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BUS BRIDGE CIRCUIT AND METHOD USING SNOOP AHEAD OPERATIONS

EIELD OF THE INVENTION

The present invention periains to the field of computer systems.
More particularly, this invention relates to an integrated bus bridge and
memory controller that enables data streaming to a shared memory

resource whiie maintaining cache coherency.

BACKGROUND

Prior computer systems commonly include a main processor or
host processor that communicates with other elements of the computer
system via a processor or host bus. Other elements coupled to such a
processor or host bus typically include one or more cache memories as
well as a main memory for the computer system. Such a main memory
is typically comprised of dynamic random access memories (DRAM).

Prior computer systems may also include one or more peripheral
buses that enable communication among a variety of peripheral
_—
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The present invention pertains to the field of conputer systens. Mre

particularly, this invent+omrelates to an integrated bus—bridge and nenory

centrol ler that enables data streamng to a shared nenory resource while

‘mai nt ai ni ng ca

systens commonl’y TN

cbmmuni cates with other elenents of the co

rency. BACKGROUND: e Pp
de a mai n processor ST T ¥é@ﬂ@ﬂh&%s
SV SL€ i processor or

host bus. Qrher elenments coupled to such a proc =HE5T DUS typically

i ncl ude one or

nore cache nenories as

components. Such a computer sysierh méy also include bridge circuits
that enéb_l_e conimunication between the processor or host bus and the
peripheral buses. Such a bridge circuit typically enables
communication between the main or host procéssor and the various bus

agents coupled to the peripheral bus.

In addition, the bus agents coupled to such a peripheral bus may
require access to the main memory of the cbmputar system. Insucha
system, the data stored in the méin memory may be modified either by
the main processor or host processor or other elements coupled to the
processor bus as well as various bus agents coupled to the peripheral
buses.

In some prior computer systems, such peripheral buses usually
enable extremely high speed or high bandwidth communicafion. For
example, the peripheral comhonem interconnect (PCIl) published bus
standard allows data oommunicatidn bandwidth of up to 133 megabytes
per second.' Unfortunately, pribr computer systems typically limit the
available bandwidth on such a peripheral bus well below the maximum
allowable provided by the published standard.

Typically, the bandwidth on such a peripheral bus is limited by
the cache coherency transactidns that occur on the host or processor
bus during memory access transactions that initiate from the peripheral
bus. For example, oné prior computer system empioys an integrated
bridge and membry con_troll_e’i' circuit that functions as a bus bridge
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well as a main nenory for the conmputer system Such a main nenory is
typically conprised of dynam ¢ random-access nenories (DRAM. Prior
conputer systems may al so i-'"r_tj(;-l,u,d.ie'one or nor e peripneral _DUSES thnar enapte
communi cation anbng a variety:of. ‘peripheral conponents. Such a conputer

system Ry ogdasm | ncl ude bridge circuits that enable CONpERusRlobsts Det ween
the processor or host bus and the -
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between .the host or procesaor bus and a'paﬁg;ihe'ral bus while at the |
same time functtomng as a memory controfier for tha main ‘memory of ‘
the computer system Such a system typically limits each atomtc data
transfer transaction onthe penpheral bus targeted for the main memory
to a single data line or cache line.

For example, during a mamory write transaction in such a system
that originates on the'patipheral bus, a prior i'ntegrated bridge and
memory controlier usually receives a data line over the peripheral bus
and generates a corresponding snoop request over the processor bus.
After the appropriate invalidate line or write back transaction on the host
or processor bus, the integrated bridge and memory contrcllaf then
transfers the data line to the main memory. Unfortunataty such a bridge
and memory controller: usually cannot lmmediately accept a subsequent
data line over the peripheral bus during a data straammg transaction.
Instead, such an integrated bridge and memory controller usually
slgnats an end to the write transaction on the penpheral bus.
Thereafter, the initiating bus agent on the peripheral bus typically
initiates another write transaction to transfer the next data line to the

main memogy.

Sucha system that limits atomic transfers to a single data line
ensures that the integrated bridge and memory controller obtains a data
line address from the oﬂgihatilig bus agent on the peripheral bus for

" each data line transfer 10 the main memory. The integrated bfidge and
| memory controller typically uses the address tor sach data line to initiate
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2 peripheral buses. Such a bridge circuit typlcally epnabl es conmuni cati on
bet ween the mai n or host—processor and-the \astous DL ents coupled to

t he peri pheral bus. I'n additionf 3R: e dupl ed to such a
peri pher al bus ire access to t | rrafm , ‘@

system In such™a gégﬁgnl the data storga= ”f'ﬁﬁ]n remory nay deroosos
nodi fied either by the main processor or host processor or other elenents
coupled to the processor bus as well as varlous .busagents coupled to the
peri pheral buses.

<
~a snoop request over the processor or host bus. A memory controlier
coﬁld generate éddresses for each data line transferred over the
peripheral bus in order to provide the proper snoo;i request transactions
on the processor bus. However, such address generation logic typically
increases the complexity and cost of such a memory controller and

drives up the overall system cost.
SUMMARY OF THE INVENTION

An integrated bus bridge and memory controller circuit is
disclosed that enables access to a shared memory with high bandwidth
data streaming. The circuit enables access to the shared memory over

a .processor bus and over a -high béndwidth peripherai- bus The circuit
performs a series of snoop ahead transactions over the processor bus
during data streaming transactions to the shared memory that originate
over the peripheral bus.

Other teatures and advantages of the présent invention will be
apparent from the aocompanymg drawmgs, and from the detailed
description that follows below.

The present invention is illustrated by way of example and not
limitation in the tigures of the accompanying drawings in which like
references indicate similar elements, and in which:

e
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I'n some prior conputer systems, such peripheral buses usually enable
extrenely hi gh speed or, ;hi gh bandw dth communi cation. For exanple t he

pert pher al oanﬁ@ﬁT“*ﬁterCUﬁﬁEtT‘T?TJ) poprTShed—bus—spect ftartonmartows
data conmmuni cati on band..-'to 133 nmegabyt es per second.

Unf or t Ui slgs71Pr i OF  CoNpuiRy gal ly limt t @Fﬁ"{ﬁgl e
pherai:5 HﬁﬁEF El&e ow t he maxi rrlltjﬁ al'T'owabl e

bandwi dt h on such a peri

provi ded by the pub|ISh"~“uu4J“~L_‘~ I Typically, the bandw dth on
such a peripheral bus is |limted by 1 dChe coherency transactions that
occur on the host or processor bus during nmenory access transactions that
initiate fromthe peripheral bus. For exanple, one prior conputer system
enpl oys an integrated bridge and nmenory céwtroller circuit that functions
as a bus bridge between the host or processor .bus and a peripheral bus

while at the Flgure 1 illustrates a oomputer system for one embodiment

which oompnses a processor a cache memory. a mam memory, and a
bridge and memory controller circuit; |

Figure 2 illustrates the bridg_e' and memory controller .for one
embodiment that includes a write buffer, a peripheral read prefetch
bufter, and a peripheral write buffer along with a state machine that
controls snoop ahead transactions;

Flgore 3 illustrates a write transaction targeted for the main
memory that ongmates over the per!pheral bus wherein the wnte
transaotron oomprises an address phase followed by a senes of data

phases of Iine 0 data - line n data;

Figure 4 illustrates the format of data stored in the peripheral
write buffer for one embodiment including a set of double word data
values each with a corresponding snoop status flag;

Figure 5 illustrates a read trérisactiorr from the main memory
over the peripheral bus wherein the reed transacrion' oombriSes an
address phase, and a set of walt statss, followed by a set of data phases
comprising line 0 data - line n data.
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3 sane tine functioning as a nenory controller for the main nenory of the
conputer system Such a systemtypically limts each atomc data transfer
transaction on the peripheral bus targeted for.t AT Y

WO 96/22571 | 'E‘FHS SHEU H"Q PCT/US96/00506
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Figure 1 illustrates a computer system 10 for one embodiment.
The computer system 10 comprises a processor 12, a cache memory
14, a main memory 18, and a bridge and memory controlier 16. In
addition, the processor 12 contains an internal level one {L1) cache

memory (not shown).

