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This invention relates to personal computers, and more particularly to a
personal computer using a FIFO registers for data transfer as illustrated
by a bus master device in the form of a small computer systems interface
{SCSI) controller for controlling data transfer with storage memory
devices such as fixed or removable media electromagnetic storage devices.

Background of the Invention

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 society. Personal computer systems can
usually be defined as a desk top, floor standing, or

portable microcomputer that consists of a system unit having a single
system processor and associated volatile and non-volatile memory, a
display monitor, a keyboard, one or more diskette drives, a fixed disk
storage, and an optional printér. One of the distinguishing
charaé@eristics of.these syééems is the use of a motherboard or system
planar to electrically 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, 56; 57, 65,_70; 80, 90 and 95. These systems can be classified
into two general families. The first family, usually referred to

as Family I Models, use a bus architecture exemplified by the IBM
PERSONAL COMPUTER AT and other "IBM compatible" machines. The second
family, referred to as Family II Models, use IBM's MICRO CHANNEL bus
architecture exemplified by IBM's PERSONAL SYSTEM/2 Models 50 through 95.
The Family I models typically have used the popular INTEL 8088 or 8086
microprocessor as the system processor. These processors have the
ability to address one megabyte of memory. The Family II models
typically use the high 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 for
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15 particul ar have attai ned w despread use for providing conputer power

to many segnents of today's nodern society. Personal conputer systens
can .; ysual ly be defined as a desk top, floor standing, or portabl e
m croconput er thats,cQpsi sts of a systemupit having a single system
processor and associated volatile and non-volatile nenory, a 20 display
noni tor, a keyboard, one or nore diskette drives, a fixed disk st or age,

and an opti onalg.p hsﬁe% Qﬂ@ssg;f.cet NGe A5t hABUESRIBDE the éb'ﬂé’d agdagg | gid cs of
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electrically connec ese onen hese

desi gned pri martlhﬂ}3 P02t 88 M4 é?fdésr?fs'corrputl ng power to a single 25 user
and are inexpensively priced for purchase by individuals or snall
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architecture exevglidti ed1iwyrdgbides, PERSENAM iy ST BMa2sdddgheh srebtbhnnaigh 95.
The Fanmily | nodein deydics dlebdinbtB Ve aUs sl rb B tROPULRS givbl] FbnB@88 or 8086 35
m croprocessor as the system processor. These pr ocessors have t he
ability to addres erreabyteo nenor
typically use et ? Ke\opEa °FI‘3F§?"?3’O§‘§BX“§6§‘8% ag‘?ﬁﬁydéﬂot&%e S
m cr opr oces3or §’f%??i5?:1ﬁ fances P atandprfisatey b estaBHiEhedpamong makAKE NG USPKS S| ower
speed | NTEL 8086 svricrppreesorthepuepope of eptiddnmactetekOenshangbbidxtyerfds t he
addr essi ng r angemgfohénts angvgalytee tofe 4udd gRRRYdr@Syhi@ has achieved some broad

acceptance is the small computer systems interface (SCSI) standard for

data communication to and from storage memory devices. For the present

20 purposes, “storage memory devices" is defined broadly to include all
devices capable of storing de@a.in digital form, with particular emphasis
on sueh devices as‘fixed or removable media electromagnetic storage
devices (also known as hard and floppy disk drives), electro-optical,
tape and other storage devices. SCSI controllers (herein also called

25 "data flow controllers") have been known and used prior to this
invention, and will be familiar to the knowledgeable reader. SCSI
controllers are known to be one example of an environment of use of FIFO
reglsters for data transfer, although there are others.

30 In prior personal computer systems, SCSi controllers have typically been
arranged as option or accessory devices, accessed by the system threugh
the accessory or input/outpht or I/0 bus. More recently, it has been
contemplated to proéiﬁe a SCSI controller as a single very large scale
integrated (VLSI) device or application specific integrated circuit

35 (ASIC) chip, and to provide for connection of that controller directly
with the local processor bus. The purpose of so providing such a
controller is to achieve enhanced performance in éerms of expedited data

transfers.
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BC9- 92-100 2 sonme nodels. In essence, the
real node feature of the 80286, 80386, and 80486 processors provide

har dwdre cenpatibility with software witten for t he 8086 and 8088

m cr opr ocessor 9-92-180 A the reader know edgeabl e about computer systens
wi | | understan nuc of the operation of a personal conputer systemis

concerned with the transfer of data fromane point within the systemto

another. In a g mm&%:ofm L ang ewﬂsrdsvég%cthrgnﬁxoeiasam;o oceur,

transfers are mag re| ers FO "first in
first out") redfsters T:’ng \?érgi”'b"lﬁr ﬂ?ﬁ’é’é l?'él't""'rfgenrﬁ eg’ “ra]r’tty RiLUSeen

known to nonit GPStER&evices may be prexided imp RerfmECoTBRiest Wetemy(pf eighest ering i n
an associ at ed rFefilptieer Fimdly II tgpluit awkfbat do repbanre erstem par Fork@q.egi st er
at any gi vens nwhA®atsuch a plurality of bus master devices are present, the devices

arbitrate for access to and control of the data transfer bus of the

system. The efficiency with which the bus master devices and the

arbitration control point through which arbitration occurs allocate use

of the bus has a great deal to do with the performance achieved by the
10  system.



