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PCT/ 3897/ 11632 METHOD AND APPARATUS FOR SUPPORTI NG MULTI PLE OVERLAPPI NG
ADDRESS SPACES ON A SHARED BUS BACKGROUND OF THE | NVENTI ON Ei el d of the

| nvent i.orVOIBOMAsent i nvention pertains to conputer systent CAHEOZEMBt er
system buses. More particularly, this invention relates to supporting

mul ti ple overl appi ng address spaces on a shared bus in a conputer system
Backgr ound Modem conputer systems typically have nultiple agents coupl ed
together via a systembus. Typically, the agents are integrated circuit
chips with multiple pins coupling each agent to the bus. These agents may

ijnc! Udf(% ) f Okgﬁ'rqmbeAdwn péppmtsmw Fonrmprtommgeml,mpms. slt or age
device(s), etc. In order r u e r properly, ese
agent s shouQVEBRLAPRING ﬁ@%&?&éﬁuﬁ@aﬁgm&%ﬂ her via the ~
bus. Different agents in a conputer systemand different |ocations within
these agents (e.g., a regi M hQp) are typically )
accessed via a particul ar . es which can be used

by a particular agent is typically ref erred to as the address space of that

agent. A typical range for addresgjciPar@s RY nodern conputer systens
is from8 to 44 bits. As technol ogy has advanced, the address space being

supported by particular agents .has increased in order to acconmpdate a wi de
range of agents ghe prEeRl itvertivatpeftiins téEémputeryd@msagdicompateppystéma | ar ger

address spage th ol der ents.. However, 1n order.to | e exibility
i n comput er g’éﬁ%t raggﬁtﬁﬁiaﬂﬁwd‘ﬁ‘bﬁ»’m'&@“a&%? a‘?l’c?&}ﬂ;a‘{‘}’@ﬁ% ?@aﬁﬁéoul'd be
benefici al hddrpssepacks an ashaechbsinattonipusersystems snal | er address spaces as ..
wel | as newer, |arger address spaces. The smaller and | arger address spaces

typically overlap. For exanple, the fjirst 8-2it space of a 16- bit address
space and the entire space of an 8- biRac S space are the sanme, and thus
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a system bus. Typically, the agents are integrated circuit chips with multiple pins
coupling each agent to the bus. These agents may include, for example, a
processor(s), a memory device(s), a mass storage device(s), etc. In order for the
computer system to operate properly, these agents should be able to effectively
communicate with each other via the bus.’

Different agents in a computer system and different locations within these
agents (¢.g., a register or other memory location) are typically accessed via a particular
address. The range of addresses which can be used by a particular agent is typically
referred to as the address space of that agent. A typical range for address spaces used.
by modern computer systems is from 8 to 44 bits. As technology has advanced, the
address. space being supported by particular agents has increased in order to
accommodate a wide range of agents and memory locations.

Often, newer agents support a larger address space than older agents.
However, in order to increase flexibility in computer system design and provide
backwards compatibility, it would be beneficial to provide a mechanism which
supports smaller address spaces as well as newer, larger address spaces. The smaller
and'larger address spaces typically overlap. For example, the first 8-bit space of a 16-
bit address space and the entire space of an 8-bit address space are the same, and thus
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i nput/out put devices) nmay have no need to use the |arger address spaces.
Therefore, using additional pins on these agents in order to couplé& themto
t he bus needl essly increases the cost and physical size of the agents. One
sol uti owgigseeegiporting nmul tiple address spaces is to use getiugofivess equest’s
for different address spaces. For exanple, a request in an 8-bit address -
space and a request in a 16-bit address space would be two different
commands, using different request |ines on the bus. However, this solution
greatly increases the nunber of control lines required on a bus, because a
significant nunber of additional control lines is needed for each of the

di fferent address spaces, whjch are supported. Thus, it would be beneficial
to provi défeécf@@ﬁéﬂﬁ%wquPP@ﬂpMF%ﬂwWW’&M‘%@@YW whi ch does.

not requi ffpuffolipifddvices)ina iaweho AtedOisé t/1algefatMlésS 'spdck8CTheréfore)i | | be
described i.n nmore detail below the present Ly ntion provides A met hod -and
appar at usU¥8¢ g&‘&‘ﬂﬁ’@?ﬁﬂ%@’%ﬁ@iaﬁﬂm%gﬁﬁwpﬂw °égf)‘?é% @C@aaesi‘ﬁﬁ% Ya shar ed
bus t o acirceeases the sestand physieal sizexf thechgentsul t s .which will be apparent to

t hose skilled iq..t OF THE

| NVENTI ON_A net &fﬁg;r?‘ghg%éﬂﬁa&t ﬁu’%e?’gﬁﬁ)g%ppor gﬁ%&% t%’?‘%% g‘%&‘? g

addr ess sfacliffergnt addsess spasepuEor example.a 1equeshisran §bit sddresggpacsandsa i ncl udes

ompar At o L B B T O il U e on
S SS, S i S i ssu

Che. bus, Teslgstiiics an fie,us; HatRves Jhissalition SrUY Jnravasesine Ammberok cat or

i ndi cat escentfol lines reqdiredsen 8 pas; becdust asignificaat mingber of adiliriorsd comasles t o whi ch

t he- addre | ' e d .Si ze

| i cat or Diss nEERAR0P cacn o U Akt BaROE SHOS A ey sholiorlel ARG i€ 71 o

The size wouldike bangfieisktojpsovide A merbarigmdar supposing diffesens adidxels spasesaddr ess,

Fequest . LASHTUSES nbteq6it e SRR il OF aduifofl oGl THEY oot uhi ch T ecel vos
e adtr ess. s A8 VR dsPaTbe dh Athre Qe Be i BTSN BY PR o
space(s) nteituid antl apparpms fer supportring muldplesverappieg adiiress sxices bhe shaede
suppor t edHQQ’ :otal&ﬁﬁgg fHake a&d‘c?‘tﬂ?# Jk&rg% FhPGhich Wﬁf%fab&ré’ht‘i@ Bk SBneyid he
entire address. wWever, | he address space - Z- ,

the art from the description that follows. o

RY OF E N _

A method and apparatus for supporting multiple overlapping address spaces
on a shared bus is described herein. The apparatus includes both an address |
comparator and an address size indicator.. The address comparator compares an
address, corresponding to a request to be issued on the bus, to a plurality of address
spaces. The address size indicator indicates a first address space of the plurality of
address spaces to which the address corresponds.

According to one embodiment, the address size indicator encodes the first
address space onto one or more control lines. The size of the address is then issued
on the bus along with the address, thereby informing the other agents on the bus of
the address space for the request.

Additionally, according to one embodiment, an agent which receives the
address size indicator compares the address size to the address space(s) which it
supports. If the address space is within the range supported by the agent, then the
agent performs parity checking on the entire address. However, if the address space
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PCT/ US97/ 11632 is outside the range supported by the agent, then the agent
knows it is not the target .of the request. Additionally, if the address
space i s WR®MEk he range supported by the agent, then the REEUSIINE6R0r N5
parity checking on only part of the address, rather than the entire
address, thereby allow ng the agent to identify any parity errors in that
part of the address. BRI EF DESCRI PTI ON.-CF THE DRAW NGS The present
invention is illustrated by way of exanple and not limtation in the
figures of the acconpanying draw ngs, in which |like references indicate

ompuror oo S ahSaBH e bble boteSatnd I AP I RS RRRE e
i nventi on; meguq@esg Addlaobﬂbckflhta@mmsphtmmmdmemﬂgesuppamythystem
such a5 ™Y adiy @'?“*S"Va?@'r‘? ﬁﬁ?ﬁ ‘3%“{” b, bl Sl abeCHind MRS Bfver A ° e
embodi ment i angiEe \V’é‘B @wmwemfyanﬁmwmuamtpm

il lustrati ngftHeQdamgt;r oI Iog| c used with one enbodi ment of the present
invention; Figure 5 is aghih T JM@tlmng of selected
signals for a request acggu 'ﬁé‘ Jm I present invention;
Figure 6 illustr 91‘Q8hm18't®pgni&jlllhm bnywaynoﬁqammc and satlimitationtig heest on
‘the bus accg Qfﬁﬁaeéﬁ'mf'ﬁag%'tg%ﬂn finWiicili é&?&eﬂ&!%&ﬂ@smﬁia‘i’ure /

Il lustrates estes fol agent en recerving a request from
t he bus acc%lﬁmeﬂﬁaf’élbe@cbnbodl ment of the present invention; and Figure 8

il ust{at es over%mm@dd{egasmﬂ %sslailcé&{, t&]gk lflanpﬁ{éh(ﬂag“%gll?gf\ﬁ Lgof the
present inv i on n the follow ng de

descri ptlonwﬂhr‘?gFSH’ggg F?T@Eg&sgl?tpgvg\ngnset forth in order to provide a -
t hor ough under st Etgmng isd bloble djpgrswe illusiratirgd busclustensysiem such asinay bee

under st ood Mﬁfrﬂeﬁtrbfgﬂ?el?g&ﬁtfmv@{m ’pe present invention nay be

practiced wt out these specifi n Gt her instances, well known
met hods, procedu Figure 3sh Qwsan example of overlapped phases for two transactions

according to one embodiment of the present invention;

Figure 4 is a block diagram illdstrating the control logic used with one
embodiment of the present invention; | _

Figure Sisa timing diagram illustréting the timing of selected signals for a
request according to one embodiment of the present invention;

Figure 6 illustrates the steps followed by an agent in issuing a request on the
bus according to one embodiment of the present invention;

Figure 7 illustrates the steps followed by an agent when receiving a request
from the bus according to one embodiment of the present invention; and

Figure 8 illustrates overlapping address spaces according to one embodiment
of the present invention.