The prbcessor 12 coupled for commun_iéation over a processor
bus 24. The cache memory 14 is also coupled to the processor bus 24
and functions as a level two (L2) cache memory for the processor 12.
The maln memory iB is comprised of dynamic random access memory
(DRAM) and functlons as the main memory storage for the computer
system 10.

The bridge and memory controller 16 fuhctions as a memory
controlier for the main memory 18. In addition, the bridge and memory
controller 16 functions as a cache controller for the cache memory 14.
The bridge and memory controller 16 enables read and writa access to
the main memory 18_ from the processor bus 24 as well as a peripheral
bus 26. | o

The bridge and memofy controlier 16 also functions és_ abus
bridge between the processor bus 24 and the peripheral bus 26. The
bridge and memory controller 16 enables transaétions originating on the
processor bus 24 to propagate to the peripheral bus 26. In addition, the

bridge and memory controller 16 enables transactions originating on the



to a single data |ine or cache |ine. For exanple, in such a

system during a nenory wite transaction that originates on the

perTpnerar pus, a prior_tntegrated briage and TEMDry COMrorTer usuarty,

receives a data |line over, the peri perhal

snoop r 5&7%(25"’] er the proce-ssor bus. After the appropr I nval i dat e
or WW|t§ﬂgac transact. rocessor bus, *éid}wﬂhﬁgﬁrated

bri dge and nenory cont oT"l”@rSHﬁEéri"‘tsaﬁElﬂe
menory. Unfortunately,

such BERLAGRER and ,

controller usually signals an end to the s#ite transaction on the

peri pheral .

bus. Thereafter, the initiating bus agent on the peripheral
typically Inlpeﬂﬁmamtefmwoﬁ@oﬁamcﬁumm2oanafzertot he next data

propagata to the processor bus 24,

The bridge and memory controlier 16 also enables the bus
agents 20 and 22 to access data stored in the main memory 18. The
bridge and memory controller 1_6 coordinates accesses to the main
memdry 18 that originate on the peripheral bus 26 Wi_th accesses to the
main memory 18 that orldinata 61_1 the procéssor bus 24. In addition, the

bridge and 'me.mory domrbliar 16’init'iates snoop request transactions on -
'~ the processor bus 24 during memiory accesses to the main memory 18

from the peripheral bus 26 in order to maintain cache cohgfency among
the caches coupled to the processor bus 24. The caches éoupled to the
processor bus 24 include the internal L1 cache in the processor 12
along with the L2 cache memory 14

Figure 2 lllustrates the bridge an&inemory controller 16 for one
embodiment. The bridge’ and memory controlier 16 includes a write
buffer 42, a peripheral read prefetch buffer 44, and a peripheral write
butter 46. In addition, the bridge and memory controller 16 includes a
state machine 40 that coordinates data transfers between the main
memory 18 and the bus agents 20 and 22 via the peripheral bus 26, and
that initiates snoop request tlansactlons to the cache memories on the
prooessor bus 24

The write buffer 42 buffers write data targeted for the main
memory 18 that originates from agents coupled to the processor bus 24

-
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bus-and generates a correspondi ng

s“the data line to the main

nory controller usually cannot

i medi atel y accept a subsequent ITne ol data over the peripheral bus during
a data stream ng transaction. Instead, such an integrated bridge and nenory
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line to the main nmenory. Such a systemthat limts atomc transfers
to a single data line ensures-that the integrated bridge and menory
controller obtains a data |line address from i nating bus agent on

t he peri pheral each dat a [H NST 8k gexN-fle mai n ne . The

i nt egrated brlﬁ% menory contl JHRFE ﬁ’ﬂdﬁ'y u_ s, the adﬂf"ﬁ@ 9§(083% cach

data line to initiate
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and agents coupled to the peripheral bus 26. A multiplexer 48
controlled by the state machine 40 selects either a data path from the
processor bus 24 or a data path froni the peripheral bus 26. The write
buffer 42 compensates for the latency of DRAM accesses via a DRAM
write path 52 in comparison to the épeed of data transfer via the
processor bus 24 or the paripheral bus 26

_ The peripheral write butfer 46 buffers write data targeted for the
main memory 18 that originates from bus agents on the peripheral bus
26. The peripheral write buffer 46 stores write data atong with flags that
are maintained by the state machine 40. The flags maintained by the
state machine 40 indicate whether the data stored in the peripheral write
buﬁér 46 corresponds to data lines having a completed snoop reguest
transaction over the processor bus 24. The state machine 40 merges
the data from the peripheral write buffer 46 into the write buffer 42
through the multiplexer'48 only after the oorresponding snoop request

transaction for the data line is complete over the processor bus 24.

The penpheral read prefetch buﬂer 44 prefetches sequential data
lines from tha main memory 18 in preparation for read transactions on
the peripheral bus 26. The state machine 40 controls prefetches into the
peripheral read prefetch buffer 44 to ensure that a read to the main
memory 18 via a re”ad p_éth 54 does not occur until after the snoop
transactib_n for the corresponding data line as 6ompleied via the

processor bus 24.
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4 a snoop request over the processor or host bus. A nenory controller
coul d generate addresses for each data line transferred over the peripheral

bus Tn order ovi €_pr.oper Op TEequest transactions on tne
processor bus. However S .r,__‘ess generatron |l ogic typically increases
t he conplyggbépasfnd coy 15 D) control | er and g&mt he
overal | system cost. .
96/ 00506

Figure 3 illustrates a write transaction targeted for the main
memory 18 that originates over the penpheral bus 26. As shown, the
write transactron comprises an address phase followed by a series of
data phases compnsmg Ime 0 data line n data. During the address
phase, the peripheral bus 26 carries the address of data line 0 for the
write transaction. Subsequently. the phases for the Irne 0 data line n
data each transfer an amount of data via the penpheral bus 26 equal to
a cache line in the cache memory 14 or the mtemal cache of the

processor 12.

To enable  high bandwidth write transactions to the main
memory 18 from the penpheral bus 26, the state machme 40 performs a
snoop ahead transaction for each data line in the write transaction For
example, during the address phase of the write transaction on the
peripheral bus 26, the state machine 40 issues a line 0 snccp request
over the processcr bus 24 Thereatter, the cache memcry 14 and the
internal cache of the processor 12 each perform either a writeback
cperatrcn aiso known asa ccpyback transaction, or an intemal
invalidate cache line operation dependmg upon the clean or dirty status
of the cache line specified by the line 0 snoop request.

| Thereafter. during the 'Iin.'e' 0 data phase of the write transaction
on the periphera! bus 26, the line 0 snocp'transa'cticn on the processor
bus 24 completes. As a consequence, the line O data buffered in the
peripheral write buffer 46 is marked by the state machine 40 with a
snoop done (SD) fiag. Initially, the state machine 40 stores a snoop not
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SUMVARY OF THE | NVENTI ON An integrated bus

5

bri dge and nenory controeHer—ei-rcui t_i s di scl osed that enables access to a
shared nmenory with high bandwi dth d i EGE S i rcuit enabl es
;access to the shared nmenory over a roeesg v b} D 'offer- a hj Eh bandw dt h
‘peri pher al busWOPHEST | cyi t perfor : ' ‘ahead ns

over the processor bus during data st r eam ng" transactlons to the shared
menory that originate over the peripheral bus

-10-

done (SND) flag for the line 0 data contained in the penpheral write
buffer 46 prior to the completion of the lme 0 snoop request on the

processor bus 24.

