BC9- 88- 005 1 DATA PROCESSI NG APPARATUS g}qﬁc\ano .

SELECTI VE ‘| N8&#8tb6d PREFETCHI NG DESCRI PTI ON The present invent

to data processing apparatus with selective instruction prefetching..
Background information respecting the 80386, its characteristics and its
use in mcroconputer systens including cache nenory subsystens are .
described in "Introduction to the 80386", April 1986 and the 80386 Fbré@are
Ref erence Manual (1986). The characteristics and operating performance of

t he 82385 are descrlbed in the -ubllcatlon "82385 Hloh Perfornance 32-Bit
Cache Control | ePAIRIEROPESS BPARAIL ; ON, PRETERCHING: o
Corporation. In n1croconputer systens as in other conputer systens speed
of operations is an inportant criterion which in npst cases has to be

bal anced agai nst system cost. Many features which were first introduced to
speed up operations in nainframe conputers and mniconputers are now
finding their way into m croconputer sy,;gsgggﬁ bese include cache nenory
subsystens and pi pel i ned operations, t r requiring instruction
prefetching. In older systems, the termpipelining had a further seriality
.and timng connotations but, in smal | er systens, such as those indicated
above and as Lhe termis used t he makers thereof, is now satisfied by
instruction p %fpetteéﬁ?ﬁdnv?’?'ltié’B e]rﬁtffofﬁ)l‘?ﬁﬁ? é?r°§§§?’éﬁ?sa‘(‘?a(frat'é§<é‘?‘fﬁpe t hose
enpl oyi ng t heeheatigprisessaric8ORBFetchimel i ned operations are an attractive
operating option. For 80386/82385 m croconputer systens the 82385 cache
controll er provides next address (NA) signal which it is suggested shoul d
be connect edBagkaround riafporatiing respecting the 83886 .itEhrhargctenistics and

tes
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BC9-88-005 jts use in microcomputer systgan HecBedife tLmSA&idryt BbdYatahdRadk t o _

t he, 80386 prior to conpletion of a
described in "Introduction to the 80386", April 1986 and the 80386

Hardware Reference Manual (1986). The characteristics and operating
perférmance of the 82385 are described in the publication "82385 High
Performance 32-Bit Cache Controller" (1987). All of these publications

are produced by Intel Corporation.

In microcomputer systems, as in other computer systems, speed of
operations is an importaht criterion which in most cases has to be
balanced against system cost. Many fea;ures which were first
introduced to speed up operations ih ﬁainframe-computers and
minicomputers are now finding their way into miciocomputer systems.
These include cache memory subsystems and pipelined operations, these
latter requiring instruction'prefetching. In older systems, the term
pipelining had a further seriality and timing'connotations but, in

smaller systems, such as those indicated above and as the term is used

%

by the makers thereof, is now satisfied by instruction prefetching.

In some microcomputer systems {(for example those employing the
microprocessor 80386), pipelined operations are an attractive operating
option. For 80386/82385 microcomputer systems the 82385 cache
controller provides next address (NA) signal which it is suggested

should be connected to a corresponding input on the 80386. This allows

e



given bus cycle to enable the 80386 to output information (data, address
and/ or controlgcofas-obhe next operating cycle The timng is arranged, along
w th cennected conponents, so that if a cache operation is the given
operéation, information for the given operation has already been accepted by
the cache nenory and therefore changing the 80386 output information to
correspond to the next cycle will not interfere with the operation which is
in the process of being conpleted. This also holds true for situations in
whi ch a cache mss condition has occurred requiring._reference not to the
cache nenory Bt §3538rats afesmh P%i%ﬁ”ﬁ@&eﬁ%q‘?‘ﬁ qf’é’gﬁ PRRE §P cemRACkiPn 0f 13
bﬁf fers whi fh dileen m‘uﬁr@abogﬁleh%w?aéimss mpeﬁtﬁuﬁgmmmngmn St i on.
The 80386 al so has the_c¢apabil.i eratjing wt, at, is referre 0 as
dynami ¢ bus si‘ﬂgﬁﬁs.s Tﬂ%;‘%fgﬁ%’&z]"iyrf%ﬁi ﬁ’gﬁ I"‘ﬁ"‘la %ﬁfﬁﬁ’f’grr%vc%fehe, F.te.mif‘ﬂe’%svm dt h
of the data busrasged? gidrg. withwewmrectéd cofip@rfitsarsoopmatatif avicabhel @peration

S S S e e S0 U G bt S

a BS16 signal “whi vided fot I cate"the presence of " a
16-bit devi ce.beEncaRepted; byrthe racherpemqranand sherpfoge @nging Khe SPEBk t hat

it has perfor kipie 3aTBidat20L ! E¥hespdnd YR A& &feldivilliavt Cintearuial ,
.in one operation, transfer the 32 bits of data which the 80386 |ds capabl e
|

of generat i ng “d%h/ the gpexatiem yhigh js in the PraFess At PSRY coRpipLsd sThis
necessary and {136 K386t RS pa@itiatibhe iRSHbich §naiche anidst cormicia hys
generate the next cessalr. cycle. In order f this t 0 | to
be successf ul %ﬁgﬁrﬁ 5e%§§q irse¥fﬁeensc nfeh gitshea s%hen{é'(g:né"s% gﬁ/t %8?"91%&2}'%%%5
to have inf or reinceraccespeant maip meroxyhis atjeclatshed tuffers whichkhexpforet in
the oper ation sa.Lhaleol a8 NeddelinOutd\g: 803 8BetarabRl [ DI ovi dent |y

escril

generated. As ed in the referenced I ntel publications the 82385
reqh'i/res. device information at the beginning of a cycle in contrast to the

80386 whi ch Cafheagset afety has ttheNcAabi Ty BE WpsRhting withs what iiel tefelrpéd ol N
the cycle. as dynamic bus sizing. The 80386 is noﬁinally a 32-bit machine, i.e.
the width of the data bus is 32 bits. However, the 80386 can operate
with 16-bit devices (devices which will transfer only 16 bits of data)
by responding to a BS16 signal which is provided to the 80386 to
indicate the presence of a 16-bit device. The BS16 signal is important
to the 80386 in the event that it has performed a 32-bit operation. Of
course the 16- bit device cannot, in one operation, transfer the 32
bits of data which the 80386 is capable of generating and/or accepting.
Thus, a second operation (cycle) is necessary and the 80386 responds to
the BS16 signal to automatically generate the next, necessary, cycle.

In order for this type of operation to be successful when the 82385 is
present it is also necessary for the 82385 to have information
respecting the character of the device taking part in the operation so
‘that the NA signal to the 80386 is not improvidently generated. As
described in the referenced Intel publications the 82385 requires
device information at the beginning of a cycle in contrast to the 80386
which can accept and act on device information substantially later in

the cycle.
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BCO- 88- 005 ' 3 In some mcroconputer systens, this
constrai nt pts-ggcompt ed by correlating the address of a device with its size
so that for exanple all 32-bit devices are in a first predeterm hed address?
(ange and all 16-bit devices are in a second, different address range, By
this technique then, the size of a device can be determ ned by itsigd‘dress.
However, in systens which require the flexibility of |locating a w de _
vari ety of devices within wi dely varying address ranges, t-his constraint
cannot be conplied with. One class of such -systens are those enploying the

| BM M cr o- EmARE| ™MCFRyonRySer |syshers,y Ris eanstrphet dgi serepyed &s of the
fpregou;g &amaaﬁxgeﬁiaﬁaagg% 3€ 4 Qe gﬂﬁ ik8tdizR g&ft&xaelifta&t éﬁta.pﬁz% its

si ze. wevers ,..sjnc e requires vice,size _information to_be

Svaii abl o B0 pRebHc Geifen st 1a B ret areterermiged aarapcransenid aLl

i nf or mat i ohé+ksitoddvicas cdrealh & set@rd, i diffeeernty aidresishedmyel. S BEyhehfossi bility
of an i mPr eylilalbe Wied! AB! a1obSE &f QLF1del cht 13 alUGfled by 1 REASED!

i nvention to provide ah arrangenent 1n a m croconputer sygtem I'C
selectively controls the NA signal so that it is coupled to the

M Cr Opr oCefskive?! th YPStems HARICAPEdflie GHeCEIB BILRS of Moty &/WiaUNBt ances
the NA signal is prevented fromreaching the mcroprocessor. Preventing the

NA si gnal VROt 2k FEFtreshEl thid, Bifled¥ ceaying addesnss rpngssr i H¥& oper ati on,
i.e. it preysstraiitcagfitcbatdoaplida WDtk NMohé RNaddofasuddX by Sdkmscadeef ore the

gi ven cycl g,_has _been.co Ie%@? Wih thi E x{ bl e control of the NA
si gnal , thgh C PO °|¥E§ﬁ? erqf‘es 'gﬁ??a%hmﬁio Jébﬁak'ésw th dynam ¢ bus si zing,
i.e. it can now operate with devices of various sizes w thout information

at the DeOhing Qlackhlf, WElRaAg HALbAS o e Ghridlind Wel® PHDLOBRLA! €0 .

wi th. Cacheabl e device e. dévices generatin I ch can be cached,
are necessafinepsed will rptprecn indicagiem ofelfsc 8324rayvHowAYSFesiage the

(speci fi cabbiss re@fires dlivias igide COFAAMbht 4o bl AvalliB6le d8ViHeCBeginning
' of a bus cycle, in systems where this information is only available
later in the cycle, there is. the possibility of an improvident NA

signal.

