
- 2-   4.   The bus bridge as defined in Claim 1 further comprising bus
control circuitry  coupled to the first bus interface and the second bus
interface, the bus control circuitry  for determining whether an outbound
request has been deferred, transferring the  outbound request to the second
bus interface, receiving response information from the  second bus
interface generated in response to the outbound request, and
returning the response information to the first bus interface if the
outbound         request has not been deferred, and
transferring the response information to the inbound request queue if the
outbound request has been deferred.    5.   The bus bridge as defined in
Claim 4 further comprising a deferred reply  generator for receiving
response information from the bus control circuitry and  transferring the
response information to the inbound request queue.     6.   The bus bridge
as defined in Claim 1 further comprising bus target circuitry for
receiving inbound requests from the second bus interface and transferring
the inbound  requests to the Inbound request queue.    7.  The bus bridge
as defined in Claim 1 wherein the outbound request queue has a  plurality
of outbound slots, and wherein each slot of the plurality of outbound slots
contains information corresponding to requests issued by agents coupled to
the first  bus.        



3    8.  The bus bridge as defined in Claim 1 wherein the inbound request
queue has a   plurality of inbound slots, and wherein each slot of the
plurality of inbound slots stores   information corresponding to requests
issued by agents coupled to the first bus or the   second bus.       9.
The bus bridge as defined in Claim 8 wherein at least one of the plurality
of   inbound slots is a deferred reply slot.    10.  (Amended) The bus
bridge as defined in Claim 1, wherein:        the first bus has a first
command protocol;        the second bus has a second command protocol; and
the second bus interface is for translating commands between the first
command  protocol and the second command protocol.    11.  The bus bridge
as defined in Claim 7, wherein each slot of the plurality of  outbound
slots comprises a tag portion, a command portion, an address portion, and a
data pointer portion.    12.  The bus bridge as defined in Claim 8 wherein
each slot of the plurality of inbound  slots comprises a command portion,
an address portion, and a data pointer portion.    13.  A bus bridge for
transferring data between a first bus and a second bus in a  computer
system, the bus bridge comprising:         a first bus interface coupled to
the first bus for receiving data from and placing   data onto the first
bus;      



-4 -         a second bus interface coupled to the second bus for receiving
data from and  placing data onto the second bus;         an inbound request
queue and an outbound request queue coupled to the first  bus interface and
the second bus interface, wherein the inbound request queue has a
plurality of inbound slots, and wherein each slot of the plurality of
inbound slots stores  information corresponding to requests issued by
agents coupled to the first bus or the  second bus; and          decoding
circuitry coupled to the inbound request queue and the outbound  request
queue for placing requests in the outbound request queue and for issuing a
deferred response to the first bus interface to be placed on the first bus
based on  available space in the inbound request queue, wherein the
decoding circuitry  determines whether to issue the deferred response to
the first bus interface based on  whether each inbound slot of the
plurality of inbound slots contains information, the  decoding circuitry
issuing the deferred response to the first bus interface if an inbound
slot does not contain information.    14. The bus bridge as defined in
Claim 11wherein the tag portion identifies whether  a request has been
deferred.    15. A method for transferring a command between a first bus
and a second bus  using a bus bridge, the bus bridge including an inbound
request queue and an outbound  request queue, the method comprising the
steps of:         (a)  transferring a first outbound request from a source
agent on the first bus to  the outbound request queue;         (b)
determining whether the first outbound request is to be deferred;     



-5-          (c)  issuing a deferred response to the source agent and
reserving a slot in the  inbound request queue when the first outbound
request is deferred;       (d) transferring the first outbound request from
the outbound request queue to  a target agent on the second bus; and
(e)  returning response information from the target agent to the source
agent if  the first outbound request is not deferred, and placing the
response information from the  target agent into the inbound request queue
if the first outbound request is deferred.    16. The method of Claim 15
wherein the step (d) comprises removing the first  outbound request from
the outbound request queue and transferring the first outbound  request to
a second bus interface.    17. The method of Claim 15 wherein the step (c)
comprises:        determining a number of slots in the inbound request
queue;        determining a number of slots in the inbound request queue
which are not  currently in use;        determining a number of slots in
the inbound request queue which are currently  labeled as deferred reply
slots; and        issuing the deferred response if an inbound slot exists
which is not in use and  fewer than a predetermined number of inbound slots
are labeled as deferred reply slots.    18.  The method of Claim 15 wherein
the step (d) comprises translating the first  outbound request from a first
command protocol to a second command protocol.       



-6 -  19.  The method of Claiml5 furthercomprising transferring a second
outbound  request from the outbound request queue to a second target agent
on the second bus  and transferring response information for the second
outbound request to the source  agent before the response information for
the first outbound request is transferred to the  inbound request queue.
20. The method of Claim 15 wherein the step (e) comprises placing response
data in  a data buffer if the target agent returns response data, the
inbound request queue  containing an indicator denoting a location of the
data buffer.    21. The method of Claim 15 wherein the step (c) comprises
determining whether a  deferred reply slot in the inbound request queue is
available and issuing the deferred  response if the deferred reply slot in
the inbound request queue is available.    22. A computer system
comprising:         a bus bridge for transferring data between a first bus
and a second bus;         the first bus for transferring data between a
first agent coupled to the first bus  and the bus bridge;         the
second bus for transferring data between a second agent coupled to the
second bus and the bus bridge; and          the bus bridge including,
a first bus interface coupled to the first bus for receiving data from and
placing data onto the first bus,                a second bus interface
coupled to the second bus for receiving data from         and placing data
onto the second bus,      



-7-              an inbound request queue and an outbound request queue
coupled to the        first bus interface and the second bus interface,
decoding circuitry coupled to the inbound request queue and the outbound
request queue for placing requests in the outbound request queue and for
issuing a deferred response to the first bus interface to be placed on the
first bus        based on available space in the inbound request queue, and
an inbound queue allocation unit for determining whether an outbound
request may be given the deferred response.    23. The computer system as
defined in Claim22 wherein the inbound request queue  has a plurality of
inbound slots and the inbound queue allocation unit determines  whether the
outbound request may be given the deferred reply based on a total number
of inbound slots, a number of inbound slots in the inbound request queue
currently  holding information, and a number of inbound slots in the
inbound request queue  currently labeled as deferred reply slots.    24.
The computer system as defined in Claim 22 wherein the bus bridge further
comprises bus control circuitry coupled to the first bus interface and the
second bus  interface, the bus control circuitry being for determining
whether an outbound request  has been deferred, transferring the outbound
request to the second bus interface,  receiving response information from
the second bus interface generated in response to  the outbound request,
and                returning the response information to the first bus
interface if the outbound         request has not been deferred, and
transferring the response information to the inbound request queue if the
outbound request has been deferred.    



