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DESCRI PTION™  This invention relates to personal conputers, and nore
particularly to personal conputers in which arbitration for control over a
data handling bus occurs anong a plurality of "master" devices coupl ed
directly to the bﬂ?'%ﬁﬂnnennry addr ess sigﬁals are varied in response to
such arbitration. - Personal conputer systens in general and | BM personal
computers in particular have attained w despread use for providing conputer
power to nmany segmentPERIPNAL GRIBYIER WIE| @YY CEAHEIRE (MFMORPCGONTROR |SISBRPNE er syst ens
can usually be defined as a desk top, floor standing, or portable

DESCRIPTION

This invention relates to personal computers, and more particularly to
personal computefs in which arbitration for control over a data handling
bus occurs among a plurality of "master" devices coupled directly to the
bus and memory address signals are varied in response to such

arbitration.

Personal computer systems in general and IBM personal computers in
particular have attained widespread use for providing computer power to
many segments of today's modern socijety. 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
moqitor, a keyboard, one or more diskette drives, a fixed disk storage,
and an optional printer. One of the disfinguishing 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
PERSONAL SYSTEM/2 Models 25, 30, L40SX, 50, 55, 65, 70, 80, 90 and 95.

These systems can be classified into two general families. The first
family, usually referred to as Family I lModels, use a bus architecture
exemplified by the IBM PERSONAL COMPUTER AT and éther "IBM compatible™
machines. The second family, referred to as Family II Models, use IBM's
MICRO CHANNEL bus architecture exemplified by IBM's 1ls and the Family II
models typically use the higher speed INTEL 80286, 80386, and 80486
microprocessors which can operate in a real mode to emulate the slower
speed INTEL 8086 microprocessor or a protected mode which extends the
addressing range from 1 megabyte to 4 Gigabytes qu some models. 1In

essence, the real mode feature of the 80286, 80386, and 80486 processors
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m croconputer that consists of a systemunit having a single system
processor and associated volatile and non-volatile menory, a display

noni t or, a“keyboard one or nore diskette drives, a fixed disk storage, and
an optlonal printer. One of the distinguishing characteristics of these
systens is the use of a notherboard or system planar- to connect these
conponent s t oget W&P:91-0ese systens are dedigned prinmarily to give.

i ndependent conputing power to a single user and are inexpensively priced
for purchase by individuals or small businesses. Exanples of such personal
conput er sSyst enspsiidel Bivie r PERGEMNAL LTOMRUT BHE tpdregurd teBMos tPERSIENAIY SYSTEM 2
Model s 25, 30, L4@Q@%icaBroedsor65, 70, 80, 90 and 95. These systens can be
classified into two general famlies. The first fam|l y, usually referred to
as Famly |I Mddels, use a bus architecture ex y_the, IBM PERSO\IAL
COMPUTER AT and Bt REFsomalgiamRERh AT BP ey r‘%ﬁ%ﬁ?"ﬁgrsg‘)*dfﬁ% neysaots ™ EAR §P

referred to as Fafrtkgn #1id dsdkly thipty| Bm@tmlé}?@ﬂ%ﬁﬁﬁflﬁuyda#’@hﬁ’t ecture
exenplified by | BMes wisropiudedddts bapableyod kearnoiel B oteypidcmidk yperseidnhe hi gher

speed | NTEL 8028 erf§9n§§ 1ca%9ﬁ1&%41&@ BLe£ 8 h@%gss%gsétwai&b aeantm&reasp in a
real nmode to enulate the_slower lpeed INT 8086 n}dcroprocfesslgr g
var Us areas. peclfica t e

protect ed mode WHTCRERPETEPY R *AGdrEESP ng® range
G gabytes for soneigimrdelsy PC. Iﬂﬁafegg"@n'tf’ebe i“l‘?é“ Préat erfffafé‘si“é‘a’f“ﬁr"@sof the 80286
80386, and 80486 epepi@s04 Slirect extension of the microprocessor (8086 or 8088)

2 connections, buffered and demultiplexed as required. Later, as the AT
bus 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, the 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 onelmicroproceésor on the input/output

bus, through use of direct memory access (DMA) interrupts.

As performance enhancement has continued to be sought, difficulties
inherent in opening the possibility of multiple masters contending for
access to and control of the local processor bus have become apparent,
-as have the potential benefits of consolidating the functions necessary
in operating a personal computer in as few integrated circuit chips as

possible.

Now according to the present invention there is provided a personal
computer system comprising: a high speed local processor data bué; an
input/output data bus; a microprocessor coupled directly to said local
processor bus; volatile memory coupled to said local processor bus for
volatile storage of data; and a bus interface controller coupled

directly to said local processor bus and directly to said input/output

Sheet Has Been Replaced

T




provide harware conpatibility with software witten for the 8086 and 8088
mcrop;ocessors As personal conputer technol ogy has devel oped and
noved from'i ght to sixteen and eventually thirty two bit w de bus
interaction and hi gher speed microprocessors capable of real and protected
node operati on, perJg ce capability has peen sought by separating the
architecture of tHe personal conputer into varying bus areas. Mire
specifically, in the original IBMPC, what cane to be known as the

expansi on bus was essentially a direct extension of the mcroprocessor
(8086 or 8088)" colakrebes &, pm¥<¥1m eepmunitatiganptivpey eddddosd pregrsseelus Lat er,
as the AT bus spewdfsathtispapn/ongst devebepeshiamds icGmErck ootralide psEd{nyOW

bei ng al so known @s thRrididhiShdnY 2hARUAES oA s@csw&h@; madtDFkevikl becane

pOSSI ble to Sever tf‘i gzal;:t:yy Eol I;ael%thléf?@neee tciagansetfwregpceg %o sgldc{x’oggr ocessor
and the bus, givif 3 | ocal

processor bus ancFPE??edartér?élﬁ’l ﬁ@d 8‘f°"f‘i‘1‘ég Jﬁbéﬁ@l"ffﬁl%é‘ma% af’%ée“ilﬁ‘ffuf‘i’uﬁlcﬂdput
bus. Typically, direcdidér sty ewhtivcwupdetoburarrcesait hégh erpafl dpraobwssor bus
runs at a hi gher access to said input/output data bus, and coupled to said volatile

memory for supplying row address select signals to said volatile memory
and thereby selecting data storage areas to be accessed, said bus
interface controller responding to a change in access granted to said
local bus by changing the row address select signal supplied to said
volatile memory in preparation for access to potentially different data

storage areas of said volatile memory.

Further according to the present invention there is provided a personal
computer system cecmprising: a high speed data bus; a microprocessor
coupled directly tc said high speed data bus; a numeric co-processor
coupled directly to said high speed data bus; volatile memory coupled
directly to said high speed data bus for volatile storage of data;
storage memory devices for nonQolatile 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 input/output controller
coupled directly tc said input/output data bus; a digital signal
processor coupled directly to said input/output 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 arbitration among said microprocessor and said
storage controller coupled directly to said high speed data bus for
access to said high speed data bus, and providing for arbitration among
said input/output controller and said digital signal processor and said
video signal processor coupled directly to said ipput/output data bus

and said high speed data bus for access to said input/output data bus,

This Sheet Has Been Replaced

S




cl ock speed (typically expressed in Hertz) than does the input/output bus.
The 1 BM AT  architecture also opened the possibility of running nore than
one n1croprocessor on the input/output bus, through use of direct nenory
access (DMA) interrupts. As perfornance enhancenent has continued to
be sought, difficulties inherent in opening the possibility of multiple
mast ers contendlﬁﬁ 1%5P3%ccess to and contrfol of the 1ocal processor bus
have becone apparent, ‘as have the potential benefits of consolidating the
functions necessary in operating a personal conputer in as few integrated
circuit chips asidppssinyerface controller further being coupled BUMMARY1QRE 1T HE

| NVENTI ON nbory FoABugh} RGtronfadllaes RERSEREgaly eNkh IOt iaeRkhiRyat e one

or nore di Sadvaqgcﬁgﬁe%ew selgpﬁntpciggrst%;at( e areas to ’e‘ggggeggé’hgar;[doreg%dﬁn%pe(:t of
t he present I nvent|l t he | S prov gﬁuter system

conprising: a higH %Se%e ”f Sﬁcﬁfs ﬁr%'c?%dgs sald’a °°a]g & Pt PSutBut  dat a
bus; a m croprocé¥sey selsahEE@ticrRRe Iyt 631§6ﬁ°6at117 B‘E‘&FY PP BEFEETEoWat a bus
and functi oni ng fas access to potentially different data storage areas of said volatile

memory.
In the drawings:-

Figure 1 is a perspective view of a personal computer embodying this
invention;

Figure 2 is an exploded perspective 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; and

Figures 4 through 8 are signal charts illustrating operation of a bus
interface controller included among the components of Figure 3 in

various operating circumstances.