As the devel opment of personal conputers has advanced, there have been 15
proposal s for certain standards to be established anong makers and users
of suth apparatus for the purpose of enabling greater exchangability of
conponent s angcbhe-lobke. One such standayd which has achi eved sone broad
acceptance is the small conputer systens interface (SCSI) standard for
data communi cation to and from storage nenory devices. For the present 20

pur poses, " st @raFendIBABEWnORVineCivedtSordef i ned  broadly to include all
devi ces capable of storiing data in digital form wth particul ar enphasis

on such devices as .fixe r renovabl.e nmedi a ectr Lc _Storage
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with the | ocal processor bus. The purpose of so providing such a
controller is to achieve enhanced perfornmance in ternms of expedited data

[ 3 "
transfers. 15 Brief Description of the Drawings
Some of the objects of the invention having been stated, other objects
will appear as the description proceeds, when taken in connection with
the accompanying drawings, in which:
20 Figure 1 is a perspective view of a personal computer embodying

this invention; -

.Figure 2 is ah_exploded perspective view of certain elements of the
personal computer of Figure i including a chassis, a cover, and a
planar board and illustrating certain relationships among those

25 elements; ’ '

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

Figure 4 is a schematic representation of certain functional
components incorporated in the storage.controller of the personal

30  computer of Figures 1 through 3:
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BC9- 92-100 3 SCSI controller are .one exanple
of a device which is known as a "bus master"”. As described at greater

| ength hereinafter, a plurality of bus - rmaster devices may be provided
in a personal conmputer system (of either Famly | or Family Il type) in
an effort toPEhRate system performance 5 Wiere such a plurality of bus
mast er devices are present, the devices arbitrate for access to and
control of tlggtaqjatd%tra,nsf er bus of the system The efficiency with

whi ch the bus®Hast et s HavE B fatfyettier arbitration control point through

which arbitration occurs allocate use
Wi th t he per foflpsgihe eresehi dweditipp Wik bé Glesgrsbeginmore fully hereinafter with
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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, teachiﬁg 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 piesent invention is there shown and
generally ‘indicated at 10 (Figure 1). As mentioned hereinabove, the
computer 10 may have an associéted monitor 11, keyboard 12 and printer or
plotter 14. The computer 10 has a cover 15 which cooperates with a
chassis 19 in defining an énclosed, shielded volume for receiving
electrically powered data processing and storage components for
processing and stofing digital data, as shown in Figure 2. At least
certain of these components a(e.mounted on a multilayer planar 20 or
motherboard which is.moﬁnted 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 catrdg 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 %ape 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, ; 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

of the bus has a great deal to do



4 SUMMARY COF THE | NVENTI ON It is an object
of the present invention to aneliorate one or nore disadvantages of the
prior ‘art. < According to one aspect of the present invention there is
provi ded a personal conputer system conprising: a high speed data bus, an

i nput / out put. daB&8?B&#3d%a plurality of bus éraster devices each coupl ed
directly to one corresponding one of two busses, nanely (i) said high speed
data bus and (ii) said input/output data bus, for transferring data through
sai d one corresBOITAMHgCBREHEYIERB Plissedingthe Hirivsi@gmponentyeast the devi ces

bei ng a m cropr 6eWEET sustripsust agdi thectvistenti® Smpckohdagte simbethedateenbus and
functioni ng as aneysioe MisENEinglcoffodaRs Siotted Phithe p1éHas JoNdn@rdnace controll er
coupl ed direct! yodnectioh 3 Ghe $Rdrr b Ohe SIS dalR RHS- x’mqwa'i@i% {yaput / out put
data bus for pr gwsdmgcoﬁmw@s,ag,k{)()@émpc%wﬁgflhé h%!‘k?{lgef%?se J,data bus and

sai d i nput/out pﬁltocgsas}oa 313usm1.§a| us I ntertface contro ) _providing for
arbitration anohg such ones of S PBIRIHESPEFPIRFFWEs AP arEddisrdet | y
coupl ed to sai dcﬂ{ I Selititihie digigBroeTsonde dbe 4BEFLE ghirhhigmanyfessvredat a bus
and (ii) furthePygBHviterFUfigrisasdon¢ated bpn lHigbygeedatrd hicghbspeedo dat a bus
and such ones obusait@rais comRSbE Unides, CRSvASt 1Ak Gaslion @GtdsY reRsy! @dnf g Sai d
i nput/ out put ;DOUSereOfhoRE G8$$nd10 18FINE MeRRY MoUEPUE RS SndYS "Bl%ngor{o]jgﬁe ;9f said
bus master devi ges, aLNGGdNaN. SALA. MY ORI 0GeSSOL having, & dala F £O
regi ster oper at gé/er% connect ed between Said one’ other A st uEM ce and
a correspondi ng>one 6218 R AP ghc iyt thed®iPS thtfs inHtrdst drterfrge Potneput dat a
bus to whi ch saftf Hifedeyitrsrangutde rPRetad ingdeyvtameod Shediiceerrbgessmupd.ed f or
passi ng data th@rssbetivwerstared ial BB Jvaving eopidy ahalad G 8dc@éase Sk d
t hreshol d regi stakufioh ticef ¥igdg fromsaid FIFO register bits indicating a
threshold fill level of said FIFO register required before arbitration
t hrough said bu%}iilnttggfggs%nézont roll er %n | .. be sancti oned. . _According to
anot her aspect of. the present I RVENTE S5t A e 8BSy “dBUPY thertabnal
conput er syst enfEEHPFT <P riYe sESHSP Phokpdiaarag AfaFigurs; 3-aitile rtefreowdssepodcoupl ed
directl y at the outset of the description which follows that it is contemplated
20 that the apparatus and methods in accordance with the present invention

may bg used with'ogher hardwaqe configurations of the planar board. For

example, the system processor could be an Intel 80286 or 80386

microprocessor.

