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PERSONAL - COMPUTS

DESCRIPTION

Thls invention relates to personal computers, and more particularly to
personal computers in which performance is enhanced by enabllng
arbitration for control over a local processor bus among a plurality of

" umaster" devices coupled directly to the local processor bus.

Personal computer systems in general and IBM personal computers in
partlcular have attalned widespread use for providing computer power to
' many segments of today s modern society. Personal computer systems can
‘usually be defined as a desk top, floor standing, or portable |
“microcomputer that consists of a system onit having a single system
processor and associated volatile and non-volatile memory, a display

- monitor, a keyboardc one or more diskette driveéc a fixed disk_storage,
~and an optional printer. One of the dietinguishing 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 oser and are inexpensively |
priced for purchase by individuals or small businesses. Examples of
such personal computer systems are IBH'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
famlly, usually referred to as Famlly I Models, use a bus architecture
exemplified by the IBM PERSONAL COHPUTER AT and other "IBH compatlble"
machlnes. The second famlly, referred to as Family II Models, use IBM's
MICRO CHANNEL bus architecture'exemplified.by IBM's In the beginning,
the Family I models typically used the popular INTEL 8088 or 8086
microprocessor as the eystem processor. These processors have the
ability to address one megabyte of memory. Later Family I models and
the Family II models typically use the higher speed INTEL 80286, 80386,
“and 80486 microprocessors whlch can operate in a real mode to emulate

lhe slower speed INTEL 8086 mlcroprocessor or a protected mode which
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speed microprocessors capable of real and protected mode operation,

performance capability has been sought by separating the architecture of
the personal computer intoﬂvaryiné bus areas. More specifically, in the
original IBM PC, what came to be-known as the expansion bus was
essentiallya-direct extension of the microprocessor (8086 or 8088)
EOnnections, bufﬁered 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 risé*tb”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 biis 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 proivded a personal
Computer system comprising: a high speed data bus; an input/outﬁut data
bus; at least two master devices coupled directly to said high speed

bus; and a bus interface controller coupled directly to said high speed-
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M CRO CHANNEL bus architecture exenplified by IBMs In _Iﬁijpruu4E+—%4ﬁr~
Fasrily | nodel s typically used the popular | NTEL 8088 or 8086

3
m croprocessor as the system processor. These processors 9 ‘“m'.
to address one negabyte of nmenory. Later Family | nodels a u '
nodel's typically use the higher speed | NTEL 80286, 80386,
m croprocessors which can operate in a real node to emulate the slomer
speed | NTEL g@@lnmgyoprocessor or a protexted node which
2 extends the addressing range from 1 negabyte to 4 G gabytes for sone
nodels. In essence, the real node feature of the 80286, 80386, and 80486

processors pravide
pus and directly to said 1nput/output data bus for providing

communications between said high speed bus and said input/output data
pbus, said bus interface controller providing for arbitration among‘said
master devices coupled directly to said high speed bus for access to _
said high speed bus, and providing for arbitration among said high speed
bus and'any devices coupled directly to said input/output data bus for

 access to said input/output data bus.

Further according to the present invention there is provided a personal
. computer_ system comérising: a high speed data bus; a ﬁicroprocessor
couﬁled directly to said high speed data bus; a numeric:co-processor
coupled directly to said high speed data bus; volatile memory ceupled
directly to said high sbeed data bus for volatile storage of data;
storage memory devices for nonvolatile Storage of data; a storage
controller coupled directly tp said high speed data bus and to said
storage memory devices for regulating communicatieﬁs with said storage
memory devices; an input/output data bue;.an input}output controller
coupled directly to 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 prov1d1ng communications between said hlgh
speed data bus and said 1nput/output data bus, said bus interface
controller providing for arbitration among said microprocessor and said
numeric co-processor and said. storage controller coupled directly to
said high speed data bus for access to said hlqh speed data bus, and
pProviding 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.

In the drawings:--

Fi
Qure 1 is g perspectlve v1ew of a personal computer embodyihg this
1nvent10n
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hardware conpatibility with software witten for the 8086 and 8088
M xr opr ocessors. As personal conputer technol ogy has devel oped and -
noved fromeight to sixteen and eventually thirty two bit w de bus
i nteraction and hi gher speed m croprocessors capable of real and protected
_node. operation, perfornmance capability has been sought by separating the
ar chi tecturgg Qb3 id3e personal conputer ingo varying bus areas. -Mre-
specif_ically, in the original I1BMPC, what cane to be known as the
expansion bus was essentially a direct extension of the m croprocessor
. (8086 or 8088) connections, buffeted and denultiplexed as required. Later,
as the AT pumrspecist bt adxp0odedipe tipeek bpecrianbcaaetainnélemante afethenow
bei ng al so known, as. t he u nd Ar chi re_or it becane
possi bl e tBEiE80Rt Ct°ﬁ‘8“'h€a?? sFtd‘l“%E%tl é%cflj;lu%&f’?on L Tcs\t/:\%én tﬁgb%c%opr 0cessor .
and the bpmnagi boarg amd;alnmsﬁﬁaengg gsetian oélamanslboéamnlgnmeas t he Iocal
processor bi’emeﬁgg t he

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

Figure 4 is schematic representation of certain functions achieved by
the bus interface controller of Figure 3;

Figure 5 is a signal chart 111ustrat1ng operatlon of the bus interface
controller in a first operating circumstance; and .
Figures 6 through 16 are signal charts similar to Figure 5 illustrating
operation of the bus interface controller in other operating

circumstances.

Detailed Description of Invention

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

as limiting upon the present invention.

Referring now more particularly to the accompanying drawings, a
microcomputer embodying the present invention is there shown and
~generally indicated at 10 (Figure 1). BAs mentioned hereinabove, the
computer 10 may have an associated monitor 11, keyboard 12 and printer
or ?lotter 14. The computer 10 has a cover 15 which cooperates with a
chassis 19 in defining an enclosed, shielded-volume for receiving' |
electrically powered data processing and storage éomponents for
Processing and storing digital data, as shown in Figure 2. At least

ce : . . .
rtain of these components are mounted on a multilayer planar 20-or
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renam ng of the expansion bus as the input/output bus. Typically, in order
tor enhance performance, the | ocal processor bus runs at a higher clock
speed (typically expressed in Hertz) than does the input/output bus. The
| BM AT architecture al so opened the. possibility of running nore than one
m cropr oces@Fopiv3Bhe i nput/out put bus, &hrough use of direct nenory
access (DWMA) interrupts. As perfornance enhancenment has. conti nued to
be sought, difficulties inherent in opening the possibility of muitiple
masters contending for access to and control of the |ocal processor bus
have becometappareedtvhiah haueuhbed pat it tRdssiened iahg Ploveaansal in@lamfsl pgr t he
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those identified above and such other associated elements as floppy disk
drlves 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
perlpheral drives of a first 51ze (such as those known as 3.5 inch
drives). A floppy dlSk drlve, 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'io relating the above structure to the preseot 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 Verioﬂs'coﬁponents 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 I/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.
". The CPU 32 is connected by a high speed CPU locei bus 34 to a bus
interface control unit 35, to volatile random access memory (RAM) 36
here shown as Single Inline Hemory Moduies (SIMMs) and to BIOS ROM 38 in
which is stored instructions for basic input/output operations to the
CPU 32. .The BIOS ROM 38 includes the BIOS that is used to interface
between the I/o'devices and the operating system of the microprocessor
32. Instructions stored in ROM 38 can be copied into RAM 36 to decrease

the execution time of BIOS.



3 o According to one aspect of the present invention there is

provi ded a personal conputer system conpri sing: - a high speed
data bus (34) an i nput/output data bus (44) _ at | east
two master devices (32,39,40) coupled directly to said high speed bus; and
a bus interface controller (35) coupled dlrectly to said hlgh speed bus and.
directly Bce-91-033 6 ~

Wwhile 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 apparatus 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 componehts)aalso 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 cennected or connectable with Read Only Memory (ROM) 41,
RAM 42, and suitable external devices of a variety of types as

. facilitated by the I/0 connection indicated to the right in the Figure.
The SCSI controller 40 functions as a siorage cont;oller in controlling
storage memory devices such as fixed or.removable media electromagnetic'
storagé 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.fﬁnctions. By means of the-bus 44, the
-BIC 35 is cOupled with an optional feature bus such as a MICRO CHANNEL
bus having a plurality of I/0 slots for receiving MICRO CHANNEL adapter”
cards 45 which may be further connected to an I/0 device or memory (not
shown). The I/0 bus 44 includes address, data, and control components.
The I/0 bus 44 may be configured to bus specifications other than the
MICRO CHANNEL specification.

