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COGNITIVE MULTI-USER OFDMA Background of the Invention
Wireless connections between computing devices have become
increasingly common as computing devices have become more mobile.
As a result, wireless 5connections are now used in a variety of ways. For
example, wirele ?ﬁé‘o i %S\if i éo connect to
hard-wired netms,e{mrgx mm &;@?@ ught within
range of the access point can access network resources, such as servers
and printers. Wireless communication also allows computing devices to

connect to other computingag i A0MIAR i
d%émﬁéétﬁg%%gincregs?nﬁly

a

deviges Y XN HR1 N _ _

establish a wireless connection between two computing devices, a portion

copMmprag ceney spRaaiasid et o B Edi hide ehe yesighaldrBstveen
cotHEHENICES AGGPRAITHG FMMERI SISO TPUNICHMPIRIRRQL MAM unication

wireless communication protocols divide an available frequency spectrum
allowes Al S HaHIseise GNP tpAthIw iEtis ALk e Evavel agierpoints so that

deViBrsHidaiaahine 20 iiMe.a0d SHnp 26 IederancR WiIIRe AR Ohirh
eOrthogona.l Frequer??:%%ivision Mu%xing OFDM) is one ° ’ .

SCI¥TH ANGrERNIRS - PMaTeless RSB Mt loB QR IR RIIRSS fA connect to
ot HMNiGB TR GURNGY:SBRAAUD %ngﬁ%%m&’ét@%ém&ﬁ@dﬂa%%%a without

channels arc further divided into usually equal sub-channels, each with a
anydixgdenfiastiusitBandwidth. By using sub-channels of narrow

ZObWQﬂﬁsﬁW@@é%&{%W&%i%ﬁgﬁg HE@RE%' a portion of a
multipath fading or other electromagnetic interference and the risk o

freguepsy WapEURérferehteaEivadip gleviged chehimssRitiaity trpoaggerding

to Wﬁ‘&é%%ﬂﬂﬁﬁﬁ%ﬁ&% EﬁGHﬁ%@’M&lﬁ%@&éﬁ%ﬁ%ﬂﬁﬁ%ﬁi@ﬁ%&%@&?&ivide an
improved error rate performance of data transmitted over a channel.

avai bl e iEeNGY e SHYBh A MultipireiBarnsurtdbat St cotgiting devices

maRQPHRANCRMNIYRY URWHeasd INRIRVRE-BYHSINGA &ehahslactrrkr.
sub-channels. The sub-channels ma% be selected from anywhere in a

freqlitharepalisa eRabIR By M tig (RTPA iy s RARRTRiSaion

proastdiChatnRiHouR Belselasted asactRbrieaswigarentseqhéiey spectrum is
. characteristics of 30those sub-channels. To improve the efficiency with

diviglgdintRdratiBodh shimas! s QNG dn v S BEedy iR B yshypequal
SUCQHMNKE; FRILSStRGGRIIRG KPTACOMVRMINT dNRABY&1sing sub-channels of narrow

bandwidth, communications are less susceptible to detrimental multipath fading or other
electromagnetic interference and the risk of narrow band interference between nearby
devices communicating through wireless connections is reduced, which can lead to higher

data rates or improved error rate performance of data transmitted over a channel.

Summary of the Invention

Wireless and wired communication between computing devices is improved by
using a set of selected sub-channels. The sub-channels may be selected from anywhere in
a frequency spectrum usable by the computing devices for communication.

Sub-channels may be selected based on measurements of the characteristics of
those sub-channels. To improve the efficiency with which the sub-channels are selected, a

cognitive process may be used. A cognitive process according to the invention may be
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applied in a mobile computing device to prolong the operating time
available from a battery or other limited power source A cognitive
process may base the selection of sub-channels on current measurement
of sub-channel characteristics and previously obtained information. 5

appQ AR HRE AP O HQ@o@%‘ﬁ%ﬁH&%‘fﬂ@%ﬂ%ﬁﬁﬂ% IR MAHanI2ARW

sub-channels previously selected to establish a connection, whether by
batfiey arpdoimptathpeseyiseusicanother computing device. Such

inforpationmay /Alsainaliie Riaimaiion abartsiRieRABREYS aredgusly

determined to be unsuitable for use in establlshln%a channel. In one

mepsgage U htoeha shiksectaraitiomdpsereasyrolinasbislBpatiomels
Infli-hAasieaied fse® ShRschannglsinvhaeiRihe Silseb s celeethnels

from anywhere in the set and the sub-channels are not restricted to being
PreyarifdviseiscsdBoctashsLAINIREF Avay BetiatBIHIS AR myPsiiRgsievice or
an&%‘éi‘@&%ﬁu’iﬁ@%@l@e‘?&%@ﬂQMﬁi%ﬂ%?%WHélha@ﬂﬂﬁrﬁ;ﬁﬂ%%%p%b-
S

another computing device or for high levels of electromagnetic

chappetrepEsTERUTDTASERBISSLIRc Be imaitahliuios uie inIs Bk qhpnnel.
seleglignofi sidhadee AN Be BXavnRBVDIGH By ASR PR daNeHhnels is

any suitable manner, including maintaining a list of previously-used

selgetpdfianerstefalechammrs nraeredhentbifs sceiefirg dirduaryayhsicon the
setSiR-ghannels.andy andesn b salacting sulschanglss. Sulladiib&hitability

illustrative embodiment, a method of operating a computing device for

may i ARIFTEUREH RISy SUEFDIN Y aehaiiis &) BRI dso phatbrmlss for
sigRiQVidedraleOmatnod somprisess velesting Rifkst Pl ity afasiegtedic

sub-channels to carry a signal having a first bandwidth, the first plurality

intgj{erense ke rehs A eSS ohacRifkRE 5¢ alis-emainiad ferscdegtinyof sub-
chalHER]ity BOUReHMEbl NRKIDE A5eeR0bdassidthyibeserond hrrdnwitibing

greater than the first bandwidth; and communicating the f?rifnal using the
l

mafpidi iR P SRIBERIF Yo eh arhahanss i ta st rers &k sequentially

scANRREHNRIh 2 CAHPLIBIARRN RIS EXMBOSIRGsalarst Qe Ganmuer
readable medium encoded with instructions for execution on a computer is

providddtheriHbt eSS IhRdmsRb Bt BE 96 ARSH GRS BB sl ce for

coiatehaiNos @&t OFRSRD|€1%dbcabamielsidn insippuradityréfocol is provided. The
sub-channels; selecting a second ,Iura%ity of selected sub-channels, the

mefhod SRRINIASTERAITE Rt SSEtibaat SRicHESMPaF hADRsIS to carry a signal

havdgubfiekiasangtsidhe seqarddlusatiyyberip gdrRstthaoihe sitsingl yratiflityastsub-
communicating th(f signal oyer the second plurality of sqeleged

chanelsndgserond plyaling GRUSHAYRS BaYBaimesand brdnddiyrthe sccond

badmdi pieatirghaatine eisa Birsd WM Widg slavicaianthg SRCARGLCASMILIHOS st
device js roviﬁed The m@'ghod comprises: with the first computing

plugalife of selects ﬁlg’;ﬂ #8lity°of selected sub-channels to carry a signal
having aadttsiraocvwitih b skiecte,th Semphirnapisbeis g saletirg folkha one
Iuralit%/?o b-c%%;‘nels, thcge(ﬁ]lur Ii]%aof sub-channels collectively havinIg.
coRRUER A HRIGMRb s HaH AT BR ARt B AR Fspomputer s
prdvadetivichb;iane transmitiog alcleast greforessagehod comprising: determining a
set of usable sub-channels in a first plurality of sub-channels; selecting a second plurality
of selected sub-channels, the selected sub-channels being selected from the set of usable
sub-channels, the second plurality being less than the first plurality; and communicating
the signal over the second plurality of selected sub-channels.
In one illustrative embodiment, a method of communicating between a first

computing device and a second computing device is provided. The method comprises:
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5over the plurality of selected sub-channels. Brief Description of the
Drawings In the drawings: FIG. | is a diagram of an illustrative
computer system environment in which 10 embodiments of the invention
may be implemented; FIG. 2 is a block diagram of an exemplary client

witARPHISH é@ﬁb@}gﬁgféd{é&%%@&ffg@ﬁﬂ?ﬁi@@f@&%@d@@&%%ﬁ%\ to carry a

invention; . 3 is a timeline of an exemplary process by whic

sigaahhguitiepdavidendeideh. Jhp seaipd s brshans] plmnsatel eried Hioap thglurality
of %&t@ﬁﬁﬁ&%‘%&%ﬁi&ﬁ@ iéf%JlPW%'étlgIEgﬁ%U}R%f | ﬂ!@iﬂ@%ﬁ%&é BRIRGUAG, the

sub-channels for communication; . 5 is a flowchart of an illustrative

seqorstbaadyriddreanrgrdhpechadinel b devidihiraddrasmising ahlfgst one message

ov&ilfie Qligraimsing.efa (apdemyaed back-off process according to an
embodiment 200f the invention that occurs when two computing devices
transmit data over the same sub- channel. Detailed Description
Applicants have apprecigigdtaathatbiralessandnwired communication
between 25computing devices may be improved by forming channels from
sub-Ehis RS frequency spectrum without regard to whether the
sub-ehanpels %E@g?%tWI%tﬁ@i%%ﬂ%{%ﬁsyste&@Wﬁ&ﬁ@ﬁ‘i in which
implementations of Orthogonal Frequency Division Multiplexing (OFDM)

emtligélﬁ‘r%t%ﬁmtju&i%%l%—%rﬁf‘e@lg}ﬁmﬁﬂée@iven range of frequencies to
carry f530trapypitied signal of dhak sigpalyscaeRitehipre eHatfay be used in

interference or there are many devices using that same range of
acopEdnshcled enindinshie AleimimgBithe sub-channels intended to carry

the signat maythe-HASitaklexoh SRIYPHUSAION WBRIAUIA R CAMRNIAG sclect
device is restricted in which sub-channels can be used to carry a signal,
sul%ﬁglqggg}ﬁiﬁ@dé;amumcate data over the sub-channels;

FIG. 4 is a flowchart of an illustrative process of selecting sub-channels for
communication;

FIG. 5 is a flowchart of an illustrative process of selecting sub-channels to examine
for suitability; and

FIG. 6 is a timeline of a randomized back-off process according to an embodiment
of the invention that occurs when two computing devices transmit data over the same sub-

channel.

