WO 01/ 95597 PCT/ US01/ 17557 TITLE OF THE | NVENTI ON Bi nning of Results from
Loop Qualification Tests CROSS REFERENCE TO RELATED APPLI CATIONS 5 This
appl i cat ivomodsmbs priority to provisional US Patent Applpcausam78/ 209, 057
filed June 2, 2000. BACKGROUND OF THE | NVENTI ON This invention rel ates
generally to communi cati on networks and nore particularly to systens for
qualifying tel ephone lines for data transm ssion. 10 As is known in the
art, public switch tel ephone networks, i.e., so-called plain old telephone
service (POIS) lines, were originally designed for voice comrunications
which cover a limted frequentiiTiEFOBWHE INVENGIONabout 4KHz). Today, it is

desired to use the sane _ PQTS |ines for data transm ssiqgn. Data signals,
however, generally have SPRPEP RFS“?ﬁSéT&Héﬂ%P Qﬁﬂgﬂ’zﬁg‘f’%&?gﬁ cs than voice
signal s, including bapgudl REFERBNCEIEO RIIATEIOAPRIOWIORS! arger. 15 As a
result, a POTS line that works well transmtting volce signals m'%ht not
work we$l, or Fhissdpplicdtion cthimapsommad sroviednap BiSiatad dpahtamnt@ed%05 7k now
whi ch |ine %&Ye sai% le, i.e., qualified, and which lines are not

sui tabl e f 8194308 2 f%4¥s i ssi on. Tel ephone conpani es al so need to know why

particular |lines are unabl gAcksrRERIND CRTHEEIINAIRITERYONS and where such
faults occur so they can determ ne whether the transm ssion |line can be

corrected. 20 LiThis ifxeatips rebaiesi gsnerplly totrempnumicatipn agivorks\and snongRrastietateivent s
about the quality of . subscriher Lo s it.relates to its ability to
del i ver vo%&@o‘%ﬁﬂ%@%%ﬁ?ﬁﬁ? e %é%%‘f?r_ai}?msﬁa’%-a services. O particular
interegy herein AsSis idiewa %@ ittef drf; FubleNswitcH felbPBordeOnetWOROY e, Hoddalled péh oldat a
transm ssion, such as | SDN, SDSL, ADSL or HDSL. Pre-disqualification is the

ability ttelephkne sergica(ROBEML lingst were orikighllyl depigned dor vaies paperpBEcations wiich

subscri ber | oop.w.l |, not suppoy.t. . a gdat [\Vi e 3 [

actions. PP %Alln?l%fi(,ﬁé?ﬂp%ﬁy ilggnci‘ﬁcggzlbﬁ"l a:%?)l lﬁtazt%ﬁzr?ﬁlgég%wgtlgg %ﬁﬁggri]%\% >28 hi gh
degree of e HREES dhatananisubs CDitheiniledpweldr] gsRile hiveditfakat feuenaye.
Tel ephone que; ating conpanies (TELCO s) have_two Pr oblens to solq\{e in

qual i fyi ngcharastenistibethan yeise sigals, desludieg Yangwidihy that arp erders Srmagngpfelarges

strateqjlc. ,Tel co' f t . i : I r~i he
el fveds o barsu? g s R el Bl b SER KB TG il GHHBBOAR NGRS e ort 1
t hei r knowkeslgeot Bah shublki diebphoref contpanies bsat iobletow ohjph laee awf suithlh, ienough

uality to make depl oynent econom cally successful,. Thi.s .di scourages, earl
a Y qualified, an% which hines are not suitable %r data transmission. Jl]elephone compan?es also y

need to know why particular lines are unable to support data transmissions and where such
faults occur so they can determine whether the transmission line can be corrected.

20 Line Qualification is the overall ability to make statements about the quality of a
subscriber loop as it relates to its ability to deliver voice communications (i.e. POTS), or
data services. Of particular interest herein is the qualification c;f lines to support high speed
data transmission, such as ISDN, SDSL, ADSL or HDSL. Pre-disqualification is the ability
to make a statement with a high degree of confidence that a subscriber loop will not support

25  a data service without remedial actions. Pre-qualification is the ability to make a statement

"with a high degree of confidence that a subscriber loop will support a data service.
Telephone operating companies (TELCO's) have two problems to solve in

qualifying subscriber loops for delivery of data. The first problem is strategic. Telco's are

reluctant to deploy emerging technologies for the delivery of data (e.g., ISDN or ADSL)

30  because there is uncertainty in their knowledge that sufficient of the subscriber loops are of

high enough quality to make deployment economically successful. This discourages early



