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queue and the. second state indicating the second transaction is not to be
coomtted to the inbound queue. = 4. The TAU as defined in claim1l
wherein the priority state machine conprises circuitry for issuing a first
“signal and a second signal, the first signatli-ndi cati ng whether a
‘transaction in the inbound queue  can be executed on the flrst bus and t he
second signal i AND APPARATHIS ANGA !

be executed on the secorg " AKD Anmq-num@ mmws BRIDGE M 1,
further conpr|5|ng a retry register tor recording

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention pertains to the field of data transfer in a
computer system. More particularly, this invention relates to transfer
~ of data between multiple buses using bus bridges.

_ Backg;;ound
Modern computer systems generally indlude multiple agents,

such as tmc_roprocessors, storage devices, display devices, etc. which are
interconnected via a system bus. The system bus operates to transfer
‘address, data and control signals between these agents. Some modern
computer systems employ multiple buses, in which various agents are
coupled to one or more buses. Typically, each agent is coupled to a
single bus.

Bus bridges are often utilized in multiple-bus systems to connect

~ the buses and thereby allow agents coupled to one bus to access agents
coupled to another bus. The function of the bridge typically involves
transferring commands between two buses. The commands
transferred by the bus bridge frequently have data associated with them
(e.g., read or write commands).

One problem which frequently arises in computer systems with
multiple agents is the need to preserve transaction ordering. Support
for transaction ordering implies that if an agent writes to location A in
memory followed by a write to location B in memory, another agent
cannot read the new data in location B and stale (i.e,, old) datain
location A. A number of software algorithms require a producer-

- consumer relationship and thus depend on this support to ensure



consecutive retry replies issued to the first requestlng agent . 6. The
TAU as dWfQ9563475n claim 1, wherein the priority state nmactRGTESO§P6R

det er mi nes whet her posting to the inbound queue is enabl ed, whether the

i nbound ‘queue contains posted transaction, and whet her ovvnershi p of the
second bus is avail able. 7. The TAp.as defined in claim6, wherein
the priority state nachi ne determ nes a transaction in the outbound queue

is to be exe : bR ik Mesysiant ¢ girgﬂ nd queue
i s disabl ed, | gﬁﬁﬁm r!‘:bcll(;nt rﬁﬁ I’IIQ poxst e, % I ONs ﬁ;g
owner shi p of m&ms Hﬁ??sﬁﬂﬁ'g 1s 2 pro ““F‘f'\@ rmatign:anchy i n |
claim 1, wherpriotessor RY iscx conswrhet of irdfohatiohurRhperfotinsar wirites Whet her

posti ng to tth@l&ga@aw 185K 19008 b;ar;d“»pﬁsto?,%;aﬁ&?wf% bound queue -

contai ns pos ransact|
location 2. Locatxon 2 contains a flag variable that signals that the data

in location 1 is valid. Processor P2 continuously performs a read
operation R2 on location 2 until the flag becomes valid. After the flag
is observed valid, P2'performs a read operation R1 on location 1 to read
the data. In order for this algorithm to successfully execute in a
multiprocessor system, the order in which W1 and W2 are written by
processor P1 should be the same order in which R1 and R2 appear to be
updated to processor P2.

A bus bridge in a multiple-bus system must address the problem
of transaction ordering. In the example above, processors P1 and P2
may be coupled to one bus while locations 1 and 2 are coupled to a
second bus, and a bus bridge is supporting access between the two
buses. Thus, the bus bridge must ensure that transaction ordering is
maintained. That is, the order in which W1 and w2 are wntten by an
agent(s) should be maintained by the bus brxdge

One method of maintaining transaction ordering is shown in
Figure 1. A bus bridge 100 is shown which interfaces between two
buses: a first system bus 102 and a second system bus 104. An agent 130
is coupled to system bus 102 and an agent 140 is :c'o_upled to system bus
104. In this system, bus bridge 100 contains a first queue 110 which
contains requests issued on system bus 102 which target an agent on
system bus 104. Bus bridge 100 also contains a second queue 115 which

contains requests issued on system bus 104 which target an agent on
system bus 102. A temporary storage buffer 120 may also be contained
in bridge 100.

Bndge 100 transfers commands between buses 102 and 104. For
example, assume agent 130 issues a request targetmg agent 140. This
request is received by bridge 100 and placed in queue 110.

Alternatively, if agent 140 issues a request targeting agent 130, the
request is placed in queue 115.



-3 - 9. Wbdsﬂzwsas defined in claim8, wherein the prioripgr/esaiogss
machi ne determ nes a transaction in the inbound queue is to be executed on

-the first bus when the posting to the outbound queue is disabled and the
out bound queue contai ns no posted transactlé)ns 10. A conputer system
conpri si ng: (a) a first bus (b) a second bus;

(c) a first agent ¢ ed t heg.first bus; ond agent
coupl ed to the secondolégé hétetrad between uses is stored in ggmpor orage

buffer 120. For: example, a read request placed into queue 110 is

executed on system bus 104. When the target agent responds, the read
~ data is placed in temporary storage buffer 120. The agent issuing the

ongmal request then knows the data to satisfy its request is contained
in temporary storage buffer 120.

In the prior art system shown, both queues 110 and 115 contain
pending requests and transfer the requests onto the appropriate buses.

- When a write request is issued by either agent 130 or agent 140, bridge
100 forces transaction ordering by preventing any read transactions

* from being placed in the opposite queue until the queue with the write
request is flushed (i.e., the write transaction is executed on the targeted
bus). For example, if a write operatioh were placed in queue 115, bridge
100 would prevent any read operations from being placed in queue 110
until ‘queue 115 is flushed.

Although this prior art method effectively resolves the
transaction ordering problem, it does not do so efficiently because it
prevents the use of one queue while the other is being flushed. As

* described above, transactions are not placed in one queue while the
other queue contains a write operation. |
- Thus, it would be advantageous to provide a system which
resolves the transaction ordering problem in an effective and efficient
manner. The present invention provides such a solution.

In addition to maintaining transaction ordering, the bus bridge
should also avoid deadlock situations within the bridge. Deadlock
situations typically require at least a temporary suspension of system
operation, if not an entire system reset. A deadlock situation arises, for

“example, if the bridge contains two requests, one targeting an agent on
the first bus and the second targeung an agent on the second bus, and
neither request can be executed until the other is satisfied. Thus, the
deadlock prevents the bridge from operating properly.

Thus, it would be advantageous to provide a system which
prevents the occurrence of deadlocks within the bus bridge, while at
the same time maintaining efficient operation. As will be seen, the
present invention provides such a solution.



(e) a bus bridge coupled to the first and second buses, the bus bridge

i ncl udi N0 95/32475 an. i nbound queue coupl ed P&TUHESP62BEt bus
and the second bus, - _ an out bound queue coupled to the
first bus and the second bus, - an out bound posti ng
enabl e state machine coupled to the firsg.bus for determ ning

whet her a first transaction is to be commtted to the
out bound queue and an i ndi mﬁg{y@pmmmgmment that the bridge

has commtted to the first Transaciion, T ~ ~an inbound
posting enable state machine coupled to the second o bus for

determining if a S'Hmopdesemﬂnmmmcomprm&m nwthodtadi appatatus for
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has committe ransac

priority statbusmbrdgeinteviagesbetmeeniwg separate busdsandyindudesdavous
for determ n'ﬁ\l@?euiﬁbutbd\fr@ﬁiﬁebp Guéde bhg Arﬂﬁtbtﬁﬂ\dlt@}iﬁst gubfe.be
e

executed on t first .bus pr at ciion.i.n, the out ueue |s to be
ts ong{han‘hg on the first hus which tar (t Bes'hn ion on e

second bus (termed "outbound requests") are transferred through the

outbound request queue, whereas requests ongmatmg on the second
" bus which target a destination on the first bus (termed "inbound

requests") are transferred through the inbound request queue.

The bus bridge includes a transaction arbxtratlon unit (TAU)
which maintains transaction ordering and pre_ve;\ts de_acllo_cks within
the bridge. The TAU contains logic for detefniiriing whether requests
can be placed in the inbound request queue If an inbound request
cannot be placed in the queue, then a response is returned to the
originating agent to retry the request at a later time. The TAU also
includes logic for determining whether an outbound request can be
committed to, or whether the first bus should be stalled to wait for a
reply. - |

An outbound or inbound request which is committed to is
immediately responded to, i.e., the originating agent receives an
immediate response. However, a request which is not committed to
waits for a reply; i.e., the originating agent waits for the request to be
attempted on the target bus.

The TAU also includes loglc for deternumng whether a request
can be executed on the target bus. In making this determmatxon, the
TAU determines whether posting to the approp_x_‘_xate queue is enabled
or disabled (i.e., the inbound request queue for transactions originating
on the second bus and the outbound request queue for transactions
originating on the first bus), whether ainy posted transactions exist in
the opposite request queue, and whether ownership of the target bus is
available. | o



execut ed on nd bus; (f) the first bgfukédosass
transferri n&ggf,gﬁ@gt ween the first agent and the bus bridge; and

(g) the second bus for transferring data between the second agent and the
bus bridge. 11. The systemas defined ip claim 10 wherein the priority
state machi ne conprises logic for |ssw ng~ 5 Tirst si gnal and a second

signal, the first signal ingj Q. T ' t he i nbound
gueue is to be executed on F# : ghal indicating
whet her a transacti onThe pﬂeaemmimnﬁdnqmumstratedcb)bwmebmﬂpm&mot

limitation in the figures of the accompanying drawings, in which like

references indicate similar elements and in which:

| Figure 1 is a block diagram of a prior art _implementation of a bus
~ bridge in a computer system;

Figure 2 shows an overview of an example multiprocessor
computér system of the present invention; |

Figure 3 is a timing diagram of two bus transactions for one
embodiment of the present invention; | '

Figure 4 is an exemplary block diagram of the bus bndge of one
embodiment of the present invention;

_ Figures 5a and 5b are a flowchart showing the steps foliowed in
handling a request received on one bus by a bridge in one embodiment
of the present invention; .

Figures 6a and 6b are a flowchart showing the steps followed in
handling a request received on a second bus by a bridge in one
embodiment of the present invention;

Figure 7 shows a state diagram used in determining whether to

~ enable or disable posting to one queue in one embodiment of the
present invention; -
‘Figure 8 shows a state diagram used in détermining whether to
enable or disable posting to a second queue in one embodiment of the
present invention; and

Figure 9 shows a state diagram used in deterxmmng whether to
issue a grant or no-grant signal to service requests in one embodiment
of the present invention. ' |




second bus. 12. The systemas defined in claim 10 wherein said first
agent i swo9Be4Mssor and said second agent is an i nput/ oWPCTUSI$/06263

devi ce. 13. A bridge being coupled to a first bus and a second bus,
wherein a first agent is coupled to the first bus and a second agent is
coupled to the second bus, the bridge npri sing: (a) an outbound
gueue coupled to the first bus and the "'second bus for o
transferring a first transactio.fr e first hus to the second bus;

(b) an inbound queue coupl ed ﬁ@uiﬂgii$'§?i‘lglggﬁfthe.second bus for

transferring a second transaction fromthe second bus to the first bus;

' dth
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present invention. However, it will be und_ersto.o_d by those skilled in
the art that the present invention may be practiced without these
specific details. In other instances, well known methods, procedures,
components, and circuits have not been descnbed in detail so as not to
obscure aspects of the present invention.

Some portions of the detailed descnp’aons whxch follow are
‘presented in terms of algorithms and symbolic representations of
operations on data bits within a computé.r memory. These algorithmic
descriptions and representations are the means used by those skilled in
the data processing arts to most effectively convey the substance of
their work to others skilled in the art. An '__algorithm is here, and
generally, conceived tobe a self-consistent 'sgquence of steps leading to
a desired result. The steps are those requiring physical manipulations
of physical quantities. Usually, thoﬁgh not necessarily, these quantities
take the form of electrical or magnetic signals capable of being stored,
transferred, combined, compared, and otherwise manipulated. It has
proven convenient at times, principally for reasons of common usage,

_ to refer to these signals as bits, values, elements, symbols, characters,

terms, numbers, or the like.

It should be borne in mind, howeventhataﬂcﬁtheﬂeand
similar terms are to be associated with the appropriate physical _
quantities and are merely convenient labels applied to these quantities.
Unless specifically stated otherwise as apparent from the followmg
discussions, it is appreciated that throughout the present invention,
discussions utilizing terms such as "processing" or "computing” or
"calculating” or "determining” or "displaying" or the like, refer to the
action and processes of a computer system, or similar electronic
computing device, that manipulates and transforms data represented
as physical (electronic) quantities within the computer system's
registers and memories into other data similarly represented as




f or determ nwgmr,gﬁer the first transaction is to be comm tt rﬁﬁglﬂ?‘ﬁg
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- 5 - out bound queue and an indication given to

agent that the bridge I has commtted to the first

transacti on, an i nbound posti.ng enabl e state nmachi ne
coupled to the second bus for7determ ni ng whet her the second
transaction is to be conmtted to t he i nbound queue and an

i ndi cation given plvydital quarditiesanithin ﬂmt:ouilmter system memoriedor degistezs
conmitted to the 5?&%@1@ ori ty
state machi ne couélle g{yo tcﬁe Irs us anﬁe’ %nssne%scs)ln Bus display dlvileh for

det erm ni ng whet her a transaction in the inbound queue is to be

executed on the first Syste ofthid Phsseat TRvention he out bound queue is to be
' Figure 2 shows an overview of an example multiprocessor
computer system of the present invention. The computer sysfem
generally comprises a processor-memory bus or other communication
device 201 for communicating information between one or more
processors 202, 203, 204 and 205. Processor-memory bus 201 includes
address, data and control buses. Processors 202 thrbugh 205 may
include a small, extremely fast internal cache memory, commonly
referred to as a level one (L1) cache memory for temporarily storing
data and instructions on-chip. In addition, a bigger, slower level two
(L2) cache memory 206 can be coupled to a processor,' such as processor
205, for temporarily storing data and instructions for use by processor
'205. In one embodiment, the computer system of the present
invention includes Intel® architecture MiCTOProcessors as processors
202 through 205; however, the present invention may utilize any type
of microprocessor architecture, or any of a host of digital signal '
~ processors or other agents.
It is appreciated that processor 202, 203, or 204 may also comprise
a parallel processor, such as a processor similar to, or the same as,
~ processor 205. Alternatively, processor 202, 203, or 204 may comprise a
co-processor, such as a digital signal processor. In addition, processors
202 through 205 may include processors of different architecture types.
The processor-memory bus 201 provides system access to the
memory and input/output (I/O) subsystems. A memory controller 222
is coupled with processor-memory bus 201 for controlling access toa
random access memory (RAM) or other dynamic storage device 221
(commonly referred to as a main memory) for storing information and
instructions for processors 202 through 205. A mass dat_a'storage device
225, such as a magnetic disk and disk drive, for storing information
and instructions, and a display device 223, such as a cathode ray tube
(CRT), liquid crystal display (LCD), etc., for displaying information to
the computer user may be coupled to processor-memory bus 201.



executed on the second bus. 14. The bridge as defined in claim13,
wher ei n WPEsSB2Rsaction arbitration unit further conpri SeeTASYSAGRSS

regi ster for recording consecutive retry replies issued to a first agent
coupled to the first bus. 15. The bridge as defined in claim13;
wherein the priority state machine furtger determ nes whether posting to
t he i nbound queue is enabl ed, whether tHe inbound queue contains posted

pansaction. 2, A QRIS Bhabbe s i Mirlsh oitools . 1

det er mi nes m&mar}sbus 2611 and m&mdl%bw%hwywmdeca bemayerigaton on t he

second bus WESih BP atehiPiy fddHdvicds'bh EftREIPFOCRERHEmEmdy T B o YO | NboOUNd

queue contal . 9% ko 0 access or transfer data between devices on the other bus. '
Essentially, bridge 224 functions as an interface between the system I/O
bus 231 and the processor-memory bus 201. |

In addition, an I/O bus 242 may be coupled to prOce_Ssoeremory
bus 201 via bridge 240. 1/0 bus may be coupled to additional peripheral
devices, such as devices 232 through 236, coupled to system I/0 bus 231.