Detailed Description

Applicants have appreciated that both wireless and wired communication between
computing devices may be improved by forming channels from sub-channels of a
frequency spectrum without regard to whether the sub-channels are contiguous or non-
contiguous.

Conventional implementations of Orthogonal Frequency Division Multiplexing
(OFDM) use only contiguous sub-channels within a given range of frequencies to carry a
transmitted signal. If that signal is subject to electronic interference or there are many
devices using that same range of frequencies to communicate, many of the sub-channels
intended to carry the signal may be unsuitable for communication. Because a computing

device is restricted in which sub-channels can be used to carry a signal, the resulting signal
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may not support communication at a desired data rate and the computing
devices may have to lower the data rate of transmissions over a channel
when spectrum conditions are not ideal. By selecting sub-channels from
any portion of the spectrum available for 5 communication between

mamp%ﬁ QUSRI P RLROR RN R SORRNGL ASIANA! ok

use b computing device, transmission may be achieved at higher
havate leaves thadaidlsys of Spasmisnonsitionshauslcnzhugciigg senditions are
nofiiciently selected u;ing a cognitiye process. By Iear.ning which .

sub-channels arc suitable or unsuitable for use, the time and processin

costRBY 168etE8gon Prebessels M beh¥diesdon ebrie e?ﬁﬁ@&ﬁmeﬁféﬁgﬁ@e for
cofr UMM AERIR USRI E QLIS GAMHLNIDE HRVICH RRSEING EHRruct a

a battery or other limited power source. Reducing processing cost results

siginhfeeepe dsethperapdtaghd siehtproIBHE s R PRy AHIE VS tRehihRE data rates

regdRiliRS PgiterigmBuiingdeplaced or recharged. The user's experience
may thus be improved by &VQViding communication at faster data rates
B

withStbzhamshapeeitasléipenbr waried Usiig weaesitive REReSIRY, bagning

whidH Qﬁgieﬁ%ﬁﬁélg e RIRSERIIPYRAHAIIS FFeSIethioR ORIy RIGHESSHIPbT
choosing suitable sub-channels of an FDM protocol. Such a process may

selpelipRREIrRNFEAGH BRjPanFRimEr e SPRATERLEYStARS coRHEUFARIGSSS 18 used
wiﬁﬂﬂf%ﬁﬁﬁifé@oﬁﬂ@iﬁ@ﬂ%@@ﬂy ticidias tvoe QfaaBHguFiRg: IRed power source.

illustrates one example of a 20computer system on which aspects of the
RefirdngiBrresiting aomiesdindne drrsatit ofess ddpodegigrolongpgperating

tinROPP R SHRLEMi P GatciNCl YRS GORPILEIGRANSINAI KIHOQWIEIRPSrience

access points 102 and 104, wireless computing devices 106, 108 110,
may thus b9 igpep YAbL R REPWIHEW COMPUtErdev vl staadaitgatop without an
unfceEpmAbRIgatien mamork 100 can be any 25 suitable communication

medium_or media for exchanging data between two or more computers

1 pute
(e.g ITavinR thh doseendrd o rTahag tRenREthe PESSRt ShYeRHRgds directed to a
coflftWe ol BR YoreIRss BRIBRIAKIE dRVIaRs £an SRR PDIiEBIe60BRRIAGrocess

devices with wireless communication capabilities. Several exemplar

may;iPIHERIBRNTHERIAG BN RIS QWb ML VS TR SRR 1A Y Vx&y'f,h are not

linkPREenNaldigitat assisipabl t6h mne-aoarrpgone hidalss 3daeditipne of a
typically stationar id%%]\/ices can_be enabled for wireles comméjnr%i(f tion,

CORUF LY SIS B ShASRE LY AR TAYAREPR £87 PSERRIF I de nidiraehathers

areSpabiEBRYY devices is in a state of, or capable of being in a state of,

wireless communication with a wireless access points 102 or 104, each
connEtG ST USRI 'Eﬂ(ﬁ-e{w&fk‘ PorHRiFalisggnetwork 100, wireless
access points 102 and 104, wireless computing devices 106, 108, 110, 112, 114, and 116,

and wired computing devices 118 and 120. Communication network 100 can be any
suitable communication medium or media for exchanging data between two or more
computers (e.g., a server and a client), including the Internet or an enterprise network. The
wireless computing devices can be any suitable computing devices with wireless
communication capabilities. Several exemplary wireless computing devices are shown,
including laptops 108 and 112, personal digital assistant 110, and smart phone 114. In
addition, typically stationary devices can be enabled for wireless communication, such as
server 106 and computer terminal 116. Each of these mobile and stationary devices is in a
state of, or capable of being in a state of, wireless communication with a wireless access

points 102 or 104, each connected to communication network 100. This wireless

_4-



10

15

20

25

30

communication allows the computing devices to exchange data with one
another or, through communication network 100, with wired devices such
as computer terminal 118 and server 120. As each wireless device
transmits data to access point 102/104 or to another device, it may use

cofuRicIRRIEHIRS BRNASTS Rl Hac Y RIR RIS R PREIE Bath %ﬁnbllﬁ% HRESS

devices may compete with one another for access to "suitable” .
threpgheammary catien s\giapint U avalinsdrranirelisaayust detemves tsepat! 118

an®SWRETRY. 1K iS.REINiRUBIS SeH O 2R IS RIS TREENES 8P R 04 or to

effective communication. This interference may comprise noise generated

an@PAISTHES. dbMBUHPRYMEIERENSPTEIIg AR Diha sy Bitnkic sraskiemoldas, the
wirhiGh asviay REyaRResaled RY AN BIREHPRIE &%X&%Q&%ﬁ?éﬂ]ga@ifﬂiéhﬁﬁgﬁ. The

of the 10 exemplary computing system shown in FIG. 1. The

suighbisymherdoTn fhventibh driseried Pracdiwanshstiaitite daepsigected to
todHARICERLYYER 1RE B RmRIaLyrSySie MoaaMI dibICTRis3RL 48R R may comprise

employed on systems employing any number of wireless access points

nolsAGRAICESRIIL AR HiSTiERBPHIRE diIAC AN 2 8ot s iNe Bisplgtitily noise,
sudPuGRSy é/\g'é%@%awm%{a@%m%m&%@aﬁégm Paiptsot@Reand

104 in an infrastructure network, it should be appreciated that
CX AR RERE BRSSO FRINIHAY Sherate in ad hoc or other networks in

whichibengeaRHERNG Qﬁbﬂ&%@ﬁﬂyﬂ H@_&‘éﬁ"@e&)’ﬂ&&ﬁ%@%ﬁﬁﬁﬁ%@%%aﬁg
not throu%l@an access point. Also, while FIG. 1 includes communication

Praggse M BN RS RS IERSsS Re Wk HHFL Y6 | eARdsditsREBIayRe on systems
e HIOMPNAYRINLBEW TRl aswiked N elyrika D dndditians i shesddiReddition,

appreciated that the invention is not limited to being performed in the

Whilg i1y R SR ke HOMT S TP C e SEFRBBRHRISAIOBAHE Wircless

acdBSRSiar, Ty Ae Y0pierasnieedthanyr S UtabiRic omnvudostighy ReAWREKthat
includin% wired networksfor exchanging data between computing devices

empOERT e G theHEy RURIIRFH ARy RS PibARtd tyaikgn pvhich the
coBPREMAdcALYsStaME RACAISHAL WA COMEINGreQKam e A8 tthabmaaakaccess

used in accordance with one or more embodiments of the invention. .
POBLMBHNG e lite: J0BMAGHFO R BIBHORAITHIRR YL vitB st g vices 114
an@POyCerib6hi A KWL 10@niol ndPndlidcilid andeklftRbwkreless

access points 102 and 104. It should bhe appreciated that FIG. 2 i i
interAtdH 1B hte%h?@fda GEPRERSH ‘E@W%‘ﬁ?ﬁdﬁ@ﬂ%‘ﬂi}%‘? fo being
pegormRdtingiamien pladOvopeaimatiifb &mbedimaHrER thenbyantionder e

. _comprehensive depiction, .  Computing device 200 comprises a wireless . d
YRR R IR SR DL ey WHERISS RRRIHE HHRHaR Ok pdpeluding wire
net@rpRedimarxidhgipahed daewirelessonguark datectaca mabaequency division
L\iﬁ@lememed With radio hardware 202 to communicate wirelessly, such as

m cxing 1s 1mp emented.

FIG. 2 schematically shows an illustrative computing device 200 that may be used
in accordance with one or more embodiments of the invention. Computing device 200
may be any of the computing devices shown above, such as devices 106, 108, 110, 112,
114, and 116, or wireless access points 102 and 104. It should be appreciated that FIG. 2 is
intended to be neither a depiction of necessary components for a computing device to
operate with embodiments of the invention nor a comprehensive depiction.

Computing device 200 comprises a wireless interface, which may serve as a

wireless network interface. In the embodiment illustrated, the wireless network interface

may be implemented with radio hardware 202 to communicate wirelessly, such as with a
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wireless access point or with other devices. Device 200 also comprises a
network adapter 204 to communicate over a computer network using
other (possibly non-wireless) methods, a display adapter 206 to display
information to a user of the device, and an input adapter 208 to receive
wifRERHRRCS o e aes e SRECTIRRA TS, AL BB RURRetwork adapter
5computing device 200 may also comprise a battery 220. Device 200
204 asePeanipTite 8 (B sOtepLeadabTe Thasiae ot a6y et taeess)
me%Q&?,SaS@(g!fg lLRSIYFEeiQ RS BXEEHIED P RRFEEIN él9ce, and an input

Processor enables processing of data and execution of instructions.

adapier 4Bt rRe ehe it STRTAYISaISeHrEysom e bedipIRRts Rfdhaprention,
coﬂlﬁg{ﬁgzd@/ﬁ@%i?ﬁﬁmglgorﬂg?%gQ@Q'@eﬁ?m.unication 10 between

comg;nents of the computing device 200. The data and instructions may

compiesEcaR Wpbralivir S5t pRsCeBIRWRER SERP IR Mt dMpRsstepRgdrta to be
pro%%%arﬁﬁ/%ﬁ&%tr%m@x%é&é%g GQPRRISER LM PIRLEXBLY i@PMRables
n

instructions that control transmitting and receiving data wirelessly using
progsysigabieBrtd Srmtioriphin BN tbee ke tid hedniausfipe may be
stoa8 & A1 2 sny e iavenstared el on.compyier ke Rewall@munication

instructions comprising applications 218 for execution on computing

betyessrepoprsppiiRbtisrorratingfengreaMhdibe Batuaed iByaiciinsdnte

corePRRUING ERNIAE (9:4SA SPRRIRENIRLQT iR SORORYIHNG ESYiks IBERN 244,
various functions and complete desired operations. It should be