DETAILED DESCRIPTION

In the following detailed description numerous specific details are set forth in
order to provide a thorough understanding of the present invention. However, it will
be understood by those skilled in the art that the present invention may be practiced
without these specific details. In other instances, well known methods, procedures,
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PCT/ US97/ 11632. conponents, and circuits have not been described in :detai

so as not to obscure aspects of the present invention. In the discussions
to fol lweegenyai n signals are discussed fol | owed by a "#pepdR u@@%atipn-
Is used to indicate a signal which is active when in a |ow state at is,
a low voltage). It is to be appreciated, however, that the present
invention includes inplenentations where these signals are active when in a
high state rather than when in a low state. Simlarly, the present »

I nvention includes inplenmentations where signals di scussed herein which are
not followed by a "#" are active when in a low state. In the discussions to

fol | ow, raimpomns amd oiveglits haveonct ibeem deseeibed!i detsil spB®mesto dstireaspdeacat i ons
whi ch can ix%%nhp either of two different address spaces are the
over | appi ng p rtlon fe address spaces. By way of exanple, two address
spaces nay be I tbediscussionsrte foll %Mmlsmbhmmdrfdmm&#ﬂ nthis

exanpl e, Phisholagod 1§Hseéi&mﬁ&%ﬂ: 4 ﬁ hﬂeamleﬁ 1 dcRbSvhaN 4 1Bwt4g§e g% §kt address

space and bits are used entify locations In t address

space. The¥ V@@&%s’é st‘ﬁ@"’?l’?’??‘“?f b?‘f"%‘"ﬁf athe Prcgent dnventign inelydes 1 s [31: 0])
are the smmeméﬁt@um(iﬁmsthewmsam a&ﬂwlwhéh MVt laﬁatemmmh&s @heni Nvention

provi des a nechanis port| overla ress spaces on
a shared ‘BL?S ﬁﬁﬂﬁ glﬁ?’i)qﬂé'sth% g‘ﬁl%fi 'T%’F‘H&"ﬁ “%h i ndication
of the aoﬂigwsdm@hmwmﬂl memt MW?%mmchﬁmsnaMCatlon is

then recedpgd by another agent(s) coupled to the bus. This allows the other

fhe request . ot e GHRRISIGRS 2 By TEBTFHES ¥ 1806 KHOCRAPEDGACEIES BAERSy o
addr ess rAdéreysidcaidnd which cathetesséd ;wélﬁxcilof Mdﬁffez%heﬁc@esﬁu ddephrecessor
ovent | ont™e PYEThRTE pafof Bl aalfiSY stk By G aerBEe, whsdBEElr  roory
bus or ot mﬁemmbﬂaaafhxtcnddma spaceGihd fadd6-bid addressspaden dn this oxample dritsbet ween
di fferenty3agn %u&ﬁ%i&ﬁn@&éﬁn@ﬁﬁ%mﬁ hkf&?es’%‘%gi&%&%ﬁ@ [$5:.004e bridges,
fremory deVI %S 1dege£y l%canons in Slvel 3%?§“ a&;rgss space. IQl‘hus,e ge%gtzse the first 32 bits

of each address space (bits [31:0]) are the same, the address spaces are said to :

overlap.

The present invention provides a mechanism for supporting multiple

overlapping address spaces on a shared bus. An ageht issuing a request on the bus

provides an indication of the address space to which the request corresponds. This

indication is then received by another agent(s) coupled to the bus. This allows the

~ other agent to determine, for example, whether it can possibly be the target of the
- request, or whether it can perform parity checking on the entire address received with
the request. :
- Figure 1 illustrates 2 multiprocessor computer system such as may be used

with one embodiment of the present invention. The computer system 100 generally

comprises a processor-memory bus or other communication means 101 for

communicating information between different agehts coupled to the bus 101, such as

processors, bus bridges, memory devices, peripheral devices, etc. The processor-

memory bus 101 includes arbitration, address, data and control buses (not shown).

In one embodiment, each of the one or more processors 102, 103, 104, and 105

includes a small, extremely fast internal cache memory (not shown), commonly
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menory bus 101 includes arbitration, address, data and control buses (not
showh). I n one enbodi nent, each of the one or nore processors 102, 103,

104, and 105 includes a small, extrenely fast internal cache nmenory (not
shown), c8YRBHIP2L 4. WO 98/ 09221 PCT/US97/11632

PCT/ US97/ 11632 referred to as a |l evel one (L1) cache nenory for tenporarily
storing data and instructions on-chip. In addition, a bigger level tw (L2)
cache nmenory 106 can be coupled to any one of the processors, such as
processor 105, for tenporarily storing data and instructions for use by the
processor(s). Each processor may have its own L2 cache, or sone nmay share

an L2 Cacherefé’ﬁaf%%rléva%(ﬂﬁ%acwe&@ O YerfiStlhi nlp%:& A 4y PrOCesSOr

(a syrmetrl ¢ CO- processqr SUQ cessor si Iar e Sane as.

processor 1@5@%%&%&}11» waddﬁme !m!tmz §acmmqywmbe

asymmet ri ¢ gouplédersyne of §d praGessond] gtcthadspimaﬁir IIOBORﬁ???ﬁé Sé' on,
ent type

rocessors 102 throu h 1 na ncl ude or,s of di I'n
(F;ne enbodi né?ﬁa, 5 “%FE %\f@”&' eﬁ e a‘fl?f‘@FCSQP"CWP‘Y dayegitgown
ni cr opr oces¥2reactes opsmmesayp sharé @8 I 2vachgh 105, such as i386[err],
| 4867[err], Pent I hS. r he .present.
i Lerr], Pent puiillor A%, '1651 P10 HEY At o pelffef Hraceldhe (DEmmetric . | 1.

i nventi on may I ze any m_croprocessdr a
appreci at edc?'lﬁmceﬁ?&) ﬁﬂﬁbc asanwesa%ﬁm@tcwrébsyams asiprogessor l%pem ally

germane to ANRmaYsS procesenian 03 Tdaqmrxﬁ@es&Ma éﬁ&c%ﬁxw&s&f Q.Ydhdes
system access 5 e &x% and t/out su systems ry
control ler 3% ﬁg%mﬁﬂﬁ‘ﬂﬁ SEPESOrnin ?&ﬁ%‘é‘b? mﬁmewm olling
access to aproaesiorsofclifferentppest Vin bmbmbodlrmda&he ﬂte@amlﬁvdhheﬁ tdudigvi ce 121

fﬁ?["?ﬁ?l.yo?,‘éﬁ?‘?ﬁﬁgw e il dRoR at brgfioort, M7 Blodght Rl B .

125, such aié ﬂ@'ﬂmc or Rentinmg” Brosprogessors, Hayvem,cthc presentfinvengionamayand
i nstructi Onﬁuhz%r&ﬂ Q}{ﬁ' ﬁ%éksé?aﬁegﬁectﬁiéchtﬁfioﬁe HIfY teube (CRT),
l'iquid crystal, (@A I ng ormatlontothe
comput er us l%%eﬁl?%‘ %&feﬂ@emmwenm

i nput / out put (1/ 'Dxe pwcdger-ﬂr%mbubmbptwided systerhaGcdss qs:m&smm@@rmay bus
ég \%i 222 a S%ﬁflt%ﬂt{)ﬂt%iugs%teﬁﬁ. W&\é}n%(?y Bontliey ﬁfl%tc'o%&ea 1 the pr ogeas'ggp\[vay For
memory bus 101 for controlling access to a random access memory (RAM) or other
dynamic storage device 121 (commonly referred to as a main memory) for storing
information and instructions for processors 102 through 105. A mass data storage
device 125, such as a magnetic disk and disk drive, for storing information and
instructions, and a display device 123, such as a cathode ray tube (CRT), liquid
crystal display (L.CD), etc., for displaying information to the computer user may be
coupled to the processor-memory bus 101.

An input/output (I/O) bridge 124 may be coupled to thc processor-memory bus
101 and a system I/O bus 131 to provide a communication path or gateway for devices
on either processor-memory bus 101 or I/0O bus 131 to access or transfer data between

. devices on the other bus. Essentially, the bridge 124 is an interface between the
system /O bus 131 and the processor-memory bus 101. '

The J/O bus 131 communicates information between peripheral devices in the
computer system. Devices that may be coupled to the system bus 131 include, for
example, a display device 132, such as a cathode ray tube, liquid crystal display, etc.,
an alphanumeric input device 133 including alphanumeric and other keys, etc., for
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on either processor-nmenory bus 101 or 1/0O bus 131 to access or transfer

dat a between devices on the other bus. Essentially, the bridge 124 is an -

i nterface between the system|/O bus 131 and the processor-nenory bus 101
The I/C)gg g%’éﬁ?conﬂumcates i nformati on between peripheral_devices in the .
comput er ‘3 Devi ces that may be coupled to the systemBStRUSIARc| ude,
for exanple, a display device 132, such as a cathode ray tube, liquid
crystal display, etc.,  an alphanunerlc i nput devi ce 133 incl udi ng

al phanumeri c and other keys, etc., for -5- WO 98/ 09221

PCT/ US97/ 11632 conmuni cati ng infornation and command sel ections to other
devices in the conputer system (e.g., the processor 102) and a cursor

control dewhehRAhOint ﬁmlﬁama@exmw%am&ewmﬁaﬁa{eﬂ copy

devi ce 135, such as a otter rinter, for ovid a Vvis
orksoii02) g

repr esent aBYSem{s- gt'l‘\ll" ﬁé§“§9&°%“qﬂ vice 434 fr coptroling] 36, such
as a rmgnetisotinokeraatt. Makoakrwhardf&pyﬁboi”cerlgﬂ m&ﬁmplm&raﬂﬁhmaﬁréﬂct i ons