-8 - 25. The computer system as defined in Claim 2 2wherein the bus bridge
further  comprises bus target circuitry for receiving inbound requests from
the second bus  interface and transferring the requests to the inbound
request queue.    26. The computer system as defined in Claim 22 wherein
the outbound request  queue has a plurality of outbound slots, and wherein
each slot of the plurality of  outbound slots holds information
corresponding to requests issued by agents coupled to  the first bus.   27.
The computer system as defined in Claim 2 6,wherein each slot of the
plurality of  outbound slots comprises a tag portion, a command portion, an
address portion, and a  data pointer portion.    28.  The computer system
as defined in Claim 22 wherein the inbound request queue  has a plurality
of inbound slots, and wherein each slot of the plurality of inbound slots
stores information corresponding to requests issued by agents coupled to
the first bus  or the second bus.    29.  The computer system as defined in
Claim 28 wherein each slot of the plurality of  inbound slots comprises a
command portion, an address portion, and a data pointer  portion.    30. A
computer system comprising:         a bus bridge for transferring data
between a first bus and a second bus;         the first bus for
transferring data between a first agent coupled to the first bus  and the
bus bridge;    



the second bus for transferring data between a second agent coupled to the
second bus and the bus bridge; and               the bus bridge including,
a first bus interface coupled to the first bus for receiving data from and
placing data onto the first bus,                a second bus interface
coupled to the second bus for receiving data from         and placing data
onto the second bus,                an inbound request queue and an
outbound request queue coupled to the         first bus interface and the
second bus interface, wherein the inbound request         queue has a
plurality of inbound slots, and wherein each slot to the plurality of
inbound slots stores information corresponding to requests issued by agents
coupled to the first bus or the second bus, and                decoding
circuitry coupled to the inbound request queue and the outbound
request queue for placing requests in the outbound request queue and for
issuing a deferred response to the first bus interface to be placed on the
first bus         based on available space in the inbound request queue,
wherein the decoding         circuitry determines whether to issue the
deferred response to the first bus         interface based on whether each
inbound slot of the plurality of inbound slots         contains
information, the decoding circuitry issuing the deferred response to the
first bus interface if an inbound slot does not contain information.    31.
An apparatus for transferring commands between a first bus and a second
bus,  the apparatus including an inbound request queue and an outbound
request queue, the  apparatus comprising:         means for transferring a
first outbound request from a source agent on the first  bus to the
outbound request queue;  



- 10         means for determining whether the first outbound request is to
be deferred;         means for issuing a deferred response to the source
agent and reserving a slot in  the inbound request queue when the first
outbound request is deferred;         means for transferring the first
outbound request from the outbound request  queue to a target agent on the
second bus; and         means for returning response information from the
target agent to the source  agent if the first outbound request is not
deferred, and placing the response information  from the target agent into
the inbound request queue if the first outbound request is  deferred.
32. The apparatus as defined in Claim 31 wherein the means for transferring
comprises means for removing the first outbound request from the outbound
request  queue and transferring the first outbound request to a second bus
interface.    33. The apparatus as defined in Claim 31 wherein the means
for issuing a deferred  response comprises:         means for determining a
number of slots in the inbound request queue         means for determining
a number of slots in the inbound request queue which are  not currently in
use;         means for determining a number of slots in the inbound request
queue which are  currently labeled as deferred reply slots; and
means for issuing the deferred response if an inbound slot exists which is
not in  use and fewer than a predetermined number of inbound slots are
labeled as deferred  reply slots.   



REPLACEMENT SHEET                                           -11-   34. The
apparatus as defined in Claim 31 wherein the means for transferring the
first  outbound request from the outbound request queue to a target agent
on the second bus  comprises means for translating the first outbound
request from a first command  protocol to a second command protocol.    35.
The apparatus as defined in Claim 31 further comprising means for
transferring a  second outbound request from the outbound request queue to
a second target agent on  the second bus, and transferring response
information for the second outbound request  to the source agent before
the-response information for the first outbound request is  transferred to
the inbound request queue.    36. The apparatus as defined in Claim 31
wherein the means for returning further  comprises means for placing
response data in a data buffer if the target agent returns  response data,
the inbound request queue containing an indicator denoting a location of
the data buffer.     37.  The apparatus as defined in Claim 31 wherein the
means for issuing a deferred  response comprises means for determining
whether a deferred reply slot in the inbound  request queue is available
and issuing the deferred response if the deferred reply slot in  the
inbound request queue is available.      WO 95/32474
PCT/US95/06089                                          -1 2- 



Data Transfer Phase             In one mode, the Data Transfer Phase is
optional and used if a       transaction is transferring data. The data
phase is request-initiated, if       the data is available at the time of
initiating the request (e.g., for a write       transaction). The data
phase is response-initiated, if the data is       available at the time of
generating the transaction response (e.g., for a       read transaction). A
transaction may contain both a request-initiated       data transfer and a
response-initiated data transfer.             Different phases from
different transactions can overlap, thereby       pipelining bus usage and
improving bus performance. Figure 3 shows       exemplary overlapped
request/response phases for two transactions.       Referring to Figure 3,
every transaction begins with an Arbitration       Phase, in which a
requesting agent becomes the bus owner. The second       phase is the
Request Phase in which the bus owner drives a request       and address
information on the bus. After the Request Phase, a new       transaction
enters a first-in-first-out (FIFO) queue, the In-Order Queue.       All bus
agents, including the requesting agent, maintain identical In-       Order
Queues and add each new request to those queues. In Figure 3       for
example, request 1 is driven in CLK3, observed in CLK4, and in the
In-Order Queue beginning in CLK5. The third phase of a transaction is
an Error Phase, three clocks after the Request Phase. The Error Phase
indicates any immediate errors triggered by the request. The fourth
phase of a transaction is a Snoop Phase, four or more clocks from the
Request Phase. The Snoop Phase indicates if the cache line accessed in
a transaction is valid or modified (dirty) in any agent's cache. The
Snoop Phase also indicates whether a transaction will be completed in-
order or may be deferred for possible out-of-order completion.
Transactions proceed through the In-Order Queue in FIFO order.       The
topmost transaction in the In-Order Queue enters the Response       Phase.
The Response Phase indicates whether the transaction failed or
succeeded, whether the response is immediate or deferred, and       whether
the transaction includes data phases.             If a transaction contains
a response-initiated data phase, then it       enters data transfer along
with the response phase, the transaction is       removed from the In-Order
Queue at the completion of its Response      WO 95/32474
PCT/US95/06089                                         -1 3-        Phase
and (an optional) response-initiated Data Transfer Phase. As       shown in
Figure 3, transaction 1 is removed from the In-Order Queue       effective
in CLK15.             Due to the split-transaction nature of the bus
described above, it       can be seen that multiple transactions may be
outstanding at any given       time. That is, multiple requests may have
been issued for which no       replies have been returned. In one
embodiment of the present       invention, each agent on the bus can have
up to eight transactions       outstanding.             Figure 4 is an
exemplary block diagram of the bus bridge of one      embodiment of the
present invention. In one mode, bus bridge 400 of      Figure 4 is bridge
224 or 240 of Figure 2. In one embodiment of the      present invention,
I/O bus 402 operates according to the well-known      PCI bus standard.
However, it should be noted that I/O bus 402 may 