Therefore it is an object of the present invention to provide an
arrangement in a micrbcoﬁputer system which selectively controls the NA
signal so that it is coupled to the microprocessor only under
appropriate circumstances. 1In other circumstances the NA signal is
prevented from reaching the microprocessor. Preéenting the NA signal
from reaching the microprocessor prevents pipelined operation, i.e. it
prevents the generation of information for a next cycle before the ;:;
given cycle has been completed. With this flexible control of the NA
signal, the microcomputer system can now operate with dynamic bus
sizing, i.e. it can now operate with devices of various sizes without
information at the beginning of the cycle as to the size of the device
being operated with.

Cacheable devices, i.e. devices generating data which can be cached,
are necessarily 32-bit devices. All such devices have addresses '

(specifically, tags) indicating cacheability. All other devices
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BCO- 88- 005 4 (whether or not 32-bit devices) have
addresses indicating information they generate w Il not be found in cache.
Gont r o> of th@cmssg%al depends in part on dcacheability. Specifically,
singe any cacheable device is a 32-bit device, there is no question of
|nprOV|ant NA signal s when operating wth cacheabl e devices. Furthernore,
in the event of a cache hit, there is no question but that the NA signal is
appropriate since only cacheabl e devi ces (32-bit devices) will produce a
cache hit. Thus an inportant feature of allow ng dynanic bus sizing and

pi pel i ned 0per§@ﬂét‘ﬂ@§ drS nBE S35eRi L g?vﬂgeé.) NP L& LS gléiédtggglinffggnmtion

reaching the 80386 i n the event assertion of an a
non- cacheabl e tBeX igeBerate wildr pefy benfounduin caghe o Cgntred ef the NAvségnal he NA

tsuh gnalthhas bleeépérﬂhiﬂttpﬁﬁli ,onl Eaéﬁé:’aﬂﬂict'gt tepR cﬂfiﬁaqtﬁyl %19<|=e3%nplaacﬂeéﬂ1teﬁ
en the cyc onpl, et es._i.n nQrna i 0 ou elinin e
ot her handy geY’tcrétpﬁ?r?siatﬁ"tdg?‘fjr‘Fﬁ tﬁl—?rﬁo{'ﬁ 218 Hesth Bgc’r"é’rf’ £ nER devi ce

bei ng oper at edlgnatlls wiendofiératihg ddth cmcbeahiet Jmue;el e Fustieridre)i incghel €) ,
then the m cropy &Ceﬁsorcagﬁé‘%&%t ett eth addi 41.apaly »i %‘f.ﬁ%%& f 51§ a1 kS
enterd ia° i i P2k Akes no

operation is entirery® (ranspar c c & con
part in contrepb¥apgiatee sérempulyicacherblacdenices s(32fhitalevices) \uné prodince

bei ng operated wida hik, “Swﬂ%f gg@sreﬁt%égthréea@ G810vil§ yhbfic bus sizing

m croprocessor "sees' Ice so that it o&erat es exactly as ha
been descri be@nd ﬁlpﬁh@eéa%@%wst he RYSYeRidngsoxr, inkihyiting dhe WA signal ﬁé‘?m

words, it "seggactdngbrHd BoIEBYiif heOetdiitt ofifds@erdilon o lasitadarebe tosaconpl et ed
(during which cycle it is_infornmed that it is operating with a 16-bit
device), a seES‘chaE%?be‘e deY&Rerat ed. However, not only transparent to the
cache control ler, but also transparent to the mcroprocessor, other |ogic

CONVET t's_each 18! 4fignd Wbl doubE! 45 500+ obHCc/H1G" AleR6 SHR0Hn | d1Rat ¥2s etk

cycles. Thus int
inhibited), it turns out the device is a 32-bit device, then the cycle

completes in normal fashion (without pipelining). On the other hand,
if it turns out during the course of the cycle that the device being
operated with is a 16-bit device (and the cycle is a 32-bit cycle),
then the microprocessor generates the additional, necessary cycle. This
operation is entirely transparent to the cache controller, i.e. it
takes no part in controliing the second of the two cycles. Finally, if
the device being operated with turns out to be an 8-bit device, then
"the microprocessor "sees" a 16-bit device so that it operates exactly
as has been described for the case when the device is a 16-bit device.
In other words, it "sees" a 16-bit device so that after the first cycle
N ~ is completed (during which cycle it is informed that it is operating
with a 16-bit device), a second cycle is generated. However, not only
.transparent to the cache controller, but also transparent to the
microprocessor, other logic converts each of the 16-bit cyclee of the
microprocessor into two 8-bit cycles. Thus in the case where a 32-bit
cycle is directed at an 8-bit device, the cache controller takes no
part in the operation, the microprocessor generates two 16-bit cycles,
and other logic operates on each of the microprocessor 16-bit cycles to

generate two 8- bit cycles.



cycle is directed at an 8-bit device, the cache controller takes naq part in
the operatg.gngg. fohe M croprocessor generates two 16-bit cycles, and other

| ogi ¢ operates on each of the mcroprocessor 16-bit cycles to generate two *
8- bit cycles. BC9- 88- 005 5 Thus, .in acGof dance
with the invention, there is provided data processing apparat us cow si ng
an instruction execution unit of a given bit wdth, an asynchronous next
address generating neans capabl e of generati ng, when enabi ed, the address

of the next instruction required by the instruction execution unit during
executi on Tatisf He acirdandd @htlctheeirivientiong Ctlieregis \Wrevided darsi ructi ons can

be prefet %g%eesﬁ{{ggg%p%ﬁgtdsn %Jrqgﬁ;b? the execution unit with addressable

system co e safe an smaller bit widths, the system
conponent addresses within a certain-specified range of system conponent

addresses T el gl BsEhek i )éﬁé&httignccﬁxrﬂ?o&?%t §ivth bIEw3a0H, Pt wdth as that

of the execution unit, neans for generating a next addr ess signal as a
function of the execution of the instruction currently executing to enable

t he next addreﬁsaeﬁmaﬁtmgnemaadﬁéﬂ %&tix@f m@éx@/eaﬁme & next address
si gnal becom n ava| J abl e duri ng $ R%n i nstructi on relating to an
address out si dZPPERREINTe TR BPAREE Sss R BEF TR EBICEAR i nventi on

Wil now be dessguilbeti bybghmysuhcemkequtam mntdmne(kmﬁhoexemthes of
the prior art, jrn%:%@ A e&&'}gﬁtﬁprz&é‘&&ﬁ é{'éﬁfﬂn MG cddpghi ch: Fi g.

1 is an overal i Mensi o Vi ew m Croconputer syst em
whi ch may enbcnﬁﬁfﬁh@eérresent i nventi on;

means for interfacing the execution unit with addressable system \‘)
components of the same and/or smaller bit widths, the system

component addreSses within a cettain'specified range of system

component addrésses relating exclusively to éomponents of the same

bit width as that of the execution unit,

means for generating a next address signal as a function of the
execution of the instruction currently executing to enable the

next address ggneraﬁing means and

means for preventing a next address signa; becoming available
during execution of an instruction relating'to an address outside

the specified address range.

An embodiment of the invention will now be described, by way of
example, and'COntrasged with examples of the prior art, with reference
to the accompanying drawings, in which:

Fig. 1 is an overall three-dimensional view of a typical microcomputer

system which may embody the present invention;

Fig. 2 is a detailed block diagram of a majority of the components of a

microcomputer system embodying the present invention;
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~Fig. 2 is  a detailed block diagramof a majority of the conponents of a

m crocorrputer ®psg®wogrbodyi ng the present igivention; BC9- 88- 005

6t FIn(g ‘3 is a block diagram in nore detail than Fig. 2, show ng those
connect u)ns bet ween the micr oprocessor and the cache control | er recommended
by the n@_,uf acturer and which is useful to an understanding of why such an
arrangement is inconsistent with dynam c bus sizing, Fig. 4 is a nore
detailed block diagramsimlar to Fig. 3 but illustrating application of

t he present invention which allows both pipelined instruction sequencing
and dynami ¢ bfd9si ¥iifg2a Blogk diapzam.dinimaredéetaiil cthapl Bide @i spouinmthose

appar at us whi cdonhasellons Yedwbén &nbiicey &-eEéB}V%ﬁé'&@ cé’Hﬁ@ &ritso1feANd 7 are
a timng diagram an%?s% OCE?dI ag am of the latch DL and its control signal

LEDMA (Lat ch EfSBFR® faqtiizer apd aeh t 1o ueSTHIN 1R By Undgyatanding

subsystem i s iaft ehy @nell dno attengekbhtd Qs aincbhsidtependth @ndatenua izfifhes ent
clock) to avoid possible contention on the system bus 250. Fig. 1 shows a
typical nicroconputer systemin which the present invention can be

enpl oyed.  As FHigwnd isha mrrerdatedped dlogy diegraOsimitpriwefig. Bubler of

conponent s whi Qi yg¢fating %Si’mg.aﬁ bt OO E)Q@%edutwﬂx%%ﬁ%ﬁ el Rh Yows? bé?_’l? tem

unit 30 is coupled to and drives a nonit as a conventi onal video
di spl ay). The Ripetinpd ingtrygticn sequencingmpred dcYéa‘P#i’thls ddeie®s such as a
keyboard 40 and a nouse 50. An out put device such as a printer 60 can al so

be connected tq t unj t .. FLnall the systemunit .30 nmay_incl ude
one or nore di E |’\7e§‘_'rq:?ﬁﬁhde§§§f%%?§‘kd¥#? %apﬁir%“ﬂ‘"ﬁ& hhandlesed
bel ow, the sysltetotfrbit 3yclepramessiba; iandut devi ces such as the keyboard 40
and the nouse 50, and input/output devices such.as the disk drive 70 for

pro@/di ng signals to drive output devices such as the nonitor 20 and
. Figs. 6 and 7 are a timing diagram and a block diagram of the latch DL

and its control signal LEDMA (Latch Enable from DMA) to illustrate how
the synchronous DMA subsystem is interfaced to the CPU local bus
(operating under a different clock) to avoid possible contention on the

system bus 250.