Conypteefhtadctid e FoaIBHF ROABMIRT T T Hi Mg Yraciivedtintisantol
tra” SR QheaMRURASARVICE usItRIedii: Bl -sgitahd Hal-eahrdimspieoebm

the invention can be practiced with any suitable computin%device. The

ProtRdRish MBS s daber bt Lo may SoBheip so sioned, Berrofb ramBHte
cx@u @Bk sHitaRla dRreasas R NAIR 1 Q6 ROTBIRAtIOR tha6RQIn RBEhPrE PBevice

0im lemented as a single unit or multiple units. Similarly,

iR e des %myb&élﬁﬁbmm&sﬁ%@ﬂmwwce to use
copoHingiTnRldapedia iansterin g data@ndnsiiuctiensioiRressp R desired
processing device. In some embodiments of the invention, multiple
OPE3HAiting devices such as computing device 200 may transmit data over

a linitgRonumerptsibrehannels iRmBHIRhEENIERSIMYethe RfRtRed with the
select sub-chaﬂnels that are suitable for communication. This g}laection )
Eﬁ%’é

tynnal 9LraBHBa S arRse A S i MSed SRt HigheaB fvention can

be Brabesedataih balovwieeengamipedagicevite hrsoSeletied epamehanmnedrs
r sub-channels for transmission, the device may "reserve" these
202, 2648 e 5B WS%@%ﬂfiﬁﬂyd%ﬂﬂé?‘%r% Cert ot EsmSting

coilbitigaisiaprdsansd ingtdatavertieisidrchannehand thatgly units. Similarly,
interfering :f\g co méjllg_icatio .n sgeme em odimentsd.the sub-%%hannelsf
Comﬁ}%é%i\%’ 907 9P R foP S Ein BIe B PE g Rt gton ©
mddaniestaaiig s dhe subehidnpebsalectiobyanpsessivatifyvipeocess may
be repeated every.time a g ta transfer is to belmade. In alternative h
emb %ﬁg?mgl&%@ér? ARSI VRO PRLEPLR GOBPHIE B St hyych as
cofputagsfocivel dperlisaiais dataataosie sl eondritind & oOsubehicaiin,
5session, and the su%%chiannel election and erlessigrvatlon %%?g?gr

COF%Blé’[gig cﬁf%\flfﬁé %]@]ﬂt refore, select sub-chann at are su

communication. This selection may be done in any manner, examples of which are
discussed in further detail below. Once a computing device has selected a sub-channel or
sub-channels for transmission, the device may “reserve” these sub-channels for its use in
transmitting data, to prevent other computing devices from transmitting data over the sub-

channel and thereby interfering with communication. In some embodiments, the sub-
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every session. In some embodiments, the selection process may also be
executed during a data transfer or during a communication session, for
example, if a higher data rate is desired and thus more sub-channels are
needed or if one or more sub-channels become unsuitable for

chEROTHACBEAAWIRYGA fRtBJEANRIRE AL SESHA, A{@rgﬂ%&%@aa{w@ﬁ%, and

10that the invention is not limited to performing the selection process at a
thuseheimd shemmpdseler tiondrbIRSCaStINE sEpsesbRanberenshiedisrcay time a data

traBSHRFG RN BE B 0RYIREI ARG L R SHIRRIE MAO NGB AL SHAPIR tBE-Rd by

the communication process.  Once the computing device isfinished
thecemmEcARTECa 408 BUSHRIISICENaHATaN HE SIBHESREY B- eormnisation
sesigh nad Breq PravpnsIkdRehes 0 CANMLNIGRIIRE Py g4 28 8YiGRart of

may be released by the device so that other devices may make use of
CVEREFRSSTRIS i roake oMb HBISBEss thE fedceriondracsigray alsotkersiesuisd shuring a
dath8REPH AePIEGAHQR; SARHOR s b ROIBEKIROEI MeNiSs T HISIFeIGaRE:s

may also be executed durinisa data transfer or communication session if

de&ﬁg S re Vil ehesinels AR RS el HhRNCOTNRSE dubachsinphalaseme

un§lRBIFRIFIPESHAMRIEIDA HRFRY INACHER TGS A TIRRURID IS BpIBG ated
20transmitted at too high a data rate for the receiving device to process

thagfbeanenipndpnatdiiciso parfriminesthsisohie s 8iamesaif avehiialy of under

sctBRAEOMI Y RO RVRLINEALIRN-BIGS TS N TRl SRMRYIRIIRANIGE SN
a timeline 300. Details of the process arc discussed below, as FIG. 3 is

suifable, GEARRERE RPISBEARI SiFBFIR i FREHRHRCASIOB A4REPR Sexplanation.

In agh RQ2harGRplLEALAR QLA JRYIgRAJSAHRHS AERMABCHOR Al@sub-channels,
desired data rate. It is then determined that to transmit data at the desired

theysglectrbsybliishiotiat red bese Sapy oy trrs eped fnRADBRARSH i the
de¥i¥e slafaRieseiRehaNnRIgcliREI04 SlaviceN&8IaaS MIRSHIGHMIhem. This

sub-channels | and 2 from the spectrum and reserves them for its 30use.

relgpiqdyex baPRy s ahke b BbiES b Ui iarRdheas tek samunication

sesSHrohanRl e MBHEiSRIeGRIadi fat1i8Se may! BIREHSOReAcARRIGRLIAR transfer or
device B requests a connection at a certain data rate, and it is a%?in

cogEERifiie TstiRRd 0B ATBRHENE dryinedesitaty 16 Muhiiale s ddaner data rate
makatR. dWihie, davisaryReaimisticnsimittbei claliadioass $abtHieIeei Boising
exami?:lcir?]l?J the spectrum and jdentifies sub-channels 4 and 5 asé%léiltable

trapSPUSHALINR Alioh? (7 Ko UG EECR SRR Y R I BRI A

apfepriiiaRnels for communication. In some embodiments of the invention,

ﬁl%\llﬁﬁ&n}ﬁ%s?%\{ees l:[%fsell)\llrg ge 25 r‘l)%lﬁl %%tlo%rérr\qgﬁvsg fg a?nfggcrenm% 3/1!3(1: %oe‘nmunication
process with multiple computing devices on a timeline 300. Details of the process are
discussed below, as FIG. 3 is intended merely to be an overview presented for ease of
explanation.

In act 302, an application on a device A requests a connection at a desired data
rate. It is then determined that to transmit data at the desired rate, two sub-channels are
necessary, and the spectrum is examined for two suitable sub-channels. In act 304, device
A selects two suitable sub-channels 1 and 2 from the spectrum and reserves them for its
use. It may also, in some embodiments, store an indication that these two sub-channels
were selected for use.

In act 306, an application on device B requests a connection at a certain data rate,

and it is again determined that two sub-channels are necessary to achieve this desired rate.
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5 that sub-channels 1 and 2 had been reserved by device A for
communication, and in some embodiments device B may have detected
device A's transmission on those sub-channels and identified them as
unsuitable because they were being used. In act 310, device A completes

Wlilﬁet YR '151569 Qif?g ggﬁ@rﬁﬁ@nrflﬁ%" & J&%ﬁﬂpd%b&@@ § ' e@ﬁhmg}gﬁg‘s fctrum

suitable for communication by any devices in the network, and in act 314,

andjedaeBiBpedirdanebsaiitingdariablefos serepamirsan dnde. 312 devaee B
sc1346 2 Al ARBNCRNAL 09, BEMIGRR15§HESHSRUARITB AN B e SABIENRE.RA &f the

certain data rate, and it is again determined that transmission of data at

InVigIH iRt e PEER RN AN BREI S Bl D BGRIO A IBR R ES dlaiilsivigareindicating
thaSREGIFHA AR SUliRb e Bidsehapnels deterninesAhst suRiaharaakh 1389 Bsome

are suitable, and in act 318 selects and reserves sub- 15 channels 1 and

emiohagntedaritioRimantast dHchioe deBiscabwiEEIR RIS Pal tBRshiHeghanncls
an$HRRADglsh a0d R WD &RTNARY JUb:-tRa el bacaYt ot Badce A

previously selected these sub-channels as suitable for transmission.

comlgtes IS Haipmivionakaina delsats rthexaiisisaltnarking dhrnmuitedle for

coMRARHLIORI8Y ﬁHﬂIQf%lﬁdfé&r i%%ﬁé%ﬁ?@ﬁ,%ﬁ%%%t@ 1ntRderensesiem
another computing device transmitting data over the sub-channel or

trapgpisiR B AT OIS sYeceRsReHutsdshet therefore examined and selected
sub-haRMAle3 allapligraatiNS £ MReiMeRtR SHbsRanRate A RN BURSkd at a

have been randomly examined for suitability and subsequently selected. It

Ce%ﬁ&ﬂ@%@'&pﬁ?@éfdﬁe%gﬂﬁ%@%mﬁﬁéﬁ*ﬁ%tﬁwlfﬁi%}ﬁvﬁa?%étﬁbﬂ iFRfitaqapires
twSSIRLHREhALR-EhaNAelS BESRALHRGHM AR BRSFHIGIRE TG GHRBIL]EPIRHER S,

as sub-channel selection may be implemented in an\éﬂsuitable manner.

detorpiess AtistPatbansisls i p1ary StERISarrbisate S 8riqirsteind reserves sub-
chifiRiIBMented by ReeBRBUIAHBWGT iSRRG RHDWRARNRISEAS have examined

communicating data wirelessly according to some embadiments of the

subrRRaiSH, el grEes o eranng sk et R brsatsa Wdad previously selected

theS@ NPLEBIANECHiARIe B StuCtiaRTSIRIes DR AbieAThBave determined during its
computer-readable medium such as computer-readable media 212, or

exafupagan st RtE R Yy BrAe ! QREcHIE Rl A A TRISHURY AL 50

intaﬂ&r%ffiale&dhaa@t%ee E@ﬁﬁﬁﬂ%ﬂ@ ayxb@e&aiﬁ%ﬁa&ﬁfg JeANSNYSEIe @ldB-ahlg/nnel or
suitable manner, and that em iments of the inventjon are not limited t
fropuiny BEIRbMTEH RS exa AR e Sub-cheqel 3. Tn

alt@ﬁﬁ?ﬁ&%ﬁfﬂﬁ@nﬁn@@ﬁtﬁdﬁa@ﬁ%ﬁ@aﬁfﬂ@fﬁ&@ Hdﬁ?%&ﬁqmatalgr@;aminﬁd for
performed. Initialization acts may include an application executing on t
Sulfaimﬁmﬂ ) NSRS -i@?ﬁ%ﬂ% ADBEA I A b AGGRIsg | the
inveativaenthet tonmpdtiogdetieg sitsl anaiitey sampming dayispedfic technique or
eterminatiglﬁ_oljvari us o§tions for theHg(]:Fﬁnnectio . being 5m rf?e, and/or a
teChRIA iSO SRIMNSE SEAHOTHY B e fRae o L Ao S SR
devigetbeingustades ércstheintialibatiomastschretipariososdititcpioneddy a
continues to act 4 %c,z\)/%ue_r(iéina etermination.is made of a_ number of