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.
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3 a first master device; a second nmaster device coupled directly to said
| ocal procegsor data bus; volatile menory coupled to said |ocal processor
data bus for volatile storage of data; and a bus interface controller
coupled directly to said local processor data bus and directly to said

I nput / out put datacggﬁ_ggr provi di ng communj cati ons between said | ocal
processor data bis’ and sai d I nput/ out put data bus, said bus interface
controller providing for (a) arbitration among said mcroprocessor and
sai d second master device coupled directly to said |ocal processor data
bus for grant ofReATEEWsNgroEqPdr Yigdarlyproothiss FEFOMHEYA"I BiF¥ingand (b)
arbitration anongcemympderi @esdydatl plecpkedénteiméntidnois ghede ishpput dn@gut put dat a
bus and said | aeadraPiy0GREGRE: dOha Bifrd 9F. JAdnt Whed66RISbER , S@L d _
| nput Foutput datBelis. 158kfl nelliS LILELLACRATANT IO lefhoahL NG £ RIRLE LO Sal d

vol atil e nenory sugplylng row address select signals to sajd volatile
menory and t her éByP 8BS ngPUSTRUSE 0PAYE BFWEE Po™hper cooperates with a

chassis 19 in defining an enclosed, shielded volume for receiving
electrically powered data processing and storage components for
proces§ing and storing digital data, as shown in Figure 2. At least
certain of these components are mounted on a multilayer planar 20 or
motherboard which is mounted on the chassis 19 and provides a means for
electrically interconnecting the components of the computer 10 including
those identified above and such other associated elements as floppy disk
drives, various forms of direct access storage 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 upper bay 22 is adapted to receive
peripheral drives of a first size (such as those known as 3.5 inch
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 provided in the upper bay 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 a personal computer system illustrating the various components of the
computer system such as the system 10 in accordance with the present
invention, including components mounted on the planar 20 and the
connection of the planar to the 1/0 slots and other hardware of the
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.
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While the present invention is described hereinafter with particular

reference to the system block diagram of Figure'3, it is to be

understood at the outset of the description which follows that it is

contemplated that the abparatus and methods in accordance with the

present invention may be used with other hardware 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 coprocessor 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 variety of types as

facilitated by the I/0O 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 removable 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 receiviﬁé MICRO CHANNEL adapter



storage nenory device; and a bus interface controller coupled to said high
speed data ,bus and to said input/output data bus for providing
comuni cati ons between said high

4 speed data bus and said input/output data bus, said bus interface
controll er providswepit@z (a) arbitration anong said m croprocessor and
said storage controller coupled directly to said high speed data bus for
access to said high speed data bus, and (b) arbitration anong said high

speed data bus apgaany e £GSpL aiRhG@dcHhdcRed by ah @/6 Abdci RPHehaYt @Yt dat a
bus for access tg S,a' Ak qw%gumﬂzm@@; 2Ly, daéu da.iauf.sonmgecrox‘@o%@nts

control l er furth&¥ein to sajd volati 'ying row

address sel ect sFgn¥osP s‘&ﬁydbevf)‘lnéﬁuf%d t%ﬁ%?@?“éﬁaa?ﬁ’& é‘tﬁ’ffr stET"eE]{Ol ng data
storage areas tpo@O&d@@§%eﬁ$1éﬁahsa1d bus interface controller responding
to a change in grant of access to said high speed data bus to one of

coupled along the I1/0 bus 44 are a variety of I/O components such as a
video signal processor 46 which is associated with video RAM (VRAM) for
storing character based information (indicated at 48) and for storing
graphic or image based information (indicated at 49). Video signals
exchanged with the processor 46 may be passed through a Digital to
aAnalog Converter (DAC) 50 to a monitor or other display device.
Provision is also mades for connecting the VSP 46 directly with what is
here referred to as & natural image input/output, which may take the
form of a video recorder/player, camera, etc. The I/0 bus 44 is also
coupled with a Digitel 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 $6. Lastly, the I/0 bus 44 is coupled with a input/output
controller 53 with associated Electrical Erasable Programmable Read Only
Memory (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
served by the BIC 35, 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 conirol 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.



sai d m croprocessor and said st'orage controller by providing an
anticipatory precharge of nenory addresses and changing the row address
sel ect® si gfal supplied to said volatile nenory in preparation for access
to potentially different data storage areas of said volatile nmenory nore
likely to be used,ﬁgyntdgg one of said mcroprocessor and said storage
controll er which has won an arbitration for grant of access to said high
speed data bus and thus mnim zi ng wait states during changes in nmenory

access as arbitrat] on,.9ccu ccqrdi.n her. aspect of
the present invehtdn eteﬁepmmse;ghat i CTSOD Alé’r('gds?‘éi)na?rH Lhra?'lgées stem B
conpri-sing: a hi pFtepesyedytEe 589 BRnGRFSbr6c 888 bPFs Bfﬁ}ﬁf edTl’eoelYFbee‘t ly to

sai d hi gh speed dater bersrola andmendges ¢be prsderesodiswratiphedtdiy aswalliy tie sad
hi gh speed dat aghusic metat id enenBiybeny e pkedidniet byhst thesiad Wheghospeed

data bus for vol at'lﬁastﬂ %ag@esoit da! fia fsBLOL AQE ORI ed@yings%eior
nonvol atil e storage of orage _control ed di r%? X to sad

hi gh speed data BHSP éﬁ?ﬂ‘sf’tfss%'i‘ltﬁ b§tt"’8?“ ge wever ?"ddmemf’?es For 78
conmmuni cat i ons wethitrass dos e bigfebytetrsriFedidls B8 skaveithpuds dbe ﬁthltﬁPéPla bus;
an input/output gOREdeOldee) aC@HMagdr irbaeitey foo uSaEithpiié @ud Pudpotkat a bus; a

di glt al information transfers with an I/O slave or memory slave.

What makes a device a '"bus masier" can be confusing, as bus masters do
B not necessarily require a processor. Also, a bus maéter may be called
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 programmable 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-iocal bus 34, while



si gnal processor coupled directly to said input/output data bus; a video
signal «procgssor coupled directly to said input/output data bus; and a bus
interface controller coupled to sad high speed data bus and to said

| nput /out put data bus for providing communi cati ons between said high speed
data bus and sad jfippihput put data bus, sajd bus interface

4a controller prOV|d|ng for (a) arbltratlon anong said m croprocessor and
said storage controller coupled dlrectly to said high speed data bus for
access to said high speed data bus, gb) arbitration anmong said high

speed data bus &l Ié%lcﬂnﬁ"?ﬂdﬁf/*éutbﬁjtﬂfcﬁ?ﬁ SRFPEPOSSIY 3SS556°i kfFr sl 45i gnal
processor and saiothted deohsiMGERR| CHAVNED ed sy mayorid| Bucdpr @etmegterp doctly

I nput / out put dat@ufids b ACORSEHpLE.eLE binpat / out put data bus, said bus
interface controller being coupled to said volatile nenory for supplying

row address sel E‘Ct Slcg:nmaﬁlltlple masters, the BIC 35 functions to provide for

arbitration among devices directly coupled to the input/output bus 44
for access to the input/output bus and to the local processor bus 34,
and for arbitration among the input/output bus 44 and the maﬁter devices
coupled directly to the local processor bus 34 for access to the local
processor bus 34. This "layering" of arbitration procedures'is
illustrated and described more fully in co-pending Application Serial
No. *, filed * and owned in common with the present squect invention.
As there shown and described, the BIC 35 functions as a central
arbitration control point (CACP) for the I/0 bus 44 by the exchange of
certain signals with that bus and also functions as a local bus
arbitration control point (LBACP) by the exchange of certain signals
with the CACP, the I/0 bus 44 and the masters directly connected to

local processor bus 34.

At this point, it is to be noted that the BIC 35 and each local bus 34
master (CPU 32 and SCSI controller 40 in the illustrated embodiment) are
connected by signals dedicated to bus arbitration. In the instance of
the CPU 32, such signals are identified as HOLD and HLDA; of the SCSI

- controller 40 and any other master device coupled directly to the local
pProcessor bus, BRQn# and BGTnit (the lower case letter "n" to be replaced
by a digit identifying a specific master). BRQn# is an output from the
master to the LBACP function of BIC 35 indicating a request for control
of the local bus 34. BROn#t is an active LOW signal. The masters will
drive the corresponding BRQOn# active and await assertion of BGTn# before
driving the local bus 34. A winning local bus master will take BRQn#
inactive when BGTn# is sampled inactive or when it has finished using
the bus. Taking BRQﬁ# inactive serves as an indication that the address
bus and bus cycle definition signals are being placed in a high

impedance state.



to sad volatile nenory and .t hereby sel ecting data storage areas to be
accessed, and said bus interface controller responding to a change in
grant of atcess to sad high speed data bus to one of sad nicroprocessor
and sai d storage controller by providing an anticipatory precharge of
nmenory addr esses andochangl ng the row addlroess sel ect signal supplied to
said volatile nﬁﬁgo?]y P preparation for access to potentially different
data storage areas of said volatile memory nore likely to be used by the
one of said mcroprocessor and said stora e control |l er which has won an
arbitration forsciptait sPUREEESY thy FAFH FHICHIP" YpHEP atoa bty Wtd hus
mnimzing wai tinsicatiag wat thgmashanyesbeen gremnd \coawekss the loaliubrdt i on
occurs. | Rrdshes @x\elk)giow signal. FirGHIs@gnbl WSl RPBETPRELIVEy Vhew Of a
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rel ati onshi ps amﬂngShweereP?émﬂsase the bus (rguing %‘Q‘i‘**s 1‘&‘°§’é’ﬁéﬁﬁtsl°&“ vi ew of
certai n conponeft gheOfuridi® tpedsFONas copiprstier Tief LBACP will not drive BGTni#

active for the next local bus request pending until the previous master

has driven BRQn# inactive and it has completed the last transfer.

A priority and simple rotational fairness scheme are implemented in the
LBACP, with local bus devices being ranked by assignment of priority
numbers from highest priority (identified as device "1") to lowest
priority (identified as device 'n" where the letter represents the
highest number provided for in the functional design). Due to the
possibility of a higher priority device precluding a lower priority
device from winning the bus, the pendency of bus access requests will
cause the LBACP to put any winning master into an inactive state after
it finishes data transfer and not grant the bus to that‘device until

after all other requestors have received bus service.

When an input/output bus device (such as the I/0 contréller 58, digital
sighal processor 51 or video signal processor 46) controls the
input/output bus 44 and requests are pending on the local bus 34, the
LBACP will compete on behalf of the local bus masters in I/O bus
arbitration cycles performed by the CACP function. The LBACP function
may have a different arbitration level assigned for each master,
recognizing the priorities assigned as described above. If any assigned
arbitration level wins at the I/0 bus level, then the LBACP function
will drive BURST# active and allocate control of the bus among all local

processor bus masters that have pending requests.

As will be recognized by the knowledgeable reader, memory controllers
conventionally use row address select (RAS) and column address select

(cas) signals for selecting particular areas of system memory (such as



Figures 1 and 2; and Figures 4 through 8 are signal charts
illustrating operation of a bus interface controller included anong the
conponents of Figure 3 in various operating circunstances.