Fig. 1 shows a typical microcomputer system in which the present
invention can be employea. As shown, the microcomputer system 10
comprises a number of components which are interconnected together.
More particularly, a system unit 30 is coupled to and drives a monitor
20 (such as a conventional video display). The system unit 30 is also
coupled to input devices such as a.keyboard 40 and a mouse 50. An
output device such as a printer 60-caﬁ aléo be connected to the system
unit 30. Finally, the system unit 30 may include one or more disk
drives, such as the disk drive 70. As will be described below, the
system unit 30 responds to input devices such as the keyboard 40 and
the mouse 50, and input/output devices such as the disk drive 70 for
providing signals to drive output devices such as the monitor 20 and
the printer 60. Of course, those skilled in the art are awére that
other and conventional coﬁponents'can-also be connected to the system
unit 30 for interaction therewith. In this arrénqement, the

microcomputer system 10 includes (as will be more particularly



the printer 60. O course, those skilled in the art are aware that other
and convengdgagalogsonponents can al so be gonnected to the systemunit 30 for
interaction therewith. In this arrangenent, the mcroconputer system 10
includes (as will be nore particularly BC9- 88- 005

R

7 described bel ow) a cache nenory subsystem such that there is a docal

bus interconnecting a processor, a cache control and a cache nenory Wwhich
itself is coupled via a buffer to a systembus. The systembus is

i nterconnected to and interacts with the 1/0O devices such as the keyboard
40, mouse rFeriped balow)ca mRchaAmOsY spbsystempspgh shatghersdsheGRBre, t he

SySL em uni Ioo%? by iftéreohnedtide éigicbéédiobu% CacRY" bszl;%maad&!dsréhc@eannel (T™M
architecture for er.conpect i on bet t syst em bus ot

i nput / out pTﬁ"”ﬁ%va‘@é "r-“SP FRURle; e’?/%%eﬁl*r?c? %ﬁ%&?‘%ﬁsl'l ™t rating the
various cosgstenrius b iaxtey‘lmrmaeted to codnnteracty stielnthe BT deviveseswdht h t he
present | ”é(se%éox{k Basd Yo! Gk % e 65 478G ﬁSﬂF@BbS'nﬂgzgﬁl 30 &%dgﬁﬁ&eﬁ%
control conponén g)b provi des t’he connecti oh of “a m croprocessor

(such as a?ms:@sg@re.athyaemteeomnoﬁom flad dncinde imbliaéléuanc@m%imache

control I ery akdo %r{aﬁﬂgpfl‘rﬂﬁ%&éﬁu&%%ﬂf‘e FBRDintefoohneft £ oMl dean the CPU
ocal bus 230 is a buff 240. The buffer 240 is itself connected to the

syst em busSyEigm %ﬂ%é"%(ﬂ%ﬂ'sﬂ“ﬁbt/ﬁﬁl’%"s§”t%ﬁsa and control conponents. The
system bus 250 extends bet ween the buffer 240 and a further ‘buffer 253. The

t bus, 250 b t I t 265
e 5 Pt & B gl SRl DABHR 3 b LLRS" ST 000
control anconponemts ef mﬂmm%m@cmmnaﬂstamm aa:tqr@and wibintth835. The
mai n ”emryre%igt'ﬁvéhéﬁncorﬁ‘%b%éaﬁ? Bu2C 280 gsﬂgﬂg.%n TQ%&P@és”aHE”DW

I ncludes & nenory control elenent 351, an address nu t|p exer 352 and a
dat a buf f efor$Tgl crmperentsh Rrovides £oF riher eenmestiondofia mirrapsPGessoEn®aft s 380

t hrough 364such as an 80386), a cache control 260 (which may include an 82385
cache controller) and a random access cache memory. 255. Also cocupled on
the CPU local bus 230 is a buffer 240. The buffer 240 is itself
connected te the system bus 250, alse comprising address, data and
control components. The system bus 250 extends between the buffer 240
and a further buffer 253. The system bus 250 is also connected to a bus
control and timing elemeht 265 and a DMA controller 325. Aan
arbitration coht:ol bus 340 couples the bus control and timing element
265 and a central arbitration element 335. The main memory 350 is also
connected to the system bus 250. The main memory includes a memory
control element 351, an address multlplexer 352 and a data buffer 353.

These elements are interconnected with memory elements 360. through 364, g_/

as shown in Fig. 2.

A further buffer 254 is coupled between the system bus 250 and a planar
bus 270. The planar bus 270 includes address, data and control
components, respectively. Coupled along the planar bus 270 are a
variety of I/O adaptors and other components such as the display
adaptor 275 (which is used to drive the monitor 20), a clock 280,
additional random access memory 285, an RS 232 adaptor 290 }used for

serial I/0 operations), a printer adaptor 295 (which can be used to



as shown in Fig. 2. A further buffer 254 is coupl ed between the system bus
250 and a pl are9-a8480%70. The pl anar-.bus 27@ i ncl udes address, data and
c~ontro| conponents, respectively. Coupled along the planar bus 270 are a
vari ety»of |/ O adaptors and ot her conponents such as the display adaptor
275 (whigh-is used to drive the nonitor 20), a clock 280, additional random
access menory 285, an RS 232 adaptor 290 (used for serial 1/0 operations),
a printer adaptor 295 (vvhi ch can be used to BC9- 88- 005

8 drive the printer C}) i_ner 300, a_diskette adaptor 305 (which
cooperates wi BR-¥hERi §I%n5?5 §8) 7@ timer 30Q.ar distkettnadaptar 383 Jwhieh r ead
only nenory . 3itGopetated ufitiertha5didicatiplec@0)0,N afNErtek Aot Goitd1 5845 388N dHds 250)

i s coupled on %%°8%€%§§’b’j%éuo the Mcro- Channel (TM sockets 401 of the

M cr o- Channel S 320 can support devices of various size
including 32-bit devices, 16-bit devices and 8-bit devi ces A typical

memory devi CeTﬁ@%uEfexsagim(c‘quﬂdegn%et beadds 320w 05 8l 05 3d'aniagse of

this bus is the flexibil e user I's provi ree
various devi c88 the eHherdpides ta fhesiqror sChapnel, (TM) stickets xlphgoibfthe hese

devices and t Reiro-ORARRLAMGS Bis dnzbfe@aatsz@oe&etsappaﬁvemi%ey& Japfldisessi ng
or the necessity of the .present

allocation and,is
i nvention. Ab&Hf 1{“5’2 &5 s%ngf? %?gh‘ﬁsdnle'thrjré dqyisss 8"2‘§8%1?htcﬁ’%ﬁﬂﬁut 8r
system as destypived nesoey niewbcd B3beisishtvar cobpledyoprihechisd26, 00he I ghe

pi pel i ni ng Opﬁé\f"atnktgﬁésp% ltse%lgpi'il ﬂeyff&%gfé f‘*‘%nf aul Ig/pggelsd%gl oy caused

by i mprovi dent " or propriate pipellning
sel ect ed i nt efxepidcindeghsvaricvedevicas 2803%@ émifeSQnB&pckeﬂsat atyaritb. The

generation angi4isg & thbse Iﬁ%iﬁcé%dgﬁ&%e.{%péé%@la  at? 31 FRGQATRAdRG PY the
maUacturer More particularly, the inter
prevents rigid addressing allocation and is a prime reason for the

necessity of the present invention. Absent the present invention, the
80386/82385 microcomputer system as described herein would be either
wholly prevented from using pipelining operations or alternatively
subjected to faulty operation caused by improvident or inappropriate
pipelining qperatiohs.

Fig. 3 shows selected iniercqnnections between the 80386 and 82385,
relative to generation and use of the Next Address (NA) signal, as
recommended by the manufacturer. More particularly, the interface
between the CPU local bus 230 and the system bus 250 is the buffer 240
whose components include a control buffer DL (for data) and AL (for

Y, address). As shown in Fig. 3, the dafa cémponent of the CPU local bus
(CPULBD) is one input/output.connection for the DL, on the CPU local
bus side. Likewise, the data component SBD of the system local bus 250
is the input/output connection to the DL, on the side of the system bus
250.  The buffer DL is controlled by its input signals LDSTB, BT/R and

- DOE. LDSTB latches data into DL and DOE enables the output of DL. The

direction from which input is accepted (CPU local bus 230 or system bus
250) and to which output is difected (system bus 250 or CPU local bus
230) is determined by BT/R. Likewise, the address component of the
buffer AL has an input from the address component of the CPU local bus



bet ween the CPU | ocal bus 230 and the system bus 250 is the buffer 240
whose conpgheRksydgncl ude a control buffep DL (for data) .and AL (for
address). As shown in Fig. 3, the data conponent of the CPU | ocal bus -
(CPULBD) i s one input/output connection for the DL, on the CPU, | ocal bus
side. Likew se, the data conponent SBD of the system | ocal bus 250 ~h.svthe,
i nput /out put connection to the DL, on the side of the system bus 250.” The
buffer DL is controlled by its input signals LDSTB, BT/R and DOE. LDSTB

| at ches data into DL and DOE enabl es the output of DL. The direction from
whi ch i npulCHULBAL gt & o@€pit ftocttie bddre33Ocampongrst of thes sPStm Bowhlt busvhi ch

output is gig qsaﬁﬂe( Byt SIS £ahih, g@g %9%%{?:?}&?1*: {PN%&%&?&@ ned by

BT/ R Li kew se ess conponent has "an rnput from
t he addr essmt}'éﬁb%ﬁﬁehv s t¥e cept;qlogaqmq;gsBACP e BAGE(the former latches