In one embodiment of the present invention I/O bus 246 is
coupled to system I/O bus 231 via bridge 245. 1/Obus 246 may be

- coupled to additional peripheral devices, such as devices 232 through
236 coupled to system I/O bus 231. In one xmplementahon, I/0 bus 246
operates on a different standard (e.g., EISA) than system I/O bus 231
(e.g., PCD.

1/0 bus 231 communicates information between penpheral
devices in the computer system. Devices that may be coupled to
system bus 231 include a dlsplay device 232, such as a cathode ray tube,
liquid crystal display, etc., an alphanumeric input device 233 including
alphanumeric and other keys, etc., for c‘Ommunieating information
and command selections to other devices in the computer system (e.g.,
processor 202) and a cursor control device 234 for controlling cursor
movement. Moreover, a hard copy device 235, such as a plotter or
printer, for providing a visual representation of the computer images
and a mass storage device 236, such as a'magnetic'disk and disk drive,
for storing mformatxon and mstrucnons may also be ooupled to system
bus 231.

It should be understood that in some implementations it may
not be reqmred to provide a device for displaying information. Certain
implementations of the present invention may include additional
processors or other components. Additionally, certain
irnplementations of the present'invenﬁon may not require nor
include all of the above components. For example, processors 202

‘through 204, display device 223, I/O bus 242, or mass storage device 225
may not be coupled to processor-memory bus 201. Furthermore, some



transacti ons w@ogsaayner ship of the second bus is available.  perwsesiness

- .6 - 17. "The bridge as defined in claim 13, wherein the priority state
machi ne further determ nes whether posting to the outbound queue is

enabl ed, and whet her the outbound queue contains posted transactions.

18. The bridge as defined in claim17, whérein the priority state machine

fi et bus when { i DB REFRNSFY RIRSDENACIEEES DRt 40 i ERTATDe
out bound queue cahspled to prpgsssermemonysbud 20hs. B |
In the present invention, bus transactions occur on the processor
buses (e.g., processor-memory bus 201 of Figure 2) in the computer
system in a pipelined manner. That is, multiple bus transactions may
" be pending at the same time, wherein each is not fully completed.
Therefore, when a requesting agent begins a bus transaction by driving
. ‘an address onto the bus, the bus transaction may be only one of a
" number of bus trénsactions currently pending. Although bus
fransactions are pipelined, the bus transactions in the present
invention do not have to be fully completed in order, such that the
present invention performs split bus transactions. Therefore, the
present invention allows for completion replies to requests to be out-
of-order. An example bus protocol for out-of-order replies is described
" in U.S. Patent Application Serial No. 07/ filed June 30, 1993,
‘entitled "Method and Apparatus for Performing Bus Transactions in a
Computer System”, which application is assigned to the assignee of the
present invention. |
The present invention accommodates for split transactions by
essentiaIly splitting a bus transaction into two independent
transactions. The first transaction involves a request for data (or
completion signals) by a requesting agent and a response by the
responding agent. The request may be comprised of the sending of an
address on the address bus and a first token. The response may include
the sending of the requested data (or completion signals) if the
responding agent is ready to respond. In this case, the bus transaction
ends. However, if the responding agent is not ready to supply the
request (i.e., the data or completion signals), the response may include
the sending of a second token. In this case, the second transaction
‘comprises the resending of the second token with the requested data. -
(or completion signals) by the responding agent to the requesting agent,
such that the requesting agent receives the originally requested data to
complete the transaction. :
| If the responding agent is not ready to complete the bus
transaction, then the responding agent sends a deferred response over




19. A nethod of maintaining transaction ordering in a bus bridge coupled
to a fir¥09533475and a second bus, wherein the bus bridge PLINs9s06288 queue
and a second queue, and wherein a requesting agent is coupled to the first,
bus, the nethod conprising the steps of: - (a) det er mi ni ng whet her
posting to the second queue is enabl ed_,156_15ed on a posti ng
enabl e signal received froma transaction arbitration unit; (b)

placing a reqeelsQ il xJo %aié?é?ﬂu%e&ﬁﬂé‘e e1RqR8 QBe NeEt bus
3 i qhprophiz eqtstihe d

into
request i ng agbmdeferae rqu@qué/yhenabesemo@maaeem rea Yt°

pr o;/lh ded posichiifp 1&@fﬂ1tbﬁdéféﬁ@a wse&snsmalalhéeﬂes ponding agefll afflkrafdd lm ng
e Fequon 55 bRaRbuB it 56 i dfiet B EiSeig kainest the L) P o'
top of the firesporglingagentsevdsea deferred reply meh.td:lrlglmseooudamkehm e. 20.
_The nethod ashg@lsnefhd feqilediifly hgeht/idHifors Mt i Y&defydl flend Whet her an

second token as part of the deferred reply. In the present invention,

the requesting agent latches the second token. The requesting agent

then determines whether the second token sent from the responding

agent matches the first token. If the requesting agent determines that

the second token from the respondmg agent does not match the first

token (which the requestmg agent generated), then the data on the bus

(or the completion signal) is ignored and the _requesung, agent

continues monitoring the bus. If the requesting agent determines that

the second token from the responding agent does match the first token,

then the data on the bus (or the compl_eﬁon,si'gnals.) is the data

originally requested by the requesting agent and the requesting agent

latches the data on the data bus. '

In one embodnnent of the present mventlon, bus activity is
hierarchically orgamzed into operations, transacuons, and phases. An
operauon isabus procedure that appears atomic to soffware such as
reading a naturally aligned memory locahon Execunng an operation
usually requires one transaction but may require multiple transactions,
such as in the case of deferred replies in which requests and replies are
different transactions. A transaction is the set of bus activities related
to a single request, from request bus arbitration through response-
initiated data transfers on ‘the data bus. In this embodrment,
transaction is the set of bus activities related to a single request, from
request bus arbitration through response-mxnated data transfers on the
data bus.

A transacnon contains up to six dlstmct phases However,
certain phases are optional, based on the transaction and response rype _

A phase uses a particular signal group to communicate a particular
type of information.
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- 7 -. 21. The nethod as defined in claim19 further conprising retrying
executing the first request. 22. The nethod as defined in claim19
further conprising disabling posting to the  second-queue. 23. The

met hod as defined in claim19 further corrpr"ﬂs"r ng renovi ng posted

transactions fromthe second queue.
These ph ases are:

Arbitration Phase
Request Phase
Error Phase

Snoop Phase
Response Phase
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.

Additionally, different phases from different transactions can
overlzip, thereby pipelining bus usage and improving bus performance.
Figure 3 shows exemplary overlapped request/response phases for two

~ transactions. Referring to Figure 3, note that 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 (FIFQO)
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



24. A nethod of perform ng transaction arbitration in a bus bri dge coupl ed "
to a firwo9sBe4rsand a second bus, the bus bridge havi ng aprnsbsiop2esie and a

second queue, the nethod conprising the steps of: (a) determining_
whet her posting to the second queue is enabl ed; (b) det er mi ni ng
whet her the second queue contains post_e‘dzt_ransactions; (c)

pl acing a transaction originating on the second bus in the. first queue when

cont ai ns. no. SREeAO S beBleke fn-SPuFGr By BEQABRRI X b, o1 on
on the firstoptof-ordepzompletionet hod as defined in claim24 further
conpri sing det er MphighcHonk HrocedtP iroligh! el IRCOdérSQUEHE R FIFCPOR{RrEd-
26. The nmethod as defined in cl.ai 9, falr.t er conprisiLng. the step of
Soalline | e he, puies: erarsachof 1B flednordir Oleus Hitters tHCREHARE huo
provi ded t hePhase.i ThecResplonse iRivase 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-initiatéd 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
Phase and (an optional) response-initiated Data Transfer Phase. As
shown in Figuire 3, transaction 1 is removed from the I'n-(_)rder'Queue'
effective in CLK15. . - R o
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. | S

Bus Bridge

Figure 4 is an exemplary block diagram of the bus bridge of one
embodiment of the present invention. In one implementation, bus
bridge 400 of Figure 4 is bridge 224 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 accor_dihg_ 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 17O bus. | |

Bus interface 410 includes an arbitration unit 411, configuration
registers 412, address mapping logic 413, In-Order Queue 414, and a



not recei vedwigezifse transaction arbitration unit. PCT/US95/06288
REPLACEMENT SHEET 27. The nethod as defined in claim19, further

conmprising the step of allowing responses to addi tional requests on the
-first bus, provided the posting enable si gn received fromthe
transaction arbitration unit. 28. The ret Gd as defined in claim19,
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and a second bus 400‘eearbttracii;m fm'rmessl togprocessor 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 prov:de
configuration values for bridge 400's operation within the computer
system. These values include, for example, the bridge ID for bridge 400
and error-checking protocols for processor bus 401 and I/0 bus 402.
Processor state machine 417 transfers requests between inbound request
queue 430 and processor bus 401, as discussed in more detail below.

Address mapping logic 413 translates addresses received from
I/O bus 402 to the proper format for processor bus 401, if necessary.

That is, in systems where processor bus 401 and I/O bus 402 use
different standards, 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 the translation so that the address
conforms to the standards for processor bus 401. This translation is
based on the standards of the two buses and is performed in a
conventional manner.

Bridge 400 also includes outbound request queue 420 which
receives requests from processor bus 401 via bus interface 410 and
outbound request decoder 415. In one implementation, queue 420 is a
convehtional first-in-first-out (FIFO) queue. Outbound request decoder
415 determines whether bridge 400 commits to a request (i.e., either
defers the request or posts it) and responds to the originating agent on
processor bus 401 indicating whether the request was committed.
Decoder 415 then places the request into outbound request queue 420.
In one embodiment of the present invention, outbound request queue
420 comprises four slots for éontaining up to four outbound
transactions. | |

In one embodiment of the present invention, each slot of

~ outbound request queue 420 includes a tag field. This tag field indicates
information such as whether the request in a particular slot is partof a
locked transaction, or whether bridge 400 committed to the transaction.

Transactions are removed. from the top of outbound request
queue 420 by 1/O bus master control 425 and issued onto I/O bus 402



a first queue to transfer a first transaction fromthe first bus to the
second bY¥0 95/32475 a second queue to transfer a second t rREEE95/06288f r om

t he second bus to the first bus; and a first control |ogic coupled,
to the first queue and the second queue, the first control logic to

det erm ne, based on whet her posting to-flge second queue is disabl ed.

whether the first transaction is to be placed in the first queue. 30. A
conput er syst@Ga1geybas itéfface 450. Upon rfetéiiatt o?ﬁsr'egly from 'thé‘tai'gép mpus;
.a‘se e upled to

?h]:el ;Ztcoﬁgegiﬁlg?g‘ﬁipe‘g 40%, iﬁg‘%@ﬂ%gﬁ%ﬁ@oﬁﬁﬁu’f’ﬁ 'ﬁ'ﬁ%«g%?f)?g‘? {’B%s and the
second bus, tinterfare 4%0 eiteer diredtlydomvia inbound request queud 430:t fcdoridgge t 0
transter a fif5 odhAlRaa th rddsatibh Ctten e APIYis b?acreﬁemtq inbound
request queue 430. If bridge 400 did not commit the transaction, then
~ the reply is returned directly to interface 410. In one émbodiment of
the present invention, whether bridge 400 committed to the
transaction is contained in the tag field associated with the request in’
outbound request queue 420. Thus, bus master control 425 determines
whether to place the reply in inbound request queue 430 or return it
directly to interface 410 based on this tag field. -
' 1/0 bus interface 450 includes an arbitration unit 451, command
decode logic 452, and address mapping logic 453. Address mapping
logic 453 translates addresses received from I/ O bus master control 425
in processor bus 401 format to the proper format for I/O bus 402. This
translation is analogous to the translation performed by address
mapping logic 413 described above. Arbitration unit 451 controls bridge
400's requests for access to I/O bus 402. Arbitration unit 451 operates in
a conventional manner, as determined by the arbitration prbtocol for
I/Obus402. .
| Command decode logic 452 translates commands between
processor bus 401 format and 1/0O bus 402 format, analogous to address
mapping logic 453. In one embodiment of the present invention,
processor bus 401 and 1/O bus 402 utilize different protocols. Thus,
commands issued on processor bus 401 are first translated before being
executed on I/O bus 402. In one implementation, command decode
452 performs this translation. This translation may be performed
- using any of a wide variety of conventional techniques understood by
those skilled in the art. '
Inbound request queue 430 transfers requests from I/0 bus 402 to
‘processor bus interface 410. These requests originate on I/O bus 402
and are transferred to queue 430 via bus interface 450 and I/O bus target
control 445. In one iﬁtplementation, queue 430 comprises four slots for
containing up to four outbound transactions and operates as a
conventional FIFO queue. I/O bus target control 445 either places a
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second transaction fromthe second agent to .the first bus: and

a first control logic coupled to the first queue and the second queue,
wherein the first control logic is to determ_ne, based on whether posting
to the second queue is disabl ed, whé®tter the first transaction is

to. be placed in the first _ . . .
request in queue 430 or retries the request. If the request is retried, a

retry response is issued to the originating agent on I/O bus 402
‘informing that agent that it must retry the request at a later time.

In one embodiment of the prése'nt invention, each slot of
inbound request queue 430 includes a tag field. This tag field indicates
information such as whether bridge 400 committed to the transaction
in a particular slot. - |

~ Target control 445 determines whether to retry the request or
place it into inbound request queue 430 based on input from inbound
queue allocation unit 425 and transaction arbitration unit (TAU) 418.
Inbound queue allocation unit 435 monitors the number of slots
available in inbound request queue 430. If a slot is available, then
~ target control 445 places the request into queue 430 if TAU 418 issues a
grant for the request; if a slot is not available then target control 445
~ retries the request. : -
In one embodiment of the present invention, TAU 418 includes
~ a priority state machine 421, outbound posting enable state machine
422, inbound posting enable state machine 423, and retry register 424.
Priority state machine 421 is used by TAU 418 in determining whether
to issue a grant for a request, as discussed in more detail below with
reference to Figure 9. Outbound posting enable state machine 422
~ determines whether posting to outbound request queue 420 is enabled
or disabled, as discussed in more detail below with reference to Figure
7. Inbound posting enable state machine 423 determines whether
posting to inbound request queue 430 is enabled or disabled, as
discussed in more detail below with reference to Figure 8. Retry
register 424 is used by TAU 418 to monitor whether a request from
processor bus 401 receives two consecutive retry replies, as described in
more detail below. |

Inbound request queue 430 also receives replies to deferred
_requests which were placed in the outbound request queue' 420. These
replies are received by queue 430 via deferred reply generator 440 and
1/0 bus master control 425. Such a reply may be, for example, the reply
to a deferred read placed in queue 420. |
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t he steps of: (a) determ ning whether a first transaction froma
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ot ermini ng. whet noPRe bR eklE i Rbobh A RAEEs e b B0 815 1y agent on
t he second butransferredito processor busi4dlivia buscinberfagectit). aWhen oneor gi ving an
i ndi cation t omphe naRsackbrsCAleSSén difigdntiibolin@i reqiesPyiiets 496, Sqidse commi tted
to the seconthiaiSass il "conditionv%jgggrégi%wg signal to processor state
PCT/ US95/ 062 ys § a signal to processor s

machine 417. Bus interface 410 then arbitrates for access to processor

bus 401, and, upon being granted access, processor state machine 417

transfers the pending transaction(s) in queue 430 to the target agent(s)

on processor bus 401. o B -

' Both inbound request queue 430 and outbound request queue

420 have data buffers associated with them. These data buffers are

required by certain transactions; for example, a read request from

processor bus 401 requires an inbound data buffer because it is

retrieving data from I/O bus 402. An inbound data buffer allocation

unit, which is included in inbound queue allocation unit 435,

monitors the availability of inbound data buffers; i.e., the total number

available and the number currently used. If a request requires an

inbound data buffer, then TAU 418 requests one and either receives

one or does not. o

In one embodiment of the present invention, both outbound
request queue 420 and inbound request queue 430 include bits
indicating whether a particular slot contains a valid entry. These bits
are termed "valid bits". So, if a particular slot in a queue contains a
transaction, its valid bit is set; any slot whose valid bit is not set does
not contain a valid entry. | |

The producer-consumer relationship required by many software
algorithms, described above, should be preserved within the bus
bridge. Maintaining transaction ordering within the bridge ensures
that the producer-consumer relationship is preserved.