4b Detail ed Description of Invention Wil e the present invention wll
be described norgofoutdsy hereinafter with feference to the acconpanying
drawi ngs, in which a preferred enbodi nent of the present invention is
shown, it is to be understood at the outset of the description which

fol I ows that per%QJ}Sssoﬁni' ulrL 35motn@e5@ppa,w,heanzg, agnkﬁolmx di.f ghst he
i nvention here 5':'i&escr{l avor abl e resul ts of

this invention. M8&&6r endg‘jfjg?g It"h‘ét/é‘ét%tr A5t ?%1:19‘%?‘1? ﬁ“f eI BRRSF L 0 be
under st ood as bé&PRyieg brrdacranteeadhisHe) disgeteds frer ajceectedencsy ger sons of
skill in the appicpnédte the hext weRcryNoicl@ds linndht ibagk epbpade herepioesignt
i nvention. activated. Such memory control logic will deactivate a RAS line when
the maximum allowable time is exceeded for RAS to be active; dqring.a
refresh cycle; and when a memory cycle is not in the same bank and page.
in the latter instance in particular, wait states are necessarily

introduced to effect the necessary shift in memory access.

In accordance with the present invention, such wait states are reduced
or eliminated by an anticipatory pre-charge of RAS. More particularly,
and as discussed more fully hereinabove, the various masters in a
multiple master personal computer system will most likely use different
pages of memory. Knowing that, then the memory controller function of
the BIC 35 will vary EAS signals (if active) each time that a master
captures the associated bus. By doing this, the memory controller
function is free to service the first cycle more quickly. Various
sequences of such operations are illustrated more specifically in

Figures 4 through 8.

In Figure 4, a RAS pre-charge occurs in the absence of an indication of
a new master. At a first péint (1), a local bus slave requests
pipelining and the current master for the local processor bus is unable
to supply the next memory address. The local bus arbitration control
point (LBACP) function then takes BGT1# inactive during an idle state on
the bus, at a second point (2), and the first device removes BRQl# at a
third point (3) and places a number of other signals in a high impedance
state at a fourth point (4). The LBACP signals a change in active
master at a fifth point (5) by taking BGT2# active. Thereafter, the
memory controller logic detects a bank and page miss at a sixth point

(6), causing a RAS pre~charge.

In the sequence of Figure 5, a RAS pre-charge occurs during an

input/output bus arbitration cycle. The LBACP function takes ARB/GNTi
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and CACP_HOLD active at a first point (1) in response to an input/output
bus master requesting toc preempt the bus. The then active device places
a number of ‘signals in a ‘high impedance state at a second point (2), and
then removes BROn# indicating a readiness to release the bus at a third
point (3). The LBACP function takes BGTn# inactive and activates a
signal known as NEWMASTER at a fourth point (4). The memory controller
logic detects the change of bus masters indicated by NEWMASTER and
inactivates RAS# at a fifth point (5).

For comparison, Figure 6 illustrates a similar sequence during
arbitration on the local processor bus. There, a local bus slave
requests pipelining and the current master for the local processor bus
is unable to supply the next memory address at a first point (1). The
LBACP function then takes BGT1# inactive during an idle state on the
bus, at a second point (2), and the first device removes BRQ1# at a
third point (3) and places a number of other signals in a high impedance
state at a fourth point (4). The LBACP sighals a change in active
master at a fifth point (5) by taking BGT2# and NEWMASTER active.
Thereafter, the memory controller logic detects the change of bus
masters indicated by NEWMASTER and inactivates RAS# at a sixth point
(6).

A RAS pre-charge can occur when the LBACP gives the local bus to the
system default master or system processor 32 as illustrated in Figure 7.
There, a master device responds to MA# by removing BROn# at a first
point (1), indicating that it is ready to release the bus, and places a
number of other signalé in a high impedance state at a second point (2).
The LBACP function then takes BGTn# inactive at a third point (3), and
takes HOLD inactive and NEWMASTER active at a fourth point (4).
Thereafter, the memory controller logic detects the change of bus
masters indicated by MEWMASTER and inactivates RAS# at a fifth point
(5).

Figure 8 illustrates a sequence when the LBACP bumps the system

processor and gives the local processor bus to another device.. There, a



BC9- 91- 032 5 Referring now nore particularly to

t he acconpanyi ng drawi ngs, a m croconputer enbodying the present invention

is there shown and generally indicated at 10 (Figure 1). As nentioned

her ei nabove, the conputer 10 may have an associated nonitor 11, keyboard 12
and printer or plghtarosk4d. The conputer 101khas a cover 15 which cooperates

with a chassis 19 in defining an enclosed, shielded volune for receiving

el ectrically powered data processing and storage conponents for processing

and storing digi thueQ%@aevqge shaerk %REAﬂgwefzrsﬂmLe@t Gt aide of these

conponents are nmouht ed on mul til a 2 I h ard ch is
mounted on the cKYEE1°8 T@ecéﬁcfkﬁrf#o?fit ‘(’aesa‘r[:gi acrrézlivﬁé H& e{Eg%:ter?onQ lDlmnt\l\lw)

i nt er connecting ﬂhesﬁﬁﬂbeﬁEﬁF§féF’FH@“&dﬁﬂhf%&tﬂﬁs°ﬁ5PH@Ph§‘Fﬁ8%éta
identified above tritd ppureth(0t h@he aBishoiebdche Fel2enent fourtd Holigppy) thidsk dri ves,
various forms of gglr,g&_g REHCST Hhalsage day ineRSy catensllygicad«lsctorthboar ds,

and the like.  The 9%%%;&% D35::2. 0855 @MhsRed SR 1ddanGheet agb er 2) and
defines at |east “on for recei vi ng a data storage device such as a

di sk drive for né@ed‘ei‘i“&"edra“ofbtfﬁf:“ﬁlp°d’i“sl§%) a tape backup drive, or the like.
In the illustrated form an upper bay 22 is adapted to receive



peri pheral drives of a first size (such as those known as 3. '

A floppy digk drive, a renovable nedia direct access storage “mna“m"mlum
of receiving a diskette inserted thereinto and using the diskette to ®» s *
receive, store and deliver data as is generally known, may be provided in
the upper bay 22.,.4.JLds9r to relating the apove structure to the present

i nvention, a summary of the operation in general of the personal conputer
system 10 may merit review. Referring to Figure 3, there is shown a bl ock

di agram of a personal conputer systemil Lystd ating the various conponents

of the conmputer system such as the syste I n accordance with the present
I nvention, including conponents nounted on the planar 20 and the connecti on
of the planar toithe p¢répmsill glompuserd syrtbre copaisdogr e of t he personal conputer
system Connected to the planar is the system processor 32. Wile any

appropriate m croprocgsaol,. &P NLE pHe8tk@SaatNBuPYU 32, one suitable
m cr oprocessor is t he %83% V\/nicchplys sol ddaby I NTEL.

an input/output data bus;
a microprocessor coupled directly to said local processor bus;

volatile memory coupled to said local processor bus for volatile

storage of data; 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 providing for arbitration among
said microprocessor and any other master device coupled directly to said
high speed data bus for access to said high speed data bus, and
providing for arbitration among any devices coupled directly to said
input/output data bus and said high speed data bus for access to said
input/output data bus, and coupled to said volatile memory for supplying
row address select signals to said volatile memory and thereby selecting
data storage areas to be accessed, said bus interface controller
responding to a change in access granted to said local bus by changing
the row address select signal supplied to said volatile memory in
Preparation for access to potentially different data storage areas of

said volatile memory.

2. A personal computer according to Claim 1 wherein said bus interface
controller defines a local bus arbitration control point through which
any master devices coupled directly to said local processor bus
arbitrate for access to said local processor bus and defines a central
arbitration control point through which any devices coupled directly to

said input/output data bus arbitrate for access to said input/output
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nggzagl-Cg’azl ocal bus 34 to a bus in?erfaggecgﬁyrglz :an ;:oggect nﬂ! r@!' ”j‘l"lll"l“l

random access nmenory (RAM 36 here shown as Single Inline Me

(SIMvB) and. to BIOS ROM 38 in which is stored i.nstructions for basic

i nput / out put operatlonsogo the CPU 32. The BLOS ROM 38 includes the Bl CS
that is used to i nB&FPR&E between the 1/ 0 dévices and the operating system
of the mcroprocessor 32. Instructions stored in ROM 38 can be copied into
RAM 36 to decrease the execution time of BICS Wil e the present
invention is descriebebsheingi fafree mhetieih efrdrtf il drstesf Eerirrscsitmrle He system
bl ock di agram of Fiagupe Biteiflacd sodtoolder undeuest dod caitrbher Quisedcadf the

descri ption which LQJeL&Y‘EbuE h@& shia b mea:@aplca;te&mlh@agnstget@raga,rﬁ% Ug: And
net hods in accordance with the Br esent | {l\égi(}é qulyf ther

har dwar e confi gur aPfShs o0 ?hey planar® board. - Fo exa?ﬁ)IC%“"?lhé §§/’§t em
processor coul d be-ogai Hrﬁ‘ieéF”SB‘ifSG m cr opr ocessor. Returning now to Figure
3, the CPU |l ocal bus 34 (conprising data,

;. A personal computer according to Claim 2 wherein said bus interface
:ontroller ranks said master devices in priority order for signalling a

jrant of control.

i. A personal computer according to Claim 3 wherein said bus interface
:ontroller rotates priority among said master devices and assigns lowest
sriority among a plurality of master devices each signalling a request
for bus access to that master device which has most recently obtained

tontrol of the local processor bus.

3. A personal computer according to Claim 1 wherein said bus interface
:ontroller defines a local bus arbitration control point through which
iny master device coupled directly to said local processor bus
1rbitrates‘for access to said local processor bus and defines a central
wrbitration control point through which any devices coupled directly to
jaid input/output data bus arbitrate for access to said input/output
lata bus, and further wherein one of said master devices is a default
naster normally controlling said local processor bus, both of said
lontrol points exchange with said input/output bus signals indicative of
input/output bus arbitration, preemption and burst data transfer, said
sontrol points exchange with one another signals indicative of a hold on
arbitration by said central arbitration control point and of
icknowledgement of such a hold, and said local bus arbitration control
POint'exchanqes with said default master signals indicative of a hold on

iccess by said default master and of acknowledgement of such a hold.