9 (CPULBA) adid¥ds8 NiriZdtiati oh O AdCCRIBA Chift oC RUNRACHlle qstééieeﬁabifee m.:{eoc al bus
250 (SBA). In a simlar fashion, the_ AL conmponent of buf fer.

control | ed°‘bt59“|tt st @note Sher systen s §S%Acﬁl’%lﬁ8“ms"?’ﬁésf%r l?°§t'ches
addr ess i nBxgRTahd GBACEraxfe HFdiBAd | fdroby\lthenskIsBe | atter enabl es the out put,
I.e. to the system bus 250. The control signals LDSTB, DOE, BACP and BACE
are provided for by the 82385. The address conponent CPULBA of the CPU
| ocal bus P13 addressnaomponant (CRULER) & 6then GPY Hocdhttmsc 23t ombginaCeilaBDtiod t he

CPU | ocal ByHpe?30 %egaaratsax REAY BBbAD BF éﬂaecﬁ@%gﬁa}]ms $£385 uses two

additional signals X16 and NCA 1n the generation o e NA signal. The X16
si gnal i ndPEigiBatef(éeruinates atethe 80FBf-ch i s being operated with is a
16-bit or 32 bit device. One sOUrce of the signal X16 is the Local Bus

Addr ess De [ BAD facturer commends, that the

si gnal BSl gzﬁéééd's %)tt ‘241 ﬁﬁ? fBgn gequudﬁ NC%S&’G? 9ssEEtian Phe

80386 to i tie MAt sidnalt h@hﬁOﬂ&Gsm@eﬂthidaeesjweﬂee:behmgae@pﬁ ahech st h 1S \_L-g

or 32 bi tsbéi%gsbﬁé§atéﬁswyéﬁcf% %fls-bit or 32-bit device. One source of the
-signal X16 is the Local Bus Address Decoder (LBAD). In addition, the
manufacturer recommends that the signal BS16 be tied to the signal Xle.
The signal BS16 is input to the 80386 to indicate to the 80386 whether
the device being operated with is 16 or 32 bits in size. A source of
the signal BS16 is a device address decoder, such as MAD. MAD
represents the address décoder of any device coupled to the system bus
250 or any'dther bus coupled thereto such as'thé bus 270 or 320. When
a device such as MAD recognizes its address on a bus address component
such as MA, it returns the signal BS16, which is high or low depending
on whether the device is a 16- or 32-bit device.

The Non-Cacheable Address (NCA) is another input to the 82385 which
indicates whether an address asserted is a cacheable address. A
cacheable address is defined as an address for a device which is
compatible with the cache subsystem and hence is a 32-bit device. This
signal- is genérated by the Cache Address Decoder (CAD) by virtue of an
input from the address component of the CPU local bus 230. The

" manufacturer suggests that a portion of memofy can be set aside as

non-cacheable by use of this input to the 82385.



the signal BS16 is a device address decoder, such as MAD. MAD represents

t he address dgf‘;&'?% . any device coupl ed ;9 t he system bus 250 or any

of her bus couple t?lereto such as the bus 0 or 320. Wen a device such as
MAD{recqgni zes its address on a bus address conponent such as MA, it
returns L,e signal BS16, which is high or |ow depending on whether the
device is a 16- or 32-bit device. The Non-Cacheabl e Address (NCA) is

anot her input to the 82385 which indicates whether an address asserted is a
cacheabl e address. A cacheable address is defined as an address for a

devi ce which e cnenpmdnldbe architedctere ddhestrabed shemand privd@es Soa 32- bi t

device. This t e D

ViTtue of an LEALriys piBERGied Sitedtaall BURdE SECREIR REARIT pidsE dnytne
- The manuf act ur&rtheyfoldowing [cdrcupspancéson of nmenory can be set aside as
non- cacheabl e by use of this input tp the 82385. . BCg 88-005.

10 The recomrended architecture illustrated in Fig provi des for
effective pi pdli deredladevdnes (epreckedoto tthe sP~Y7§t§"r“d’f‘|’él #3Q,°8e3nYaRYS one of
t he fol | ow ngcéapleantietiees drelld2-bierdevikés, deyi ces connected to the system
bus 250 or any bus coupled thereto are 32-bit devices, or 2) where the
devi ces connected to the system bus 250 or any bus coupl ed thereto may be
32-bit or 16-B)t wheve die, dedicks mpnasctedetsithrasysted hus 25Qickradiyebas t he

begi nni ng of S £ 3bbE a al b
el bHAATh P A e

et ermines ia&n it is no
appropriate, it is not generated. Thus | n the event the 80386 is operating

vvltha32 bit device, then the NA si i's norrral enerated prior to
| etion of “’ae'gut&‘ér?"éyéf%*‘arlofs &rpd 1ﬁga‘b|tB§|‘?“1‘ié ’d% PELA GAVETORYE HE SOt her
han I f the dReis2885 based on that information determines whether the NA signal is

appropriate, and if it is not appropriate, it is not generated. Thus
in the event the 80386 is operating with a 32-bit device, then the NA
signal is normally generated prior to completion of a given cycle for
effecting pipelined operation. On the other hand, if the device is a
l16-bit device, then the NA signal is not generated, allowing the 80386
to generate the second necessary cycle for proper operation with a
16-bit device. '

However, the architecture of some bus subsystems (for example the
Micro-Channel (TM) bus) provides for the mixing of 8-bit and 16-bit and
32-bit devices. Because the signal BS16 is not returned until sometime
U _ after the typical device MAD has recoénizéd its address on the bus

- subsystem, it is not generated early enough for the 82385 to take into
account in determining whether to generate NA. Accordingly, the
peculiarities of the 82385 make it incompatible, particularly in the

- generation of the NA signal, with bus subsystems having the flexibility
such as is exhibited by the Micro-Channel (TM) bus.

‘Fig. 4 is a block diagram similar to Fig. 3 but altered for use in

accordance with the present invention. Before describing the operation



16-bit device, then the NA signal is not generated, allow ng the 80386 to
generate tg&g §§%g?d necessary cycle for,proper operation with a 16- bi t
devi ce. However he architecture of sofie bus subsystems (for exanple the
M cro- Channel (TM bus) provides for the mxing of 8-bit and 16- b|t .and
32-bit devices. Because the signal BS16 is not returned until sonety

after the typical device MAD has recogni zed its address on the bus
subsystem it is not generated early enough for the 82385 to take into
account in determ ning whether to generate NA Accordingly, the

pecul i ari tdfeShofappanaat&EB%wnaice Fig. iqycanparbeb|of, thadiftedencey hebwédne
generatio , S subsystens having the flexibility
such as |sr} xhliggfed b aée R/ﬁmcr %annel (TM bus. Fig. 4 is a block
diagramsinmilar to Fig. 3 but altered for use in accordance with the

present i rjeRNhdRE dF@E‘eQEEcéj‘ﬁCEHaQ' £19e bleputiRek B 1208 na £RYtRE-44385 are
11 of the apiar atus shown in g}j%téﬂé. a nunber of the differences between

Figs. 3 arfP Aongen upidizedc Ing RPN 1agtq éllé‘f‘ﬂ!"é" f% ishipterpesesut put s
X16 and Nhbétweén ithe £¥3885ard enamobm.gemwmobia@ieméﬂt etl dyenePitesathieW | 0gi C

el enent erg ed. bet ween the 5 and the 38 e |l ogic el ement
CL generg!t-c ?%h% eg?‘%ﬁ‘é‘ﬁ ‘i eBT“ém ng ts},}gn%lmfggxa% %38§g fTng t he
82385) . Thiwgliogundtul tisCresponsiap b stheeNC stifea INErom itha FADRr ol BARS CADR and
BADS si gn etl.%Z T ( u Is a :
si gnal ge?#‘ergtse?rtnl;l 353%385}11\?}1(&8% (Byéﬁggﬁ %%tr, ;'é%gé?'ocal addr ess
bus is avatigapl @enﬁﬂf@d@m@eo‘?ﬁ%&“}%‘ aryaldd addyeph Lprithe 8935 is not in

control ofaddr@sd Basl iPdvasmabirel ahse 82885 lau%pa@&en@ﬁ-s%@d WEén 2he
i ndi catlon%%fﬁ a, cache m ss. The I§gg| cC e al so h%s an |nput BWR .

|
i ndi cat i nPatRetieretir sortreh o facéleérleaa?de&& Btsox 1f iits abgenggq | be

descri bed,proiides BYY/ fhdisatizmdof ra aaclenhiss Nethe dbgic element CL also has
an input BW/R indicating whether any system bus cycle is a read or a
write. As will be described, while BW/R is used in an embodiment of

the invention, it is a signal which is not essential.