25  Returning now to Figure 3, the CPU local bus 34 {(comprising data, address
and control components) also provides for the cohnection of the
microprogessor 32 with_a math coprocessor .39 and a Small Computer Systems
Interface (SCSI) data flow controller 40, about which more is said
hereinafter. The SCSI controller 40 may, as is known to persons skilled

30 _in the arts of computer design and operétion, be connected or connectable
by way of a SCSI bus 41 with suitable external devices of a variety'of
types. 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

35 drives), electro-optical, tape and other storage devices. One such
device is schematically illustrated in Figure 3 at 42. While here
illustrated as being a device connected directly with the local processor
bus 34, the present invention also contemplates that the SCSI controller
40 may be provided as an option device connected through the I/0 bus 44

40 mentioned hereinafter. Depending upon the particular system



to said high speed data bus; volatile nmenory coupled directly to said high
speed data bus for volatile storage of data; storage nenory devices for
nonvol atil%e storage of data; a storage controller coupled directly to said
hi gh speed datamg _8fyd to said storage negnory devices for regulating
comuni cations wi'th said storage nenory devices; an input/output data bus;
an input/output controller coupled directly to.said input/output data bus;

a digital SionalonplfRISPLEAMl & gc;m&nﬁféthyn b o8 Abel chd1Rpd bR, data bus;
a video signal pracessor dg )| g] I rect 1213?11 %r ut / out QF pdata bus;
and a bus interface controil et %"c}ﬁ ﬁ°§'&fcf S AP U hiSgh " Spéed dat a bus and to
sai d i nput/out pH’c"e'Hé?'a bus for providing communi cat ions between said high
speed data bus and said input/output data bus, said bus interface

control | er proviidibg in@érfadebédnt fdlnenN (BXOPRY cHaglds the CAPLOAE HaH 34 arich sai d
storage contr ol ket Caupied Bgilnreggst bY the paaissl megﬂcsj%ef—‘éjc&iﬁi& PR H0r access

to said hi gh Spe d d?tfaatl?xlflés bus suc &%%8\% éHQ{INEEr Is I;‘E,ii I Onp]%ra gy o?l d
I nput / out put corFt ror

4b  said digital/OsTgHaFopFEeLuas MR CHNEY Arrieh &gl HFbEas S coupl ed
directly to sai ﬁ*rFmLﬂOPWEﬂJEO amtIZ0 Wersicaet mswdrd (npylhaypedthd i/ bBye4f or
access to saind imepudes @ddyesd, Gaha abdisentasl tepetentne of sai d storage
controller and said i nput/out put controller and said digital signal

processor and sehhalisg, olove L@r&cgésmahgw 08 1o bl FQica 3t er
operatively conpect ed between t% Gorrespon r{gdong1 j l,}JI(‘;RQ]QUIE out put
control | er and sai ds%ﬁnal f’r‘Tcess” 1? &es ass°°“ v WY GE0 (FEhAPT

processor and t?f@”d’@rqré%ﬁrfdf‘ﬁ afdﬂ’é (b‘fdlgaéiF‘H abd‘ékég‘i Fﬁr sb’ék"é’ H3%%at a
t her ebet weent5anihfaimabioh ghindigatzdtatr 489 hoVHlep gzl e exdhgnged with the

processor 46 may be passed through a Digital to Analog Converter (DAC) 50
to a monitor or other display device. Provision is also made for
connecting the VSP 46 directly with what is here referred to as a natural
image input/output, which may take the form of a video recorder/player,
20 camera, etc. The I/0 bus 44 is also coupled with a Digital Signal
Processor (DSP) 51 which has_gésociated instruction RAM 52 and data RAM
54 available to stbte 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 proévision of an audio
25 controller 55, and for handling of other signals by provision of an .
'analog interface controller 56. Lastly, the I/0 bus 44 is coupled with a
input/pqtppt controller 58 -with associated Electrical Erasable
Pfogrammable Read Only Memory (EEPROM) 59._by which inputs and outputs are
exchanged with conventional peripherals including floppy disk drives, a
30 printer or plotter 14, keyboard 12, a ﬁouse or pointing device (not

shown), and by means of a serial port.

Referring now to Fiéure 4, the data flow 40 controller (there illustrated
in a block diagram form) has a first interface circuit 60 for exchanging
35 signals with the CPU 32 and RAM 36, and a second interface circuit 61 for
exchanging signals witﬁ the SCSI devices and operatively interconnected
with the first interface circuit 60 for passing data between the SCSI
.devices and the RAM 36. The first interface. circuit may also be referred
to as the system interface, and is preferably connected either with the

40  I/0 bus 44 or the local processor bus 34. The second interface circuit



receiving bits indicating a threshold fill level of said FIFO register
required before arbitration through said bus interface controller will be
sanct ironeds DESCRI PTI ON OF THE PREFERRED EMBCDI MENT( S)

Sonme of the objects of the invention having been stated, other objects wll
appear as the @®e%0Bt}90i on proceeds, when &aken in connection with the
acconpanyi ng draw ngs, in which: Figure 1 is a perspective view of a
personal conputer embodying this invention; i Figure 2 is an expl oded
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The data flow controller 40 is provided with a controller processor 64
for controlling the flow of data through the first and second interface

10 circuits 60, 61 and between the SCSI devices and the RAM 36. The
controller processor preferably is an 8032 device operatively connected
with the first interface circuit 60 for receiving instructions issued
from the system CPU 32 and operatively connected with the second
interface circuit 61 for issuing to the SCSI devices sequences of

15 commands directing an exchange of data with the SCSI devices.. A third
interface circuit 65 is operatively connected with the first interface
circuit 60 and with the second interface circuit 61 and with the
controller processor 64 for passing to the controller processor that
instruction among a plurality of instructions which is indicated by

20 status indicative data stored in the register 62 to be the next

instruction to control a command to be executed.