operate according to any of a wide variety of standards, such as the
well-known EISA, ISA, or VESA bus standards.             In the discussion
to follow, bus bridge 400 is discussed as being      connected to a
processor bus and an I/O bus. It should be understood      by those skilled
in the art, however, that the examples and      embodiments discussed below
apply equally to interconnect any two      buses, not only a processor bus
and an I/O bus.             Bus bridge 400 includes processor bus interface
410 coupled to      processor bus 401. Processor bus 401 may be for
example, bus 201 of      Figure 2. Processor bus interface 410 is also
coupled to an outbound      request decoder 415, an I/O bus master control
unit 425, and an      inbound request queue 430. Bus interface 410 receives
requests from      processor bus 401 which target either the bridge or
agents on I/O bus      402.             Bus interface 410 includes an
arbitration unit 411, In-Order      Queue 414, and configuration registers
412. Arbitration unit 411      controls bus bridge 400's arbitration for
access to processor bus 401. The      arbitration for access to processor
bus 401 may be performed in any of a      wide variety of conventional
manners. Configuration registers 412      provide configuration values for
bridge 400's operation within the      computer system. These values
include, for example, whether write      WO 95/32474
PCT//US95/06089                                          -1 4-
posting is enabled or disabled, whether deferred replies are enabled or
disabled, etc. Enabling of write posting and deferred replies is discussed
in more detail below.             In-Order Queue 414 is used by bridge 400
to monitor a list of       currently pending transactions on the processor
bus. As discussed       above, a transaction on the processor bus enters
In-Order Queue 414       after the Request Phase and is removed after
completion of the       Response Phase (or Data Transfer Phase, if it
exists).             In one embodiment of the present invention, bus
interface 410       also includes address mapping logic 413. In systems
where processor       bus 401 and I/O bus 402 use different standards, the
addresses associated       with requests may need to be translated. That
is, a request from I/O bus       402 may target an address which is not in
the proper format to be       placed on processor bus 401. Address mapping
logic 413 performs this       translation. The translation is based on the
standards of the two buses       and is performed in a conventional manner.
Requests are issued on processor bus 401 by an originating agent.       The
originating agent may generate these requests, or alternatively the
originating agent may be another interface or bridge which is merely
transferring the request to processor bus 401. Regardless of where a
request originates, when bus interface 410 receives the request it
immediately transfers the request to outbound request decoder 415.
Outbound request decoder 415 determines whether the request will be
deferred, as described in more detail below. After making this
determination outbound request decoder 415 issues a signal to bus
interface 410 indicating whether or not the request is deferred. If the
request is deferred, then bus interface 410 returns a response to the
agent which placed the request on processor bus 401; this response
indicates that the request is deferred. If, however, the request is not 



deferred, then bus interface 410 stalls processor bus 401 until the
request is completed. By "stalling" it is meant that no transactions are
passed over the bus until the stall is released. In one mode, stalling the
bus is accomplished by sending a signal to all agents on the bus that the
bus should be stalled.      WO 95/32474
PCT/US95/06089                                          -1 5-
In one embodiment of the present invention, processor bus 401       is a
pipelined bus. Thus, if a request is not deferred, the entire bus does
not necessarily need to be stalled. In one mode, bridge 400 stalls the
Response Phase of the bus when the request is not deferred. By stalling
the Response Phase, other phases of the pipeline bus are allowed to
continue for other transactions while the current request is pending.
For example, other agents can place requests on the bus and some
result signals (e.g., error signals) can be issued, however no responses
are issued until bridge 400 releases the stall on the Response Phase.
In one mode, bus interface 410 completely stalls processor bus      401 if
the outbound request queue 420 is filled. That is, when no      remaining
slots exist in the outbound request queue 420, bus interface      410
issues a signal on processor bus 401 to completely stall the pipeline.
By completely stalling the bus, no additional transactions can occur on
processor bus 401 in any phase until a slot in the outbound request
queue 420 becomes available. At such a time, bus interface 410 releases
the stall on processor bus 401.             In this mode, bus interface 410
stalls processor bus 401 if all slots      in the outbound request queue
420 are filled. In some situations,      however, the nature of the
pipelined bus is such that a second request      could already be on the
bus when a prior request is placed in the last      available slot of
outbound request queue 420. Thus, a problem arises if      the second
request also targets the bridge 400 because no slot in the      outbound
request is available. To resolve this problem, bus interface      410
stalls processor bus 401 when only one slot remains in outbound
request queue 420.             In an alternate mode, bus interface 410
issues retry responses      when outbound request queue 420 is full rather
than stalling processor      bus 401. Thus, transactions which do not
target bridge 400 proceed over      processor bus 401, however transactions
which target bridge 400 must      be retried.             In addition to
transferring requests from processor bus 401 to      outbound request
decoder 415, bus interface 410 also returns responses      from target
agents on I/O bus 402 to the originating agent on processor      bus 401.
Furthermore, requests originating on I/O bus 402 targeting      WO 95/32474
PCT/US95/06089                                          -1 6-  



agents on processor bus 401 are placed on processor bus 401 by interface
410.             Processor bus interface 410 receives the reply to a
request       targeting an agent on I/O bus 402 through either I/O bus
master control       unit 425 or the inbound request queue 430, as
described in more detail       below. In addition, requests originating on
I/O bus 402 also pass to bus       interface 410 via inbound request queue
430. Bus interface 410       determines whether a reply will be returned
from I/O bus master       control unit 425 or inbound request queue 430
based on the signal       received from outbound request decoder 415 which
signaled whether       or not the request was deferred. If the request is
not deferred, then the       reply is returned to bus interface 410 via I/O
bus master control 425.       Bus interface 410 then executes the reply on
processor bus 401 and       releases the stall of the Response Phase.
However, if the request is       deferred, or if the request originated on
I/O bus 402, then bus interface       410 receives the reply (or request)
via inbound request queue 430.             Inbound request queue 430
transfers requests and deferred       replies from I/O bus 402 to processor
bus 401. In one mode, when a       transaction is at the top of inbound
request queue 430, queue 430 sends       a signal to processor bus
interface 410 indicating so. When processor       bus interface 410
receives this signal it begins arbitration for access to       processor
bus 401. When access to processor bus 401 is obtained, bus       interface
410 retrieves transactions from the inbound request queue 430       and
executes them on processor bus 401.             In one embodiment,
processor bus interface 410 is a high priority       agent on processor bus
401. Thus, when transactions are pending in       the inbound request queue
430, bus interface 410 is able to quickly       access processor bus 401
and execute the pending transactions on the       bus. In one mode, once
bus interface 410 obtains access to processor bus       401 all pending
transactions in the inbound request queue are removed       from the queue
and executed on the bus. It should be noted that under       certain
circumstances, bus interface 410 may not be able to successfully
remove all transactions pending in the inbound request queue 430 and
execute them on processor bus 401 prior to bus interface 410
relinquishing ownership of processor bus 401. That is, a delay time      WO
95/32474                                                    PCT/US95/06089
-1 7-       may be incurred in moving commands forward in the queue. For
example, if the queue contains four transactions, the first three may be
successfully executed on processor bus 401. However, the fourth
transaction may not propagate to the top of the queue quickly enough,
causing bus interface 410 to mistakenly believe no transactions are
pending in the queue.             In an alternate embodiment, rather than
executing all      transactions pending in the inbound request queue 430,
bus interface      410 arbitrates for access to processor bus 401 and
executes a single      transaction from the inbound request queue 430 on
processor bus 401.      If transactions remain pending in the queue, then
bus interface 410      again arbitrates for access to processor bus 401.
Outbound request decoder 415 determines whether a request on      processor
bus 401 is to be deferred. Outbound request decoder 415 is      coupled to
bus interface 410, outbound request queue 420, and inbound 



