- 1 8 Cctober 2003 AUTOVATI C CONFI GURATI ON OF PRI MARY AND SECONDARY

PERI PHERAL DEVI CES FOR A COVPUTER FI ELD OF | NVENTION This invention rel ates
general ly to conmputer peripheral devices and nore specifically to
automatic configuration of primary and secondary device ﬁi sonal
conput ers. BACKGROUND OF THE | NVENTI ON Ror per sonal ng cfgber Png I nte
conpati bl e m croprocessors, peripheral devices (for exanple magneti c di sk

drives, conpact di sc drives e drives ot her than mass
mermory devi E@Wﬁ%@%@@y Ipr%l@ﬁ? 1‘46@& f‘ﬁ@g‘g}:ggﬁ‘hﬁ‘gﬁgﬁace cal l ed AT
At t achnent ort at least two ATA host
adapters (M@ﬁ@%gﬁ%nedﬁ “}1&?@??&‘%@ printed circuit board), each
of which can support up to two peri pheral devi ces. For each host adapter,
there may be one primary device (or "master"™ or device 0) and one secondary
devi ce (or FIELBWV@F INVEMNMOMN 1). In addition, device electronics for a

primary device need to be aware of whether there is a secondary device
present. Typically, a set of snmall renovable 2-pin connectors (called

J unper's) on eaChydatl &fiol St BI!dferat1f BBl H eriphb ISy Sk Ghorthe_devi ce

is a primary or secon ere Is a
secondary dpacificallpte aetoinatid donfiguration ofgprimary and secromdmytdevataﬂcdard, they are
typically poorly | abeled, and they are typically difficult to access

Wi t hout rePeisphdl Cam@léwtbe Confusi on over junper requirenents has led to a
great deal of customer frustration and numerous phone calls to custoner
service organi zations. Personal conputer peripheral devices commonly

i ntegrate PEAAKEROUND oPawiE autvpMriON O el ectronics along with the device
el ectronics, using industry

For personal computers using Intel compatible microprocessors, peripheral
devices (for example, magnetic disk drives, compact disc drives, tape drives, and
some devices other than mass memory devices) commonly use an industry specified
bus interface called AT Attachment (ATA). The computer systems support at least
two ATA host adapters (which may be combined on a single printed circuit board),
each of which can support up to two peripheral devices. For each host adapter,
there may be one primary device (or “master” or device 0) and one secondary
device (or “slave” or device 1). In addition, device electronics for a primary device
need to be aware of whether there is a secondary device present. Typically, a set of
small removable 2-pin connectors (called jumpers) on each device determine,
among other things, whether the device is a primary or secondary device, and if
primary whether there is a secondary device present. Jumper configurations are not
standard, they are typically poorly labeled, and they are typically difficult to access
without removing a device. Confusion over jumper requirements has led to a great
deal of customer frustration and numerous phone calls to customer service
organizations.

Personal computer peripheral devices commonly integrate most of the
input/output (I/0) electronics along with the device electronics, using industry

specifications called Integrated Drive Electronics (IDE). IDE devices may be



specifications called Integrated Drive Electronics (IDE). |DE devices may
be 8 COctober 2003 -2 designed for many different host conputer bus systens,
i ncluding the AT bus. For Intel conpatible personal conputers, cabling

specifications and signal definitions my be referred
specifications or |DE specifications, depending on the Eﬁﬁﬁ)ﬁf’rg@tﬁbﬂrer. For

Intel conpatible personal conputers, the nost conmmon ATA/ I DE mass nenory
interface cable is a 40-conductor ribbon cable. Connector pin/socket 39
provi des a signal called Drive Active/-Slave Present (DASP). DASP drivers
are inplenented as open-collector drivers on the ATA devices. DASP is
asserted byedgiedifog niang different host, capiymren bussysteme, including|ths Ad Busglar t hat
may be asserted by either device. nal.is used dur

he si ' .
pover - up/ r &igk cqmpatiplg li’e_i%nﬁb‘FPml&‘Féégc H%Ig _ﬂa?CEACPBO% %@i@gﬁﬂ&%ﬁ (sl ave)
device is B{a?%%fer?éaqﬁ'ﬁ i/#ulslgggécﬂ‘tlc?igoﬁsoor dﬂﬂg kﬁékﬁaggﬁél’ eré?ﬁ{dng& the During

power-on initialization, econdary device Is present, the secondary

devi ce ass@fanGfaOfgEr. Wok Mitel ddpatiblel pesmanctsnmiterp,othe masticorhfionno secondary
device is present, the primary device nay assert DASP after a delay of 450
mi | 1 i secondsI AMPEmessipemesy inferfage cableols dAYCcaWysterripRoncable (tonnegiar
secondary _device asse oW .n sl hdpcomand
or after tR Soscggto%%rroyld(’?é\%iS%%D%afurggﬁw Ig?twa}ﬁlge‘% l?fp%négboﬁggy%v%?ghever
cones firsyriveRcRe BSIEmeh@d 48 8p&itEdIREtor ArivBRTonttRY AT déwicads DASP 9ASP to
light a device-activity light emtting diode (LED). If a secondary device
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no secondary device is present, the primary device may assert DASP after a delay

of 450 milliseconds after power-on. If a secondary device is present, the secondary

device deasserts DASP following the receipt of a valid command or after the

secondary device is ready, or after 31 seconds, whichever comes first. Once DASP ’

is deasserted, either device can assert DASP to light a device-activity light emitting

diode (LED). If a secondary device is not present, the primary device is then

automatically further configured as a primary device with no secondary device

present and the primary device then responds to commands sent to a secondary

device. If a secondary device asserts DASP within the proper time window, the

primary device is automatically‘ further configured as a primary device with a

secondary device present and the primary device then does not respond to

commands sent to the secondary device. There is no general standard for a

provision for a host computer to be able to command a primary device to change its

configuration. That is, once a primary device configures itself as “with secondary”

or “without secondary” there is no general standard way to override that

autoconfiguration.



provision for a host conputer to be able to command a primary device to
change its configuration. That is, once a prinmary device configures itself
as "with secondary” or "w thout secondary" there is no general standard
way to override that autoconfiguration. 8 Cctober 2003 _3"058{%@ Al'l| DE

peri pheral devices, read and wite commands fromthe ho&{° er are

witten directly to registers in the peripheral devices. Two signals of
interest to the present patent docunent are Chip-Select-0 (CSO al so known
in the industry as CS1FX) and Chip-Sel®et-1 (CS1, also known in the

