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METHOD AND APPARATUS FOR QUICKLY INITIATING MEMORY

ACCESSES IN A MULTIPROCESSOR CACHE COHERENT
N - COMPUTER SYST EM

FIELD OF THE INVENTION

'I‘he present invention relates generally to data communications
in a computer system and more specifically to reducing unloaded
system latency in uniprocessor and multiprocessor computer systems.
BACKGROUND OF THE INVENTION

A typical uniprocessor computer system includes a processor and
an associated cache memory that stores a subset of the information
stored by the system memory. The cache memory acts as a high speed
source of information for instructions to be executed by the processor.
When a processor requeSts to read information that is not stored in the
cache memory, a "cache miss" occurs, and the cache must be refilled
with information fetched from system memory. The processbr is
typically stalled while the information is fetched from system memory,
and the time required to fill the cache after a cache miss greatly affects
the system latency of a uniprocessor computer system.

Typical multiprocessor computer systems include multiple
processors each having an associated cache memory. Cache misses in a
multiprocessor system are complicated by the fact that the most recent
copy of the requested data may reside in another cache rather than in
system memory. A cache coherence protocol is often implemented to

track where the most recent copy of cached information is currently -

* located. Typically, each processor independently maintains 'a_ state for
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10 , an associ ated cache nenory that stores a subset of the information
stored by the system nenory. The cache nenory acts as a hi gh speed
sotr ce *of information for instructions to be executed by the processor.
When.a processor requests to read information that is not stored in the
cache nmenory, a "cache m ss" occurs, and the cache nust be refilled 15
with information fetched from system?nenory. The processor is

typically stalled while the information is fetched from system nenory,

and the tine required to fill the cache after a cache mss greatly affects
the system | gt enc '
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A typical prior mechanism for maintaining cache coherence in a
5 multiprocessor computer system is a globally shared address bus to
which the processors and the memory subsystem are coupled. Each
processor “snoops" the memory address that is driven on the address
bus to determine whether its cache should source the requested data.
The memory subsystem typically queues the request. A processor
10 indicates that its cache is to source the requested data by asserting a
shared “ownership" line,. and the memory subsystem flushes the
request from its queue before initiating the memory access request if a
processor asserts the ownershiﬁ line. Common interconnects that
include a globally shared address bus are typically optimized for high
15 bandwidth and throughput at the expense of an increase in latency.
| As computer systems and computer system components become
faster and more complex, increasing the efficiency of the common
interconnect, in terms of both physical implementation and resource
allocation, becomes a paramount concern for system designers.
20 Int:reasihg the efficiency of the common interconnect for use in a cache
coherent multiprocessor computer system may result in a number of
architectural changes such that the time required to fill a cache after a
cache miss may become important to the system latency of the

computer system. The time required to fill a cache after a cache miss is



t,_r’apk Mher e t he nost recent copy of cached information is currently 25
| ocated. Typically, each processor independently naintains a state for

2 = " its cache entries, and when another processor requests data from
systemmenory to fill its cache, each of the other processors determ nes
whet her it, instead of system nemory, should source the data. A

typi cal prior mechani smfor naintaining3cache coherence in a 5
mul ti processor conputer systemis a globally shared address bus to
whi ch the processors and the nenory subsystem are coupl ed. Each
particularly critical to the unloaded system iatency wherein no
memory access requests are queued up ahead of the cache fill request.
Ideally, the unloaded system latency .;should be of the order of the
latency of the Dynamic Random Access Memory ("DRAM") devices
5 that comprise the system memory. Therefore, cache coherence
operations and memory access requests should be completed within
the time allotted for servicing a memory access request, and memory
accesses should be initiated as quickly as possible. However, the
physical implementation of the common interconnect may make it
10  difficult to quickly initiate system memory accesses. For exampie, an
address bus may be multiplexed such that two or more bus cycles are
required to convey an entire transaction request packet, which includes
the memory address of the memory location to be accessed. Therefore,
a mechanism that quickly initiates memory accesses when a memory
15 address is conveyed over multiple bus cycles is needed to reduce
unloaded system latency.



py ocessor "snoops" the nmenory address that is driven on the address

bus to determ ne whether its cache shoul d source the requested data.

Thé& merfory subsystemtypically queues the request. A processor 10

i ndicates that its cache is to source the requested data by asserting a
shared "ownership" line, and the nmenory subsystem flushes the request
fromits queue before initiating the ﬁennry access request if a

processor asserts the ownership line. Conmon interconnects that

i nclude a globally shared address bus are typically optimzed for high 15
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the common intercon ~use in a cache coherent multiprocessor
conput er sysisgsteiys fedulded. | A mabteftfnsatits a firsBpottidreef drtfansiedoges such
that the time'required to fill a cache after a cache m ss may becone

| npor t antSt o reduaestylsdwing| mudtiple portiors, wherein the first portion of the

transaction request includes bank select, SIMM select, and row address
information. Prior to receiving subsequent portions of the transaction
request, a memory controller initiates a memory access in response to
receiving the first portion of the transaction request by applying a row

10  address strobe signal to the memory location indicated by the bank

select, SIMM select, and row address information. The master
transmits the remaining portions of the transaction request.
After the full transaction request has been sent and received,

coherency operations are performed and completed within a fixed

15 amount of time prior to the time that a column address strobe signal is
to be applied to the memory location. If the cache coherency operations
determine that the memory access is to be aborted, the memory

~ controller inhibits application of the column address strobe signal.

Otherwise, the memory controller completes the memory access.



6oquler system The tine required to fill a cache after a cache mss is
3 particularly critical to the unl oaded system | atency wherein no
menory*access requests are queued up ahead of the cache fill request.

| deally, the unl oaded system | atency should be of the order of the

| at ency of the Dynami ¢ Random Access Menory ("DRAM') devices 5 that
conprise the system nenory. Therefore® cache coherence oper ati ons and
menory access requests should be conpleted within

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention is illustrated 5y way of example and not
limitation in the figures of the accompanyfng drawings, in which like
references indicate similar elements, and in which:
5 FIGURE 1 shows a computer system according to one
embodiment.
FIGURE 2 shows a generalized transaction request packet format.
FIGURE 3 shows memory address bit assignments for SIMMs of
various sizes.
10 FIGURE 4 shows the format of a cache coherent transaction
request packet according to one embodiment.
FIGURE 5 shows the format of a non-cached transaction request
packet according to one embodiment.
FIGURE 6 shows the format of an interrupt transaction request
15 packet according to one embodiment.
 FIGURE 7 is a flow chart for a cache coherent read transaction
according to one embodiment.
FIGURE 8 shows a system controller according to one
embodiment.
20 : FIGURE 9 is a timing diagram showing the operation of the
system controller shown in Figure 9.
FIGURE 10 is a timing diagram showing the operation of the

system controller shown in Figure 9.



the, tinme allotted for servicing a nenory access request, and nmenory
accesses should -be initiated as quickly as possible. However, the

physi cdl inplenmentation of the common interconnect may make it 10

di #fi-cult to quickly initiate system nenory accesses. For exanple, an
address bus may be nultiplexed such that two or nore bus cycles are
required to convey an entire transacti®n request packet, which includes

the nenory address of the nenory |ocation to be accessed. Therefore, a
mechani smthat quickly initiates nenory accesses when a nenory 15 address
. is conveyed over %@kﬁ ﬁus cycles i s needed to reduce unl oaded

system | at ency. 1s a’timing diagram showing the alternative

operation of the system controller shown in Figure 9.



4, . . SUMMARY OF THE | NVENTI ON A method is described

wherein nmenory access transactions are - initiated quickly such that
t he” unloaded system | atency of a conputer ' systemis reduced. A master
transmts a first portion of a transaction 5 request having multiple
portions, wherein the first portion of 7t he transaction request _
I ncl udes bank sel ect, SI MM select, and row address I nformation. Prior
to receiving subsequent portions of the transaction request, a nenory
controller initiates a nenobry access in response to

DETAILED DESCRIPTION

Described below is a mechanism for quickly initiating memory
accesses such that the unloaded system Iaténcy of a common
interconnect is reduced. Although the present invention is described

5 with reference to specific circuits, block diagrams, signals, algorithms,
etc., it will be appreciated that such details are disclosed simply to
provide a more thorough understanding of the present invention. It
will therefore be apparent that the presenf invention mély be practiced
without the specific details. In other instances, well known circuits are

10 shown in block diagram form in order not to obscure the present
invention unnecessarily. |

Figure 1 shows an exemplary computer system and common
interconnect. Further details of the common interconnect described
herein may be found in U.S. patent application serial no.

15 designated as P731 and entitled "A Packet-Switched Cache

Coherent Multiprocessor System," filed on even date herewith, and

commonly assigned to Sun Microsyétems, Inc., of Mountain View,

California. The exemplary common interconnect provides for system

scalability and increased interconnect frequencies by using multiple
20 pairs of address and data buses.

Each system address bus is a synchronous packet-switched
transaction request bus wherein transaction request packets are wider
than the system address bus. Therefore, multiple bus clock cycles are.

required to convey the entire transaction request packet. According to



receiving the first portion of the transaction request by applying a.row 10
address strobe signal to the nmenory |ocation indicated by the bank

sel ect,” SIMM sel ect, and row address information. The naster

transmts the remai ning portions of the transaction request.

After the full transaction request has been sent and received,

coherency operations are perforned agd completed within a fixed 15 anount
of time prior to the tine that a colum address strobe signal is to
be applied to the nenory location. If the cache coherency operations
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~ is also wider than the system address bus; however, the present
invention may find application whenever a transaction request is
wider than the transaction request bus.