Coupled along the I/0 bus 44 are a variety of 1/0 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 sidnals



to said input/output data bus for providing comunications between said
hixgh speed bus and said input/output data bus; characterised in that said
bus interface controller provides for arbitration among said master _
devices coupled directly to said high speed bus for access to said high
speed bus, pend1pspyi des for arbitrati on -anmong said hi gh speed. bus -and any
devi ces (46,51, 53) coupled directly to said i nput / out put data bus for
access to said input/output data bus. |In the drawings:- Figure 1is a
perspective view of a personal conputer enbodying this invention

exchanged with the processor 46 may be passed through a Digital to
Analoé Converter (DAC) 50 to a monitor ot other display device.
Provision is also made for connecting. the VSP 46 directly with what is
here reférred to as a 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 Digital Signal Processor (DSP) 51 thch has associafed'nﬁ
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'haﬁaliﬁg“éf“other signals by-provision of an analog interface
controller 56. Lastly, the I/0 bus 44 is coupled with a input/output
controller 58 with aséociated Electrical Erasable Programmable Read Only

H Memory (EEPROM).59 by which inputs and outputs are exéhanged 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 apbropriate to first consider the support by
a personal computer of what have been known as multiple masters or bus
masters. As here used, a "master" is a processor or any circuit
designed to gain control over a bus and drive address, data and control
signals on the bus. Having such capability enables a master device to

transfer information between system memory and other devices.

It has been proposed that masters be divided'amogg three types -- system
master (usually the CPU), DMA controller, and bus master. The system
master controls and manages the system configuration.:. It is usually the
default ﬁaster in the system. -The défault master owns the bus when no
other master requires it. A DMA master is a special type of master
which transfers data between DMA slaves and memory slaves, and does nof
arbitrate for the bus but services the DMA slave that is the arbitrator.
As here used, a bus master arbitrates for use of the bus and supports

information transfers with an I/0 slave or memory slave.



BC9- 91- 033 4 Figure 2 is an expl oded perspective
virew of certain elenents of the personal conputer of Figure 1 including a
chassis, a cover, and a planar board and illustrating certain

rel ati onshi ps anong those elenents; Figure 3 is a schematic view of
certain conponents of the personal conputer of Figures 1 and 2; Figure 4 is
schemat i cBF&pHe8&ht ati on of certain furktions achieved by the .bus interface
controller of Figure 3; Figure 5is a signal chart illustrating operation
of the bus interface controller in a first operating circunstance; and

Figures 6 through 16 are signal charts simlar to Figure 5 illustrating
oper at i off"3f "taﬁ S Fudley Hice Af g’%‘és BaRtET0l F8y PR FREHEINDpRT HUs ppsters do

not necessarily require a processor. Also, a bus master 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. -Typicaliy, a full
~ function bus master will have it own programmable CPU and,béﬁcépable of
controlling all sstem.reéources, including operating system software.
Special function controllers have the least flexibility, function and
cost. Typically, a special funétion 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 modifzhthe_function and/or execution
characteriétics 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, MCPU 39, and SCSI

controller 40 may all function as masters directly coupled to or on the
local bus 34, while the I/O controller 58, DSP 51, VSP 46 and possibly. -
accessory boards 45 mounted in the MICRO CHANNEL slots may all function

as masters directly coupled to or on the input/output bus 44,

With such multiple 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 master devices
coupled directly to the local processor bus 34 for access to the local

Processor bus 34. This "layering" of arbitration procedures is . . -.

LY
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that bus (shown as ARBUSO,1,2,3; PREEMPT#; and BURST#) and also
functiong.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 (shown as
ARBUSO,1,2,3; PREEMPT#; BURST#; BRQl# through BRQn#; BGT1# through
BGTn#; CACP_HOLD; CACP_HLDA; CPU_HOLD; and CPU‘_HLDA).

The layering of arbitration and the manner in which the BIC 35 functions
in that regard will become more clear form the series of examples given
in Figures 5 through 16. To briefly review the various operating
sequenées represented by those diagrams, Figure 5 shows the LBACP
function relinquishing control to the CACP functién. Figure 6 shows the _
LBACP function bumping or removing a device from bus access during a )
non-pipelined cycle. Figure 7 shows the LBACP function bumping a

device during an idle state. Figure 8 shows a device giving up the

local processor bus 34 during.an idle state. Figure 9 shows a device
which has been executing a read function giving up the bus to a second
device which ﬁerforms a write function. Figure 10 shows a device which
has been executing a read function giving up the bus to the default
master,.the CPU 32. Figure 11 shows a;ée§ice which has been executing a - .
write function giving up ihé bus to the defauif'master; the CPU.Sé.
Figure 12 shows the LBACP function bumping the CPU 32 and giving the bus
to another device. Figure 13 shows the LBACP function bumping a first
device performing a read function and giving fhe bus to a second device
Performing a write function. Figure 14 shows the LBACP function bumping
3 first device which has been performing a write function and giving tﬁe
bus to a second device performing a write function. Figure 15 shows the
LBACP function bumping a device which has been performing a read

function and giving the bus to the default master, the CPU 32. Figure

16 shows the LBACP function bumping a device which has been performing a

Write function and giving the bus to the default master, the CPU*32.'



chassis 19 in defining an encl osed, shielded volunme. for receiving

el ectrically powered data processing and storage conponents for processing
and storing digital data, as shown in Figure 2. At |east certain of these
conponents are nounted on a nmultilayer planar 20 or BC9- 91- 033

5 not her board_which is nounted on the chassis 19 and provides a neans
for eIectF?%ﬁﬂF@sinterconnecting t he corfponents of the conputer 10

i ncluding those identified above and such other associated el enents as
floppy disk drives, various forns of direct access storage devices,
accessﬂjr%agﬁug%sthe diagrams includes specifically identified significant

points, which will be discussed hereinafter.

At this point, it will be noted that the BIC 35 and each local bus 34

~master (CPU 32, MCPU 39, SCSI 40 in the illustrated embodjment) are
connected by iwo signals dedicated tb bus arbitration, naméiy signals
BROn# and BGTn# (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. BRQn# is an active LOW signal. The masters will drive
the corresponding BRQﬁ#';EEiGe'andiawait assertion of BGTn# before
driving the iocal‘bus_34. A winning local bus master will take BROn#
inactive when BGTn# is sampled inactive or when it has finished using
the bus. Taking-BRQn# inactive serves as an indication that the address
bus and bus cycle definition signals are being placed in a high

impedance state.

_ BGTn# is an output from the LBACP function of the BIC 35 to the master
indicating that the master has been granted control of the local bus 34.
BGTn# is an éctive LOW signal. This signal will be held active by the
LBACP until BRQn# is driven inactive or another bus request'is received
by the LBACP.. If BGTn# is taken inactive by the LBACP, the current
local bus master will release the bus (driving BROn# inactive) as soon
as the current transfer is completed. The LBACP will not diive BGTn#
active for the next local bus request pending unéii the previous“master

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

A priority and simple rotational fairness scheme are impleﬁented 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

Gause the LBACP.tQ-put any winning.mastar_into an inactive state'éfter



or boards, and the Ilike. The chassis 19 has a base and a rear panel
(Figure 2) and defines at | east 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. Inthe illustrated form an upper bay 22 is adapted to
recei ve perggghefghsdrives of a first sizg;(such as those known as 3.5 inch
drives). A floppy disk drive, a renovable nmedia direct access: storage
devi ce capabl e of receiving a diskette inserted thereinto and using the

di skette to receive, store and deliver data as is generally known, may be
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is shown a bl ock di agram of ‘a personal. conputer systen1|IIustrat|ng t he
various c gnent.s o such as, the system 10 i

t he conputer, syste
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LBACP will compete on behalf of the local bus masters in I/0 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 deécribed above. If any assigned

arbitration level wins at the I/O 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.

The LBACP function interfaces with the CACP function and the CPU 32
through signals identified in Figure 4 as CACP_HOLD; CACP_HLDA;
CPU_HOLD; and CPU_HLDA. 1In prior persohal compute} systems, the latter
two signals havg_been exchanged directly between a CACP function and the
CPU. The interéction of the two level arbitration contemplated by this
invention becomes more clear from a more detailed study of'Figures 5
through 16. In each of the diagrams of Figure 5 through 16, the passage

of time is indicated by the clock cycles on the line CLK2.