In one embodiment of the present inven't_ibn, transaction
ordering is maintained by disabling posting in the “opposite direction"
whenever a read is being serviced. Thatis, if a read request is placed
into outbound request queue 420, inbound posting is disabled. No
requests are posted in inbound request queue 430 until inbound
posting is enabled. Similariy, if a read request is placed into inbound
request queue 430, outbound posting is disabled. No requests are -
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- bridge 400 will return the reply at some later time. Non-deferrable
reads are similar to non-postable writes; bridge 400 stalls processor bus
401, attempts the request on I/O bus 402, and returns a reply to the
originating agent.
: In one 1mplementanon, a maximum of two read requests may
~ be deferred. Thus, if bridge 400 receives two read requests from
processor bus 401, both are deferred and enter outbound request queue
420. However, if a third read request is received from processor bus
401, that request becomes a non-deferrable read. When one of the
deferred reads is attempted on I/O bus 402 and a reply is placed in
inbound request queue 430, a subsequent read entering outbound
request queue 420 can be deferred.
In one embodiment of the present mventxon, bndge 400
~ classifies read/write requests from I/0O bus 402 into two categories: (1)
non-postable requests, and (2) postable requests. Both of these
~ categories include read requests and write requests. 'Nc'_m-postable
requests are requests which can not be immediately committed to.
Bridge 400 holds I/O bus 402 (i.e,, prevents other agents on the bus
- from issuing requests on the bus) until the non-postable request is
attempted on processor bus 401. Postable requests are requests which




transaction is the set of bus act|V|t|es related to a single request, from
request DY ISBMISrati on through response-initiated data tr pePAURsSH06sR t he

dat a bus. ~ Atransaction contains up to six distinct phases.
However , certain phases are optional, based on the transaction and
response type. A phase uses a part_i.l%ar signal group to conmuni cate a
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J J This prevents a prevxously issued read request from readmg the data

written by a subsequently issued write transaction.

TAU 418 also prevents deadlock situations from arising within
bridge 400. A deadlock situation could arise, for example, if a deferred
read request were at the top of outbound request queue 420, a non-
deferred read request were in queue 420 behind the deferred read
request, and a read request were at the top of inbound request queue
430. The read request in queue 430 would be holdmg 1/0 bus 402,
thereby preventmg the deferred read request in outbound request
queue 420 from executing on I/0 bus 402. Similarly, the non-deferred
read request in queue 420 would be stalling processor bus 401, thereby
preventing the read request in queue 430 from executmg on processor
bus 401. Thus, it can be seen that under these arcumstances the bridge
is deadlocked because neither queue 420 nor queue 430 can advance.

TAU 418 avoids such a deadlock situation by preventmg non-
postable inbound requests from entering inbound request queue 430

‘until outbound posting has been disabled and no outbound posted or
deferred requests are pending in outbound request queue 420. -
Transactions entering bridge 400 from processor bus 401 are not
deferred or posted until the non-postable inbound request(s) is no
longer pending in inbound request queue 430. This is discussed in
more detail below with reference to Figure 9.

" Inone embbdin’i'ent of the present invention, prbcessor bus 401
and 1/0 bus 402 operate in different clock domains: Inone
mplementanon, processor bus 401 operates at 66MFHz while I/0 bus
402 operates at 33MHz. TAU 418 provides an interface between the two
clock domains, allowing both outbound request decoder 415 and 1/0
bus target control 445 to commit or not commit to requests, based on
what types of requests the other has already committed to.
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For example, in one embodlment of the present invention TAU
418 and I/O bus target control 445 operate in the same clock domain as
I/0 bus 402, whereas decoder 415 operates in the same clock domain as
processor bus 401. TAU 418 indicates to I/O bus targét control 445
whether posting to inbound request queue 430 is enabled and indicates
to decoder 415 whether posting to outbound request queue 420 is
enabled, as discussed in more detail below. Thus, by use of these
posting enable signals, both I/O bus target control 445 and decoder 415
can immediately commit to transactions in their own clock domains;
synchronization is not necessary when posting is enabled in both
directions.

Transactions Originating on the Processor Bus
Figures 5a and 5b are a flowchart showing the steps followed in

handling a request received by bridge 400 from processor bus 401 in one
embodiment of the present invention. The rei;uest is received by
bridge 400 from the originating agent on processor bus 401, step 505. It
should be noted that although an agent is the originating agent on
processor bus 401, that agent may not have initiated the request. For
example, a request could be initiated by an agent coupled to I/O bus 242
of Figure 2 which targets an agent on system I/0O bus 231. This request
originates on processor-memory bus 201 with bridge 240 and is
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out - of - onegs/zespl et i on. - Transactions proceed pdrrusegibe2sg e

I n- Order Queue in FIFO order. The topnost transaction in the In-Oder
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outbound posting enabled signal received from TAU 418. TAU 418, as
described in more detail below, is responsible for enabling and '
disabling posting in both outbound request queue 420 and inbound
request queue 430.

Figure 7 shows a state diagram followed by TAU 418 in
determining whether to enable or disable posting to the outbound
request queue in one embodiment of the present invention. As shown
in Figure 7, outbound posting is either enabled or disabled. In one
embodiment of the present invention, outbound posting is disabled
whenever a request is received from I/0 bus 402 which has ordering
requirements. In one implementation, read transactions are pre-
determined to have ordering requirements. For example, if a read
request were received from I/O bus 402, outbound posting would be
disabled to ensure transaction ordermg is maintained.

Wheén outbound posting is disabled, TAU 418 starts a timer
running. Outbound posting remains disabled until the timer started by
TAU 418 expires, or the request which started the timer succeeds. In
one embodiment of the present invention, the 1/O bus arbiter contains
a timer which is set when a request is retried. The arbiter does not
allow any requests to be issﬁed by the retried agent until the expiration
of that timer. The timer in TAU 418 is programmable and set
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enabled; if the attempt does not succeed then the request is retried and

- TAU 418 starts the timer again. However, if the agent does not retry

the request shortly after the I/O bus arbiter expires, then TAU 418
presumes that the agent is not goixig to retry the request (e.g., the agent
no longer needs to perform the request).

Thus, it can be seen that the use of the timer allows outbound
posting to be disabled in response to a particular request on I/O bus 402.
This disabling gives TAU 418 the opportunity to meet transaction
ordering and deadlock avoidance requirements for the request, as
described in more detail below with reference to Figure 9. If the request |
comes back, then it can be attempted again. If the request does not
come back, then TAU 418 re-enables outbound posting.

Returning to Figure 5a, if TAU 418 indicates posting is enabled,
then decoder 415 commits to the transaction if it is a postable or
deferrable request. That is, decoder 415 returns a response to the
originating agent on processor bus 401 that the request will be
attempted on I/O bus 402, step 530. Decoder 415 then places the request
into the outbound request queue 420, step 535. |

In addition to placing the request in queue 420, decoder 415 also
sends an outbound post pending signal to TAU 418, step 535. The
outbound post pending signal indicates to TAU 418 that a posted (or
deferred) transaction is in outbound request queue 420. TAU 418 uses
this signal if it receives a request from I/O bus 402 which requires the
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should therefore be issued. These re_quirements are discussed in more
detail below with reference to Figure 9. Upon receipt of a reply from
the target agent on 1/O bus 402, 1/0 bus master control 425 places the
reply into inbound request queue 430 via deferred reply ‘generator 440,
if the transaction was deferred.

In the event of a non-deferred transacuon, bndge 400 has already
committed to the transaction (in step 530), and the reply information
has already been returned to the originating agent on processor bus 401.
Thus, if the transaction is given a retry from the target agent on I/O bus
402, 1/O bus master control 425 continues to attempt the transaction
until a successful complenon response is received.

Returning to step 525, if the outbound postmg enabled s1gna1
received from TAU 418 indicates posting is dtsabled or the request is a
non-postable or non-deferrable request, then decoder 415 places the
request into outbound request queue 420, st_e_p 550. If posting is not
enabled then bridge 400 does not commit to the transaction; rather, bus
interface 410 stalls the Response Phase of processor bus 401 until the
request can be attempted on 1/O bus 402 and a reply returned to the
originating agent.

A request placed in queue 420 propagates to the top of the queue,
step 555. I/0 bus master control 425 removes the request from the top
of queue 420 and attempts to execute the request on I/0 bus 402.
Whether I/0 bus master control 425 is able to _execute t_he request on
1/0 bus 402 is dependent on two factors: first, whether ordering
requirements are satisfied (step 558), and second, whether TAU 418



on |/ 0 bus 4Qihosisrgdsous master control 425 returns the reply tpprhAidsngass
interface 410 either directly or via inbound request queue 430. If bridge
400 conmitted the transaction, then the reply is placed into inbound
request queue 430. If bridge:.400 di d not cgﬂglt the transaction, then

the reply is returned directly to interfac&%2l In one enbodlnent of
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processor bus 401 and 1 /0 bus 402 fornat naI ogqus t
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processor bus 40grantdrelji&ts msay!be medd by &/ O btfsanasner gontrot 425,. maltuaan
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requests from I/ étggg)t%?ntlt{O bus %2@%@?8’ ﬁ?ﬁcg’r oﬂgﬁ'}fﬁi@e

requests ori g| nat e onFiguPelfushak9 a state diagram of TAU 418 used in determining
whether to give bus master control 425 a grant or no-grant to service
the request. If TAU 418 is in the Idle state, then TAU 418 proceeds to
attempt to gain priority for processor bus 401, as described in more
detail below. If TAU 418 is in the I/O Bus Priority state, then TAU 418
issues a no-grant to all requests from processor bus 401. However, if
TAU 418 is in the Processor Bus Priority state, then TAU 418 issues a
grant to the request.

In order to give a grant to bus master control 425, TAU 418 must
transition from Idle state to Processor Bus Priority state. In order to
make this transition, four conditions must be met: (1) ordering
requirements must be satisfied; (2) deadlock avoidance criteria must be
satisfied; (3) an inbound data buffer must be available, if needed; and
(4) TAU 418 must have ownership of I/O bus 402. If TAU 418 is able to

‘transition to Processor Bus Priority state, then it issues a grant to bus
master control 425; otherwise, it issues a no-grant.

First, transaction ordering requirements must be satisfied. In
one embodiment of the present invention, transaction ordering



and are transferred to queue 430 via bus interface 450 and |/O bus target
control X¥%953247%ne i npl enent ation, queue 430 conprises f RATEI95062880r
containing up to four outbound transactions and operates as a

conventional FIFO queue. 1/0 bus target control 445 either places a WO
95/ 32475 oA, PCT/ US95/ 06288
- 15 - request in queue 430 or re?rles the request. If the request is
retried, a [ e ent on I1/0O
bus a0z renpliishyt EREPABTAS IR IRobAd e RE ¢ RLSRE BECT L 1 D e
tine. dlscussed ¥eenbodi ment of the present -invention, each slot of

i nbound request Q%n@&eaalsl:y%&@aﬂca&rﬁbﬁhqnumésm&iéd ehiflohgdi cates

i nformation suc{g‘P r bri dge, 400 con:aﬂtt to the transacti,on in
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i's avail abl e,pdrn?BR Sk 4455 Weala | Nt O queue
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nt, for the r a sl ot t '
avai | abl e t hdf2Rs3cHeR %Bﬂﬁﬁﬂgﬁs Inbound gueugs Li?ﬁi Pé&?f@?f controls adb’ I n
one enbodi nenissats tieinbotawhpostinge pending ﬁgﬂanéﬁlortgths:desvahd bwoﬂoaw ority

state machi nqeas%]bn éibp 81‘]% ﬂ\%%&ﬁ\'&gre?iﬁ%g{ Sué{lghgﬂ '3?2&' Qﬁ\en all valid
bits are cleared (by having the requests in inbound request queue 430
being popped off), 1/0 bus target control 445 deasserts the inbound
posting pendmg signal. In order to satisfy the deadlock avoidance
criteria, the inbound posting pending sxgnal must be deasserted.

Third, an inbound data buffer must be available, if necessary.
Certain transactions require the use of an inbound data buffer If the
request that bus master control 425 is attemnpting to service requires an
inbound data buffer, then TAU 418 does not issue a grant to bus master
control 425 unless a buffer is available. Issuing a grant without a buffer
available would result in no storage location in which to place the data
associated with the request. Bus master control 425 informs TAU 418
that the request requires a data buffer by assertmg a 51gnal to TAU 418
when it requests a grant to service the request in step 560. In one
embodiment of the present invention, TAU 418 requests an inbound
data buffer from allocation unit 435 when a requéSt requires an
inbound data buffer, and allocation unit 435 returns either a grant or
no-grant signal to TAU 418, mdxcatmg availability or non-avallabxhty
of a buffer, respectively. In one implementation, allocation unit 435

~ also indicates the identity (e.g., the address) of a data buffer for TAU 418
to use when i issuing a grant signal to TAU 418.

Fourth, TAU 418 must have ownership of 1/0 bus 402. In this
embodiment of the present invention, TAU 418 arbitrates for access to
1/0 bus 402. In one implementation, TAU 418 arbitrates for access to
I/O bus 402 via arbitration unit 451 of 1/O bus interface 450. If the




422, inbound yegekha@senabl e state machine 423, and retry regis 56
Priority state nachine 421 is used by TAU 418 in determ ning \/\% Iﬁg 288

.to issue a grant for a request, as discussed in nore detail below wth
reference to Fi gure 9. Qutbound posting enabl e state machine 422

det erm nes whet her posting t.0 ‘out bound requ@&- queue 420 is enabl ed or
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~ When these four conditions are met, TAU 418 transitions from

Idle state to Processor Bus Priority state. While in Processor Bus

Priority state, TAU 418 issues a grant signal to bus master control 425

and returns to Idle state or transitions to Hold state. TAU 418

transitions to Idle state when I/O bus master control 425 deasserts its

- request for a grant. Alternatively, TAU 418 may transition to Hold

state, as discussed in more detail below.

In one implementation of the present invention, 1/ 0 bus master
control 425 can also issue a signal to TAU 418 to request internal
resources, such as inbound data buffers, without requesting ownership
of I/O bus 402. This may be done, for example, where I/O bus master
control 425 wants to obtain an inbound data buffer, or check if one is
available, but not immediately execute a transaction on I/O bus 402.

In one embodiment of the pfesent invention, inbound request
queue 430 need not be flushed under certain circumstances. For
example, one request which may be received from processor bus 401 is
a frame buffer read (i.e., a read from video graphics areas). Software
algorithms employing the producer-consumer model generally do not
store data in the graphics areas, so the transaction ordering concerns
discussed above are generally not an issue. In this embodiment, bus
‘master control 425 issues a signal to TAU 418 when requesting a grant

_indicating that this request is a frame buffer read. This signal informs

' TAU 418 that the inbound request queue 430 need not be flushed, so if
- the remaining three criteria are satisfied TAU 418 can issue a grant

even if posted transactions are pending in inbound request queue 430.



