;e3eu&r " " #4SFoIf &6&T&NYBWO 02/ 0799GS (- METHOD AND AFPARATUS FOR ,)
PROCESSI NG REAL- TI ME EVENTS ASSCOCI ATED %@&A W RELESS COVMUNI CATI ON @/
PROTOCOL esent inventio lm \m conmput er syst re

parti cul a‘??};%@%’ system i ncl udm\lﬂm Hm or that suppo?ﬁ/U?@ghG%i me

event processing such as may be usedstig*enable the systemto function in

accor dance wi th a wir qyiesHcteANEACPARATUS FOR FROCEASKEROUND 10 15 20
Nbbi | e comput er syst ento L O NE TAMABROEIRTECILA, devi ces to

appl i cation-specific el SpFROTESS COMMUNICATION PRGFDGOL- t op boxes, to
medi unsi zed not ebook and—Taptop Systemns, are becom ng I ncreasingly

per VeS8 10 OUrnaagh Skt b HELS at IR ki i BaRehiny

counterparts, erver 1 on, top systens,

Coupl cd to’ 5%?%ts%ﬁﬁ%ﬁ&r“gtﬁﬁcﬁé?cea%é&h%fgé'ﬁ%@ﬁ%% D L
pl FrelnEErTgRe ) ) .
nr cas g M Begeeday Bhake L5 Fiem i R haTmBey bt M AMIa 2 1 calli e’

typically corresponds to adgi tional conponents added to the conputer
system res@PTMGicAHOR REMEsed si ze and expense. BRI EF DESCRI PTI ON OF THE
DRAW NGS The present invention is illustrated by way of exanple and not
limtati on BAGKGRAYNBpanying figures in which like references indicate
simlar elenments and in which: 25 Figures 1 a-d are systens formed in
accor dan@e with Mobisicoreputer eifsterns fipmasmall handnels glgetronic deyeesAr( 1799( S
PCT/ US02/ (1(1179 Figure 2a is a processor forned in accordance with an
embodi ment applidatiompspacifin elpeivanie CeMpoTEniRisEcpas pat-tgp PPXes. dhAediuthowi ng a
met hod of the present invention; and Figure 3 is a conputer. system forned
i n accor dansizewinbtebaok ahdta’pmpQ/S&er'eﬁ,taﬁel%ﬁmlngﬁanwlf}ﬂhéﬁ%'?{ﬁswfhm}{ri on.
DETAI LED DESCRI PTION I n accordance with one enbodi nent of the present

i nvention, aosiel alike theiresyhametri¢ nefliproeassing chanterparigs such' afasarvaii zed
interface") froma host conputer 10 systemto a wireless radio nodule is
provi ded. TR@risstisheand pigh-sndeddskpa! sysiees, mebimtempuater systems ipidatal

radi ator but may not be specific to any given w reless conmunication

protocolis Ohdie PsiRge, Bhirderyphodtiptodersondtupizd tb vardsdsaoesriphes| dedces. gener i ¢
protocol engine that can mani pulate the wireless nodule to nmeet a given

Wi rel ess corppmlfétdyerRnPa&digears colliriualiy stried &/protide nsretieatatesdogsears

without significantly increasing the cost of the system. Unfortunately, each
additional feature typically corresponds to additional components added to the
computer system, resulting in increased size and expense.

20
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not limitation in

the accompanying figures in which like references indicate similar elements and in

which:

25 Figures 1a-d are systems formed in accordance with embodiments of the

T
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present invention;



15 resides the normal operating system (0OS) driver stack that then connects
to the different networking and peripheral drivers of the host conputer
system Wobhahoss t ype of partitioning, a radio nodul e may-pRshiEsianed to
operate in accordance with mul tiple wirel ess communi cation protocols. The
har noni zed i nterface may connect this radio nodule to a host conputer

system that t herl—fi@.@re%rié QA grBedsasy fBiraéd Infatebrdanse Wthdninmseimemd ity t he
nodul e. By dynami Cally changi ng the source code in the host system

different w & ni cation protocols may be enul ated. For exanple a
nodul e my%@g%ﬁg eggﬁﬁat that operates in accordance wi th the Bl uetooth*

(2 desori bed 1 fhyo o s wELEEAOYAY okl SHERAEH NSBH, andS V1 O

Decenber 1 St, ess Acce rotocol {SWAP) 2 WO

02/ 073966 PCT/ USQ2/ 79 L 0 N I j £8ss Access
_ Protocol (SWAP) ﬁg%lérgﬁ'iscaaéom‘ﬂg\s/&f{.egf %E’E"ﬁﬁé’%&ﬂdaf@ggﬁ'?‘daa”\r%{efﬁ 802. 11 (as
described in,  e.q. ., "] EEE St " 1999 Edition) protocols. The protocol
may be cﬂanﬁ@aofi@}‘?é’ﬁlot@elWest?g%g%?tné'on t he environnment of the user (e.g.
on the road, in the office, or at 5 hone). In addition to these short-range
wi rel ess conmuni cation protocols, |long range w reless conmuni cation
protocols nay_al so be e HD ﬁ such as a Third Generation (3G cellular
comuni cat i iﬁm&ﬁ—t he appropriate nodul e attached to the
har noni zed interface. (*Trademarks and brands are the propert their
respective owner . 3ccariapge M’ﬁhtof‘?iemoﬁlj“?méf&%@ﬁ% I!‘H&B[’@g@ﬁ%b@ h a
design may also allow the host processor of the host conputer systemto
per f or m soninterfacer{eefairgh & hereineds AgeBaMaebIRIEBss)) fgm BdPBILOTHA 8 ar noni zed
interface) a host processor of a conmputer system may perform baseband
processilfg systemitorsvirelessadip medide isyovidedic The modelegpagts e legal syst em by
reduci ng the need for separate, specialized 15 processing hardware to
support t herecaiiementsiior an intentjpaal radiatar et say et be pesific tecani@Menpr ocessor
may i nclude enhancenments over conventional processors that enable the host
processor t wirpless esmmuradation peotesatnOg, the other ailetdf thecharsonized irdarfage: h
W rel ess communi cation protocols. A nore detailed description of
enbodi nent s rexiddshe gemeraprbtocalveninedhat M maripuldterthe wanelass snagoitef iogur at i ons
and i nplementations, is provided bel ow THE W RELESS MODULE Al t hough nuch
of the foll awdta diiehonissiesicdmmusicstionpriiove!t @ittihg aboventhlequytocolrerigingi ng t he
Bl uet oot h baseband) it is to be appreciated that the 3

15  resides the normal operating system (OS) driver stack that then connects to the

different networking and peripheral drivers of the host computer system.