COTIRHUITATS [ad GRS oMM RS AR W B s Rfserdipe to
soriiit @mbsditabies washFHax exésmplithd pritie il ustratve esibddiniaml ahéded 4s

to select sub-channels the process executes a loop beginning.in act .
corl TR BT SR A S e L R pnedium such
as evapabie ferdabe bycttie 212, or may be implemented in any other suitable manner. Tt
should also be appreciated that sub-channels may be selected for transmission in any
suitable manner, and that embodiments of the invention are not limited to being performed

with the exemplary process shown in FIG. 4.
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device for communication to determine which sub-channels are suitable

for communication. Both the ordering of sub-channels for examination and

the examination may be done in any suitable manner, examples of which

are discussed below. The loop of the illustrative process of FIG. 4 has two

possile #ekcopFlitiens BaRtR ftshippssikiaandiRandiian 8¢ POpdieied.

examine all sub-channels in the spectrum before finding a desired number
Inigpkizaiien aptenayanaHikhapcipeisatioreseaiipagUIEs ¢eraprung dpvice
reRQERSSING ARATNGS ARG A Pr A0 RN @(a%ﬁ%}f%ﬁ%ﬁ@gemh@t‘omﬁﬁg @Rdednd

e way.

the application requesting the connection or in any other suitabl

anQHIeHEREBRIBEHIRTE 2 BRRIBESIHEPRACRIPBS AR IR Shpririeriies fprang
maAPPlEaPY A-daiRifAIRINGE R ke 2 ASHPROHE Y RIIBRIG SRChaRPEIh e

and the process of FIG. 4 may be re-initialized by the application lowering
devke GedieandstOnae the thepleEen gt amvnaippyatdipEgsess continues to act

40URHERARNEIS [ AEARD S TRRIT SIS RRISESSHREHR SRSt B4R 8IS ired rate.

may wait a predetermined or random period of time before re-examining

the SPECERAMRLS Blavedasacharmsuiadiwavelonipganiecsfge illustrative

emPBOERIRIE T RONAILO R | PEPGRS NG IR REES ﬁ)@&@&@ém&%ﬂ%@t&gﬁﬁiffg@n act
number of sub-channels has been selected, at which point the process

404 oRhin 00D £ BYTHES CRED UM BEANE-shdt Eht sRes e distilpdde dofuse by the
de@lt@atsy JetalRRIAN to deRihAReansiaPnEitianis snelrdReipInEess of FIG.

4 loops throu#%g the sub-channels of the spectrum. In act 408, a chosen
congiyipicariAR Rodk i prdariBeofiset irharRat & i aisipnaad the examination

majeieupiatianMasa Rt asistiCaRd AdLe fHARIALL, HRBURIEEBSRowW.

determines whether the sub-channel is being used by angther device for

comAftfnieeRioh BRI osrtephiilSs Wrsihue predbls-epdspagidons. In
theDRIRSLIRE @R iR RS Rl dRtestarancaun daimH gt ectrum

communication. In the embodiment illustrated, a sub-channel is deemed

beforefitdiig folEsdieBRihaherr i anslsralvitss BamidhsmiersssApaLigyes to

actiB S RRSITRY [deMies ft b16tharvise 19 swigtcl wiathehebtaglsd by the
the sub-channel is determined to be unsuitable for communication, then

apRHEAP EBREHTRS G FO RS HER LUB- LRl Tritaklaayniments grbodiments,
pro%éﬂﬁhlgaﬁqc@qmwd \ 'c;;ﬁtjmaleh@pwuﬁg é&hﬁﬁ&h E%@lﬁﬁ@ﬁeﬂbcﬁéﬁra@tfﬁﬂdaf@ be
transmission the loop is continued with the next sub-channel, . It
SURpRSREY {Bésélﬁgt’ %%a?tﬁ%qwﬁwﬂ}m%av 8 itahedabartrdatizdyy the
apSlittaidle masnes.the heilbdsdried:procRs Siphtgtmatiands edtainge dytable sub-
monjitoring energy in.the sub-channel over a predetermiped interval as
chaing pofi&ia ﬂxﬂgm%tmogaﬁ@agatﬂﬁg{efﬁ Wb SRS the
pre@ieeiaiieg oemiaaonl bl iss hakdivetbectectbeagibreh anglcbO-baing suitable
examined and use a receiver in the hardware to collect data on the ener
SulC RAREl A NGRY Fh¥ A SRS AEE LT SR SO B gein act 406
deteatheatechin adysstdtiahlemieiof NCuding geak Lheigyclevels, avehagdepoint the
energy levels, medign _energy. levels, etc. In this embodiment, |istenin .
DIy ORIDHSS Bty RIS o ctebs e e At tmCl B gy detal
beligyput to the acts of determination, or may comprise receiving (or
attempting to 15 recgive) data from the sub- nel. In other
oA L e L B i g 1o spgchanel
of teaspenaenahdadhd08gh ghedarmibg kexarlnatiomstedscuchcasiafboniiésn to aid
. Transform on the sample, d mine rgy leyels present in multiple
in SO TRAEA B ABhaed et B edeat e thsg whether
theasigbrokaahe Exaraplanscang amytbetit@eble:éefbh oo ol caxaminidgaact 412,
detseyr?figgg Qv glhoerr %llljebéﬁ ?c%ggh%msaget?fg%%%?eé?ed to too much electronic interference

to permit effective communication. In the embodiment illustrated, a sub-channel is
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20accordance with embodiments of the invention. If a desired number
of sub-channels is selected from the spectrum (the second end condition
discussed above), then the process branches from act 406 to act 418,
where an indication of the selected sub-channels is stored on the

deGRRRHINGARYIRE-ubOG 0HIGAIANIAY, RSN ALGE &b 2NSLRI ASAWdy in use

other suitable data structure. The list (for example) 25could be stored in
by iaihsFalgr e rige YhamE Ry dEuicithsr aséhmagkribmisbisharel is

deteAtid e S ad i iang far e st ag G iR BR NIy S LLBREMISS IR the nkkt sub-

act 420, the computing device transmits a notification message

chanselphsthty thécrivrkisoberuHARIS iy SABBUHEH BRI O iyt is selected
(in%%vwﬁﬁ-m%%s%ml@ﬁqm%é%ﬁdﬁ@@daﬂﬁﬁﬁwmstﬁpﬁiémcmge

may serve to reserve the selected sub-channels for use 30by the

computinydévicenintipiRg 'SablefimdRIRe Yie oRitdacb B8 in any suitable

maﬁ%ﬁpﬁﬁﬂg ﬂﬁié’:ﬁ‘@te-& 'fﬁo%%@hﬁ%ﬁﬂ%@ﬂ fé%‘(}féﬁeﬁ‘ﬁy M%fﬁﬁ‘g%ﬂ%@? in the
computing device acting as another end paoint of the connection that'is to

sulsharetRyda A getranehitiety thatRne SoRputing ifsviee. o dbeirpb-channel.

In Wﬁ%&ﬁirﬁéﬁ%{ %’%BH@?&%&@%& Mﬁ@&?e‘i’fstﬁﬁ&@ﬁ}g%i%%ykéﬁan%l
some embodiments of the invention, the transmission of act 420 will be

beiggrsBnred Bttt HEfebifEyNitte AatlreEs faIreldsstdatuemiia Llsaeridthat

sultRERNER! BeagredsignaladanayrR baasmitsdUsingtbisnenikeliff eAYS IRl
and in some embodiments the transmission of act 420 will be done as part

forgt. nshuling REghansretrarigharate sy s 5ys!N BRoi wesrey levels, ete. In
thiSBRIBIREALEE. RewauemihabapRdiveeim O bedn variopay siBR$tihel to

this information in any suitable manner. Once the list is stored and

Proyigishnittent! iRdgAeI Ot ATSHHRAY ML HEY GYBPTHES EERNEREERT aLRPting to
reciec5elaatad sulcchidtaRlisa dNBssIs-AIDRANAE Al SougHath g VR Wilhy

not necessarily be contiguous, but will be any suitable sub-channels found

sargpl B TBLESSP IO BT (535 S fedde FAREDIRH AR SSpnation steps such
as SUnaaNealsheinselecadAaditieRsMia’ 0 IeRENRYEHARSIHRSIRsUb-

at a desired data rate. It should be appreciated that the transmission over

chapreliy it Shamets #RRYFHEabRORCARY intdbracieaaiad I rIfTG o XRPIary

an$uHAR|B BRI esn R e e BN s thohlmitedrioubainghRelforayestWER in
an partici&zér netvﬁgork im?}l{ementation. In act 424, the process terminates.