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

storage memory devices for nonvolatile storage of data and;
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address and control conponents) also provides for the connectji
m croprecessor 32 wth a nuneric or math coprocessor 39 and: Iﬁml [mll I"II'"IIII
Comput er Systens Interface (SCSI) controller 40. The SCSI co

may, as is known to persons skilled in the arts of conputer design and
operation, be coppesi-ggh or connectable w tjfa Read Only Menory (ROVM) 41, RAM
42, and suitable external devices of a variety of types as facilitated by

the 1/0 connection indicated to the right in the Fi gure. The SCSI

controller 40 functiqns as a .stqra Erg nthrol | i sjorage
menory devi ces such®as frx tmﬂ(rﬂérgrt)\f’a%‘{| e ? ectr% n%{élgf: Str age

devi ces (al so knodui® éélﬁé?ﬂa‘&n'&mf‘fyofﬁdfr“dl 374 ‘ETF?]\?('%JSE‘P °°B‘l‘“éi:°tattb°“6ﬁtlF’?:al t ape
and ot her st or ageidewsremsremoryTiryi¢pgs i nterface controller (BIC 35 coupl es
the CPU | ocal bus 34 with an 1/0O bus 44 and functions as a protocol

translator, nenory Qéi'atﬂu‘?' n@érf?d%d %19&”&%9&1‘1% £ATRRG: QL NG anb €L dq0NS. By
nmeans of the bus 44 an optional feature bus

e
such as a M CRO ©&fA Rﬁ\‘iﬁf_ 5"\*/l|dnsgt°5agplcl?’r°%ﬂ°| y of 1/ O slots for receiving
M CRO CHANNEL adapt er
7. A personal computer according to Claim 6 wherein said bus interface

controller defines a local bus arbitration control point through which
said said storage controller arbitrates for access to said local
processor bus and defines a central arbitration control point through
which any devices coupled directly to said input/output data bus
arbitrate for access to said input/output data bus, and further wherein
said storage controller signals to said bus interface controller any
request for control of said local processor bus and said bus interface
controller signals to each of said microprocessor and said storage

controller any grant of control of said local processor bus.

8. A personal computer according to Claim 7 wherein said bus interface
controller ranks said microprocessor and said storage controller in

priority order for signalling a grant of control.

9. A personal computer according to Claim 8 wherein said bus interface
controller rotates priority among said storage controller and any other
two master devices coupled directly to said local processor bus and
assigns lowest priority among any two such devices and said storage
controller each signalling a request for bus access to that one which

has most recently obtained control of the local processor bus.

10. A personal computer acco;ding to Claim 6 wherein said bus interface
controller defines a local bus arbitration control pointlthrough which
said storage controller arbitrates for access to said local processor
bus and defines a central arbitration control point through which any
devices coupled directly.to said input/output data bus arbitrate for

access to said input/output data bus, and further wherein said
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BC9- 91- 032 7 cards 45 which may be
connected ta an 1/ O devicé or nenory (not shown). The I/O bus ”ﬂ IIWI |!|I|”II|
address, data, and control conponents. The I/ O bus 44 may be, con Icg

bus specifications other than the M CRO CHANNEL specificati on. coupl ed

along the /0 bus A4 gL a variety of 1/0O,gonponents such as a video signal
processor 46 whi R 1s assom ated with vidéo RAM (VRAM for storing

character based information (indicated at 48) and for storing graphic or

i mage based information (indicated at 49). Video si qnal s exchanged with the
processor 46 nayif5ePrPSSsYdlit ﬁr‘?ﬁﬁﬂﬁté‘aﬁe@?&al%yoc?-‘}‘ié‘i oY ICBRYEPter (DAC) 50

to a nonitor or eickerr duspbeh desdid eontPpbppiite px¢hgngg| wigh atle f or connecti ng

t he VSP 46 di rec;,,Juy/th;Iula pib atigriass RAedicatied oF rlﬁﬂxt'flﬁxtﬂ& Busna@bibdratioh JTAQE

i tnlout /T ﬁut llo;Jto . 4 tqaya.x@g&sm@taf aramm a4 Q&Qrolﬁ%%qeéxfcmn 89 G en Caﬁgfs g)
etc e us I s also cessor

51 which has assBtFEaY ?’ﬁgﬂﬁul“g’r%‘ wﬁ/ﬂ&] %g" an‘g'l (a:l%tllérak{%mab% g\fﬁf“irﬁbl e to
store software imgtragem ensroorirthandehedeeilnggenmtsifgish ¢ kaidt ked DSP 51 and
data invol ved i nasurhapr@cessingionTdetbbPoit pibageesithotaipr ocessi ng of

audi o i.nputs and, Q-Ug;rm:gs§0tb¥19tnbﬁ R4k SJeO8k thofawo,aueuegs epnkipl I er 55, and

for handling of other SI VLSIi on apal.og i nterface
control | er 56. L“é‘gf"froces fg%d&’@ﬁé egenéo‘% P'e V\Ap{iﬁ a i nput/ out put

controller 58 with associ at ed Electrical Er asabl e Programmabl e Read Only
Menory ( EEPROV) 159 Dhyemshisdhcanppet systeel couwtrptirg: are exchanged with
conventional peripherals including floppy disk drives, a printer or

a high speed data bus;
a microprocessor coupled directly to said high speed data bus;
a numeric co-processor coupled directly to said high speed data

bus;

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 input/output controller coupled directly to said input/output
data bus;

a digital sigmnal processor .coupled directly to said input/output
data bus; -
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pl otter

14, keyboard 12, a nouse or pointing device (not sho

nmeans of a serial port. Before turning in greater detail t

)@ﬂ ugmi\ﬁﬂ% I

CoONHA

of the functions served by the BIC 35, it is appropriate to

t he support by a

personal conputer of what have been known as nultiple

masters or bus magiLbsgs; As here used, a "jgaster” is a processor or any

circuit designed

control signals on the bus.
to transfer information, betwe pnxsten1ne

BT PR é”ﬁ‘ét h tﬁr%b%%%"d'tf%‘é‘f"tndéﬁ ers be

BC9- 91- 032

to gain control over a bus and drive address, data and
Havi ng such capability enables a naster device

qt her _ devi
a video signa

di vi ded anong three #fpes -- system master (usually the CPU), DVA
controller, and bus master. The system

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 arbitration among said microprocessor and said
storage controller coupled directly to said high speed data bus for
access to said high speed data bus, and providing for arbitration among
said input/output controller and said digital signal processor and said
video signal processor coupled directly to said input/output data bus
and said high speed data bus for access to said input/output data bus,
said bus interface controller further being coupled to said volatile
memory for supplyiﬁg row address select signals to said volatile memory
and thereby selecting data storage areas to be accessed and responding
to a change in access granted to said local bus by changing the row
address select signal supplied to said volatile memory in preparation
for access to potentially different data storage areas of said volatile

memory .

12. A personal'computer according to Claim 11 wherein said bus
interface controller defines a local bus arbitration control point
through which said said storage controller arbitrates for access to said
local processor bus and defines a central arbitration control point
through which said input/output controller and said digital signal
processor and said video signal processor arbitrate for access to said
input/output data bus, énd further wherein said storage controller
Signais to said bus interface controller a request for control of said
local processor bus and said bus interface controller signals to each of
said microprocessor and said storage controller any grant of control of

said local processor bus.

13. A personal computer according to Claim 12 wherein said bus
interface controller ranks said microprocessor and said storage

controller in priority order for signalling a grant of control.
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master controls and nmanages the system configuration. isu .
defaul t*masteer in the system The default master owns the bus mm llg/)v';“" III"IIII
other master requires it. A DVA naster is a special ty

transfers data between DVA sl aves and nenory sl aves, and does not

arbitrate for theg.gsobut services the DVAgsl ave that is the arbitrator. As
here used, a bus nmaster arbitrates for use of the bus and supports
information transfers with an 1/0 slave or nenory sl ave. What mekes a
device a "bus nastef” zf an_.be conf usi ngingaé0 p%% r{gsﬁjers do, oL necessarily

nal co uter acc erein sa
reqU|re a procesgbr US mas 5 (0] respond as a

sl ave when acces%‘éﬂfaﬁ? %EHHPH-IF rﬁﬁ%‘eﬁrﬁ%’t"éity ?—?‘°B‘E|§a’r1’a§*t°éargelc§"ﬁ”°§3cerrf§él shed by
t he capability ofny gtlieni tvg meotet rdsbice$ cokpdeddiret Hiyotegéridrigedlr rofesnorand
controlling the gxesdkiagnsOiouasilpfioriag Mty ayydloesuckanakal byy sdibere are

three types of bgaaaﬁs.&rﬁmletf hdn Jluﬁsqung rédil@é?ﬂ 2y Mgngcuégnt Rk I g ?,yers
and progranmabl e Ef?' ci al unct on cont t lers. e f undanent al erences

anong them are d@fe8E "6F° cee>r<'|18 P ?me ﬁ“tr T'8h tan °ca‘osp OCeTHE l?“ﬁl | function
bus master is the nost erX| bl e, has the nost function, and costs nost.