queue allocation unit 435. In order to defer a request, outbound request
decoder 415 determines whether a slot is available in the inbound
request queue 430. If a slot in the inbound request queue 430 is not
available, then issuing a defer response to bus interface 410 could result
in a deadlock situation, as described in more detail below.
Outbound request decoder 415 accesses inbound queue allocation      unit
435 to determine whether a slot in the inbound request queue 430      is
available. Inbound queue allocation unit 435 dynamically allocates
inbound request queue slots, as described in more detail below. If
inbound queue allocation unit 435 informs outbound request decoder      415
that a slot in the inbound request queue is available, then decoder
415 reserves the slot and informs allocation unit 435 that it has done
so. By reserving a slot in the inbound request queue 430, decoder 415
guarantees that when the reply comes back from I/O bus 402 a slot in
the inbound request queue exists for the reply to be placed.
Regardless of whether the request has been deferred, decoder 415
places the request into the outbound request queue 420. Decoder 415
tags the outbound request in the outbound request queue if the request
has been deferred. It should be noted that even if a request placed in
the outbound request queue 420 is not deferred, a subsequent request
WO 95/32474
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deferred. That is, a slot in the inbound request queue may not      be
available for a deferred response for a particular request, however by
the time a subsequent request arrives at decoder 415 a slot in the
inbound request queue 430 may have been freed thus, decoder 415 can
issue a deferred reply for the subsequent request.             Outbound
request queue 420 receives requests from decoder 415      and transfers
these requests to I/O bus master control unit 425. In one      embodiment,
outbound request queue 420 is a first in-first out (FIFO)      buffer which
operates in a conventional manner. Thus, requests      placed in outbound
request queue 420 are removed from the queue by      I/O bus master control
425 in a first in-first out manner. By      maintaining a FIFO queue,
bridge 400 maintains transaction ordering.      That is, a request placed
in the outbound request queue 420 will be      removed from the queue 420
and executed on I/O bus 402 before any      subsequent request are removed.
It will be understood by those skilled in the art that by utilizing
deferred responses, under certain circumstances a read request could
receive a reply on processor bus 401 before prior requests pending in
the inbound request queue 430 are satisfied. For example, if two
deferred read requests are in outbound request queue 420, and a
maximum of two deferred reads can exist in outbound request queue      420,
then a subsequent third read request entering bridge 400 will not be
deferred. These first two read requests are executed on I/O bus 402 and
placed in the inbound request queue 430. The third request is then
executed on I/O bus 402 and the reply is immediately returned to bus
interface 410 and executed on processor bus 401. Thus, the third read
request is satisfied before the two prior read requests are satisfied.
From this example it can be seen that transaction ordering is still
maintained. The transactions are executed on I/O bus 402 in the order
they are received by the bridge 400. The responses are not necessarily 



in order over processor bus 401, however, as described above.
In one embodiment, outbound request queue 420 is comprised      of multiple
slots. In one mode, outbound request queue 420 contains      four of these
slots. An exemplary slot is shown in more detail in      Figure 6. The
exemplary outbound queue slot 423 is comprised of five      WO 95/32474
PCT/US95/06089                                          -1 9-
sections. These sections are: a tag 610, a command portion 615, an
address portion 620, a data pointer 625, and a token portion 628.
In one embodiment of the present invention, tag 610 comprises       1 bit,
command portion 615 comprises 4 bits, address portion 620       comprises
32 bits, data pointer 625 comprises 2 bits, and token portion       628
comprises 8 bits. However, it should be understood by those skilled
in the art that these values may be changed. For example, in a bridge
with four data buffers, data pointer 625 may be only 2 bits, however in a
bridge with six data buffers data pointer 625 would be at least 3 bits.
Tag 610 indicates whether the request stored in slot 423 is       deferred.
Tag 610 is set by decoder 415 when the request stored in slot       423 is
deferred, as described above. Command portion 615 contains the       actual
command which was issued by the originating agent on       processor bus
401. In one embodiment, commands in outbound       request queue 420 are as
issued on processor bus 401. That is, no       translation of commands is
performed by either bus interface 410 or       decoder 415.
Slot 423 also contains an address portion 620. Address portion       620
contains the address of the target agent on I/O bus 402 (or a location
within a target agent on I/O bus 402) which is the target for the
command in command portion 615. Slot 423 also contains a data       pointer
625. If the request requires transferring data from processor bus       401
to I/O bus 402 then data pointer 625 is a pointer to a data buffer
which contains the data being transferred. In one implementation,
data pointer 625 contains the address of the data buffer associated with
this particular slot.             The use of data buffers in association
with outbound request       queue 420 is described in more detail below
with respect to Figure 5. It       should be noted that under certain
circumstances the request       originating on processor bus 401 has no
data associated with it. For       example, the original request may be a
special command to an agent on       I/O bus 402 or a command broadcast to
many agents on I/O bus 402; in       such a situation, data pointer 625
would point to no data buffer.             Returning to Figure 4, I/O bus
master control 425 takes requests       from the outbound request queue 420
one at a time. After removing a      WO 95/32474
PCT/US95/06089                                          -20 -  



request from the queue 420, I/O control 425 transfers the request to I/O
bus interface 450. I/O control 425 does not remove subsequent requests
from outbound request queue 420 until it receives a response from I/O
bus interface 450 for this request.             Upon receiving a reply from
I/O bus interface 450, I/O control      425 returns the reply to bus
interface 410. This may be done either      directly or via inbound request
queue 430. Whether I/O control 425      returns the reply directly to bus
interface 410 is dependent on whether      the request is deferred by
decoder 415. If the request is deferred, then      I/O bus master control
425 transfers the reply to deferred reply      generator 440. If, however,
the request is not deferred, then I/O control      425 returns the reply
directly to bus interface 410. It should be noted      that I/O control 425
returns a reply directly to bus interface 410 if the      request is not
deferred because, as described above, bus interface 410      stalled the
Response Phase of processor bus 401 in response to the      request not
being deferred. By returning the reply immediately,      processor bus 401
is stalled for a minimal amount of time.             It should also be
noted that the reply transferred by I/O control       425 may be a "retry"
response. That is, if the target agent on I/O bus 402       is unable to
complete the request then it issues a retry response to bus       interface
450 which is returned to I/O control 425. This retry response       is
returned to the originating agent on processor bus 401, via bus
interface 410, indicating to the originating agent that it must retry the
request again at a later time.             I/O bus interface 450 is coupled
to I/O bus master control unit       425, 1/O bus target control 445, and
I/O bus 402. Bus interface 450       receives requests from both I/O
control unit 425 and I/O bus 402.       Requests received from I/O bus
master control 425 are those requests       originating on processor bus
401, as described above. Upon receipt of       such a request, bus
interface 450 executes the command associated with       the request on I/O
bus 402. In one embodiment of the present       invention, processor bus
401 and I/O bus 402 utilize different protocols.       Thus, commands
issued on processor bus 401 must first be translated       before being
executed on I/O bus 402. In one mode, command decode       452 in I/O bus
interface 450 performs this translation. This translation       WO 95/32474
PCT/US95/06089                                          -21 -        may be
performed using any of a wide variety of techniques       understood by
those skilled in the art.             I/O bus interface 450 also includes
an arbitration unit 451.       Arbitration unit 451 controls bus bridge
400's arbitration for access to       I/O bus 402. The arbitration for
access to I/O bus 402 may be performed       in any of a wide variety of
conventional manners.             In one embodiment of the present
invention, I/O bus interface       450 also includes address mapping logic
453. In systems where       processor bus 401 and I/O bus 402 use different
standards, the addresses       associated with requests may need to be
translated. That is, a request       from processor bus 401 may target an
address which is not in the       proper format to be placed on I/O bus
402. Address mapping logic 453       performs this translation. The
translation is based on the standards of       the two buses and is
performed in a conventional manner. 



