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(57) Abstract

) A method of improving computer system performance during
time penalty during microprocessor reads from system memory. This
wherein data is speculatively retrieved from system

begins to retrieve data from the system memory
memory, the time required to retrieve the data is decreased.

memory reads. Prior art computer systems experience a considerable

ecula memory upon receipt of a microprocessor read request. A microprocessor (110) initiates
a read request which is decoded by a memory controller {140). Before the decoding has completed, the memory controller speculatively
device (130). Thus if the decode step determines that the requested data is in system

SYSTEM BUS 150[

time penalty is mitigated by the method of the present invention,




controller chip coordinates data transfers to and fromthese nenory

conponents at the request of the mcroprocessor. One exanple of a prior art
menory controller chip is the 82434LX / NX PCl cache and Menory controller
(PCMO), manufactured by Intel Corporag aata Cl ar a, Calﬂ(frfl[#glfgghe
corporate ass%%’é“ﬁ'fz t he preseifft jé“éﬁﬁh‘@#\s BEEN Figure 17 tes a

prior art conputer system enploying E”ﬁ_rmaocont | | er ehtp—TFhe

m croprocessor 110 is coupl ed t fh @' 120 and system nmenory

130 on a host bus 160. The host bus 160 is connected to a THIE SHRENHaSB6h RQJdc&T
140. A second bus, system bus 150, is connected to the rre

140. The nenory control | er 140 functions-las a bridge betwe mmmnama or
110 and the devices that are coupled to the system bus 150.

system bus may include dey rator, hard drive
controller, and add-in b&i‘fﬁ@ﬁ"a%&lﬁk’ﬁggﬁgﬁ%kwﬁkﬂeq Ser 140 handl es
data transfer requests fromthe m croprocessor 110. The nenory controller
140 receives the read or wite request fromthe m croprocessor 110 and

determ nes whi HIERORTHEINVENTIONa source or target. The m croprocessor
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One type of prior menory _control M croprocessor  interface
(for comuni catMiors spgcifi Wh@%@ﬂ%@@é@%?wm&d%ﬁ@a@% Peffemipg o
communi cat i ng spécalatinesydenemambrycemise) , a system nmenory controller (for
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One type of prior computer system comprises a microprocessor connected
to an external cache, a system memory, and various peripheral devices residing on
a system bus. The microprocessor communicates with the cache memory, system
memory, and peripherals through a memory controller chip. The memory
controller chip coordinates data transfers to and from these memory components at
the request of the microprocessor. One example of a prior art memory controller
chip is the 82434L.X / NX PCI cache and Memory controller (PCMC),
manufactured by Intel Corporation of Santa Clara, California, the corporatc
assignee of the present invention.

Figure 1 illustrates a prior art computer system employing a memory
controller chip. The microprocessor 110 is coupled to an external cache 120 and
system memory 130 on a host bus 160. The host bus 160 is connected to a
memory controller 140. A second bus, system bus 150, is connected to the
memory controller 140. The memory controller 140 functions as a bridge between
microprocessor 110 and the devices that are coupled to the system bus 150. For
example, system bus may include devices such as a graphics accelerator, hard
drive controller, and add-in boards.

The memory controller 140 handles data transfer requests from the
microprocessor 110. The memory controller 140 receives the read or write request
from the microprocessor 110 and determines which device is the data source or
target. The microprocessor issues a read or write request using standard
microprocessor timings.

One type of prior memory controller 140 mclndes a microprocessor
interface (for communicating with the microprocessor), a cache controller (for
communicating with the external cache), a system memory controller (for
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comuni cating with the system nenory) and a bus controller (for

comuni catin with the system bus). These functional conponents of the
menory cont rgﬂ’@?f?’ﬁi’% i ncl uded within one integrated circui PCOUSIN171S
Alternatively, sone manufacturers split the functions anong nore than one

~ chip. The m croprocessor interface unit of the nenory controller
receives, for instance, read commands fromthe m croprocessor and :
determnes (1) the "source", i.e. the device containing the requested -

data, and (2) at what address wthin thg device the data is to be found.
If the source is determned to be a device on the system bus, the bus

Ehe. syst om nenpryatan tor e A sty i S RAohd (OF porBtREGET
nenory read, [{ﬁg}/ @58#2“%&3??& Eflqsgfungg%ﬂaij;@ggqnﬁgts Bé fEemory qontrolld@irest ed
data. |f the decludeddvithimonedntegraicd circuit dhip. chitmemtivelpssomeinmnafacmsde hit and
the data is sgﬁﬁtm@mﬁé,{gmﬁg%gtﬂm%e& or. The system nenory controller

senses the cache hi and doeS not _proceeg with the system nenory read.
This nethod of ret ri"&PPAGPrOGEssy 1t {URAk of the memory conpralier deqeiyes.der syst em
per f or mance bynstageceatconimands fromnbe micrdpromessor anddetsmines (1) i M cr opr ocessor

to retrieve syshafe R He/deVRE Bontaining the requested data, and (2) at what address
within the device the data is to be found. If the source is determined to be a device
on the system bus, the bus controller takes over. If the source is determined to be
system memory, the system memory controller takes over. Upon a request for a
system memory read, the cache controller searches the cache for the requested
data. If the desired read data is in the cache, there is a cache hit and the data is sent
back to the microprocessor. The system memory controller senses the cache hit
and does not proceed with the system memory read. This method of retrieving
data from the cache improves computer system performance by reducing the
amount of time it takes for the microprocessor to retrieve system memory data.

Although the system performance is improved by using an external cache,

there is also a considerable time penalty associated with a system memory read that

does not hit in the cache. For one example of a system memory comprising
dynamic random access memory (DRAM), it takes 7 clocks to retrieve the first
data word from system memory. However, if the MiCroprocessor were to request
two data words from system memory, it would take considerably less time (i.e. 2
clocks) to return the second data word.

Some prior art computer systems take advantage of this time savings by
retrieving an entire line (four data words) from system memory during a read
operation, whether or not the entire line was requested by the microprocessor.
The entire line is then placed in the cache. For a computer system based on a
Pentium/E Processor manufactured by Intel Corporation of Santa Clara,
California, each data word comprises 64 bits.

Thus it can be appreciated that in order to improve system performance-
during a system memory read, the number of clock cycles required to return a first
data word from system memory should be reduced. It is therefore desirable to
provide for a method by which system performance may be increased by
decreasing the time required to retrieve a data word from system memory.