- 1 WD 01/95597 PCT/US01/ 17557 adopters because there is significant risk
in being first to deliver a technology that may not work in their access
net wor k. Wé offedsep’' s coul d be given a technol ogy to take nBChVUSO1/tTRE7TS ri sk
out of initial deploynent, they can secure market share and lead in the
face of conpetition 5 The second problemis tactical and cones after a

Tel co has nmade a decision to deploy a particular technology. There is a
need to qualéfisrs betdubether io sipntficeet riskdn beieg ditst vedlaliver s pehidlogy thatnmay hotr
service as that service is requgsted by subscribers or targeted he
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sufficient C |2 ki (:Ld%q]‘ (o I i 8f) .
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technician js, dj spatche 0 each end the line under test..Th Lin

bei ng test der ¢ WWS%HW&E%%‘HWY&&@W@%%FMH@ R’e%rtw’galﬂ’%ﬁﬁy icgpab?e
installed a,.bef b1 peNESoRetkive TlocAlCExchRfel €8tieS ARbDERMPIE; AORETAEE et to
determ ne ether the'line supports the "required type of data

transmiigsi amrkddemt|delivardbel newseivivg, they mouldlidls) toahiget tesssibecriber faeps. mostre
and cost associated w th having t ui nt.at both en ne.
Addi ti onal ﬁ@‘?‘cy S BEP\éwf g‘-eesﬁﬁ’é%F ﬁﬁh@% eﬁéﬁgﬁor iPdes res u%fvs"&g(h%?%glr){g&e
speci fic t QxamPRI 4§ TEKbIEcchHRea dbwdatvice QI £6m S0subfidibet ABirtefdrngtib@s t 0

be repeated If t he type of data services changes. For xDSL |ine
qual i fi cat ietther acopt apisiestibAequasieios eW eavicy basséen thesendipon elber live. o

di spatch a technicjan to.th i L i , ch as
at the Central O &Y a%SI?I Q%éggnl%@a?gg;ﬁ%gﬁl%?eéﬂdggfg@ﬁ@%tggﬁctﬁ%#‘& an
di sconngct P asublé BeiddneRing! fthiianbdlisparheCnruacl e of the tihe sndef tespeTheal

purpose instrunments, such as a load coil detector or a time _domain
ref | ect onetlze temedettetis Hioapetedapandhe aePH 18 CPhAIRETEE lf‘ﬁali_ %caé thoth
resistance enﬁ%g{ t{l}% tind Nrfie ?év%ﬁé orf) 'cﬁ r8N 1Y BfRrrhine UAIHRE el IR SGASIrRMNOT
signal loss" 0 & Prne s [ we have recognized I's a very inportant
predi ctor aqlifedaypesf datamanenissiond Dosble@addd festingcis ot desigbritcaspaidiae t o

f i I f i cul f _hi .
use tor-w dtiemeS eri)r{deca(l)csit Ssggcigcgdn\?v%l hgving ter')sffjl erci[ulzlp%]en?gt l;o)ﬁg) gnd% of rt}lxegltfne. Additionally,

20  double-ended testing often provides results that are specific to a particular type of data
service so that the testing has to be repeated if the type of data services changes.

For xDSL line qualification, two approaches are currently used. One approach is
to dispatch a technician to the upstream side of the line under test, such as at the Central
Office (CO) or Digital Loop Carrier (DLC). The technician disconnects the line under test

25  and then connects a series of special purpose instruments, such as a load coil detector or a
time domain reflectometer to detect bridge taps or a digital multimeter to locate resistance
faults. This approach gives only an incomplete indication of signal loss on the line — which
we have recognized is a very important predictor of line performance — and is too time
consuming and expensive to use for wide spread deployment of a particular type of high

30  speed data service.



30 speed data service. 2 WD 01/95597 PCT/US01/ 17557 O hers have tried to
do single-ended pre-qualification using automated neasuring equi pnent

devel opeavdorvisesting lines for faults that effect voi ce BeTvwseel7a37d
relying on records tel ephone conpani es keep of their lines to provide
additional information. The cable information can indicate if the Iine has
been configured in a way 5 that is known to be unsuitable for a particular
data service. For Gikasphave tésoridsdof sihgle-endade pregquatjficasfont hsingi meommattd

whet her a |l oad coil jis inst

| i ght inpdicat hat t | il t
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times. In a ion, telephone conpanies have general ly found that the
requi red raftandsoar @he salde infatnegtioh@an iskicatihid tholinehasi een configretin amvaywas