Typical ly, a fulis. fumpetdoorl burgutrasterditigl o tlave 1i twberein sgidagrsanabl e CPU
and be capabl e of;:& et QhidoNGralekinsy St RILT 8SOMR B 1dnNEh il N@1Aper at i ng
system sof tvare... eaechal LUnetd 0N GO0l SheulaNerhhg l&ast fihexibility,

function and : . . .
local processor bus and defines a central arbitration control point

through which said input/output controller and said digital signal
processor and said video signal processor arbitrate for access to said
input/output data bus, and further wherein said microprocessor is a
default master normally controlling said local processor bus, both of
said control points exchange with said input/output bus signals
indicative of input/output bus arbitration, preemption and burst data
transfer, said control points exchange with one another signals
indicative of a hold on arbitration by said central arbitration control
point and of acknowledgement of such a hold, and said local bus
arbitration control point exchanges with said microprocessor signals
indicative of a hold cn access by said microprocessor and of

acknowledgement of such a hold.
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cost. Typically, a special function controller will use logic circuits but
no CPU ¢o0 performa specific function while requiring little or no

assi stance fromother masters. Progranmabl e special function controllers
span the range between the other two. The fundanental difference between
speci al function and progranmabl e special function controllers is the
ability to nodi f8°tPAe?>function and/ or exefltion characteristics of the bus
master. Such nodification can be acconplished through use of processing

units or through settable registers. Wthin the definitions here given,
the CPU 32 and SCSI EERTO¥AS| ¢OHPUTAY WHEH ANTLEIERTOBY) MBEORFWINIBRPIs STHNAEERG v coupl ed
to or on the local bus 34, while BC9-91- 032

9 . ABSTRACT

This invention relates to personal computers, and more particulérly to
personal computers in which arbitration for control over a data handling
pus occurs among a plurality of "master" devices coupled directly to the
pus and memory address signals are varied in response to such
arbitration. The personal computer system has a high speed local
processor data bus, an input/output data bus, a microprocessor coupled
directly to the local processor bus, volatile memory coupled to the
local processor bus for volatile storage of data, and a bus interface
controller coupled directly to the local processor bus and directly to
the input/output data bus for providing communications between the

buses. The bus interface controller provides for arbitration among
devices directly coupied to the input/output data bus for access to the
input/output data bus and to the local processor bus, and for
arbitration among the input/output data bus and said microprocessor for
access to the local processor bus. The bus interface controller is also
coupled to the volatile memory for supplying row address select signals
to the volatile memory and thereby selecting data storage areas to be
accessed, and responds to a change in access granted to the local bus
by changing the row address select signal supplied to the volatile
memory in preparation for access to potentially different data storage

areas of the volatilzs memory.
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the 1/Q controller 58, DSP 51, VSP 46 and possibly accessory boards 45
mount ed™ i m<¥#he M CRO CHANNEL slots may all function as masters directly
coupl'ed to or on the input/output bus 44. Wth such nultiple nasters, the
BIC 35 functions to provide for arbitration anong devices directly coupl ed
to the input/output bus 44 for access to.the input/output bus and to the.

| ocal processor bus 34, and for arbitration anmong the input/output bus 44
and the master devices coupled directly tq/Ehe | ocal processor bus 34 for
access to the | ocal processor bus 34. This "layering" of arbitration
procedures isillustrated and described nore fully in co-pending
Application Serial No. *, filed * and owned in commbn with the present

subj ect invention. As there shown and described, _the BIC 35 functions as a
central arbitration control point (CACP) for th¢ us 44 by the exchange
of certain signals with that bus and al so funct}
arbitration control point (LBACP) by the excha
the CACP, the 1/0O bus 44 and the masters direc
processor bus 34. At this point, it is to be
each |l ocal bus 34 nmaster (CPU 32 and SCSI con~Y
enbodi nent) are connected by signals dedicat ¢
i nstance of the CPU 32, such signals are idel¥i
the SCSI' controller 40 and any ot her naste
| ocal processor bus, BROW# and BGIn# (the
replaced by a digit identifying a specifi w \ ,
fromthe master to the LBACP function of PB - YAYI ng a request for
control ' ~

N

7 e illustrated
tion. In the
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‘of the local bus 34. BRQn# is an active LONsignal. The masters will drive
t he cofrespondi ng BROn# active and await assertion of BGIn# before driving
the local bus 34. A winning |local bus master will take BRQn# inactive when
BGIn# is sanpled inactive or when it has finished using the bus. Taking
BR"# i nactive serves as an indication that the address bus and bus cycle
definition signals are being placed in a hi 2 | npedance state.

BC9- 91 - 032 10 B is an output fromthe LBACP
function of the BIC 35 to the master indicating that the naster has been
granted control of the local bus 34. BGIn# is an active LOWsignal. This
signal will be held active by the LBACP until BROn#4 s™driven inactive or
anot her bus request is %eeeived by the LBACP. BGIn# i aken inactive by
t he LBACP, the current '
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| ocal bus master will release the bus (driving BRQn# inactive) as soon as

the current “transfer is conpleted. The LBACP will not drive BGIn# active
for the next |ocal bus request pending until the previous master has
driven BRQn# inactive and it has conpleted the |ast transfer. Apriority

and sinple rotational fairness schene are inplenented in the LBACP, with

| ocal bus devices being ranked by assignnent of priority nunbers from

hi ghest priority (identified as device "1") t3gg¢ owest priority (identified
as device "n" where the |letter represents the highest nunber provided for
in-the functional design). Due to the possibility of a higher priority
device precluding a lower priority device fromw nning the bus, the
pendency of bus access requests will cause the LBACP to put any w nning
master into an inactive state after it finishes data transfer and not grant
the bus to that device until after all other requestors have received bus
servi ce. When an i nput/out put bus device (such as the /O gontroller 58,
di gital signal processor 51 or video S|gmal pr gessor 46) cagitrol s the

i nput/out put bus 44 and requests are pgg oﬁeﬁﬁéglo al bus 345 the LBACP
wi |l conpete on behalf of the Bocal bu$E @éggergulngiﬁcgbus a@blgﬁailon
cycles perforned by the CACP f nction“"l’ﬁ@E ? BAECP o “HhttPon n@?

different arbitration | evel asgigned e ? d%h %ﬁé%e? T O
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recogni zing the priorities assigned as described above. If any assigned
arbitration |level wins at the I/O bus level, then the LBACP function w ||
drive BURST# active and allocate control of the bus anmong all | ocal
processor bus masters that have pendi ng requests. As will be recognized
by the know edgeabl e reader, nenory controllers conventionally use row
address select (RAS) and colunn address sel ect (CAS) signals for selecting
particular areas of system memory (such as 4/6 BC9- 91- 032

11 menory 36 in Figure 3) to access. Many nenory controllers keep a RAS
| ine active during Input/CQutput and ROM cycles for the purpose of inproving
performance. In such a system data access to nmenory is quickened if the
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, T2p ! el 2| | n | | om l 12 | 120 l T2p I T2p l Tip | 720
Ctr i rbolrt ettt rivirrry
JuyiyyyruyyuyyuyyvyvUUUUuIuUuILInY
T [ B N iy B Ry
wosg |11 L lr“ﬂ T |
o L LT Il]_l_lll_l__l
el e TR L s R L
m”l | a1 |11 | | | |
EGTIF [
ottt
- ———© T
EGTZ! *l
BEEEEREEESEN
F.AS!
L0, &
-~ LBACP = ——~——mm e m e o et — CACP —————~—— ——MC MASTER———-
szlnplrzlnln .l I In :I T
Ul || A
T | @ 1 1] l |
m-*‘L—fT|H|4|||!L—;'I
| I I N
AREUS }Uﬂknown — - ~ | l |
T g e e
g [ | I ! | | l | [ I l , l
/’——II l I
I
m’”‘llllfﬂ”llllllll'
o] lr_ﬁs). AN IS IS L S B
w111y : L
L. 5 |
i




activated. Such nenory control logic will deactivate a RAS |ine when the
maxi nu al |l ewabl e tine is exceeded for RAS to be active; during a refresh
cycle; and when a nenory cycle is not in the sane bank and page. In the

| atter instance in particular, wait states are necessarily introduced to
effect the necessary shift in nenory access. In accordance with the
present invention, such wait states are reduced or elimnated by an
antici patory pre- charge of RAS. More particularly, and as discussed nore
ful ly hereinabove, the various masters in a 9fitiple master persona
conmputer systemw || nost likely use different pages of nenory. Know ng

that, then the nmenory controller function of the BIC 35 will vary RAS
S|gnals (if active) each tlﬂE-bQ@E,a. -es-tdaceassociated _bus. By
doing this, the nmenory contr fripf uégtfha :grp, ee ri ﬁe Yo Q€24 N@rpfli o5
cycle nore quickly. Various séq dn rdt ohs drd il UStratam

more specifically in Figuix @U&J&ﬁhfbﬁj
occurs in the absence of an_g%s_éallquJﬁ_hfﬁﬂaN st%r F st Ipoi ht_|
(1), a local bus slave regud el i hi ng E q E 3 H —the
| ocal processor bus is unablie t ly the ___ ddress T_e | beal
bus arbitration controIRﬁﬁirﬂ_LEE _Eﬁdtlo ga E nj&LLA?“'
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(6), causing a RAS pre-charge. In the sequence of Figure 5, a RAS
pre-charge occurs during an i nput/output bus arbitration cycle. The LBACP
function takes ARB/ GNT# BC9- 91- 032 12
and CACP_HOLD active at a first point (1) in response to an input/output
bus master requesting to preenpt the bus. The then active device places a
nunmber of signals in a high inpedance state gé a second point (2), and then
renoves BROn# indicating a readiness to rel @%e the bus at a third poi nt
(3). The LBACP function takes BGIn# inactive and activates a signal known
as NEWWASTER at a fourth point (4). The menory controller |ogic detects the
change of bus nmasters indicated by NEWWASTER and
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I nactivates RAS# at a fifth point (5). For conparison, Figure 6 geptopq wos
Il lustrates a simlar sequence during arbitration on the |ocal processor
bus. There, a local bus slave requests pipelining and the current master
for the | ocal processor bus is unable to supply the next nenory address at
a first point (1). The LBACP function then takes BGIlI# inactive during an
idle state on t ;lgughg d point2Q(2), and the first device renoves
BRQL# at a thi rE p0| i% ﬁ% Jaees a nunber of other signals in a high

| npedance st at poi (4). The LBACP signals a change in active .
master at a fifth p0| nt (5) by taking BGI2# and NEVWASTER active.