Later during the line O data phase, the state machine 40
generates a next sequential address corresponding to the line 1 data.
Thereatfter, the state machine 40 issues a line 1 snoop request over the
pfoosssor bus 24. As shown, the state machine 40 contin_uously issues
shoop request transactions over the processor bus 24 prior to the
reception of the corresponding data line over the peripheral bus 26
during the write transaction. The snoop ahead transactions issues by
the state machine 40 prevent the occurrence of wait cycles or delay
cycles on the peripheral bus 26 during write transactions targeted for the
main memory 18 through the peripheral write butfer 46.

Figure 4 illustrates the format of data stored in the peripheral
write buffer 46 for oné embodiment. The peripheral write buffer 46
stores a set of double word data values each with a corraspondmg

snoop status flag. The snoop status ﬂag indicates either snoop done

(SD) or snoop not done (SND) depending upon the status of the
corresponding snoop ahead request issued by the state machine 40
over the processor bus 24. The b_oundary in the peripheral write buffer
46 between data ha,vin__g,an'SD indication and data having an SND
indication provides a snoop boundary between line n-1 and line n. The
state machine 40 merges the data frdm the peripheral write buffer 46
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O her features and advantages of the present invention will be apparent
fromthe acconpanyi ng draw ngs, andwfrpnrthe detail ed description that
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iinto the write buffer 42 only if the oorrespondrng snoop status flag

rndlcates snoop done

Figure 5 illustrates a read transaction from the main memory 18
over the penpheral bus 26. The read transaotion on the penpheral bus
26 oompnses an address phase, anda set of wait states. foliowed by a
set of data phases oomprismg fine O data - fine n data. During the
address phases of a read transaction the origmatmg bus agent on the
penpheral bus 26 transfers the address of the rmtlal data Ime bemg read
from the main memory 18 As shown dunng the address phase. the
‘state machine 40 issues a Iine 0 snoop request over the prooessor bus
24 that specifies the data l'ne address provided during the address
phase.

During the wait states on the peripheral bus 26, the line 0 snoop
transaction on the prooessor bus 24 complstes. Thereaﬂer a DRAM
latency occurs while the peripheral read pretetoh buffer 44 reoerves the
oorrespondmg data fine from the main memory 18 via the read path 54.
The line 0 prefetch to the peripheral read prefetch buffer 44 oompletes
before the start of the line 0 data phase on the peripheral bus 26.

During the line 0 data phase on the peripheral'b.us 26, the
‘peripheral read prefetoh buffer 44 transfers the buffered read data over
the penpheral bus 26 while the state machme 40 issues a Ime 1 snoop
request over the processor bus 24 using an address generated asa
next sequential cache line address from the address specified during

e
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The present invention is illustrated by vvay of exanpl e and not I i m' tation
in the figures of the aeeesmpanying draw—ﬁgs—

i ndi cate sinildr elenments, and in which: THIS (HAS BEEN trat es a
conput er system whi ch corrpri ses a processorfi.a ca ERLACER v rral n rrem)ry,
and a bridge a@%e#My controller cirecuait; P gure 2

the bridge and nenory controller of the com:)uter system of Fi gure 1 that
includes a wite buffer, a peripheral .

-12-

the preceding address phase. Later in the line 0 data phase df the read
transaction on the periphetai bus 26, the line 1 snoop transaction on the
processor bus 24 completes. The completion of the line 1 snoop
request enables a prefetch of the corresponding data line from the main
memory 18 into the peripheral read prefetch buffer 44. Thereatter, the
line 1 data from the peripheral read prefetch buffer 44 is transferred over
the peripheral bus 26. |

in addition, the state machine 40 monitors the occurrence of wait
states on the peripheral bus 26 during read and write transactions. The
state machine 40 counts the number of wait states that occur on the
peripheral bus 26. The state machine 40 implements a disconnect time-
out mechanism such that a disconnect is signaled over the peripheral
bus 26 if the number of consecutive wait states on the peripheral bus 26
exceeds eight. The eight wait states conforms to the peripheral
component interface (PCl) specification for maximum latency during
data transfers. The disconnect indication on the peripheral bus 26
causes the bus agent that initiated the read transaction or the write

transaction to terminate the transaction and try again later.

In the foregoing specification the invention has been described
with reference to specific exemplary embodiments thereof. It will,
however, be evident that various mddiﬁcations and changes may be
méde thereto without departing from the broader spirit and scope of the
invention as set forth in the appended claims. The specification and
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- read prefetch buffer,

and a peripheral wite buffer along with a state
~machine 't hat cont  éts sttoop ahead tir ansacti ons;

Flgure 3

illustrates a wit'e traﬂsacglon targeted‘TUT‘rnE-naln menoTy—tiret

originates over the pg
an addr esvogpdmasa f ol |
line n data;
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~with a correspondi ng
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drawings are accordingly to be regarded as illustrative rather than a
restrictive sense. | |
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7 - Figure 5 illustrates a read transaction fromthe main nmenory over
t he peripheral bus whereithe-read transacti on conprises an address phase,
and a set of wdit states, followed by a se rising line

0 data throughwjoi s r;hdat a.
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CLAIMS
What is claimed is:
1. A circuit that enables access to a memory over a processor bus

and over a peripheral bus and that performs a series of snoop ahead
transactions over the processor bus during access transactions to the

memory that originate over the peripheral bus.

2. The circuit of claim 1, further comprising a write buffer for
buffering write data targeted for the m_emofy and circuitry that merges
write data received over the processor bus.with write data received over
the peripheral bus into the write buffer. |

3. The circuit of claim 2, further comprising a peripheral write buffer
that buffers write data received over the peripheral bus and that stores a
snoop done flag for the write data that indicates whether a

corresponding snoop ahead transaction for the write data is complete.

4. The circuit of claim 2, further comprising a peripheral read
prefetch buffer that prefetches read data from the memory during read
transactions over the peripheral bus only after a corresponding snoop
ahead transaction for the read data is complete.

5. The circuit of claim 2, further comprising circuitry for controlling a
cache memory coupled to the processor bus.

e
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8 DETAI LED DESCRI PTI ON Figure 1 illustrates
a conputer system 10. The conputer system 10 conprises a processor 12, a
cache nenory 147 —a-maln nenory‘Im a .
In addition, the proc.-f; _12 contal ns an internal |evel one (Ll) cache

Tenory Wedsmasn . L THIS SHEET HAS BEEN‘] reTivs
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‘) 0

6. A computer system, comprising:

-15-

processor and a cache memory each coupled toa prodessor bus;
a set of bus agents coupled to a peripheral bus_;'
circuit that enables access to a memory via t'h:e:"?._brooessor bus
" and via the peripheral bus and that performs a series ‘6f snoop ahead
transactions over the processor bus during access transactlons to the

memory that onginate over the peripheral bus.

7. The computer system of claim 6, wherein the cu'cult mcludes a
write buffer for buﬁenng write data targeted for the memo:y and circuitry
that merges write data raoeivad over the processor bus with write data
received over the peripheral bus into the write buffer.

8. The computer system of claim 7, wherein the clrcmt includes a
peripheral write buffer that butfers write data recaived over the
peripheral bus and that stores a snoop done flag for th_e write data that
indicates whether a corresponding snoop ahead trarisac'_:tidn’ for the
write data is complete.

9.  The computer system of claim 7, wherein the circuiit includes a
peripheral read prefetch buffer that prefeiches read data from the
memory during read transactions over the peripheral bus only after a
corresponding snoop ahead transaction for the read data is complete.

10. The computer system of claim 7, wherein the circuit includes for

controliing the cache memory oo_upled to the processor bus.
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shown) . The processor 12 coupl ed for communi cati-on over a processor
bus 24—Fhe—eache-nenory -+4-ts al so coupted to t es30r bus 24 and

functions as a level two (L2) cache ne TS Lt RASBEERS Or 12. The main
menory 18 is conprised of dynam c rand b%é; w@ry (- M ons
L FA Paﬂ‘]g; ridge

as the main ne 99"’5"f"6rage for the co uter syeto
and nenory controller 16 functions as a menory controller for the main
menory 18. Imn—additiom, the bridge and nenory controller 16 functions as a

cache control | ' menory 14. The brldge and menory controller
16 enabl es re%ﬂ" Bﬂ“’ EH“E& ss to
* C L M S .