With this type of partitioning, a radio module may be designed to operate in
accordance with muitiple wireless communication protocols. The harmonized
interface may connect this radio module to a host computer system that then

20 performs the high-level baseband processing for the module. By dynamically
changing the source code in the host system, different wireless communication
protocols may be emulated.

For example a module may be created that that operates in accordance
with the Bluetooth* (as described in, e.g., “Specification of the Bluetooth System,”

25  v1.0b, December 1% 1999), HomeRF* Shared Wireless Access Protocol (SWAP)
2



WO 02/ 0799G PCT/ US02106U79 concepts di scussed herein nmay be nore broadly
applied to nearly any wirel ess comuni cation protocol and its respective
baseband. . partitioning of a wireless Bluetooth no ws t he
silicon t\g@ﬁ‘%ﬁ%gg‘“y used for the inplenentation. The radi ogﬁ@aﬁzgdr?lé? (RF)
anal og portion 5 of a Bluetooth nodule is typically manufactured using a

Bl - CMOS pr ogesiscibed S .'gdeéhéredWi?ei&%VA&;@sé rd&tocd ROWAFS SpReifivgtion” The

remai ni ng cro-contro r section is typically manufactured using a CMOS

ange w r ol 640 SRy S AT HR [ B0 e d e g, P P ased on
S AR it T e
qover nent SRS OPHEPGMAGN RE OO S e a0y Fo el gBd e ke e o
 Teleconromni b by 2y 1o B e Wbl el E e bt o RORRg: *

conpliant radio i;s to behave within their respective .country. ter a
product to E?é‘%dY'@'%&scoﬂgﬁ'l‘P'ﬁ%@@rﬂfP@ﬂg'si”?ayi S‘gg‘?\fen'l“f?t% ’589@%@@%3%
agency-approved testing facility to be tested and tﬁ%rtified Afé r this
testing is Eenpraipe (3G@hselanggmmunicalion PrieRohIIVEN e ARPrapHgte AR @? oduct is
certified, the product nmay then be sold_in 20 that countr'y'tﬁ mar kets. To
speed up pr etladeditathelarsianizeddntesaes (Eirdemarksang rapdsaieiNe REPRBEY| ar at i on
of Conpliance (DoC) has been created. This process allows a conpany to
pre-certifyofthdisvéspectitsenens.)t he fact that if is assenbled with pre tested
(and pre-certified) conponents. Building a device using a pre-certified 25
conmponen® al | owsBypatitipaing theobassiband eprredtly, suki a degigrmmay etidualiowith® ough t he
DoC 4 V1~' O f)2/0799(i s PCT/ US02/ 06079 process. In the United States, to
achi eve pr ehosirgroédssat ofthe tibsbcompuiéresystenptdupesformiseomepefihe highgr Is¥elexpect ed
to meet the requirenents of Limted Mdul ar Approval (LMA) as described in
the FCC publhasétidnarpretysisiige dUsimpitie Hibmbhnized mteréateMa dobtprodessasefia t er
Approval " published June 26, 2000. 5 In accordance wi th one enbodi nent of
the present cbmpaRt bﬂg\emanaﬁdé@orrmﬂadeeaha procevsing fLirictiots matively, theesbyCC s LMA
requi renents such that an CEM can use the DoC process to self-certify their
end- user pr oghifdry the €BSIINAS sdernhsy ra@stingthe Heed foresapacse fspeotatizeal pr oduct
devel opnment cycle the FCC radio certification process nornmally associ ated

Wi th i ntegr addadsifg narhidtt toBappdifthd Padie FoaRY, Taperdtmizheshifinctidhsl thent DoC
r equi retggnt??orSILﬁ/A ext end ugéa hrough the equi va?ent of the Bluetooth Link

Managenent 'ﬁrogf &8%330?‘%%[?@&9&5& nckMenkIRerednvehtisHaApidtebsds Brfed

partitioning described above, a radio nodule, to obtain LMA, nmay contain

the entire L ¢, d@Eh b thdsemREbGAtedY St em Of
Figure 1 a ?ggrgl%ﬁ@% ﬂ% ﬁgﬁggg{@@%@@gﬁ%ﬂﬁgw) and i nput - out Sut (-9

devi ce 320 Wfﬁ%i?eqeésoco%ﬁunication protocols.

A more detailed description of embodiments of the present invention,

20 including various configurations and implementations, is provided below.

THE WIRELESS MODULE
Although much of the following discussion focuses on Bluetooth

technology, including the Bluetooth baseband, it is to be appreciated that the



control logic 310 (which is typically the system chipset). Short range

W rel ess baseband controller 330 contains the logic associated with the
full bas &.9. the Bluetooth baseband, used to opera ?2%% i ver
335. In g‘?ﬁ@?’“&%ﬁ%s, baseband control |l er 330 contai ns allﬁfﬂgg oglgi&('::(\)| used to
support the full baseband of 20 a wirel ess conmuni cation protocol. In

addi ti on, Cﬁcglﬁc(r.)sp{% cﬁécﬁé%dlﬁ&%grﬁinﬁ% bB York Br&dhAsspIib@ e Reatfeshyt wirglessTuni cat e

with bus co ogi c 0o chi pset and with transceiver 335. Based

on this par }%5fﬁ"@r@ﬁi&%ﬁ?Q@P@@E@#@E&g@%%w@aﬁ&qUi rements for LNMA woul d

contain bot range w rel ess baseband controller

ety 5 bR BT A (4G A PSS
ST Sl B0l BT B TR A R
A e e R

what is left-over, transceiver 335, ta not.be subj.ect .to th C process
because it V@RS RONeHgYELe (}4 WSiﬁnrs%‘?Pé?{ﬁsThef FEMARuB? Hﬁﬂe'eco\ﬂn?rpﬁe?an

enbodi ment of the present invention, short range wreless baseband
control | er SSGIIQB\HSWW%”@”&H@rg‘ﬂ)PF'ﬂg@téMOﬁfﬁgc%nﬁn Fes{des Waseband may be
integrated into one or nore devices of the host caonputer 10 system The
portion of shparstsedsed rafersed fosharein astheghet ENgRNICIassLagERAN Gy st em
corresponds to the Link Managenent Protocol, thereby making this portion
avai | abl e) abomgjleni th the transceiver, to satisfy LMA of the DoC process.
For exanpl e, consider the conputer systemof Figure 1 b conprising
processd0 305, nEheBjuckidh systemlis basks o eadBr@chriiegye @anseaHe™tYar e coupl ed
to 15 bus control logic 311. Bus control |logic 311 includes an integrated
hi gh- | evel lpaspiianck witha noinber ofXb2inag-spedific eeguistarn reduiremegts may e porti on
of the Bluetooth (or other w rel ess conmuni cation protocol) baseband,
previously G@pbaartder the siicoess ohthedblLetooBiRomtolFiTihese reuireniEnés arenai ni ng

| ow- 1 evel portion of the baseband, previously contained within controller
330) is now fARhf fsskediol i dovemndrt\aglend) invhaiiriza fot exampleptheFed3al.  Thi s
controller, along with transceiver 336, now constitutes new radi o nodul e