5 The specific embodiments described herein assume that each
portion of a transaction request is transmitted in a single bus clock
cycle. Thus, a multiple portion transaction request packet is described
as a "mﬁltiple cyde" transaction request packet wherein each “cycle" of
the transaction request is fransmitted over a single bus clock cyde. It

10  will be understood, however, that a portion of a multiple portion
transaction request need not be transmitted in a single bus clock cycle.
In fact, the transaction request bus need not be a synchronous bus or a
packet-switched bus.
An access of a DRAM device typically requires a fixed amount of
15 time to complete and comprises the assertion of a row address strobe
("RAS") signal to select the desired row of the DRAM device followed
by the assertion of a column address strobe ("CAS") signal to select the
* desired column of the DRAM device. The minimum relative timing
between assertion of the RAS signal and assertion of the CAS “signal is
20 typically fixed and known, and it is desirable to assert the CAS as soon
as possible after asserting the RAS signal in order to reduce latency.
To reduce unloaded system latency, transaction request packets
are structured such that the first cycle of the transaction request packet

contains information sufficient to initiate a memory access. Depending



Q her wi se, the nenory controller conpletes the nmenory access.

5, , BRIEF DESCRI PTI ON OF THE DRAW NGS The present invention
is illustrated by way of exanple and not limtation in the figures of
t he accenpanying draw ngs, in which |ike references indicate simlar

el ements, and in which: 5 FI G4RE 1 shows a computer system
according to one enbodi nent .

on the size of system memory, it may be sufficient to convey the row
address portion of the memory address during the first cycle of the
memory access request packet and to compiete tranénﬁssion of the
memory address curing subsequent cycles of the memory access request
5 packet. According to the present embodiment, the first cycle of the
memory access request packet includes additional information for
selecting the correct DRAM device and memory bank of the system
memory.
A memory controller initiates a memory access by asserting the
10 appropriate RAS signal upon receipt of the first cycle of the transaction
request packet without waiting for the remainder of the memory
address or the completion of coherency operaﬁoné. Subsequent cycles
of the transaction request packet convey the remainder of the memory
address such that a coherency controller may perform coherency
15 operations. The coherency controller completes coherency operations
within a constant number of bus clock cycles and prior to the time that
the CAS signal is to be asserted. The memory controller may then
abort a memory access by inhibiting assertion of the CAS signal if the
cache controller indicates that a cache of thel computer system is to
20 source the requested data. Alternatively, the memory access niay be
allowed to complete, and the resulting data may simply be ignored.
Initiating a memory access as soon as the row address and device select,
information is made available combined with performing coherency.

operations prior to the time that the CAS signal is to be asserted allows



FJ GURE 2 shows a generalized transaction request packet fornmat.

FI GURE 3 shows nenory address bit assignnments for SIMvs of vari ous

si zes. 10 FI GURE 4 shows the format of a cache coherent transaction
request « packet according to one enbodi nent. FI GURE 5 shows the
format of a non-cached transaction request packet according to one
enbodi nent . ' FI GURE 6 shows the format of an interrupt
transacti on request 15 packet according to one enbodinment.

FIGURE 7 is a flow chart for a cache coherent read transaction

according to one enbodj nent. FI GURE 8 shows a system controller
accor di ng t o theamnloaded:gydemiatency,tp be reduced-toappraximately; theilatengyagr am
showi ng the o atiogn.of . the system controller shown in Figure 9.

FI GURE 10 is°2%f‘?h$]§6?§id£§ﬂ%ﬁ§%ﬁmt T FYer ati on of the system
controller shown '@oxﬁ'pg%resy%tem 10 of Figure 1 is a cache coherent

multiprocessor system that generally comprises a system controller 20,
5 processors 25 and 30, input and output ("I/O") controller 35, expansion
slots 40 and 45, I/O devices 50 and 55, data path switch circuit 60, and
system memory banks 65 and 70. Processors 25 and 30 are shown as
including caches 27 and 32, respectively, and system controller 20 is
shown as including a set of duplicate tags ("Dtags") that duplicate the
10  cache tags of caches 27 and 32.

The common interconnect of computer system 10 operates
synchronously and includes two, pairs of associated system address and
data buses. Each system address bus is a bi-directional packet-switched
transaction request buses that may be used by the system components

15  torequest memory accesses and other types of transactions specified by
the transaction set of the common interconnect. Processor 25 is
coupled to a first address bus, SYS_ADDRESS_BUS_0, and a first data
bus, SYS_DATA_BUS_0. Processor 30, I/0 controller 35, and |
expansion slots 40 and 45 are coupled to a second system address bus,

20 SYS_ADDRESS_BUS_1, and a second system data bus,

SYS_DATA BUS_10. 1/0 controller 35 is also coupled to an I/0 bus,
1/0_BUS_1, for exchanging information with I/0 devices 50 and 55.
Both system address buses are coupled to system controller 20.

Interconnect control lines 22 are used to coordinate the completion of



§' FIGURE 11 is a timng diagram showi ng the alternative operation
of the systemcontroller shown in Figure 9.
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transactions requested by system components via the system address
buses. According to the present embodiment, each system address bus
SYS_ADDRESS_BUS_n includes thirty-six- address conductors
An[35:0], the physical address space is forty-one bits PA[40:0] wide, and
each transaction request packet requires two bus clock lcycles to
complete. | |

Each of the system data buses may be selectively coupled to one
of the system memory banks 65 and 70 via data path switch circuit 60.
System memory banks 65 and 70 are shown as being coupled to data
path switch circuit 60 by memory data bﬁses MEM_DATA_BUS_0 and
MEM_DATA_BUS_1, respectively. Data path switch circuit 60 may be

- an NxM crossbar switch, wherein N is the total number of system data

buses and M is the total number of memory data buses, and system
controller 20 controls data path switch circuit 60 via switch control
lines 62.

System controller 20 maintains cache coherency and manages
the system memory so that system controller 20 may be regarded as
being both a cache coherency controller and a memory controller. The
functions of system controller 20 may be alternatively performed by
distinct functional units. Further, cache coherency may be
alternatively maintained in a distributed manner such as by a bus
snooping scheme wherein each processor snoops a common bus.

To maintain cache coherence, system controller 20 stores a set of

duplicate cache tags (Dtags) identical to the cache tags of all the caching



7' ' DETAI LED DESCRI PTI ON Descri bed

bel ow i s a mechani sm f or quickly initiating nmenory accesses such that
t he unl oaded system | atency of a conmon i nterconnect is reduced.
Alt hough the present invention is described 5 wth reference to specific
circuits, block diagrans, signals, algprithns, etc., it wll be
appreci ated that such details are di osed sinply to provi de a nore
t hor ough understandi ng of the present invention. It will therefore be
apparent that the present invention may be practiced wi t hout the
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unnecessari | ygystom 10 is implemented as a uniprocessor computer system

comprising one pair of system address and ‘data.buses. When a
transaction request packet is received, system controller 20 compares
5 the cache state of a cache block in the duplicate cache tags and
appropriately sends invalidation or copyback transactions to caching
masters as indicated by the cache state. The duplicate tags mirror the
caching masters' cache tags and eliminate false lookups in the caching
masters' cache tags. To control system memory, system controller 20
10 provides memory control signals such as the memory address of a
memory access, RAS signais, CAS signals, and write enable ("WE")
signals to the memory banks via memory address and control lines 64.
The size of system memory directly affects the number and
selection of physical address bits that should be provided in the first
15 cydle of a transaction request packet. At a minimum, it is desirable to
provide the row address of the desired memory location in the first
cycle of a multiple cycle transaction request. Figure 2 shows a
generalized multiple cycle transaction request packet wherein the row
address is provided in the first cycle 205 of the request packet, and the
20 column address is provided in the second cycle 210 of the request
packet.
According to the present embodiment, each system memory
bank may be implemented as one or more Single In-line Memory
Modules (“SIMMS") that each typically comprise multiple DRAM



Ei gur{e 1 shows an exenplary conputer system and common | nt er connect.

Further details-of the common interconnect descri bed herein may be
found in U S. patent application serial no. 15 designated as P731
and entd tl ed "A Packet-Sw tched Cache Coherent Ml ti processor
System " filed on even date herew th, ,and commonly assigned to Sun

M crosystens, Inc., of Mouuntain View, ° California. The exenplary conmon
i nt erconnect provi des for system scalability and increased

I nt erconnect frequencies by using nmultiple 20 pai rs of address and data
buses. Each s stem address bus is synchr onous packet swi t ched
transacti on rdevices. Girer MSIMM%@B&M&PQ sgtected der

t han the system address bus. Therefgag, multiple bus clock cy g]!o&s are.
required to cmnm'eo’é’fﬂﬂtpéﬁ}?lﬁﬁs '88“?‘19@&135% coprertcmemryologatigny o

Table 1 shows that SIMM sizes of 16 MB, 32 MB, 64 MB, and 128
MB are supported by computer system 10. The SIMM sizes shown in
5 Table 1 indicate only those portions of a SIMM that store user accessible
data, and those portions of a SIMM that store error correction coding
("ECC") information are not indicated. Thus, the actual sizes of the
SIMMs supported by the computer system of the present embodiment
are larger than indicated by Table 1.

10 TABLE1
SIMM Types
SIMM Size Base.Device Size Number of
Devices
16MB | 4Mb(IMx4) 36
32 MB 16 Mb (2M x 8) 18
64 MB 16 Mb (4M x 4) 36
128 MB 64 Mb (8M x 8) 18

Figure 3 graphically shows the number of bits required to select
and address a SIMM for 16 MB, 32 MB, 64 MB, and 128 MB SIMMS. For
15 the different SIMM types, as few as ten bits and as many as thirteen bits
are required to provide a full row address, and as many as three bits are
required to select a SIMM, assuming a maximum of eight SIMM pairs
are accessible. The number of bits needed to select. a SIMM thus

depends on the number of SIMM pairs implemented by a system.