-16-

11. A method for accessing a shared memory comprising the step of
performing a series of snoop ahead transactions over a processor bus
during access transactions to the shared memory that originate over a

peripheral bus.

12. The method of claim 11, further comprising the steps of buffering
write data targeted for the shared memory and merging write data
received over the processor bus with write data received over the

peripheral bus.

13. The method of claim 12, further compriéing the steps of buffering
write data received over the peripheral bus and storing a snoop done
flag for the write data that indicates whether a corresponding snoop
ahead transaction for the write data is complete. | '

14. The method of claim 12, further comprising the step of prefetching
read data from the shared memory during read transactions over the
peripheral bus only after a corresponding snoop ahead transaction for
the read data is complete.
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the main menory 18 fromthe processor' bus 24 as well as a peripheral bus

The bridge and menory controller 16 also functions as a bus

br| dge between tne processor bus—2#am—th

16 enabl es transactions ori g:'"'"natl ng on

and nenory controller
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9 the processor bus 24 to propagate to the peripheral bus 26. In addition,

t he—br+dge—am—mermory—contt oHer—6—emabl-ec O ey '

peri pheral -bus-26 from one of a set of bus agents 20 and 22 to propagate
to the pr 0%83%2{ bus 24. The bridge and nenory controller 16 al so

- enabl es t NEOBYHyents 20 and 22 to access data stored i nPEHESIO6 renor y

. 18. The bridge and nenory controller 16 coordi nates accesses to the main

. menory 18 that originate on the peripheral bus 26 with accesses to the main

- nmenory 18 that originate on the processor bus 24. In addition, the ’
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bri dge and nenory controller 16 |n|t|ates snoop request transactions on the
pr0CE5sUT'UUS'2ﬂ'durrng*newnry—aeeessee—%o—%he-mmH+4nynxﬁh4éh444un4¢mp________
peri pheral bus 26 in order to maintain cache coherency anobng the caches
coupl ed tqg%gﬁFg& cessor bus 24. The caches coupled to the processor bus 24
i nclude th L1 cache in the processor 12 al ong TUSPRIOSYS cache
menory 14. Flgure 2 illustrates the bridge and nenory controller 16
for one enbodi ment. The bridge and nenory controller 16 includes a wite
buffer 42, a peripheral read prefetch buffer 44, and a peripheral wite
buffer 46. In addition, the bridge and nenory controller 16 includes a
state machine 40 that coordinates data transfers between the nain nenory 18
and the bus agents 20 and 22 via the peripheral bus 26, and that initiates

snoop request transactions to the cac?e menories on the processor bus 24.
3/5
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bus 26. A nmultiplexer 48 controlled by the
4/5

auo( JoN dooug plop a|qnogq

The wite buffer 42 buffers wite data targeted for the main

agents coupled to the peripheral
state mact;wgmékg_nsel ects either a data path fromthe
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processor bus 24 or a data path fromthe peripheral bus 26. The wite

buff-et—rAs—corpersatres—or—the—+tatemey—of DRAM-aeeesSEesS—rH-a—a—BRAM=m—+te
path 52 in conparison to the speed of data transfer via the processor bus
24 or theap(? j Sfral bus 26. The peripheral wite buffer 46 buffers
Virite dat % led for the main menmory 18 that ori gi nat cBCHPHEORNE agent s
en the peripheral bus 26. The peripheral wite buffer 46 stores wite data
along with flags that are maintained by the state nmachine 40. The fl ags
mai nt ai ned by the state machine 40 indi & e whether the data stored in the
peripheral wite buffer Z$«Corresponds to data |ines having a conpleted
snoop request transactidgn oVer the processor bus 24. The state machi ne 40
merges the data fromthe eyl pheral wite buffer 46 into the wite buffer
42 through the nultipleje2 g8 only after the correspondi ng snoop request
transaction for the dat4q; e is conplete over the processor bus 24.
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]‘cl'he pe[]l pheral read prefetch buffer 44 prefetches se!ugntla data |ines
romthe main nmenory 18 in preparation for read trans

peri pheral bus 26. The state machine 40 controls pref ?ch&m; IWEC 1996
11

1
INTEGRATED BUS BRIDGE AND MEMORY
CONTROLLER THAT ENABLES DATA STREAMING
TO A SHARED MEMORY OF A COMPUTER SYSTEM USING
SNOOP AHEAD TRANSACTIONS

EIELD OF THE INVENTION:

The presént invention pertains to the field of computer systems.
More particularly, this invention relates to an integrated bus bridge and
memory controller that enables data streaming to a shared memory

resource while maintaining cache coherency.

BACKGROUND:

Prior computer systems cpmmonly include a main processor or

host processor that communicates with other elements of the computer

- system via a processor or host bus. Other elements coupled to such a
processor or host bus typically include one or more cache memories as
well as a main memdry for the computer system. Such a main memory

is typically comprised of dynamic random access memories (DRAM).

Prior computer systems may also include one or more peripheral
buses that enable communication among a variety of peripheral
components. Such a computer system may also include bridge circuits

that enable communication between the processo'r or host bus and the



the peripheral read prefetch buffer 44 to ensure thW’F}Sd 9c6t/hgga50 6
menory 18 via a read path 54 does not occur until mm

transaction for the corresponding data |ine as conpl t:heleEO(t%Egor
bus 24. Figure 3 illustrates a wite transaction targeted for the
main nmenory 18 that originates over the peripheral bus 26. As shown, the
write transaction conprises-an address phase followed by a series of data
phases conprising line O data - line n data. During the address phase, the
peri pheral bus 26 carries the address of,data line O for the wite

transaction. Subsequently, the phases fo? the line O data - line n data
each transfer an anmount of data via the herﬁlgbus 26 equal to a cache

line in the chemRherahbu§es.q SHChtihQ"QQ?éi' Hlt tYHEﬁ pable
communication between the main or host processor and the various bus

agents coupled to the peripheral bus.

In addition, the bus agents coupled to such a peripheral bus may
require access to the main memory of the computer system. In such a
system, the data stored in the main memory may be modified either by
the main processor or host processor or other elements coupled to the
processor bus as well as various bus agents coupled to the peripheral

buses.

In some prior computer systéms, such peripheral buses usually
enable extremely high speed or high bandwidth communication. For
'example, the peripheral combonent intercbnnect (PCI) published bus
specification allows data communication bandwidth of up to 133

' megabytes per second. Unfortunately, prior computer systems typically
limit the available bandwidth on such a peripheral bus well below the

maximum allowable provided by the published standard.

Typically, the bandwidth on such a peripheral bus is limited by
the cache coherency transactions that occur on the host or processor
bus during memory access transactions that initiate from the peripheral
bus. For example, one prior computer system employs an integrated
bridge and memory controller circuit that functions as a bus bridge

. between the host or processor bus and a peripheral bus while at the

AR RMAIM WP o oW
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processor 12. To enabl e a high bandwi dth wri te'n"f“ré!gs&t i%&/tgwhiu o
main menory 18 fromthe peripheral bus 26, the stat e'Pwusgl? lgﬁrcgg:gaa
snoop ahead transaction for each data line in the witle transdactli
exanpl e, during the address phase of the wite transaction on the
peri pheral bus 26, the state nmachine 40 issues a |line O snoop request over
t he processor bus 24. Thereafter, the cache nenory 14 and the internal
cache of the processor 12 each performeither a witeback operation, also
known as a copyback transaction, or an injernal invalidate cache line

operation dependi ng upon the clean or dirty status of the cache line

specified by tshaemle 'time ?unscrﬁ%?l ngrggléer%ter'nory controller for the main memory of

the computer system. Such a system typically limits each atomic data
transfer transaction on the peripheral bus targeted for the main memory

to a single data line or cache line.