In Figure 5, six parficﬁlar.timing points are identified. At a first
point (1), a device coupled directly to the I/0 bus 44 exercises a
preempt for the high speed, local processor bus 34. At some unknown
interval later, at a éecond point (2), a iocal processor bus master
which has been using the high speed bus places certain signals in a hich
impedance state. With a transfer complete, the device indicates thét it
is ready to release the bus at a third point (3), after which the LBACP
function bars further access to the bus at a fourth point (4), confirms
that the default master CPU 32 is in a hold stéte and, at & fifth point
(5), releases the CACP function to grant access tb'the bus at a sixth
point (6). This sequence relinquishes control from the LBACP to .the

CACP function.



processor 32. Wil e any appropriate m croprocessor can be used as the CPU
32, one suitable mcroprocessor is the 80386 which is sold by INTEL. The
CPU 32 is connected by a high speed CPU | ocal bus 34 to a bus interface
control unit 35, to volatile random access nenory (RAM 36 here shown as
Single Inljine Ive(r)’rpry_ Modul es (SIMvs) and to BIOS ROM 38 in which_ is stored

i nstructio ‘gb'fgéF Yasic | nput / out put 'operlét ions to the CPU 32.- The BI OS ROM
38 includes the BIOS that is used to interface between the |/O devices and
the operating systemof the m croprocessor 32. Instructions stored in ROM

i ' ( h cution_ tine: of BlICS.
ggg?gg_ 82@%_ alp%g Jj.nn 8c5“|}\aﬂr§c§estsgr%eu%r6$§§t%rts J?s %.)i?ustrated in Figure 6,

where the sequence illustrates the LBACP withdrawing a grant of access
at a fifst point (1), and the affected master relinquishing the bus at a
second point (2) and placing certain signals in a high impedance state
at a third point (3). The LBACP function then makes a grant of access
at a fourth point (4), memory control logic detects a change in masters
and inactivates RAS# at a fifth point (5), and the next master granted

access captures the bus at a sixth point (6).

In Figure 7, the LBACP function bumps a device during an idle state. At
a first point (1), a local bus slave requests pipelining, and the o
current local bus mastér-is unable to supply the next address. At a
second point (2), the LBACP function takes BGT1# inactive during an idle
state on the bus, after which the first device removes BRQl# at a third
point (3) and places certain signals in a high impedance state at a
fourth. point (4). At a fifth point (5), the LBAC?_function.indicétes
another device to access the bus by takihg BGT2# aétive, after which the
memory control logic detects a change in masters and inactivates RASH# at
a sixth point (6). The second device dé;g;ts BGT2# asserted and assumes .

access to the bus at a seventh point (7).

The Sequenée of Figure 8 results in 6ne device felinquishing the bus

. during an idle state. The first de?ice removes BRQ1# at a first point
(1), indicating that it is giving up the bus, and places certain signals
in high impedance states at a second point (2). The LBACP function then
takes BGT1# inactive at a third point (3) and BGT2# active at & fourth
point (4), whereupon the memory control logic detects a change in
masters and inactivates RAS# at a.fifth point (5). The second master

detects BGT2# asserted and accesses the bus at a sixth point (6).

A device which has been performing a read function relinguishes the bus
to a'device to perform a write function in the sequence of Figure 9.
The first device, responding to MA# removes BRQl# at a first point (1),
indicating that it is ready to relinquish the bus, and places certain

signals in high impedance state at a second point (2). The LBACP

A5



Wi I'e the present invention is described hereinafter with particular
reference to the system bl ock diagramof Figure 3, it is to be understood
at the outset of the description which follows that it is contenplated that
t he apparatus and nethods in accordance with the present invention may be
used with other hardware configurations of the planar board. For exanple,

t he syst eptpraacessor could be an Intel 80486 m croprocessor.'  Returning
now to Figure 3, the CPU | ocal bus 34°(conprising data, address and contr ol
-conmponents) al so provides for the connection of the mcroprocessor 32 with
a nuneric or math coprocessor 39 and a Snall Conputer Systens Interface
(SCSl) cdnheigldnethet) taRdre BSCSE ipsativel hbra 40inhppims (B dadobfi 2HoapEiveons

skilled i ) CONpUL.Lr S e Lon, 3 ted or
connect atites veorE hpsdhy (TR Ml 3e AR RRLON 1ot SRR 8L Per nal
devi ces ehapge/gnimasteps andpéracidvetrs Rp$Hhtadda b§iftherdind (Bdnnelrei second

i ndi cat eghab et BtEd1GNboth hhGeRledUirft adbEsseCStnLBlS IR LediAR Soinet {@ns as ' a
storage controller in controlling storage nmenory devices such as fixed or

removabl e nmedi a el ectromagnetic
A device which has been performing a read function relinquishes the bus

to thé default master CPU in the sequence of Figure 10. The device,
responding to NA# removes BROn# at a first point (1), indicating that it
is ready to relinquish the bus, ana places certain signals in high
impedance state at a second point (2). The LBACP function then takes
BGTn# inactive at é third"boint {3) and HOLD inactive at é fourth point_
(4), whereupon the memory control logic detects a change in masters and
inactivates RAS# at a fifth point (5). The default master detects HOLD

inactive and takes control of the bus at a sixth point (8).

- B device which has been performing a.w;ite functiop relinquishes the bus
to the default master CPU in the sequence of Figure 11. The device,
responding to NA# removes BRQn# at a first point (1), indicating that it

~ is ready to relinquish fhe bus, .and places certain signals in high
impedance state at a second point (2). The LBACP function then takes
BGTn# inactive at a third point (3) and HOLD inactive at a fourth point
(4),_whéreupon the memory control logic detects a change in masters and
inactivates_RAS# at a fifth point (5). The default master detects HOLD

inactive and takes control of the bus at a sixth poiﬁt (6}l

The.LBACP function detects a requeét for bus access and bumps the
default master CPU in the sequence of Figure 12, vhere a device
activates BROn# at a first point (1). The LBACP function detects BRQOn#
active and -activates HOLD at a second point (2). The'CPU feﬁﬁrns HLDA
‘and turns off its output drivers at a third point (3). The LBACP
detects HLDA at.a fourth point (4) and activates BGTn#, whereupon the
memory control logic detects a change in masters and ihactivates RASH# at
a fifth point (5) if RASH# is then active. The devicé then detects BGTn#

_active and accesses the bus.



stor‘age devices (al so known as hard and fl oppy disk drives),

el ectro-optical, tape and other storage devices. The bus interface
controller (BIC) 35 couples the CPU |ocal bus 34 with an 1/0O bus 44 and
functions as a protocol translator, nmenory controller and DVA controller
anong other functions. By neans of the-bus 44, the BIC 35 is .coupled with
an optionalpdeeat+o3e bus such as a M CRO @h—IANNEL bus having a plurality of
|/ O slots for receiving M CRO CHANNEL adapter cards 45 which may be further
connected to an 1/0O device or nenory (not shown). The I/O bus 44 includes
address, data, and control conponents. The I/O bus 44 may be configured to
bus speci fa cavionshotindrst bemm paefdvinGRO aCriddNEUnSHeni.id batpeah from Cbepl ed

al ong the O, ety Io n a.yi,deo signal
o ocessor M6 gy it bR Gled Fol §deothe o REMRAE Uity i BN 8

char act er tmwedcq pfoF bmtrieoh3 { | Bhe d@ﬁéﬁl ﬁamckl@)n splcksf BET1dk anaetg veraiphi c or

I mage baseg; inf QLR (PN (kR GRLEhedcéOkespfndShy Séogﬁﬂisthen removes

BRQ1# at a second point (2), indicating that it is ready to relinquish
the'bus, and places certain signals in high impedance state at a third
point (3). The LBACP function then takes BGT2# active at a fourth poiht
(4), whereupon the memory control logic detects a change in masters and
inactivates RAS# at a fifth point (5). The second master detects BGT2#

asserted and accesses the bus at a sixth point (6).

A device which hés been performing a write function is bumped from the
bus and the bus given to a second device to perform a write function in
the sequence of-Figure 14. The LBACP function takes BGT1l# inactive at a
first point (1).. The first device, respopding to NA#, then removes
BRQ1# at a second point (2), indicating that it ié_:eady to relinquish.
the bus, and places certain signals in ﬁigh impedance state at a third
point (3). The LBACP function then takes BGT2# active at a fourth point
(4), whereupon the memory control logic detects a change in masters and
inactivates RAS# at a fifth point (5). The second master detects BGT2#

asserted and accesses.the bus at a sixth point (6).. .

A device which has been performing a read function. is bumped from the
bus and the bus given to the default master CPU in the sequence of
Figure 15. The LBACP function takes BGT1# inactive at a first point
(1). The first device, responding to NA#, then-removes BRQI# at a
second point (2), indicating that it is ready to relinguish the bus, and
places certain signals in high 1mpedance state at a third point (3).

The LBACP function then takes HOLD inactive af;a fourth pbint (4),
whereupon the memory control logic detects a change in masters and
inactivates RAS# at a fifth point (5). The default master detects HOLD

inactive and takes control of the bus at a sixth point (6).

