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AUTOVATI C CONFI GURATI ON OF PRI MARY AND SECONDARY. PERI PHERAL DEVI GE®,
" COMPUTER  FI ELD OF | NVENTI ON This invention relates generally tg 2;
conput er mass nenory and nore specifically to automatic configuration of
primary and secondary devices for personal conputers. BACKGROUND OF THE

| NVENTI ON For personal conputers using Intel conpatible

m croprocessors, peripheral devices (for exanple, magnetic disk drives,
conpact disk drives, tape drives, and sone devices other than nmass nenory

devi ces) co Xﬂﬁﬁft ' b §i | ed AT

At t achnent m e ?@%@W?%@ggﬁgﬁﬁgw&yﬁém@vmst adapters
(whi ch may PERIPHIFRGIDBVIEES FORA POMPETER rcuit 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" (9K | addition, device electronics for a primary

devi ce may §%ﬂﬁékggwé§%pgﬁ%f whet her there is a secondary device present.

Typically, a set of snmall renovable 2-pin connectors (called junpers) on

each device determ ne, anong other things, whether the device is a primry

or secondary devilhis invendionfrelateis igangraliyh &t Canputéramassimemoryendmiaey devi ce

present. Junpetr.cqonfigurati.ons are pot standard, they are fypically poorly

| abel ed, an Xﬁ%%WVB?E%F? ‘@W?qqqéﬁﬂFuWHyéeeé§§méFWH§NFﬂ$gﬁbving a

devi ce. CD”EH&B&Hc&&@ﬁ pdnper requirenments has led to a great deal of

custonmer frustration and numerous phone calls to custoner service

organi zati ons. Per sonal conputer peripheral devices conmonly

i ntegrate npst _of the_input/output &J/g? el ectronics along with the device
]l\E'VEN 10

el ect r oni cs BASHGROUNR (K $HE

For personal computers using Intel compatible microprocessors, peripheral
devices (for example, magnetic disk drives, compact disk 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 up to
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
may 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 xs a primary or secondary device, and if
primary whether there is a secondary device present. Jumper configurations are not
standard, they are typically poorly Iabeled, 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



b
specifications called Integrated Drive Electronics (IDE). |DE devices may
be - -2- designed for
many different host conputer bus systens, including ATA. For Intel
conpati bl e personal computers, cabling specifications and signal
definitions may be referred to as ATA specifications or |DE specifications,
dependi ng on the manufacturer. For Intel conpatible personal conputers, the
nost common ATA/ I DE nass nenory interface cable is a 40-conductor ribbon
cabl e. Connector pin/socket 39 provides a signal called Drive Activel/ Sl ave
Present (DASP). DASP drivers are inplermegnied as open-collector drivers on

t he ATA devices. DASP is asserted by driving the |Ijne ]ow Pjis.atine
mul ti pl exeddesighed for many different hostcompuden s Systerms. 1&8‘6‘9’&‘8.“11&2?%% f@% i s

used during - Ll t gl ash.lzﬁ czﬁﬂﬁ% - o 'ﬁﬁ;dg,

secondary (gﬁgé}ﬁ%g%/@é%??g&%‘ggséﬁﬁén |§ use %fl%tglgpﬂghc? I n P%:gtﬁg b%evi ce
activity. Dysfemred poaseATANspecititativns oaTDBpetifications cdepdadiyg daviece i s present,
t he secondary device asserts DASP within 400 ml|iseconds of power-on. |f

no secondar yagefar@eer Fopntelaompatible psFsonal spPIENers.dheIloSheIBMPN DASP after a

e 2econday MIVESER Bty sbrfIRhisTE 5 4o o AERESP BRI PR iipidof ©o°™
command or giriicidd D previesa f's%gﬁl%éilé@ Drive! £aHi¢/S1fVe Prescit (BASER DASE

whi chever cones first. Once DASP is deasserted, either device can assert
DASP to | i gttiversdesimplemented as gpani-ephiectorideivens gndhe 4d'A deviyes. PASE isecondary
device is not present, .th ripary l.ce s t aut amat.ical ly further
configured &¥® "%f’?’ﬁ“&?’?‘&f&/ﬁﬂ%%'tlﬁxﬁ% %é&&?&&&?ﬁbﬂéﬁ gigng), éﬂ%ly Bhd the
primary devi | ared t SSpPReAyitiaeMiieg. T a
secondary dg@?&&‘g&gﬁ%@ﬁg&gﬁrgﬁ tﬁgl n tﬂ%d;(ﬁgp raog(?wrre i ndow, the primary
devi ce i s aphasend imiidate thatis sdvondae {flavs)dedicads prepentnamdyis dead laerw t h a
secondary device present. and the primary, devjce then does not respond to

commands setdicals davicesstisivPyiRe v o ndhializaton, if §84opdary SeWRlIEY d for a
P howe Dr's. Blosfh (R sp ol flidehebiiisTohSp Wi U iU Redinbi B Javieid B | 9

change its I'S, once a pr evice configures 1tself
as "with 3%@ E&fbﬁﬁ:‘iryqreviwis prsdnt S@e pRiaairy devioe bfayiasserODASPealftel a delapdar d way
to override that

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
cémmands 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.



aut oconfi gurati on.

- 3- One industry effort to elimnate the need for configuration
junpers for determ nation of prinmary/secondary device status is included
in an industry specification called Plug and Play ATA. In Plug and Pl ay
ATA, primary/secondary device status is determ ned by which one of two
cabl e connectors is attached to a device. Plug and Pl ay ATA dedi cates one
wire of a standard interface cable to a signal called Cable Select. The

Cable Select line is grounded by the hogst conmputer. 1In the interface

cable, the Cable Select |ine connects f “its correspondi ng sécket in the
connector for a de n connect to its corresponding
socket in the c@ g@?é’fﬁ?’%‘?f?é‘*%@e B"é{{/f"éé:omf‘lf rﬁt‘%\‘}fr’@grsc%ﬁnect ed to

the interf Agge bl #ﬁ&ﬁ@é&@@ﬁd@&c&@?&tﬁtggfé BEfagbd ey fadgunded, the

devi ce confi gures |tsel e a primry I ce, and I vi ce does
not detect spegifioativh qafied Rlugadnddlay ATACdb|Rug &el Play ATAepdiharyfbevirciary
configures itself to be a secondary device Aut omat i ¢ address

det er mi nat | $YIGeStatpss dsﬁwmsﬂ@mw@@mwﬁ%%&w%nsn@aﬁacﬁ@m of the

host conput a I fication
for autonatﬁ?e(r:a ﬁu@o&P rgg%%%ageoa%%rﬁ% ﬁtgﬂé&éi%g%)s&bé %d t he

Pl ug and Plsignauweat(aamhasasca The Catlé Selecgliaaid growied dgahe BesTpaipltee, | / O
card has a unique identifier that includes a vendor identifier and a

serial nunb@the E&%rf@ce@ablpaﬂapﬂablq Jadpct ding cenpectsda dtsicosresponding saeket ier . The
host t th Bl t de. Th
he host " ¢ it oty Byt imft, devidhy SEh0S ol bRuBef B ¥ RidndheBeker g

sequenti al jgithe BRMebtbPIVT 2V¥ebSidArPa&icd. 3LRUEViLEEonnblted BSthe SRETAe QBN

series, at nost only one I/O card remains active. The sequence of bits
from t he hahtccwalmxhe(:abbgielmt llgxe prgrgumded e thefdeyive Iconfigures iseifftodent - bit to

nost - S|gn|f|ca -bit far deptifiers. At each bit, position in the
sequence. e 200 ey i %B?‘e‘{efﬁcﬁééf%ﬂ’é‘tﬂ?&n‘?‘f e has a

| ogi cal on dent fier has a
gl E.’Se'l&t hﬂgth%%‘%lce%bﬁﬁ@ﬂéé st | Cardéfrpr gacd 1 Ak

| ogical one Int sane posit Ives the bus to a
particul ar val ueAutbfatid admgssbietermubnms*nalsmaq:hd)l&acfuemeél(hboards on the

