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SYSTEM FI ELD OF THE | NVENTI ON 5 The invention relates to the fighd;
of Zprotocol.s for conputer system buses; particularly, the present inventLq@
refates to protocols for buses that perform split/deferred/ out-of-order
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buses; particularly, the present invention relates to protocols for buses that

. perform split/deferred/out-of-order transactions.

BACKGROUND OF THE INVENTION

In a computer system, transfers between devices such as processors,

10 memories, input/output (I/O) units and other peripherals generally occur

according to a protocol. These devices are commonly referred to as agents.

- The protocol is a method of handshaking that occurs between the devices
during a transfer which allows each device involved in the transfer to know
how the Otﬁer dévice i.s going to act or perform.

15 Typically, transfers of data and information i['n a computer system are
performed using multiple buses. These buses may be dedicated buses
between only two devices or non-dedicated buses that are used by a
number of unité, bus agents or devices. Moreover, buses in the system may
be dedicated to transferring a specific type of information. For instance, an

20  address bus is used to ftransfer addresses, while a data bus is used to
transfer data. _
A bus transaction normally includes a requesting device, or agent,
requesting data or a completion signal from another agent on the bus. The

request usually includes some number of control signals indicating the type



transfer data. A bus transaction normally includes a requesting device, or
agent, requesting data or a conpletion signal from another agent on the
bus. The request usually includes sone nunber of control signals indicating
the type -2- of request acconpanied by the address of the desired data
or the desired device. The device which is mapped into the address space
containing the requested address responds by sending a conpletion signal
along with any data as necessary. 5 In some conputer systens, bus
transactions occur in a. plpellned manner. Whén bus transactions are
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5 In some computer systems, bus transactions occur in a pipelined
~ manner. When bus transactions are pipelined, the requests from numerous
bus agents are pending at the same time. This is possible due to the fact |
that separate data and address buses are used. In a pipelined transaction,
while an address of a request is being sent on the address bus, the data or
10 signals correspoﬁding to a previously requested address (on the address
bus) may be returned on the data bus. For example, if three requests are
sent on the address bus, three responses occur on the data bus. In certain
pipelined systems, the completion responses occur in the same order as
they were requested. However, in other pipelined systems, the order of the
15 completion responses does not have to occur in the same order as their -
corresponding requests. This type of bus system is commonly referred to as
a split transaction bus system.
In splft transaction buses, a bus transaction begins by initiating a
request to one of the agents in the compUter system. The response
20 corresponding to the request is disassociated from the request completely.
When the response is ready, the response initiates itself, thereby returning to
the requeéting agent in some manner. In one embodirﬁent. the requests are -
tabbed so that they may be identified by the requesting age'nt upon their
return. |

25 In prior art computer systems, to accommodate split transactions, the



pi Pel i ned systens, the conpletion responses occur in the sane order as they
were requested. However, in other pipelined systens, the order of the 15
conpl eti on responses does not have to occur in the sane order as their
correspondi ng requests. This type of bus systemis commonly referred to as
a split transaction bus system In split transaction buses, a bus
transaction begins by initiating a request tp one of the agents in the
conput er system The response 20 corresponing to the request is

di sassoci ated fromthe request conpletely. Wen the response is ready, t he

response initiates itself, thereby returning to the requesting ag_ﬁ I n
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: 5 associated with the address request. The token is received by the agent -

which is to respond to the address request (i.e., the responding agent).

When the responding agent is ready to respond, the responding agent

drives data, if necessary, onto the data bus. At the same time, the

responding agent drives the same token. on the second token bus. The

10 requesting agent recognizes the token as the one that was associated with
its original requesi, and in response, latches the data or signals to complete
the bus transaction. Thus, in the prior art, a separate token bus is associated
with the request path and another token bus is associated with the response
path of a bus transaction.

15 Using two token buses increases the number of pins that are required
to interface with the external bus. Prior art token buses normally are 8-bits in
width. Therefore, using two separate token buses requires an additional
sixteen pins to be added to the computer system, as well as addifional Space
allocated on the corhputer board for the token buses. Moreover, the pins

20 used to support thé token buses must also be added to every bus agent
package in the system. Thus, the cost of every package in the system
increases. On the other hand, in a multi-processor system, the increase in
bandwidth due to permitting split transactions is significant due to the ability
to reorder long latency transactions behind short latency transactions issued

25 later. itis desirable to reduce the cost of an integrated circuit chip package



the sane time, a token is driven on the first token bus. This token is 5
associated with the address request. The token is received by the agent
which is to respond to the address request (i.e., the respondi ng agent).
WAen t he respondi ng agent is ready to respond, the respondi ng agent drives
data, if necessary, onto the data bus. At the sane tine, the responding
agent drives the sanme token on the second tgken bus. The 10. requesting
agent recogni zes the token as the one that was associated with its original
request, and in response, |latches the data or signals to conplete the bus
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to‘reorder long latency transactions behind short |atency transactions
I ssued 25 later. It is desirable to reduce the cost of an integrated
circuit chip package -4- by reducing the nunber of pins required, yet
still accommpdate a split transaction bus arrangenent. The present
I nvention provides a nmethod and apparatus for inplenenting such a bus
protocol. The protocol of the present invention 5 provides a nethod and
apparatus for accommodating split transacti-dns across the external conputer
bus w thout the use of separate token buses and w thout an increased nunber
~of pins associated with them SUMVARY COF THE | NVENTI ON A net hod and
apparatus for SUMMARYOBUTHE aINVMENTION i n a conputer systemis
descri bed. The conputer systemincludes separate data 5 and address buses -
that allows bus transactions to occur in a pipelined

A method and apparatus for performing bus transactions in a

computer system is described. The computer system inc_ludes separate data
5 and address'buses that allows bus transactions to occur in a pipelined
manner. The present invention includes a method and.apparatus for driving
an address oh the address bus. The addfes,s is driven by a device, or agent,
“such that the address becomes one of an ordered series of addresses on
the address bus. The present invention also includes a method and
10 apparatus for driving a first token on the data bus in response to the address
when the response/data corresponding to the address request is not
available. The token is driven on the bus at such time that the seﬁ‘es of
responses corresponding to the series of address requests remains in the
fsan'ie order as that of the series of address requests. The requesting device
15 receives the first token and stores it internally.
When the data is ready, the responding device drives a second token
on the address bus. Also the responding device drives any necessary data
‘onto the ldata bus which corresponds to the original address request. The
requesting device recei-ves the second token and compares the second
20 tokento t_he first token corresponding to its previous address request. Upon
determining that a match exists, the requesting device receives the data from

the data bus, thereby completing the bus transaction.



manner. The present invention includes a nmethod and apparatus for driving
an address on the address bus. The address is driven by a device, or agent,
such that the address becones one of an ordered series of addresses on the
address bus. The present invention also includes a nmethod and 10 apparatus
for driving a first token on the data bus in response to the address when
the response/data correspondi'ng to the addregs request is not avail able.
The token is driven on the bus at such tine that the series of responses
corresponding to the series of address requests remains in the sane order
as that of the.g?ﬁféﬁ?ﬁ%(ﬁ@'@ﬁ?%ﬂ@%ﬁé'DHK‘WFI@&%“i ng device 15
receives the fi - : en the data is ready,
t he respondi ng device drives a second token on the address bus. Also the
respondi ng device drives any necessary data onto the data bus which
corresponds to the qHeMhragbnBiddeRESN Wil BEIUndeldtBod PabIRSHIIY frone the Beffledi Ves
t he second token and conpares the second 20 token to the first token
correspondi ng tdestiipticT giventsiowdms fometheesdcompemyintptirawings id théat a

mat ch exi sts, the requesting device receives the data fromthe data bus,

t her eby conpl etpreferedesrbbedinents af the invention, which, however, should not be

taken to fimit the invention to the specific embodiments, but are for

explanation and understanding only.

Figure 1 is a block diagram of one embodiment of the computer

10 system of the present invention.

Figure 2 is a flow diagram of a bus cycle according to the present

invention.

15 Figure 3 is a timing diagram of a bus transaction in the currently

preferred embodiment.

Figure 4 is a timing diagram of depicting a deferred response
according to the present invention.
20 -

Figure 5 illustrates an 8-bit token of the present invention.

Figure 6 illustrates one embodiment of the transaction pending
queue in the receiving agent.
25



-6- BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention will be
understood nore fully fromthe detail ed description given below and from

t he acconpanylng drawings of the 5 preferred enbodi nents of the invention,
whi ch, - however, should not be taken to linit the invention to the specific
enbodlnents, but are for explanation and understanding only. Figure 1 is a
bl ock di agram of one enbodi nent of the conpuyer 10 system of the present
invention. Figure 2 is a flow diagramof a bus cycle according to the
present invention. 15 Figure 3 is a timng diagram of a bus

transaction in the qugheayl iuffRte8 drifeRBBERhEMNGH the Eéﬁéhc‘ho'nspé’nd:h@ ng

di agram of depicting a deferred response according to the present
i nvention. 20 ﬁ%&e‘éuébﬂuﬁhgéhﬁs an 8-bit token of the present invention.

‘Figure 6 illustrates one i ment of the transaction pending queue in the
receiving agent. 25 :
Figure 8 is a block diagram of one embodiment of the token

5 matching hardware of the requesting agent.

Figure 9 illustrates one embodinﬁent of a token which uses the

address of the request as part of the token.

10 Figure 10 illustrates one embodiment of the transaction pending

queue in the responding agent. .

Figure 11 illustrates one embodiment of the transaction pelnding
queue in the requesting agent.
15
Figure 12 illustrates one embodiment of the token matching

hardware in the requesting agent.



-7- Figure 7 illustrates one enbodi nent of the transaction pendi ng queue
requesting agent. Figure 8 is a block diagram of one enbodi nrent of the
token 5 matching hardware of the requesting agent. Figure 9 illustrates
one enbodi nent of a token which uses the address of the request as part of
t he token. 10 Figure 10.illustrates one enbodi nent of the transaction
pendi ng queue in the responding agent. Figusg 11 illustrates one enbodi nent
of the transaction pending queue in the requesting agent. 15 Figure 12

il lustrates one enbodi nent of 'the token matching hardware in the requesting

- agent. DETAILED DESCRIPTION OF THE INVENTION

A method and appafatus for accommodating split transactions in a

computer system is described. In the following detailed description of the
present invention numerous specific details are set forth, such as token size,

5 queue size, etc., in order to provide a thorough understanding of the present
invention. However, it will be obvious to one skilled in the art that the
present invention may be practiced without these specific details. In other
instances well known methods, functions, components gnd procedures have
not been described in detail as not to unnecessarily obscure the present

10 invention.

Overview of the Computer System of the Present Invention

Referﬁng first to Figuré 1, an overview of a computer system of the

present invention is shown in block diagram form. It will be understood that
15 while Figure 1 is useful for providing an overall description of the computer

system of the present invenﬁon, a number of details of the system are not
shown. As necessary for discloéure of the present invention, further detaii is

~ set forth with reference to the other figures provided with this specificatioﬁ.
Further, the present invéntion is described with referencs to its preferred

20. embodiment. |
As illustrated in Figure 1, a computer system, as may be utilized by

the preferred embodiment of the present invention, generally comprises of a
processor-system bus or other communibation me’éns 101 for

- communicating information ahd a processor 102 coupled with processor-

25 system bus 101 for processing information. In the present invention,



DETAI LED DESCRI PTION OF THE | NVENTI ON A net hod and apparatus for
acconmodating split transactions in a conputer systemis described. In the
foll owi ng detail ed description of the present invention nunmerous specific

defails are set forth, such as token size, 5 queue size, etc., in order
to provide a 't horough understandi ng of the ﬁresent I nvention. However, it
w |l be obvious to one skilled.-in the art t'"®at the present invention nay be

practiced without these specific details. In other instances well known
met hods, functions, conponents and procedures have not been described in
detail as not processacystem ibug hsingluslesraddiess.cdataang contraldsesn.in the
Overvi ew of the Cbngkger System of the Present |Invention Referring first to
Figure 1, an osrentwprefereed embodiment, precrssiorife ipeidestan injemal 6ache
shown in bl ock dia ran1forn@ I& will be wndersto&? tha% 15 while Figure 1
is useful for PPBAT FRINEANY/&ferred IRas & gVl ena L tirachs Memary $¥st em of
the present inventio une, f,detail.s of the syste re t _shown. As
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o embodiment, cache memory 104 is included in the same chip package as
processor 102.
Also coupled to processor-system bus 101 is processor 103 for
10 processing information in conjunction with processor 102. Processor 103
may comprise a parallel processor, such as a processor similar to or the
- same as processor 102, or may comprise a co-processor, such as a digital
signal processor. A level threé (L3) cache memory 111 for temporarily
storing data and instructions for use by other devices in the computer system
15 (e.g., processor 102, processor 103, etc.) and a L3 cache controller. 110 for
controlling access to L3 cache memory 111 may also be coupled to
processor-system bus 101. The L3 cache controller 110 is also coupled to
memory-system bus 115. '
A memory-system.bus or other communication means 115 for
20 communicating information is coupled to processor 102 for providing
processor 102 and other devices in the computer system access to the
memory and input/output (I/O) subsystems. A memory controller 122 is
. coupled with memory-system bus 115 for controlling access to a random
" access memory (RAM) or other dynamic storage device 121 (commonly

25 referred to as a main mémory) for storing information and instructions for



the preferred enbodi nent of the present invention, generally conprises of a
processor-system bus or other comruni cation neans 101 for communi cating

i nformati on and a processor 102 coupled with processor- 25 system bus 101

- for processing information. In the present invention, - 9-
processor-system bus 101 incl udes address, 8 ta and control buses. In the

currently preferred enbodi nent, processor I®OZ includes an internal cache
menory, commonly referred to as a |level one (L1) cache nenory for

tenporarily storing data and instructions on-chip. A level two Lii.cache 5
nenory 104 is prggsser tQ2 (ﬁr@b@w@ssmo‘zoa)er &@@g&d@ta storage deMigedtas sHRl

I nstructions for use by, processor, In the, currentl referred
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digital 5 coupled to memory-system bus 115. ,
An input/output (/O) bridge 124 is coupled to memory-system bus
115 and 1/O bus 131 to provide a communication path or gateway for
devices on eit_her memory-system bus 115 or IO bus 131 to access or
transfer data between devices on the other bus. Spécifically, bridge 124
10 turns the byte/word/dword data transfer traffic from /O bus 131 into line size
traffic on memory-system bus 115. |
/0 bus 131 communicates information between devices in the
computer system. Devices that may be coupled to system bus'131 include a
display device 132, such as a cathode ray tube, liquid crystal display, etc.,‘
15 an glphanumeric input devicé 133 including alphanumeric and other keys,
etc., for communicating information and command Selections to other
devices in the computer system (e.g., processor 102) and a cursor control
device 134 for controlling cursor movement. Moreover, a hard copy device
135, such as a plotter or printer, for providing a visual representation of the
20 computer images and a mass storage device 136, such as a magnetic disk
énd disk drive, for storing information and .instructions may also be coupled
to system bus 131.
Of course, certain implementations and uses of the present invenfidn
méy not require nor include all of the above components. For examplé, in

25 certain implementations, the L3 cache controller and L3 cache memory may



si gnal processor. A level three (L3) cache nenory 111 for tenporarily
storing data and instructions for use by other devices in the conputer
system 15 (e.g., processor 102, processor 103, etc.) and a L3 cache
controller 110 for controlling access to L3 cache nenory 111 may al so be
‘coupl ed to processor-system bus 101. The L3 cache controller 110 is also
coupled to menory-system bus 115. A nmenory- s¥stem bus or other

comuni cati on neans 115 for 20 communi cati n tnformation is coupled to
~processor 102 for providing processor 102 and other devices in the conputer
system access to the nenory and i nput/out put (I/0O subsystens. A nmenory
control | er 122 notbe sequirad. wintsuahamplementationsiprocessorsdi 02pbanddi03)nyillaccess
to a random access nmenory (RAM or other dynami c storage device 121
(commonly 25 r égside §t!ef’e'tb’ Qb aMARORY ﬁbﬁﬁﬁwus 3 Sstlacthyy Implemeatationsaibd
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5 components.