Al t hough the system performance is inproved by using an external cache,
there is also a considerable tine penalty associated with a system nenory
read that does not hit in the cache. For one exanple of a system nenory
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m cr oprocessor were .to request two data words from system nenory, it woul d
take considerably less tinme (i.e. 2 clocks) to return the second data word.
Some prior art conputer systens take advantage of this time savings by
retrieving an entire line (four data words) fromsystem nenory during a
read operation, whether or not the entir®8-line was requested by the

m croprocessor. The entire line is then placed in the cache. For a conputer
system based on a Pentiunferr] Processor manufactured by Intel Corporation
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decreasing the tinpe require O retrlev at rd fro stem nenory.
g circuitry dccq es the memory read request to 1 cnnq'y\tlt\@ memory H;,vsxc\(: y

corresponding to the memory source. In parallel to the decoding of the memory
read request, speculative data is retrieved from system memory based on the
incoming address. If the decode circuitry determines that the system memory was
not the requested memory source, the speculative read is aborted. The speculative
data is thus not used by the microprocessor. If the decode circuitry determines that
the system memory was the requested memory source, then the speculative data is
provided to the microprocessor.

Other features and advantages of the present invention will be apparent
from the accompanying drawings and the detailed description that follows.

BRIEE DESCRIPTION OF THE DRAWINGS

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

Figure 1 illustrates a prior art computer system.

Figure 2 illustrates a prior art memory controller.

Figure 3 illustrates a timing diagram of signals asserted during a prior art
memory read request.

Figure 4 illustrates a timing diagram of signals asserted in accordance with
one embodiment of the present invention.

Figure 5 illustrates a state diagram in accordance with one embodiment of
the present invention.

DETAILED DESCRIPTION

A method and apparatus for performing speculative system memory reads
is described. In the following description, numerous specific details are set forth,
such as specific system components, bus cycles, and timing waveforms in order to
provide a thorough understanding of the present invention. It will be apparent,
however, 1o one skilled in the art that these specific details need not be employed
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OF THE | NVENTI ON A nmet hod of inproving conputer system performance
during menmory reads is described. A mcroprocessor requests a nenory read
by speci fyi n§¥@#/246/2dr ess and a nmenory source, indicating t RCYGOMITAR of
the desired data. Decode <circuitry decodes the nenory read request to
identify the nenory device corresponding to the nmenory source. In parallel
to the decoding of the nenory read request, speculative data is retrieved
fromsystem nenory based on the incomng address. |If the decode circuitry
determ nes that the systemnenory was et the requested nenory source, the
specul ative read is aborted. The speculative data is thus not used by the
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is shown. The memory controller 140 comprises a microprocessor interface 210,
including decode circuitry 240 and read control circuitry 260. The memory
controlier 140 further comprises cache controller 220, bus controller 250 and
system memory controller 230.

The microprocessor interface 210 is coupled to the microprocessor 110 via
the host bus 160. For an alternative embodiment of the invention, one or more
microprocessors are also coupled to memory controller 140 via host bus 160. The
microprocessor 110 requests read and write operations by asserting signals over
the host bus 160 to the memory controller 140. The decode circuitry receives the
signals over the host bus 160 and determines (1) whether a read or write operation
is requested, (2) what the read source device and the write target device are, and
(3) what the desired address within the read source device or write target device is.

If it is determined that a read operation is requested, then control is
transferred to the read control circuitry 260. The read control circuitry 260 is
responsible for controlling read operations from either the system bus 150, the
system memory 130, or the cache 120. For one embodiment of the invention, the
read control circuitry 260 comprises a state machine. The operation of the read
control state machine will be described in more detail herein below.

The cache controller 220 controls accesses 1o and from cache 120. One
function of cache controller 220 is to maintain cache coherency. Each time the
microprocessor 110 requests data from system memory 130, the cache 120 is
checked to see if it contains the requested data. If so, a cache hit has occurred and
the data is read from the cache 120 rather than system memory 130. Altematively,
if the data is not found in the cache 120, a cache miss occurs and the data is
transferred from system memory 130 to both the microprocessor 110 and the
cache 120. For one embodiment, the cache controller comprises a state machine.

For one embodiment, the cache 120 employs a “write-through” cache
coherency protocol. During a microprocessor write to system memory 130, when



Figure-1 illustrates a prior art conputer system Figure 2
illustrates a prior art nenory controller. Figure 3 illustrates a
timng diagram of signals asserted during a prior art nmenory read request.

Figure 4 ill a timng diagramof signals asserted in ﬁﬁw
with one enb%%&zof t he present invention. Fi gurg%’ir [ t?}gﬁ?at es

a state diagramin accordance w th one embodi nent of the present

i nventi on. DETAI LED DESCRI PTI ON A nmet hod and apparatus for .
perform ng specul ative systemnenory reads is described. In the follow ng
description, nunmerous specific details are set forth, such as specific
syst em conponents, bus cycles, and tim n§ waveforns in order to provide a
t hor ough understandi ng of the present invention. It will be apparent,
however, to on&cashe hitdsdletented hothathe dath atithinthe eacke 120 and systern miemorn8¥H not  be

enpl oyed are uw@atai/ 1£4 8doPe miss is detected, then only system memory is updated.

PC-I__/ 'USQ 6/11715 Alternatively, the cache 120 employs a “write-back™ cache coherency
protocol. During a microprocessor write to system memory 130 that hits in the
cache 120, only the cache 120 is updated with the new data. The new data is then
written back to system memory 130 at a later time. When a microprocessor write
misses the cache 120, only system memory 130 is updated.

For one embodiment, the cache 120 comprises burst static random access
memory (SRAM). For another embodiment, the cache 120 comprises
asynchronous SRAM. The size of the SRAM array may comprise 256 kilobytes,
512 kilobytes, or any other appropriate size as determined by the configuration of
the computer system.

The memory controller 140 further comprises a system memory controller
230. System memory controller 230 is responsible for providing appropriate
control signals to the system memory 130 in response to read and write requests
from microprocessor 110. For one embodiment, the system memory controller
230 comprises a state machine.

For an embodiment, the system memory 130 comprises a DRAM array.
An embodiment of the system memory controller 230 therefore comprises a
refresh timer circuit for providing refresh signals to the DRAM. -

The bus controller 250 is used to control requests of the system bus 150.
For example, the microprocessor 110 may request data from a peripheral device
that is coupled to the system bus 150. The bus controller 250 then asserts the
appropriate address and control signals on the system bus 130, according to the
system bus protocol. For one embodiment, the system bus protoco} is the
peripheral component interconnect (PCI) protocol, and thus the bus controller 250
functions as a PCI bridge.

The bus controller 250 also interfaces between system memory 130 and the
system bus 150. For instance, a device residing on the system bus 130 requests to
read data from or write data to system memory 130. The bus controller 250 drives
the appropriate signals to the system memory 130 in order to complete the
operation.