After executing a transaction on I/O bus 402, 1/0 bus interface       450
waits for a response from the target agent. Upon receipt of this
response, bus interface 450 returns the response to bus master control
425. The handling of this response by I/O bus master control 425 is
described above.             I/O bus interface 450 also receives requests
from I/O bus 402.       These requests originate from an agent on I/O bus
402 and target an       agent on processor bus 401. In one mode, bus
interface 450 translates       the commands received from I/O bus 402
before transferring them to       processor bus 401. These requests are
then transferred to I/O bus target       control 445 by bus interface 450.
How these requests are handled by bus       target control 445 is described
in more detail below.             Deferred reply generator 440 receives
deferred replies from I/O       bus master control 425. Deferred reply
generator 440 then transfers       these deferred replies to inbound
request queue 430. Figure 4 also       shows a multiplexer 442 which
receives input from deferred reply       generator 440 and I/O bus target
control 445. Multiplexer 442's output       is input to inbound request
queue 430. Multiplexer 442 shows that       inbound request queue 430
receives inputs from multiple sources; it       should be understood by
those skilled in the art that other well-known       devices may be used by
the present invention in place of a multiplexer.      WO 95/32474
PCT/US95/06089                                         -22-
I/O bus target control 445 is coupled to bus interface 450,      inbound
request queue 430, and inbound queue allocation unit 435.      I/O bus
target control 445 receives requests from bus interface 450      which
originate on I/O bus 402. Upon receipt of such a request, I/O bus
target control 445 accesses inbound allocation unit 435 to determine
whether a slot in inbound request queue 430 is available. If a slot in
inbound request queue 430 is available, then I/O bus target control 445
transfers the request to inbound request queue 430. However, if a slot
is not available, then I/O bus target control 445 issues a response to the
originating agent via bus interface 450 that the request could not be
completed and must be retried at a later time.             Requests placed
in inbound request queue 430 may or may not      be successfully completed
on processor bus 401. In one embodiment of      the present invention, the
execution of a request in inbound request      queue 430 on processor bus
401 results in one of two possible replies.      First, a normal completion
reply may be returned from the target agent      on processor bus 401. In
this situation, the completion signals (along      with any associated
data) are returned to the agent originating the      request on I/O bus
402. The second possible reply is a retry. In this      situation, the
target agent on processor bus 401 issues a retry to the      request,
indicating it is not ready to service the request and it must
therefore be retried. This retry reply is returned to the originating
agent on I/O bus 402, thereby informing the agent it should retry the
request again at a later time.             Inbound request queue 430 is
comprised of multiple slots 433, as      shown. In one embodiment, inbound
request queue 430 contains four      such slots. An exemplary slot 433 is
shown in Figure 7. The slot 433      contains three portions; a command
portion 730, an address portion      735, and a data pointer 740. In one
implementation, command portion 



730, address portion 735, and data pointer 740 comprise the same
number of bits as the analogous portions of outbound slot 423 in
Figure 6.             Returning to Figure 7, command portion 730 contains
the      command which must be executed on processor bus 401. In the event
of a request originating on I/O bus 402, command portion 730 contains
WO 95/32474
PCT/US95/06089                                         -2 3 -       the
command executed by the originating agent (as translated by bus
interface 450). In the event of a request originating on processor bus
401 which was deferred, the command contained in command portion      730
is a command indicating a deferred reply for the original deferred
request.             Address portion 735 contains the address of the target
agent on      processor bus 401 (or a location within the target agent on
processor bus      401). Note that in the event of a deferred reply, the
address in address      portion 735 is replaced by the token from the
originating agent. Data      pointer 740 contains a pointer to a data
buffer which contains the data      associated with this command, assuming
such data exists. The use of      data pointer 740 is as described above
with respect to data pointer 625 in      Figure 6.            It should be
noted that under certain circumstances, a      transaction from I/O bus 402
to processor bus 401 may contain more      data than can be placed into a
data buffer. In such a situation, the      transaction is split according
to the size of the data buffer and is placed      into multiple slots
within the inbound request queue. In one mode,      I/O bus target control
445 determines the number of slots required for      the transaction and
must determine whether that number is available.      In an alternate mode,
I/O bus target control 445 splits the transaction      and places the
portions of the transaction into inbound request queue      430 as queue
slots become available.            Returning to Figure 4, inbound queue
allocation unit 435 is      shown coupled to decoder 415, inbound request
queue 430, and I/O bus      target control 445. Inbound queue allocation
unit 435 is responsible for      allocating the inbound request queue slots
430 between deferred replies      and transactions originating on I/O bus
402. Allocation unit 435      maintains a count of the number of slots in
inbound request queue 430      and dynamically allocates these slots. Thus,
inbound queue allocation      unit 435 monitors inbound request queue 430
and updates its count of      available slots when requests (or responses)
are removed from the      inbound request queue 430. In one mode, inbound
queue allocation      unit 435 knows whether the slot was used by a
deferred response or a      request given the command in the slot (i.e.,
whether it is a request or a      WO 95/32474
PCT/US95/06089                                          -24- 



response). In addition, the number of request queue slots which are
available to decoder 415 for deferred replies may be changed by
allocation unit 435 during system operation.             Allocation unit
435 initially allocates one-half of the inbound      request queue slots
for deferred replies. That is, when decoder 415      requests an inbound
request queue slot from allocation unit 435,      allocation unit 435
allows decoder 415 access to two of the slots      (assuming inbound
request queue 430 comprises four slots). This      prevents transactions
originating on I/O bus 402 from being starved      off. When allocation
unit 435 allocates a slot to decoder 415 for a      deferred reply,
allocation unit 435 essentially prohibits any transaction      originating
on I/O bus 402, or any other transaction originating on      processor bus
401, from utilizing that slot. Thus, the deferred request is
guaranteed to have a slot in the inbound request queue when deferred
reply generator 440 attempts to place the request's reply into inbound
request queue 430.             Similarly, when I/O bus target control 445
requests a queue slot      from inbound queue allocation unit 435,
allocation unit 435 allows bus      target control 445 access to only
one-half of the slots. Subsequent      requests for slots by bus target
control 445 are denied (and the      corresponding transactions re-tried)
until one of the slots which bus      target control 445 placed a request
into is freed.             In one embodiment, inbound queue allocation unit
435      dynamically allocates the slots in inbound request queue 430. This
enables allocation unit 435 to allocate additional slots to I/O bus target
control 445 in the event of heavy traffic originating on I/O bus 402.
That is, rather than allowing decoder 415 to defer two transactions,
inbound queue allocation 435 could allow decoder 415 to defer only a
single transaction and allow I/O bus target control 445 access to three of
the slots in the inbound request queue 430. Note that this improves
system performance by not unnecessarily reserving inbound request
queue slots for deferred replies.            When inbound request queue 430
is full, all transactions      originating on I/O bus 402 are retried; in
addition, all requests      originating on processor bus 401 are not
deferred. When a slot in      WO 95/32474
PCT/US95/06089                                         -2 5-      inbound
request queue 430 becomes available; by having one of the      transactions
pending in the queue being executed on processor bus 401,      inbound
queue allocation unit 435 allocates the slot to either decoder      415 or
I/O bus target control 445. In one embodiment, allocation unit      435
gives preference for ownership of the newly released slot to      decoder
415. Thus, in the event of simultaneous transactions      originating on
processor bus 401 and I/O bus 402 (i.e., both decoder 415      and I/O bus
target control 445 are requesting a slot in the inbound      request queue
430 at the same time), allocation unit 435 gives the slot      to decoder
415. In this embodiment, if decoder 415 does not have a      transaction
which currently requests a slot in the inbound request      queue 430, then
allocation unit 435 allows I/O bus target control 445 to      have
ownership of the slot.            It should be noted that in one embodiment
of the present      invention processor bus 401 has a bandwidth of 500
MBytes/sec while 



