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/ |3 is inventhon relates to péfsona
conputers, and nore particul ar M%«Wﬁ%&’al corrput@ff,\ﬂ\r{ I\ggl &?ngl lity
Is provided.for the usual syste ng processolr to eset, ;
initialized and then isolated if and' dfternate systemcontroller is )
provided for the system Personal conputer systens in general and |BM
personal conputers in particular have attai ned widespread use for

provi di ng conputer power to many segnents of today's et y.

- Personal conputer systens can wusually be defined as aIII“ﬂmIIIIIIIIImmIﬂIIIImI oor
standing, or portable microconputer that consists of a systemunit having
a single systenmscoprioemssor and associ ated! vol atile and non?Y8ati 1 e menor Yy,
a display nonitor, a keyboard, one or nore diskette drives,*a fixed disk
storage, and an optional printer. One of the distinguishing
characteristics of thege sMSERBFrek ST AR @l s @rdiDidnatoRaar d or system

pl anar to connect these conponents together. These systens are desi gned
primarily to give independent conmputing power to a single user and are

i nexpensively priced for purchase byDiseRiRFi@dial s or small busi nesses.
Exanpl es of such personal conputer systens are | BM s PERSONAL COVPUTER AT
and |BMs - PERlSlg\IfﬁI;,erﬁ!énga%e M?cgeIessoga ) c03moi1teIFéI,0§g§¥ moSrQ’ a§?i’cuiﬁa§1y ZQ’ 80’ 90
and 95. These gystems can bé ¢ assified rnto two, eneral famlies. The
first famly, asgatdlycoreftary &g vhirhaePrdid vyl PRBEEIsior g aisyrlpipsten
architecture - coxenpld pioeeksby tbhe teBM PERSCGNALe CCONPUFERsARtandf ot her "1 BM
conpati bl e" maghi.nes. Jbhensesondfand bywideal 8rraed 4oeas Fanily |1 Mdels,
use IBMs - address oné negabyte of nenory. Later Famly | nodels and the
Famly Il nodels typically use the higher speed | NTEL 80286, 80386, and
80486 mi cr opr o@ersswlscoppiiteh seamvpRrEbE 2t 1rd PR &R RdtHe B €RUL AL e t he

sl ower speed | BHEL-B8086avE grtopledcas8spreadrusa Pr airecitied mode:tewhpelrext ends

the many segments of today's modern society. Personal computer systems can

usually be defined as a desk top, floor standing, or portable

microcomputer that consists of.a system unit having a single system

processor and associated volatile and non-volatile memory, a display

monitor, a keyboard, one or more diskette drives, a fixed disk storage,

and an optional -printer. One of the diétinguishiné characteristics of

these systems is the use of a motherboard or system planar to connect

these components together. These systems are designed primarily to give
independent computing power to a single user and are inexpensively

priced for purchase by individuals or small businesses. Examples of -
such personal computer systems are IBM's PERSONAL COMPUTER AT and IBM's -~
PERSCNAL SYSTEM/2 Models 25, 30, L40SX, 50, 55, 65, 70, 80, 90 and 95.

These systems can be classified into two gezneral families. The first

family, usually referred to as Family I Hodels, use a bus architecture _—;
exemplified by the IBM PERSOMAL COMPUTER AT and other "IBM compatible"
machines. The second family, referred to as Family II Models, use IBM's —
address one megabyte of memory. Later Family I models and the Family II -
models typically use the higher speed INTEL 80288, 80386, and 80486
microprocessors which can operate in a real mode to emulate tﬁe slower

speed INTEL B086 microprocessor or a protected mode which extends the
addressing range from 1 megabyte to 4 Gigabytes for some models. In

essence, tﬁe real mode feature of the 80286, 80386, and 80486 processors




addressing range from 1l nmegabyte to 4 G gabytes for sone nodels. In
essence, the real node feature of the 80286, 80386, and 80486 processors
BCY-91-026 2 provide hardware conpatibility with software witten for the
8086 and 8088 m croprocessors. As personal conputer technol ogy has

devel oped and noved fromeight to sixteen and eventually thirty two bit

‘Wi de bus interaction and higher speed m croprocessors capable of real and
protected node operation, performance capability has been sought by
separating the architecture of the personal conputer into varying bus
areas. More specifically, in the original IBMPC what cane to be known as’
t he expansi on bus was essentially a direct extension of the m croprocessor
(8086 or 8088) connections, buffered and denultipl exed as required. Later,
as the AT bugcspegbéii cati on was devel oped and cane into wi de use (nhow
being al so known as the Industry Standard Architecture or |1SA), it becane
possible to sever the nearly direct connection between the m croprocessor
and the bus, giving rise to the presence of what becane known as the |ocal
processor bu§r§ﬁ86Pﬁ%“?%h&ﬁ?ﬁ@bbF‘¥H%“biﬁ%ﬁ%?dﬁlﬁﬁg‘astﬁﬁéOWhﬁ%%/output
bus. Typi cal |18988 mirrerrdessstz-enhance performance, the | ocal processor bus
runs at a higher clock speed (typically expressed in Hertz) than does the

i nput/ out put Aptg%rsomfCL&MATM%&&&,ER;#5&94,;%9 ,enQveeq LB% o LY O

runni ng nore than one gl cessor t hrough use
of direct merfofyehéRes “%EHﬁ&tTHFéHWﬁﬁPé”1%5behH&ﬁE§ﬂ1%EWFdPﬁﬁﬁce
capabi | i ty hageedomicrpueststwsbapablgod] reatindd asotef aegtrede eborkiospeeds have

become att ai pakdoemdhey chia6IQPY BEE B SoughShy At QGLES havaraMelied in which it
has become degl Lafilel onBRGRMIRORL S nableinate systemontiollers whi ch