Bus Protocol of the Present Invention

The devices and units in the computer system of the present invention
| ‘represent both requesting agents and responding agents. A requesting
10 agent is a device which is capable of requesting an operation that involvés
receipt of data or a completion signal from another device. A responding
agent is a device which is capable of responding to the request by sending
data or the necessary signals in response to the operation/request. Note-
that in the following description, the terms "agent” and "device” may be used
15 interchangeably.

In the present invention, bus transactions occur on the buses 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

20 ‘address onto the address bus, the bus transaction may only be one of a
number qf bus transactions currently pending. Although bus transactions
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

25 torequests to be out-of-order.



di splay (LCD), etc., for displaying information to the conputer user are 5
coupl ed to nenory-system bus 115. An input/output. (1/O bridge 124 is

coupl ed to nenory-system bus 115 and I/0O bus 131 to provide a conmuni cation
path or gateway for devices on either nenory-system bus 115 or |1/0O bus 131
to access or transfer data between devices on the other bus. Specifically,
bridge 124-10 turns the byte/word/ dword dajg transfer traffic froml/O bus
131 into line size traffic on nmenory-system bus 115. /0O bus 131

comuni cates i nformati on between devices in the conputer system Devices
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O course, certaln inplenentations and uses of the present invention
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 requndirig agent is not ready tb supply
the request (i.e., the data or éo_mpletion signals), the response may include .
10 the sending of a token. In this case, the second transaction comprises the
resending of the 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. A bus
transaction according to the present invention is depicted in the flow chart of
15 Figure 2. _
Referring to Figure 2, a bus transaction begins when a requesting
agent arbitrates for ownership of the request bus (processing block 201). In
the preéent invention, tt'_ne.requesting agent arbitrates for the address/byte
enables and command buses. Upon winning the arbitration, the requesting
20 agent drives a request ir_t the form of an address onto the address bus
{processing block 201) in a manner well-known in the art. |
'Once a request has been placed onto the bus, a determination of
which device is to be the responding agent occurs (processing block 203).
This determination includes recognizing the address that was driven onto

25 the address bus by a responding agent. In one erhbodiment, the fesponding



may not require nor include all of the above conponents. For exanple, in 25
certain inplenentations, the L3 cache controller and L3 cache nenory may
not be required. In such inplenentations processors (102) and (103) will
reside directly on a nenory system bus 115. In other inplenmentations, it
may not be required to provide a display device for displaying information.
Certain inplementations of the present inveh®ion may include other 5
conponents. Bus Protocol of the Present Invention The devices and units in
the conputer system of the present invention represent both requesting
agents and r espgendiisitheadevice which isgmagped dntocthezaridress spacedhatoacludesh i s
capabl e of requesting an operation that involves receipt of data or a
conpl eti on si gifi@laddress ehibeHequestvi ce. A responding agent is a device which
i s capabl-e of respaonding to the request by sending data or the necessary
signal s in responsel 1&r43ponging: 2dewtheagstarmingpifdt isygadyfotraerend | owi ng
description, the terps "a ".apd "device’l m e used 5 .
nt er changeabl (rodessiao BRE DAL IHhoBR ErAPS BiR  Pa {E360NTAG 2R8BIS BRRcbhe
buses in t‘ %e to respond if the data requested is available. If the data is available, then the
responding device sends an "in-order" completion response indication and
~ drives the data or necessary signals on the data bus at the appropriate time
(processing block 205), thereby ending the bus transaction.
If the responding agent is not ready to complete the bus transaction
10 (e.g., if the data is not ready by the time the responding agent is required to
respond), then the responding agent sends a deferred response and drives
a first token onto the data bus at its appropriate response time (processing
block 206). _
‘The requesting agent receives the deferred response and the first
15 token {processing block 207). The deferred response and the first token are
. received by latching the information from the sy_stém bus at the appropriate
time. The appropriate time is dictated by the pipelined nature of the system
bus. Because the responses are pipelined, the requesting agents are able
to latch the data qorresbonding to their requést from the data bus at the
20 correcttime. The token is stored in a queue, referred to as a transaction
pending, or suspended, queue, with an indication of the request with which it
is associated.
A number of additional transactions may be run on the bus after the
requesting agent receives the deferred response and its associated token

25 Dbefore the responding agent is able to satisfy the request. When the



conputer systemin a pipelined manner. That is, nultiple bus transactions
may be pending at the sane tine, wherein each is not fully conpleted.
Therefore, when a requesting agent begins a bus transaction by driving an
20° address onto the address bus; the bus transaction may only be one of a
nunmber of bus transactions currently pendings. Al though bus transactions are
pi pel i ned, the bus transactions in the present invention do not have to be -
fully conpleted in order, such that the present invention performs split
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and a response by the respondi ng agent. The request-5 “may be conprised of

the sending of an agdtesequustitue Gwitkehip has beéhgyraatidostheregpomdihgde t he

sending of the requested data (or conpletion signals) if the responding

agent is refdyagent thepresgondingtdgent seneds & defelresd reply (processing block 209).
The deferred reply includes a second token being sent on the addréss bus
deferred reply command on the command bus and the response/data being
driven on the response/data bus. In the currently preferred embodiment, the
second token is the same as the first token.

10 The requesting agent monitors the address bus and receives the
token as part of the deferred reply (probessing block 210). In the present
invention, the requesting agent latches the second token. The requesting
agent then determines whetherthe second token sent from the responding
agent matches the first token (processing block 21 1). The requesting agent

15 performs a token match between the seéond token sent from the responding
agent and the first token, or any other token in the reque'sting agent's
transactioﬁ pending queue. it should be noted that ih the present invention,
the requesting agent is always monitoring the address bus for addresses
and tokens and constantly compares the signals on the address bus to

20 determine if the signals represents an address within thé address range
mapped to the agent or if the signals represent a token. . |

If the requesting agent determines that second token from the
responding agent does not match the first token, then the data on the data
bus {or the com-pletion signal) is ignored (processing block 212) and the

25 requesting agent continues monitoring the address bus (processing



transaction ends. However, if the responding agent is not ready to supply
the request (i.e., the data or conpletion signals), the response nay
include 10 the sending of a token. I'n this case, the second transaction
conpri.ses the resending of the token with the requested data (or conpletion
signal s) by the responding agent to the reg sting agent, such that the
requesting agent receives the originally r gﬁested data to conplete the
transaction. A bus transaction according to the present invention is
depicted in the flow chart of 15 Figure 2. Referring to Figure 2, a bus

transaction b@”ﬁ@“%\é’ﬁ't@graé(ﬂﬁ%?ﬁiﬁg Bipok: 208 if the @ﬁuﬁ&'”@\ﬁﬁé%hl p of the
Fequest i ng. agfeENGES et sBoans e Ll BeBaGoRAIEA SB6EL ARt MR Btses.
R et o B AR Rt S,
e e T e ey BRSSO RO NR N AR i e o
e e o At
enbodi nment, t heys @sRE§SHAMng to the original request, the entire bus operation ends.
Thus, a transfer of data takes place from the responding agent to the
}equesting agent and the original request transaction is retired.
During a bus transaction depicted in Figure 2, the determination of
10  which device is to be the responding agent involves identifying if the new
request creates a conflict with any of the requests which are currently being
deferred in the transaction pending queue. _ |
After a device has been determined to be the responding agent, the
responding agent is responsible for generating a response to ensure that
15  bus retains its pipelined nature. A responding égent may not be able to'
complete the requeste_d bus transaction at the appropriate times. For
example, the data requested may not be available. The data may not be
available for numerous reasons. For example, the data may not be
available due to long access times of a particular device. Forinstance, due .
20 to the structure or the nature of a particular device, the preparation of a
response to satisfy the request may require a large number of cycles to
complete. This norrﬁally in and of itself would not be a problem.  However,
since the system bus of the present invention is pipelined, a device which
requires longer period of time to prepare a response (e.g., to obtain the

25 necessary data) may not be able to respond in the time set for its response



-13- agent is the device which is mapped into the address space that

I ncl udes the address of the request. The respondi ng agent then determ nes
if it is ready to respond (processing block 204). In one enbodi nent, the
respondi ng agent is ready 5 to respond if the data requested is available. .
If the data is available, then the respondH g device sends an in-order”
conpl etion response indication and drives t'fe data or necessary signals on
the data bus at the appropriate time (processing bl ock 205), thereby ending
the bus transaction. |f the resRondinghg ent is not, ready to conplete the

bus transacti dhensuretgaythe respohgesgan affobus E3mFIng) arfier-t lffke t he
ot orred T oo pdREROTEIRG BEPUCEIA PRIFBER BLES IR ran R oa Sitpe o
SBPrODT1 2 o T SSBRNRS s RFST Mt 5t S50l o B RIS ARERL
200 oo ! SHRH S RRIOES el e RSt 5 i b 0
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of a deferred response and a token (if unable to supply the requested data)
at the appropriate time.
The appropriate time for a responding agent to generate a response
is defined as that time at which the responding agent may respond in order
10 to retain the order of the responses on the data bus with those requests that
occur on the address bus, thereby ensuring the pipelined nature of the
system bus of the present invention; To ensure that the bus remains |
pipelined, the 6rder of the responses on the data bus must occur in the same
order as their associated requests on the address bus. Therefore, a
15 response to a particular request must appear on the data bus after the
response of the request which immediately preceded the particular request
‘on the address bus. If some type of response is not made, then all of the
subsequent responses will be stalled by the agents responsible for
generating them, hurting system performa_nce.. _
20 The responding agent upon completing the bus cycle with a deferred
response must be capable of designating the later available data \&ith a
particular request if the responding agent is to be able to accommodate
multiple requests while one or more requests are pending. For example,
when data is requested from the cache memory (e.g., L3 cache memory)

25 and the cache controller sends a deferred response, if the cache memory is



to latch the data corresponding to their request fromthe data bus at the
20 correct tinme. The token is stored in a queue, referred to as a
transacti on pendi ng, or suspended, queue, with an indication of the request
with which it is associated. A nunber of additional transactions may be run
on the bus after the requesting agent receiygs the deferred response and
Its associ ated token 25 before the responding agent is able to satisfy the
request. Wen the -14- responding agent is ready to conplete the

Fespondi ng. agelis® heSpenhs MagERkal B Rk iig FieRBhading dibal (ane
request bus (PiaceRtetbrtiofel miincie% FRAHEASIP IS ORI biRtatAS: Deen
granted to the respondi ng gent, e respondi ng agent sends a deferred

[ eply (Pr ocesspaghrhb abaidtii to Hiereliedt il RRluESE RO SABEAIRK N

bei ng sent on t address bus deferred reply command on the comma us and
the response/ dme&eBFangrage@m meludeca peneisicHas asbdlo stdretthe tekE santl v

preferred enbodi nent, the second token is the sane as the first token. .
5 for a deferred response and its associated request. Therefore, when the
data is available, the responding agent knows the destination of the data.
The token sent by the responding -agent with the deferred response is
latched by the requesting agent and is used by the requesting agent as a |
future reference. When the requesting agent latches the token and receives
10 the deferred re.sponse. hardware within the requesting agent determines
that the data received from the data bus is a token. The token is then stored
in a queue with'an indication of the request with which it was associated.
When the responding agent is ready to complete the bus transaction, the
same token used when sending the deferred response is sent on the
15 address bus. In one embodiment, a special command is used to indicate to
agents on the bus that the address bus has a token instead of an address.
Associated with the special command is the data (on the data bus) that was
originally requested by the requesting agent. In this manner, the |
subsequently sent token re-establishes contact with the requesting agent.
20 |
Bus Transactions in the Currently Preferred Embodiment
In the currently preferred embodiment, the bus includes two major
subsidiary buses: a request bus and a data bus. The request bus is used by
the initiator of a request.(i.e.. a requeéting agent) to transfer the request tybe

25 and address. The same bus is used by observers of the request to transfer



10 The requesting agent nonitors the address bus and receives the
token as part of the deferred reply (processing block 210). In the present
i nvention, the requesting agent |atches the second token. The requesting
agent then determ nes whet her-the second token sent fromthe respondi ng
agent matches the first token (processing bBi&ck 211). The requesting agent
15 perforns a token nmatch between the second token sent fromthe
respondi ng agent and the first token, or any other token in the requesting

agent' s transagidiostaRestiraspdiiseudr thd isshed trdnbBactitsi. eWhé ltata bas tlapsmrgsent
I nvention, the requesting agent is always nonitoring the address bus for

addresses and Halehsingnehd onwtiten Durimgrbusspétation] thesestwonbides addr ess bus
to 20 determne if the signals represents an address within the address

range napped t treated asgseparate resotices switinseparatpadsteatiorafarcesh. It shotld
requesting agent determ nes that second token fromthe respondi ng agent
does not mat chbemetdd thet theotegriest bus inchidesdhe addressbuat a bus (or the
conpletion signal) is ignored (processing block 212) and the 25 requesting
agent conti®ues nonlnibeigwrenty Piefgrredserpbadimanicbus artivity is_higtarchically

organized into operations, transactions, and phases. An operation is a bus
procedure that appears atomic to software such as reading a naturally
aligned memory location. Executing an operation usually requires one
transaction but may require multiple transactions, such as in the case of

10  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 the currently preferred embodiment, a transaction is the set of bus
activities related to a single request, from request bus arbitration through

15 response-initiated data transfers on the data bus'.

A transaction contains up to seven distinct phases. However, ceriain
phases are optional based on the transaction and response type. A phase
uses a particular signal group to co‘mmunica,te a particular type of
inf_orrnaﬁon. Five of the seven pha_sesare associated with the request bus.

20 These phases are called request/response phases:

Request Aritration Phase
Request Transfer Phase
Request Error Phase-

25 Snoop Resuit Phase
Response Phase

The remaining two phases are associated with the data bus and are called



continues waiting at processing block 208). If the requesting agent
determ nes that second token fromthe respondi ng agent does match the first
token, then the data on the data bus (or the conpletion signals) is the
data originally requested by the requesting agent and the requesting agent
5 | atches the data on the data bus (proce §.i ng bl ock 213).  After
receiving the data corresponding to the oriz nal request, the entire bus
operation ends. Thus, a transfer of data takes place fromthe respondi ng
agent to the requesting agent and the original request transaction is
retired. Duri n& I8 BURSES ansact i on depicted in Figure 2, the determ nation
of 10 whi ch device is to be_the respqonding agent involves identifying if
the new request creates a corP®lacARiraionRNage t he requests which are
currently being deferred in theta FransieiPba#seendi ng queue. After a device
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initiated, if the data is available at the time of generating the transaction

10 response (e.g., for a read transaction). A transaction may contain both a
iequest—initiated data transfer and a response-initiated data transfer.