I/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 1/O 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
series of transitions indicating sequential bit positions within each identifier. At the
end of each series, at most only one I/O card remains active. The sequence of bits
from the host computer logically progresses from least-significant-bit to most-
significant-bit for the identifiers. At each bit position in the sequence, each
cdmpatible I/O card determines whether its identifier bas a logical one in the same
bit position. If the I/O card identifier has a logical one in the same position, the I/0
card drives the bus to a particular value. If at any bit position in the sequence an
I/O card identifier has a logical zero at the bit position, the I/O card does not drive
the bus, and determines whether any other card is driving the bus to the particular



1/Ocard identifier has a |logical zero at the bit position, the 1/0O card
does not drive the bus, and determ nes whether any other card is driving
the bus to the particular

-4 - wvalue. If at any bit position in the seduence an I/O card identifier
has a | ogical zero at the bit position and another card is driving the bus
to the particular value, the I/O card having a |ogical zero at the bit
position ceases to participate in the remainder of the sequence. At the end
of all the bit positions for an identifuﬁ one card remains. This card is
assigned a | ogical device nunber by the host. The sequence i s then repeated

PERE AR T e D
SorL, | P RG0S 4 O S st g o

speci fi cat i oad, haeiglacldgiehlugra atthPibityposition, ceades w]pmwgteanhmrelﬂmmgs of
provi des automatic asm&lnmant of unique SCSI .. The particul ar protocol

for assi gnnéitseguenge: 4t deepd of all ghy big posigiens fesaw@aﬂ@awa?s«r&gr@amy
SCAl E
ﬁlon % at ?fﬁ%%q‘lﬁe%%a{ ﬁg%%&ﬁ%%@er% thﬁgéﬁ i rs?%%ﬁ%?‘egach of the

ot her SCAM ggéated to isolae: fioftir chitfand!sd fofthivatiDalf bafds Asvd beenabAged aThen, the
mast er devi ce uses a prot ocol simlar to the protocol for |ISA Plug and Pl ay

to isol ate gl dexicecrumber. assi gnment of a SCSI addr ess. Pl ug and
Pl ay ATA substant,i al | S .eas e 1.S nted for new
Syet e, towever AR, CoBRPR duriee sasderd e AL Hetibes 8 b Sl Epuplies o
predate thesﬂtéiﬁ It’i’t@&ac% CS? RCSPaksb Qﬂﬁnqde'”ﬁﬁﬂﬂ'ehélp&bv&' wg and Pl ay
ATA is not a universal opt ed standard so that devices installed into.

sone new sy aklastey gtmplhasrpgopnmqln seéofupqmﬂca&om‘ icalledaPlugrand Play SCSIThere is a
need for furiﬂé |rrprove nt for, automatic determntlon

pri mary/ sec WHIFRAnoag Ather tuipgs nrovides Automatic, aggnment of upique 3?%508 The
par ti cul arl ¥, 40812 0fbtdctf 1t a4 8nh& o? bhifde THE & QlIRE'SCRT CABRgelandar d

Systems. 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
systems that predate the Plug and Play ATA specifications. In addition, Plug and
Play ATA is not a universally adopted standard, so that devices instailed into some
new systems still may require jumper configuration.

There is a need for further improvement for automatic determination of
primary/secondary device status when a new device is installed, particuiarly for
devices being installed into older or non-standard systerms.



-5-  SUMMARY OF THE | NVENTI ON Mul tiple nethods of
autoconfiguration are provided in which a junperless device can be
automatically configured as primary or secondary when installed into a
system For each exanpl e enbodi ment, there are four possible cases: (1) no
ot her device present, (2) legacy primary device present, (3) |egacy
secondary device present and (4) unconfigured junperless device present.

I n each enbodi ment, the host conputer interrogates the devices to determ ne
whet her a | egacy device or configured junperless device is present. An
unconfigured junperless device does not'ﬁespond to the host commands. |f

there is a | egacy or configured junperl ess device present, the host
conput er théNMM&&YQFmVENJI j unper | ess device its proper

configuration. In the first exanple enbodi nent, a junperless device
first waits to see if a |egacy secondary device is present. If a secondary
device is presentyyiiipR hthiRR dfaRbcoMihificPie pioviesd intﬁmbﬁag@nge_rwss mary
device with a secondary device present. |f there are two unconfigured

j unper | ess device e bennitotnaticatly lwonfigrred ps primayy desecontiary when installed ¥ngot i i ng
at start-up determ_ned by an electronically readable identifigati nunber
on each dev Pé@?wpﬁ Ph qxgma@ M%Rtyd’re\é"gﬁr@ O RAS 'lk-}%p‘?aé?e O R host
conmputer co | cpnf g | Y (3 §RBhdagv ieelcd unper | ess
devi ce(s) a%?ggée%geirﬁmé“ﬁ#r%%g. q;&%\ﬁggﬁfs ’a( Blr&fgr?%i]y (Ideaggcy or newy

configured jpresprirdndS8) utoufigwred jurapsrless device prebenta second exanpl e
enbodi nent, if there are two unconfigured junperless devices, the host

conmput er transni {&eaph emhodimentsthg host Gomaputer 1gterTogafss thesls¥icetordelgsBiRg ng t o
bit position it hin ' Ldentd f1 | . cpnfigured
j unpgrl ess &%%&agﬁgfﬁéﬁﬁégg?'ﬁg. @u%é’gﬁ%%% by rrf)éél?'l'%gsl ggvi ce

unconfigured jumperless device does not respond to the host commands. If there is

a legacy or configured jumperless device present, the host computer then tells an
unconfigured jumperless device its proper configuration.

In the first example embodiment, a jumperless device first waits to see if a
legacy secondary device is present. If a secondary device is present, the jumperless
device configures itself as a primary device with a secondary device present. If
there are two unconfigured jumperless devices, which one becomes primary
depends on a relative timing at start-up determined by an electronically readable
identification number on each device. If there is no secondary legacy device
present, the host computer commands the device configuration for the unconfigured
jumperless device(s) after determining whether there is a primary (legacy or newly
configured jumperless) device present.

In a second example embodiment, if there are two unconfigured jumperless
devices, the host computer transmits or initiates a series of bit positions
cbrresponding to bit positions within device identification numbers. An
unconfigured jumperless device asserts DASP if the unconfigured jumperless device
has a logical “one” at the bit position. If a first device detects the presence of
another device, the first device configures itself as a primary device with a
secondary device present. When all bit positions have been tested, there will be one



‘has a logical "one" at the bit position. If a first device detects the
presence of another device, the first device configures itself as a primry
device with a secondary device present. Wien all bit positions have been
tested, there will be one

-6 - unconfigured junperless device remaining. The host sends a conmand to
a primary (legacy or newly configured junperless) device. If no device
responds, the one unconfigured device is commanded to configure itself as a
primary device with no secondary device present. O herw se, the one
unconfigured device is commanded to conﬁrgure itself as a secondary devi ce.
In a third exanple enbodinment, if there is no | egacy device present, the

j unper | ess umpnfigungd gempertess devicaremaining.akhedpst exnde A cammang & a PRIREY t he

primary device, dependent _.on gn_el ectr.oni cal [ | i fication
nunber on egﬁg‘i“cﬁé’ﬁlﬁﬂg mn&ﬁ‘ﬁ?&&%@iﬁsﬁw ggg%#:lt)%%re 1is a
flow chart Bite 98y @Bﬁ%@&k&%ﬂ' fOitRIIf B Lprihs devic G fance Wit h
a first exa{rir;iﬁogﬁunboglgvnle&ﬂs of the iInvent ig(l)ln. Fi gure _212‘i s a flow chart of
a net hod f ogecandany deficgpresdsit 0Othefwine dthe iove unconfigureddignice iswanimanded dond

exanpl e enbodi ment, of the inventi on. Figure 2B is a flow chart show ng
addi ti onal ernfigure sl ag a6rend3Ry €6Vi¢he f1 ow chart of figure 2A.

In a third example embodiment, if there is no legacy device present, the

jumperless device goes through an arbitration sequence to determine the primary

device, dependent on an electronically readable identification number on each

device.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a flow chart of a method for autoconfiguration of a device in accordance

with a first example embodiment of the invention.

Figure 2A is a flow chart of a method for autoconfiguration of a device in

accordance with a second example embodiment of the invention.

Figure 2B is a flow chart showing additional detail for a portion of the flow chart of
figure 2A.

