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40 performance problems relating to selection and control of the larger number of IO devices. In addition,
software compatibility problems exist due to the .difference in adapter types used on the same system or
due to differences in adapter types used in a multisystem environment.

According fo the present invention there is provided a data processing system having a processor, a
system bus operatively connected to the processor, a plurality of peripheral devices, and plural adapters

45 operalively connecting the peripheral devices to the system bus characterised in that interface register
means are provided having bit positions to interface with corresponding bit lines of the system bus and the
adapters have switch selection means to select the address of each peripheral device and to select bit
positions of the interface register means for each peripheral device to correspond to the address thereof.

This specific bus bit lines can be assigned to each of a plurality of single port adapters to correspond

50 with register locations assigned to each port, thereby allowing the simultaneous operating of multiple single

port adapters to place the same response on the bus as a single multi-port adapter.

!_rz the Drawings
85 Figure 1 shows a sample distributed réglster configuration according to the invention,
Figure 2 shows a diagram comparing a distributed register used in a multiple single adapter configura-
tion and the corresponding register in a multi-port adapter configuration, and
Figure 3 shows ac configuration with two single port adapters.



be cached.only in the first cache. -2 - 11. | nThis & Béen RY, havi ng

a mi«<roprocessor and an external nmenmory, wherein th . 1

includes a first cache to cache information from sai mﬂ ry, a

regi st er DescsiptiureofitibaPreferiell Embuydiinéas correspondi ng to i t he

external menory, and a second cache to cache the nenory type val ues, a

met hod for &goepsigegeral demsiptioy, ih @amputer systénn vith selfipde dsrlags. aa linterieepis provided id

nmet hod compii-pet adgptedsavhich efaws de: system to activaty onegilisplayrenvipdegctivaip anothat simultandoasiy

t he regi sThix isiackmplishsd bygmerelyamititigy/ todlCregisten Thd camishts ap fie oggistea e thew used betsi ng

t he menoradapterctat datexmine which displap stb edesdtivage tahd whisiniisplay ypectivaté.ule ltke rsaana, the

second cawbaessor can requgsirsitua tiiomaall ah thie Risplayscatiachad topthe adaplen §r i careariust/baaidighting t 0

t he menoror chrivasttierdire; displays in acsingle whiterdpergtidnhién prastiesy the sagistessan be otgeniseld as a single

cor r esponegistey dr @s inuttiplerwepisteys. Forcasse ofntiusyatian, diowil ben Yeatducas eaingleyregisterchereinl ) Lihe

st or edai rregister irs the oiti-poa adiepter enatlles this singlenite aperetios Sy agpigniag speacifierbits)in the ceglsteon

accor di ngosgecitidisplayoriyt access protocol identified by the menory type

val ue. In a cofifuration Which iweritdinscnudtiplecsinglerpott gaptersethe iregistenis distribuied geresg pachvadhl ue

i denti fi ebe adapieist By gshigringpedifindiite toneadhoadapiac the pocessaytisoablslto eaminupicate eitin multigle

step of aingleyeitadaptersin thersemy Maoeats ibconyoumjsaies with 2 $inglesultpricidapter. Each adapter

det er misnihaga eiiteh lieindicateewhighpiort peditioo it has which glawls b lo salegttthpragpropriate bits frm thedbus

i NSt r uct itoplagesinats Iregistr. Akocths Sivitny setiinglalloivs gach [adapler tq seledicthe pprirapdate busbitlineh e

hit or a what keplyingste thec pracessor.aPrtause the processor is communicating with the displays through a

4 - register, andjbpcaysecthe Reocessar carnotidisfingusiy thes distriupd; reaistar dram the gingle register pat

cache, arle multi-port card, the pracesser qem eeremymicsts with qitigle sipgle Pt 3rapierS dn # pingle pregatfod r om

sai d et dyshad it Geesorip a Snglsampltipert adspler. [Thereforeathel typs of adaptpr ysRe i§ ¥rosparRot fodhe i s

a store, suderesoftvarg. said first cache to determine if a cache hit or a cache

ni.ss occur sDistdnding the registers across mulfiple, sipgle Rert #rapters @ovides beligf FattPH gederagicnend i ne

Wi thin sapaiptans seiwagsaromeatibiitySTith dresrayitipastaeersion 9f the agapter- inqtasy watde.on tha BYi-ERH by |

sai d i nsteAptenWiling tg the distributed register alloyst sofwarg tofleselgckane d@mog angfo; sﬁeﬁg: different

i nf or Nt ivisee m*bmed@rde BReratip: becguserall deur gidep ortsdre implameniedrsh §“e same card. But the

The net hdamosaraildy eistsito degslectons Pahing spierhsrssner 9%""'1?& UiRg 9"g PAT FF'dse gveq though

wri t e- badie Rioa inyelyasmpitinle @dapter 638% ocol and wherein t he st e of accessing

the menory In S@H’Fﬂowedﬁﬁf}?{ ifields; a’? [§Bovey EQs Lagg of illustration, thy gegist FelRred Bt & he

i nstruct i Bwb‘f*%" segistsn rhefher 4t i ?‘g’”‘ed acioss spyerg] ﬁ%apfef???' 'G‘E?Eef’o?i‘ f Single| rultyport

accessPn @Qfd“ F‘th‘é‘ias%ﬁé'f‘fé”’lc5° ngentically from fthe pgrspeciiyeot fhesygigm. Th&é@ﬁléa '§ -

occurs pr} video adapters contain a; get gf lﬁlttardaére lﬁgr?ter% for;i }rg :Q.ﬁ qhom
be ac@ veﬂ[

the fi rsf '{ gb H%O'ih) ﬁgfase registers are umque th se e, the

| Eﬂ‘n‘gﬁ 5 fs8 r vne
i e e T apg‘ﬁc%%cﬁ 3 g o vl 1

er n e n rol an ons on
hit of aar{;j c(gﬂteas @5 nes eregtst s can be expa uncr

hlch a rocessor éy confj her systems. he numbers lffer n |a tween
Pﬁ?g? Irrg,?fog e"fy Y} arde ré e :ﬁd é po% (tje}e%c{tf F‘{aﬂows he procéésorr{oq séélé% cae we% ';nh
5] approprytesoe} sS

r xa Ie t or can select port 2 and then re d ?h vu?eo

Ranohe

OCCUI‘ S iﬁ n% QI% tl% faelisqgr% cht1 ac be provided. As an le, so hlstlcated

? ters o E ack, ds aplo &RE plgg Ig fleld
' de“t T %wé‘m%uloEé%sﬁ féEtta%&f c?iﬁr NesIB Fu¥r éfdee§§e| 000 Wier e' n-the
step of acGeSSf: ERRRERREN fegis@l 828t P'imfrhlﬁtﬁﬁortt ot fRR Qhware to determine
det er m njyng, B@@ﬁb#ﬂ? Eretc}ﬂﬁ"enklf‘ fikrleH Gh 12 whieh &re InB28n B nfutSdoR 8apter, this reab fopdritfen
i NSt ruct @Ry inSolvds GRRAG thedef SgRisNPins 3ystbni blss thé Qéﬂbt:b%natt&tuﬁlﬂa&raﬂgerkﬁ tduf bakifghis he
hit ots Aark @&Jﬂ@lle@b?%u@&fé%&pter%ﬂ@] therefore they are all avafiabB 1§ BE e fﬁ Slhgle circuit.
sati sfyi Reveldd reddt@Fedisied Bd7R Fillf rddde theAetR res@iilyhien one or more singleipbrt didécPdeBRerdl SS .
occurs, &l e Bsteh. th this Rese! abidpRAIRdCalp ey S oriSEYTRF Yatd 6nt§&ia|s§§téfn pad,d -
| oad: angs providing thef redpdfseifdrIfd Vitleh ipBrwhich Ricdhirel. MlondtHelebd) fhe sybhddk $80% theMesprRy i ded
by the immi &tGAstadél Videde KbrRr SiRbitaRd>0%N.YThe registers are Yerefore Ti3gibted REDssOfuGpi@i m
11, wkeraisfers.ai d ni croprocessor includes a wite-conbining buffer, wherein
sai d nmenor y Rigupe2,\bas bitline diathinbit @5a Aistibutddaregistarbafigirain BRI 1D MyitiPorE eaBigysdtiod oCcol
and whera¢ tlustrhted.dt e noditi-@eacesigumaiipn] the adapenpresents ddaination and ageepts esnrhdnds &t eps
of : four didgiber (0A3Nsimgjtavdoedhn ér thé Hietriisaeddconfiyaiationcéacio adapter éontraiael paticular sit for e
i f the She dord addressof ithendispiayait cowds. Sioeessh adppieaiceh wite tie its adicutar bgs blifliker to
det er s6i reimltanegushyi withothe cother @daptars iires fourn digtributed adapters (0-3) pdn appedrt todbe gystem
sat i sf yiidaytiqatyeto|theaobiti-gosedanias wiven thesystemiypads agwrites to the bus.

Each single port adapter has priority selection means (not shown) identical to that on mum-port
adapters. Priority selection of adapters is well known in the art. Further each port has means to activate a
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8 3. BIOS Data Area - an area of RAM memory used by BIOS to store the status of various devices which
it controls. On IBM PC compatible machines, the BIOS data area consists of the 256 bytes of memory
starting at absolute address 400h. .

45 4. Extended BIOS Daia Area - an extension to the BIOS Data Area. The Extended BIOS Data Area starts '
out as the top 1K bytes of memory in IBM PC Compatibles and can be expanded if necessary. A large
portion of this data area is dynamically allocated to whatever installed device needs it and is .quite
frequently unused.

5. NMI - Non Maskable interrupt - an interrupt which cannot be disabled using the standard methods of

50 masking interrupts (i.e., the CLI instruction or by changing the Interrupt Mask Reglster in the interrupt
controller chip.)

6. BBSRAM - Battery Backed Static RAM - a special area of memory whnch is nonvolatlle because it is
kept powered by a battery when the system power supply is off.
The control of LCD backlight and contrast can be accomplished with a smgle BIOS call. In addition,

55 “switching between LCD displays in a system with multiple displays can also be accomplished with a
single BIOS call. The advantage is that the controlling software is more efficient, therefore having better
performance. In addition, functions such as backlight control are easier to implement in software, which
results in a greater probability that they will be used to increase LCD display MTBF.,
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recei ved @hiamngealbetord initiglisig thel riekt vitied dbrk. FoD Bxatible Sthe s@GHnC baaRiNtiddoNs Bgbd land
physi cal anlidiised; stea thei viebtbrs aldOBIOS @ata lafe datiedl i g Exteaded BUTE BARS Ales béféte Riolihg @0 as
a nmenory hoieigdliseothe WO tchdnnel MR &dfdpterarEaein afithees sit@mtts inghe syainra miagd itscivnibutiemin
conpar at otheGBtetded AKIS Rt He62 enabling the AND gate to transmt a read
- 1l 45 Whenever an application program requests switching to a different video port BIOS takes the following
actions automatically:
(@) Interrupt vectors and BIOS Data Area parameters related to vxdeo are copied to the Extended
BIOS Data Area in a block reserved specifically for the currently selected video port.
{b) Hardware registers are changed to cause the deselection of one port and the selection of another.
50 (c} Interrupt vectors and BIOS Data Area parameters related to video are copied from the BIOS Data
Area (from the block reserved specifically for the newly selected video port).
A specific implementation of the preferred embodiment is shown in the following detalled description of
the BIOS functions (the use of BIOS and BIOS functlons are well known in the art) used to implement this
invention:
55 The following gives the details of portions of the BIOS interface under INT 15h (System Services) whlch
have been created to access the extensions described in this herein.
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operation to ROM 50. Since ROM 50 contains read-only nenory, wite
operations are not enabled. Data retrgeved fromROM50 is transnmitted to
data bus line 58 along path 68.. - Generally, all devices capabl e of
receiving read or wite requests have different physical address ranges,
such that only one device receives an enable signal and can respond to the
read or wite request. evice 52 is configured with
the sane physical address spalt’lzseH ghg%\ﬂgﬁﬁ%sﬂ arator 64 thereby generates
an enabl e signal for any rA¥xODOH TERMINAG SE%F%§§4"E&Eqaddr ess within the
sane -range of physi cal address qﬁgg y conparator 60. AND
gate 6% however, includes an |%€%§t ﬂﬁﬂgE§Tgﬂgﬁg the read/wite line
such that only’ wite operations ar BNGHIER¥EI, rather than read operations.
Dat a necessary for the wite operation is received fromdata bus line 58
al ong path 70. Hence, ROM 50 and vi deo out put device 52 share the
same pjysical address space. ROM 50 responds only to read requests to
addresses within the physical address space whereas video output device 52
responds only to wite request within the physical address space. Hence, a
singl e range of physical addresses accommpdate both the ROM and the video
out put . device. Furthernore, to a certain extent, input and output bus
lines gnd other hardware devi ces can be shared between the ROM and the

vi deo output device. The use of the sane physical -address space for the

Vi deo - 12 - output device is
what is referred to as placing the vrdeo out put devi ce "behi nd" the ROM

An attenpt to cache ROM data while ignoring wites to the physical address
space sf the ROM may not work effectively if a second device, such as a

vi deo out put device, is placed behind the .ROM -Indeed, if all wites to the
physi cal address space to the ROM are ignored, then video output device 52
will not receive any wite signals and will not be able to display any
data. There is a need to praui ching ROM data which al so
al | ows#?*devi ces pl aced behind the ROMto be oper ated properly.

Hence, a fundanental problen1§hs$s§fhnB l@@hventional m Cr opr ocessors
whi ch process both cacheabl e a data, nanely, a nenory request
must to be.transmtted.onto th fore the cacheability or
uncacheability is known, resultrng In considerable bus traffic. Froma
perf or fance standpoint, it is desirable to ninimze the amount of bus
traffic. The need to perform nunerous external menory requests nerely to
deternmine the cacheability or uncacheability of data may cause a
significant loss in overall processor efficiency. Accordingly, there is a
need to provide a nethod and apparatus for mnimzing or elimnating the
need t& perform external nenory requests to deternmine the cacheability or
uncacheabi lity of data. : - 13 -
The need to limit bus traffic is even greater in conputer systens '
enpl oying nultiple mcroprocessors wherein two, three or nore

m croprpcessors conpete for access to a single system bus.

55



In the fore90|ng description of Figures 1 and 2, it was assumed that any
mepory instruction generated by the nicrgprocessor can i mediately be
_execut ed once the physi cal address for the nenory instruction has been
determ ned. However, with certain nmcroprocessor architectures and for
certain applications a, frenpr nstruction nust be deferred pending the
resol ution of one or nore con i ons. In such systens, once the physi cal
address is determ ned, the BﬁﬂbﬂyZFﬂQtruction cannot or shoul d not, be

i mredi at el y executed. Such gc&qu QRTE | 575l N @ mi croprocessor
capabl e sof generating out-of-order or specu ative nmenory instruction
operations. In an out-of-order B¢EB3pFocessor, nmenory instruction
operations may be issued by an igsug unit inyg@ag order other than that which
is defined by a software program Qut-of-order issuing of nenory _
instructions may be enpl oyed to~emtante overd™ T ~"processor efficiency by
expl oi tizng any parallel processinpg qapamI|tnmﬁ(mjgkhmgrylcroprocessor
When nmenory instruction operatlons are issued_out-of - der, it may be
necessary to hold one or nmore of 1t h& oper at i H#H2GpLO %@}ﬁ% pendi ng
execution of later issued operatpong. For exaRpE MONDEHROMEXEGRPLAYN Oof a
menory instruction may require deferral unti] S tion of a branch
conditi@n, such as an "If" stat e_ﬁE , SKE{Q CoLovR %HJ

- 14 - I'n a mcroprocessor architecture capabl e of specul ative

pon the Coccur rendBTEr  anyi iy cu SBHAR, wokk EERGIE SRRt LePEAr 1l o'

all ows commands subsedU8B@ RORTt he branch to be specul atively processed
pendi ng2e resol ution of the branch condition. In other words, for each
branch condition the mcroprocessor predicts which branch is to be taken,
then executes subsequent ‘i nstructions specul atively. The ability to

execute Comﬂﬁéosﬁpﬁ@wlnaémql Moﬁ%’sﬁ%n%&dx@'r&}& e0irgpdr al | el processing
capability of a Séstem oW n | east sonme conmands whi ch depend

upon a %branch condHto@h tcﬁF{TeO Qﬁrﬁiép{aﬂ GPNTRASH GEVAL T0=85| LOrBrBlof=t he
branch. condition. If tdpg ﬁmﬂma @0 TF FRRO TRASITHE WLTAGE GOF TRE LoD LFMREL
specul ative |nstruct|ons ased on the predicted branch are "retired" and a
wi ndfall in IS
processing speed is achleved If the branch predictio is incorrect, the

oeeta bt “outof SPER andiubutRcbris HRE LA Al 800Gy E%Eﬁéﬁiv

"Superscal ar M croproc&3BE0 PDREI gn" by M ke Johnson, Prentice-Hall, Inc.
1991. Nurerous |initations exist as to which commands or
instruc%'ons can be perfornmed out-of-order and which can be perforned

specul atively. ChéHﬂi&Bib'lAéS!IGNﬁ CANTRASTt@P 't RGNGTX @M (TOi KBY 6L i nstructi ons
A COmTaNgS LS o) Bk0ZC! Ualssh BP0 bEHAAR R TRARHIOCTo KAAUAL QB! evi ces
may require deferral until e executron o rror 1rnstructrons or until
the resol ution of ENABLED, THE CORRESPONDING KEY ON THE KEYBOARD IS USED 710
40 _ INCREASE OR DECREASE THE OPERATOR DISPLAY CONTRAST. THE
KEY MAY NOT BE USED FOR ANY OTHER PURPOSE AND WILL NOT
RESULT IN A SCAN CODE BEING PASSED TO THE APPLICATION.

BOTH UP AND DOWN FUNGTIONS DO NOT HAVE TO BE ASSIGNED
SINCE THE KEYS CONTRAST VALUES WILL 'WRAP'. TO DISABLE
THIS FEATURE, SELECT KEY 00 FOR BOTH FUNCTIONS, WHICH IS
THE DEFAULT.)

45

50

"l



prior branch conditions. For exanple, it nmay be undesirable to performa
specul ati ve...~ - - 15 - load or store
-to”menory nmapped 1/ O |l ocation Such a speeul ative |oad or store may result
in a disk drive being activated or perhaps result in the entire conputer
system bei ng rebooted. Such a side effect could have serious consequences,
if the specul atgu e (= ' i was based on a m s-predicted
br anch. Nuneroudsﬂs?)'% he%‘%‘%@@@r?@sgﬁ# g}rﬂlfér‘eﬁﬁ specul ative instructions are
di spat ched fromthe m croprocessor to external devices. For exanple,

specul ative mergyry: | stk G%. AuAYS IR i o YrkdB gy Tesul L i
specul afi ve data being di s Iayeg or otherw se output fromthe system again
based on a possi bl evﬁpgg-!fﬂﬁgdi cted branch. The use of an _
out - of -order m croprocessar. enhances the need to provide a nmechani sm for
determ ning or predicting the consequences or side effects of nmenory
operations prior t®FP¥Hat CM%IF%g’@Foperati ons to external devices.
There i¥ a particulmeomeed BACKIIEIVE ORENOrYy access problens within a

conput er system havi ng one or nore out-of-order m croprocessors.