may, under appropriate circunmstances, ont r "% nto which
t he controlIéfguﬁﬁ%l$h§erﬁeﬂcaﬂbﬁ°te%@ﬁﬂ1éstﬁhé”ﬁﬁﬁvh§wenmef a processor
upgrade car deesenbigdiydaidroneextensampbe tbé msttobroaesbr db@gyor bBBRt Of Ore, -such

strategi es have.usvdd | rr&ebtaaRkAL A8 substityti on.Pf ot hg. Wpgraded
conponent for the

s specification was developed and came into wide use (now being also
known as the Industry Standard Architecture or ISA), it became possible
to sever the nearly direct connection between the microprocessor and the
bus, giving rise to the presence of what became known as the local
processor bus and the renaming of the expansion bus as the input/output
bus. Typically, in order to enhance performance, tee local processor
bus runs at a higher clock speed (typically expressed in Hertz) than
does the input/output bus. The IBM AT architecture also opened the
possibility of running more than one microprocessor on the input/output

bus, through use of direct memory access (DHA) interfupts.

As enhanced performance capability has continued to be a goal, and as
faster clock speeds have become attainable for ﬁzcroprocessors,
strategies have evolved in which it has become desirable to accommodate
alternate system controllers which may, under appropriate circumstances,
assume control of systems into which the controllers are inserted. For
example, the provision of a processor upgrade catd or board is one —_
example of such a strategy. Heretofore, such strategies have usually
contemplated the substitution of the upgraded component for the
component previously used. Such substitution is acceptable where
components are received in socket connectors permitting ready
interchange. However, where components are soldered in place on circuit
boards (as is the case with a surface mount Intel 80386S5X) such

substitution is less feasible or impossible. 1In particular, mere



conponent previously used. Such substitution is acceptable where
conmponents are received in socket connectors permtting ready interchange.
Holwever!{ where conponents are soldered in place on circ oards (as is
the case with a surface nmount Intel 80386SX—such substitution is |ess
feasible or inpossible. In particular, nmere i | BC9-91-026 3 " addition of
‘another device normally will result in unacceptable contention for control

of systemresources and bus access. Now according to thePresent invention

there is provided a personal conputer system conprising: a high speed

| ocal processor data bus; an input/output data bus; a mcroprocessor
coupled directly to said | ocal processor bus; a connector coupled directly
to said | ocal processor bus for accommodating reception of an alternate
processor; angdcqobuse i nterface controll er coupled ditectly to said | ocal
processor bus and directly to said input/output data bus for providing
communi cations between said | ocal processor bus and said input/output data
bus, said. bu nter;ace controller providing for detection of the presence
of an alterﬁglilm?%c§§§8?'?%%8?08@agﬂ'§&ﬂd'EBﬁﬁ@cWBF“ﬁHﬂleln response to
det ection ofCPM@“%P@§EhG@“GP1aﬁS&P@Eﬂnawechacb@somxeﬁwansferr|ng control
of said |local processor bus fromsaid mcroprocessor to said alternate

processor. F“&gQ&%r@&8QthQQN£9mEH%v81?gegwréqgeqtlgn th%pgma prOVIded a
personal conputer system conprising ata

nlcroproceSSG“m“83uﬁ¥é HPECEIY 1§ @hﬁ&eﬁqgﬁ”sﬁéﬁﬁsﬂaﬁﬁmﬂﬂ§ 3 connect or
coupl ed d|rem@FyN¢mﬂsé¢dbhacahupwmce850v duslefl glirat pomsdat Laxgl recept i on

of an alterpadcesfr Qﬁle;sSQfonnéé@chat:édp@ecﬂEﬂQEMyC&”ﬁ'l@dogdlrﬁggéééoxt Busai d high

speed data bus_ fQF.\0l; é LE&stQrage, of, data; storage devices for
nonvol atile Storage o ? 3 P St Or 296 contT oI PErToup eag})3 rectly to said

hi gh speed déT*ér{flﬁé AR ot ]Grs‘éZFlb‘ §tdéf%§ééY ﬁ%ﬁm‘ylﬁéblpe@ssfmrbusra@gul ating
comuni cat i oAEeniliyhtesadid b@r ageutmentr yusdSi 0esidid) communications

between said local processor bus and said input/output data bus, said
bus interface controller providing for detection of the presence of an
alternate processor received in said connector and, in response to
detection of the presence of an alternate processor, transferring
control of said local processor bus from said microprocessor to said

alternate processor.

Further according to the present invention there is provided a personal
computer system comprising: a high speed data bus; a microprocessor
coupled directly to said high speed data’'bus; a connector coupled
directly to said local processor bus for accommodating reception of an
alternate processor; volatile memory coupled directly to said high speed
data bus for volatile storage of data; storage memory devices for
nonvolatile storage of data; a storage controllé; coupled directly to
said high speed data bus and to said storage memory devices for
regulating communications with said storage memory devices; an
input/output data bus; an input/output controller coupled directly to
said input/output data bus; a digital signal processor coupled directly
to said input/dutput data bus; a video signal processor coupled directly
to said input/output data bus; and a bus interface controller coupled to
said high speed data bus and to said input/output data bus for providing
communications between said high speed data bus and said input/output
data bus, said bus interface controller providing for detection of the
presence of an alternate processor received in said connector and, in

response to detection of the presence of an alternate processor,
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i nput/out put data bus; an input/output controller coupled directly to said
i nput/output data bus; a digital signal processor coupled directly to said
“input/output data bus; a video signal processor coupled ditectly to said
input/output data bus; and a bus interface controlfer coupfed to said high
speed data bus and to said input/output data bus for providing
‘communi cati ons between said high speed data bus and said i nput/output data
bus, said bus interface controller providing for detection of the presence
of an alternate processor received in said connector and, in response to
detection of the presence of an alternate processor, THS "S'lor- 1
REPLACED BC9-91-026 4 transferring control of said |ocal processor bus
fromsaid mcroprocessor to said alternate processor. .In the draw ngs:
Figure 1 is a guerspewsti ve view of a personal conputer enbodying this
‘invention; Figure 2 is an exploded perspective view of certain el ements of
the personal conmputer of Figure 1 including a chassis, a cover, and a