Figure 3 is a flow chart of a method for autoconfiguration of a device in accordance
with a third example embodiment of the invention.



ngure 3is aflowchart of a nethod for autoconfiguration of a device in
accordance with a third exanpl e enbodi nent of the invention.

-7 - DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENT OF THE | NVENTI ON
In each of the follow ng exanpl e enbodi nents of the invention, a device
havi ng junperl| ess specifications in accordance with the invention is
referred to as a junperless device. A junperless device is initially
unconfigured, neither a prinmary device or a secondary device. A device not
conformng to the junperless specificatL?ns is referred to as a.l egacy
device. Note that a device conformng to’' Plug and Play ATA is-a | egacy
device. In each enbodi_nent erl ess _device is being added to an

ATAY | DE sys S AT DHSGRIBTTON,OR G BREFERRED GAAeDIMEREL0F TiBoont .-
There are f ﬁ$¥i I\ple cases as follows: (1) no other device present, (2)
| egacy primary device present, (3) |egacy secondary device present and (4)
anot her unconfigured junperless device present. The present
invention is primarily concerned with el ectronic device identification at

t he peri pheral d@%ﬁ%%%&v@nmmwmc%mfmgvmﬁ%a deeige| .

| ndependent , of. har dvva | £ication and dr.pVv I deptific host

oper ati ng 39 Y%W eﬁ’gl HORS 0 2008 h‘@& ﬁ%%fsi %f?r?g%ﬁéf‘i pher al
devi ces. mﬁ%éi‘ﬁﬂ é‘evx&orA ﬁn&%rl@?sr%ibe%iﬂxﬁﬁﬁa uﬂclaﬁﬁﬁﬁ%& &ﬂﬁ xaibﬁﬂlaﬁir's" em

may refer to e devices a ive Cor Drive D and so fort
j unper | ess dewiccesa moadm'y nﬁmeeA\deviaemmcmﬁmng (mthetﬂmaperlas e two
alternatives fo action | ns all ati Qn Qne al ternatjve, once a

j unper | ess a%‘?‘ii lcations is & F%Bs a %CSI ﬂﬂé@ wce gonformaing g
confi gurati eyl PP ATHLsH lebfty device. In each cmbodxment, a jumperless 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 unconfigured jumperless device present.

The present invention is primarily concerned with electronic device
identification at the peripheral device hardware level and host software driver level.
Independent of hardware identification and driver identification, host operating
system software may have a separate identification for peripheral devices. For
example, for mass memory devices, the host operating system may refer to the
devices as Drive C or Drive D and so forth.

For jumperless devices in accordance with the invention, there are two
alternatives for action after installation. In one alterpative, once a jumperless device
is configured, the jumperless device retains its configuration in a non-volatile
memory. A configured jumperless device is then effectively a legacy device. Note
that the first alternative is consistent with the configuration philosophy of Plug and
Play ATA, in which the customer is expected to explicitly take action to change
configuration. In a second alternative, all devices reconfigure every time there is a
power-on/reset event. In each of the following embodiments, jumperless devices

have a unique identification number in an electronic form readable by the device



menory. A configured junperless device is then effectively a | egacy device.
Note that the first alternative is consistent with the configuration

phi | osophy of Plug and Play ATA, in which the custoner is expected to
explicitly take action to change configuration. In a second alternative,
all devices reconfigure every tine there is a power-on/reset event. In each
of the foll ow ng enbodi nents, junperless devices have a uni que
identification nunber in an electronic formreadable by the device

-8 - controller electronics. The identification nunber may, for exanple,
conprise an assi gned uni que manuf act ur er8 nunber plus a factory determ ned
serial nunber for the device. In the second alternative (configuration not
saved), eveontolipgiclestionicesTheidentificgtipr numpbesmay.nfor exanple; eomprise an

power -on/reset. event. they .w.l!l al s.configure the.s . . «Therefore,
For any par Grogied uhige miarifayer Buttber plid oty deteribind il humper F0r, o1
until a devigeddvice PtéSEcstd AtfRfive WifighPiton nBEssv8EN RéeRtlofENALVINR | S
consistent wth the configuration philosophy of Plug and Play SCSI, in
whi ch devi ceemafigumiavery tme ithere tnppavert-on/msetavent, theyawill alwgysoeonfigatei cal | y
change when device i.g de] eted or addeqd. . Typical | at . .
power - on/ r e &% SAV G, YACTE BT (RANY H%%Ra&@agp%fr%vfcﬁg é?g?é'wm‘&mrmss

Menory per| QBgrd?’gstQﬁ‘ﬂnﬁFaG@J/ikg% Rul9ed oPEch'beﬁ.eNog;‘e’t\ﬂ}aﬂ R WSdon¥l afirMRAYd 131 | 1 LY,

if a junperlesSs device 1s to be used as a boot Ice, a junper 1s required
to enabl e beohsistepatit the confighratidroplilusophy off Plag ahd Phayt SCRIpin whichaevice

addi tion, because of a lack of rigid industry standards, automatic .

confi gur at | 6ANGEITatORK completely aptomatin: and-pay, putgmaticallychange whan 3devics or al |
systems. Ther ef or hygger | ess devices may still have provision for
optional junperS to ensuie that configuration is possible in all systens.
Preferably, if caybicgly aitipoWet-oiiR€ses, pRisonl Ghspuiters Idxd anlopefiting dgétemm ne t he
configuration. A device is "junperless"” only if the optional junpers are

not instal | &pm Speass megwry periphery sigkice galledesbaot dgvicenketrindestrydevi ce shoul d

check its junper.bl.ock. 1f a . junmper is t, the ju rl.ess .devi ce shoul d

cl ear any cﬁﬁgpﬂth’jé 'r?rflJuﬁ}pﬁlﬁ@gﬁeilﬁmﬁﬁ%mlaﬁ?iqogﬁ%vﬁﬁﬂ-'an’etplfesent) and
required to enable boot capability and autoconfiguration is not applicable. In

addition, because of a lack of rigid industry standards, automatic configuration as
taught in the present patent document may not work for all systems. Therefore,
jumperless devices 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. A device is “jumperless™ only if
the optional jumpers are not installed. Specifically, at power-on/reset, a jumperless
device should check its jumper block. If a jumper is set, the jumperless device
should clear any configuration information in non-volatile memory (if present) and
proceed with the initialization process according to the jumper setting. Likewise, as
discussed above, if no jumpers are present, and a configuration exists in non-
volatile memory, the jumperless device should proceed with the initialization in
accordance with the configuration previously set in non-volatile memory. If no
jumpers are present and no configuration exists in non-volatile memory, then the
jumperless drive shouid follow the autoconfiguration procedures discussed below in
this patent document.



proceed with the initialization process according to the junper setting.

Li kewi se, as discussed above, if no junpers are present, and aconfiguration
exists in non- volatile nmenory, the junperless device should proceed with
the initialization in accordance with the configuration previously set in
non-vol atile nmenory. If no junpers are present and no configuration exists
i n non-vol atile nmenory, then the junperless drive should follow the

aut oconfiguration procedures di scussed below in this patent docunent.