The decoder CADR receives, in addition to its inputs from bits Al7-a26
.and A31 of the CPULBA, Progfammable Cacheability Bits (PCB). In an
embodiment actually consfructed, the first of these three bits
represents a decision to allow caching ROM space. A second bit either
enables the decoder CADR to output NCA based on the decoded
information, or alternatively, to declare all accesses non-cacheable,
i.e. assert NCA regardless of the asserted address on the CPULBA.
Finally, a third bit indicates, in oné'stéte, that address space \;/
between 0 and 8 megabytes is cacheable and that address space between 8
to 16 megabytes is non-cacheable. In the other state, the bit
indicates that address space in the range 0 to 16 megabytes is all
cacheable. If desired, the effect of this bit can be multiplied by
simply reflecting the status of the first 16 megabytes through the
succeeding'ls megabyte ranges. Of course, the use of these particuiar
cacheability indicators (or others) is not essential to the invention.
It is, however, important to arrange the CADR so that it can quickly

decode its inputs and produce NCA. In an embodiment actually
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the invention, it is a signal which is not essential. The decoder CADR
recei ves, |nBaC(3d13 0%'3 to its inputs from E:E%s Al7- A26 and A3l of the
E@PULBA; Prograrmabl € Cacheability Bits (P In an enbodi ment actually
construgted, the first of these three bits represents a decision to allow
cachi ng«RGAN space. A second bit either enables the decoder CADR to out put
NCA based on the decoded information or alternatively, to declare all
accesses non-cacheable, i.e. assert NCA regardl ess of the asserted address
on the CPULBA. Finally, a third bit indicates, in one state, that address
space bet weercdisgnsttRaegabyimngi windew mabbfomuedidhat wul)r efsin S@BGE bet ween
8 to 16 negabyjes is non-ca le. In the, other SE’% t he Qit indicates
that address ‘{%8% 95 °F qg‘er §ﬁ'§§go o5 i%zynﬁﬁ%ﬁlt 53 ez 2L 88bl e, 1 f
desired, the reinbeet¢ong@B.this bit can be nultiplied by sinply reflecting the
status of the first 16 negabytes through the succeeding 16 negabyte ranges.
O course, the use of these particular cacheability indicators (or others)
i s not essentd flurtken maidmdéfference betveen Rbgsevdrand fpky that the twpdadbe t he

CADR so that jdp aaw g‘lﬂéfé@e)é ﬁtﬂ:CQdEidgtlé B1BUL fma D a4y 96UGe !:\Q% ihFigh 3),
enbodi nent actually C9- 88- 005 constructed,

the tining wifRoRe cﬁigﬁ?Jcﬁquﬁ?oﬂ“%fcsR@A ThigAnghles tﬁﬂd@@s%‘é&dﬁﬁtﬁfﬁe
CPULBA, was Viysglshed b, 3Bbithdevacelea Dé-HikNdedee SRE @RdS~ bie faevides TRé or

di fference betwee j 3_and 4 |s th t h i..C MAD no ener S not
a single BSl@’ﬁnﬁﬂa&:*?a%s 2P o4 & gEF 3’}(‘?"”5%(5 e “S.%Vn 2814 %égﬁ and
CS16. Thi s entti® 8816 ségndiDwhich denin byemoséltioasiat@ﬂ &ientdehs w is 46 bi t
device or an &-dgbicedﬁxa% T&?&félr&&a%om%go S.lf'l tMAfDOisaaxtxlé-%:.U

whi ch is now use enerate the BS1 IS I n one con t|on|n
th vent the’-QVlthl%eVac?rZ dé\neishen FSp2 'H’rdF"f]fsellérﬁe“eE?ﬁﬂdt PbthFfdQ"HéeNAD is

-bit- or athen by default the device is an 8-bit device.
The logic equations which have been referenced above are reproduced
immediétely below. In this material the symbols have the following

meanings associated with them:

Symbol Definition

/ Negaﬁion_

:= A registered term, equal to

= A combinatorial term, equal to
& Logical AND

+ Logical OR

Logic Equations

/BT2:=BUSCYC385 & PIPECYC385 & /BADS & CLK & BT2 Q)
+ BUSCYC385 & /PIPECYC385 & BADS & CLK & NACACHE & BT2

+ MISS1 & /BUSCYC385 & /BADS & /(BW/R) & CLK & NCA & /BREADY

+ /MISS1 & /BREADY & /BUSCYC385 & CLK + /BT2 & BREADY & NACACHE

+ /CLK & /BT2



16-bit device. If neither CS32 nor CSlG‘is generated by the device, ,then by
default theceeyg-66s5is an 8-bit device. Hye | ogic equatigns which have been

ref erenced above are reproduced i mediately below. In this material the 4
dynmbol s have the foll ow ng neani ngs associated with them Synbol .
Definition / Negation : = A registered term equal to =4

A conbinatorial term equal to & Logi cal AND + Logi cal OR

Logi ¢ Equations /BT2: =BUSCYC385 & PI PECYC385 & /BADS & CLK & BT2
(1) + BUSCYC385 & /Pl PECYC385 & BADS & CLK & NACACHE & BT2 + M SSI &
/ BUSCYC385 /BUSQYAB85 &rBUSEXASRS & /BRRS & LR & / BREADY + /M SS1 & / BRE&DY &

| BUSCYC385 ,Spfadéciad BT 2o iBREARY s&cMACACHE + /CLK & /BT2  BC9- 88- 005
13 / BUSCYC385: =BUSCYC385_& / BADS & CLK

(2) + BUSCYCBB¥YE3PPSprRTc§s8% CLK + BUSCYC385 & /BT2 & CLK + / BUSCYC385 &
BREADY + / BUBSDEGYB56e5% &/ SRBADYCPUNA: =/ M SS1 & CLX & CPUNA & / NACACHE

(3) + /MSS1 & / BREADY & / BUSCYC385 + /CPUNA & /CLK + / CPUNA
& /NISSl(;%jﬁ@éa#%ébgngﬁtLK & BREADY + -/ CPUNA & BUSCYC385 & NACACHE & CLK

/CPUNA:=/MISS1 & CLK & CPUNA & /NACACHE S (3)
+ /MISS1 & CLK & CPUNA & /BREADY & /BUSCYC385

+ /CPUNA & /CIK

+ /CPUNA & /MISS1 & CLK

+ /CPUNA & CLK & BREADY |

+ /CPUNA & BUSCYC385 & NACACHE & CLK

/MISS1:=MISS1 & BUSCYC385 & CPUNA & /BADS & /(BW/R) & CLK & NCA  (4)
+ MISS1 & /BUSCYC385 & /BADS & /(BW/R) & CLK & NCA & /BREADY

+ /MISS1 & /CIK -

+ /MISS1 & BREADY

/PIPECYC385:=PIPECYC385 & /BADS & /BUSCYC385 & CLK & /BREADY (5)
+ PIPECYC385 & /MISS1 & BT2 & /BUSCYC385 & CLK & /BREADY
+ /PIPECYC385 & /CIK

In the foregoing logic equations the following signals are described or
referred to in the cited Intel publications: W



/M SSl:=M,SS1 & BUSCYC385 & CPUNA & /BADS & / (BWR) & CLK & NCA (4) +

M SS1 & / BUSCYEG%-604.BADS & / (BWR) & CLK % NCA & / BREADY + /M SS1 & /CLK
+ /M SS1 & BREADY / PI'PECYC385: =PI PECYC385 &% BADS & /BUSCYC385 & CLK &

/ BREADY =, . (5) + PIPECYC385 & /M SS1 & BT2 & /BUSCYC385 & CLK &

/| BREADY wk/ PI PECYC385 & /CLK In the foregoing logic equations the follow ng
signal s are descri bed or referred to in the cited Intel publications:

BC9- 88- 005 14 BADS BREADY (BWR) actual ly
referred to as BWR, the parenthesis are used to indicate that the entire
termis one sB¥fal CLK (WR) actually referred to as WR, the
parenthesis aggedpged to indicate the entire termis one signal BADS, when
active indicates a valid address on the system bus 250. BREADY is a ready
signal from t F/&)st echiallyseefesred doCm BWgBaltheus 230. BWR defines a
system bus 250 Wite Qaréittdsifldfel secd B AGRISHe EAACKNNO SIgnal which is
I n phase with the procesg 225. (WR) is the conventional Wite or Read
signal for the CPU | ofBFIR $emEs R &L9%Hs (1)- (5) define: BT2 BUSCYC385
CPUNA M SS1

CLK
(W/R) actually referred to as W/R, the
parenthesis are used to indicate the

entire term is one signal

BADS, when active indicates a valid address on the system bus 250,

~ "BREADY is a réady signal from the 5ystem bus 250 to the CPU local bus
230. BW/R defines a system bus 250 Write or Read. CIK is a processor
clocking signal which is in phase with the processor 225. (W/R) is the
.conventional Write or Read signal for the CPU local bus 230.
Equations (1)-(5) define:
BT2
BUSCYC385
CPUNA
MISsl
PIPECYC385

U .

in terms of the defined signals, the signals described or referred to
in the cited Intel publications and NCA and NACACHE. BT2 reflects the
state of the system bus 250. The state BT2 is a state defined in the
cited Intel publzcatlons.

BUSCYC385 also reflects the state of the system bus 250. It is'high for
bus states BTI, BT1l, BT1P and low for bus states BT2, BT2P and BT2I
(again these are bus states referenced in the cited Intel

publications).