The pr osenPr il f Vs SeeNBIGR0rHE comturt fhuset bRl f el iR BG ° oo
i ncl uded. Ad6isuchash magnetic disk and disk dpive,fonstating informationrandtisstroetioise
re-arrange a‘H lﬁto& XS?en?ﬁﬁg"?S menory 106 nmay |ie between the

processor processor-nmenory bus 101. Furthernore, certain
i npl ement at i ons IGFWW&“}BP’@E’GHF“PWFGFF%}“YRS‘F‘W&?G!W%RIPWSM @fe all of

g he ?bovg ammmm:sﬁ?ﬁy Bxincluded. Ahaxdbhﬂqesﬁmzitﬂﬂpléxhéﬂu@&ht s104, ltget

i spl ay device or e mass,storage no ed to
thepprgcesggmcr?gsr %Bgreimang/ggd B’%Wﬁ d’?ﬁ’% ﬁé\ﬁ ?’yl cfé shown
coupl ed t obetwees yis process Kifsand3he psqcemrmmcbus 601 hEuqnhmsscenmrmr y

b 101, | st
DS, 10L: 1 Sl 1 Bt LGSR et oo ST BB G °7
peri pher al co@ppranss. 1Er qul@%'mecwgm 192 thrpugh 404, thedisplsysleviceddde 2 is a
bl ock di agbpffeirhdsdstorsde digice 129nH} KGitR cob %rthiquceaﬁnrmana@ BasQd1wi th

one or00 hichns e RESFHSR aeAcr ioBrcomp B i SUBRYD e 11150503, 20"
agents. Foroupledl the prdeessof-nemnry P0g 10k io adtpnos,ed sorie implemegations @ﬂs 206
and a cl ush§inglPhHA%RAy exist with the processors 102 through 105, the memory controller
122, and the peripheral devices 132 through 136 coupled to the single bus.
Figure 2 is a block diagram illustrating a bus cluster system such as may be
used with one embodiment of the present invention. Figure 2 shows two clusters 201
and 202 of agents. Each of these clusters is comprised of a number of agents. For
~ example, the cluster 201 is comprised of four agents 203-206 and a cluster manager
207, which may include another cache memory (not shown), coupled to the bus 212.

The agents 203-206 can include microprocessors, co-processors, digital signal
process-E,~ etc.; for example, the agents 203 through 206 may be the same as the
processor 105 shown in Figure 1. The cluster manager 207 and its cache are shared
between these four agents 203-206. Each cluster is coupled to a memory-system bus
208. These clusters 201 and 202 are coupled to various other components of the
computer system through a system interface 209. The system interface 209 includes a
high speed 1/O interface 210 for interfacing the computer system to peripheral devices
(not shown) and a memory interface 211 which provides access to a global main

memory (not shown), such as a DRAM memory array. In one embodiment, the high



207, which may include another cache nenmory (not shown), coupled to the bus
212. The agents 203- 206 can include mcroprocessors, co-processors, digital
signal processors, etc.; for exanple, the agents 203 through 206 may be the
sane as t h@gousResasor 105 shown in Fi gure 1. The cluster managaiusddaiend
its cache are shared between these four agents 203-206. Each cluster Is
coupled to a nenory-system bus 208. These clusters 201 and 202 are coupl ed
to various other conponents of the conputer systemthrough a system
interface 209. The systeminterface 209 includes a high speed I/Ointerface
210 for interfacing the conputer systemto peripheral devices (not shown)
and a menory interface 211 which provides access to a global nain nenory.
(not shown) , speed HQuiotexfaDRBAD isthe btidge 124 of Figurenb andthednemoty, inteinfacti2fhis- 6-
WD 98/ 09221 4, PCT/ U897/ 11632
speed I/0O i nterr?eacoeryzc%u?léerlﬁgott)'rl?gdugrgllm of Figure 1, and meno
interface 211 is IWM#MP@?@W%W’H%@“%“#‘W'@ﬁb‘dé%!ﬂﬁlhent

of :hel Freseﬂgmb efmﬁsghbl@bﬂsi@bnagﬁopm leth%dI@sfé'zO’r‘lﬁ:%c
controller an ca Il el
el ude & 1 oBsiadaera) SEmery SoRtEnes 255 ERmELE e btorestir Brallel s ieed s The

| ocal menor ymemoty cintrotle2Z65 managgs sccesses ¢ 2 RAM on ofbéhlogal mednery 26fcal rrérfory

P07 M S s e S TR ST BN

local 1/0 bria
nmanages acce%@e@uplfdﬂp@mf—'@é@'wstm n Lyacal 14O bsidge 262 mapages ageassessoiQr age

device 268, @vides vAthih tHe ddisier, SuthiasASmBsSidtapd ﬂ@:&wsslaﬂ-mfn FODBUsSsuth | N
anot her enbodi nent ﬁ{?ﬁqﬁ@ﬁ@@ nt. i.nvention, the | ocal menory of each

cluster is pAH¥SEm e/ 0 space of the entire system and is
collectively ref errranbthemeamodinmngbﬁtﬁ]pmmnyemmd the Dcapaemory bfeachore, in

ndi vi dual | GRRT et b Bl iR kb aP e fte SRl SRFRodiBERF 1N
system | n oterediiods mlow MEMOTY A 93 ¥ spame'ﬁmreﬁwre, @rhéuwsb@dnmzt t&nd 213
and the MenDpiresyinte?ficd 109 REA M BE PreBeAERLARR Ut individid] REAGRSASy MDY bus
101 of Figurg dlges can make up the global memory system.

In one embodiment of the present invention, the buses 212 and 213 and the

memory-system bus 208 operate analogous to the processor-memory bus 101 of

Figure 1.

Certain implementations of the present invention may not reqmre nor include
all of the above components. For example, the cluster 201 or 202 may comprise
fewer than four agents. Alternatively, the cluster 201 or 202 may not include the
memory controller, local memory, I/O bridge, and storage device. Additionally,
certain implementations of the present invention may include additional processors or
other components. '

In one embodiment of the present invention, bus transactions occur on the
processor-memory buses described above in Figures 1 and 2 in a pipelined manner.
That is, multiple bus transactions may be pending at the same time, wherein each is
not fully completed. Therefore, when a requesnng agent begins a bus transaction by
driving an address onto the address bus, the bus transaction may be only one of a
number of bus transactions currently pending. Although bus transactions are
pipelined, the bus transactions do not have to be fully completed in order; completion
replies to requests can be out-of-order.



Certain inplementations of the present invention may not require nor

I nclude all of the above conponents. For exanple, the cluster 201 qr 202
may conprise fewer than four agents. Alternatively, the cluster 201 or 202
may not g@b@ﬂﬁ the nenory controller, local nmenory, I/O bridge, and

st or age™ Additionally, certain inplementations of P PULIE3

I nvention may include additional processors or other conponents. |In one
enbodi nent of the present invention, bus transactions occur on the
processor-nmenory buses descri bed above in Figures 1 and 2 in a pipelined
manner. That is, multiple bus transactions nmay be pending at the sane tine,
wherein each is not fully conpleted. Therefore, when a requesting agent

begi ns a bus thﬁmamsusva\mhdsdunmmenmmérﬁ&senw&xhenétsiﬂra‘éﬁﬁqbu& the
bus transacti be. oni one_of a nunber of ﬁ tra actlons currently
pendi ng. lﬂf"ﬁ‘gﬁ“gﬁrﬁa dﬁ‘&&ﬂ%&’é’"&@nﬁff"a&"ﬁﬁa p soﬂe%%ﬁﬁl ons do
not have buspreca‘dm‘dmamppﬁreamm:cmmeSMraslrﬁdimnaﬂfaMg&ligﬁed equests can

b t - of
e/ Uso 7/ PGS citian, Excolle ¥ dhefitbn uully requires qne ganpacsion butopy

i nvent i orfeqBirg uw&tmlvmssamonsi Kich a8 in thglcase erdgﬁmreglergpluqsuo which reqisestss,
transact ':ﬁﬂﬁe Hékfhr@hﬁ&?éuuﬁisa@ﬁ&{sabtﬂrhdaﬁ oﬁskméq appears.

atomc to war e suclgﬁas r.ea uraI I aI | menory | ocati on.
Execut i ngs°§'r’fv"6f)8¥%?f’¥sdﬂ alopey, ’?‘ “r" gaRe, P%ﬁﬁ?&g?‘i'bﬂhﬁéﬁtmsreqw re

mul ti pl e dotizities c¢laed $o a single request, frionereqacse bos arbitfation didoagipthiees i n whi ch
requests | menor
oper at 1 oroHipoE dfife Rafsabticn G nor BT SARhURI v Rbock R IRE ™0 Y
transactltbﬂﬂeéip‘?nﬁépélé%e of bus activities related to a single request from
request bus arBiMeaémwalﬁléﬂt%l&&niabﬁo&éﬁﬁﬁxﬁﬁhﬁfb&idﬁsﬁﬁcﬂﬂlﬁ?ésam'0” (e.g., a

icit witebac t he Res Joonse Phase. I n one

nor mal or I se
enbodi nerkb‘gg"etrr cemtaupphases %RPH‘P’PF@ dt X ? CHPMEAd HARAEE YR%bwever
certai n pAhematively, additionslghasescedldaisd tecadded.n Agphiaboses a@anmmmaat ype.

Qlaf"?lr(rzlﬁlt ﬁhggfﬂ%&%@%@%%ﬁﬁ?wﬁﬁﬁ par‘% cug ﬂ?@pe o@ﬁgﬂ‘@?%ﬂt ion. In

one i npl cMhBsESAT™EON, t hese

Arbitration Phase
Request Phase
Error Phase

Snoop Phase
Response Phase
Data Transfer Phase

In one mode, the data transfer phase is optional and is used if a transaction is

transferring data. The data phase is request-initiated if the data is available at the time
- of initiating the request (for example, for a write transaction). The data phase is

response-initiated if the data is available at the time of generating the transaction
response (for example, for a read transaction). A transaction may contain both a
request-initiated data transfer and a response-initiated data transfer.