In the sequence of Figure 16, the LBACP function bumps a device

performing a write function and transfers the bus to the default master



_bus 44 is al'sd codpled with a Digital St

BC9-91- 033 7 exchanged with the processor 46 nmay
be passed through a Digital to Anal og Converter (DAC) 50 to a nonitor or

ot her display device. Provision is also nmade for connecting the VSP 46

directly with what is here referred to as a natural imnmage input/output,
whi ch may Btcglggl_togg formof a video recorder/player,. canera, etc. The I/0
' nal Processor (DSP)" 51 which has

associ-ated instruction RAM 52 and data RAM 54 available to store software
instructions for the processing of signals by the DSP 51 and ‘data invol ved

in such essi_n DSP 51, provi for processi f_audi o J nputs and
out put s Bcg/ﬁ?h:ﬁ{ﬁr g%@%ﬁr‘% l°8nta§‘&8i%&§§n 'Faocltﬁ‘é? 5,§ .gl%égf%orl%%aﬁld)l'i ngheof

ot her si giialst deyipe pwiespondiofy tanNathaltbgni remevéadRQ1# at a second point
(2), indicating that it is ready to relinquish the bus, and places
certain signals in high impedance state at a third point (3). The LBACP
function then takes HOLD inact%ve at a fourth point (4), whereupon the
memory éontrol logic detects a change in masters and inactivates RAS# at
a fifth point (5). The default masier detects HOLD inactive and takes

control of the bus at a sixth point (6).



controller 56. Lastly, the I/O bus 44 is coupled with_a input/output
controller 58 with associated El ectrical Erasable Programmbl e Read Only
Menory (EEPROM .59 by which inputs and outputs are excha'h §h?evwaﬁ eenRePl"ced

conventional peripherals including floppy disk drives, tter
14, keyboard 12 f nouse or pointi.ng deyi ce (not shomn)
serlal po %% ore turning in greate detail to a descrlptlon of the

functions serlved is appropriate to first consider the
support by a p ﬂﬁﬁ’mﬂm f what have been known as nultiple masters
or bus masters uﬂm “mast S a processor or any circuit
designed to gain cont Fol ®over #a bus 'ive address, data and control
signals on the bus. Having such capabl lity enables a nmaster device to

transfer mfbgggg%oq]glbgg%% 2 déé%ttg'mémg%re nd ot her devices. It has been

pr oposed Y ha ers anong types -- system master
(usually the CPU); DVA controller, and bus naster. The system master
controls and JRgR6seLBCIYSHED conf i guration. It is usually the default
master in the syste The def ault master owns 't he bus when no

an input/output data bus;

at least two master devicés coupled directly to said high speed

bus; and

a bus interface controller coupled directly.to said high.speed bus
and directly to said input/output data bus for providing communications
between said high speed bus and said input/output data bus, said bus
interface controller providing for arbitration among said mester devices
Ncoupled'directly to said high speed bus for access Fb said high speed
bus, and providing for arbitration amoné said high speed bus and any
devices coupled directly to said input/output data bus for access to

said input/output data bus.

2. 1A personal computer according to Claim 1 wherein said bus interface
controller defines a local bus arbitration control'poiﬁt through which
said master devices arbltrate for access to sald hlgh spead bus and
defines a central arbitration control p01nt through which any devices
coupled directly to said lnput/output data bus arbitrate for access to
said input/output data bus, and further wherein each of said master
devices signals to said bus interface controller a request for control
of said high speed bus and said bus .interface controller signals to each
of said master devices any grant of a signalled request for control of

said high speed 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.

AN



“

ot her master requrFEE___‘7YTm#rﬂasfﬁr I s a special type-of—master—which
transfers data beth BMMH mm d nenory sl aves, and dogs Mot pAHRLIKRh&a
for the bus but ser mu " Hmve that is the arbltrato ﬁé‘ﬁ&llﬂeﬁl

used, a bus naster arbitrated fdr Us? of the bus and. support

transfers with an 1/0 slave or menory slave L BC9-9
8 VWhat rra%g_s a device a "bus master” 171 be confusing, as bus masters do
not necessari ire a processor. Al sb’ a bus master may be called on

to respond as a sl ave when accessed by anot her bus master. A bus

4. A personal computer according to Claim 3 vherein 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 dev1ce which has most recently obtained

control of the hlgh speed bus

5. A personal computer according to Claim 1 wherein said bus interface
controller defines a local bus arbitrafion control point through which
said master devites arbitrate for access to said high speed bus and

e defines a central arbitration control point through which any -devices
coupled directly to said input/output data bus arbitrate for access to
said input/oufput data bus, and further wherein one of said master
devices is a default master normally controlling said high speed 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 arother 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 default master signals
indicative of a hold on access by said default master and of

acknowledgement of such a hold.

6. A pérsoﬁal computer system according Eo_claim 1 wherein there is

provided:
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;
storage memory devices for nonvolatile storage of data;

a storage controller coupled directly to said high speed data bus

and to said storage memory dev1ces for roculatlng communications with

said storage memory dev1ces, and
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master is distinﬁﬁFsheé=b¥=th_ggE§QiIity of gaining contTol of —the bus '
through arbitrati i ' the execution of a GgfsisRREHABIendbphR :

TR,

General ly,
function c
f undanent a
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there-'-gmmmﬂa _'ﬂ_lﬂi}bus masters: full fun
ontrolil ers, can Mebl e special function CH

| differences anong them are degrees of flexibi
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modi ficati gk can be- acconpl i shed t hr ough use of processing units or through’
egi sters. Wthin the definitions here given, the CPU 32, MCPU

settable r

39, and SCSI

7. A personal computer according to Claim 6 wherein said bus interface
controller defines a local bus arbitration control point through which
said microprocessor and said storage controller_arbitfate for access to
said local processor bus and defines a cenfral 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
each of said microprocessor and said storage controller signals to said
bus interface controller a request for control of said local processor
bus and said bus interface controller signals to éach of said
microprocessor and said storage controller any graﬂt of afsignalled

request for 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.

8. A personal computer according to Claim 8 wherein said bus interface
controller rotates priority among said microprocessor and said storage
controller and assigns lowest priority between-the twe of said
microprocessor_and said storage contreller each signalling a request for
bus access to that one which has most recently obtained control of the

local processor bus.

10. R personal computer according to Claim 6 wherein said bus interface
controller defines a local bus arbitration control point.through which
said microprocessor and said storage controller arbitrate for accesé to
said local processor bus and defines a central arbitration control point

through which any devices coupled directly to said input/output data bus

~



control l er 40 may ‘ﬂl’ U“‘“ﬂlﬁuueﬂ mast ers directly coupm
| ocal bus 34, whil ller 58, DSP 51, VSP 46Tm8ghed $h
accessory boards: 45 nounted in the NICRO CHANNEL sl ot s nay

masters directly coupled to or on the input/output bus 44, ﬁ’m@'
mul tipl e nagkerd,-obhe Bl C 35 functions to,grovide for arb|

devices directly. coupled to the input/output bus 44 for access to the

i nput /out put bus and to the |ocal processor bus 34,*&nd for arbitration
anong the input/output bus 44 and the naster devices coupled directly to

the local pigeestarsliuscdésd o6 ARCLIPUIohifut! 8L HRE OGRESAIrthS widreinThi S
" ayerl ng" of _arbitration procedures_is

said microprocessor is a default master normally controlling sald local
processor bus, both of said control points exchange with said -
input/output bus signals indicatiﬁe 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 on access by said

microprocessor aqd gf a;knowledgement of such.a hold.
11. A personal compﬁtgr system comprisipg:
a high'speed'data bus;
a microprocessér_coup}gd directly t9 said hégh_speed data bué;

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

bus;

volatile memory coﬁpled 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;
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used in achieving thdse ¢ unctrons t here shown, the BI as
a central arbitration control point (CACP) for the I/ O bug

exchange gfg_ger lj%l n signals with that fus (shown as ARBU

PREEMPT#, and BURST#) and al so functions as a |ocal bus arbitratlon control
poi nt. (LBACP) by the exchange of certain signals with the CACP, the I/0O bus
44 and the masters directly connect ed to | ocal processor bus 34 (Shown as
ARBUSD, 1. 2. 32 ERERNTiton BLRRTHC - H70L ;nrdoymcﬁ 6 S BGT Hipddbeugl, BGTH,
CACP_HOLD; CAcP_H 8P and UHL he | ayering of "arbitration
and the #titBESin Whl ch the BIC 35 functlons in that regard will becone
nore clear formthe series of exanples given in Figures 5 through 16. To
D Tl e e A0S SRer a0, PRAUENCSS, T SPLBe Yo, Aeb 0% e

_ bus; and

.a bus interface contrnller coupled to said high speed data bus énd
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:
nuheric co-processor and said storage controller coupled directly'tol
said high speed data bus for access to said high speed data bus,'and
providing for arbitrétion among said input/output controller and said
digital signal processor and said video signal processor coupled

' dlrectly to said input/output data bus and said hlgh speed data bus for

access to said 1nput/output data bus

12. A personal computer according to Claim 11 wherein said bus

interface controller defines a local bus arbltratlon contr

-

p01nt
through which said microprocessor and said storage control er érbltrate
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, and further wherein.each of said
microprocessor and said storage controller signals to said bus interface
controller a request for control of said local processor bus ‘and said
bus interface controller 51gnals to each of said microprocessor and sald
storage controller and said numeric ce-processor any grant of a

signalled request. for 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 and said numeric co-processor in priority order for

signalling a grant of control.