Figure 3 illustrates a timing diagram of a prior art read request from the
microprocessor 110. Throughout the following discussion, signal names will be



4- to practice the present invention. In other instances, well known
conponents or nethods have not been described in detail in order to avoid
obscuring the present invention. Referring to Figure 2, a prior
art enbodi nent of the nenory controller 140 is shown. The nenory
control l er 14908372 ses a mi croprocessor interface 210, i nBCTUSHIMSCcode
circuitry 240 and read control circuitry 260. The nenory controller 140
further conprises cache controller 220, bus controller 250 and system
menory controller 230. The m croprocessor interface 210 is coupl ed
to the mcroprocessor 110 via the host bus 160. For an alternative

enbodi ment of the invention, one or noreg mcroprocessors are al so coupl ed
to menory controller 140 via host bus 160. The m croprocessor 110 requests
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reduce this minimum clock count for two reasons. 'First, much of the latency is

dependent upon the specified access time of the system memory device 130.
Second, the amount of time spent in decoding the read request and setting up the
corresponding signals is required, and thus is difficult to reduce. For example, the
timing diagram of Figure 3 illustrates that using a prior art memory controller, it
took 7 clocks to return data to the microprocessor 110 in response to a read
request. '

During clock 300, a read request is asserted by the microprocessor 110.
The microprocessor 110 asserts the address strobe, “ADS#,” on the host bus 160
to indicate the initiation of a bus cycle. During the same clock, the microprocessor
110 asserts an address on the ADDRESS signal bus. For one embodiment, the
ADDRESS signal bus comprises a 32 bit bus. Altematively, the ADDRESS signal
bus comprises one of various other widths, depending on the particular
microprocessor and computer system configuration.

The address is received by the decode circuitry 240 in decode clock 310.
The decode circuitry thereafter processes the address. The address may indicate a
data request from either systern memory 130 or from a device coupled to the
system bus 150. The decode circuitry 240 transfers control to the read control
circuitry 260 for the read request operation.

The read control circuitry 260 enables the appropriate control block,

" depending on which device was specified by the microprocessor 110 in its read
request. During clock 320 the read request signal, R_REQ, is asserted by the read
control circuitry 260. Additionally, the memory enable signal MEM_EN is
asserted by the read control circuitry 260 to indicate that system memory is the
requested source to be read from. The system memory controller 230 senses the .
MEM_EN signal and asserts the required signals to the system memory 130 in
order to complete the read operation.




read control circuitry 260 conprises a state nmachine. The operation of the
read control state machine will be described in nore detail herein bel ow
The cache controller 220 controls accesses to and fromcache 120. One
function. of cache _controller 220 is to maintain cache coherency. Each tinme
the nicroprock9d¥4%730 requests data from system memory 130, SRS 120
Is checked to see if it contains the requested data. If so, a cache hit
has occurred and the data is read fromthe cache 120 rather than system
menmory 130. Alternatively, if the data is not found in the cache 120, a
cache m ss occurs and the data is transferred fromsystemnenory 130 to
both the microprocessor 110 and the cach® 120. For one enbodi nent, the
cache controller conprises a state machine. For one enbodi nent, the
cache 120 enpl oys a Reenll that whanevey h'System memocyivad emenyte iy petformed, tHeur i ng a
M C1OPr 0CeSSOr. it 20(ifschikbhbe? T R BRicmnell thal the Rache 120 has iecifesed® 72
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.. data, then the HIT signal is asserted by cache controller 220 in clock 320. When
the HIT signal is detected by the read control circuitry 260, the read control
circuitry 260 causes the system memory control 230 to abort the system memory
read operation. During the same clock 320, the burst ready, or BRDY#, signal is
asserted by the cache controller 220 on the host bus 160 to indicate that data has
been placed on the microprocessor 110 data pins in response to the read request.
Assuming that the read operation does not hit in the cache, the system
memory controller 230 continues with the system memory read during clocks 330-
370. The requested data is then returned to the microprocessor 110, and may be
written to the cache 220, during clock 370. The BRDY# signal is asserted
simultaneously. Note that for the embodiment shown in Figure 3, it takes 7 clocks
to return the data from the system memory 130. Note that the majority of the
clocks were used by the system memory controller 220 in retrieving the requested
data.
One prior art embodiment of the system memory controlier 230 retrieves
four consecutive data words, even if only one word is requested, from the system
memory controller. The four words are then stored in the cache in case they are
required at a later sequence in the microprocessor program. The four words are
retrieved because it takes considerably less clocks to retrieve an adjacent data word
once the first word has been read. For instance, one embodiment of a cache
controller performs a read of four consecutive reads, the first using 7 clocks and
the second through fourth using 2 clocks. Thus the memory controller is capable
of performing a 7-2-2-2 memory read cycle.
As was mentioned previously, it is often difficult to reduce the number of
clock cycles required to retrieve the first data word from system memory 150. As
will be described below, however, the method of the present invention mitigates
this problem by performing a speculative system memory read during every
microprocessor read operation.
Thus a method and apparatus for performing speculative system memory
reads is described. The method as described is performed by a memory controller
comprising decode circuitry, read control circuitry, and bus controller.



a cachée hit is detected, both the data within the cache 120 and system
menory 130 are updated. |If a cache mss is detected, then only system
menory i s updated. Al ternatively, the cache 120 enpl oys a
"write-back"” cache coherency protocol. During a mcroprocessor wite to
system menor yWwo3024Tat hits in the cache 120, only the cacherCesdsirsns
updated with the new data. The new data is then witten back to system
menory 130 at a later tine. Wien a microprocessor wite msses the cache
120, only system nmenory 130 is updated. For one enbodi nent, the
cache 120 conprises burst static random access nenory (SRAM. For anot her
enbodi ment, the cache 120 conprises asygachronous SRAM The size of the
SRAM array may conprise 256 kil obytes, 512 kil obytes, or any other
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protocol is tH8¢
clock 400 In the same clock, the address signals are asserted on the ADDRESS

signal bus. As described above, the ADDRESS signal bus comprises a plurality
of bits. For one embodiment of the invention, a first group of the ADDRESS bits
indicates which device the microprocessor desires to read data from. A second
group of ADDRESS bits indicates the address within the desired device at which
the data is located. It should be appreciated that the particular assignment of
ADDRESS bits depends on the type of microprocessor, memory devices, and bus
protocols used, and thus is not meant to limit the scope of the present invention.

The decode circuitry 240 decodes the read request from the microprocessor
110 during clock 410. During the same clock, the R_REQ signal is asserted to
indicate a read operation, and the MEM_EN signal is asserted to indicate a read
from system memory 130. Note that the read control circuitry 260 asserts these
signals one clock earlier than in the timing diagram of Figure 3. This is because
the read control circuitry 260 directs the system memory controller 230 to perform
a read from system memory 130, irrespective of the decode circuitry 240. The
system memory controlier 230 performs the read from system memory 130 by
using the second group of ADDRESS bits, indicating the position within the
memory device that the requested data resides.