entered incorrectly or never,.updated. Mreover., line characteristics that
pact Spett BRRaMY o R I BT § el (T i S SXPIHE TEatRLo Ry Sre
degr adat | 0p,Rf Jriadiihd APWhMRLCLI0RE 06 68 fastalfd mIBRYNAGRH that HRERR WASNAO
reason for~a- tel ephone conpany to keep records of the infornmation they

woul d now seppdrt taccegtaial typsy of semeise. Howeldrgthe gpdesd of sheacablerigperds hastgrneeallyr e,

the cable fecords often do t contain requi red 15. 1 nf or nat. a
result of PFHE $945 ‘F‘ﬁ?‘fﬁ@ﬁs reéglglﬁgégelﬁ’tafvp%ggi lloﬁ%llé%gt ﬁ]inheé’ aﬂe?%&j% |’ftF1§§1??ﬂ§fl
techni quesgRHANE KREPENERRY Aond Wat 3l Qeduire@T8sred atdl Incdurdit, gbecheseetheof
confi denceC(\)/\het her their Ilynes wi || supp%rt certain types of data

servi ces. Tqesel | infrinmation yash awterddo ripengresdy verc @evsr spdask s toreery jline
Lhe " po | otk B TRERS leoP HNGE 8% | BrRAL df b helEAN Sty 20

they belie supporting them or pronrse

custoners uhatdatibe of SekditicReiSvaikd kerofees. at Eontahe Isark,nihbret Was ho freddonpos i bl e
speed. If a tel ephone conpany coul d determ ne, quickly and i nexpe shr\l/el Y,
whi ch | i netelepbopsgeempany ghkeep desdrdal dhesiafapmaten thaywowd nepasgd i q%i’?}é‘ Shose

[ nes, i1 9RSIAke. ko oS, OPiB B0LAE UALRNAGS, Lt halpsamEny
backgr esundidfermiatioal, it 1s an object of the present invention to
As a result of the limitations of presently available line pre-qualification
techniques, phone companies are not able to predict with a high level of confidence whether
their lines will support certain types of data services. These limitations have forced service
providers to restrict their offering of high speed data services to particular regions where
20  they believe the lines are capable of supporting them or to only promise customers that the
services will operate at less than their full possible speed.
If a telephone company could determine, quickly and inexpensively, which lines
support high speed data services and the speed at which those lines will operate, it would be

a significant advantage for that company.



provi de a nethod and apparatus for performng line qualification tests, and
binning the 5 results of such testing. The lines are tested to determ ne
or estimweovesshous characteristics of the |line. Physical PChas@ct7es7 stics
of the line are estimated (e.g. line length, |ine gauge, insertion |o0ss).
The presence of devices on the line such as load coils, bridged taps,
termnations and the |like nay al so be determ ned. A prediction of the data
rate the |ine can support is nade fromthe nmeasured and estimated |ine
conditions. Thus 10 the behavior of the line at a | ow frequency (less than

100 KHz) is used as a proxy 3BMMARYMQFdHHENYENAIOYr of the line at high

frequencies (gr er t.han .10 Hz.).,.The testing,. I

preferably perf%f}?e%e g?reg%%g g?’cgcqg’ﬁ%%lgi%gu gclgfcl lstaﬁ‘g‘%bJ?%ﬁg§{%}§g{§§pg‘B§‘§t Oélrtr?ed
through t hgro\RieCemeMol Gid tlppidats ThE &forfligs ligs yhilicatien bistnand dhaoiglitey t o
certain criteria and to provide an easily discernable status, of the_|line.

The bi i nigselin dfe sucts tpwingorthed Lings aareoffsigtefo LAGIGTHIRDf AWSFENHES VERAEH

specificall,y for.t.his e. 4 i s okl i :

Fesul ts | ety PP BREG PRy HaltoRitsRet, FERROIPR, estiffircd (08 ine
certain | epxabthofinhigiyespeatonissp sThePresehtqokdbvices oh tlse ldesmuch anddaddeils,
second category indicating the |ine can support a .certain (hevel jio%ré{a%g
speed accbadgedtpps, tesmiationyrdbihe ke gery &se be fejempin WPIEHERLPY

| i ne cannot_, cur nent | r r.tal i : ARC but
woul d be afﬁtee eéﬁlﬁﬁdﬂnsr r?gt\tligﬂpdg% ﬁg)ﬁﬁ; &letlrr%ée I refgﬁit% 6%{1?%%c??%é€§fta§§%§ye§&s