430 indicates this condition by sending a S|gnal to processor state
machi ne ¥Or95334% j nterface 410 then arbitrates for access RGITGRIS06288 or
bus 401, and, upon being granted access, processor state nmachi ne 417
transfers the pendi ng transaction(s) in-queue 430 to the target agent(s)

on processor bus 401. Bot h_prpound request queue 430 and

out bound request queue - 420 have data buffers associ ated vmth t hem
These data buf fer ufbfie embodifift 'St EELA AL RS AANONY chong ar: &
a read request from " r'es_an 1 nboun a buffer
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430 i ncl ude mqrgpleted ﬁhna'equesmggm .. 4hg bridgeimthis example} must a val i d

entry. These fidase its bu@f al Y6t tvio Ridcks, ard thért :=1€teﬂf’1}ftttb‘~i~le!éx%heSI ot in
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valid bit is ‘?Fo’fe’g’éqc“ﬂ% transa‘mﬂn S, FRRPLET SRRl 4 r celves a The
pr oducer - consgnanlt fromaAUIﬂﬁlqmdaqrtsrte(éxbwmhg reqaestaorel /O bus#08pri t hirs,

ﬁ/glsﬁ{ :ilbﬁ?ngbt rans @gél%qo gﬁﬂ‘?aﬁuﬁ%&%&%&%@ensures i’iieg?l“[shat t he

pr oducer - consmagroccyr if thertarges agsnbpeééﬂxbes 402 cannot trans fenag mudnbodi ment
of the pr eseruathraéembl dipinatifg ageht 6n rocess@fsesuon(s&m gf by

a0 post L D e o G oy S r gt o1
queue 420, | rilmﬁﬁen) Adndemihese citicantstates Nt is desuabtwtesirmmﬁam priotitg i n
I nbound 1 equegta IR GO sb' A dthf P&YMkts can be given a grant while in the
Hold state. TAU 418 transitions from Hold state to Idle state (in
response to a hold request signal asserted by bus master control 425).
However, because priority with the bridge was maintained, TAU 418
should be able to immediately transition to Processor Bus Priority state
again. - |
 Returning to Figure 5a, if TAU 418 gives bus master control 425
a grant, then bus master control 425 services the request, step 565. The
request is executed on 1/0 bus 402 via bus interface 450 (recall that TAU
418 already arbitrated for and received access to I/O bus 402). Bus
master control 425 receives a reply from the target agent on I/0 bus 402,
which is returned to the originating agent on processor bus 401 via bus
interface 410. The reply is not returned through inbound request
queue 430 because bridge 400 is stallmg processor bus 401 waiting for
this reply.
"~ Returning to step 560, if TAU 418 gives bus master control 425 a
nb-grant, then bus master control 425 determines whether the request
is part of a lock operation, step 570. A lock operation is an operation on -
the bus which must remain indivisible; the operation typically
involves a read transaction and a write transaction, one or both of
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-17- posted in out bound request queue 420 until outbound posting is
enabl ed. I n one“enbodi nent of-2®e present invention, four

di fferent types of read/wite requests are supported by processor bus
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agent. was placed into the inbound request queue 430 after bridge 400 received
this lock request but before the lock request propagated to the top of
outbound request queue 420. When the request in the inbound queue
430 propagates to the top of queue 430, processor state machine 417
observes that a lock transaction is in progress on processor bus 401 and
will issue a retry for the request, as discussed in more detail below.
Thus, for a request which is part of a lock operation, bus master control
425 knows it will eventually receive a grant from TAU 418. Bus master
control 425 therefore continues to request a grant from TAU 418 until a
grant is received, shown by repeating steps 560 and 570.
_ If the request at the top of outbound request queue 420 is not part
of a lock operation, then the request is given a retry reply, step 575 of
Figure 5b. This retry reply is returned to the originating agent
immediately, as the Response Phase of processor bus 401 is being
stalled. |

In addition to issuing a retry, TAU 418 determines whether this
retry is the second consecutive retry reply for this processor, step 580.
In one embodiment of the present invention, this information is
stored in a retry register 424 which includes the agent ID and whether
this ID was prevxously retried. This register is cleared when a
- subsequent transaction requests a grant from TAU 418. If this is the

second consecutive retry, then TAU 418 presumes this is due to the fact
that the request keeps being retried due to transactions being placed in
inbound request queue 430 receiving priority. In order to prevent




In one inplementation, a maxi numof two read requests may - be deferred. *

Thus, i fWOOBAYES400 receives two read requests from pEBTesse8shus 401,
both are deferred and enter outbound request queue 420. However, if a
third read request is received from processor bus 401, that request
becomes a non-deferrable read. Wien onepgf. the deferred reads is
attenpted on 1/0O bus 402 and a reply i's placed in inbound request
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priority for processor bus 401 in step 590, discussed below.

Regardless of whether requests on I/O bus 402 are masked off
- TAU 418 attempts to gain priority for processor bus 401, step 590. This

attempt to gain priority is as described above with reference to Figure 9.

TAU 418 attempts to meet those conditions so that when the request is

retried and again propagates to the top of outbound request queue 420,

a grant can be issued to service the request. It should be noted,

however, that TAU 418 does not arbitrate for access to I/O bus 402 until

bus master control 425 again requests a grant to service the request.

The agent which placed the request on processor bus 401 then
attempts the request again, step 505 of Figure 5a. The above steps are
repeated, with the request either bemg serviced on I/O bus 402 or
retried again. :

Transactions Originating on the I/O Bus

Figures 6a and 6b are a flowchart showing the steps followed in
handling a request received by bridge 400 from 1/0 bus 402 in one
embodiment of the present invention. The request is received by
bridge 400 from an originating agent on I/O bus 402, step 605. It should
be noted that although the request is received from an originating



servi ced bef WEoddary ead request which di sabl ed posting is Serﬂﬁﬁﬁ’ﬁs/oezss
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the top of outbound request queue 420, a non- deferred read request

were in queue 42mge@hmnd/1mbuaéﬂymagewmaynotelmmunmd therreguestequest
were at the top qfor'é?@ ?éﬁ%? &ﬂ%@emltxaféaoo dhQ Eﬁ?@oﬁ GH%tI/UhS’éJeue
%

430 woul d be hol g thereb vent| n E’b‘é %i read
request in outbo ‘Pgeé‘&'%? Jé{&etﬁl%aﬂe FrP@)Ré'@G?ssz ‘%?F“PFY) 02
Simlarly, bt he Bdnude.- estdriginates ofl systymsl!()bus:ﬂsaumﬂﬂﬁh R45 hndds aI i ng
processor bus 4 v

from executing on p%ggfelg%}?ndge&gf % gﬁﬁéj g(ia&nat?%(gﬁ% der

t hese circunmst anc3d with byidgr245, bridge 245 didonatdni eequther queue 420
nor queue 430 can advagR&f@rning to Figur dﬁ&%%&gpﬂ&ﬁ st iR/ eFbus
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detail bel ow wi t Rytés608.2Mhes ¢ nma&&estotheon/gmanﬂ apBft 2 hiRPisstike t he
present inventio processor and |1 /7O bus™ 402 operate in

di fferent clock ﬁﬁf”ﬂges |argaghg?a%ate( {Merent ati on, processor bus 401
operates at. 66MHz whi |I€ IfOQeluests arenbﬂnmskedtoés thénhiiﬂgemmdétéﬁxﬁumsow des
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commit to requestenbedizentopf the prasent ﬂy‘rﬁ;uquf, bridge-40Q determimes whether
al ready . comm t t eqhkGequest received has transaction ordering requirements, based on
' the command received (as decoded by command decode 452). If the
command matches a set of pre-determined commands with
transaction ordering requirements, then bridge 400 knows th1s request
has ordering requirements.

If the request is not a read request, then I/O bus target control 445
determines whether to post the request, step 615, discussed below. If
the request is a read request, then target control 445 sends a signal to
TAU 418 indicating that outbound posting should be disabled, step 612.
‘Disabling of outbound posting is described above with reference to
Figure 7. '

1/0 bus target control 445 then determines whether to post the
received retjuest, step 615. In one implementation, only certain
predetermined requests can be posted (e.g., write requests). In one

~embodiment of the present invention, the determination of whether
to post a request is made concurrent with the signaling of TAU 418 in
step 612. This determination is made based on whether inbound

~ posting is enabled or disabled and whether an inbound queue slot is
available, assuming the request is a postable request. A signal
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When processor bus 401 and 1/ 0 bus 402 operate in different dock
dormai ns, sone el enents of bridge 400 operate in the clock domai n of
processor bus 401 and sone el ements opeygte in the clock domain of 1/0
bus 402. In one inplenentation, this division of el enents bet ween -
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manner to tr detdratines ifrodderingorequirentérits lardeaﬁsﬁed,cstep 640 of Fig\ere. 6D,

For exanpl e, present I nvention TAU 418 and
I/ O bus targg% c%&%?‘?m%rﬁert%@e I'n the sane clock domain as I/ O bus
402, whereas deco&l;owqm'.aﬁam%@w ¢l pesting issemabled aaid an inbeund queue
processor bugjs#Q4 avliﬂblélﬁxéxﬂﬂiec&% dnédis ﬁ&t@& %ﬁ@g%éd GATHhbSund 4>

o docodby s 16Tusnt cobhe 30 rag 480 ESE et e St e
enabl ed, as thformescthat mherneqa.leéetmlllbd)sﬂt t&loa progessot bufs 401et.e.,
20511, sl 69 B, 0l My 01 2
ease I/O bus 402 without waiting for a reply from the target agent on
processor bus 401. Inbound posting is either enabled or disabled based
" on an inbound posting enabled sxgnal recelved by 1/ O bus target control
445 from TAU 418.

Figure 8 shows a state diagram followed by TAU 4181 in
determining whether to enable or disable postmg to inbound request
queue 430 in one embodiment of the present invention. As shown i in
Figure 8, inbound posting is either enabled or disabled. In one

' embodiment of the present invention, inbound posting is disabled
whenever a read request is received from processor bus 401.
Whenever inbound postmg is dlsabled TAU 418 starts a timer
running.

Once dlsabled mbound postmg remams disabled until either the
timer set by TAU 418 expires, or the read re_quest causing the disabling-
of inbound posting succeeds. When decoder 415 receives a request, it
also receives the agent identification of the agent which issued the
request. Thus, decoder 415 knows when the read request which caused
the disabling comes back (and it can deassert its signal that inbound
posting should be disabled, assuming no other transactlons have -
entered outbound request queue 420 which require decoder 415 to
indicate inbound posting should be disabled). |

* TAU 418 maintains a timer similar to the timer discussed above
with reference to Figure 7 and disabling of outbound posting. This
timer in TAU 418 is based on the arbitration algorithm of processor bus




synchroni zat wgg,ﬁﬁgot necessary when posting is enabled in bgid
US9
di rections. Transacti ons Originating on the Processor Bﬁ"s’6288

Figures 5a and 5b are a flowchart showing the steps followed in

handl ing a request received by bridge 400 from processor bus 401 in one
enbodi nent of the present invention. The re@Buest is received by bridge
400 fromthe originating agent on processor bus 401, step 505. It

shoul d be noted t4pit Bl bheushbsdintattnéf the present irpremion)ghagebitration

b 0
e, a r squestsRAMi G Brafyol B EBYZﬂhQ"”% iihd PR IR, TRES. s
of Figure 2 whi chmaxingums amouwnd@fitinog @f@teea‘rpw@S%CQ@ﬂ retry 3 re@qeﬁt@n
or ginates on pr o5é aeRkniIRER JByPHEAR e TAUPAIS fihek4d @aéinissa

95/ 32475
- 20- r ecei vROHRt of time TAY 418,gusurgs that inbound B??t&‘glést Pﬂ g
bus 201 | s bpeéfoge tivefotriediageat A4 the dppottunityt focatetry the retppeslst

Returning to Figure 5 b

401, bri dge 400 det eLEJnéEigft?ﬁng%w&%cé%??%eé‘ AR e e Sfep
I f the requedisabingeould retay t eqe@mtnnmﬂmemrmo e WeEr ni ne

whet her to conmm twtxf?téﬁ *’ﬁkﬁrtﬁ%saﬁt 1tﬁhﬁBn,5§€b0tdic§gb§ﬁﬁ 6 remaind'@isabled ’

the request is a read request 415 sen
until the requesf succeeds e request is retned thgn%e timer is

reset and starts again. If the request succeeds, then disabling of the
inbound requeSt queue is no longer necessary and inbound posting is
enabled.

Returning to Figure 6a, target control 445 posts the request if
possible and places the request in inbound request queue 430, step 620.

 As with the outbound request queue, transactions in the inbound

- request queue propagate to the top of the queue, step 630. Processor
state machine 417 retrieves the request from the top of the inbound
request queue and executes it, step 635. :

In one embodiment of the present invention, the execution of
the request on processor bus 401 results in one of two possible
responses. First, a successful completion response may be returned
from the target agent on processor bus 401. In this situation, the
transaction is completed, as the posted response from step 620 indicated
to the originating agent on I/O bus 402 that the transaction would be
completed. The second possible response is a retry reply. 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. Bridge 400 receives this retry reply, and continues
to retry the request until a successful completion response is received.

Returning to step 615 of Figure 6a, if the request is not posted,
then target control 445 determines whether ordering requirements for
the request are satisfied, step 640 of Figure 6b. In one implementation,
this is determined by a signal received from TAU 418 indicating that
outbound posting is disabled. If ordering requirements are not



to TAU 418 indicating that inbound posting should be disabled, step
515. Di sW95334%5f i nbound posting is described in nore detPSIINUS9%G288

with reference to Figure 8. - Decoder 415 determni nes whether to
commt to the received request, step 525. In one node of operation,
this determnation is made concur_rfgt_ with the signaling of TAU 418 in
step 515. Determ nation of whether“To conmt to the transaction is
based on an ostl bl ed .si I eived m TAU 418. TAU
a6, ae o saigishuBan the RAMehE ERRRATey MY, REARARRALOERY thabi i ng
and di satep 66p. postl ng |n bot h out bound request queue 420 and i nbound

request queue 4301f however, or V%egtflt%%fiu;exﬁgﬁgsargrs%&gﬁg%df@r bkl owed by

TAU 418 in det’er oSt 1 ng o the
out bound target gantro "h@éﬁ%emnsnss £58 @rapt of H@'ﬁ'@é%éﬁhfeqeh tion. As
shown | fronh TAY 418, utdsponde po atgragt requeist from &/dbwgitaegetdi sabl ed. In

whenever o r SHNREL 48 shRBeS. %‘*ﬁ#‘l@tﬁ}gqﬁ%}%%%qﬁgﬁ%%ﬁbd' sanes

F equi r ement s mone delmll belowpwith referencestoiFigure Sacin one lmpiemeatanon,
det ermined t ‘?he‘ aﬁ?r st¢ I écﬁdrftﬁﬁmssissfésrtoerﬁfﬂ)éﬁ u‘kfxcﬁ

request were re elve bus 402, 8% bound OStI
di sabl ed to EAQYASE IS A AQERESE edeguestnd/ ?%'8 eases ltsV\hen
out bound posigragt retjuést Wendeithiedla ﬂ&grahasigmams remtved from TAWg8, Qut bound

osting renmm e t expires,
gr t Ihegr equelggJ %{}g &éﬁ‘pés?q? ?%ﬁ%tga Ikné;’g%stu%ca?ag QBI(%)% mbounm%qé‘#godrﬁ{ent of
the present iquenadd8and agrantsignal isreceived cthentarget contral 445 placeshi ch i s
set when a r%lé'? uds? 11'iﬁ>ti'ﬂb6ﬁnd-rﬂéﬁu@§tbdr|ﬁéﬁe m%téPBSO Theaﬂeq %slaﬂﬁ)énr equests

The i mor 1 nPTUBAGRIES 1 Ei 1 o A e qase 490, Step 655. Frocessor
state machine 417 retrieves the requests from the top of the inbound
request queue and attempts to execute it, step 660 In attempting to
execute the request on processor bus 401, processor state machine 417
determines whether processor bus 401 is available, step 662. If the bus
is available, then processor state machine 417 executes the transaction
on processor bus 401, step 663. S

Upon being executed on processor bus 401, the request could
receive a retry reply from the targeted agent or a successful completion
reply. This reply is returned to the originating agent on I/0 bus 402,
which is waiting for a reply (i.e., the originating agent on I/O bus 402 is
preventing other agents on 1I/0 bus 402 from i 1ssumg requests on I/0
bus 402).