Different phases from different transactions can overlap, thereby pipelining
bus usage and improving bus performance. Figure 3 shows an example of
overlapped phases for two transactions. Referring to Figure 3, transactions begin
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phases are: Arbitration Phase Request Phase Error Phase Snoop Phase
Response Phase Data Transfer Phase In one node, the data transfer phase is
optional and is used if a transaction is transferring data. The data phase

is requesweissidn2ated if the data is available at the tine opcriishi/feasd the -
request (for exanple, for a wite transaction). The data phase is
response-initiated if the data is available-at the tinme of generating the
transaction response (for exanple, for a read transaction). A transaction
may contain both a request-initiated data transfer and a response-initiated
data transfer. Different phases fromdifferent transactions can overlap, -

t hereby pipelining, bus usage and,_ i nproving bus performance. Figure 3 shows
an exanpl e With 6‘!/6!% whicha reqpesting agensbeenmes the bus ewner. tTheri gur e

3, tr ansaCtdrBi&%u&?EhﬂenSeds to on‘!@r%i 2hela, ent that i xs dnvmg the next transacnon '

PCT/ US97/ 11632 W t n arb*l {)atlﬁzﬂnghas a requesting agent
becomes t hePQ58 8OLAIFRARY oyfidhe, Py ¢ dmp t‘r‘?@eb'ss?%“% ps Fangdite then e
agent that requusnngageg\timthelammadompimtwmmdomclaﬂ&sa&bfmﬂmmthe bus. In

one inple ", bus ownership is granted to the requesting agent in the
arbitratio se'two or nore clocks after ownershlg I S requested. The

second phase i s Theosecendiphase i the scquest Rse fin thichyhs buswwnentirivess a request
and -addres %eﬁﬁ&@idﬂd&éks%foﬁﬁﬁxdﬁ% thh Bu® dniEH :ﬁéﬂdﬁngme?bﬁ%é\%

<" an ar bi tF 967 B OB-ARSKS SFEOYSOVRES SLRERIES ROvIdRd Fes WPt oIEmBeN. i an
addr ess si ghake)j andlisitwo clegkolupgnilh H:et fist tlockiwnciddress signdl isdtvenidlohgi ent
o]0 AR SR Sifth b oL e
dat a transfageesssIn @\9550‘29@& acke neteaalnlasusmao identify whichdotas@f datssshouldi er
be transferred if the data transfer is less than the data bus width, a transaction identifier
used to uniquely identify the transaction in the event a deferred response is to be given
to the request, and the requested data transfer length are driven, along with other
transaction information.
The third phase of a transaction is an error phase. The error phase indicates
any immediate errors, such as parity errors, triggered by the request. If an error is
discovered, an error signal is asserted during the error phase by the agent which
detected the error in the transaction. When an error is indicated, the transaction is
immediately dropped (that is, the transaction progresses no further in the pipeline) and
may be re-driven by the agent which issued the transaction. Whether the agent re-
issues the transaction depends on the agent itself. In onc implementation, the error
| phase is three clocks after the request phase.
In one embodiment, every transaction that is not canceled because of an error |
in the error phase has a snoop phase. The snodp phase indicates if the cache line
accessed in a transaction is not valid, valid or modified (dirty) in any agent's cache.
In one implementation, the snoop phase is four or more clocks from the request
phase. . '
The snoop phase of the bus defines a snoop window during which snoop
events can occur on the bus. A snoop event refers to agents transmitting and/or
receiving snoop results via the bus. An agent which has snoop results which need to
be driven during the snoop phase drives these snoop results as a snoop event during
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used to uniquely identify the transaction in the event a deferred response
Is to be given to the request, and the requested data transfer |ength are
driven, along with other transaction information. The third phase of a

t ransaciy@bgipgaspn error phase. The error phase indicates | jate
errors,ﬁggch asﬁparity errors, triggered by the request. ﬁ%*gh&gﬁg S

di scovered, an error signal is asserted during the error phase by the agent
whi ch detected the error in the transacti on. When an error is indicated,
the transaction is imedi ately dropped (that is, the transaction progresses
no further in the pipeline) and may be re-driven by the agent which issued
the transaction. \Wether the agent re- issues the transaction depends on

t he agent the snebp windowanAllisnpoping agertts coupldde the bus, inhading it dgenrce cl ocks

after thegy tion that is not
cancel ed gggg%?gé Bdébg%?eecre#‘%rmf% stﬁﬁgﬁersg%{kp%%‘égb %géﬁt?@ﬁgéibe fﬂ?&gé. The
snoop pha¥andow; Bh?%‘mﬂief{’%a%ﬁgemcﬁﬂ windew dsaisingledusiclockact i on i s not
y?rlpi g’rre\r/l?!aid gwthe.pgg?(?mhgﬁ:hitdssw ur or Irsictgﬁoc sd(#r%g?nt eed'r equest

I I H » - 0 -
phase. Th é"thgﬂ%ﬂ’cﬁﬁﬁ?és# 'ﬁ‘ﬂ'@aﬁﬁgmﬁ&%’ﬁ% Wélggﬁbgﬁ ansacsan wilibsgewmpd.ch snoop
event s caor whether the tiahsactios includes daga phases! If £frsisactich @ﬁx@diirnfa fespoiisel tti ng
and/ or regekml I ' ent lL,ch has snoop .
Fesul t s wibiteddad BRaR, SR colerd I aiirdithr o AR Wl R cHBRG coc snoop
resul ts aBb@sesnoop event during -9- WD 98/ 09221

PCT/ US97/ 11632 If the nafiseoniodqitit hé\k‘aédi&ﬁﬁds@&h@:%ﬁhﬁﬁrfsﬁ%rﬁgc & bus,

i ncl udi ng_ghe agent driving.the results, receive these snoop results as a _
snoop eveftteidhe ?‘??B"'Esﬁé’ é??ogsthﬁrﬁmmz ﬁg"&‘lgaﬁ Whletashtodransfer or has snoop '
Wi ndow i srequsttalgfeadldam, the eralisactibn haesmpﬁ?]gehﬁﬁa. friagl Eﬁ@hgﬁey&ﬂtd ther the
transacti ' t.he .respgnse i s Jj.nmedi,agte or

def o r od. FApofs P R ICREERGSe I GhN B obipBat A SHAN Sexiina drapnd fle” "

t ransact i BpeRie|phaesin dha latterrease sThe data phasaioceurs ionly i€ e nansacsomreguirpons e-

i ni ti at eda daladraRBRE CThd NRAphdse ik BE Fespbifse dmitiatel (P Sk ShpRNEP he2hdfisyW th the

response phas e o
P Bofittoller or another processor) or request initiated.

The bus accommodates deferred transactions by splitting a bus transaction into
two independent transactions. The first transaction involves a request by a requesting
agent and a response by the responding agent. In one embodiment the request '
comprises the sending of an address on the address bus and a first token (also referred
to as a transaction identifier). The response includes the sending of the requested data
(or completion signals) if the responding agent is ready to respond. In this case, the
bus transaction ends. _

However, if the responding agent is not ready to complete the bus transaction,
then the responding agent may send a deferred response over the bus during the
response phase. Sending of a deferred response allows other transactions to be issued
and not be held up by the completion of this transaction. The requesting agent
receives this deferred response. When the responding agent is ready to complete the
deferred bus transaction, the responding agent arbitrates for ownership of the bus.
Once bus ownership is obtained, the responding agent sends a deferred reply
transaction including a second token on the bus. The requesting agent monitors the
bus and receives the second token as part of the deferred reply transaction. The
requesting agent latches the second token and determines whether the second token
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If the transaction does not have a data phase, then that transaction is
conpl-ete after the response phase. If the requesting agent has wite data
to transfer or has requested read data, the transaction has a data phase
whi ch may WQ8PR22beyond the response phase in the forner cassCRuSOMisl2 be
‘coincident with or extend beyond the response phase in the latter case. The
data phase occurs only if a transaction requires a data transfer. The data
phase can be response initiated (for exanple, by the nmenory controller or
anot her processor) or request initiated. The bus acconmodates deferred
transactions by splitting a bus transaction into two i ndependent

transaction Lr f ' I DV, e request by a requesting
agent and a%;gt%i@%%p@@ﬁfa@%ﬁ%% tﬁ%ﬁtﬁ .t(ﬁﬁeﬂ’ gtlr:‘gcé?%%ﬁ‘f'}ﬁe?ﬁ%“f he request
conpri ses t idetesmings that the seeonddokendfrorthe tespondingagentdoes motimatchi the firgtoken
(al so referp t gm [ | ik | l;ncl udes the
sendi ng of tt enr(gggcgsttﬁ%{cﬁ lat ag g?‘ﬁ%grp&%dﬁ'gﬁé%ﬁhaﬁgﬁgsneﬁﬁgg{}%@rr espondi ng
agent is re&ayplesiopsigaah s ignored and thegequesting agant continves monariagthe busovever
't];\ t he resgmbmuamgtagbmmmd m]@Uatttﬁ%ﬁ!éBm&enﬁhﬁxﬂheﬁ]sbbﬂbaiﬁﬁﬁk&ﬂm {Een

e responding. a sen rred response over e bus_ dQgring e
response phgggs. “@gﬁy?t{@%f)?ﬁﬁn’ﬁ?g'ﬁ? gﬁ“ﬁ@g[}%ﬁ@%&éﬁlc Rietiay signalpdsithe ons t o
be issued adatarosiginally mequesteshbjp thetreguesting hgent awd the réquestirig speaslatchestheThe
requesting ae6n th€gshwas this deferred response. Wen the responding agent
is ready to conplete the deferred bus transaction, the respondi ng agent

arbitrates for olhistahe prseciated thatslue ¢y the pipelingdnamesnighe busmultipled, t he

respondi ng agAdcieRvAR be atlgifRidne Saf@PoNthe bid fidireremn tfied. Urttafphe 6Rad
t oken on thﬁmbus.. The re‘ﬂﬁ St nglps en nitors, the bus . and recgl ves the

t
second t okeffaBRCHion ¢an beinfdhe spop » WEE ¢ sprondJmasaction igiithe SoE BhasSy
agent | at chesd yé¢te third transactitrecarsivecindhe requestphaseh Mhney eridraighatsnd reghesn - 10-
WO 98/ 09221 ; e
PCT/ Uso7/ 115§02'5 San both be issued concurrenily,on the bus exen though fiey soresRondiRen. | 1
t he requestﬂﬁ&fqg@#ﬂ%&é@%m nes that the second token fromthe responding
agent does not M 6k éiBodimemtof itk FresdntitiveRtibd & rtﬁeigﬁfkhﬁgc