The data flow controller 40 further has a data FIFO register 66
operatively connected between the first and second irterface circuits 60,

25 61 for passing data therebetween. The data flow cohtroller also has an
instruction FIFO register 68 operatively connected between the first and
third interface circuits 60, 65 for passing therebetween instructions
issued froﬁ the CPU 32 and intended for processing by.the controller
processor 64. The data flow controller 40 further has a'decoding state

30 machine 69 operatively connected betweén the second and third interface
circuits 61, 65 for decoding instructions received from the CPU 32 into
commands for execut;on by SCSI devices connected by way of the SCSI bus
41.

35 The data flow controller 40 is, in the system here disclosed, a bus

master device.

In connection with this characterization of the data flow controller 40,
it is appropriate to consider the support by a personal computer of what

10 have been known as multiple masters or bus masters. As here used, a



Det ai | ed Description of Invention Whil e the present invention wll be
described nore fully hereinafter with reference to the acconpanying
drawi.ngs,.in which a preferred enbodinment 5 of the present invention is
shown, it is to be understood at the outset of the description which
foll ows that pessensoof skill in the appyopriate arts may nodify the

I nvention here described while still achieving the . favorabl e results of
this invention. Accordingly, the description which, follows is to be
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shown and 15 é“§"ﬁ°é?efin?y I ndi cated at 10 (Figure 1). As nmentioned
herelnabove t he conputer 10 may have an associated nonitor 11,
keyboard 12 ard hssihserprapesed thap|mestees b4 Alivifed smangribtesr types hasysteeover 15
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devi ces, aCCGS%Qf&mQ@EIerQ:Efer-s with an I/0 slave or memory slave.
: 15

What makes a device a “"bus maséer" can be confusing, as bus masters 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

20 arbitration and controlling the execution of a defined bus cycle.
Generglly, there are three tgﬁeé of bus masters: full function, special
function controllefs, 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

25 most function, and costs most. Typically, a full furiction 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

30 a specific function while requiring litéle 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.

35 Such modification can be accomplished throuéh 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
10 local bus 34, while the I/0 controller 58, DSP 51, VSP 46 and possibly



boards, and the |iKke. 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 30 drive for magnetic or optical disks, a
tape backup drides,-ggo the |ike. In tQ) illustrated form an upper bay
22 is adapted to receive peripheral rives of a first size (such as

t hose known as 3.5 inch drives). A fl oppy-di sk drive, a renovable nedia
direct access glod-38Ln80Y4 G€ nEAREPLE t1e mr% dRReL \hag rﬁ’aydalﬁ kf%f.ét 4 nserted

thereinto and us th ket t E celve, Sto iver data as
i's generally k%OV\%gers c%rgcti cou ﬁa%ao i°F on t e%rﬁut/out ut E’Baip Prior to

rel ating the above structure to the present invention, a sunnary of the
operation in déflmath meltinie mesvesondhe émfwtwwemnlmmytmrppmmo
review. Referyo prgvide forgubitrdtioh hesmy devicehollrecalibtopkediagieam of a
BC9- 92- 100 input/output bus 44 for access ®o 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.

10 As pointed out hereinabove, when a plurality of bus master devices are
arbitrating for access to and control of a data transfer bus and
particularly where those devices effectuate data transfer through FIFO
registers, some orderly rule or guide as to when arbitration shall occur
can be uséd to optimize system performance. This invention specifically

15 proposes such a solution.

More specifically, the present invention contemplates that an appropriate
register be used to set (by software) a threshold fill and empty value
before arbitration will be sanctioned. That is, a configuration register
20 such as the register 70 in aqq&rdance with this invention will have an
associated register which contains a threshold value for the FIFO. The
associated bus master device (here, the data flow controller 40) will
arbitrate for access to and control of the bus only when the number of
bytes to be transferred into or out of the FIFO is edqual to or greater

25 than the assigned threshold value stored in the threshold register.

By way of example, a threshold register may use the state of two bit
positions in the register to dlstlngulsh among fill levels of 87%, 75%,
63% and 50%. If set to recognize a fill level of 50% as the threshold

30 and working with a FIFO having a capacity of 64 bytes, initiation of a
request to empty the FIFO would require that the FIFO contain at least 32
bytes of data beforé arbitration would be sanctioned. In the case of
filling a FIFO, the associated device would not attempt to gain access
and control over the bus until at least 32 bytes of FIFO space were

35 available to be filled.

In the event that there was a need to empty.or Fill a FIFO without regard
to the threshold value, this could be accomplished by generating a FLUSH

type of signal to override the use of the threshold.



personal conputer systemillustrating the various f the
computer system such as the system 10 in accordance ith the present
i nvention,«including conponents nounted on the pl anal j"m
connection of thBe-ptapar to the I/0O slotsiand ot her IWIIH"IS
personal conputer system Connected to the planar is the s>'7st%ms
processor 32. Wiile any appropriate m croprocessor can be used as the
CPU 32, one suitable mcroprocessor is the 486SLC which is manufactured
by 1BM The CPU 32 is connected by a highaaReed CPU | ocal bus 34-to a

bus interface control unit 35, to volatilTe random access nenory (RAM 36
10. here shown as Single-Inkine Menory Modules (SIMMB) and to BI OS ROM 38
in which is?'st 0‘?@8"3"%"{ F‘ITB‘f‘ieBﬂs'FBr“BHéf‘d‘gr nput/ out put operations to

t he CPU 32. The BIOS ROM 38 includes the BIOS that is used to interface
bet ween the |/ G detsd tessfancduthe operating system of the mcroprocessor
32. I nstructions stored in ROM 38 can be -copied into RAM 36 to decrease