8‘ the present enbodi nent, the physical address of the conputer

system

invention may find application whenever a transaction request is
than the transaction request bus. 5 The specific enbodi nents

descri bed herein assune that each
transmtted in a single bus clock cycle. Thus, a nmultiple portion

transacti on request packet is described as a "multiple cycle"

transacti on request packet wherein each "cycle" of

request is transmitted over a single bus claock cycle. |t _10 will be
under st ood, howevelo allow the wsewaf @achtyne of SIMM shoym Fbﬁ‘agle 1 an‘f)

10

15

20

Figure 3, sixteen physical address bits should be provided in the first
cycle of a transaction request packet, and those sixteen physical address
bits should be selected to provide the row address and SIMM select
signals for memory access requests. More or less physical address bits
may be required, depending on the size of the largest SIMM type. For
the present embodiment, additional physical address bits are also
required to select between the multiple system memory banks.
Exemplary formats of transaction request packets for use in
computer system 10 are now discussed. The transaction set of
computer system 10 include cache coherent transactions, non-cached
transactions, and interrupt transactions, and Figures 4-6 show
transaction request packet formats for cached transactions, non-cached
transactions, and interrupt transactions, respei:tively. The physical

address bits conveyed in the first cycle of the read and write transaction

| packets of Figures 4 and 5 are selected to provide bank select

information, SIMM select information, and row address information.
While brief deécriptions of each of the fi-elds of the various transaction
request packets are provided, further details are available in the U.S.
patent application serial no. ' , which is referenced

above.

Figure 4 shows a transaction request format used for cache
coherent transaction request initiated by either system controller 20 or a

system component. Both the first cycle 405 and the second cycle 410 of a

Is also wder than the system address bus; however, the present

wi der

l$ortion of a transaction request is

the transaction



transaction request need not be transmtted in a single bus clock cycle.
In fact, the transaction request bus need not be a synchronous bus or a

packet~switched bus. An access of a DRAM device typically
requires a fixed anobunt of 15 tine to conplete and conprises the
assertion of a row address strobe "RAS"™) signal to select the desired
row of the DRAM device foll owed b’yéthe assertion of a colum address
strobe ("CAS"') signal to select the desired col um of the DRAM devi ce.
The mninumrelative timng bet ween assertion of the RAS signal and

assertion of the CAS signal is 20 typically fixed and_known, and it is
desi rabl e t o cashbecoherentdransactioporequest paciet pnclide multiple figldse Korg t he
STt eny e Shcle 4 L BEE s i ool b BAEECE", o
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PA[40:39] occupy bit positions 29 through 33, a type field occupies bit
5 positions 25-28, and twenty-five additional bits of the physical address
PA[38:14] occupy bit positions 0 to 24. The class field identifies which of
two master class queues in the requesting master that the transaction
request packet has been issued from and is used to order execution of
transaction requests. Expanding the width of the class field allows
10 more master class queues to be discriminated between. The type field
specifies what type of transaction is requested.

For the second cycle 410 of a cache coherent transaction request
packet, a parity field occupies bit position 35, a class field occupies bit
position 34, a master ID field occupies bit positions 29 to 33, a dirty

15  victim pending ("DVP") field occupies bit position 28, bit positions 25
to 27 are reserved, an invalidate me advisory ("IVA") field occupies bit
position 24, a no Dtag present ("NDP") field occupies bit position 23, bit
positions 13 to 22 are reserved, and the remaining physical address bits
PA[16:4] occupy bit positions 0 to 12. The NDP field is valid only in

20 systems such as uniprocessor systems that do not use Dtags.

The five-bit master ID field is used to identify the requesting
master, and system controller 20 uses this information to maintain
ordering for transaction requests having the same master ID and for -

parallelizing requests having different master ID's. The DVP field is a



9 . on the size of systemnenory, it may be sufficient to convey the
row address portion of the nmenory address during the first cycle of
the ° menory access request packet and to conplete transm ssion of the
menory +address during subsequent cycles of the nenory access request 5
packet. According to the present enbodinment, the first cycle of the

menory access request packet includes l&dditional information for.

sel ecting the correct DRAM devi ce and nenory bank of the system

menory.

dirty victim pending writeback bit that is set when a coherent read
operation victimizés a dirty line. System controller 20 uses the DVP
field for victim handling. The IVA field is used by a requesting master
to send an "invalidate mé advisory" during a component-initiated
5 cache coherent write transaction in a system without Dtags. A

requesting master sets the bit of the IVA field if the requesting master
wants system controller to invalidate a cache line of the requesting
master. The IVA field is ignored when system controller 20 uses
duplicate tags. The NDP field is set by system controller 20 in system

10  controller initiated packets only in a system without Dtags.

Figure 5 shows the format of a transaction request packet for
non-cached read and write transactions initiated by either system
controller 20 or a system component. As shown, the format of a first
cycle 505 is identical to the first cycle 405 of a cache coherent read or

15 write transaction. Bit positions 29-35 of the second cycle 510 of the non-
cached read or write transaction format are identical to bits 29-35 of the
second cycle of a cache coherent transaction request packet. At bit -
positions 13-28, a sixteen bit byte mask field is defined. The byte mask
field indicates vaiid bytes on the appropriate system address bus. Bit

20 position 0 to 12 incdlude physical address bits PA[16:4].

As shown in both Figure 4 and Figure 5, physical address bits
PA[8:6] are provided during both cycles of the transaction request
packet. Accordihg to the present embodiment, physical address bits
PA[8:6] may be provided during the first cycle as bank select



A rrerEDry controller initiates a nenory access by asserting the 10
‘appropri ate RAS signal upon receipt of the first cycle of the transaction

rrequest packet without waiting for the remai nder of the nmenory addr ess
.o the.conpl etion of coherency operations. Subsequent cycles of the
transacti on request packet convey the renmai nder of the nenory addr ess
such that a coherency controller mayigerform coherency 15 operations. The
coherency controller conpletes coherency operations wi t hin a const ant
nunber of bus clock cycles and prior to the tine that t he CAS signal
Is to be asserted. The nenory controller may then abort _a nenory

access by i nhinfprinagionsfasrehansing onecofamiltplmmeneryt hanks. Thegaseeof
controller indicates that a cache of .the copputer systemis to 20 source
the request edtiygedits %Wﬁei’tY%FSY,O{ ﬂgf%%gg’l'bé 8%&2%9%201' as magyyf owed t o
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's made avail bel foxggrmo)zi' eel'fjpﬁmﬁigalpae&cirgggi)ﬁg, ﬁa(?rﬁ? Enet&chaving may be
5 accomplished by merely incrementing the physical address.

Physical address bits PA[8:6] are provided during the second cycle
of the transaction request packet to provide “page mode" or “CAS
only” meimory accesses wherein the RAS signal remains asserted and
CAS signals are selectively applied to different banks over successive

10 cycles based on the incrementing of physical address bits PA[8:6]. To
take full advantage of the page mode capability, a multiple cycle packet
having three or more cycles may be defined wherein each of the cycles
after the first cycle are similar to the second cycle defined above and
include physical address bits PA[8:6]. Physical address bits PA[8:6] are

15 toggled after the second cycle to selectively apply a CAS signal to the
indicated memory bank. '

Page mode memory accesses may also be supported over
multiple transaction requests bj.r merely comparing the row address
contained in the first cycle of an incoming transaction request packet to

20 the previous row address. The RAS signal for the previous transaction
remains asserted. If there is a match between row addresses, a CAS
signal may be applied immediately, reducing latency. If there is no
match, the prior RAS signal is deasserted, and the appropriate RAS

signal is asserted.



pperéxions prior to the time that the CAS signal is to be asserted all ows

10
| at ency

of the DRAM devi ces of system nenory. Comput er

system:10 of Figure 1 is a cache coherent mul ti processor systemt
general ly conprises a systemcontroller 20, 5 processors 25 and 30,
and output ("I/0') controller 35, e%Bansion slots 40 and 45, 1/0
devi ces 50 and 55, data path switch circuit 60, and

10

15

20

Figure 6 shows the format of an interrupt transaction request
packet initiated by system component. The first cycle 605 of the
interrupt transaction request packet includes a parity field, a class field,
a type field, and a target ID field. A target ID field is a five-bit field
containing the master ID of the destination system component to
which the interrupt request packet is to be delivered. The second cycle
610 of the interrupt request packet includes a parity field, a class field,
and a master ID field. The master ID field is a five-bit field indicating
the identity of the requesting master.

The operation of the system address buses is now discussed with
respect to Figure 7. At process block 705, a master issues a first cycle of a
cacheable read transaction request packet using its associated system
address bus after the master has successfully arbitrated for control of the
system address bus. The type field of the transaction request packet
indicates to system controller 20 that the transaction request is a cache
coherent request. At process block 720 the caching master issues the
second cycle of the read transaction request packet, and the memory
controller portion of system controller 20. initiates a memory access by
asserting the appropriate RAS signal as determined from the bank
select, SIMM select, and row address information included in the first
cycle of the read request packet.