Diftferent phases from different transactions can overlap, thereby

pipelining bus usage and improving bus performance. Figure 3 shows
overlapped request/response phases for two transactions. Referring to

15 Figure 3, every transaction begins with a Request Arbitration Phase (REQ-
ARB) on the request bus, in which a requesting agent becomes the request
bus owner. The second phase on the request bus is the Request Transfer
.Phase (REQ-TRF) in whfch the bus owner drives a request and address
information on the request bus. After the Request Transfer Phase, a new

20 transaction enters a first-in-first-out (FIFO) queue, the In-Order Queue (I-O-Q
in Figure 3). All bus agents, including the requesting agent, maintain
identical In-Order Queues and add each new request to thdse queues. In
Figure 3 for example, request 1 is driven in T3, observed in T4, and in the'In-
Order beginning in T5. The third phase of a transaction is a Request Error

25 Phase (REQ-ERR), two or more cycles after the Request Transfer Phase.

The Request Error Phase indicates any immediate errors triggered by the



response to satisfy the request may require a |arge nunber of cycles to
conplete. This normally in and of itself would not be a problem However,
since the system bus of the present invention is pipelined, a device which
requires longer period of tine to prepare a response (e.g., to obtain the
25 necessary data) may not be able to resgfond in the time set for its
response -16- to ensure that the responses on the data bus remain in
order. If the respondi ng agent cannot conplete the requested bus

transacti on at requesthpphe fourtit phaseneka trahsactionpis ralSngop fasultdenate (REQ# erred
response and a token. Therefore, the respondi ng agent sends either the
request ed dat aSBP)5foutonmase icyelesifiprathe RenuestabransterRiase)dfhe Snaogef er r ed
conpl eti on consi st of a deferr%d response and a_token (if unable to

supply the r eq8§§‘ﬂ'§5%é§9 iydigates pid Srﬁﬁcﬁﬁﬂ'ﬂﬁt@cﬁﬁﬁ%‘j '"I'ﬁé"%ﬂﬁﬁcﬂﬁﬁ iavalid phe
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deferred for possible out-of-order completion.
Transactions proceed through' the In-Order Queue in FIFO order. The
topmost transaction in the In-Order Queue enters the Response Phase. The
Response Phase (RSP-TRF) indice;tes whether the transaction failed or
10 succeeded, whether the response is immediate or deferred, and whether the |
transaction includes data phases. |
If a transaction contains a response-initiated data phase, then it
enters data arbitration (DAT-ARB) along with the response phase, the
transaction is removed from the In-Order Queue at the completion of its
15 Response Phase and (an optional) response-initiated data arbitration
phase. As shown in Figure 3, transaction 1 is removed for I0Q effective in
T14. The response initiated Data Transfer Phase (DAT-TRF) begins at the

completion of the data arbitration phase.

20 Deferred ration
If a responding agent is unable to guarantee in-order completion of a
transaction, the responding agent asserts a DEFER# signal in the
transaction'; Sndop Result Phase to indicate that the transaction may be
deferred or aborted. If‘the DEFER# signal is not overridden by another
25 caching agent asserting the HITM# signal (indicating a hit to the cache) in



system bus of the present invention. To ensure that the bus remains

pi pel ined, the order of the responses on the data bus nmust occur in the
sanme order as their associated requests on the address bus. Therefore,
response to a particular request nust appear on the data bus after the
response of the request which imedi ately preceded the particul ar reque
on the address bus. If sonme type of responsZldis not nade, then all of- t
subsequent responses will be stalled by the agents responsible for

generating them hurting system perfornmance. 20

a 15

st
he

The respondi ng agent

upon conpl et i nhetSreodpuResylt Phase; thea thefaddress-despded agentséwhe tlesmpabl e of
designating the later available data with a particular request if the
respondi ng ageinandaction réspaiisee the fesponsediitbe respondiag ageotis determinedone
or nore requests are pendi ng’. For exanpl e, when data is requested from

cache nmenory (ly is defesregaep

peliay: yif therespeading:agentie cepableceliaompleting

deferred response, if fhe, ca% menory i s -17- to be accessed while
transaction i sthgdrahsagtion fea gﬂé%ﬂ?%jeag%‘i’lﬁh?ﬂ generatg @ deferred replyr thare
nmust i ncl u%e a, nﬁct}gni sm t.0 rTgch tcrue dat a_t hat :

it should generate a deferred response.

10

15

- 20

25

Figure 4 illustrates a deferred response followed by the
.corresponding Deferred Read Reply trans'actio'n. Referring to Figure 4, in
T1, the requesting agent asserts the ADS# signal indicating that a valid bus
definition and address is on the reque.st bus. Also in T1, the requesting
agent drives the {REQUEST} group to issue a Read Line request. In the
Snoop Result Phase, the addressed agent determines that the transaction
cannot be completed in-order and henée asserts the DEFER# sfgnal. In T5,
the addressed agent becomes the responding agent due to deassertion of
the HITM# signal and returns a deferred resﬁonse by asserting the RDY#,
RDHEQ#, RS0#, and RS1# signals. The RDYi# signal is activated by a
responding agent responding to a- réquest. The RDREQ#, RS0# and RS1#
signals are used to encode different types of responses, including a deferred
response. When the RDREQ# signal is active, it indicates that a token is on
the data bus. In T6, the responding agent drives the deferred reply ID on the
data bus. In the present invention, the DEFER# signal is asserted in the
transaction's Snoop Result Phase. '

In T10, the requesting agent observes the Deferred Read Reply
transaction. The requesting agent maiches the deferred reply IDto the ID -
stored with the original request in its transactions pending queue. In T18,

the responding agent returns a successful completion response with data on

t he
9
this
r)



beconmes avail able to the request which requested it. In one enbodi nent, the
respondi ng agents include a queue which is used to store the token sent 5
for a deferred response and its associ ated request. Therefore, when the
data is available, the responding agent knows the destination of the data.
The token sent by the responding agent with the deferred response is

| at ched by the requesting agent and is use@2sy the requesting agent as a
future reference. Wien the requesting agent |atches the token and receives
10 the-deferred response, hardware within the requesting agent determ nes

that the data thebus\and ttarsfersidatadudng T 7-T2@ trofan, thEhentireldeterredt hen
stored in a queue with an indication of the request with which it was

associ at ed. Wuperation isespopldterg agent is ready to conplete the bus
transaction, the sane token used when sending the deferred response is sent
on the 1 5 addr esdnhscutrenthnpreéermed embodimant gemiemory a@geahar B@a@amimo
indicate to agents on the bus that the address bus has a token instead of
an address. AdhecosutenAYSie i algwed 10 retorandeferadidespensy on e dat a

bus) that was originally requested by the requesting agent. In this manner,
t he subseq§ent@9”g$rﬂth?')c/fk‘§ﬂgr Qu%gcéﬁéirgﬂ‘é%s‘c rﬁ%’t’e&ﬁr ‘Fﬁyt feacaghedneng
agent. 20 Bus Transacti.ons.in the Currently Preferred Enbodi nent In the
currently pref‘%’?,tre S&ﬂ@@%‘?ﬂ’érﬁ’ip“ﬁé”%‘%&%c| udes two nmj or

Receiving a deferred response removes the transaction from-the In-
Order Qﬁeue. The responding agent is responsible for supplying a deferred
reply ID in the transaction’s Data Transfer Phase. In order to complete the

10 .origi_nal request, the responding agent initiates a new transaction on the bus.
This transaction is defined as a Detferred Reply transaction. .The_ deferred
reply 1D, returned in the original transaction's Data Transfer Phase, ié used
as the address in the Deferred Reply transaétion's Request Transfer Phase..

A deferred reply ID contains eight bits, divided into two four-bit fields. "

15 The deferred reply ID is returned on D[15:8]# in the original transaction's
Data Transfer Phase. D[15:12}# contain the res'pdnse agent ID, which is
unique for every responding agént. D[11:8]# contain a reply ID, assigned by
the response agent baséd on its internal queue. Up to twelve different

~ responding agents may return deferred responses (twelve because agent
20 IDs 0-3 are reserved for the processor(s) of the present invention). Up to
| sixteen deferred replies may be pending for each of the twelve agents. An
agent that éupports more than sixteen outstanding deferred replies can use
multiple agent IDs. |
In a Deferred Reply transaction’s Request Transfer Phase, the

25 deferred reply ID is driven on A[15:8]#. During the Responée Phase, the



subsidiary buses: a request bus and a data bus. The request bus is used by

the initiator of a request (i.e., a requesting agent) to transfer the

request type 25 and address. The sanme bus is used by observers of the

réquest to transfer -18- their status or response for the issued

transaction. The data bus transfers data bg%gg read or witten. During bus
S

operation, these two buses are treated as )arate resources W th separate

arbitration for each. It should be noted that the request bus includes the
address bus. 5 . In the currently.preferred enbodi nent us agtjvity
i erar ohi cAranpasHga PTRIFR f5BRBRY S GRYSH HioRd KR e data At dal | A
operation is 3 bu§ l@%ﬁ dure that appears atomc to software such as
readi ng a nat & ?f) hed nmenory | ocation. Executing an operation usually
requires one transaction but may require nultiple transactions, such as in
the case of 10 deferred replies in which requests and replies are

di fferent trag%%%é?&@@LgﬁEﬁkﬂﬂéﬁggiOn is the set of bus activities related

to a single re . 1romrequest bus arbitration through

SRS Snbo ol RS LTSN precnSedrpgaigriyn ekl wirse e anory
agent or /0 agent in a deferred operation. _

If a caching memory controller, such as L3 cache controller 110, is in
the computer system, the cache controller may also generate the deferred
responses and tokens on read oberations when the read data is not

10 immediately available in the cache. The cache controller will then proceed
to obtain the data from the memory, such as main memory 121, while
servicing any subsequent requests for data available in the cache memory.
When the read response is ready, the cache controller arbitrates for the bus
and returns the read data.

15 If an I/O bridge is in the computer system, the I/O bridge splits bus
transactions. It should be noted that this is typically performed according to

~ an /0 bus standard, such as the PCI EISA, ISA, MCA, PCMCIA, VESA
standard. Generally, accesses to devices residing on the 1/O bus take longer
to complete than accesses issued to the memory devices. In a highly

20 pipelined bus involving requests generated from multiple requesting agents,
there is an intermix of I/O operations and memory operations. in order to
eliminate the stalling effect of /O accesses in subseqi_:ent memory accesses,
the I/O bridge of the present invention generates a deferred/out of ofder

response {o accesses directed towards itself (and the devices on the I/O

25 bus). Inone efnbodiment, the /O bridge of the present invention has fhe



activities related to a single request, fromrequest bus arbitration
through 15 response-initiated data transfers on the data bus. A
transaction contains up to seven distinct phases. However, certain phases
are optional based on the transaction and response t-ype. A phase uses a
particul ar signal group to conmunicate a particular type of information.
Five of the seven phases are associ ated wi t-B4t he request bus. 20 These
phases are called request/response phases: Request Arbitration Phase
Request Transfer Phase Request Error Phase 25 Snoop

Resul t Phase Rpaafiwre rdtessaryitor defemimg 0p toounbas eansaeticrss oaihahdHewi t h
the data bus and are called data phases: Data Arbitrati on Phase Data

Transfer Phaserdsponse is réady, thee Orbridgd arbitratésfortheebimdndimitiatestze dat a
phases are opti onal
deferred reply.

5 Token Generation and Recodgnition Hardware

In the present invention, each of the requesting and responding
agents supports additional functionality in order to utilize the deferred
protocol. In the present invention, the deferred response agents function as
a bus master. Being a bus master accordihg to the present invention

10 consists of the .ability to arbitrate for the bus and carry out a request transfer
cycle. This is required because without the ability to be a bus master, the
response agent could not obtain control of the bus when the data was ready
subsequent to the responding agent giving a deferred response. For

. instance, the processors are bus masters generally. On the other hand,

15 memory controllers generally are not bus masters and, thus, would need to
have this ability to employ the token generation and recognition hardware of
the present invention.

In one embodiment, token generation is the responsibilit_y of the
responding agent. A réqu’est cycle occurs in the system. After the

20  ownership of the request is resdlved, the tqken may be returned as part of
the response to a requested cycle (depending on whether the data' or

‘completion signals requested are available). |
_ One embodiment of a token of the preéent Ii'nvention isshownin .
Figure 5. Referring to Figure 5, token 501 is comprised of eight bits divided

25 Dbetween two componentsi a position Ib 502 indicating the position of the

~



and used if a transaction transfers data on the data bus. The data phases
are request-initiated, if the data is available at the tinme of initiating
the request (e.g., for a wite transaction). The data phases are response-
initiated, if the data is available at the tinme of generating the
transaction 10 response (e.g., for a read transaction). A transaction may
contain both a request-initiated data trans28 and a response-initiated
data transfer. Different phases fromdifferent transactions can overl ap,

t hereby pi pelining bus usage and inproving bus performance. Figure 3 shows

over | apped reqrsspohse s tesintarhabqsed® bf th® résponsdiveg ageat amé aerespoadin
Figure 3, every transaction begins wth a Request Arbitration Phase (REQ

ARB) on the reggesttiDobG3 indicating the sourspiesthendefagedtrephc ofies respondingest
bus owner. The second phase on the request bus is the Request Transfer
Phase (REQ TRFagént ibhis comprised @f faumrhits. dFhe sespondingiagentalitimaydreess

i nformati on on the request bus, After the Request Transfer Phase, a new 20
transacti on en€c@mprised pf gorg At Hsséhaau@ur(mtazoj’ow@t@cesmermn& @Q&!ﬁe
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Transfer Phase.
by using four bits for the 1D, sixteen deferred responding agents may exist on

the system bus.

10 As shown in Figure 5, the number of bits used to indicate the posmon
of the request in the transaction pending queue of the responding agent
cc_omprises of four bits. The position of the request may be"described using
more or less than four bits. For instance, the request p'ositf'on may bé a 2-bit
number. The number of bits used to describe the position of the request

- 15 indicates the size of the transaction pending queue. For example, using four
bits for the position request indicates that the transaction pending queue is
capable of having a maximum of 16 separately addressable entries.