-9 - As di scussed above, junperbgss devices are initially
unconfigured. In each enbodi nent, host conputer driver softwafe commands

may be sent to unconfigured devices_ or to configured devi.ces. An

unconf i gur ed devi%dmfedraé’@%dﬂmi’%d‘iséﬁﬁﬁ‘ﬁﬁ%arf'dgiﬁﬁl?%w&‘i?ﬁhme@ G ce only
and nust not_r, . f AR AR i rﬂ?i%ﬂ?gutr

unconfi gur eg@@@?@%@ %&gﬁ%@@ﬁ%&é’g@i{tﬁg{} dno resggﬁd e&gsfn‘g?t lon IS é&pect ed

for a confi gevRes St coafi decios, iAgLiirdnfiguied dpeict amst eponddonust r espond
to all commands. igure 1 is a flow chart of an automati ¢

confi gur at i commands tb apuncenfigined device pnixmnd et ppEResRAN; t pBmapdstofeyi ce in

accordance with a first odi t of the | t1on. t he
unconf i gur e, ﬂﬁ&% Fﬁ??'M?PEcM%&%%g&a%ﬁﬁgé ?‘lpglr]‘llgpo anount of
time (up to 2QoiReEsD aciibhd &etied ifdrsa bdiipuuidd de¥ideO OnoeIBRiEIgurdd] aa | egacy
secondary der\%&ce IS i|‘3r esent, it wll assert DASP within 4%16 nsec. |f

anot her uncgudperlese deyioepust respondde all gommapdesent, wai ting an amount of

tinme related to its identification nunber ensures that two | ed

j unper | ess devi c&d8HFIY IS A5OVEF ?%%W%%@“%ﬂgﬂ}é%d t§2}%?f'§{l{)}g ration

of waiting ' tif al ickiveifd 4 Bifst Bpbb&imentONGeder a
ﬁ;& W%ﬁ@rﬁ% # tebddertbelifl abSiilidck en

4-bit ID. T r may be used to represent mlliseconds of
del ay. Then ihesntionanpstep 100\ehel anconfigured jumperiess device Waite d@hmseqplus an- 15

addi tional ml]iseconds depending on the four-bit .| D nunber. Preferably,
i denti fi cat iadﬂlmu#tﬁéwna%gméw oymsed) gelaied P dis "&5@%&“‘“‘&9%& Ponger
nunmbers rep &Sy tsé&%dgfyrlﬁ(ric% N hrRER! vl 288 AW ASP Within 400 msec. If another

unconfigured jumperless device is present, waiting an amount of time related to its

identification number ensures that two unconfigured jumperless devices will not
simultaneously assert DASP. As an illustration of waiting an amount of time related
to identification number, consider a 4-bit ID. The four-bit number may be used to
represent milliseconds of delay. Then for example, the device may wait 400
milliseconds plus 0-15 additional milliseconds depending on the four-bit ID number.
Preferably, identification numbers are much longer to ensure uniqueness, with
longer numbers representing finer increments of delay time.

The unconfigured jumperless device monitors the DASP line, and at decision
102 determines whether any other device has asserted DASP. If another device
asserted DASP, fhe unconfigured jumperless device configures itself as a primary
device with a secondary device present (step 114). As will be explained in more
detail later, the unconfigured jumperless device also must configure itself to respond
to commands directed to configured devices. If after 400 (plus) milliseconds, no
other device has asserted DASP, then there is no secondary device present. The
unconfigured jumperless device then asserts DASP (step 104). There may or may



The unconfigured junperless device nonitors the DASP |ine, and at deci sion
102 determ nes whet her any other device has asserted DASP. If anot her

devi ce asserted DASP, the unconfigured junperless device configures itself
as a primary device with a secondary device present (step 114). As will be

explained in nore detail |ater, the unconfigured junperless device al so
must configure itself to respond to commands directed to configured
devices. If after 400 (plus) mlliseconds, no other device has asserted

DASP, then there is no secondary device _present. The unconfi gured

junperl ess device then asserts DASP (sfé "104). There may or may

- 10- not be a primary device present (either |egacy or configured

j unper | ess) not be g pemary devicq prgseay (@ither legagy eseanfigured jumperlesgh il hareaisi t sel f

as a primr i W S [ ] [ t - 04 in response
fo Dadp. 4 166At) Bt bibate B BN HER AP TPy Bovifd W Hedablr oo
of commands dé@it€ predétftat sBEY 0PN tesp@seltd DASR response froma | egacy device
or a configured junperless device, if present. Any host driver activity

must occur aft er Hosecompterdenice dsiyepsaeftware shanowndz series ©f commands ¢step
typi cal | tantiall t han. 450 LU fi d j |
dovi ces. mustORaR wl it B Fimen® dmadtiy Aoin ) comeit B TeRar y
j unper | ess ﬁ@%b&%{)f&&?}ﬁhfﬁo&%ﬂ?veﬁéﬁﬁg)exﬁ%%cd&fﬂepﬁﬁes ppRds. If a

primary (legacy or contigured junperles device responds to the driver
commands ( decmpletzd alfi} prdachss) which is agpicadiyngubstantiallyi loager chanfiGckasdche

unconfigured. junperl ess device to configure itself as a secondary device
(step | 10) %np?gl}p%ﬂmumgl&ﬁé!ﬁvwm FesD08d st SamaRdAuRILY of step
106, the ho . ri rgggfe ' [Hgnﬁ ess device
to configuré(glllf.se @a&;%ﬁ%ﬁ ev?gfé&\?‘m%ttﬁpg%gfé%%ggﬁgﬁ/ ev‘%s%e present.
Consi der t heommiahdsd ID4 pfitngty @egacalop configuréd pmegeriess) dbeict paspopidasitid e cases.

Case 1, no qther device present: no other device asserts DASP (decision
102) so t hedtivrsommands fdacisigneli8sthen sy hest sempytesdiiyerpommands thg4) . Then,

no primary g&é’o’nﬁ%med jumperless device to configure itself as a secondary device (step 110).
If no primary device responds to the driver commands of step 106, the host

computer driver commands the unconﬁgured jumperless device to configure itself as
a primary device with no secondary device present.

Consider the method of figure 1 along with each of the four possible cases.
Case 1, no other device present: no other device asserts DASP (decision 102) so the
unconfigured jumperless device asserts DASP (step 104). Then, no primary device
responds to the commands addressed to legacy or configured devices (step 106 and
decision 108) and the host computer driver software commands the unconfigured
jumperless device to configure itself as a primary device with no secondary device
present (step 112) and to configure itself to respond in the future to all commands.
Case 2, legacy primary device present: no other device asserts DASP (decision 102)
so the unconfigured jumperless device asserts DASP (step 104). Upon detecting
DASP, the legacy primary device configures itself as a primary device with a
secondary device present. Then, in this case the legacy primary device does respond
to the commands addressed to a primary device (step 106 and decision 108) and the
unconfigured jumperless device is commanded to configure itself as a secondary



responds to the conmands addressed to | egacy or configured devices (step
106 and decision 108) and the host conputer driver software commands the
unconfigured junperless device to configure itself as a primary device with
no secondary device present (step 112) and to configure itself to respond
in the future to all commands. Case 2, |egacy primary device present: no
ot her device asserts DASP (decision 102) so the unconfigured junperless
devi ce asserts DASP (step 104). Upon detecting DASP, the |egacy prinmary
device configures itself as a primary device with a secondary device
present. Then, in this case the | egacy-ptimary device does respond to the
commands addressed to a primary device (step 106 and decision 108) and the
unconf i gur edeyiversespl HOY ankd wlise ¢o canfipurerhsedfu respondné all commahdeinfthas a
secondary evice (step.1 10) and also to configure itself to

d
respond to e Ssddlssacy seeendagy dgvice prascat: ghe legacycsecardany, deNice aserts e

present: th . | ! P, I, Sd / and the
unconfi gur e?éﬁn@?@ggﬁggﬁ%tgg@é%ﬁ%ew ggé? dg&ﬂg%ﬁ%g&%ggﬁ & with a
secondary dpminagy Evsewith & Se@Rddry devicepradeli {steprt.14).11a adaiion] gur ed

junperl ess device configures itself to respond all conmands in the future.

Case 4, | unpesandigureddyinperless devier configyeas|itseli4e respond all egypmprds ipghgy when 2
unconfigured ju rless deyices are install t the s t or, when 2
Unper | gss TsbiéC bR hmbetat 82y Bt SrosPih, Meafl o cpde ot pby MR e it
stored i n n@RsonBibated iBmPEIRE Yevitds e instamed hEAR HRYiIRR SHAFhAEE ek ous| y

installed and if "the device saved its configuration in non-volatile nenory,
t hen one of de¢tieesardpresed Seswhich icorfiguritierhinfemmation infiotgtoredin nonpeslatiie s

devices, the pri /,secondar,y .det ermi nati on becones. a ymtter of tim ng.
Dependi ng. ORI il HEDHIESR AL TASbee Bty FRaied S AR st ep. 100)
for each of : j id& —‘Ioﬁ'zfﬁl [ ' 8 . The ot her
device w || 8 et étg'?gtf?l% atésertrﬁi)ln 0 %ﬁ%@%e@%z?%gnbﬁl 25)&%%533?@?59%%?e
itsel f as aWith twargncoafigured yungeriesssdoices athy pimvirg/seqondagletefmimpod 14) and
configure itself to respgnd to _all commands. The newly configured primry

j unper | ess BePMes apatier of Hping. fepending pnghe imingdependent omthe device. The
new y identification number (step 100) for each of the devices, one of the two devices will

assert DASP. The other device will detect the assertion of DASP (decision 102) and

configure itself as a primary device with a secondary device present (step 114) and
configure itself to respond to all commands. The newly configured primary
jumperless device will then effectively be a legacy primary device. The newly
configured primary device will then respond to the commands of step 106. The
unconfigured device that asserted DASP will then be commanded by the host
computer driver to configure itself as a secondary device (step 110) and to respond
to all commands in the fature.