For example, in such a system, during a memory write
transaction that originates on the peripheral bus, a prior integrated
bridge and memory controller uéually receives a data line ovér the
periperhal bus and generates a éorresponding snoop request over the
processor bus. After the appropriate line invalidate or write baék
transaction on the host or processor bus, the integrated bridge and
memory controller then transfers the data line to the main memory.
Unfortunately, such a bridge and memory controlier usually cannot
immediately accept a subsequent line of data over the peripheral bus
during a data streaming transaction. Instead, such an integrated bridge
and memory controller usually signals an end to the write transaction on
the peripheral bus. Thereafter, the initiating bus agent on the peripheral
bus typically initiates another write transaction to transfer the next data

line to the main memory.

Such a system that limits atomic transfers to a single data line
ensures that the integrated bridge and mémory controller obtains a data
line address from the originating bus agent on the peripheral bus for
each data line transfer to the main memory. The integrated bridge and

memory controller typically uses the address for each data line to initiate



, o/ UUJ2VD
12 Thereafter, during the line 0 data phase ms 9

transaction on the peripheral bus 26, the line 0 snoop Mgzén[)&\,t]@gﬁ
processor bus 24 conpletes. As a consequence, the line O data buffered in
the peripheral wite buffer 46 is nmarked by the state nachine 40 with a

- snoop done (SD) flag. Initially, the state machine 40 stores a snoop not

4

a snoop request over the processor or host bus. A memory controlier
could generate addfesses for each data line transferred over the
peripheral bus in order to provide the proper snoop request transactions
on the processor bus. However, such address generation logic typically
increases the complexity and cost of such a memory controller and

drives up the overall system cost.



done (SND) flag for the line O data contained in th?ﬁ?w%agéﬁ/t[l0506
&

buffer 46 prior to the conpletion of the line 0 sno ,pq,gnp T
processor bus 24. Later during the line 0 data phase, the state
machi ne 40 generates a next sequential address corresponding to the line 1
data. Thereafter, the state machine 40 issues a line 1 snoop request over

t he processor bus 24. As shown, the state nmachine 40 continuously issues
snoop request transactions.over the processor bus 24 prior to the reception
of the corresponding data |line over the geripheral bus 26 during the wite
transaction. The snoop ahead transactiong | ssues by the state nmachine 40

prevent the occurrence of wait cycles or delay cycles on the peripheral bus
26 during wite transactions WMMHDW 18 t hrough the
peri pheral wite buffer 46.
An integrated bus bridge and memory controller circuit is

disclosed that enables access to a shared memory with high bandwidth

data streaming. The circuit enables access to the shared memory over

a processor bus and over a high bandwidth peripheral bus. The circuit

performs a series of snoop ahead transactions over the processor bus

during data streaming. transactions to the shared memory that originate

over the peripheral bus.

Other features and advantageé of the present invention will be
apparent from the accompanying drawings, and from the detailed

description that follows below.
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Fi gure 4 illustrates the format of data stored in th er ég 36 4 OJ 50 6
buffer 46 for one enbodi nent. The peripheral wite bip%-v Fi oBE%a]%&B
of double word data values each with a corresponding snoop status flag. The
snoop status flag indicates either. snoop done

13

BRIEF D z D

The present invention is illustrated by way of example and not
limitation in the figures of the accompanying drawings in which like

references indicate similar elements, and in which:

Figure 1 illustrates a computer system which comprises a
processor, a cache memory, a main memory, and a bridge and memory

controller circuit;

Figure 2 illustrates the bridge and memory controller of the
computer system of Figure 1 that includes a write buffer, a peripheral
read prefetch buffer, and a peripheral write buffer along with a state

machine that controls snoop ahead transactions;

Figure 3 illustrates a Write transaction targeted for the main
memory that originates over the peripheral bus wherein the write
transaction comprises an address phase followed by a series of data

phases of line 0 data through line n data;

Figure 4 illustrates the format of data stored in the peripheral
write buffer including a set of double word data values each with a

corresponding snoop status flag;

" MENDED SHEET
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(SD) or snoop not done (SND) dependi ng upon the stat us lp 9 /
correspondi ng snoop ahead request issued by the stat MP&

processor bus 24. The boundary in the peripheral wit e’ ZA'PHBEge %\gg
data having an SD indication and data having an SND i ndication provides a
snoop boundary between line n-1 and line n. The state nmachine 40 nerges
the data fromthe peripheral wite buffer 46 into the wite buffer 42 only
if the correspondi ng snoop status flag indicates snoop done.

Figure 5 illustrates a read transaction ##omthe nmain nenory 18 over the
peri pheral bus 26. The read transaction on the peri pher al bus 26 conprises

an address phase, f.wait_ s f.ol | by a.set of data
phases conprising Ii ag?%?’dﬁvgfa‘eﬁ%e ifﬁpﬁacqﬂﬂ 'c e%mo%ases of a
read transactig, tﬁé‘ﬁeﬂbhgﬂ'%k%a’é% ?r%efbtaaoﬁaﬁ@fctlon comprises an

address phase, and a set of wait states, followed by a set of data phases

comprising line 0 data through line n data.

ABMEARER At imma



péri pheral bus 26 transfers the address of the initi chE{US [ 9«361)@&9 &&16

fromthe main nenory 18. As shown during the address ,Lﬁgg, state ... -
machi ne 40 issues a line 0 snoop request over the prodﬁé' £ 24 that130
specifies the data |ine address provided during the address phase.

During the wait states on the peripheral bus 26, the line 0 snoop
transaction on the processor bus 24 conpletes. Thereafter, a DRAM | atency
occurs while the peripheral read prefetch buffer 44 receives the
corresponding data line fromthe main megory 18 via the read path 54.

DETAILED DESCRIPTION

Figure 1 illustrates a computer system 10. The computer
system 10 comprises a processor 12, a cache memory 14, a main
memory 18, and a bridge and memory controller 16. In addition, the
processor 12 contains an internal level 6ne (L1) cache memory (not

shown).

| The processor 12 coupled for communication over a processor
bus 24. The cache memory 14 is also coupled to the processor bus 24
and functions as a level two {L2) cache memoty for the processor 12.
The main memory 18 is cor_npﬁsed of dynamic random access memory
(DRAM) and functions as the main memory storage for the computer

system 10.

The bridge and m'emory controller 16 functions as a memory
controller for the main memory 18. In addition, the bridge and memory |
controller 16 functions as a cache controller for the cache memory 14.
The bridge and mémory controller 16 enables read and write access to
the main memory 18 from the processor bus 24 as well as a peripheral

bus 26.
The bridge and memory controller 16 also functions as a bus

bridge between the processor bus 24 and the peripheral bus 26. The

bridge and memory controller 16 enables transactions originating on

BRI = e -



14 The line O prefetch to the peripheral read preMBSff?rblélqgnggtés
before the start of the line 0 data phase on the : b

During the line 0 data phase on the peripheral bu%@%ﬁﬁgﬁ@%ﬁ r ead
prefetch buffer 44 transfers the buffered read data over the peripheral bus

26 while the state machine 40 issues a line 1 snoop request over the
processor bus 24 using an address generated as a

9

the processor bus 24 to propagate to the peripheral bus 26. In addition,
the bridge and memory controller 16 enables transactions o'riginating
on the peripheral bus 26 from one of a set of bus agents 20 and 22 to

propagate to the processor bus 24.

The bridge and memory controller 16.also enables the bu's
agents 20 and 22 to access data stored in the main memory 18. The
bridge and memory controller 16 coordinates accesses to the main
memory 18 that originate on the peripherél bus 26 with accesses to the
main memory 18 that originate on the processor bus 24. In addition, the
bridge and memory controller 16 initiates snoop request transactions on
the processor bus 24 during memory accesses to the main memory 18
from the peripheral bus 26 in order to maintain cache coherency among
the caches coupled to the processor bus 24. The caches coupled to the
processor bus 24 include the internal L1 cache in the prodessor 12

along with the L2 cache memory 14.