i ndi cat$ ngiehisehatior o€ ey lind hics 1ok frdyecrsyl @t elthnl 100eKEE) lis usadt a5 agrodyetoar ea

f f the test. ) be included, E t i
551 gned serBaRi FBYET G ins o AL SRR (HESE: SEm a0 RIS THE B 1
di scernabl g, E"e%suﬁr%s Lid ggegg%@' Pg‘f&ﬁwﬂa&‘t Rev BRGheKRd A it VBEy @by WY

di fferent high speed acc | eve 25 Custoners are charged different
rat es depepeésinedphroughehd enied switchs of thecCEEIEde Thae a¢sulib kes binaed; ansaiding tohei r

line. 4 WD 01/95597 PCT/US01/ 17557. BRI EF | PTL ON_OF - THE. DRA The

i nventi on R FRlCHR AR FO PN 2P S5t S?e&a@?esﬁggs ?gtlhf HECs (F)@F Eb%%g\/grf%l%

det ai | ed deseHi-pLIRY, ARAbRGARIRARIWAE stk ShelTiclly € thi8 phitdse.l is a bl ock
di agram of "t he appdratus of the present invention, Fig. is a flow chart

of the nethod ofn &ipecfored embodimeshtthe hinngd gesults insludefa Gt cpagaryondicaiéng

method of tthheeli er ggn%rc]) shgp\g%nglc%%inal@\gel of high speed access. The binned results also

include a second category indicating the line can support a certain level of high speed
access. The results also include a third category indicating the line cannot currently
20  support a certain level of high speed access but would be able to upon removal of an
impediment. A fourth category indicating the characteristics of the selected line fall
outside the area of coverage of the test system may also be included. Each category is
assigned a respective color in order to make the status of the line easily discernable. The
testing and binning may be performed for a variety of different high speed access levels.
25  Customers are charged different rates dependent upon the level of service made available

to them on their line.



Fig. 4 is a sketch of a data structure used to represent a nodem nodel. 10
DETAI LED DESCRI PTI ON There currently exists a |large demand for providing

hi gh- speado avesss such as Integrated Services Digital Nep@DURIII7SDN) or
various types of Digital Subscriber Line (xDSL) service for subscribers to
the Internet. Mdst of these subscribers desire to receive this access

t hrough their existing POTS (Plain O d Tel ephone Service) lines. POTS |ines
15 were originally built to carry voice, and not necessarily the higher
frequenci es associated wth I SDN or xDSL. Sone percentage of POIS |ines

are capabl e of providi ng BRIEH-DEPERI HOOEOE T8 DRAWBYGSubscr i ber s,
Predicting the abil t%! 2 G B Def %§eﬂs{o%8slg§ gefefe%?ck{».tth?'fgﬁaéﬁ%eﬂm?é?cess
is typically la PRFERS Ve, requires a great’ deal o ime, and “requires

a skilled pefhaeddéeriphbeand RtompayiRsdthiving iBGvhIHE present invention
provides for automated testing of existing POIS lines to  estimate the
capabi | bty of tW&-Ililﬁ@bl[@k&ﬁwﬁﬁﬂ@fﬂlegi@%rﬁg’é@fﬁ&'m?%tH*I’YénthPr;ther to present
the results of  the. [ ' ' j : rmat. The testing
performed on th 1%‘?&%%?50%%?};{&?%’?E@béég@aei%%eﬁégkl%{ﬁﬁbf the Iine can take
a variety of di ffignept flomachareifeind metand of éstpreseheiniverivar ant eri stics of the
line which are estimated by the testing may include 25 jnsertion |oss of
the |ine, phaseFilgrﬂdﬁ&ﬁkeédbf’f%ﬁ@aﬁwet“ﬁ‘é‘yioéﬁbﬁeﬁe%ﬁm m MAteland the 1ine
gauge. Additional characteristics determ ned by the line testing may
include the determination or estimation of the presence of gauge changes,
bri dgedotaps, load coils and dDEEAIEED DEIEPAIGNsuch as splitters,

filters, term nations and the |ike. ditionally,. speed disturbers ,- that
i s other high-spdet SEFRYeIT ¢ Ffﬁeé%@aeétﬁ;{épﬁﬁﬁ%ﬁ%%-‘g i e‘_iﬁ%%ﬁ"_sﬁéu%lba? aken
I nto accoumf. étﬁ%?@iﬁesoﬁf itaP Nebtstk (191N 85 VAhsithyed| ofaSighthll $iitAérikr d ine