pl anar board i Ll.ustrati certain_rel ationships anong those el enents;
Figure 3 is aaggﬂgﬁgf €°®V83g5ﬁaé PO PTRGTTPYN Bt &7 oBfS3ihe per sona

conmput er of PMGUIPESceEsUNEP 23idR1genmetepicsessohemati ¢ representati on of
certain interconnections anong a mcroprocessor which is the usual system
control l er ang, ap alt&pate systemcontroller as contenplated by this

i nvention; and Figures,;5 and 6 ire signal charts illustrating operation of
t he personal conputer .of Figures 3 and 4 when an alternate system
control | er isFigpreesénta pavdrashinr dinv alft € paaben1Sysh Rt Cemoipinhanid s absent .
Det ai | ed Descimb@iti@nn of I nvention While the present invention will be

descri bed ”Drﬂg,jrldli ¥s Qﬁreg(lppo%]::é ep(I;rspective view of certain elements of the

personal computer of Figure 1 including a chassis, a cover, and a
planar board and illustrating certain relationships among those
elements; '

Figure 3 is a schematic view of certain components of the personal
computer of Figures 1 and 2;

Figure 4 is schematic representation of certain interconnections among a
microprocessor which is the usual system controller and an alternate
system controller as contemplated by this invention; and

Figures § anqig/aré signal charts illustfating operétion of the personal
computer of Figures 3 and 4 when an alternate system controller is

present and when an alternate system controller is absent.

Detailed Description of Invention

While the present invention will be described more fully hereinafter
with reference to the accompanying drawings, in which a preferred
embodiment of the present invention is shown, it is to be understood at
the outset of the description which follows that persons of skill in the
appropriate arts may modify the invention here described while still
achieving the favorable results of this invention. Accordingly, the
description which follows is to be understood as being a broad, teaching
disclosure directed to persons of skill in the appropriate arts, and not

as limiting upon the present invention.

Referring now more particularly to the accompanying drawings, a
microcomputer embodying the present invention is there shown and

generally indicated at 10 (Figure 1). As mentioned hereinabove, the
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with reference to the acconpanying drawi ngs, in which a preferred
enbodi nent of the present invention is shown, it is to be understood at
* tht outset of the description which follows that persons of skill in the
appropriate arts may nodify the invention here described while stil
achieving the favorable results of this invention. Accordingly, the
‘description which follows is to be understood as being a broad, teaching
disclosure directed to persons of skill in the appropriate arts, and not
as limting upon the present invention. Referring now nore particularly to
t he acconpanying drawi ngs, a m croconputer enbodying the present invention
is there showmn and generally indicated at 10 (Figure 1). As nentioned
her ei nabove, the H S SHEET HAS REPLACED BC9-91-026 5 conputer 10 may have
an associ ated gmnj;tgf 11, keyboard 12 and printer or plotter 14. The
conputer 10 has a cover 15 whi ch cooperates with a chassis 19 in defining
an encl osed, shielded volune for receiving electrically powered data
processi ng and storage conponents for processing ant9 storing digital
data, as showeemPteF|l§uray I®ve Ap qseerdptedomant il lofkeyhrese 12 enpenents are
nmount ed on a subidthkayes. phranshpudOr ab has aredvdaenboateh wibehtésswivaunt ed on t he

chassis 19 aanQ&QVkﬂ%$d§ﬁ. n§1ﬁﬂﬁomﬁ|Qﬁléh&ﬁbbxmé@EﬁrQQQQQSt'ng the
conponents of the .co gp ) {nc arose dentified above and
such’ ot her as&8§&Fafy °”%§ t°8 %E"FF 8@ gl U FrBE ™A fS*ous forns of

di rect accessPwrtRsatfeatfesiosdy, maéﬁésﬁﬁﬁyaéahﬁ® iroFiggeraPdsAt aerdtt he I|ke
The chassi s 1&rhais a?h&secamdnawseaénpanehoﬁEiguﬁemabﬁandaﬂeébaes at -« |-east

one open bay &&ne,lg@&%lwlaglamd@tt@d %L%@Qﬁasﬁi@wl@%ﬁ% 185 Emggékford“ ve for
magnetic or optical disks, a tape or he

up drive
illustrated forfi" ﬂqﬁﬁﬁéﬁrc‘ﬂ’ﬁ t‘é?g |t§e é‘d‘%ﬁ”ef‘é%\ of ght é&’@ﬁ“\?%’ PeiigHEral drives
of a first sites{dérhifisd pheysearknywn odker3asBodinedd eldmentesf. f18pelyl dippy di sk
drive, a renomalbdse vediva @idseet dAGEESGcSE QltaGe devices, accessory cards :

or boards, and the like.

The chassis 19 has a base and a rear panel (Figure 2) and defines at
least one open bay for receiving a data storage device such as a disk
drive for magnetic or optical disks, a tape backup drive, or the like.
In the illustrated form, an uppex bay 22 is adapted to receive
peripheral drives of a first size (such as those known as 3.5 1nch
drives). A floppy disk drive, a removable media direct access storage
device capable of receiving a diskette inserted thereinto and using the
diskette to receive, store and deliver data as is generally known, may

be pro&ided in the upper bhay 22.

Prior to relating the above structure to the present invention, a

summary of the operation in general of the personal computer system 10

may merit review. Referring to Figure 3, there is shown a block diagram -
of & personal computer system illustrating the various components of the
computer system such as the system 10 in accordancé with the present
invention, including components mounted on the planar 20 and the
connection of Ehe planar to the I/0 slots and other hardware of the N
personal computer system. Connected to the planar is the system

processor 32. While any appropriate microprocessor can be used as the

CPU 32, one suitable microprocessor is the 80386 which is sold by INTEL.