Returning to step 662, under certain circumstances processor bus
401 may not be available. For example, as discussed above, a
transaction could be in outbound request queue 420 which is part of a
lock operation. In-this situation, processor bus 401 would be
unavailable. When processor bus 401 is unavailable, processor state
machine 417 returns a retry response to the agent issuing the request,
step 664. Thus, the agent must try the request again at a later time,
thereby allowing the lock operation to complete
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according to thls arbiter timer; the timer in TAU 418 is set to expire
shortly after the timer in the 1/0 bus arbiter expires. TAU 418 does not
.conmit to requests from|/O bus 402 which #88i-ve while its tiner is
‘activated, thereby causing I/Obus target control 445 to retry these
requests, as di scussedRéeturnimgetodsepi6iSpiflacslot is not avaxlableorghmxngﬁe not ed

that this nethod qg?écéa@@ﬂ '&&%rﬁi@s&%retned E’t@ﬁréﬁseslf’l‘h@ g

manner. That is, .t rreth / O bus af bi

resu
timer expires, t H&s%stﬂ P@Tgr ”fﬁhen JﬁUéﬂSﬁtﬁmpwo get priqrityforithe
request. Thus, i finbband ﬁesipaep 1670) s dbscribedUiesinoré detail belowauThed Ogdnt

a0 'W”?hrﬁfﬁ'er”?n%ﬁ@ﬁh?ﬁ 6 e rE B 00 bt S P 3G, step o0 g ™
attenpted. If th lgurﬂaﬁ@t succeeds, then outbound posting is enabl ed;
if the attenpt does n%glﬁ.{a@%ﬁéﬁs@&a@aﬁ aHESE TAU %8 hised 1ﬁ%temumﬂ_€ue

418 starts the ti However, |If oes not ret
request shortly. a“?’nﬁ e?ﬁg giyearget confroks ;Sg‘f‘%ts"r PRETanhte gggnce the
presunes that theeggestt IESI‘AIomaQs ngﬂte)ldletstate,tmmr‘nqweﬂs procgeds tde agent
no | onger needs tQ. R)r us 402, a &8'y seen
that the use of the (;%)ab 8& i ng c(l) I'S l%dln
response to a parhelewl aIfTﬁédlﬁégtls Uhthermsmsoxdﬁls Pnontyrntatecnrﬁbld stgteyi ves
TAU 418 the opporhentAUIA8 E&s ﬂ&%@&ﬁtﬂﬁr uests%&ﬁrl/@bﬁg‘ioﬁeam ock

uge

avoi dance requi r nts fq %Pé(ﬁf)@sqnggf%’rslteed e‘b%ﬁ“?ﬁt ail
Fﬁ'réé en it

below with refer Wei"ﬁr*
can be attenpted isgfism gia‘ntttb&héeeqmt does not

In order to give a grant to target control 445, TAU 418 must
transition from Idle state to I/O Bus Priority state. In order to make
this transition, three conditions must be met, analogous to the
discussion above regarding transitioning from Idle state to Processor
Bus Priority state: (1) outbound posting must be disabled; (2) the
outbound request queue must be flushed; and (3) an inbound data
buffer must be available, if needed. Note that it is not necessary to
obtain ownership of I/O bus 402 because the requestmg agent already
has ownership.

First, outbound posting must be dxsabled Outbound postmg is
disabled as discussed above with reference to Figure 7. -

Second, the outbound request queue must be flushed, i.e, the
outbound request queue does not contain any posted transactions.
TAU 418 makes this determination based on an outbound post
pending signal received from decoder 415 when a transaction is posted
in the outbound queue. In one embodiment of the present invention,

“decoder 415 maintains a counter which it increments each time it posts
or defers a request. I/O bus master control 425 then decrements this
counter each time it completes a posted or deferred requests. Thus,

~ decoder 415 deasserts the outbound post pending signal when this
" counter value is zero, and asserts the outbound post pending signal




conme back, ‘then TAU 418 re-enabl es out bound posti ng. Ret ur ni ng
to Fi gur ®®&25/32475 TAU 418 i ndi cates posting is enabl ed, PCT/US9s/06038 0der

415 conmits to the transaction if it is a postable or deferrabl e
request. That is, decoder 415 returns a response to the ori gi nating
agent on processor bus 401 that the regggst wll be attenpted on 1/0O
bus 402, step 530. Decoder 415 then places the request into the

out bound reqwsﬁénggg%ﬁ& hid §hoitive value. As ddsaxssaa%wn d\t gn@! acing t he

request in queue post pendi ng
signal to TAimplementationof thermesent muenm@e@dﬁ

ot boand o iaittef ¥nt6F 425 operdiedn(ar d‘ff"'“ﬂ?mk%mﬁg’{gnm 'a°Pe'CZ. ves a
request fr o?n %lgfﬁmw Fmﬁt%rqﬁ‘?qltégels‘%%eto decoc\sgb%gg

PCT/ US95/ 0628&crement the counter passes through a synchronizing-it. TAU 418ut bound

r equest queuq%fog{ée b Out d BRefE 56 Fhafdal WhaR 4Fe UekBblng post Del O

Transacti ons request queue propaga the top
of the queue PeNding sign W\ﬁaﬁ%‘gﬁmttedtransactlon is at the top of

the queue, the reCIsd i TN dafNbuffet BIUBYE Aailabfd iffedddary.  Via 170
bus master cg'?eti 425 and s &)us hnterf ce 4%8 % aag)ﬁferl /lp bus :
master contr 1 trﬁ% e fe yse 6’ RAS. H§‘ 4 ‘?’equestl ng a
grant from TNXanﬂpie, Slwme nek;aestrmqsmemmnbaundodatathtﬁbr because it is
transferring data from I/O bus 402. If the request that target control 445
is attempting to service requires an inbound data buffer, then TAU 418
does not issue a grant to target control 445 unless a buffer is available.
Issuing a grant without a buffer available would result in no storage
location in which to place the data assodiated with the request. Target
control 445 informs TAU 418 that the request requ:res a data buffer by
asserting a s1gnal to TAU 418 when it requests a grant to service the
request in step 655. The requesting of an mbound data buffer by TAU
418 is as discussed above.
When these three conditions are met, TAU 418 transitions from
Idle state to 1/O Bus Priority state. While in I/O Bus Priority state, TAU
‘418 issues a grant signal to target control 445. Upon completion of the
request (as indicated by the deassertion of the request for a grant by I/0
bus target control 445), TAU 418 returns to Idle state.
Thus, it can be seen from the above descnptmn that the bridge
transfers requests in both directions between processor bus 401 and 1/O
bus 402. TAU 418 monitors the activity of both queues. When posting
is enabled in both directions, the two queues operate indepe'nden_t of
each other. When the queues operate dependent on each other, TAU
418 preserves transaction ordering and avoids deadlock'sifuations.
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 d_eseribe_d by way of illustration are
in no way intended to be considered limiting. Therefore, references to



in step 525,whhesiggui rements for TAU 418 to issue a grant (aRdT/US9S/06288
transition to Processor Bus Priority state) should be nmet and a grant
shoul d therefore be issued. These requirenents are di scussed in nore
detail below with reference to Figure 9. ;Egg receipt of--a reply from
the target agent on I/O bus 402, 1/0 bus ér control 425 places the
reply into inbound request queue 430 via deferred

\ re ener.ator 440
i f the transacti eletailssobipartiqular embodiments arelqpttlﬁéeflﬂ‘}t/‘jngo gfmgtt%ﬁg% e red
transaction, bri ¢ge clHifhshavhidhifaH¥mselves ¢edite bhhdtliosetfeatures negardiedras( i n

step 530), and the reply i fornatkpn has al ready been returned to the
ori gi nati ng agen®SHH o S YSINIO Y 1 . Thus, if the transaction is
given a retry fromthe target_agent on |/O bus _402_1/0 bus naster
control 425 continues to attenpt the transaction - until a successful

conpl etion response i s_received. : turning.t.o step 525. if the
out bound posting enablTdssagmgthod mdr%’@ﬂﬁ%oﬂ?ﬁ%‘%ﬁsqﬂgﬁafépgs
posting is di sablgpderifif andearbiiaing in & bus bridgethas beent described.

non- def errabl e request, then decoder 415 pl aces the request into

out bound request queue 420, step 550. If posting is not . enabl ed then
bridge 400 does not conmmit to the transaction; rather, bus interface
410 stalls the Response Phase of processor bus 401 until the request
can be attenpted on 1/0O bus 402 and a reply returned to the

originating agent. A request placed in queue 420 propagates to
the top of the queue, step 555. 1/0O bus nmaster control 425 renoves the
request fromthe top of queue 420 and attenpts to execute the request
on |I/0O bus 402. Whet her 1/0O bus master control 425 is able to execute
t he request on |/ O bus 402 is dependent on two factors: first, whether
ordering requi renents are satisfied (step 558), and second, whet her
TAU 418 :
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master contro 5 a grant . t© ervice the request (step 560) . Wth the.

first factor Thtstsaeenna?steeén teail 425 det er ni nes \Aheﬁ‘lﬂ\mggg

requirenments a l te,p 558. gene I mpl emeng ation

det er m ned by ed from TA 418 i ndi. catﬁ"@ "ﬂ(ﬂ,!””mound
t hen

posting is drsa rrng req S are;n

the request is gi ven a retry reply, of srgure 5b, "as" di Scussed
in more det aiWhsting@laimed is: |f ordering requirements are satisfied,
t hen execution of the request S dependent on whet her TAU 418 gi ves

Fesponse 1o 10 b tansaetion arittdon Grt I A Gm & Bus Tide e brides one
inplenentati dmmgmaawbﬁhdrqmue and agrmmbouaduqaéwe any Yetngredapled | / O bus
mast er contrc&) 4@?ﬁt dddﬁfiasgg)qdbusvmgtﬁfﬁé N gl est is a non-deferred

read request, erre e poseed wite. request. It
shoul d be noted tHal |/ap ou pesting eneblﬁtstate maghinesconpled torthe si gnal
when either the reqUEStfxﬂsﬁﬁuB%f‘detennlﬁiﬂgeWHeﬁi’er%‘tx‘a’n@a&i&\ 0t bo! 2
no-grant is received fro b gure 9 shows a state

di agram of TAU 418 use(f ?‘ertﬂtth?r%‘t °“ndv&+tﬁ%r to give bus master

control 425 a grarb) or aroirnpoamd postmgenahle state miachineqcomspled|td thaU 418 i s
in the Idle state, the Eﬁgh ep%}; lority
for processor bus 401, as escrlfgegg egwheth%‘% sg&ﬁoﬂ% AU 418

isinthe I/O Bus Pri orqmﬁ%déo 8 4R qm;imue, andj ssues a no- grant to

all requests fromgyoces ﬁbn %ta‘l@hadﬂ‘i’ﬂ@&@ﬁ ledf to the firsfhud bqd the N the
Processor Bus Priority s 3 hfen AU 418 i SSH &1 aqmant t&the
request . second bus for determining whether a transaction in
inbound queue is to be executed on the first bus or a
transaction in the outbound queue is to be executed on

the second bus.

2, The TAU as defined in claim 1 wherein the outbound posting
enable state machine comprises circuitry for issuipg a logic signal in a
first state or a second state, the first state ixtdicaﬁxig a transaction is to be
committed to the outbound queue and the secohc__i state indicating
transactions are not to be committed to the outbound queue.

3. The TAU as defined in claim 1 wherein the inbound posting
enable state machine comprises circuitry for issuing a signal in a first
state or a second state, the first state indicating transactions can be
committed to the inbound queue and the second state indicating
transactions can not be committed to the inbound queue.

4.  The TAU as defined in claim 1 wherein the priority state
machine comprises circuitry for i 1ssu1ng a first signal and a second
signal, the first signal indicating whether a transaction in the inbound
queue can be executed on the first bus and the second signal indicating



In order to g 425, TAU 418
transition from 1’3‘fe ft’H{&ShE@HE’JEH&?EaE BUS Pr| ority-state Wﬁ{“ Sk o

make this transition, met: (1) orderin

requi rements nust betiéat Iock avoi dancﬁmm "i lmm "ME
satisfied; (3) an inldbun rrust-SbE avai | abl

(4) TAU 418 nust have. owner shi p of I/0O bus 402. If TAU 41§ |s abl e to
transition to Predethera BransBetion in yhe vatlund queue canshecexerugedhon the bus

master control 425, atferw se, it i ssues a no-grant. : First,
transaction ordering requirenents nust be satisfied. In one enbodi nent
of the present invention, transaction ordering WO 95/ 32475

PCT/ US95/ 0t6288 5. t The 'I;iAU as defmed in c:la1mt 1, further fomp ﬁé‘mg a retry
requirements are satistie n i nbound. post.in i sa
di scussed above. FéBister for recm%é‘ﬁcﬁ?&‘s e @q g@%ﬁ%faﬁﬁ‘ée{ﬁ? ?éFFBagﬁﬁtt be

satisfied. In oneoupled terthedirsebus.of the present invention, deadtock

avoi dance criteria is satisfied by "flushing" the i nbound request
queue. That is, TAU 418 determ nes that no_posted transactions exi st
in i nbound requeét qudhe TAU asidefinedhin glrgmniwhereinghgqrignitynstateon based

on an inbound pog{dchthe furth@teﬂétei‘ﬁuﬁésﬂm{eth&cﬁby ftbQHh'lhEbﬁﬂa Rhieels
control 445 when abled wé 2] t|o posted’in e in aund e. 1/0 bus

target control 4%%2 OPHSOQW%)SQIHW Besis Qf" &8d| ong

as the valid bitwdfether ownershlp of the second bus is available.

7. The TAU as defined in claim 6, wherein the priority state
machine determines a transaction in the outbound queue is to be
executed on the second bus when the posting to the inbound queue is
disabled, the inbound queue contains no posted transactions, and
ownership of the second bus is available. |

'8, The TAU as defined in claim 1, wherein the priority state
machine further determines whether posting to the outbound queue is
enabled, and whether the outbound queue contains posted
transactions. '

9. The TAU as defined in claim 8, wherein the priority state

machine determines a transaction in the inbound queue is to be

executed on the first bus when the posting to the outbound queue is
. disabled and the outbound queue contains no posted transactions.

10. A computer system comprising;

(@) afirstbus;

() asecond bus;

(¢)  a first agent coupled to the first bus;

(d) asecond agent coupled to the second bus;

- (¢) abus bridge coupled to the ﬁrst and second buses, the bus
bridge mcludmg, -



| east one slot of the inbound request queue 430 is set; when all valid

bits arewess8245§ (by having the .requests I n 1 nbound- r eque PCTI595/662880

bei ng popped off? This 8hepriblas Been Belacebnt r ol 445 deasserts the inbound

posti ng pendi ng ;S|g o satisfy the d m ! '

criteria, the mbou |ng ggnal rruStﬁ mmmmnm '

Third, an inbound data buffer nust le, if nfecéssarys * Certain

transactions require the use_qf bound d uf. If the " request

that bus master control 425%d0 B?uxgﬁ&uehlﬁqo %2‘%?3?5% f’éﬁﬁﬁ’%@“gﬁh

| nbound data buffer, taem)nﬂAhumw does not issue a grant to bus naster

control 425 unless a buffer zhuAdghhd &ue'c%ﬂﬂlé@ tﬂélﬁ? §QR& g buffer
Ich

avail able would result in ng storage l'ocation®*in ace the data
associated with the re&%ﬁ%"ld Whs master control 425:inf orrrs TAU 418

\tAﬂat the request requires  aaflahftbbuhd Qostingiersbl éfst’dteansd:lﬁhékzloh@lé'd\U 418
en it requests a gra r t t n.a

“enbodi nent of the presgénﬂt‘? F}?,{t %isgﬁor ﬁs{%ﬂéeﬂhgg}eéetgﬁ aﬁg8ﬂﬁ5r dat a-
buffer from allocati ontabetcongpitied: to she oythkaund quelees an i nbound

data buffer, and all-ocation
no- grant si gnal to TAU 418, a#ggl cgl';.)t g"?ﬂfdlf'&?z&e%%lﬁﬂe &hlpfla%l I | ty

Il}gq or non-ava
of a buffer, respectivi® $he $eropdeby ﬁ’ﬁ"&ﬂlﬁg ANSGREHODS 2Kgto; bey
al so i ndi cat es the |denbm1t(eaﬁ;thethﬂyoadﬁr asu)le,cﬁnda data buffer for TAU

TAU 418 mist have owner shi pudigig e Bttt e g 0110

present invention, TAUth‘el_m bu&f@sdétenmnmwhed\er a transactios in02. I n

one inplementation, T é’dé& &%eéfé“c‘?ﬁ bA the firs 402 via
arbitration unit 451 o I/O bus terface 450 ?d ﬂ %95%?2475 _
PCT/ US95/ 06288 transaction m e outbound queue is to be executed on

- the second bus;
(/)  the first bus for transferring data between the first agent
and the bus bridge; and _
(®  the second bus for transferring data between the second
agent and the bus bridge.

