to the Controller 30 which mapped page 108 is to be
involved in the operation. Upon receipt of a trigger command 300 from the processor IO, the
Controller 30 recognizes 610 its as a trigger command by determining that the left-most bits 302
contgin an address that falls within the range of addresses allocated as trigger command space 104.
These addresses 104 are used by the Controller 30 to decode trigger commands 300. If the
Controller 30 has received a read trigger, the Controller performs the Read Trigger operation, ‘as
described below in connection with Figure 8. If the Controller 30 has received a write trigger,

the Controller performs the intermediate /O buffer-dump step as follows.
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First, the Controller 30 sets 614 the write pending latch (not shown) to lock out processor
10 attempts to read to or write frt;m CLBAR 100 or IOTAR 102 registers. The write pending
latch is also vital to the processing of controller write commands (sec 688 of Figure 7). If the
cache-emulation buffer 120 corresponding to the address 112 at the indéxed CLBAR register 100
is full 616, then the buffer is ready for transmissipn to the I/O device 60.. Thus, the Controller
30 will send 618 ciata from such’cache-emulation buffer 120 to the 1/O device 60 by performing
a burst move to the address 114 in the indexed IOTAR register 102. The Controller thus transfers
the number of bytes 310 of data indicated in the write trigger command 300 to the adapter in PCI
space 106, over the 1/0 bus 50. After this transfer of data, the Controller 30 resets 620 a "buffer
full" indicator (not shown) and the write-pending iatch (not shown). By' this portion of the
method, the Controller 30 has intercepted a cache-line write and performed the intermediate step
of performing a burst transmission of appropriate byte length to the I/O device 60.

It should be noted that the processor 10 may issue 418 a write trigger command and write
416 the cache-line in any order. However, both must occur before the data in the cache-emulation
buffer 120 can be sent 618 to the I/O device 60. This is the reason for the check 616 to verify that
the buffer 120 has been filled upon receipt 610 of a write trigger command and for the check 688
to verify that a write trigger command has been received upon receipt 680 of a write command.

If a read trigger has been received 612, the Controller 30 will perform steps 700 - 710
shox;vn in Figure 8. The Controller 30 will determine 700 if an intermediate emulated cache-line
burst read operation is already pending. If so, the Controller 30 rejects 710 tile read trigger
transmission from the Controller 30, causing the processor 10 to retry the transmission. If no

intermediate cache-line burst emulation read was previously in progress, the Controlier 30 will
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accept the transmission and will initiate a read emulation by setting 702 the "read pending* latch
(not shown). The Controller 30 tl;en performs the intermediate read by issuing 704 a read burst
to the I/0 device 60 whose address 114 resides in the indexed IOTAR 102. This transmission
receives the number ‘of bytes 310 of data indicated in the right-most bytes 305 of the read trigger
command previously decoded 610, 612 by the Controller 30. The data received during the
intermediate I/O read operation’704 is stored 706 in the cache-emulation buffer 120 associated
with the address 112 in the indexed CLBAR register 100. The Controller 30 then sets 706 a
"buffer full" latch (not shown) to indicate that the intermediate read step is complete and the data
is therefore ready for transmission to the processor cache 200; Because the intermediate read step
is corﬁplete, the Controller 36 resets the ;'réad pending" latch (not shown).

i i

Read Command

As described above in connection with Figure 6, during the READ portion of the present
method, the processor 10 issues 506 a "read trigger” command to initiate intermediate buffer
processing 508 and then also issues 510 a read instruction ("read command") to the real address
112 loaded in the indexed CLBAR register 100. The steps 650-660 associated with the
Controller's 30 processing of this read command are shown in Figure 7.

If the Controller 30 determines 650 that a read command has been issued 510 from the
processor 10 to the Controller 30, the Controller 30 checks 652 to determine if the processor 10
has attempted to read from an address fafling within the range of addresses allocated as CLBAR
registers 100. If not, the read is processed 670 as a normal cache-line read operation in a manner
well known. If the read command has been attempted to a CLBAR 100 address, the Controller

intercepts it and performs steps 654-660 as described below.
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First, the Controller 30 determines 654 whether the cache-emulation buffex: 120 associated
with th_e indexed CLBAR 100 is 'full‘, and thus ready for transmission to the processor 10. If so,
the data in the cache-emulation buffer 120 will be sent 656 to the processor 10 in a burst, thus
completing the second step of the emulation method. If the cache-emulation buffer 120 is not full,
the Controller 30 will wait for it to fill (ie., the intermediate buffer-filling step is not yet
complete) from th.e 1/O device 60 by continuing to poll the 654 buffer 120 status. An error-
checking feature of the present method will cause the Controller 30 to reject the read command
if the cache-emulation buffer 120 is empty but there is no intermediate processing occurring. In
such a case, if the Controller 30 detects 658 that the "read pending” latch (not shown) is reset (see
708 of Piigure 8), the processor is forced 660 to retry the operation. After completion of a
successfill read, and if more data is desired from an I/O device 60, the present method allows the
prooessbr 10 to issue 506 another read trigger command 300, while at the same time processing
" the cache 202 data received in th.e pr‘évious read transfer 656. This overlap allows for an efficient

“pipeline” effect not possible in prior I/0 communications schemes.
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Wri and _

As described above in comiaction with Figure 5, during the WRITE portion of the present
method, the processor 10, upon filling the cache-line 202 to be transferred in a write operation,
will attempt to force (see 416 of Figure 5) the data out of the cache 200. This action 416 generates
a write command that is received by the memory/I/O controller 30. The Controller's 30
processing of sucﬁ a write command is illustrated by steps 670-688 in Figure 7.