The CPU 32 is connected by a high speed CPU local bus 34 to a bus

interface control unit 35, to volatile random access memory (RAM) 36

here shown as Single Inline Memory Modules (SIMs) and to BIOS ROM 38 in




devi ce capable of receiving a diskette inserted thereinto and using the

di skette to receive, store and deliver data as is generally known, nay be
provided in the upper hay 22. Prior to relating the above structure to the
present invention, a summary of the operation in general of the personal
conputer system10 nmay nerit review Referring to Figure 3, there is shown
‘a bl ock diagram of a personal conputer systemillustrating the various
conmponents of the conputer system such as the system 10 in accordance with
the present invention, including conmponents nounted on the planar 20 and
the connection of 'the planar to the 1/0O slots and other hardware of the
personal conputer system Connected to the planar is the system processor

- 32. Wiile any appropriate m croprocessor can be used as the CPU 32, one
suitabl e m croptwepssor is the 80386 whigh is sold by INTEL. The CPU 32 is
connected by a high speed CPU | ocal bus 34 to a bus interface control unit
35, to volatile random access nenory (RAND 36 here shown as Single Inline

Menmory Modul es, (SIitl and to BI ichis
Stored i matr iR oo st ot ett Thsb Rt e st sb. The

Bl OS ROM 38 i f8Y délesThenlOBIROKS 3t5hJa‘F1‘Id§5 U Edl‘fso“iaﬁt’ér‘ﬁsééew Béedeen the 1/ 0
devi ces and t betwveperad I ngdsysdisemdothet e rificy oprtec es e middprdcasdor uct i ons

stored in ROM;38 %rente@mc.gmt@@dl It RouRAME 3618 Qo flegrigasfan 1@, @xaCHld On tinme
of BI CS. mhlle t he pre |?% q%lon is described hereinafter with

particul ar réferfénce® ? F%e sysSt'em bl ock di agram of Figure 3, it is to be

under stood at the outset of the' description which follows that it is
cont enpl at ed whatk thaerappariatdensiands Aeichods hereiacrer danceartidubart he present

i nvention may rpﬁer%@%"\{ﬁehsy@ti%ehobﬁrd%(@%# o€ Q0EI9UF ald ong, %fe the planar
board. For exa he system processor coul d be an _|Intel 80486

m cropr ocessor‘"mﬁé”t"ﬁ? At ntéie (P80 ot o EFTGUT B3Pt PR e MEPUI 10841 T30S 3% (conpri si ng
data, addressogntbletyt ek tberpoaTentssyndatedpdprioviddesiafiqr vithetheonnect i on of

t he present invention may be used with other hardvare configurations of the
planar board. For example, the system processor could be an Intel 80486

microprocessor.

Returning now to Figure 3, the CPU local bus 34 (comprising data,

address and control components) also provides for the connection of the
microprocessor 32 with a numeric or math'coprocessof 39 and a Small

Computer Systems Interface (SCSI) controller 40. The SCSI controller 40

may, as is known to persons skilled in the arts of computer design and

operation, be connected or connectable with Read Only Memory (ROM) 41,

RAM 42, and suitable external devices of a Va?géty of types as ' -
facilitated by the I/O connection indicated to the right in the Figure. _
The SCSI controller 40 functions as a storage controller in controlling
storage memory devices such as fixed or removagle media electromagnetic
storage devices (also known as hard and floppy disk drives),

electro-optical, tape and other storage devices.

The bus interface controller (BIC) 35 couples the CPU local bus 34 with
an I/0 bus 44' and functions as a protocol translator, memory controller
and DMA controller among other functions. By means of the bus 44, the
BIC 35 is coupled. with an optional feature bus such as a MICRO CHANNEL
bus having a plurality of I/0 slots for receiving MICRO CHANNEL adapter
cards 45 which may be further connected to an I/0 device or memory (not

shown). The I/0 bus 44 includes address, data, and control components.



m croprocessor 32 with a nuneric or math coprocessor 39 and a Snal |

Comput'er Systens Interface (SCSI) controller 40. The SCSI controller 40
“may, as' is known to persons skilled in the arts of conputer design and
operation, be connected or connectable with Read Only Menory (ROV) 41, RAM
42, and suitable external devices of a variety of types as facilitated by
the I/O connection indicated to the right in the Figure. The SCSI
controller 40 functions as a storage controller in controlling storage
menory devi ces such as fixed or renovabl e nedi a el ectronmagnetic storage
devices (al so known as hard and fl oppy disk drives), electro-optical, tape
and ot her storage devices. The bus interface controller (BIC) 35 couples
the CPU | ocal bus 34 with _ an |I/0O bus 44land functions as a protocol

transl ator, mewetlyozrontroller and DVA Tontrol |l er anong ot her functions. By
means of the bus 44, the BIC 35 is coupled. wth an optional feature bus
such as a M CRO CHANNEL bus having a plurality of 1/Oslots for receiving .
M CRO CHAI' | Bl E p rds.. ich be furth connected to an 1/0
devi ce or nelrir)lll@er ![_/Oaﬁ%t ££é%\§\§f?&fﬁ%e¥\?6 UtSJgs%gcﬁft%fcr?éfod]aec’gr’gdg?@st(sﬁf data, and
control conpBHERtEMNBrgPert 287 The |/ O bus 44 may be configured to bus
specifications other than the M CRO CHANNEL specification. Coupled al ong
the I/0 buZG%\Igﬁ%ﬁa@nyaﬁé ey bed a;J; /a% Emg&?rl;fsfw/%ugﬁ'%\@énf@ saehdalgoa si gnal
processor wWhi ch i ssoci a w th video / . or _storing

charact er ba¥é ‘_Disrll?nc?? i C|e5?1°r(iﬁsﬁﬁ?%&étlédaséfclﬂ.t%%lat&d’lf’eol\‘/”r Rl Svlﬁf'ﬁg?°rgr aphi ¢ or

