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NETWORKS Field of the Invention The present invention pertains to the field
of netwoklighgsishbre 5 particularly, this invention relat ARtesting

data collisions in networks. Background of the Invention The nunber of

peopl e using conmputers, and the types of things conputers are used for,

seens to increase eveATADOLIPSIPNIRESEORORIAINEPREHIRsAS common in day to
day life as tel ephones and tel evisions. Even 10 today, a typical household

or small business is likely to have nore than one conputer. Networking
corrputerﬁ mﬁt hqr grovi des a nunber of advantages. For instance, even
within & Vet Il business, networked conputers can share menory
space and Shari@, BRERS i erfiBAMHRTs BHH2 Ad RF BRGS iRl Ind: gt o net

. connections. Unfortunately, traditional networki'ng approachés have 15 been
ei t hér (particilatly vibiy irvaneine aelateptoetacting elata colidlods nometiregent for the

aver age househol d or spall business user. Recently, new products have been
. speci fi c&m—%&&m@@r DHB@sehold and small busi ness networking. One
approach to t | er Xi_sti t el ephQne wiring or power
ine wiring to connec r re c , nstance, a

T he i i ng D BURERY ps I BEG LBiTuel bt e RGPt

house orcompiters aMsbeldus eeehlicrrindmts ARy el e RORButdraGkEy ishoRDr € than
one room Usually, all of the tel ephone jacks are connected ¥o one phone

| i ne | ediBo9ge BS cammondogiay tofdawlifeasuigleptenesnput televisioposa Etert ephone
| 880t HBPEY.co RPE e Biesic A Rl il RS 4BE Ke i i thas e um  or
g oL R M S RO YR MO S o
i nst ancdfortimbtana!al egen|witisna bowsehdid os ammibbesiness ahetorarked tc;onﬁﬁutefzur se,
providi Gl g'(\aargh%gn%arly srb%tc\émarnkd $ gr%egééeosg tiuznsrejslcjmaFcetshs(i:ghi gg tprisnttgr% and
internet connections. Unfortunately, traditional networking approaches have
15 been either prohibitively expense or prohibitivefy complex to implement for the
average household or small business user.
Recently, new products have been specifically targeted for household
and small business networking. One approach to these smaller networks uses
existing telephone wiring' or power line wiring to connect two or more computers
20  within, for instance, a house or office. Most houses these days have telephone
jacks in more than one room. Usually, all of the telephone jacks are connected
to one phone line leading into the house. If you plug one computer into a
tefephone jack in one room and you plug another computer into another
telephone jack in another room, the telephone wiring provides the network
25 medium, or the physical connection between the computers over which data
can be sent and received. Power lines can be used in much the same way if,
for instance, two wall outlets are on the same electrical circuit.
Of course, providing the physical network connection is just the first step.
Getting the computers to talk to one another over the network connection can be
30 pretty challenging. One basic aspe'ct of network communications is deciding
which machine gets to send data over the network and when. Generally,

machines can “listen” to data traffic on a network and send data when there is a

break in the traffic. If, however, more than one computer is waiting for a break in
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Getting the conputers to talk to one anot her over the network consegtg’Epn 7004
can be 30 pretty challenging. One basic aspect of network communt'c ons
I's deci gi§g;M5£h machine gets to send data over the net when.

General 'y, "machines can "listen" to data traffic on a n\eﬁt%\[{@q??g%ég’gsend
data when there is a break in the traffic. If, however, nore than one

conput efrdtfic WRabtd g?%ri; gﬁe%oﬁ’ﬁ&ﬁﬁg r'r]rpa send d2E a8k N (aﬁ{eg\%gﬁ A break oo

PCT/ US01/ 05678 tr , hore t ne conput er may sen

t i m85whes datdmtedik THES sitaatiet ech edataltnifisish I UThé datd Sedt bylaha cophpdtelon.
The dat% sent by one conputer becones mngled with the data sent by anot her
conput ePECPBIRFeMInged witlhthe data sartby anetigascaputer, seaderinpaltudphe dat a
col lisi ' need to detect the data collision. One exanple of a
traditi g’r%g?mlﬂ?\%\%é@%hg approach to data collision detection is 40 used in

Et her net net wRidtder WERPVL data EBNSIOAC ybi TR BaddeOnthe dila FONRIAIS!

network, the nmachi ne al so ."I i stens” to the network. That is, the nmachine
sends d&ne gkamipis oéastraditional rétvackingrapgroatie taldata tabsioh rdetedtivn ishet wor k-
| f tBe nmac i.nﬁa" hear.s" sonet hj com ng baﬁk fromthe network other than

t he *Pef IUSELBFIBPRHACIMRE  FradMIFNEVEE / MAChReHRIITE d38LABD 2Mat the 45
unexpectflorizh RANOAN the Abhihe ARPHREINSTIS ML ReRESI! PR nint o the

network at the sane’'tinme causing a data collisionin wor k. In which
case, t meachine siendsrdatasdimplistenslifoga deflectioneditthEafata bpek ifen e t i me, and
then try again. In order to accuratel ﬁ predict what the reflection of a

si gnal Wetvotkeolf the peachipge hBAS iseAMStRGARINGetR A fromstheRatwork otlherand

pr edi ct risti 50 1f.1th haracteristic h hysi cal
et um opes R TERRRRE O Wn e elghined Serit Hel el e M 4RGr

dr agti canexpétied fieciehuoidkelto Aitthdemachinetddfhit@datd BRGhe ABRRSKOE
accurately predicted. In which case, a traditional approach to collision

det ect i & the gameatimeheausiag dedali andlisiam by the netwarkeimethictecase be  cannot
be reli en%ia R nfzz%; s{’lor;lakgg%hgocfat;,hv%ﬁ?Or"a rﬁ%}['io r0 ti%ne\{iarn%r&rggﬂtt?y again.
In order to accurately predict what the reflection of a signal will iook like,
the physical network medium must have known and predictable characteristics.

50 If the characteristics of the physical medium of a network are unknown, or if the
characteristics can vary drastically from eone network to another, a reflected
signal cannot be accurately predicted. in which case, a traditiona! approach to
collision detection, such as the one described above for Ethernet networks,
cannot be rélied upon for unknown, or “harsh,” network environments.

55 Telephone wiring or power line wiring are examples of harsh network
media. The characteristics of these media can vary drastically from house to
house, and business to business. Telephone and power line wiring were not
designed for network data transmission. Buiiding codes vary from region to
region and over time. Wiring may deteriorate over time. Wiring in one house

60 may be 50 years old and wiring in a house right next door may be brand new.

 Some wiring, particularly older wiring, may be susceptible to environmentat
changes, like temperature and humidity. Given all the possible variations in
characteristics of physical media in harsh networks, signal reflections from
these network media cannot be accurately predicted, rendering traditional data

65 collision detection un-usable, and therefore limiting the ability fo network

devices using such media.



55 Tel ephone wiring or power line wiring are exanples of harsh net worlk SEP 2004
medi a. The characteristics of these nedia can vary drastically from house
to housggggnglsbusi ness to busi ness. Tel ephone and power plchrigsowoid7 g wer e
not designed for network data transm ssion. Building codes vary from

region to region and over tine. Wring nay deteriorate over time. Wring
in one house 60 nmay beBﬁ(EF}E}ESCIQlRiﬂ@ndOWTHEQJMV\qNGBJSG ri ght next door

may be brand new. Sone wiring, particularl [y ol der wiring, may be
susceptibl e t%xaénni%@frfﬁﬁtxyeseehwﬁg@@on Bred Usﬁﬁt%?mﬂneeamnmmid@ty G ven
all the SSIb| ria haracteristic rredl i n harsh
net wor ks&)rgg"l ?gfalcg§ é’ r}gr S%W'F%%sréo“ﬁ%‘f%aﬁ Eﬁ'ﬁf@%ﬁ%ﬁ P&HE T:ﬂ,ecurat ely
pr edjpct qﬁesémﬁeéhﬂ@nt 'igHilak Qé@reﬁ@ésam%e%*awxﬁgc@"hdié‘ét%%hfaa rﬂéﬁ@ e and
therefore imting the ability to network devitTes using suc

SEP 2004 WO (FillgGﬁﬂ.$2[lM&tE@©IV&)G@EBdBF&TER)fDEB€RUﬁEl ON OF THE DRAW NGS

Exanpl es of t invention are illustrated in the acconpanying
dr awi ngs. fﬁﬁ&)gﬂ ‘r’ﬁﬁﬁ@ %\FW&QC"W@ COH‘é'%geqeiCFﬁ"t the scope of the

70 present | rp’gﬂﬂ:élgirl‘hﬂsﬂéfbls%ner&fn‘%ﬁ | rrent [bg‘aqi %% indicate simlar

el ements. Figure ustrates one e a ne work Figure 2

i|lustrates d?]gumm(Hﬁm”emtratbsa:méhbadmer@t&ifemquenﬁbrﬂUre 3 illustrates
one enbodi ment, of a signal reflection. ure 4 denonstrates one
embd@i ment offigHee prilkerifaten. OHPSE‘F?PQQF@E@ flJ hardwaessysiemenbodi ment of a

ctorage. ?%3fﬁ?&i“%:58”%%@6‘58&ﬁ%‘%&)ﬁ%@@%ﬁéﬁﬁ%&%@ﬁ@%@ readanle
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In the foll owing detailed description, nunerous specific details ark(Js8EP 2004
80 forth in order to provide a thorough understanding of the present

i nventi Qg o7gepever, those skilled in, the art will undepgiangdfad the
present invention nay be practiced without these specific details, that

the present invention is not Ilimted to the depicted enbodi nents, and that
the present invention may be DE’T@!@EREQESUR'@%@H ety of alternate

enbodi nents. I n other instanCes, we no t hods, procedures,
conponent s, émdheifoitowing detadedatesheptionlesenelrd specifietiatdils Aardst of the

description will be presented using term nol ogy comonly enployed by those
ski BYed forh ifhefdﬁﬁttoth’OHtﬂ%éﬁh?W@QEuH%ﬂéad@s afHae prapeid inventfither s skil | ed

inth . , orinti i i f
oper at 1 Sl fiosBlifed in M AASTH L eBbl FHnd iy B RSB FRRi bR ons . Ao
vel | ungey sraeficed withiaos ehade bpagifit etdi®, Bidt thé pssernrvaitigns mdtt en take

the formof electrical, magnetic, or optical signals capable of being
st or ed; limitgdstbdhecdepictashe imants, anddhali the preseplinyestion mayuba, for

e e BRLR < Phrie S TRRE o rlodbes IRRFE helmais: hal s P
in BS‘derrﬁétﬁBQé,”ﬁrdc@@luPé@ﬁ%‘thpbﬁéﬁt{%? hﬁﬁ-circtﬁﬁ%‘é%m&thfeé?{ d8&critleiscription

" shoul d not be construed as to i nply that ese operations are necessarily
per f or mekktaih t he order they are presented, or even order dependent.