the 15 execution ti l\g'fal kcﬁ bus mastervma'vk.n%st&ﬁnegge%s&ngalldraégytﬂ:&@fér
descri bed herei t em bl ock

af
i agram of i guPe ¢ pienrarePidet, iopan g eEh TERErd b oS HE spid e
descri ption whi BIFLPOLPEES briag 4 Pirepregatenfat ey ¢t hatstehEHppar at us and
met hods i n attopteassdngjueit.t he present invention may be used wi th other
har dwar e confi gurations of the planar board. For exanpl e, the system

processor could be ARud BLE&rROZ8R 81181380 ding £ HHAREOACLINMy: said bus

master devices for access to said data transfer bus, and

15 at least one of said bus ﬁaster devices other than said
microprocessor having a data .FIFO register operatively connected between
said at least one bus master device and said bus for passing data
therebetween and also having a threshold register for receiving bits
indicating a threshold fill level of said FIFQ register required before

20 arbitration through said bus interface controller will be sanctioned.

2. A personal computer system according to Claim 1 or 2 wherein said
bus master devices further include a storage controller coupled directly
to said high speed data bus and to said storage memoiy devices for

25 regulating communications with storage memory deévices.

3. A personal computer system according to Claim 1, 2 or 3 wherein
said bus master devices further include an input/output controller.

30 4. A personal computer system according to Claim 1 wherein said bus
master devices further include a digital signal processor.

S. A personal computer system according to Claim I, 2, 3 or 4 wherein
said bus master devices further include a video signal processor.

35 ’
6. A personal computer system comprising:

a high speed data bus;

__///
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25 Returning nowto Figure 3, the CPU | ocal bus 34 (co mjl nﬂ dat a,

addr ess and control conponents) al so provides for u'"wlm' he
m croprocassor 32 with a math coprocessor 39 and a Srral

I nterface (SCSI pcoded-aod | ow control |l er 40, 1about which nore | S sa| Y

herei nafter. The SCSI controller 40 may, as is known to persons skilled 30
in the arts of conputer design and operation, be connected or connectable
by way of a SCSI busa4iicwptdresddr tcalilled @xteetYyato ‘deidi icigs spdeda vari ety of
types. The SCSl afterduepl ber 40 functions as a storage controller i-n
controlling storage nenory devices such as fixed or renovabl e nedi a

el ectromagneti c storage., devi ces wn_as and .fl oppy disk 35
drives), electro-opt ?%a ° "Sh ’é‘:&‘&@ %?H@Ft L' ?fdg%‘d%bs%eég One such
device is scﬁerrﬁ"tth‘&Flfg?rl"P’ral}éJcer&‘t"é@el‘?fﬂﬂtgtjre 3 at 42. \Wile here

Il lustrated as being a device connected directly with-the |ocal processor

bus 34, the presentstbiigemenddp @iHes EoNhervPlaties stdrade 6018atCSI control | er
40 may be provided as an option devi ce connected through the 1/0 bus 44 40

I’BI’ECS'[ Ig(z)nigoher ei naft egtora 9 lﬂg' qu\OPedtcn_recQ?{; IoCsléll'.da[ug% peecgndata bus

and to said storage memory dev1ces for regulating communications with

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

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

a digital signal processor coupled directly to said input/output
data bus;
20
‘a video signal processor'éoupled 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

N
‘A

between said high speed data bus and said input/output data bus, said bus
interface controller providing for arbitration among said microprocessor
and saiq storage controller coupled directly to said high speed data bué
for access to said hiéh speed data bus, and providing. for arbitration
among said input/output controller and said digital signal processor and
30 said video signal processor coupled diéectly to said input/output data
bus and said high speed data bus for access to said input/output data
bus,

at least one of said storage controller and said input/output
35 controller and said digital signal processor and said video signal
processor having a data FIFO register operatively connected between the
correpsonding one of said input/output controller and said digital signal
processor and said video signal processor and the corresponding one of
said busses for passing data therebetween and also having a threshold

40  register for receiving bits indicating a threshold fill level of said

This Sheet Has Been Replaced



configuration involved, such connection by way of the I/0O bus nmay be

pref erabl e and/ or the onI y connection avail able for pract ummmmw

i nventi on. 5 The bus interface controller (BIC) 35 cou mmn””"’
bus-34 with BEgT924/1® bus 44. By neans ofi3the bus 44, the BI €

coupled with an optional feature bus such as a M CRO CHANNEL bus havi ng
a plurality of /O slots for receiving M CRO CHANNEL adapter cards 45
whi ch nay be FIHouregheter geqriest befote aritiat Ondewough seid henbuterfaaot shown) .
The 1/ O bus 44 téntrsiabhidery sedmRsonedlat a, and control conponents. .