_ | A responding-agent that gives a deferred response maintains an
intemal deferred reply p'ool with up to 16 (1 to 16) entries. In the present
20 invention, only a small queue depth (less than 16} is sufficient since the
. comparison hardware need support only the entries that are actually
deferréd. One embodiment of a transaction pending queue in a responding
agent is shown in Figure 6. Referring to Figure 6, iransaction pending
queue 700 is shown having multiple entries, wherein each entry includes

25 multiple fields. In one embodiment, queue 600 is a 16 entry queue. In the



The Request Error Phase indicates any inmmediate errors triggered by the -
-20- request. The fourth phase of a transaction is a Snoop Result Phase
(REQ- SNP), four or nore cycles fromthe Request Transfer Phase. The Snoop
Reésult Phase indicates if the cache line accessed in a transaction is valid
or nodified (dirty) in any agent's cache. The Snoop Result Phase also 5

I ndi cates whether a transaction wll be corﬁﬁ'et ed in-order to may be
deferred for possible out-of-order conpletion. Transactions proceed through
the In-Order Queue in FIFO order. The topnost transaction in the |In-Oder
Queue enters tgreseutdpventionpieach. emme'omeh@mdek@n&lew ¢6ra TeRpest figldcat es

whet her the transaction failed or succeeded, whether .the response is

i medi ate or JdEYEQ)GRR, aahﬂe\m@tb%(BEhféelﬂMs%i& poRddiess field G a'gﬁﬁhfwd | f
a transaction cont ai ns a reswgnse initiated data ghase then it enters data

arbitration (GO Bplield &i20¢ ddrass field S4seprs the fr@nsaghi@tction i s
and (an opti ofBCTRUGP GREESPANENAe FAaaRER B o beld B01 in qusid 885 7S
5 REQ field 602 stores the type of request. BE field 603 stores the byte enable
information that is used in further qualifying the request. Address field 604
stores the address. In one embodiment, token field 601 comprises four bifs,
REQ field 602 comprises four bits, BE field 603 comprises four bits, and .
address field 604 comprises 40 bits.

10 At the time the responding agent wishes to provide a deferred
responss, thé responding agent assigns an entry for the transaction in the
deferred reply pool and returns a token on the data bus. In the assigned
entry in queue 600, the request is stored in the REQ, BE, and Address fields.
After the transactions is complete, the responding agent becomes a fequest

15 bus owner and initiates a deferred reply transaction. The responding agent
also reclaims free queue entries and free response IDs in the deferred reply
| pool.

The responding agents of the present invention include logic for
managing the token queue and for token generation. In one embodiment,
‘20 the responding agent is able to take appropriate action on the new request
of the bus while the suspénded éntries are being processed. In the present
invention, the responding agent has the c_apabiﬁty_ to comparé the address of
the new request against the address of a suspended entry in the transaction
pending queue. ln'one embodiment, each agent includes 16x48 bit latches

25 and 16x48 bit comparators to compare the address of the request to



phRase. As shown in Figure 3, transaction 1 is renoved for 10Q effective in
T1l4. The response initiated Data Transfer Phase (DAT-TRF) begins at the
conpletion of the data arbitration phase. 20 Deferred Qperations If a
réspondi ng agent is unable to guarantee in-order conpletion of a
transaction, the responding agent asserts a DEFER# signal in the
transaction's Snoop Result Phase to indi cat®’that the transaction may be
deferred or aborted. If the DEFER# signal is not overridden by another 25
caching agent asserting the H TM# signal (indicating a hit to the cache) in
-21- the Snoopadidiresses Sleasd jn thetransactiomgrpanding queéue ofdbatrespendinge
transacti on response. The response of the responding agent is determ ned by
its deferred ragen. Jdie sige of tha eempargiensdnay bagesuced, sughuthat osly thenpl et i ng
the transaction in a defer rgg node and then generate, a deferred reply, then
5 it should dgewer bits imthesaddress are Spppaced FLRPSItME MatGhath® a deferred

resnonse ol | ot e PR TP RERT AT B SELES oAE R RSB b
5 suspended request.

In the present invention, the requesting agents are capable of
accepting and comprehending the deferred responses (i.e., tt;le deferred
response/token combination and the deferred reply/data combination). In
the present invention, the requesting agents are also capable of taking the-

10 appropriate action(s) in response to the deferred responses. This adtion
involves an ability to temporarily suspend the bus transaction.

In tﬁe currently preferred embodiment, the requesting agents
assumes that every outstanding transaction issue in the Request Transfer
Phase may receive a deferred response. In the currently preferred -

15 . embodiment, each requesting agent includes a queue to temporarily store
suspended request IDs. Therefore, the requesting agents maintain an
internal ou_tstanding transaction queue with the same size as its ability to-
pipeline new requests. One 'embodim'ent- of the transaction pending queue
is shown in Figure 7. Fieferring to Figure 7, quéue 700 is shown having four

20 entries, where each entry is comprised of 11 bits which include a requesting
agent's transaction identifier field 701 and a field for the responding agent's
generated token 702. The number of bits used to represent the identifiers
limits the number of designed entries in queue 700. In one embodiment, the

- identifier is comprised of thfee bits, but may be comprised of as many bits as

25 necessary to support the total number of entries in queue 700. The



Tt, the requesting agent asserts the ADS# signal indicating that a valid
bus definition and address is on the request bus. Also in T1, the
requesting 10 agent drives the (REQUEST) group to issue a Read Line
réquest. In the Snoop Result Phase, the addressed agent deternines that the
transaction cannot be conpleted in-order apg_hence asserts the DEFER#
signal. In T5, the addressed agent becones the respondi ng agent due to
deassertion of the HI TM# signal and returns a deferred response by

asserting the RDY BPRE 0 ; oSl e I Y# sigpal is
activated by a ﬁﬁtgégfﬂr‘\g a{ggrq\zozﬁgs%&@ﬁ%g oajé'trgggﬂg{s?t% _ngﬁgolé&éeg{bg SO#

and RS1# sign 6@8&, 0 encode different types of responses, including
a deferred re?ﬁ%ﬁgﬂfd en gt'he RDREQ# signal is active, it indicates that a

token is on the dat niny 4 @efdrhed FpRMBE! tHE p@{gl@‘s-ﬁ 1248 rred
reply 1D on. the 20 @r(‘jgpgebu@. Ir? t he present inven ioH,gta\gg }I)E@Eeéﬁﬂ?egnal

i s asserted i nokbe (ite. adsfeeiedanply 1D suppies blyith@ressonding Bhent inher equest i ng
agent observes the Deferred Read Reply transaction. The requesting agent

mat ches t hes degarerstédriokeér field 702 inheutsfarsling trdnsattiont Qeewe 7Q0nalher equest i n
Its transactions pendi ng queue. In T16, 25 the responding agent returns a
successful conelqeesting agentsaise haventheaabilityrto release the bus after it received an
out-of-order response. '
The requesting agent also includes matching hardware for matching
the returned data to the appropriate request using the returned token.
10 During the deferred reply transaction, the requesting agent matches the
reply address with all deferred reply IDs in its outstanding transaction queue.
On an ID match, the requesting agent can discard the original transaction
from its outstanding transaction queue and complete the operation.
In one embodiment, each requesting agent includes comparator logic
1§ to perfbrm' the matching. In one embodiment, the comparator logic is
comprised of 8-bit comparators fdr performing the matching and control logic
for identifying the match and returning data to internal units with their interval
tags. An example of the matching hardware is shown in Figure 8. Referring
to Figure 8, matching hardware 800 comprises latch 801, latches 802-805
20 forstoring the tokens réceived as deferred responses, comparators 806-809
for comparing the tokens received as deferred responses with lthe reply
token, and NOR gate logic 810. Latch 801 is coupled to receive the reply
token. ‘The output of latch 801 is coupled to one input of each of
comparétors 806-809. The other input of each of the latches 802-805 is
"~ 25 coupled to the output of latches 802-805 respectively. The outpufs of each '



-22- the bus and transfers data during T17-T20. In T21, the entire deferred
operation is conplete. In the currently preferred enbodi nent, a nenory
agent or 1/0O agent in the conputer systemis allowed to return a "deferred"”
reésponse on any 5 request other than a bus | ocked request, a deferred
reply, or a cache line
02202202222222222222222222222222222222222252022022222222222 write
designated for explicit witeback. Receiving a deferred response renoves .
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Data Transfter Phase. 1 5:12]# contaln the response ‘agent chis
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» 909 via latches 802-805. Latches 802-805 are sized ‘according to the
number of bits in the_ tokens. Each of comparétors 806-809 compare the
reply token to one. of the stored tokens. If the reply token matches.a token

10 stored in the transactions pending queue, one of comparators 806-809
produces a high output. If the reply token does not match a token stored in
the transactions pending queue, none of comparators 806-809 produces a
high output. If none of the outputs from comparators 806-809 is high, then
the No Match output of NOR gate logic 810 is high, thereby indicating that
15 the reply token does not correspond to a suspended response in the
requesting agent. [f one output from. comparators 806-809 is high, then the
match output of NOR géte logic 810 is high, thereby indicating that the reply
token corresponds to a suspended response in the requesting agent. In
response to a match, the requesting agent latches the daté on the data bus
20 or receives the completion signals. Corresponding to the‘origin_al request.
Although in one embodiment the token is 8-bits, the present invention.
could use the request address as part or all of the token. One embodiment
of the token using the address is shown in Figure 9. Referring to Figure S,
| tokén 900 includes three fields: request 903, byte enable 902 and address
25 901, Inhone embodiment, the request field 903 comprises four bits, the by'te



t ke response agent based on its internal queue. Up to twelve different
respondi ng agents nmay return deferred responses (twel ve because agent 20
IDs 0-3 are reserved for the processor(s) of the present invention). Up to
si'xteen deferred replies nmay be pending for each of the twelve agents. An
agent that supports nore than sixteen outstanding deferred replies can use
multiple agent IDs. In a Deferred Reply tr action's Request Transfer
Phase, the 25 deferred reply IDis drivenonh Al 1 5:8]#. During the
Response Phase, the -23- transaction conpletion 'response is driven

I i th d . | d f h f nmbod
't he. cur r cniangbls BPe SAcamBaeS Bt Disnnageiress fPIhS5T camagaes fongont
/0O (O def d ion. |f hi troller, h
26 13 cacne. ol dieoiedupe: f18 5B RtesemE i s Bl SRR BY Bt ol T or

may al so gener

the read data r?‘g&%%{?’% Q&érﬁf 14 el AR e 8895 HlaingafioPRatigh ' ons when

modifying the request. The address field 901 contains the address of the
5 request. The responding agent returns token 900 in the same manner as
the token depicted in Figure 5. _
- One advantage in this embodiment is that it recognizes the fact that

any token definition may be either too constraining or too expensive due to

~ different requirements of specific applications. When a new token definition

10 is made, the number of bits in the token definition must be fixed. Depending |

on the scheme chosen, this, in turn, limits both the number of
request/resppnse agents that can be supported on the bus and the number
of requests that can be supported per agent. Regardless of the scheme
chosen for some specific application, it may not be too constraining. Thus,

15 using an address as a token would mean that no artificial limitations are |
introduced. Secondly, the use of no token takes into account the féct that for
highest performance, a full address comparison is desired for a new request
with all the entries in the suspended queue. This is in addition to the token
matching required for the out-of-order responses.

20 By using the address as a token, the original requesting agent siniply
sSnoops on the address and compares it with its internal suspended entry
queue; The respons'e-initi_ated cycle is run in the same manner with the
exception of clearly mar_kihg the address as returning from a deferred reply
in the command field. This allows the proper differentiation necessitated for

25 deferred replieé from normal requests.



10 imredi ately available in the cache. The cache controller will then
proceed to obtain the data fromthe nenory, such as nmain nenory 121, while
servicing any subsequent requests for data available in the cache nmenory.
Wien the read response is ready, the cache controller arbitrates for the
bus and returns the read data. 15 slIf an I/O bridge is in the conputer
system the 1/O bridge splits bus transacti®ns. It should be noted that
this is typically performed according to an |I/0O bus standard, such as the
PCl EISA, |1SA MCA, PCMCI A VESA standard. Generally, accesses to devices

residing on the |/ Criglfedgdri Oqjﬁgéﬁtstrﬁaﬁu%l’meﬂ{ mtbhﬁﬂ_t@?féﬁéﬁ@ﬁgﬁﬁb%‘ﬂnhé’rthe

menory devices. In a highly 2 pi pel i ned bus 1 nvolving requests generated

from mltiple faadeskows inGRjirs 6. tORS @mitsodiment betHE faf§adtidA p@mﬂﬁ%i ons and
menory operations. In order to elimnate the stalling effect of 1/

accesses in sugsamignghovenion figare ¢8.s Gefetring tb/ Bigare dgpqoéué HEORIIeShoWn
I nvention generates a deferred/out of order response to accesses directed
towar ds it sel fag hadnglsixtdenieotrieso whehe eath extry isusdmprisedob48+ditsdvhient , t he
1/ 0 bridge 5Of itngﬁjdgrae?eeqr:}esit EHEB% iﬁglrclj 1h 8651 ,tahgus en_a%ldfe_ (BE) field 1002, and an

address field 1003." In one embediment, the REQ field comprises four bits,

the BE field comprises four bits, and the address field comprises 40 bits.

Queue 1000 stores the same information as the queue depicted in Figure 6

with the exception that a separate field for the token is not needed since the

10 address is already stored.