340 in accormﬁﬁgn%ﬁ&s%M%qu)mthbhmi@aﬁaes ah@enMirdstry efnd t hi s
nodul e is coupled to bus control 1ogic 311, containing high-Ilevel baseband

o be' P 4 HTRIIMIBREAR Ul it o 1
countries) UgjMiahiBalo Ve tBkhae Witk PHek $&speclitfodintry VIR 4 HfQUREGDe

sold has been assembled, it is sent to a government agency-approved testing

facility to be tested and certified. After this testing is complete (which may take

two months or more) and the product is certified, the product may then be sold in

20 that country’s markets.
To speed up product introduction of such devices, a process called
Declaration of Compliance (DoC) has been created. This process allows a
company to pre-certify a device based on the fact that it is assembled with pre-

tested (and pre-certified) components. Building a device using a pre-certified

25  component allows a company to self-certify their final product through the DoC
4



PCT/ US02. /06079 sold as an independent, add-on conponent to conputer system
manuf acturers for connecting to their systens. In accordance with one
enbodi ment9b,0ides Present invention, radio module 340 inc uz‘f]rf% rnally
accessi bIrVéOI -/2) ports coupled to 1O buffers within the nndt?g/.%g eé@

i nterconnects may be designed to be coupled to one or nore conponents of

the host c r BAEOSIBRAPIEa PRIV R tifR At e MR ftemBadie] e and the
host conpu'fﬁg?é%%sthz}pn% ByI designing radio nodul e 340 of Figure 1 b

i call teb @ ki h h
goner ool i SN e surer o bl anohnes b oy shere
ool B AT TS T Ot BRI ksl e

" portion of '{ _ ] I's” coordinated | aseband
sdection SIS IRMR RO o o o o e
These ot ars gk Str B8 Rt AU o Ay e Ml ccocsiv o
opt | cal i SRogue ¢ Pavies dhateinsys s kel iReinp aBl R B34 SN, o

or RAM, or carrier wave, all of which are collectively represented by I-0O
devi ces 320°35FUss 1§aRal rrogess tqsglf&*@gt&y ey endziseh pEﬂ%'C@d‘B‘ERﬁgW@ﬁE‘ t he
present invention, the single 20 radjo nodul e may run die\{:lf erg,nt prot ocol s
dependi ng JROEWE. diA feaveniromithe REcdyskReveipmenteyple dhe Thiradier avel i ng a
user may use the nodule to execute Bluetooth protocols. |In the office, the
user may useertification@rocsss bomaly @seodizteg vatyintegraling @pdyentionahBFat hone t he
user may use the nodule to execute SWAP/ Hone- RF protocols. In accordance

wi t h ant heradiatbrddionseptodut. CGuerens DpEaeanirements fariLdfA extred godiircegk thspor t s

ot her wireless conmuni cation protocols 7 WO U21079916 PCT/ US02/ 06079 t hat
al so oper ataguivaléitef hetBiztobtimidnk Management/Riojqcot, laed iedalse ofdlye be nodi fi ed
to support wireless comruni cation protocols that operate in other radio
bands. |n asresentanasufattuingbaseeiavtitioming desfcribéc alpoves e madio maetute, dm)
execution of the high-level baseband protocols (baseband processing) is
done by (oromtamedMAymapchratsin the ontreBinetdoh afsebargure 1 b, whi ch may be

nodi fied to support real-tinme event processing as described bel ow

Al ternatively, ofdrexanmple)ebhdidut teé computer sydtemvelf Fitasehaodmprisingssi ng may be
performed by control |ogic enbedded wthin bus control |ogic 311. For an

al ternaje epbedidBHo50Mhedf PrEapBinduRGREEUL AI0) davieEloadupleditb®ubi gh- | evel
baseband protocols is done by (or aided by) a 10 peripheral controller of

the host sys{trg e S5 Qi dAE tpReAY thd s Fetéth CRPSEON SHbi RarfgjeOMfdleds. The

conputer system of” Figure 1lc conprises processor 305, nenory 315, and 1-0O

devi ce 320 g%aéﬂlaﬁg c\’)hﬁ‘?lieég‘%?g@ hiafls thOWighc #kBciatdd diflfihkifONbaibRREdEY

controller S coup us control logic 310. Enmbedded controller 325

may 15 be, {hgg%@g@gy GaseBa me&lgcggﬁégggfgﬁlsgé%eg%ésma-ow%ru@,rel ess

controller. control'ler e -l evel baseband controll er

amboat mont - B50n8 5By 330U ithe et SRIpEFLp T PhaOBna AT,

vt oo e O HRERYREY, T B ok 30 BT e o

Fi gure onof ul'e 'even when the
processor rTFln)(erlt?aecei Iggi‘é1 uggc\f\?or éo%)%\ﬂnigétgv\\/vi%og\fsrgontrol logic 310 of the chipset and
with transceiver 335.
Based on this partitioning, a module that meets the requirements for LMA
would contain both transceiver 335 and short range wireless baseband controller