Lastly, repeated e of the phrase "in one enbodi nent" 100 does not
necesgari I 5 %’ 8?%‘%{ H@SE%R%O"SHHE‘E? !Péﬁlﬁsf?”tﬁ t‘-'r%’lﬂﬂérm'”ﬂ'ﬁﬂy W’Hpﬁb’ussed.
more T UldfolBFPWy thoSe BKARATH tha e QvBEHHOSIBSEALE of fRLi WRfe Ty det ecti on

by conpari’ng a ¢ l'ected sign a representation o

pr evi ousitlyers ediiliect mcthel gnalAlsdhpants ebthe déstriptibh aill denplesensatlin erehat ect
data collisions in virtually any kind of network includi ng har sh
net WBr kidh gprermiians pedarmasd dhigtahatherxaslior phpaegrammamndciesErcters . nddwor k

are unk qu&%o%dbfﬁﬁ%%skmgg ir?ﬂ?é‘gﬁbﬂ}‘éﬁé diditiond BHER thke MR ALES one

enbodi nen a netwo accor di ng
electrical, magnetic, or optical signals capable of being stored, transferred,

combined, and otherwise manipulated through, for instance, electrical
components.

95 Various operations will be described as multiple discrete steps performed
in turn in @ manner that is helpful in understanding the present invention.
However, the order of description should not be construed as to imply that these
operations are necessarily performed in the order they are presented, or even
order dependent. Lastly, repeated usage of the phrase “in one embodiment”

100 does not necessarily refer to the same embodiment, although it may.
As discussed more fully below, the present invention performs data
collision detection by comparing a current reflected signal to a representation of
a previously reflected signal. The present invention can be used to detect data
collisions in virtually any kind of network including harsh networking
105 environments where channel characteristics of the network are unknown,
unpredictable, and change over time.
Figure 1 illustrates one embodiment of a network 100 according to the
teachings of the present invention. Four personal computers (PCs) 101-104
are coupled together using telephone wiring 110. Telephone wiring 110 may be

[10 wiring in, for instance, a house, apartment, office building, etc. Four network
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t eachi ngs of the present invention. Four personal conputers (PCs) 300-SE®4 2004
are coupl ed together using tel ephone wiring 110. Tel ephone wiring 110 nmay

be 110 wygipisssn, for instance, a house, apartnent, offiqg%TR}f}:i(,i,g%:)g, etc.
Four network 4 3 0 SEP 2004 WD 01/76152 PCT/US01/ 05678 interfaces 121-124

couple the four PCs to tel ephone wring 110.- Each network interface

| ncl udespglackye Fuisa icBUE!eil%- f&g?@%f‘aa{oytef(ecbh%lnle%rﬁ@ ‘f[f hg%g@;l{gt&%}l? w th

one anot her w thin networ y networ Ki'ng the can share

resour cestesfack iasludes edisthedfunptienaigy ne36sddry avGloR@P Co4oatinateisdet O
printer _]}%5 140 t hrough PC 103. Each network interface includes an
i nvent i VEUEBDE Agodierautthig nsitwese 108adly netweekiag e Wbrs thefrs gae share 124

sends a ,si [ 0 | | i/el s_sone unifarm,signal
corrponerlrt%g{l—%ie Sispnutscﬁ a%gé}‘}@%ér% ?)Ongﬁt%ﬁ%g&?’ggﬁ%u%s‘%ngf{aaa SEERT P RSt wor k
100150 dMetHroagePGand3each frame includes a 120 particul ar predefined
waveformas a preanble to the data. The collision detector in the network
i nterface thdtadhenetwarl iglegiage includes patineeitiveadllisteridetsctar 180! dtdadron of

h i f ' | h fl [ .
F opr eserlog PO TPBERE 1a § 1Fe spBdE Etnaoi etk Al she Sinal
Assum ngn¢ilge§ %h@hﬁffb%iﬁén%fc&nﬁﬁoﬁ@{ty‘m& iﬂ@?’a‘%c@??n aﬁ?eﬁgggﬁﬂ%n .

substantially fromthe tine the previous signal was re
assuni ngigraisthesentintorietdork d80iis detandiangsaasd gaah fiarhe ingudesk 100 at

th sanme fti th efl ection of the current uniform signal conponent

shgl?rpd Pﬁqﬁé{qgﬁpf%q%f{mﬁﬂ@féfpﬁ@ qse?lpé%?ﬁggw @fthtglfi@tﬁr evi ogs uni f(r)nr)m si gnal
t. If JLef | j . ' ' . l.isi

ot botor 150 g POUSEh EAbLRR t: ABWITR ot Akt gl ) 00, o A

i ndi cat inmwbtiat 0@ rdetiaes @ fefieiction lnéishd eaifordeszgiabdomppnent aabways mean
that a data colljsiopn actually happened. If the characteristics of the
net wor k “OTRAIES JuB etertion 1o,a ierirsentation @ peviousineefiadted gnifefMect i on may

not signal component. Assuming the characteristics of the network have not

125 changed substantially from the time the previous signal was reflected, and
assuming no other network device is sending a signal into network 100 at the
same time, the reflection of the current uniform signal component should
substantially match the reflection of the previous uniform signal component. If
the reflections do not match, the inventive collision detector 150 will indicate that

130  a data collision has been detected.

An indication that a data collision has been detected may not always
mean that a data collision actually happened. if the characteristics of the
network change substantially between reflections, the second reflection may not
match the first. For instance, adding another network device to the network,

135 removing a device from the network, or damaging the network medium can alt
substantially change the characteristics of the network and cause a false
collision detection. In various embodiments of the present invention hdwever,
as discussed below, the inventive collision detector adapts to changes in the
characteristics of the network over time.

140 The uniform signal component may or may not be unique to a particular
network interface, and a particular network interface may or may not always use

the same uniform signal component. For instance, a network interface may use



match the first. For instance, adding another network device to the3 § SEP 2004
network, 135 renoving a device fromthe network, or danmagi ng the network

medi um @ahpdlghsz substantially change the characteri sti cspofnghgosaed wor k and
cause a false collision detection. In various enbodi nents of the present

i nvention however, as discussed below, the i nvent Ive collision detector

adapt s §p @HERSAS e h8arhay. 2k WHiaH E5% the LBRiSRR! NS PEUI Sore 140 The

uni f orm'si gnal conponent may or may not be unique to a particular network
i nt erfamreaedtasopamflajusarfomemmpaﬂsqmtmurfpases may or nmay not al ways use

Lo Te8 2T oS SBBi A SIS H T AN RO B0g] corapanants Ustratag n. |
preambl g Ly Wy e%ﬁ‘ﬂninétﬁ'%rcé?llrrlnhﬁfe%naﬂ Gl P éyggértxglr&fwg nents

repr esent tlons al 'l or conpari s$on’ pur poses.

enmbodi nmﬁysbe@ﬂe!edranﬁﬂl&e@bmﬁmmyeﬂjémetwd)maﬁr@hw numbéi efire 1 may be
combi ned or elimnated, any nunmber of additional conponents may be added,

and t hecenfigyatiang bysnbRumBERSf 0e8veT mBdianunber of configurations by any

nunber of ne | u one,enh t of collision
det ect or 150?@ur§rg§@gﬁm{%g}%eetrﬁb+é|n\er5§1tt é’gﬁgﬁ'ﬁion ?%ﬁch{e@fr’sg ‘?%t?f ection
t hago colkian an &t ®or the(irsBAleEsn thit cdl@for Qe fstﬁréc@‘\b@é?td on to
conmpare the reflection to so collision detector 150 cannot mak e a

det er mi hasirenpeveousaieiiectiondo somparerbe reﬂrect@ectors.b cellisieot detectarhtio

col lision detec 50 receives, it ca reflecti o the first
ot | ect POANSHTIAKR ARBrIETANoR o Wy Gt e b, FeoP P EOROYENBENOR 150 has
no way matlc%ﬁ;slfaw%t&wﬁs@%&,wss 1ficé‘fpbbﬂn?b%”'tﬂéuﬂfe'ﬂﬂﬂnéﬁ'?ofthé $itstr ef | ection
or the second reflection. In which case nbodi nent of Figure 2 works

with upreﬂEcﬁlbnebut if ¢fi¢ eefieationsatorat matah, anlisivpedeteetor A0t s assvapbf on t hat
out of thr ect| ata collision occurred

ast . t . re
fo#% heﬁﬁﬁWEWeV\ﬁ there wes |aoﬁ%'FS‘°*f'HJL§'qgsth§r}§Pgaelﬂ$cﬁ%8" g'é%&ﬁﬁ??ﬁn because, due
to the commhigy. NAtwHiEh thsH2i embodiment of Figure 2 works with up to three

reflections at a time and operates on the assumption that if at least two out of
three reflections match, no data coilision occurred for the matched reflections.
This is a pretty good assumption because, due to the complex nature of data

160 transmissions on a network and the complex nature of reflections on a network,
it is extremely unlikely that two data collisions will produce reflections that
match. In alternate embodiments, depending on the nature of the network, a
collision detector may work adequately using just two reflections or a collision
detector may use more than three reflections.