I/O bus 402 has a bandwidth of 125 MBytes/sec. Thus, in a situation
when many agents on both buses are issuing transactions, requests
arrive at bus interface 410 much more rapidly then requests arrive at
bus interface 450. In such a situation, it is more likely that decoder 415
will have a transaction requesting an inbound request queue slot from
allocation unit 435. However, circumstances may exist where more
requests are being issued by agents on I/O bus 402 than by agents on
processor bus 401. Under these circumstances, it is more likely that I/O
bus target control 445 will have a transaction requesting an inbound
request queue slot from allocation unit 435.            In one embodiment
of the present invention, bridge 400 issues a     deferred reply only for
read requests targeting I/O bus 402. A write     request received by bridge
400 is either re-tried (if no outbound request     queue slots are
available), posted, or attempted on I/O bus 402.     "Posted" refers to the
command entering the outbound request queue     and the originating agent
receiving a response that the request will be     attempted on I/O bus 402.
When the request is not posted, it may still     be attempted on I/O bus
402. That is, the Response Phase of processor     bus 401 is stalled until
the request is retrieved from the top of      WO 95/32474
PCT/US95/06089                                         -26 -       outbound
request queue 420, attempted on I/O bus 402, and a reply is      returned
to the originating agent.            In one embodiment, write posting can
be enabled or disabled. If      write posting is enabled, then bridge 400
posts write requests in      outbound request queue 420 (assuming a slot in
outbound request      queue 420 is available). If write posting is not
enabled, then bridge 400      attempts the request on I/O bus 402 (when the
request is at the top of      outbound request queue 420) while stalling
the Response Phase of      processor bus 401.            In one mode,
whether write posting is enabled is a 1-bit      configuration value stored
in configuration registers 412 in bridge 400.      In one mode, write
posting is enabled when the 1-bit configuration      value is "1", and
disabled when it is "0". Write posting can be changed      during system
operation by altering this configuration value stored in      registers
412.            A bus bridge must guard against the possibility of deadlock
situations. Two important deadlock situations may arise: (1) a
deadlock within the bridge itself, and (2) a deadlock situation between
two bridges. In the first situation, a potential deadlock situation arises
if both the outbound and inbound request queues are full and the
request at the top of the outbound request queue is deferred. Processor
bus 401 is completely stalled when the outbound request queue is full
because any transactions on the bus may target the bridge, which can
not store them. Since processor bus 401 is stalled, the inbound request
queue cannot transfer requests to processor bus 401. Furthermore, the
deferred reply for the request at the top of the outbound request queue
cannot be placed into the inbound request queue because the inbound
request queue is full. Thus, neither the request at the top of the
inbound request queue nor the top of the outbound request queue can      be
executed, and the system is deadlocked.            In the second situation,
a deadlock situation occurs in a system 



with two bridges coupled to the same buses. For example, bridge A     needs
to convert a deferred read response into a deferred reply. The     deferred
reply needs the inbound request queue. However, the     inbound request
queue of bridge A is full and has a posted write at the      WO 95/32474
PCT/US95/06089                                          -27 -       top
pointed at bridge B, while the outbound request queue of bridge B      is
full and has a deferred response at the top waiting for an inbound
request queue slot for the deferred reply. If the inbound request queue
of bridge B is full and has a posted write at the top pointed at bridge A,
none of the queues can advance and the system is deadlocked.             It
can be seen that by maintaining forward progress on processor      bus 401,
both deadlock situations are avoided. Forward progress is      ensured by
reserving a deferred reply slot in the inbound request queue      at the
time the request is placed in the outbound request queue. This
reserved slot is used for the reply to the deferred request, as described
above.             Figure 5 is a diagram showing example data buffers and
corresponding request queues in one embodiment of the present
invention. Outbound data buffers 520 contain outbound data (i.e., data
being transferred from processor bus 401 to I/O bus 402), and inbound
data buffers 530 contain inbound data (i.e., data being transferred from
I/O bus 402 to processor bus 401). In the example shown, outbound
data buffers 520 correspond to outbound request queue 420, and
inbound data buffers 530 correspond to inbound request queue 430.
However, it will be understood by those skilled in the art that
particular slots of inbound request queue 430 could correspond to one
of the outbound data buffers 520 (e.g., in the event of a read request
originating on I/O bus 402, reading data from a target agent on
processor bus 401). Similarly, particular slots of outbound request
queue 420 could correspond to one of the inbound data buffers 530 (e.g.,
in the event of a deferred read request from an agent on processor bus
401 targeting an agent on I/O bus 402). In one mode, the number of
data buffers equals the number of slots in queues 420 and 430.
The data buffers shown in Figure 5 correspond to the queue slots       on a
one-to-one basis. That is, a single data buffer exists for each queue
slot. It should be understood by those skilled in the art that these
numbers may be changed. That is, the number of data buffers may be
increased or decreased within the spirit and scope of the present
invention.      WO 95/32474
PCT/US95/06089                                         -28-              As
discussed above with respect to Figures 6 and 7, the data      buffers
contain any data corresponding to the commands in the queues 



420 and 430. A command in one of the queues 420 or 430 which has      data
associated with it (e.g., a write command, or the response to a read
command) will have a data pointer indicating the data buffer
containing this data. In one mode, the data pointer is the address of
the data buffer corresponding to the particular slot in the queue. The
proper address (or other indicator) to place in the data pointer portion
to identify the correct data buffer for a slot in outbound request queue
420 is determined by the outbound request decoder 415. In one mode,
each data buffer always corresponds to the same slot in the queue.
Similarly, the proper indicator to identify the correct data buffer for a
slot in inbound request queue 430 is determined by either deferred
reply generator 440 or I/O bus target control 445, depending on where
the request originated. In an alternate mode, the proper data buffer is
dynamically allocated (by decoder 415, reply generator 440, or target
control 445 as above) based on the next available buffer when the
request is placed into queue 420 or 430.             In one embodiment of
the present invention, each data buffer is      capable of storing 32 bytes
of data. In one mode, the size of each data      buffer is the same as the
size of a cache line in the computer system. It      should be understood
by those skilled in the art, however, that the size      of a data buffer
may be modified; furthermore, each data buffer may be      of a different
size.             In an alternate embodiment, a single set of data buffers
exists      which is shared by both queues 420 and 430. In this embodiment,
additional logic is required to properly allocate buffers between
inbound request queue 430 and outbound request queue 420.
Figures 8a and 8b show a flowchart describing the steps followed      for a
request issued on the processor bus in one embodiment of the      present
invention. The originating agent issues the command      targeting an agent
on the I/O bus, step 805. The processor bus interface      of the bus
bridge receives the command and immediately transfers it to      the
outbound request decoder, which in turn immediately determines      whether
a deferred slot is available in the inbound request queue, step      WO
95/32474
PCT/US95/06089                                          -29-       810. If
no deferred slot is available, then the decoder sends a signal to      the
bus interface that the request was not deferred, step 815. In
response, the bus interface issues a signal over the processor bus to stall
the Response Phase of the bus, 820.             Returning to step 810, if
the decoder determines that a deferred      slot is available, then the
inbound queue allocation unit allocates that      slot to the decoder, step
825. In response, the decoder issues a signal to      the bus interface
indicating that the request was deferred, step 830.             Regardless
of whether a deferred slot was available in step 810,      the decoder
places the request into the outbound request queue, step      835. When the
request reaches the top of the outbound request queue,      the I/O bus
master control unit removes the request from the queue      and transfers
it to the I/O bus interface, step 840. The bus interface      executes the
command on the I/O bus, and wait for a response from      the target agent,
step 845. This response is then returned to the I/O bus      master
control.             The I/O bus master control then determines whether the