25 330 of Figure 1a. An upgrade or other modification to the baseband, contained
5



state. The enbodi nent of Figure 1b may be found advant ageous in that
baseband processing by the host processor reduces system cost because it
reduces t (l for a separate controller. In addition t res of
t he radi oaﬁoug@?}e%’descri bed above, the nodule 25 may i ncl ugg’r e%{/ﬁ?}ed; t hat
enable the nodule to receive LMA fromthe FCC as an 8 WD 02/ 0799C5
PCT/ L1S02/ O\JVREZ_I% doRrSiidr 220atnal ‘W—:’r@fbﬁi decifE ré-certifiCationa 8tidn & hRYAuRL NAT
governments. For exanple, in accordance with one enbodi nent of the present
i nvention, . i it i j erence
oscillator, Egﬁpéﬁ%g%h Eﬁ-ﬂ%ﬁe—a{%ﬁ%ﬂﬁ%ﬁfaﬁg?ﬁ? ed%%%b?ﬂ&i;atotg?s%t%?mr supply
regulator. 5 |.n r j i f kvention,
the i ntercoméwgﬁgmgﬁﬁgéog]&%&nsgg%ﬁg tﬁ%ﬁW ﬁ\ecr a%@tg%rg%ﬁgéﬁéé%nponents
may i ncl ude fl exible cahle, .such i n six
i nches or nbriemaykelyy igiggatiopf gﬂ@f?Hg?%&{n&&ﬁ%&o‘é@%@?%&%tﬁ%@@? t he
" distance_fromthe |jd a not ebook ther, mohi.le. c tem

t hr ough 5heCﬁ?%\é‘hétf'sﬂ%éom&a@%'f’@n%?q BOttt?‘?esu%ﬁqi&tg‘gyo?é@a%soupI ing to
ot her conponents. The radio nodule, including its antenna, may be
advant ageou§Pgauserit wenldinet Meet HY regyesii®pl e, Figure 1d shows not ebook
conmput er system 400 conprising base 410 coupled to hinged |id 405. In
accordance with bneccordanee withansmieiimppiafdhe PraseRRYEINON ¢ O BRSRr boar d of
t he conputer system containing, for 15 exanple, the processor, chipset
(bus cont r owinelegsdasehanchcansietien330afdigHrg Ha v sriit suelsehsrme 8hteol 1 er, is
i ncluded in base 410 of conputer system 400. Lid 405 of the conputer system
i ncl udes a thasgband way berntegiatedrintatang«rymorg deviges of the host AMRU conput er
system such as a tablet or handhel d conputer system nay be any protective
cover wil0h eysteirt hthe partidn sphepasearerthalis ophiotedratpdinte thepgast systemi onal ity.
20 One advantage to placing radio nodule 340 in lid 405 of Figure 1 d is
t hat, duri ngofespaidstpdiietinkManhgeméntSProiquiot ddrgbyemiaking this potienhi ghest
point in the conmputer system thereby aiding in wireless comunication. As
shown, radi gqvambié el miheltenatdivere tb satishy MAiofthéOBo@prdoesat i on 415, at
or near the top of Iid 405, with flexible cable 420 extendi ng down through

lid 405 and t hr opghekdifipidScdsitee theCstmiiterds yeBimeERiglied dtimgristhgbase 410.
The end of cable 420) opposite 9 WO 02/ 079965 PCT/ US02J0OGUJ79 radi o nodul e

340, may t h‘gﬂ?oé%sﬁpytﬁé,%mﬁ?’%qW%&ieﬁic&fﬂm. Taese 4lbthentd/ard o@&ﬂlﬁeh&o
ase

hi gh- 1 evel and controller which may be integrated into a chipset or

m cro-cqmtr t hié Bl D ieare . i pdi o nodul e
340 andqgabfﬂgs?é){}&élrlga@ﬁgqv\h@rag%g@gg lﬁl%r@r:‘ril d 40%/il]iil‘(r31nt|63|a§hérﬂe%l Ig-iﬁ‘vgr clarity.

|n 5 accor dapeguihd bodtiiePSPLABRRIodARRE el sh-RUBMRAI thadiRtdamibe and

cable are integrate Int or otherwse affixed to the |i

REAL- TI ME EVJE@% ‘@%S%N?HQ%@“%@{?SS b5§@djant3,eér"e\/f6uslgfé@nt*aﬁfeﬁ‘v(iifhﬁﬁ' -time”

is not inten np system responds i nstantaneously to

i I t ed . i f . v ti "
ot endod To SoRPIErTt T Bod be Stk T i BRI polad of fleBasebid. 12 ey
th t of .the host. t t | AYA th
o L B2 L BbuhiS BRSSP G b spRlR Mo
exter nalzodevgacs%barlf E:or?tpo Ie?g?ﬁd'l'ﬁlnsaggnt?cl;lleg,ha?o%rv%ﬁ'\e%ns'cg}(/gp ééé’.r?\’om} hi's

constitutes new radio module 340 in accordance with an embodiment of the

present invention, and this module is coupled to bus control logic 311, containing
high-level baseband controller 312, via a harmonized interface.
Radio module 340 of Figure 1b may be pre-certified by the FCC (or

25 analogous agencies of foreign countries) using the LMA and DoC processes, and
6



15 wirel ess communi cation link may be in accordance wwth a Bl uetooth or

ot her wireless conmuni cation protocol. The external device nmay be an

el ectronig i ce having an i ndependent processor that is g4, direct
control o Ogﬁél’gﬁg%t processor of the host system A prinarg?;ﬁjgs' processor
may be nodified to process real-tinme events such 20 as those associ ated

Wi th establ {5hioganlioalRs [80RHLBIGBAERR bblsud Ssia RshdaamersiRY i ce i

accordance W or other w reless commuhi cation protocol. One

manner in "‘hi@gc@q\éf’o@ﬁgﬂ%&%ms. 'l‘:‘?é%po?&é}fcé%ﬁﬁ’{ or{EBéImBﬁcliiméPI{ bfi thE pleReRf 0CESS