A



function relinqujsi t he CACP function. Figure 6 shows the
LBACP functi on b“lﬂ'ﬂﬂllﬂ“ﬂmnﬂ a device from bus acceShis SheEtiHAgB&n Replaced
non- pi pel i ned cycke.c gure 7+shows the LBACP function b |
during an idle state. Figure 8 shows a device giving up thamagﬂmgﬂFﬂHmor
bus 34 during an idle state. Figure 9 shows a device whic :
execut i ngB&2t8a83% unction giving up the?bus to a second device which -
performs a wite function. Figure 10 shows a devi ce whi ch has been
executing a read function giving up the bus to the default master, the CPU
32. Figure 11 shows a device which_has been executing a wite function

gi vi ng ug? het BEESGt FIMRYE R R ATCORERFC GRdMm APUVEBSE 1R f/1%ePYD shows the
LBACP f un@tépfachusgritrglidie rePited2p aitd iy Vmdggt 446 dbmie ropr sie@k b fand eyd iGe .
Figure 13 shows theqlt.LﬁACP f.unctj on bunpi ngva first device performng a read
functi on SEREPH GPAYTOLHET RRE FH-h "UREI YR PERS 358 Pt APTFTS WHMSEE f uncti on.
Fi gure l1l4ribony ahehg BRACRMWrdedf eaiduiprdmoaessdrshndladid astohagh has been -
performn ite function and giVvi the bus to a second device

ber f or mi YR SEE L ARES SRMEr Y Hirir SeS T A 1RSTHALES FUAERISSE Etfrpi ng a
devi ce whushadrass bgenhperdner vty has eadt frecehtn obtingdvéamgrohefbtise-t 0 t he
def aul t ni%gélfr ok GPY,32. Figure 16 shows the LBACP function bunping a
devi ce whicC as been performng a wite function and giving the bus to the
default master, the CPU 32. -

15. A personal computer according to Claim 11 wherein said bus
_ _interface controller defines a local bus arbitration control point
.through which said microprocessor:and said storage'contfollé; and. said -
. numeric co-processor ;rbitrate for access to said local pfoéessdr-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 Mastér normally
cdntrolling said local processor bus, both of said Eontrol 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 cohtral'point exchanges with said
microprocessor signals indicative of a hold on access by said

microprocessor and of acknowledgement of such a hold.
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BC9- 91- 033 10 Each of the diag

ra > 1 ncl udes
specifically identified significant points, which will be d % dlds Been Replaceq
herei nafter. At this point, it will be noted that the BIC
| ocal bus 34 master (CPU 32, MCPU 39; SCSI 40 in the illustr ,H"’

~enbodi ment) are connected by two signals dedicated to bus arbitration,
namel y si ggta-31-BRAN# and BGIn# (the | owee case letter "n" to be repl aced by
a digit identifying a.specific master). BROW# is an output fromthe master
to the LBACP function of BIC 35 indicating a request for control of the

PERSONAL COMPUTER WITH LOCAL BUS ARBITRATION
'ABSTRACT

This invention relates to personal.computers, and more .particularly to
personal computers in which performance is enhanced by enabling
arbitration for control over a local processor bus among a plurality of
"master" devices coupled directly to the local processor bus. & |
personal computer system in accordance with this invention has a high
speed local processor data bus; an input/output_da&a_bys; at least two
master devices coupled directly to the local processor bus; and a bus -.
interface confroller ;oupled directly to the local processor bus and
directly to the input/output data bus for providing communications
between the local processor bus and input/output data bus, with the bus
interface controller providing for arbitration among the master devices
coupled directly to the lécal processor bus for access £6'the.loéél-
processor bus, and providing for arbitration among-the local processor
bus and any devices coupléd diréctiy to Ehe input/output data bus for

access to the input/output data bus.



| ogaf bus 34. BRQW is an active LOWsignal. The masters will drive the

cot’r espondi ng BROn# active and await assertion of BGIn# -betere—drivi-ng—the—

| ocal bus 34. A winning |ocal bus master will take BRQMW# Lnactiye whe i 4
BGTn# is sanpled inactive or when it has finished using *tH¢abEsma e e
BRQn# i nactive serves as an indication that the address bus H H I i

iH

‘definition signals are being placed in a high i npedance sta
an output fromthe LBACP function of the Ed%ﬂSS to the master indicating
that the master has been granted control of the |ocal bus 34. BGIn# is an
active LONsignal. This signal will be held active by the LBACP until BR#
is driven i.nactive or. another bus request is Lved by the LBACP. I|f
BGIn# is taken inactive by the LBACP, the cup
rel ease the bus (driving BRQnW# inactive) as 9 - e current transfer is
conpl eted. The LBACP will not drive BGIn# acRye next | ocal bus
request pending until the previous master h&s & inactive and it
has conpl eted the | ast transfer. A priori R
fairness schenme are inpl-enmented-in the N

o
ST

I

N

]



LBACP, with | ocal bus devices being ranked by assi gnment T SkeetHgs Beop Replaced’

~punbers from highest priority (identified as device "11") [t
priority (identified as device "n" where the letter repre st
design). Due to the possibility of a

nunber provided for in the functional

hi gher priority device precluding a lower priority device fromw nning the-

bus, "t he pendency of bus access requests will cause t{he LBACPt put any
Wi nning master into an inactive statezéﬂQer BC9- 91- 033
11 _ .




it finishes data transfer and not grant the bus to that %\ghgeeﬂwﬂebdkem\%eéﬂ
‘all ot her requestors have recei ved bus service. When “a us
device (such as the I/O controller 58, digital signal prjmmm ‘\

vi deo signal processor 46) controls the3i/fMgut/out put bus uests
are pending on the local bus 34, the LBACP will conpete on behal f of the

| ocal bus masters in |I/O bus arbitration cycles perforned by the CACP

function. The LBACP function may have a different arbitration |evel
assigned for each master, recognizing the priorities assigned as descri bed

above. If any assigned arbitration level wins at the & O bus level, then
the LBACP function will drive BURST# ac¢ieve and all ocaﬁe control of the bus
anong all |ocal processor bus _masg ers tﬁatch%ve pendi ng requests. The

LBACP function interfaces wt hé@@%@%@ﬂh@%iph&and t Be CP§J 32 through
signal's identified indigure 4345y QACP SO SQ\GP HL DA CRUSHOLD; and

>

CPU HLDA. In prior personal cofpu &r SYS ir?o(%hﬁ_l attgr '. (y@ si gnal s have

been exchanged di rectlcil bet ween Ja roﬁ’CP Efﬁi{cr{% nd th¢ " [.1°
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CPY The interaction of the two |evel arbitration contenplate
i nvention becones nore clear froma nore detail ed study -ef

by this
rpo B
through 16. In each of the diagrams of Figure 5 through 1 st getﬁ% ea immd

ted
Lo
T 9

\= ]

time is indicated by the clock cycles on the |ine CLK2.

particular timng points are identified. At a first point (

coupled directly to the 1/0O bus 44 exercises a preenpt for

| ocal processor bus 34. At some unknown interval |at'er, at a second poi nt
(2), a local processor bus master which has been using the high speed bus
places certain signals in a high inpedance state. Wth a transfer conplete,
the device indicates that it is ready to release the bus at a third point
(3), after which the LBACP function bars further access to the bus at a
fourth point (4), confirms that the defaulg/ymster CPU 32 is in a hold
state and, at a fifth point (5), releases the CACP function to grant access
to the bus at a sixth point - (6). This sequence relinquishes control from

the LBACP to the CACP functi on.
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BC9- 91- 033

12 A change in | ocal

processor bus

masters is illustrated in Figure 6, where the sequence_illustrates the

LBACP wi t hdrawi ng a grant of access at a first point (1),
mast er relingqui shing the bus at a second point (2) and:.p

signals in a high inpedance state

_ at a third point (3).
then nmakes a grant of access at a fourth point (4), menory,
detects a change in masters and inactivates RAS# at a fifth point

and the affected-

| Tis Shryt Has BeeniReplaced :

LU

the next master granted access .captures the bus at a sixth point (6).