Cache coherency operations begin once the full physical address
has been received, and the coherency controller of system controller 20

determines whether the data requested is to come from system

t he -unl oaded system |l atency to be reduced to approximately the

hat
I nput



system nmenory banks 65 and 70. Processors 25 and 30 are shown as
i ncl udi,ng caches' 27 and 32, respectively, and systemcontroller 20 is
shown as including a set of duplicate tags ("Dtags") that duplicate the 10

cache tags of caches 27 and 32. The conmon interconnect of
conput er system 10 operates synchronously and includes two. pairs of
associ ated system address and dat &89buses. Each system address bus is.
a bidirectional packet-sw tched transacti on request buses that my be

used by the system conponents 15 to request nenory accesses and ot her types
of transactions specified by the transaction set of the comopn
i nt er connect . I’F’?’BB& 05 25 at Proces{ﬂesLJaSt BerorRing apRaapagide”
1/ 0-cont r ol T ateirt e Systehy cpnfefler sapppt tne Diags 48 determmbismtiriner o
e, " sva AR RO oo P e iR e e n bR O s,
system memory. Cache coherency operations are performed within a
5 constant time period and are completed prior to the time the CAS
signal is to be asserted. If the data is contained in another cache in the
system, system controller 20 aborts the memory access, and system
controller 20 requests a copyback to the requesting master from another
caching master at processing block 730. Memory accesses may be
10  aborted by inhibiting the assertion of the CAS signal of the selected
memory device.
At process block 740, the cache master that has been requested to
source the data indicates that it is ready to source the data to system
controller 20 via interconnect control lines 22. At process block 745,
15  system controller 20 schedules a data path and data is delivered to the
requesting master, and system controller 20 indicates to the requesting
master that the requested data is available on the system data bus via
interconnect control lines. The process eﬁds at process block 750.
If data is to be sourced from system memory, system controller
20 20 completes the memory access by asserting the CAS signal of the
| selected memory device and schedules a data path to the requesting
master at précess block 745. System controller sends appropriate
control signals via interconnect control lines 22 to the requesting

master to indicate that its system data bus contains the requested data.



I/ O BUS 1, for exchanging information with 1/0O devices 50 and 55. Bot h
system_ address buses are coupled to systemcontroller 20. | nt er connect
control lines 22 are used to coordinate the conpletion of

transacti ons requested by system conponents via the system address

buses. According to the present enbodi nent, each system address bus
SYSADDRESSBUSH i ncl udes thirty-six addr€bs conductors An[ 35:0], the
physi cal address space is forty-one bits PA[40:0] w de, and

Figure 8 shows a system controller 20 in more detail. As shown,
the physical address sent as part of ;a transaction request packet is
received via a system address bus and latched by input register 805 of
system controller 20. A decode circuit 810 décodes the physical address

5 to determine the transaction type and destination. When the

transaction type is a cached memory access, decode circuit 810 forwards
the memory address to memory address register 820. Input register 805
and memory address register 820 are clocked by the system clock of the
interconnect. Decode circuit 810 also forwards control information

10 designating which bank and SIMMs have been selected to control logic
815. Memory control logic 815 and memory address register 820 define
the interface between system controller 20 and system memory.

Figure 8 also shows coherency control logic 825 as being coupled
to receive the memory address from decode circuit 810. Coherency

15  control logic 825 -s.noops the Dtags 21 to determine if the data at the
memory location indicated by the memory address is stored in a cache.

The output of memory address register 820 is coupled to a
memory address bus MEM_ADDR([12:0] that is routed to all of the
SIMMs of system memory. The memory address bus is multiplexed to

20 | carry the row address at a first time and to carry the column address
during a subsequent time. The width of the memory address bus is
selected to accommodate the maximum width of a row address or a

column address, whichever is larger.



5 each transaction request packet requires two bus clock cycles to

conpl et e. : Each of the system data buses nay be sel ectively
coupl €d to one of the system nenory banks 65 and 70 via data path
switch-circuit 60. System nenory banks 65 and 70 are shown as being
coupled to data 10 path switch circuit 60 by nenory data buses

MEM DATA BUS 0 and MEM DATA BUS 121lrespectively. Data path. switch
circuit 60 may be an NxM crossbar switch, wherein Nis the total
nunber of system data buses and Mis the total nunber of nmenory data
buses, and system controller 20 controls data path switch circuit 60

via swi tch controlTHbohipifiSofrhemory control loghy 815 & 2 HuRibéesf FAUGRI nt ai ns
cache coherency and nanages the systemnmenory so that system

control | er 2CAByahd WEgsigrsllines that areadath Ibmhb-t&pbiﬁhﬁgﬂﬁh tinescy
controller and a nenory controller. The functions of system-controller
20 may be al reutest toidividudlonestbryydewites]i Wherca firsticydlerodla cahes.
Further, cache coherency may be . alternatively maintained in a
di stribut ed eehexentsead raquest padket is receivedoby sysfenrtentrollg¢re2@iihiseach
processor_snoops .a common bus. .. )
stored in input register 805, and decode circuit 810 decodes the physical
address information to select the appropriate control signals of
memory control logic 815. Decode circuit 810 forwards the memory
address portion of the physical address information to memory address
register 820, which outputs the memory address to be accessed.

10 Memory control logic 815 asserts the RAS of the selected memory
device, and the memory address bus carries the row address of the
memory location to be accessed. |

After the complete memory address is received, coherency
control logic 825 snoops Dtags 21. All coherency operations are

15 performed within a fixed number of clock cycles and completed .prior to
the time the CAS signal is to be asserted. If coherency control logic 825
determines that a cache is to source the requested data, coherency
control logic 825 causes memory control logic 815 to abort the memory
access. Memory accesses may be aborted by inhibiting the CAS signal.

20 Coherency control logic 825 performs the coherency operations before it
is time to assert a CAS signal such that no latency is added to the
mMemory access.

Figure 9 shows timing for the initiation of a memory read access

according to one embodiment. As shown, the first and second cycles of



To mai.ntai n cache coherence, systemcontroller 20 stores a set of

duplicate cache tags (Dtags) identical to the cache tags of all the caching
12 ' masters of conputer system 10. Dtags are not used when conputer
system-10 is inplenmented as a uni processor conputer system conpri sing
one pair of system address and data buggs. When a transacti on request
packet is received, systemcontroller conpares 5 the cache state of a
cache block in the duplicate cache tags and appropriately sends

i nval i dati on or copyback transactions to caching

a transaction request packet are sent during successive clock cycles of
system clock signal Sys_Clk. There is latency associated with input
register 805 and decode circuit 810 such that a full clock cycle passes
from the receipt of the first cycle of the transaction request packet by
5 system controller 20 during to the time when memory address register
820 latches the row address. The apprdpriate RAS signal is asserted low
to initiate the requested memory access after sufficient time is allowed
for the row address to settle. For this example a full.clock cydé is
inserted, but it is sufficient to wait for the duration of the row address
10 setup time. The assertion of the CAS signal is shown as occurring two
cdlock cycles after the RAS signal is asserted. If the coherency controller
portion of system controller 20 determines that a cache is to source the
data, the CAS signal is not asserted, and the memory access is aborted.
Figure 10 shows the timing for the initiation of a memory write
15 access according to one embodiment. As shown, the first and second
cycles of a transaction request packet are sent during successive clock
cycles of system clock signal Sys_Clk. The appropriate RAS and WE
signals are asserted low to initiate the requested memory write access
after sufficient time is allowed for the row address to settle. The CAS
20 sxgnal is shown as being asserted two clock cycles after the. RAS and WE

signals are asserted. If the coherency controller portion of system
controller 20 determines that the writeback is to be aborted, the CAS

signal is not asserted.



masters as i ndi cated by the cache state. The duplicate tags mirror the
caching masters'.cache tags and elimnate fal se | ookups in the caching
masters' cache tags. To control system nmenory, systemcontroller 20 10

provi des nenory control signals such as the nmenory address of a menory
access, RAS signals, CAS signals, and wite enable ("WE") signals to
the menory banks via nmenory address ancgxontrol |ines 64. The
size of systemnenory directly affects the nunber and sel ection of
physi cal address bits that should be provided in the first 15 cycle of a
transaction request packet. At a mininum it is desirable to provi de
the row address of Figaeredklsshews thediming fort theninitiatiowe of iar pdge modecyemlde of a
mul tiple cycle transaction request. Figure 2 shows a general i zed

mul ti pl e cycl actesandssshawny e tansactierequast packetmaydnclude thadeozss i s
provided in the first cycle 205 of the reguest packet, and the-20 colum
address is prowrgaycles wherein@ach ofthe«yeles afterithe firstgpede includepacket .
ol ement ed a6 BBN AAAREFEORGIREIOR 07, SAlemie Ayliflerent column of Bank of
5 amemory page. The CAS signal is shown as being asserted for two
clock cycles, deasserted for one clock cycle, and then asserted again,
while the RAS signal remains asserted. The process continues in a
similar manner for each new column address (or bank select
information) that is provided. Because a different CAS signal is
10 asserted in response to each column address, the CAS signal shown in
Figure 11 is a simplification that merely show that a CAS signal is
asserted in response to the receipt of each new column address while
the RAS signal remains asserted.
In the foregoing specification the invention has been described
15 with reference to specific ex;amplary 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, accoraingly, to be

regarded in an illustrative rather than restrictive sense.



Nodul es ("SI hat each typically conprise nultipl e DRAM
13 R de Therefore ~—There are multiple SIMb thalo LS Hadifeen Replaced

vj ces.
sel ected rm ’_' Hﬁ to apply a RAS signal to. the
| otati oh. muﬂ’ ulmws that SI MM sizes of 16 Wmﬂlumum

and 128 IVB are supBorfed* by conmputer system 10. The' Sl
in5 Table 1 indicate only those portipgas of a SIMMthat store user
accessi bl e data, and those portions of a SIMMthat store error
correction coding

CLAIMS

What is claimed is:

1 1. In a computer system including a bu;s, a method for requesting
2  transactions such that memory accesses are initiated quickly,
3 comprising thé steps of:
4 a master transmitting a first portion of a transaction request via
5 the bus, the transaction requést including multiple portions;
6 a memory controller initiating a memory access of a memory
7 location indicated by the first portion of the transaction
8 request prior to the memory controller receiving a second
9 portion of the transaction request; and

10 the master fransmitting the second portion of the transaction

11 request.
1 2 The method of claim 1, wherein the first portion of the
2 transaction request includes a row address portion of a memory
3 address, the step of initiating the memory access comprising the step of
4 applying a row address strobe signal to the memory location.
1 3. The method. of claim 2, wherein the memory access is a memory
2 read operation for reading data stored at the memory loca'tion,'the
3 method comprising the further steps of:
4 determining whether data stored at the memory location is to be
5 read from a source other than the memory location;



(' ") information are not indicated. Thu s, the actual sizes of t he
Sl MVB suppor ﬂl“ﬂil‘“ Hmlﬂtr system of the present enbodl'ﬁmﬂheetHasBeaf
hete b ] ml"ﬂm”ﬂlw

TABLE 1- SI MM Types

Si ze Base Device Size Nunber of !