Figure 2 illustrates the bridge and fnemory controller 16 for one
embodiment. The bridge and memory controlier 16 includes a write
buffer 42, a peripheral reéd prefétch buffer 44, and a peripheral write
buffer 46. In addition, the bridge and memory controller 16 includes a
state machine 40 that coordinates data transfers between the main
memory 18 ahd the bUs agents 20 and 22 via the peripheral bus 26,
and that initiates snoop request transactions to the cache memories on

the processor bus 24.



next sequential cache |line address fromthe addressgﬁa‘c’”saagcﬁ% IQJO 5hg 6
precedi ng address phase. Later in the line 0 data p 'féi 1e read
transaction on the peripheral bus 26, the line 1 sdﬂgsﬁv ég}ﬂjﬁﬁ;é@gﬁhe

- processor bus 24 conpletes. The conpletion of the line 1 snoop request
enabl es a prefetch of the corresponding data |ine fromthe main nenory 18
into the peripheral read prefetch buffer 44. Thereafter, the line 1 data
fromthe peripheral read prefetch buffer 44 is transferred over the

peri pheral bus 26. I n addition, ﬁae state machine 40 nonitors the
occurrence of wait states on the peripherd bus 26 during read and wite
transactions. The state machine 40 counts the nunber of wait states that

occur on the peripheral bus 26. The state machine 40 inplenents a

di sconnect ti ne- ou+ nmechani sm such f hat a di sconnect s sighaled over the
peri pher al he write buffer 42 buffers write data targeted for the main

memory 18 that originates from agents coupied to the processor bus 24
and agents coupled to the peripheral bus 26. A multiplexer 48
controlled by the state machine 40 selects either a data bath from the
processor bus 24 or a data path from the peripherall bus 26. The write
buffer 42 compensates fbr the latency of DRAM accesses via a DRAM
write path 52 in comparison to the speed of data transfer via the

processor bus 24 or the peripheral bus 26.

The peripheral write buffer 46 buffers write data targeted for the
main mémory 18 that originates from bus agents on the peripheral_ bus
26. The peripheral write buffer 46 stores write data along with flags that
are maintained by the state machine 40. The flags maintained by the
state machine 40 indicate whether the data stored in the peripheral
write buffer 46 corresponds to data lines having a completed snoop
request transaction over the processor bus 24. .The state machine 40
merges the data from the peripheral write buffer 46 into the write buffer
42 through the multiplexer 48 only after the corresponding snoop
requést transaction for the data line is complete over the processor bus
24.

The peripheral read prefetbh buffer 44 prefetches sequential data

lines from the main memory 18 in preparation for read transactions on

the peripheral bus 26. The state machine 40 controls prefetches into

SUAFUINE R P



bus 26 if the number of consecutive wait states on PGTﬂe‘
exceeds eight. The eight wait states conforns tog HEA A
i iterface (PCl) specification for maxi mum | atency® é

The di sconnect indication on the peripheral bus 26

15

11

the peripheral read prefetch buffer 44 to ensure that a read to the main
memory 18 via a read path 54 does not occur until after the snoop
transaction for the corresponding data line as completed via the

processor bus 24.

Figure 3 illustrates a write transaction targeted for the main
memory 18 that originates over the peripheral bus 26. As shown, the
write transaction comprises an address phase 'followed by a series of
data phases comprising line 0 data - line n data. During the address
phase, the peripheral bus 26 carries the address of data line 0 for the
write transaction. Subsequently, the phases for the line 0 data - line n
data each transfer an amount of data via the peripheral bus 26 equal to
a cache line in the cache memory 14 or the internal cache of the

processor 12.

To enable a high bandwidth write transactions o the main |
memory 18 from the peripheral bus 26, the state machine 40 performs a

snoop ahead transaction for each data line in the write transaction. For

example, during the address phase of the write transaction on the

peripheral bus 26, the state machine 40 issues a line 0 snoop request
over the processor bus 24. Thereafter, the cache memory 14 and the
internal cache of the processor 12 each perform either a writeback |
dperation, also known as a copyback transaction, or an internal
invalidate_ cache line operation depending upon the clean or dirty status

of the cache line specified by the line 0 snoop request.

“ACLIMPN R 1o
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causes the bus agent that initiated the read transacH‘o‘{/UrSth‘}Wi ()505 0 6
transaction to termnate the transaction and try | : I n

t he foregoing specification the invention has beeFEQQS@ BE{G] ‘Ba&rence
to specific exenplary enbodi nents thereof. It will, however, be evident

that various nodifications and changes nay be made thereto w thout

departing fromthe broader spirit and scope of the invention as set forth

in the appended clainms. The specification and drawi ngs are accordingly to
be regarded as illustrative rather than 1azrestri ctive sense.

Thereafter, during the line 0 data phase of the write transaction
on the peripheral bus 26, the line 0 snoop transaction on the processor
bus 24 completes. As a consequence, the line 0 data buffered in the
peripheral write buffer 46 is marked by the state machine 40 with a
snoop done (SD) flag. Initially, the state machine 40 stores a snoop not
done (SND) flag for the line 0 data contained in the peripheral write
buffer 46 prior to the cbmpletion of the line 0 snoop request on the

processor bus 24.

Later during the line 0 data phase, the state machine 40
generates a next sequential address corresponding to the line 1 data.
Thereafter, the state machine 40 issues a line 1 snoop request over the
processbr bus 24. As shown, the state machine 40 continuously issues
snoop request transactions over the processor bus 24 prior to the

" reception of the corresponding data line over the peripheral bus 26
during the write transaction. The snoop ahead transactions issues by
the state machine 40 prevent the occurrence of wait cycles or delay
cycles on the peripheral bus 26 during write transactions targeted for

the main memory 18 through the peripheral write buffer 46.

Figure 4 illustrates the format of data stored in the periph'eral
write buffer 46 for one embodiment. The peripheral write buffer 46
stores a set of double word data values each with a corresponding

snoop status flag. The snoop status flag indicates either snoop done

AP M IFAF



16 ca vs RETMS R0k 005 006

A conputer system conprising: a processor and a cache menory,

each coupled to a first bus; a main mem)ry %s @f\fa&%
coupled to a second bus; and a bus bri dge and nendry contr I t
coupled to the first bus and the second bus, the bus bridge and nenory

controller circuit enabling read and wite access to the main
menory fromthe first bus and the second
13

(SD) or snoop not done (SND) depending upon the status of the
corresponding snoop ahead request issued by the state machine 40
over the processor bus 24. The boundary in the peripheral write buffer
46 between data having an SD indication and data having an SND .
indication provides a snoop boundary between line n-1 and line n. The
staie machine 40 merges the data from the peripheral write buffer 46
into the wrife buffer 42 only if the corresponding snoop status flag

indicates snoop done.

Figure 5 illustrates a read transaction from the main memory 18
over the peripheral bus 26. The read transaction on the peripheral bus
26 comprises an address phase, and a set of wait states, followed by a
set of data phases comprising line 0 data - line n data. During the
address phases of a read transaction, the originating bus agent on the
peripheral bus 26 transfers the address of the initial data line being read
from the main memory 18. As shown during the address phase, the
state machine 40 issues a line 0 snoop request over the processor bus
24 that specifies the data line address provided during the address

phase.

During the wait states on the periphéral bus 26, the line 0 snoop
transaction on the processor bus 24 completes. Thereafter, a DRAM
latency occurs while the peripheral read prefetch buffer 44 receives the

' corresponding data line from the main memory 18 via the read path 54.