I ndustry as CS3FX) which are asserted by the host (in conjunction with
three address |i ResATAJIDPgetipheral devieegatad gl wtiter conmandsdranp Her kst devi ce.
Typically, about 5 seconds after a system reset, the conputer
Basi c- | nputcompuisnareSysittendirestlydp ragisisrs ia thesperipherat dfwggs.%q sigpals 8f enquiry

to see which ATA/I devices m.ght b r [ '

r esponds b))mﬁ’éessb?“t&%@m&ﬁmi‘f#"é‘tl Fgﬁm%ﬁ?aﬁafﬁﬁﬁﬁﬁgﬁ’%g’leﬂ%@ﬂ%“?ﬁd@ fort to
elimnate tihfish§ed dAFXGARGICHE-8EaN (CONAUD Krndvn if thendustat AOOSIEX)

pri mary/ secondaiy device status is included in an industry specification
cal | ed Pl ugvhicidare aaseris@idy the hpst(in eomghirRtioy wathAhres raddsess Jinese EnREEIfY 2devi ce
status is determ ned.by whi éh ﬁne.ofg,tvxo (fablbe tcg)nnec%sor X iass ?‘ttached to a
devi ce. Pl (iEEHkFEEern APRIIgACTALIRVICE- JHRICAIYAbGRL 2, Sl 3 243t &P ace cabl e
to a sign mﬁ@@ it - ctté 080ios CB104nged by the
host corrputel%sre.?’adhk(rélgt e *?fgref[glg}é %ua e@hgﬁcggfggsség ggt OI'I;i ne cgﬁnects to
i ts correspindienguisy aksde witich ATA /DB devicer might be ppesema Aycaifigined, desivd does
not connect to its corresponding socket in the connector for a secondary
devi ce. |f raspeads by assringcanciateryipt HEnd{IFRQee cable detects that the
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specification called Plug and Play ATA. In Plug and Play ATA, primary/secondary

device status is determined by which one of two cable connectors is attached to a

device. Plug and Play ATA dedicates one wire of a standard interface cable to a

signal called Cable Select. The Cable Select line is grounded by the host computer.

In the interface cable, the Cable Select line connects to its corresponding socket in

the connector for a primary device, and does not connect to its corresponding socket

in the connector for a secondary device. If a device connected to the interface cable

detects that the Cable Select line is grounded, the device configures itself to be a

primary device, and if the device does not detect a ground potential on the Cable

Select line the device configures itself to be a secondary device.

Automatic address determination is also a problem for the I/O boards on the

1/0 bus of the host computer. For Intel compatible computers, one industry

specification for automatically configuring I/O boards for the ISA bus is called the

Plug and Play ISA Standards. For ISA Plug and Play, each compatible I/O card has

a unique identifier that includes a vendor identifier and a serial number. Each

compatible I/0 card can read its own identifier. The host computer first places all

the cards into a configuration mode. Then the host computer drives a line with a



Automati c address determnation is also a problemfor the 1/0O boards on the
I/ O bus of the host conputer. For Intel conpatible conputers, one industry
specification for automatically configuring 1/0O boards for the | SA bus is
called the Plug and Play | SA Standards. For |SA Pl ug agg Péa gach
conpatible I/O card has a unique identifier that includ&s® C@R or
identifier and a serial nunber. Each conpatible I/Ocard can read its own
identifier. The host conputer first places all the cards into a
configuration node. Then the host conputer drives a line with a 8 Cctober
2003 -4 series of transitions indicating sequential bit positions wthin
each i dent bdriesrof transitines indicating seguemial Bripogitiony WALy cagh |“$fﬂ8h%f e ar d
remai ns actiye, The sequence of bit fromt | qai.qcal |y
progr esses® 4/8%?4‘38&%{‘9% 3G Aops %‘Q?’lt‘)p%?/to ?‘ggrrr%@%iﬁs gﬁé}ﬁl ? |Rc ér@"g%(fet&%gé t he

I dentifier | bt | ifiesad-bitcemekkd ble 1/ 0
card deter%@eﬁﬁ%ﬁo&@tﬁ?ﬁ%%éélﬁ{'%olﬁgsﬁﬁ»afz&g‘lﬁ%gt;?%%l one in the sane bit

posi tion. kignifftandYiOfcarahelidedefiersf Aeeadhast positmyi indhe saquenos, e4vh sanme
position, the 1/O card drives the bus to a particular value. |If at any bit

posi tion i rompatiblel{Q-sred dgterminepywhgthgr jtyieptitigrehas 3osigal| Qiigiip the SAME, a1~ ¢ he
hit ition. the | i . ' whet h
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posi ti on i BarkdhRives @EhRao Apartillsravatid. dfattany iberpdshionan legieqa¢ncea@no  at t he
bit position and another card is driving the bus to the (Eart I cul ar val ue,
the |/0 cHQicardvdengifier hayya togical aere asthet hibpositiony dhg VO gare degsdiot dgive
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positions card I's assigned a

| ogi cal devhge. Ifbh'ﬁ'ﬁ?? bﬁ?o&iﬁ@n 9 &e- sediiics afl WENERd iidentifienhas' £logRlabgerbo
| sol ate another card and so forth until all cards have been assi gned an

addr ess. Aatthedit puitiomrandranethencardss driviagdhd bis taTthe particelas valye tthe I |
(Cj)g\r/rip g;er An %\a/rsdthearar{gnz; o%Ec%f%ergS?l?ﬁlQ bit gc%%llonaéegges "5 %zL\'ritlrchsateainutﬂei: AT <=:rfocfr each

the sequence. At the end of all the bit positions for an identifier, one card remains.

This card is assigned a logical device number by the host. The sequence is then

repeated to isolate another card and so forth until all cards have been assigned an

address.

Another common interface standard for ATA devices is the Small Computer
System Interface (SCSI). SCSI also requires a unique ID for each device. An
industry group has proposed a set of specifications, called Plug and Play SCSI,

which among other things provides automatic assignment of unique SCSI IDs. The
particular protocol for assignment of unique IDs is called SCSI Configured
AutoMagically (SCAM). Each SCAM compatible device has a default ID saved in a
non-volatile device memory. A SCAM master device first commands each of the
other SCAM devices, one at a time, to go into an inactive state. Then, the master
device uses a protocol similar to the protocol for ISA Plug and Play to isolate each
device for assignment of a SCSI address.