165 In Figure 2, an initial reflection is received at reflection input 215. In one
embodiment, a reflection is a series of digitized samples of an analog signal.
Figure 3 illustrates one embodiment of a reflected analog signal 330. Digital
samples 340 are taken at regular intervals with respect to time. Each digital
sample is a representation of the amplitude of the analog signal at that

170 particular instant in time. For instance, each sample may consist of a 12 bit
value. A typical sampling rate is 32 MHz, or 32,000,000 samples per second.

Referring back to Figure 2, the initial reflection is provided to zero capture
comparitor 210, comparitors 220 and 230, and registers 240, 250, and 260.
Since no previous reflections have been stored, collision detector 150 has no

175 reflection to compare to, and cannot make a data collision determination. Erring
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160 transmissions on a network and the conplex nature of reflectiofs) & Pa (04
network, it is extrenely unlikely that two data collisions wll produce

refl ectyygngséBat match. In alternate enbodi nents, depenghigk9séfRe nature
of the network, a collision detector nmay work adequately using just two
reflections or a collision detector may use nore than three reflections.

165 | 1 1 e 8id@: oftaultitr, IBhtrbPlddRe bR MussBrs SREIKARIAN intldiighl 498 1 nput 215.
In one enbodinment, a reflection 1s a series of digitized sanples of an
anal og Golfjsiah.indigiagoneds isl isest tatesoivena danbediigion incdnynuefdeecdfed anal og
si gnal 330. ’I;_] Ltal sanples 340 are taken at reg_u! ar intervals with

r espectW@¥s-t FRE NStAREL.dNJRERPNSE ihppeertion of tag colisipndetsstion the anplitude

of "the ' rti L nt_ | j jre.. For i nstance,
cach sagatdaytriiedik et nhdy BREk Gt oRs GRabAherl bl e A% 10T "33
MHBO orindgef@ifgQRe darigam.per second. Referring back to Figure 2, the

initial reflection is provided to zero capture conparitor 210, conparitors

220 and 230, |nany eeentsthe witoellegmn shalild be. stoGidrice coomparisondos

refl ectjqQns hav en stored,. caollisi.on.detector.150 h no. 175 reflection
o conpreeplRirelRetafse Sited dhe e s SERRCuA So R atine arfdeng 6 30
Sep 2004m¥hOdfldtBianre PR IH3tIndD &R naNohh o fificordUWd lta R /] 1 0gic
290 asserts the colTision indication 295" Collision indication 295 is used

to resdievetaaedawih d@ bit saowlehabadhMiizresaroplingweats, 3Ednousmstdan2eit i n
response to assertion he col lision detection jindicatjion, the network
GolBoe SaPE RO U aest loub TG Rris A SlaTEAME™ AbrheTBESHAG endl ng
the datgngeai I ey, Lheni skl ect) u ed for
conpari son t('r)ﬁb nstu grzgrqyuaent%&?Pec??oﬁgﬁé%{eg@?ﬁé} t%‘g@%ﬂ%@élz?ﬁ?? ?E?%

r ef | ectearnpavitor @ 10emonitersathleandial reffamtioh fof “sdroragssindgr suolteagnzero even i f
only one m/llisecond of data needs to be stored, with 12 bit sanples at a

32 Mz CaRNIntr Y @t Biguse 3 nbirtdpdhexalie ol 880k defs e3MRILISICHERaTeD tDe
st or ed. g [t Il W6 S 1AL PR Satal Minbiklis SLb&LRHally zero, zero

130 capture comparitor 210 instructs register 260 to store the sample. Depending
on the application and the degree of accuracy desired, different numbers of zero
crossing can be stored. For instance, in one embodiment, the first 30 zero
crossings are stored to represent a reflected signal. In another embodiment,
the first 60 zero crossings are stored.

195 The digital samples are compared to "substantially” zero. That is,
samples are taken at a particular frequency. As the amplitude of the analog
signal approaches zero, sampies may be taken before and after the actual zero
crossing of the analog signal. For instance, in Figure 3, none of the digital
samples are exactly zero even though the analog signal crosses zero several

200 times. {n which case, zero capture comparitor 210 compares the absolute vaiue
of each sample to a small threshold value 320 in order to capture sampies near
actual zero crossings.

The data points stored in register 260 include the location and value of
the zero crossings. The location is an indication of where the data sample is

205 with respect to a synchronized starting time for all reflected signals. The
synchronized starting time is the time at which a network interface begins
sampling a reflected signal with respect to the time the signal was first

transmitted. That is, every time the network interface transmits an analog signal
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enbodi ment stores a representation of the reflection. Specifically,3 8e§io® 2004
capture conparitor 210 nonitors the initial reflection for "zero

Crossi ngg,o1/7846h as zero crossing 350 in Figure 3. ThatpdSysdifassigal ue of
each data sanple is conpared to substantially zero. If the value of the
data sanple is substantially zero, zero 190 capture conparitor 210

| NSt T UGS o"tREItRbric Qe iR oFh A Bitd PEcS BTG saheRRRAhBGenoRidgt aRp! i cat i on
i i Aor S0

and the gree of "accuracy desired, d erent 'nuffbers of zero crossing can
be2 19t orszne Kione larﬂmainaér,anlsmasmenémgmh mimthis Way, the samples &om twoossi ngs
are stor d to r g resent a reflect ed signal. In another enbodi nent, the

first 6@ Ardanals corespend. 1o igye digyerusagwipnembare, cf@ﬁpar ed to
subst%ngfa%'&gy %&\e{hgﬁagoeaﬁ ony FRTRL PRI ER B iR ey 2

frequency oacheS~zZero, sanples

may be dtakig @méosm afeorafftigure Beth@czml crossings Wahs b@gst@fed ereisie®g
signal. For instance, in Figure 3 none of the digital %'ﬁl es are exactly

zero eveb) ﬁﬁdhgﬂ%&.@%@ﬂ %@f"@l%ﬂﬁmbéf@s%% saende g@v@reanozo eiv@ddes | n whi ch
, 210 t h | ut | f h
| o PR ER e fRTRR Gy ehBe SOIBARSS Al FortBR8e St arnl o6 mout

act ual zero of eéﬁww%a[u@@r@é%a@%é\t:én@r@a Qfodr vAGES bferdf@niZarbyde the

| ocation and value of the zZero crossings. The location is an indication of
wher e tiepresand reflepled $ignalz05-oil Nstaneepsemples aoslydrtzﬂmompmeld doating tine

for all reflected signals, The s hr on startin sth time at
vt o tpdeive Bl Sheuatia saysl Bina! "GLABRIEE howetb. uBied Rigna WieR 1 os oot
to the $diiBatkhensttitin YY@?'iE' M$at id, rtﬁ@%'ﬁa‘iég{edaluy@rthé §rgn%‘1’6f1ythé' ne the

network 1 nterface transm ts an anal og signa 3 0 SEP72004 WO 01/76152
P@stm&teﬁﬁw&aynmcemtmemmum vauadhaba ldigitsl eafrade cbegepseseantpl i ng t he

way, |t HESBERAE. 17 G194raet P o PdePERaasls Argmaniey seeiie s i gur e
3, every gxmlsanmBlEbsic as P2 bit sample, can represent. Where analog signal
330 exceeds threshold 310, all of the digital samples have the same value. If a
value range is used for comparison that is outside the saturation range of the
225 digital samples, the data collisions may be lost in the saturation. !n which case,
smaller values, such as zero tend to work best.

Returning to Figure 2, once a set of zero crossing have been recorded in
register 260, control logic 290 stops asserting collision indication 295 and
prepares for receiving the second reflection by copying the set of zero crossings

230  into registers 240 and 250. When the second reflection arrives, zero capture
comparitor again detects the zero crossings and instructs register 260 to store
them for future reference.

At the same time, comparitor 220 retrieves the initial set of zero crossings
from register 240, and compares the value of each zero crossing to the value of

235 the corresponding data sample from the second reflection. That is, since the
data sampling of each reflected signal begins at a synchronized starting point,
comparitor 220 can select a data sample that has the same location in the
second reflection as a previously stored zero crossing. Once the locations are
matched up, the comparitor takes the difference of the values of the two

240 samples and compares the absolute value of the difference to a threshold

value.



instance, is in the sane location in tinme with respect to the syncty §nzed?f04
starting tine 320. From Figure 3, the zero crossings would be stored in

regi st erwo26fs1@s the | ocations of sanple nunber 2 and samgrteuswmbes 10. The
val ues 215 woul d be whatever the digital representations are for those
sanples. O course, value ranges can be centered around val ues other than

zero to reprigsiagta teksholdegrovidizad snargir forReirianien in I8EBRADHIS lettobe
conpared to a positive or a negative value range. In practice however,
ref | ect éawspypldlysearethe refiwarkt eradupl ewnass mﬁgatnmgrk dhd® is, the anal og

val ue of_th ' e r xceed t he xigum val ue that a
di gi t al es@rr@@‘”‘?ﬁ%’ ?@%Fi%eW{e?perﬁfgér\g?uﬂétagﬁg%&rﬂtﬁ@FFg%rgr@? "80KB1 d 310
I epr4ss erbeiweBA tHBXFINER TRIsstHER the dargih, Fosig oS 20D 6st HHeEs 8p @ 12 bit
sanpl e, can represent. \Were anal og signal 30 exceeds threshold 310, all

of the diegffaral theaspmescamaparisore usingehedlaxt zetd ceossirg. ulf thedifierescassed f or

conparison that is putsi the saturatio ange of the 225 digjtal sanples,
Che’dar 286 i bR RtRShOlE Yalle Rrkaiot e MEaRs 3 ARnearadlee” nall or
val ues, &ifhe@g7@ero tend to work best. Returning to Figure 2, once a set
of zero crossing have been recorded in register 260, control |ogic 290

st ops assert i Gogmpakitors2 20h perfdiroathesaf@bopardtiopfepaas’s of the recei vi ng t he
second refle.ctiond% copyi ng the set of zero crossings 230_into registers