An example of a suitable series of commands for step 106 is as follows. As
part of the ATA specifications, each device has a drive select register and a status
régister. In order to read from a specific device, the host driver sends a command to
set a bit (DRV) in the drive select register of all devices. Then, when a read
command is sent, only the device with a configuration consistent with the drive
select bit responds. Note from the discussion above that unconfigured jumperless

devices must not respond to these commands.



c‘onfig}ured primary device will then respond to the commands of step 106.

The unconfigured device that asserted DASP wll then be commanded by the
host conputer driver to configure itself as a secondary device (step 110)
and to respond to all commands in the future. An exanpl e of a

suitabl e series of commands for step 106 is as follows. As part of the ATA
specifications, each device has a drive select register and a status
register. In order to read froma specific device, the host driver sends a
command to set a bit (DRY) in the drive select register of all devices.
Then, when a read command is sent, only tthe device with a configuration
consistent with the drive select bit, responds, No%aef rom é}be dit%ﬁussi on
above that unconfi-gReaddhs contenty ekthe delye selsctregister o e UpRsALY sl se
conmmands. . . . e o JIIZ -

1. Read the cont e%vgcecgpot%léata}; PRYEILER t(:alf:nt‘c” Pxé%fl%‘?%erlsgfle‘t:tﬁ%’ abnrdeassesnt tshgl ected
device (note thatqfer Ay bt ¥E6w WHiEh o8 sdR¥e@ParidSsase tiRdoatentsand at
start-up the driver may not know which one.is selected) and save the

contents. 2 .Selget thetprinhasy devion (by stadinga gammanhigi sehthg peengididnt o set
the proper bit in . t he drive l.ect reaqi,ste f | .C and
r eadpt hg con!t en!t sthﬁfm’f’ﬁéel%‘ité?g}gl?}/‘)f 5&6"‘?"3&%‘?&?& the coﬂéeht\gﬁ)?}f#e e° command

to read the statUygeffgi ster contents results in all hexadeci mal F's
or invalid data, tﬁen no primary device is present, _otherwi se, a
primary devi ce aphdfitle domnwmdppaemhthe status register cpfitents pesultain/alfievi ce appears
to be present, send an inggi re,co ser'res f expected

. nd. |f . t he. |
responses is ret Jiexadecimal r?ﬂﬁwaggafltéemeg nﬁr@w_c{gvxce 18 Pregeilice) ect the
d devi [ bi t in th
secondary device ( yﬁ@qﬁ%%ﬁ@?&%ﬁﬁ%ﬁg&“@r oper bi in the

drive select register o Vi ces the contents of the status
register. £.1f hfprinkey dovioansheass todecpredent, semd ars ingeiye sommaodnifent s
results in all the series of expected responses is returned, a primary device is present.
5. Select the secondary device (by sending a command to set the proper bit
in the drive select register of all devices), and read the contents of the status
register. o
6. If the command to read the status register contents results in all
hexadecimal F’s or invalid data, then no secondary device is present,
otherwise; a secondary device appears to be present.
7. If a secondary device appears to be present, send an inquire command. If
the series of expected responses is returned, a secondary device is present.

8. Restore the drive select register contents saved in step 1.

As an example of a command to cause jumperless devices to assume a
specific configuration, there is a SET FEATURES command (opcode EFh) with
various subcodes. Subcodes Alh, AZh and A3h are undefined in the current ATA
speciﬁcation. These subcodes may be used to configure an unconfigured jumperless
device. When these subcodes are used, an unconfigured jumperless device will
ignore the drive select bit and respond to the subcodes as follows. Subcode Alh
may be used for a primary device with no secondary device present (step 112),



‘hexadecimal F's or invalid data, then no secondary device is present,

ot herwi se, a secondary devi ce appears to be present. 7. If a
secondary devi ce appears to be present, send an inquire conmand. |f

the series of expected responses is returned, a secondary device is
present. 8. Restore the drive select register contents saved in step
1. As an exanple of a command to cause junperless devices to
assunme a specific configuration, there is a SET FEATURES comand (opcode
EFh) with various subcodes. Subcodes Alh, A2h and A3h are undefined in the
current ATA specification. These subcodég’nay be used to configure an
unconfigured junperl ess device. \Wen_ these subcodes are used, an

unconf i gur edupepdp AAbLOE 2 peimasy dayice withcreeondasy devicrpesqng ot Bnd respond
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- 13 - subcode A3furt QA B afidwiBhatt BEM DEtomafid confpRenivdansthetetitee present
(not used in figure 1), and subcode A3h for a secondary_ device (step 110).

Fi gure 2A i olowédohy athumconfifured jumpestess deviesinracgondanceowithaserondt o be
foll owed by an configured,junperl.ess,devi.ce in accord Lth.a second
exanpl e enb(‘}ﬁi’-‘ﬁglgte“ﬁﬁodg?@?PﬂbESBY@ﬁ@nﬁés ﬁhg}‘rﬁuﬂeea%%%ﬁgfsu&#ﬁﬁlmess devi ce
is initially 'Bi%ﬁ?ﬁﬁé&ﬁgﬂéd%& af OndRERiTell Gimpetidsy ARREs aserts DA SPewRIEET t S

%00 Trsec of po

DASP wi t hin wer-on/reset (Step 200) as if configured as a
secondary de0Damsec bf pawtrgmtesestepr@00) aeificonfigured ae 8 sepondayy devigedfensur es

that the | egacy pr.imary devjce confj S tsekbféf S 18 ri n:a&%yaevi ce with a
secondary dd%82E¥ PRFEERAEVICer resepl, & cosygs g’ﬁ Y PLERYY fR8% ane host
driver commgg i Jrimy Rkt ViR BEaeh:. THE,ané S a

| egacy devi ce%%‘ggse{nt%%sﬁa er |g;cgﬁ)rlggaag§&§g%cevprgsent, t he host

conput er dr igggy steP{stepea) asesthestend hest drivgreconemands e ifigarechrtepoltetbi ons

(steps 206, 208, 210&&'}ust as in figure 1, steps 108, 1i‘éga§néjev112'
e

determine whether there is a legacy device present. If there 1s a ice

present, the host computer driver software commands the jumperless device
configurations {steps 206, 208, 210) just as in figure 1, steps 108, 110 and 112.

If there are po legacy devices present (decision 204) the host computer then
executes a protocol similar to ISA Plug and Play and SCAM to determine if there
are any jumperless devices present, and if so, how to configure them. Alternatively,
jumperless devices may execute the protocol without host computer involvement.
Each jumperless device is required to have a factory determined identification
number that can be electronically read by the device controller electronics. The
device identification number has N bits. For each of N possible bits of a device
identification number, the host computer may send a command, or place a number
in a register, or otherwise signal one bit position in a manner that is detectable by
each device (step 212). Alternatively, given a synchronized start time, each
unconfigured jumperless device may toggle a signal line (for example, PDIAG,
Passed DIAGnostics) with each high to low transition indicating a switch to the next
bit position. For example of computer control, the host computer may write a
pumber in a register with the binary number corresponding to a bit position
number. Alterpatively, using the ATA specifications, the SET FEATURES



If there are no |egacy devices present (decision 204) the host conputer
then executes a protocol simlar to | SA Plug and Play and SCAM to determ ne
if there are any junperless devices present, and if so, how to configure
them Alternatively, junperless devices nmay execute the protocol wthout
host conputer involvenent. Each junperless device is required to have a
factory determ ned identification nunber that can be electronically read by
t he device controller electronics. The device identification nunmber has N
bits. For each of N possible bits of a device identification number, the
host conputer may send a command, or prdée a number in a register, or

ot herwi se signal one bit position in a manner that is detectable by each

devi ce (stepomnmnd may beruned iwith sfill aiothen uausedmpsed iforcekasplg, tAQ. (e each
unconfigured junperless. device nmay .toggle a signal. |ine. (for. ex | e,