0

be.
gener o) e SR B ob! Ealiled e onf s B Sance das 9"
waiting for a deferred response at any particular time.
Figure 4 is a block diagram illustrating the control logic used with one
embodiment of the present invention. Figure 4 shows an agent 400 coupled to a bus
401. In one embodiment, the bus 401 is the bus 101 of Figure 1. In an alternate
embodiment, the bus 401 is one of the buses of Figure 2, such as the bus 212.
The agent 400 includes an internal control logic 405 and a bus control logic
415. The internal control logic 405 is the internal logic for performing the function of
the agent400. For example, if the agent 400 were a microprocessor, then the control
logic 405 includes an instruction fetch unit(s), an execution unit(s), etc. information
which is required by the internal control logic 405 from other agents in the computer
system is obtained via the bus 401. _
The bus control logic 415 includes a bus queue 410, an external control logic
417, an address comparator 420, parity logic 425, a bus interface 430, an address size
comparator 435, and an address range 437. The bus control logic 415 acts as an
interface between the agent 400 and the bus 401, both of which may run at different
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If the requesting agent determ nes that the second token fromthe _
respondi ng agent does match the first token, then the data on the bus (or
the conpletion signals) is the data originally requested by the requesting

agent awd ég@zziequesti ng agent |atches the data on the dan H}?l s to,

be appreciated that, due to the pipelined nature of the b e
transactions can be at different stages of the bus at different tinmes. For’
exanpl e, one transaction can be in the snéop phase, while a second
transaction is in the error phase, and yet a third transaction can be in

t he request phase. Thus, error signals and request signals can both be

| ssued concurrently on the bus even "t hough they correspond to different
transact i elesk spegdsnThe husiarertace 430 containg theslatehes andemt:esm;y airzuitey for ght

”ansaCtlﬁﬂ&f&%&@&w@éﬁﬁk%ﬁb&ﬂr&ﬂoﬁ:@ﬁl?%ﬁdﬂ# ﬁ)a”'CU' ar time and up to
Si xteen transa IOI’] can be err response at any.

i
particul ar ti cex contral %g‘f)f‘g.gﬂnﬂf’ﬁ’&%‘ﬁrﬁq systes bug prapcohwhichbnt rol | ogi ¢
used wit hmemﬁwm:océmlmewnbm@ugﬂmﬁather&hlmﬁ THRIAMS 0N agent

0 ur 0 B¢ a8 BRI LR et R hS i e Bt oo o1
Figure 2, Cmgdbemmhmmlogi'm@l’bg'ﬂnﬁem&ﬁaiamhutﬂegxcmmu‘ﬁnefeml control
| ogi c 405:&]{895@%&%&%"%@%& Qﬂdﬁ)eﬁﬁénfa-f Qﬁnﬁégtrl]g%?ﬁ{b?]c‘?ﬂé : ; 38% %E 05 is

the inter I.C erformn unct
exanpl e, ﬂ}glqﬁﬁgaalg%mclggbp Hatus °§ BEAAINETsqunsts qnﬁbhbtlh@bomlmbngl ogi ¢ 405
i ncl udes dosé ¥sibed by theragémi400, usthg t1e) busajueyaepit i on unit(s), etc.

| nf or mati on "wh t he ernal,.control 1ogic 405 from ot her
agent s |nl tg&%ﬁﬁﬂ?%éﬁg?k%?#%ﬂﬁm 'ﬁ%ﬁaolagdrFﬁé:%‘?}?’ @"g‘h 20308 D38 cont r ol
| ogi ¢ 415lq eBheapalnifis logice425 cal@ylatesparity o esaind@ddiesgisbethl/, an
address CcRERA G Mk bhn Q%'%J&ﬁﬂbﬁaﬁ%%f 'r‘.g;g“ n &chs 4’53’} an address
si ze conpar at or 435, g ress. ra ge % ‘Fh gus %br‘i‘f ar|Bog| c 415
acts as aWcF‘HF%f’Pgb@eg’é erf Pagibnis welbkegwn torthoss skilledtin thoamaad  whi ch
may run athusiwill abebs discust¥ad ﬁ&h&%&é t as it pertains to the present invention.

necessary ci r ANt PUFS SRR @dgus AR 308 FOHEDI0 PUSREd4 15 and

t he bus 4orithe bus 401 by the agent 400 to a set of address ranges. Based on the results of )
this comparison, the external bus control logic 415 can indicate the proper address
space for a particular request to the other agents on the bus 401, as discussed in more
detail below. _ -
_ An address size comparator 435 is also included in the bus control logic 415,
The address size comparator 435 compares the size of an address received from the
bus to the address space(s) supported by the agent. In one embodiment, the address
space(s) supported by the agent is stored in an address range register 437. Thus,
‘when an agent receives the address size information corresponding to a request, as
discussed in more detail below, the agent can readily determine whether the address is
within the range suppoﬁed by the agent.

According to one embodiment of the present invention, four different address
spaces are supported. These four address spaces are a 32-bit address space, a 36-bit
address space, a 44-bit address space, and an undefined space which is reserved for
future use. In one implementation, the undefined address space would be a 64-bit
address space. However, it is to be appreciated that other address spaces greater than
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The external control logic 417 inplenents the system bus protocol which

all ows the-agent 400 to conmmunicate with other agents via the bus 401.

Thus, it is to be appreciated that different bus protocols can be used with
the presenWQW@EY on by changing the external control | ogi c PEFAUSITALE32
external control |ogic 417 transfers requests between the bus 401 and the
internal control |ogic 405. The external control logic 417 al so tracks the
status of all outstanding requests on the bus 401, including those issued
by the agent 400, using the bus queue 410. The bus control |ogic 415 al so

I ncl udes an address conparator 420 and parity logic 425. The parity logic

425 cal cul at ' t heing i t he bus,
2nd arso-che R BRSOl bded. HHED e BRI BRAHENNILS siLE il Hor ' °
from t he bus example,tbe fisst 33bits of each afdhe addressrspacestisithesan®i | [ed in the art

and thus will not pagrdRSmiskaRd oberdppiiz ANFQR spaes hicordihf & O dfibddient €seNt
i nvention. The address, conpar gtor 0 con“,pa%es_ t he _addrésses ¢ ,re‘ggests to
be i ssued onofﬂﬁm"%‘_[e'@“t FreRbPVErIPRIng s spagesATe lusigied In gogeq

on the resul Figueé 84 Ai32-bivaddress Space 802¢a 36+biv addiresh space B[ mid 4 44rbix addfessan

i " . i _
hgent e on t hEblsaR0G, AYShERT, AR MardteRlce f8 MowspiiRhs gl AR WACT
conpar at or 48igabytestashe aogessedidbe Borbitiaddress spase 804 pllows)losatiars frofh geraddr ess

si ze conpar akgrgi% 2@% Ressed ndRE4L bitAdRLEIERRS SOSSE%E hGHE frdti Pus
to the address“spate(s) supported by the agegnt. .I'n one_ennaqdi nent, the
addr ess spac&g@)io df grabytesforly acerssady e cansbessesp dnyFigyre,, the firs 4igabyies

register 3_37 of ddvhsof thdireciddrge Bpaces 802,804 ahll Qosdsgéﬂ@gl. ssgmlﬁaﬂp,fmﬁ Figdtican
corresponding.to a r e a s&gss n_ o et ai el ow, the agent
can readily gﬁ&ﬁﬂé%é%ﬁ%%agées a ai}"?igssdﬁlosv%ﬁhi n the range supported by
t he agent. Accor dRetprningseFiguntédn epenation theasidpese comparatord2ficheckst our

different ad FWPGEAR {@g{qg_ OF Hfethd i BRSesia re a
32-bit addreg{sh%g’%gc S ol gt"a‘ %gss gﬁggﬁgﬁﬁﬁzﬂfﬁad r sspg)?aege, and
r .

an undef i nedisSpeten @hibgﬁ%& Psr”e_ agdgess comparatgs 420 plsoshecks whethar Akt i on,
t he undef i negf adbie $43:365sTehe\addreks2erraspohdtiig toahsifeqaést 9 BE Rsuddvbthebus i t 1S
to be apprecigf ad, 42k Qb BB SN ECE ™1 IRARL ad iR 55 Fihe 32-bit
address space. If any of the bits [43:36] is a "1", then the address is in the 44-bit
address space. And, if any of the bits [35:32] is a "1" and none of the bits [43:36] is a
"1", then the address is in the 36-bit address space. .
It is to be appreciated that the address comparatdr 420 only compares the
address to be issued on the bus to the address spaces which this agent can support.
For example, if the agent 400 only supports up to a 36-bit address spacc, then, in this
example, the agent 400 would indicate either a 32-bit-address space or a 36-bit address
space, based on the values of bits {35:32]. In other words, an agent issuing a request
on the bus will only provide the address size indications that it is able to support.
The address comparator 420 outputs, via the bus interface 430, an indication
of the address space used by the request. In one embodiment, this indication is
provided via the address size ASZ[1:0}# control lines 450. The indication of the
address space is encoded on the ASZ[1:0}# contro! lines 450. The encoding used by
one embodiment of the present invention is shown in Table 1.
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PCT/ US97/ 11632 44 bits could be used. It is to be appreciated that these-
address spaces overlap. For exanple, the first 32 bits of each of the
address gpegamais the same. Figure 8 illustrates overl appi g ﬁ??& 53 spaces:
according to one enbodi nent of the present invention. Three eren%
over | appi ng address spaces are illustrated in Figure 8 a 32-bit address
space 802, a 36-bit address space 804, and a 44-bit address space 806. As
shown, the 32-bit address space 802 allows |ocations fromzero to 4

gi gabytes to be accessed, the 36-bit address space 804 allows |ocations
fromzero to 64 gigabytes to be accessed, and the 44-bit address space 806
all ows locations fromzero to 16 teralkgdled to be accessed. As can be seen
in Figure 8, the first 4 gigabytes of each of the three address spaces 802,