240°8nd FERSINGRANG RRUREES{Y FUNtedRe SHMRET A/ edsCreepBCigapt bPEPaEar at or
agal n deIRELEfbifs RE Aaff@ BRLRMdAIng 1L 4R Brd &M 5RIed i kaistl 380 them

for future reference. Rt sane ti conparitor retr

initial @etcofinize280ccmads tigs nufrtbemaof eligcsepancidd), Samek, dbepatielssdthsef val ue of
each zero crossing to the value of 235 the correspondi ng data_sanple from
the secddfd0Ep$LREs dherendpredin E?ﬁd@gtwsd%ﬂ%aﬁﬁr%q.ﬁ@e SPMRRROeMibct ed

si gnal | : ' ant | [+N | . .can sel ect
A D R e L e o L ey
pr eadsousdatusiyonete cedsarg! 98¢ imgomr@embbbigndrits atHeoosmptititor BB HRY by, t he
conmparitor takes the difference of the values of the two 240 sanples and
conpar edissled dhis stags uls slisgussediigteveiieeseernd campanitnrdecomes

important later.
Control logic 290 receives the numbers of discrepancies from counters
270 and 280. {f the number of discrepancies is over a threshold value, control
260 logic 290 asserts collision indication 295. If the discrepancies are below the
threshold value, collision indication 285 is not asserted. Again, the threshold
value of discrepancies provides for a margin of variation in the network due to
noise, environmental changes over time, etc.
If the reflections match, collision detector 150 assumes there was no
265 data collision. The set of zero crossings stored in register 260 is saved to
registers 240 and 250 for comparison to the next refiection. By storing only the
most resent set of zero crossings when no data collision is detected, collision
detector 150 adapts to gradual changes in network characteristics. That is, as
discussed above, various threshold values provide a margin for variation in the
270 network. By always using the most recent reflection, collision detection adapts
to changes over time, such as temperature changes over the course of the day.
if the reflections between the initial signal and the second signal do not
match, collision detector 150 cannot determine if a data collision occurred

during the first reflection or the second. In which case, control logic 290 copies
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value. -8 3 0 SEP 2004 WO 01/7612 PCT/ USO /05678 Using a threshol d pmogftesyrh
a margin for variation in the sanple due to |ow |evel noise on the

net wor K w@hpsdgd changes in the network do to envi ronne%:ix}usﬁﬂg%ggs l'i ke
tenperature and humdity, etc. If the difference 245 between the values is
| ess than the margin, conparitor 220 just noves on to performthe sane

a

co ri | r SSh G+ p £ f e is nore than
t hremtghr 2@%5#? e%%@%ﬁﬁaﬁﬁ%&rfgoééﬁgitgar%ggﬂ% %@c%gﬂﬁgﬁr? 0 counter
270. Compassings frpa0 thpeiditansghalearsamstainpe iatrégistdrazaeach of the zero 250

crossings and counter 270 counts the nunber of discrepancies. Conparitor
230 per f or ms WReN $BetNIEh E2factiBA 15 SeFRIVEth ZeFR CoPETB SEIMRATE0024A dagaim egi st er

250 enghouptato 2 AR A NS MENS <0l SEASRANGE S, BCSobE 1111

set of zero Crossi ngs ere s 'n BO

conpar i daits poinits. qurapaitoy 290(3?%;'&«? cofpatedthe Rsfdctisn télind Bb6 ﬁf;?é{bt . the
a

second conparison is 255 actu y unnecessary, and in sone enpbodinents, the
corBlr | CoPSSFES ifnfedister A4dapne gomparitdts23A again pempaszutiwerkflection,tot he

d i b i Npo: | _ |l 1ogic 290 i h
orer s TSR] o Pl B8 Rs i PRSIt o, F Soipala Foiion esidetenierer of |
di scr epangis8sond réNditich. CBBRIOHSeVR) UB0 KAHES the ?ﬁgcf (%)%}*Vwﬁggﬁf} gasserts

collision indication 295. If the discrepancies are b reshol d
val ue, &emd 8t dheisedicodtiefiactk@s asdisutssassavdwetbedgasaredifters Puoshed d

e o 2601 CEISBDF SRR RELP! ERargesBTer T11PhS. ILihe. tH (PRSYAs | ect ons.
ey SoMEnS: B reREol R ASEATS IR Ay RS e RS RIS 00, T
250 f or cotiisjzar issiodicated, enchthe zeref tressings foBihesthindi culliioh Yaré Reored to
register 250 and register 240 retains the zero crossings from the previous
reflection,
If, however, a data collision was indicated with respect to the second
290 reflection, registers 240 and 250 contain different sets of zero crossings. In
which case, the number of discrepancies provided by counters 270 and 280 to
control logic 290 should be different. Based on the discrepancies, control logic
280 makes a determination.
If the third reflection matches neither set of zero crossings, control logic
295 290 will assert collision indication 295. In this situation, three reflections in a
row do not match. This is probably an indication of heavy network traffic or
some rapid changes to the network characteristics. In any event, the zero
crossings for the third reflection are copied from register 260 into both registers
240 and 250. When the next reflection arrives, it will be handled in the same
300 fashion as the second reflection discussed above. That is, if the next refiection
matches both, no collision is indicated, and the registers are ail updated with
the most recent zero crossings. If the next reflection matches neither, a collision
is indicated, and one register is updated and one register maintains the
previous zero crossings.
305 Referring again to the third reflection where a data collision was indicated
with respect to the second reflection, if the third reflection matches one of the

two sets of zero crossings based on the comparisons, control logic 290

- 10 -



nost resent set of zero crossings when no data collision is detected, (j SE? 7004
collision detector 150 adapts to gradual changes in network

charact avpst/rmsz That is, as discussed above, various tlpceslsol/osersl ues
provide a margin for variation in the 270 network. By al ways using the npst
recent reflection, collision detection adapts to changes over tine, such

as tenpassunies thattige shind esflddtiondswios @ @dtatdiitisiary and!dogide teebbest i ons

between the initial signal and the second signal do not match, collision

det ect orZe[8gresnd steretdn feaster 26D thitthedoird reflesiionciote registers 2AQ artte fir st

f ti . ' , | 1 ogi.c 290. ' 9 3 0 SEP
pooHCon oD B 1407 E5Reehe b 35t B33 BseuPRliEnt 1D Rk S ccond
signal tuniikelyi thhetwadedta kullisidierafRefons WABRIARES ThRMdSR hekhs 3ﬂ:at5t'hanal are
retained in I‘E%I ster 240. Wien the third reflection is received, zero

capt ur e easligraefiestion titatagataheddbedbird reRedioprwas really aoth dat caltisioons

i st 0.t { th [ dat. I nts. It 220 [
conpar et 8oy Fo BRIl Tt W B P B s Priesubiacer 290 |
and ConF@drhé @F d3sd n@ﬂﬁhﬂvé%@@ﬁﬁﬁﬁwéc@%sér‘ﬁ?:d?é@érﬂ@dtﬂ‘b tdé?n@grgng@ri&éﬂ,o

crossings in register 250. If no data coll'ision was detec t'he
secdAd ruftithattis ensmatlipricsi torpalefoscelable St aollibios ddtectidm thdhtroainl eet i on t he
sane as thﬁ ‘secr%ggl reflecg‘iron as .di.scyssed abovg because registers 240 and

250 contFH PHYTLANEARLNEHOTe NF! A BY d137RYE NEtHIK §WIroNMeMNe ¢ hi r d
reflection Z%iﬁgttﬁé%r tdfiediBn GRkhhab oy aésdrg;@dcéﬁé‘\ﬁe, ngistnﬂ? def&t8r
reflection matches neither, a collision Is 1ndicated, 'and the zero

cr ossi ngS met arly adaiptsitee grddwsal andanarginal nediations iretfies hetw@k@vandimeegi st er

240 retains,the zero crossings fromthe previous reflection. If, however,
2 data GBS BHARES %&Q%&Bgagww%ﬁé‘éﬁ'wm FRENQWRE flFvicRse dagmagRt i on,

regigt efng tﬁéﬂeﬂo@rkzéﬂz.C‘?Héta#s[‘celiigi%ﬁfo%i!é%tggﬁgo%in #6065 g:;giaﬁgs- In which

case, the nunber of di'screpancies provi y counters and 280 to
control reflectonzods shitisiotshentdiitf §ets dwd. reBastimhsothat heatdh s Argpeefiectisns cont r ol
ogi earlier than the most recent three reflections are not considered. {n which, even
though a few frames of data may have to be unnecessarily resent when there
are changes to the network, the collision detector quickly adapts to the changes.
325 Figure 4 demonstrates one embodiment of the present invention. In
block 410, an initial reflection is received. The reflection is stored (or an
representation of the reflection is stored as discussed above) and a collision is
indicated. A collision nﬁay not have actually occurred, but no previous refiection
1s stored for comparison purposes, so there may be no way of knowing one way
330  or the other. |
In block 420, the next reflection is received and compared to the previous
reflection. In block 430, if the reflections match, the current reflection is stored in
biock 440 and the process returns to receive the next reflection in block 420. |f,
however, the reflections do not match in block 430, collision is indicated and
335 both reflections are stored in block 450.
In biock 460, the next reflection is received and compared to both stored
reflections. In block 470, if the current reflection matches one of the two
previously stored reflections, the current reflection is stored in block 440 and the

process returns to block 420 to receive the next reflection. If the current

340 reflection does not match one of the previously stored reflections in block 470, a
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290 makes a determination. If the third reflection matches neither3 JeSFaf 2604
zero crossings, control logic 295 290 will assert collision indication