Th ft i ' t
[ ngirggt e%m% an f{lrvrqgfc [ va? sﬁ) atﬁg%t h™ poi nt L(%WKEX‘@E%

pre-charge can occur when the LBACP gives the | ocal bus to the system
default master or system processor 32 as illustrated in Figure 7. There, a
mast er dABSIRACTponds to NA# by renoving BRQW# at a first point (1),
indicating that it is ready to rel ease the bus, and places a nunber of

other signals in a high inpedance state at a second paoint (2). The LBACP
f unct i on ThisemventicrsreBGmt® pensopal gemputers, and mr¢>mrﬁ91ﬂedy to pergonal campprrHIn

i nactive and NEWVASTER active at a_ fourt y(—gr) Thereafter, the rrenpry
controll éYh1¢1b©‘Tbétf%f&ne@F§°Pﬁ%l QVeE Aty ’élg t°é'r S AN &
and | naCtdlew\fll?:ésecszoupl%& f | hbl?soam{ memory address signals are varled in response to

such arbitration. The personal computer system has a high speed local processor data bus,
an input/output data bus, a microprocessor (32) coupled directly to the Iocal processor bus
(34), volatile memory coupled to the local processor bus (34) for volatile storage of data, .
and a bus interface controller (35) coupled directly to the local processor bus and directly to
the input/output data bus for providing communications between the buses. The bus |
interface controller (35) provides for arbitration among devices directly coupled to the
input/output data bus for access to the input/output data bus and the local processor bus
(34), and for arbitration among the input/output data bus.
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Figure 8 illustrates a sequence when the LBACP bunps the system processor
and gi-ves the | ocal processor bus to another device.. There, a

BC9- 91- 032 13 requesting device activates BROW#
at a first point (1). The LBACP function detects BROn# active and activates
HOLD at a second point (2). The system prgecessor 32 returns HLDA and turns
off output drivers at a third point (3). The LBACP detects HLDA at a fourth
point (4) and activates BGIn# and NEWWMASTER The nenory controller |ogic
detects the change of bus masters indicated by NEWVMASTER and i nacti vates
RAS#.(if then active) at a fifth point (5).
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system conpri si ng:
i nput/ out put data bus;

| ocal

CLAIMS 1.

A personal

a hi gh speed | ocal ~processor data bus;
a mcroprocessor coupled directly to said

processor data bus and functioning as a first master device;

conput er
an

a

second master device coupled directly tb&6id | ocal processor data bus;

vol atil e nmenory coupled to said | ocal
st orage of

sai d | ocal

data; and

processor

data bus for volatile

a bus interface controller coupled directly to
processor data bus and directly to said input/output data bus
~for providing comuni cati ons between said | ocal
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processor data bus and said input/output data bus,

controller providi

ng for

sai d second naster device coupled directly to said |ocal
bus for grant of access to said |ocal

bus and sai d | ocal
| nput / out put dat a

said volatile menory for supplyin

vol atil e nenory and ther@Wye det -
said bus interface cd
processor
second master devieg I
provi ding an anti ci pgtory

said | oca

row addr ess seleckﬁﬁTaﬂgLJ§Up [Ted to SéﬁEif | ry i reparatifon
for access to potentilal |y difFere t dpta ptorage [ volatile
menory nore Iikq&xﬁ}Ahﬁfijfanfﬁijimaaane-I Ld—llcx pnocFﬁig;ramiLiﬁ_?___
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second nmaster device coupl ed dIrectIy to said | ocal processor data bus
whi ch -has won an
arbitration for grant of access to said | ocal

m ni m zi ng wait

occurs.

2. A persona

states during changes in
conput er accor db
bus interface controller defines (1) a | ocal

processor

to claim1 wherein:

bus arbitrati on control

t hrough which said master devices coupled directly to said |oca

data bus arbitrate for

central

i nput/out put data bus,

arbitration contro

access to said |ocal

bus interface controller a request for

15

data bus and thus
p{g’em)ry access as arbitration

sai d
poi nt
pr ocessor

processor data bus and (2) a
poi nt through which any devices coupl ed

directly to said input/output data bus arbitrate for access to
each of said master devices signals to said

sai d
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contfol of 'said |ocal processor data bus, and sai d bus i nt gedrer ow
controller signals to each of said naster devices any grant of a signalled
request for control of said |ocal processqr data bus. 3. A personal
conput er according to claim2 wherein sai@ bus interface controller ranks
said nmaster devices in priority order for signalling a grant of control.

4. A per s08aldeC WIRMAR! BRPAGBIIAY WRhClsBfiWhrd WoRHEL Nforaithe PYOSE NAR] T 8058

controller “rotates priority anong sald nmaster devices and assigns | owest
priority anmpgoprobdssérsl ity of master devices each signalling a request for
bus access to that master device which has nost recently obtained control
of the |ocal prAsessonallwemputer. techndlopgr kasndevelopep abd moved drahn reight ao Giraesn 1
wher ei n: sald bus interface controller defines (1) a | ocal bus

ar bi t r at i orandoeventiallyothirty ttiwoobig Fwidehbushingexactionaainde highew ispessl prcnopmatessors
directly to said | ocal processor data bus arbitrate for _access to said

| ocal procewpahle @i real isnd pseiected mage oppratign, parformanes eapabibityx has basaisaught by

t hrough which any devices coupled directly to said input,/o%t put data bus
arbitrate fssparatipg dhe agchitegiuge jof e/ pRYSQRa! compytep iBto varying bus areas. More

specifically, in the original IBM PC, what came to be known as the expansion bus was
essentially a direct extension of the microprocessor (8086 or 8088) connection, buffered
and demultiplexed as required. Later, as the AT bus 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, the 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 (DMA) interrupts.

As performance enhancement has continued to be sought, difficulties inherent in
opening the possibility of multiple masters contending for access to and control of the
local processor bus have become appérent, as have the potential benefits of consolidating
the functions necessary in operating a personal computer in as few integrated circuit
chips as possible.

| SUMMARY OF THE INVENTION

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

According to one aspect of the present invention there is provided a personal
computer system comprising: a high speed local processor data bus; an input/output data

bus; a microprocessor cgUpIed FHEaE IRt abus and functioning as

o Deson : pge ..... %paged e
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one ,of said master devices is a default master normally controlling said

| ocal processor data bus, both of said control points exchange with
sai d i nput/output bus signals indicative gf i nput /out put bus arbitration,
preenpti on and burst data transfer, said control points
exchange with one another signals indicative of a hold on arbitration by
sai d centrg fiag Biakfe?ﬁbﬁ@e CHSACORE nih@tePHeﬁB@c&H I&P&%%Qﬁﬂqgﬁl ges SO

hol d, and said local bus arbitration control point ex
sai d def aul buspeslatile 1Be@68) SoupleddioGaid Meal Prockssdp Iddtamhs&@pmulem&ag@oﬂ@ét@ul t
master and of acknow edgerrent of such a hold.

and a bus interface controller coupled directly to said local processor data bus and

directly to said input/output data bus for providing communications between said local
processor data bus and said input/output data bus, said bus interface controller providing
for (a) arbitration among said microprocessor and said second master device coupled
directly to said local processor data bus for grant of access to said local processor data
bus, and (b) arbitration among any devices coupled directly to said input/output data bus
and said local processor data bus for grant of access to said input/output data bus, said
bus interface controller being coupled to said volatile memory for supplying row address
select signals to said volatile memory and thereby selecting data storage areas to be
accessed, said bus interface controller responding to a change in grant of accéss to said
local processor data bus to one of said microprocessor and said second master device
coupled directly to said local pfocessor data bus by, providing an anticipatory precharge
of memory addresses and changing the row address select signal supplied to said volatile
memory in preparation for access to pbtentially different data storage areas of said
volatile memory more likely to be used by the one of said microprocessor and said
second master device coupled directly to said local processor data bus which has won an
arbitration for grant of access to said local processor data bus and thus minimiziﬁg wait
states during changes in memory access as arbitration occurs.

According to another aspect of the present invention there is provided a personal
computer system comprising: a high speed data bus; an input/output data bus; a
miéréprocéssor coupled directly to said high speed data bus; volatile memory coupled
directly to said high speed data bus for volatile storage of data; a storage memory device
for nonvolatile storage of data; a storage controller coupled directly to said iﬂgh speed
data bus and to said storage memory device_ for regulating communications with said
storage memory device; 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
REPLAGEMENT SHEET
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6. ;A personal conputer system conpri sing: a high speed data bus;

an i nput/out put data bus; a mcroprocessor coupled directly to said
hi gh speed data bus; volatile nmenory coupled directly to said high
speed data bus for volatile storage of déta; a storage nenory device
for nonvol atile storage of data; a storage controller coupl ed

direct!y t Qusal Gl aﬁmﬂ.-gﬁst%l R B0 8 s QIR oniIRIE efro%&ih%?%xf o

regul ating DEUTT Cat Pons Wi orage ne eV| CE;

i nterf
: Epﬁ{/ gﬁtepﬁ(tgp%il;t a ﬁjsﬁﬁ@ prow 5%3%&%?8%?%@%& g%ﬁpgecﬁ ﬁcﬂg
data bus agf High Ipdeaitid Q&Efbﬂtacéﬁ§ fo Qiié high speed &QA Bud) 48d (B ﬁbft?a‘ii%n amo élg

controller providing for (a) arbitration anong said mcroprocessor an
sai d st or aggidCRigh'spedcdat BuRland Ay @idey coapled ditedtiyotd m@%@@@h&@u&m Msr
access to said high speed data bus, and (b) arbitration anong said high
speed dat a fbrisaccess to said input/output data bus, said bus interface controller further being

coupled to said volatile memory for supplying row address select signals to said volatile
memory and thereby selecting data storage areas to be accessed, and said bus interface
controller responding to a change in grant of access to said high speed data bus to one of
said microprocessor and said storage controller by pfoviding an anticipatory precharge of
memory addresses and changing the row address select signal supplied to said volatile
memory in preparation for access to potentially different data storage areas of said
volatile memory more likely to be used by the one of said microprocessor and said
storage controller which has won an arbitration for'grant of access to said high speed
data bus and thus minimizing wait states during changes in memory access as arbitration
occurs.