original request was deferred, step 850. If the original request was not
deferred than the I/O bus master control returns the response directly
to the processor bus interface, step 855.             If, however, the
original request was deferred, then the I/O bus      master control
transfers the reply to the inbound request queue via the      deferred
reply generator, step 860. If the inbound request queue had      been
previously empty, then the inbound request queue issues a signal      to
the processor bus interface indicating that it contains pending
transaction(s), step 865.            Regardless of whether the request was
deferred, the processor      bus interface receives the reply, step 870.
This may be from either the      inbound request queue (in the case of a
deferred reply request) or      directly from the I/O bus master control
(in the response phase of the      original request). Upon receiving the
reply, or the signal from the      inbound request queue that it contains a
pending transaction, the      processor bus interface arbitrates for access
to the processor bus. Upon      receiving ownership of the processor bus,
the processor bus interface      transfers the reply to the originating
agent on the processor bus.      WO 95/32474
PCT/US95/06089                                          -3 0 -
It should be noted that in an alternate embodiment of the      present
invention, deferred responses are an option which can be      enabled or
disabled. In this alternate embodiment, a read request      which is placed
into the outbound request queue is not deferred. The      Response Phase of
the processor bus is stalled until a response to the      read request is
received, as described above. In one mode, whether      deferred responses
are enabled is a 1-bit configuration value stored in      configuration
registers 412 in bridge 400. Thus, deferred responses can      be enabled
and disabled during system operation by setting or clearing      this 1-bit
configuration value.            Whereas many alterations and modifications
of the present      invention will be comprehended by a person skilled in
the art after      having read the foregoing description, it is to be
understood that the      particular embodiments shown and described by way
of illustration are      in no way intended to be considered limiting.
Therefore, references to      details of particular embodiments are not
intended to limit the scope of      the claims, which in themselves recite
only those features regarded as      essential to the invention.
Thus, a method and apparatus for maintaining transaction      ordering and
supporting deferred replies in a bus bridge has been      described.
WO 95/32474                                                 PCT/US95/06089



3 1 -                                  CLAIMS       What is claimed is:
1.   A bus bridge for use in a computer system having a first agent
coupled to a first bus and a second agent coupled to a second bus, the
bus bridge comprising:            (a)   a first bus interface coupled to
the first bus for receiving      data from and placing data onto the first
bus;            (b)   a second bus interface coupled to the second bus for
receiving data from and placing data onto the second bus;            (c)
an inbound request queue and an outbound request      queue coupled to the
first bus interface and the second bus interface;      and            (d)
decoding circuitry coupled to the inbound request queue      and the
outbound request queue for placing requests in the outbound      request
queue and for issuing a deferred reply command to the first bus
interface based on the inbound request queue.       2.   The bus bridge as
defined in Claim 1 further comprising at least      one data buffer coupled
to the inbound request queue and the      outbound request queue.       3.
The bus bridge as defined in Claim 1 further comprising an      inbound
queue allocation unit for determining whether an outbound      request may
be given a deferred reply.       4.   The bus bridge as defined in Claim 3
wherein the inbound      request queue has a plurality of inbound slots and
the inbound queue      allocation unit determines whether an outbound
request may be given      the deferred reply slot based on the number of
the plurality of inbound      slots, the number of inbound slots in the
inbound request queue      currently holding information, and the number of
inbound slots in the      inbound request queue currently labeled as
deferred reply slots.      WO 95/32474
PCT/US95/06089             32 -       5.   The bus bridge as defined in
Claim 1 further comprising bus      control circuitry coupled to the first
bus interface and the second bus      interface, the bus control circuitry
for determining whether an      outbound request has been deferred,
transferring the request      information to the second bus interface,
receiving response      information from the second bus interface generated
in response to the      request information, and
returning the response information to the first bus            interface if
the outbound slot has not been deferred, and                   transferring
the response information to the inbound            request queue if the
outbound slot has been deferred.       6.   The bus bridge as defined in
Claim 5 further comprising a      deferred reply generator for receiving
response information from the 



bus control circuitry and transferring the response information to the
inbound request queue.       7.   The bus bridge as defined in Claim 1
further comprising bus      target circuitry for receiving inbound requests
from the second bus      interface and transferring the requests to the
inbound request queue.       8.   The bus bridge as defined in Claim 1
wherein the outbound      request queue has a plurality of outbound slots,
each slot of the      plurality of outbound slots for holding information
corresponding to      requests issued by agents coupled to the first bus.
9.   The bus bridge as defined in Claim 1 wherein the inbound      request
queue has a plurality of inbound slots, each slot of the plurality      of
inbound slots for holding information corresponding to requests      issued
by agents coupled to the first bus or the second bus.       10.  The bus
bridge as defined in Claim 9 wherein at least one of the      plurality of
inbound slots is a deferred reply slot.       11.  The bus bridge as
defined in Claim 1, wherein      WO 95/32474
PCT/US95/06089                 33             (a)  the first bus has a
first command protocol;            (b)  the second bus has a second command
protocol; and            (c)  the second bus interface is for translating
commands      between the first command protocol and the second command
protocol.       12.  The bus bridge as defined in Claim 8, wherein each
slot of the      plurality of outbound slots comprises a tag portion, a
command      portion, an address portion, and a data pointer portion, the
data      pointer for denoting a data buffer.       13.  The bus bridge as
defined in Claim 9 wherein each slot of the      plurality of inbound slots
comprises a command portion, an address      portion, and a data pointer
portion, the data pointer for denoting a data      buffer.       14.  The
bus bridge as defined in Claim 9 wherein the decoding      circuitry
determines whether to issue a deferred reply command to the      CPU bus
interface based on whether each inbound slot of the plurality      of
inbound slots contains information, the decoding circuitry issuing a
deferred reply command to the CPU bus interface if an inbound slot
does not contain information.       15.  The bus bridge as defined in Claim
12 wherein the bus control      circuitry determines whether the request
has been deferred based on      the contents of the tag portion.       16.
A method for transferring a command between a first bus and a      second
bus comprising the steps of: 