%e 1ct the da §

process to p arate the line will support based upon the
measur ed axD8E) servite for sEbscyibe 1¢ BJ0ERCTMdS0A] thegsmbsaribarsaississ tosepeiye

part of ¢ hatb ateesr BecharcheiReaERr TP khlaby O EeiEPieE SRR e OB HRRE ¢
det er mijged Qi oAShEIRbES: 1B)atrP 6ol Sind MR G6S AR RS ohd&d frRierididit associated
t el ephone |1 ne has no other parasitic conditions, the operation of the s

servi ce on witheI3DNeori xDSk.gFotiecparedniage ] REES dinepypre pepapleeiaprovidingehight i on

g(r)n;jgﬁs(ratsi %B%Fbg?scze%ageesﬁr?? (%)lafi {]u%gctg%géshe?%id%%g L %lbhﬁg 'of%ﬁéﬁﬁ@tl;dTé G[‘fngg hone
support high-speed access is typically labor intensive, requires a great deal of time, and
requires a skilled person to interpret the results.

20 The present invention provides for automated testing of existing POTS lines to
estimate the capability of the line to provide high-speed service and further to present the
results of the testing in an easily discernable format. The testing performed on the line as
part of the characterization of the line can take a variety of different measurements and
estimates. Characteristics of the line which are estimated by the testing may include

25  insertion loss of the line, phase imbalance of the line, the length of the line and the line
gauge. Additional characteristics determined by the line testing may include the
determination or estimation of the presence of gauge changes, bridged taps, load coils
and other path elements such as splitters, filters, terminations and the like. Additionally,
speed disturbers - that is other high-speed services within the cable bundle - may also be

30 taken into account. A second part of the line testing involves utilizing a process to

predict the data rate the line will support based upon the measured and estimated



depl oyi ng personnel to either end of the wire pair to neasure the insertion

|l oss at different frequencies (e.g. 100 KHz, 300 KHz, etc.) through hand

hel d | nstwanesisg? The present test systemincludes a nmet hOOUB@r1763t i mat i ng

the irnsertion loss of a line fromsingle ended .10 neasurenents of the

| i ne. Phase inbalance of a line is also an inportant consideration in

estimating the capability of the Iine to handl e hi gh-speed access. A

t el ephone | dhagactesistiesd €A 8ditiofally, theQreddition depérdabiidy it coiePagdfaybd Bicluded

Ordinarily, the Tip and Ring wres should have the same el ectrical

properti es.as| part $Iflsi legibrasulior A riesqrinties afothseliiralcharaetdristias detérativade ed

line, the Je%tifrﬁféd%#ﬂﬂ&%st}gr%?é%giﬁgl?o%s? and i nductance of each wire are equal.
| capaci

| mbal ances éxi's ance, 1'hductance, or resistance of one of the

wires differ fro@ivehehstaielephdie lidertha nangier ipatakmid ueasitiondithd 5eetonals Rbase
shift between the twg wires of the | oop. H gher speed nodens encode nmany

bits intlo plEEE Yhihetlinedhsigaificantly inusnordy &s ovamll ettenustion ot isertion loss of
i nstabilitiges; L.nbal ane d hput. d
retr ai ni ng. T4yt A SBRE' BRIC FRUAGd,RER S A a0l AN bossficheS T o

to overl ap deployidghersomyeich retthérzsatliof theswighpdir Brméa3tu@ thé ehskrition 166 et PifRenby
anot her pul se, thus causing inter_ _ synbol distortion and/or | oss of

synchr oni z &f5RCIBdeR- ARG KHz g hibrqugh hand beld sstrumentsodbe aresent test
suscepti bl ' ' B4 et LJ: 20 o il oS ] t to
det oot | nba? AnBe ans San Al K Shxp b IR RPN e litsrop, TREh AR,

| oop culor enhea@reineuslof thellinei s possi bl e that a resistance inbal ance m ght be
so large, (2 kilg-ohns, ar nor . that seizjng a dial {one nmay not be
possible, or t h_eﬁﬁaFen&?’haa‘&‘iTr ?’g%tlmﬁil@ﬁ{“r?&mﬂ?é’_r@ﬁtf ponsideRttion; i estipjaliag dhe he
bel | circuidpabiliy difife ligk PRAME BLhPAAMecdst. SteRAHG ¥nd RRIdAR oft Lrvelet ect
i mbal ance at’ val Ues bel ow 2 kil o-ohm when data transm ssion I's concerned.
Any seri es wirepdistcaled Timahd Risgn dirdimatilyatheiip endi Bawg wires shoubd kdvephasaneshi f t