295. | nwidgprepdst uation, three reflections in a row do nptometch . JThis is
probably an indication of heavy network traffic or sonme rapid changes to

t he network characteristics. In any event, the zero crossings for the

third I eblig Mnalcatédm Bibck/ A RgicHheht Aictph o BNl BaTEHIGLeRsy, 240 and

250. When the next reflection arrives, Sane 300
f ashi on aag tha@reeesmttueTs tochipok 48040 ussade dovext rEfiattibrs, i f the next

reflection tches.pboth, no colljsion is indicated, and the registers are
al| updat ed ﬁ%{e fﬂg‘sﬁx@é?s PSE&PBQ@F@%P&%W&&H%%W retendedftoect i on

ot ches ek BB o o888 of SotBtles Ul AU00UE KELLRLEL TR I od and

one regi ster malntalns previous zéro cro Sagain to

t hd4$ hi mabrksthtiess,| amd/ohensbeddiat systeirsi sirotheViRgstrateH CahBedinmtithtkespect to
the second reflection, if the third reflection matches one of the two sets
of zer o NBFdRTEnSESIBEL B WIES PEOCESEPRFTQ Beyplesoin high $pridcbre®G0510 3 0 SEP

2004 WO 1L USO1/ S t the third re ction is not a
dat a co%ﬁ%@r@%&%ﬁﬁufﬁggg‘e @%&éﬁgﬂy%gsi% %’f‘&eeégﬁn regi ster 260
for theTehipglarefleptdiyos0 i eodat 36 &us 24D PBAMIAONLRR{RY da4 e
conmparison. This is probably a safe assunption. It is very  unlikely that
two dat &oeRlediteitsss 3854 HEY tevise(s) 1950natadsn caunied teduktS 1feali® dedte(she

earlkd er fl | on .t hat. tched the third reflection was really not a data
coPrd oi SRE M P A%k ST Akdybioaithione STHoTE SXBRLIHMOR tho 1 .
As a refitbifaceés, dteame of data may have been unnecessarily prevented from
being transm tted, 315 but that is a small price to pay for reliable data
col | i si on defgttainembrdiments ipay innbutle additivhalatdmpangnisetway kot i ncl udi ng
har sh net wor k Iggyiérongigants. Usi ng.the three-refl ection scenario as

descri bE AFote, r6‘1’@ Vo roqs g °r1@ﬁyﬁ8f“%‘h? PRERIPTE® SOgIRANEALS and
mar gi naFoy #stahde temigbraRemeiar) 30 PNRY Hd BR-chip with processor 510.

355 - Alternately, permanent memory 540 may be eliminated and temporary memory
520 may be replaced with an electrically erasable programmable read only
memory (EEPROM), wherein software routines are executed in place from the
EEPROM. Some implementations may employ a single bus, to which all of the
components are coupled, or one or more additional buses and bus bridges to

360  which various additional components can be coupled. Those skilled in the art
will be familiar with a variety of alternate internal networks including, for
instance, an internal network based on a high speed system bus with a
memory controller hub and an /O controiler hub. Additional components may
include additional processors, a CD ROM drive, additional memories, and other

365 peripheral components known in the art.

in one embodiment, the collision detector, as described above, is
implemented using one or more computers such as the hardware system of
Figure 5. Where more than one computer is used, the systems can be coupled
to communicate over an external network, such as a local area network (LAN),

370 an IP network, etc. In one embodiment, the present invention is implemented
as software routines executed by one or more execution units within the
computer(s). For a given computer, the software routines can be stored on a

storage device, such as permanent memory 540. Alternately, as shown in

- 12 -
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but al so adapts to | arge changes, such as adding or removing devicgq SC° 7004
damage 320 to the network, etc. That is, collision detector 150 wll

conti nueygd Qiishgat reflections as collisions until it getpcixy@ofigkbsecti ons
that match. Any reflections earlier than the nost recent three reflections

are not considered. In which, even though a few franes of data may have to

be unnecigsrers | her KFtdraelinkbefad bahfackiggscitableNashetisike1phe
col lision detector quickly adapts to the changes. 325 Figure 4 denonstrates

oné7anbstredrusing anyemgebisenteadapéa siasage ImediBmoBR0 4Bsh am a diskete,

refl ecti | S« €ceived., The reflection i.s or,e an repre tion of

the ref :@@ﬁ@’ﬁ‘ ﬁa@eg\petapgsd@%él:ﬂ'ggécPraY[EB?égle gﬁg @Q}Q)I' IIqsgr 53&9 d: cat ed.
A col | i Figsh MOt bV Thacddils! of iﬁ§t%t€tfo%‘§’né?égﬁ nS&%éJEE)YéQH'icr%&; Legtion is

stored for conpari'son purposes, so there nay be no way o ng one way
330 or tchaldbaeeceived lfitcoela repiotetdieragexdevied, sechiasna iserver e 8 ektwork,

conpar ed revi ou reflection, In block 430, if the reflections
ot on CAGBRORLARVERTE BoppB RISk el o TosieRchalO ARYaa B0 Sheas

rebgpns figkegei ve the next reflection in block 420. 1f, however, the
reflections do not match in block 430, collision is indicated and 335 both
reflections &remsebetxer sollas khd50struationsanky $6QGopidiefroaxthe sforegs i on is
recei ved and conpared to both stored reflections. In block 470, if the

cur r ent 9E¥IEHRIQ PRPCNETBREY o£0 @R thaR acpresAcbeRy PX8EWREPY ef | ecti ons,
the cur pesledsel 1536f | flohe ibRifighialioll Aeke kiRl blifnedLRE BRfRAHUI NS tO

bl ock 4 to receive the ne ection. curren eflection
does notherflt plogramnaihgtibeguigali (tUs ity betapedciRid, eolWenas, that tHezek 470, a -11
3 Q_SEP 2004 WO 01/ 76152 PCT/ US01/ 0678 collision is indicated in block 480,
t heé8eur rewlingsemaydie sRPlesnested da any of owidesvariety i @regi@mintgess returns to
bl ock 4;':9“&5‘9 d'tgscei ve the next reflection. Figure 5 illustrates one

embodi mENte 01° & har dwar e systemintended to represent a broad category of

conput er systiembtesnste expbpeinsOna| tHEoprEseat savention is implemented in
discrete hardware or firmware. For example, one or more application specific
integrated circuits (ASICs) could be programmed with one or more of the above
390 described functions of the collision detector. In another example, one or more
functions of the collision detector could be implemented in one or more ASICs
on additional circuit boards and the circuit boards could be inserted into the
computer(s) described above. In another example, field programmable gate
arrays (FPGAs) or static programmable gate arrays (SPGA} could be used to
395 implement one or more functions of the present invention. In yet another
example, a combination of hardware and software could be used to implement
one or more functions of the present invention.
Thus, a method and apparatus for data collision detection is described.
Whereas many alterations and modifications of the present invention will be
400 comprehended by a person skilled in the art after having read the foregoing
description, it is to be understood that the particular embodiments shown and
described by way of illustration are in no way intended to be considered fimiting.
Therefore, references to details of particular embodiments are not intended to

limit the scope of the claims.
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345 workstations, and/or enbedded systems. In the illustrated enbodBre®C> 7004
the hardware systemi ncl udes processor 510 coupled to high speed bus 505,
which is coupled to input/output (1/0O bus 515 through bus bridge 530.
Tenporary nenory 520 is coupled to bus 505. Permanent nmenory 540 is

coupled to bus 315. 1/0O device(s) 550 is also coupled to bus 515. 1/0

devi ce(s) 350 550 may include a display device, a keyboard, one or nore
external network interfaces, etc. Certain enbodi nents may include

addi ti ong‘lﬁ@conqo.ne t.s, may not require all of the above conponents, or nmay
conbi ne teye I®onmponents. For instance, tenporary nenory 520 may be
on-chip with processor 510. 355 - Alternately, permanent nenory 540 may be
el i m nated and. Aemgithodicgmprsingly 520 nay be replaced with an electrically
erasabl e programmabl e read only nenory (EEPROV), wherein software routines
are execut e i EERR@M  Sore i npl enentations nmay enploy a
single buswoﬂéﬁ%ﬁﬁg{tﬁ%hgﬁoea conpdnents are coupled, or one or nore
addi ti onal buyses and bus, bridges to 360 i ch ri ous additional conponents
can be.couftUF e AAPEERIAPBAT R aioNE Sigtel i Fod Bamihaneinarc skkpesondy | oty
of alternate internal networks including, for - instance, an internal

net wor k Bigsaldoptiningpgeflespondf thesfirshaipned; with a menory control ler hub and
an 1/0 controller hub. Additional conponents nmay include additional
processor s trafsiRirXMidid svgnal addkid pabrirenor i es, and other 365 peri pher al
conponents known in the art. In one enbodiment, the collision detector, as

descri bed I i | re.conput ers.such,as the
nar dvar o sy ot ampfergsSRlABBRRE GHoltEl bl 0ftelled MR R RERYGAE S ™ e
systens can .be coupled .to co nj cate over an external network, such as a
| ocal ar é’é“ﬂ&?ﬂﬁf‘ﬁ&ﬁﬁ?ﬁ?“@?@%@ﬁ@%r k, etc. In one enbodinent, the

present invention is inplemented as software routines executed by one or
nor e executbBpamg the rpresentetione! throsrpondesigsl to Berepregintation o theufoarth t he
software routines can be stored on a storage device, such as pernanent
menory 54{nalAbiernately, as shown in

generating either a positive collision indication or a negative collision indication based
at least in part on comparing the representations of the second and fourth signals.

2. The method of claim | wherein the representation of the second signal
comprises a plurality of data points, and wherein each data point comprises a location and
a value taken from the second signal.