In this embodiment, the requesting agent is responsible for releasing
the bus after a deferred response. Using the address as a token, the
requesting agents still maintains an internal outstanding transaction queue
with the samé size as its ability to pipeline new requests. One embodiment

15 of the transaction pending queue is shown in Figure 11. Referring to Figure
11, queue 1100 is shown having four entries, where each entry fs compriséd
of 50 bits which include a requesting agent's internal identifier (ID) field
1101 and a field for the 48-bit request 1102. The number of bits used to
represent the ID limits tﬁe number of entries in queue 1100. In one

20 embodiment, the identifier is comprised of three bits, but may be comprised
of as many bits as necessary to support the total number of entries in queue
1100. _The generated token field 1102 is comprised of the 48-bit request,
including the address of the request. On observing a deferred response, the
requesting agent stores the address request (i.e., deferred reply ID) supbligd

25 by the responding agent in the 48-bit request field 1102 in dutstanding



har dwar e necessary for deferring up to four bus transactions. Wen the
response is ready, the 1/O bridge arbitrates for the bus and initiates a
deferred reply. 5 Token Generation and Recognition Hardware In the present
i nvention, each of the requesting and respondi ng agents supports additional
functionality in order to utilize the deferred protocol. In the present

i nvention, the deferred response agents fun8ron as a bus master. Being a
bus nmaster according to the present invention 10 consists of the ability
to arbitrate for the bus and carry out a request transfer cycle. This is
requi red becausmnsattionuqudde1d0Bl ity to be a bus master, the response agent
could not obtain control of the bus when the data was ready subsequent to
t he respondi ng ageniThgirequestingdegentralsio irclpdes matebingi hardwace fon matching
processors are bus masters generally. On the other hand, 15 nenory

control | ers getke stutnedrdatade tha spptepriate regrestiusing theotgtarneddakes have
this ability to enploy the t ker? eneration, and recognition hardware of the
present- i nvent iQ}IﬂnQItHeé’ﬁéeréﬁéi )‘rgrﬁﬂ?'aFWbﬁhQéﬁGP%ti%aQ%mtrﬁétChes the
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be returned as BBk 18 mddf, th&$eQ086kAP aBehfEMPIRAEUR GrdSPRAMAGR"

from its outstanding transaction queue and complete the operation.
In this embodiment, the requesting agént uses 48-bit latches and a
48-bit comparator per latch to perform the matching. In one embodimenf, the
10 comparator logic includes control logic for identifying the match and
returning data to internal units with their internal tags. An example of the
matching hardware is shown in Figure 12. Referring to Figure 12, matching
| hardware 1200 comprises latch 1201,” latches 1202-1205 for storing the
tokens received as deferred responses, comparators 1206-1209 for o
15 comparing the tokens received as deferred responses with the reply token, -
-and NOR gate logic 1210. Latch 1201 is coupled to receive the reply token.
The output of latch 1201 is coupled to one input of each of comparators
1206-1209. The other input of each of the comparators 1206-1209 is
coupled to the oufput of latches 1202-1205 respectively. The outputs of
20 each of comparators 1206-1209 are coupled to the inputs of NOR gate logic
1210.
In one embodiment, latch 1201 comprises an 48-bit latch which
receives the reply address from the address bus. Latch 1201 is sized
according to the number of bits in the reply address. Latch 3201 supplies

25 the reply address to each of comparators 1206-1209. Each of the request



conpl etion signals requested are avail able). One enbodi nent of a token of
the present invention is shown in Figure 5. Referring to Figure 5, token
501 is conprised of eight bits divided 25 between two conponents: a
position I D 502 indicating the position of the -25- response in the

I nternal queue of the respondi ng agent and-38-respondi ng agent | D 503

I ndi cating the source of the deferred reply. The responding agent IDis
conprised of four bits. The respondi ng agent ID may be conprised of nore or

| ess than fouradirbSsedQtorddmitABafanddetioh PEREMY Hde @ P thd requiddtimgyademt &
3-bit ID. The nunber of. bits used to represent the ID of the respondi ng

agent i ndi cat egretdupplieditotive comparatofs 12069208 v kgehés 11202t 1@05. Latches
conput ersystem that may generate deferred responses. For exanple, by using

four bits for 1202-1205 aresieed acedrdingtb trespombienof bisnin @achyreguesit on t he
system bus. 10 As shown in Figure 5, the nunber of bits used to
i ndi cat e t he paddressnEathoheompgraters il 8061200 rcomparei the rephtaddregsdmenef
e IR agent C8r£11t):irdiressesses.o flf tfh%urre lbiéc?d'regg ?naﬁgﬁizé iaorré (L)erstt Qc?drregg vest
may be desé&ri befdhastergd a ply q
stored in the transactions pending queue, one of comparéiors 1206-1209
produces a high output. [f the reply address does not match a request
address stored in the transactions pending queue, none of comparators
1206-1209-produces a high output. If one output from comparators 1206-

10 1209 is high, then the match output of NOR gate logic 1210is high, thereby
indicating that the reply address corresponds to a suspended response in
the requesting agent. If none of the 6utputs from comparators 1206-1209 is
high, then the No Match output of NOR gate logic 1210 is high, thereby
indicating that the reply address does not correspond to a suspended

15 respbnse in the requesting agent. Additional control logic would also be
used to take appropriate action on a match.

When the address is used as part of the token, the responding agent
generates a deferred response with no need for generating a token. During
the reply phase, the responding agent must also arbitrate for the bus and run

20 a cycle with the requested data and the original address. In one
embd'diment, the responding agent includes a 48-bit address bus driver to
facilitate the sending of the address. |

Note that this embodiment is advantagedus in that no new pins or
token specifications are required. Note also that in this embodiment, the

25 responding agents still have the overhead of full 48-bit- address comparison.



mere or less than four bits. For instance, the request position may be a
2-bit nunber. The nunber of bits used to describe the position of the
request 15 indicates the size of the transaction pendi ng queue. For

exanpl e, using four bits for the position request indicates that the
transacti on pendi ng queue is capabl e of having a maxi num of 16 separately
addressabl e entries. A responding agent thaB4gives a deferred response

mai ntains an internal deferred reply pool with up to 16 (1 to 16) entries.
In the present 20 invention, only a small queue depth (Il ess than 16) is
suf fi ci ent si nTaistlbgicoaverhead orayhze deaeptabletdrhgipdhe pootgssonandra caching hat
are actually deferred. One enbodi nent of a transaction pending queue in a
respondi ng ageH© brdgmwhare therexysting snospingregieLanbeirgused.6, transaction
pendi ng queue 700 is shown having nultiple entries, wherein each entry

I ncl udes 25 multiple fields. In one enbodi nent, queue 600 is a 16 entry
queue. |In the -26- present [nveption. each ent (Y +hQ _has a token.field
601, a requestX Ragergent and, Ing SRQEesSORrOT ANG) HIGRENL NWeHIOR | ess
I 'rglngagtoﬁbnﬁEQ fiel ﬁi g%bro%l?oééseslog o??l’?’e%

PE M ThvStic sS40t spSRASRE Hnd e
out-of-order execution. This implies that the microengine of the processor
continues execution beyond missing data references. After the access is
vefiﬁed as a miss within the cache of the microprocessor and the backside.
cache, the request is sent to the system bus. A long latency access can be

10 optimally satisﬁgd by returning a split cycle response (i.e., a token) to the
microproﬁessor to free up the microprocessor bus. .ln this manner, the
microprocessor can continue additional data transfers.

The split cycle response capability of the system bus can be exploited
by the external subsystems. For instance,_the L3 cache may retumn an out-

15 of-order response on a cache miss and a normal in order responseona -
cache hit. The L3 cache controller continues to access'externally and
completes the split transaction after the data is received. In the meantime,
the processor-to-L3 cache déta transfers continué. Also, a memory
controller may return ari out-of-order respdnse on a page miss requiring a

'20 full RAS precharge cycle or during an ongoing refresh cycle, such that on a
page hit a normal in order response can be satisfied immediately. This will

. free up the microprocessor bus to continue data transfers between the
microprocessor and other memory cpntrollers and write back caches.
The present invention also is advantageous to any access from the

25 processorto the I/O bridge. Because accesses from the processor to the 170



i nformati on corresponding to each token in token field 601 in queue 600. 5
REQ field 602 stores the type of request. BE field 603 stores the byte
enabl e information that is used in further qualifying the request. Address
field 604 stores the address. In one enbodi nent, token field 601 conprises
four bits, REQ field 602 conprises four bité, BE field 603 conprises four
bits, and address field 604 conprises 40 bi 9" 10 At the time the
respondi ng agent w shes to provide a deferred response, the respondi ng

agent assigns an_entry for the transaction in the deferred reply pool and
returns a tokerbr&getﬂémﬁé’ﬂ‘éphfﬁ@.'°T‘9E"ﬁ@°ﬁ§§i%‘?&ﬁ"@%t‘?’?h CNQ[UBEEITHO, t he

et s eonfdec R Pl g b Ao aoses
ouner and, 01 W6 Sl Bk 6B ERRRCSBRos IS HERRR S Sty ¥ °°
pool . The requ&g%\%rﬁ&ﬂqhﬁ)égé%ér%? InaeRdth é\éﬁ{ﬁ%ﬁ?_n I ncl ude I ogic for

managi ng t he t okén queue a oken generation.”ln one enbodi ment, 20

the respondgng agentresprdBbt ihdehtitPaRBRIRIS &% @xfirhalinddh biGedicy thgduest

of the bus while the suspended entries are being processed. In the present
i nvention, the grgsésyadiontheagRRbnhmvehtien essuing id ¥ rhedifedrite hithBapddr ess

of the new request agai nst the address of a suspended entry in the
transacti on given an out-of-order response to free up the processor bus for further snoop
traffic. This also allows other processes coexisting on the bus to continue
using the bus while the processor prepares itself to perform a write back |
10 cycle. .
In the present invention, a bus transaction occurs in a normal _
pipelined manner with addresses being driven onto the address bus and
data being retumed on the data bus. When a split bus transaction occurs, a
deferred response may be generated. The present invention reuses the
15 existing bus architecturs to indicate that the access is deferred type of
access. In other words, in the present invention, when a responding agent
prefers to not respond to its request in a pipelined manner, a deferred
response is made and a token is sent on the data bus instead of the
requested data. In this manner, the token maintains the relationship
20 Dbetween the- requesting agent and the responding agent. When a
requesting agent is waiting for a normal response, the requesting agent -
recognizes that a token is returning and not a normal response. Thus, by
allowing the token to be sent.on the data bus, no additional hardwafe, such
as a separate tdken bus, is required. In this manner, the present invention

25 allows for split transactions to occur without any increase in the number of



pendi ng queue. |In one enbodi nent, each agent includes 16x48 bit |atches 25
and 1 6x48 bit conparators to conpare the address of the request to -27-
addresses stored in the transactions pendi ng queue of the respondi ng agent.
The size of the conparators may be reduced, such that only the |lower bits
In the address are conpared. On a positive tch, the respondi ng agent may
abort the new request to avoid any conflict™®ith the 5 suspended request.
In the present invention, the requesting agents are capable of accepting
and conprehending the deferred responses (i.e., the deferred response/token
conbi nati on andithelndastebpeatse-peparata tokedrhsisestaremot required forthe saquest

I nvention, the requesting agents are al so capabl e of taking the, 10

appropri at e actdngesponse P%tg EPrE§eHhINVERHRD FREUGEsSs rﬁlérgbe"l'ﬁf RN§cti on
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5 placed on the responding agent. The responding agent is responsible for
supplying the token and the deferred response at the appropriate, or proper,
time. In the present invention, only those units designed to use the token
use them. The computer system. could inqlude other response agents, such
aé a memory controller, which only produ_ce' in-order response and not
10 create deferred responses. These "in~order" agents always retumn data in a
pipelined manner. Thus, the present invention allows design of simplér in-
order response agents with zéro logic burden in the presence of other
agents capable of generating deferred responses. |
Whereas many alterations and modifications of the present invention
15 wiﬁ no doubt become apparent to a person of ordinary skill in the ant after
having read the foregoing description, it is to be understood that the
particular embodiment shown and described by way of illustration is in no
way intended to be considered limiting. Therefore, references to details of
the preferred embodiment are not intended to limit the scope of the claims
20 which in themselves recite only those features regarded as essential to the -

invention.

Thus, a method and apparatus for pe}formingsplit bus transactions in

a computer system has been described.



15 enbodi ment, each requesting agen%udes a queue to tenporarily store
suspended request | Ds. Therefore, the requesting agents maintain an
internal outstanding transaction queue with the sane size as its ability to
pi pel i ne new requests. One enbodi ment of the transaction pendi ng queue is
shown in Figure 7. Referring to Figure 7, queue 700 is shown having four 20
entries, where each entry is conprised of 1lRAits which include a
requesting agent's transaction identifier field 701 and ﬁkeé AS IBEEN
respondi ng agent's generated token 702. The nunber of bif S&tpl RCED
represent the iﬁm“ﬁ ers limts the nunber of designed gntri AMeETEIC

700. In one e the identifier is conprised of three bits, but may

be conprised of as many bits as 25 port the total nunber

of entries in queue 700. The 284“9‘89“@'“&"“‘)&“ field 702 is conprised
of 8-bits for storing a token received krom tme sdatta bus. On observing a
deferred response, the requesting agent stores the token (i.e., deferred

reply I'D) supplied by the responding agent in the 5 generated token field
702 in outsgandi ng ty,ansax hieod fsryseritifhingl bes transactions in a computer system

having an address bus and a data bus that allow a plurality of bus
transactions to be performed in a bipelined manner, the method compri'sing
steps of:
_ driving an address on the address bus, wherein thé step of driving the
10 address is.performed by a first agent, such thét the address becomes one of
an ordered series of addresses on the address bus, each of the series of
addresses corresponding to one of the plurality of bus transactions;
driving a first token on the data bus in response to the address,
wherein the step of driving a first token is performed by a second agent, such
15 that the token becomes one of a series of responses on the data bus, and
wheréiri the series of responses is ordered in the same _order as the series of
addresses; .
receiving the first token from the data bus, wherein the first token is
received by the first agent;
20 driving a seéond token on the address bus, wherein the second token
is driven by the second agent;
driving the data on the data bus, wherein the data deferred .
corresponds to the original address, wherein the data is driven by the
second agent; - _
25 receiving the second token from the address bus, wherein the second
[
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requesti ng agents al so have the ability to release the bus after it
recei ved an ou = r response. The requesting agent al so includes
mat chi ng har dwar g_{: el “e'_ returned data to. the_appropsa
Using the retur nammwm“lﬁmﬂm ing the deferred repl Y THiGSHEET i
requesti ng agent es thme sreply address with all defler r edREREAY) i
its outstanding transaction queue. On an | B8tat ch, the lreqte ng agent can
di scard the original transaction fromits outstanding transaction queue and
conpl ete the operation. In one enbodi nent, each requesting agent includes
conpar at or | ogokerlis receinérbUdhmf'lfﬁeagﬁmmcf’gthatthe)gw @@ﬁﬁgldeélﬁﬁes thee
conmparator logic is conprsed of 8-bit conparators for performng the

mat chi ng and &e6ond tokasyas cogrsperging g the adFEesfit ™ and returning data to

internal units with their jnterval tags. An exanpl e, of the matchi.n
hardware is shown irﬁcﬁiY‘QQrtbeﬂat?erPBT ﬁ%ﬁaﬁa&‘ﬁ' et {n?a&%tﬁi'ﬁéeq:@’%%gye 800
conprises latch 801, |atches, 802:805,20 for orin okens, recei ved as
deferred respdE@Z’és,t a(Q@ﬁ‘%)QE%‘E @%Q%QU@%S?QQMC%Q@%@Hﬁ%&%? cei ved
as deferre resqrgﬁnses with the reply token, and NOR gate |ogic 810. Latch .
801 is coupl e €$%ceive the reply token. The output of latch 801 is

coupled to one input of each of conparators 806-809. The ot her input of
each of the |atches 802-805 is 25 coupled to the output of |atches 802-805

respectively. The ot putyhgoheBffdias defined in Claim 1 wherein the second token is

the same as the first token, such that-the first agent identifies the second

token as corresponding to the address by comparing the first token and the
10 second token to determine if the first token and the second token are the

same.

3.' The method as defined in Claim 1 wherein the step of driving
the first token comprises the step of driving the first token when the data is

15 not ready.

4. The method as defined in Claim 3 wherein the step of driving
the first token further includes the step of driving the data on the data bus if

‘the data is feady, such that the first token is not driven on the data bus if the

20 data is available.

5. The method as defined in Claim 1 wherein the step of driQing

the data occurs when the data is ready.