Plug and Play ATA substantially improves ease of use when it is

implemented for new systems. However, many new devices need to be installed into



I ndustry group has proposed a set of specifications, called Plug and Pl ay
SCSI, which anong other things provides automatic assignnment of unique
SCSI IDs. The particular protocol for assignment of unique IDs is called
SCSI Configured AutoMgically (SCAM. Each SCAM conpat e has a
default ID saved in a non-volatile device nenory. A S()gd?jc(?(’beeydogdew ce
first conmands each of the other SCAM devices, one at a tine, to go into
an inactive state. Then, the nmaster deyi.ce uses a protocol simlar to the
protocol for ISA Plug and Play to isolate each device for assignnment of a

_SCSI _ ad;jress. PI an Plstsé?@-m %ﬂﬁst Agﬁéﬁyaﬁg ég @g ’n@i‘&%ﬁa when it
is inp enShHY
instal l'ed pp OA’?i\ g!gaeﬁm%&%é NG Spied SRg a&&w@i&s m?alPhqgm%ﬁeg’l ay ATA

specificatio tron I'S not a universa

adopt ed Stﬂadaysiemsetlllmdyxdqullre:ﬁﬁnpdﬁszbﬁﬁglﬁdtmmto some new systens still
may require junper configuration. There is a need for further inprovenent

for autonatlc déheserp ﬁ@@?@fpf@nh@rlmPE@W%@é&Fcﬁiﬁ?‘n@&/ﬁl‘if%ﬂ&‘ﬂ%o en a new
device is |n r \VA to ol der
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provi des adémééwémgln@tauleﬂaitbfwddrbrﬁ@nfstaﬁumﬂrsgstems aut oconflgurabl e device
coupl ed to a conputer, the nmethod conprising the follow ng steps:

receiving, by the autoconfigurable device, fromthe conputer, nunerical
dat a; det eg Al ' at no other device is responding to the
numner i cal Smﬁ%imﬁjoﬁd provisionally configuring, by the

aut oconfigurabl e device, itself as a primary

' The present invention provides a method of automatically configuring an
autoconfigurable device coupled to a computer, the method comprising the
following steps:

receiving, by the autoconfigurable device, from the computer, numerical

data;

determining, by the device, that no other device is responding to the

numerical data from the computer; and

provisionally configuring, by the autoconfigurable device, itself as a primary

device.

A computer system in accordance with an aspect of the invention includes
special device configuration software to be executed on the host computer. This
device configuration software is run anytime a new device is installed, or anytime a
change of configuration is desired. A peripheral device in accordance with an aspect
of the invention responds to a series of host computer peripheral driver commands
during execution of the device configuration software, using a protocol similar to the
Plug and Play ATA protocol. However, instead of setting an I/O address for an I/O
board, a protocol in accordance with an aspect of the invention is used to determine
primary and secondary configuration for autoconfigurable devices connected to an

I/0 board. In addition, a protocol in accordance with an aspect of the invention may



device. A conputer systemin accordance with an aspect of the invention

i ncl udes special device configuration software to be executed on the host
conputer. This device configuration software is run anytine a new device
is installed, or anytime a change of configuration is i.r.ed

peri pheral device in accordance with an aspect of the %ﬁ%@ﬂpf%%éresponds
to a series of host conputer peripheral driver commands during execution
of the device configuration software, uging a protocol simlar to the Plug
and Play ATA protocol. However, instead of setting an I/O address for an

|/O board, a t gcol i,n accordance W th an aspect the invention is
used to de{bgr"ﬁ%]go ¢ WVOM@&?&&’FV“&%& F@'&f@ﬁ(ﬁ(&pv}d@rs. éﬁ?‘ggﬁ‘ﬁ? sgur abl e
devi ces co h d ; i i ccor dance
with an asgggﬁ&ggt?ﬁgﬁ%ﬁggg??gﬁqﬁﬁ?egegﬁﬁgﬁg?gggggwﬁ%%ﬁ%éﬁﬁgggﬂ?o change

t he confi gumeantion coftipuectoi morsitor thohbst gigheld uidl iheend oftleoseduagdey, in

contrast to Plug and P#@)F/I ATA, deyices in accordance with an aspect_ of the

i nventi on cont i REPALOBRdEYIce copfiggationsofiyare, the hpst computss gepds  seaies
sequence. fubdie J i i r t conputer
sends a se'rai?g%%fcs)fogsnl gnafsg%\c?ra&ggﬁﬁgér's gg@fgggﬁeggﬁ iéi%. l%é%%:ﬂﬁgé}gﬁal sent by
t he host conpesponds twa bitppsintida of @ deviee IDpIfthé devicoID haslelogieal Fbne’1 4t t he

device ID ﬁges ala ic%Ll "one" at the bif position, the device asserts
DASP. |f t M RiEppsition.shedevige pssgite RASE, &t te dgyice H hap adogieal; ‘eron at thee

devi ce che . SeR | i i 4 vice. If a
TErSs® qout Bl hsflion?theldev2ethelis SEOH RSP TS Sllad¥esBRATLRSARE optfE " 77, '
Cct ober 20@8vice. Ifavirstedgvicevdesdctsthhl ¥ sétofid dpdtes dsiérhg DXSSR thefigspdar y
device. A device with provisional secondary configuration will not assert
DASP during the remai nder of the sequence. A device that conpletes the

sequence w thout detecting DASP from a



second device provisionally designates itself as a primary device. Then,
the host conputer sends a nunerical value. If the nunerical value is a
first predeterm ned value, each device configures itself to the

provi sional configuration. That is, a provisional prinmgr evi
configures itself as a primary device and a provisi onargcééog’(%}o@sy devi ce

configures itself as a secondary device. If the nunerical value is a

second predeterm ned val ue, each device configures itself to the opposite
of the provisional configuration. That®ts, a provisional secondary device
configures itself as a primary device and a provisional primry device
confi gur es deviselptodsionallysdasignaigs jtselbad & secondary ievigend dewiss Wil ue is a third

predet erm ned val ue, devices jn accardance w e.invention .unconfigure
t hensel ves.Prﬁﬂﬁﬁﬁﬁmﬁ?@dg@ﬁat‘m@‘m%MﬁtBgr"igb\ esrelélaﬂdgw)ﬁhart of
part of an e i dehce AGROARREANYDASH 16

i nventi on. tE?gélﬁraé&melogwé@gtw C arttg?g%%tg(ilnug?i on of fi gﬁg\g 1A rIglizbure 1C
is a fl ow cbeord devitkiprodsionsllyodesigngtes étsdlBas DipfiAlabyFdevbESTRERTIhONOSOF THE

PREFERRED ENMBCDI MENT OF THE I NVENTION I n the foll owi ng exanpl e enhodi ment
of the inveempyir sandsa,nupenica ¥alpe Jfthy numerical valpg SHFESHBICARCENHEY | ce neans

a_device haig SRERICARRRNS: ilkiIPELAL DANASoR OohARRIGGGRac g Wi Lh the

i nvention. vi ce having Specifications I n accor ce with the invention

may be i ni tgravisionalpranirydievee confgirbeitself 43rd prmyrydizviceanda progisionaldar y
device. Alternatively, a device having specifications in accordance wth
t he i nvent isspondary deviseecanfignresitseif 8318 isgcondiyidguicedlf the pemerisal vajue it 2 on

saved in non-vol atil e menpr b t he dew ce C jgured or
Fecont | gur BN FRPHERHY e Sk pbfiCe finSialfes P I ookt 2 evi Ce
that does nabvisRAAYOINAratioR. TRAGS,'d Fravisfnal deBondary device configures itself

as a primary device and a provisional primary device configures itself as a

secondary device. If the numerical value is a third predetermined value, devices in

accordance with the invention unconfigure themselves.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is a flow chart of part of an example embodiment of a method in

accordance with the invention.