Coupl ed along the 1/O bus 44 are a variety of 1/0O conponents such as a

vi deo signal processor 46 ‘which is associated with video RAM (VRAM for
storing graphic information (indicated at 48) and for storing i mage 15
information (indicated at 49). Video signals exchanged with the

processor 46 may be passed through a Digital to Anal og Converter (DAC) 50
to a nonitor or other display device. Provision is also nade for
connecting the VSP 46 directly with what is here referred to as a natural

i mage input/output, which may take the formof a video recorder/player, 20
canera, etc. The I1/O bus 44 is also coupled with a Digital Signal

Processor (DSP) 51 which has associated instruction RAM 52 and data RAM
54 available to store software instructions for the processing of signal s
by the DSP 51 and data involved in such processing. The DSP 51 provides

This Sheet Has Been Re
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for processing of audio inputs and outputs by the provision of an audi o 25
controller 55, and for handling of other signals by provision of an

anal od int'erface controller 56. Lastly, the |/O bus 44 is coupled with a

i nput/ out put cead-kaliber 58 with associ ateg El ectrical Erasable

Programmabl e Read Only Menory (EEPROV) 59 by which inputs and outputs are
exchanged wi th-conventional peripherals includi-ng floppy disk drives, a 30
printer or plotter 14, keyboard 12, a ggsugeror pointing device (not

shown), and by neans of a.serial port. Referring now to Figure 4, the
data flow 40 controller_ |IIustredra nna bl |agramforn) has
a first interface circurt- oot 15e 3 Wt the CPU 32 and
RAM 36, and a second interface chhangl ng signals with
the SCSI devices and operatively interconnected with the first
interface circuhis Gedtasn paissésngo daisansddadonpedrst, hed S particulemMycRsa and t he
RAM 36. The fi p&tsohdit @hbhrer usfigh £ 8t MRYstalsS GorDBath Bfr@E8das 111ukB 288 t he

system i nt et agp .. AllddsPePiGhal @Plke SAANRCL a1l dohilee Vel died N Ercdlabl O PUs 44

r the | | pr r I nter Ir
or the local p QCCSe %oontrol er ‘?for control%.?ncgodata trgnesferaslethcstozga%e memory

10 devices such as fixed or removable media electromagnetic storage devices.
In the practice of this invention, the efficiency of a system having a
plurality of bus master devices is enhanced by providing for a
programmable threshold fill condition for a FIFO register before
arbitration for bus control octurs. Thus the invention provides an

1S  approach to maximizing the efficiency of data transfer where FIFO

registers are used.
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BC9- 92-100 - 8 may al so be referred to as the
controll.-er core, and is preferably connected with the SCSI bus acr-oss
whi ch* &34 is.transferred to and from t he associ ated storage devices.
The second .interface circuit 61 has at | east one register 62 for
storing data indicative of the content 1g4d 5 status of a plurality of
sequences of commands ("threads") issued to the SCSI devi ces. The
data flow controller 40 is provided with a controller processor 64 for
control1ing the flow of data through the first and second interface 10
circuits 60, 61 and between the SCSI devices ghd_the RAM 36. The
controll er processor preferably is an 8032 dg operatively connected
with the first interface circuit 60 for rece} :
fromthe system CPU 32 and operatively conngsyed he second

) yuences of 15
es. Athird
t interface

Ya th the
ocessor t hat
i/ ndi cated by 20
b# t he next

commands directing an exchange of data w t &
interface circuit 65 is operatively connegtN
circuit 60 and with the second interface
control | er processor 64 for passing to th&s
instruction anong a plurality of instrucg
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The data flow controller 40 further has a data FIFO regi ster 66

operatively connected between the first and second interface circuits 60,

25 61 for passi ng data therebetween. The data flow controller also has
an i nstruction FIFO register 68 oggﬁ@tively connected between the first
and third interface circuits 60, for passing therebetween

I nstructions i ssued fromthe CPU 32 and i'ntended for processing by the
controller processor 64. The data flow controller 40 further has a
decodi ng state 30 machine 69 operatively c d between the second and
third interface g circuits 61, 65 for codimg—i ns{ructions received from
the CPU 32 into commands for ex ion by SCSI dewces connected by way

of the SCSI bus 41. ata flow controller is, in the system
here di scl osed, albus ma r device. I n connecti with this
characterization @f the a—fttoew control l er 40, it is appxopriate to
consi der the supp@grt a personal conputer of what 40 have bees_known as

mul tiple nmasters qr S nasters. As here used, a




BC9-92-100 9 "master" is a processor or any
circuit designed to gain control over a bus and drive address, data and
contyol signals on the bus. Having such capability enables a naster
device to transfer information between system menory and ot her devi ces.
It has been proposed that nasters be divideg/ nong three types -- system
master (usually the CPU), DMA controller,an us master. The system

master controls and nanages the systen1conf|gurat|on It i usually the
default master in the system The -debault @d§ter owns thefhus when no 10
other master requires it. - -A DVA a&gga{ |sqai5pﬂt|al type®f n@ster which
transfers data between sl avesm&gr%mw glgaélasn and @oesmrgot

arbitrate for the bus butwservi ceS&ﬁ@‘%NAIﬁﬁF@Fhat is Bhe aRbitrator.

As here used, a bus nast arbi t r e or &P Ph@ bus ﬁhd ?Qpports
Information transfers with an 1/0/{s] aJe{ or riylslave. VWhat mekes
a device a "bus naste n be conpfjusijng, asj bus T&%ters do not
necessarily require & grocessor. Aliso,l A bds| pgst ¢r {may bd cal lled on to
respond as a sl ave cessed Iy} arjor hed |bug jmasfer. Ajbus| gaster
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i s distinguished by the capability of gaining control of the bus through 20
arbitration and controlling the execution of a defined bus cycle.
Generalty: there are three types of bus masters: full function, special
function controllers, and progranmable s egéal function controllers. The
fundanental differences anong them are dédrees of flexibility, function
and cost. The full function bus master is the -nost flexible, has the 25
most function, and costs nost. Typically, a full function bus master.