have a detrjnental effect .on .30 .th ta thrqughput that be, achi eved
on " that - sutiSERsEprBstES. aPRgsteodught Besy oy ristssd B aelnERy e, B me
gauge and RESSSRNEE cBpactab@e st 3NIRENS ONGatvild AR Catl Perstintal edist i ough
testing and neasurenents of the line or through TEL records. The length

of the |in&apiciipacea ipdncgaricp, pi gisivpee dfaveesfsthsi wires diféer| from thayothe. thoo

| N . N f.the |i. d h
i The gaudmSapneriapiRs HU BEERAT o SpRENAR Y 5 M iSSR0 Eiiert
hi gh speed speies®derza tgeodznMmage dite igo Shek dsftd BRadas &Bequencies. Thus even

minor instabilities of the imbalance cause reduced data throughput, errors, and retraining.

20  With ISDN, the shifts in phase cause energy from one pulse to overlap into the
synchronization signal or into the time occupied by another pulse, thus causing inter
symbol distortion and/or loss of synchronization. Both analog and digital transmission
methods are susceptible to minor instabilities in phase imbalance. It is important to
detect imbalance because large imbalance values affect POTS by reducing loop current

25 levels. Itis possible that a resistance imbalance might be so large, (2 kilo-ohms or more)
that seizing a dial tone may not be possible, or the ringing current might not be sufficient
to activate the bell circuitry in the telephone or modem. It is equally important to detect
imbalance at values below 2 kilo-ohm when data transmission is concerned. Any series
resistance and the noise that it causes in terms of phase shift have a detrimental effect on

30  the data throughput that may be achieved on that subscriber loop.



and can affect high speed signals being transmtted on the line. The

t el ephone network was often optim zed for POTS signhals. One way that the
net wor k we@ oopishm zed was t hrough the inclusion of |oad ceCT@Sarm7s3 ephone
lines. The 1load coils inproved the frequency response of the lines for
anal og signals. Aload coil on 10 a line will create a reflection that
affects the ability of the line to handle high speed service. In the

United States, mBoy ﬁ%ﬂsﬁﬁé gﬁﬁ o kP PreB@Ne JIrdgednhaRs Aepauseli®f ciheevay
in which tel ephone Fres we e%al d out in housing subdivisions. Tel ejﬁgone
| i nes wer eestimiatdd thuouigptésting pod deaswementngf thh dineya dropgls TELER) Tegords.

h f th di.vi si ons. The || 15 ol i i
Several _ndtuih o kel saEas ierass e Hay e 1B BRVRE PARbE Lo RReB
the tel eph{??ﬁg}s&%ﬂ bsceb® THE:0886E4 [iROindtan® Bhe@Bes ifthd fitaeo bt Gietliak kito bifed
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the bridged tap has a | ength between about 200 to 700 feet. In the United
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bridged tap reflects signals from a termination. The reflected signals then travel back to
the subscriber line and interfere with signals on the subscriber line. The most harmful

20 interference occurs when the reflected signal is out of phase with the incoming signal. In
such a case, the reflected signal destructively interferes with the incoming signal on the
subscriber line. . /

The length of the bridged tap dictates the phase difference between the original
and reflected signals. For high-speed digital signals whose frequencies extend to about 1

25  mega Hertz (MHz), e.g., ADSL signals, a substantial cancellation can occur if the bridged
tap has a length between about 200 to 700 feet. In the United States, the bridged taps left
over from the construction of many housing subdivisions have lengths in this range.
Thus, the ability to detect and remove the bridged tap is useful to TELCO's that want to
offer high-speed digital data services to their subscribers.

30 With the introduction of new services such as ADSL, it may not be possible to
have any foreknowledge if the Central Office (CO) of a telephone company will be
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available products, such as Celerity, sold by Teradyne Telecommunications Division in

Deerfield, IL, USA. Preferred techniques can be found in US patent applications:

20 09/294,563 filed April 24, 1999 by Groessl et al.; 09/410,236 filed September 30, 1999

by Rudinski et al.; 09/410,222 filed September 30, 1999 by Faulkner et al.; 09/409,141

filed September 30, 1999 by Holeva et al.; and 09/410,237 filed September 30, 1999 by
McGill et al. The foregoing applications are hereby incorporated by reference.