these real - {1 ntsS IS Irhclude a tirmer and a high priority event
(interrupt). circuit in th . e i € i me
" kernel to r\ﬁ‘?{e'l‘t?r\uﬁ%dé? Héogﬂ_leh%ﬁ(flgépg ﬁ%’g‘g)@%@gﬁ%ﬁgﬁ geygtjgﬁqhtg ﬁglfl&%g{eosl not have
real -time agtriputes.. 10 VI /07991 USQ2/406 A I f an
~ operating sé’sbw%ﬁ Wﬁ‘ﬂmé%@%‘é}%- gli\?ge #rﬁgrl%_oﬁﬁ%s i\% rbl%bqt(ﬁl:\tg(%sn elartltgfs%gg%ﬁ?ﬁe
W ndows* operating systens such W ndaws oW ndo 00, W ndows 98,
and Wnd%mt%@ﬁﬁﬂgmpé?ﬁrﬁﬁ’ﬁr@@i%c?@% ho%@p\&&%y%n&ﬁq\é&?’gﬁ hds are the
property of their respective owers). 5 This kernel may, set the tiner to
gener at e t hEORMYRIGRIP PFWWQ%W%? A e POPLFOUMRIPISYSI§Nn acti vation, a
real -tinme event circuit may transfer control ﬁ?sg a r_eal} tjme_eyent handl er
(ker nel sof t war eBY dRsigRINgGEdip sRqdyan340 Pfd4gure; 1heaangERaNYTRIEIMPSA/IMEY may be
used to process a wrel ess baseband protocol that has strjct timn
requi r enent suppritinuitipleapriojocotshpad aesthvay Fagreaemmsraent I’?&thﬁé@%‘?a"éﬁ 10
event pin which may al so generate this high priority event. The event pin
may be coupbediohaontaingst withis satio mosilef348: Rrotogal-gpackichaselrid ce coupl ed to
the processor, such as a chipset. For an alternate enbodi ment of the
pr esent 10nverddessing ihperfiorgteddn ittor higly-levebpartiompf the haseland, sdidid$ ng a st at us
bit stored within the processor or in an external device. 15 One feature of
thi s high peberdiiate®ig highileve! basetiand waptrpllen i 2 integrated ita kilsl aontraltlegici es
over conventional interrupts, reducing the risk of a high priority event
| at ency bei ng{uBaREbid plofsiol &6kt et npertivhmmayeke bynttdied matdeestwor . Hence,
i n accordance with one enbodi nent of the present invention, this high

priority eveai by oR88r Mord BErtwrre RRsgrams itdtiniay drithay notiheolvenditdoeugerocessor ,
al t hough other interrupts, 20 such as nmay be used for nenory error

handling, Mgy.he:sh. hhgggaﬁrogfdn%inbxrem,éth iAIpArsS 6h anpihtackinesent s i n
accordance with an enbodi nent of the present invention are shown in Figures

20 and 2 EIOGGHL YRdiom ek aPadrRnsas kR e b Heftea @ r gy uek), shirer 105

t hat may "be ‘se a software routine. The tinmer triggers real-tinme event

circuit 119%&0%&@4%3&% EB%r Fﬂi}rdgg??%icgh@wt& dvicer® NFHARhNBPROM, Yor

interval ti trrgge tinme event circuit 110 to read a 11

been 1 acol v SATST HaVE DR I oo eliE e Rt enBIRgho B I NS

externally aﬁ)géc_essi bl e_cevent pin 115 that may be used by external devices
within the fg%g?raﬁter systemto trigger real-tine event circuit 110 to

i mpl t th hod of, Fi qure 2b . j j t of
Filgur e 2b, the ploaceddpieaii ol emipdiheff GhEBREEnL lehdiG s T ©

| -ti toi t t 1 Thi. s d
by for BearBie, madnea oATRRtERP oS JobeEg o1 e aimenlitg ©, 121eC
activation of event pin 115 of h\%ﬁ%g rocessor 100 o I n response

f Fi .
to the REI, Ys€&l Fpyexanapienwhilg ¥a ygerqay yse T°B¥"83§r§§%ﬁ%?ﬁoo

Bluetooth protocols. In the office, the user may use the module to execute IEEE
802.11 protocols, and at home the user may use the module to execute
SWAP/Home-RF protocols. In accordance with another embodiment of the

25  present invention, the module supports other wireless communication protocols
7



10 to halt the process being executed at step 150 and save the processor
state at step 160. The processor state may be saved to a reserved nenory

space. At _ste 5 of Figure 2b, host processor 100 calls tes a
f)_oz)ﬁ;;)]o ggﬁ@lsﬁiftﬁﬁ‘rb

REI handl ¥ tcordance wi th one enbodi ment of -the pre I'hventi on)

this RElI handler includes instructions that, when executed by the host

processor, ﬁﬁfﬁiggjo?g{ag?g@tﬂ??ﬁﬁ%aﬁ .rA&é?nétﬁégh%emeau@%a%/ beE@batied s that

store infor e real-time event. For exanple, the host

processor read one or_nore_.regist o [ i ndi cating
the pr esengg)y BPryY é’@rﬁi SOQOW%'?%%Q}SY%E?I% gﬁatstr?? %%gegmidglféén}{rlg?focﬁag? |d%n si gnal
froman external device re sting W | I fnlf 1S
- deternmined that Igﬁcg%dgpﬁ%wl{gg\ppggﬂqogirﬁ%@?iﬁé ckg%%gHrt gr(%‘ég se%g%qtr{)oﬂiocati on,
t he host processor establish co ni cation r i chedul e
for future HEHigNMeYs %ﬁ?j’aﬂﬁ?tpﬁa??‘fgs @}‘UP@? |pr8‘é‘%ﬁ(3@“§) @%%Séf@ |¥ ?r@_gd%y)s
Al ternatively, the host processo during this.time erform baseband
processi bg NOPAAPEAPSON %ﬁe&%aw&&%%@m%%&@ﬁgﬁa t%a%ﬁﬂfr@g[‘ﬁ'% pr ot ocol
as 25 described above. 12 WO 02/ 0799GS PCT/ l]JSOZ/ | G079 Afft Sr a REl return
i nstruct i oneventimseesissing asdescabed bejowr Ategatively Al of RPORIQNLefdae higk: at e
stored in the reserved nenory space margl(be restored to the hodsWrocessor,
and t he prewvelisagebene proqessing sepy heparirmapd Py opniRlyogie aMPeHEd WHIR t hat t he
above-descri bed hardware and software may be inplenented either with 5 or
wi t hout OS $uppontrol ldgic ¢ torfiumoealtainate %mb%d'méggﬁéfttﬁeé%m'ﬁﬁ?ﬂt'oﬁf t he
present invention, realtine event processing may be inplenented via a
secondary nexesytiomef tiechighdzves basebanspyotocaieigrapne dyi(at dehdY)R i mary host
processor. For this enbodinent, the NSP may execute an OS that supports
real -time pregpssrah@rtefiar afttee hostreystes, 20 dpsdribed\belo®/ imaoniunstioryith he
primary host processor) which may not support real tinme functionality. In
accordance WigltetBi s embodi ment, the NSP may then performthe baseband
processing functions in accordance with a wirel ess conmuni cati on protocol,