wi |l have its own programmabl e CPU and be capabl e of controlling al

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
30 a specific function while requiring little or no assistance from ot her
masters. Programmabl e special function controllers span the range

between the other two. The fundanental difference between speci al

function and progranmabl e speci al functiog controllers is the ability to
nodi fy the function and/ or execution char gte i stics of thé bus nmaster. 35
Such nodification can be acgpnplr ying units or

t hrough settable registers. Wthin the definitions heje given, the
CPU 32, MCPU 39, and SCSI C -oH er 40 may all functi of—as nasters
directly coupled to or ontQ%fTﬁ) lockhl bus 34, while the 140}controller
58, DSP 51, VSP 46 and- posgibly
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‘CLAIM5S 1. A personal conputer system conpri sing: a highﬂsp@adpﬁﬁ?%m”
bus, an input/output data bus, a plurality of bus naster devices
each coupled directly to one correspondi ng one of two busses, nanely (i)
said high speed data bus and (ii) said input/output data bus, for
transferring data through said one correspondi ng one of two busses, one of
said bus nmaster devices being a m croprddessor coupled directly to said

hi gh speed data bus and functioning as a systemcentral processing unit,

a bus interface controller coupled directly to both of said high speed data
bus and said input/output data bus for providing conmunications between

control o1 S??%‘?%\?ﬁe\%éﬁf@ﬁ&%ﬁ%@ﬁ%@ﬁﬁ SHReoLR MR O Ter

devices as are directly coupl ed to sald hi eed data bus for access to
sai d hi gh speed data bus arddE@ISBERY, §6¢H§3 Bor arbitration among
sai d high speed data bus and such ones of sald bus naster devices as are
directly coupled to said input/output bus for access to said input/output
dat a bus ABBTRACT one of said bus nmaster devices other than said

m croprocessor having a data FIFO register operatively connected between
sai d one other bus nmaster device and a correspondi ng one of said high speed
dat a bus Thiinvanhtibn Feités @éipdisﬁnadabm piitess, afid \Wioré paftRulhriyN® Dpéesnad eompatrer
device is directly coupled for passing dat a therebetmeen and al so haV|ng a
t hr eshol dsing@i FIF€) registérs! forhdats trahsfer asgilasteated by a bas siasten devicein the ifoknkbf &
register bits indicating a threshold fill |evel of said FIFO register

r equi r ed stmafl xompaitesi systeniscimterface (§ESHatonirolier (49) Jox cowsralling detal tsansfir| withe
sanct i oned.

storage memory devices (42) such as fixed or removable media electromagnetic storage
devices. In the practice of this invention, the efficiency of a system having a plurality of.
bus master devices is enhanced by providing for a programmable threshold fill condition for
a FIFO register before arbitration for bus control occurs. Thus the inveﬁtion pirovides an

approach to maximizing the efficiency of data transfer where FIFO registers are used.
Fig. 3
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27 A personal

conput er system according to claim1 wherein said ngtem
further conprises storage nenory devices for

e

nonvol atil e storage of data,

and wherein said plurality of bus nasterg devices further includes a storage
controll-er coupled directly to said high speed data bus and to said storage

menory devices for
devi ces. 3.
plurality of
controller.

A personal

processor.

plurality of bus
6. A per SOHBHCE

S

er devi ces f.

uter systemaccordrn

regul ati ng conmuni cations with said storage nenory
COSPMMARY OF THE INVENTION claim 1 wherein said

B“ﬁ a&iﬁ(ﬁ}é&g éﬂ‘aﬁ(é @Fe%eﬁt%%&%n 9 Grdf165128nd

o OF e WeBanizass of

said pl urﬁlelﬁf}‘)fcﬂﬁ bus mast er deV| ces further incl udes a digital signal

5. Acfordad %Qinecd%ﬁ@éttﬁf theY Ee@éﬁt%@&{tﬂmnﬂlefé) i€ ?éxfii!leh
udes. a V|deo

&wyypgmaeaﬁlbtﬁﬁ?%# Dol 5 i B

whesrsbal sai d

b@%g %pOC SSor.

a m cr opr of das anasteyugivixs ciacke colipied alireeatlyl tdniopk cspeqﬂ)ndmgamhmsf two busses

vol atil e

st or age Ogslg%y(lf Q?HR lh?g} %géﬁ%bybﬁsoa‘ﬁﬁg@ CGSG’P &ﬁg‘l‘!}t %%t I

data thranghgeid-ors m¢seombug| pneof ¢we émssey o ebhsaid Hviug imastes

dat a;

Sfofr %arnégrﬁﬁ le

Sto
vites a

bus and t gemgiadmidr t@@&s&eéﬂi’ﬁﬂeddcﬁi’écﬂﬁo k41 HigOMeBd UG B8 B TufR@idnipSadhh t h

sai d storage nenory devi ces

system centr

processing unit, a bus interface controller coupled directly to both of said

high speed data bus and said input/output data bus for providing communications
between said high speed data bus and said input/output data bus, said bus interface
controller (i) providing for arbitration among such ones of said bus master devices as are
directly coupled to said high speed data bus for access to said high speed data bus and
(ii) further providing for arbitration among said high speed data bus and such ones of
said bus master devices as are directly coupled to said input/output bus for access to said
input/output data bus, and one of said bus master devices other than said microprocessor
having a data FIFO register operatively connected between said one other bus master
device and a corresponding one of said high speed data bus and said input/output data
bus to which said one other bus master device is directly coupled for passing data
therebetween and also having a threshold register, said threshold register for receiving
from said FIFO register bits indicating a threshold fill level of said FIFO register
required before arbitration through said bus interface controller will be sanctioned.
According to 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; 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 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 ipput/output controller and
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ari i nplit/out put data bus; an input/output controller coupled directly

to said input/output data bus; a digital signal processor coupled
directly to said input/output data bus; 4b a video signal processor
coupled directly to said input/output data bus; and a bus interface