- 16 - BL=02H  EAGHIAGHT ON. TAEOr QRFERAN | GNSECONDS | accor dance
w th one aspect of the invem iocxeoo0) AUTU-OFENNCTION Ps QicSScEDMAkRI N a _
conput er processor wherein ! ype" val ue associated with a nenory
address™is explicitly det erﬁtﬁggg%%ﬁ%ﬁép%nﬁﬁ“@‘ %‘rdcessor. The nenory type
val ue identifies neBIBD3H pr oSHEESNg attri butes of nmenory information such as
data or instructions. The gt /pe val ue may indicate, for exanple,

whet her data stored within a certai'n range of physical addresses is '
cacheabJo'e or uncacheabl e. FuF-BAGKLISHD| $TADHSa, t he nmenory type may indicate.
whet her "t he cacheabl e data is syppjegt,to wite- through cacheability or
write-back cacheability. In a conputer processor capabl e of dispatching
specul ative nenory instructi onsBIT He=nkibr JAGKEPHITES , IN AUTG0RRPHGDE i ndi cat e

whet her menory is specul atabl e Péx R9Pr @ﬁﬁﬁﬁ”ﬁﬂ@dﬁr@mmz IN SEcBMpSXPlicitly
mai nt ai i ng menory type information within the conputer processor, the

proper manner, for processing a BEM8ry 1 A&t PAKLIGH &8 CUBRENIEYePNi ned
explicitly, without requiring a nenory request or bus access. For exanpl e,
if the nmenory type corresponding to a menory instruction is identified as
an uncacheabl eNﬁ%ﬁSry t’;’pe,wﬁEHe&P%TE’ﬁ:ﬁ@ cQEF MADEyt THEPIOYd. Hence, no
:ﬁad- f Odo- ﬁwngr Ishlt pcommnhwmsyaizriem{httmstpt.&flmcmitzmzsﬁ%m?%m FedeR.0 determ ne
e uncacheability r e 0 e._nenor
instruction is ide f‘f‘gﬁf'égbg%dq’#?”sﬂ%ﬂﬁﬁ)éééﬁﬁﬁ%Wﬁ&’éFI‘f n a
specul ative | oad f TOME dINTERMALY UNEESSesl KEY IS PRESSED ON THE MEMBRANE :
- 17 - 1/Olocati ??Yﬁ'ﬁ\ﬁ be easily avoided, again w thout requiring an
i nitialssbus transaction Pb determ ne whether the nmenory | ocation, subject
to the instruction, contains nmenory napped I/0Q. :

2) TO COMPLETELY DISABLE THE AUTO-OFF FUNCTION AND
ALLOW SIMPLE CONTROL USING THE ON AND OFF COMMANDS,

40 CALL AUTO OFF (BL=02H) WITH CX SET TO 0. (THIS TURNS
THE DISPLAY ON AND CANCELS AUTO-OFF) THEN USE THE
NORMAL OFF CALL.

45 |
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Specific,smenory types include uncacheabl e and non-specul at abl e nenory
(WE), uncacheabl e specul atable wite- gonbl ning menory (USWC), restricted
cacheabi l ity specul at abl e nmenory ( RC) uncacheabl e non-specul at abl e nenory
mapped interrupt menory, wite-through cacheabl e and specul at abl e nenory
(W), wite-protected cacheable and specul atable nemory (WP) and write-back
ccacheabl e ‘and specul at abl e3yTenpey iN\BlJ'ro OFF MODE,! THEUBAGKETGHTANYLIETURi nent ,

a tabl.e relating nenory ty esto ) d ed within
menory type range register ﬂﬁpéﬁl Q#gmlﬁﬂagm ig%&ggs@oﬁgu system A.
page taple wal k, enpl oyed KEIBdﬁtDeam I'THE aKBYSTROKEA WI BLl (BEC SHROWNI AWAYTE DI Y
i'nstruction, returns both the physical address, obtained by wal ki ng page

tables in nenory and the associ ated nmenory type obtai ned by presenting the
physi cal address to decodi4)g |@YyTOUCHEGREBN GNITS, EOWSGRBEM&UTM'IMWIBIE

menory type for a nenory i al thin
a TLB glong w th physi cal Jﬁ?ﬁ[ ﬁ“&%&@"ﬁﬂ% |I§Cg%%b?g)?2§:ﬁgot hin
real node and in protect ecDRliﬁE&S 0B AHPLOCATION RROGBAMS MAN@LINGeTWWEWpe

val ue. . SHOULD INCLUDE A GALL TO TURN THE BACKLIGHT oy the
exenpl ary enbodi nent, the conputer systemis a nultiprocessor system

having, for exanple, four WENEGBr TEEYSEREENVACHVIRE 16 BEDITEBessor s
i ntercopnected by a system bus to peripheral conponents such as a RAM ROM
DMA controller, frane buffer, Eut/out put device and external secondary

cache. Each nﬁkT%Hr%@@QsEﬂRToﬁftEﬁ Il ti processor systemincludes an

out - of - order engi gﬁ:dﬁrsgmwmggmql ative and non- specul ative menory
instructions, a reservation _statio gRS) for allocating the nmenory

instruebhi ons, a reor dEFTHY BOKE Qr(s(Y R4RDbr dering and retiring
specul ative i nstruct i ®0sS01HAPSRY |1npAUAWEiR) s a non-bl ocking DCU, a TLB, a

PWVH, ~and a nenory ord ich stores and orders nenory

i nstructions prior to%ij’@glap@{?r gg(@g{%&ﬁ rnal devices. The MOB checks
menory instructions f&L=08HTBORT Grd@tAP'nEﬁ)effects and defers dispatchirng any
nMenory s nstructions tgq e until menory ordering problens are
resol ved. .The R%tﬂeééﬁ’l ﬁe@ﬂ#ﬁ%n)enory type of each nmenory
instruction, in part, ONREFURNK ct nenory ordering effects. If the nmenory

type -for a nenory inst rucrzb-o? MERNSRE stq‘ﬁnnﬁb}ﬁ‘pﬁﬁéﬁ bt e 8® accesses,

are permtted and the MOB defers dIS atching the menory 1nstruetion to t he
system3dus until the instruct iHORDYARE REﬁIiSiTE%ﬁ WEb: SFIUB H’&eﬁ’é’?;}mt FHIECT

specul ative accesses are per Nk ahnapgrsTRRT SRl | ows menory instruction
| oads to pass other |oads _and also_allows rrem)rgxl nstruction | oads to pass

previ ous menory stores. TRESQHBANT, BRRVESTED RQRTelX STRenory i nstructi on
stores from passing | paelgre lostrhsrempr oangt 1w OFt e IMEET WaRSHIS cALL

{ypes are el Lowea t» DhiDECipoHiEEReleh VSRRl WSl rloui oY

- menory type val ue -andWIBIOAESE B8 RRSRDITO iBEOS MIDED MODE ax MISING g Byos Newor y
instructions to UC ne t ot cached. Menory addresses in WB.
nmenory , €re cached w t?l&;l%%( éQﬂ’%@lﬁ‘gﬁd?are subject to wite-back operations
and wite-allocate operations. Menory instructions to WI-type data are

stored and updated w ¥ c&ffc%ﬁ”&ﬁﬂgl .ﬁg; ?%%tcmﬁ ?o‘rl gﬁp%PE@ﬁ%ﬁti ons.

Menmory instructions to menory are sent or eventua

transm ssi on on the s¢SHESHEIHIS WlONoIHE S ESER BGARDhER BB, SWSLEaPR type is
particylarly enpl oyedufmpeic 0 EARPV stabERFORMING THE NOTROWTNG $UNMIGHRONS O ..
a USWC nenory type are conbined within a wite-conbining burfer wwth data -.
fromother USWC nenory type instructions. After being conbined within the
write-conbining buffer, groups of USWC data units are output al ong a system
bus i n burst node. By defining explicit nmenory types associ ated

W th pbysical address spaces, and by explicitly storing those nenory types
within the conputer processor, menory instructions can be properly and
easily controlled in accordance with the menory type to, for exanple, avoid

undesirabl e nenory side effects and—m-nimze systembus traffic by limting

t he nunber of nmenory requests to determ ne the rrermry type. Accordingly,

T




- 20 - disadvantages of conventional systems are avoided and the objects
of the invention set forth above are achieved. Other objects and advant ages
of the invention will be apparent. fromthe detail ed description of the

i nvention which follows, in which exenplary nethod and appar at us

enbodi nents of the invention are descCr7bed.

- 21 - BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1

is a block diagramillustrating an exenpl ar rior art cogputer system
Figure 2 is a block di hYyraff9g DATA rAREAS AND é@%@ﬂ’ﬁr XEGTRS I RuTBEt * devi ce

configured in accordance %@ﬁmrrwrsmmmvmw e6RT ARSiSAER mhm cal

addr ess space. : Figure 3 1s a bl ock dlaramllltci@tratlng
mul ti-processor conputer S§WE&WQB¢%AF% A UFQUR ARES §9R E&Gbcts of -
the pesent invention. VIDEO POy e 4 is a block diagramparticularly

illustrating internal conponents of one of the mcroprocessors of Figure 3
with the mcroprocessor of Figure 4 being capable of speculative and
out - of -order executiomyf NEMWAKE RESUSTERS GRS CHANGED TO SELECT @HB is a

synbolg c illustration of aRFr,r(?UrT%TEy'D §f3éth%§'fon processed by the

m cr opr ocessor of Figure 41 6 is flowchart illustrating a
met hod by which nmenory instructions are processed within the m croprocessor
of Figure 4

Figure 7 i s- a flow cha?)[ i PHFSPPB% iAﬁﬁA% Wgt ﬁNc;rg’ R%UPT\AXFCWR%%‘%%CHTED

instryctions i dePt |Ff yi ng \fl'ﬂie!l‘t{hmgh SHERCTBD UW@SP@!IR’IEABE gtrs'?enii)l byt t hte :
m croprocessor of Figure ow chart illustrating
a met hod by which nmenory l|'”I§105Mt 'rrﬁ%tt-ix nNﬁ']ﬁﬂhﬁs ?A?%éiaél te-back nenory types
are processed by the microprocessor of Figure 4. Figure 9 is a
f1ow chart |1 BHSIEALT G Reitl) BER SRTIBIGN (BREDBURT phfiSip} | o | dent! i ng
writegprotect “menory types are process m croprocessor of Figure
4. _ EH=g12rHe 1(RESEREELF [FORy RﬁSﬁ/BIQSI KR@TH&DH@Q’I‘&D%MRM)W whi ch’
Y sed oy MOS0 dukkBr YABES k? dpgrdRie ke (TR ) VDo ar o
processed by he m croprocessor ure 11 is a flow
chart illustrati ngIaEQré’Dﬁ'ﬁd‘iwﬁml‘bhf:r@rﬁﬁy‘*) instructions identifying
uncacheabl e specul atabl e write-conbini ng menory types are processed by the.

m croprocessor of Figure 4.
On return from all AH=0DOH calls:

All registers preserved except AX (unless otherwise noted)

30 If AH=86 and CY=1, invalid function or subfunction was

glven

' While this invention has been described in terms of a preferred embodiment, those skilled in the art will
35 recognise many variations which can be made. For example, a four port multi-port adapter was used for
' illustrative purposes, but the number of ports and corresponding number of single port adapters on the
distributed register can be varied. In addition, the types of display operations shown, such as backlight, and
contrast control, could be expanded to other display functions. The address switching means could be
accomplished by common hardware switches or, for example, eproms. Bus bit line selection logic end

40 device priority logic could be implemented in hardware or sofiware on the adapter.

Tl



Figure 12 is a flow chart iIIUéﬁPafing a nmet hod by mhich.nennry
|n$tru0f|ons i dentifying uncacheabl e nmenory types are processed by the
m-troprocessor of Flgure 4,

23 - Figure 13 is a block diagram of the nenory-ordering buffer of
Figure 4. Figure 14 is a flow chart illustrating a method by
whi ch the nenory ordering buffer of Figure 13 processes nenory
~instructions: Figure 15 is an exenplary entry of a transl ation

| ook-a-side buffer in accordance with aspects of the present invention.
Figure 16 is a block diagramillustrating a translation | ook-a-side buffer
of the m croprocessor of Figure 4 _

- 24 - DETAI LED DESCRRId CNHE s iR D EMBCDI MENTS _ _
Referring to the remaining fig nbodi nents of the invention

w [l now be described. The emm%MEH bed herein relate to a
conput er system havi ng one or ssors, which nay be capabl e of
specul ati ve and out - of -order execution of instructions, wherein nmenory type
val ues are explicitly stored wthin the m croprocessors to facilitate the
processing of nenory instructions. As will be described nore fully bel ow,
the explicit menory type values may indicate that menory accesses by a
menory instruction are, for exanple, uncacheablé or cacheabl e, specul atable
or non-specul at abl e. Al though described primarily with reference to a o
m croprocessor system capabl e of specul ative and out- of-order execution of
‘instructions, aspects of thé invention are al so advantageously |ncorporated
in in-order mcroprocessors. Furthernore, al though the invention is
described primarily with refererice to a Cl SC ni croprocessor which process
m cro-operations or mcro-instructions, principles of the invention are

al so applicable to processors which handle macro instructions directly.
Principles of the invention are applicable to R SC processors. An overview
of an exenplary conputer systemincorporating the invention is provided in
Figures 3 - 6. Detail ed descriptions of the processing of nenory
instructions to nmenory | ocations of particular nmenory types are descri bed
wWith respect to Figures 7 -12. Reordering of menory instructions is
described with respect to Figures 13 and 14.

- 25 - OVERVI EW Figure 3 illustrates a nultiprocessor conputer
system having one or nore mcroprocessors __for exanple four m croprocessors
102, 104, 106 and 108 i nterconnected Fi““““ﬁstem bus 110. Each

m croprocessor may be capabl e H“l“HﬂI‘ ““’d out - of - order execution of
instructions. A RAM

Claims

1. A data processing system having a processor, a system bus operatively connected to the processor, a
45 plurality of peripheral devices, and plural adapters operztively connecting the peripheral devices to the
' system bus characterised in that interface register means are provided having bit positions to interface
with corresponding bit lines of the system bus and the adapters have swiich selection means to select
the address of each peripheral device and to select bit positions of the interface register means for
each peripheral device to correspond to the address thereof.
50
2. A system according to claim 1 wherein the interface register means are constituted as a plurality of
registers.

_ 3. A system according fo claim 1 wherein the interface register means zre constituted as a single register.

55 .- : .

4. A system according to any one of claims 1 to 3 wherein priority selection means are provided to assign -
priorities to the adapters for communication with the interface register means.



116, 1/Q device 118, secondary cache 119, ROM 120 and a DMA controller 122
ara comected through system bus 114 tld sach of the nicroprocessors 102 -
108. A frane buffer 124 and CRT display 126 are al so connected to system
bus 114. DVA controller 122 may represent any of a_nunber, of | ler

. cont
devi ces. Bt Hesyswmraseqydinteipiaoe one fcipinss ¢ 4 Rhelfin {18 perinhpsalrgeyiees ae AIshify aP‘? E‘&
may al so be intesapretegisir mesnshestbitaceioas to siere disley §alys ed S9PBRNCHIOMIY de any of
a nunmber of input or output devices such as keyboard pdens. .and the
like. Each d¥syen® WQE‘F'@HO@(Y@@% §oherein the igierace Sep! %"E?ﬁ}?ségg%ﬁ%?}nsb%ggﬁeﬁﬁa&l
or may %e dicPrtEpteARtrol iofMAlilgh Fi gure 3 illustrates secondary cache 119 as
bei ng-separate fromthe m croprocessors and i.ntercon '
syst em bu§ Psystemaceering tq ﬁfﬂ“e?r@rn? &3?’8’?1 Jhe,inteitacs Teer n‘%g%ﬁ%s trtr)gﬁ&gﬁeog% gwn%tcérf ned
wi t hi n each 9Py baskiighteroatyy infoyrpalian-; | | ot her i npl enent ati ons, a secondary

cache is &/’{’]O\/i ded within e Chﬁ%g{gﬂ%ﬁﬁﬁgys Seﬁ'?x%arﬁ istogg{ahlé”{&/tr&@fghiﬁforr_riaﬁon to

provi déy hicTySPe EeiP&fT us t e vari ous

mi cr opr oces d§yiueriace register meang o 47 | | ustrates sel ected functional
conponents of a m croprocessor of Figure 3, such as m croprocessor 102, all
i nt erconnect ed - - 26 - Dby one
or nore busses synbolically illustrated by CPU bus 138. In particular,
Figure™ illustrates an out-of-order engine 128 whi ch generates

mcro-instructions, referred to herein as micro-operations or "uOP' s", such
as nenory | oads and stores. The uOP's are, in general, generated by out-of-
order engine 128 in.a sequence which may differ fromthe sequence in which
uOP's gre generated within an in-order mcroprocessor. Further,

out - of -order engi ne 128 i s capabfigs Shket HakBeagReplaedli ct i ons at branch
operations, such as "If" statenen atively generating uCOP' s
subsequent to the branch operatio%ﬂl re generated out-of-order
and/ or specul atively, in part, to m croprocessor 102 to exploit any
parallgiismw thin the program and to exploit pipelining capability of the
m cr opr ocessor. In a protected node, the internal addresses for
uOP' s generated by out-of-order engine 128 are cal cul ated by AGU unit 130.
In real node, AGU 130 generates a physical address. Unless otherw se
noted, protected node operation will be described herein. The internal
addressomay be linear or virtual addresses or other equival ent addresses
whi ch are mapped into the  physical address space. |In other inplenentations
of the invention, ~separate internal and physical addresses may not be

defi ned. The uOP containing the linear address is output from AGU
130 onto CPU bus 138 where the uOP is intercepted and stored by an RS 131.
RS 131sis the functional unit of mcroprocessor 102 which all ocates uOP s
t hat - - 27 - have not yet been
executed, then dispatches the uOP's to other functional units according to
specul ati ve data dependenci es and according to the availability of the

ot her functional units. Details of a particular exenplary
40 co
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i mpl enentation of a reservation stéF%Gn may be found in co-pending U S
Patenthppllcatlon Serial No. 08/172;737, entitled "Mthod And Apparatus
For Schedul i ng The Dispatch O I nstructions From A Reservation Station"
filed Decenber 27, 1993, and assigned to the Assignee of the pr esent
appl-ication which is incorporated by reference herein.