804 and 806 overl aps. Ty, (ne 11715 addr ess
spaces 804 and 806 o Z{3:0 ' the address
conpar at or 420 check{ OWnet her any of the 3i5t[35 32] of the afidress
corresponding to the 1" . The

address conparator 43@lal so checks whethef3@hit of the bits [43]36] of the
address correspondin ued on the bus 4pl is a "1 "
| f none of the bits ' he 32-bit
address space. If an{ldf the Dits [43:36]| teseryed for futurs wsen t hel address i s
in the 44-bit address space. And, if any of the bits [35:32] is a "1" and
none of the bits [43: 36] hen the address is in the 36-bit

addr ess space. ‘54@0‘!333%%59‘3@*?4&%3@’%6? ghawninkigueidritio only

tC(r)]nrpar es t h@b@dpbr@ﬁ&teamab@ddxﬁmdowblhm?ﬁuﬁném bl@go amtﬁ@ag&ﬁMI CP

I's agent c 9 e S up to a
b b ¢ Yot aaa RN power, N RARioha) confrof {hd Ha ies Saud nGrIER Shaw - ot o
ei t her a 33elas nottdaiwtes thepdrawings. The Al43:3 Hblits 458 asumed to plaseaddressehe

val ues of 3‘2400 I, Et?ék&iﬁsio on the
bus w I | lﬁ‘"crﬁpr?ﬁ?e e th %ﬁ@ég@laggaﬁsggoggﬁ%n@a&&&f@nl s_a Ielto
support . sipted capbodimeny tho sddressdiges (2:01forthe three leasy signifieant bits30, an

i ndi cati on dﬁfthetdﬂarésddfe&ﬁﬁuﬁ:hﬁiéﬂ UéSaﬁﬁeﬂtéddhfbsﬁdBWcssb@oﬁlaﬁ di ment,

ML demepray b ey o R R
control i m E@ﬁag&hewbwb(sdppryt maﬂbrbﬂdmnssstbmmﬁme(bﬁxes he present _
i nvention icgratifiBingo i igped bits wauld not be included. For example, if the agent uses
a 36-bit address size, then the control lines 458 would include only lines {35:3]. .
The AP[1:0}# lines 456 carry the address parity information corresponding to

:T

the address placed on the bus. The address parity information is generated by the
parity logic 425 of the agent 400 which issues the request on the bus. In one
embodiment, the address is split into upper and lower bits and a different parity
calculation is made for each of these sets of bits. In one implementation, the AP[0}#
line catries the address parity for the lower bits, bits {23:3}, and the AP[1)# line
carries the address parity for the upper bits, bits [43:24] . The agent 400 receives the
address parity information and the parity logic 425 calculates the parity for the
received address and checks it against the received address parity information. The
parity logic 425 asserts a signal, via the bus interface 430, on the AERR# line 452 if
an address parity error is detected. -
In one embodiment of the present invention, the agent 400 always checks
parity for the lower bits, bits [23:3)}, and checks parity for the upper bits only if it can
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PCT/ US97/ 11632 Table | ASZ[1:0]# Address Size 00

32-bit 01 36-bit 10 44-bit 11
reserved f MO use Additional address and control |ines PAFASIZNIGRe

al so shown in Figure 4. It is to be appreciated that additional control and
data lines are also coupled to the agent 400-and the bus 401; however,

t hese additional control and data |ines have not been shown so as not to
clutter the drawings. The A[43:3]# lines 458 are used to place addresses
fromthe agent 400 onto the bus 401 and also to retrieve addresses fromthe

bus 401. |
tﬁfee Ieas? %I IC}E?&%?&a@E’PP@nE%g% tgog%g%éﬁlﬁsf Fﬁﬁué&égi)e%glﬁé

addr esses arad ?@5@9@% then thgagenpGheeks pagity o5 the apper blﬁ, bitel43:24]) sonly ifdty
embodi ment , &héwbﬁua&eﬁst@aee Aﬂﬁay oR dAbResexn g?e,lfmeré?ﬁem jgvhi ch

support snal er s sizes, saqme of the |lings _corr t he upper

I pondi n
bits woul d nHe ‘F Spacerfhen the agant.checks parity forthe “BB@'S"’% 8’65[%6524&ddr ess
si ze, then t balydpitcawsupportake %ﬂxt\addﬂeds $pace.UThhe ag‘dnym Yeows Whedbr it the

the adir ess PRORIS ids'sBibe ¥ ThERGERDY vie ASZALOW SOMEPRCR R 00, e
by the pari t gssextef with 2is muqsne'l‘bgefme Afﬂbeﬂﬂgl@#‘ spaceiefthe nequestrassot bgn t he
bus. In one ﬁg&ﬁ%&*ﬁ Plthe 428t 4000 IRA hd dﬁarﬁ?'ldéac 428 QnIW:HEéksfiﬁéilde%'its kiiiss and

a different F ¥pcalcu|at|on I's made for each of these sets of bits. In
one i npl enentZ%3okOr RAFEY-AP[ 0]# |ine carries the address parity for the

|ﬁwer bi tsb bits [msaien 4eo£ﬁbceives&\Fe[qﬁbﬁfimgemémr@&géﬁﬁ::ﬂﬂém4m#l ty for
the upper bi re ess Rarity
I nformation éﬁé&ﬁe th% '%%ueyc}?aﬂg%{c}étﬂa °é’sg? Eﬁp& %t@ f ecei ved

address and parsy mformatugas E@tﬁl’mﬁbby mamadloammg tlpaagenyWhmasms then. The

parity logic a I tHae AERR#
parity oo gﬁaész ThEA e?nt@O@WﬁﬁﬁreceWeﬁtﬁé‘n% Mﬁcﬂ%ﬁfcﬁﬁi&tﬁ@ﬂam?{em o AERRE

present i nvempgﬁij%cgﬂzdagwﬂﬁégﬁﬁ §4§§1@l‘£<%° I n&tf)ggﬂgul@%grmm bits,
bits [23:3], pat§ 16 DR GEGuepFarity infernation retepRd oaithéRPH e 460 If hetwo
parities do not match, then the agent asserts, via interface 430, the AERR# signal 452.
It is to be appreciated that the agent 400 provides an indication of the address
space corresponding to the request being issued on the bus, not the largest address
space supported by the agent 400. : |
According to one embodiment of the present invention, agents only perform
parity calculations on the actual address size of the request. For example, if the
request is in the 36-bit address range then the agents only perform parity calculations
on the 36 bits, even though they may be able to support the 44-bit address space.
Figure S is a timing diagram illustrating the timing of selected signals for a
request according to one embodiment of the present invention. The request phase 507
and error phase 508 for the request are in clocks t1/t2, and t4, respectively. The
address strobe signal (ADS#) 501 is asserted in clock t] to indicate that a valid address
is on the bus. Also in clock t], the address is placed on the bus via A[43:3)# lines
458, along with the address parity (AP 1:0}# 456), address size (ASZ[1:0)# 450),
request information (REQ{[4:0}# 462), and request parity (RP# 460). In clock 14, any
address or request parity errors (AERR# 452) are asserted on the bus.
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-1 4- WO 98/ 09221 ' '
PCT/ US97/ 11632 support the address space of the request. For exanple, if-
the request is in the 44-bit address space, then the agent checks parity

for the woRgoglats, bits [43:24], only if it can support tﬁ*ﬁﬁ%&*&ﬁa ddr ess:
space.- By way of another exanple, if the request is in the 36-bit address
space, then the agent checks parity for the upper bits, bits [36:24], only
if it can support the 36-bit address space. The agent 400 knows whether it
can support the address space of the request by the ASZ[ 1 :0]# signals

whi ch were asserted with the request. Therefore, if the address space of

t he request cannot be supported by the agent 400, then the parity logic 425

only checks t heln theillustrated embodimen®, 3hdddrésssizeds illugtratddias everebits Héig r ecei ves
/ y _ e ¥ j th
Fequast - pa PN o hE BHERhe sk BioRk cple of heTe Phgle HBSRVEPRI B0 ™
i nf or mat i cappresiajedhibatthe addressisive iptarmatjon east ke placsd on thebusig@therapannersi ssues
a1 Ly o o e e B PR B s e
ol cul at eowanRtecd HBCtIRE ratetsthas (Datislock ? 6 Fikpre D 1B aBPBEL on t ne
RP# | :c ne ﬁ?ndté erhbadifment, ﬂr_eraidm;esssidoism@ir_xmtm llihemthdmhmhaitxwam&" ts, vi ?
t ace e : racl at.ed. e agen
400 pr ovi couspai Y allriRe ool e o3 of o FRALBASGEC irpBbadod®
request beispiaced onthe HBZ# line inube fing clock of therngauast phiwe.caod thesacond bs9br t ed by

the agent A0Q4aeCrdnfimhBorPiRPLREN O EASZRTink HEMB SRR CIdcR \GF'id ON,  agents
only perform a;, ;% cal culations on the actual address size of the request.