25 6. A method for performing bus transactions in a computer system

/——
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-29- of. conparators 806-809 are—eetpled to the inputs of NOR gate |ogic
810. In one enbodi rrent Iatch 801 conprises an 8-bit latch which receiv
the reply token f us Latch 801 is size ﬂ SCBEtEN
ninber of bits |n Latch 801 supplies t h&HFe tAeeﬁn to
each 5 of corrparat*oré 6- '?309 Each of the tokens stor¢d in s
transacti on pendi ng queue of the requesti nga%rgent are supplied to the
conparators 806- 909 via | atches 802-805. Latches 802-805 are sized
according to the nunber of bits in the tokens. Each of conparators 806-809
conpare the repbyingeleaddresshes andiehdatat bissthat allowsa pluratityeofrbysl y t oken

mat ches a token 10 stored in the transactions pendi ng queue, one of

conpar at ors 805aseArtions dedesperiaimed isa pipelingd ma@neregw metked compising
match a token stored in the transactions pendi ng queue, none of conparators
806- 809 producé?PﬁOIf\-l gh out put. If none of the outputs from conpar ators

806- 809 hi gh, then.the No t. of NOR tI 81 h
t her eby :f]di I(:gti ng ﬂ‘ﬁ?g%gaq s§ 85 %QE‘%??SOQ}& = gtﬁ&fg 4”@"}@'

suspended 1oSPAIIBeL i bRk SANEF L G sg&ntsuarrm%@?h&aams BEBrRETBRL 3O S

806-809 is

an ordered series of addresses on the address bus, each of the series of
addresses corresponding to one of the plurality of bus transactions;
driving a first token on the data bus in response to the address if the
data is not available, wherein the step 6f driving a first token is performed by
10 asecond agent,'such that the token becomes one of a series of responses
on the data bus, and wherein the series of responses is ordered in the same
order as the series of addresses;
receiving the first token from the data bus, whereih the first token is
received by the first agent;
15 driving a second token on the address bus, wherein the second token
is driven by the second agent; |
driving the data on the data bus, wherein the data corresponds to the
address and wherein the data is driven by the second agent;
receiving the second token from the address bus, wherein the second
20 token is received by the first agent;
comparing the second token to the first token; and .
latching the data from the data bus, wherein the data is received by -
the first agént if the second token and the first token match, such that the bus
tranéaction is complete.

25
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mat ch out put of NOR gate logic 810 is high, thereby indicating that the
reply token corresp?gmmﬂed response in the requesting agent. In

response to a match, agent l'at ches the daga—an_the data bus
20  or receives the”"m};mngg mmﬂ | s. Correspondi ng toTH!beSHHEIquA@hEEN
request. Although in *one he token is 8-bhits, the REPE@'E‘D

I nvention could use the request addr ess as‘4[9art or all the—teker—Me

enbodi nent of the token using the addréss is shown in Fi gure 9. Referring
to Figure 9, token 900 includes three fields: request 903, byte enabl e 902
and address 25 9017. | n Theemethashasdefined heCtaemtﬁmhefremmegastmpru ses
four bits, the byte -30 enable field 902 conprises four bits, and
address field auprisasthe Asldrass. bits. The request field 903 represents the
request that was issued by the requesting agent. The request nodifier field
902 contains information nodifying the request. The address field 901
contains the addres The rquondi ng agent returns token

of the 5 re ueFt
900 in the same narther &_C?'P?Quf%%_é’ﬁ %E&Pﬂtpé'&'t Figure 5. One advant age |n
this embodigrent is {Raf L AEGRIRE 28MhiRcLfitd aiGfss information;

a second bus means for communicating data information;

at least one requesting agent coupled to the first bus and the second
bus, wherein said at least one reduesting agent is capable o_f requesting
data through a bus transaction; |

10 ~ at least one responding agent coupled-to the first bus and the second
bus, wherein said at least one responding agent is capable of transferring
data in response to a request from said at least one requesting agent, such
that a data response is sent on-the second bus means in response to said at
least one requesting agent reqﬁesting data;

15 wherein said at least one responding agent drives a f_irst token on the
seeond bus means as its data response when the said at least one
responding agent is not ready to complete the data trartsaction, and tvherein
said at least one requesting agent receives the first token from the second
bus means, and -

20 wherein said at least one respo_hding agent drives a second token on
the address bus and the data on the data bus when ready, wherein said at
least one requesting agent receives the second token from the address bus,
wherein the second token is identified by said at least one requesting agent
as corresponding to the bus transaction, such that said at least one

25 requesting agent latches the data from the data bus to complete the bus

e
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any token definition may be either too constraining or too expensive due to

di fferent requrreaeats—e%—spee+¥+c applications. Wen a new token

defrnrtron 10 . i he nunber of bits in the token definition nust be
fi'xed. Dependin ml il[l osen this, in turn, limts both the
nunber of reque that can_he. supported 8&2

o H %

nunber of requests that can supported per agent. Rega ﬁﬁﬁsbhém
scheme chosen for sone specific application, it nmay not LACED
constr ai ni ng Thus using an address as a token would nean that no
artificial d?’éﬁ%‘ﬁ& are introduced. Secondly, the use of no token takes
“into account the fact that for highest performance, a full address
conparison is desired for a new request with all the entries in the

suspended queue. Thgs 'SThé‘caﬁﬁiiutér%ysté’mtééE‘d $RIRNiCI P WHeRd Eitﬁé’ﬂ[{tor the

out - of - order responses sin e address as

original requepig asmgagaé a%'éﬂdr¥s§89§%d(tﬁe%@@oﬂéﬁ&%ﬁﬁﬂs@@%‘t@%ubt Wi th
its internal suspended entry queue. The response-initiated cycle Is run in
the sane megner with the exception of clearly marking the address as
returning froma deferred reply in the coommand field. This allows the
proper differentiati®n n€hessmpaterdsyistem2is defafert ineClaimps wieréinaaidar mal
requests.

least one responding agent is not ready to respond because the data

corresponding to a request from one of the plurality of requesting units is not -

available.
10
11. A method for performing bus transactions in a computer system
having an address bus and a data bus that allow a plurality of bus
transactions to be performed in a pipelined manner, the method comprising
steps of: _
15 driving an address on the address bus, wherein the step of dn’virrg the

address is performed by a first agent, such that the address becomes one of
an ordered series of addresses on the address bus, each of the series of
addresses corresponding to one of the plurality of bus transactions;

. sending a deferred résponse in response to the address, wherein the

20 step of sending a deferred response is perforrrted by a second agent, such
that the deferred response becomes one of a series of responses, and
wherein the series of responses is ordered in the same order as the series of
addresses;
receiving the deferred response, wherein the deferred response is

25 received by the first agent;

-
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-81- The respondm_m%wr;dan I nternal transaction queue simlar
to that shown in Figure 6. One e I ment of the transaction pendi ng queue
is shown in Fi gur mm”"m‘ Figure 10, queue 1000 is shown as
havi ng si xt een ent ﬂ”yﬂlgmrentry is conprised of 48-bits which 5

i ncl ude a request (RE®) fietdsl a bus enabl e (BE) TﬁISjSﬁf@)QHRQr%Ep”
npri ﬁ!é@ L9,

address field 1003. In one enbodi ment, the4 Qfleld cp
the BE field conprises four bits, and the address fiel LidS .
Queue 1000 stores the same information as the queue depicted in Figure 6
wi th the excepti onsending:a defestesh repty, avhereiortherdefesrdfeply isgentbydhe si nce
the 10 address is already stored. In this enbodi nent, the requesting agent
i s responsi bl §ecend @geBlisi ng the bus after a deferred response. Using the

outst Zﬁd?ﬁgatﬁgﬁggéﬁ@% SHS nﬂeﬁ%éan Semberaln 346 (Rla GOfTPRRNdRONgel | ne
di h

'n Fi Sﬂlﬁgsﬁ oRginal PR SEo Waetsin & st i Ve By 10 BRDR Wetng Trour

equesti nobagent - < PRSP 1nE dBTRq Pl ingtbip e abiBsfes by i Focivert oy 1

48-bit request, 1402 27 IRE sDURDRAL tRE flPétta%e'rﬁf?dErﬁ‘ﬂes the deferred reply as

correspondmg to the address; and

receiving the data from the data bus, wherem the data is recenved by
the first agent after identifying the deferred reply as corresponding to the

10 address.

12. The method as defined in Claim 11 wherein the step of
sending a deferred response includes the step of driving a first token on the
data bus in response to the address, wherein the step of driving a first token

"15 is performed by a second agent, such that the token becomes one of a
series of responses on the data bus, and wherein the series of respdnses is
ordered in the same order as the series of addresses; and wherein the étep
of receiving the deferred response includes the step of receiving the first

. token from the data bus; wherein the first token is received by the first agent.

13.  The method as defined in Claim 11 wherein the step of
sending a deferred reply includes the step of driving a second token on the
address bus, wherein the second token is driven by the second agent; and
wherein the step of receiving the deferred reply includes the step of

25 receiving the second token from the address bus, wherein the second token

lac
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represent the ID linmits the nunber of entries in queue 1100. In one 20
enbodi nent, the identifier is conprised of three bits, but may be conprised
of as many bits as necessary to support the total nunber of entries in

oquest., 1ot uat HIMHENEHRAREIN' e - cctes: C&”"LLE% P b

response, the reqhes‘tl g dgerit Stores the ress reqiest (% eferrped
reply I1D) supplied 25 by the responding ag in the 48-bit request field
1102 in outstandi ng -32- transaction queue 1100. The requesti ng agent

al so includes matchin re for chihg the retur. to th
appropriate re|§Jé§%'V€gpM3hQﬁatlaSFm rf'é’&httgﬁfeﬂ.e St gt ! H@nﬁ eif—CP8§| y
-transacti on, th uestln tc the 5 reply address with all
deferred repl y°| rpqr{ebspgn?%pqhgﬁﬁga@f FRacti on queue. On an | D match, .
. the requesting agent can discard the original transaction fromits

out st andi ng transacti on queue and conplete the operation. In this -

Comar oy por 1 e CHER, AARS oAy e peRonet ity prtm
5 having an address bus and a data bus that allow a plurality of bus
transactions to be performed in a pipelined manner, the métho_d comprising
' steps of: | |
driving an address on the address bus, wherein the step of driving the
address is performed by a first agent, such that the address becomes one of
10 an ordered series of addresses on the address bus, each of the series of
addresses corresponding to one of the plurality of bus transactions;
- driving a first token on the data bus;
driving a deferred response, wherein the first token and the deferred
response are sent in response to the address and are performed by a
15 second agent, such that the deferred response and the first token become
one of a series of responses, and wherein the series o.f responses is ordered
in the same order as the series of addresses;
receiving the first token from the data bus;
receiving the deferred response, wherein the first token and the
20 deferred response are receivéd by the first agent;
sending a deferred reply;
driving a second token on the addreés bus, wherein the deferred
reply and the second token are sent by the s-écond'agent;
driving the data on the data bus, wherein the data deferred

25 corresponds to the original address, wherein the data is driven by the

-
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L0 conmparator logic includes control logic for identifying the match and
returning data to internal units with their internal tags. An exanple of
the matching hardware is shown. in Figure 12. Referring to Figure 12,

nat chi ng hard Mk HS' | atch 1201, |atches 1202-1205 for storing
the tokens re\gﬁlﬁmmllﬂ“&nmu responses, conparators 1206- 1209 ‘
conparing the tdkehs Yecki Ved *as deferred Hdsponses Wit X P

and NOR gate |ogic 1210. Latch 1201 is coupled to rec
The output of latch 1201 is coupled to one input of eagh g par
1206-1209. Thgepbh@lagenput of each of the conparators 1206- 1209 i s coupl ed
to the output of Iatches 1202- 1205 respectively. The outputs of 20 each of
conpar at ors 1206- 128&eidin memdfeﬂedqeplw i nputs of NOR gate Iogl c 1210. In
one enbodi nent, latch 1201 conprises an 48-bit |atch which receives the
reply address fromred:mvmgdhesecbnd tokert fromlth@laddress bed, avheveiithg to t he .
nunber of bits in the reply address. Latch 1201 supplies 25 the reply
address to eadeferfed appeaddhs sezoad 10GEM aEaekeved hethefitst agent, sugB-that

5 the first agent identifies the second token as corresponding to the address;

and

~ receiving the data from the data bus, wherein the data is received by
the first agent after identifying the second token as correspondiné to the
address. |

10
15. The method as defined in Claim 14 wherein the second token

is the same as the first token, such that the first agent identifies the second
token as corresponding to the address by comparing the first token and the
second token to determine if the first token and the second token are the

15 same.

16. The method as defined in Claim 14 wherein the first token

comprises the address.
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addresses stored in the transaction pending queue of the requesting agent
are supplied to the conparators 1206-1209 via | atches 1202-1205. Latches
1202- 1205 are sized according to the nunber of bits in each request
address. Each of conparators 1206-1209 conpare the reply address to one 5
of the stored addresses. If the reply address matches a request address
stored in the transactions pendi ng queue, one of conparators 1206-1209 -
produces a high output. If the reply address does not match a request
address stored in the transactions pendi ng queue, none of conparators
1206- 1209 produces a high output. If one output from conparators 1206- 10
1209 is high, then the match output afsNOR gate |ogic 1210 is high, thereby
indicating that the reply address corresponds to a suspended resppse in
the requesting agent. |If none of the outputs from conparators 1206=<1209 is
hi gh, then the No Match out put of NER-gate | ogic 1210 is high, thadeby
indicating that the reply address do not correspond to a suspendgd 15
response in the requesting agent. Ad%%fional control logic would so be
used to take @ppropyiate action onf a8wtich. Wien the address is used as
part of the tokgn, fhe responding ent |jgenerates a deferred response with
no need for gsnggat a token. Duri &g the reply phase, the responding

agent nust al $o8&rbjtrate for the buy and run 20 a cycle with the’
request ed dat hejorigi nal ad r@gg.-ln one .
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enbodi nment, the respondi ng agent includes a 48-bit address bus driver to
facilitate the sending of the address. Note that this enbodi nent is

advant ageous in that no new pins or token specifications are required. Note
also that in this enbodinment, the 25 responding agents still have the
overhead of full 48-bit add S conpari son. -34- This logic overhead may
be acceptable for both tssorZéPncL a caching I1/0O bridge where the

exi sting snooping | ogic Canybe”reused. Token Management and the Processor
of the Present Invention 5 : The m croprocessor of the present

I nventi on perforns sjprmquihisg AgteeArbigks qut - of - or der execution. This inplies
that the m croengi ne ofF"‘tW%E‘ESﬁEr conti nues executijion beyond m ssing
data references. Aft tHre—3 verified as appGeR®PiZ hin the cache of
the m croprocessor Rlng Nesakonveee jcache, the request 1s sent to the
system bus. A long | A odn be 10 optimally satisfied by
returning a split cygte je., a token) to the mcroprocessor to
free up the m croproCe hi s manner, the m croprocessor can
conti nue additi onal

Responding Agent Scads Aa
In-Order Co?n letion Response
— And Optiogally Drives Daia
Onto Data Bus At Appropriate ';'Qmix

Responding Ageat Sends A
Deggd Response And Sends
A First Token On Datz Bus At

The Appropriate Time

206
R ing Agent Receives

Deferred Response
And The First Token

At Appropriate Time

Responding Agent Arbitrates
.Fo:g:'nership Of Request Bus
208!