11.  The system as defined in claim 10 wherein the priority state
machine comprises logic for issuing a first signal and a second signal,
the first signal indicating whether a transaction in the inbound queue
is to be executed on the first bus and the second signal indicating
whether a transaction in the outbound queue is to be executed on the
second bus.

12.  The system as defined in claim 10 wherein said first agent is a
processor and said second agent is an input/ output (I/0) device.

13.  Abridge bemg coupled to a ﬁrst bus anid a second bus, the bndge
comprising:
(@) an outbound queue coupled to the flrst bus and the
second bus for transferring a first transactlon from the
first bus to the second bus; '



_J5. aR@yskhlysee condi trons are met, then when TAU 418 %‘IﬂLs%/oszss
owner ship of 1/0 bus 40Phi§SteenHabiBech RPIdess arbi ter,_the grant can be -

i ssued. By waiting until (s i / O bus 402 is,obtained, TAU 418
ensures that .bus master ’w i medi at el Hlﬁw;mmm“l"l
request on I/ O bus 402 upon-tssuanc t he3 Qrant T

I n one enbodi ment of the present invention, TAU 418"arbitrat®es® * for
access to 1/ 0O bus 402 (bhl y arf inbloundhquend ¢toupled dodhe ifrssbus andethe second

Thus, TAU 418 does not pre tf§%@%§‘§%§g§%§%§§?“‘&%ﬁ tﬂggﬁ%\d

from obt ai ni ng ownership of 1/ ) er contro
contains a transaction whi &sit® thedir§t Pusihe executed on 1/ 0 bus 402.

Wien these four condi t(eons Atans@itionABidafion natis coupled 0 €18 inbounid! e :
state to Processor Bus Priagf] { ' | n. Processaor_Bus. Priority
state, TAU 418 issues a gra‘me.uséi?fgpsi 8%%@{13{!8&2}%?5{15@@11 and
returns to ldle state or trabhidratiomanibingduding,ate. TAU 418

transitions to ldle state when | : ' '
request for a grant. Alternat bgﬁgﬁgﬁ Sgr% ,??gﬂbi#%’%nﬁ?gﬁﬁﬂ%ﬁp&&

state, as discussed in nord°d s etermining whethes# trapsactiamisaio on
of the present invention, |belditimitteditorthe outbﬁﬁﬂdl’c!ﬂeu@?S can al so i ssue a

signal to TAU 418 to request internal sourges, .such _as. i nbound,dat a
buffers, without requesting own ’I‘ﬁ% und po%t‘fng %@C@&stﬁmﬁﬁ‘r&e Wqﬁ‘é
done, for exanple, where |/tOthase bus for detayminirig wlethema srarsactiomiisn an

i nbound data buffer, or chgglyd éorRfifittbd to the iABGh@ FueueP¥hgnot i mredi atel y
execute a transaction on |/ 0O bus 4Q2 €

. - . In e e di prent of the
present invention, inbound requdsPriority state mackine F@ngﬁdp the first bueandnder
certain circunstances. For the secendbpkdor detertreinites whidtheha tPahsactibrdai ved
from processor bus 401 is the inbound . .

queue is to be executed on the first bus or a

transaction in the outbound queue is to be executed on

the secdnd bus.

'14.  The bridge as defined in claim 13, wherein the transaction
arbitration unit further comprises a retry register for recording
consecutive retry replies issued to a first agént coupled to the first bus.

15.  The bridge as defined in claim 13, wherein the priority state
machine further determines whether posting to the inbound queue is
enabled, whether the inbound queue contains posted transaction, and
whether ownership of the second bus is available.

16.  The bridge as defined in claim 15, wherein the priority state
machine determines a transaction in the outbound queue is to be
executed on the second bus when the posting to the inbound queue is
disabled, the inbound queue contains no posted transactions, and '
ownership of the second bus is available.

17.  The bridge as defined in claim 13, wherein the priori.ty state
machine further determines whether posting to the outbound queue is



a frame buffer read (i.e., a read fromvideo graphics areas). Software
al gori t k@ 9gsmatyi ng the producer consuner nodel gener al IBCTiGS9%06288

store data in the g en?fithetraﬁsacﬁ—owdem—ng—concerns
di scussed above are ssue In this enbo
master control 425 i 418 mu "H I|nﬁgl|a gr ant

I ndicating that this request |safra uffe I nforns
TAU 418 that t i.nbo d@ uest eue 430 need. not : e shed so if
the remai ni ngnapiedeand;w. ?’?‘g r the o ‘?‘é‘f‘?@&eﬁ*ﬁﬁoﬂ%“éé}?# ue a grant
even if postﬁdnsaaﬂmm:tlons are pending in |nbound request queue 430.
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In one enbodi®ent The bridgersdefined m@hm)h?, wheremaheaquitycstate

transition tghahikd defdriifed E%ﬁé&@uﬁ’ﬁ‘lﬁ%&%bguﬁdp qudlid fsVioshat €. Wil e
in the Hold state, , TAU 41&15 sueslh Emgoant mgg to regquests.received
from I/ O buse¥gsited-on the first bug when sting to queHe i$der
certain circdisablettand the outbound gueue cmnmebmdpomd toénsahﬁons esent
invention, if a request is di sconnected from1/O:bus 402 before it is

conpleted, the re uestlgg agent (i.e., the br|d einthis exarrpl e) nust
rel ease its b%s rgq perforging tpansastien ar xtuattmmatbtawbn £6 resume
or re-execut E‘oﬁﬂ@d&b@ﬁ%ﬁﬁﬁﬂ%@eorﬁ‘ﬁﬁsed fth@tbﬁs h{ﬁﬁﬂ "kt 44@ receives a
grant from TAU 4 and s o execute t u on I/0 bus 402, :
the bridge 4 B@‘??n&i) 9o &?Eréﬁ}ﬁﬁ * exanpl e, this
€Y _deternumng whether posting to the second queue is
enabled P
) determmmg whether the second queue contains posted
transactions;

(¢©0  determining whether ownership of the second bus is
available; and :

(d) executing a first transaction ongmatmg on the first bus
when the posting to the second queue is disabled, the
second queue contains no posted transacnons, and
ownership of the second bus is available.

20.  The method as defined in claim 19 further comprising
determining whether an inbound data buffer is available.

21.  The method as defined in claim 19 further comprising retrying
executing the first transaction.

22.  The method as defined in claim 19 further compnsmg
attempting to disable posting to the second queue.

23.  The method as defined in claim 19 further comprising
removing posted transactions from the second queue.



mhy occur |fm,ﬁﬁsgem02 cannot transfer aps:-rmsggmszgg
data as the originati ngrj £ B nﬁm&@&n bus 40+(suveh—as—t+ryi-ng

transfer a 32-byte data | th only a single 4-byte data
biffer). Under these cir E mmgl s’ de |rabl ill!,’ ﬂ&"“lﬂ"n”m"orl ty
with the bridge so no other requests n b?e |ven t he
Hol d state. TAU 8tr nsiti mHoId statetoldlesate |n
response to a hol qﬂé"s ﬁ‘@a clajmp1 & further-comprising  425) .
However, because anfemphng twgahbhmdasmﬁg@fﬂmse@ndtmed TAU 418

shoul d be able to imediately transition to Processor Bus Priority state
again. Returnl ng to Figure 5a, if TAU 418 gi ves bus naster
control 425 onamgetraneamoml arbifation\inacbus beidge
request, step 56 I Fusd¥ t a bus
interface 450 (rgzgapl\&% F\%flrs'ltglﬂg%h%w aleg\ga %:%#é Qa{?ﬂ% ?or aﬁd

recei ved access tsﬁc??‘é)%\ﬁé‘eﬁ!dgf method comprﬁggé}egtggg 425 receives a
reply fromthe target (agentdeta'ﬂdrﬁllgueh&%rgostmg totthelsecond Qfueniedd to the
originating agent on proce éotgs 401 via interface 410. The
reply is not returned throu i hound r equest gueue 430 because

bri dge 400 is stallindb. ennining whathenithe sgcdra} queue conkdins pested
Returning to step 560, |f %ggﬁ_ﬁoﬂgves bus master control 425 a

no-grant, then bus master cqntro 25 det er i nes_ whet her the request

is part of a |ock oper§ioPlagings §1ﬁ5 transaghen Qriginating onsthesesgad husgia on
t he bus which nust remain lmdlfkssqhéwewmmﬁtimdms&bh&l ueue is

i nvol ves a read transacti orhleme&awdlgh%ge 8{‘13621% L8 on®l&s %o bo:{! ’of WO

95/ 32475 US95/ 06288
transactions; and

(d)  executing the first transaction on the bus.

26. The method as defined in claim 25 further comprising
determining whether posting to the first queue is enabled.



-27- Whigdk3Eg Pass through bridge 400. In one enbodi Mgt
pr esent i nvention, an agent on processor bus 401 which issﬂgéﬂgﬁﬁ%ck

transaction issues a lock signal along with the transaction which is
‘received by bridge 400 via interface 412'1 hus, bridge 400, and therefore
-bus master control 425, knows the trans ét on is a lock transaction. In
one enbodi nent of the present invention, whether a transaction is part
of a lock transaction is stored in a tag field associated with the
transaction in outbound request queue 420. 1f the request is
part of a |ock operation, then bus master control 425 knows t he
request nust be conpleted. The failure to receive a grant to service
the request from TAU 418 indicates that a transaction was placed into
t he i nbound request queue 430 after bridge 400 received this | ock
request but before the | ock request propagated to the top of out bound
request queue 420. When th equest in the inbound queue 430
propagates to the top of q e 430, processor state nachijne 417

observes th@ ransaction i S_in_progress on procesSior U Smmioeheadd
wll issue & the frleques{, as discussed i n|nore |det a+N bel ow.
Thus, for a repuest ich ifs| part |ofgaddagck gperati¢n, bys mastpr gont §ol
425 knows it ual liy] rece{v&a] grent flom TAU 414.| Bus hasZer '
control 425 thgr cont'ijnues t¢ rquesﬁg gjant ffrom A'FUTIB u I |
grant is recei bwn by Ir epeali ng pt 56p and|570. < |] the
request at the] top of Jout bgund reguest}q 4P0 i s|not ggrt of a]l ock
operation, th bguest| lis giVen ajressyy reply, |step |75 of Efgure
5b. This retry reply is ret|yrned fo the i%gi npt i nglagent i medi.ately,
as the Response Phase of prjdqcessof busl4dl_is being tall ed.
In addition to issuing a rdtlry, TAU 418 determ nes yhet hgr]l this
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retry I s t hewnpespaghsconsecutive retry reply for this processq&nﬂgﬁgan§§0

I n one enbodi nent of the present
stored in a retry register 424 which i ncl udes t he agent

I nventi on,

this informtion
I D and whet her

this I D was previously retried. This rggyﬁﬁer Is cleared when a

subsequent transactj0on requests

hen JAY 18upre

gegtb

5 U

of

BRIDGE

second consecutive ry, ft
that the request keep$ Bgj 19 rg}
i nbound request queue 459 Mecel]
95/ 32475
- 28- starvatio @Pt
requests fr
responses u
request is rEceTvy
by this prodqeasar
maski ng of f of5Eed
to I/0 bus 40FEnJrett
1/0 bus 402 [wicy¥ rfot
w il be app eC|at:d t
402, as shown 1 n stept ,
of the present inventior§ That}|]|@,
request is given a eetryireply
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mes this is due to the fact
ansactions being placed in
g N order to prevent WO
a2 PCT/ US95/ 06288
@™ bus 401, TAU 418 nmsks of f
S /O requests are given retry
gn priority (or a subsequent

r). Thus, the next request

t should be noted that this

| d all ow this agent access

e that the target agent on

or the request.
requests froml/O

|t
bus

IS not necessary to the operation
in one inplenentation,
a step 575, TAU 418 attenpts to gain
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priority fow&@:}ﬁg or bus 401 in step 590, discussed bel ow.pcruses/ios2ss

- Regardl ess of wnether requests on |/ O bus 402 are masked off, TAU 418
attenpts to gain priority for processor bus 401, step 590. This

aftenpt to gain priority is as describgg ebove with reference to Figure 9.
TAU 418 attenpts to neet those conditi g so that when the request is
~retried and again propagates to the top of outbound request queue 420,

a grant can be issued to service the request. It should be noted,

however, that TAU 41d0es 1Ot _arnitrate ror access to I/ bus 402 until
bus master control 5 again requests a grant to service fhe request.

The agent which pl acled the request on processor bus 401 then attenpts
the request again, siep 505 of Figure 5a. The above stepsjare

repeated, with the request either being serviced on |I/0O bys 402 or

retried again. Transactlons Oiginating ¢n the 1/0O Bus
Figures 6a and 6b arf a f et f@l 1l oyed in
handl i ng a request rfc d By b /°€)|b 402 in one
enbodi ment of the present—JTyeEm]! 'y recei Yed by
bridge 400 from an [ atinfg _I_zf‘UZ, tep|605. It should
be noted that althoughu hel r¢que reQ@m orilgi nating WO
95/ 32475 Er PCT/ US95/ 06288
[}
~
I o~
AN Y

111,2]1,2]1,2]1,2

1

The shaded vertical bar indicates one or more cicé

are allowed between different phases.
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-29 - Wo Eghz“qg I /0 bus 402, that agent nmay not have inpéiptideisse

request. or exanple, a request could be initiated by an agent coupl ed
to 1/0 bus 246 of Figure 2 which targets®) an agent on processor-menory
bius 201. Thi s request. or| gi nat es on system I/O bus 231 W|th br| dge 245
and i.s. fecerved B

on bus 31 with brldQBO,
Returning to Fi gyr__e_aa_ _upq_n_r.ec.e.l.p.t o.f..a.
TAU. 418 det errti nes whe O

di scussed abO\{e, /0O
processor bus 401 re¢egrved—tmwo T
are masked offi, then|TA
step 608. Thi g retry|ijndiSeres
t he request aaain at | opgrap—t——

- masked off, tHen bridde
request, step 610. I anﬁ, a
i nvention, br |.dge 400 |det eg1g nes

transaction ondering|regulTEnem
decoded by cormmand decode 45
pre-determ ned conmands wit
bridge 400 kndws this regque

S
t
e

command mat ches a set of
ion ordering reqya.gengnts, tHhen

If the request; is not a rf€e | 445
det erm nes whaqt her to pogt w., | 0
‘the request i9 a read red foprt i g to
: TAU 418 indi cdting thatpe+ =BT ;rrocrrd' e~ p o127
Di sabl ing of dutbound oslﬁ?ﬁg 3 [TAUA1@ed abovey (] efto 430 |
Figure 7. - _ -
' [ oursouno | |1 OUTBOUND INBOUND !
' REQUEST . - POSTING ENABLE REQUEST !
" QUEUE : STATE MACHINE QUEUE :
; stota | |! § ax 424 SLOT (2) | !
- |
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[ ATE
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|/ O bus targ&fo 69! 445 then determ nes whether to post t /US95/06288
recei ved request, step 615. In one inplenentation, only certai
predet erm ned requests can be posted (e.g., wite requests). In one
enbodi ment of the present invention, the determ natj

Vﬂg of whet her to
post a request is nmade concurrent with e St gnan~rig™of TAU 418 in
her inbound posti ng

step 612. This ‘determination i s made bd
i s enabl ed or disabled and whet her an i npounpg-goeue slot is avai | abl e,
assumng the request is a postable re b—sie 505 \p 95/ 32475

PCT/ US95/ 06288 - 30-

i ndi cating whether an inbound queue $| BROCES3@BBU&DLIle is received from

i nbound queue al location unit 435, aS=ees ° aade. | f inbound

posting is disabled, or an inbound queue sIo is not avail able, or the
request is not a postable request, then | S Bget” control 445
determnes if ordering requirenents areg . step 640 of Figure 6b,
as discussed in nore detail bel ow f i f |nbouqﬁ5post|ng
i s enabl ed and an i nbound queue t henyt he #€sponse
I's posted and placed in inbound , 18588 sfaaL Ujon

bei ng posted, the originating agent is ha{TODISABEE UCEt Wil |
be attenpted on processor bus 401 (i.e ‘ﬂﬂ?qgﬂﬂﬁq NGt he
request); thus, the originating agent can - |
waiting for a reply fromthe target agent