BRQIz

88112

ERQ2¢

. BGT28

RAS/

5710

»

- BEVICE 2
T ' 12 Ti Ti n I 12 ' T2p
| | | i i

I 12 , Tip

!

> > DEVI
Tlp‘TZ,Ti‘Ti ‘n]r;’rf

CE 2 —mommmmemmsmanaen »

, T'Zp ' Tf: I ilp

-
n
~—




In Figure 7, the LBACP function bunps a device during an idle st

first point (1), a local bus slave requests pipelining, and the current
| ocal bus master is unable to supply the next address.. AThiaSheetdigsee ed_
(2), the LBACP function takes BGI1l# inactive during an idl

bus, after which the first device renoves BRQL# at a thir o
pl aces certain signals in a high inpedance state at a fourth point (4). At
a fifth point (5), the LBACP function. indicates another device to access

t he bus by taking BGI2# active, after which the nenory control |ogic
detects a change in masters and inactivates@FAS# at a sixth point (6). The
second devi ce detects BGI2# asserted and as S access to the bus at a
seventh point (7). The sequence of Figure 8 results in one device
relinquishing the bus during an idle state. The first device renoves BRQL#
at a first point (1), indicating that it is giving up the bus, and pl aces
certain signals in high i npedance states at a second point (2). The LBACP -
function then takes BGI1# inaciiygw@h"antgLLd_pQLnL“LﬂmuandnBGIZEngctive at

opt{q| fqoic, dete tsnt change in-
ot | (b)) et sEonctmbeer

a fourth point (4), wher&upon emory,
mast ers. and i nactivat'es RAS# a§h§~p?€ﬂh¥p imtl(B)l
detects BGI2# asserted anggac , | t, I Rt , I I ,
. e 5
pose — L' 777777 L —L '
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A devi ce which has been performng a read function relinquishes the bus to

a device to performa wite function in the sequence of Flgure

device, responding to NA# renoves BRQL# at a first poi Ha
that it ifs ready to relinquish the bus, and places cert M
| npedance state at a second point (2). The LBACP

13 - function then takes BGT1# inactive at a third'p0|nt (3) and BGHZ#
wher eupon the nenory control logic detects a

active at -a fourth point (4),

7710
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change in masters and inactivates RAS# at a fifth point (5Jhis ShidlEasiePRaced
mast er detects BGI2# asserted and accesses the bus at a six T B
A devi ce which has been performng a read function relinqui %uuﬂm,ﬂﬂmmh :
the default master CPU in the sequence of Figure 10. The de , 19
to NA# renoves BROn# at a first point (1), indicating that it is ready to
relinquish the bus, and places certaingjignals in high inpedance state at a
sécond point (2). The LBACP function then takes BGIn# inactive at a third
point (3) and HOLD inactive at a fourth point (4), whereupon the nenory
control logic detects a change in nasters and inactivates RAS# at a fifth
point (5). The default master detects HOLD inactive,agad, fakes control of

the bus at a sixth poin'"(BT A deVi ce [ as been perforrfing a wite
function relinquishes the ' ﬂ%qgﬁﬁuence of
Figure 11. The device,

’ 0 ‘.z st pOI nt

(1), indicating thak it TEERAYT L i ‘Aot S ' ) e ertain-
signals in high i npedanck stpte ht als®cohd pdfnt [(2).1 The| LBACP functi on
‘then takes BGIn# iaacthELaL_E erd-poin ‘(3}1ane;FE§ et at a
fourth point (4),.whereupon fhe hemory control_lodic_detects afchange in
masters and eoye | L—J LT l -

' L l o 1

e o e

HOLD !

: l (3)

. HLDA - . |

[ I
T
LT 0 1w
|
86T/ I P ]
RAS#
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i nactivates RAS# at a fifth point (5). The default master detects HOLD

i hactive and takes control

of the bus at a sixth point {6).

he CBACP

function detects a request for bus access and bunps the default master CPU .
in the sequence of Figure 12, where a device activates BRQn# at a first

point (1).
second point (2).
a third point (3).

The LBACP function detects BR(MN

The CPU returns HLDA and

KTl

ive and activates HOLD at a
s off its output drivers at

The LBACP detects HLDA at a fourth point- (4) and

activates BGIn#, whereupon the nmenory control | ogi
masters and inactivates RAS# at a fifth point (5) if RAS# is then active.

ogi c detects a change in

detects BGIn# active and accesses the bus.

The device then
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BC9-91-033 14 A device which has been perform ng
asread function is bunped fromthe bus and the bus giventoa device to__ -
performa wite function in the sequence of Figure 13. —The—tBACP TUNCLI ON .
takes BGI1# inactive at a first point (1). The first device, responding to
NA#, then renoves BRQL at a second point (2), indicating that it'is ready
to relinquish the bus, and places certain signals in hiigh i npedance state
at athird point (3). The LBACP functi 88/1hen t akes BGT2# active at a
fourth point (4), whereupon the nenory control |ogic detects a change in -
masters and inactivates RAS# at a fifth point (5). The second naster
detects BGI2#-asserted and accesses the bus at a sixth point (6). A

devi ce which has been performng a wite function is bunped fromthe bus
and the bus given to a second device to performa wite function in the

sequence of -Figure 14. The LBACP function takg%m? 1# inactive at a first
point (1). The first deviCe, Fé%pondlng tp NA#, en renoves n o
| EARARRAREARER AR AN
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e . L . L o _ ﬁasﬁ%.g ae?
BRQL# "at a second point (2), indicating that it is ready to relinquish the

bus, and places certain signals in high inpedance stakg?gAFEwﬁmﬂﬂﬂfﬂﬂT%t SG
(3). The.LBACP function thea—takesaBGI2# active at & DedtriphoPopaied(4) o poged ...
mhereupon t he mengyrp] AN detects a change Wiﬁhﬂa@ ers @ﬂg ,,,,, K;?%@d“"hi
I nacti vat es RAS# Rl ga—trftthpoi nt (J5) . The second n’qgi M,Ecgrgfc é,egez;Zf{, 'pﬂ,;,md “he

asserted and accessk at si xth point (6) g/ AnA.08V1 e, whi s/
been performng a r=ad 53H@fpgb [

,_
j \7"
r‘fD(";_

; I c ' ool
unped from t hq u‘é‘J%{hc' the %%Mg oi veﬁ%ﬁd
the default mastef €PU in the-sefliehce of fyggre 15. Iﬂ@ LBA! ct

t akes BGT1# inactfive at a first poi-ht (1). F%ﬂg fi Al K Qﬁﬁﬁﬁﬁndéﬂﬂﬁﬁwgu
NA#, then renoves iBRQAH#—at—asecond poi nt (2) indicating_that it is ready

to relinquish the bus, and places certain signg i n high i npedance state

at athird point (3). The LBACP function thep OLD ipactive at a
fourth point (4), whereupon the nenory contro 3gi ¢ defects a change in
masters and inactivates RAS# at a fifth poin . \ LITAL
detects HOLD inactive and takes control of t&&1 th point (6).

In the sequence of Figure 16, the LBACP funss dexi ce perforn1ng
a wite function and transfers the bus to '

v)




BC9- 91~ 033 15 CPU. The LBACP function takes
BGT1# inactive at a first point (1). The first device, respanding to NA#,
t hen renoves BRQL# at a second point (2), indicating tha PRg

relinquish the bus, and places-certain signals in high i TaRee
third point (3). The LBACP function then takes HOLD i-nacfti e-z%
point (4), whereupon the nenory control qujﬁ)detects a jcHan8dd
and inactivates RAS# at a fifth point (5). The d ult padte
i nactive and takes control of the bus at a si |

r_detects HOLD
getects
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A per sonal

a high speed data busREﬁfACEﬁ

3/10

CLAIMS 1.

conmput ér system conpri si ng:
i nput/ out. put data bus (44)
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a{ | east two master devices (32,39,40) coupled directly to said high speed
' a bus interface controller (35) coupled directly to said

bus; and

hi gh speed bus and directly
comuni cati ons between said high speed busand said inpy

characterised in that said bus interface controller
arbitration anong said nmaster devices coupled directly
bus for access to said high speed bus, and provides fo

sai d hi gh

i nput/ out put- data bus for access to
conputer according to Caim1l wherein said bus Interface

to said input/output data

@M@Em gdﬂ:u

speed bus and any devi cesg)(LAbG,Sl,SB) coupl ed{di

aid input/output

pr¢viides for
o|saf g JUNIt99EPekd
rbitration anmpnf
—to—sard

ata bus.