Pl PECYC385 in terns of the defined si gnél s, the signals described or

referred t

reflects the state of the system bus 250. The state BT2 is a state defi’ned
ed Intel publications. BUSCYC385 also reflects the state of ;the

fn the cit
syst em bus

pco4setbes cited Intel publicatizggns and NCA and NACACHE. BT2

250. It is high for bus states BTI, BT1l, BT1P and |low f

states BT2, BT2P and BT2l.(again these are bus stat es referenced in th

cited Intel publications). BC9- 88- 005 15 CPUNA

is a signal to the 80386 all ow n&#éhpfl i ned oper at |d10n Thi s |§b;he si gnal
aliipg pipeLined gperation § i®ng t he

whi ch repl
first cycl

devi ces. PIPECYC385 is active during BT1IP (which is a bus state referred to
ed Intel publications. NCAis a signal created by decoding the

in the cit

GRBR ipc MATRIYg kAl ther B
€hé bignaDwhlién GuplaresOthd)ARGsigndl Okoli the 888BH.0 cacheabl e

addr ess coMpssleds amtivéeieEPhirngoche fiimst 2301¢ dnr afdoablle cyleee faet handling
non- cacheagheblq:cgg (@ﬁ@ggﬁtlh&‘yé? dsterm’ ned by a ftag conponent (A3l to |
i ntor efri

Al7) and progr arma

cacheabl e

simlar topthi-vBis %'sQMweEiNélh 391-1§Y§Ph%hgﬁnﬁrﬁésegtﬁeggg%eﬁ%ﬁ%s%”9 a

next address fromthe | ocal us 23

I on ning what tags (if any) refer to
as opposed to non-cacheabl e addresses. NACACHE is a signal

and 1s referenc

Jus
e

In the cited

I ntel publ FE&tinHQ.I%AEAU‘iEl‘EﬁtPPﬁs fromBNA only in respect of the fact

that BNA is created for 32K cache whil e NACACHE is created for a 64K cache.
e _cache ry,is,32 n t he Intel publj catlons t he
N ie) B EraE Srbrad b ATt thE addtate GymPHEnBIG &bt

So |l ong as
NACACHE si
Revi ewi ng

Egcmlt bus 30 thaefiect,cviman activieguachonfcacheeklel aaembs2. The
Cacheability is determined by a tag component (A3l to Al7) and

_programmable information defining what tags (if any) refer to cacheable

as opposed to non-cacheable addresses.

NACACHE is a signal similar to the BNA signal. BNA is a system .
generated signal requesting a next address from the CPU local bus 230,
and is referenced in the cited Intel publications. NACACHE differs from
BNA only in respect of the fact that BNA is created for 32K cache while
NACACHE is created for a 64K cache. So long as the cache memory is 32K,
as cited in the Intel publications the NACACHE signal referred to here
could be replaced by the BNA signal.

Reviewing Equation 3, the set terms are found in lines 1 and 2. The
term on line 1 indicates a pipelined éperétion. /MISS1 indicates a
32-bit operation (as will be described) and so CPUNA is appropriate.
The term on line 2 is a cycle that ends early without pipelining, e.gq.
/BREADY. Referring to Equation 4, the terms on lines 1 and 2 are the
set terms. Both depend on NCA.

Fig. 5 is a detailed block diagram of apparatus associated with the

. buffer and decoder 267 (associated with bus 270) and buffer 253

(associated with a Micro-~Channel (TM) bus 320). As has already been

described, the apparatus of Fig. 4 provides for two 16-bit cycles when

[
»
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termon l.ine 1 indicates a pipelined operation. /MSS1 indicates a 32-bit
operation ( lodee descri bed) and so NA i s appropriate. The term on
ine 2 is aa%cy\gF&e q[df?],at ends early wt houtq%l pelining, e.g. /BREADY.
Re‘ferrhgng to Equation 4, the terns on lines 1 and 2 are the set terns. Both
depend wu NCA. Fig. 5 is a detailed block diagram of apparatus associ at ed
with the buffer and decoder 267 (associated with bus 270) and buffer 253
(associated with a Mcro-Channel (TM ‘bus 320). As has al ready been

descri bed, the apparatus of Fig. 4 provides for two 16-bit cycles when

BC9- 88- 005 32-bit cycles are directed tol®- 32- bé-bieyddvices, andidoestsidihca 8- or

16- b1t AoV Gome? (hallgiten0 i oA TRAGET WHEISDALANL 1P AhlC STIRcalles

appar at us of I's e o as"to 5t Q% F
directed to %mas 53] aemtee fqmacsm bﬁtbl@yer@@ dixrec&eMmen 8nbit evice,

transparent &@ 5bi8038Rs, MH @ RéeCl2h! Yo trhSsRRBAL AbUsHd BESagles control

| ogic CLA, a sequencer S and a controlled coupler ALS which coupl es
selective ones of the data lines to others of the data |lines. Mre

part : cgl ar| yr?]ozﬁspsd‘ﬂl\bﬁl&ﬂyl:iﬂle Sppartus Q\gilgidi%récﬁitﬁb%] Wigh s c(cﬂol 437) can be
coupled to. the second 8- - under. the .control of

signal DI R aftrreses r?’HﬁF c‘f’ﬁg”ﬁ]ﬁde%?‘}p&ﬁr OQLSt ¥hicd; epunlegsselegtly gﬁ?e*br

Vi ce versa) of thesintaolhines| tedthersDbR. tHebdatgpalbescul Mordey particalarl{y G- t

cycl e gener b 3 t Neg Q t
o?‘/ thegdat aa%%gn %/ntpggd%? t&ge clgﬁv%rd%? fggeﬂttg 4"27%6%8?%?%%%138 Egr}g‘%l?ﬁg
into two 8- b¥acorgd-bitraagmente (BPTHIS) wnder mcolﬂmlhaf dharsigoAb IR and-ig. 5

forces the 1fg.bifuAmerpttneNair@ct B0k oki dRnbPr G108 +BPRIALI A%itd vkb§a>8 bi t
device MAD while to the 80386 the two 8-bit cycles ook |ike a single

1§ bit cycl et® PhEe SORETIH eFotQ’ BI%L A performs a decode. function for the

conver si on
More particularly, in any 16-bit cycle generated by the 80386, data is
placed on the low order sixteen bits of the data bus. In order to
convert a 16-bit cycle generated by the 80386 into two 8-bit cycles for
the appropriate MAD, the hardware shown in Fig. 5 forces the 16-bit
operation to look like two 8~bit operations to the 8-bit device MAD
while to the 80386 the two 8-bit cycles look like a single 16-bit

cycle.

The cbntrol logic CLA performs a decode function for the conversion
cycle control. It detects when a conversion cycle must occur and
controls the GATE 245 and DIR 245 signals of the ALS which connect the

o/ low order eight bits of the data bus éo a'second 8-bit segment of the

' data bus. The logic equations for CLA are listed below. Once the

conversion cycle conditions have been detected, the signal DATACONV
activates the sequence. The signal CS16, when inactive, signals
presehce of an 8-bit device and hence the nécessity for the conversion.
The signal CS16, when active, indicates a 16- or 32-bit device. Q1 is
used in the sequence to indicate the end of the first half of the
conversion cycle. The signals DATACONV and Ql are input to the
sequencer S. The sequencer S performs.two functions. One is to holad
the 80386 not ready until the second half of the cycle has been



cycle control. It detects when a conversion cycle nmust occur and conirols
the GATE 243 r]%_pjég 245 signals of the ALS which connect the |ow order
eight bits oF t ta bus to a second-8-bit segnent of the,data bus. The

| pgi c equations for CLA are |isted below. Once the conversion cycle .. y
condi tions have been detected, the signal DATACONV activates the sequce.
The signal CS16, when inactive, signals presence of an 8-bit device and
hence the necessity for the conversion. The signal CS16, when active,
indicates a 16- or 32-bit device. Q is used in the sequence to indicate
the end of thitifated: BARDYENfstidvdvenrtocasiogiccl doesighad ttegaalss AT AGONV and

Gne’is to nor Yo rRReRRl BeputngdP BIBFBINGELeR ORI | B bHP S IE (0%

been BCO288-Wh@sbeginning of a second- -ALTALE7clogke| aitlogic ARPYENthS &f i ven to

a logic 1 taaétéasahﬁéﬁaﬁ%%ﬁe@%etﬁi%n&édaegeﬁe&heu teereftarenc enridrgo
stinul ates the end of one 8-bit cycle_and the begi nning of, a second. ALTALE

cl ocks a | o§Puses Gh? Gothee gommand siwnali e wnipackive andnactiyeiaaein
gener at or t@tmﬂla&éttheC&RGEFowwgeBe ahe Rt badinadngdddarotgen] CTONYD is

i nactive and active ain to e e of,_one cIe nd t

begi nni ng of*® 5%&%8:?81%%\;& ﬁﬁua‘gﬁzgés;&ﬁtcﬁdﬁﬁ f?’c')cet ®a {1 t 5%t ch to
force AO t o thel segiond Thafl6rof hhem&a:b:bal é¢yade. the conversion cycl e. The
conpleted 16- to 8-bit conversion cycle is equivalent in tinme and function
to two consecutive 8- bit cycles. The signals referred to above and shown
in Fig. 5 afhedemphetpdadéf 3P| Brixit gmverssen cycle igequivalantpin tdweiand

sel ect (1/Oggh&ion to ti6 &irsebdidvdedd eRtSHicget. Parenthesis are used to
indicate the expression relates to a single signal

8 2

- - v
The signals referred to above and shown in Fig. 5 are defined as
follows:
MEMCS16 16 bit memory device select .
{I1/0Cs16) 16 bit 1I/0 device select. Parenthesis
-are used to indicate the expresszon
relates to a single s;gnal
AEN1, AEN2 Address enables from DMA controllers
MEMR,MEMW, IOR,IOW CPU command signals
</

XBHE Bus high enable, indicates when data
should appear on a higher order eight
bit segment of the data bus

Xa0 Least significant address order line

Q1 Wait'state generator output (2d state
output)



AEN1, AEN2 Address enabl es from DVA control lers MEMRVEMNV | OR | OV CPU
command si gnalgs %(I%Igg Bus hi gh enabl e, indicates when data shoul d
zappear on a #°gh - Or der ei ght bit segnent® of the data bus XAO.