G AR R T S RENM SR IVBRERY WA 24 may comprise transmitting a
secafd aedificion FBEssags dhaanel Ofsmseeted s Barypdochde\tBeSecond end

COIiér(gli,cating that the computing device is no longer communicatincg&ver the

RSB EhaMMas TR RERP e s e dFrTB AR g h S esre an
indiesgovast fhe theccampubingaavisesmmaycdde faleasad mnh thismadee indication

suitaple for use by other computing devjces, 201t should ppreciated
g SETHRELES TR ERRY (T AHERAR GRS A e BTGRP
codlddbotherpiatesirs Ry setuenonshof @eip aiaPossitidoraseaxarapienission, or
Coﬂgtqbrnatlve empodiment of the guventlon gé?é_/ perform the loop beginning in

HOAPFO SRS RE B ARG YR U BLEG BEr S SpSREation. In this
embhoictes) the: spagitting ey kenexaminechrgldaibhdie cosopipiiighg the
. de icg aﬁld indications of suitable sub-chann%s . .

list of sub-channels to one or more other computing devices. In some embodiments of the
invention, this notification message may serve to reserve the selected sub-channels for use
by the computing device until the sub-channels are later released by the computing device.
The other computing devices may comprise another computing device acting as another
end point of the connection that is to receive the data to be transmitted by the computing

device, or could comprise all other computing devices in range of the computing device.
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25may be stored, such that when an application requests a connection,
the desired number of sub-channels may be quickly assigned and used
based on previously-determined sub-channel suitability, rather than
making a determination when a connection is requested. Embodiments of

Tn HEUGBERRTAY HIRQRELALR N R AARIKIIH PG MY &I e RHYRIYY o

of sub-channels for transmission is further restricted to a subset of the full

corgrfsaticiay Resiectiiopthel rdaviser viisa-spraviedextanshdtrrepusgaals may
be {36 @MALNLOTHBAWE SREDT HSIRRG, 24t SR RIRUNAG ARNEL 8% BERANE on of

spent configuring the computing device to transmit or receive at different
actif@dumhhesdane agiirstohtaRAsHaT BRab PrEvkelove b REraho Heusealt sbould be
apFRIEIRA IR JESRONSRIQ MBS HIRRUE s BRORS AR St ahthig I8N corsMRkon in

as operating on battery power, or in any other suitable way. In the
anypitaple BRI 4, processing is performed on a device that initiates a

conngetiofhel Ngteac Qe in.ad ditiptn Ade vie dnendeshitbe 8 merdaend afr the
a connection 5being established by another computing device ma

coR U BRLASE e Seletb B HanHatS THE b sltg devivedhapove, will
no€ARNNL DS SPELHUMANGSS AR anselupfabUDsGhRMARIR IOfJhi@ BC@Y Brocess

data over, then send an announcement to all devices in range that it is

in FRYSRAHP IS TR ERIB CrathstBNEHSH 96 RubrpRiagte Do rebec tors g s mitted

on ARSI daia i IRg ROMBPUitBdeideeryvill transant B@H}‘ﬁ%ﬂm&%d that the
sub-channels. Endpoints of a connection 10could use the same or

trappsionRNsIchaHbrehinnHs dichrareHa mventshlmupated axeridias to any
suitgMIE hRsI M ARSI AWENIOG!E ndt iRt RIm epelesinee sl lyearticular

invention may not store the list of selected sub-channels as done in act

nevosloiRLEIBAARsHitth A2t tBF sEpsets fesmineitanifetRe Sime P §&iths,
invRatioRGcA 494 i SormpmbedineiteRf {Rednventancaws Adsapd lone or

may be 15combined into a single act instead of separate acts.

mogﬁaﬂrarw@mmﬁ@s&a&%%&&ﬂtﬂgféémmﬁfaﬂglmf&m%mmlﬂ?%r

coRXAFHIATMEIS SEtRIRABAEE axeehiaddny thenllustative Pipcess Rl ikt hay
In some embodiments of the inventjon, in addition to storing indications of

havg Begpamisarsd Bk tie JaBPiing drEiemak L procasdrnd Uiy apds itable for

usd P NRIQBBPEhnsdavieas. or usage element. The time or 20 usage

element may comprise information regarding when.a sub-channel may be .
releabePBY e BRTHLHiTY! %Rﬁ&%pamﬁ%vhﬁ%@gl MRUERGPHHE - 4 15

mecedpditions liRdanwbibhr the sibccbanaplonas sfleatestclposeiie. For example, an
alteerrr?at‘gi%%i renrggéﬁi%{etgteoﬂﬁg q}liegﬁt?oﬂsrglgl f)ng_oqr}?t réellosoi)ollajggq&gir?g in act 404 prior
to a connection being requested by an application. In this embodiment, the spectrum may
be examined regularly by the computing device and indications of suitable sub-channels
may be stored, such that when an application requests a connection, the desired number of
sub-channels may be quickly assigned and used based on previously-determined sub-
channel suitability, rather than making a determination when a connection is requested.
Embodiments of the invention may also operate in a low power mode, wherein the
eligibility of sub-channels for transmission is further restricted to a subset of the full
spectrum. Restricting the number of sub-channels examined reduces the amount of power

spent listening and determining, as well as the power spent configuring the computing

device to transmit or receive at different frequencies (i.e., different sub-channels). The low
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unsuitable for transmission may be maintained for future use in selecting
sub-channels for 25use in establishing a connection. In this way,
sub-channels found to be unsuitable for communication may be avoided in
the future. In an alternative embodiment of the invention, the list stored at

po @€t ALAMAY, A% YRAAA] RPN RO & RptH BiclPORGh T SRIGITURGEL evice
be unsuitable. For example, if a sub-channel is in the list as being

sughyayiRRSAFBS IR fert by PRV Oty ®ilse unslikapiey-the sub-channel
maylﬁ?lf@@%&ﬁﬂe%}ffqd@. ﬁl%l@é&ﬁiﬁg‘{%rg‘éﬁ%&% nEradeditn the:islideya

suitable technique for downgrading a sub-channel in the list may be used

conestedrdaead mArerdBigimestevara Adehtnhe merdiRryHholmeptection
beisl %&Q@mﬁhlwgﬁéﬁlﬁ}%ﬁ%ﬁ@@éw&enmiﬁ@ﬁiﬂﬂﬂtaaﬁf&%s%i&%@&mr%n

other sub-channels. It should also be agﬁremated that the sub-channels
chaiyiels e IAKTSERPIEHEEFTI R IBY fOrsURS IRy ISF BT MdIRSETh AR Sub-

chailableards el isema LR JIMe Jia Phihe HoVaRERRN OFSIeN MAYRE in range that
determined randomly, while in other embodiments, sub-channels may be

it iy HpET R S eYEIRG IR CRiSFhsY e Ranelp td gsalteiudr vdcare dthtigdadransmit data
to SHR-EABNNRISLMBY PEIexARNNedAAsingR-thimaede End&o'ii‘f?mve%onnection

since some protocols use Frequency Division Multiplexing (FDM) across a

couldrysiide BarRIGIESHEstnshagiel as ultra wideband (UWB)

comppiraERAS o WeotldwidpinierP BRBILBLIOTMISr AW YRAGEESfown in FIG.
WIMAX), it may become costly in terms of time and processing to
. GRRETHRRSWRERP

diBcetntihibr B eRE AparrInt sterr i Lty pheriasicd $Hb-

chAR08 £abBadimenta rf thednyadtinanhe: erdelsin nichisyRuthannald & other
examined ma&?ﬁe1 based on a cognitive process that makes use of data

deyifadidadiy gt tn e merinbedifneaiind Bstvertinbraciiet i ang 412 may be

coBMPYNG deMish athekcampriinadrvieas executing a similar process,
or any other suitable source. In this embodiment, the cognitive aspect of

the prsBeuld adrethsinarseeistoddhrhmgoarmepreoidhisiniuttnminay cxecute

motSUHRITRALIR (& aidtil Mk DGl KStRMNAHRRSSOPIRG s I Nk RREments of
efficiently. . An.exemplary cognitive ordering process is illustrated in | .
theﬂf@?@meagarﬁﬁwwaé&e%a&%&&%&%%&%%l%%f%%wsm
the}@eH{SehRYIQ0i@ smorleafinmhpioaassisHsh amihg angllvsiaiad Thdtmebr
to predetermine the order in which sub-channels arc t Sk%f%exa ineql), or
B released

USGEGGIFTICTO PR SAEARLSE 8L AT SE Yttt RiAS D SUBTEISA R 86

by 2Rex@npngneadafiesensabcehainglinashessnexami@hddisnaydiRr which the
executed at any suitable time and in any suitable manner. In act 500,

Sutﬁquﬁ?iéﬁéﬁ}- lected sub-channels (such as the one stored in act

418 pf $ofae dnisoEniave d fiamisterdga,onifie campiingdderdaad Thislist
of.Sl];[)l])- annels may compyise sub-ch é]oelf selected b fhe.
]‘O u

unﬂligg e éﬁfﬁ}l@g&ﬂ% Fa¥| %ﬁ%&HI)F'B?, ture use 1n Selecting sub-channels for

use in establishing a connection. In this way, sub-channels found to be unsuitable for
communication may be avoided in the future. In an alternative embodiment of the
invention, the list stored at act 418 may be updated at any point that a sub-channel is
determined to be unsuitable. For example, if a sub-channel is in the list as being
previously-selected, but is determined to be unsuitable, the sub-channel may be removed
from the list or otherwise downgraded in the list. Any suitable technique for downgrading
a sub-channel in the list may be used in accordance with embodiments of the invention,
including moving the sub-channel lower in the list or otherwise indicating it as less

suitable than other sub-channels.
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25 may comprise information about sub-channels aggregated from more
than one previous selection process. As an example of aggregated
information, the list may be ordered by an index comprising the number of
times a sub-channel has been determined to be suitable for

comgp %ﬁ?&' Aokt d{)ﬁ&%ﬁ%@ ﬂlgtptﬁ{'ée&iﬂlﬁgaﬂ}%ﬁseégﬁ RAigB0Ls A tBCamination

invention may store any information compiled from any number of

forgaisehidity 3 OSBBRINBGIHOACNS0Y thEBVgarifef pibses Badivb araknh ity
inx%ﬂﬁfﬁb%?&@%}@@d@%ﬂ%@ﬁ%j&éﬁl 2y ExRING e TRARREIS R hannels

the list sequentially, or may examine them based on an index such as the

mayrhe gedead sadaspie ot ansuendwinbrspsdatartedieihenandswl-gbpnnels

may ¥ dkigFREFKeb AL 08 @gigst any list of sub-channels indicated as
currently selected by another computing device. The checkin%of act 508

mayHRWEYEhISHISSam e REPIARYS BInDiriEsten Rissien Mubsilveig (FDM)
acreRMPHING, GV IGaR! IBraHaeeKmRGER tR& PRI MESRADR S mmunications

comprise sets of sub-channels selected for communication. These sets of
or Y ylenannrcrang v lExdoandisaomaysy serabidViddaner limetdiggpme costly in

terﬂfé)&?ﬁﬁﬁsaﬁéiﬁ%&%%g’?‘ﬁ%&éﬁrﬁﬁ@%ﬁ@%\%ﬁﬁ%ﬁ?& CIRE éﬁ%cﬂrum alf free.
is not indicated as selected by another computing device, then in act 510

the SUBTEHRIISNE SRR AENSRERINES Bvadiean e der disuhidbepb-channels

arcABAYS AR LRRIHBEHASWER K GBS dpRRYQIMGT siatablgmannel peviously
however, the sub-channel was indicated as selected by another device,

detgrapngdoti: ditih IBA% RRQDIIRG FEthiy BRSroompltiRS:Es Hea 9BificRmputing
dedletgreningtdp actpd4 NBLEQIS YUAXARRINRGMIB-Chapnals BN SBIBRISE:, the