Devi ces 16 MB 23 Mo (1M x 4)

32 MB 16 Mo (2M x 8) 18 64|VB 16 M
(4M x 4) 36 128 MB 64 Mo (8M x 8) 18
Figure 3 graphically shows the nunber of bits required to sel ect and

address @ S| MM f othe fneévBorg 2oivBoller abBrting the pgemerycaneess ifFthe data ishe
different SIMMtypes, as few as ten bits and as many as thlrteen bits
are requifed to proviodee zead fromavseiseiher than the menonslqoqation; Bnds are

Aecosi bl The' nthbBEmPIY CPRAIEA COTEIeUREAbe THORPRR ANEE I the data ' ©
9 is to be read from the memory location.
1 4 The method of claim 3, wherein the computer system is a
2 multiprocessor cache coherent computer system, the étep of
3 determining whether data stored at the memory location is to be read
4 from a source other than the memory location comprising:
5 snooping caches of the computer system to determine whether a
6 most recent copy of the data stored at the memory location is
7

stored in one of the caches.

[

S. The method of claim 4, wherein a cache controller performs the

2 step of snooping caches by snooping a set of duplicate tags identical to

w

tags maintained by the caches of the computer system.

6. The method of claim 3, wherein the second portion of the
transaction request includes a column address portion of the memory
address, the step of aborting the memory access comprising the step of

inhibiting assertion of a column address strobe signal to the memory

N A LW N =

location.

pd

7. The method of claim 2, wherein the memory access is a memory
write operation for writing data to the memory location, the method -

3 comprising the further steps of:



depends on the nunber of Sl NM pairs inplenented by a systemr”usSh

14 To altow-the—dse of each type of SI MM shown | B
Fi gure 3, ress bits should be provi deg |n ﬂ
cycle of a txlmumanjﬂm”ﬂ packet, and those sixteen

bits shoul d be sel ecte

vide the row address and Sl sel ect 5
signals for nenory access. requests. Mpre or | ess physical address b|t

determining whether the memory access is to be completed;
the memory controller aborting the memory access if the
memory access is not to be completed; and

the memory controller completing the memory access if the data

0 NN G b

is to be written to the memory location.

8. The method of claim 7, wherein the second portion of the
transaction request includes a column address portion of the memory
address, the step of aborting the memory access comprising the step of

inhibiting assertion of a column address strobe signal to the memory

U A W N

location.

9. The method of claim 2, wherein the computer system includes
" system memory comprising a plurality of Single In-line Memory-
Modules (SIMMs) arranged in at least one bank, the first portion of the
transaction request further incdluding SIMM select information and
bank select information, the step of the memory controller initiating
the memory access further comprising the steps of:
selecting a bank of the system memory in response to the bank

select information; and

W O NN b N e

selecting a SIMM in response to the SIMM select information.

[

10.  The method of claim 9, wherein each of the plurality of SIMMs
has one of a plurality of possible SIMM sizes and there is a maxinium_

3 number of SIMMs, the first portion of the transaction request including



tay be required, depending on the size of the |argest S| MM t¥PSheet!HéBeénReplaced
the present ' ; i al physical address bits are [dsmomEEIN § s
required to se e multiple system nenory banks. JHIEHM"“}!I“H
Exenpl ary for Ffmm#mmm&w,rwn request packets for use i i~ 10RABHBLLIEK B

system 10 are new di e transaction set of conput er system 10

i ncl ude cache coherent transactions, non-cached transactions, and
i nterrupt transactions, and Figures 4- 6% §how transacti on request
packet formats for cached transacti ons, non-cached transacti ons, and

interrupt transactions, respectively. The physical 15 address bits conveyed
in the figq staquehbepbf bite sidfidienndo Wrovidd thanemetinformation padkihes of

Figures 4 and 5 are selected to provide bank sel ect ' i nformation, SI MV
sel ect i 1§ or SBMM seleat ihformatitadr repardless of GIMM. size and\linuindeb of ef
descriptions of each of the fields of the various transaction request.
packets # e PIMMS8ed, further details are available in the U S. 20 patent
application serial no. which is referenced above. '
Figure 4 shows a transaction_request format usedq fqr cache . coher ent
transact ilon Fequedhejmethod ef cdaime]0Q,w e’é“’;’%tfgm:gb]ﬁﬁmﬂ ‘Pngo%b]GrSIW

2 sizes includes 16 megabytes (MB), 32 MB, 64 MB, and 128 MB, the first
portion of the transaction request including thirteen bits for carrying
row information and three bits for carrying SIMM select information,
wherein the number of bits of the first portion actually used to convey
the row information and the SIMM select information depends on the

SIMM size and the number of SIMMs.

NS kW

12.  The method of claim 9, wherein each portion of the multiple
portion transaction request includes bank select information, the
method comprising the further step of selecting a different bank if the
bank select information of a particular portion is different than the

g & W N =

bank select information of a previous portion.

13. A computer system comprising:
a bus;
a master coupled to the bus, the master for issuing a transaction
request via the bus, the transaction request comprising

multiple portions;

N U bR WO

a memory;



system conponent. Both the first cycle 405 and the second_c;LcJ_e_%G—e%—ar—-——'
15 . cache coherent tTamsaction request packet include multiple . lacvai
fields. For ”m"”,mn le 405, a parity field occupi: é%“s _- '

35, a cltass f , l,HmI @!ﬂs bit position 34, five blti______ . u

address PA[8:6] dnd: 40: 39] occupy bit positions 29 th :

type field occupies bit 5 posi tions285-28, and twenty-five addltlonai
bits of the physical address

7 a memory controller coupled to the memory and to the bus, the
8 memory controller for initiating a memory access of the
9 memory prior to receiving a second portion of the

10 transaction request in response to receiving the first portion

oy
Pk

of the transaction request.

14. The computer system of claim 13, wherein the first portion of
the transaction request includes a row address portion of a memory
address, the memory controller initiating the memory access by
asserting a row address strobe signal, the computer sysfem further
comprising:

a plurality of cache memories; and

a coherency controller coupled to the bus and the memory

controller for determining whether the memory access is to

W 0 NN & a b~ W N o=

be completed.

15.  The computer system of claim 14, wherein the memory access is
‘a memory read operation, the coherency controller for determining
whether data stored at the memory location is to be retrieved from one
of the plurality of cache memories, wherein the memory controller
aborts the memory access if the coherency controller indicates that data
is to be retrieved from one of the plurality of cache memories, and
wherein the memory controller completes the memory access if |

coherency controller indicates that the data is to be read from the

W O ® N U ok N

memory.



PA[ 38; 14] occupy bit positions O to 24. The class field i dent THis Sheetidn ‘Qqﬂi‘ﬁvlﬂ'“e“.

two master class queues in the requesti ng master that the t»ran
request -paeket_has_been__l_ssued fromand is used to order execut

transactl ests Expandi ng the width of the class field:-al

nor e mast !ﬂ"ﬂ“ﬂm be discrimnated between. The type flel d
specifies saction 2¢ request ed. : For .t he second
cycle 410 of a cache coherent transaction request packet, a parity
field occupies bit position 35, a class field occupies bit position .
34, a master ID field occupies bit positions 29 to 33, a dirty 15 victim
pending ("DVP") field occupies bit position 28, bit positions 25 to 27

are reserved, 16n i Thal ¢otap atm)&demsofylaimllli)'Whéréhdheunamoey bit
position 24, a no Dtag present ("NDP") field occupies bit position 23, bit
posi tions 23 tongaller eboxts dhe uiemanyt adeess byrinhibigng fagsertian afial roessmin t S
PA[ 16: 4] occupy bit p03|t|ons O to 12. The NDP field is valid only in 20 .
systens suth addigsspiteehesgignakie thegnemeary lecation. use Dt ags.

The five-bit master IDfield is used to |dent|fy t he requesting

master, angd syste ontroller 20 uses, t.hjs matfign to maintain
fi 19" *Mhe computer system of claim 1 14 w ere}n the memory access is

2 a memory write operation, the coherency controller for determining

3  whether data stored by one of the plurality of cache memories is to be
4 written to the memory, wherein the memory controller completes the
5 memory access if coherency controller indicates that the data is to be

6 written to the memory.

1 18. The computer system of claim 17, wherein the memory

2  controller aborts the memory access by inhibiting assertion of a column

w

address strobe signal to the memory location.

19.  The computer system of claim 13, wherein the memory
comprises a plurality of Single In-line Memory Modules (SIMMs)
arranged in at least one bank, the first portion of the transaction request
further including SIMM select information and bank select
information, the memory controller initiating the memory access in

response to the row information, the bank select information, and the

NN G bk N =

SIMM select information.

20. The computer system of claim 19, wherein each of the plurality

Pt

2 of SIMMs has one of a plurality of possible SIMM sizes and there is a



‘orderjng for transaction requests having the sane master |D. arldhfsﬁkretﬂ.steenRepianed

parallelizing requests having different master ID's. The DVP f.i

16 ) dirty victimpendimg witeback bit that i's set when g ﬁ!ﬁlﬂ“m
read - s adirty line. Systemcontroller

DVvP fi eﬁlmn)m',“"”lmmdl I ng. The | VA fi eI d is used by a requesting
mast er td send am "snval i date I advisory" during a

conponent-initiated 5 cache coherent wite transaction in a éystem
wi t hout Dtags. A

maximum number of SIMMs, the first portion of the transaction
request including a number of bits sufficient to provide the row
information and the SIMM select information regardless of SIMM size

and number of SIMMS.