controller_gcoypled to said high gpeed data.bus and to said .input/output
data bus 1’98@ B’ﬁb‘@ﬁ ﬁﬁgﬂﬁls Bfﬂ?fﬁ}fﬂg @Qaisﬁffg VB@?M?? ?5?‘&?%%‘??“88‘& ?ﬁ(yatooﬁ%ldand
sai d i nputinpifquiput diztaabiruand sad highuspeedtdatd o farcarcess| tbesaidp input/ditpyt flata
arbitrati a ' ' i i et r ed
i rectiy thsoar geer 8 oF SiPRLPERSCHldr 8 i e i’i%;ﬂ@él%%e%‘“‘ééﬁg
bus, and pHEHAl Signpl iRspcessas; andy s218 vides Signaly PEPcesigt tiaking paitdatio FIFQ)| registetng
sai d di gi topbrativelyadonReE® BEeci itk SattdipandigOond 8N sdid REERAEAE coRvelle? tind
directly to. Scﬁl q‘ﬂl nr,leJ\L/ out put dat a buds an%a];é;u d hé'?hl}ﬁlitgeed dat adbus for
access t o Saif et &Eﬁf Pr95eson atd;sqid, ideo signalproessoryand, e gorrespogding gng of
cont r ol | esadntusses dor rpassing udap therebetwednl end aisd havidg di ghreshold i ;pgister for
processor and .Sal v'[g%_g S| [ t Lot
operat i velry con etg ei eEﬁ mgﬁ_%ﬁg{og%??gg&gg%?négaﬂio%é_ﬁgf Pe§§lt%%err$§8%‘? obSe?%rSt
cont r ol | erarbitratien thyoughysaid bus ingerface gopiEelips syill besanetioned deo si gnal
~processor and the qeESEREFTIONIOF'FHE PREFERREIFEMBODINGNT(Y data
t her ebet ween gnpd al havi ng a thresholg regi ster for receiving.bits
ndi cating a tIOmESEA OPeers 4fdhe FvERiankaying heen Sizieds ogher oBiseis il 2PFR: o
arbi trati e thedesogptiomprocbeds, wher tdkan dn conieciion with whe dccompanyinsg deawidgs,

in which: _

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
Figure 4 is a schematic representation of certain functional components
incorporated in the storage controller of the personal computer of Figures 1 through 3;
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B(39 92-100 12 a microprocessor

~coupl ed dirrect| 0 data bus; vol atile
menory c "ﬁ"“ﬂcmiﬁjug sai d h| gh spekd 5 data bus for volatile st orage
of dat a' e nenory devices for nonvol atile storage of data;
a storage control | er coupl ed di rectlyﬁﬁﬁd hi gh speed data bus 10 and

to said storage nenory devices for g communi cations with sai d
st orage nehor yAgersopalscomputer system coanprisifngat / out put dat a bus; 15 an
i nput/out put cORihQLL&S ddtpbRd,ed directly to said input/output data bus;

an input/output data bus,

a plurality of bus master devices each coupled directly to one corresponding one of
two busses, namely (i) said high speed data bus and (ii) said input/output data bus, for
transferring data through said one corresponding one of two busses, one of said bus
master devices being a microprocessor coupled directly to said high speed data bus and
functioning as a system central processing unit, '

a bus interface controller coupled directly to both of said high speed data bus and
said input/output data bus for providing communications between said high speed data
bus and said input/output data bus, said bus interface controller (i) providing for
arbitration among such ones of said bus master devices as are directly coupled to said
high speed data bus for access to said high speed data bus and (ii) further providing for
arbitration among said high speed data bus and such ones of said bus master devices as
are directly coupled to said input/output bus for access to said input/output data bus, and

one of said bus master devices other than said microprocessor having a data FIFO
register operatively connected between said one other bus master device and a
corresponding one of said high speed data bus and said input/output data bus to which
said one other bus master device is directly coupled for passing data therebetween and
also having a threshold register, said threshold register for receiving from said FIFO
register bits indicating a threshold fill level of said FIFO register required before
arbitration through said bus interface controller will be sanctioned.
2. A personal computer system according to claim 1 wherein said system further
comprises storage memory devices for nonvolatile storage of data, and wherein said
plurality of bus master devices further includes 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.
3. A personal computer system according to claim 1 wherein said plurality of bus
master devices further includes an input/output controller. '
4. A personal computer system according to claim 1 wherein said plurality of bus
master devices further includes a digital signal processor.
5. A personal computer system according to claim 1 wherein said plurality of bus
master devices further includes a video signal processor.
6. A personal computer system comprising:

a high speed data bus;

a microprocessor coupled directly to said high speed data bus;
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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,
at least one of said storage confroller and said input/output controller and said
digital signal processor and said video signal processor having a data FIFQ register
operatively connected between the corresponding one of said input/output controller and
said digital signal processor and said video signal processor and the corresponding one of
said busses for passing data therebetween and also having a threshold register for
receiving bits indicating a threshold fill level of said FIFO register required before

arbitration through said bus interface controller will be sanctioned.
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arbitration through said bus interface controller will be sanctioned.
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ABSTRACT

Personal Computer with Programmable Threshold FIFO

Registers for Data Transfer

This invention relates to personal computers, and more. particularly to a
personal computer using a FIFO registers for data transfer as illustrated
by a bus master device in the form of a small computer systems interface
(SCSI) controller for controlling data transfer with storage memory
devices such as fixed or removable media electromagnetic storage devices.
In the practice of this invention, the efficiency of a system having a
plurality of bus master devices is enhanced by providing for a
programmable threshold £ill condition for a FIFO register before
arbitration for bus control octurs. Thus the invention providés an
approach t6 maximizing the efficiency of data transfer where FIFO

registers are used.
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