RN



bus and al so including a peripheral wite Ba"fﬁr‘s 09 6Lf fQD 530 6

wite data received over the second bus anggEangeied for the main
menory and a wite buffer for buffering wite Wé;mbaégjeéeﬁyedﬁbger
the first bus and wite data received fromthe peripheral wite ”~ i
buffer, the bus bridge and nenory controller circuit initiating and
performng a plurality of snoop ahead transactions to the cache nenory over
the first bus during nenory access transactions originated on the second
bus and targeted for the main nenory, ‘pe bus bridge and nmenory controller
circuit including circuitry for stori ng],t for each of the plurality of snoop
ahead transactions, a snoop status indication for indicating if a

respective ombedinet(prefetohato the pariphesalyeadnrefatel huter A4 eompletasspondi ng
to a respectjve f th t ' .
>P ngorg Qﬁe %tart ofe thr;elrirr?er& d%%a_c% Sase ro%nt?\%cgérijprllmséra at"suscggp eted

During the line 0 data phase on the peripheral bus 26, the
peripheral read prefetch buffer 44_transfers'the buffered read data over
the peripheral bus 26 while the state machine 40 issues a line 1 snoop
request over the processor bus 24 using an address generated as a
next sequential cache line address from the address specified during
the preceding address phase. Later in the line 0 data phase of the read

| transaction on the peripheral bus 26, the line 1 snoop transaction on the
processor bus 24 completes. The complétion of the line 1 snoop
request enables a prefetch of the corresponding data line from the main
memory-18 into the peripheral read prefetch buffer 44. Thereatfter, the
line 1 data from the peripheral read prefetch buffer 44 is transferred over

the peripheral bus 26.

In addition, the state machine 40 monitors the occurrence of wait
states on the peripheral bus 26 during read and write transactions. The
state machine 40 counts the number of wait states that occur on the
peripheral bus 26. The state méchine 40 implements a disconnect time-
out mechanism such that a disconnect is signaled over the peripheral
bus 26 if the number of consecutive wait states on the peripheral bus 26
exceeds eight. The eight wait states conforms to the peripheral
component interface (PCl) specification for maximum latency during

data transfers. The disconnect indication on the peripheral bus 26




15A~ The conputer system of claim 15, wherein the Qangaétl(glg ﬁg 6

characterised by the cache nenory perform ng eltm;zt back operatlon
i-f the cache line specified by the rel evant snoo § an

internal invalidate cache Iine operation if the cache line speC|f|e by the
rel evant snoop request is clean. 15B. The conputer system according to
any one of clains 15 to 15A, wherein the data is not transferred fromthe
peripheral wite buffer into the wite buffer until the correspondi ng snoop
request transaction has conpleted. . 150 The conputer system according to
any one of clainms 15 to 15B, wherein tfme%ﬂurality of snoop ahead
transacti ons corresgﬁgd to nenory wite transactions originated over the

second bus. Cayses b'é%#ﬁ&ﬂéﬂ'laiwtléﬁ?ddbedeaﬂrii@rlsacamyObﬂE writel aims 15 to

15C, wherein ?al d spo P
ransaction to terminate the transaction and try again later.

In the foregoing specification the invention has been described
with reference to specific exemplary embodiments thereof. It will,
however, be evident that various modifications and changes may be
made thereto without departing from the broader spirit and scope of the
invention as set forth in the appended claims. The specification and
drawings are accordingly to be regarded as illﬁstrative rather than a

restrictive sense.
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ét atus indications are provided by storing snoop donmaajsvi pnOtAeD\Q ﬁg 6

data in the peripheral wite buffer.

17 16. Th
wherein th
merging wit
over the sec

36"
CLAIMS

What is claimed is:

156. A computer system. comprising:
a processor and a cache niemory each coupled to a first bus';
a main memory;
a bus agent coupled to a second bus; and
a bus bridge and memory controller circuit éoupled to the first bus

and the second bus, the bus bridge and memory controller circuit

| enabling read and write access to the main memory from the first bus

and the second bus and also including buffer circuitry for buffering write
data received over the second bus and targeted for the main memory,
thé bus bridge and memory controller circuit initiating and performing a
plurality of snoop ahead transactions to the cache memory over the first

bus during memory access transactions originated on the second bus

‘and targeted for the main memory, the bus bridge and memory

- controller circuit including circuitry for storing, for each of the plurality of

Snoop ahead transactions, a snoop status indication for indicating if a
respective one of the plurality of snoop ahead transactions
corresponding to a respective one of the memory access transactions

has completed.

16. The computer system of claim 15, wherein the buffer
circuitry includes a write buffer, coupled to the main memory, for

buffering write data targeted for the main memory, the bus bridge and

cording to any one of 'BM%& DEIG[JSSG
eﬁm Mﬂﬂe and menmory controller includes ci rguittry for |
{ ver the first bus wwth wite data receive
M .
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\%/r?l t‘é’hg SOWWE, wherein the E.cmr fry?g/ngr%iasj b
ata rec i [ ‘gﬁ?Vqﬁg
a@ over t bus with wite ! §$$Eg§9q%e

second bus is ’ H”m)mit ween the peripheral t
wite buffer. WH r systemaccording to any one of clainms 15

to 17 , wherein t%eLbu§ bri and nmenory controller circuit includes a
peripheral read prefetch buffer .coupled to the second bus, for
prefetching read data fromthe nmain nenory corresponding to the nmenory
access transactions origi nated ! .t he second bus only

after a correspondi ng one of the plurality of snoop ahead transactions for

t he read data is | ete.. " . . .
memory controﬁgrm:c’nr%uﬁ including circuitry for merging write data

received over the first bus with write data received over the second bus.

17. The computer system of claim 16, wherein the buffer
circuitry includes a peripheral write buffer, coupled to the circuitry for

merging, for buffering write data received over the second bus.

18. The computer system of claim 16, wherein the buffer
circuitry includes a peripheral read prefetch buffer, coupled to the
second bus, for prefetching read data from the main memory
corresponding to the rhemory access transactions o-riginated on the
second bus qnly after a corresponding one of the plurality of snoop
ahead transactions for the read data is complete as indicated by the

respective snoop status indication.

19. A bus bridge and memory controliler circuit for use in a
computer system having a processor and a .cache memory, each
coupled to a first bus, and a bus agent coupled to a second bus, the
bus bridge and memory controller circuit coupled to the first bus and the
“second bus, the computer system further including a main memory
coupled to the bus bridge and meknory controller circuit, the bus bridge
and memory controller circuit comprising:

state machine circuitry for enabling read and write access to the

main memory from the firét bus and the second bus and for initiating and

performing a plurality of snoop ahead transactions to the cache

—_—
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19 A bus bridge and nenory controller circuit form,'rs % n{uter system
havi ng a_processor—and—a—cache nenory, each coupl ed @ rst ﬁﬂﬁd& 3%
¢

bus agent .coupl ed ond bus, the bus bridge an
circuit cmmﬁ “1 ﬁ st bus and t he second bus, the corrput er system .

further: nory coupled to the bus brldge and nenory
.controller CIrCUIt the bus bri dge and nmenory controller circuit

conpri si ng: state machine circuitry for enabling

read and wite access to the main rrermryé]romthe first bus and

t he second bus and for % itiating and perforntng a

I it f snoop ahead,transactions to he cache nory
ver the t i1 sTHBNCRYaT e RGOS HURBY Semark aeeass transactions originaied

originated ovelel il SSEonY bi% And Brgetdd forthe Mbin'Membhy." "BiHer

circuitry for buffering write data received over the second bus and
targeted for the main memory; and

circuitry for storing, for:each of the plurality of snoop ahead
transactions, a snoop status indication for indicating if a respective one
of the plurality of snoop ahead transactions corresponding to a

respective one of the memory access transactions has completed.

20. The bus bridge and memory controller circuit of claim 19,
~ wherein the state machine circuitry is coupled to the buffer circuitry to
control the merging of write data received over the first bus with write

data received over the second bus.

21. The bus bridge and memory controller circuit of claim 20,
wherein the buffer ciréuitry includes a peripheral write buffer for

.buff‘ering write data received over the second bus.