A G A W

21. The computer system of claim 20, wherein the plurality of
possible SIMM sizes includes 16 megabytes (MB), 32 MB, 64 MB, and
128 MB, the first portion of the transaction request including thirteen
bits for carrying row information and three bits for carrying SIMM
select information, wherein the number of bits of the first portion

actually used to convey the row information and the SIMM select

NN N e N

information depends on the SIMM size and the number of SIMMs.

22.  The computer system of claim 19, wherein each portion of the
multiple portion transaction request includes bank select information,
the memory controller for selecting a different bank if the bank select

information of a particular portion is different than the bank select

G b W N

information of a previous portion.

23. Ina common interconnect, a memory controiler comprising:
an input register for sequentially latching a first portion of a
transaction request and a second portion of the trahsaction
request;

a decode circuit coupled to the input register for first decoding

N b WON e

the first portion of the transaction request to provide a



equesting master sets the bit of the IVAfield if the requesthig: 1

: {Agants syste ntroller to invalidate a cache line of the req.u%ﬂ%hémﬁ&%erfképh?dj
mast er . The%ﬁﬁ—gﬁe&d when system controller 20 uses wuﬂu'"mul”m
duplicate tagH ,’mm,l ' Is set by systemcontroller 2(b it eIt ]
controller in ' m ts’iﬂnly in a systemw thout Dtags. :
Figure 5 shows the flormatsofv~a transacti on request packet for

non-cached read and wite transactions initiated by either system

controller 20 or a system conponent. As shown, the format of a first

cycle 505 is identical to the first cycle 405 of a cache coherent read or
15 witeZ transacti oseledtidn pignial andsa peridén of atmemmwryardiregs hadSthenof t he

non- cached read or wite transaction format are identical to bits
29-35 of 8 he s eforrdecoding thé secapat portiom of ¢he transactien requestpuest
packet. At bit positions 13-28, a sixteen bit _byte mask field is

defined. 9he byt earmérory address gegisier coupled, 10 receiye the partien ofgbeopri at e

system address bus. Bit 20 sition 0.to.12 .i n¢cl ude sical address bits
pX[ 16: 4110 memory aggress from the decode cfrcugt; aggy _

-

11 a memory control circuit coupled to receive the selection signal
12 from the decode cifcuit, the memory control circuit for
13 | initiating a memory access of a memory location indicated by

14 the portion of the memory address in response to the

15 selection signal and prior to the decode circuit completing

16 decoding of the second portion of the transaction request.
1 24. The memory controller of claim 23, wherein the portion of the
2 memory address decoded by the 'decode circuit is a row address portion
3  of the memory address, the memory control circuit initiating the
4 memory access by asserting a row address signal at a memory location
5 indicated by the row address.

25, The memory controller of claim 24, wherein the memory
controller is implemented as part of a system controller, the system
controller further comprising:

a coherency controller coupled to the input register and the

memory control circuit, the coherency controller for

R T T

determining whether the memory access is to be completed.



1As sh,own in both Figure 4 and Figure 5, physical address bl 1S . chee : S
‘a,r_e provi ded during both cycles of the transaction request:’ .@’-?Shecm 'te -
According To i ment, physical address bits| - H“ \ HI
may be:provi first cycle as bank sel ect ST :

17 i

three bits ali{ows a

@pla_ced__

|

i’

JWHQMMQU{'EBMO& ng one of multiple menory panks. The use of

as eight menory banks. By providing the bank select information in

W N = W N =
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26. The memory controller of claim 25, wherein the memory
controller completes the memory access by applying a column address
strobe signal to the memory location if the coherency controller

determines that the memory access is to be completed.

27. The memory controller of claim 26, wherein the memory
controller aborts the memory access by inhibiting the column address
signal if the coherency controller determines that the memory access is

to be aborted.

28. The memory controller of claim 23, wherein the common

interconnect further comprises a memory comprising a plurality of

Single In-line Memory Modules (SIMMs) arranged in at least one bank,

the first portion of the transaction request further including SIMM
select information and bank select information, the memory controller
for initiating the memory access in response to the row information,

the bank select information, and the SIMM select information.

29. The memory controller of claim 28, wherein each of the
plurality of SIMMs has one of a plurality of possible .SIMM sizes and
there is a maximum number of SMMS, the first portion of the
transaction request including a number of bits sufficient to provide the
row information and the SIMM select information regardléss of SIMM

size and number of SIMMS.

"8f di ffe&2nt bank organi zations for as many



“the' Iower order physical address bits, bank interleaving may be - laced
'!'accorrpl I shed by nmer el nti ng the physi cal address. TtusSh asBeenRe?a‘e
Physi €al address blts PA are provided during the second c \H‘\\“\
t he transact \lmmm“ ‘Etﬁ t to pr OVI de "page node" or

menory acces S signaly remains asserted and

signals are séle&tlbely applied to dlfferent banks over successive 10

cycl es based on the increnenting of physical address bits PA[8:6]. To

take full advantage of the page node capability, a nmultiple cycle packet
having three or nore cycles may be defined wherein each of the cycles

after the first cycle are simlar to the second cycle defined above and

i ncl udel phyéi calThedidremserybcontrBeBobclaifh?3, w&iereiddﬂmsphh’aiilsy BA[ 8: 6] are 15
toggl ed after the second cycle to selectively a CAS signal to the

i ndi cat2d rmsmb}eSMIM SIZES includes 16mggabyies (@Dﬁg MBc64MB, amg al so be

supported over i pl e transaction requests by nerely conparing the

row add®esd28 MB, éb‘htf"éfﬁhﬁﬁmw pfidhe |t¥a§t5a§t}@1‘é'eﬁﬂe%¥rm%ﬁ¥r@“t eeMsacti on
request pagket to 20. the previous row S he RAS si | for the
pr evi oul thﬁsfgetcaaﬁnnsro viarmatigncuid Biyes s fo carryang bet ween row

addressgs, sdlect mformatlon, wherein the number of bits of the first portion

6 actually used to convey the row information and the SIMM select
7 information depends on the SIMM size and the number of SIMMs.

31. The memory controller of claim 28, wherein each portion of the
multiple portion transaction request includes bank select information,
the memory controller for selecting a different bank if the bank select
information of a particular portion is different than the bank select

U b W =

information of a previous portion.



' Si g'na,l may be applied i medi ately, reducing latency. If there is no
match, the prior RAS signal is deasserted, and the appropriate RAS

signal” is asserted. Figure 6 shows the format of an
i At errupt transacti on request packet initiated by system conponent.

The first cycle 605 of the interrupt transaction request packet
I ncl udes a parity field, a class fietd, .

METHOD AND APPARATUS FOR QUICKLY INITIATING MEMORY
ACCESSES IN A MULTIPROCESSOR CACHE COHERENT

ABSTRACT OF THE DISCLOSURE

In a computer system including a packet-switched bus, a method
for requesting transactions such that memory accesses are initiated

-quickly. A master transmits a first portion of a transaction request
packet having multiple portion. A memory controller receives the
first protion of the transaction request , which includes a row address
portion of a memory address. The memory controller initiates a
memory access by applying a row address strobe signal to 1-:he row of the
memory location in response to receiving the first portion of the.

- request packet, and the master transmits any remaining portion of the
transaction request. After the full memory address has been received,
it is determined whether data stored at the memory location is to be
read from a source other than the memory location. The memory
controller aborts the memory access by inhibiting assertion of a column
access strobe signal to the memory location if the data is to be read from

a source other than the memory location.

(Fuge 1)



atype field, and a target IDfield. Atarget IDfieldis a five-bit field
5+ containing the master ID of the destination system conponent to

whi.ch the interrupt request packet is to be delivered. The second cycle
610 of the interrupt request packet includes a parity field, a class field,
and a master ID field. The naster IDfield is a five-bit field indicating

the identity of the requesting masterl/10 The operation of the
syst em address buses is now di scussed with respect to Figure 7. At
process block 705, a master issues a first CyGhs cacheabl e read
transaction request packet using its associ at ¢d sy§§ b m address bus
after the master has successfully arbitrated fg-~fonfjrol of the system
address bus. The type field of the angact--eh QEque packet 1% indicates
to systemcontroller ZU tng] t he tr: ‘gnr Bestis a ca cheZ
coher ent requesL..i&,pﬁpces- bl ock t‘.-ca(hlng ister islsuesythe
second cycle gqf the reaﬂEE&- saction &&que&% packet , and t he ne@bry
controller portion of £ £erg controi'er 20zi nitiates.a nenorly access by
asserting the |appropgli at®@ORAQe s g4l %s detier i ned @jom t he panks 20
sel ect, SI MM gel gct, fand row address 2nfor2 tijand ncljuded in h@fl rst
cycle of t he rfeafl redque pelcket . qggﬁe gqher ench ogﬁ at i ons
begi n once tgﬁ fi@l physjcal address : < 4
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has been received, and the coherency controller of systemcontroller 20
determ,nes whet her the data requested is to cone from system

19 menory or a cache at process bl ock 725 by performng a
"shoop-asi de” wherein the systemcontroller snoops the Dtags to
det er mi ne whet her the nost recent copy of the requested data exists
i n anot her cache or in system nmepony. Cache coherency operations are

performed within a 5 constant tine period and are conpleted prior to the
time the CAS
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signal: is to be asserted. If the data is contained in another cache in the
system, systemcontroller 20 aborts the nmenory access, and system
controller 20 requests a copyback to the requesting master from anot her
cathing’ master at processing block 730. Menory accesses nay be 10 aborted

by inhibiting the assertion of the CAS signal of the selected menory
devi ce. At process block 74Q,11t he cache nmaster that has been
requested to source the data indicates that it is ready to source the
data to system controller 20 via interconnect control |ines 22. At
process block 745, 15 systemcontroller 20 schedul es a data path 'and data
I s delivered to the requesting naster, and systemcontroller 20

i ndicates to the requesting nmast er that the requested data is

ntrol i nes. The

0 be sourced from
q-ry access by

ce and schedul es a
745. System

process ends at procegss blo
system nenory, systenycontr
asserting the CAS sighal of
data path to the requpsting
controll er sends apprppriate

avai l abl e on the syst ”Iddthi
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control” signals via interconnect control lines 22 to the requesting
master to indicate that its systemdata bus contains the requested data.