per sonal
controller. (35) defines a local bus arbitration control point through
whi ch said master. devices arbitrate for access to said high speed bus (34)
and defines_a central_arbitration control = _ _ _ _] ' : |
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pbi nt through which any devices coupled directly to
arbitrate for .access to said input/o

mlwbuw?p ,_

bus (46, 51, 58) . . . .
and further wherein each of said naster devices (32} 3 sai d
b interf troll t f trol of nd
sg?dl Bugri ﬁtcgrgggergonte;oﬁl Iarquie;nal gr C:nacr:ﬁ 019 sa?gl ma @Ugggfé usa(rjlly
grant of a signalled request for contr of said high *speed-bus___3. A
personal conputer according to Claim2 wherein saidfbus interface
controller (35) fanks said master devices (32 39, 40) T priority—erdér for
Si gnal ling a grant of control.
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<17 . 4. A personal
interface- controller

conput er according to Claim3 WiR
rotates priority anong s

(35)

(32,39,40) and assigns |owest priority
each signalling a request for bus access to that nagtédr 14pyunqgnp

nost recently obtained control

defines a | ocal
devi ces
defines a central

arbitration

for access to said input/out

(46,51,53) coupled directly 1Q:ga d.input/loytput; _dalasbes, (44) .arbitrate
and further wher ei n ope
oVnﬁIhy cntp df 1 {n§ said hi'gh

mmm_ﬁﬂnﬂmw

master devices is a defau

bus, bothaof

of the high speed bug.

conputer according to Claim31 wherein sai §/BQs interffa
bus arbitration control point throudh whi ch sai d naster

(32,39,40) arbitrate for access to said high speed bus (34)and

contr ol

sk e

t’dat$ bus,

RN A

i

anong a pIurallty of nastér dGV|ces

A persendl
tE"toﬁfrellerE

has

(¢35)
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sai d eontrol points exchange with said input/output bus
preenption and burst

anot her signal s indi qat

of i nput/out put

arbitration by said central

poi nt
access by said default
A persona

vol atile staorage of data,;

nonvol atile storage of data;
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bus arbitration,
control points exchange with one
arbitration control
acknow edgenent of such a hold, and said |ocal bus arbijt
exchanges with said default nmaster7Aliognal s i ndi g
mast er and of acknow edgenent ¢
conput er system according to claim1 wherein there Is provided:
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data bus and to said
wi th sai,d storage nmenory devi ces;

a storage controller (40) coupled directly to_saLd_thh_spee
i storage nenory devices for regul at REP&@@@M@mﬁbﬁﬁﬁﬂﬁ

and t he bus i erace-controt

35 r6vides for arbitrati on anong said m croprocessor a1d
(o) 'd hi g o] éﬁ@gggfkﬁgsa

controller coupled directly to said high speed data bus
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hi‘g.;h speed data bus, and provides for arbitration anong apy—tev 0,
[ said i nput/output data bus (44) and said hi gﬁgﬁe@@\g m

directly to
for access to said input/output data bus. 7. A per gsofial” conput er
according to Caimé6 wherein said bus interface controllet |(3ppJUN1998s
bus arbitration control point through which said ni:rpprocessor (32
and said storage controller (40) arbitrate for access to $aidtoecal

| ocal

).U

processor bus (34) and defines a central?2arbitration control poi nt through
whi ch any devices coupled directly to said input/output dara bus (44)

arbitrate for access to said input/output data bus, and further wherein
each of said mcroprocessor and said storage control | er signals to said

bus

interface contpER4GNAL COMPETEROWITHTLOCALOBUS AMBIIGRTION 0cessor bus

and said bus interface controller signals to each of sald m croprocessor
and said storage controller any grant of a

ABSTRACT

This invention relates to personal computers, and more particularly to personal computers in
which performance is enhanced by enabling arbitration for controi over a local processor -
bus among a plura)ity of "master" devices coupled directly to the local processor bus (34).
A personal computer system in accordance with this invention has a high speed local
processor data bus;. an input/output data bus (44); at least twé master devices coupled
directly to the local processor bus (34); and a bus interface controller (35) coupled directly
to the local processor bus (34) and directly to the input/output data bus (44) for providing
communications between the local processor bus (34) and input/outpﬁt data bus (44), with
the bus interface controller (35) providing for arbitration among the master devices coupled
directly fo the local processor bus (34) for access to the local processor bus (34) and
providing for arbitration among the local processor bus (34) and any devices coupled
directly to the input/output data bus (44) for access to the input/output data bus (44).

Fig.' 3
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5|gnalled reguest=for control of said |ocal procéss PRy CEMENT 35
personal conputer according to Claim7 wherein sai ¥ Brrsiipatier faaed .

S0
controller (35) ranks said mcroprocessor (32) ano_(" aingfsst ormges donir ol
(40) in priority order for signalling a grant of conrtamatg(s) Opaged Ao ;

personal conputer according to claim8 wherein saild busatnt erfageg..... 1o o v
controller (35) rotates priority among said m cfoprocessor (32) and said
storage controller (40) and assigns |owest prio |py laetﬂwegﬁc&égp?tmg

sai d m croprocessor and said storage controller bl
extends the addressing range from 1 megabyte to 4 Gigabytes for some models. In

essence, the real mode feature of the 80286, 80386, and 80486 processors provide
hardware compatibility with software written for the 8086 and 5088 MiCroprocessors.

As personal computer technology has developed and moved from eight to sixteen
and eventually thirty two bit wide bus intera—ction and higher speed microprocessors
capable of real and protected mode operation, performance capability has been sought by
separating the architecture of the personal computer into 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 microprocessér (8086 or 8088) connections, buffered
and demultiplexed as required. Léter, as the AT bus specification was developed and came
into wide use (now being also known as the Industry Standard Architecture or IS4), 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 fhe
renaming of the expansion bus as the inpuf/output bus. Typically, in order to enyhance
performance, the lo@ 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 tﬁe input/output Bus, through use
of direct memory access (DMA) interrupts.

| As performance enilancement 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 opératirig a personal cdmputer in as few integrated circuit chips as

possible.
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19 each sigmalling a request for bus access to that one which has nost
recently obtained control of the local processor bus (34). 10. A
personal conputer according to Claim6 wherein said bus interface
controller (35) defines a local bus arbitration control point through

whi ch said m croprocessor (32) and said storage controller (40) arbitrate
for. access to said | ocal processor bus (34) and defines a central
arbitration control point through which ady devices (46,51, 58) coupled
directly to said input/output data bus (44) arbitrate for access to said

i nput / out put €dat aAéaesding da conieuaspbeir ofinther gresens dnventive tiogre ds pssvdded & pfRrsonal
default master normally controlling said | ocal processor bus, both of said
control poicnputerchsta@ecompriBigai d i nput/ out put bus signals indicative of

i nput/out put bus arbitration, preenption and burst data transfer, said
control : a high speed data bus (34)
an input/output data bus (44)
at least two master devices (32,39,40) ceupled directly to said high speed bus; aﬁd
a bus interface controller (35) coupled directly to said high speed bus and directly
to said input/output data bus for providing communications between said high.speed Bus
and said linput/output data bus; characterised in that said bus interface controller provides .
for arbitration among said master devices coupled directly to said high speed bus for access
to said high speed bus, and pro’vides for arbitration among said high speed bus and any
devices (46,51,53) coupled directly to said input/output data bus for access to said
input/output data bus.

In the drawings:-

Figure lisa Perspective view of a personal computer embodying this invention;

REPLACEMENT SHEET
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pof nts exchange W th one another signal
arbitration by said central arbitratio
acknow edgenent of such a hold, and sai
poi nt exchanges wi th said m croprocesso

s indicative of a hold on

n control point and of :
d local bus arbitration control

r signals indicative of a hold on

A personal clainmed i
vol atile rrenor Im rectlyt
vol atile storafe bf ana s stor

nonvol atil e storage of dat a; and wher ei
devi ces conprise a mcroprocessor (32)
and a storage controller (40) C
devices for regulating

1.
a high speed data bus (34)

an input/output data bus (44)

n Caiml furth

ggsai d high spe?mp
age nenory devi ¢e$
n sai d at
and a nuneric cq- | processor
Aillelled to said qtorage mem)ry

A ’iEN?thHEET |
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A personal computer system comprising:

at least two master devices (32,39,40) coi;pled directly to said high speed bus; and

a bus interface controller (35) coupled directly to said high speed bus and directly

to said input/output data bus for providing communications between said high speed

busand said input/oufput data bus; characterised in that said bus interface controller

provides for arbitration among said master devices coupled directly to said high speed bus

for access to. said highispeed bus, and provides for arbitration among said high speed bus

and any devices (46,51,53) coupled directly to said input/output data bus for access to said

input/output data bus.