Figure 1B is a flow chart continuation of figure 1A.
Figure 1C is a flow chart continuation of figure 1B.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE
INVENTION

In the following example embodiment of the invention, a device referred to

as an autoconfigurable device means a device having specifications in accordance



accordance with the invention is referred to as a | egacy device. Note that
a device conformng to Plug and Play ATA may be initially "unconfigured"”
but if it does not also conformto the specifications of the invention it
is considered to be a | egacy device for purposes of the inventiqgn. For

aut oconfi gurabl e devices in accordance wth the invent%&%mﬁﬁf%&ﬁ

aut oconfi gurabl e devices reconfigure every tinme the device configuration
software is run by the host conputer. In the exanple enbodi nent, an

aut oconfi gurabl e device is being added to an ATA/ I DE system There nmay or
may not be another device already present. There are four possible cases
as fol | ows withithe inngnemeh dewioe bevipg spesifications)in|agepdyncs Witkathg innopfien
present, (3) . l.egacy,secondar deyi ce present and (4) another.

aut oconfi g kﬁeemﬁé\w é‘é‘c‘('%}%u\é?fic &F%l?;ﬁﬁc? R (iewée of %\fé?ﬂqgﬁﬁ') éaeﬁ?"&sent .
Presently m@&ﬁ@kg, G QDL ﬁﬁviﬁg‘éﬁéciﬁlf&%ﬁ%sﬁtacé&ﬁ&ﬁ&ﬁ@iﬂgﬁfe‘%ﬁ&e?xti\‘)ﬂ' | egacy
devices (if any) are present. For exanple, If a primary |egacy device is
present ahavigbesintpieviousiy configuged, evittacunfigontion saved| in ndawolatile tnbmopy,i mar y

| egacy device will be detected by the host conputer during initialization,
but the aubBcbsdeyise maydhenibe pacontigured of reqoaligysd duping g8 dnifakigstieRr conmands

dwll b S i o
ori mar 1y EShae SRR Refied  bfer BaEGecE BRI oo [ b GRRop e on 1

peri pher al aceydgre Rahihaitventyels r@ftirddas tas & Mgavpdevics.i NG thae \ilevice
| ndependent of hardware identification and driver identification, host

operating ceytormingdoffiugand Rlay ATed enay bedpisielly Suncosfiguredc ut diit degs not
Per Dot 545 ke o Sk 88 s O Bl B 4 TREREY SV 0%
and so for 4bvicé Forlfipdses bPMeNAveakBAPES AR iRAble RVIESRNCLSdaAR] € devi ces
have a wunique identification nunber in an eléectronic formreadable by the
devi ce conwith thednvention, all autoconfigurable devices reconfigure every time the device

configuration software is run by the host computer. In the example embodiment, an

autoconfigurable device is being added to an ATA/IDE system. There may or may

not be another device already present. There are four possible cases as follows: (1)

no other device present, (2) legacy primary device-present, (3) legacy secondary

device present and (4) another autoconfigurable device (in accordance with the

invention) present.

Presently available computer power-on/reset software detects which legacy

devices (if any) are present. For example, if a primary legacy device is present

along with an unconfigured autoconfigurable device, the primary legacy device will

be detected by the host computer during initialization, but the autoconfigurable

device will not respond to host computer commands and will be not be visible to the

host computer.

The present invention is primarily concerned with electronic device
identification at the peripheral device hardware level and host software driver level.
Independent of hardware identiﬁéation and driver identification, host operating

system software may have a separate identification for peripheral devices. For



el ectronics. The identification nunber may, for exanple, conprise an

assi gned uni que manufacturer nunber plus a factory determ ned seri al
nunber for the device. Autoconfigurable devices reconfigure every tinme the
device configuration software is run by the host conpu , bu% 0éwo gi ven

i dentification nunbers wll always configure the sanme \%Zéﬁwb?ﬁor fore, for
any particular pair of devices, the configuration wll stay constant until
a device is renoved or added. Note that the approach is consistent with

t he configuration philosophy of Plug and Pl ay SCSI, in which device
configuration is conpletely automatic, and may automatically change when a
device i s CERBPlE fof MAsSTBEMORIGNEES,, the RosPErasiag sysepingy Bid toiths,  ATA or
Plug and Pl ay. SCSI . devices.i.n accordance with the present invention enable
a host corf%&{c&c’ 4 Q”&’S\e@’rqr "Y%@’&Bﬁif? tion that would. normally result

fromthe identifiG@ldIRRingBRAAPle cRBE@HRAL, QtRohfElFaBIE deViBésthavBdustry
standards, automatic configuration as taught in the present patent

docunent naniquet idemificafion nainbersipsineatertrofivefosh geaslablezhyt he davice comitiller devi ces

in accordance with ﬁge,' n\z?ntj on gg% still have provision for o(PtionaI
i Unper s to CleRiES: RhE ideHRcasoRumbEr fay pis SXHRBle; Fompriscgtsisne

Pref erabl y,,difueGRide . ngf ineﬁ\ LUBRE L $adbr§ dRte2RE: sefileni¥B §55thd @b iR ne t he

configuration. Specl at” power-on/reset, an autoconfigurable device
shoul d cheAitocdrfiguraedevicesakconffipure ¢venpameitke desice ¢canfigumvion sofsarel d cl ear
any configuration information in non-volatile penory (if_ present) and
proceed wi tif TemBY the Rasheomputer but hre given ideatificationgn eﬁh‘@!ﬂrﬁl%ﬁ&? setting.

"0, TPt BERS50 e 50 0P SoF I BEURL AR P cdabcgesovtd ol ow
| ooeh, AR Sy Lyl Uk sk onmsatprolebgrugd, ent o
process of appndachus eansistent sdth the configuration philosophy of Plug and Play SCSI, in

which device configuration is completely automatic, and may automatically change

when a device is deleted or added. However, in contrast to Plug and Play ATA or

Plug and Play SCSI, devices in accordance with the present invention enable a host

computer to override the configuration that would-normally result from the

identification numbers.

Because of a lack of rigid industry standards, automatic configuration as

taught in the present patent document may not work for all systems. Therefore,

autoconfigurable devices in accordance with the invention may still have provision

for optional jumpers to ensure that configuration is possible in all systems.