i mage based PWFHONHERFA e PAGH Rt et b 49y dicyjedes &) gavdl & erchanged wit h

t he processogradiicnay ifpge passiethfbhraolbgh(iadibagddt &l 44)0 vAmal agnfenvert er ( DAC)
50 to a noni LRkaMREa Ok HEEnedh SPLaY: dgw\ig%e paBERVESLAR 4 $:ifksorade for
connecti ng tp% Vsp 46 r,%“rr%‘;?é'é’ W tah_out%t IS 1herde referred to as a natural

i mage i nput / BUt PUtS ™ WHTEH Ty T aké TRE™ 1 Sr T8 SENITUET Fecor der/ pl ayer,
camera, etc.PPREIPY & [Fdse e forafoserct EupleetPPwitt firac i giitlahSi gmal

Processor (Do} reienskd ch abas n&ssacCiraye dnputnaitputGtun@eh RAM &2 @wed dat a RAM 54

avai | abl e t Ogs3h €, $OfLWALE ael BSLEUCLLRDS LA the ps Q6essiNG,0f signals by
the DSP 51 apoqu

%téith a Digital Signal Processor (DSP) 51 which has associated

instruction RAM 52' and data RAM 54 available to store software

instructions for the processing of signals by the DSP 51 and data

involved in such processing. The DSP 51 provides for processing of

audio inputs and outputs by the provision of an audio controller 55, and

for handling of other signals by provision of an analog interface

controller 56. Lastly, the I/0 bus 44 is coupled with a input/output

controller 58 with associated Electrical Erasable Programmable-Read Only

Hemory (EEPROM) 59 by which inputs and outputs are exchanged with -
conventional peripherals including floppy disk drives, a printer or -
plotter 14, keyboard 12, a mouse or pointing device {(not shown), and by

means of a serial port.

Before turning in greater detail to a description of the functions
provided for the personal computer 10, it is appropriate to first
consider the support by a personal computer of what have been known as
multiple masters or bus masters. As here used, a "master" is a -
processor or any circuit designed to gain control over a bus and drive

address, data and control signals on the bus. Having such capability

enables a master device to transfer information between system memory

and other devices.



i nvolved in such processing. The DSP 51 provides for processing of audio
i nputs and out puts by the provision of an audio controller 55, and for
hahdl i ng of other signals by provision of an analog interface controller
56. Lastly, the I1/O bus 44 is coupled with a input/output controller 58
W th associated El ectrical Erasable Programmabl e-Read Only Menory ( EEPROM
‘59 by which inputs and outputs are exchanged with -r conventi onal
peripherals including floppy disk drives, a printer or - plotter 14,
keyboard 12, a nouse or pointing device (not shown), and by neans of a
serial port. Before turning in greater detail to a description. of the
functions "- provided for the personal conputer 10, it is appropriate to
first consider the support by a personal conputer of what have been known
as multiple mester®eor bus masters. Asshere used, a "master” is a
processor or any circuit designed to gain control over a bus and drive
address, data and. control signals on the bus. Having such capability
enabl es a naster Vi o_transfer informatian between system nenory and
ot her devi ces.ﬁB}gg%fgg)ﬁ%wéef{ ?haﬁamsas eerénbep(rh(‘)'b%egeﬁmt‘%\gtﬁeﬁaté'%/eesr s BEY vi ded
among t hree typeser- (Useildy &is CRBstRP easiralary pAduTpeyter DMecomstsrol | er, and
bus master. Thessystoetmolsrasd @rnagenthcokgstandonamageidnt het SySkedliy the

configurati onhdek;tzli; sn\ﬁseuadnl %etnﬁtemde&ayldtefm%@;tei RufNeneSYRL Q1) nhhe default
master owns t us an_no _ ofher, naster.requires. it. A master is a
speci al type ooglferrasatse? Wi ch. transters dat & Beﬁpﬁ%lé‘% BRA5MVEE and

nenory. sl aves,*"aidtd8eErhdete BB AitesPBis tHe Y blivesetnd des nehe DVA

sl ave that is arbigratebfdrrdtedius bubsseheices usedi2 aldyesthamss ehe arhittatat es for

use of the bussaRde SHRNOS bes mhditk OLPBLEARS toARSE QF SLMLLD 288 s[4 QR &l ave or

menory slave. Wat makes a devi.ce a . 'bug master” can be confusing, as bus
information transfers with an I slave.

masters do not necessariTy Fequi re 4 procedsoim APES a bus master may be
called on to respond as a slave when accessed by anot her bus master. A bus
mast er i s di stihmguilehedddyycd he'bcapadiet tyn 6f cgefuningg ae ant maktedf sbhe bus

through arbit rat inon-and1 Lo higdgelis . exequt] o alsd- def Loediys
on to respond as a slave when accessed by another bus master. A bus
master is distinguished by the capability of gaining control of the bus
through arbitration and controlling the execution of a defined bus
cycle. Generally, there are three types of bus masters: full function,
special function controllers, and prograﬁmable special function
controllers. The fundamental differences among them are degrees of
flexibility, function and cost. The full function bus master is the
most flexible, has the most function, and costs most. Typically, a full
function bus master will have its own programmable CPU and be capable of
controlling all system resources, including operating system software.
Special function controllers have the least flexibility, function and
cost. Typically, a special function controller will use logic circuits
but no CPU to perform a specific function while requiring little or no
assistance from other masters. Programmable special function
controllers span the range between the other two. The fundamental
difference between special function and programmable special function
controllers is the ability to modify the function and/or execution -
characteristics of the bus master. Such modification can be
accomplished through use of processing units or through settable

registers.