M croprocessor 102 also includes a Reorder Buffer (ROB) 133 which stores
specul ative results fromuOP' s dispatched by RS 131 and executed by one of
the functional units. ROB 133 collects the results from specul ative uOP' s,
reorders the uOP's, then retires the uOP's. Thus, whereas out-of- order
engi ne 128 may generate uOP's in an order other than that which appears in
a conputer program ROB 133 reorders the retirenent of executed uOP's to
yield the sequence of events specified by the conputer program An
executed uOP is retired once it becones non-specul ative, i.e., once al
unresol ved antecedents to the uOP have been resolved. Thus, for exanple,
for uOP's specul atively generated followi ng a branch condition, such as an
| F statenment, uOP's are retired after the branch condition has been
evaluated and taken. In particular, if the branch prediction is determned
to be correct, uOP's specul atively executed beyond the branch statenent
are then retired. If the branch condition is determned-to be incorrect,
specul ative uOP's followi ng the branch statenment are squashed

- 28 - or otherwse invalidated. Details of a particular exenplary

i nplenmentation of ROB 133 may be found in co-pending U S. Patent
Application Serial No. 08/177,244, entitled "Specul ative And Comm tted
Resource Files In An Qut-OF -Order Processor”, filed January 4, 1994, and
assigned to the Assignee of the present application which is incorporated
by reference herein. uOP's which invol ve nenory accesses such as
menory | oads and nenory stores are executed by a nenory system 135. Menory
system 135 includes a DCU 132, a TLB 134, a PVH 136, a bus unit 140 and a
MOB 142. TLB 134 mmintains a cache of address-translations between |inear
addresses and correspondi ng physical addresses. In use, a uOP dispatched
by RS 131 is intercepted from CPU bus 138 by TLB 134, which determ nes the
physi cal address corresponding to the |linear address of the uOP. If the
address translation is found therein, TLB 134 re-dispatches the uCP,
updated to include the physical address, onto CPU bus 138.

whi ch data f
meny of P ;g%‘ée%%%@?h%aeiﬂééﬁ%%%%@ ool bt BehenYl 443, 121 C et s
the uoP cOHELAGE ¥—ng the physical address and accesses internal cache |ines

to det er Kiregstdr fdistribetedl atrassf maltidld @ingle oIt Vadapte aiBwo thet gt QF obératalticc e per:

cont ai neidoters hiedtiealn .to b singld enuligion abispter.OFdch iathapebr Wést if31 own [Prddtyl Bic idehi@aidati@ ek

retri evged & Dmultipbre adplel @rdlectizn pralivits hoRhe phbiy bals o B8 adprer bilbkk r@rsystem €

pr oces sdesglecbynecddagier antl $6iedtizodtiedr ad#ptdr 9n Ofie tpeatiop EEeRisnér hkd Awitdhfseling tolaliay 1 s

not f ousadcting tdntrdl oDXadividual bits on the system bus, which allows multiple aczoters to resgond to the processcr
simultzaneously for different poris in the same manner as a multi-pcrt' edepter. By replying simultaneously, ths
system can use the same soitware to control two different hardware ecapter tyces: single port, or multi-port.
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-'zb‘;$i132, systembus unit 140 is accessed to tfansnit menory requests to
secondary cache 119 or to external menory such as RAM-116 or ROM 120 to _

actess the data specified by the uCP.. DCU 132 is a non-bl ocki ng
cache which includes fill buffers (not/3 shown). The: fiThis em Replaced
advant ageously exploited for storing data. associated miu r
wites, i.e., data of the USWC nenory type. DCU 132 pr KRy s

MESI protocol, wherein Midentifies a nodified cache line, E identifies an
exclusive cache line, S identifies a shared cache line and | "identifies an
invalid cache line. As will be described nore fully below, DCU 132 is
capable of a variety of cache protocol operations including wite-through,
write-back and wite-protect cache operations. As noted, the
system may include a secondary external cache 119. If a secondary cache is
provi ded, nenory |oad or store operati( ich are n shtisfied by DCU
132 are transmtted to secondary cache

coptained within
tefl to externa
oafeh brevity, in
Lcache i s not
&vce to the

a distinction

re is transm
. "For clarit
hat a secon

%tqche 119, then the | oad or

nmenor y| deQitds such as RAM 116, or RO\
g descriptions it is assur

secondary cache is only

i s made~ D&t Ween data cached within DCY_1 ZQand dat a n the secondary
- 30- Q@#E@. Furthernore it shoul d be junder'st ood t hat & onal external
caches{ iy, be provi ded and several | e\ Bt cachi ng y pe accommodat ed.
Ref er ry ain to TLB 134, if the tran i on between it h&l H near address

and a oﬂysiCJl address is not cached w

it hi nNRTLB 134, thjen PMH 136 per forns
a page ﬂd&ﬁb wal k to determ ne the corr i

e3posdi ng physiclat-jaddress. |If the

uoP calugify the TLB miss is a non-specyl atjiske uOP, PMH | 13pwrerely perforns
a pagegt@i ¢ wal k by issuing 40 page {di -bctory entry
"PDE"){_and _page table entry ("PTE") |dad loperations to PDE and PTE tabl es.
| f, however, the uOP causing the TLB rissl ;s a specul ative&uOP, then PMH
136 performs a page table wal k specul atively. The details t he 3
specul ative page tabl e|wallk may bg found in co-ggndong U S| Patent | o
Application Serial No.|08/|Z76, 363} fildd Oe®ere? PR 1093| cent { £ 4
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M croprocessor capabl e of Processing Speculatlve uOP' s", ‘assigned to the
ASS|gnee of* the present invention mh5a£ is incorporated by reference
herein. During the page table | k, PVH 136 accesses MIRR § 137 to

deternine the menory type for the UOP being processed. IihstHME@%ml a&ﬁ'Ch
PVMH determ nes the nmenory type val ue during a page table Hmlu ound

in co-pending U S. Patent Application Serial No. 08/171,
Decenber 22, 1993, ‘entitled "Methed and Apparatus for EE
Type by a Processor”, assigned to the Assignee of the present |nvent|on
which is |ncorporated by reference herein. During a protected
30a node page table wal k, PVMH 136 accesses MIRR s 137 during a page
table walk to determne the menory-type value for the corresponding |inear
and physical addresses that m ssed the TLB. In real node, PWVH 136 nerely
accesses MIRR s 137 nerely to determ ne the nenory-type for the
correspondi ng physical address w thout performng a page table wal k. The
menory-type and correspondi ng physical addresses provided in the MIRR s
may be defined at run tinme by commands within a conputer program or nay
‘default to predeterm ned val ues.
- 31 - To ex term nation of type for each uOP
TLB 134 is preferabﬁ@ﬁtgﬁ$ﬁyﬁfed to cache a Jﬁiﬁ%&ﬁrxﬁz val ue for each
| i near address/physical address el enment otherw se cached therein. Hence,
-the MIRR s PVH 136 _are accessed only ipn the event of %5 In the
event of ea%ﬁg hi.g%tqp g type val uefils3det erm ned Eﬁﬁ%g% 4 while
t he correspopgeimg yst dal legs _and | ihdar_hddress PoTb|n ion is
accessed. To al | ow fenofy vl JBVIRWLhe dccossed from 4
regardl ess of whethdr the gonppte R ggn IS |o qziting in'a Ng ﬁ%de or
protected node, TLB134{is th L1 nd-—pr-ot ected node. |f
desired, a separate [dath TYB ahd & separatpg ifstructign---TLB I%ﬁ
provided. In such arj i npl efentpti ¢n, nmenorj it ype v%lpes al e erably
cached within both Hut fan|be pacled in on|y.-¢gne-lottHe-ot her I'n other
i npl ementations. Detjail p off the operation pf.-JLB1134}- |CL§]Ne£é]56mthe
manner by which TLB opgrafjes jn feal nodej {afje desc?'bed i n ygggPendi ng
U.S. Patent Applicdtioh Sgri 08/176L?R4, fi-t-ef- nmber 30 1993,
entitled "Method anq Appai f-®r using T{angl at§ on{Look- a- si de Buffer
in Real Mbde", assidned|jto ‘Assi-gnee of the gdresent |invention which is
$pmnete node, a uOP

i ncorporated by refdrenge here n W T I

di spatched by RS 13¥. ' éﬁ@ bu s—¥4-3¥-py 34 which perforns
a | ook-up to deterpm PI’OIt mmtm[p caché IIre@ ontain the

physi cal address a QNGITRB ponditr o—tte—tTmear address of

the uoP. If the address transiati REGISTER outrd therel n, TLB 134 re-
di spatches the uOP, updated to include the physical address and nmenory

type,

F1G. 2



ont, 8 CPU bus 138. In real node, the 3 di spatched by RS 131 is al so
-latched from CPU bus 138 by TLB 134 Ich perforns a | ook-up to determ ne
whether its internal cache |ines contaln t he nenory type correspon0|ng To

t he physical address s + Has B fiosd
Li near and physical address sections 154 and 156 store tT;]ls imai TE]I "

physi cal addresses, respectively, if known.

i ncl udes an AT_RETI REMENT bit 160 which identifies. mhet

currently specul ative or whether the uOP is ready to be retired and is
therefore no | onger specul ative. The nenory type is stored in a nenory-type
space 162. As noted above, the nenory . type indicates, anong other things,
whet her. t he data, which is subject to the nmenory access uOP, is
specul at abl e or non-specul at abl e, cacheable or non-cacheable, etc.

Non- specul at abl e data types include data types such as graphics read and
write operations, which are not perforimed specul atively. Specul atable data
types include nost other types of data. uOP 150 may additionally include a

wi de range of other information for facilitating the processing and
execution of t%" f&’ g1 or brevity and clarity,] such additional information

al so

is not describ f%éﬁgh dadat Thupliperei nformatijon regarding the uOP's
structure found in the ahove-identified co- pending patent

applicationsrd #2 Table | lists six denergl nenoryLINgSeFORr UNESSEd by
the m crdps#tessps SET (Thee UNITeRtion al ond Wi th an exerplrdy 3naRerNoal val ue
for stordge in nenory-type space 162 of {JOP 134. DRIVEN

- 31b- Referring to Figure 16, tHhe funpction and operation of TLB
134 will jnow be described in further detdrt—]LB 134 includes a set 180 of
TLB lineg 178, each storing a physical ag 182, a linear address 184, a
menory type 186, and a set of JUSHN I AN Thus, simlarly to

- conventional TLB's, TLB 134 stores a ph
| i near address for a set of recently ac
unl i ke conventional TLB's, TLB 134 stor
whet her the data or instructions storediwith the pHysical address may be
accessed i nmedi ately or whether the acc st be {deferred pendi ng sone
condition such as the resolution of a specujative Qranch condition. Al so,
unli ke conventional TLB's, TLB 134 operates]both il real node and in
protected node, to allow nenory type value to be Wetrieved even in

ci rcunst ances where a {ranstat+of uct d I'inear addresses is

not required $287 as c%ﬁlﬁf eﬁ&§ﬁ Z4ipe?atitg il r8all node rather than
protected node. |nput ard UULpUL fror m
4.) In one enbodi nent, separate phyS| e§ 8“1 i near - addr ess busses

g CPU bus 138 (Figure
are provided, with the other address bus being used to input data in
protected myde and the physical address data being used to input data in

essed physijcal addresses. However,
s nenory type 186 which identifies

real node. . . Various real node and protected node accesses are
illustrated in Figure 16 in block diagramform As can be appreciated by
those skilled in the art, the functions illustrated are preferably

i npl enented with appropriate circuitry for high-speed access to the
information contained within TLB cache lines 178. Mre specifically, Figure
16 illustrates a protected nbde access unit 190, a real nobde access unit
192, a protected node updat egﬁr]lé 124. and a real node update unit 196.
Protected node access unit 1 ceMves a |inear address and accesses TLB -
lines 178 to deternine whether a Iinear address is stored within the TLB
then outputs either a correspondi ng physical address and nenory type or a
TLB m ss signal. Protected node access unit 190 is enpl oyed whenever an
address translation of a |inear address to a physical address is desired.
Protected node update unit 194 operates to add a line to the TLB to update
the TLB in the event of a previous TLB m ss. Thus, when a TLB m ss occurs,
the m ss signal output by protected node access unit 190 is received by PVH
136 (Figure 4) which perforns a page table walk in response to the TLB m ss
and provi des



t he physi cal address correspondi ng to the linear address causing the TLB

mss. As.illustrated in Figure 4, PVH 136 al so i ncl 137 which
provide the nmenory type for correspondi ng physical

allowing the PVH to determ ne the appropriate nmenor

correspondi ng physical address for a page table wal k= had L ch

PWVH 136 retrieves the nenory type from MIRR s 137 is
- 31lc - described in detail in the above-referenced U S. Patent
Application Serial No. 08/171,528. 22 |n protected node, once the

physi cal address and the nenory type for a corresponding |inear address
subject to a TLB m ss have been determ ned by PVH 136, the physical
address, linear address, and nenory type are stored in one of the TLB lines

ccecd ohit BSPA RGBS IV E8S S0 UrAEapapTRs, CERSE TG ™

configured in accordance wt .ﬁﬂ#i fpglues with the
exception that the nenory tyggaggﬁggpﬁust.%gégl%ggaccessed or updated as
appropri ate. Unli ke conventional TLB's, TLB 134 includes real node
access unity ¢ real node update unit 196 which operate to retrieve a

menory type or update a nenory type in real node, respectively. Mre
specifically, reaql regisier aisaritutied adrbsslBaltiphs Singlesport pduptérs allows dhe sgstemdo
accesses lines 178 to retrieve a corresponding nenory type val ue, then

ei t her out pyeratd the sisgle pyrttadapters identicadly teiaysingle mieltieponit adapteyonEsedheadaptert he
physi cal address is found within one of |ines 178. Hence, real nobde_access
unit 192 ofhaes is @svi prierityelogisridemticabmthe logictused onfa mulii-pert adapterdte select an
ui+t 190 but receives a hysi cal _address rather than | i near " address. If a

real node TadividualkpertgnZhe ipsiogitydegicon thonadaptes allows, the systemy ( 1pme

MIRR s stored therein to determ ne .the nenory type carresponding to.th
physi cal addpieisanghs ‘FP%"@H@‘F%?@(E’WHB OnE Ope Haﬁ)“héam}?%g"sa Gl S%WS%G
nmode, PMH rel t Eﬁﬁﬁﬁl' . AErapEh St iRGHE &amet O
retrieve t ct%g;r@s%% gﬁ‘ﬁ?ﬁ@ﬁuﬁ@%@?sﬁ urt edrMijZ? alhffs regg% ng the
corresponding to a physi address are sef forth in fhe above-referenced
U.S. Pat entsamp¥ofteatd € comttolatwo\aiffedéit hatdvwat8 adapter typeShcsingleeport;adr mulie
t he physi cplortaddress, TLB lines 178 are updated with the physical address
and the nenory type using real node update unit 196. Mre specifically,
menory type-to one of the lines within TLB 134 or rBpla ] T
containing a previously stored address and nenory t
upddte unit 194, but updates the physical address & Cﬂ%ﬁb aff her
than the |inear address, physical address and nenojy
update units 190 and 192 descri bed above, real node accCeé
194 and 196 nay be configured in accordance with
value and to operate in real node rather than protected node. Nunerous
different inplenentations may be provided consistent with the general
accessed both in protected nodeand in real node to determ ne a nmenory type
whi ch indicates whether the ingfociBliH0BecaRepIRAd at the physical address is
|1 as other necessary

i nformation, such as the physical address, is output. If the physical
PWVH 136 (Figure 4) is enployed to determ ne the nenory type based on the
physi cal address and to performa page table walk if necessary. Utimtely,
determiped.. . The physical address and the corresponding menory type
are transmtted to MOB 142 (Figure 4) which operates to defer processing of
Thus, if the nmenory type indicates that the information stored at the

* physical address is of a non-specul atable type, then MOB 142 operates to

does not perform.a page tabl Lk .l R L2 i N S i :
necessary G@S‘Xu?@e‘?ﬁ'g fﬂ‘f@lré’?cogfl y@ﬂ'&? s lﬁsl’%lr{?éejgsé@é ngﬁ‘?ﬁ. %EE:P hglrl&gslt foultiple
manner by W{nbr L% :%Mﬁ_i.g&ftrﬁaﬁérj nayqeblyf@dﬁﬁuaaﬁ&hg?mw sydlemE@MDise fhepe
p a
TLB m ss has been processed to retrieve the nmenory type corresponding to
real node Udjglate unit 196 adds the physical addressn?‘a espondi ng
operation of real node update 196 is anal ogous to t}h tngk%ﬁéotecte
protected node update unit 194. As with profected nbde access and
-31d- conventional TLB circuitry nodified to accompdate the nmenory type
principles of the invention described herein. Thus, TLB 134 is
subject to an i medi ate nenory ' ubject to an access which _
shoul d be deferred. If the phyﬁﬂmm&“z s found within TLB 134, a hit
signal is generated and the ne )
address is not found within the TLB, then a m ss signal is generated and
in either case the nenory type corresponding to the physical address is
t he nmenory operation accessing the physical address location, if necessary.
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- 39 - sh®iess?an Sontfol e of Afle fHMEIRAS loF LBV T/O deviRtCindBpERt¥ntly | Bﬁoﬂﬁr% uc
or USWC, executlma%geeds .o steps 226, 228 or 230, respectively. In

each of sHEpEEsIHFal OPFfAtifRnpry access identified by the uoP is
perfornmed in Accadilgnmenottier laspeee of fhiegprésent invention thyseeis pfovidetbamapparafus such

o ocess) nehlealy RSO OREIRY oF A ERPRBHARIEIRYEROL jp Lo
said apparatus comprlsmg a processor; a system bus, said bus operatlvely connected to
said processor; a plurality of separately addressable I/O devices which have functions
which are independently controllable with respect to other I/O devices; at least one
adapter, each adapter operatively connected to said bus and to at least one I/0 device, all
of said: adapters further comprising:  switch selection means to indicate to each
respective ,a_.da_pter the address associated with each 1/0 device connected thereto; said
adapters having a plurality of distributed registers, each associated with a different one
.of said functions, each one of said distributed registers associated with and distributed

is Sheet Has Been Reﬂlaced This is the replacement sheet

Ty - 8 06C 69

‘Date:



.memory uOP's are processed. As can be appreciated, the actual sequence of
steps, and the specific nethods by which each step is |an§mEﬁkadi R
according to particular inplenmentations. For exanple, it na

to dispatch the uOP to the DCU and to the TLB sinultaneousl

the nenory type and physical address are retrieved fromthe

may then i nredi ately access its internal” cache lines to satlsfy the uCP

In such an inplenentation, if the physical address or nenpry type are not
found wi t Anang fal ofl sid aHaptexs anschaing assingle sysiemraddeess for all of sail adapters

hyol cal PRI (R GRiIRLY RigME for W@gf GRCRRBLAIONT 2 JAEE Gpefiion®
physi cal o8 asystey,d ‘{sﬁ&ﬁ'ﬁ'@ tPsonEr?g\kﬁe %"B’é ?4‘\’5 I?@s‘{? @ﬁd{%ﬁﬁ‘ip{%éa abl e
wal k errEI siyigle mteﬁehddmmm smkiamglyaxpeﬂuoa,dda@sef sdldl cmthbmted Impgiskers) beingons,
it may be t

addr egses g‘ﬁﬁ%ﬁe%t?fatt l%asfﬁ%bgé c?ggﬁstgrﬁ%%/&a 0413%3: L‘l{ag%} 1%‘rslk Sﬂgg {'} qfhe
det er mi nainfmmaﬁombmopaxquowmnual one of saw:ﬁmsﬁqrtsm@ach I/O device associated

PCr 1 US95/ 3fth3&id each adapter; Means to use said information in sal@ dlstrlbu ﬁi’er
(WN), a write-protected cacheable and specul atable [YEWDFK Odq
Wsés

wri t e- backoansaid single address)for said system FERIPIUIRRLS,
can be defrbﬁﬁChafd)rﬁmgé eaddridst and heorgevt eond dfr s ifimhtivns | of hach NVeNtdedite

UC nenory, u e and | for exanpl e, menory nmapped
1/O uOP E“d?"B "%ﬂﬁ%ﬁgf’bl%@ﬁ% cessﬁgéﬁﬁaﬁmﬁ goerpliony her words, |oads and
stores to UC Aecuiingate stiflr Amotherdaipect b€ the rpresenp imentionrtherel is ptovided a
retirenen t in8'a

frame buf gﬁo&e@grcyﬁﬁgﬁmg mf #%@E@Hedi‘esk%é? w H&égéssp%lcyu at | ve d
Stores ar Wheesin cacheof 9ifl I/Odaviges hes fux@ﬁgmw are jndependently gortrollablewi
which is fé&ﬁ@&%'tﬁe%ﬂi& i0) &viééé ngiid’nﬁfhohjmcluﬂﬁnghﬁe% Boi*s ;96%1 at kuét hot
cacheable 1 h an externagl, seco Hg cach uch as Ioads
o be. poPRorBRicEn PEeiE &1 plursily ‘of: tisiraic] Gepiier, erch SripgEed; v

1 et i r emendifferdntrongtof)saidsfunetionsy eactpom:eﬁmdi disyritmtend reigistérk assogintedawith and .

5L, i ol o 8 B+ G A ity 0 of 87

wel | - sui t adapters assodiated WU said al;lstrlblﬁa@freglsienetg reseivei mfcz;mamnhlm aasingler' s
to VP ”ean)éi'aﬁ&‘? rER6h 3% Wt er "the fﬁ%o%‘f sﬁﬁv‘ﬂ@eﬂevuf,&r eAObE stiPristribiRane

line data Ts not update Nevert hel ess store, r Itten to

a
external FREAMIPES m@%ﬁefléﬂf at legst gnechit phinformat Cﬂ% ter 3ad sgidaty
specul at i JeaktyoneShie 'of infobmMifon bemgrmpyra&we t® eoritm‘lrmrﬂ ofr¥aid functieis ofeeachtl/OVB

Cache. pr oPOREY afipeiabid R i, SEh-ddplek; RAIaRY BIAAE" oot bpfanklin 4L 8F Siia
then wri L adaptéracto indicatet tr path of said adapters the address ofagU/@ devidel assoeiateds a
bre procedtiy ?*H%%H@%““?E e iRERAon 66 o3k g{seatrl)&;&get u?&ior%l fpeas

Fi gure 7 &aid adapiesy ined single ﬁaermp relatingntp all of gaidt I/O1deyices addres 3f said
desi red, tsiiagle%ﬁ&'m aedreﬁse aaa ruisﬁfgr@m hifoﬁﬁdﬁ%ﬁ tf)lwﬁimﬁﬁt&ke withi dach of said /O

nitiall ydev1ce ﬁom sal smg e system ad%ress in sala Ser et opeera 10n an con{r%?%e%nguons
of each 1/0 device independently of other I/O devices in said single operation.

ief Descripti : in
Figure 1 shows the distributed register format.