The decode circuitry 240 finishes decoding the read request from the
microprocessor 110, and takes appropriate action in clock 420. If the decode
circuitry 240 indicates that the requested device (i.¢. the first group of ADDRESS
bits) indicated that the system memory 130 was the correct source, no action is
taken. Thus the data is retrieved from the system memory during clocks 430-460.



peri pheral conponent interconnect (PCl) protocol, and thus the bus

control l er 250

al so interfaces between system nenory 130 and the
i nstance, a device residing on the systembus 130 requests tQ

functions as a PCl bridge. The bus controller
system bus 150. For
read data

fromor witeW¥B4¥B system menory 130. The bus controller

appropriate signals to the systemnenory 130 in order to conplete the

oper ati on.
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si gnal s design
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Figure 3 illustrates a timng diagramof a prior art

romthe mcroprocessor 110. Throughout the follow ng
gnal names w il be WO 97/ 24672 '

referred to as "ass@®ted" and "deasserted." Those
ated by the "#" synbol are active |ow and therefore are

Fhé BRIDYH sighabis aien assthed intcheek 460 to indicate that the data is ready on
the microprocessor 110 data pins.

By contrast, if the decode circuitry 240 detects that the system memory 130
was not the proper source for the data, it asserts an ABORT signal during clock
420. This situation would arise if the microprocessor 110 requested a read from a
device on the system bus 150, for instance. The ABORT signal is detected by the
read control circuitry 260 and the system memory controller 230. Upon detecting
the ABORT signal, the system memory controlier 230 halts the current read
operation. For one embodiment, the system memory controller 230 comprises a
state machine, including a state in which the read operation is gracefully exited
upon receiving the ABORT signal.

Note that for the embodiment described herein, the cache control logic 220
is not affected by the speculative read of the system memory 130. The cache
control logic 220 searches the cache 120 for the requested data under the direction
of the read control circuitry 260.

Figure 5 illustrates a state machine for one embodiment of the read control
circuitry 260. The IDLE state indicates that no read operation is currently being
performed. The SPEC READ state indicates that a speculative read is being
performed by the system memory controller 230. The MEMORY READ state
indicates that a non-speculative system memory read is being performed by the
system memory controller 230.

The state machine starts in the IDLE state. Upon receiving the read request
from the microprocessor 110 (i.e. the ADS# signal), the SPEC READ state is
entered, as is shown by path 510. If no system memory read is received, the read
control circuitry remains in the IDLE state via path 560.

The read control circuitry 260 remains in the SPEC READ state until one
of two conditions occurs. If the decode circuitry 240 determines that the system
memory 130 is the correct device, then the MEMORY READ state is entered via
path 520. If the decode circuitry determines that the systerm memory 130 is not the
correct device, then the IDLE state is entered via path 530. It is during this state
that the system memory controller 230 gracefully halts the speculative read
operation.

. The read control circuitry 260 remains in the MEMORY READ state (as is
shown by path 540) while the system memory 130 is being accessed. Once the



signals are active high, and thus are asserted when in the logical | state.
It should be appreciated by one skilled in the art that the designation of
the signals as active low or active high does not |limt the scope of the
present invention. One problemfaced by prior art nmenory

controll ers iwololvasderzt takes a certain mni num nunber of cl @ckassen171s
retrieve a data word fromnenory. It is difficult to reduce this mninmm
clock count for two reasons. First, nuch of the latency is dependent upon
the specified access tine of the system nenory device 130. Second, the -
anount of tine spent in decoding the read request and setting up the
corresponding signals is required, and :tlays Is difficult to reduce. For
exanple, the timng diagramof Figure é illustrates that using a prior art

menpry controller, it topok l,ocks to. urn ta t he nmi.croprocessor
110 in responstifd ipsbeenssipev ‘H@eb&qmes avm{agfe’asljﬁ?"l%’r\%wg%& & FHTON  ead |
request is assBRD¥#, the read gontral cisgnitny 260xotersithe IDLE g@termiapash bR essor 110

asserts the addresspgioh®B@bodimbiRfthe st ndeRinb 06 FightS cbifprisésd | ndi cate the

initiation of a bus cycle.. Duri he. same ¢l gc t he.m cr.aprocessor 110
asserts an adoﬁ'@%‘?“"ﬂ??x{éﬂﬁg’ﬁﬁt@gl\é'i 5“3?’“5’5@.’ (‘_)"ﬁﬁfmorﬂ%"hgﬁ%gf)% 5 the
ADDRESS si gnal iniplesnentedossingastored ipSmighionshsich ap\microeade. Fert yet andther ADDRESS

signal bus cofMddifichtANEsiAb mbehihOSISFifind' 8 Comibieb SomBiRARINE 1BEC Paled he
particular mcr.oprqocessor and conputer system configuration. The

address is re St he decode circuitr 240 in dqcode clock 310. The
decode circuitry t Busaimehodandappasaes foh ingspeculptize systtrememenyy i ndi cat e

a data requesksddiOflsEibdde The HeRifFmed BPa fembhyidnaoli@Yice coupl ed to
the system bus Q. The decode circuitr % 0 tr arl_séf rs zggr&c;nol to the read
control cir CWE@IEBW‘WS?“?W&WW%WZ@ AP Sﬁ'.’”( Y The read
control circuimenporgcandsBhibystem bus. ddiomativelyttee methed of the prsedat invensioandi ng on
whi ch devi ce Wagy BdR&ichiEsin®micRprotesbnpres Systen hokihg ond 6 nide ef
' the above-described devices. Moreover, the present invention may also be

employed in a computer system employing more than one microprocessor, more

than one system memory device, more than one device on the system bus, or more

than one external cache.

In the foregoing detailed description a method and apparatus for

performing speculative system memory reads is described. The method and

apparatus of the present 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. The specification and drawings are,

accordingly, to be regarded in an illustrative rather than a restrictive sense.



request. During clock 320 the read request signal, R REQ is asserted by
the read control circuitry 260. Additionally, the nenory enabl e signal
MEM EN is asserted by the read control circuitry 260 to indicate that
system nmenory J requested source to be read from The system nenory
control | er 23&@%.}rléggzthe MEM EN signal and asserts the reqtﬁ/‘%Té'éF*‘é'H}m s
to the systemnenory 130 in order to conplete the read operation.