22. The bus bridge and memory controller circuit of claim 31,
wherein the buffer circuitry includes a peripheral read prefetch buffer
qoupled to the second bus, the peripheral read ptefetch buffer
prefetching read data from the main memory corresponding to the
memory access transactions originated on the second bus only after a

corresponding one of the plurality of snoop ahead transactions for the -
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‘buffe'r circuitry which includes a peripheral wite f’é’Sf 09 6% 1&& 590 6

wite data recei veumver the second bus and g ggt pilofor-~ t-he -qAl
éggsqt he

menory an buffering wi t'e al ¥ #ceilved
f| rst bus mmmmn :ﬂ m cel ved fromthe - peripheral wite buffer;
circuitry iornstnrung, for each of the plurality of snoop ahead

transactlons a snoop status indication for indicating if a respective one
of the pIurallty of snoop ahead transactions corresponding to a respective
one of the nenory access transactions h%g conpl eted.. 19A. The bus bridge
and nmenory controller circuit of claim wherein the snoop transactions

are characterl sed by the cache erformng either a witeback
operation i " ( Ya is complete asmi)m%cgtedf By theg respectlve snoop status

indication.

—_— .
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18 ﬂhe cache line specified by the rel evant snoop request is dirty dﬁ&gﬂmgne»&
i.nternal invalidate cache Iine operation if the cache line specified by éﬁﬁ&ﬂt

Coner o (UIRBIREINRI 5 26°5o any "one of oo . 16% 0 10A wherein the
data is hot® ttan¥fetred fromthe peripg§ral wite buffer into the wite

buffer until the correspondi ng snoop réeduest transaction has conpl et ed.

CLAIMS
What is claimed is:

15. A computer system, comprising:

a processor and a cache memory, each coupled to a first bus;
a main memory;
a bus agent coupled to a second bus; and

a bus bridge and memory controller circuit coupled to the first bus and the second bus,

the bus bridge and memory controller circuit

enabling read and write access to the main memory from the first bus and the second
bus

.- and also including a peripheral write buffer for buffering write data received over the

o/ second bus and targeted for the main memory and a write buffer for buffering write
data received over the first bus and write data received from the peripheral write
buffer,

the bus bridge and memory controller circuit initiating and performing a plurality of snoop
ahead transactions to the cache memory over the first bus during memory access transactions
originated on the second bus and targeted for the main memory,

the bus bridge and memory controller circuit including circuitry for storing, for each of the
plurality of snoop ahead transactions, a snoop status indication for indicating if a respective
one of the plurality of snoop ahead transactions corresponding to a respective one of the
memory access transactions has completed.

15A. The computer system of claim 15, wherein the snoop transactions are characterised by

the cache memory performing either a writeback operation if the cache line specified by the

relevant snoop request is dirty or an internal invalidate cache line operation if the cache line
\/ specified by the relevant snoop request is clean.

15B. The computer system according to any one of claims 15 to 15A, wherein the data is not
transferred from the peripheral write buffer into the write buffer until the corresponding snoop
request transaction has completed.

15C. The computer system according to any one of claims 15 to 15B, wherein the plurality of
snoop ahead transactions correspond to memory write transactions originated over the second
bus.

15D. The computer system according to any one of claims 15 to 15C, wherein said snoop
status indications are provided by storing snoop done flags with the write data in the
peripheral write buffer.



19C. "The bus bridge and nemory controller circuit according to any OMW
clainms 19 to 19B, wherein the plurality of snoop ahead transactions Q\heek

correspor:rd_Jt-o—4q%|ﬂrCBrJy——V\1r-i—t—er transactions originated over the second bus.

19D. The bu rrory controller circuit according to any one of
cl ai s 1 Hﬂﬁﬂﬁ! sai d snoop status indications are provided by
storing gss With the witejglata in the peripheral wite

buf fer. 20 The bus bridge and nenory controller circuit according to any
one of cl ai t.h t at |ne uitry is coupled to
the buffer @Fg‘e‘g%‘g‘;&%gy%%?&g dl tog" °ne|°§§1 oF @a‘ilfﬁnrecel ved over the

f b h d b brid
s, A o ﬁ?g%@ﬁg; gl AR

wherein the memory er circuit includes a nultiplexer
bet ween t he
17. The computer system of claim 16, wherein the circuitry for merging write data received

over the first bus with write data received over the second bus is a multiplexer between the
peripheral write buffer and the write buffer.

ge an

18. The computer system according to any one of claims 15 to 17 , wherein

the bus bridge and memory controller circuit includes a peripheral read prefetch buffer
coupled to the second bus,

for prefetching read data from the main memory corresponding to the memory access
transactions originated on the second bus

only after a corresponding one of the plurality of snoop ahead transactions for the
read data is complete.

19. A bus bridge and memory controller circuit for use in a computer system having a
processor and a cache memory, each coupled to a first bus, and a bus agent coupled to a
second bus, the bus bridge and memory controller circuit coupled to the first bus and the
second bus, the computer system further including a main memory coupled to the bus bridge
and memory controller circuit, the bus bridge and memory controller circuit comprising:

state machine circuitry

for enabling read and write access to the main memory from the first bus and
W, the second bus

and for initiating and performing a plurality of snoop ahead transactions to
the cache memory over the first bus during memory access transactions
originated over the second bus and targeted for the main memory

buffer circuitry which includes a peripheral write buffer for buffering write data
received over the second bus and targeted for the main memory and a write buffer for
buffering write data received over the first bus and write data received from the
peripheral write buffer; and

circuitry for storing, for each of the plurality of snoop ahead transactions, a snoop status
indication for indicating if a respective one of the plurality of snoop ahead transactions
corresponding to a respective one of the memory access transactions has completed.

19A. The bus bridge and memory controller circuit of claim 19, wherein the snoop
transactions are characterised by the cache memory performing either a writeback operation if



5er@bheral wite buffer and the wite buffer for nmerging data fromﬁ%ﬁﬂ\‘“~‘~"""’\""“!t
peri ph ith wite data received over the first bus. Rlesk

The bus ' controller circuit according to any one of clains
19 to 21 Eﬂﬂm '@Dmffer circuitry includes a peripheral read prefetch
buffer c WON ond bus, t he peripheral read prefetch

buffer prefetching read data fromthe ngn nmenory corresponding to
the nenory access transactions originated on the second bus only

after a cory espRNfh\GeORE B thb Wevaht-tndy feduedf is SRR R M AHIaI iANGACLcRD'S T OT
the 15:%% ergﬁi;%%{;@ cgc?)?ﬂﬁlg g:ified by thli reélfe:antlssnfc:% request is clzlan.

19B. The bus bridge and memory controller circuit according to any one of claims 19 to 19A,
wherein the data is not transferred from the peripheral write buffer into the write buffer until
the corresponding snoop request transaction has completed.

19C. The bus bridge and memory controller circuit according to any one of claims 19 to 19B,
wherein the plurality of snoop ahead transactions correspond to memory write transactions
originated over the second bus.

19D. The bus bridge and memory controller circuit according to any one of claims 19 to 19C,
U wherein said snoop status indications are provided by storing snoop done flags with the write
data in the peripheral write buffer.

20. The bus bridge and memory controller circuit according to any one of claims 19 to 19D,
wherein the state machine circuitry is coupled to the buffer circuitry to control the merging of
write data received over the first bus with write data received over the second bus.

21. The bus bridge and memory controller circuit according to any one of claims 19 to 20
wherein the bus bridge and memory controller circuit includes a multiplexer between the
peripheral write buffer and the write buffer for merging data from the peripheral write buffer
with write data received over the first bus.

22. The bus bridge and memory controller circuit according to any one of claims 19 to 21,
wherein

the buffer circuitry includes a peripheral read prefetch buffer coupled to the second bus,

—/ the peripheral read prefetch buffer prefetching read data from the main memory
corresponding to the memory access transactions originated on the second bus

only after a corresponding one of the plurality of snoop ahead transactions for the
read data is complete.



19 r@aa data is conplete as indicated by the respective snoop status
I nceat+orm
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(57) Abstract .
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