Within the definitions here given, the CPU 32 and SCSI controller 40 may

function as masters directly coupled to or on the local bus 34, while



cycle. Generally, there are three types of bus masters: full function,
special function controllers, and programmuabl e special function
cohtroliers. The fundanmental differences anong them are degrees of
flexibility, function and cost. The full function bus master is the nost
flexible, has the nost function, and costs nost. Typically, a ful
function bus master will have its own programmabl e CPU and be capabl e of
controlling all systemresources, including operating system software.
Speci al function controllers have the least flexibility, function and
cost. Typically, a special function controller will use logic circuits but
no CPU to performa specific function while requiring little or no

assi stance from other masters. Programmabl e special function controllers
span t he rangeBdielwetn the other two. The fundanental difference between
speci al function and programmbl e special function controllers is the
ability to nodify the function and/or execution - characteristics of the

bus naster. Ste@:;mgunftw@za o $aNsPevACEOIN | §J;l éta][y’c%tgry yo%ﬁf%@f;s processi ng
erinitlons ere |ven

units or throu sett ec%%g s§otWth| n } .

the CPU 32 anll conet PNty BRCHS" PadPeres dillfeéf:][yl y coupl ed
to or on the F@@éﬁiBh§f34'm%HPP§/BC£U©EU%26 9 the 1/O controller 58, DSP
51, VSP 46 and possibly accessory boards 45 nounted in the M CRO CHANNEL

slots may all ;f URGHELRSHTRSE §Je§erql xrﬁ,@,télxn MUPAS%ARYOIS a8k

i nput/out put bus 44 HQ accord ance, i wi ﬁ % resegw]lnventlon t he
possibility i Ea"dﬁ% BESFPISRRRY S T Aueetly P Ot o F¥r directly
coupl ed to or lesal tPhiecessaschils Idoféectdye brudsante ehd peompl eyttem ipsaleatoe t he

nor mal syst emy fhe ape 2P rwher bhaetiRU BRJrsvhncoppesenh . ac@brﬂ@ﬁc@%@l gg@nputer in
accordance Wi L. Lb pad BYSEHAIRR gﬂ%éa“ﬂggﬁgt Q' oOHRL LG, LI BE LY SO the

| ocal processor acco cept |0n O an a ernate
processor. FuF‘trhécrc°“‘"‘t°ﬁaet“b%§ecef’ﬁt°ér?fa?fbaléﬁﬁtafblpr%cres%";') d8¢¢hshede Hef ei nabove
provi des for deedets gontopllet 36 derasbevckerefnabsveaprioerdaatfer graeeissar recei ved
in the (ZOFHTECEHQFPﬁQBK*ceiom an alternate processor received in the connector and, in

response to detection of the presence of an alternate processor, for

transferring control of the local processor bus from the microprecessor

to an alternate processor mounted in the connector.

In a preferred form of the present invenéion, advanéage is taken of the

packaging of a numeric co-processor such as the math co-processer 39 in

a plastic leaded chip carrier. It has become conventional to provide a

connector for such a device in the form of a socket which uses the two

outer rows of an 11x11 pin grid array type footbfint. The presence of -
the MCPU 39 in Figurée 3 would normally be accomodated through use of -
such a socket connector and possibly an intermediate adapter connector.

A typical numeric co-processor uses less than all of the one hundred -
twenty one possible pin connections in such a socket, typically using

sixty eight. However, those connections normally include the local —
processor bus data signals and several control ;;gnals. Thus by

bringing additional signals into the connector pin locations and

packaging alternate system controllers to use all active pin locations ‘ -
in such a connector, all signals necessary to implementation of this

invention as described hereinafter become available.

In particular, and referring now to Figure 4, the present invention
provides that local processor bus 34 signals be available to both the

CRU 32 and to an alternate system controller 60, if mounted in the



response to detection of the presence of an alternate processor, for
transferring control of the |ocal processor bus fromthe mcroprocessor to
an alternate processor nounted in the connector. In a preferred formof the
present invention, advantage is taken of the packaging of a nuneric
.Co-processor such as the math co-processor 39 in a plastic |eaded chip
‘carrier. It has becone conventional to provide a connector for such a
device in the formof a socket which uses the two outer rows of an IIxl|
pin grid array type footprint. The presence of the MCPU 39 in Figure 3
woul d normal |y be acconodated through use of such a socket connector and
possi bly an internedi ate adapter connector. - A typical nunmeric co-processor
uses less than all of the one hundred twenty -one possible pin connections
in such"a sockgb.q;tgspi cal |y using sixtyieight. However, those connections
normal Iy include the | ocal -- processor bus data signals and several

control signals. Thus by bringing additional signals into the connector pin
| ocati ons and ackagi ng alternate %ysten?cpntrollergzto use ﬁLBZactive pin
| ocations i nsSEEh U ETANERTGIPIa Y Ssi fital S"hBYE&sArS T Sl npl'ement at i on of
this invention ds deswriderstirecceitnaflee sl aesawiadaplaapIvath [t Perti cul ar,
and referring;Rewato cFitgsner 45, LhRhPe@sRRE ahdhgenthé:0buncpioayitdes that | oca
processor bus_34 .signals. . I h, the k0 an
alternate sys?gﬁFﬁaggﬁ”ngg“gﬁéh%?9%56%3859%%rfﬂefﬁggyag?“%ggi sgcket
connect or deskari SHIARVEECBEEIPNL HE® 1BF5TET 8 yEREM EoNEFOFT &F 52°*and t he

al ternate syséemmont vokécstadds armicodplisetrt doamd anit’h fiked Buagd interface
control | er 35,,.wWiighoRehfWQEMELAMDVEnKabher 1d eictitomsnédassarf wact i on of

PI’ ovi di n.g ! 0g! Crospli‘lP (e)rt;[o ;c}rlpoI%Fstgpdiﬁggfrt%%?ﬁn\feupi%tlI Qe col-:perndﬁﬂqd! tional

i nformation, tHe |n_erestea reader 1S directed to related co-pending
Uni t ed St at esapRpisREEoaE iBghde by infgsPeraked Ry reference dgts thyAresgiined in common
with this inventiipnionTOo any extent necessary or appropriate to a full -
understanding of this invention, those co-pending applications are hereby