2. A personal computer according to

Claim 1 wherein said bus interface controller

(35) defines a local bus arbitration control point through which said master devices

arbitrate for access to said high speed bus

(34) and defines a central arbitration control

point through which any devices coupled directly to said input/output data bus (46,51,58)

arbltrate for access to said mput/output data bus (44), and further wherein each of said

master devwes (32,39,40) signals to said bus interface controller a request for control of

said high speed bus and said bus interface controller signals to each of said master devices

any grant of a signalled request for control of said high speed bus.

3. A personal computer according to

(35) ranks said master devices (32,39,40) in

Claim 2 wherein said bus interface controller

priority order for signalling a grant of control.



conmmuni cations with said storage nenory devices; and
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g?g@;;:gra?m) ‘“(mlml I“\mm !SLaf 532 ocessor (42)

conput er accord| ng tco € afPm3il Wherein said bus interfate

M

t

sai d—dem—cmmectly to sald I nputy/
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4, A personal computer according to Claim 3 wherein said bus interface-controller

(35) rotates priority among said master devices (32,39,40) and assigns lowest priority
among a plurality of master devices each signalling a request for bus access to that master
device which has most recently obtained control of the high speed bus.
5. A personal computer according to C-lailﬁ 1 wherein said bus interface controller
(35) defines a local bus arbitration control point through which said master devices
(32,39,40) arbitrate for access to said high speed bus (34) and defines a central arbitration
control point through which any devices (46,51,53) coupled direqﬂy to said input/output
data bus (44) arbitrate for access to said input/output data bus, and further wherein on€ of
said master:devices is a default master normally controlling said high speed bus, both of
said contro! 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 default master signals indicative of a hold on access by said default
master and of acknowledgemént of such a hold.
6. A personal computer system according to claim 1 wherein there is provided:

a microprocessor (32) coupled directly to said high speed data bus (34);

volatile memory (36) coupled dil:ectly to said high speed data bus for volatile
storage of data; |

storage memory devices (41) for nonvolatile storage of data;
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(35) defines a lecal bus arbit on control point thr ‘C"ﬁ sal

m croprocess_or/(__’iz-)/arn‘d"sTéTd/s[ff)—lr age controller (40 g—gﬁ cgess
on cont ol

al

to said | ocal \t\‘ defines a central
poi nt through &“@W Wm out,put controller (58)
si gnal process van¥ shi d video si gnal processor} (46) arbitrate fdr
access to said input/output data bus (44) and furth et eachn of sai d
m croprocessor and said storage controll8r signals to said bus interface
controller a request for control of said |local processor bus and said bus
i nterface cont restorige Togttoller U0) eawpled HiréalyttorSalid high apesis @4ta g and ab Gaid
storage controller and said nuneric co-processor any grant of a signalled
request f | {.éggg SmBRBRatiOMSw Q&a,j

conput er g&%%%@%gﬁae@?n@EZ whg?elen sai dagus |1rt11tié§?§?éa%ggﬁ‘tﬁ§ol I ervmef
ranks sai qmgl croprocessor (32) and saird storage controller (40) and said
numeric co-

the bus interface controller (35) provides for arbitration among. said microprocessor
and said storage controller coupled directly to séid high speed data bus for access to said
high speed data bus, and provides for arbitration among any devices coupled directly to
said input/output data bus (44) and said high speed data bus for access to said input/output
data bus.
7. A personal computer according to Claim 6 wherein said bus interface contrqlier
(35) defines a local bus arbitration control point through which said microprocessor (32)
and said storage controller (40) arbitrate for access to said local processor bus (34) and
defines a central arbitratio-n control point through which any devices coupled directly to
said input/output data bus (44) arbitrate for access to said input/output data bus, and further
wherein each of said microprocessor and said storage controller signals 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 a
signalled request for control of said local processor bus.
8. A personal computer according to Claim 7 wherein said bus interface controller
(3%5) ranks said microprdceséor (32) and sa-id storage controller (40) in priority order for
signalling a grant of control. |
9. A personal computer according to claim 8 wherein said bus interface controller (35)
rotates priority among said microprocessor (32) and said storage controller (40) and

assigns lowest priority between the two of said microprocessor and said storage controller
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processor

A personal
controller
storage control

(3

39) +hepriority order for signallingagr‘ T8 AT ' 4.
(comﬂW ai m 13 wherein s4i lr?fz'}ii“ ml &Eg
Ll

| owest priority anong th% three of said mcroprocegsqr and said stg¢rage
controller and said nuneric co-processor _each signaljfling a Teguestfor
access to that one which has nost recentﬂ% obt ai ned ntrol of the | ogal

processor

bus. . .
each signalling a request for bus access to that one which has most recently obtained

control of the local processor bus (34).
10. A personal computer according to Claim 6 wherein said bus interface controller
(35) defines a local bus arbitration control point through which said microprocessor (32)
and said storage controller (40) arbitrate for. access to said local processor bus (34) and
defines a central arbitration control point through which any devices (46,51,58) coupled
directly to said input/output data bus (44) arbitrate for access to said input/output data bus,
and further wherein said mic;,roprocessor 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 anbther 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 on
access by saidl microprocessor and of acknowledgement of such a hold.
11. A personal computer system as claimed in Claim 1 further comprising:

volatile memory (36) t.';oupled directly to said high speed data bus (34) for volatile
storage of data;

storage memory devices (41) for nonvolatile storage of data; and wherein

said at least two master devices coxhprise a microprocessor (32) and a numeric co-
processor (39) and

a storage controller (40) coupled to said storage memory devices for regulating

communications with said storage memory devices; and
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21 15. A personal conputer according to Caim 11 wherqirnsarg:

i'nterface controller (35 defines—a |ocal bus arbitrati t%""&fim 0]

o
and oot nuer s o ANIRVAERIINIE) 37hi 7or e For acceessth s abMARY.

sditMA
processor bus (34) &ndtdefines +a central arbitration contfral point throudh
whi ch said input/output controller (58),and said digital} signal processor
(51) and said video signal processor (4%? arbitrate for faccess.to.said

i nput / out put dat a,bus. (44), d,furfher er ei saiqd m.cro cessor is a
de1Ico aul t rrgst er n‘gq"?%s c%?r‘??fegl W?F(’jl[ys:‘;ﬂ 8%0’6‘3}‘9 eg%tﬁrb‘ﬁu&,r“?tﬁ%‘wm@f a5 d
control pojnts exchang_guvm th said input/output bus signals indicative of

i nput / out p{‘,i‘Pu”‘BHEWd?OB eh®3h, preenption and burst data transfer, said

control points exchange with one
a digital signal processor (51),

a video signal processor (46).

12. A personal computer according to Claim 11 Wherein-said bus interface controller
(35) defines a local bus arbitration COntroi point through which said microprocessor (32)
and said storage controller (40) arbitrate for access to said local ﬁroéssor bus and- defines
a central arbitration control point through which said input/output controller (5 8) and said
digital signal processor (51) and said video signal processor (46) arbitrate for access to said
input/output data bus (44) and further wherein each of said microprocessor and said
storage controller sigl_nals to said bus interface controller a request fgr control of said local
processor bus and said bus interface controller signals to each of said microprocessor and
said storage controller and said numeric ;:o-processor any grant of a signalled request for
control of said local processor bus. |

13. A pers;)nal computer according to Claim 12 wherein said bus interface controller
(35) ranks said microprocessdr (32) and said storage controller (40) and said numeric co-
processor (39) in priority order for signalling a grant of control.

14. A personal computer according to Claim 13 wherein said bus igterface controller
(35)'.rotates priority among said microprqéessor (32) and said storage controller (40) and
said numeric co-processor (39) and éssigns lowest priority among the three of said
microprocessor and said storage controller and said numeric co-processor each signalling a
request for bus access to that one which has most recently obtained control of the local

processor bus.
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15. A personal computer according to Claim 11 wherein said bus interface controller
(35) defines a local bus arbitration control point through which said microprocessor (32)
and said storage controller (40) and said numeric co-processor (39) arbitrate for access to
said local processor bus (34) and defines a central arbitration control point through which
said input/output controller (58) and said digital éignal processor (51) and said video signal
processor (46) arbitrate for access to said input/output data bus (44), and further wherein '
said microprocessor is a default master normally controllipg said local prqcessér 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 oixe
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 on access by sa1d

microprocessor and of acknowledgement of such a hold.