PDI AG, Passg’GJSt[ﬁ%%gt (£3) W?‘PF%‘&E}E? tﬂgbﬁs PBH?%W“%‘P%IH%EF i(l%ﬁ&?‘??a‘?a{c}g?i ng a
switch to ! igvieeXdenffitardATubibes it riGiRLRIL beiQERUFEF eGRML the ATIE NOS!
conputer may wite a nunber in a register wth the binary nunber

corr espondi sgedifications includs iatsebof Iurdgesters Salfedd et Cominand BidckReginters\ fiat
specifications, the SET, FEATURE§ ) . )
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regi sters. [specifiesaniit positidiefoR Isdlatpaaestingat i ons i nclude a set of 12
regi sters called_The Command Bl ock Regi sters that are used for sending

commands Ei 0 a deﬁegﬁflﬂl%ég‘le‘,’hicéd?@% g Hsedde specfy & bit §B€@W’)ﬂ;§a@o@ihl gf up
s . . ST i
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techni que | andsiEigutcd jERPEHdsY devidk pradest (tdsoD14) athieRUisclbded RO Sloré @étail 3
unconfigured junperless device nay determine that there is another

unconf i gur egoijungsion wigls figerei280. Hreeirshunqanéigured jutppgriess devige deteetsithatd i n
irper | eas. aurd otz paerors dEVGR & Trvseth B ot e Pt LB Bt o | o
present, th@efibk 8snfipir@ntsbBYs APriny Aeli®S Svith a secondary device present (step
216). When all bit positions have been tested (test 218), there is one unconfigured
jumperless device, with 2 possible cases as follows:
1. There is one jumperless device, which is still unconfigured.
2. There are two jumperless devices, with one device still unconfigured and
one device now configured as a primary device with a secondary device
present.
The host computer then sends a command to a legacy primary device (step
220) as in steps 106 (figure 1) and 206. Note that if a device configured itself as a
primary device in step 216, it is then effectively a legacy primary device and will
now respond to commands to a legacy primary device. If a primary device is
pfescn;, the host computer driver commands the unconfigured jumperless device to
configure itself as a secondary device (step 222), as in steps 110 (figure 1) and 208.
If there is no primary device present, there is only one jumperless device present,
and the host computer commands that one jumperless device to configure itself as a

primary device with no secondary device present (step 224).



devi ce configures itself as a primary device with a secondary device
present (step 216). When all bit positions have been tested (test 218),
there is one unconfigured junperless device, with 2 possible cases as

fol |l ows: 1. There is one junperless device, which is still

unconfi gur ed. 2. There are two junperl ess devices, with one device
still unconfigured and one device now configured as a prinmary device
wi th a secondary device present. The host conputer then sends

a command to a | egacy prinmary device (sél p 220) as in steps 106.(figure 1)
and 206. Note that if a device configured’itself as a primary-device in

tep 216, it is th fectively a.l pri rar) i d will.
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figure 2A.  Ibidindhd YorréspbndibgTBit fPosifibn A€ ith SdmtifiEAion @bt Hhdedoter t he resul t
of test 226 will be "No" the first time through the sequence. For each bit

posi tion, i devineisoespopdingAtest23Qgthedirstdgyicerconfigures itsel§ pohprimgrybdevigrosi ti on
test 228) of..its identifi.cati nb ice. dri ASP |

(Lest 3250 Sfipld ook UG beamaPBP Ao Then A5 “hal doie, BRDuh Do ooProce
cor respondi Rgy l%t“ge@%& i reRaiddes of ARt §egﬁéﬁcbpﬁe£&'&'19§of th'decidibn her devi ce

I's responding (tedt 230), the first device configures itself as a primary
devi ce wi t hs&p226 drdiosy computeecontinsenthrduphdahe RS69f thEtbdrpdsitions (sitpsfAlRst

devi ce, decisign 226 will be "yes" for the renmainder of the bit sequence.

Regar dl ess 8rd 2H8) deci si on at step 226 the host computer continues through

the rest of the pihRGShi n¥fod ot fRTesA aff 9B%sHg with each of the four

possible cases. Case 1, no other device present: no legacy device responds (decision
204). The host driver software asserts all the ID bit positions (steps 212 and 218)

but the single jumperless device never detects another device so it remains
unconfigured. No primary device responds to test 220, so the host computer driver
commands the unconfigured device to configure itself as a primary device with no
secondary device present (step 224). Case 2, legacy primary device present: upon
detecting DASP at step 200, the legacy primary device configures itself as a
primary device with a secondary device present, and then responds to the driver
commands (decision 204) and the host driver software commands the jumperless
device to configure itself as a secondary device (step 208). Case 3, legacy
secondary device present: the legacy secondary device responds to the driver
commands (decision 204) and the host driver software commands the jumperless
device to configure itself as a primary device with a secondary device present (step
210). Case 4, jumperless device present: recall that case 4 applies only when 2
unconfigured jumperless devices are installed at the same time or when 2 jumperless

devices are present for which configuration information is not stored in non-volatile



Consi der the method of figures 2A and 2B along with each of the four
possi bl e cases. Case 1, no other device present: no | egacy device responds
(decision 204). The host driver software asserts all the ID bit positions
(steps 212 and 218) but the single junperless device never detects another
device so it remains unconfigured. No primary device responds to test 220,
so the host conputer driver commands the unconfigured device to configure
itself as a primary device with no secondary device present (step 224).
Case 2, legacy primary device present: upon detecting DASP at step 200, the
| egacy pri'mary device configures itself ‘@ a prinmary device wth a
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new pri mary diver ssftware lcotildaest te sqeoifid secondhsy devioeris gresénts Sep 208Gvouddd t he
unconfigured device will be conmmanded to configure itself as_a _secondary
devi ce (st eghgmppequire the host fo-compgandethe ancopfigupad device ta spufignse itsglbassa t he

For e o ey et i BRobdhes B ek B K AP B B S50
a secondary HigMiocdmintand RS flonfighRR d%@ﬁe‘f@%rﬂigh?@lﬂ?dl% pémhfReieRRet to

command t he unconfigured device to configure itse as a primry device
wi t h a secorwil go seepndary dewise ptesentd The eloild 6f which donfigmatieiprimary e

secondary) to make automatically in step 216 is arbitrary. That is, the sense of steps

216, 220 and 222 may be reversed. In step 216, the sense may be reversed so that
the unconfigured device that is automatically configuring itself may configure itself
to be a secondary device. After all bits have been used, there is still one
unconfigured device. The sense of test 220 is then reversed to detect whether a
secondary device is present. At step 222, the host would then command the
unconfigured device to configure itself as a primary device with a secondary device
present. Step 224 would remain unchanged.

Figure 3 is a flow chart of an automatic configuration method to be followed
in a third example embodiment of the invention. In figure 3, steps 300 through 310
are identical to figure 2A, steps 200 through 210 respectively. If no legacy device is
present (decision 304) then the jumperless device first waits 30 seconds or until
detecting a host command. Then, the unconfigured jumperless device waits an
amount of time related to its ID, and then starts pulsing DASP (figure 3, step 312).