The list may also be updated, with sub-channels that are being used b

cogibHetsBEN/i 08 BEiRp rem st fdmMaRe! Iﬁ‘%?%%%%%BWﬁ@%@ﬂe%mmed
inffiriiioe Ry acessAhexaiineifitiie sdchanpelnisiedist bavehaen

marked as examined in.act 510 and a desired number of sub-channels

has AdtETHIAY SQRULE LTRSS de AL EHhtE h Actasative
proddbsghanpe ienpRinfedRe] lista ThRRiderdrhisk dhrag HePtehaNIsdR process

examined may be done in any suitable manner, including a random

suchy g HiPsr LlustpisAdaidfetimyitrisHaisa bheasrdn it ch subiwhagnels are to

be FeadRRAY dPi0S subjehannelwiihihetighest fseasapymBiachsiilsmel to
that havege%)t yet been marked %)s examined by act 510 may be examined

CXURIBfSRTESHF b YR THEBIUMERT WA e G COMB0in S bRt Lutaiuitable

tinf® andex gy datemsningahibey are suitable for communication. It should be
appreciated that FIG, 5 is merely an ill tive process, and that

embBH afltﬁé)fm&%ﬁ%ﬁa{ﬁ%ﬁ%’e&m&@m@ #dsrgResred in act

419utiPESl in ibectigeved Boihadirmgatmahéhwinvemiodsviay. axecule sltffebesiannels
more, or less acts than are shown jn FIG. 5. For example, some .

ey R BALD SRS e BN G SR FeRARGFS: O

malist hpiike ¢hfvrnalsoprebiausib dttarmeisaddae faddBoitabieréahan one previous

selection process. As an example of aggregated information, the list may be ordered by an
index comprising the number of times a sub-channel has been determined to be suitable
for communication, but it should be appreciated that embodiments of the invention may
store any information compiled from any number of selection processes.

In act 502 the ordering process begins examining sub-channels in the list. The
process may examine the sub-channels in the list sequentially, or may examine them based
on an index such as the one described above. Once a sub-channel is selected from the list

in act 504, it is checked in act 508 against any list of sub-channels indicated as currently
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communication. This list may be used, for example, in choosing for
examination sub-channels not in a list of previously-selected
sub-channels. In some alternative embodiments, act 508 of FIG. 5
may not involve comparing a sub-channel against a list of sub-channels

sl (SRR AL fIamA EQHPBOTYRVIRENGRY 3P R¥3IMPHESHERAbled by an

comparison may not be made in embodiments in which computing

exqhavigealdhierienmessatre RS SRPUREHE RN #5i8 vnsBlsstedvhere the
noBHP:ABAMESAS HRFARABY %Pgﬁz-glfahlﬁéﬁ -séﬁemé&\?ﬁecsmmﬁi%%mese

processes may be implemented to handle conflicts when a computing
sety el dransliopwahe fsBinac s Brohamisk] SHRAHISE AndudHaEGFCsses

disSRISEieA IOk HRBSIIRRIRH RV AN  Conteting device. FIG. 6 shows an

exem&lgary process for resolving conflicts that arise when two computin

devitel Beletinfisdadns selsceerhbneprIRerSosmsne IRy egnieenfin act 510 the

subleIRing1 26 4Bk et 600N LRIPAIRIARNICE A RIS LXSEVP IR ¥onjunction with
sub-channel 1 for transmission, according to any suitable method for

FIGefeptibhamathsnty tedhnmaectdichpravabdle swh-sbeend wontplianrgd as
seldauies Bifags Rt detast thalArMice A hasselgaird suReheR0akdanth act 504

also selects it for transmission. For example, computing device B may not

if ifisrdetegeined M Becalk it perrs et trskauhuh B S sEpERBe fist. The list

maSWIRPR Hﬁaﬁt@@kqﬁv&%éh\é&%%ﬂ,%&@éf@%mgtmgd lHOWRHEE: W& 185G
why device B did not detect device A is not critical to the invention. In act

rerppyedaoredhs beterrtharavrsdaragadsdb-channel 1, which, in the

scengriq Wesratess &F sauaadly NothdevcasindRAdeHEans il ©Bdemarked as
sub-channel at the same time. In response, device A enters a waitin

exyainse wrstalteadedrstermurheort il amamslehannet ¥s¢ Beraninted, then
thenatess ohiifnexdmat £k« 80¥isEE RIsadetRets the iRterfaranasranthwdishese

a random period of time. These random time values can be in any suitable

subghganel &HrraBinbam R d i ARV SHtBR AR SR nkdineg Badam
ord8enerees dqnitiserarRsiny/fitthothes mipagiventt ehievrveRrtighcMato the

lement wait times on the order of seconds. It should be appreciated

suﬁ?é FveiBt s isbetidtrare ot FhRet 4Bt aidentngyahiesparatked as
exdnge] Oftirpestalues far dhismand agdvaiistvaeboirce tesentimesyarts FIG. 4, or

n a?%eo(ﬁ?e? srglrt]gbolren rlgérglqgr,\,\{zoi IHQt%rganneeSiMlllleglgreer s%ri]tg‘tﬂ]eefor communication.

It should be appreciated that FIG. 5 is merely an illustrative process, and that
embodiments of the invention are not limited to executing the process outlined in the
figure. Embodiments of the invention may execute different, more, or less acts than are
shown in FIG. 5. For example, some embodiments of the invention may also implement an
act of retrieving a list of sub-channels previously determined to be unsuitable for
communication. This list may be used, for example, in choosing for examination sub-
channels not in a list of previously-selected sub-channels.

In some alternative embodiments, act S08 of FIG. 5 may not involve comparing a
sub-channel against a list of sub-channels received from another computing device. For
example, such a comparison may not be made in embodiments in which computing
devices do not reserve sub-channels by exchanging lists of selected sub-channels as

illustrated by act 420 of FIG. 4. In these embodiments, processes may be implemented to
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device with the shorter wait time will try to use the sub-channel again first.
Because device B has the shorter waiting period, it is the first to check the
sub-channel for interference in act 608, and in act 610 determines that the
sub-channel is clear for 25transmission, at which point it begins

hart(AESONHRE UhaRtABaRIH AL R1Z AENIS A SN IS NALNE- PRI ARG has

checks sub-channel | for interference, determining in act 614, that

alreafby bsampleetes beiuselsgndey e Boa e fsraGnsuitable for
rangmis QAo REYIFEXAEIHPHRSERESHO BT 6HE: hBTaN P IeISREW two

sub-channels for communication. Such a selection can be done in any
cogpitiprederdptierclprtithsingine BorbeRRRY (RS tise N SN AB djens of gitimeline

618hQule; BRRRBIRRIAIRY dbakthg RIReESSHMpiRled LRl En g i 188 mission,

exemplary, and that embodiments of the invention arc not limited to
acqpplagerigssliel arpediakiordeledinvingclotin tecmmssidsesitshapove. In
act GUYCHBRIFUMFARRED BUR ARG thicaeisoiAhaINeERanes-thisRI 1 and

of previously-selected or previously-unsuitable sub-channels. It should
alsppateathid s Sraniatissional’ o cxanlssirateR A D AREE HBraE M ehdptect device A

bedRNMICRS ERfopes A ééi%'é}ﬁﬁfi&@ sEMCEHERR ICORHIE Mavadise (_té%é@ﬁnw%)ﬁot
two or more computing devices. The above-described embodiments of the

trapraRdEierRIenGIRA s B tpréiicisiaacB slidRprbaetsra dryice et gritical to

theBXBMalss the embodiments may be implemented using hardware,
software, or a combination thereof When implemented in software, the

softars @i daridse edeitib SRSy SRR -shrRssbr hicBy Bt thssegnario

iIRIRAESSRISWEE B RFAIRY I -3 SiNG - SRR IR distuRaiad aMBROGame
multiple computers. Further, it should be appreciated that a computer or

Mg FRiFRIPATRG- 516 BRSO SIS MtPEHE dea LIS B HalRss 1ot Eftsgnif on that

subagsrneuBiec: 6RMORYERE G AFSHIRD IHOMPPEUB! devRIRIBRROMPULRS tRE Mterference
tablet computer. Additionally, a computer or terminal may be embedded in

and, witicer g Reriaf dbtimiaddies Ledmp e saturinedhgingny suitable range.

In f¥pcesshaicARabbiias nedudisg tPeisonRigiRASHIRNIRPS)nMliscconds,
smart phone, or any other suitable portable or fixed electronic device.

whilg Qib6T SrRbRBNES S AL R AVECBHEGMAYGFRRIGHRAM e (RGP QB fiserder of

secbhgsatidvgrsheaphediaed, RMeRgrotha tHiNgsnGoRrRSent adigdrto
. interface. Examples, of output device tha#gag- be@lﬂiﬂfd to provide a user
I PR SN BT SAS Bt fidTey EBIER IR TPV rEaE AR on of

outpsinzpdhspeakarsa¢ atheiaptind gerehingdiiberscionaudibig and the
presentation of output. Examples of input devices that?/fan be used for a

deyjee WH RS SATHRABLNE % UHIEF 4 USHEPH SHRARRORTIRERIS [k Berass
de¥udoB padscandreigitizingdablasd Asianethies exanyelett cOPEhEREINRY

iSRRI Moy spes e ot i
traiRrafyishjt@dlehich point it begins transmitting its data again. In act 612, device A exits
its waiting period and checks sub-channel 1 for interference, determining in act 614, that
sub-channel 1 is being used by device B and is therefore unsuitable for transmission.
Device A then proceeds to act 616, wherein it selects new sub-channels for
communication. Such a selection can be done in any suitable manner, including the
techniques discussed above.