3. A method comprising:

receiving a first signal reflected from a network;
comparing the first signal to a representation of a previously reflected signal; and
generating either a positive collision indication or a negative collision indication based

at least in part on comparing the first signal to the representation of the previously

reflected signal,

14



-12 30 SEP 2004 WO 01/76152 PCT/ US01/ 05678 Figure 6, the software goytgrires(ly
can be machi ne executable instructions 610 375 stored using any machi ne
readabl e storage medi um 620, such as a diskette, CD-ROM nmgnetic tape,
digital video or versatile disk (DVD), |aser disk, ROM Flash nenory, etc.
The series of instructions need not be stored locally, and could be

recei ved f @@ ftﬁ%ﬁﬁséﬁﬁfcﬁﬂﬂtﬁ’@%{ﬂeeﬁusiﬁlﬂ@ﬂbn@eﬂ ~eg1ﬁeeaf@§risfla%ﬁlm_tm¥k, a CD

ROM devi ce, a floppy disk, etc., throug for instance. devi Ce 550 of
380 Figu

r.e 5.. Fromwhat ever ,spurce, the instructions my be copied fromthe
tor age. detappisk B SRR i A et P Bo A e GO BRE L et by
processor 510. In one inplenentation, these software routines are witten
in the grevicvglyanfieeied signajuangewherein comparipg thediprtaagral ethe representation hat
these 385 routines nay be inplenented in any of a wi de variety of

progr amrpfhe pr@NGkiidg esflebRdaldna! sbrierbodi ments, the present invention is
inplenmented in discrete hardware or firmnvare. For exanple, one or nore

one or more obaeretRYBEERFAEEEhRELDR he Rk Rbaf WL SRR THE, cot or

I n anot her exanple, one or nore functjons of the collision detector could
be i npl eREETIQELY Htlgred sienpldiaxingsyrehropizedigasting gpiafs sich that o losalipmsl and t he
circuit boards could be inserted into the conputer(s) described above. In
anot her excngflseid datebangeogreaspeilsdo gdecatiompf eneso f(sEE@AL) podmts stitht respect

programmuabl e gate arrays (SPCA} could be used to 395 inplenent one or nore

functi ongg ffe shhéhrPhies®sthrting R/t 0n. | n yet another exanple, a conbination
of hardware and software could be used to inplenent one or nore functions

O, e, DSy b TS BEL B A0S BORALS e LR UL 2 1
present is%ﬁl@f«, Ia.r(njél a\if\'iallulc o?gach of the corresponding data points;
comparing each absolute value to a first threshold value; and
advancing a counter value for each absolute value that exceeds the threshold
value.
4. The method of 3 wherein generating either the positive collision indication or
the negative collision indication comprises:
generating the positive collision indication if the counter value exceeds a second
threshold value.
S. The method of claim 1 further comprising:
adapting to changes in channel characteristics of the network based on comparing the
representations of the second and fourth .signals.

6. The method of claim 5 wherein adapting to changes is further based on at least

one threshold for signal variation.
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400 conprehended by a person skilled in the art after having read t@en SR 200k
foregoing description, it is to be understood that the particul ar '

enbodi ments shown and described by way of illustration are in no way
intended to be considered limting. Therefore, references to details of
particul ar enbodi nents are not intended to |imt the scope of the clains.

3 0 Sep 2004 t is.clainmed is: 1. thod .comprising.  transmjting a
first signal in ¢ mefhof 6 ,mci%?ﬂ?’i“%gghaf‘gﬁsr@fgﬁ?%ﬁF%%a%?mél%é’i?och’& si gnal
received fromthe network, said second signal containing a reflection of
the firsto dilepshbne efrnpisantampangues yamatien, dugndily varationradristonordticonedphairi ng a
representation of a fourth signal received fromthe network, said fourth

si gnal castivaiinbig tiand. ef | ection of the third signal; conparing the
representation of the second signal to the representation of the fourth

signal; and g [ ' j t] - ision Lndication or,a negative
collision i ndlggglﬁ%ﬁ gg)ggﬂ?%lthivg%gftn dlaﬁt%Bg? %ﬂeor%blgc(s)e téz}{rjqnnogld?%seewnd
representations of the second and fourth signals. 2. The nethod of claim1l
wher ei n £1§82LCOBIPESEYt at i on of the second signal conprises a plurality of
data points, and wherein each data point conprises a |location and a val ue

taken fromcomeaserondus bfjealh of pléralintdiddiacamptdsongrsingaled sdcagd sighalr st
signal reflected froma network; conparing the first signal to a

repr eseng@ii:,gﬁcgfar dalé-epmyously reflected signal; and generating either a
positive collision indication or a negative collision indication based at

25t oL g SO s Nk Bl ol RASTRN BBl
the particular value.

9. The method of claim 8 wherein the particular value is one of zero and a value
less than a saturation value of each data sample.

10. The method of claim 8 wherein each pair of one location and one
corresponding value comprises a data point, and wherein recording comprises recording a
limited number of data points for the representation of the second signal.

11. A method comprising;

receiving a first signal reflected from a network;

comparing the ﬁrﬁ signal to a representation of a previously reflected signal;

generating either a positive collision indication or a negative collision indication based
at least in part on comparing the first signal to the representation of the previously
reflected signal; and

storing a representation of the first signal, wherein if the positive collision indication
is generated with respect to the first signal, the method further comprises:

receiving a second signal reflected from the network:

16



wherein the representation of the previously reflected signal conp i@g},ﬁ 0h
plurality of data points, and wherein each data point conprises avVl i(?tq
and a value taken fromthe previously reflected signal, and wherein
conparing the first signal to the representation of the previously
reflected signal conprises: selecting a plurality of data sanples fromthe-

first signal, said. first signal_ @and, said evi C | gnal

havi ng synchrﬁqw&agﬁlgstﬁféﬁoloﬂ S%?ﬂ?ghes[i?%esfrﬁgatfonac%g%éﬁeglg’tﬁglgfr éﬁeceéée(s% of said
data sanples corresponds to a |ocation of one of said data points with
respect sigmalf he synchroni zed starting points; determ ning an absol ute val ue
of a difference between a value of each of the data sanples and a val ue of

each of the cesmpainge Beodadsanilolonhsieptlamaddmef teafifst silgsall ute value to a
first threshold val ue; and advancing a counter value for each absol ute

val ue that ex . 1 - e Al aerein
generating ei %ng:?ﬁ%%%?%%gﬁ%}@ghg%}f@% ?8ﬁﬁlﬁ%{a’éé’??‘gﬁg%twet%gmn%ati ve
collision indication conprises: generating the positive collisjion

| ndli cat | GiFRHI0R NAURTSEARELIO thapsrend REaRkhesHT YTSH P PCORIRENg M w0l The
met hod of claim | further conprising: adapting to changes in channel

char act egigaalite sheodeptdhentaidnelithe presaatsiyrefangabe g abvheompameesestcahd ons  of
the second and fourth signals. 6. The nmethod of claim5 wherein adapting to

changes | ZJQ,%\{ . be kBRs{onaione threshold for signal variation.
15 30 SE%%I(L){B .ep%gﬁ?rueﬁ%% %F cl%n?n’5 wherein the changes in channel
characteristics .are due .at_l.east one of .noise, .te rature vari.ation,
humi di ty var | SOFOR A G RAIOR o i Teorreby oo o IR BEGavR cnaipn ety i€ T
met hod of claim 1 wherein capturing the representation of the second

si gnal campritsdsnd

storing the representation of the second signal and at least one of the
representation of the previously reflected signal and the representation of the first signal
if the positive collision indication is generated.

12. The method of claim 11 wherein the negative collision indication is generated
if the second signal matches at least one of the representation of the previously reflected
signal and the representation of the first signal.

13. A method comprising:

receiving a first signal reflected from a network;

comparng the first signal to a representation of a previously reflected signal;

generating either a positive collision indication or a negative collision indication based
at least in part on comparing the first signal o the representation of the previously
reflected signal; and

storing a representation of the first signal, wherein if the negative collision indication

is generated with respect to the first signal, the method further comprises:
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conparing a value of each of a plurality of data sanples conpri si ngadtﬂhggp 2004
second signal to a particular value; and recording a |ocation and valrue

of each data sanple that is within a threshold range of the particular
value. 9. The Method of claim8 wherein the particular value is one of zero
and a value |ess than a saturation value of each data sanple. 10. The

met hod of cl airéae&i%@@woﬁa@tgﬁmﬂ@ﬁ&éta@&aﬂnﬁeh@t%fﬂjt;on and one corresponding
val ue conprises a data point, and wherein recording conprises recording a

limted nunber_of data points.for the representafjon of the second signal.
11. A net hod E%IH’BW%:SE?O@S 'gﬂaLEﬁ’ @"*f??ﬁ%m@%aﬂhﬁg"fwtéeﬁnéﬁ from a network;
conparing the first si%r;al to a representation of a previously reflected

£

signal ; genegendraigngeithes thegposivivie tcoilisionahdicatiomrorithelinegativocolisioa negati ve
collision indication based at least in part on conparing the first signal

to the ropliesientwtt REpRt td e sfofM isius] dased @Ji&g@@ﬁrﬁwaﬁﬁ%ﬁggl&l?&%hag a

representation of the first signal, wherein if the positi I sion

i ndi cati g%nalitﬁ t&e&s;&g&gﬂm Sﬂhe h(;&@%tdls,t o the first signal, the method

further nprises: "recerving a Seco ignal reflected fromthe network; 16
3 0 SEP 2004 conparing the second signal to the representation of the

previ ousl y refioBRESFeRIcEAton s thmsachnd sigeal dibe nasativg sallision indigation is
representation of the first signal; generating either the positive

col | i si ogenangted;anidon or the negative collision indication with respect to
the second signal based at least in part on conparing the second signal to

the represent aighiaB thd répRBeMa® SUBE ¥edoRll |s%51?%9§%9%?gesgﬂgti(§fm5 lgag the

second signal to'the representation of t _ n “storing a _
representabl apeRpdsite SRS A5 is'ghadligane0at 1 ve col Iision indication

is gener
14. The method of claim 1 wherein the positive collision indication indicates one
or both of a data collision on the network and a channel characteristic change in the
network.
15. An apparatus comprnsing:

a transmitter to transmit a first signal and a second signal into a network:

a comparator to capture a representation of a third signal received from the network,
said thurd signal containing a reflection of the first signal, said comparator to capture a
representation of a fourth signal received from the network, said fourth signal containing
areflection of the second signal, and said comparator to compare the representation of
the third signal to the representation of the fourth signal; and

control logic to generate either a positive collision indication or a negative collision

indication based at least in part on a result from the comparator.