Filrther, the model could also include information that is sometimes referred to as

25  DC fault information. Such faults can be detected with DC measurements on the line.

This information includes tip-ground fault; ring-ground fault; cross faults. The model of

the line also includes a measurement of low frequency noise and an evaluation of what

kind of terminations are on the line, such as mechanical or electronic phones or network

interface devices. Such faults and conditions can be detected with commercially

30  available products, such as 4-TEL II sold by Teradyne Telecommunications Division of

Deerfield, IL, USA, but other products are commercially available to make these
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Aut omat i ¢ aeibedinponamfwientissd on-nedvorks in Europe. It is anticipated that a preferred set
of line measurements and characteristics will be selected partially through the use of
empirical evidence.

20 To bin a particular line into an appropriate category, two additional models are
created. One model characterizes the noise on the line. The other defines the capabilities
of modems to be used for the high speed digital service.

In contrast to the information about a particular line derived from measurements
on that line, the noise quel is preferably derived from information about the way a

25  particular network is operated by the local telephone company. While measuring actual
noise on the line could be used as a possible alternative implementation, it is difficult to
measure high frequency or wide-band noise with existing automated measuring
equipment. Such equipment is often connected to the line through a switch that has low
pass frequency response, making it difficult to measure high frequencies in the high

30 frequency or wide-band noise. For example, a bandwidth of 1.1 MHz is required for

direct measurement of wide-band or impulse noise. Automatic connection of a test
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model s may°h éffea éﬁrivwécpr&z‘ﬁgr f)éfs%b"ﬁ S, @ésﬁéafecgf Iht! maxiiiumy noise that can be
expected on a particular line can either be calculated or derived through experiments.

20 In order to predict the performance of a given line for high speed data services, it
is important to quantify the effect of noise in a frequency range that impacts that type of
service. For example, noise in the 100-200KHz range impacts ISDN, SDSL and HDSL,
but ADSL is sensitive to noise up to 1.1 MHz and T1/E1 noise. Thus, in the preferred
embodiment, the noise model will include noise de-rating factors for each type of data

25  service that the line under test might carry. These factors are determined by estimating,
either through calculation or based on measurements made on representative cable
bundles, the noise that will appear in the frequency range used by each data service.
There is a different de-rating factor for each combination of other disturbing signals in a
cable bundle, for each service (ISDN, xDSL), with some combinations usually taken as

30  typical by a service provider. Noise models may be defined on a per CO or DLC switch

_lo...
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below.

In the preferred embodiment, each noise model is organized as tables. For each
service type (ISDN, ADSL, SDSL, and so on) there is a row of entries in a noise model
table with entries of de-rating factors in decibels for various combinations of disturbing

20 signals (4 T1, 8 ADSL, and so on). Each column in the table corresponds to a different
combinaton of disturbing signals. There could be a separate table defined for each CO or
DLC.

In ‘addition to line characteristics and noise characteristics, data rates are

influenced by the particular modems used on the line. A modem is required at the

25  subscriber end of the line. A second modem is required at the central office or Digital
Loop Concentrator (DLC) at the other end of the line. The noise and line characteristics
impact different modems differently. Thus, a model must be provided of the modem
pair.

For a given noise model and line model one can characterize the upstream and

30  downstream data rates that a given CO or DLC modem and customer site modem pair

can provide. These rates vary with length, generally decreasing as the length of the loop

- 11 -



30 downstream data rates that a given CO or DLC nodem and custoner site
nodem pair can provide. These rates vary with | ength, generally decreasing
as the | emgohossp7the loop - 11 WO 01/95597 PCT/ US01/ 175B@T/USeICY/8%Ises. The
specific relationship between | ength and data rates vari es between

di fferent vendor's nodens and al so varies between |ine nodels of the sane
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Test unit 2 is programmed with a plurality of modem models that contain information
about the performance of pairs of modems that could exist on the line for which a speed
20  prediction is being made. Preferably, there is one modem model for every pair of
modems that might exist on the line. Each modem model can be organized as a table.
For each canonical line model there is a row of entries in the modem model table, with
entries of upstream or downstream speed for various noise models (combinations of
disturbing signals). In a simple embodiment, the line model might simply be represented
25  as a total length (including bridged taps length) and bridged tap count. Greater accuracy
might alternatively be achieved by using more variables to represent a line model. For
example, a line might be modeled as a list of segments. The length, wire gauge and
placement of those segments, including any bridged tap segments, and whether the line
includes load coils or other features might also be recorded in the model. In addition, the
30 measured attenuation at a plurality of frequencies from 100KHz to 1.1MHz in decibels

for the model might be included. Using more variables to describe a line model should
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includes load coils or other features m ght also be recorded in the nodel.
In addition, the 30 neasured attenuation at a plurality of frequencies from
100KHz t ova o437 i n deci bels for the nodel m ght be incl pdpdSoldsssTg nore
vari ables to describe a line nodel should 12 WD 01/95597 PCT/ US01/ 17557