as described aboyge cuh hﬁartsg@teﬁféfrﬁgurepb@@maﬁﬁs pretéssons0s memeyd1&r wor k
of the host processor Tpor the remai nder of the conputer 15 system Figure 3

i ncludes a hpsit.PHEGES 396 caWeli ORRA doRtrélG64E GROCH additibrasmbeatidstl ment of
t he present%vedﬁ)tion in \/\h?@h NSP core Zg‘gglis integrated with the primry

host pr OCesﬁﬁhtrﬁgﬁ%ﬁQ@ colifle@ EFRILHNES! 1Bhik 310N EnfsBaaEH BBAtONIRE 32HiMmapr esent
e

i nventi on, core 1s Integrated on the sane sem conductor 20

substratg as,fhg r?g(?g‘% }Sétg’ég%a@rdaﬁﬁg%qror E,ggga,t,gb PEIB S coitilke processor. To

reduce cost, pri rocessor core and NSP core 210 share L2

he 215, : A ' i irtaciddd t
char ed memory EOBE ORISR EHESS e aAd ot e e oy
Ao o T G oY AU AR Serrdch, THELABARHEAFofiRd pliaA 0079

I n accordanc resent 1 nvention, the NSP core
d [ host ] h i i =Y

(Isa). E‘: y?'H‘C')ejﬂ“PE:d%gt% 50@(9&3@{;%@%{?%?1%&*1@?élv;ééﬁ%é%éﬁ%{ @‘Lef’é“%%fﬁh%‘éeagd

ri mar 0S rocessqr  cqres no € a . as been
Glescr bed wi et ows dpandeaties spbefimeot BafsR deyreiestioh Spp UGN €8, "7

ill, h , b i dent t havi t.he b fit i i scl
that | varbusteHioaeauia VBN SaRg e RRHGET ey Heh Rty sorRdloy st nents
wi t hout departing fromthe broader spirit apd a%gge tOf t he it a‘\ﬁenti on. The
speci ficati oﬁa@ngﬂ@r%ﬁ)%@ea? of F'&‘H@&Bd]’%’g‘?%/ oupg agiantagequsdn thal “an

illustrative 10 rather than a restrictive sense. 14 .
baseband processing by the host processor reduces system cost because it

reduces the need for a separate controller.
In addition to the features of the radio module described above, the module

25  may include features that enable the module to receive LMA from the FCC as an
8



WO 02/ 07~) 9GS PCT/ US02/ 0079 CLAIMS What is clainmed is: 1. A nobile,
uni processor conputer system conprising: a high-level baseband controller

to operat 10 nmodule in 5 accordance with a wrel ess lsgARL 1 on
s FEPEE

pr ot ocol ; a primary host processor coupled to the hig aseband
controller, the processor having a first portion to process real-tine
event s 1 ECehilold QRULAE s AluvalerRITASRAUALAInME NFONSamBIE] iRSS
comruni cati on protocol, 'and having a second portion to process 10 non

real -time e%{cgcgﬁ-%arngg-witm%eiceg@%t}(y@éngméemeeémqh@énw, thih&di8 infoduembly T st

portion of essor non-symetric processing core to run a

first L : i d
operating g BN Erd R TEERIABE b b Ay B HAERRN, barerEd 2 poce

share a level-2 cache., 15 3. The c er systemof claim1, wherein the
first portigﬁtad‘?pﬁﬁea“ﬂrp&?’&SBPé]?ﬁ%é{E%g}s areal-tine event circuit to halt a

| -ti dtoinitiate. ' f -t t
nandl o .5 4. " Tho. Barpaancayte e srepReiei e Hedin kiR 8" 0 T on of
Ci T ou & Co MepReSt Pawesn tis el rouaeraes PaLRvePREC TR aYer . 15 w

O 112/07996s PCT/ LI S02/ O3 179 5. The corrpgger ag@em of . cl a}|6m 3, Wwherein
t he processbciuyded flrxble aable,queh 2819 (PRORGRLS: ) SRENSPHNERS ¥iBYEr t he
real-tine event circuit to initiate the execution of the real il event
handl er. 6. Thadengtinpiaush assablemapbedelacdiio spae s §isianes fem e pﬁ Pre

events are 5 associated with running a Wndows operating system 7. The
conput er sysibtetmook ocbthenmabilef cormpeter systain.i toiongh e ainge o est BYRI$Mdi ng
buffered input-output ports coupled to the high-Ievel baseband controller,
a | ow | ¢gel thteahathdrovart footounting 4n dther compeasits eFha gdinaiedele, including

its antenna, may be advantageously affixed to the lid.

For example, Figure 1d shows notebook computer system 400 comprising
base 410 coupled to hinged lid 405. In accordance with one embodiment of the
present invention, the motherboard of the computer system, containing, for

15  example, the processor, chipset (bus control logic), main memory, and high-level
baseband controller, is included in base 410 of computer system 400. Lid 405 of
the computer system includes a display screen. Alternatively, a lid of an alternate
computer system, such as a tablet or handheld computer system, may be any
protective cover with or without a display screen or other input/output functionality.

20 One advantage to placing radio module 340 in lid 405 of Figure 1d is that,
during normal operation, lid 405 typically exists as the highest point in the
computer system, thereby aiding in wireless communication. As shown, radio
module 340 may be affixed within lid 405 at location 415, at or near the top of lid
405, with flexible cable 420 extending down through lid 405 and through the

25  hinged coupling between lid 405 and base 410. The end of cable 420, opposite
9




Wi rel ess communi cation in accordance with the wirel ess communi cati on 10
protocol) the nodule neeting Limted Mdul ar Approval by the Federal