‘According to still another aspect of 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 numeric co-processor coupled directly to sad high
speed data bus; volatile memory coupled directly to sad high speed data bus for volatile
storage of data; a storage memory device for nonvolatile storage of data; a storage
controller coupled directly to sad high speed data bus and to said storage memory device
for regulating communications with said storage memory device; an_ input/output data
bug; an input/output controller coupled directly to sad input/output data bus; a digital
signal processor coupled directly to said input/output data bus; a video signa} processor
coupled directly to said input/output data bus; and a bus interface controller coupled to
sad high speed data bus and to said input/output data bus for providing communications

between said high speed data bus and sad input/output data bus, said bus interface
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and, any devices coupled directly to said input/output data bus for access
to said input/output data bus, said bus interface controller further
bei ng coupled to said volatile nenory for supplying row address sel ect
signals to said volatile menory and theré@By selecting data storage areas
to be accessed, and said bus interface controller responding to a

i or opr oceceRfoust PRSRERE 1bF BF afhikeih ABEE, i ofeitBiorelie " Said Nidrage
17 anti oi Bepiler REGAIRATRCAY TRIRMIpIARER 338 Sudick £REAGKIIA figh Uk Pgls °5°

sel ect signal supp to sard vol e menory in preparation access -
to potentighd Yard (fbggﬁﬁafati&ah&o@ k@iﬂgﬁgh Speea daftf buisddrd s flput/ButpBIBSHirdIRE €

likely to be used by the one of sai
and said digital signal processor and said video signal processor coupled directly to said

input/output data bus for access to said input/output data bus, said bus interface
controller being coupled to said volatile memory for supplying row address select signals
to sad volatile memory and thereby selecting data storage areas to be accessed, and said
bus interface controller responding to a change in grant of access to sad high speed data
bus to one of sad microprocessor and said storage controller by providing an anticipatory
precharge of memory addresses and changing the row address select signal supplied to
said volatile memory in preparation for access to potentially different data storage areas
of said volatile memory more likely to be used by the one of said microprocessor and
said storage controller which has won an arbitration for grant of access to said high
speed data bus and thus minimizing wait states during changes in memory access as
arbitration occurs.

In the drawings:

Figure 1 is a perspective view of a personal computer embodying this invention;

Figure 2 is an exploded perspective 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; and

i Figures 4 through 8 are signal charts illustrating operation of a bus interface

controller included among the components of Figure 3 in various ) operating

circumstances.
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m ¢roprocessor and said storage controller which has won an arbitration for
grant of access to said high speed data bus and thus m nim zi ng wait
states during changes in nenory access as arbitration occurs. 7. A
personal conputer according to claim6 vHerein: said bus interface
controller defines (1) a local bus arbitration control point through which

sai d Stor@&aﬁ%ﬁ:?&rh;%;%ﬁ‘% b S for access to said high speed data bus

and (2) a m control point through which any devices
coupl ed di r ectiypilk theSdtelent lifNRMtiOR Wil radiit o
sai d input/out put1 datgil buns,1 : slai ds%?%r?oaeggﬁ%%nétalrl I gﬁ%ﬁér@@sﬁ?%eé% d
bus i nt er ftaeke Gedkipahyiap _d@iWin?@,Cﬁhieﬁﬁicﬁ RprefeRéd EéMbodinesRb{ihE ?9& ﬁboiﬁ?%xtﬂﬁt a
bus, and said bus interface controller signals to eac o? sai
i cropr oces showandt $nitel bt onidegstood @nithelouset 8 the) dastriptibn GAHIER Toll6ws SRAD
hi gh speed data bus. 8. A personal conputer according to claim7 wherein
sai d bus ipersems afeskilbim thel hppropriata kasts saayl mudify ahe dnvention herel desetibed twiiRge
controller in priority order for signalling a grant of control.

- 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.
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9., A personal conputer according to claim8 wherein said ' I
controller rotates priority anong said storage controller QMngmﬁﬂm”“I
two master devices coupled directly to said |ocal processor R S
assigns |lowest priority anong any two subh devices and said st orage
controller each signalling a request for bus access to that one which has
nost recently obtained control of the dpgpggProcessor bus. 10. A personal
conput er according to claim6 wherein: said bus interface controller

~defines (1), a A%@donm&@lﬁéﬁg’y@{ehp&)rﬁﬂigiﬁ )l point through which said
storage controller arbitrates for access to said high speed data bus and

(2) a centr ala highispeat looal procdssor dgwobug; t hr ough whi ch any devi ces coupl ed
directly to said input/output data bus arbitrate for access to said
i nput / out put chet mpbtdeytput data bus; 18

a microprocessor coupled directly to said local processor data bus and functioning
as a first master device;

a second master device coupled directly to said local processor data bus;

volatile memory coupled to said local processor data bus for volatile storage of
data; and | '

a bus interface controller coupled directly to said local processor data bus and
directly to said input/output data bus for providing communications between said local
processor data bus and said input/output data bus,

said bus interface controller providing for (a) arbitration among said
microprocessor and said second master device coupled directly to said local processor
data bus for grant of access to said local processof data bus, and (b) arbitration among
any devices coupled directly to said input/output data bus and said local processor data
bus for grant of access to said input/output data bus,

said bus interface controller being coupled to said volatile memory for supplying
row address select signais to said volatile memory and thereby selecting data storage
areas to be accessed,

said bus interface controller responding to a change in grant of access to said local
processor data bus to one of said microprocessor and said second master device coupled
diféctly to said local p_rdcessor data bus by providing an anticipatory precharge of
memory addresses and changing the row address select signal supplied to said volatile
memory in preparation for access to potentially different data storage arc;as of said
volatile memory more likely to be used by the one of said microprocessor and said

second master device coupled directly to said local processor data bus which has won an
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sai.d m groprocessor is a default master normally controlli ngmmlr Imﬂ‘

speed data bus, both of said control points exchange
i nput/out put bus signals indicative of input/output bus arbitration, »
preenption and burst data transfer, 16 said control points exchange W|th

one another signals indicative of a hold on arbitration by sai d central

arbi trati Aitation Qs PBf Ms ?}}%‘ﬁi ﬁatﬁ"iau?'éﬁ&‘ gguls Jif mnzn@ipgv

sai d Iocal rblt I Oh con ges W m cr opt ocessor

signal s igpglcaly r%éech%%é lgq#&flgﬂ, &%&@%%amftrétﬁi dchh&[ oprocessor and of

acknow edgerrent suc personal conputer system
conprising, A ersénél'cﬁﬁlpﬁi&%@c&ﬁi@ t8¢faim 1 wherefh: M Croprocessor coupl ed
directly to sald hi gh speed data bus; a nuneric co-processor coupled
directly to sagidtghinepaescotatallebdsines (1) a local Bis drbitrakion cynteeligcthebughct | y
to sad high speed data bus for volatile storage of

which said master devices coupled directly to said local processor data bus arbitrate for

access to said local processor data bus and (2) a central arbitration control point through
which any devices coupled directly to said input/output data bus arbitrate for access to
said input/output data bus,

each of said master devices signals to said bus interface controller a request for
control of said local processor data bus, and

said bus interface controller signals to each of said master devices any grant of a
signalled request for control of said local processor data bus.
3. A personal computer according to claim 2 wherein said bus interface controller
ranks said master devices in priority order for signalling a grant of control.
4. A personal computer according to claim 3 wherein said bus interface controller
rotates priority among said master devices and assigns lowest priority among a plurality
of master devices each signalling a request for bus access to that master device whiéh has
most recently obtained control of the local processor bus.
5. A personal computer according to claim 1 wherein:

said bus interface controller defines (1) a local bus arbitration control point through
which said master devices coupled directly to said local processor data bus arbitrate for
access to said local processor data bus and (2) a central arbitration control point through
which any devices coupled directly to said input/output data bus arbitrate for access to
said input/output data bus,

one of said master devices is a default master normally controlling ‘said local
processor data bus,

both of said control points exchange with said input/output bus signals indicative of

input/output bus arbitration, preemption and burst data transfer, REPLACEMENT SHEET ’
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data; . a storage nenory device for nonvol atil e storage :
a storage controller coupled directly to sad high speed dat HI “I H’III"IIII
said storage nenory device for regulating conmunications w th sald torsage

menory devi ce; an i nput/out put dat®¥® bus; an i nput/ out put
controller coupled directly to sad input/output data bus; a digi taI

signal process e r . al [

vi deo si gnal ps d §§ (#1 g%lu{gl g)géha}{g lﬁl oaggt:ﬁ%i{ 3%%’9#/ ?&EYQE)Ztahé)l% % nd
a bus 10t ebiafiofl Y L8 | BhufOkBl ohq;oaagl Boidh 2P o thl i‘ﬁ&vﬁe@%&negx@%ftsﬁcﬁ gl d
I nput / out put ata us for providing communfcati ons ween sal speed
data bus @ s@d i nput/output data bus, sai d bus interface
controller providing for (a) arbitration anong said mcroprocessor and

said storage Gaif Ioehl bis abitpdtiid cbntret pbint ecimagst Wwith Isaidpdefauld aiasteb spnals

indicative of a hold on access by said default master and of acknowledgement of such a
hold. |
6. A personal computer system comprising:

a high speed data bus;

an input/output data bus;

a microprocessor coupled directly to said high speed data bus;

volatile memory coupled directly to said high speed data bus for volatile storage of
data; '

a storage memory device for nonvolatile storage of data;

a storage controller coupled directly to said high speed data bus and to said storage
memory device for regulating communications with said storage memory device; 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 (a) arbitration among | said
microprocessor and said storage controller coupled directly to said high speed data bus
for access to said high speed data bus, and (b) arbitration among said high speed data bus
and any devices coupled directly to said input/output data bus for access to said
inp{lt/output data bus,

said bus interface controller further being coupled to said volatile memory for
supplying row address select signals to said volatile memory and thereby selecting data
storage areas to be accessed, and

said bus interface controller responding to a change in grant of access to said high

speed data bus to one of said microprocessor and said storage controller by providing an
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19, for ,access to said high speed data bus, and (b) arbitrajgg '

hi gh speed data bus and said input/output controller and slaﬂmmm"ﬂmlﬂlll
signal processor and said video signal 1processor coupl ed directlyrto sald

| nput /out put data bus for access to sai a4 nput/out put data bus, - sai d
bus interface controller being coupled to said volatile menory for

suppl yi ng giggfag)?g:pgge | SEIneftlof dldrelsss ﬁﬂtficﬂzgiﬁg{g e che%%lebhﬁg y

sel ecting eas 0 be accessed sal us interface

control | ersub@ﬁ&?ﬂf’kaﬂﬂ vohitfle EMES in"prépaatior foroae8ssSto! potehlll differenp A8k

data bus to one of sad m croprocéssor and said storage controller by -
provi di ng sidrag@drédsi PR isaidy volatilhaicptorpf morntikslyatidibesesed by dhe megof gaidhe
row address select signal supplied to said volatile nenory in preparation

f or accessmicboprotesser and gaidi ftomge reonttelier whichrlegewon @asarbitration dow @rati dfe

menory nore likely to be used by the one of said
access to said high speed data bus and thus minimizing wait states during changes in