For exanpl®qu request is in the 36-bit address range then the agents
only perform paFiguye 6 illuetrates thesieps Folldwedy 4 dgent indssminghoregliest baxharay be

able to s ort t.he 44-bi ce. Figqure 5,4s.a tim di agram

Pl st a8 AererpE S g8 broBERIeEr 3t ML BESanGhisin " Th plscdificf el BB 70 one
enbodi ment thoage dirgsirecsaves, from dhe intemal Thetreldogie of thetagert. soguastndr r or  phase
508 for thgdr&qeeikspdh8inkio Blededsest, kicpb102PHe bds con®OPRIid theh Yiseskhe addr ess

5002, 1 9l EAOSH e ek oo S e b Sol oy

via Al 43: 3THislis dee, as discussed above, by checking which, if any, of the bits above the
first 32 bits are a "1". The bus control logic then asserts address size information
corresponding to this address space onto the bus, step 630, thereby indicating to the
other agents on the bus which address space the request corresponds to. _

Figure 7 illustrates the steps followed by an agent when receiving a request

from the bus according to one embodiment of the present invention. The agent first
receives the request from the bus, step 705. The bus control logic then calculates the
request parity for the received request and compares it to the received request parity,
step 710. The control logic then asserts an AERR# signal if there is a request parity
error, step 715. ,

_ Concurrent with checking for a request parity error in steps 710 and 715, the
control logic checks whether the received address is within the address space
supported by the agent, step 725. If the address is within the address space supported
by the agent, then the agent calculates the address parity for the received address and
compares both address parity bits to the parities it calculated for the address to
determine if there is a parity error in the received address, step 730. If there is a parity
error in the received address, then the bus logic asserts the AERR# signal, step 733.

-16-



458, along with the address parity (APl 1:0]# 456), address size '(ASZ[
1: 0]# 450), request information (REQ 4:0]# 462), and request parity (RP#
460). In clock t4, .any address or request parity errors (AERR# 452) are

assert ed A 9%ABIbys. - 15- WO 98/ 09221 PCT/US97/11632

PCT/ US97/ 11632 In the i [lustrated enbodi nent, the address size is _
illustrated as two bits being placed on the bus in the first clock cycle of
the request phase. However, it is to be appreciated that the address size

i nformati on can be placed on the bus in other manners and/or at other

times. In one alternate enbodi nent, the address size is placed on the bus

in the sec% &Jepqr n%*},g; %%%WW@%&&%H ah&resﬂf%ﬁ‘?hég e(?xft cgljltgHR’-? Ui ne

In anot her ter na Iess Sl ze
r at her tharprmésmmf theﬁ@gu% step| 740 Fla!smnnwpdcmsangemi@deg d@m;ug thent , t he

first bit %dk@?o?ﬁ%&ﬁésﬁb%lﬁtchﬂfn@rvﬂﬁﬂc? ik Bgdnt ﬁ(‘iﬁéita?&tbhﬂxe@%sl g i n the

first clock of the ress size

r se, the second bit of th
i nf onnat i oﬁeﬁpé’“ﬂlngéﬁgﬁ'tﬁq?% 1 MW?ﬁéh?W%e second cl ock of the request
phase. Figure 6 Rétutiing oiseep T25iftheins dontrbblogid deterraines g theiréedivedi ng a

The bus corPas® ol SR RO e FRBBHETBY ul agkiC ul BRERDs qoiEL ' O
control | OQODCGﬂCuhtf-demly afgxedmmbnanﬁtlmewsl agdreseansbenmpages thist he

request, f the
addr ess totﬁgzp gﬁ% n%%% ad rséés)éso pace té}é%%ﬁgls’gﬁﬁﬂﬁg%??}é%%go Thi s

i s done, i dcheeds 2 pappLTgryn HWG,IE’WFFI ts,Hicathe 485“%“‘5&"% R¥ signabhov e _
the first %Sblotﬁemise any processieg «tﬂxms&eamesp&y iheggemteheﬂ Nedetdding@eflr ess

si ze infornation correspondi nto bus, step
630, thereg@ ?‘R@?séé?f‘?l % t;%cgu%ﬁtﬂé %ﬁgﬁg‘gggﬁs @ﬁge‘iﬁr?tc?ﬁﬁ'a?ddress space
t he requestA&ZfﬂtQ}#p@dls Ilhat theiaddness i3 obtsidedhe ad@ssstspmesupp@rtddﬁy theed by an

agent when g4 Eﬁe"l‘ﬁb{'Rm"é ﬂ)‘i’é’dﬂéﬁf&%h?{'ﬁl ret‘hét 3 vie}% &g to one enmbodi ment of

t he present "1 nventi on, e request fromthe bus,
step 705. The bUkhusdhtistgibeiap eafeﬁéhaté%ﬁmmwewmq%aﬂeeﬂcmlvy for the
recei ved rQﬁseﬁSAERR# if thedaRss istoutsidd the addresy sp@d: srup byheiagent. It ep 710.

The CONt 1 0l 088 obldE AN ey bl CHecktiod ehon cobEh T odtBrenk SAHERS P20V

error, st e
is decoded and before the agent determines whether it is the target of the address.

Additionally, even though the agent does not support the address space of the request,
the agent can still perform address parity checking on part of the address (the lower
bits, such as bits [23:3]). Thus, checking of address parity on part of the address is
performed, even though the agent cannot check the entire address, thereby providing
additional protection against address errors.

In an alternate embodiment of the present invention, step 745 is not included.
In this alternate embodiment, the agent does not perform any address parity checking
if the received address is outside the address sb'ace of the agent.

In the discussions above, particular address spaces have been mentioned.
However, it is to be appreciated that other address spaces can be used within the spirit
and scope of the present invention.

Also in the discussions above, reference is made to specific bus protocols and
timing for indicating the address space corresponding to the request. However, it is to
be appreciated that these protocols and timings are only examples, and that any of a
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Concurrent with checking for a request parity error in steps 710 and 715,
the control |ogic checks whether the received address is within the:address
space supported by the agent, step 725. If the address is within the

addr ess agMosypported by the agent, then the agent calc ' addr ess
parity fvg? t he ?ecei ved address and conpares both addr ess%ﬁilﬁ%ﬁ%ﬁ% to
the parities it calculated for the address to determne if there is a
parity error in the received address, step 730. If there is a parity error
in the received address, then the bus |ogic asserts the AERR# signal, step
735. - 16- WD 98/ 09221

PCT/ US97/ 11632 However, if there is not a parity error in the received

addr ess, tvide vitiety of bus promcoisrand signaltimimgs oan bé udeldavithdn ueesdpirisdndp 740, Thi s
conti nued C i 1Ne ps . decodi ng the address of the request to

det erm ne s%@é?%fésﬂ%‘%g‘ﬁ?’s. the target of the request, and respondi ng
to the request Tius;the prmsentinyention providesaimeshapismfon supperingmuitple it t he
bus cont r ¢velifstifg S&ﬁ@s@}éﬂ%ohh%hakh%u&eAﬁliH&dau'&(Bﬁﬁ&adcﬁeﬁ%a& thin the -
address space suBPorted %%gent .then, the &‘F’S control 10 écg cal cul ates
the pari { OBFSROMEINE Q8 reqyestdrasm ol pecrt it mpvidad e ather agents eopptlod o e,
cgljcul at ebusaThisyindicatonadpanageouilytallows thespherdigent(s) 2o tlaenhinwhdﬂietﬁ of L he
addr ess, : oo ' rd ' ra hi t hen the
agent - ass I ot io b 36E fdeSos R dubortld & e Qulep Bgeal Mg whihier, | 'C
request byparifechegking of theaddress eanchnpentprimed by thetheragent. s necessary because

L e agent KnowownEREPRaR alldiilion 6d Riodfficalibs ¥E el ibichiioh gan bbal the
e O5 anieonteisnasdbY 1 ersor Saneei e, 2t RS Haboe Wed 8 fEfbE | pe O

appr eci at afg¢séripaion] s tp be sadérsiood et therpadiioedareaibodimens stovwnyammbssert AERR# i f
t he addresg._| i de . . ' . ent. It should
be not ed t%g@eﬁtﬁ&%%a&&fé@@su%g% ?}%ﬁg E’gxas'ﬁg&é?@%déﬁg c?é?‘?%gf’ ?‘Sfl‘": B8ore the

address is decoded and before the agent determines whether it is the target
of the address. Additionally, even though the agent does not support the
address space of the request, the agent can still perform address parity
checking on part of the address (the lower bits, such as bits [23:3]).
Thus, checking of address parity on part of the address is perforned, even
t hough the agent cannot check the entire address, thereby providing
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addi tional protection against address errors. In an alternate enbodi nent of
t he present invention, step 745 is not included. In this alternate

enbodi nent, the agent does not perform any address parity checking if the
recei ved aW@98882231s out si de t he address space of the agent. POTAS2/11632

di scussi ons above, particul ar address spaces have been nentioned. However,
it is to be appreciated that other address spaces can be used within the
spirit and scope of the present invention. Also in the discussions above,
reference is made to specific bus protocols and timng for indicating the
address space corresponding to the request. However, it is to be

PP eCl &t e ok estErs S s S Fhrhbah WioodSertihnd St RIS to £ el
PCT/US97/116§£pmnﬂﬂmmmnuniy of bus protocols and signal timngs can be used
within the spirit and scope of the present invention. Thus, the present

i nvention provides a nechaﬁr5ﬁTTUT‘§UppUTTTﬁg‘ﬂUTTrpTE‘UverIapplng addr ess

spaces on a shared bus. An indication of the address space corresponding to

a request from a”m&eﬁﬁnétﬁo@impléﬁﬁtﬁﬁoihﬁ)p@fﬁi@rmﬂﬁﬁﬁto%ﬂ iagdddresst he bus.
e