Communi caf,}) i ssion. 8. The conputer system of cl ai Wgh®i n the
| ow | evel%ggglggan’d controller includes a baseband porti onpgéggc{a{;@d with a
| i nk managenent protocol. 9. The conputer systemof claim?7, further

conpri sing gl ,ﬁ?&@é%é?yﬁé)‘?ﬂ%ﬂ%&% fo@ohipBnentd WithpMsseAIDe Badias
a? a nd ‘and coupl

controller Irst e d to the ports of the radio nodule at a

second end. y,J Qi TRGGATBHIR oIS WAL Pt U8 iRteofdiéd 14 a ARE( & ng @ hi nged

lid into which € radi I's affixed, t exi bl e cabl e extendi ng
L PR A e
‘ Pﬁlr'?gelr nggrﬁﬁ?_%ﬂagﬁ?gj ?j’g‘:gﬁ”ﬁ?yga oy %%e nﬁ_uruf('arfosysf&gml of claim 1,
control I%r °ﬁ‘if‘"l%ﬁd'\’i.§‘ﬁé? §F’$’8dﬁﬁ$’ﬁ%t%!ﬁ!éﬁq%gfb§§?'gh%p%déivm%lgf"t%:?nsp%?e The
conput er systemof claim1 erejin the F%%ﬂpetﬁé onmuni cati on protocol is

sel ect ed fr@rﬁ.iategr%%WHBiﬁéﬁl%F@ﬁbo FrEFe 8 P, and | EEE 802.11. 14. A

nmet hod conprising: 10 executing a process on a primary host processor of a
conput er system the process being associated with a non real -tine
operating sgstenl receiving a real-tinme event by a transceiver of the

conput er syBEARTFIMEFYRNE QESSINGi ce, the event associated with a
wirel ess communi cation protocol; 15 forwarding the event to the processor;
and processing tNetedhatras usedihesgintthedersucealttimg’ is it iiepdsdipsimpbhngh@ cat i on
protocol is maintained and a high-level portion of baseband processing
associ at@d hostisysteen meispendssisstaotamenusinta asigpalgenetsted by aogxtasyalt he
processor independent of the operating system o
device. Rather, the term ‘“real-time” is intended to imply sufficient determinism
and sufficiently refiable latency on the part of the host system to, for example,
reliably enable the establishment and maintenance of a wireless communication
link with an external device. For one embodiment of the present invention, this
15  wireless communication link may be in accordance with a Bluetooth or other
wireless communication protocol. The external device may be an electronic
device having an independent processor that is not under direct control of the host
processor of the host system.
A primary host processor may be modified to process real-time events such
20 as those associated with establishing a wireless communication link with an
external device in accordance with a Bluetooth or other wireless communication
protocol. One manner in which a conventional host processor may be modified to
process these real-time events is to include a timer and a high priority event
(interrupt) circuit in the host processor. This may enable a real-time kernel to run

25 underneath an existing operating system that does not have real-time attributes.
10



17 WO 02/07996s PCT/ US02/ 06079 15. The nethod of claim 14, wherein a
| ow-1 evel portion of the baseband processing associated with the wrel ess

comuni ca\;vb 0Pt ocol is done by a radio nodul e independ
processor. %2/ '?ﬁe nmet hod of claim 15, wherein the wrel eggf/ggmﬂﬁcatlon

protocol is a 5 Bluetooth protocol, and the lowIlevel portion of the
baseband p#&ﬁhﬂ@o‘f ngB n%ﬁﬁ?é?s%@r%&hmddéstdwhﬂe%bpmb aktrinltesanagement
e of ¢

prot ocol . alm 14, wherein processing the event in

real -time 'lﬂawéi?&e%,nhb\ﬂg* J;E?% i ggﬁfr%e s SEH AONVhARWRNES SANdewa2e0b0 a

reserved nmeno ace, exec -tinme event handler, returning the

pr
. Processor %ﬁgfsel naprg\@essv!(éﬂnfxg}l‘e[‘(ﬂnlﬁé?ﬁﬁ}hﬁ EQRoRY “ﬁ%d@ﬁ@ﬂ&sa%d Brdnddhe met hod

of claim 14, e event 1In rea -time 1 ncludes processing

the event in flf’{%f?ﬁﬁ&%&?gé ech\r}'eegwbﬁ ssor under a first operating

~ system whi 1€ e’'process in a second portion of the
Conput o syst om TFOGFERTEE £8 M onen i oS et dos g AP cent 411685503
when exeout BIPEA a UPBAGHEL0Gy b e mEa Dl Tirat FEN e eoRTaS o5 ;23% orm

the method of claim 14, 18 WO 02/ Q7 PCT/ LI /
claim 20, flipeeyenthangier &arge! sqttya V‘&E@é@/ Bf orﬁﬁéf‘? 519 2:§Lk -;Egl(t; n&ﬂleﬁm °

perfor m Egh;,;ﬁwgggggég;%;mgc”ésls;awz&;s;ﬁp%%”ﬁ ictode! Mgt Rap et "
CANCA Au. A A A(LAy. A A y{y| >E
timing requirements. Addmonally, this method may encompass the use of an

10 event pin which may also generate this high priority event. The event pin may be
coupled to the processor itself or to an external device coupled to the processor,
such as a chipset. For an alternate embodiment of the present invention, the high
priority event may be generated using a status bit stored within the processor or in
an external device.

15 One feature of this high priority event is that it may provide more reliable
latencies over conventional interrupts, reducing the risk of a high priority event
latency being upset by other tasks being performed by the processor. Hence, in
accordance with one embodiment of the present invention, this high priority event
is one of the highest priority interrupts in the processor, although other interrupts,

20  such as may be used for memory error handling, may be of higher priority.

Hardware and software elements in accordance with an embodiment of the
present invention are shown in Figures 2a and 2b, respectively. Host processor
100 includes an interval timer 105 that may be set by a software routine. The

timer triggers real-time event circuit 110 to implement the method of Figure 2b.

25  Alternatively, interval timer 105 may trigger real-time event circuit 110 to read a
11
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z10% & () - SEPA6Y. (The protesRof Jtaldtagbe)saved tdiKreskOfd &héery space.
10\ 10\ 10\ 9" 610% & () -yy510N & ()-&&3: ! 10% & ()-3f1 1f 100 & ()-f/10%N & ()-3
i K- K9310% 0& () At st6pA68&F Figurer2id, MdsoSrockssoy 100calk drjd exet0tés@SRE) -
110% o0& ()-10% o0& ()-1 [ K-K $10% 0& ()-"!10% o0& ()-10% o0& ()-310% o0& () -
$10% 0&' () - hah@¥r O ddcordbite Adth bheembodimintles Hbregert Invehfidn, this RE!

10% 0& ()-@10% 0& ()- -T 10% 0& ()- @10% o0& () -
handler includes instructions that, when executed by the host processor, cause

15 the host processor to read one or more registers that store information related to
the real-time event. For example, the host processor may read one or more
registers that store information indicating the presence or absence of a wirelessly
transmitted identification signal from an external device requesting wireless
communication.

20 If it is determined that an external device is present and requests
communication, the host processor may establish communication (or may
establish a schedule for future communication) with the external device at this
time. Alternatively, the host processor may, during this time, perform baseband

processing functions in accordance with a wireless communication protocol as

25 described above.
12
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’ that the above %l_eiscrlbeg%argwgré a%d(goftw‘g!?’elgégl %e%plemented either with

5 or without OS support.