%*

memory access as arbitration occurs.
7. A personal computer according to claim 6 wherein:

said bus interface controller defines (1) a local bus arbitration control point through

~ which said storage controller arbitrates for access to said high speed data bus and (2) a

central arbitration control point through which any devices coupled directly to said
input/output data bus arbitrate for access to said input/output data bus,

said storage controller signals to said bus interface coﬁtroller any request for
control of said high speed data bus, and

said bus interface controller signals to each of said microprocessor and said storage
controller any grant of control of said high speed data bus.
8. A personal computer according to claim 7 wherein said bus interface controller
ranks said microprocessor and said storage controller in priority order for signalling a
grant of control.
9. A personal computer according to claim 8 wherein said bus interface controller
rotates priority among said storage controller and any other two master devices coupled
directly to said local processor bus and assigns lowest priority among any two such
devices and said storage controller each signalling a request for bus access to that one
which has most recently obtained control of the local processor bus.
10. A personal computer according to claim 6 wherein:

said bus interface controller defines (1) a local bus arbitration control po{nt through
which said storage controller arbitrates for access to said high speed data bus and (2) a

central arbitration control point through which any devices coupled directly to said

input/output data bus arbitrate for access to said input/output data bus, REPLACEMENT SHEET
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m croprocessor and said storage controller which has won an i | f
grant of access to said high speed data bus and thus m ni mmlmﬂmmlmml“ml
states during changes in nenory access as arbitration occurssx ¢l2L An s =
personal conputer according to claim 11l Kher ei n: said bus interface
controller defines (1) a local bus arbitration control point through which
sai d storage c L tIat - LAnhi g d S
and (2) a cengﬁafnqégjro Eﬂl:otc?{gp |f ggngc(%ﬁafufrltg{na%gfﬁﬁa%&oug \l/b;qgg%nﬁ gllfggl sﬁé@& Ual
i nput/out gyfs control l er and said digital signal processor and said video
signal processor arbitrate for access to said input/output data bus,

sai d storage qgjth bpkdi@ f(:oﬁﬂrﬂf‘;fdiﬁtsfeﬁcmgé withSsaidinpaf/ Aeputanid tsiglalseihdRatiesioe St
for control of said high speed data bus, and said bus interface
cont r ol | erinpatgsapw bus aebiohtion, preemptioramwstadasotramsfer, sai d st or age
controller any grant of control of said high speed data bus. 13. A
personal conpuail centralr points exchahge rwitl? onk enether signdlshindidative rdfaz old on
controller ranks said mcroprocessor and sajd storage controller in
priority crbisvationrbyssaidseniralgarhitration control point and of acknowledgement of such a

hold, and

said local bus arbitration control point exchanges with said microprocessor signals
indicative of a hold on access by said microprocessor and of acknowledgement of such a
hold.
11. A personal computer system comprising:

a high speed data bus;

a microprocessor coupled directly to said high speed data bus;

a numeric co-processor coupled directly to sad high speed data bus;

volatile memory coupled directly to sad high speed data bus for volatile storage of
data; |

a storage memory device for nonvolatile storage of data;

a storage controller coupled directly to sad high speed data bus and to said storage

- memory device for regulating communications with said storage memory device;

an input/output data bus; |

an input/output controller coupled directly to sad input/output data bus;

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

~ avideo signal processor coupled directly to said input/output data bus; and

a bus interface controller coupled to sad high speed data bus and to said
input/output data bus for providing communications between said high speeél data bus
and sad input/output data bus, _

said bus interface controller providing for (a) arbitration among said

microprocessor and said storage controller coupled directly to said high speed data bus
REPLACEMENT SHEET

06 SEP 1997




grant of, control.
A personal conputer according to claim 13 wherein said bus | IIII”“I I”III

controller rotates priority anong said sjorage controller an any o
two master devices coupled directly to said | ocal processor bus and
assigns lowest priority anong any two such devices and said storage

control | erfopaetess kISl hightspaed @i dus, A1 (bY BibiPRTohdndny §amamgﬁ @ﬁeed/\dlut& Budas

nost recently obtained control of the | ocal processor bus. A personal

conput er aarbsid rigputoutpai confrdllehandsaid digital sighal roeessor ahé rshﬂce1de@ I3 chﬁl | er
defines (1) a local bus arbitration control point through which sai

st or age coprocessbrecoupltd direcths td said dopwtfmtpud dati bushfoghacsgsead sdik mplat/sutpot
(2) a central arbitration control point through which said input/output
cont r ol | erdasmbiusai d

said bus interface controller being coupled to said volatile memory for supplying
row address select signals to sad volatile memory and thereby selecting data storage areas
to be accessed, and |

said bus interface controller responding to a change in grant of access to sad high
speed data bus to one of sad microprocessor and said storage controller by providing an
anticipatory precharge of memory addresses and changing the row address select signal
supplied to said volatile memory in preparation for access to potentially different data
storage areas of said volatile memory more likely to be used by the one of said
microprocessor and said stdrage controller which has won an arbitration for grant of
access to said high speed data bus and thus minimizing wait states during changes in
memory access as arbitration occurs.
12. A personal computer according to claim 11 wherein:

said bus interface controller defines (1) a local bus arbitration control point through
which said storage controller arbitrates for access to said high speed data bus ahd 2 a
central arbitration control point through which said input/output controller and said
digital signal processor and said video signal processc;r arbitrate for access to said
input/output data bus,

said storége controller signals to said bus interface controller a request for control
of said high speed data bus, and

said bus interface controller signals to each of said microprocessor and said storage
controller any grant of control of said high speed data bus. ‘
13. A personal computer according to claim 12 wherein said bus interface controller
ranks said microprocessor and said storage éontroller in priority order for signalling a

grant of control.
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digjtal ,signal processor and said video signal processor arbi '
access to said input/output data bus, said m croprocesm“":ml"“)"”mkl"IIII
default master normally controlling sai dﬁ;hi gh speed data bus,* ¢ L Do *
of said control points exchange with sai® input/output bus signals

I ndi cative of input/output bus arbitration, preenption and burst data

transfer, 14, A pRAoHaCEsthptbr BdAding 3 CIARIEI WHeleiR RGiIdONRL [Hedrftl XRkrdIle

indicative of a hold on arbitration by said central arbitration contro

poi nt and refateyrivrivy ealgRiFEsaid Sforpedontolidrodnd, ardnéther two nfasief dewiead chipled

arbitration contraql point exchanges with said m croprocessor signals
i ndi cati valirttlp tbodaill docah precessdrybusaant mssignsplosests priorignamofig any two such
acknow edgenent of such a hold.
devices and said storage controller each signalling a request for bus access to that ‘one
which has most recently obtained control of the local processor bus.
15. A personal computer according to claim 11 wherein:
said bus interface controller defines (1) a local bus arbitration control point through
which said storage controller arbitrates for access to said high speed data bus and (2) a
central arbitration control point through which said input/output controller and said
digital signal processor and said video _signal processor arbitrate for access to said
input/output data bus,
said microprocessor is a default master normally controlling said high speed data
bus,
both of said control points exchange with said input/output bus signals indicative of
input/output bus arbifration, preemption and burst data transfer, |
said control points exchange with one another signals indicative of a hold on
arbitration by said central arbitration control point and of acknowledgement of such a
hold, and
said local bus arbitration cpntrol point exchanges with said microprocessor signals

indicative of a hold on access by said microprocessor and of acknowledgement of such a

hold.

‘REPLAGEMINT SHEET

06 SEP 1997




21

PERSONAL COMPUTER WITH ANTICIPATORY MEMORY CONTROL SIGNALLING
ABSTRACT -

This invention relates to personal computers, and more particularly to
personal computers in which arbitration for control over a data handling
bus occurs among a plurality of "master" devices coupled directly to the
bus and memory address signals are varied in response to such
arbitration. The personal computer system has a high speed local
processor data bus, an input/output data bus, a microprocessor coupled
directly to the local processor bus, volatile memory coupled to the
local processor bus for volatile storage of data, and a bus interface
controller coupled directly to the local processor bus and directly to
the input/output data bus for providing communications between the
buses. The bus interface controller provides for arbitration among
devices directly coupled to the.input/output data bus for access to the
input/output data bus and to the local processor bus, and for
arbitration among the input/output data bus and said microprocessor fog
access 'to the local processor bus. The bus interface controller is aléb
coupled to the volatile memory for supplying row address select signals
to the volatile memory and thereby selecting data storage areas to be
accessed, - and-responds to a change in access granted tq the local busu
by changing the row address select signal supplied to the volatile
memory in preparation for access to potentially different data storage

areas of the volatile memory.
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