Description of the Preferred Embodiment

For the purposes of this disclosure, the following definitions will be used: “

1. BIOS - Basic Input Output Subsystem - a set of assembly lélnguage programs
residing in EPROM on the system board or

This is the repia.cement shest
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.store operation, at step 300. Preferably, the OPCODE of t he uCP |dent|f|es
whet her the menory uOP is a load or a store.. If the uOP is a lToad, ————

execution proceeds through step 302 to step 304 where D%,;%WESES |ts

i nternal cache lines.to determ ne whether data for the ne

I dentified by the physical address W|th|12 the uOP is alre

within an internal cache line. If a DCUhit occurs; execu

t hrough step 306 to step 308 where the data identified by the uOP is
accessed fromwithin the DCU and t heQLAIMSat ched to ROB 133 or to any

2 e m saet 33?2”’??*%@“%5@ ea&"yﬂega%“‘ﬂgwﬁ?ggdgﬂ siphburtFuddressable |1
to step WO HEVIEER & 3yskin ol St sad 1) BEHReS ns uRERonsoyhichAre

Iobt ai-n omdgpaidlepﬂp i:omrolmble with crespbet ﬂoudﬂ&zr dlo detiees¢ e4itl apparagstdompaising: yd
t z . t
t ﬁgac egﬂe | I ?%geg%t%glat a %Iggen suﬁ'i)rf) 1 ? %%a‘lafrét&?rtglréy oq%g ?g#lﬁglweﬁﬁgg %&lh?a

t he uOP. adapter further comprising: - 42 - An exenplary
devi ce cont ai E’dvi@éh Weindntahs 6\ Wdidde td° Eﬁ:il%ﬁi&*ﬁve id&?terQﬁég&lghés séiatddt 2

is transm t om t he external device through 32 Vi rrver 140
usi ng burg’t‘élr?ﬂﬁéilgﬂ?l‘él?ﬁ 3 &80t he cache line containing the desired

datﬁ lls read &rh @ra[i@Ut otysmbimrre gisteys, L@h:ca%%oalciaiéd sWithed digfe@_?ﬁemaldl?sme
cache |1 n retri,eve untk 0 reques e, uni

Gata i s ¢ TmkAons chiif e bF S PRt Ml el Pl a3d fisrintia dore,

Thus, in ofhsaid\adapterst and havihg ansinglevsystempaddresg for aﬂxﬁcmd cadaptgzsoasemdatedl ong
steps 304y;R0 qﬁv\ﬂn 0@9\% no
det er m nat |l§n&o? ﬁﬁédolreﬁ%{eﬁ%rﬁgéggé%oﬁt | vgo%‘pﬂ négo%fngéepe a%)lﬁcferbiﬁsa
requi red FXstenp by selating to onelof the fancHensoef cach/Qdewice addrested by stissinglet i on
in pr OCGS%_ianVhdcﬁesfseﬁwlsfaﬁﬂ shgflyesse r:&ﬁﬁcuéa%hl oe safd diPFAbEEE CHY mryebélﬁgd

OPs t | ati d \%T

ful ly profagRdted aﬁ’%@”ﬁ@%@@\wﬁﬁ 3 et eptradapte o spidiaf Jesse i Bt of

t her ef or einferyndtionttedsdopepativeatortontrpl enti aftsaill fulnctionsiof eh¢h I/Dedavide associated

specul atl%ﬁhshﬁe"pﬂ{‘g%éé]%% the menory access perforned by the DCU are
|

held withint 'ng retirement of the uOP. If the uCP is
non- specul at | meang Weusetsa@ infermation dn saifl alistiputed segister fos|said gystem frgm said

; gt Llr ‘ralmﬁn.‘;m taéigf%s %g@%rg%ﬁité é@!&ﬁ'v@l?%ﬂfh E&hadiysla{ldél'lg deARS ﬂstﬁhtsﬁld smgle
pert or s MdSERS AndsAnReL ABEGIE Mﬂ% ageaﬂ[ﬁiv lefimeed%%gf’ pﬂlev\%
menory tydedcesria sﬁﬁrs‘iﬁgl%ﬁeranon 43
- specul ati Vf.l Y, Arﬁeapp cla{n? Sﬁlr&egcgn%nbxﬁg Identified as W
means to select 1nd1v1dual bus bit lines associated with a specific I/O address.
3.  An apparatus, as in claim 2, further cdmprising: _
at least one register bit location to store display contrast control information.
4.  An apparatus, as in claim 2, further comprising:
at least one register bit location to store display backlight control information.
5.  Anapparatus, as in claim 2, further comprising:
.- at least one register bit location to store display status information.
6. An apparatus, as in claim 2, further comprising:
at least one register bit location to store display command information.

7.  An apparatus, as in claim 2, further comprising:

at least one register bit location to store display address information.

8. An apparatus, as in claim 1, further comprising:
said system including a plurality of adapters, and means to determine when a given
adapter is the highest priority adapter selected. |

9.  An apparatus, as in claim 8, further comprising:

ORI T I the repiacemant et
* C L M s %
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merm?y. (A | ead—tothenenory mapped I/ O may have side effects which nmay

be highly detrjnental, i eel'g éalaléQD I s based upon a m s-predicted branch and
subsequently s It should al so be noted that any cache
lines retrieved jmu | specul ati ve, and subsequently squashed, uOP

are neverthel es l'i'nes. Thug, although the cache line may have
been read from nenory based on ia speculative uOP that is subsequently
squashed, the data is, nevertheless valid and is retained within the DCU

for use in saeaastosglectindiddyal bus hitdings associated with 3 specific P adgressst ore uoP
rat her than ald.0afnwpParabikels Gx€laith DO furthef e6@pAsingr om step 302 to step 305
where, if the uOP is speculative.,. further. grocessi I s.deferred until
after reti ren%qf'a%fm? ﬁ%glﬁ@ﬁitt:lqca{lﬂxé'f%@rq dis HE"%{?@EE‘?‘&HI%{OHB?“‘N- the uoP
i s specul at i vEl.anAntappanatits| aeih cleine 8y further pompHsidg: to step 316 where the
DCU i s access ' : | step 318
Lo st ep 320 vilaeast bpérclitebit IRARNA To oKL BrobRE AN WitbRHAIGE, 08 U1
dat a cont ai netR-wi ARiappamaiss ayieclawp9, further compyisisg?  the store is

transmtted tg jgick Bhe 2égistBI Bl YocdfibA o Store diSplaybtatihs ihfr@REsAL | ON.
- 39 - steps{fzz or stegfé 224, L, the menory type is RC, UC
I

respectivel
or USWC, execlii oARGPBYE saﬁHI%‘%’é‘bga c1 BH0S30, respectively. In each
of steps 220 atd&4dt ohé ecgistembiy lavation o storendibplaye cobmand infofdiition. per f or med i n

accordance w t LS t . ils of such processing
wll be descr#‘gedkggﬁggvr%b’m&t ﬁs E‘gési%@?’ ﬁ%ﬁ’ﬁf g%ﬁ%‘gs}'}g 12. Thus,
Fi gure 6 provatdeast an¢ registethbit location (0 stereodisplayraddress ipformiatiom menory uOP' s

are processed;s %Aﬁaa\%?%ﬁﬁgfgg%@gﬁﬁ% céﬁfo%gﬁ%hé%ﬁﬂggf‘s?ﬂtel tRRFess)d the

specific hods by tep’1s I np ry atcording to
parti cul aI/rTgiQFBF"@FrﬂMéY?tB‘Hé .Salfl@PP%fﬂ&%’P@P“ﬂng’rmy be desirable to dispatch
the uOP to thepf¥ekksapd to the TLB simul taneously such that, if the nmenory

type and physjical address.are retrieved fromthe TLB, the DCU may then
| Tmredi at el y 2 S PP Skl BY aporatiyely. Conngel8d 1o S41d PREESSFe ucp. | n such an

i npl enent at i om plirhlityhef sdpasatelyl addosssabls 146 dendoasr whichpmve rfanctivns fwhich aset hi n
the TLB, i ifbh L Ri1al N the exenplary -

enbodi nenl{[laﬁjescrltgggd Eeruglﬁlr?,Jaﬁlﬂlg&%%&gg’g%g%g?g&gtcordi.nghto physi cal

addr esses. He#deast npxadapten ceash adapteroopasetively cenmepted (o spid huscandHipsatdgast
addr ess f@gie OIe¥idR, hB of Bsidradastetsrfurthet Lotrgifess: "By need to pending the

result of the page tahle wal k ‘eppl.oyed to. determ ne the physjcal address.
ot her i o ST SEEHRE Means i PR c4oh Piperve seiet ab AdiFeh AROHE] Doy
accor di ngwith eh¢hF6r devictdtonaeasd tiepetb; t hat a DCU access may at | east be
initiated prigQe,t . I QAL t ysi Ga . .

- 40 - addr eés%éé \/étghl%l n sn?éhry Qﬁﬁﬁgﬁﬂo‘g (rir%{r%ﬁm?eﬁit %ﬁgje&ﬁ%‘c Lésssg 31ra§/edt .‘om%le?er
conpl et i ofifferent oae DEsRiddvaetiongneach euecofrmaidodigtribpted registenvegsociated with and t

shoul d al §igtrdBtedOfRchd Nebf @ﬂﬁ%ﬁfnte}é“ﬁuﬁﬁm b lsirigfd &yt aldldieSd f0270 6f SRGUire
I's .specul ative or hon-_ specul ative.

Fof the 1A p%h?s%c%ﬂ“?vi&“%d@%ﬂﬁ% SPRISET 4n TReetying, gHormasian it sHelen| y
af fect s téperatimcirbine sisesns basipslatitpotol ohe f dieceRmttichstdfeatOPO dedes adirdssbél ow
W th ref 9153? 058 sth?glg is?s%xﬁsadére'ss jﬂ? said single operation, each of said distributed registers
being comprised of at least one bit of information from each adapter and said at least one
bit of information being operative to control one of said functions of ‘each /O device
associated with said each adapter; and,

means to use said information in said distributed register from said single address

for said system to communicate with each of said I/O devices from said single address |
and control one of the functions of each I/O device independently of other I/O devices in
said single operation.

16. An apparatus, as in claim 15, further comprising:

a plurality of single port adapters; and

%is is the replacement sheet
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.The i‘oregoi ng provides a brief overview of the operation of mnicroprocessor
102, particularly the manner by which the m croprocessor explﬂlhﬁhdeMiasBQJnTlaced

menory type val ues. Dependi ng upon the inplenentation, the sp

sequence of steps set forth in Figure 6 may differ. Wth refer ww
remai ning figures, the nethods and appqrs[us by whi ch specific nenory

are processed will now be described in eater detail. . .
- 46 - such, nmenory nmapped |/ O should not be designated as WB nenory_type
si nce | oads rrﬂ;PIW@llééPf 3 viegsceacht of ad, 11Q, dppiceroatspiated c¥ith gnEespedig
upon ni s- pd#pbrgigeel branches and such | oad coul d have unintended side-
effects, if aizligdto nnrg.rr;oaﬁﬁqllo. .. |f the uOP is a store,
execut i on procéeds PRI 35 ¥pHY 6y BFheH SOMBHSPE i f the uoP i s

specul ati ve, Mmeahhersefeco iekwidua) bus bithines @sSocmtadedith a apecifie 1/0 addresst enent .

I f the uOP isqgot i ve. ' hg. i ' ulative and has retired
execution pro%g'edéitpa%%g%?g%sl’ﬁgé‘?\é&%@eﬁtﬁgll .Jﬁb@gﬁg'@g'essed. _If a DCU hit
occurs, execuft leastionggegigier bitlecagionde sigredisplay contsgst gomralinfosmation. cache
line identifigg bunidpatdtid, Ak in thiAdatfithet Compabigie the data provided in
the uOP store operation ,and tge line is rra,rked as gbétépr Ugtimately, the
updat ed cacheal Ayt ong Fegisicr bit location o store display hacklight, cntrol intermation.t ; on
The steps for20r op@sdppagitis, ab o elaithR 7] furthey\Eo: . type are perforned
only if the u I § nonspecu |V . I y | Vi nl.y after the uOP
retires. g:leaﬁzfo,neg?ﬁgtpé ﬁi‘i“é’jﬁoﬁ %@@Eﬁ%é%s',&qrﬁ%hg%xecut I on
proceeds throlih Ancppadus, @s in claim 37, furthee comprisitgsf or - ownership is
performed to gpfead i ' ' ] HhEin FRARSY. contai ning

t he nenory Iocat|(%nrbnesqﬁ%ljg‘g{éﬁ)ft?%&ﬁi%gq%ggﬂg?{g‘?@%gej at Pglrllf.o At 432, the cache
line subj ect 23 t AR appAANSe@s in claim 1d o uHisE cOMPHSNG's updated to reflect the

ucpP S]f ore gpehﬂehﬁfbnf register bi/t\zl_ocatiton to sw%a\ ‘l\i/lls lil% adid:.ressf inforgllationi ) - 42h- IAn
exenpl ary devjce contai nin ais,.F . .Preferably, e cache line
of data is trgﬁsnﬁﬂa@@%afﬁ%gﬁg{‘épnmé\(i?@@nflﬂg‘ough DCU 132 via bus
driver 140 ushrgndis determile whemsangivend/iO davice ishthe drighest ipriosity dfQ aleviceg
t he desi rgﬂtﬂ ais read into DCU 132, the nenory uOP,is satisfied by

€

accessi ng Cache line to retrieve the specific unit of data requested.
The unit of d3fa An apparatus; apdmrlaira@3; Gurthes CABPLISIBE: ot her functional units

as needed.  means toldelkt indiviiiA IS lided aSsocREd Witk MsBedific MO Rddtedsy Pe,
execution proceeds al on steggﬁé@ﬁiéﬂﬂ gnd 308 .qr steps 304, 310, 312, and

314. | nport angPy, ARARPatasy2 hEPIPHYNEOP | s specul ative or
non- specul at ayRastoneaagisiee Bitllocationas stoee digplag @0straso chiftrotdnformatiom ot her

words, no distjnction in.pro {1 ' ' et ween specul ative or

non- specul at i %é I 6‘&’031’{?@59. s,tag%@\%la%%r M%‘ﬁ’g&ngur ely specul ative | oad

uCP to WI nenet lgastoneukgistep bisdecation th gtondispiay backdight pontryl infosmaidm.i s

specul ative apd thgrefare, iPE1aRA 289 fHBRP cAmpPtising’ €di cted branch.. If the
S 0

uoP is specul ative, the results of thé nenpr cceSs_perforned by the DCU
are hel d w t hEhleastonraegister Bitlgcation;te staes disply Stns isfermatioRne yoP s

non-specul ati g, Wiedppafifus, @s h tRim24( AethedCompeisingt hel d pending
(el erent by ko e By ISUR ) St bipRD ol Rkt 5 011100

29. An apparatus, as in claim 24, further comprising:

.- at least one register bit location to store display address information.

30. An apparatus, as in claim 15, further comprising:

at least one single port adépter; and

at least one multi-port adapter; and

a plurality of I/O devices, each of the I/O devices associated with a respective

adapter port. '
" 31. An apparatus, as in claim 30, further comprising: _
means to select individual bus bit lines associated with a specific I/O address.
32. An apparatus, as in claim 31, further comprising:

NI e repisaemer shest
* C. L " s . .

Date: - 8 DEC W7

L




.Thus, the DCU—pe—rT‘c‘)‘rW:ﬂ?a—d—s"f—rom WI nenory types specul atively. Since

| oads to WI &tt{m&u&racqﬂerforrred _
Thi s Sheet Has -
43 - specu mmm M y mapped [/ O should not be identified as W
menory. (A |loa pped I/g may have side effects which may
be highly detrinmental if the u i s baséd" upon a m s-predicted branch
and subsequentlé squashed.) It should al so be noted that any

fl

cache |ines rtleasnag register bit Josatian to stopedigplay icoutrash aentsel infoqmation.y

squashed, _ uOP3@reA&heap95iahel ﬁ§$né’l§i1h@10ﬂﬁﬂﬂrcom tifigg: Thus, althoughthe
cache line ma ave been re

rom g)g I ative uOpP
that is subse ?&W‘egﬁﬁ}&&hgﬁ loqqq,gn(g%tstgrélglsplayﬁé ’rgjz‘ﬁﬁq’ F‘inatl%d i s
retai ned withB4 tAa dpphtatus; as sreclaim 341 fuathet n@npnsmgbsequent ulP' s.

or oceeds 1 ronfaal; Y96 et Bl IS5ubA R0 sBee Rplay Sars RREBHEE | o1 e,

further pr&i-esémrﬂypmweﬂémddlmﬁﬂ;furﬁiere@mpmmgenent of the uCP. IL t he
oP : t ,

ucP is not aﬁesaqwnetregiaer g% lb&ubﬂ%%%ﬁplﬁ%ﬁﬁhﬁw‘fﬁf g:ﬂ%u&f‘s retire

execution pro I S acces f a DCU hit
occurs, execugg-on %’E@é‘&é‘ ?ﬁi‘bﬁ‘@ﬁn%ech?@Pgﬁ% 320 where the cache

line identifi adeim,t ohbeegls@Ebitmbdaubﬁw&@?é @ﬂpmyhhdxéﬁstafmhahned within the
uOP store uCP At 322l Bgﬁﬁ ore.i.s transmtted to external
caﬁg t er

menory using a4 ABAPPRLGuS, A Il comprising:
- 49 - procensamsgﬁotdntmmwhenﬂmmdaptetwﬁhdhnghemrpmmayadm sebeatédended si de

ef fects. e Safd 3 ﬁfr@k on of to wite- protected-'.
menory, however %%Pgaggéaigantlaﬁ &?ﬁﬁﬁ%f write-back and
Wri t e-t hr oughmeaRsHgrsplect-imdivi '&@Pébﬂ@eﬁéssﬁcmmwﬂpaémﬁ‘eﬂmsﬁ type, no

DCU access i39peph mrﬁﬁg&mwsgcgﬁm@pc@ﬁﬂqﬁﬁgs directly fromstep 502
to step 516 e cul ati ve her Qcessin

deferred untif'® ?ipp?é?ﬁ;&? ﬁ'ﬁ?q‘@o{ﬁ&’ stofg display contras F%‘P‘P‘ﬁg ‘?fgﬁné%‘g&equently
retires or if40.heAnappasatusnas nsq:lent&,tfuﬁhcreompnismgl write operation |fs
erfornmed at gt satisfy a
gt ore uCP to %%t%ﬁgmr%}s?r blttlocaﬁbﬂﬁgro{éba%% bﬁcﬂﬁhﬁ ”mii'ggﬁ% ®bnt ai ni ng
data from t hedhenAnyappanatist pvin ¢lainy 385 fusthercomnprisings st ore uOP. I n ot her
words, the D%l&%h&mglﬁ%ﬁ%&heﬁ%&% ;\SMQyﬁﬁﬁRrﬂifomﬁﬁ&d ons identified

as wite-prot Nevert hel ess, |te|stransmttedto ext er nal
memory. Such % %Wpﬁéﬂlstﬁsgq’lﬂwgg’rﬂ IHET CQIAREISIBE | aced "behi nd t he ROM'
to be properatyleaspdat eepistyr bit tocation upabﬁet display ¢bmdfand informativikt ances

@ physi cal "o coe 20puans, AL i bRt HrReEcdBiShF one i nio the physical
at least one register bit location to store dlsplay address information.
44. A method for controlling a plurality of separately addressable I/O devices in
a system and wherein each of said I/O devices has functions which are independently
controllable with respect to the other I/0 dev1ces, said method including the steps of:

providing at least one adapter;

providing a plurality of distributed registers, each associated with a different one of
said - functions, each one of said distributed registers associated with and distributed °
among -all of said adapters and having a single system address for all of said adapters
associated with said distributed register to receive information in a single operation
relating to one of the functions of said I/O devices, each of said distributed registers
being comprised of at least one bit of information from each adapter and said at least one
bit of information being operative to control -one of said functions of each I/0 device
associated with said each adapter; i _

setting address selection means in all of said adapters to indicate to each of said
adapters the address of an I/O device associated therewith;