(a)  transferring a first outbound request from a source agent     on the
first bus to an outbound request queue;            (b)   determining
whether the first outbound request is to be     deferred;      WO 95/32474
PCT/US95/06089          -34 -            (c)  issuing a deferred reply to
the source agent and reserving      a slot in an inbound request queue when
the first outbound request is      deferred;            (d)  transferring
the first outbound request from the outbound      request queue to a target
agent on the second bus; and            (e)  returning response information
from the target agent to      the source agent if the first outbound
request is not deferred, and      placing the response information from the
target agent into the      inbound request queue if the first outbound
request is deferred.       17.  The method of Claim 16 wherein the step (d)
comprises      removing the first outbound request from the outbound
request queue      and transferring the first outbound request to a second
bus interface.       18.  The method of Claim 16 wherein the step (c)
comprises:            determining the number of slots in the inbound
request queue;            determining the number of slots in the inbound
request queue      which are not currently in use;            determining
the number of slots in the inbound request queue      which are currently
labeled as deferred reply slots; and            issuing a deferred reply if
an inbound slot exists which is not in      use and fewer than a
predetermined number of inbound slots are      labeled as deferred reply
slots.       19.  The method of Claim 16 wherein the step (d) comprises
translating the first outbound request from a first command protocol to
a second command protocol.       20.  The method of Claim 16 further
comprising transferring a      second outbound request from the outbound
request queue to a second      target agent on the second bus and
transferring response information      for the second outbound request to
the source agent before the      response information for the first
outbound request is transferred to      the inbound request queue.      WO
95/32474                                                   PCT/US95/06089
-35-       21.  The method of Claim 16 wherein the step (e) comprises
placing      response data in a data buffer if the target agent returns
response data,      the inbound request queue containing an indicator
denoting the      location of the data buffer. 



22. The method of Claim 16 wherein the step (c) comprises      determining
whether a deferred reply slot in the inbound request      queue is
available and issuing a deferred reply if a deferred reply slot in      the
inbound request queue is available.       23.  A computer system
comprising:            (a)   a bus bridge coupled to a first bus and a
second bus;            (b)  the first bus for transferring data between a
first agent     coupled to the first bus and the bus bridge;            (c)
the second bus for transferring data between a second     agent coupled to
the second bus and the bus bridge; and            (d)  the bus bridge
including,                        a first bus interface coupled to the
first bus for                  receiving data from and placing data onto
the first bus,                        a second bus interface coupled to the
second bus for                  receiving data from and placing data onto
the second bus,                        an inbound request queue and an
outbound request                  queue coupled to the first bus interface
and the second bus                  interface, and
decoding circuitry coupled to the inbound request                  queue
and the outbound request queue for placing                  requests in the
outbound request queue and for issuing a                  deferred reply
command to the first bus interface in                  response to inputs
from the inbound request queue.      24.  The computer system as defined in
Claim 23 wherein the bus     bridge further comprises an inbound queue
allocation unit for     determining whether an outbound request may be
given a deferred     reply.      WO 95/32474
PCT/US95/06089                  -36-      25.   The computer system as
defined in Claim 24 wherein the      inbound request queue has a plurality
of inbound slots and the      inbound queue allocation unit determines
whether an outbound      request may be given the deferred reply based on
the number of the      plurality of inbound slots, the number of inbound
slots in the inbound      request queue currently holding information, and
the number of      inbound slots in the inbound request queue currently
labeled as      deferred reply slots.       26.   The computer system as
defined in Claim 23 wherein the bus      bridge further comprises bus
control circuitry coupled to the first bus      interface and the second
bus interface, the bus control circuitry being      for determining whether
an outbound request has been deferred,      transferring the request
information to the second bus interface,      receiving response
information from the second bus interface      generated in response to the
request information, and                   returning the response
information to the first bus            interface if the outbound slot has
not been deferred, and                   transferring the response
information to the inbound            request queue if the outbound slot
has been deferred. 



27.   The computer system as defined in Claim 23 wherein the bus
bridge further comprises bus target circuitry for receiving inbound
requests from the second bus interface and transferring the requests to
the inbound request queue.       28.   The computer system as defined in
Claim 23 wherein the      outbound request queue has a plurality of
outbound slots, each slot of      the plurality of outbound slots for
holding information corresponding      to requests issued by agents coupled
to the first bus.       29.   The computer system as defined in Claim 28,
wherein each slot      of the plurality of outbound slots comprises a tag
portion, a command      portion, an address portion, and a data pointer
portion, the data      pointer for denoting a data buffer of the at least
one data buffer.      WO 95/32474
PCT/US95/06089                     -3 7 -        30.  The computer system
as defined in Claim 23 wherein the      inbound request queue has a
plurality of inbound slots, each slot of the      plurality of inbound
slots for holding information corresponding to      requests issued by
agents coupled to the first bus or the second bus.       31.  The computer
system as defined in Claim 30 wherein each slot      of the plurality of
inbound slots comprises a command portion, an      address portion, and a
data pointer portion, the data pointer for      denoting a data buffer of
the at least one data buffer.       32.  The computer system as defined in
Claim 30 wherein the      decoding circuitry determines whether to issue a
deferred reply      command to the CPU bus interface based on whether each
inbound      slot of the plurality of inbound slots contains information,
the      decoding circuitry issuing a deferred reply command to the CPU bus
interface if an inbound slot does not contain information.       33.  An
apparatus for transferring commands between a first bus and      a second
bus comprising:            (a)   means for transferring a first outbound
request from a     source agent on the first bus to an outbound request
queue;            (b)   means for determining whether the first outbound
request is to be deferred;            (c)   means for issuing a deferred
reply to the source agent and     reserving a slot in an inbound request
queue when the first outbound     request is deferred;            (d)
means for transferring the first outbound request from     the outbound
request queue to a target agent on the second bus; and            (e)
means for returning response information from the target     agent to the
source agent if the first outbound request is not deferred,     and placing
the response information from the target agent into the     inbound request
queue if the first outbound request is deferred.   
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3 8 -      34.  The apparatus as defined in Claim 33 wherein the means for
transferring comprises means for removing the first outbound request
from the outbound request queue and transferring the first outbound
request to a second bus interface.       35.  The apparatus as defined in
Claim 33 wherein the means for      issuing a deferred reply comprises:
means for determining the number of slots in the inbound      request
queue;            means for determining the number of slots in the inbound
request queue which are not currently in use;            means for
determining the number of slots in the inbound      request queue which are
currently labeled as deferred reply slots; and            means for issuing
a deferred reply if an inbound slot exists      which is not in use and
fewer than a predetermined number of      inbound slots are labeled as
deferred reply slots.       36.  The apparatus as defined in Claim 33
wherein the means for      transferring the first outbound request from the
outbound request      queue to a target agent on the second bus comprises
means for      translating the first outbound request from a first command
protocol to      a second command protocol.       37.  The apparatus as
defined in Claim 33 further comprising means      for transferring a second
outbound request from the outbound request      queue to a second target
agent on the second bus, and transferring      response information for the
second outbound request to the source      agent before the response
information for the first outbound request is      transferred to the
inbound request queue.       38.  The apparatus as defined in Claim 33
wherein the means for      returning further comprises means for placing
response data in a data      buffer if the target agent returns response
data, the inbound request      queue containing an indicator denoting the
location of the data buffer.      WO 95/32474
PCT/US95/06089                                         3 9-      39.   The
apparatus as defined in Claim 33 wherein the means for      issuing a
deferred reply comprises means for determining whether a      deferred
reply slot in the inbound request queue is available and      issuing a
deferred reply if a deferred reply slot in the inbound request      queue
is available.    