201

~Responding Agent Seads
Deferred Reply Command On
Command Bus, Token Oun Address
Bus And Data Ca Data Buszm‘

Y

Requesting Agenat Receives
‘oken As Part Of The
Deferred Reply 210

Reguesting Agent Latches
eq‘i‘)m Datz Bus L———

_____w @




The split cycle response capability of the system bus can be exploited by

t he external subsystens. For .instance, the L3 cache may return an out- 15
of -order response on a cache mss and a nornmal in order response on a cache
hit. The L3 cache controller continues to access externally and conpl etes
the split transaction after the data is received. In the neantinme, the
processor-to-L3 cache data transfers continue. Al so, a nenory controller
may return an out-of-order response on a page miss requiring a 20 full RAS
precharge cycle or during an ongoing refresh cycle, such that on a page hit
a normal in order respaonse can be satisfied imediately. This will free up
the m croprocessor bus to continue dajg transfers between the

m croprocessor and ot her nmenory controllers and wite back caches. The
present invention also is advantageousgto ANY ACCEES fgpn1ghe 25 processor
to the*l/O bridge. Becaus# acce§5e$ fram t Be oce®sorsto Phe 1/ 0 -35-
bri dge woul d involve a qug'latencg aséconﬁareg)mﬁﬁh ogher;neggry el enent s
directly resident on the BrocesSor®bus® al & |/® brPdge "acc®ss fromthe
processor may be given a.?eferred response resulting in a substanti al
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| Mprovenent in processor bandw dth availability. 5 The present

I nvention also allows an external snoop access to the processor of the
present invention resulting in a nodified data hit may be given an

out -of -order response to free up the processor bus for further snoop
traffic. This also allows other processgg coexisting on the bus to continue
using the bus while the pregessor Pr&pgy es itself to performgpa wite back 1
0 cycle. In the present ifyention, R lys transact@on occursdn a nor mal

pi pel i ned manner w th addr&sses bei g i ven onto'd he addres$y bus and data
bei ng réturned on the data®pus. V\her@a plit bus tFansaction&ccurs, a
deferred response may be-génenat e sept—TVentN oI EUSES~t he 15
exi sting bus architecture to nd| éhat tthaccess i's ferred type of

access. In other words, i tha pres mgntl en a i&@&spqndi ng agent
prefers to not respond to |t$oreq&£\st§‘ @nng déferred
response i s nade and a token *s s&t th'e da’fa bEIS I*st ead the -

requested data. In this manner, tHe token jral ntal e refatrpnst p 20
bet ween the requesting agé¢nt énd tthe rlespondi agent .| W r egraesti ng
agent is waiting for & et TesHoTse _ f i zes
that a token is returningland:not |a normal| responsie. Thussb I ng the

token to be sent on t
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as a separate token bus, is required. In this manner, the present invention
25 allows for split transactions to occur without any increase in the
nynber of -36- pins. In fact, because separate token buses are not
required for the request and response paths, the present invention reduces
t he nunber of pins required by each package to performsplit bus
transactions. In the present invention, the responsibility for token
managenment is 5 pl aced on the respondi ng agent. The respondi ng agent i3S
responsi bl e for- supplying the token and the deferred fesponse at the
appropriate, or proper,.tinme. 1n the present invention, only those units
designed to use the token use them The sygnputer system could include other
response agents, such,as a nenory cggtroFTer, whi ch only produce in-order
response and not 10 g AWETTaVaVal~F=Y - N bse "in-order” agents

al ways teturn data in{a gi innef. Thus,| thg present invention
al l ows design of sinp]er | esppnse aggntsfwith zero | ogi c burden
in the presence of Ibl e} of jgengrat}ng deferred responses.
Wier eas’ nmany al t ePht i atibns lof fhe bresent invention

—

l——'—_—' Position Of The Request

In The Responding Agents’
Transaction Pending Queue 503

~»-Responding Agent [D 502

FIGURES
&2 603 | 604
A\ / /
- 60H \TRANSACTION/INFORMATION  /
TOKEN (30] | REQ(3:01 | BE (3] ADDRESS [39:0) /
0000 : '
0001
Up To
16 Entries
1111
4 BITS 8 BITS 40 BITS
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b wll no doubt becone apparent to a person of ordinary skill in the art
after having read the foregoing description, it is to be understood that
the particular enbodi ment shown and described by way of illustrationis in
no way intended to be considered Iimting. Therefore, references to details
of the preferred enbodi nent are not intended to limt the scope of the
clains 20 which in thenselves recite only those features regarded.as -
essential to the invention. Thus, a method and apparatus for performng
split bus transactions in a conputer system has been descri bed. CLAI M5
1.~ Anethod fo rfarm ng bus t,gnsaction in a conputer system having an
address bus and a data bus that allow a plurality of bus transactions to-be

] i oY

performed in a pipeli nFURIETR Hresrethod—e f t+he—steps of:
initiating a bus requept %ﬁb&éﬁl’m -o;al 5 O[e TS%%“‘ @i n e step of
initiating a bus requgf ' i | dress bus,

wherein the step of driwngthe—address |s perforned by a firsk agent;
driving a fi rstdtég%e n the data bus in{response to the addrefks,

— S I
———
3 Biis . 8 Bits
FIGURE 7
Bir
200
, Reply Token )MTCH [
801
Enay 1/8 Bit TOIS‘EJ Eatry 2/8 Bit Token Entry 3/8 Bit Token‘l Earry 4/8 Bit Tof@ﬁ

' : 1 1 _I_L__]
‘ COMP 1 COMP 2 COMP3 | COMP 4
8 Bit Comp.‘ mﬁl $07 @ 309

Match | T No Match

FIGURE 8



. sane.

wherein the step of driving a first token is perfornmed by a second agent;
receiving the first token fromthe data bus, wherein the first token is
received by the first agent; driving a second token on the address bus,
 wherein the second token is driven by the second agent; sending a deferred
reply, wherein the deferred reply is sent by the second agent; receiving
the second token fromthe address bus,~ wherein the second token is receiyved
by the first agent, such that the first agen: identifies the second token
as corresponding to the address; and receiving the deferred reply to
conplete the bus operation, wherein the,gleferred reply is received. by the
first agent #ftser identifying the secod token as corresponding to-the bus
request. 2. The nethod as defined in Claim1 wherein the second token is
the same as the firsf_toke##3such4¥at the first agent identifies the
second*t oken as correspondi*g t he address by conprising tjhe first token and

the second token to Hdetermhe if the token and the second token are the

N———— . —— —
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38 3. The nmethod as defined in Caim1l wherein the step of driving the
first token conprises driving the first token when requested data is not

ready. 4. The nethod as defined in Claim1 wherein the step of driving

_ the data occurs after requested data is ready. 5. The net hod defined in
Claim1 wherein the step of sending the deferred reply conprises sendi ng at

"l east one conpletion signal to the first agent. 6. The nmethod defined in "~

~claim1l wherein the step of sending the deferred reply conprises driving
data on the data bus. 7. A method for performng bus transactions in a

conput er sysf aving an address 8ygs and a data bus that allow a plurality

- of bus transactions to be perforned in a pipelined manner. the nethod of

- conprising steps off _i NINTERNARED a bus re¢quest a48 BFAREQUESTA bus o:terati on

' wherein the step of|{ PRTEERERHESH28Lis m(gtuest conprises drivingi@h address
on the address bus,{WRNErerm tne step of |drirving the adaress s perforned by
a first agent; drijving-a-first token gnithe-databusin responselto the

. address if %5?"%&0 dl agent is unable to ¢onplete the bus operati o, wherein
. the step of IViNga T1rSt token 1s pefforned by a second agent,
S —— e e, —
T ——— e ——
3 Bis , ' 48 Bits
FIGURE 11
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rece|V|ng the first token fromthe data bus, wherein the first token is
recei ved by the first agent; driving a second token on the address bus,
wherein the second token is driven by the second agent; sending a
deferred reply, wherein the deferred reply is sent by the second agent;
receiving the second token fromthe address bus, wherein the second token
is received by the first agent; conparing the second token to the first
token; and latching the deferred reply wherein the deferred reply is .
received by the first agent if the s ”2 oken and the first token match,
such that the bus operation is conpﬁggﬁﬁagy The nethod as defined in
claim7 wherein the fMERODt QKCE APPARNIUS SKOR PERFORMING: B85S TRANSACINEONSret hod
defined in claim7 wherei @NtHeOBPETEROSYSIEMDI Ng the deferred reply conprlses
sending at | east one conpletion signal to the tirst agent.

A method and apparatus of performing bus transactions on the
external _b_us of the computer system. The present invention includes a
‘method and apparatus for permitting out-of-order replies in a pipelined bus
system. The out-of-order responses include the sending of tokens between
both the requesting agents and the responding agents in the computer

system without the use of dedlcated token buses.

(Fig. 1)



10.. The nethod defined in claim7 wherein the step of sending the déferred
repl y conprises driving data on the data bus. 11. A conputer system
conprising: a first bus neans for communi cat | ng address information; a
second bus neans_for communi cating dat agiynf or mati on; least one

requesting agent coupled to the—first bus and the s dwmAngngﬁ sai d

at | east one requ ' apabl e of initiat) nge—bus—Opal n; at
| east one respondeim,mglmpma&!ﬂﬂ to the first bus a@%c g t he gedond
~bus neans, wherein*sakd a ne respondi ng aggnt ig b1988 of

respondi nQ to a request fromsaid at | ea€LADME requedting agent, sych that
‘a responsg is sent on the second bus neans in respgnse to said requegt;
wherein sdid at Ieast one responding agent drives da—f+rst—token on the _
second bug neans las iﬁsmma?@m%bﬁsétmm lorﬁactP@BBtﬂMVﬁﬁgnagent i s
not ready |t hailel b balillBs BUS 2h AHERA bul BKLedIBLCL Bridiify G dbsefﬁai{sa&uﬁu
redquesting agent” recelves t first token fromt e se us means, and

wher ei n s3i dodte performeshin 2 emﬁhmﬂﬁg-myagnﬂ\edmﬂ‘@sl comprowing thorteps of

initiating a bus request as part of a bus operation, wt.erein the step of

initiating a bus request comprises driving an address on the address bus,
wherein the step of driving the address is performed by a first agent;
driving a fixst token on the data bus in response to the address,
wherein the step of driving a first token is performed by a siecond agent;
receiving the first token from the data bus, wherein the first token is
received by the first agent;
driving a second token on the address bus, wherein the second token is
driven by the second agent;
| sending a deferred reply, wherein the deferred reply is sent by the
second agent;
receiving the second token from the address bus, wherein the second
token is received by the first agent, such that the first agen: identifies the
second token as corresponding to the address; and
| receiving the deferred reply to complete the bus operation, wherein the
deferred reply is received by the first agent after identifying the second token

as corresponding to the bus request.

2.  The method as defined in Claim 1 wherein the second token is
the same as the first token, such that the first agent identifies the second
token as corresponding the address by comprising the first token and the

i second token to determine if the token and the second token are the same.



the first bus nmeans and a deferred reply when ready to fulfil the bus
request, wherein said at | east one requesting agent receives the second

t.oken fromthe first bus—means,—and further wherein t t oken is
i dentified by sai cone request38g agent as cprREPLACEMEND g
bus request, sucm,mimgmki I ast one requesting

deferred reply to*cosp , S transaction. 12. heggomfter systfem
as defined in claim?7 wherein ,tFle first bus neans conpri s 3998 egs [bus
and the second bus neans conprises a data bus. 13. anputer sysfe
defined in claim7 wherein said at | east one respondifng agent is not rgady
to respdgnd to the bus request because data correspon '
not availl abl e. 14. A nmethod for perform ng bus transactions in a conputer
system Havi ng aR addr fﬂ‘%‘ﬂ]al . : R L3t ag: bus

t ransactfi ons togbe pe;ﬁ%;xrr%ggo?hggﬁpl pe |rﬁ§galﬁhaghg$%ﬂe?ﬁ,éﬁ(ﬁ§%§k g%%‘r’pn(r? si ng
st eps of|: the firstgtodenanbinprsesdrivireg il fieststoken whire reque:stéxd datae s nbt
driving thgea%;’dress is perforned by a first agent;

4. The method as defined in Claim 1 wherein the: step of driving
the data occurs after requested data is ready.

5.  The method defined in Claim 1 wherein the step of sending the
deferred reply comprises sending at least one completion signal to the first

agent.

-6 The method defined in claim 1 wherein the stzp of sending the
deferred reply comprises driving data on the data bus.

7. A method for performing bus transactions in a computer system
having an address bus and a data bus that allow a plurality of bus transactions -
to be performed in a pipelined manner, the method of comprising steps of:

initiating a bus request as part of a bus operation wharein the step of
initiating a bus request compi'ises driving an address on the address bus,
wherein the step of driving the address is performed by a first agent;-

driving a first token on the data bus in response to tt.e address if a
second agent is unable to complete the bus operation, whetein the step of
driving a first token is performed by a second agent; |

receiving the first token from the data bus, wherein the first token is
received by the first agent;

driving a second token on the address bus, wherein the second token is

driven by the second agent;




sending a deferred response in response to the address, wherein the step of
sending a deferred response is performed by a second age t the
deferred response, wherein the def err ed response i s recei ve F’WPSH%&T
agent; sendi ngU“I“H“ rlmjullﬂﬂm wher ei39t he deferred regly is sent by the
second agent esponding to the address ¢n tH.izBdﬂll_awggs

wherein the data is driven by the second agent; receivin he deferred

reply, wherein the deferred reply is received by the firg$t agent;,—such—thal
the first agent identifies the deferred reply as correspbnding to the

address; and receiving the data fromthe data bus, wherein the data a T3S
recei ved by the first agent after |dent|fy| ng the deferred reply as

correspongin toth r net s defined i im14
wher eiﬁ t he gt ep ?ﬂ“ d?%féﬁ%@?&t & %‘Gr'i’seg W&%?%ﬁ&gz?’% .of

driving a}fi sedondaigent,on t he data bus I n response to the address, wherein
the step pf dr|V|n .af| st tok erf r me g/?a se ond,aent such t hat
t he t oken|becones %"VSPT‘ I € secand wher ei n

the serie oiokeasipe@@e@ed by ﬂ{dﬂﬁfsed erit; t he sane order as t he series of
addr esses| and V\/nernei)gtmtlg esgeec%ngfto&eet{:teé . (%‘sttoek defanéred

' latching the deferred reply wherein the deferred reply is received by the
first agent if the second token and the first token match, suzh that the bus
operation is complete. |

8. The method as defined in claim 7 wherein the first token
comprises the address.

9. The mettiod defined in claim 7 wherein the step of sending the
deferred reply comprises sending at least one completion s:gnal to the first

agent.

10.  The method defined in claim 7 wherein the step of sending the
deferred reply comprises driving data on the data bus. .