WO 97/ 24672

PCT/ US96/ 11715 -7-
Recal | that whenever a systemnenory read or wite is perforned, the cache
120 is searched. If it is determ ned thall-the cache 120 has the requested

data, then the HI T signal is asserted by cachg T er h clock 320.
Jifs %E 17
[

Wien. the HI'T SLAIMS i s detected by the read d 1 try.260, the
read control WhHafMdlcidineddeO causes the systemlgenp ol 230 to abort

t he' §yst €M MEMPTY - A method of improving computer system performance during memory

reads, the method comprising the steps of:

(A)  receiving a read request specifying a first memory source and a first
address within said first memory source from which requested data is to be read;

(B)  decoding said read request to identify a device corresponding to
said first memory source; and

(C)  beginning to fetch speculative data from a system memory using
said first address, irrespective of whether step (B) has been completed.

2, The method of claim 1, wherein said system memory comprises dynamic
random access memory (DRAM).

3. The method of claim 1, further comprising the step of
(D)  aborting step (C) if step (B) determines that said device
corresponding to said first memory source is not said system memory.

4. The method of claim 3, wherein said read request is asserted by a host, and
wherein step (D) further comprises the step of

returning said speculative data to said host if step (B) identifies said device
corresponding to said first memory source as said system memory.

5. The method of claim 4, wherein said host is a microprocessor, and
wherein said read request is issued using microprocessor read timings.

6. A method of automatically performing a read operation, comprising the
steps of;

(A)  receiving a read command from a host specifying a location of first
data by including first address signals and first device signals;

(B)  decoding said first device signals to identify a first device

containing said first data; -
(LT
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read operation. During the sanme clock 320, the burst ready, or BRDY#,
signal is asserted by the cache controller 220 on the host bus 160 to

indicate that data has been phacgd.gn Q& r’rf'ac(é(rioprocessor 110 data pins in
response-to the read request. ng that the read operation
does not hit VO%¥R&%ache, the H”IJHHI‘I

control |l er 230PCONSY/IAHS W t h
the system nenory read during c 0. The requested data is then
returned to the mcroprocessor 110, and may be witten to the cache 220,
during clock 370. The BRDY# signal is asserted sinultane t hat’
for the enbodi ment shown in Figure 3, it takes 7 cI.'e‘q.“sS_VtEE doir n t e data
fromthe system nmenory 130. Note that the. majority lof th@EPk s—ET e used
by the system nenory controller 220 in retrieving the—+equésted data.

One.prior art e”bOQCFE”beéiﬁnihEﬁ)é&é@@@e&ﬂﬁ%ﬁaﬁ%ﬁ{ﬁi&ﬁhﬁ&ﬂ?B&{,{ei eves four
3 e romthe system

consecuti ve data ds, even If only.one wrd | s request )
nenory controlsﬁe&‘wiﬁ}eﬂb‘fﬂm%%é&z‘f ¥k vEJata corppoRdsdp &id n case t hey
are-required girstadirasscsignatsgaghce in the mcroprocessor program The four

d tri it ' I : . tri
words are retri eve@pec?a&ggﬁ s?{d?@h&gé@fﬂ@; %sélﬁ%ﬁsg&ﬁ%dtrg etrieve

an adj acent data word onc e as been rea orInStance, one
enbodi ment of °8"’858ﬁ’185£°8r{§9 ptifies suid figst device 3ssaid systerp FgmoBbnsecut i ve reads,

the first using 7 clocks and the second through fourth using 2 clocks. Thus
the menmory control HBE mefhoR 3P BRI 6 XhdpGh 04 & thory far ks ' €ad cycl e.
As was rrentio:&ed reviously, It Is (ﬁe??iq dlggfs&g’cﬁfto%garr@cég%g&%%gé nunber of
cl ock cycles t’é[’,ﬂﬂ%f’&?d?’& § Pepey PRAM)- st data word from system nenory
150. As will be described bel ow, however, the nethod of the present

i nventi on it ggat eqn eihoRloP DB Wheih LEf () Ttkitr SHHL S Y2y 8.5t €M MEmOTY

read during every m CL.OProcessor r 0 at’i on, L L met hod and
apparat us for perfﬁ?%l?%t%@dgﬁ?ﬂ@s gtoamings, spid figstlevice is not said system

memory.

9. The method of claim 6, wherein said host is a microprocessor, and
wherein said read command is issued by said host according to microprocessor
read timings.

10. A memory controller, comprising:

(A)  speculative read control circuitry that receives a read command
from a host that includes an address and a device code, and wherein said
speculative read control circuitry begins retrieving speculative data from a system
memory device using said address of said read command immediately upon
receiving said read command; and

(B)  decode circuitry that decodes said read command to identify a
memory device that is associated with said device code, and if said memory device
identified is not said system memory device, said decode circuitry asserts an abort
signal to said speculative read control circuitry.

11. The memory controller of claim 10, wherein said speculative read control
circuitry further comprises a state machine.

12. A computer system, comprising:
a host;
a system memory device for storing data values to be used by said host; -
s BN

UL



reads is described. The nmethod as described is performed by a nenory
controller conprising decode circuitry, read control circuitry, and bus
controller. WO 97/ 24672

PCT/ US96/ 11715

Recal | that | WR#¥BH or art nethod, the nicroprocessor read ?mg?l%s
decoded in clock 310 and the data was retrieved in clock 320. By contrast,
the method of the present invention reads data fromthe system nenory 130
in parallel to the decode step. If the decode step determi nes that the
system menory was the requested source, then the data is returned to the
m croprocessor 110 a clock early. If, b¥3contrast, the decode step
determ nes that the system nenory was not the requested source then the

data retrieved fromatniendiy sértrollemcoupledits s4id hpst yndwaid sysemdnemory device,Fi gure 4
ill'ustrates a gélmn@mgy @&u%iﬁ#fﬂn&?%&ﬁ&%?f wi th one enbodi nent of
(A)  speculative read control circuitry that receives a read
command from said host, wherein said read command includes an address and a
device code, and wherein said speculative read control circuitry retrieves
speculative data from said system memory device using said address of said read
command immediately upon receiving said read command; and .
(B)  decode circuitry that decodes said read command to identify
a memory device that is associated with said device code, and if said memory
device identified is not said system memory device, said decode circuitry asserts
an abort signal to said speculative read control circuitry.