Thi s indication advant ageou ot her agent(s) to term ne

whet her the TR3GER Qyﬂaf ﬁﬁ%FﬁﬁpgﬂﬁFbgg space supported by the other
agent, and mhether parity checking of the address can be perforned by the
ot her agent. Whereas nmany alterations and nodifications of the present
invention will be conprehended by a person skilled in the art after having
read the foregoing description, it is to be understood that the particular
enbodi ments shown and described by way of illustration are in no way

i ntended to be consi dered limting. - 18 - WO 98/ 09221

PCT/ US97/ 11632 Therefore, referencés to details of partlcular enbodi nment s
are not intended to limt the
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scope of the clains. Thus, a nethod and apparatus for supporting nultiple

over | appi ng address spaces on a shared bus has been described. -19- - WO
98/ 09221 PCT/U897/11632
CLAI M5 Waes/m9e2c! ai ned is: 1. An apparatus conprising:p, é? ggg
conparator to conpare an address, corresponding to a request to be |ssued

on a bus, to a plurality of address spaces; and an address size |nd|cator_
coupled to the address conparator, to indicate to one or nore agents .
coupled to the bus a first address space of the plurality of address spaces
to which the address corresponds. 2. The apparatus of claim1l, wherein
t he address size indicator conprises_one or nore control lines. 3. - The
apparatus of claim2, wherein the aldAIMS si ze indicator encodes the first
address space on the one or nore control lines. 4. - The apparatus of .
claim1l, %_?I‘EI 4 Hﬁ$é£| urality of address spaces includes a 32-bit address
space, 3 15;C s space, and a 44-bit address space. 5. The .
appar at us of claim1l, wherein each address space of the plurality of
address spaces aQu. Lﬁﬂ%&n‘iﬁg iger address spaces of the plurality of

addr ess sgaces ‘?uﬁ)i: h ppafatus of claim5, wherein the first address
space is the sﬁ% ﬁsmgf@matﬁma@rqssmmpopdmgmddeqmmmﬂmces

whi ch Coriseﬁd@m%bﬁﬁtdﬁlﬁhﬂiﬂ?%?ﬁddnz.ss aff hod for supporting multiple
over | appi ng addre aces npr|S|ng the steps of: a) issuing
an address on 3" B@@fess{)% '8@!‘8?'8§§°H F‘?&'P dress-amnarator, taindicatetons)

provi di ngommoterafensiconpled ro thedub u Firefadtiess ﬂiéB@Bf th@fpld?éli@ of addtess

spaces to which the address corresponds. -

2. The apparatus of claim 1, wherein the address size indicator comprises one or
more control lines.

3. The apparatus of claim 2, wherein the address size indicator encodes the first
address space on the one or more control lines.

4. The apparatus of claim 1, wherein the plurality of address spaces includes a
32-bit address space, a 36-bit address space, and a 44-bit address space.

5. The apparatus of claim 1, wherein each address space of the plurality of
address spaces overlaps the other address spaces of the plurality of address spaces.

6. The apparatus of claim 5, wherein the first address spécc is the smallest
address space of the plurality of address spaces which corresponds to the address.

7. A method for supporting muluple overlapping address spaces, the method
comprising the steps of:
a) issuing an address on a bus, the address comprising a number of bits; and
b) providing an indication on the bus of the number of bits.

-20-
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WO 98/ 09221 '
PCT/ US97/ 11632 8. The nmethod of claim7, wherein the providing step b)

conpri ses p of issuing an encoded i ndi cation of the nunber of bits
on one orwgzgntrol lines of the bus. 9. The net hod o 1632

further conprising the steps of: c) receiving the address fromthe bus by
an agent; and d) performng parity checking'on the address if the nunber of
bits corresponds to an.address space which is supported by the agent,
otherwi se perfornming parity checking on less than the entire address if the
nunber of bits corresponds to an address space which i not supported by
the agent. 40. Tﬂ@ﬁ:eﬂﬁii*&@ld% F%bf&r?the Mﬁ:&ﬂgs&ﬁmkbﬁg Reesith@sieh 8PS Of 1 C)
" receiving the .address f b dd erforn1ng arity
checki ng oniSt4igs %’UE?"@QE‘E B'm?“?? °Fﬁ?€'?\fmﬁ’ﬁ’é? a5 qne of Fqre spRsFR] dinggotthe '
addr ess spapws.whi ch is supported by the agent. 11. A conputer system
conprising: a bus; and a plurality of agents coupled to the bus, wherein
each of the pIurallty of agents supports one or nore address spaces of a
plurality o?- addTeemethodof slaimis further comprising ﬁlelstﬂjbsef agents including, an

address conpar até)"réc&vﬁ@”ﬂié‘&&d:é&t?&ﬂrt&sﬁxs RORGH N9 1O a request to be
i ssued on the bu a .pl uralltcij of adﬁﬁess s aces, and an interface,
coupled to the P QrmipgpaRty checkingon the addeessit the pmberob Bits o ¢ he

plurality %o:ﬁ@pcsﬁcﬁh t@ﬁnaddresﬂpaeadhmgssmﬂe@sytmgawambweof add][ esls
spaces to e [e orr onput temof claim
11, wher ei P ?’f?maggg 'E"%%’? lgfkqgﬂn@agg&icﬁgdgessrlﬁhggﬁ? §§§f§ %ce on one
or nore bi tepmesponts-to an addpesssypacowhich is not supported by the agent. _

PCT/ US97/ 11632 13. The conputer system of claim12, whérein the bus

includes a plurality
P 0. The meglod_ of claim 7, further comprising the steps of:

c) receiving the address from the bus by an agent; and
d) performing parity checking on the address only if the number of bits
corresponds to an address space which is supported by the agent. '

11. A computer system comprising:

a bus; and

a plurality of agents coupled to the bus, wherein each of the plurality of agents
supports one or more address spaces of a plurality of address spaces, each of the
plurality of agents including,

an address comparator to compare an address, corresponding to a
request to be issued on the bus, to a plurality of address spaces, and
_ an interface, coupled to the address comparator, to provrde an
indication to the plurality of agents of a first address space of the plurality of
address spaces to which the address corresponds.

12.  The computer system of claim 11, wherein the address comparator encodes the
first address space on one or more bits.
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control lines, and wherein the interface provides the first address space
encoded on one or nore bits on one or nore of the plurality of control

lines. 14.  The conmputer system of claim 11, wherein each address space of
t he pl ur Yo bapeaky address spaces overl aps the other address fi52 t he
plurality of address spaces. 15. An apparatus for supporting rrurtl ple

over | appi ng address spaces, the apparatus conprising: nmeans for issuing an
address on a bus, the address conprising a nunber of bits; and neans for
provi ding an indication on the bus of the nunber of bits. 16. The
apparatus of claim15, wherein the means for providing conprises neans for
I ssuing an encoded indication of the nunber of bits on one or nore control
| i nes of tH&. busLherdmputeTkysterp pficlairnd 2owheseini the bis in€ludesapluradityof si ng:

means for éﬁ:ﬁﬁ gs for
perform ng°3§@'?iy"@gﬁté‘§&’ﬁ%m e add?ess I?hetlﬁs ggﬁag?@@ ?orresponds _
to an addr@99osmbmwequrg@rspm@lu@ytx%oag@mnesm herw se perform-ng
parity checking on less than the entire address if the nunmber of bits
correspond addr ess s ace L I S, no te ent. 18

The appar aﬁﬂs of * & QMY sy V\g'"ﬂ %WP?F’W%%B?‘}%‘@E@&%@W he
address fr mmhessmpacdxpvarla}mghq bthenaddmesaspacdsof theqplémality ofaddesss spacehecki ng
on the address only if the nunber of bits corresponds to an address space
whi ch is supported by the_ agent. A nmet hod for supporting nultiple
over | appi nQSaddr@sgpmm%@rswmmmwyhlpéwlanmngadrkeswm e -22 - VO
98/ 09221 aratus comprising: ' '
PCT/ US97/ 11&%

recei.v an di cation address size f bus
the address si zé'z‘ ﬁ §'|’é'951 501 Bus, @Fagare af‘“‘@"ﬁ'
checki ng whitsjremd t he address size is supported by an agent on the bus 20.

The met hod of Clrﬂéﬂs %&pr&%ﬁﬁﬁ%n iﬁ&i@ﬁ&féﬂ@nem?oﬁm@Buﬂlfbertm%gem perform ng

16.  The apparatus of claim 15, wherein the means for providing comprises means
for issuing an encoded indication of the number of bits on one or more control lines of
the bus.

17.  The apparatus of claim 15, further comprising: _

means for receiving the address from the bus by an agent; and

means for performing parity checking on the address if the number of bits
corresponds to an address space which is supported by the agent, otherwise
performing parity checking on less than the entire address if the number of bits
corresponds to an address space which is not supported by the agent.

18. . The apparatus of claim 15, further comprising:

means for receiving the address from the bus by an agent; and

means for performing parity checking on the address only if the number of bits
corresponds to an address space which is supported by the agent.

19. A method for supporting mulnple overlapping address spaces, the method
comprising the steps of:
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parity checklng on the entire address if the address size is supported by
t he agent,
if the ad
claim19,
checking on at |least a part of the address, and ignoring the request after .
performng the parity checking if the addre§s size is not supported by the

agent .
ignoring the request if the address size is not supported by the agent.

22.

The nethod of claim 19, further conprising the step of

a) receiving an indication of an address size from a bus, the address size being

the number of bits of an address on the bus;
b) checking whether the address size is supponed by an agent on the bus

20.  The method of claim 19, further comprising the step of the agent performing
parity checking on the entire address if the address size is supported by the agent, and
performing parity checking on less than the entire address if the address size is not
supported by the agent.

21.  The method of claim 19, further comprising the steps of the agent performing
parity checking on at least a part of the address, and ignoring the request after '

performing the parity checking if the address size is not supported by the agent.

22.  The method of claim 19, further comprising the step of ignoring the request if
the address size is not supported by the agent. :

-23.
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and performng parity checking on I ess than the ent| re address
%ﬁ?ﬁﬂ@r&e i s not supported by the agent. 21. net hod of
conprising the steps of the agent perform ’B%’r(‘??z
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