Preferably, if configuration jumpers are present, the jumpers determine the

configuration. Specifically, at power-on/reset, an autoconfigurable device should

check its jumper block. If a jumper is set, the device should clear any configuration

information in non-volatile memory (if present) and proceed with the initialization

process according to the jumpgr setting. If no jumpers are present, then the

autoconfigurable device should follow the autoconfiguration procedures discussed

below in this patent document.



di scussed above, autoconfigurable devices may have an alternative provision
for configuration junpers. Accordingly, if junpers are installed (test
102), the junpered configuration is used (step 104), any configuration
information in non- volatile nmenory is erased, and the ? *@3
configuration process is bypassed (step 106). If no jugg% present,

an autoconfigurable device first checks to see if it has been previously
configured, with the previous configuration stored in non- volatile nmenory.
| f the device has been previously confifured, the device asserts signals
and nonitors signals consistent with standard protocols as di scussed above
(step 110). Aft eFigorespilActhroughtlitkillustratelan ierarhplalembadinwmt pf dledavdntionn st ep
110, or if the device is unconfigured without junpers, a device enters a

| oop in whilddiguie Lieat tep 10G Wﬁ&eﬁhi?éfiwwtsr%%ﬁoﬁ?ﬁsrﬂj cgn@aamsort Adet er mi ne

whet her or e host nf| (0] r.unnin figure
1B). Hi st or‘ﬂ%‘%ﬁ# abﬁ?ﬁ daugo gﬁ ?Q}g e¥’ %{h&ca?)ln%{g %e p§°V|’S§8Ih; gC(()rrpgt ers
had lim t%nﬂ@@ﬁﬁ&ﬁ jutBpeR® WRdcofding 1) Eif Glinpérs Wrd tnsmuemdest rlez)eaﬁle relied on
controller electronics on a separate controller board. Later, nmuch of the
functi onal utlylpe@ducgnﬁwrworprser,setgfstml%@wmwﬁéunaéﬁn pfarmasionds nohaced ont o
the drives._ A has _evol v to.devices .o n hard
ai'sks. bt e PRRard ek, afy B8 oPRRraE 2Pl AU R oBRR bvEse et ¢ e
ori gi nal _cop) IRt juMPerd AYd séht Cﬁﬂidt@édnﬁﬁuraBEQfedchﬁrEt dhéExsha'see ik

drives. For exanpl e, current ATA devices may have cylinder registers, head
regi sters, m&esmptwrouslgg:ioaﬁgnsd witk thet previghs ¢cdrfigdmtionstoredin nat- have

cyl i nders, sectors. .In particul ar, autgconfigurable devices in
accor dance W?Qtﬂe W?é“%)’e@é?ﬁ deviggehas ibesn P‘Ie"l@él%tcﬁég gdPviee ashatie vari ous

ogisters. b SRALLG, SRRk ?ﬂ&?%ﬁfmndawgmgo%gis Lyl g, @ 16-bi

data regqist reglisters head reglr's

8-bit sect qstepadOptAfter coﬂlp%miﬁﬁﬁkﬂndilﬂﬂﬂl sitig4lizaBod prodedoiin s&3phEN0, o€ G m&er s
The standard ATA cable includes 3 address lines (to address 8 registers),

16 dat a | i rieyicedpyneanfigured vithout pimpers Bedegicoentsbet lgopas which the device

is continuously monitoring signals to determine whether or not the host computer
configuration software is running (figure 1B).

Historically, hard disk drives for Intel compatible personal computers had
limited processing power on the drive units, and instead relied on controller
electronics on a separate controller board. Later, much of the functionality
originally present on the controller boards was placed onto the drives. ATA has
evolved to be applicable to devices other than hard disks, but signals and registers
still retain names that started with the original configuration having a controller
board with two hard disk drives. For example, current ATA devices may have
cylinder registers, head registers, and sector registers, even though the devices do
not have cylinders, heads, or sectors. In particular, autoconfigurable devices in
accordance with the present invention, like other ATA device, have various
registers. In a specific example embodiment, the registers include a 16-bit data
register, two 8-bit cylinder registers, an 8-bit head register, an 8-bit sector register,
a command register, and various other registers. The standard ATA cable includes

3 address lines (to address 8 registers), 16 data lines, and read and write strobe



-10 lines. In general, a host conputer can wite to registers in
unconfigured ATA devices, but unconfigured ATA devices will not respond to
commands. As di scussed above, autoconfigurabl e devices in accordance with
the invention require special configuration software i gé heb h? conmput er.
As an optional first step, it may be desirable for an SSh @éurabl e
device to have sone indication that conpatible configuration software is
running. One sinple nethod is to have the configuration software wite
predeterm ned data values to at |east -offe- of the registers. For exanple,
after a reset, the host configuration software nmay wite predeterm ned

val ues to dings.on generaflad Bost egmpater cart Weitectyl registers inegicetfigused AHA head

regi sters and the sector_registers. In figure 1B, step 116, the

. g
aut oconf i guieYises buy sprerfigurrel-A S Ardexicss, wilh Bes iepRonddgcompands.or  he
predet erm ned va L nge devi b ' tinme,
figure 1B, step ‘%éljggc‘fsgéd;gb é'g ’aﬂqt&%gp ﬁ{ﬁg&(el %ggggﬁgéécg%ﬁ gecgﬁ{ iq%r abl e
devi ces. | finidiionabaiffe seCiaPéaFiRitatioh R6RwareGAURY Rost compitef.i Rd wed (step
118), and a configuration loop (steps 120 - 134) is entered. During the
conf i gur at iaptiohddpst stem ihowy be dapitable fordadwtocenisgumaple deyigh i havg somige
aut oconfi gur blte d&vi ce in ilcat it&% % bi t ftﬁ/OSi tion . W thin .an,i deg{phf.i cation
code. The 'BUFSEBH thﬁPQB?té QEM TR 8 §f/eelséﬂm?lﬂg‘e_ ﬂ%Fm}P&%Wte that
responds t Go&haPdliRSonfiE@AtibRN SoffiPt vAREPrddRiermitel atiaddhyed! ey at feag dHef
conmput er could send nunerical data which the autoconfigurable device could
t hen decodeht ecgisiersr Fonexampie,taftenairesegrthe hddt configuratiaal software nfayrwiiter
I nsurance to prevent, K an autoconfigurabl e device from respondi to host
si gnal s ¢ heredgiermined Yaluasiaany ob e ?@ﬁqugHPaWLB T remisters, the, ‘%ﬂfigur abl e
devi ce may Jha ' cgl ' fromthe
host, and rlJea \é%{sg%?dyﬁgg%gllr %e%&h%g'?\%l\oﬁ#g? Egsﬁlf%?l@aggﬁ?gtﬁg%n@ %l%xarrpl e
enbodi ment deelcewheskehé Bspropuidtel repistredor b ralctdimiedtvahesf Sigo¢ dblicesdevi ce
has an internal counter and receives nunerical data fromthe host
conput er . [0RY byyrespafigired peany eyt figiwe 185 stend 1€ oisfaj dpfiaudt stata (logppforan

aut oconf | guaru?otzzlogﬁgurable devices. If the values are present, then a counter is initialized (step

118), and a configuration loop (steps 120 - 134) is entered.