13.  The computer system of claim 12, wherein said speculative read control
circuitry further comprises a state machine.

14,  The computer system of claim 12, wherein said system memory device
comprises dynamic random access memory (DRAM).
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the present invention. Simlarly to the nethod shown in Figure 3, the
m croprocessor 110 initiates a read request and thus the ADS# signal is
asserted in clock 400. In the same clock, the address signals are asserted
on the ADDRESS signal bus. As described above, the ADDRESSper/gssshifias
conprises a wowaderity of bits. For one enbodi nent of the invention, a
first group of the ADDRESS bits indicates which device the m croprocessor
desires to read data from A second group of ADDRESS bits indicates the
address within the desired device at which the data is |located. It should
be appreciated that the particul ar ass{ ment of ADDRESS bits depends on
the type of m croprocessor, nenory dev s, and bus protocols used, and
thus is not neant to limt the scope of the present invention. The
decode circuitry 240 deco read request fromthe mcroprocessor 110
during clock 410. During clock, the R REQ signal is asserted to
i ndicate a read operation, e MEMEN signal is asserted to indicate a
read from system nenory ﬁi e that the read control circuitry 260
asserts these signals OH@Q earlier than in the timng di agram of
Figure 3. This is becausg® ad control circuitry 260 directs the
system nenory controller erform a read fromsystem nenory 130,
irrespective of the decod try 240. The system nenory controller 230
perfornms the read fromsystefn nenory 130 by wusing fhe second group of
ADDRESS bits, indicating thejposition within the ngnory device that the
request ed data resides. The decode circuitryp 240 finishes decoding
the read request fromthe m ¢roprocessor 110, and tphk&s appropriate action
in clock 420. If the decode ¢ircuitry 240 indicates tQ@t t he requested
device (i.e. the first groupjof ADDRESS bits) indicpted that the system
menory 130 was the correct s¢urce, no action is taken 2 Thus the data is
retrieved from the sy§§ m ne ﬁGéﬁ
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WD 97/ 24672

PCT/ US96/ 11715 ' -9- The BRDY#
signal is then asserted in clock 460 to indicate that the data is ready on
the m croprocessor 110 data pins. By contrast, if thﬁcF ﬁﬁﬁn

circuitry 240 WOS2R2#I2 ¢ hat t he system nmenory 130 was not the proper scs)urce
for the data, it asserts an ABORT signal during clock 420. This situation
woul d arise if the mcroprocessor 110 requested a read froma device on -
the system bus 150, for instance. The ABORT signal is detected by the read
control circuitry 260 and the systen1neq£[ control l er 230. Upon detecting
the ABORT signal, the system nenory cont | er 230 halts the current read
operation. For one enbodi nent, the system nmenory controller 230 conprises a
state machine, including a state in which the read operation is gracefully
exited upon receiving the ABORT signal. Note that for the

enbodi nent descri bed herein, the cache ;:I | ogi ¢ 220
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is not affected by the specul ative read of the system nenory 130. The cache
control logic 220 searches the cache 120 for the requested data under the
direction of the read control circuitry 260. Figure 5 illustrates
a state machine for one enbodiment of the read control circpihfsoehiifhs The
| DLE state i nWiooaR4eI2t hat no read operation is currently being perforned.
The SPEC READ state indicates that a speculative read is being perforned
by the system nenory controller 230. The MEMORY READ state indicates that
a non-specul ative systemnenory read is being performed by the system
menory controller 230. The state machine starts in the |IDLE state.
Upon receiving the read request fromt m croprocessor 110 (i.e. the ADS#
signal), the SPEC READ state is entered, as is shown by path 510. If no
system nmenory read is received, the read control circuitry remains in the
| DLE state via path 560. The read control circuitry 260 remains in
the SPEC READ state until one_of two conditions occurs. If the decode

circuitry 240 determ ngsS That[ tjie sysffem nenory Ji30 TS]thé correct device,
thén the MEMORY R stjate i s} gntered via path 5pR0. If}the decode
circuitry determn tRat the s&sten1nennry 130 ip not the correct device,
then the IDLE state islenterdd jvia path 530, It ip dufing this state . that
t he system nmenory-centtol Fer- 2':#6 or aceful +yr-halt st thet specut ati ve read
operati on. The|read control clircuityy 260 renmpins in the MEMORY
READ state (as is Hown by path 540) mhile the systemnenory 130 i s being
accessed. Once the '
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PCT/ US96/ 11715 -10- dat a has
been retrieved and becones available, as is indicated by the assertion of

BRDY#, the read control circuitry 260 enters the |IDLE state pBueair®s50.
For one enbodW@8T2467t he state machine of Figure 5 conprises a progranmmble
logic array (PLA). Alternatively, the state machine of Figure 5 is

i npl enented using stored instructions, such as m crocode. For yet another
enbodi ment, the state machine of Figure 5 conprises conbinational |ogic
gates and flip-flops. Thus a hod and apparatus for performng
specul ative systemnenory reads is de i bed. The nethod .is perfornmed by a
menory controller for interfacing between a mcroprocessor and (1) an
external cache, (2) system nenory, and (3) a systembus. Alternatively,
the-nethod of the present invention nmay be perforned in a m croprocessor
conputer system | acking one or nore of the above-described devices.

Mor eover, the present invention may al so be enployed in a conmputer system
enpl oyi ng nore than one m croprocessor, nore
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t han one system nenory device, nore than one device on the system bus, or
nore than one external cache. In the foregoing detail ed
description a nethod and apparatus for perform ng specul ative system
menory reads %ﬁ gﬁﬁ@%Jbed' The net hod and apparatus of the present

i nvention has "he& escribed with reference to specific exe §;>6/11715
enbodi nents thereof It will, however, be evident that various

nodi fications and changes nay be nade thereto without departing fromthe .
broader spirit and scope of the invention. The specification and draw ngs
are, accordingly, to be regarded in an_illustrative rather than a

[
restrictive sense. 5/ - 11 -
CLAI M5 1. A nmet hod of inproving conputer system performance
during

560

MEMORY
READ

FiIG. 5



mempry reads, the nmethod conprising the steps of: (A receiving a
read request speﬁmm&?ry source and a first address within
said first menory source fromwhich requested data is to be reagin0f3d -

B decodi ng sa to |dent|fy a device corresponding to
gal) d first rne(F:]mryiﬂqsm@&gla aced (O specul atively initiati ngl KOS
fetch of data from using said first address, before step
(B) has been corrpl Theynmet hod of claiml, wher ei n sai d
syst em nmenory corrprl ses dynam c random access nenory (DRAM). 3.
The met hod of claim1, further conprising the steps of (D)
finishing said decoding of said read (oABdE in step (B), and (B

aborting step (C) if step (D) determ nes that said device
1. A method of improving computer system performance during

memory reads, the method comprising the steps of:

(A) receiving a read request specifying a first memory-source and a
first address within said first memory source from which requested data is to
be read;

(B)  decoding said read request to identify a device corresponding to
said first memory source; and

(C)  speculatively initiating a fetch of data from a system memory
using said first address, before step (B) has been completed.

2. The method of claim 1, wherein said system memory comprises
dynamic random access memory (DRAM).

3. The method of claim 1, further comprising the steps of

(D)  finishing said decoding of said read request in step (B), and

(E)  aborting step (C) if""étep (D) determines that said device
corresponding to said first memory source is not said system memory.

. / 4. The method of claim 3, wherein said read request is asserted by a
host, and wherein step (E) further comprises the step of

returning said data to said host if step (D) identifieé said.device
corresponding to said first memory source as said system memory.