20 . . Figure 8 shows a systemcontroller 20 in nore detail. As
shown, t he physical address sent as part of a transaction request
packet is : received via a system address bus and | atched by i nput
regi ster 805 of 1/11
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. System eont-roll er 20. A decode circuit 810 decodes the physical address
‘det'ermine the transaction type and destination. Wen the
““transaction type is a cached nenory access, decode circuit 810 forwards
“the menbry address to nenory address register 820. Input register 805
‘ang nenory address register 820 are clocked by the systemcl ock of the
- interconnect. Decode circuit 810 al sosfprwards control information 10
‘desi gnati ng which bank and SI Mt have been selected to control |ogic

. 815. - Menory control logic 815 and nenory address register 820 define
.-the interface between systemcontroller 20 and system nenory.

.Figure 8 al so shows cohergncy control |ogic 825 as being coupl ed
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.fb“receive the nenory address from decode circuit 810. Coherency 15
~cantrol_ logic 825 snoops the Dtags 21 to determine if the data at the
nmenory |location indicated by the nenory address is stored in a cache.

.The output of nenory address register 820 is coupled to a menory
address bus MEMADDR[ 12:0] that is routed to all of the SI Mk of .
system nenory. The nenory address bug /4§ nultiplexed to 20 carry the row
address at a first time and-to carry the col utm addr ess during a
Subsequent tine. The width of the nenory address bus is selected to |
accommodat e the maxi num w dth of a row address or a col utm address,

_Whi chever is |arger.
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=21*§ ca The output of menory control |ogic 815 are a nunber of

#RAS,! ' s CAS, and VEE signal lines that are each point-to-point signal
Fines . routed to individual nenory devices. Wen a first cycle of a
‘cactie coherent read request packet is received by systemcontroller
20,%it is 5 stored in input register78/{~’)ﬁ,S and decode circuit 810 decodes
‘the physi cal address information 't el ect the appropriate control
signals of menory control |ogic 815. Decode circuit 810 forwards the
“menor y

AMASTER 705
{SSUES A FIRST CYCLE OF A CACHEABLE
READ TRANSACTION REQUEST
PACKET

MASTER ISSUES SECOND CYCLE; /730
MEMORY CONTROLLER INITIATES

B MEMORY ACCESS BY ASSERTING
g RAS SIGNAL IN RESPONSE TO

RECEIVING FIRST CYCLE

730
/\/

MEMORY CONTROLLER ABORTS
‘MEMORY ACCESS AND REQUESTS
COPYBACK TO REQUESTING
MASTER FROM SOURCING CACHE

y

SOURCING CACHE INDICATES
READINESS TO SYSTEM
CONTROLLER

745 < I ~
740
\d
SYSTEM CONTROLLER SCHEDULES

DATAPATHAND INDICATES TO THE
MASTER TO RECEIVE DATA

750

Coone




‘addf ess portion of the physical address information to nenory address
~Tegister, 820, which outputs the nenory address to be accessed. 10 Menory
‘gantrol Ioglc 815 asserts the RAS of the selected nenory devi ce, and
‘the:nmenoiy address bus carries the row address of the menory | ocation
to4ge accessed. After the conplete nenory address is received,
;.coherency control |ogic 825 snﬁ%pf Dtags 21. Al coherency operations
;are 15 perfornmed within a fixed nu of clock cycles and conpl eted prior
40 . the tine the CAS signal is to be asserted. If coherency control
“Fogic 825 determ nes that a cache is to source the requested data,

..coherency control |ogic 825 causes nenory control |ogic 815 to abort
-the menory access. Menory accesses may be aborted by inhibiting the
CAS.signal. 20 Coherency control |ogic 825 perforns the coherency
-operations before it is tinme to assert a CAS signal such that no
:latency is added to the Menory access. Figure 9 shows
“timng for the initiation of a nenory read access according to one
- émbodi nent. As shgwy jhe first andAsecond cydes of
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22 :4 _ a transaction request packet are sent during successive clock
cycl es af system cl ock signal SysC k. There is |latency associated with"
I nput regi ster 805 and decode circuit 810 such that a full clock cycle
passes fromthe receipt of the first cycle of the transaction request
packet by 5 systemcontroller 20 during to the tinme when nenory address
regi ster 820 | atches the rom/addre§?llThe appropriate RAS signal is
asserted | ow toinitiate the requested nenory access after sufficient
tine its all owed
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for the.row address to settle. For this exanple a full clock cycle is
inserted, but it is sufficient to wait for the duration of the row address
.10  setup tine. The assertion of the CAS signal is shown as occurring two
clock cycles after the RAS signal is asserted. |If the coherency controller
portion of systemcontroller 20 determnes that a cache is to source the
data, the CAS signal is not asserted, 184d1t he menory access is aborted.
Figure 10 shows the timng for the initiation of a nenory wite 15 access

according to one enbodi ment. As shown, the first and second cycl es of
a.transaction request packet are sent during successive clock cycl es

of systemclock signal Sys_C k. The appropriate RAS and WE signals are-
asserted low to initjiate the requesteq nenory wijte accgss after
sufficient time is gllowed for the roy address tq settlg. The (AS 20

signal is shown as i asserted twojcl ock cyclgs after the RAS and WE

signals are asserted. If]the coherency controller} portign of system
controller 20 determines} that the wa ack is tq be abgrted, tjhe CAS
signal is not assertjed.

—

[72]
[92]
——— I PSS G e S—— — Gy— u-‘ oy Gy Gavnay Tty TE—— G Russ SR S S G G P — SE—

0
(=]
[}
Lo
=z

= =

m > /

b o)

2 — —_—————— 8 e e e e e e P

w

<C

[&]

o— PRSP SEpp—— S S SIS P U —— S

[72]
[72]
[ V7]
o'y
(&}
D
=
o s e S ahes e G e Gt E— G Sy S Gun G— —
0>

P SRt S GuE (e GEATE GAIMD GeE Gy T SN S S WD G S WS L—-——

|
YCLE %YCLE 2>
. '/
l
l
!

_____ s e e e e e e
(&)
B D G N N N
[2 o
5 s 8
5 ) w
| [Tl g L
o 8 > 2 B i
w | 73]
=

10

FI1G.




23 ..l - Figure 11 shows the tining for the initiation of a page

nﬁde;hgad access. As shown, the transaction request packet may include
three or nore cycl es wherein each of the cycles after the first cycle

i n¢l.udes colum address information for selecting a different columm

or bank of 5 .a nenory page. The CAS shgnah is shown as being asserted for
two cl ock cycles, deasserted for one clock cycle, and then asserted :
again, while the RAS signal remains asserted. The process continues in
a simlar manner for each new col um address (or bank sel ect

— — . i, . Sty G, it pe e e w
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| nformat ion) that is provided. Because a different %@(ﬁ%ﬁa_fl s 10

assefted in response to each colum address, the CAS signal ¢
Figure 11 is a sinplification that nerely show that a CAS si d REBILABEM’:NT SHEET
asserte recei pt of each new col umm addreds |'Té’""""“'*“""“"-l
the RAS s erted. THIS BHERE HAQI R DJ{s egiéei ) ig
the i nvenum Eﬂnm cribed 15 with referREMAECEDHO spepi i X ré?%r@é\’
enbodi nen ereofn will, howeveT, D€ evigemt—tial yaftous
nodi fications and changes nay be made thereto w thout dgparting from
the broader spirit and scope of ﬁ@ﬁ&mﬂ The specificatTom amd
drawi ngs are, accordingly, to be an illustrative rather
than restrictive sense.

1. In a multiprocessor cache coherent computer system including a plurality of masters

and local caches coupled to a bus, each master having a corresponding local cache, a method for
requesting transactions such that memory accesses are initiated quickly, comprising the steps of:

a master transmitting a first portion of a transaction request via the bus after performing a
cache hit/miss determination on a corresponding local cache, the transaction request including
multiple portions;

a memory controller initiating a memory read of a memory location indicated by the first
portion of the transaction request prior to the memory controller receiving a second portion of the
transaction request;

the master transmitting the second portion of the transaction request;

determining whether data stored at the memory location is to be read from a source other
than the memory location; |

the memory controller aborting the memory read if the data is to be read from a source other
than the memory location; and

the memory controller completing the memory read if the data is to be read from the

memory location.

2. The method of claim 1, wherein the first portion of the transaction request includes
a row address portion of 2 memory address, the step of initiating the memory access comprising

the step of applying a row address strobe signal to the memory location.

3. The method of claim 1 wherein the step of determining a source includes snooping
the local caches of the computer system to determine whether a most recent copy of data stored at

the memory location is stored in one of the local caches.