In the following discussion, the particular numerical values are an example and may



host to command the unconfigured device to configure itself as a primary
device with no secondary device present. The choice of which configuration
(primary or secondary) to make automatically in step 216 is arbitrary. That
I's, the sense of steps 216, 220 and 222 may be reversed. In step 216, the
sense may be reversed so that the unconfigured device that is automatically
configuring itself may configure itself to be a secondary device. After al
bits have been used, there is still one unconfigured device. The sense of
test 220 is then reversed to detect mhetger a secondary device is present.
At step 222, the host would then comuand 't he unconfigured device to

configure itself_as a primary _device with_a seconda Vi C resent. Ste
224 woul d 1 SAEH-FAah GG beF o 1D Comprrig e igeqtal FONRIRPERIFELesRal HElt: oat |
configurati ?Fﬁlﬂ e; I WA i 59‘“% LE) f the

I nventi on. Iqirzl)r |gu$gm?fas%f é‘%@"é@%@ﬁ‘?’%‘gﬁhgl ar ealiggiégﬁ?i ca ﬁ?gﬁﬁ%égre 2A,
steps 200 t rologically @roupsd &md igv@ipg .of idirea digisgstantingewiklc theithrep teose nt

(deci sion 304) .then ,t,he&j: unper |l ess device_ first waits 30 seconds or until

det ecting a SiE@ificapbigith dorraeh group of thres digigufard 1 seepnd peded. g8k ce waits an
g AT . ! ) 3
o 315 FfEaRd fbLrtos hide piRte AP PR ubadth 5f Bt il fd 1011 ° 5,

an exanpl e aimde degimal digits, at 1000 pulses per second, with the series of pulses ending at - 17
- vary. Each device has an ID conpri si ng an integral multiple of three

gec! mal di gith%f?lldmfrtfl@ ﬂmﬁniqgldm@ripélsﬁgr_, ex L thdf theithree deiguil digifs areld, tee
aigi s, st aferRgeRestRaRErfe or B8 ilteslos LR o1 DethtRRCRASE! ol o

three di git $7 tinfis 2 a ka®VFA000 PEIsksObr s8I, WHERP Md &Hdl SThatipRIfSd iBSehigeVi ce
pul ses DASP a total nunmber of "tinmes equal to its three decimal digits, at

1000 pul ses dperesspisgratcondingtotpaet afehé sariad foumbes dberensiz dgeeondtwait end of t he
1 second periaqd re le, if the three decinal digits are, 057, the

devi oo wi | 1 P AT (R M Tieplod ogedh devier SieiS anden bathond gasio i Bukeh pul se
DASP 57 ti 3 f 'ﬁi??:a% AR dRiharqidiRe ; each
period in ﬁrgﬁ&ggc\l/ﬂhgg(gﬁ%ﬁ%gﬁg%%gr mgtiit‘%éu%ggt ofdﬁéﬁ[%ﬁsdéél?ér&%gﬁgar, t here
is a 1 secomdthwhe twait periods until the serial number digits are exhausted. During the

inactive part of each period in which the device pulses DASP at 1000 pulses per

second (for example, 943 milliseconds in the previous example), the device
monitors DASP for activity. If DASP is active for greater than 0.1 millisecond
during the inactive period (decision 314), the device waits until the beginning of the
1 second wait period and then pulses DASP 10 times at 100 pulses per second (step
316). An unconfigured jumperless device that first sends 1000 pulses per second
activity during another unconfigured jumperless device’s inactive period (and then
senses 100 pulses per second during the 1 second wait period) (decision 320) then
configures itself as the primary device with a secondary device present (step 322).
Optionally, during the 1 second wait period, the primary device may send 10 pulses
at 100 pulses per second to the secondary device just to confirm the status. An
unconfigured jumperless device that notices 1000 pulses per second activity during
its inactive period configures itself as a secondary device (step 324). If after the

serial number is exhausted, no activity was noticed during the inactive periods, the



period. After each wait period, each device starts another 1 second period
for pulses corresponding to the next |ess significant group of three
decimal digits, repeating with the wait periods until the serial nunber
digits are exhausted. During the inactive part of each period in which the
devi ce pul ses DASP at 1000 pul ses per second (for exanple, 943 mlliseconds
in the previous exanple), the device nonitors DASP for activity. |If DASP is
active for greater than 0.1 mllisecond during the inactive period
(decision 314), the device waits until the beginning of the 1 second wait
period and then pul ses DASP 10 tines at 1860 pul ses per second-.(step 316).
An unconfigured junperless device that first sends 1000 pul ses per second
activity duuncepfncdjempeniess devige cenfigunesitselfasa primary alesice §adtno/e peri od
(and then senseg 10 ul ses r ond during the 1 second wait period)
(deci si on 3588OREHY CEEﬁPpﬁﬁ? W?Eﬁg}f as the primary device with a

secondary devi ce qyGaehe ORRIA re AR RIth ¥achBfTthé thuk PBssible esseed wai t

period, the primary device nay send 10 pul'ses at 100 pul ses per second to
t he secondaiGasél¢yie othptidéviteopresent:i nondeviees sespond to e comomands tpulegatyj unper | ess

devi ce that notices 100Q pul ses per second actj vi during its lnactive
peri od conf idgvigess(degisiens a%%%??o‘%ﬁweéé)ﬁéé éﬁb“%z%) .g‘a?tfveaﬂrf“ér t he

serial numbege o $14 45 tRslunibrBh!devick bofigurBO ebfFl AtHihig dehelviBERS Ve

periods, th
unconf i gur ededondRg deviRs pleentc@tep 318). ATuse 2, ldgaey primaryadqvicerpmesgniidhvis ¢e wi t h

no secondary device present (step 318). Consi der. the net hod of
figure 3 al dheysameras casech forrfiguse 280 Gaspdslepapyeseeaniary devicepresenti dhis it ey

device present: no deviges tes d h . '
(decision 3 sag}?aasr%seof ﬁ%rré%g?g‘e (’168? éb@l@%gg& u?’}%g’r%sﬁg‘?%éﬁ?@é%?%m
(decision 3 1§ WHeHRAUHcBABgRaY jubiipeslosy dd¥ides ard ins@lléd /hesaptd mary
device wt hkn pggkc%ngary devi ce presjedrillfﬁ) (step 318). Case 2, legacy primary
devi ce pr es¢inie ort When 2 junipeelesodayices arcapresent forr which gerfignatiogisierpationgacy

secondary device present: this is the ne as case 3.for fiqure.2A. Case 4,
j unper| ess &W‘éé"pr s pop-volatile memqry , With oo Yncophigyred JW#"%{]@W‘%’ no

unconf i gur e e {EPREN RS0 HRYLdtinaitls G0 14pRER ibRitesAdediéibn 364%and then,
depending on device identification numbers, the first device to pulse DASP at 1000
pulses per second during the other device’s inactive time configures itself as the
primary device with a secondary device present (step 322) and the first device to
notice DASP pulses at 1000 pulses per second during its inactive time configures
itself as a secondary device (step 324).

As discussed for figures 2A and 2B, figure 3 illustrates one arbitrary choice
of alternatives and the sense of various steps in figure 3 may be reversed. In
particular, the sense of step 306 may be reversed (with changes to steps 308 and
310 as discussed in conjunction with figure 2A) and steps 322 and 324 may be
interchanged.

| In each of the example embodiments, the complex case is case (4) where two
unconfigured jumperless devices are installed at the same time or when 2 jumperless
devices are present for which configuration information is not stored in non-volatile
memory. Each example embodiment may be simplified substantially if devices are

installed and configured one at a time. A first unconfigured device may be instailed



time or when 2 junperless devices are present for which configuration

I nformation is not stored in non-volatile nenory. Wth two unconfi gured

j unperl ess devices, no devices respond to the commands to | egacy devi ces
(deci sion 304) and then, depending on device identification nunbers, the
first device to pul se DASP at 1000 pul ses per second during the other
device's inactive tine configures itself as the primary device with a
secondary device present (step 322) and the first device to notice DASP
pul ses at 1000 pul ses per second duringsjts i nactive tinme confi-gures itself
as a secondary device (step 324). ~19 As discussed for fidures 2A and
2B, figure 3 illustrates one arbitrary Qhohge of a&her a&jv%élandihhe
sense of vauidths compypier powened ondonayginatic.condigaraliog. 1 peh g‘ﬁ AP Withe
sense of step 306 b W RRR 0 as
di scussed iﬂﬁggﬁ?ﬁﬂg¥P5§n§§¥ﬁa??gg%gh Af&?%gggﬁg%gwgggﬁéhd 3§jﬂ%§§ébe

i nt er changegpen the secont ineasiipnedd ddviceananbé msalibd dndrthetcomptitee powereden case

is case (4) where two unconfigured junperless devices are installed at the
sane time oa sedoad time Thpe thesceondedeavicssviliramtgmatically be gp Sbnfi guration

I nf ti [ t .St ' -v.ol.atj . di t
my be i mpecPdRy gRviSh-dhetsR ) o ihd & MEORmy BER  GERbE EBAT O
at a tinme. bf e ﬁtmmgwﬁsbdﬁﬁ&hmgmm,%pi 106} 84r Beleliminated.

e conputer

- 19 - and't owered on for automatic configuration. Then the
first devi chikeiwide, ificaseéd) iiceliminated as arposgjbiligd the IR birposition peetosd @fwi t h no
secondary device present. Then the seco un fiqur e y be

instal | ed afg Wdﬁﬁﬂakﬁmm?%d(%ﬁr&%‘ﬁgﬁt ?‘% ﬁ%ﬁ%ﬁ‘ﬁ?& brsggcond devi ce
wi |l automapics ey AR, Yullel fefated fo deRee seAll i S

el i m nat ed élgﬁgya%gsgﬁﬁ%@;g% 1e%étaﬁga3§$§ab?%3bti mng part of the first
exanpl e enbaghp@NEighiel 1) $teps B12-304)pcah(id) elinainatbe. Withoutnasedt), nerceofithe, | f
case (4) is elimnated as a possibility, the |ID bi td'ﬁp si_ti.an of.ocol of
the second embediments sepureserdevice Cogtolics to he ablg to gea deegntBeslionyy pe

number. However, configuration information must be stored in non-volatile

=

memory.