It should be appreciated that the process illustrated in FIG. 6 is merely exemplary,
and that embodiments of the invention are not limited to implementing such a process for

resolving conflicts. Embodiments may implement more acts, such as storing a record of
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form, including as a local area network or a wide area network, such as an
enterprise 25network or the Internet. Such networks may be based on any
suitable technology and may operate according to any suitable protocol
and may include wireless networks, wired networks, or fiber optic

th1GRYPLSce inARO ol HATRYS-RRINGHS CFRIRGEITEM AHIUBRANSGIZMAY. 1t

be coded as software that is executable on one or'more processors that

shapshibithen P o prpefcaatedidnt 51 Gpeitingas syesethet bepragoiive devices for case
of &JAitianaHy b -G BAMNAM AN HER USRS PRYCS MRS h Slting devices.

suitable programming languages and/or conventional programming or

scriphityaferye; denerii® sk erepimpfi g ascasdnrspléomahifeimplemented in
anyBIGHASG SRAG Q5 IS MGHiRlE, eRIe BBk imENE THESh O thih [FABRNPTRAL

virtual machine. In this respect, the invention may be embodied as a

hargdsvarsu tolisaigaple sreaiimation Meorgple Woabimelcrasisp e sdtnay (el a

sofER BB YIS MR Yx QAN S E‘&i@ﬂﬁ@ﬁ&é@&@ﬁﬁ%&ﬁﬁ@% BPHH JiRks;
magnetic tapes, flash memories, circuit configurations in Field

WhefsgraiRviislénaate s e8I GtRE A SEMMEGAIRISE duvicels, caputers.

encqdedh Wit QRRIR BF MR RLERY AREI0ER MRS HEXSRHIRG AByBRbodied in
more computers or other processors, perform methods that implement the

any, ofig 14 BRI ifAERLs Wrthes imRGHBIP e SSEW Hb ek R SRTBONT, 2 laptop
cokfRAADIS mﬁ@iem&ﬁmegmmﬁ%?omﬁa%r SHehthak the.P1ogeaBcatied in
e

programs stored thereon can be loaded onto one or more different

2 deyifphns BSBTBtheicRERE 8 ACRIMANSE RREAY WA BtRbLS s YR ghgapabilitics,
indPigRRN PesriaDasidissyssed YPaON @ smart PROIRIBS aly QEKRFYuREDIe portable

"software" are used herein in a generic sense to refer to any type of
or fixfdlesteBleIsY S8t of computer-executable instructions that can be

emploe dateRRPGFE PayCRIVE YIRS I RYRE I AGERBN R IRIRBENtHEE AbSices
aspects of the present invention as discussed above. Additionally, it

cars e Y b HBPERITE H A& AR BEFITRE 18585 Bifsashderarilss of output devices
tha€ BARASH MRAPPR PIB O B FIMEESE RIOBRIPHARRS WheRRXL SRS for visual

perform methods of the present invention need not resjde on a single
PrOSERHAR ISP RHIMAKLIP HHHIAY B it RsstRiFdShmKlible
pre3PReRESt fPUPREERbAIFRLAT iGPIRIHEES OhRF 068 SSAISIRNP yvERkerface
i mariou%aspects of the present invention, Computer-exec

1ngc q

utable . ..
BHOAY BRIRIPLAN TSSO 4S %arawcé@mfad%nég!lgmmg tables.
AsexetieexbihplRe LETHPIaEanp Ut @ iafielitomeasodInnaigl yppregram
modules include routi[‘ﬁg, rograms, objects, components, data

recOEIHAPCY 1B hfagYsk Hicular tasks or implement particular
abstrachdaiagupes mbybedlyctoeniuetio baldycodthe Ry agrastmaduessuitable

for T A B L B e erprise
network or the Internet. Such networks may be based on any suitable technology and may
operate according to any suitable protocol and may include wireless networks, wired
networks, or fiber optic networks.

Also, the various methods or processes outlined herein may be coded as software
that is executable on one or more processors that employ any one of a variety of operating
systems or platforms. Additionally, such software may be written using any of a number
of suitable programming languages and/or conventional programming or scripting tools,

and also may be compiled as executable machine language code or intermediate code that

is executed on a framework or virtual machine.
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25Various aspects of the present invention may be used alone, in
combination, or in a variety of arrangements not specifically discussed in
the embodiments described in the foregoing and is therefore not limited in
its application to the details and arrangement of components set forth in

the fﬂ{?}%’ifé@p%%ﬁ‘%HQE&%R&&%%%@é&ﬁ%ﬁi%aa‘é'ﬁ‘s&nﬁﬁfe%@m%% medium (or

aspects described in one embodiment may be combined in any manner
mujfii 3ouspeiets geditrip s ihad et ehwstireRemor Y gBesT Grgisll epmi sliscs,

coﬁ}&ﬁ@t ARclrsbricaPaRRE mabidic ifesiMiRE flaisiLe, BRI @A Mations in
element does not by itself connote any priority, precedence, or order of

Fickh Brogimmatabhe Ragy Srsns 0 tberremisonbielos deaiqpsviifcheasesied with one
or MEOBF BFERETRr M n Rutt At MSE B Ieho ASIARBIRIR BiSHiRgHIRRGrs,

claim element having a certain name from another element having a same
peaimepiot thaciapise griharasions wmhetiraensnoh e layandtendipgyssed
abdVSoriRe s %@@MM%M&&%@M%&M@FMM@, RHERBS: Bl

description 5 and should not be regarded as limiting. The use of
ProgHAI QTR O e BHERTLIN BEOR 49 ThBC ead RERRIAP MR BIOTR ¢l Tgrent computers

or YAHIRHeAS{heeRf GTRIACI DagRNL %ﬁél@QHm%gﬁk%ﬂﬁm%ﬁ'ﬁxﬁdas discussed
thereafter and equivalents thereof as well as additional items. Having

absscribed several aspects of at least one embodiment of this invention, it

is 0PIk ABRESCiRHGH ARIAIBRS Aleraliang dRAdHGALO RS &ense to refer to

improvements will readily 10occur to those skilled in the art. Such

any S A6 ARTIPIET RIS A G SATPPYIRE RS RUIARE iRIFFEIaS Hat 5an R
emiblisyipRIGREERaaNcB I RARANG BRVAIEH BensRiHhand $60R€8p 408 of the

invention. Accordingly, the foregoi@r;g description and drawings arc by way
PIeSFRAN TSy Hrmiatsd ehamsed siditdenatinthshould be appiegifigdgpiat according

to ORELSHAY SFERINBMHBEI HRWICE 10 LEABIALDIAALIRN PRIPEAS that when executed
frequen%division multiplexing protocol, the method comprising:

POERRIAGING 4t P64RE BFREGHIGY SRR ASIOEREESI 4D Waf B8Ic S LBREEHET
pra¥etSotNBusehiBSbe distributed in a modular fashion amongst a number of different

computers or processors to implement various aspects of the present invention.

Computer-executable instructions may be in many forms, such as program
modules, executed by one or more computers or other devices. Generally, program
modules include routines, programs, objects, components, data structures, etc. that
perform particular tasks or implement particular abstract data types. Typically the
functionality of the program modules may be combined or distributed as desired in various
embodiments.

Various aspects of the present invention may be used alone, in combination, or in a
variety of arrangements not specifically discussed in the embodiments described in the
foregoing and is therefore not limited in its application to the details and arrangement of
components set forth in the foregoing description or illustrated in the drawings. For
example, aspects described in one embodiment may be combined in any manner with
aspects described in other embodiments.

Use of ordinal terms such as “first,” “second,” “third,” etc., in the claims to modify
a claim element does not by itself connote any priority, precedence, or order of one claim

element over another or the temporal order in which acts of a method are performed, but
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of acts being identified by instructions with which the at least one
programmed processor is programmed, the series of acts comprising:
retrieving from storage an indication of sub-channels previously selected;
selecting a first plurality of selected sub-channels to carry a signal having

arcu, dQf 'fﬁélgﬁpgél‘{%s %edfkrﬁﬁ@l&gﬁw%t&%ﬂﬂ éfell‘?l%ﬁqﬁ@g% 3 §8‘fﬁﬂq1ame frOén

plurality of 'sub- channels, the second plurality collectively ha\}/’l?g% a secon
angshpiiolenan the dee dridBanamiithuy featsc wbihersdingd Bapvadistinguish the
clahersingglecting the first plurality of selected sub-channels comprises

preferentially selecting a sub-channel when the indication indicates that

the f5erhPRIafRedgsremsLisKsRMetad s6f BSFRVNG fon Bisraviposc g Aagcription
an&rﬁﬂﬁﬂlitﬁ%@' ﬁz\yrg%@raemqﬁmiﬁ .Wﬁ?el%{geB@vﬁh&;ﬁﬁ@eﬂ%ﬂ{gﬂﬁﬁg%r "having,"
. plurality Qf“selec ed §,ub-char]ne s; and communicating the signal using the

cansipREalityaPLanetend yprirignn dhsreof horeihdsmempdoginaaimpaps the items

listiheraiButng al e selasinaibedirat Rlurality afiagsubrehannels comprises

acts of: (A) determining a number of sub-channels based on a desired

dataffardng desebed semi g R U AT SRErEnbedsmansIRf ANy By ention, it is
to & BppRaTRBE R CRIBETINEMIRIRE HaiBRBNNIR] MRSEPRAHIRDS il readily

unsuitable to data transmission; (C) identifying the sub-channel as

ocyitanhossskbletit Aoy e inrings el lEgationn ARd I B TS TIestee

intéRHEP DL PiGAHE MACEREMRG L0 A disteiminatianPhacti(R) dedselestingope of
the sub-channel for communication if it has been identified as suitable;

the iy raHeRtiNGREMN@Y-dhe fesssingifereiniem BHAYIE &% e ergngf example
onRlurality of sub-channels until at least the number of sub-channels is
selected. 303.The method of claim 2, wherein the act (D) further
comP¥ddsstbimg Gl indication of the sub-channels selected.

- 18 -



4.The method of claim 2, wherein 19 the act (D) further comprises
storing sub-channels identified as unsuitable for communication; and

the act (B) further comprises examining a sub-channel previously

identified as unsuitable after other sub-channels not previously identified

as unsuitable if the computing 5devigg,gffempts to create a new signal

within a predetermined period of time.” 5. The method of claim 2,

wherein the act (B) further comprises choosing a sub-channel to examine

by onelof a raftdBFHed|REABH HIBEAOBIPHIRGS 48 466 dRntRIMERBIGR PN Using 2

REQeRASy-HivisioR muIEpRRIRe 38tel8iMnt MEIRERIBIABRGh S

communicating further comprises: transmitting a selection notice to at

leasOCBHEEIE S AT QUG T QEIBEICHBISEESIY0T CAmHMb TERHSH SfntF |, the series
of BN ANOHINKHESHPMRHIND AV EE WAR SRR A OpIgPammed processor

. 15channels; and  not choosing sub-channels listed in a seléction notice
is prRERRMEG e seagirfast sampyisidgice for a predetermined period of

time. 7-r1€ﬁ&l;r%b?%9§t8@$§ #n WHRIRIB RS ﬁ%t-éﬁaﬁh!éib?f&@&aﬁs&?ected;

examining 20the -channel Tor a predetermined period of time before

making the Siaeing it pluralityiofselestrd ubrehannels Riksreratiensthaying a
selegiinopishBRARATERE AR RTINE BRABRNSRI PERAMINNBHREPRBEEF ONsub-

and the method further comprises releasin%the selected sub-channels at

the &hangelphorasradiehualitkseliriively havingrhaeeqahbrndpigiinly second

Whe g (RNERIGAHIR BEIRAD I S RE SIRIBIA SERRSTESHO Birst plurality of
selected sub-channels comprises preferentially selecting a sub-channel when the
indication indicates that the sub-channel was previously selected for carrying a
previous signal transmitted by the computing device prior to the selection of the
first plurality of selected sub-channels; and

communicating the signal using the first plurality of selected sub-channels.