5. The method of claim 4, wherein said host is a microprocessor, ’

and wherein said read request is issued using microprocessor read timings.
6. A method of automatically performing a read operation,
comprising the steps of:
(A) receiving a read command from a host specifying a location of

first data by including first address signals and first device signals;

/ ' REPLACEMENT SHEET
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corresponding to said first nenory source is not- said system nenory.
4. .The nmethod of claim3, wherein said read request is asserted by a

host, and wherein step (E) further conprises the step Ofyyi Sheet HasBRI BT
said data to said host if step (D) identifies said device to
said first nmenory source as said system nenory. 5. UI'] ﬂmﬂﬂﬂﬂifof
claim4, wherein said host is a mcroptdcessor, and wher
request is issued using mcroprocessor read tin ngs. 6. A et hod
of automatically perform ng a read operation, conprising the steps of:
() receiving a(pgad sQmmRRd kot RORe SARAL b idihifly| PERLIRRIQS i TSt
data by including first address signals and”first devite signals;

containing said first data;

(C) speculatively initiating a fetch of data from system memory
before step (B) has been completed, wherein said data corresponds to said first
address signals;

(D)  completing said decoding of said first device signals in step (B);

and

A (E) returning said data to said host in response to said read

.

command if step (D) identifies said first device as said system memory.

7. The method of claim 6, wherein said system memory further
comprises dynamic random access memory (DRAM).

8. The method of claim 6, wherein step (E) further comprises the
step of:

aborting step (C) if step (D) determines said first device is not said
system memory.

9. The method of claim 6, wherein said host is a microprocessor,
and wherein said read command is issued by said host according to
microprocessor read timings.

10. A memory controller, comprising:

(A) speculative read control circuitry that receives a read command
from a host that includes an address and a device code, and wherein said
speculative read control circuitry speculatively initiates a fetch of data from a
system memory device using said address of said read command immediately
upon receiving said read command and before said device code has been
decoded; and

(B)  decode circuitry that decodes said read command to identify a

memory device that is associated with said device code.
S
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- 12 -, (B) decoding said first devi ce si gnal-s—teo—tdentify a 1T st

device containing said first data; (O specul at I vel y i niti atl ng
a fetch of data fromsystem nmenory before step (B) ha%h
whérein said data corresponds to said first address SI (D)
conpl eting said decoding of said first device signals |

| rea commnd | f

(B returning said data to said hostyin_response to sa

step (D) identifies said first device as said system nenory.

The nethod of claim®6, wherein said system nenory further
11. The memory controller of claim 10, wherein said speculative

read control circuitry further comprises a state machine.

12. A computer system, comprising:

a host;

a system memory device;

a memory controller, coupled to said host and said system memory
device, said memory controller further comprising

(A) speculative read control circuitry that receives a read command
from said host, wherein said read command includes an address and a device
code, and wherein said speculative read control-circuitry speculatively
initiates a fetch of data from said system memory device using said address of
said read command immediately upon réceiving said read command and
before said device code has been décoded; and

(B)  decode circuitry that decodes said read command to identify a
memory device that is associated with said device code.

13.  The computer system of claim 12, wherein said speculative read
control circuitry further comprises a state machine.

14.  The computer system of claim 12, wherein said system memory
device comprises dynamic random access memory (DRAM).

15.  The memory controller of claim 10, wherein said decode
circuitry further comprises

circuitry that asserts an abort signal to said speculative read control
circuitry if, upon completion of decoding said read command, said decode
circuitry determines that said memory device identified is not said system
memory device.

16.  The computer system of claim 12, wherein said decode circuitry

further comprises : | - REPLACEMENT SHEET
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conpri ses dynani ¢ random access menory (DRAM .

cIa|m6 wherein step (E) further conprises.the step of

menory.

m croprocessor, and wherein said read command is |ss
according to mcroprocessor read tim ngs.

controller,

initiates a fetch of
of said read conmvfH§

step (O if step (D) determines said first device |smgrs | system
9. The method of claim6, wherein s mﬂ Rsplaced

conpri si ng: (A) speddl ative read control ci I‘CUI ry that
receives a read command from a host that includes an address and a device
code, and wherein said speculative read control circuitry specul atively

ol B R G aRAHOSIRAPIS so18 YR8 4R %e38 el 5

circuitry if, upon completion of decoding said read command, said decode
circuitry determines that said memory device identified is not said system
memory device.

17. A memory controller, comprising:

(A) speculative read control means for receiving a read command
from a host that includes an address and a device code, and speculatively
initiating a fetch of data from a system memory device using said address of
said read command immediately upon receiving said read command and
before said device code has been decoded; and

(B)  decoding means for decoding said read command to identify a
memory device that is associated with said device code.

18.  The memory controller of device 17, wherein said decoding
means further comprises

means for asserting an abort signal to said speculative read control
means if, upon completion of decoding said read command, said decoding
means determines that said memory device identified is not said system

memory device.
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upon recei ving sai d read conmand and before said device code has been

decoded; and (B) decode circuitry that- decodes said read command
to identify a nenory device that is associated w e.
13 11. The menory controller of claim1l ﬂﬁémr
specul ative read control circuitry further conprig a state machi ne.
12. A conputer system conprising: a host 2 6 MAR 2001
- 11 -
CLAIMS |
1. A method of improving computer system performance during

memory reads, the method comprising the steps of:

(A) receiving a read request specifying a first memory-source and a
first address within said first memory source from which requested data is to
be read;

(B)  decoding said read request to identify a device corresponding to

N said first memory source; and

(C)  speculatively initiating a fetch of data from a system memory
using said first address, before step (B) has been completed.

2. The method of claim 1, wherein said system memory comprises
dynamic random access memory (DRAM).

3. The method of claim 1, further comprising the steps of

(D) finishing said decoding of said read request in step (B), and

(E)  aborting step (C) if step (D) determines that said device
corresponding to said first memory source is not said system memory.

4, The method of claim 3, wherein said read request is asserted by a
host, and wherein step (E) further comprises the step of

returning said data to said host if step (D) identifies said device
corresponding to said first memory source as said system memory.

5. The method of claim 4, wherein said host is a microprocessor,
and wherein said read request is issued using microprocessor read timings.