Upon receipt of a write command, the Controller 30 determines 682 whether the memory
address of the attempted write is the address 112 programmed into the indexed CLBAR register_
106. If so, the Controller 30 intercepts the data and stores 684 it in a buffer 120 associated with
the indexed CLBAR register 100. The Controller 30 then marks the buffer 120 associated with
the address 112 in the indexed CLBAR register 100 as full by setting 686 a "buffer full” latch (not
shown). .

It should be noted that the processor 10 may issue 418 a write trigger command and write
416 the cache-line in any order. As a result, the Controller must ensure, upon processing 630-688
a write command from the process 10, that the write trigger command has been received. To do
so, the Controller 10, after filling 684, 685 the cache-emulation buffer, checks 688 to determine
if a write is pending (i.e., a write trigger was previously received). Note that the Controller 30
sets 614 the write pending latch upon receipt 610 of a write trigger command. Thus, if both: 1)
themp.rocessor has written cache-line 202 data to the cache-emulation buffer 120 and 2) a write
trigger has been received, then the Controller 30 will send 618 the data from the cache-emulation
buffer 120 to the I/O device and will reset 620 the “buffer full* latch (not shown) and the "write

pending” latch (not shown). Of course, if the write command intercepted 680 by the Controller
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30 does not attempt to write to thc; address 112 in the indexed CLBAR register 100, then a normal
cache-line write operation will be berformed 670 in a manner well known.

It can be appreciated from the foregoing descriptions and explanations, that the present
invention contemplates a computer system having a at least one processor and at least one I/Q
device. Accordingly, it will be appreciated that the detailed disclosure has been presented by way
of example only and is not intended to be limiting. Various alterations, modifications and
improvements will readily occur to those skilled in the art and may be practiced without departing
from the spirit and scope of the invention. The invention is limited only as required by the

following claims and equivalents thereto,
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) CLAIMS
1. A method of bursting data between an input/output device and a processor comprising the

steps of:
€:)) mterceptmg a cachable processor command requesting communication with the I/O
device; and
- (b) performing an intermediate cachable memory emulation logic to process said

processor command. -

2. The method of Claim 1 further comprises:
()] transferring a burst of data between a cachable memory emulation buffer and the

I/O device.

3. The method of Claim 2 further comprises:
(@  performing a data transfer between said cachable memory emulation buffer and said

Processor.

4. The method of Claim 1 wherein step (a) further comprises intercepting a write trigger

command from the processor.

5. The method of Claim 1 wherein step (a) further comprises intercepting a read trigger

command from the processor.
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6. The method of Claim 1 wherein step (b) further comprises performing cachable memory

emulation logic in an I/O bridge unit within a memory/I/O controller.

7. The method of Claim 6 wherein the I/O bridge unit intercepts processor cachable
commands to at least one memory page.

8. The method of Claim 7 further comprises loading at least one register in the memory/1/O
controller with an address of said-memory page to be mapped out of a main memory space and

- used as a cachable memory emulation buffer.

9. The method of Claim 8 further comprises associating the processor cachable commands

to a corresponding I/O adapter address in an I/O space or a memory-mapped I/O space.

10.  The method of Claim 9 further comprises loading registers in the memory/I/O controller

with I/O adapter addresses.

11.  The method of Claim 3 further comprises intercepting a trigger command specifying a

Iength of data transfer.

12. The method of Claim 1 wherein step(a) comprises specifying a set of emulation logic to

be enabled.
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13. A computer system having a processor and an input/output device comprising:
@ means for intercepting a cachable processor command requesting communication
with the 1/O device; and
(b) -means for performing an intermediate cachable memory emmlation logic to process
said processor command.
14.  The computer system of Claim 13 further comprises:
() means for transferring a burst of data betwéen a cache-emulation buffer and the I/O

device.

15.  The computer system 6f Claim 14 further comprises:
()] means for performing burst data transfer between said cachable memory emulation

buffer and said processor.

16.  The computer system of Claim 13 further comprises means for performing emulation logic

in an I/O bridge unit within 2 memory/I/O controller.

17.  The computer system of Claim 16 wherein the I/O bridge unit intercepts processor cachable

commands to at least one memory page.
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18.  The computer system of Claim 17 further comprises means for loading at least one register
in the memory/I/O controller with an address of said memory page to be mapped out of a main

memory space and used as a cachable memory emulation buffer.

19.  The computer system of Claim 18 further comprises means for associating the processor
cachable commands to a correspdnding I/O adapter address in an /O space or a memory-mapped

I/0 space.

20. The computer system of Claim 19 further comprises means for loading registers in the

memory/I/O controller with I/O adapter addresses.