Lefast gignificant address order line Q Wait state generator
out'put {2d state out put) BC9- 88- 005" 18 DO D7
Lowest order eight bit segnent of the data bus D8- D15 Second ei ght
bit segnent of the data bus ARDYEN Asynchronous ready enable to
82284. ADDS wait states in .conversion cycle to provide for the generation

of two 8 bitpoepel es. ALTrokddtactdesCeldtitbit seqhitdtcopade address | atch. User
to clock AOto a | ogic one a%d to restart the wai.t state generator for

second 8 bit transfer “hG“Eacti ve high) Conversi on cycle AO
Provides a logic one to the AO address latch so that AOw || increment for
the second BDé?-bE.SCyd € Second eight bit segment of the data
bus
ARDYEN Asynchronous ready enable to 82284.

ADDS wait states in conversion
cycle to provide for the generation of
two 8 bit cycles. '

 ALT ALE(active high)  Alternate address latch.
User to clock A0 to a logic
one and to restart the wait
stéte generator for second 8

bit transfer

CONV.AOD (active high) Conversion cycle AO. '
' Provides a logic one to the
"A0 address latch: so thaﬁ AO
will increment for the

second 8 bit cycle



BC9- 88- 005

19 - fCNTLCFF Control off.

_Turns

of f the actacgess@ogand signal for 3 clocks to sinulate the end of one 8 bit
(iycl e and the start of the second 8 bit cycle. CNTLOFF is al so used t
Ffatch the | ow order data bus to the CPU (durlng a read cycle) on the first
8 bit transfer. Logic Equations /GATE 245:= MEMCS16 & AEN1 & AEN2 &
/| XBHE & XAO (6) + MEMCS16 & AENl & AEN2 & / MEMW & / XBHE & XAO +
(1/0CS16) & AEN1 & AEN2 & /I OR & / XBHE & XAO + (I1/0CS16) & AENL & AEN2 &

/1LOW & / XBHE & XAO + / AEN1 & /MEMCS16 & /XBHE & | OR + / AEN1 & / MEMCS16 &

| XBHE & / MEWRLPER Ro45: =Cppfnql RFf.\Ewras off the active

(7) + AENL

& AEN2 & / XBlobrtanidVEddiat £\ &o%ENZtc& / XBHE & /1 OV / DATA

(0]

MR &

CONV: =MEMCS16 & AENL & Al / NEMR (8) + MEMCS16
& AENL & AEN2 & / MEMW &% 51“2‘&%}3%5 &é&/‘% ‘&%@S‘i & AENL & AEN2 & /1OR
& QL & / XBHE & / XAO + (Iahd)(ﬁ%)ta?ctAEf\IJth& M&ﬂd&/bh.ﬂN& QL & / XBHE & / XAO

Fig. 7 shows a detail of ﬁ.{.@} out put connecti
bet ween the system bus 58 % kd. F%\J Poceﬁ(l%% ggg&(as well as the c
signal LEDVA. Fig. 6 reltbsebwmiedem Gata bEE[!mthQ)CBﬂher signals on the CPU

| ocal bus 230 (indicat eqdhﬂ,{ghg ltega el & tht Ei-fLevd th the | egend "82385
Local Bus Signals & 25 '), signals on the optional feature bus 320

(i ndicated by the refer?ﬁ'&e"’“&?fﬁ’b Channel (TM ") .bus 320 signals and

signal s on

the system bus 250
Logic Equations.

/GATE 245:= MEMCS16 & AEN1 & AEN2 & /MEMR & /XBHE & XAO (6)
+ MEMCS16 & AEN1 & AEN2 & /MEMW & /XBHE & XAO '

+ (I/0CS16) & AEN1 & AEN2 & /IOR & /XBHE & XAO

+ (I/0CS16) & AENL & AEN2 & /IOW & /XBHE & XAO

+ /AENL & /MEMCS16 & /XBHE & /IOR

+ /AEN1 & /MEMCS16 & /XBHE & /MEMR

/DIR245:= /AENL & /MEMR | (7)
+ AEN1 & AEN2 & /XBHE & /MEMW
+ REN1 & AEN2 & /XBHE & /IOW

/DATA CONV:=MEMCS16 & AEN1 & AEN2 & /MEMR & Ql & /XBHE & /XA0 (8)
+ MEMCS16 & AENL & AEN2 & /MEMW & Q1 & /XBHE & /XAO |

+ (I/0CS16) & AENI & AEN2 & /IOR & Q1 & /XBHE & /XAO

+ (I/0CS16) & AEN1 & AEN2 & /IOW & QL & /XBHE & /XAO

Fig. 7 shows a detail of the latch DL, the data input/output
connections between the system bus 250 and the CPU local bus 230 as
well as the control signal LEDMA. Fig. 6 relates the signal LEDMA to
other signals on the CPU local bus 230 (indicated in the top third of

ons
ontr ol

Fig. 6 with the legend "“82385 Local Bus Signals & 25 MHz"), signals on

the optional feature bus 320 (indicated by the reference "Micro-

Channel (TM)") bus 320 signals and signals on the system bus 250.

.



BC9- 88- 005 20 (indicated in the bottomthird by
the | egend "BbAe8goml s”). As indicated irothe upper third of Fig. 6, the
sCPU | ocal bus 230 is a synchronously clocked bus (clocks CPUCLK2 and CPUCLK
are rel ated as i ndi cated). The central portion (conprising the major
portioA _pf Fig. 6) shows a single cycle on the CPU | ocal bus 230. The

begi nning of the cycle is indicated by the left-nost vertical line, and the
end of the cycle is indicated by the right-nost vertical line. As shown in
Fig. 6 inthe mddlethird, once a cycle has begun on the CPU |ocal bus

230, for a c%’!"écﬁﬁ?%ﬁ"e‘}&e’ehﬁt@hﬁ&@hb!( Hbeslageat THY8 Simmale’h-heAhus 320,

the command shditatéa SREhSRBPSSEhiREGENBLACE] Whe( tEVLocal80E 1280t Peracaf ter,
an address |s I ched i nt.o &h‘g bqucer gﬁSv?éP&reference ADL*) . Subsequently,
ersty)

the signal F@?J‘%@c%’r?@ i PUFTRS and (GPUCHY i3 TRiREed @8 i nes
t he begi nni ngndifcatée) DI\Mhe:y:eh&alnpé:hﬂ.oﬁye&oﬁpriniagZB& anibrt pertdphi e a@lig.

feature bus 320, | n of i Vi |caI
line (fromt Eg gg?)asesgﬁ%ined? g | ng Biéh ovve%ft%ﬁ r%%of ’I“—he ﬁe%{lné% ?I
after the beg¥eld Ag idicakedDhm thecleft-nost yeytisad Iﬂmsar@ndhmpﬂo@bgrre

active (low) cydfe $86#hdiPatdddby Ghe! PRynladid!l vENARRY 1:50WDS AQUEWNY i #28985
state. On the next transition in Y* (the low going transition), the

requi red dat i"ite Biadleqthizdy Rnceyacyale hasobrgun en $hei SR yocalhbusi2ghal
LEADVA changgsr 9 ay€le whidhgxterasstlirzoagh thEhs;Ssdaast&esmftBeate 8hs | Fochi ng

t he data on st e us 250 4.nto_t atch DL,.Th me fransition which
pr oduced the“&1 é’@a'b‘#n g?'hatlé '%1& ggl PEoRBY Aghive ﬁé%as é DY+ (as
shown by thethszre@\ﬁ)tqm Bn (pddBess lis m&wedvimItdstheohuﬁeﬁl\/EﬂDYtefaesaeml ed | ow,
the required lu3kC al t hannel
"ansgbisiady, | akCiffhal Kaide! ftd g&aiah ebladtife | (SWPMA 1EhAN
g bu 55 S OWn 1 N

s rel eased t us as Fig e transition in

Y* | ead§h’f'-’ol’a’-¥‘1'r ¥hich dgfines HrERBYinning ‘tﬁéhﬁ% sYBisceridhe SEARgoi ng
transition obudb3o it thEUptish eedtualimisy380d This is indicated by a

continuation of the third vertical line (from the left) extending into
the lower third of Fig. 6. Shortly after the beginning of the DMA

cycle, the signals DMASO and DMAS1 become active (low). As seen in
Fig. 6, the signal DMARDY* subsequently changes state; On the next
transition in DMARDY* (the low going transition), the requiredddata ié
located on the system bus 250. Accordingly, the signal LEADMA changes
state (rising transition). This has the effect of latching the data on
the system bus 250 into the latch DL. The same transition which
produced the change of state in LEDMA also has an effect on BREADY* (as
shown by the arrow in Fig. 6). 1In other words, once DMARDY* is sampled

\/ low, the required data has already latched into the latch DL and the
DMA channel has released the bus 250. Thus as shown in Fig. 6, the
transition in DMARDY* leads to a transition in BREADY*. On the next
subsequent high going transition of BT2, the CPU cycle can safely end
{and this is the right-most vertical line in Fig. 6). As seen in Fig.
6, ending the CPU cycle produces a change of state in CMD* (on the
Micro-Channel (TM) bus 320) and also has the effect of releasing LEDMA,
since at the termination of the cycle the CPU 225 accepted the data
from the latch DL.