16. The apparatus of claim 15 wherein the comparator comprises:
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storing the representation of the second signal and at |east one of3 fJh§fP ?{][}l‘
representation of the previously reflected signal and the representation o
the first signal if the positive collision indication is generated. 12.
The method of claiml | wherein the negative collision indication is
generated if the second signal matches at Ieast one of the representation

ol ot P15 d QHRlaNsGELAPE! £lkiv el MRd A0l BENCRAGRLAL kO arl IS okl °!

signal. 13. od conprising: rece Si gha 2ét'80% rom a
net wor k; ar the first si to. a representatron of a previously
refl ect ed e%ﬁrap RGeS A grmmpalsg@ he thyrd sigmal fosa pasticulen vaded endor a

negative collision indication based at least in part on conparing the
first signalregistet kestorphespnisentation of the kerdwignal sarl represaftdtpatofdnsingidal ; and
storing a representation of the first signal, wherein if the negative

col lisi O@;@Qﬂd&@édsﬁfgalo%a@rﬁﬂﬁ{daat@ﬂué"b[té&caﬁﬁg‘?% Lortlipildditf ofidaa - the

nmet hod further conprises: 17 3 0 SEP 2004 recel |ng a seco si gnal

flected from.th : th d to, th
" epr osentaEP Rt s NI A CiesE Ratee o g ioing bR Grisdie! Bode v

coll'ision indication or the negative colli sr on indication with respect to
t he secosdmphrse ulased at | east in part on conparing the second signal to
the representation of the first signal; storing a representation of the

second si gnal 17f Thbgpgaegas ofaigol § wakemh &Qﬁgpﬁﬁkhtﬁﬁorﬁfthg‘ﬁﬂﬁfﬁgﬁ’ﬂ; and
storing the represent ation of the second signal and the represent ation of

the fi rsrcom%? 52D 'u?ahrt Ma?h&hﬁeaﬁp\% rSin¥cil %‘ul §§1&1& 9{9‘0 g?lrl] Sath l%ﬁ%flgéfes

The net hod erei e osr Ive co Ion
one or bot a l1,i siop on the network and a channel
char act e ‘& 3318‘?\"(3’% %ﬁ%%’ﬁrﬂé 18146t wor k. 15. An apparatus conpri sing:
18. An apparatus comprising:
a first comparator to receive a first signal reflected from a network and to compare the
first signal to a representation of a previously reflected signal; and
control logic to generate either a positive collision indication or a negative collision
indication based at least in part on a result from the first comparator,
wherein the representation of the previously reflected signal comprises a plurality of
data points, and wherein each data point comprises a location and a value taken from the
previously reflected signal, and
wherein, to receive the first signal and compare the first signal to the representation of
the previously reflected signal:
said first comparator is to select a plurality of data samples from the first signal,
said first signal and said previously reflected signal having synchronized starting points
such that a location of each of said data samples comresponds to a location of one of said

data points with respect to the synchronized starting points; and
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atransmtter to transmt a first signal and a second signal into ?U SEP 2004
network; a conparator to capture a representation of a third signa

received fromthe network, said third signal containing :a reflection of
the first signal, said conparator to capture a representation of a fourth
signal received fromthe network, said fourth signal containing a
reflection of the second signal, and said conparator to conpare the
representati oﬁaldfﬁrsttdtvmptatﬂtomjfusﬁhgmtwldﬁmmémbmﬂmqfwﬂlﬁﬁmt@ fourth
signal; and control logic to generate either a positive collision

i ndi cat | @etyRiena vaRGAlficwen EPﬂhle'dﬁta%mpléQCihﬁétv'aRL@ opesdhidfe é&e%% né’a‘é]t‘él on a
result fromthe conparator. he apparatus of claim 15 wherein't

conpar at or S 18 3 ER 200 co ) t to receive the third
S onal 1 BBIFS ABE IR g at%ao ﬁwi@ PRET Bl o "o pl ural ity o
data sanples conprising the third signal to a particular value; and a

regi ster to stl8rEhe spparaipy ebdainal Buthef carhprisitg:r d si gnal , said
representation of the third signal conprising a |ocation and a val ue of

each data saphter &f advilfcdd bsaitdrtwaleffofledcd absanevaRe it ex e diMtethftsRold
threshol d range of the particular value as indicated by the conparison

unit. 17,186 appahat s alls sl & ln,g; ?{_é?ly\herel n the representation of the third

signal conprises a plurality o a points, and wherein each data point

conprises a I on and a.valu ken fromt t.hird signal. 18. An
appar at us Convﬁ?ﬂl?]ﬁppagﬂtﬁ phtlaimy 5’ Sedt mFGOF‘é‘Qz?Q%‘samfgieP‘?Pte#i;HaﬂmVﬁ

reflected froma network and to conpare the first signal to a

r epr esentcatlistom ipdicatiqy i Wicoemsinier veluk sscasds 8 sepoatl thrashdldmita.ol 1 ogic to
generate either a positive collision indication or a negative collision

i ndi cation bagedAatapb@asis comppigin: on a result fromthe first conparator,
wherein the represent ation ofp the previously reflected signal conprises a

plurality ofg PR r=cA0 s MELRN SREARLE, ALUCHING LEERaA OCPT | O

and a val ue ’t‘ra en romthe T previ ou and rein,

receive e SLLS], 51,0080 208 SOTBAL Bl AL "o the repesen i

control logic to generate either a positive collision indication or a negative collision
indication based at least in part on a result from the first comparator, wherein if the
positive collision indication is generated with respect to the first signal, the apparatus
further comprises:

a seconid comparator, both said first comparator and said second comparator to
receive a second signal reflected from the network, said first comparator to compare the
second signal to the representation of the previously reflected signal, and said second
comparator to eompare the second signal to a representation of the first signal;

said control logic to generate either the positive collision indication or the
negative collision indication with respect to the second signal based at least in part on
results from the first and second comparators.

22. The apparatus of claim 21 further comprising:
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the previously reflected signal: said first conparator is to selec?[pscp 2004
plurality of data sanples fromthe first signal, said first signal an

said previously reflected signal having synchronized starting points such
that a | ocation of each of said data sanples corresponds to a |ocation of
one of said data points with respect to the synchronized starting points;

and 19 3 Oagﬁlf??lgt?%‘frég?étgrsft& 5iSke £ RPRAEALREN mﬁiaﬁw ﬁgﬂﬁti?ﬁx@n@%tﬁg absol ute

val ue of a ence” between a val ue of eac ata safipl es and a

val ue of ch of .the correspopdin at oi nts,, .an 0 conpare each

bSOl ur eSSIneR Ao S Brer e e Fut ot e FPRer e S FO08 SaraaRg m 18
further conprising: a counter to advance a counter value for each absolute
val ue t hatlesst oredbtheepresantadion lof thevpateushy reflectied aigaal amyg thdeepfasestation
conparator. 20. The apparatus of claim 19 wherein the control logic is to

gener at ecf {#8 RASigdaV § th& diﬂi»?eid&lﬂiéié}ﬁﬂnﬁﬁzﬁii&{‘isigfauér&@d.count er value exceeds a
second threshold value. 21. An apparatus conprising: a first conparator to

receive a fir ignal _reflected. from.a netwrk and.to.conpare the first
signal to a rzé)'r %ﬂﬁp&’fﬁub‘n"f& AR ¥ r%@?“%@ﬁ%%@gﬂogf[&h%?“%d contr ol
logic to generate either a positive collisiaon indication or a negative

col | i si oBenga#ed H1he encopd signalapatrlasat lsast gggof therrepresantaiion of thepreviguslyr st
conparator, wherein if the positive collision indication is generated with
respect teflected sfagnabindsthg Bareschfaciomppehedicstsigrblir t her conprises: a second
conparator, both said first conparator and said second conparator to

receive a SeCQE.dAﬁiagg.gﬁn@%&hﬁE&iﬁg fromthe network, said first conparator
to conpare the sec signal to the representation of the previously

reflected signal anz(cd5 sai d secopd. .co aiﬁ r.to conpare the secongwsi gnal
Lo a repr e dRTPIBARP PHET G SHLT RN fro ATPRTOK GBS b SgEnErat o
either the positive collision indication or the negative collision
i ndi cat i dwstwignpl teasisaresentyiannd aquedaerly refleaied siemaldaad | east in part on
results fromthe first and second conparators.
control logic to generate either a positive collision indication or a negative collision
indication based at least in part on a result from the first comparator,
wherein, if the negative collision indication is generated with respect to the first
signal:
said first comparator 1s to receive a second signal reflected from the network and
to compare the second signal to a representation of the first signal; and
said control logic is to generate either the positive collision indication or the
negative collision indication with respect to the second signal based at least in part results
from the first comparator,
25. The apparatus of claim 24 further comprising:
a plurality of registers to store a representation of the second signal if the negative

collision indication is generated, and to store the representation of the second signal and

the representation of the first signal if the positive collision indication is generated.
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22. The apparatus of claim21 further conprising: 20 3 0 SEP 2004 & { SEP 2004
plurality of registers to store a representation of the second signal if

the negative <collision indication is generated, and to store the
representation of the second signal and at |east one of the representation
of the previously reflected signal and the representation of the first
signal if the positive collision indication is generated. 23. The apparatus