6. A method of automatically performing a read operation,
comprising the steps of:

(A) receiving a read command from a host specifying a location of

first data by including first address signals and first device signals;

-
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a system nenory device;: a nmenory controll¥
and said systemnenory device, said nenory cont
(A) speculative-read control circuitry that reckgi
sai d host, wherein said read command incl udes an| add2:6MARBIH devi ce

code, and wherein said specul ative read control [ifcuitry speculijatji vely
initiates a fetch of data from said sy$2em nenorly device using saild address
of said read conmand i nmedi ately upon receivingl.said.read. command and
before said device code has been decoded; and (B) decode circuitry
t hat decodes sai ead R;gmg ] AV Vi £6.that 1S
associated with g(z?ir)d d%‘?/l ce gafgjﬁfﬂ%wéelségn alﬁﬁg&%rgﬁudt gfstsdﬁ%ém of claim
12, wherei ncﬁitéjng;rpgggj@ﬁfg{@art@pd control circuitry further conprises a
state machi ne.

; ! onpri si ng
ves a read®corfmgnd from

(C)  speculatively initiating a fetch of data from system memory
before step (B) has been completed, wherein said data corresponds fo said first

address signals;

(D)  completing said decoding of said first device signals in step (B);

and

S

(E)  returning said data to said host in response to said read
command if step (D) identifies said first device as said system memory.

7. The method of claim 6, wherein said system memory further
comprises dynamic random access memory (DRAM).

8. The method of claim 6, wherein step (E) further comprises the
step of: |

aborting step (C) if step (D) determines said first device is not said
system memory.

9. The method of claim 6, wherein said host is a microprocessor,
and wherein said read command is issued by said host according to
— microprocessor read timings.

10. A memory controller, comprising:

(A) speculative read control circuitry that receives a read command
from a host that includes an address and a device code, and wherein said
speculative read control circuitry speculatively initiates a fetch of data from a
system memory device using said address of said read command immediately
upon receiving said read command and before said device code has been
decoded; and

(B)  decode circuitry that decodes said read command to identify a

memory device that is associated with said device code. -
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14. . The conputer systemof claim 12, wherein sg& y-SH-ef-reree-y— devi ce

conpri ses dynam ¢ random access nenory (DRAM . RLPLA@/IE}\T%% mory

controller of claim 10, wherein said decode cirlc onpri ses
circuitry that asserts an abort signal to said spe dicantro
circuitry if, upon conpletion of decoding said red aijd |decode
circuitry determ nes that said nenory gdevice idgnti++ aijd system

menory devi ce. 16. The conputer systemjof claim 12, whergin said

decode circuitry further conprises
11.  The memory controller of claim 10, wherein said speculative

read control circuitry further comprises a state machine.
12. A computer system, comprising;:
a host;
a system memory device;
a memory controller, coupled to said host and said system memory
device, said memory controller further comprising
(A) speculative read control circ;uitry that receives a read command
~ from said host, wherein said read command includes an address and a device
code, and wherein said speculative read control-circuitry speculatively
initiates a fetch of data from said system memory device using said address of
said read command immediately upon réceiving said read command and
before said device code has been décoded; and
(B)  decode circuitry that decodes said read command to identify a
memory device that is associated with said device code.
13.  The computer system of claim 12, wherein said speculative read
control circuitry further comprises a state machine.
14.  The computer system of claim 12, wherein said system memory
device comprises dynamic random access memory (DRAM).
15.  The memory controller of claim 10, wherein said decode
circuitry further comprises ,
circuitry that asserts an abort signal to said speculative read control
circuitry if, upon completion of decoding said read command, said decode
circuitry determines that said memory device identified is not said system
memory device.

16.  The computer system of claim 12, wherein said decode circuitry

further comprises —_—
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-14- . 3 circuitry that asserts an abort signal to said speculative
read .control circuitry if, upon conpletion- of _NW;Wcommnd,
said decode circuitry determnes that said ne R‘ﬁi’déwm’ A Filed i s not

sai d system menory devi ce. 17. A menorly gontroller, cdnrising:
(A) speculative read control neans for receiving h riachmm]gn roma
host that includes an address and a device code, | ahd specul ative]y

initiating a fetch of data froma systerénenory L-ce—tsTny sal d pddress

of said read command inmedi ately upon receivingjsaid read commnd!and
bef ore said device code has been decoded; and —T1B) decodi ng nmeans

for decoding said cfr‘gﬁ%ggmggfetg ahdY Ll)én"éll & Qanlaysp%%\ﬁa Se'rdah cio%trol

associated with sali i'ce co _
circuitry if, upon completion of decoding said read command, said decode

circuitry determines that said memory device identified is not said system
memory device.
17. A memory controller, comprising:
(A)  speculative read control means for receiving a read command
from a host that includes an address and a device code, and speculatively
R initiating a fetch of data from a system memory device using said address of
said read command immediately upon receiving said read command and
before said device code has been decoded; and
(B)  decoding means for decoding said read command to identify a
memory device that is associated with said device code.
18.  The memory controller of device 17, wherein said decoding
means further comprises
means for asserting an abort signal to said speculative read control
means if, upon completion of decoding said read command, said decoding
means determines that said memory device identified is not said system

memory device.
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18. The nenory controller of device 17, wherein said decodlng neans

f‘urther conpri ses nmeans for assertl ng an abort (Lﬂ
specul ati ve read control neans if, upon conpletion of Q"ﬂ ;

command, said decoding neans deternines that said nenpry device |dent f
is not said system nmenory devi ce. 2 6 SEP 2001
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METHOD AND APPARATUS FOR PERFORMING
SPECULATIVE SYSTEM MEMORY READS

FIELD OF THE INVENTION
The field of the invention relates to computer systerm memory controllers.
More specifically, the invention relates to a method and apparatus for performing

speculative system memory reads.

BACKGROUND OF THE INVENTION

One type of prior computer system comprises a microprocessor connected
to an external cache, a system memory, and various peripheral devices residing on
a system bus. The microprocessor communicates with the cache memory, system
memory, and peripherals through a memory controller chip. The memory
controller chip coordinates data transfers to and from these memory components at
the request of the microprocessor. One example of a prior art memory controller
chip is the 82434LX / NX PCI cache and Memory controller (PCMC),
manufactured by Intel Corporation of Santa Clara, California, the corporate
assignee of the present invention.

Figure 1 illustrates a prior art computer system employing a memory
controller chip. The microprocessor 110 is coupled to an external cache 120 and
system memory 130 on a host bus 160. The host bus 160 is connected to a
memory controller 140. A second bus, system bus 150, is connected to the
memory controller 140. The memory controller 140 functons as a bridge between
microprocessor 110 and the devices that are coupled to the system bus 150. For
example, system bus may include devices such as a graphlcs accelerator, hard
drive controller, and add-in boards.

The memory controller 140 handles data transfer requests from the
microprocessor 110. The memory controller 140 receives thc read or write request
from the microprocessor 110 and determines which device i is the data source or
target. The microprocessor issues a read or write request using standard
MICroprocessor timings.

One type of prior memory controller 140 includes a microprocessor
interface (for communicating with the microprocessor), a cache controller (for
communicating with the external cache), a system memory controller (for
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