In summary, each of the embodiments provides a method of automatic
configuration without requiring that all devices meet a new standard. That is, in
each embodiment, automatic configuration works with a mixture of legacy devices
and new jumperless devices. For case (4), each embodiment provides a different
method for determining which one of two jumperless devices becomes the primary
device.

The foregoing description of the present invention has been presented for
purposes of illustration and description. It is not intended to be exhaustive or to
limit the invention to the precise form disclosed, and other modifications and
variations may be possible in light of the above teachings. The embodiment was
chosen and described in order to best explain the principles of the invention and its
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



elimnated. If case (4) is elinmnated as a possibility, pulsing related to
devi ce serial nunber (figure 3, steps 312-324) can be elimnated. Wthout
case (4), none of the enbodinments requires a device controller to be able
to read a device identification nunber. However, configuration information
must be stored in non-volatile menory. In summary, each of the
enbodi nents provides a nethod of automatic configuration w thout requiring
that all devices neet a new standard. Thajyis, in each enbodi nent,
automatic configuration works with a m xture of |egacy devices and new

j unper | ess devices, .FE ' j e t
hethod for debuift RRRESRRe hbogfRls Fre ttilt BB AETLa Rl B
primary devi GRe prior art. The foregoi ng description of the present invention
has been presenPed for purposes of illustration and description. It is not
intended to be exhaustive or to limt the invention to the precise form

di scl osed, and other nodifications and variations may be possible in |ight
of the above teachings. The enbodi nent was chosen and described in order to
best explain the principles of the invention and its practical application
to thereby enable others skilled in the art to best utilize the invention
in various enbodi nents and various nodifications as are suited to the
particul ar use contenplated. It is intended that the appended clains be
construed to - 20 -

i nclude other alternative enbodi nents of the invention except insofar as
limted by the prior art.



21 ) CLAI M5 1. A nethod of automatically configuring a first
unconfigured device electrically coupled to an adapter, the adapter

el ectri calTy ctoupted—toe—a-conputer, the nethod 5 conprising the
fol |l ow ng 6 B determ ning, by software in the conputer,
whet her a,ﬂmmﬂj"’ﬁwt&ﬂye IS electrically coupled to the
adapter; amd ¢ s ermning, by the first unconfigured device,

whet her a second unconfi gured - 21 -device is el ectri cally coupled to
the adapter, when it is determned in step (a) tﬁﬁ; |gured

device is electrically coupled to the adapter. HIS SHEETIHAS BEENG
claim1, further conprising the follow ng step: FEPLLGRPI gurijhg the
first uncquggﬂafd device, by the first unconfigured device, as a

primary devi ith no secondary device present, when a second unconfi gured
15 device is not electrically coupled to the adapter. 3 . The
nmet hod of claim1, further conprising the foll ow ng step: (c)
configuring t hdVif js é*“ﬂﬁ%@nflgured device, by the first unconfigured
device, as a primary device with a secondary devi ce present, when
a second unconfigured 20 device is electrically coupled to the

adapt er. 1. A methodiof Mh@nﬁgmmgahmndonﬁgm Hevicecabeerically peppleddofiol | owi ng
st ep: gWQVCoan ﬁiifmﬂﬁ'fﬁt unconfigured device, by the first
unconf i gur8 rismg the 1ollQwEg A§BYy devi ce, when a second

unconfigured d@)lds@nmﬁmgl(mst DO4 BOLY b QupkaE id Be Sbmputer, whb@erdaRfiglred
device is electrically coupled to the computer; and
(b) commanding (110, 208, 210, 308, 310) the unconfigured device, by the computer,
to configure itself, when the configured device is electrically coupled to the computer.

2. The method of claim 1, step (b) further comprising:
commanding (210, 310) the unconfigured device, by the computer, to configure itself
as a primary device when a configured secondary device is electrically coupled to the

computer.

3. The method of claim 1, step (b) further comprising:
commanding (110, 208, 308) the unconfigured device, by the computer, to configure
itself as a secondary device when a configured primary device is electrically coupled to

the computer.

"l i



.22 - 4. The nmethod of claim 1, the unconfigured device being a first
unconfi gured device,—further conprising the follow ng steps when it is

determ ned t hat no configured device is el ect ri caI l'y coupled to

t he conput dﬂ'ﬂﬁﬂ!ﬁl termning (102, 214, , IS

unconfi gure r a second und ¥:
Gramglﬁﬁ ,

electrically coupled to the conputer; and
first unconfigured device, by the Fi 23t~ unconfi g ,:: =

primary device with no secondary device present, when a second unconfi gured
devi ce I's not electrically coupled to the conmputer. 5. The met hod
of claim1, the unconfigured device being a first unconfigured devi ce,

furth i si he. f ol L owi t
t lﬁ;t ﬁ(r) g‘g%gﬁt@g 386}%2 4h9W| rr@c?ﬁ v}’%}eﬂégfgalﬁxgt ; égg%%%{lef?ﬁﬁe? (a)
(c) det erdgniprisidlg theddilowidg stepslwiien 1bi¢ dbbsmibed mtstdpr(a)amtl i@woeﬁlgmlai/dewe:p isshet her

a second unconfiqured device is electrically coupled to the
corrputer,CI@PFGFallycoupled(‘a%lec,C@H‘PWﬁ{jrl ng (114, 216, 322) the first unconfigured

device, by theuiy 94T Ad). by the firsEEMofBeur@Bdevide! WhBher adgddnge W th a
secondary devﬁge pregﬂﬁﬁﬁﬁi when' éegond * unconfi gured device is

electrically mncqﬂﬁgukeddeﬂmscbqpmlh'rcoupledito the eompiiierododof claim 1, the

unconfi gured vi ce bei LSt uncon r si ng
the. ol | owi ng (O eopbexmen o1 treuffontpR YehBt ke Bt pehhelfla SORBIAS 0
device is el e@ﬂ'tin%} hdviceOHBl ﬁﬁke&&dﬁ?ﬁlc@i@%tﬂsﬁﬁ when a secondQncafigaredidavicg
(102, 214, 314), the first unconfigured device, whether a second

unconf i gur ed d%Nt frisally] eoupled éntbe GomPIE ed to the conputer; and (d)
configuring (324) the first unconfigured device, by the first unconfigured
device, as a secondary device, when a second unconfigured device is

el ect ri cas.|'Theaattpldad claim t hhe unconfigured dypicedreing a first unconfigured device, further
comprising the following steps when it is determined in step (a) that no configured device is
electrically coupled to the computer:
(c) determining (102, 214, 314), by the first unconfigured device, whether a second
unconfigured device is electrically coupled to the computer; and
(d) configuring (114, 216, 322) the first unconfigured device, by the first unconfigured
device, as a primary device with a secondary device present, when a second

unconfigured device is electrically coupled to the computer.

6. The method of claim 1, the unconfigured device being a first unconfigured device, further
comprising the following steps when it is determined in step (a) that no configured device is
electrically coupled to the computer:
(¢) determining (102, 214, 314), by the first unconfigured device, whether a second
unconfigured device is electrically coupled to the computer; and
(d) configuring (324) the first unconfigured device, by the first unconfigured device, as
a secondary device, when a second unconfigured device is electrically coupled to the

computer.
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