During the configuration loop, the host computer needs to send a signal to
the autoconfigurable device indicating a bit position within an identification code.
The autoconfigurable device could have an internal counter that responds to a pulse
from the host computer. Alternatively, the host computer could send numerical data
which the autoconfigurable device could then decode to determine a bit position.
Alternatively, for further insurance to prevent an autoconfigurable device from
responding to host signals that are not intended for autoconfiguration, the
autoconfigurable device may have an internal counter and receive numerical data
from the host, and repeatedly compare the two values for assurance. The example
embodiment below uses the third method, where the autoconfigurable device has an
internal counter and receives numerical data from the host computer.

During one of the iterations of the configuration loop, an autoconfigurable
device may determine that it should be configured as a secondary device. At that

point, the autoconfigurable device could simply configure itself as a secondary



device may determne that it should be configured as a secondary device. At
that point, the autoconfigurable device could sinply configure itself as a
secondary 8 Cctober 2003 - 11 device and then cease to participate in the
| oop protocol. However, additional goals of the present_ jnventjon are to
enabl e a host conputer to unconfigure previously configguq)@ﬂbea ces, and
to enable the host conputer to override the normal configuration

sel ection. Therefore, an autoconfigurable device in accordance with the
present invention provisionally deternmildes a configuration, but continues
to participate for all iterations of the configuration |oop. This helps to
ensur e t hatdevive anthdisin ceaseermsticpate acthe dddpyprotosal. daveryet.qadduionalrgadis ver ,

and al so provides end-of- |loop information for the aut configir%{lglbl e device

for the fi rpfIthepresenyinvention acy tosnablaadhost qomputerdp upgouiigurepregiouslye

fi ti | g .fhe h . i : . 1
con | gur o 1<08aRFeR ekEe, ARd o SRR HE G SHBINE SRAtridl| bt TV ()
to confi gur@nfip®@libn SAEQRNt E!‘h_&t‘éfdr@,earpilﬁﬂdoﬁﬁﬁtﬁt@blemnfchGllll aedorddhice Hith( 3) to
e

unconfigure itself. For each iteration of t configuration |oop, the host
driver wri tthe peeseitinvenviah peovisiondlly determines giconfiguragen,diut cammugetd ces. Each

t fi bl.e device. h j nt | t .F h it t] f th
oop, _each PARGEAR TS SHRBoRRECONERratin 0w (Uys Biles @ s hafghe™ © *7°
appropri at §)osf iR @hctﬁﬁ’lw"frsglia E&fﬁﬁﬁlt%@ibn ldtigEAtang 'ﬁllsocbfro@ib& Aoy the

i nternal counter shoul ave ‘a value that 1s identical to the val ue

recei ved f rioop idferntion footheuwiuescoffipuratde davidt® 8r.thé final copbgurtion stepnpl e
enbodi ment, an identification has 256 bits, and a configuration lgop is
n.

execut ed 25/fter the dast geration pprhecapfigption wept thehost campuisrrommands s6hon.  The
ot com ) B AT B b RS

down from to z he val ues as occurred
and aut ocon®) guédiifigare €RIMsPpokie @AEOpRIvisidialcorffgutdion; va(lyes match, the

aut oconfi gurabl e devi ce determ nes ether it has al ready
unconfigure itself.

For each iteration of the configuration loop, the host driver writes a data
value to the data registers of all ATA devices. Each autoconfigurable device has an
internal counter. For each iteration of the loop, each autoconfigurable device
increments (or decrements, as appropriate) the internal counter. For each iteration
of the loop, the internal counter should have a value that is identical to the value
received from the host computer (decision 120). In a specific example embodiment,
an identification has 256 bits, and a configuration loop is executed 256 times, once
for each bit position of the identification. The host computer (and internal counter)
may count up to 255 from zero, or down from 255 to zero. If the values do not
match, an error has occurred and autoconfiguration cannot be accomplished. If the
values match, the autoconfigurable device determines whether it has already
provisionally determined a configuration (during an earlier iteration of the loop)
(decision 122). If the autoconfigurable device has not been provisionally configured,
the autoconfigurable device checks to see if the bit position, corresponding to the
internal counter, of the identification, is a logical “one” (decision 124). If the

identification has a logical “one” at the bit position determined by the internal



provisionally determ ned a configuration (during an earlier iteration of
the loop) (decision 122). |f the autoconfigurable device has not been
provi sionally configured, the autoconfigurable device checks to see if the
bit position, corresponding to the internal counter, h

identification, is a logical "one" (decision 124). If tﬁé%“§HEH¥Pfication
has a | ogical "one" at the bit position determned by the internal 8

QOct ober 2003 - 12 counter, the autoconflgurable devi ce asserts DASP (step
126) until other activity is detected 18 the ATA bus, or until a tineout
occurs, whichever occurs first. If the i dentificatjon does not have a

| ogi cal " oseunter, thmwtmcmﬁ;gumbiq dnvicgeassartsi DAJP sep h26) unkil ether| acliviiniser , t he

aut oconfig rabI deyi es not ssert DASP, and,checks t if DASP is
bei ng dri V&t eﬁ&? o5.the gﬁl‘fé sy oy il 88139?‘09?0'1'528Y’h'CIhF"%ro%ﬁ“ré&Hétr gy ce is
driving DA t §,20 | al "zero,"
t he autocon %@E‘F%& e(ﬂ%gblk){:téacv?)rao@Plsclmonar]Q 3’& gﬂgﬁgtrﬁggg@ ?ﬁgﬁlﬁd %iggl d be
configured naemaac@ﬁmnd&rauud:euﬁg&ablstdepw&ﬂﬁas ndD‘asscudDASP almtclmlcbmt0124 could

be based on sen&gg Ioal cal "zero" instead of  a ll‘%gg "one." The
aut oconf i gt [2ASRs being denerhsquae pther deviee decsion I§°B’iet°ﬂ|¥?55| tion has

been check%@v&gﬁf%mlﬁg B ac ol igbifichdSh bl BoBlibn @m T 3Rl ge{?ee”

checked, the ocon evice | ncr

i nt ernal CthHWilﬁbcdxﬁ'igﬂﬁbﬂefﬁ’&)wce pRovisionssy ﬂélémuﬁék thiitat blasubd be corfipuidids
iteration. If the last ID bit position has been checked, and if the
aut oconf i g@rseponslatiedevies (step 136). Gleearss; docisipn s pguldcbmhag@r QMyseasing 4

secondary evi bl e, devi ce provisionally determ nes that

t he auto a
it shoul d *ﬁoﬁ?ﬁ P%Gada%foaaoﬁ&?‘{m‘?’ﬁf device (step 136). That is, a device
that conpletes ﬁﬂaedutdee “B‘r'%dr%l@ ey iBY fendREES ) Be fffaﬁ’é 1a8"P Bﬁ ;,oﬁﬁxﬁ figs | S
asserting DASP at an | position containing a | ogical zero
provi si onalbeyn cedckedideesionnaR).i If tisehiast I bib pogitmf hayurot beasclecked, b y devi ce.