of claim 21 wherBidagpaatiesRiliine] T ahbdet B8 pbdidiLaillifon irdicafieNfidded 1 f the
second signal matches at |east one of t he represent ation of the prevr ously

reflected,s 519510% oflg(aatah:%]llfs?rﬁ{ 51 31@ E aﬁ{l 2 CB%od e r\g}éatrac?ffrgpgfha&gaﬁ%

appar at us conpri ore

reflected froma netvvork and to corrpare the first signal to a
represenPﬁtt"i%‘n of a previously reflected signal; and control logic to
generate either a positive collision indication or a negative collision

i ndi cati on bag2dAahachérsiccessibpaumkediom @ prewdé hccksonrhdvhiel exsdutsdepar at or ,
wherein, if the negative collision indication is generated with respect to

the fir Sgls?ﬂ.l&mts th%%'xgctftfott%f s%ﬁ%hﬁfe@xehﬁaﬁlﬁufsﬁﬁ&lo t@lngﬁ&ﬂ&% S1 gnal

reflecte om t he networ to conpare the secon

representation of the first signal; and said control logic is to generate
either tH¥ ORFSIHD| | i si on indication or the negative collision
indication with respect to the second signal based at least in part results
fromthe fitagsmidbnga fizgt signabidto aAhetwapdpar at us of clai m 24 further
conprising: a plurality of registers to store a representation of the

second si graptutihg bheprocaaition®f aGeddnidsi dgm FeBElvERiTbRNhE BetURRE kAL REeo@Nd 1O
store the representation of the second signal and the represent ation of

the firs t on indication is generated. 21 30
SEP 2004%%%19{]6%% ap%%?g?&%%gfdfct% %?%%}\herel n the positive collision

i ndi cation indicates
snncttmg a third signal into the network;

capturing a representation of a fourth signal received from the network, said fourth
signal containing a reflection of the third signal;

coraparing the representation of the second signal to the representation of the fourth
signal; and

generating either a positive collision indication or a negative collision indication based
at least in part on comparing the representations of the second and fourth signals.

28. A machine accessible medium to provide access to machine executable
instructions, the execution of said machine executable instructions to implement a
method comprising:

receiving a first signal reflected from a network;

comparing the first signal to a representation of a previously reflected signal; and
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one or both of a data collision on the network and a channel charactde8iSitd c2004
change in the network. 27, A machine, accessible nediumto provide access
to machi ne executable instructions, the execution of said nmachine
executabl e instructions to inplenent a nethod conprising: transmitting a
first signal into a network; capturing a representation of a second signal
received f . 0 S.al g ; S gna 11104 D) 5 i3 jon of
the first é“‘?“g} natélp,g ep E%r\;l%s)én&%tﬁ%ﬁdgﬂéﬁﬁ@?%agﬁgnaI ?gﬁﬁgé t@ﬂgélﬁlg%%{agoh?%étd&ri ng a
representation of a fourth sjgpal received fromthe network, said fourth

i gnal  CRrieas! e Ob FoURMAGHEIEmITEH SIER OPYiy FRPLERANon eckipars iRyShhe
representation of the second signal to the representation of the fourth

si gnal ; wmefldctexepignalf i ng either a positive collision indication or a negative
collision indication based at least in part on conparing the

represent at i ofiefn ik B RRAKR AR iAW hibrSis gBdrated $3th réspBOBithe fiagcessi bl e
medi um to provide access to machi ne executable instructions, the execution

of said macrfitge e>t<1§qcu le instructions to inplenent a method conpri sing:
recei vi nYf& PF &° dg‘ﬁ@ LD from a network; conparing the first

signal to a representation of a previously reflected signal; and 22 3 0 SEP
2004 generatiWgelé’mgr‘?e?fecaﬂfb@ﬁl%lif‘a&cﬁﬁﬁllflf?féiﬂé)‘-'ﬂlqt‘t‘l@ﬁkéati on or a negative
collision indication based at least in part on conparing the first signal
on the represenhpirimgnthefedond signheMb ehestepreserbtioncdfable picgivably refleted n i f t he
positive collision indication is generated with respect to the first

signal, tgethod further conprises: receiving a second signal reflected
fromthe fetiwork; conparing the second signal to the representation of the

previously r e‘;&%ﬁﬁr‘%gg the second signal to a representation of the first signal,

generating either the positive collision indication or the negative collision
indication with respect to the second signal based at least in part on comparing the second
signal to the representation of the previously reflected signal and comparing the second
signal to the representation of the first signal;

storing a representation of the second signal if the negative collision indication is
generated; and

storing the representation of the second signal and at least one of the
representation of the previously reflected signal and the representation of the first signal
if the positive collision indication is generated.

29. A machine accessible medium to provide access to machine executable
instructions, the execution of said machine executable instructions to implement a
method comprising:

receiving a first signal reflected from a network;

comparing the first signal to a representation of a previously reflected signal; and
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signal ; conparing the second signal to a representation of the firgt{ SEP 2004
signal; generating either the positive collision indication or the

negative collision indication with respect to the second signal based at

| east in part on conparing the second signal to the representation of the
previously reflected signal and conparing the second signal to the

representation of the first sigpal;.storing a representati.o f the second
G gnal i1 eerRes e oty Srdhten g foteBif B i hpthontsfedg T ne
representation of the second signal and at |east one of the representation
of the patdeisbuspart emfdmparang the dinstIsiganbtottherepegsedateon efi tho prevfoushye fir st
signal if the positive collision indication is generated. 29. A machine
accessi bfglepRdisigaut 0 provi de access to nachine executable instructions,
the execution of said machi ne executable instructions to inplenment a

met hod conpri sjng: rLeceivi drst_signal. reflec from et K:
conparing thewihlﬂ%élf lf‘s%ﬁ%ﬂgﬁaﬁtg%g(giﬁ&g%P%@%%{Ogtlf o ef)a?e&a‘%g? 5???8%3? g.‘er%r\? ected
signal; and 23 3 0 SEP 2004 generating either a positive collision

i ndi cat i &gndythy metbed fuydieEeImpEsesn i ndi cati on based at least in part on
conparing the first signal to the representation of the previously

refl ected si grgkivind®ssiond signhlireflesteghflibmehe attviogit;on i ndication is generated
with respect to the first signal, the nethod further conprises: receiving
a second sign 3 " i +ha. second signal to
a representat ?%Hr}b%ﬁd%e%g%?ﬁng ? {Eélfagﬁ’ %Mélhamﬁlodmﬂé ﬁﬂgﬂ E{m

al;" generating et the positive

col lision indication O{]x tple negati v col.li.sion indication. w.th respect to
the second si grifirafstRen fhe posdive cpllision indigation oy the negatipecaliigng  signal to
the representation of the first signal; storing a representation of the
second simghetion vithyesprel i the seconf Isigspbraspdhati least inopec en comparing the second

signal to the representation of the first signal;
stonng a representation of the second signal if the negative collision indication is
generated; and
storing the representation of the second signal and the representation of the first
signal if the positive collision indication is generated.
30. The method of claim 1:
wherein at least a portion of the first signal comprises a particular signal pattern and
the representation of the second signal is based on at least a portion of the particular
signal pattern contained in the reflection of the first signal, and
wherein at least a portion of the third signal also comprises the particular signal
pattern and the representation of the fourth signal is based on at least a portion of the
particular signal pattem contained in the reflection of the third signal.
31. The method of claim 30 wherein comparing the representations of the second

and fourth signals comprises:
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generated; and storing the representati on of the second signal and3the&:? 2004
representation of the first signal if the positive collision indication is
generated. 30. The nethod of claim1: wherein at |east a portion of the
first signal conprises a particular signal pattern and the representation

of the second signal is based on at |east a portion of the particular

signal pat E&ﬁoébpﬁgﬁhgkﬂ?ﬁ%ﬂa?ﬁ o praﬁ&hqﬁm e reEéh@atfoinroTtt}hééeg&?d siﬁgo"mer ein

at least a p st gnal al so tonprises the parti r signal
pattern and the representatjon of the fourth.signal i.s based on at |east a
por ti on ¢ pemisulap signalagttam é?‘&ﬁ]éﬁ’ reﬁ%?@?%‘%%ﬁ‘%’%@ﬁlﬁ’ ‘he reflection of
the third signal. 31. The nethod of claim 30 wherein conparing the
represent at i o3& Thfe rhdvhireecosdiblamddfuausf daimi Zhal s conprises: 24 3 0 SEP
2004 conparing the particular signal pattern fromthe representation of the

second sig I Gl i : 90 tion of
the fourt h%%rglﬁg?t,lé%g?B%%h%é%%@% cescgﬁ%fqgésrh di umlof cag‘g%%g%?merei n
at least _a portion of .the first. signal conprises a particul ar. signal
pat t o n SRATPIEHROR L MR bTETH T oo BE Briaet pgneion & headtioBh®ar | east a
portion of the particular signal pattern contained in the reflection of

t he fir ssigeilgatiern canthingden dharelectionenfithafipbsighdnangf the third signal al so
conprises the particular signal pattern and the representation of the

fourth si gRdkreiSatlased porticof tRaGlirdaiPAl Alk®BoBbrided the pratidul i @lai si gnal
pattern contained in the reflection of the third signal. 3 3. The machi ne

accessib ] L i L j.ons of the
second ah%ﬁgéﬁyeg%%&h%@%{}gﬁg ;{%g%ﬁhgg ar’l rli?g'&!ztg hoén@%éaa%t?a%ﬁ?ﬂé?gﬂﬁal pattern
fromthe repr ese%gti on of the second_signal rticular signal

.t.h
pattern PRGAMRREER RrEew foatHnsg lafhw?@wtwaﬂfﬁﬁfgﬁhgﬁéfangﬁs

33. The machine accessible medium of claim 32 wherein comparing the

representations of the second and fourth signal comprises:
comparing the particular signal pattern from the representation of the second signal to

the particular signal pattern from the representation of the fourth signal.
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