I o e
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.addr'ess space of the ROM are di spatched fromthe m croprocessor, thereby

allowing the wite operations to be properly exeahisSigethias B t device
sharing the physical address space of the ROM
- 45 - is provided by the programrer. Preferably, ocations

whi ch woul d otherwi se be subject to conygntional wite-through cache
protocol are identified as being of the“ Wl nenory type. Although descri bed
primarily with reference to an out-of-order mnicroprocessor, advantages of
the write-t hr sengingpud eecsiving sformpation; frme atsygamatosaid distriphicdageisteriip saidder
M Cr Opr OC @&KAé8 in a Mﬁ%ﬂ%pgﬁ%n WERERY tof MiPlof BREOTFOdeNees addressed by HdicEsiBgle
illustrates a hod whi ch nenory uOP's identifying a nenory | ocation of
the WB nefbism é’?s%traé%processed. At step 400, a determination is
made whet her ukiagwald iformatioadto commamivate. with dable of GRid $/Cn deviael froxesaiti on
pr oceeds rou e £ 0, i i

B torpt ¢ S Peygh TRIGRS ®seld Sehel ApHAhR o Lohii6l o BERERAEDS Befivio

t hr ough sdeyicel islependendy of othenilik) deviegs insaid single gperstiond directly fromthe
cache |ine idgntify geled, b Sl Bk ! intfudfighe filther lsteps oPCU M ss occurs,
execution proceeds f,r-o,m,(i]taig 404 t hrough st(raﬁ) 410 tpof]ﬁsp 12 where a line
read i s perf of¢leerngongdiyi s pit dines pgspelated with 2, spegith S8-ubj ect to the
| oad oper atiode, Themeflidd| aeth ¢laink B8 ninshidingfthe turthiep Btepbef:cache 1ine, once

t he cache |ine_has hbeen placed. i.n the DCY . at step .414.. i4h the | oad
processi ng sté'i?gmgf‘ﬁ’ffﬁ%y &*‘%}‘?@ ormation i at lepst opy 028&33}5%%’&%%9%“"??' t he

| oad processi A4d. stAepethofl, ahin siBinndHpingludingcthe furthee steps ofd | ndependent of

whet her th ' ; |44 - .aft i : . .
REsTR! Crep, At {PA6Y VBRIt BRERMIGELH %t 1851, onc of fhe rositer Dl o

a net hod Igeatipish a nenmory uOP identifying an RC nenory location is
processed. As480t nRERMS as i \Eafnt45EFRfuMingtRE furktier 8Pk oF:ed for identifying
menory | ocations, V\hdé_cri@?re sg& ect.to, caghl né;q?ev%égl n.t heb.DfU hut not
within a secofitPsing dsplay sfajus doRpalon- 17 at seast,one.of the egIStELbIL {QEaloRs, \\pyj chy
menory uOP' s 49, RA iethody asireclpino 4§ simehidingethe funthelr ateps ofit hose of write- back-
processi ng an i | S Lel : . i bed.
Rac her ol oPE disglesorpifi BTG o alone i che et e
Figure 10 il 86t r & methedi hoih claiop 45 simoluding3he furthen stepe offeneral |y in
accordance w t oFie i t ere a
line read is %@F%r@rﬁga}tﬁ%&igﬁsts% a %:iglgﬁgatllﬁﬁyﬁbgﬁirgggégl%ﬂ?%ﬂd m ss,
the line read bypasses the secondary cache where a wite-back:of a cache
line to . external nenory occurs as a result of a DCU hit based on a store
uoP, the wite back al so bypasses secondary cache 119. Likew se, at step
630, where a line read is perforned in response to a DCU niss of a store

uOP, the line read bypasses secondary cache. * Thus, in each
circunstance where external menory is accessed

HILELINEE . T ——
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~either for a load or for a store, secondaf bebotioh: gagedy. é@si'@&ed,

- 47 - At step 432, the line is al so markgd'@sintlby t y:. |tﬁﬂ’%ﬁ‘é fiter,
t he updated cache line is evicted using a L) qsageaﬁléctﬁ paged

Thus, for a DCU miss based on a non-specu y@s e st iged d@aoapaged . %o
wite-back nenory, a read-for-ownership i$ perforned to obtaln a cache
line, the cache line then is updated to rnflecﬁtkn ”1 _!!J_I_g_r_m_q_,
finally, the cache line is witten-back t Hre |U|UgUI g

B T A S S e (ﬁw%é o
affecting nenory nmapped I/ﬁMﬁmmnEW@s s known prior to

initiating the wite-allocate operation the uOP is specul ati ve,
the entire wite-allocate operatlon i ncl ud| ng DCU access, is deferred until

th OP h d. Alth di t of
the uoP, the oPbisarerfiph2088s it dFle ottt sl Bereeqndor e Pl Pboar o
oper at i ONand control of hilile ddaptér 8ards h&édtétcbﬁﬁ&? Ré‘ﬁ;ﬁﬁ?&ﬁd@ﬁ%@tﬁ%@%&ﬂ

write-back nenory types in -accordance with the i nvention wher€ the nenory
type is kBMgmlmt_iQMto accessing the DCU. One |rrportant aspect of the

t hod of Fi t.hat f tively. Anoth
por tant aspelf F SaiH PvR.0L RoRel soie B B s e HimRRE phRfR R SevieR, o
DCU ni ss gifacReds to0h @ysteln tbRdedr fol ts SALIK mmystemé\ltyﬂi@mghwdﬂacmbmg awlaéaarl ly

wi th reference
per f or meddisplay.u drinjes) ., digkitdriviee and \peyhaps e anodstn. unka lconteali ¢mnmcamrt er

(not sho | er. v buf. ets
(ot shovpsretihtheotaobsit i, BRAFpBBAF Hetbls: Sarl ol S ARk abdding

wr i t e- conpordaddressuthbafies porth Midaptebuirie (heréafidhadaned) aeld ﬂ@dQ@Untbi’fa@éT is
enpl oyed to store uncacheabl e data. Details_ of the wite-conbining

buffers aPREWesethemasssor angd aaph devies; @andare iy erelopes taegastisf @ smg&assed
are provi in the above-reference patent application entitled "Method and
Appar at us or Conbi ni ng Uncacheable Wite Data into Cache-line-sized Wite
Buf f ers" As Thepreegsendould salept a pattibyrplacing tieopgro addresk dry theedysteanbes

her ei n, Is of t(Pa@structurentgnd functJ on,of the write-cqmnbining

buf fers m iob,opmested thedupreseet foring ether|d clieP fththersypiray Bﬁ@g}antﬁrevﬂm. nent

rocess f t f
8escr| Do I‘B%[d%@si?g% 1nlreﬁja§’$ 'gﬁ&gete  thB &1eVcet &ndC BIEPLRtERD bRY, %&ﬂ %ch?g@@ the . ng

occurs Wt hi'n one of e Wi co
buf fers, aﬂdeezsatand nmpmtmcthe astion khrmlqhby tthpproGessbn  $hep thé Prodessoe stvitehed

v TR R AL . e B Rl A HRSEb e S B n

At step 7dre bildRgfteldpRrafibn Rl ftl‘i‘én the Aéw! deviddwould BE al¥frefieh b§'thé ﬁrd’cléés%f’ ﬁfj In

burst node or with a series of partial wite operations, €ach of which

may al so deeceng wrte omwélowr i Typicatly, @a¢1ode\o¢e wae crtradletdf by diﬁanemmj?cv&atso
occur bef uff s full sul t . chroni z ence, or
othor triSserey BEdiEpaces e nlwRe R mirters 2o ERHBERYO K B LSV

buffer |imdquessofwae)ed are provided in the above- reference co- pend| ng

-pat ent applicati on.
Over time, processors became more powerful, and were able to control many

more devices in a system. As the number of peripheral (I/O) devices on a system grew, a
plurality of identical devices were often used on the same system. For example, systems
applications_ developed which used multiple video displays instead of the single displays
typically found on early computers. Further, adapter technology improved to the point
where multiple video ports couid be controlled by a single adapter. One result of the
improvement of technology in adapters was the situation where multiple types of
adapters. were used to control a plurality of identical devices. For example, a system

which had a single video display with a single port adapter would be expanded to include
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- 49 - processing to external menory could ot herw se cause uni ntended side
ef fects. The processing of a store operation of to wite-protected
menory, however, differs substantially fromthat of wite-back and
write-through nenory. For a store uOP to a wite-protected nenory type, no
DCU access is perforned, rather, execution proceeds directly fromstep 502
to step 516 where, if the uOP is specul ative, further processing is '
deferred until retirenent of the uoP. Tf2fhe specul ative uOP subsequently
retires or if the uOP is not speculative, a partial wite operation is

per f or med SgYerak %Cgh%q@.l displays. Theidisplays meayeayvebeen gddes-onssaieritimg with pashy a

store UOP Ha@in@ i o] | ' ' LLhin t cont ai ni ng
dat a1 om hag L PR DTRkA, BiMaL BEbfRyS bR Hivb el slied bt SRR

wor ds, t hdinpCWithiangihgle inguitirpest video adapter. (THereforepdepenting dnoa ritedF growth

I dentified gﬁjé%l te-g{@teaaé... Neverthel ess,. a partial wite is transmtted
to externdd ng & {oF alditgpsin @s&ystemaﬁféw%tm&efydw &ayheessd on
"behi nd t hge S : by a wite operation. Thus, in

ci rcunst ances de%%ﬁnggd&?ggggey\ﬁlﬁﬁgggg?énce to Figure 2 wherein an out put
devi ce shares dhihyséates! a gudblems foxptheesofiwtane dn RONEastrtivocrespestat i Kirs, that o

t he physical _address ace of .the are dispatched fromthe _.

i cropr océgbgﬁr,e Wﬁgg@%?)eﬁomlﬁg ‘Yﬁg\tﬂbﬁf"i’%t@ﬁgﬁt apier herdyars, Whisdy would
execut ed uquiteraiibBidiond O seRwaRA Bhtidl Gadtits 9@'_@%55&@18&%”0 - Gladofle
fence or iS¢cend; there is apsrfarmanceimpagtdueatodhe nuitiple\Bubwiitesreqhiretetoi deseledtct ed

using a s urst wites,.a sequence of partial wites, .or a
conbi nat i (;%%8??& ? ?1%{“% \%Ds_e Kt %Ib?tﬁ?fs metcﬂmg?@b‘ﬁ%i@rf’b _?)lSGI?S‘S'iSén BOMlE systemi n o
manner WhieAViroigiet &shedl GHeesS@Rn RisIE 6ingl BAHi-PoYt GBapte BIdeS selofB A stem has
observability. Also, it should be noted that within a nultiprocéssor system

it is not SHO¥R&eHY §single davirelsingle port gdapierosystemetomultipledemicesicach bavihgn

| ines of § o] . be required with DCU cache, |ines. Such
snoopi ng isgfggkg?r%l{?iagg@%z rrpi‘f Bki,ag}tﬁ%?onc g%‘f?e%ﬁkeén E‘éat,‘\%& f%luérﬁscﬁ' Erept subuas o
ordering. chiitvel\the adapiters evéa thoags the IO device donfigur@it Rdy beidBYE (i.8E kY .
such snooping i s not, needed. Al t hough the USWC nenory type'is

primarily Yo ve Figsle multopgrt adatecin systemy At andofour identipal displeys oms fdurane
buffer NMegRbYe ndrPafiptdd ' may al so occur from USWC nenory. For a | oad
oper ati on, ge>?ecuti8n %ﬁ%@g‘{s}ﬁ}'rom step 702 to step 720 where the

wr i t e- conbi ni ngn sbuinfiazy.sdee ¢o dite ixsedeiin the poweenptl dompslatitys by cbﬁ?uie@s’g‘d- | f

a hit occurs to,the WC. buffers, execujjon oceeds through step 722 to
step 724 OHaYES bRYe fiﬁ‘éf’&oﬂeg P %‘F‘ieeﬁf#’ieﬁ"ﬁl ‘i%[?émg\éo isglertion ang contrglsef thecur s

Wi thin t hearl huiBe ot /0 86 I B dRItRAS 616w Ark QLB Brobltn st HuERo 726

to step 728 where a partial read Is per e the data subject
to the | o#he difference in adapter types used on the same system or due to differences in adapter

types used in a multisystem environment.

Summary of the Invention

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided an apparatus
for separately controlling a plurality of separately addressable I/O devices in a system,
and wherein each of said I/O devices has functions which are independently controllable
with respect to other I/O devices; said apparatus comprising: at least one adapter
interconnecting said system and each of said I/O devices, each adapter further
comprising: switch selection means to indicate to each respective adapter the address

associated with each /O device connected thereto; a plurality of distributed registers,
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- 56 - As noted, interrupt operations also trigger
eviction of WC buffer lines. Preferably, at |least one interrupt is
generated every thirtieth of a second, such that the WC buffer lines are
evicted at least as frequently as data is displayed on a conventional CRT
display, i.e., at thirty frames per second. By providing such interrupts,
pronpt output of graphics wite operatjhons is ensured. Al t hough
described primarily with reference to an out-of-order m croprocessor

advant ages of the USWC nengry type may be achieved in in-order processors
as wel | . haséﬂ"lﬁtﬁ&o‘?"&lé @"B#é&@ﬁsw °¥yn§?1§i ﬁ‘&"%‘?ﬂsUS@@ oRF iqfesaeffi siEbwed need
not be dee%ysgé} ' ' kst ' ol 4 '

provi si on} of t?1gggﬁgi\/a\ctédengint%?gg%s&%&ﬁ%%ﬁlggﬁba}lguﬁimgn%ﬁ?%‘ghﬁm‘ﬁ {l?g-si%i ni ng
buffers, systannsadfitess dos alisofanaid addaptessi astociated withhsaidh udisttibuted i registendiowi dual
graphic wite.operations,. which. woul d otherw se be transmtf{ed as

P vi duaicpite BEopReRdn's, sl PApie FYT ALDSEE PH SRS PrOStdhs ed
uni ts t hefuncfigds st EﬁcﬂﬂI/U'dQME&adﬂE’l‘é‘ék%d l‘)}:‘ sgiﬁatﬁﬁgle %Pst%ﬁlea@dréssrﬂncéﬁtﬂ”sg%gésor S,

graphi cs display speed is critical and th reducfion 1 n graphics

traf fic repiraticmteach ofi spid rdigirbuted degistenybeing comprised of at least one bit of
- 57 - . LINCA LE TYP VMORY P SSING, .. .. Fl.gure. 12 il l.ustrates
a met hod B y%ﬁggﬁ%ﬂﬁ?%‘ %@N{%g a{l%/s%&%%%ve&we‘)f %f%%bg%h?mﬁé)pﬁ’@f’_gﬁtmabove,
UC menor yedrfirol b6e oif @aid! fandtRimerof catW I dévice ARbéiRRE widbhA6 leaklp adapedt RS
wi thin the DCU cache lines or within the wite conbining buffer Ii1nes. UC

nenory i neeafde use said anfarmpation ingsaish distribuisd segisteior smd systomyfrom spidisingldj ect

! . . . . g
Step 800, “SHEEL bonkBphRRR" sl BTG of b B Jovioen ot g Fpoete

retir emeniddressemdtdontroPofe 6£ U fuActidreLfGach Idh @eHedindépéieiily of beher 1 nade
as to whether the uOP is a lpoad or store. If the uOP 1s a store, execution
proceeds fSHHeRTdN sad spelroperationst ep 806 where a partial wite is
transmtted to ‘ . S 8 he, G pas .qSknce it
I's known that t%g&g,gnggkq gﬁgﬁggcaﬁééﬁléef&le Bpeseﬁt e padr fﬂll%?é i\%rﬁl?gldgfl ilsIPep
806 i s sudgpacitenfor separiteyt controHingd sluredity ofiseparayely addresqables¥O tdevicbeinsd or e

uOP. AIthough menpry of the UC . . .
_ system; sai a\t;paratus comprising: a processor; a system bus, said bus operatively

connected to said processor; a plurality of separately addressable I/O devices which have
functions which are independently controllable with respect to other I/O devices; at least
one adapter, each adapter operatively connected to said bus and to at least one I/O device,
all of said adapters further comprising: - switch selection means to indicate to each
respective adapter the address associated with each I/O device connected thereto; said
adapters having a plurality of distributed registers, each associated with a different one of
said functions, each one of said distributed regisfers associated with and distributed
among all of said adapters and having a single system address for all of said adapters
associated with said distributed register for receiving information in a single operation
from a system bus relating to one of the functions of each I/O device addressed by said
single system address in said single ope_ration, each of said distributed registers being
comprised of at least one bit of information from each adapter and said at least one bit of
information being operative to control one of said functions of each I/O device associated
with said each adapter; and, means to use said information in said distributed register

from said single address for said system to communicate with each of said I/O devices
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menory type is uncacheable and therefore should not be stored within the
DCU, cache lines may neverthel ess exist within the DCU which include UC
data. Such may occur as an artifact of the distinction between physical
addresses and |inear addresses and in particular as a result of the
possibility that two |inear addresses may correspond to a common physi cal
addr ess. - -1c- - 58 -

Si nce cache |lines nmay exist which i ncl ude data from the menory - | ocation

updat ed by the uOP.store eratjon, the DCU.sel f-snoops to detect ., such
cache |i ng:rso ns(?lcfprﬁ}%ﬁtlf dﬁdg%scﬁ%(i]e"qnfrﬂgsmﬁsoﬁetg‘aeﬁmc e 0% pRAC ff/@alqeyl,ceat
step 808, hﬂdb@mil@dtl?%@oﬂﬁﬁﬂ@%%@ﬁé’ai&%EI%)op%Pdtfbn.S”OOpS its own cache lines

to identify the cache lines containing the physical address identified by
the stored uOAccprding,éo stllfanothesmspent mfi the qwessnt irviention therevis phovided been

nodi fied (J Jine n.the."M at th lineis witten
back to ex eérrr:oﬁia r%@ﬁ%&l}l/mhﬁfplmﬁys%ﬁ' ?epgjf?i%% aﬁ%%%ﬁ’&i‘sg‘gms 1 %&W@Hgi s in
the shar ewheteit eachl dfsaidc PO R vices1Ras! fan¥tidnk ficPae indePeichfly RaArSMIFN Witht hen

i nval i dated. Hence, any _cache |ine containing the uncacheabl e data subject

to the st &SBegicp the othep 4} devieesy said method inclyding thessteps &b providingi@rleass a

| oad, exe I r rti read i S, tr mtted
o ext or nof pEbiEE BESRERE hBShER SHASeiIRkEreabiBE b rask R ich £ 3B
since theodataf saidkfunotionisp daeh ustmaohienald distribite® iegisteass avdokiatdd qvithiORngt or e
operationsg, there are circunstances where  the DCU may neverthel ess contain
a cache | @Q{tﬁﬂ?i“ﬁ@ngjﬂt&gﬁﬂﬁtﬂd@tﬂﬁt%‘dﬁﬂr@sﬁﬁﬁaﬁeﬁiﬁt@@ addeessdonal] of sid
Accordi ng | foz i P§: B , - ar d, S s 816
and 520 APLePRE IEIACE it 3P Ristirea Fobind"th SR’ RRRILEE T SRUIE
known t o bperahemcdlatiig b omx of tie funciiens ofefaid 146 devitds| eact bf gdig listribived
wites ar i spat che external menory. Since external

tial d .tq,
nggdls a ar ;?qa%é%rtﬁ) ﬁ)gl&lglﬁqfqnnspcgpg atleast pne gg o(% information from each adapter and said at
- 54 - least oneTBItI8f infb@RtioAUsbing dpefativel SELRP '
i ndi vi dual vyr(in%ee opelr at onuTt 0 étngUSR%;Ca rrgr%r%)ﬁﬁgté%% on | sﬂﬁgﬁ%{)ﬂfgﬁgmr%t ed,
processi ngedee associgtedrwith saidagach adiapter) séiting exldress séledtion medrisriaradhof siid t he

uCP, then tor.e..is rge i t h, ot her or within puffer |ine
prior to %@/%E?%é? ! ﬂ?g?qeﬂo%ggégl 4 S%ap_g‘?{ﬁzﬁ? ﬁg‘i\?ﬁ B PFeI?Oi\%VFﬁI sseated ter a
synchr oni gRtdvwith; iseiflifg ahdREFMY infmalibA o] a 5ystI98S sfE ﬁiéﬁ‘ﬁ)ut%’ regﬁf& 9
several stqre operations to US menory within a single WC buffe I ne,

cache- | i n&ait adenfers ip sipglscapsration relating ite)eB ofreaid YO devjves pddressedebypsaid t e
transm ssj; e, c . : ite. Because.wites are r, t hen
evi ct ed t%lg teﬁgﬁ%&p%ﬁégb%ﬁéﬁﬁﬁ%&ﬂgnmﬁp tﬂ&@@%‘ﬁ??ﬁt?wﬂ)tﬁee%}r‘ \9ge8alg ce,
the USWC devicesyfrdny paidshipld slysteni adriedsSn daill Gingle opbrationOaldofis] BifGktoRHUI 1 €
strong pro esfslm&rderj ng. Since processor ordering. is ignored, global

obser vabi P} €&t eice wdgpandeniixel other /@ davices inspid single eparation: ocessor
ordering, need not be established. Accordingly, transm ssion del ays,
ordinarily placed between partial wite operations to frame buffers, to

al | ow f or BgefiDascripbion of thei Diatwmgsar e not provi ded. |f, at step 706,

a mss occurred.within the WC buffer,. executjon prqceeds through step 714

to step 716 V\hg}%u.%g't %“?V&%ﬁt f"ﬁ‘fgﬁ ‘ﬁWﬁ'@Ss@g}S% donfiguration according to the
invention,