Each autoconfigurabl e device then goes to the final configuratign step
(figure 1Cputoconfigurable device increments (or decrements) the internal counter (step 134),

and goes through the loop for another iteration. If the last ID bit position has been
checked, and if the autoconfigurable device has not been provisionally configured as
a secondary device, the autoconfigurable device provisionally determines that it
should be configured as a primary device (step 136). That is, a device that
completes the loop without evef detecting that another device is asserting DASP at
an ID bit position containing a logical zero provisionally determines that it should
be configured as a primary device. Each autoconfigurable device then goes to the
final configuration step (figure 1C).

After the final iteration of the loop, the host computer driver sends one final
value to the data register (or any other predetermined register) (step 138). If the
final value is a first predetermined number, each autoconfigurable device configures
itself in accordance with the provisional configuration (step 140). That is, a
provisional primary device configures itself as a primary device and a provisional
secondary device configures itself as a secondary device. If the final value is a
second predetermined number, each autoconfigurable device configures itself to the

opposite of the provisional configuration (step 142). That is, a provisional primary



After the final iteration of the |oop, the host conputer driver sends one
final value to the data register (or any other predeterm ned register)
(step 138). If the final value is a first predeterm ned nunmber, each

aut oconfi gurabl e device configures itself in accordanc .t.h &ﬁ

provi sional configuration (step 140). That is, a provisi q % mary
device configures itself as a primary device and a provisional secondary
device configures itself as a secondary device. If the final value is a
second predeterm ned nunber, each autodénfigurable device configures itself
to the opposite of the prOV|S|onaI configuration (step 142). That is, a
provi si onaldepice vanfig@eOisalbasa scoomdary devicejand & aravavinag Eﬁcégdqrt’ deyice as a

secondary devj.ce and rovi sio evi ce ures itself as a
primary de\ﬁoeég“rﬂ; cﬂgasf 2 HQF‘%&’(}@C‘? ?ﬁ‘eqﬁ}aréﬁa ésa%?‘éfﬁ % mmﬁ‘?ber each
aut oconti gujllef. dENGRHIRRRIIIOUE RS ﬁﬁc%ﬁhgm(e@h@af S rag) iribevarad e 1

not one of the three expected predeterm ned val ues (path 146), an error has
occurred anwt an¢ of thefthgareapeaed pmdﬂatmmeﬂmdlmse(qbathmm;,laﬂlearrdrllgares 1A and 1B
in light of the four possible cases: (1) No other device present. An

aut oconf i gtﬂcﬁlﬁlr‘*éi a&/w@cquwraﬁawmcomﬁﬁs"éﬂr-s (decision 102), and will not
see DASP at h I sion 128), and

t he autoconfi gu%‘%ﬂsgﬁ§lr P%gslvl\sn‘ ?x}’d {%ler?lel#lggieﬁ%g’w i)?{gﬁael‘ Fgggconf igure itself
as a primry deviyNo(@h&pield6)presea) A;egﬂmonﬁgummmedewvnn havesent . The host
conputer will detect that a |egacy i mary device is present. An

aut oconf i guk=peLs (desisier 102), anﬁmlénﬂroseje@@@}/ at ID g positigns lmzr)ga mm Il not
see DASP at,._| D,bi i.tpons .h VI a.lo eci sion and
The aut ocon Bl B0 dob angi aifkaaesbleteyict S et b Riomid | 2ol 1
as a pri margjnfl q@e(ﬁgg@ E'n%‘%deﬁi;& &eg Mpyconfiguration loop is conplete,
t he host conpu er W | nd e proper predeterm ned val ue to cause any
provi si onal conf@ylegatygeimare device preserguThe hog ebmptier whkk degegtabate of its

rovi si onal . . o :
P legacy primary device is present. An autoconfigurable device will have no jumpers

(decision 102), and will not see DASP at ID bit positions having a logical “zero”
(decision 128), and the autoconfigurable device will therefore provisionally
configure itself as a primary device (step 136). After the configuration loop is
complete, the host computer will send the proper predetermined value to cause any
provisional configured device to configure itself to the opposite of its provisional
configuration (step 142). Accordingly, the autoconfigurable device will configure
itself as a secondary device.

(3) Legacy secondary device present. The host computer will detect that a
legacy secondary device is present. An autoconfigurable device will have no
Jjumpers (decision 102), and will not see DASP at ID bit positions having a logical
“zero” (decision 128), and the autoconfigurable device will therefore provisionally
configure itself as a primary device (step 136). After the configuration loop is
complete, the host computer will send the proper predetermined value to cause any
provisional configured device to éonﬁgure itself to its provisional configuration
(step 140). Accordingly, the autoconfigurable device will configure itself as a

primary device.



configuration (step 142). Accordingly, the autoconfigurable device wll
configure itself as a secondary device. (3) Legacy secondary device
present. The host conputer will detect that a |egacy secondary device is
present. An autoconfigurable device will have no | urrpeggcgoggrcjoﬁgon 102),
and will not see DASP at ID bit positions having a | ogi Zero"
(decision 128), and the autoconfigurable device wll therefore
provisionally configure itself as a primary device (step 136). After the
configuration loop is conplete, the host-conputer will send the proper
predeterm ned val ue to cause any provisional configured device to

confi gure itsel f(4) Arotier pueoiHigunstle devite presatti Bach ausicopfigutehle daeicer di ngl y,
t he aut oconfi ?urabl e device will configure itself_as a_ primary device. 8

Oct ober 200®ill teack atp Ad6 @R ot aursenfigurablasiericeilbeomplesdhg . Each

aut oconfi gurahl e devi.ce .w || reac t 1 ) t fi abl e

devi ces wi I?O"?J'@Hﬁ’l 1o dterafien ‘8%‘5‘&&&5? g‘ﬁo %“f‘g?%{l? o E%&?A%@%gflﬁjhlg t wo
devi ces Wi | | GdreCintdfing adbgiedl “zBkd?i (step 998% AdOMaCRMI Wil Fodislopdilgal " zer o
(step 128) and that device Wil provisionall configure itself as a
secondary deonfigere(itself)as altecomiamedeviee/(138).\iHel othdralevicewall thiat mayer dB®ESP and
will provisjionally configure itself as a primry deyvice (st 136). The
foregoi ng d2écki 39 vl RIpPVisipgally eenfigurg ngﬂsiaoﬁ’f‘ Ay GRER (%)(F Sg@ted for

purposes of ill u'ﬁl(f If"ot@rrné@/l?gﬂgscﬂ@ﬁ&r{ btk ?)?)esteﬁ(t inVént{dfthal P%%%n&é& fof

exhaustive or to e 1 nvention e precise I scl osed, and

ot her nodi f p@pbsesds ilutrativid bhdiliésoriptism )t Benop drmaidel @o be ekhaybtiveoér tbhe above
teachi ngs. The enbodi nent was chosen and described in_order to best

expl ai n’ t helipitthe inyeatonto tha erecisedarm disclosed,jand other sradification;gng cation to
(et 2Dy el Bh0GA3 1kt A AL Rl T Byt B 07 1
Eg:} ; 't fﬂlegr t gmcmiﬁ 84581iBELth ordbr fobekt xR the! fraicipiéicofand aivdptorchd 1S be

practical application to thereby enable others skilled in the art to best utilize the

invention in various embodiments and various modifications as are suited to the

particular use contemplated. It is intended that the appended claims be construed to

include other alternative embodiments of the invention except insofar as limited by

the prior art.