COMMIT
TO RE‘?UEST

530 550
RESPOND TO - PLACE REQUEST
ORIGINATING AGENT INOUTBOUND
REQUEST QUEUE
! 7 ;35 y 555
~ TRANSACTION
PLACE REQUEST IN PROPAGATES TO TOP
uisounn neuesy | | Teroleoutn
DEFER PENDING TO TAU REQUEST QUEUE
¥ 540
TRANSACTION  ORDERING NO
PROPAGATESTO TOP REQUIREMENTS
OF OUTBOUND MET
REQUEST QUEUE ?
¥ 545
SERVICE REQUEST AND
PLACE REPLY IN INBOUND
REQUEST QUEUE
NO

THE REQUEST
PART OF A LOCKED
TRANQ?GHON

SERVICE REQUEST AND
RETURN RESPONSE
TO ORIGINATING AGENT

FIGURE 5a _
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pt ocessor 475 NbouNd posting is either enabled or di sapéeisdsnsng
on an |nboun postl ng enabl ed signal received by I/0O bus target control

445 from TAU 418. Figure.8 shows a state diagramfollowed by

TAU 418 in det er m ni ng whet her tC)qa | e or disable posting to inbound
request gueue 430 in one enbodi nen the present invention. As shown
in Figure 8, inbound posting.is either enabled or disabled. In one
enbodi ment of the present invention, inbound posting is disabled

whenever a read request is received from processor bus 401. \WWhenever

i nbound posting is disabled, TAU 418 starts-a tiner runni ng. .
Once di sabl ed, inbound posting renains disabled until either the timer
set by TAU 418 expires, or the read request causing the disabling of

i nbound posting succeeds. Wien decqQder 415 receives a request, it al so
recei ves the agent identificatignh of\the agent which issued the

request. Thus, decoder 415 knows vheg the read request which caused

# deassert its signal that inbound

i ndi cat e i nbound posti ng should be dlsable TAU 418 nmi nt ai ns
atinmer simlar to the tijmeRETRYREQUESTOO e with reference to Figure
7 and di sabling of outbound posting. This timer in TAU 418 is based on
the arbitration algorith WO 95/ 32475
PCT/ US95/ 06288
SECOND
CONSECUTIVE YES
RETRY FOR THIS
PROCESSOR l
585
pedd

MASK OFF 1O
BUS REQUESTS

590
_

ATTEMPT TO GAIN
PRIORITY FOR
PROCESSOR BUS

FIGURE 5b
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-3'1_ - _ W&B;‘J{g one enbodi nent of the present invention,g 95, 6288
.arbitration gorithm on processor bus 401 follows a roun -

policy. Thus, the maxi num anount of tine before a processor could
retry a request can . be deternned W’ ting the TAU 418 tiner to
thi s maxi mum * amount of ftine é’U 41% res that inbound posting is
.not di sabl ed before the retPF aget has the opportunity to retry

t he request. - Under—Te rcunmst ances, the agent whi ch
caused the Ling could r=| y THe~TEqUeEST prior_to-tieexpyration
of the tiner ‘hl n A 4 ©B0%at i on, i nbound postifg
remai ns disabl ed unt eeds. If the request i $
retried, then the tiner ﬁE&q&%gEfﬁgh starts again. If the reqgdest
succeeds, then dlsabllng o t he i nbouhd request _queue is no | pnger
necessary and i nbound posting enan! ed. Returni mg to
Figure 6a, target control 445 post&Al he fequest if possi bl e apd

Ple 430, step 620. 608 Asfwith

Yéhe rrooud quegt queue

S roces st dt e yachi ne
e i boJ%?uenETa¥eq est { queue

pl aces the request in inbound rgdquest
t he out bound request queue,
propagate to the top of thg qdﬁha QUE
417 retrieves the request fINQNMAR EP ﬁﬁ

and executes it, step 635. N one eideskming QB present

i nvention, the execution of @ request on procesdar_h 40 esults
I n one of two possible resporfse. First, a successful conpletion
response nay be returned frof the target agent on processor bus 401.
In this situation, the (0810s conpl eted, as théIRosted
response fromstep 620 indi cajed KO the o on 1/ 0 bus
402 that the transaction THEEREQUEST COYESt ¢d! ssﬂﬁs@lﬁnﬂ)g sible
response is aretry reply. Py BISA ent on
processor bus 401 issues a re% r gues g it is not
ready to service the request anh\Jt

POST
REQUEST
?

= °

YES 620
o

PLACE REQUEST IN
INBOUND REQUEST
QUEUE

TRANSACTION
PROPAGATES TO
TOP OF INBOUND
REQUEST QUEUE

v 635
PROCESSOR STATE
MACHINE TAKES REQUEST

OFF TOP OF QUEUE AND
EXECUTES REQUEST

=5

FIGURE 6a
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t herefore beypoksi@s. Bridge 400 receives this retry reply, porfusssnsissues
to retry the request until a successful conpletion response is received.
Returning to step 615 of Figure 6a, if the request is not posted,
t Aen target control 445 detern1nes mhquy noor dering requirenents for
the request are satisfied, stg ‘ Igure 6b. I n one inplenentation,
this is determ ned by a signa ei ved from TAU 418 indicating that
out bound posting is disabl ed. #r dering requirenents are not WO
95/ 32475 PCT/ US95/ 06288
- 32- satisfied, then the '-queg Is given a retry reply,. as discussed
below in step 665. ‘° however, orderi-ng requirenents are
satisfied, then 1/0 bus ﬁE@Q.ntrO| 445 det ermi nes whet her a grant
NO

REQ I

Onslm FIEDO,

or no-grant is received S ponse to a grant request
fromI/O bus target #lep 645. Whet her [TAU 418 issues a
grant is described in below, with referpnce to Figure 9.
In one i-npl enment ati on, request target conjrol 445 issues to
TAU 418 indicates the requé¢ggs i s a non-postable regpest. 1/0 bus
target control 445 releases it ant request when gither a no-grant
signal is received from TAU 418, r the request is fonpleted. If a
slot is available in inbo & No dueue 430 and pa grant signal is
received, then target c--trolﬁzggopla S the rciues. into i nbound

request queue 430, step 658 The regdest then 395
: y

RETRY REQUEST I

PLACE REQUEST

INTO INBOUND l 670
REQUEST QUEUE y =

_ ATTEMPT TO
655 GAIN PRIORITY

TRANSACTION QUL

PROPAGATES TO TOP
OF INBOUND REQUEST
QUEUE

l 660

PROCESSOR STATE
MACHINE TAKES
REQUEST OFF TOP
OF QUEUE

IS _
PROCESSOR

BUS AVAILABLE
?

NO

664
/6’63 Pt

EXECUTE REQUEST RETRY REQUEST
ON PROCESSOR BUS

=) &

FIGURE 6b

SUBSTITUTE SHEET (RULE 26)




proopagat es twdglsmj-;gp of inbound request queue 430, step 655p-F 55%3
state machine 417 retrieves the requests fromthe top of the |nbo

request queue and attenpts to execute it, step 660. In attenpting to
execute the request on processor bus 409 tgocessor state machi ne 417
determ nes whet her processor bus 401 is~avallable, step 662. If the bus

is avail abl e, then processor state machine 417 executes the transaction

‘on processor bus 401, step 663. : Upon bei ng executed on
processor bus 401, the request could receive a retry reply fromthe
targeted agent or a successful i reply. This reply is
returned to the originating age which is waiting for
preventing

bus 402).

Returning to step 401
may not be avai , as discussed above, j action
coul d be in outpoupg gueue 420 which is part off

operation. In tRi ENABUED i gn, processor bus 401 woul d |Iable
When processor bNg’ i unavailable processor state b 417
returns a retry respongewrto the age hgpe request Lep 664.
Thus, the agent must t Q reques | ater tj t her eby
al l owi ng the | ock operat onpleggccgg 95/ -

PCT/ US95/ 06288

TIMER EXPIRES

FIGURE 7
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Réturning to , 1f aslot is not available or a no-gr gna
is retried, gg?kggégs If TAU 418 i ssues a no-grant si gng,{&%rlqsﬁ%'%GﬁAU
418 attenpts to get priority for the i nbound request, step 670, as
described in nore detail below The ag i ssuing the request then
retries the request at a later tine, s?@%/g%5 of Fi gure 6a.

Figure 9 shows a state diagram of TAU 418 used in determ ning whet her
to give target control 445 a grant or no-grant to service the - request.
If TAU 418 is in the Idle state, then TAU 418 proceeds to attenpt to
gain priority for 1/0 bus 402, as described in nore detail bel ow. If
TAU 418 is in the Processor Bus Priority state, or Hold state, t hen
TAU 418 issues a no-grant to requests fromI/O bus 402. However, if.
TAU 418 is in 1/0O bus 402 Priority state, then TAU 418 i ssues a grant
to the request. In order to give a grant to target control 445,
TAU 418 nust transition fromldle state to I/O Bus Priority state. In
order to make this transition, three conditions nust be nmet, anal ogous
to the di scussi on above regarding transitioning fromldle state to
Processor Bus Priority state: (1) outbound posting must be disabl ed;
(2) the out bound request queue nust be flushed; and (3) an inbound

dat a buffer nmust be avail abl e, Note that it is not
necessary to obt ai n ownershi p of 32 because the requesting
agent al ready has owner shij- out bound posting nust
be di sabl ed. Qutbound postiagd is i ussed above with
reference to Figure 7. equest queue must
be flushed, i.e., the contain any

posted transactions i s de{erm nati on\pased on an
out bound post i ! : en a
transaction is pg5Sted di ment of the

present inventig

PROCESSOR
BUS
PRIORITY

O BUS
PRIORITY

FIGURE 9
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decoder 415 maintains a counter which it increnents each t_'i REPLACPOSHS
or defers a request. 1/0O bus master control 425 then decre]rrents thb’si'!U’v o

comter soc IR BLon 0502t conite Lo St

counter valu& i§ Zerd, dnd*asserts the outbound post pending si gnal WO
95/ 32475 -1 - PCT/ US95/ 06288
- 34- when this counter has a positive value. As discussed above, in
one i mpAal®st at i on of the present invention, decoder 415 and |/ O bus

mast er control- 425 operate in two different clock domains; thus, a
signal froml1/O bus master control 425 to decoder 415 |nd| cating

decrenent the dotrangacticnssbitration Ba ATAUKID dmisdidseniherein he—hqgggf@s an

knows t he outbound queue is flushed when the out bound post

si gnal i s ipkensbgyeue and an outbound queuewherrin the biidee l%ﬁ%lplﬁsﬂftpé f"ﬁt@'@s BBd
avai l able, if necessary Certain transactions reqU|re_the use of an

i nbound da& seqsumidibys, andrwherem afirshieadestingagent isreoyplestto thgfirst bys aRdianbound

data buffer because it is ~ transferring data froml/O bus 402. If the
request t leecond requestivgtagent isa®upled toithe secoptbusnifietTAlL epmpdsingequi res an
i nbound data buffer, then TAU 418 does not issue a grant to target
control 445 unl{sks anbetbeund postingianablestate machingsequpieditoghafirstiusifeut a
buffer available would result in no storage | ocation in which to pl ace
t he data associ at ed determining whathers firstiisangaction is to be committed to the outbound
queue and an indication given to the first requesting agent that the bridge
has committed to the first transaction;

(b)  aninbound posting enable state machine coupled to the second bus for
determining whether a second transaction Is to be committed to the
inbound queue and an indication given to the second requesting agent
that the bridge has committed to the second transaction; and

(¢) a priority state machine coupled to the first bus and the second bus for
determining whether a transaction in the inbound queue is to be executed

on the first bus or a transaction in the outbound queue is to be executed

on the second bus,

2. The TAU as defined in claim 1 wherein the outbound posting enable state
machine comprises circuitry for issuing a logic signal in a first state or a second state,
the first state indicating the first transaction is to-be <.:om-mitted to the outbound queue
and the second state indicatiﬁg the first transaction is not to be committed to the

outbound queue.

3. The TAU as defined in claim 1 wherein the inbound posting enable state machine

comprises circuitry for issuing a signal in a first state or a second state, the first state

oy s gt iom 2ot

“ AMENDED  ooanT “




coritrol 445 informs TAU 418 that the request requires a dptRERMNCEMENTYSHEE

asserting a signal to TAU 418 when it requests a grant tof|lservi
request L_n—s{—ep“GSS”The requestl ng of an inbound data bufifieate b?e'fw 1997

418 is as “ﬂm“\ When these three c ASTar B_EL,__
. TAU 418 tr ‘ \ﬂ ldle state to I/O Bus Priority state Wile ”
. in 1/0O Bus Fity wst &t el TAU 418 bssues a grant signal to target

: control 445. Upon conpletion of the request (as indicated by the
deassertion of the request for a grant by 1/0 bus target control 445),

TAU 418 r etijdigatingtHeddstoptafahsaction is to be corhfitted tolthé #boRAd HRiele fahdthé he
above description that the bridge transfers requests in both

di recti ons deRbHEBatE 1RGSR thEsecditltraishctiots not to BeSorhHtted f-théifbelry t or s
the activity of both queues. Wen posting I's enabled in both
directions,qjdi@ two queues operate independent of each other. Wen the
gqueues operate dependent on each other, TAU 418 preserves transaction
ordering and avoi ds deadl ock situations. Wher eas nany
alterations and nodifications of the present i nvention wll be

compr ehendegl by hedPABALL adfirelif clafn 1ihetbin A6 pRbrity state it Sctffiddy

f or egoi ng déscri ption, I's to-be un st oo particul ar

ni ended 1 ?’%E“* F%e??f e} E@Pﬁ%ﬁ’“%r Skt A'ﬁ*fa"'-r‘?%F"éﬁS?‘“S' ipdicathfRRHébs

95/ 32475 /
C35. e tagtn?n in lfhe lnb und ueue c (f executed on the first bus a (?P ts%’é?ﬁt% Qgﬁ?ﬁe

par L nments are not inten .
indicating whether a transaction in the outbound queue can be executed on the second

scope of

bus.

5. The TAU as defined in claim 1, further comprising a retry register for recording

~ consecutive retry replies issued to the first requesting agent.

6. The TAU as defined in claim 1, wherein the priority state machine further
determines whether posting to the inbound queue is enabled, whether the inbound
queue contains posted transaction, and whether ownership of the second bus is '

available.

7. The TAU as defined in claim 6, wherein the priority state machine determines a
transaction in the outbound queue is to be executed on the second bus when the
posting to the inbound queue is disabled, the inbound queue contains no posted
transactions, andmownersﬁip of the second bus is available.