Figure 2 shows a diagram comparing a distributed register used in a multiple
single adapter configuration and the corresponding register in a multi-port adapter
configuration, and

Figure 3 shows a configuration with two single port adapters.
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uCP Is stored W|th|n an errpty WC buffer line. If no WC buffer lines are

enpty, one is evicted, then the storeata is placed within the newy

available WC buffer line. At 718, once the WC buffer line is full, the line

is evicted using burst node. As with step 712, a WC buffer |line may be '

evi ct ed HRgssrptiqnpf thg Prefarred Enthgdimenbon, f or exarrpl e, the occurrence of a

Figure 13 illustrates MB 142 to facilitate the reordering of menory -

i nstructi on8 Wenef general descsiptinp; inaccomputer SYSteB AR B’HF‘?‘EF“E@@O“"&F\G’%"& BPéf-"’" in

buf f er 'Ud‘sz%&da%fﬁféﬂvhfbsfo Ah mgy agfivglp gne display @addeaeguate agother simulianepusiy.

wi thin thTé"s ":ePdaE wﬁ Yhwsttingle e yaaister- ri"’e icpriote ‘?f&?ore%?}?ﬁ“’é? "‘fOGdeo‘?Y the

store buf é‘?‘er P e@!s%oi?edeaﬁ“"ﬁét@f’ Ayhieh ¢ ‘\'lg‘)’ &} lise [egmer, the

provi des %*ﬁaﬂcﬁrmq‘ﬁs@a&sémﬂbﬂ'dﬂ itherdlisplaysyatiaghed); i, aF' Wi Hiecamseingtipacidighting

anot her \Paceprasiferthedisplaysin pginglerwiite enecatipn=(n praciics, F‘H\/’? %‘c%{hbel HeAnisesd F%s'm'e

the ori gi'Reifter o @ muRiple Lpaigkars;fior ease of Blusagonsit W*FWF§9?‘ ﬁF‘@Q}%Fggg bergipg

val ue i n "egiRter iphe multirRort 3dgptar epables gy W%W"?)PR?W‘?I\%@' assionngFPect inghe tegis 2

rel ative t‘é@‘@“‘ﬂ‘l‘d??@"w. Hence, a determninati %{ as, to whet her

one uCP is 'QJB%'QP*'Q"@W P‘a’t‘%'awt‘%l‘h8?9’%?°’RP%PP‘G%"{96P9‘ g '%% t?“éﬁﬁ' ARopheash of

ei ther | d Pr5cRY as3igring Yhecii Ritsdo pash pdaptes, (5'1?2‘"“???8’ ! gggﬁ:g‘ %ﬂ’r’@‘dﬁ'ﬂ!ﬁar s
“'& 38 h a9aplr | g

O_

the uoP $"BR po%gﬁo R e sMeranpRe aal!f(‘fe'@m w ﬂé’PQ

by whi ch JPhE S indigate ehich QR'ji’°§'ﬂ%{‘r'teh 5 it fﬁ‘r‘é é°PE?‘8 'és ff°é¥ @? evfc ed
pat ent pF‘?e 'g, {F 6?9'%5@?‘15 rrﬁg‘ t°"‘15r1*‘r i a?t?" nc ' [ B
e %ﬁc‘%}% R s Sl
e ﬁ'é VAL Rt P o e R
- 56 - rma bEJ ePt ST} PRl ¥steena C)egiaxn
rom e il e'%%:é i.. o *r;,é:po :;6,50 ppe r‘E:oi:fs By
en; ure t pfe(f)- t%the |§r(i>u l!)'ergls e([’ I%ws fg” 3p XI? t ec%adlfferent
\?vlrjl fgqggn eq Wit t op ¢ tl n be 0 se(g vi eo f 'Si‘ on t e can '{h

| oad UOP rh@éa'agbl IS% to c%g le%t rt sel er a 3}' % .:{;Qne! ger oS e%n %ou%f

the erahon i

VC buf f er | , t t SR RN %sa
it g.s b ""‘e"fﬁ‘ ?%ira ;,.;fﬁé i e i e

as fr eq“@ oY, n@%.t PLa%e it nP' ﬁ&kiﬁ‘)ﬁ@ 8 f.%mCtR Mé? &9&‘64 th
L LY 1 ool g Rl 4ot Qo o B i &amt ik Eg 2&%,
gr aphi syt 820§ r‘rﬁ&éeorggcfstt1 ao these adapte [ull 8,{1 & ElWe'o
Wi th ref giBRES Ty okt e%ﬁk%ns”btc EARRC 855 8 mamfa&; a HeGeghS
Menmory t YRiesSie BF uialilgh \Bikidgthd Bipabiftiet o4 QﬁﬁcﬁﬁWﬂ&o%rtVﬁ contWhLé" tl@rbackllght
I n-or der aff QRIS the L fhéld 1Pdd o\Ngickd?s QR BE @kgaftied 1d\RRELI BAL orlie IRLGHRA
until rebdisSRERMich 4 Probdssor Wiy CHIS! ih BRERNRSEAThORMberk 01, BIAY %Rkl tdiReckSVC
Menory tjResetd Bf hardware. The video port select field allows the processor to select the desired display by
. tumning on the appropriate bit. For example, the processor can select port 2 and then read the video
memory from that port. Control fields for other activity can also be provided. As an example, sophisticated
adapters often use piggyback, or daughter, cards to hold additional logic. The piggyback card ID field
aliows the processor to select and control these daughter cards as well.

As a further example, reading register 8207h on the multi-port adapter allows sofiware to determine
which backlights are currently turned on and which are not. On the multi-port adapter, this read operation
simply involves gating the four signais to the system bus at the appropriate time, because all four backlights
are controlled by this one adapter and therefore they are all available to be gated through a single circuit.
However, reading register 8207h will produce the same results when one or more single port video adapters
are in the system. In this case, each adapter individually gates only one bit of data onto the system bus,
thus providing the response for the video port which it controls. Nonetheless, the system sees the response
from all installed video ports simultaneously. The registers are therefore distributed across multiple
adapters.

Zn Figure 2, bus bit line attachment of a distributed regnster configuration and a multi-port configuration
are illustrated. In the multi-port configuration, the adapter presents information and accepls. commands for
four displays (0-3) simultaneously. In the distributed configuration, each adapter controls a particular bit for
the port address of the display it conirols. Since each adapter can write to its particular bus bit line
simultaneously with the other adapters, the four distributed adapters (0-3) can appear to the system
identically to the multi-port adapter when the system reads or writes to the bus.

Each single port adapter has priority selection means (not shown) identical to that on multi-port
adapters. Priority selection of adapters is well known in the art. Further each port has means to activate a
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conbination with the wite-conbining buffers, allows for a substanti al
reduction in the bus traffic. Individual graphic wite operations, which
woul d ot herwi se be transmitted as inodgwvidual partial wites, are
efficiently nmerged into cache line sized units then transmttéd in burst
node. In state of the art m croprocessors, graphics display speed is
critical asndisttiding adihe biOsmiiRn@BUAPRNCAND WBclb baf 4damters epthef whitlsaddressayral diffeesant
advant age. bit line. The priority selection means racognises the highest priority addresSTo be usedlNoAGEIABY. its
TYPE MEMORMntR6ktEa8%eddGs assigned to ifsipai lof dekdtivatesTits pontdf & Yiighdn ipddritynadutesy assighed tol
UC nmenory difergdt pareis seldcted\Therob(ltha [3pstsm islfirotestetbiromn pltysical clamigesib |tigs evenDhat, the
whi ch i s neetivationrof molaj thamtond Qorbdistbiuid rédistdr iishatieinpteddThe asaigimaent ofrspecifizrbusibit liries to
the wite aachbfithe siapidopdrf alaptbris Waith chifespandmity registel locatiens dssignedta apdhenort ritiowsrtye
mapped |/ Gimiliexeresppniesof madtips sihigle Port adapesrs o @lacesipe sarheatespoesd aallls bas as a single
specul at i veultspatradapter. Initially, at step 800, execution of the uCP is
deferred unt the that a priavityrencodiligtoircuitrie tontaine® nd the enulliait videp uiapterssedhat paly sbeeqf the
802, wher dow Vilieo @orts witktbe Gselectsd ifamtes #n fooe \birds dveidentdiy tu®R answhgn | voidiog G register
store. |f &2bdh. EPsdn® miodty @heding scimtisi also waricvhedl sofel thaugh singlopoBGitieo tadaptsr &
806 wher e isstaiied, tbb@bisevwach @dapter tappalias thet dame priarite edcedimga bligavithno (iry hardware)t te plet8tne

t he DCU i swhishpadimelighesti priodtyi dorti mingnselstted. Niaithist sedecidd tpart inmatahes thehagiapibis. own unit
The part i alumbsriitcensidersstseifin 8ol of thebis$, iothewvise ittremains dactyet he ext ernal nenory

I n response IndFigume3.sd oonfigwidlien skdwirgotwg Isingle mortyadapters [seshi@. rbe@dgptdrygusichies were
uncacheabl asbitegrily chésen tf spiest intcadtidsses © abe 2sA eystrh can thh igradudiip eD@Pkd, @a obreled.ifloas
may never tdnelodag adgplest wi t hin t he DCU whi ch include UC data. Such ray. occur
as an art i f abts ipfentidndmgiiovasi pedermence Bt weserof ptegeinming by ddlewingsthe samedset phigeations
addr esses (safedtingrang deselectinh aidecports, qoatmiling basklighlsestqdde bé #richrplighadivath fewgo operationssr
addr esses Uiy hardware dparddidion. it improemsoftwarshgemipatibliityathlicatiens written for a system based on a

- 58 - single vide@idisplay (suehhas 4nj applicalinmywritten for atiaditidnali singleudikplay sy lerh) ¢am biehaasily
menory | od@rspoiedipdaystam baying muitigievidse displayspErpditionab approdakes DSk ig ditef pashio @ddresso
det ect sudhbe eralieres pdseriatedawith havipg [Morathess oeenofhtee lsdmeehardpgrentvpelicel avaihie within the
speci f i calsysiem havedperptogoeidetdach $COf bandivareawith itseqwn woiqyey2ddeesh (Yhich alsés umayeilable
its own caddess| sparesquicker and e mpre impaets &heofwprple gndotornremidei n tpatsiee withiy decgystem
addr ess i owish comeletely giisghis ane spicaf hardpare jand pibles anofhes; rbb‘ocb’% aetrpllew foo simyltangeuse
li ne whi clfomakofbelb fihipres & nedfarmencegenaly eeresieied wildl-i n the. "M state) the cache
line is invalumingney to the spegfic cage whee asdisfay devienys adiquicenystal devige{ECD); ihis imparient
is in the 'shaPdip sanies 2anq jhacklight peperlyrasiusied g prablerp pige fo tead dher kGhdispiave :
t hen i nvalspBiatably- “‘I”f@ﬁ%’e’" CcopfeTeialsriings; tergninals may iop perended fof, 0ng Beriods PldimeaThis is
subj ect t §istdyantagepsecauge the usefy) ifp ofthe digplay is a function plibackiight yses Forgasample. fie meap

i s a-l oadmaPawAty f&‘i‘f"*p‘?’ﬁ@@e?ﬂé“ett&‘)sstc n 5 ealen ke that 96 3,GRT glisplai.yt fhg MTBF of the
transmi t t GaCght isyess r"?‘i‘&l‘haﬁﬁfrﬁ)ﬁ: ligplay fpegqfore. tha-abylityfo) contsp! usageof the hagidightcinegtiy
bypassed, 2 ﬁcﬁé@a elaive gefigbility Ristisplgy Bée'ﬂﬁﬁé?&%%‘—bq'sé"aymmever as wirth the
ucP store’ %%ngﬁ 't'°? 8"' giin EEPURhEF e t he
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4. Extended BIOS Data Area - an extension to the BIOS Data Area. The Extended BIOS Data Area starts
/ out as the top 1K bytes of memory in IBM PC Compatibles and can be expanded if necessary. A large
portion of this data area is dynamically allocated to whatever installed device needs it and is .quite
frequently unused.
5. NMI - Non Maskable Interrupt - an interrupt which cannot be disabled using the standard methods of
masking interrupts (i.e., the CLI instruction or by changing the Interrupt Mask Register in the interrupt
controller chip.) _
6. BBSRAM - Battery Backed Static RAM - a special area of memory which is nonvolatile because it is
kept powered by a battery when the system power supply is off.
The. control of LCD backlight and contrast can be accomplished with a single BIOS call. In addition,
switching between LCD displays in a system with multiple displays can also be accomplished with a
single BIOS call. The advantage is that the controlling software is more efficient, therefore having better
performance. In addition, functions such as backlight control are easier to implement in software, which
results in a greater probability that they will be used to increase LCD display MTBF.
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Hence, Figures 7-12 illustrate speci fic nmethods for -processi ng menory
uOPs .to nenory of each of the six nmenory types. In the foll ow ng section,
a nmethod by which MOB 142 all ocat €3 4id reorders | oad and store uOP' s

will be descrl bed. MVEMORY PROCESSI NG W THI N I\/EI\/D?Y ORDERI NG BUFFER

When desi t-of-order mcro rocessor e how
Menory u %gq;l}aé@9 eﬁ“@owmﬁb BIOS &qls W9 °ﬁ§ af‘::%i%i “iiamer g

or deri n '"f ‘j ity {,?g r}, a%wo &{Eé foie
orderin

nd meno ar gy 3?’] an t°rr“é"r‘rt?r§ 'B%' Y aﬂs'r' B gl

I d
i L?BSr cﬁk‘? ?s”?f%re"%%e@Zoiﬁow ?ﬂ?@ s e i W%éﬂ%ﬂéﬁ** haieo v %e%@?sxstem
certain? CO aatrc%maj] Ibg tEo ﬁdggg%ena "s while ot hers are not .

I'n ge“era %ﬁ i TEARLY 05i80d D% whagr ei n
G oo liors oy - R TS o S

| oads ar ey, Wt Oai :
st or es, aaﬁgfyfge :t: i f}g%m%cu *gff %epen%&eror Jiiby 3 QEE MBS 96 Sl

| oads are oads except a menory type S

not al . 0\§ gﬁ&& lﬂﬁ&lohoads As not ed above all potentially menory
I'N TH oftwar can specify that the bacRiigh ffn ciadtoRElicafyCIiRY 4 &dridf pericd of
an ext er nghe EPHD e life Bf the backlight will be brofofifel By WBIEInY it dulng periods of MackvitfiSithe ONE
m cropr chp%ﬁ&ﬁon(@h' e thakePealid e 1R *bRKIMA! onf RIAEOY of BIGS whenever sydd SdtiityrBquirRb
| east oneypgipadkiit RCRERE. THCLM WRBtum & BSKfghEbn Gt i§ R TaRd Fill rdselBIBTIMECLLiP e
val ue |def,gck|i‘gyt|,§1g,eadyma,rmry access protocol appropriate for 8 accessing a
Menory | ofRtinBm&hatbd 16t At tealiR®Ediollode:d a second cache 9 nmenory to
cache the NBRDEYUITHREaM AIMEDUTORR UE R didiedThtREERNBIESBIOS DatalP0ea 0cachBIMBS ¥
type val ue .idaglipedd ifee BoMAMEA Sidl BMEOBTVRANUE 66 &B6 toll, BHeQBlofff feftife idnot bobing
plurality qfsedremory access protocols to be used by the at |east one 12
M Cr opr oCesp)ro st thslestibdlge, 30 Qpplieiidh Yhake3 @2H8I0S Ball tead 6ets thd TIMEOUT VAUNENEEN
the at | easion-@#e vdieGin® péroiesStA®badkigho o funttione to determ ne the 14 nenory
access pr ot Ecwhenbat tishBadghb by BIOS &bl GNmbds, BITSE aFisnbe bluklighe oo rdd comdsethe 15
and furt herTiMEGUBVYALYE té the BOUNBER.i nf or mati on stored in the nenory | ocation
16 accor di{ggTheOCOUNTHRE BDdegremented By [ilic0 NO béndled @ndsl évesyd 1 yniliskeonde i¥hen type

val ue. 1 COUNTER reaches 0, fidackiighisitueted sf.st em of claim |, wherein said 2
menory typde\ialstop thechotatolfffdatuss, an awplidatiorbaaiks g Biiccalirbatetly thrciiEQUD ValUcto (0. 1
3. 3. Defbicconimaspsettipg. system of claim |, wherein said 2 menory type

val ue i debdring ipegeronWPOSE willhetdengha defeditecontzasb ssitingclas theffatiery diacked Static BAM
The conpulB8ERAM)St BBSRAM has| teeminitialiseduiEPRIAAM has nop bees rigi¥aljsedy pealvestored in the

i denti fi eEPROMusiusegl- conbi ni ng nmenory access protocol .
A utility program under the "setup”® portion of the diagnostics allows the user to set the default value into

BBSRAM.
4, Video switching.
Video switching begins during POST. Five data areas of slightly less than 64 bytes each are allocated in
the Extended BIOS data area. Four data areas are provided for adapter ports and one data area is
provided for a-video port on the system board. As each video port is tested and initialised, POST saves
certain key interrupt vectors and portions of the BIOS data area by copying them into the Extended BIOS
Data Area before initialising the next video port. For example, the system board video is enabled and
initialised, then the vectors and BIOS data are saved in the Extended BIOS Data Area before moving on
to initialise the I/O channel video adapters. Each of the § video ports in the system has its own buffer in
the Extended BIOS Data Area.
Whenever an application program requests swifching to a different video port, BIOS takes the following
actions automatically:
(a) Interrupt vectors and BIOS Data Area parameters related to video are copied to the Extended
BIOS Data Area in a block reserved specifically for the currently selected video port.
(b) Hardware registers are changed to cause the deselection of one port and the selection of another.
(c) Interrupt vectors and BIOS Data Area parameters related to video are copied from the BIOS Data
Area (from the block reserved specifically for the newly selected video port). -
A specific implementation of the preferred embodiment is shown in the following detailed description of
" the BIOS functions (the use of BIOS and BIOS funchons are well known In the art) used to implement this
invention:
The following gives the details of portions of the BIOS interface under INT 15h (System Services) which
. have been created to access the extensions described in this herein.
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- 66 - 1 5. The conputer systemof claim 1, wherein the
register is one of a 2 plurality of registers, and whereln the plurality
of registers are to store nenory 3 type values identifying nmenory
processing attri butes of each nenory |location 4 of the external nenory:.
1 6. The conputer system of claim 1, wherein said 2 nenory
type value identifies a wite-protected_cache nenory access protocol. 1
The conputer system of claim 6, wherein the external nenory
2 corresponding to the nenory type val ue |dent|fy| ng wite-protected cache
3 ‘nmenory access protocol is a ROM 1 The conputer.system of

claim 1, wherein said 2 Nﬁgrﬁﬁré’sfsﬁﬁ g@kyﬁé dent| fies an uncacheabl e

nmenory- access protocol . nputer system of claim 8,
wher ei n the external nenor&“-@oﬂompéﬁgﬁbhcﬁm@ml& YEURESory type val ue

i dentifying uncacheabl e rrermryALgoﬁﬁgml@LoéﬂcgﬁNng a menory mapped /0
menory | ocati on. 1 10. uter systemof claim 1, wherein
the at |east one 2 mcroprocessor ONsRE bl e of generating specul ative
menory access 3 mcroinstructions. 1 11. The conputer system
of claim. 10, wherein said 2 nenory type value identifies whether a nenory
processing instruction for 3 accessing the nenory |ocation is specul atable

or nonspecul at abl e. 1 12. The conputer system of
claim 10, wherein said 2 menory type value identifies a wite-back
cacheabl e specul atable nenory 3  access protocol. 1 13. The

conputer system-of claim 10, wherein said 2 menory type val ue
identifi'es a wite-through cacheabl-e and specul atable 3 nmenory access

protocol . 1 14. The conputer systemof claim 10, wherein the 2
menory type value identifies a wite-conbining specul atabl e nenory access
3 pr ot ocol . 1 15. The conputer systemof claim 10, wherein

said -2 menory type vaI ue identifies a wite-protected cacheabl e and
specul at abl e
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3 menory access protocol. 1 16. - The conputer system of claim
15, wherein the external nenory -2 corresponding to the nenory type val ue
identifying wite-protected cacheable 3 and specul atabl e nmenory access
protocol is a ROM 1 17. The conputer systemof claim 10,
wherein said 2 renory type val ue identifies an uncacheabl e

nonspecul at abl e nenory access 3 pr ot ocol .