i nclude other alternative enbodi nents of the invention except insofar as
limted by the prior art. - 15 CLAIMS Wiat is clainmed is: 8 Cctober 2003
1. A nethod of automatically configuring an autoconfigurabl e device

el ectrically coupled to a computer, the nethod conpris%?ﬁzﬁye(kgllomjng
steps: receiving (120), by the autoconfi,gurabl e device, &Re %e conput er,
nunmerical data; determning (128), by the device, that no other device is
responding to the 'nunerical data fromthe conputer; and provisionally
configuring (136), by the autoconfigurable device, itself as a primary
device. 2. The nethod of claim1, further conprising: receiving (138), by
t he autoconfigurable device, fromthe conputer, a predeterm ned nunerica
val ue; conforgumisng (140), by the autoconfigurable device, in response to
the predeterm ned nunerical value, itself as a primary device. 3. The

met hod of claim11, further conprising: receiving (138), by the

autoconfig {ce, fromthe conputer, a predeterm ned nunerica

val ue; con?@%ﬁk?ﬁg%%iEZ), by the autoconfigurable device, in response to
the predeterm ned nunerical value, itself as a secondary device. 4. The
met hod of claim1, further conprising: receiving (138), by the

aut oconf i glir Apehederfiautomatically, opBgurmgntasioconfigurablegieyise gleptaigally nonpled &

val ue: uncQubhAEY, B el corphishineHhRRARTkgr @bl e device, in response to

receiving (120), by the autoconfigurable device, from the computer, numerical data;
determining (128), by the device, that no other device is responding to the
mumerical data from the computer; and

provisionally configuring (136), by the autoconfigurable device, itself as a primary

device.

2. The method of claim 1, further comprising:
receiving (138), by the autoconfigurable device, from the computer, a
predetermined numerical value;
configuring (140), by the autoconfigurable device, in response to the predetermined

numerical value, itself as a primary device.

3. The method of claim 1, further comprising:
receiving (138), by the autoconfigurable device, from the computer, a
predetermined numerical value;
configuring (142), by the autoconfigurable device, in response to the predetermined

numerical value, itself as a secondary device.

4. The method of claim 1, further comprising:
receiving (138), by the autoconfigurable device, from the computer, a
predetermined numerical value;
unconfiguring (144), by the autoconfigurable device, in response to the

predetermined numerical value, itself.



predeterm ned nunerical value, itself. - 16 8 Cctober 2003 5. A nethod of
automatically configuring an autoconfigurable device electrically coupled
to a conputer, the nmethod conprising the follow ng steps: receiving (120),
by the autoconfigurable device, fromthe conputer, nurre%;{%gl df&og;
deternmining (128), by the autoconfi gur_a?ée_ devi ce, that FoRE

aut oconfigurable device is responding to the nunerical data fromthe
conput er; and provisionally configuring (130), by the autoconfigurable
device, itself as a secondary device. 6. The nethod of claimb5, further
conprising: receiving (138), by the autoconfigurable device, fromthe
conputer, a predeterm ned nunerical value; configuring (140), by the

aut oconfi gurabl e device, in response to the predeterm ned nunerical val ue,
itself as as.sparidarcy actomatally Configueingei baoconfigurhtde device dientdidadly cowrigt tosi ng:
receiving (138), by the autoconfigurable device, fromthe conputer, a

pr edet er ni neePIRWESy the anethod) qeaprising thegfaHewgs 61€252) | by t he aut oconfi gurabl e
device, in resp . r i yer kcal i

or i mary devi cor EpE(0F RRERH SR b BUREL OA e Biifer haR rafad
(138), by the aulemcaiinggli2®bbye tietemiccenfigurabia devige cthatpmober, avgocopfigdattler mi ned

nunerical val ue;, unconfigurin 144), by the autoconfiquraple device, in
response to the 9EYFREIE Hihﬂég" ﬁﬂ%’?ﬁ%ﬁrd ?rl?gl,&? fyet. and 72 g oot ober
2003 provisionally configuring (130), by the autoconfigurable device, itself as a

secondary device.

6. The method of claim 5, further comprising:
receiving (138), by the autoconfigurable device, from the computer, a
predetermined numerical value;
configuring (140), by the autoconfigurable device, in response to the predetermined

numerical value, itself as a secondary device.

7. The method of claim 5, further comprising:
receiving (138), by the autoconfigurable device, from the computer, a
predetermined numerical value;
configuring (142), by the autoconfigurable device, in response to the predetermined

numerical value, itself as a primary device.

8. The method of claim 5, further comprising:
receiving (138), by the autoconfigurable device, from the computer, a
predetermined numerical value;
unconfiguring (144), by the au‘tc;conﬁgurable device, in response to the

predetermined numerical value, itself.



9. A nethod of automatically configuring an autoconfigurabl e device
electrically coupled to a conputer, the nmethod conprising the follow ng
steps: receiving (120), by the autoconfigurable device, fromthe conputer,
a signal indicating a bit position within an identificatl n &ger for the
aut oconfigurabl e device; determning {124), by the aut é%%ﬁpﬁg bl e
device, based on its identification nunber, that it should not respond to
the signal fromthe conputer; provisionally configuring (130), by the

aut oconfi gurabl e device, itself as a "secondary devi ce, when a second

devi ce responds to the signal fromthe conputer; receiving (138), by the
aut oconfi gurabl e device, a nunerical value fromthe conputer; and

configuring fJflnoddautontiYicilliecoRHb R Ml AltocadtigaraiRVdetRe clet@iehlly, cduplea to
configuration determned by its provisional configuration and the

numeri cal wabmputercls mettiod camprisingghe totlowingrsteps:
receiving (120), by the autoconfigurable device, from the computer, a signal
indicating a bit position within an identification number for the autoconfigurable
device;
determining (124), by the autoconfigurable device, based on its identification
number, that it should not respond to the signal from the computer;
provisionally configuring (130), by the autoconfigurable device, itself as a
*secondary device, when a second device responds to the signal from the computer;
receiving (138), by the autocqnﬁgurable device, a numerical value from the
computer; and
configuring (140, 142), by the autoconfigurable device, itself, to a configuration
determined by its provisional configuration and the numerical value received from

the computer.