-

8. The TAU as defined in claim 1, wherein the priority state machine further

5
d

determines whether posting to the outbound queue is enabled, and whether the

outbound queue contains posted transactions.
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the clainms, which in themsel ves recite only those featured Legarded:

essential to the invention. Thus, a met hod ;’fahd‘ T'at’:u or {
lr)nai nt gi ni n_gbt ransacti on ordering and arbitrating in [a,\bus“tﬁr |Nﬂlye19%s 'l
een descri 75 5

perr usoss os2a I ] | IR QAT

L What is clfai fred"ist * : A transaction arbitration unit (TAU)
-in a bus bridge, the bridge haV|ng an™i nbound queue and an out bound

gueue and bei ng coupl ed :to a first bus and a second bus, the TAU

conpri si ng: 8. The TAU ag dgfinedhin@laimd, ndhepzis thenpriarity btate stehinerdeténmines a

coupled to the first bus for determ ning whether a

t r ansact i ontrassdadiobdn the inbound queue is to be exetited er thefitshbus whienuhel pgstingeto
(b) an inbound posting enable state nmachine coupled to the

second bus fheroutbbendigueunsisvdisdbled ard thesoutbamiridaueus contdiss no posted
commtted to the inbound queue; and (c) a priority state
machi ne coupraasadtionshe first bus and the

10. A computer system comprising:
(a) afirst bus;
(b) asecond bus;

(c} afirst agent coupled to the first bus;

(d)  asecond agent coupled to the second bus;
(e) a bus bridge coupled to the first and second buses, the bus bridge
_including,
an inbound queue coupled to the first bus and the second bus,
an outbound queue coupled to the first bus and the second bus,
an outbound posting enable state machine coupied to the first bus
for determining whether a %irst transaction is to be committed to the
outbound queue and an indication given to the first agent that the bridge
has committed to the first transaction,
an inbound posting enable state machine coupled to the second
bus for determining if a second transaction is to be committed to the
inbound queue and an indicatioﬁ'given to the second agent that the bridge
hasm committed to the second transaction, and
a priority state machine coupled to the fire:,t bus and the second bus
for determining whether a transaction in the inbound queue is to be

executed on the first bus or a transaction in the outboeund queue is to be

executed on the second bus;
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second bus for determ ning whether a transaction in the | REPLACEMENT SHEET
I nbound queue—Ts d on the first bus or a ' -6 NOV 1997

“transaction i ueue is to be executed on Datg ... iey WU 1
- the second tﬂ“ll l mi | il'“ IFhe TAU as defined in claim1 Faothe—r——cm=i
“outbound postdsnNn@ L -u efiabl e state nmachine conprises circuitry for issuing

~a logic signal in a first state grga_second state, the first state
indicating a transaction is to be commtted to the outbound queue and

he out bound quelib. e iebfbys for pphdERRE R EwRER et dootf AROER BLEC, 0

I nbound posBng_ d enabl e state machi ne conprises circuitry for issuing
a signal in qo9% AN state or a second state, the first state

i ndi cating transagtiops can comm tted . to the.inboun ue t he
second state indMtati ﬂ‘g? se%ong %f"? 5?(535?@??35%9 gﬂtﬁ br?g‘ye%thgoﬁﬁ%g?g 3§g ancﬁfég

I nbound quegﬁ bridae 4. The TAU as defined in claim1l wherein the
priority st 3 9€- machine conprises circuitry for issuing a first signa
and a second signal, the first signal indicating whether a
transaction in the inbound gueue can be executed on the first bus and

}32; / fgg 3?86 %gna‘"he' Q)(;sltgr%talsné’%fifmgd it¥\ga?rg/1%2vﬁ17e5rein the priority state machine comprises

logic for issuing a first signal and a second signal, the first signal indicating whether a
transaction in the inbound queue is to be executed on the first bus and the second -
signal indicating whether a transaction in the outbound queue is to be executed on the

second bus,

12. The system as defined in claim 10 wherein said first agent is a processor and

" said second agent is an input/output (1/O) device.

13. A bridge being coupled to a first bus and a éecond bus, wherein a first agent is
coupled to the first bus and a second agent is coupled to the second bus, the bridge
comprising:
(@) an outbound queue coupled to the first bus and the second bus for.
transferring a first transaction from the first bus to the second bus;
(b) -aninbound queue coupled to the first bus and the second bus for
transferring a second transaction from the second bus to the first bus;
(c) a transaction arbitration unit coupled to the inbound queue and the
outbound queue, the transaction arbitration unit including,
an outbourid posting enable state machine coupledto the first bus

for determining whether the first transaction is to be committed to the

_! _
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whet her a transaction in the outbound queue can be execut gg=oF—the i

1
3 pasy SaernT T
. I

second bus: 5 The—TFAY as defined in claim1, furt;h@?*tﬁﬂmkgiﬂgggg7

retry Megisst r di ng consecutive retry replies issued !
first agent Jjﬂ'lil Im! él’gmﬂ he first bus. 6. The ;TAU®as -defined in -
claim1, wh nf iy state machi ne further deternines whether

posting to the inbound queue is enablid, whet her the inbound queue
cont ai ns posted transaction, and whether ownership of the second bus
i s avail abl e. 7. Thg TAU as def'rig;']qu' in.claim6, wherein the
priority state ndtheHad gueus and aa indiqation given;ts the first agent thaldhadridaeve
Is to be executed on the.,s coEd bus when the posting to the inbound
queue is di sabl ips cemmitaeiodne HRt frantantieti ns no posted transacti ons,
and ownership of the second bus [s avajl abl e. . 8. The TAU as
defined in claim1, V\/nerei?‘f‘ﬂ?@u SPB?tIW@SE%‘“e machigg fPyRied tg thessecond
det erm nes whet her posti t o the outboun ueue i s . enabl ed, and

whet her the out bound Qfﬂ%{;’g de '?%wbﬁg‘@ég‘e econd trapsagtiondtto be commited to
The TAU as defined in .claim8, wherein the priority state machi ne
deternines a transactﬁ‘&d%@ﬂwqw dication giveR tg,the second agent that the t he
first bus when the posting to the outbound queue is di sabl ed and the
out bound queue cont ai RAGRNIRCqrERItiadiAdhe secaRd transactionggnd A conput er

system conpri si ng: . (a) a first bus;
a priority 'state machine coupled to the first bus and the second bus

for determining whether a transaction in the inbound queue is to be
executed on the first bus or a transaction in the outbound queue is to be

executed on the second bus.

14.  The bridge as defined in claim 13, wherein the transaction arbitration unit further
' comprises a retry register for recording consecutive retry replies issued to a first agent

coupled to the first bus.

15. The bridge as defined in claim 13, wherein the priority state machine further
determines whether posting to the inbound queue is enabled, whether the inbound
queue contains posted transaction, and whether ownership of the second bus is

available.

16. The bridge as defined in claim 15, wherein the priority state machine determines
a transaction in the outbound queue is to be executed on the second bus when the
posting to the inbound queue is disabled, the inbound queue contains no posted

transactions, and ownership of the second bus is available.

anr e o snerata
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(b)- a second bus; ) a first agent coupled t ggbgp‘éﬂ@;ﬁﬁ%g?

bus; (d) a second-agent coupled to the second hus;

!

H
]
!

- (e)- a bus ' I the first and second buses, tepbdS=.b. Nuy.. 1997
bri dge i ncl udJ} ﬁﬂllﬂilﬁl Mli 2475 el
[ L M s *

. PCT/ US95/ 06288 an i nbound queue coupled to the
.first bus and the sébd%d'bus, an
out bound queue coupled to the first bus and the second
bus, an out bound posting enabl e state machine
coupl ed  17. The bridge as defineddn claira {3 pukerein the erierityi statagnaghine further
transactions are to be conmtted to the outbound queue,
an i nbound detgrmines whathies posting:torthe obitbound gpeuslis enabled, and whethertheo t he
.second bus for determning if transactions are to be

ccommi tted toythdund quenertbniping postad dransactions. a priority
. state machine coupled to the first bus and t he second bus
; for determ ning whether a transaction in t he i nbound
‘queue is to be executed on the first bus or a transaction

i n the out H8und Tipedaridgesas defineddx clain 4@, wherein the priority state machihe determires

bus;
' a transaction in the inbound queue is to be executed on the first bus when the posting to
the outbound queue is disabled and the outbound queue contains no posted

transactions.

19. A method of maintaining transaction ordering in a bus bridge coupled to a first
bus and a second bus, wherein the bus bridge has a first queue and a second queue,
and wherein a requesting agent is coupled to the first bus, the method comprising the
| steps of:
(@)  determining whether posting to the second queue is enabled, based on a

posting enable signal received from a transaction arbitration unit;

(b) placing a request originatini:; from the requesting agent on the first bus into
the first queue; |

{c) indicating to the requesting agent that the request has been committed to,
provided posting to the first queue is enabled;

(d) determining whether ownership of the second bus is available; and

(e) placing the request on the second bus when the request propagates to the
top éf the first queue and ownership of the second bus is available.

20. The method as defined in claim 19 further comprising détemininé whether an

inbound data buffer is avaitable. .

!TAMENBED SHEET |




(f) the first bus for transferring data between the first af ‘,ap,aﬁ - ‘]

the bus bridge—and———— (g) the second bus for trans!errl “YP SHEE
bet ween the sec @l the bus bri dge. 11. i BN |
i defined in clai “ﬁﬂml riority state machi ne leonprises 10UTY "~ |
for issuing a fi Sl g.nan amd a second signal, the first signal =~ 7
“indicating whether a transaction in the |-nb'bu-nd queue Is to be

executed on the first bus and the second signal indicating whet her a
transaction in the outbound queue'is to be executed on the second bus.

12. The s)\@temwe mefiatab definelddn clakd 1aferthkencospirising ebying gaecuting the first
processor and said second agent is an input/output (I/0O device. 13.

A bridge beegyestoupl ed to a first bus and a second bus, the bridge

conpri si ng: (a) an . out bound queue coupled to the first bus and

t he second bus for transferring a first transaction from
.the first bus to the second bus; WD 95/ 32475

- PCT/ US95/ 06288 The method as define(dtih claimigifaltieervdniprizing disatiingbdsting kethel r st
bus and the second
second queue.

23.  The method as defined in claim 19 further comprising removing posted

transactions from the second queue.

24. A method of performing transaction arbitration in a bus bridge coupled to a first
bus and a second bus, the bus bridge having a first queue and a second queue, the
method comprising the steps of;
(a) determining whether posting to the second queue is enabled;
(b) determining whether the second queue contains posted transactions;
{¢) placinga transaction originating on the second bus in the first queue when
the posting to the second queue is disabled and the second queue
contains no posted transactions; and

(d) executing the transaction on the first bus.

25. The method as defined in claim 24 further comprising determining whether

posting to the first queue is enabled.

26. The method as defined in claim 19, further comprising the step of stalling the first
bus until the request is placed on the second bus, provided the posting énable signal is

not received from the transaction arbitration unit.




bus' for transferring a second transaction fromthe second || pepi ACEMENT SHEET
bus to the first bus; -—— (c) a transaction arbitjration unit

coupl ed to t he—imbound l queue and the out I%gq@eﬂ@&/@é ....
transaction m‘“}\\‘ \umbi tration unit including, : :
an out bound pos“l““\“m | machi ne coupl ed to the
first bus for de er_m'n‘ind"Wnether a transation is to be
commtted to the outbound queue, an i nbound
posti ng enabl e state machi ne coupl ed to the second bus

for determ ning whether a transaction is to be committed

to the inbound GyRYS hq],ra‘c% ] . - a.priority state machi ne
coupled to the first bus 1Sgpfined in claim 19, f“"hefcﬁfn%f'%f@bmcﬁf%gfﬂlﬂwmg

det er m ni ngeuhiG{dag ' in . , t he inbound queue is
to be executed o%%ttﬁ%dwtﬁggﬁ%gg%P og the first bus, provided the pqsling gpablersignal ihe
out bound qugHEVES frb d. : . the second bus.

14. The bri dg‘é( as ﬁle %ntg%%%ﬁ&% %ﬁﬂ{afgp UWerein the transaction
arbitration unit further conprises a retry register for recording
consecutive retry replies issued to a first agent coupled to the first bus.
15. The bridge as defined in claim13, wherein the priority state

machi ne fur2der the methodas definedin glaimt 1% whecein the deteminingapten (d)icomprises
enabl ed, whether the inbound queue contains posted transaction, and

whet her ownkecsiving @ grarisignat frath thadransacticaidrbitration unit.  16.  The bri dge as

defined in claim15, wherein the priority state machi ne determ nes a
transaction in the outbound queue is to be executed on the second bus
when the posting to the inbound queue is di sabl ed, the inbound queue

cont ai ns no2peostitbiridgaceupleddnsa firstrblis and a second bus, the bridge comprising:
a first queue .to tfénsfer a first transaction from the first bus to the second bus;
a second queus to transfer a second transaction from the second bus to the first
bus; and
a first control logic coupled to the first queue and the second queue, the first
control logic to determine, base_d on whether posting to the second queue is disabled,

whether the first transaction is to be placed in the first queue.

30. A computer system cdmprising:

a first bus;

a second bus;

a first agent coupled to the first bus;

a second agent coupled to the second bus; and

a bus bridge coupled to the first bus and the second bus, the Bus bridge
including,

a first queue to transfer a first transaction from the first age}n to the

second bus;

1,

(R
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ownership of the second bus is avail able. 17. The bridge_as-defined

in claim13, wherein the priority state machi ne further :i@t:-—p[_ncaﬂs\n' SHEET

whet her posting to t he out bound queue is WO 95/ 32475 NOV 1997

~PCT/ US95/ 06288 - 40- Date e b .........
transactﬂﬁﬁz_—_

machi ne dete n in the ihbound gueue is to be

executed on the flrst "bug when t he posting to the outbound queue is

di sabl ed and the outbound queue contains no posted transactions. 19.
A nethod of performng transaction arbitration in a bus bridge

coupled to first and second buses, the bus bridge having first and

- second queues, the nmethod conprising the steps of: : (a)

det er m ni ng whet her posting to the second queue is

enabl ed,; g determ ni ng whet her, t he second ueue contains
post ed : a secopd quey {9 spaster a second transagtion fiem dhersesond agrntiter

' hi f th db
omner ship of t1g, SgeQudopusy '

~and whet her boun ueue cont ai ns post ed
18. The br| lE mum glalm17 wherein the priority state

a first control Iogic_ coupled to the first queue and the second queue,
wherein the first control logi¢ is to determine, based on whether posting to the
second queue is disabled, whether the first transaction is to be placed in the first
queue, | |

31. A method of performing transaction arbitration in a bus bridge, the bus bridge
being coupled to a first bus and a second bus, the bus bridge having a first queue and a
‘. second queue, the method comprising the stéps of:

(a) determining whether a first transaction from a first requesting égent on the
first bus is to be committed to the first queue and, if so, giving an indication to the first
requesting agent that the bus bridge has committed to the first transaction; and

(b) detemining whether a second transaction from a second requesting agent
on the second bus is to be cqmmitted to the second queue and, if so, giving an
indication to the second requesting agent that the bus bridge has committed to the

second transaction.

B e Aoy ——y 1y
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avai |l abl e; anfd . (d) executing a first transaction @fs@inati ng
on the first buPCT WORLD INTEUECTVAL PROPERTL ORGAYIZATION he secoN&asflieue i s
disabl ed, the onammueue cont ai ns no

S nonct ISHERNATIQAL APPLICATION PUBLISHHRAINRHR; T3 PARENT GOSRERATION TREATY (°CD

avai |
det er
met ho

\(31)dnternational Patédt Clastii@tioi®f:nod as gefi Qﬁsihbpmﬁ(lnﬁlmu@&oj g&,;ﬂg,er conprosggmﬂs
i niWer an inbound data pyfkfler is avail
l as defined in claim19 furthey cqmlmgonalé’hbﬂpthgmm 30@mmm1995§x301195)

the f
conpr
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(57) Abstract

)

L

A bus bridge (400) between two buses includes two request queues:
outbound (420) and inbound (430). Requests originating on the first bus (401)
which target a destination on the second bus (402) are placed into the outbound
queue (420). Requests originating on the second bus (402) which target a
destination on the first bus (401) are placed into the inbound queue (430). A
transaction arbitration unit, or TAU (418), within the bridge (400) maintains
transaction ordering and avoids deadlocks. The TAU (418) also determines
whether requests can be placed in the inboud queue (430), whether requests
originating on the first bus (401) can be responded to immediately or must wait
for a reply, whether requests in teh outbound queue (420) can be executed on the
second bus (402), whether posting to the inbound queue (430) is enabled, whether
posted transactions exist in the inbound queue (430), and whether ownership of
the second bus (402) is available,
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coupled to first and second buses, the bus bridge having first ant

second queues, the nethod conprising the steps of: (a)

det erm ni ng whet her posting to the second queue is

enabl ed,; (b) det erm ni ng whet her the second gueue cont ai ns
post ed : transacti ons; (c) placing a first
transaction orlglnatlng on the second bus in the first
gueue when the posting to the second queue is ° o di sabl ed
and the second queue contains no posted . .transactions; and
(d) executing the first transaction on the bus. 26.  The nethod as
defined in claim25 further conprising determ ni ng whet her posting to

the first queue is enabl ed.
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