I ncorpor at ed lejfyterr %Tleel:agp gceatlig]nt Qf tpglw%rpgoealee:n[get'sox\al computer 10, the power

supply drives all direct current power levels active for a predetermined

minimum interval of time before supplying a POWER_GOOD signal to the

power on support logic. When the logic finds POWER_GOOD active, the BIC

35 drives reset signals to local bus devices, the CPU 32, and the

alternate system controller (hereafter sometimes ”AéC") and a HOLD

signal to the CPU 32 active. The interested reader is referred to Intel
microprocessor specifications for more information regarding reset

signals, if desired. Reset signals are typically level sensitive

synchronous signals, and have requirements for setup and hold times .

which must be met in order to assure proper cperation of the CPU 32, ASC

60 and the 1like.

After a predetermined time interval allowing for assured recognition of
the signals by the CPU 32 and ASC 60 and for resetting of the CPU 32 to
a known state, the BIC 35 samples an alternate system controller hold
acknowledge signal (hereafter, and in Figure 4, "ASC_HLDA"). If
ASC_HLDA is sEmpled low (the event of Figure 5), then an alternate -
system controller is recognized as being present in the system and

causes the BIC 35.to drive CPU_RESET low. The CPU 32 will finish its

internal initialization and drive a central processor unit hold

acknowledge signal (hereafter, and in Figure 4, "CPU_HLDA") high. When

CPU_HLDA is sampled high, reset signals including ASC_RESET are driven



description. After the application of power to the personal conmputer 10,
the power supply drives all direct current power |evels active for a

" predetermned mnimuminterval of tinme before supplying a PONER _GOOD
signal to the power on support logic. Wien the |ogic finds POANER _GOCD
.active, the BIC 35 drives reset signals to |local bus devices, the CPU 32,
‘and the alternate systemcontroller (hereafter sonetines "ASC') and a HOLD
signal to the CPU 32 active. The interested reader is referred to Intel

m croprocessor specifications for nore information regardi ng reset

signals, if desired. Reset signals are typically level sensitive
synchronous signals, and have requirenents for setup and hold tinmes which
must be met in order to assure proper operation of the CPU 32, ASC 60 and
the like. Aftegyaipiedetermned time interval allow ng for assured
recognition of the signals by the CPU 32 and ASC 60 and for resetting of

the CPU 32 to ~- a known state, the BIC 35 sarrpl es an alternate system
controller hold a,cknoi\(_ivtedgepus naI hereafter, Ln Fi gure
"ASC HLDA"). PPetAsc? F °f \PY tcﬁ'btr%]v@f'ntt DR g"df’%’sé‘)r then an

alternate sysiseth ¢ont rtbt Pes GPSJaF'éc%J’gthPeUOhs bei ng present in the system
and causes the BIC 35. to drive CPU RESET |low. The CPU 32 wll finish its

internal initjal Idzaéelrgn @Jadenc!g lo\feev@n&e%sm up%pgfe,%%orthy@&é sgol d
acknow edge si nal When

CPU HLDA is sH ﬁ‘éh&”?'}%e‘if 5 &%C P% wﬁ?ﬁ‘cﬁfd’?%& 1/3\8%"‘%%&*21’9% dri ven
BC9-91- 026 11allirna€*t Fimalsapif EHYEHOCPIr8thpreabigr rdsévebrioartdont rigterof the | ocal
processor bU&e\?s‘}'SMi pracdsher Aop16@s gaitis1sueln canttads. cdnBrad ot fHeer ent

sequence of VeI Sroc8auhyl BaFhgULe farchierfl (135 .1ACAQ0I 26Sytie absence
of an ASC 60 wh is saml ed gh nd reset signals and

CPU-HOLD are ‘tllﬁ‘ér"B%ltFt’eerr S’cPPi”véﬁ TRfAtt Ffé”“ CRPt%PA fHé‘”é‘?set‘é}?ﬁrpsrlS'Féssor

conpl et es i nitoi i isedthyomy $uste¢makadc cbighy wledofo tohétor | the altatpr ocesdor bus 34
and the systaiba FhaBl C 35 will drive-ASC HLDA with whatever signal is
received from CPU HLDA, allow ng either signa

The present invention contemplates that the alternate system controller
may take one of several forms. In particular, the ASC 60 may be an in
circuit emulator used for testing and evaluation of the computer system
10 and of software operating on the system. Alterhatively, the ASC 60
may be a cache processor subsystem allowing for cacHe handling of data
and performance comparisons without change in the CPU 32. Further, the
ASC 60 may be an upgraded processor enhancing the performance of the
system 10. In any such instance, the present invention enables such an
ASC, when present, to cause the CPU 32 to be reset, initialized, and
then isolated from the local processor bus 34 while the ASC gains

control over the system.



to be used by any system |l ogic which need to nonitor the state of such a
HLDA signal. The present invention contenpl ates that  the—alternate system
control'ler may take one of several forns. I'n particutar,—the—ASC 60 may be
an in circuit emul ator used for testing and eval uati on of the conputer
system 10 and of software operating on the system Alternatively, the ASC
60 may be a cache processor subsystem all owi ng-for cache handling of data
.and performance conpari sons w thout change in the CPU 32. Further, the ASC
60 may be an upgraded processor enhancing the performance of the system
10. In any such instance, the present invention enables such an ASC when
present, to cause the CPU 32 to be reset, initialized, and then isolated
fromthe | ocal processor bus 34 while the ASC gains control over the
system 1 . BTI-910326 12 CLAIMS 1. Azpersonal computer system
conprising: a high sped |ocal processor data bus; an input/output data
bus; a m croprocessor coupled directly to said |ocal processor bus; a
connector coupled directly'to said | egal,sprocessor bus for accomodating
reception of an alternate processor; "and a bus interface controller coupled
directly to said |local processor bus and directly to said input/output
data bus forlprdvPelisatpl cooparanisester csrdeineen said | ocal processor bits
and said input/output data bus, said bus interface controller providing