(and this is the right-nost vertical line in Fig. 6). As seen in Pig. 6,
endi ng the QF_ y J)% produces a change of2 state in CMD* (on the

M ¢r o- Channe (a%h)? us 320) and al so has tlhe ef fect of rel egsi ng LEDVA, °
sﬁnce at the termnation of the cycle the CPU 225 accepted the data from
the latch DL. BCO- 88- 005 21 The foregoi Ny
illustrates that antecedent to termnating the CPU cycle, and a requirenent
for termnating the CPU cycle, is the prior termnation of the DVA cycle.
This guarantees that when the CPU initiates a follow ng cycle (to the right
of tlhe rgghm&mte%:ﬁrngi £H!us£¥it&si that g:it&kdeﬁthﬁo%nﬁyﬁi@ghgﬁ eanéI |dyele,
conpl eted and,so_the bus | ree s an at at. m ve been driven
during the EoUrsESHTHE" rc‘?ff'é’.’a*% %st ehgmly YRt éﬁh%reoef%érs an
accommopdat i terniaatiemn ofythenP¥A rysled zThip Guaragiteps dhaticshenhthe CBXI bil ity
essential t : oaans! u - | Ly QN
t hr ough sel g’,é%%%tggeﬁi?‘ét | onﬂgfcyg:{’%?\%a g’t‘é%%hgggrgﬁ%ﬁﬁ%ﬂ%@dﬁ% been
i ndi cat ed, &FNAnGEHEnAL, dhehRMR syckrehed (9aghien camrlgtAd Aesqdbedus dfer e
CPUNA is predecasd iy aatd Che®Mdychawbeén laRevdicadi iy eNE|Ruréd) ot heneObiter

hand, where a hon-cacheabl e access i s _detected, the ipelini i S,
Wi thhel d, i SECI&-PERDS {he vention PERyight in prrommodatirPiirtvesh RamicPee
t hat the cyesleidpiwiciapprdvides RREAFDéxibikitycedsettialAttot the NMivww-Chamnelan

dati Qm.q . . . '
Synchr onous (P, Bl FA 0 e BLIERMS GeB Nt Mg o1 BRI BlaBaRlin bE}
buf fer DL. VRV phethe\iterypbriatiestineg.t | A8 dd@speenhindipatedc GPUNN, depds t he
cycle on thgiefddUoh UetlbcPith S8G% VhiteaBPd dcRESE NAhErd biNa ALt SFodhbéa

term nation of the DVA cg/,cle. . 3
prior to completion of the pending cycle. On the other hand, where a W)

non-cacheable access is detected, then pipelining is withheld, i.e.
CPUNA is not asserted until the system bus 250 indicates that the cycle
has completed (BREADY is asserted).

At the same'time, an accommodation is created between the synchronous
DMA mechanism and the synchronous (but driven by a different clock) CPU
local bus through the buffer DL. While the DMA cycle is initiated by
the CPU local bus 230, the ¢ycle on the CPU local bus 230 will not

terminate until after the termination of the DMA cycle.



BC9 88- 005 22 CLAINB 1. ' Data processing apparatus
corrprl si'ng apcg-BELdgscti on execution unit gh a given bit width, an

énchronous next address generating neans capabl e of generating, when

bl ed,- t he address of the next instruction required by the instruction-

executlbnﬁunlt during execution of the instruction currently executing,
whereby instructions can be prefetched, neans for interfacing the execution
unit with addressabl e system conponents of the sane and/or smaller bit
w dt hs, the system conponent addresses within a certain specified range of
syst em corrponent addresses relating excldidI¥®|ly to conponents of the sanme
bit width .as that of the execution uni.t, neans for generating a next
address signal as a function of the execution of the instruction currently
executing to enabl e the next address generating neans and neans for

preventing alnexbaaﬂ@i-eééissshegr@baﬁ&.%n&di%rﬁyﬁigl abl e during execution of an
I nstruction relating to an address outside the specified address range. 2.

Apparatus as clained in claiml, wherein the instruction execution unit and
t he address: geneaatiinsgrumann exeeution wmnit of vd igivén diviwid@p) ocessor, the

m croprocessor being connected to a cache menory subsystem |nclud|ng a
cache controller and a cache nenory of the given bit width, by a local bus
of the given bitaniasynchenohs nest dddress generating maag'staenbmgfconnect i ng

to the addressabhénepdsigf) Gﬂémeaa!iﬁe% éﬁaeaﬁé’féss apméyn&%bﬁs%&&&i%ﬂcm ng

data with respect to only those sy stem

23 conponents wi FEFHTERSYs HRe |"PF'éﬂ‘ctté[ﬂ’g (-,exSF“%iid’&r ‘é%ié’eg“rjtnﬁee’i?ﬂé-‘)é!:l% Qf cthe

instruction currently executing, whereby instructions can be

prefetched,
—/ :

means for interfacing the execution unit with addressable system
components of the same and/or smaller bit widths, the system
component addresses within a certain specified range of system
component addresses relating exclusively to components of the same
bit width as' that of the execution unit,

means for generatiné a next address signal as a function of the
executlon of the instruction currently executing to enable the

next address generating means and

means for preventing a next address signal becoming available
W : * Quring execution of an instruction relating to an address outside
the specified address range.

2. Apparatus as claimed in claim 1, wherein the instruction execution
unit and the address generating means are two units within a
microprocessor, the microprocessor being connected to a cache memory
- subsystem, including a cache controller and a cache memory of the given
bit width, by a local bus of the given bit width which also interfaces
- with a system bus conriecting to the addressable system components, the

-cache memory subsystem caching data with respect to only those system

V) R0



signal generating neans being connected between the cache controller, and

t he addresspgeigledd Ng neans. 3. Apparatgs as clainmed in claim2, wherein
the next address signal generating means, absent any action, by the

ﬁreventlng means, is enabled by a signal fromthe cache control.l er .y
|nd|cat|ng t hat there I's no valid address on the |ocal bus and by a*&mgnal

fromthe systemindicating that a next address is required fromthe | ocal

bus. 4. Apparatus as clained in claim3, wherein the preventing neans

i ncl udes an address decoder connected to the address |ines of the |ocal bus

for det er ni f¢nRpnenks Withigr thetspanifiedr vanget ¢ addredsess thet pext pfdresgeci fi ed

range and, Libda3SpaRsatimy Alafdbey E@&%t@étb‘é%%élﬂtthg Nbach® &%‘E%ﬂfe% a
signal to disable the next address signal generating neans.. 5. Apparatus

as cl ai med R &8 IAAFeSHIAEPREIFINAMIPByent i ng neans s al so responS| ve to a
system gener ated signal indicati ng that the address indi cat ed on the | ocal

bus is not gacheable. - even tﬁ? é t hi.n he s %led ran to
generate a grgn PRESRP A5 42 a‘h‘ﬁ?r’es ersei"ﬁ é %S 6.
Appar at us asemémmgi means,| absert anyection byethe prmwgs:meens.s is esabhed ve
to a signal pf nelieealdingzdhe U AUGRSEHSY HLATCOIP AR enbse Ok ARVRILE

t oubl e

‘bit wwdth o Cropr ocessor rogramm n executi on cyc

| ogi ¢ bei ngaffxassder thFe%F;?éhs’?‘&Fea{’% bé'| grﬁai-lgnébrﬁapnaﬂeoﬁ%sﬁend#&##ﬁi@gt hat an

addressed sygitR) A&XPA8ss Bs FeQiifvdactrd théaobhi pisdt h of the
m croprocessor, to re-double the execution cycle, transparently to the

m cr opr ocessor. 7. A net hod of operating a data processing system which
conprises aA.i na‘ppaﬁﬂzerhetesmeidom wlaim G, aheg:iednrtlbi brevettting aéans
asynchronou dr I ti

enabl ed, thz a rgg, o?é%ne n%cft Q‘ho%é‘ﬁ%%u r&ﬁ %eﬂ?ﬁ% |fnns ruc |on

executi on bug@ers@ete®mining whether or not an addresszthereon lies within the
specified range and, in response to an out-of-range-determination, to
generate a signal to disable the next address signal generating means.

S. Apparatus as claimed in claim 4, wherein the preventing means is
also responsive to a system generated signal indicating that the
address indicated on the local bus is not cacheable - even though it
lies within the specifie& range - to generate a signal to disable the

next address signal generating means.

6. Apparatus as claimed in claim 5, wherein the microprocessor is

responsive to a signal indicating that an addressed system component is

of half the bit width of the_microproeesser for programming a double o’
execution cycle, logic being provided, responsive to signal

combinations indicating that an addressed system component is a quarter

of the bit width of the microprocessor, to re-double the execution

cycle, transparantly to the microprocessor.

7. A method of dperating a data processing system which comprises an
instruction exeéution unit of a given bit width, an asynchronous next
address generating means capable of generating, when enabled, the

address of the next instruction required by the instruction execution

A



~unit during execution of the instruction currently executing, whereby
instrucfionsBaasahﬂgprefetched, and nmeansyfjor interfacing the execution
uqit>mﬁth addr essabl e system conponents of the sane and/or snmaller bit

wirdt hs,_ the nethod conprising assigning system conponent addresses within a
Certafhﬂ§pecified_range t hereof exclusively to conponents of the sane bit
wi dth as that of the execution unit, generating a control signal if
execution of an instruction relating to an address outside the specified
address range s _detected, and in response to such a control signal

i nhi bi ting g&Hdr S85i09 efechtinn of ther dnatryrting curreatly e¥etwingf Wheweby

execution of iddteuétivhs Ucdn B grdEé&ibelly MeChdtnsNford AnPEAUE Mg @RE | dkecution
generation of_.the, exg addrefs and hence instruction prefetchln%:
unit with addressable system components of the same and/or smaller bit

widths, the method comprising

assigning system component addresses within a certain specified
range thereof exclusively to components of the same bit width as
that of the execution unit,

generating a control signal if execution of an instruction
relating to an address outside the specified address range is
. detected, and

W
in response to such a control signal inhibiting generation of a
next address signal as a function of the execution of the
instruction currently executing to prevent early generation of the
nekt address and hence instruction prefetching.

\,/
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