2. The method of claim 1, wherein the act of selecting the first plurality of
sub-channels comprises acts of:

(A)  determining a number of sub-channels based on a desired data rate;

(B)  examining a sub-channel of the second plurality of sub-channels to
determine whether the sub-channel has conditions unsuitable to data transmission;

(C)  identifying the sub-channel as suitable for communication or identifying
the sub-channel as unsuitable for communication according to a determination of act (B),
and selecting the sub-channel for communication if it has been identified as suitable;

(D)  repeating acts (B) and (C) for different sub-channels of the second plurality

of sub-channels until at least the number of sub-channels is selected.

3. The method of claim 2, wherein

the act (D) further comprises storing an indication of the sub-channels selected.
4, The method of claim 2, wherein
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10. A computing device comprising at least one computer readable
medium 30encoded with instructions for execution on a computer, wherein
the instructions, when executed, cause the computer to perform a method
for transmitting a signal comprising: retrieving from storage a first list of

Previguabt-eelesierksdbs R ang senancklisirhawrhianngiRable for

previously determined to be unusable; determining a set of usable

comypIpicatABISN a first plurality of sub-channels, wherein the determining

COMBiSEs BXPRHHEE M ARANDRIMIRIAE IPSINRG MRBLRRS SRS hasHRRIE as

are usable, wherein the examining comprises first examining the

unsyighieaficselbersutsahpRal AT ks drtiBadces HMEablnal b srmputing
deﬂ@véﬁeﬁhe‘@%%@esﬂ?é\? 9&?{&[‘ @Jﬁﬂﬁx@_ ﬁrgfﬁttéﬁﬁﬁ@i %ﬁ%@ offifie.

examining sub-channels not’in the first list or the second list to determine
whether sub-channels not in the first list or the second list are usable, then

examining sulniEharnRlg Bt thameconishithdqle BINa R Nprises choosing a

sub-channels in the second list are usable; selecting a second
pbrelepes! de eraaans by crg i @l sandeB srleeHas DI H MRS inEHhisARential
saleeisdrorasthe set of usable sub-channels; and communicating the
signal over the second plurality of selected sub-channels. 11. The
computing device of claim 10, wherein the computer-readable medium is
furtherencodef Wit OIIHERIRC SHHEIIR RS HPRSHAINIAGRS further
executed, 15cause the computer to perform a method of operation in a
fOWpIRtYEr mode, the method comprising: determining a second set of

usakig hiana IR il Gh hiEb eIy &l of éh%@fi@w}ﬁ;ﬁfﬁt@&i&@,%iwecﬁon

of sub-channels being a subset of the first plurality of su annels; and

noYesscRERpTE e R OANTIoRIaNthar beremaniatdevice thes selesid dsebpf sub-
chafsiRiNesidb- channels, the fourth plurality being less than the third plurality.

not choosing sub-channels listed in a selection notice received from an other

computing device for a predetermined period of time.

7. The method of claim 2, wherein the act (B) further comprises examining

the sub-channel for a predetermined period of time before making the determination.

8. The method of claim 1, wherein the act of selecting is performed once at
the beginning of a communication session and the method further comprises releasing

the selected sub-channels at the end of the communication session.

9, The method of claim 8, wherein a communication session is a discrete

data transmission.

10. A computing device comprising at least one computer readable medium
encoded with instructions for execution on a computer, wherein the instructions, when
executed, cause the computer to perform a method for transmitting a signal comprising:

retrieving from storage a first list of previously-selected sub-channels and a second

list of sub-channels previously determined to be unusable;
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12. A method of communicating between a first computing device and a
second computing device, the method comprising: 250perating at least
one programmed processor to carry out a series of acts, the series of acts
being identified with instructions with which the at least one programmed

proc&aéﬁhiﬁlngozggé{mbip%mme&%}%m%mmm*%&w NG dFELs,

storage a listing of sub-channels previousl ected with the first

Whers il e leEviain & eRsepTites SHeminp HF I fie-dsteminemuhether sub-
chAfHM 2rSignAhbaving st a@mwgwm ﬁ@é@?ﬁ%@é&mﬁgﬂ%ﬁmf&w

selected from a plurality of sub-channels, the plurality of sub-channels

selegind sboshanngligutBe fsidikiociolarminsevhetirdhspiavirns yyrelaeied sub-
chdfRtld e desiRpnaviiRs une rﬁ'&ﬁ%ﬁﬂﬂé@ﬁﬂ)wﬁm}ﬂ?hﬁ?lﬁQH%dflrst list or the

sub-channels comprises preferentially selécting a sub-channel when the

secpswhiistrigideieaninaihetaeisiebrahprnciarob ﬁ@\imrﬁtélﬂb@té@wy%@f#ﬁ are
usdBN BN ARYCR A aARG S RIRYI QLD RIORG! (B ARRIAHIRE D HREWS-channels
computin a device prior to the selection of the plurality of selected
in thg5e9984 @Fsarﬁﬁﬁ%’tlﬁansmlttlng at least one message over the plurality of

selegigd ip Q@dmfaﬁurahty of &1dedenaf A riaim LeieMag &ip-channels

transmlttln%‘at least one message over the plurality of selected

beiggsedeipd dreradhesies et yrahlensibrigannedsside from the second
10coRHHREHEN LR IR bR ABREEG HRYIERty of séﬁc@ﬁ%ﬁﬂm%

claim 12, whereln the series of acts further comprises an act of
transmitting from the first computing device to the second computing

devicegn 'deTHE%E&%hHBEEé§{%'§8F&a§hﬁbréh@ﬂ9@§1 I@ﬁ@&&ﬁlﬁa%efl%mable

transmitting the at least one 15message. he method of claim 12,

WBk@iw%ﬁ@ﬂ@ﬁ@ﬁ%ﬂgétyMWwﬁm@égta%wsmﬁwﬁw Byhefeexecuted,
GRECTIRECOMBUIRG SIS %@é&m@&%ﬁ%ﬁ@m GHEIRKGE] the method

device to determine the sub-channels selected by the first computing
WEREESing

determining a second set of usable sub-channels in a third plurality of sub-

channels, the third plurality of sub-channels being a subset of the first plurality of sub-

channels; and

selecting a fourth plurality of sub-channels from the second set of usable sub-

channels, the fourth plurality being less than the third plurality.

12. A method of communicating between a first computing device and a
second computing device, the method comprising:
operating at least one programmed processor to carry out a series of acts, the series
of acts being identified with instructions with which the at least one programmed
processor is programmed, the series of acts comprising:
retrieving from storage a listing of sub-channels previously selected;
with the first computing device, selecting a plurality of selected sub-
channels to carry a signal having a first bandwidth, the selected sub-channels being
selected from a plurality of sub-channels, the plurality of sub-channels collectively
having a second bandwidth, the second bandwidth greater than the first bandwidth,

wherein selecting the plurality of selected sub-channels comprises preferentially
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16. The method of claim 15, wherein the act of analyzing further
comprises examining a store of sub-channels previously used for
communication between the first computing device and the second
computing device, and analyzing signals received on those sub-channels

[ [ h
et A e e W N e hA R Sutechgoncl bl
is a prgingushyssdlecteslinetbesitettothputimgdswéco fonoaerpinigra previous signal

perEAANGES (AL AL/EHIENINg SRIBCU AN AQUIMHISEAfhe puraticy of

e computing Svice of otein t sto
selesstisdtedisubhehmaldnmandously selected is a list of sub-channels

selected dyig ik, 11018 B RN SR AEIR G ISIEY R s

selecting, and communicating e com utlng device o claim

10, fthaheelsomprising: determlnlng a desired number of sub-channels

to be selected based on a desired data rate, wherein determining the set

of usable sub-channels comprises examining sub- 5channels to determine
whethéB sub-Chemmmshodef gbémdlmﬂhmrdurenﬁdiﬁmgbele@smm message over

tﬁF?ﬂﬁﬁ ﬁ ggé%&@ﬁ%ﬂbt Ahiiels c?m nsegQraﬁgghﬁsi){g% ngg%vfﬁ?n? he second

herein retrlevmg rom the torage t
q@mptﬁumﬁs‘emtedisdmthammmr@dnpmes retrieving from the data store
10a list of sub-channels previously selected by the computer apparatus for

carrying a previous signal, the previous signal having been transmitted by
the cotdputerhgpacthad pfidaim thdb vdersinnge series of acts further comprises an

act of transmitting from the first computing device to the second computing device an
identification of the selected sub-channels prior to the act of transmitting the at least one

message.

15.  The method of claim 12, wherein the series of acts further comprises an
act of analyzing by the second computing device signals received by the second

computing device to determine the sub-channels selected by the first computing device.

16.  The method of claim 15, wherein the act of analyzing further comprises
examining a store of sub-channels previously used for communication between the first
computing device and the second computing device, and analyzing signals received on

those sub-channels prior to examining signals received on other sub-channels.

17.  The method of claim 1, wherein the listing of sub-channels previously
selected is a listing of sub-channels selected during one or more prior performances of

acts of retrieving, selecting, and communicating.
18.  The computing device of claim 10, wherein the first list of previously-

selected sub-channels previously selected is a list of sub-channels selected during one or

more prior performances of acts of retrieving, selecting, and communicating.
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19.  The computing device of claim 10, further comprising:
determining a desired number of sub-channels to be selected based on a desired
data rate,
wherein determining the set of usable sub-channels comprises examining sub-
channels to determine whether sub-channels are usable until the desired number of sub-

channels is determined to be usable.

20.  The computing device of claim 10, wherein retrieving from the storage
the first list of previously-selected sub-channels comprises retrieving from the data store
a list of sub-channels previously selected by the computer apparatus for carrying a
previous signal, the previous signal having been transmitted by the computer apparatus

prior to the retrieving.
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