for detection of, {hg RLLIENGE Blea} alLarpate processor received in said
connector and, in Tesponse to detection of the presence of an alternate

processor, transferring control of said |local processor bus fromsaid
m croprocessor ta @it oairterdatt Buspr ocessor

a microprocessor coupled directly to said local processor bus;

a connector coupled directly to said local processor bus for

accommodating reception of an alternate processor: and

a bus interface controller coupled directly to said local processor
bus and directly to said input/output data bus for providing
communications between said local processor bus and said input/output
data bus, said bus interface controller ﬁroviding for detection of the
presence of an alternate processor received in said connector and, in
response to detection of the presence of an alternate processor,
transferring control of said local processor bus from said

‘microprocessor to said alternate processor. ' e

2. A personal computer system according to Claim 1 further comprising

an alternate system controller mounted in said connector. --.

3. A personal computer system according to Claim 2 wherein said —

alternate system controller is an in circuit emulator.

4. A personall computer system according to Claim 2 wherein said -

alternate system controller is a cache processor.

5. A personal computer system according to Claim 2 wherein said

alternate system controller is a high performance microprocessor.

6. A personal computer  system according to claim 1 comprising:

‘ THIS SHEET HAS ¥ciN
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2. A personal conputer systemaccordi.nu to Claim1l further conprising an
alternate systemcontroller nmounted in said connector. 3. A persona
cdnpufer system according to Claim2 wherein said - alternate-system
‘controller is an in circuit emulator. 4. A personal™ ¢C

.according to daim2 wherein said - alternate systemcontroller is a cache
‘processor. 5. A personal conputer systemaccording to Claim2 wherein said
.alternate systemcontroller is a high performnce m-e~eprocessor. 6.. A

personal conputer system'according to claim 1 conprising: TH S SHEET HAS
if(::[:-:N REPLACED 6C9-91-026 13 volatile nenory coupled to said high
speed data bus for volatile storage of data; storage nenory devices for
nonvol atil e storage of data and; a storage controller coupled-to said high
speed data bussemditoes sai d storage nenory devices for regulating

comuni cations with said storage nenory devices. 7. A personal conputer
system conprising: a high speed data bus; a m croprocessor coupl ed
direct|y to said bighseeed data hus .3 gonnector coupled diject!y to said
| ocal processor bus for accomdating receptlon of°an afternaté€ processor;
vol atil e menoryeié8upgfedtdirectly to said high speed data bus for volatile
storage of data; storage nenory devices for nonvolatile storage of data; a

st _Or age controll eEtoQQééprLe%dr)dhg\ﬁg;sl Ym't 90n_$§iia@11|3i &Iareﬁjgeo%qdaqg‘taa(dpus and to
sai d storage nenory deyices for regulating conmunications with said

storage nenory devices;. an input/output data bus; an input'/output
control |l er coupl ed sdprgecPsirpbes giepledgatolh piit speddtdatadobiss; arg th gi t al
signal processerd eoupjectkndiy e6tites tr SayiithtinPidnhGitPUbns dithasabals;

storage memory devices.
7. A personal computer system comprising:
a high speed data bus;

a microprocessor coupled directly to said high speed data bus;

a connector coupled directly to said local processor bus for

accommodating reception of an alternate processor;

volatile memory coupled directly to said high speed data bus for

volatile storage of data;

storage memory devices for nonvolatile storage of data;
a storage controller coupled directly to said high speed data bus
and to said storage memory devices for regulating communications with

said storage memory devices;
an input/output data bus;

an inputVoutput controller coupled directly to said input/output -

data hus;

a digital signal processor coupled directly to said input/output
data bus;

B THIS SHEFT HAS YEEM
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THI'S SHEET -!AS EE; Nl REPLACED 1 | ~ BC9-91-026 14 a vi deo signal
processor coupled directly to said input/output data bus; and a bus
imterface controller coupled to said high speed data bus ahd to said
input/output data bus for providing communi cati ons bet wee i h speed

.data bus and said input/output data bus, said bus'*‘TFTfaﬁe-—gonLL__ler

'prOV|d|ng for detection of the presence of an alternate processor received
in said connector and, in response to detectlonlof t he presence of an
alternate processor, transferring control of said |ocal processor bus from
said mcroprocessor to said alternate processor. 8. A personal conputer
system according to aim?7 further conprising an alternate system
controller nmounted in said connector. 9. A personal conputer system
according to Clmbmi8oxherein said alterngte systemcontroller is an in
circuit emulator. 10. A personal conputer systemaccording to Claim38
wherein said alternate systemcontroller is a cache processor. E .t - 11

- A personal conputeguggsten1accord|ng to Claim8 wherein said ternate

a

system control | er i $"G° iy FEPTGFtraftvalsd ¢reprodesedd inmm G tSHERTa KAS'
6EEW REPLACEDPUSi 3nd

a bus interface controller coupled to said high speed data bus and
to said 1npdt/output data bus for providing communications between said
hlgh speed data bus and said input/output data bus, said bus interface
controller providing for detection of the presence of an alternate
processor received in said connector and, in response to detection of
the presence of an alternate processor, transferring control of said
local processor bus from said microprocessor to said alternate

processor.

8. A personal computer system according to Claim 7 further comprising

an alternate system controller mounted in said connector.

9. A personal computer system according to Claim 8 wherein said

alternate system controller is an in circuit emulator.

10. A personal computer system according to Claim 8 wherein said

alternate system controller is a cache processor.

kfii) ‘A personal computer system according to Claim 8 wiherein said -
t

ernate system controller is a high performance microorocessor.
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