This Sheet Has Been Replaced
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- 24 - CLAI M5 _ 1. In a nmulti processor' cache coherent
conput er system i ncl udi ng .a plurality of nmasters and | geal—eaches

coupled to W&r——haw ng a cor respondi-pgl G(REPiéaEh’é'”qa?HFET
nmet hod for Fequesting trans ons such T EHEET H@Srﬁﬁ? dedSe€s are T
initiated qui ﬂmm“uﬁ nﬂ Em he stepp of: REPLACED _ stje ransmqtot,l g
a first porti n requesSt via the bus afit dr ipz f*i rﬁ“’ng
cache hit/niss *deferfination on a correspondi ng | ocal cache, the
‘transaction request including nmultiple portions; a menory
controller initiating a nenory read of a nory | ocation rTdiTated by
the first portion of the transaction reqtfm;t prior to the nenory

control ler regeiving 2 2689 duR, bingBin’ calllbohfSld? Béttdrfll e SH3%E brooping
caches by snooping a set of duplicate tags identical to tags maintained by the caches of the -

computer system.

5. The method of claim 1, wherein the second portion of the transaction request
includes a column address portion of the memory address, the step of aborting the memory access
comprising the step of inhibiting assertion of a column address strobe signal to the memory

location.

6. The method of claim 2, wherein the computer system includes system memory
comprising a plurality of Single In-line Memory Modules (SIMMs) arranged in at least one bank,
the first portion of the transaction request further including SIMM select information Qnd bank
select information, the step of the memory controller initiating the memory access further
comprising the steps of:

selecting a bank of the system memory in response to the bank select information; and

selecting a SIMM in response to the SIMM select information.

7. The method of claim 6, wherein each of the plurality of SIMMs has one of a
plurality of possible SIMM sizes and there is a maximum number of SIMMs, the first portion of
the transaction request including a first set of bits providing row address information and a second

set of bits providing SIMM selection information, the first set being separate from the second set.

8. The method of claim 7, wherein the plurality of possible SIMM sizes includes 16
megabytes (MB), 32 MB, 64 MB, and 128 MB, the first set numbering thirteen bits and the

second set numbering three bits, wherein the number of bits of the first portion actually used to

—
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the master transmitti ng the second portion of the transact+-ep—request .

determ ni

a source t ry location;

aborting Miﬁmaﬂwﬁgﬂm{mt he data ik

t han t he oL 7+ and

menory read if the data is to be read fromthe nenory
2. The nmethod of claim1l, wherein the first portion of

request includes a row address portion afz-a nmenory address;—the-step—of

red at the menory |ocation igREPIBEREGH FYXAPET

orfy~contr ottef—
mia-squice glhern
| gr ‘conpleti-ng fhe
| l.an

t he transaction

initiating the menory access conprising the step of applying a row address
strobe sinudy thordavhinforaxaton/andabsSIMM select 3nformafion degendsoah thé SBVIM sizelanditier ei n
the step of determ ning a source i ncl udes snooping the | ocal caches of
t he conpuruErbes9ESIMMS.0 det er mi ne whet her a nost recent copy of data

stored at the nenory location is stored in one of the

| ocal caches.

9. The method of claim 6, wherein each portion of the multiple portion transaction

request includes bank select information in a first set of bits and row address information in a

second set of bits, said first set being separate from said second set, the method comprising the

further step of selecting a different bank if the bank select information of a particular portion is

different than the bank select information of a previous portion.

10. A computer system comprising:

a bus;

a plurality of masters coupled to the bus, each master having a corresponding local cache,

each master for issuing a first portion of a transaction request via the bus after a cache hit/miss

determination has been performed on a corresponding local cache, the transaction request

comprising multiple portions;

a memory;

a memory controller coupled to the memory and to the bus, the memory controller for

initiating a memory access of the memory prior to receiving a second portion of the transaction

request in response to receiving the first portion of the transaction request; and

-a coherency controller coupled to the bus and thé memory controller for determining

whether the memory access is to be completed.

11.  The computer system of claim 10, wherein the first portion of the transaction

request includes a row address portion of a memory address, the memory controller initiating the

memory access by asserting a row address strobe signal.

:
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25 4. The nmethod of claim3, wherein a cache conf R
‘the' step. of snooping caches by snooping a set of duplicate B

tothags : ches of the conputer system
met hod of t he seco *hﬂtramat‘icﬁﬂk gea
i ncl udes: a illmﬂ[! mm l“ rtion of qﬁwwg“%géﬁ‘éss, t he| step ol?m

aborting t CCELSS conpri si ng—+he Lnhijbi ti hg assertron of a
col um address strobe signal to the nenory Iocatlon

-4~
12.  'The computer system of claim 10 wherein the coherency controller determines

whether the memory access is to be completed by snooping the local caches of the computer

system.

13. The computér system of claim 10, wherein the memory access is a memory read
operation, the coherency controller for determining whether data stored at the memory location is to
be retrieved from one of the local caches, wherein the memory controller aborts the memory access
if the coherency controller indicates that data is to be retrieved from one of the local caches, and
wherein the memory controller completes the memory access if coherency controller indicates that

the data is to be read from the memory.

14.  The computer system of claim 13, wherein the memory controller aborts the

memory access by inhibiting assertion of a column address strobe signal to the memory location.

15.  The computer system of claim 10, wherein the memory access is a memory write
operation, the coherency controller for determining whether data stored by one of the local caches
is to be written to the memory, wherein the memory controller completes the memory access if

coherency controller indicates that the data is to be written to the memory.

16.  The computer system of claim 15, wherein the memory controller aborts the

memory access by inhibiting assertion of a column address strobe signal to the memory location.

17.  The computer system of claim 10, wherein the memory comprises a plurality of
Single In-line Memory Modules (SIMMs) arranged in at least one bank, the first portion of the

transaction request further including SIMM select information and bank select information, the
-
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18.  The computer system of claim 17, wherein each of the plurality of SIMMs has one

of a plurality of possible SIMM sizes and there is a maximum number of SIMMs, the first portion

of the transaction request including a first set of bits providing row address information and a

second set of bits providing SIMM selection information, the first set being separate from the

second set.

19.  The computer system 6f claim 18, wherein the plurality of possible SIMM sizes
includes 16 megabytes (MB), 32 MB, 64 MB, and 128 MB, the first set numbering thirteen bits

for carrying row information and the second set numbering three bits for carrying SIMM select

information, wherein the number of bits of the first portion actually used to convey the row

information and the SIMM select information depends on the SIMM size and
SIMMs.

the number of

20.  The computer system of claim 17, wherein each portion of the multiple portion

transaction request includes bank select information in a first set of bits and row address

information in a second set of bits, said first st being separate from said second set, the memory

controller for selecting a different bank if the bank select information of a particular portion is

different than the bank select information of a previous portion.
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"21. The method of claim 1, wherein the first portion of the traﬁsaction
request includes a type field, the method comprising the steps of:

accessing the type filed of the first portion of the transaction request to
determine if the transaction request includes a cache coherency request;

causing a coherency controller to receive the multiple portions of the
transaction request if the transaction request includes a cache coherency
1 request; and

causing the coherency controller to determine whether the most recent

copy of the data exists in one of the local caches or in the memory location.
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CLAIMS

1. in a multiprocessor cache coherent computer system including a
plurality of masters and local caches coupled to a bus, each master having a
corresponding local cache, a method for requesting transactions such that
memory accesses are initiated quickly, comprising the steps of:

a master transmitting a first portion of a transaction request via the bus
after performing a cache hit/miss determination on a corresponding local cache,
the transaction request including muitiple portions;

a memory controller initiating a memory read of a memory location
indicated by the first portion of the transaction request prior to the memory
controller receiving a second portion of the transaction request;

the master transmifting the second portion of the transaction request;

determining whether data stored at the memory location is to be read from
a source other than the memory location;

the memory controller aborting the memory read if the data is to be read
from a source other than the memory location; and

the memory controller completing the memory read if the data is to be
read from the memory location.
~— 2. The method of claim 1, wherein the first portion of the transaction
request includes a row address portion of a memory address, the step of
initiating the memory access comprising the step of applying a row address

strobe signal to the memory location.

3. The method of claim 1 wherein the step of determining a source
»  includes snooping the local caches of the computer system to determine whether
a most recent copy of data stored at the memory location is stored in one of the

local caches.
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4. The method of claim 3, wherein a cache controller performs the
step of snooping caches by snooping a set of duplicate tags identical to tags
maintained by the caches of the computer system.

5. The method of claim 1, wherein the second portion of the
transaction request includes a column address portion of the memory address,
the step of aborting the memory access comprising the step of inhibiting .
assertion of a column address strobe signal to the memory location.

0. The method of claim'2, wherein the computer system includes
system memory comprising a plurality of Single In-line Memory Modules (SIMMs)
arranged in at least one bank, the first portion of the transaction request further
including SIMM select information and bank select information, the step of the
memory controller initiating the memory access further comprising the steps of:

selecting a bank of the system memory in response to the bank select
information; and
selecting a SIMM in response to the SIMM select information.

7. The method of claim 6, wherein each of the plurality of SIMMs has
one of a plurality of possible SIMM sizes and there is a maximum number of
SIMMs, the first portion of the transaction request including a first set of bits
providing row address information and a second set of bits providing SIMM

selection information, the first set being separate from the second set.

8. The method of claim 7, wherein the plurality of possible SIMM
sizes includes 16 megabytes (MB), 32 MB, 64 MB, and 128 MB, the first set
numbering thirteen bits and the second set numbering three bits, wherein the

number of bits of the first portion actually used to convey the row information and
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the SIMM select information depends on the SIMM size and the number of
SIMMs.

0. The method of claim 6, wherein each portion of the multiple portion
transaction request includes bank select information in a first set of bits and row
address information in a second set of bits, said first set being separate from said
second set, the method comprising the further step of selecting a different bank if
the bank select information of a particular portion is different than the bank select

information of a previous portion.
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