In accordance with an alternate embodiment of the present invention, real-
time event processing may be implemented via a secondary non-symmetric
processor (NSP) integrated into the primary host processor. For this embodiment,
the NSP may execute an OS that supports real-time processing separate from the

10  primary OS executed by the primary host processor, which may not support real-
time functionality. In accordance with this embodiment, the NSP may then
perform the baseband processing functions in accordance with a wireless
communication protocol, as described above, while the primary processor
performs the regular work of the host processor for the remainder of the computer

15  system.

Figure 3 includes a host processor 200 formed in accordance with an
embodiment of the present invention in which NSP core 210 is integrated with the
primary host processor core 205. In accordance with one embodiment of the
present invention, the NSP core is integrated on the same semiconductor

20 substrate as the primary host processor core to form a single processor. To
reduce cost, primary host processor core 205 and NSP core 210 share L2 cache
215, and both processor cores may communicate via bus unit 215 to a shared
memory subsystem 220 of the host computer system. Both cores may

additionally share other system resources.

13
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processor cores do not share an ISA
5 This invention has been described with reference to specific exemplary
embodiments thereof. It will, however, be evident to persons having the benefit of
this disclosure that various modifications and changes may be made to these
embodiments without departing from the broader spirit and scope of the invention.

The specification and drawings are, accordingly, to be regarded in an illustrative

10 rather than a restrictive sense.

14



10948 ()-S 109%4& () - 39F10%4& () - 3! 10%4& () - ~4566W666dEAV7 1f  10%&' () -
S10944& ()- 10%4& ()-3S10%4& ()- 10%4& ()-G 10%4& () - 36@889Y99dEdV7

1L3 10%—18W§)080;‘j9 098 ()-3/ 10%4& ()- 9-10%4& ()- f3$10%K ﬁ%fﬁéﬁ"‘w’@*& ()-

99%: % & ' uVv7 19mlo%n & ()-G 10% & ()-10% & ()- 10H

10HH! L37! 10%4HH& () - @ 510%4&' () - _;: <3=j ===dEuV7 19m@10% & ()-3 10% & () -
@O0% & ()- G 10%&, 10% & () -39f 10% & () - =G>?/ @AAAIB47

10" \'\1937:!110% )-1/310% & ()-G 1 10% & ()- S$10N & ()-F'110% & ()- @
10% & () - W Eli 10"\"\! 10% o& ()- & 10% 0& ()-910% 0& () -

1 10% o0& () - VA 100\ \ CCDPDEE) FAEH7 10"\'\!, $10% 0& ()-

1 10% 08 () 10% 08 f), RO Lo @O Q)mi) g8 ()-) F} FFFAGY HHHIBAT
%@o 18;72‘ 0% d 5. o0 9 58 (8/60& |
0 L eSS AP ™
GL0% 0&'T) - . 10% tk (12e598aneRMith @ wirplsss SRMMUNGatignPEHPT3". 3N\ NNCa OoPd EH7

10" 0" o! f 510% 0&! 310% o&' fO 10% 0&' .(),-3..-109 " () - 0 () -
@10% 0& () - (;:prE ?g\aﬁ{ chssor c%up%% tg)the3 hig%-(l)e@e?gasgband c%err/glper, 0
the processor having a first portion to process real-time events
received from the controller and associated with the wireless

communication protocol, and having a second portion to process

10 non real-time events.

2. The computer system of claim 1, wherein the first portion of the processor
includes a non-symmetric processing core to run a first operating system,
the second portion of the processor to run a second operating system, and

the first and second portions of the processor to share a level-2 cache.

15 3. The computer system of claim 1, wherein the first portion of the processor
includes a real-time event circuit to halt a non real-time process and to

initiate execution of a real-time event handler.
4. The computer system of claim 3, wherein the first portion of the processor

further includes a timer to trigger the real-time event circuit to initiate the

20 execution of the real-time event handler.,
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6. The computer system of claim 1, wherein the non real-time events are
5 associated with running a Windows operating system.
7. The computer system of claim 1, further comprising a radio module

including buffered input-output ports coupled to the high-level baseband

controller, a low-level baseband controlier, and a transceiver to enable

wireless communication in accordance with the wireless communication
10 protocol, the module meeting Limited Modular Approval by the Federal

Communications Commission.

8. The computer system of claim 7, wherein the low-level baseband controiler

includes a baseband portion associated with a link management protocol.

9. The computer system of claim 7, further comprising a flexible cable coupled
15 to the high-level baseband controller at a first end and coupled to the ports

of the radio module at a second end.

10.  The computer system of claim 9, further comprising a hinged lid into which
the radio module is affixed, the flexible cable extending through a hinge

between the radio module and the high-level baseband controller.
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level baseband controller being incorporated into the chipset.

12.  The computer system of claim 1, further comprising a keyboard controller,

the high-level baseband controller being incorporated into the keyboard

5 controller.

13.  The computer system of claim 1, wherein the wireless communication

protocol is selected from a group consisting of Bluetooth, SWAP, and IEEE

802.11.

14. A method comprising:
10 executing a process on a primary host processor of a computer\ system,
the process being associated with a non real-time operating system;
receiving a real-time event by a transceiver of the computer system
from an external device, the event associated with a wireless
communication protocol;
15 forwarding the event to the processor; and
processing the event in real-time such that the wireless communication
protocol is maintained and a high-level portion of baseband
processing associated with the wireless communication protocol is

done by the processor independent of the operating system.
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processing associated with the wireless communication protocol is done by

a radio module independent of the processor.

16.  The method of claim 15, wherein the witeless communication protocol is a
5 Bluetooth protocol, and the low-level portion of the baseband processing is

in accordance with the Bluetooth link management protocol.

17.  The method of claim 14, wherein processing the event in real-time includes
halting the process, saving a processor state to a reserved memory space,
executing a real-time event handier, returning the processor state, and

10 continuing execution of the process.

18.  The method of claim 14, wherein processing the event in real-time includes
processing the event in a first portion of the processor under a first
operating system while continuing execution of the process in a second

portion of the processor under a second operating system.

15 19. A mobile, uniprocessor computer system programmed to implement the

method of claim 14.

20. A machine-accessible medium including machine-accessible instructions
that, when executed by a computer system, cause the computer system to

20 perform the method of claim 14.
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