.- 68 - 1 18. The conputer sygtemof claim 17, wherein the
external menory 2 corresponding to the menory type val ue identifying
uncacheable 3 nonspecul at abl e nenory access protocol is a nenory nmapped
/O nmenory 4 | ocat P, o . 19. In a conputer system having a
m croprocessor and an exterﬁéi 2 menory, wherein the m croprocessor
includes a first cache to ®athe7’- 23" ¢nformation from said external nenory,
a register to store menory ghype Uﬁgﬁ[ Cﬂ-r sgggg pggpondi ng to-l ocations of
the external nenory, and a secon cache cache the nenory type

val ues, a nethod for accessing ECSnBEEY vy Iocatl on 6 within said external

menory, said nmethod conprising tjhe gteps of ygaN storing a nenory
type value within the register identifying a nenory 8 access protocol
appropriate for accessing the nemWory~1ocati 67 " 9~""77"""" transferring the

menory type value to said second caghe; 101;(;1) (NO Egpmﬁitl ng an
instruction specifying a menory access to t ocatl on; 12
determning the nenory access pribt ofol corré’gﬁ%ﬁpﬁéuq IERRA rrermry 13

| ocation by accessing the nenoryptype val ue 33kRz edNOCHRORE mePoRY cache; and

14 t hen accessing said rrenor | ocati to the nmenory
access 15 protocol identified %y he mmﬁgK%%g’L&ﬁg

- 69 - 1 20. The nethod of claim 19, wherein said nenory type
val ue 2|dent|f|e wrlt h C

wherein the step accgrsﬂts[? (g&tt%h%ﬁﬂnmy :ociéfgﬁfﬁﬁgéﬁgs%@%gpeps

of: 4 determ NEDED BOBTher the instruction is a load or a store; 5

if the instruction is a |oad, accessing said first. cache to determ ne if a
6 cache hit or a cache m ss -occurs, and

AL=05H LCD DISPLAY CONTRAST AND BACKLIGHT CONTROL
BH=00H  SET OPERATOR DISPLAY CONTRAST LEVEL TO BL ( 0<= BL <=
. oK) (SE'I:'I’-ING_ BL, TO ZERO TURNS THE VOLTAGE TO THE LCD PANEL
OFF) '

NOTE: ~ THIS CALL ALWAYS WORKS WITH THE CURRENTLY SELECTED
VIDEO PORT.

‘BH=01H ASSIGN 'CONTRAST UP' FUNCTION TO KEY BL

BH=02H ASSIGN 'CONTRAST DOWN' FUNCTION TO KEY BL (WHEN
FNABLED, THE CORRESPONDING KEY ON THE KEYBOARD IS USED 10
INCREASE OR DECREASE THE OPERATOR DISPLAY CONTRAST. THE
KEY MAY NOT BE USED FOR ANY OTHER PURPOSE AND WILL NOT
RESULT IN A SCAN CODE BEING PASSED TO THE APPLICATION.
BOTH UP AND DOWN FUNCTIONS DO NOT HAVE TO BE ASSIGNED
SINCE THE KEYS CONTRAST VALUES WILL 'WRAP'. TO DISABLE
THIS FEATURE, SELECT KEY 00 FOR BOTH FUNCTIONS, WHICH IS
THE DEFAULT.)
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7 if a cache hit occurs, satisfying the load fromthe first

cache, and 8 if a cache mss occurs, performng a |line read
from said external 9 nmenory to satisfy said |oad; and 10 if the
instruction is a store, accessing said first cache to determne if a 11
cache hit .or a cache m ss occurs, and 12 if a cache hit

occurs, updating a cache line V\Athl n said first cache 13 causing said
cache hit with information provi ded by said instruction, and 14
if a cache miss occurs, witing information provided by the 15 instruction

to external nenory. 1 21. The nethod of claim 20, wherein
said step of witing information 2 provided by the instruction to external
menory conpri sei=a3iar t DEERATOR t BESPBAY) (BACKL I CHA . 1 22. The met hod

of claim 20, wherein said instruction is speculative or 2 non-speculative
and wherein, if said instruction is a store, such step of 3 accessing said
first cache is MBEerredTHERE CABLS ALWAYS WORK HITRJIHE| $UWN'§W SELECTED

1 23 Theyibhpskof claim 19, wherein said nmenory type value 2
identifies a wite-protected cache nmenory access protocol and wherein the
step 3 of accessing the nenory |ocation conprises the steps of: 4

determ ni ng whet hergg-pgyi nsphgRiricRP o @ | oad or a store; 5 if the
instruction is a |oad, accessing said first cache to determine if a 6
cache hit or a cachd~®ils o@éﬁ*ngﬂ'ﬁrﬁN 7 if a cache hit
occurs, satisfying gigalioad Bkcmdﬁ\eoﬁl agto-oFe ey cRNskcoRps i f a

cache m ss occurs, perform g read from sajd exter nory
to satisfy said Ioad and 1 CX’OOOO AUEOTQFRE FYRGTAOR (55 HI$ASBI§DS@l‘lﬂe writing
i nformation provi ded by theTHE IBACRSICHIC WILH REBPARKDRI nal nenory. 1 24.

The met hod of cl ai wh said step of witing information 2

provi ded by the mﬁﬁ"ﬁ?ﬁfrl on%%g{-%d ernal menory conprises a partial wite 3
oper ati on. 1 ON REWRNet hod of claim 23, wherein said
instruction is speculatlve . said step.of, witing

i nformation provided by the#’ﬁ%ﬁ%g? E&W ext ernal nmenory in response
to a store is performed only if BEabd7-gpectl ative instruction retires.
1 26. In a conputer syste a GrPPr Cﬁél%o_ an _external

2 menory, a prinmary cache and)ﬁ;trsgncoﬁdg# rhg‘ggl'c e tgyclgc H}FBr'?Pé)tEl on from

3 said external nenory, the m(@KO%HJCB&EIﬂN RENEOHY \W\LUBQINS ISECONBS )St or e
menory 4 type val ues correspgfigi @Qtloli%ﬁktﬂ,‘}ﬁ f Cbﬁﬁﬁ"ﬁﬁt BIgaI menory,
ex

a nmethod for 5 accessing a nenory |ocation wthin sal ernal nmenory,
sai d net hod

NOTES: 1) WHEN OPERATING IN AUTO-OFF MODE, THE "ON"
COMMAND WILL TURN THE DISPLAY ON AND RESTART THE TIMER.
THE DISPLAY WILL THEN TURN OFF AGAIN AFTER THE SPECIFIED
TIME INTERVAL UNLESS A KEY IS PRESSED ON THE MEMBRANE
KEYBOARD.

2) TO COMPLETELY DISABLE THE AUTO-OFF FUNCTION AND
ALLOW SIMPLE CONTROL USING THE ON AND OFF COMMANDS,
CALL AUTO OFF (BL=02H) WITH CX SET TO 0. (THIS TURNS
THE DISPLAY ON AND CANCELS AUTO-OFF) THEN USE THE
NORMAL OFF CALL.
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6 conprising the steps of: : 7 storing a nenory type
value within the register identifying a restricted 8 cacheability menory
access protocol for accessing the nenory location; 9 10 :

génerating an instruction specifying a nenory access -to the nmenory 11

| ocation; 12 determ ning a nenory access protocol corresponding to
the.menory 13 location; and 14 - 8 - determ ni ng whet-her the
instruction is a load or a store; 15 if the instruction is a |oad,
accessing said primary cache to determne if 16 a cache hit or a cache
m’ss occurs, and 17 if a cache hit _occurs,_satisfying the

load fromthe primary cache, WHSN INaAHTO-QFF MODE, THE BACKLIGH1, WLk JURH; s
occurs, performing a |inegRead §vrRCoEY) WHEM SaEy 1@ PRESSEY ONNTIE MENOI Yy

whil e bypaSS|ng sai d secon r cache to satlsf said | oa and 22

if the instructionis a sﬁ?’é‘y cANDs THE KEL, %‘r?"ﬁﬁ“?g qu‘ﬂgmtzéwﬁ%t ermne if
a 23 cache hit or a cache m ss occurs, and 24 if a cache
hit occurs, updating a cache line wthin i ri i ng
said cache hit with infor ﬁStu&H QWGE%F'@@Q%WSPB@M#%% Vil 727
if a cache mss occurs, p#otOrURNMCHEA BACKITGHE BADKAOK. OTOUGHSOREBEN 2ZEVICE

27 Y e et hod of PETURRE, obdebfrelBR bitinalh ReRSLAR AbeRiRihns o
2 conprises the steps OSHPEID ONCBUDE A CALLETO GUEANf THETBAGKLIGHE XN nal
menory to 3 read in a [ al, Ni ocation, and
updating said 4 cache W&ktﬂﬁcﬁgﬁﬁguﬁ?ﬁgﬁwﬁ)?g\% degﬂ%y sai d

i nstruction. - 28. The met hod of claim 26,

wherei n sai dAI nﬁbf ‘ﬁbt@%h? s%q_‘%e @ti ve or 2 non-specul ative and wherein,
€, c .

if said instruction’Ts step of 3 accessing said primary
cache is def err edBHROH|SEEECT VSIIDBOGPQRé'tl res, if at all. 1 29.

‘The method of claim g2f.4q \Aﬁ{n%ﬁa {s@l QFﬁlﬁAﬁg? ocessor includes a 2
write-conbining buffer, ereln sal nenory type value identifies a wite-
BL=01H PORT 1 (ADAPTER)
BL=02H PORT 2 (ADAPTER)
BL=03H PORT 3 (ADAPTER)
BL=04H PORT 4 (ADAPTER)
ON RETURN:
ZF=1 MEANS REQUESTED PORT DOES NOT EXIST (THE
HARDWARE REGISTERS WILL STILL BE SET TO SELECT
THE NON-EXISTENT PORT) '
ZF=0 MEANS REQUESTED PORT EXISTS
(IF THE MOST SIGNIFICANT BIT OF BL IS SET WHEN THIS CALL
IS MADE, THE SPECIFIED VIDEO PORT WILL BE SELECTED AND IT
WILL ALSO BE RESET TO BIOS VIDEO MODE 3 USING A BIOS INT

10H AX=0003H CALL.)

THIS CALL CHANGES ALLOWS THE SELECTION OF ANY VIDEO PORT
(WHETHER IT IS ON THE SYSTEM BOARD OR THE SINGLE OR
MULTIPORT VGA CARD) BY PERFORMING THE FOLLOWING FUNCTIONS:
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3 conbi ning nenory access protocol and wherein the step of accessing the 4

menory |ocation conprises the steps of: 5 det erm ni ng whet her the
said instruction is a load or a store; 6 if the said instruction
is-a | oad, .acceSsing said wite-conbining buffer to 7 determne if a hit -
or'a mss occurs, and 8 if a hit occurs, satisfying the |load from
the. write-conbining buffer, and 9 if a mss occurs, performng a
partial read from said external nmenory to 10 satisfy said load; and 11
12 if the said instructign is a store, accessing said
write-conbining 13 buffer to deternine if a hit or a mss occurs, and

14 15 if a hit occurs, updating a buffer line within said

write-conbining buffer_ 16 causi ng_sa i infornmati on provided by
said instruction, and 117 BI@S DATA Eﬁsf A%P r#@é&%;g@ NECTORS FORNEHE nf or nat i on
provided by said instructi QORRENI®YASELECED ﬁnmwohmfmrsmmewﬁgﬂ n said

write-conbining buffer. he nethod of claim

3
29, wherei.n said instructi GRTFNDERLREQ Q%T%emgﬁ (Azuﬂ{ﬂpﬁsﬁ%mi‘lw}fand
wherein said step of accesyrpgp page) nenory |ocation 3 includes the step
of: 4 5 - waiting until said instruction retires before accessing
said wite- 6 conbining buffer for a store operation. 1 31.
The nmethod of claim 28) WHARMARESREGISTERD ARE GIANGED iMOgsEEce Tis Menory

| ocation includes the furt . for a store operation,
evicting said buffer Iine Egl{)lg%‘.trgﬂaﬁ)fgp %@Sl.e 4 eviction when the buffer

line is full. 1 32 The et hod of claim 19, wherein said
menory type val ue nt SS rot ocol
and wherein the step o:?)e 3%“%%3’%@?%’@§e rrermry car(&%g{lﬁ%t:g%ﬁ% Dt he
.steps of: 4 det er WiTH r'rgEv@lﬂiatLHeSEEHﬁ:é'ED NEDEQ RORDMARES RESTORED Or a
store; 5 if the-i pﬁ&{ "i‘ﬁ%'%ﬁ‘Nﬁ §19§dDA'I§CE&%S' ng said first cache
to determine if a 6 cache a cac e mss occurs, and 7

if a cache hit occurs, .satisfyi ng the load from the flrst cache, and 8

if a cache i ﬁx&mcurgms@ﬁvhprp@hnﬂosg/'e&a@ (rsﬁatﬂ rfokﬁ'BA 4%@“ er nal

menory to satisfy sai tlonlsastore
accessi ng sai BHFQ2Hst RESERVED F@Rt ROST/BEOS f(RgSTOBE PORT2DNEA WREAPr a cache

m SS occurs, 12 a , i.ng a cache
Bicb3nl2 QUERY CURRENT VIDEO2pGHICRET Nfs S \g\fﬂ%}d;ﬁ

line within said f| rst cache 13 causi ng sal nf ormati on
provi ded by said VABEG FORT MMBERJIN AL (O Tf‘ 4).

On return from all AH=0DOH calls:
All registers preserved except AX (unless otherwise noted)
If AH=86 and CY=1, invalid function or subfunction was

given

While this invention has been described in terms of a preferred embodiment, those skilled in the art will
recognise many vanatlons which can be made. For example, a four port multi-port adapter was used for
Hlustrative purposes, but the number of ports and corresponding number of single port adapters on the
distributed register can be varied. in addition, the types of display operations shown, such as backlight, and
contrast control, could be expanded to other display functions. The address sw:tchmg means could be
accomplished by common hardware switches or, for example, eproms. Bus bit line selection logic and
device priority logic could be implemented in hardware or software on the adapter.
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14 ' if a cache miss occurs, performing a wite-allocate

oper ati on. _ _
SHEET 1 33 The method of claim 32, wherein said
wite allocate operation 2 conpr.i ses the steps of performng a |line read
from said external nenory to 3 read in a cache |line containing said
megory | ocation, and updating said 4 =1@ache l'ine with information

provi ded Wy claimk i nstructi on. 1 34. The nethod of claim 32,
wherein said instruction is speculative or 2 non- specul ati ve and

wherein, if said iASkppseatud ot SeparAEl9’ OntrolER @bﬁﬁamﬁ/ ot3se aﬁ@ﬁ?%ﬂﬂf&sﬂﬂéd
first cac@e)ls deferred until ,said storge retir

The met hotl bACHFSS M 2 SYStei), And; wherein faghof said ﬁ@ q)efvu'éealh&s éj%%mﬂ%%lcgzafe to
ext er nal imsiependently rwnfroliaiﬂd withi regpezt tnuother HfOddevioes ctaidapparatiis colfrising:

The method Of sPldkioneldispblAaneldhanalite P bad Bfs KAl 6t st g HERELY | 3 an

uncacheabl e nenory acces accessing
t he menor §dIpsRIafurtdier cOmpriFivEs t he steps of: 4 det er ni ni ng whet her

o et gl & e | A7y o0 ‘OoRFafon o pgsociated

| u | | | |

external NEWRFAF \Mfs%év’t??ﬁﬁg%?% ‘bﬁq%EPfl rst cache; and 7 if the
sard i nlst ruct aopluralitp oft distributedaregistérs] eactn agsociated withi 4 eliffrentoneroft ﬁaid8
externa r | \ | T

met hod of m%"ﬁs V\%@h%\ﬂg é’? %?i?li d;igq: | ns%#lgé%sl %S%Séligtw WIéiuﬁndtzglsulbu?d O Al
wher ei n saf gaigt eqaptf.frs and dwyingya siigle mmwdﬂmsatfmbnllqudame@antm ass@;parod 3
vai ting ugfify sial &Hsirib%&éd“:‘ééx&@r 6 !réd’e &fﬁoﬁnﬂﬁé@iﬁ"dﬁbﬁgw"’@g&ﬁﬁ bn SEbM a4

instruction 1s a load or a store and pefore transmttlng I‘tla read or

a 5  paPYTiel bys relatmgdoameott e funrtons of ek lQrdrpicy 2 drested by said singlg
38. sy s%e amfeb@dnotsaxal 8ingle JPeratiofi! leach i ofC kaidi ai;uﬁlimecst&gismfs belag

| f t h t t tt d t.i,al
3 part i Epppaef ot Al b 938 b SLinformPY o shchaRfiet RSy Bt e off Bt
cac he | i nénformation beind @pérative t@amﬂtmlcmntoﬁsmdrfgnctbns of naalrlﬁ@tddymefassmmaucde
menory | O%ﬁm&@dw&ﬁ&dau&%?&’ the said instruction.

means to use said information in said distributed register for said system from said

single address to communicate selectively with each of said I/O devices from said single
address and control one of the functions of each I/O device independently of other I/O
devices in said single operation.

2.  An apparatus, as in claim 1, further comprising:

means to select individual bus bit lines associated with a specific I/O address.

3.  An apparatus, as in claim 2, further comprising:

at least one register bit location to store display contrast control information.

4. An apparatus, as in claim 2, further comprising:

at least one register bit location to store display backlight control information.

5. An apparatus, as in claim 2, further comprising:

at least one register bit location to store display status information.

6.  An apparatus, as in claim 2, further comprising:

at least one register bit location to store display command information.

7.  An apparatus, as in claim 2, further comprising: |

at least one register bit location to store display address mformanon

8. An apparatus, as in claim 1, further comprising:
said system including a plurality of adapters, and means to determine when a given
adapter is the highest priority adapter selected.

9.  An apparatus, as in claim 8, further comprising:

This is the repiacement shest
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1 39. The nethod of claim 38, further conprising the step of
witing- 2 back data from said cache line found in the first cache
during said self-snoop 3 before invalidating said cache line, if said

cache line is in a nodified state. - 1  40. _ A m croprocessor for
use in a conputer system having an external 2 menory, said
m cr oprocessor conprising: 3 alfli-rst cache nenory to cache

i nformation from said, external nory;, 4 . .freans for storing nmenory
type val ues i JORERS Qi sslpchindiy naj g Big Tings assoeigted with a spenific IiQuaddress:
accessi ng corr g3.poAdI apparesD &Y in claih DD AGther cbmPriking: 6  external nenory;

7 a secand cache . ry ta receive .the nenory t val ues fromthe
8 neans for & Sgﬁt Rge 5%%&%3%%@0{’%%5%%&” §B%“§’I%Fﬁ‘é§$l m@)rmatlon. means
f or generati nglh mAmmappaiansst, asiit claim 9p fuilfeyicompeisimenory 10 | ocation

Wi thin the extgr VAR : Wl ry
Access prot oot st oE Rekikier bt location o gigPERTIaY SholiphELMRIHRIBIDY | |,
menory type val%esAStappariysy ag feclgim Gnfurthes compeisie: menory; and 14

nmeans for accegslesd ondiregifRBitYodafieatd Sdre Asply sthfisSinforfiafient he 15

menory access otqcol correspondi ng tg the nmenory |location, according to
16 the nemryP%rcc&sapBWcﬂgmg]@HﬁPf gggleﬁ)‘f‘o?‘ﬁgs%gmry type val ues.