11. A computer system comprising:
a first bus means for communicating address information;
- a second bus means for communicating data informr ation;

at least one requesting agent coupled to the first bus and the second bus,
wherein said at least one requesting agent is capable of initiating a bus
operation; o

at least one responding agent coupled to the first bus means and the
second bus means, wherein said at least one responding agent is capable of




response includes the step of receiving the first token fromthe data bus,
wherein the first token is received by the first agent. 16. The nethod as
defined in claimi4—wherein the e step of sending a deferred repI y i ncl udes
the step of driv a second token ¢ n 4Me address bus, [Eb e—second
token is driven H Imm;m arid wherein the sl él t SHEET
receiving the de Iﬂmmes the step of receijvijng the secondt
token fromthe address bug Wwhet ei n the second token ig ec@vangg he
first agent, such that the first agent identifies the 4deqond token as
corresponding to the address. 17. A net hod for perforjm ng-bUsS™ :
transactions in a conputer system having an address bud..and a data bus tpat
allow a, plurality of bus transactions to be perforned in a pipelined
manner, | t hespoh Qﬂ%ﬁf)&&é tEe§tFrémineddid Ak leddt ionete ﬁ@stﬁdgiégéﬁt 8fich fRag4ldr ess
bus, wherein the of "driving the address is perforned by a first agent;
dri vi ng| a #espense aﬁ@vtmﬂm sereng Piys means\inrgSporke & yaid Teaypefise, wherein

the firpt t O_kenw"[’@geﬁl%&eatt%és?%ne responding agent drives a Iirst token on the

second bus means as its response when said at least one responding agent is

P Wion

nof: ready to fulfill the bus request, and wherein said at least one requesting
agent receives the first token from the second bus means, and

wherein said at least one responding agent drives a second token on |
the first bus means and a deferred reply when ready to fulf 1l the bus request,
wherein said at least one requesting agent receives the sectnd token from the
first bus means, and further wherein the second token is identified by said at
least one requesting agent as corresponding to the bus requast, such that said
at least one requesting agent latches the deferred reply to complete the bus

transaction.

12. The computer system as defined in claim 7 wherein the first bus
means comprises an address bus and the second bus means comprises a data

bus.

13.  The computer system as defined in claim 7 wherein said at least
one responding agent is not ready to respond to the bus request because data
corresponding to the request is not available.

14. A method for performing bus transactions in a computer system
having an address bus and a data bus that allow a plurality of bus transactions
to be performed in a pipelined manner, the method comprising steps of:

driving an address on the address bus, wherein the s¢tep of driving the

address is performed by a first agent;



response are sent in response to the address and are perforned by a second
agent,; recei ving—the—+irst-token fromthe data bus; receiving the deferred
nﬁsp?nse first token and the deferred respaonse are recelved by
the first agewmmmﬁ 'i&lmrred re@ly; driving a eREPDACENHED

addr ess bus " ed reply and the sgco d Act

the second agent; . driving data on the data bus, whsg data
driven by the second agent; receiving the deferred r 6 b

second token fromthe address bus, wherein the deferine eoly and th

second token are received by the first agent, such t at the first agen
I dentifies the second token as corresponding to the adetesss

TN (LR e I Rt e
second t gkegtepSofEehdiigPdéleted r@sponge is performed by a second agent;
' receiving the deferred response, wherein the deferreil response is
received by the first agent; ,

-sending a deferred reply, wherein the deferred reply s sent by the
second agent; |

driving data correspondmg to the address on the data bus, wherein the
data is driven by the second agent;

receiving the deferred reply, wherein the deferred reply is received by
the first agent, such that the first agent identifies the deferred reply as
correspondmg to the address; and :

receiving the data from the data bus, wherein the data is received by
the first agent after identifying the deferred reply as corresponding to the
address.

15.  The method as defined in claim 14 wherein the step of sending a
deferred response includes the step of driving a first token on the data bus in
response to the address, wherein the step of driving a first token is performed
by a second agent, such that the token becomes one of a series of responses on
the data bus, and wherein the series of responses is ordered| in the same order
as the series of addresses; and wherein the step of receiving: the deferred
response includes the step of receiving the first token from the data bus,
wherein the first token is received by the first agent.

16. The method as defined in claim 14 wherein the step of sending a
deferred reply includes the step of driving a second token cn the address bus,
wherein the second token is driven by the second agent; and wherein the step




addr ess. 18. The met hod as defined in claim17 wherein the second token
is'the same as the first token, such that the first agent identifies the
second token as corresponding to the address by conpar re—~—st—t.aken
and the second) m “mmm‘ ne if tha2first and the g&@ZAGEMBkTeISHagp he
sanme. 109. The‘“ﬁ mlr : d in claim17 wherein the step Of —trivhng
the first token*ontthe dhtd bds conprises driving the addrggﬁJgﬂ atja
bus. 20. ‘A nethod for perform ng bus transactions injJajconputer t ém
havi ng an address bus and a data bus that allows a pliifuity ef—bus
transactions to be perfornmed in a pipelined manner, tlhe nethod conprisihg
steps of: driving an address on the address bus as part of a bUsSTegtwest of
a first bus transaction, wherein the step of driving the address is

per f or Sf/z&eivmgtﬂ@q%f&ﬁeae&gﬂﬁ Gndullbs Be E@&ﬁ&f Rrelvif s dRb Bebortd A0Kerd
deferralf response I'n response t0 the request, erein thé step_of sending

i s per f of nfsonbtheaddressdug avberein the secoqd: tokends seceived dypdwesfirss agente

Lot BT Bl A TRR R 355l 854

address.

17. A method for performing bus transactions in 1 computer system
having an address bus and a data bus that allow a plurality of bus transactions
to be performed in a pipelined manner, the method comprising steps of:

driving an address on the address bus, wherein the step of driving the
address is performed by a first agent;

driving a first token on the data bus;

driving a deferred response, wherein the first token :ind the deferred
response are sent in response to the address and are performed by a second
agent; i

receiving the first token from the data bus;

‘receiving the deferred response, wherein the first tolken and the
deferred response are received by the first agent;
. sending a deferred reply;

driving a second token on the address bus, wherein the deferred reply
and the second token are sent by the second agent;

driving data on the data bus, wherein the data is driven by the second
agent; '

receiving the deferred reply;

receiving the second token from the address bus, wherein the deferred
reply and the second token are received by the first agent, such that the first

agent identifies the second token as corresponding to the address; and




sendlng a second token on the address bus and a deferred reply as part of a
second bus tran deferred reply is sen RWPL

agent; and identi d reply as correspondin
wherein the step “Ema- I npris&8 the first agent|r
deferred reply to ond bus transaction, syc

request s conpleted in tw bus transactions. 21. The netfh d defl ned I n
claim 20 wherein the step of identifying includes conparifng the
and the second token and receiving the deferred reply if “he~first token [
and the ysecond match. 22. The nethod defined in claim20 further
conprisiing the step of buffering the address and the first token for use as
2 Ll erdnoe Whenrdcfthy WOl dR L Witk bEPWherdid e BalfPl IRl gl w01 1 1O
bus trarsactions 1 n a er sy avi g an a ress bus an data bus
t hat al Ijow &h@ﬁmtalglenyaﬁér idantlfynngmﬂm:ﬁcond tokerbas qorrdsprndihg to thepi pel i ned
manner, |t he HP#;gd conprising steps of: driving an address on the address
bus, whgrein e step of driving the

8.  The method as defined in claim 17 wherein the second token is
the same as the first token, such that the first agent identifizs the second
token as corresponding to the address by comparing the first token and the
second token to determine if the first and the second token are the same.

19.  The method as defined in claim 17 wherein tte step of driving
the first token on the data bus comprises driving the addrets on the data bus.

20, A ;rrxethod for performing bus transactions in 1 computer system
having an address bus and a data bus that allows a plurality of bus
transactions to be performed in a pipelined manner, the method comprising
steps of: '

driving an address on the address bus as part of a busi request of a first
bus transaction, wherein the step of driving the address is performed by a first
agent; '

sending a first token on the data bus and a deferral response in
response to the request, wherein the step of sending is performed by a second
agent;

receiving the deferral response and the first token tc complete the first
bus transaction, wherein the deferral response and first token are received by

the first agent;




address is perforrred by a first agent; driving a token on the data bus,

wherein the step of driving s performed by a second agen [ oeE V.
deferral respo t he address, wherein thefs Eﬁ AIQE"’ENTVSHE@T
t he- def erral ag iﬂﬂiﬂ“mﬁjﬂm&ed by a44econd a gent; regefving the
fromthe data eunn oken is received by the ffr th:ggmLms
receiving the deferral response, wherein the deferral response is recerv d |

by the first agent to conplete a first bus transaction; dendl N a~tetewk
reply as*part of a second bus transaction; resending the ken on the
[

address lhus, wherein the deferred reply and the token are sent by The
second agent; receiving the token fromthe address bus, mherein t he t oken

oo 0o, A ke B AU HIE IS PRk
. wher ei n {heof a seronddiusriransaction, wherein the deferred reply is seat by the second
| agent; and

identifying the deferred reply as corresponding to th= request, wherein
the step of identifying comprises the first agent receiving the deferred reply to
complete the second bus transaction, such that the request s completed in
two bus transactions. '

21.  The method defined in claim 20 wherein the step of identifying
includes comparing the first token and the second token and receiving the
deferred reply if the first token and the second match.

22.  The method defined in claim 20 further compcising the step of
buffering the address and the first token for use as a reference when receiving
the deferred reply.

23. A method for performing bus transactions in a computer system
having an address bus and a data bus that allow a plurality of bus transactions-
to be performed in a pipelined manner, the method comprising steps of:

driving an address on the address bus, wherein the step of driving the
address is performed by a first agent;

driving a token on the data bus, wherein the step of driving is
performed by a second agent;

driving a déferral response in response to the address, wherein the step
of driving the deferral response is performed by a second agent;

receiving the token from the data bus, wherein the token is received by
the first agent;




conprlses t he address.
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during a first dock cycl e, and fernminates the first

recei ving an inmredi ate response to satisfy the requegt ypon.rec i g a
deferral ,jesponse irdication on the control bus indi atlng response tojthe
request ils to be deferred and request identificationkt ' >
data bus.| 26. The conputer systemdefined in claim25 further conprising
a second |bus: agent for providin diate.re ' first bus
Sgent | ag 57 tecetyihe B HeErAl B BnriaTinel T SRS B | e
second

received by the first agent to complete a first bus transactior;;
- sending a deferred reply as part of a second bus transaction;
resending the token on the address bus, wherein the deferred reply and
the token are sent by the second, agent;
receiving the token from the address bus, whexein the token are
received by the first agent; and
receiving the deferral reply to complete a second bus transaction.

24. The method defined in claim 23 wherein the first token
comprises the address. '

25. A computer system compnsmg

an address bus;

a data bus;

a control bus;

a first bus agent coupled to the address bus, the data bus, and the
control bus for performing a bus operation, wherein the first bus agent
initiates the bus operation by initiating a fixst bus transaction by driving a
request address of a request onto the address bus during a first clock cycle, and
terminates the first bus transaction upon receiving an immediate response to
satisfy the request or upon receiving a deferral response ir dication on the
control bus indicating response to the request is to be deferred and request

identification information on the data bus.

26. The computer system defined in claim 25 further comprising a
second bus agent for providing the immediate response to the first bus agent.
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es the deferred reply with the request on the f}i st a¢tfon
ete the bus operation. 29. The conputer syste efined in clafm?28
the first bus agent associates the deferred reply with the requegt
e request identification information. 30. The

kn claim25 further conprising a second bus for providing the
response to the first bus agent. 31. The conputer system defined

in clain 25 wherein the request identification infor‘{vrﬁtion conprises a

t oken. 3
havi ng a
which in
~bus is o
pr edet er
a same o

). A me2fod Ghe sempyter systesn defined, iy claim 26 wWhetein fif, system
re A ,qgg Giths &368cohd RENLAKYa BlorR GeRkreRiihie seorid Bis & bus
| ug_'(eiggg re %gns_e g&g«: an addr ess'.b!ﬁs, arﬁd a daéléa hus,. ﬁn:r ein the
de imitiatescthpi seednidhbus Sappactingbycdrining e regiass W%Chsgn a
m n tarkiRe RUfefdrrANGPRi. i ONns conplete in
de?&oﬁ%ﬁggﬁ@gﬁ%%{lg&% ?‘hﬁghn%?ﬁoé coﬁpri si ng tggyt steps of.
28. The compu'ter. system defined in claim 27 wherein the first bus
agent received the request identification information deferied reply and
associates the deferred reply with the request on the first bus transaction to

complete the bus operation.

29.  The computer system defined in claim 28 wherein the first bus
agent associates the deferred reply with the request using the request

identification information.

30. The computer system defined in claim 25 further comprising a
second bus for providing the deferral response to the first bus agent. '

31. The computer system defined in claim 25 wherein the request

identification information comprises a token.

32. A method of performing bus transactions in i computer system
having a requesting agent and a responding agent each cotpled to a bus
which includes a response bus, an address bus, and a data bus, wherein the
bus is ordered and pipelined such that each bus transaction has a
predetermined response phase and such that the bus transiactions complete in

a same order in which requested, the method comprising -he steps of:




e -
47 the requesting agent requesting a first bus transactior by issuing an
address onto the address bus; and if the responding agent is ready to
conplete the first bus transaction, the respondi ng age tRﬁ‘L’A’CEM@N?%HE T
i n-order conpletion e regponse bus in [ o]
the first bus transummllm"ﬁlmﬁ”me respondi ng agent |i $ not ready to
conplete the first btis ¢ransdctison* then the respondin &ﬁdﬂhﬂ%ﬁg
deferral response onto the response bus in the respons
bus trapsaction and a token on the data bus, and when
becomes |ready to respond, then the respondi ng agent i ni
transacfi on and driving the token onto the address bus, a deferred reply
and any]requested data onto the data bus, in a response phase of the second
ggzrte;g‘ Eﬁg?'O”méﬁeque%tﬁfg'ﬁg@rﬁrreﬁﬁéétﬁfg G HIBE bl BmsActios by lshiidgih  an
address onto the address bus; and

if the responding agent is ready to complete the first bus transaction,

je2)

phase of the f|rk
he respondi ng agept
Lati Jbus

the responding agent driving an in-order completion respcnse onto the
response bus in a response phase of the first bus transactior;; and
if the responding agént is not ready to complete the first bus

transaction, then |

. the responding agent driving a deferral response onio the response bus
in the response phase of the first bus transaction and a token on the data bus,
and when the responding agent becomes ready to respond, then the
responding agent initiating a second bus transaction and driving the token
onto the address bus, a deferred veply and any requested data onto the data

bus, in a response phase of the second bus transaction.

33. A computer system comprising:

a bus including:

an address bus; .

a response bus;

adatabus;

a requesting agent coupled to the bus, wherein the requesting. agent
issues a bus request on the address bus, handles deferral responses in response
to requests, and maintains the bus request as pending until receiving a
deferred reply; and .

a responding agent coupled to the bus, wherein the responding agent
issues a token on the data bus and generates a deferral response when unable

to complete a transaction during a predetermined time of the transaction, and




e~

A r'esponse bus; a data bus; a requesti‘ng agent coupled to the bus, wherein
the requesting agent issues a bus request on the address bus, handles

@eferral responses—ntresponse—to requests, and maintaing t

as pendi ng unt|I ef erred rggly; and a respo diﬁ L Mﬁqgﬁ%ec
to the bus, ilm E!ﬂg ng agent issues a token dn {the data bus gng
generates a def en unabl e to conplete a tlrgns@S JUb 998 i g
a predetprmned tine of-the transactl on, and gener at eq tthe deferred

reply anfl sends the token on the address bus when the re pondi Ny ageTTt—Ts
subsequeptly able to conplete the transaction.

generates the deferred reply and sends the token on the adcress bus when :the '

" responding agent is subsequently able to complete the transaction.