1 41, atTleast wne registor bit dovatioh te kiarediéplay comteind informatierans f or
generating 2 MeRQry...| r | O fR08 I .. geperating specul ative
I nstructions. le14'1 Kﬁfbp%ﬁk’%ﬂﬁgﬂr@moprgccgglgglfﬁgf claim4l, wherein said

means for genedtdeasi@ne zegisterhivdgcation te siore display address informatioder engi ne
having 3 15. AR dppakdihiC FdroRt BRFoliRg YepIuRility
reservatiop,.station; apr%i- S5 pﬁﬁié;i' rc eg??ilclal?? lr%lgp E&%‘l?}éro.f ‘kepar%telydf%(_i&essable
The m'cropﬂgc 1358 1B A SYPIEMy,SAid 2PRARAS; GPMDBM&ans for storing 2 nenory

type val ues coaprocessor; 3 menory type range registers relating
ranges of exte ry.. ation 4 to correspandi ng nenory type val ues.
n 4§ it BEE b yery ehineb i S SRR O ot vty pe
range 2 regi sa@leralitfeofra¢parateiycatidressible O sieyisesrivéucthhand! &mctions] which are
The m Cr OPiRERSRAMP bofit MBI Gith 10GRE1 B il ygRRIR 0T 2 determining the

Menory access protocol conprises: _‘nmeans fOr_accessing said menory
type range regpkleast-ong adapisrqcachpdapigp operativels cennected tojgid bus and to ahdeast

M cropr ocesadl/O0devite}iall FEaid GiRpRIr firther 86Mmprisingache nmenory

switch selection means to indicate to each respective adapter the address associated
with each I/0 device connected thereto;

said adapters having a plurality of distributed registers, each associated with a
different one of said functions, each one of said distributed registers associated with and
distributed among all of said adapters and having a single system address for all of said
adapters associated with said distributed register for receiving information in a single
operation from a system bus relating to one of the functions of each I/O device addressed
by said single system address in said single operation, each of said distributed registers
being comprised of at least one bit of information from each adapter and said at least one
bit of information being operative to control one of said functions of each I/O device
associated with said each adapter; and,

means to use said information in said distributed register from said single address
for said system to communicate with each of said I/O devices from said single address
and control one of the functions of each I/O device independently of other I/O devices in
said single operation.

16. An apparatus, as in claim 15, further comprising:

a plurality of single port adapters; and

This 15 the ropiscemert sheet
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2 conprises a translation |ookaside buffer for caching nenory type val ues
for 3 recently accessed nenory | ocations and wherein said neans for
determining 4 the nenory access protocol includes neans for accessing said

translation 5 |ookaside buffer. . 1 47. A
conput er system conprising: 2 , an external nenory; 3 a
cache nmenory which includes first and skErond caches; 4 at | east

one m croprocessor coupled to the external nmenory, the at least 5 one
m cr opr ocessof peraditsiofid/Q feyicest eash eft said d/Q rdevicas asropiatadc withom respectiee 6
external sapdparecording to one of a plurality of memory access protocols;
7 Wzﬁlrei n the at, | east._one m croprocessor includes a register
which 8 st dfes/R IPARANS. @5 jBc ?"!Iﬂ?éc{?g’lpﬂé{ngi he nmenory type nenory

type 9  val meansith ssddot halividpalrbusbid Kiiesmesoeidtedrwith assppeific 4O addressn t he

plurality of 0 S t ed by the at |east one
m'croprocesso}étokﬁﬁ%&:%éggﬁ?ﬁghw ?8@5‘%&8@?’ and 12

wherei n the catleastraneuegisten ditideationito store displyconttagizohtrel infiormatidn. wher ei n
said menory tyge %@‘ér&tﬂé}%‘iﬁkﬁ |9 Rl QBufprisfipt 1 cted 14

cacheabi lity nmenor ess protocol whereln | nformaii on accessed from the

15  menory | BCiastAneJsHistE gationdn store display backlight cantrel informationg

A conputer sgo!eMn APaPdthsiaddn claim 17, further@bmpisignal menory; 3 a
cache nenory;

; . at.Least. one m cr.oprocessor .coupled to the
ext er nal rrermPglféa?tﬁ)éleaffg'lsgé?lltek’%auonglﬂé{gﬁ? gpﬁ[gﬂyosgaig%l,fo 005§ ng i nf or mati on
stored in a n@ioryAd appatates) asfin cleém 16, further eompkisingnory according to one of
aplural ity of FEERIt BERRS DilbRAb Store fispid Wnihifichbrdifiof! | east one
m croprocessor |I's capabfe of generatln pecul'ative nmenory access
i nstructions; 229 An apparatyshasdn glaimel 7a funthes SOMPRISING: cr opr ocessor i ncl udes a

register, sepafRh& dreGeiste? bitl10€atoRAB StdFE ARplay Adat<EH ibAhffor2 MENDrY type
nmenory type v pe nenory type val ue

ue,, the s oa 1. irenory. ty
i ndi cating a gért A ARPAT I AS 1 Slai S, %\ﬁher CBF’(PF%’(P& fromthe plurality of
MeNDry accessneant ac aeterinind evhened gwent O ddvicel B tHeehighest nrioritg riBOr devses or
for accesgélQ&e&_he menory | ocation; and

24. An apparatus, as in claim 23, further comprising:
means to select individual bus bit lines associated with a specific I/O address.
25. An apparatus, as in claim 24, further comprising: _
at least one register bit location to store display contrast control information.
26. An apparatus, as in claim 24, further comprising:
at least one register bit location to store display backlight control information.
27. An apparatus, as in claim 24, further comprising:
at least one register bit location to store display status information.
28. An apparatus, as in claim 24, further comprising:
at least one register bit location to store display command information.
29. An apparatus, as in claim 24, further comprising:
at least one register bit location to store display address information.
30. An apparatus, as in claim 15, further comprising:
at least one single port adapter; and
at least one multi-port adapter; and
a plurality of I/O devices, each of the I/O devices associated with a respective
adapter port.
31. An apparatus, as in claim 30, further comprising:
means to select individual bus bit lines associated with a specific I/O address.
32. An apparatus, as in claim 31, further comprising: .
This is the replacement sheet
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14 wherein the cache nenory includes first and second caches and
wherein 15 said nenory type nenory type value identifies a restricted
cacheability 16 nonspecul atable nenory access protocol wherein

i nformati on accessed from 17 the nenory |ocation can be cached only in
the first cache and only for 18 nenory .access instructions which are
non- specul ati ve. 1 49. I n al¥onputer system having both a

m croprocessor gnd external. 2 tg@ﬁﬁein t he. m croprocessor includes

2. MENDIry,
a first cache & e@&@ﬁ%r"%ﬂ?ﬁw@ﬁ}%‘é“?‘bﬁ’? Riay eqnteastcnivol gformafion. o second
cache to cache33renAnypparatugpas inpdlaies3 Lofurtheneonpriing:0 | ocati ons of the

m cr opr ocessordedit B Rfbir 10batiBRID ke fephalBadkfgne ool Hormation, < o
met hod conpri sihg Ahapparays, af in clzins 3 b funhemeomprisingipe val ues within the
m cropr OCessorat%HsFBgé %ﬁfﬁgtm&&ﬂot st&ecéiﬁeélﬁfﬁgﬂg'ﬁﬂﬁnﬁﬁm{y | ocations

contai n nenory_rmapped | ] . rans ring . the nenory type values to
the second cache; Rg@pparafus, ag i 3 hofuptheeRIARLISIRG t r uct i on speci fying a
MeNDry access gtdedsh6ne tepistdEBiP Iotatib® EPétb@ displdy command if6kR4tionNi Ng a menory
type val ue cor spxgdl n% {qo t he q&mgx}dm%% | ocati.on by accessing the
nemory type valUes BEBPEGUSHAY e ditt B EOMPIiHng: det er mi ni ng

whet her t he neatdeast ons registen bib lcption fo storeadisplay eddrpssriaformmatiol5 or a | oad
operation; : : ST - 79 - 16
performng a p:gr'ti%fla arals, as }snaﬁ"l rr%?r‘o%th%%%r? oEf said menory 17

| ocation i s nomensipdsteymingyhen the@dapist i the highest priesityredanter selesteduct i on
18 specifies 3816 AhQppardfR! 8¢ irP¢lain?BY, MehbPEédthpidsigg:partial read from said

o0at ] on and CRES3 sclept Rargdial buy s e puaed o AP BE 0SS, on. 1
50. 130.a Anmpparatuss ysireching 88 niyrthentanprisingessor, a first cache, a
2 ROMhavi ng 18P RO AGES 6 f&tiof B stbit! RERRY CORARE dordeft foRRRGE™ Of

which 3  share nenory addresses W A accessing a
menory 4 | ottt i An agpanaus, ssiniclaim 38 furthareamyrisiagii d net hod conpri si ng

the steps of: atJeast one registbPbi TbaliBHRS &owcﬁﬁplxyabmghpcdnﬁgﬁfl ?mvév:%t bt hin the

m croprocessor 6 whereln the ne y type val yes i dentl r
corr espondi ng Z’\Je-m)’rwl aPParathoE%%"r@ﬁ%nnggaﬁ’éé'ﬁH@?@E%%%gw th the ROM 8
transferring titcledsesne edistBebi dbcation td swoid dieplag slatiis dnforinatien.second cache 9
within the m cgopr ST o allgincl . hﬁl%&‘%rgt |Pr]}g .an instruction specifying
t he nenory | ocdl'i on, ppgratus, 8’&‘?8? b%{n W'y t ype- val ue
corr espondi ng atdeashenergegistyr bit 2ocation én store digpley tomuhahy informatigt r uct i on by
accessing the J@”DAYxa?é@ﬁuiéahélﬁ?claﬂé38,sﬁﬁ’if'h€9c&ﬂpr{i .second cache; 14
specifies a

det ermi ni ng whet her t instruction spe . oad operatjion or a store
15  oper at i onat 1§ ong gegister bit logation k@ steesdisglay addressoiRforsatigds er ni ned from

the menory typsqvahugethod for controlling a plurality of separately addressable I/O devices in

a system and wherein each of said I/O devices has functions which are independently
controllable with respect to the other I/O devices; said method including the steps of:

providing at least one adapter;

providing a plurality of distributed registers, each associated with a different one of
said functions, each one of said distributed registers associated with and distributed
among all of said adapters and having a single system address for all of said adapters
associated with said distributed register to receive information in a single operation
relating to one of the functions of said I/O devices, each of said distributed registers
being comprised of at least one bit of information from each adapter and said at least one
bit of information being operative to control one of said functions of each I/O device
associated with said each adapter;

setting address selection means in all of said adapters to indicate to each of said
adapters the address of an I/O device associated therewith;
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17 shares an address with the ROM 18 perform ng a partial
wite to said nenory location, if said 19 instruction is a store

operation, and 20 performng a line read from
said nenory location to | oad a cache 21 | i ne containing information
stored at said nenory location into said first 22 cache, if said
instruction is a | oad operation. 1 8&- A m croprocessor for use

in a conputer system .havi.n er nal [ sai,d .m G ocessor
conpri srﬁg X‘? and x ﬁ‘?ﬁ’ﬂwﬂ% "t‘li‘? ?%Beﬂ%ae@{sﬁ%%sﬁl‘g d%ﬁ@%r%ﬁﬁl; ip $3ide
val ue i deradaptyrsnm aasmgler@mt;ommﬁzEmg tprafit afcsaid Bpdevicesakddrdssad by said simgle a

menory lo%?%tbﬁrhdﬁ'r{, 51? 5 the external nenory; 6 a cache nenory to receive
the menory’type valué fromthe nenory type 7 range registers_and to cache

the nenory typsingasaid. infogmation to cogynymieate ieith exrbdel said rl/Qodeyicesr om said
instructi %ﬂlg\w isgétemP8ddrbésefn i s&lgﬁgﬂéiéholnoﬁﬁi coitroM i funkfiéhse ¥t @aERIT/0

t truct decod t
dot er i ne de¥iee ndepeptentty ot s f8idtuRes it wid Sreleppetomne. memory | ocat i on
speci fied by 4% |m$methmd|asﬁnclla2m44bmﬂnmg§ﬂ1elfgrma&stqm¢fe menory; and 13
oo L0 BEEARe SRalR Rt AR il W8 ol BERETRS Yaduuge val e 1

has been determne ac € Nenory processing scol identified
15 by the nﬂﬁ@ryAtIWhOd;(ﬂSuaClaHnﬂ5 mcludmgthe further s 4t er system having
a plurality ofg m&i%f;ﬁy%ﬁﬂéﬁ lafaﬁnaﬁbn&m&aﬁfaﬁé of BEREMistef B Tokionsi d

m croprocessors conprisin a. first che menory to cache
i nformation frtm %@ﬂh@@tﬁrlﬁ&ia%ﬂ}cl“dmgthe er #eRsf:f or storing menory

type val ues i dedring Mispayd bagklighy caste6ls informationt eed laappbaProfathe fe@ister bit
accessi ng 1S90 espondi ng nenory |ocations within the 6 external nenory;

7 a'ané’ ®¥nd cache menory to receive the nenory type values from the
8 neans for st4f.i ndy method,msdaclemt4fe induding the/fusthom$tepssof: 9 means

for generati n%ﬁ%%?ﬁbfa%ﬁt&s“nﬁ’ ;nB)i' fggt Rast'oiRof ﬂiﬁfe@is‘t&%ﬂ"io%ﬁ&s 10 the

external nemo et er ni m@?’ﬁ%éh rrermry access

pr ot ocol corr«éponﬁlm@}h@‘b asHa 013112145 Rciedips (e stgps @fccessi ng the menory

]Eype val ues Sté@éx‘i‘%&i& Ia?%olﬁﬁﬁﬁﬂanolﬁlauoﬁﬁPKIQemﬁﬁé bfﬂiérkﬁglsﬂeff bit locations/Teans
or accessing 59" %A mé%(i’ asqlﬁ%ﬁu%n% inc ucimg %eeﬁl%g &gpst of:

storing display address information in at least one of the register locations.
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15 H'mem)ry access protocol correspothhg‘to the menory | ocation, according
to 16 the nenory processing protocol i.dentified by the nenory type val ue.

- 77 - wherein value identifies a uncacheabl e nenory access protocol and
wherein the step of accessing the menory | ocation conprises the steps of
determ ni ng whether the mcroinstruction is a load or a store; i f
the mcroinstruction is a load, transmtting a partial read operation to
external nmenory whil e bypassing said cache; and if the

m croinstruction is a store, transmtting a-partial wite operation to
external nmenory whil e bypassing said cache - 39. The net hod of

claim38, wherein said nenory mcroinstruction is specul ative and wherein
said step of accessing said nmenory |ocation includes the step of waiting
until said mcroinstruction retires before_determni ng whet her sai d

mi cr oi nst r ucPAJd PROCESSINGS YSTEMoHAVANG BEURAL ADMERERS i CONNECGFING
read or a partial wite operatiqQn i.d_ext I nory. 40.
The net hod of cl ai m 38, furt%ﬁ&‘#ﬂ%&ﬁ%ﬁpﬁ@wgﬁ sel f

snoopi ng the data cache after transmtting said partial wite or said
partial re d external nenory; and i nval i dati ng
any cache ﬁﬁﬁimd in the cache containing information fromthe nenory

| ocation identif} t g ' rGE 00

| ocatl on 1 dentt | Al difr @A AERR4 R Nigle por sdaflrs AHC LR 96
l'i ne foundopepatedhél sﬁ@@”‘%g@' :dﬂz\;ﬂéts S@dricaipy) to a%ﬂ%‘lﬁ)nﬁﬁ-ﬁbﬂ ddﬁﬂﬁir.'éé@ch %ﬁ%& d

cache line, if said cac ine is in a shared  state.

conput er shgtieowa \privgity 16gi€ idupticdl a6 Ihe lopadpasddeoni niitiPodd adaPte? 16 Geleat hi e
menory m croinstructions including | oad, store, input, and output

m cr oi nst rindividuad ,porherBienpdauity logior on rihée radaptero abowsl diice system t thedeselzcheabl e
or uncacheabl e menory | ocations and wherein said m croprocessor includes a
menory or dedaptey abdfsﬁéct anothes pdapten ironsuepesation d Eachs adapter thas fseitch isattingate
for reorderjng nenpry mcroinstructions wwthin said | oad and store buffers,

a method fallovprsslectieg egniEolhehdndividnal bithon thet systeme sy ivdiely allewssmafiple .
e 7 g L " JEIE ALELPLELAD £ Bl 0 20T e

i i t i i . t . . | th
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e . . .
det ermi ni ng whet'her the.menory microinstruction is a |load or a store; and
if the nenory location, as determ ned fromthe nenory type, shares an
address with the ROV performng a partial wite to said
menory |l ocation, if said mcroinstruction is a store, and - .
performng-a line read fromsaid nmenory |ocation to read a cache |ine
containing said menory |ocation into said cache, if said mcroinstruction
is a | oad. 45. A microprocesdf} for use in a conputer system
havi ng external nmenory, said m croprocessor conprising
méans for storing nenory type values identifying a nenory access pr ot ocol
appropriate for accessing corresponding nmenory |ocations wwthin " the
external nmenory; - nmeans for generating a menory mcroinstruction
specifying a nenory location within the external nenory, means
for determning the nenory type value corresponding to the nenory |ocation
specified by the nenory mcroinstruction; and ' means for accessing
said nenory. |ocation according to the nenory processing protocol
identified by the nenory type val ue. 46. The m croprocessor of
claim45, wherein the nmeans for storing nenory type val ues conpri ses:
menory type range registers relating ranges of external nenory |ocations to

correspondi ng nenory type val ues. 47. The microprocessor of claim
46, wherein said nenory type range registers are naintained within a page
m ss handl er. - 83 - 48.

The m croprocessor of claim47, wherein said neans for determning the

nmermory type conprisesBIT POSITIONmeans for accesBINPOATI@Nrenory type range
regi sters during a page table walk 49. The m croprocessor of claim

48,_further4'o | uding a translation | ookaside buffer for caching nmenory
type val ues‘nigglrL rec‘fe ) rr?'r Cf sbed"“rem)ry Ijt'atgo S and. WNey ei reiNcEd PbrMEANS
for determ fhfgpth p al ue i ncl ydgs npans for atceddfiiy said
transl ation fooﬁa5|d, byt ief. INDBDUAL [Thefm Croprocessor of claim45,
wherein said neans fpr dgenefatijng p GARBor niic QF ruction. i sSINGHpRORT e of
generating specul atiye ifi crpingtrult RESHESES 404 51. The rliNGr2opr ocessor
of claim50, whereinjsaild neand fo} generatlingja fenory m croinstruction is
an out-of -order engi pe havihg 1 1 SINGLE PORT
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b

a instruction fetch and |ssue unlt a reservation station; and

a reordering buffer. 52. The m croprocessor of claim
45, wherein said neans for accessing said nmenory |ocation includes a data
cache unit for caching data fromsaid external nmenory and for generating
external nenory requestss for accessing data fromsaid external nenmory not _
found within said data cache. 53. A mcroprocessor for use in a
_conputer system havi ng external nenory3/3said nicroprocessor conprising
menoiry type range registers for storing a nenory type value identifying a
ménory access protocol appropriate for accessing a nmenory |location within
the external nenory; an instruction fetch and issue unit for
generating a nmenory mcroinstruction specifying the nenory |ocation within
t he external nenory; circuitry for determ ning the nmenory type

val ue corresponding to the nmenory | ocation specified by the nmenory

m croi nstruction; and a data cache unit for accessing said nenory
| ocation according to the nmenory processing protocol identified by the
menory type val ue. 54. A conputer system having a
plurality of mcroprocessors and an external nenory, each of said

m cr opr ocessors conpri sing nmeans for storing nenory type val ues
identifying a menory access protocol appropriate for accessing
correspondi ng nenory | ocations within the external nenory; ' means
for generating a nmenory nlcr0|nstruct|on specifying a nenory |ocation

W thin the ext eterm ning the nenory type
val ue correspo dﬁﬁgﬁ%glthe menory | ocation spegified by the néhory

m croi nstructi ES SET T@HWET fQr accessiing said menory | ocation
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