| ead to greater accuracy in binning when evaluating the |ine under test,

but also requires a |arger anmount of data to be stored for a nodem nodel.
Noi se in a cabl e byndle will Ji.nfluence the tdat ate. Thugé}%hle nodem nodel
table  mustioRhia BEeT FUBSY i WG e il e (e Faden b dhug 45 RS o
are associ ahdr Wnbiint oF delialth 8E 8ldted Rk & enddeinahéedelas identified by noise

nodel s. Each colum in the table corresponds to a noise nodel, that is,

some conbi nat i onN¢#ein shpbundlewit] influpros thedatarste. Thusete regden) modelirblg

signals. As_descri hed. ahoye | S bi i 0 £1.Gu
line are deff elﬁ‘c#“%%oro%%%a? ?&r'?g%% gqleeéa%g 8{&?&3@%3@% ?agt%sa ¢ ijl(?%lten a%sg&tgjggr@é on
the |ines diffeRntabie ol esaidentifivd boi ssisdofelels. s Bshdcslomdein ahe table

performance. As shown in 10 FIG 4, the nunber of disturbin si%n ls is
i ncr easi ng WTERPIRSVitAE Reise meodelfhat ispSetRe compilaion CHr FrAMPI A éai@éeﬁt S

per f or mance , Wt hy: I i -5l 4 hdiac réormgnce
when t he ca%ﬂgiblﬁ%g? gk;%%%glggslgﬁ %%ﬁgesﬁgﬁg@k&é 3%% 12{%#1%3%%%&@%)? raggabl e
bundl e. Li kgaiiagdar lifeearprdetival #omsgeedindacleeabes vt sigaalacan bt cafriedainste
generated increases, Decr easgd spee a result of the de-rating,that.

o

occurs fronkiRfsiia@ cabls bppgle an @%Ej‘“ﬁ%@logealtlé usadrtgderris ReFomREces ASShEMEdPCt a

dat Lye: i ] | d
ata rajge rf@.@%gﬂﬁ SuBerAbi LY SieniiRs ﬁ&%aé%élg%m ﬁevﬁ{gqg th&ﬁ?létb%yﬂ‘ée

to de-rate or mance on By In ing Into the tab
findi ng t hetabew Gdiamni4H 4A ehesass peritroianca withonsdistudiingsighads.t Kelimmd 1d4Bder

t est d t hen. i ndexi h I J h .col t
Cor 1 Gapondondises R pRCE theR ool St inwtfit T 8t 47 A B8 e 3% 50
sel ected. The, 3ehietunaf. PLREIRS thdGrantitsispalededatas AakiRS afndhnt BE ndRdem

pair of the construction represented by the canonical |ine nodel and the
sel ect ed cogdmerratd moreafes. Mestaasdy] spyed ignadsult of theadgarating thag dcawp omeeise. t he

data for the entries,in the nod | deriyed _f irical ..
oasur offent CREYERE e ot aTu R Eh P B RS ety EsCiR R, flbsnatiys
lines in thg,§iuskthe doiseTdR] BAEEEER Y de-tAe Tor GRHoRRancake the lhea | aborat ory

setting where"the line lengths and |ine confiqurations can be controlled.
Each nodem pair Bgtindetipg Hato theo table by finding the row that is a closest match in

construction to the line under test and then indexing across the columns in that row to the

column that corresponds to some particular noise model, a particular table entry is

20  selected. The selection provides the anticipated data rates for the modem pair of the

construction represented by the canonical line model and the selected combination of
disturbing signals.

In a preferred embodiment, the data for the entries in the modem table are derived

from empirical measurements. Empirical measurements can be taken on representative

25  lines in the field. Or more preferably, they can be taken in a laboratory setting where the

line lengths and line configurations can be controlled. Each modem pair actually has two

data rates associated with every operating condition — one for upstream speed and one for

down stream speed. “Upstream” speed indicates that rate at which data can move from

the subscriber modem to the CO modem. The “downstream” speed indicates the rate at

30  which data can move from the CO modem to the subscriber modem. Many data services,

such as ADSL are designed to have downstream data rates that are higher than the
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data rates associated with every operating condition - one for upstream
speed and one for down stream speed. "Upstreant speed indicates that rate
at whi chwava9zsan nove from the subscriber nodemto the BO/WwsaeTss7The
"downstreant speed indicates the rate at 30 which data can nove fromthe CO
nodemto the subscriber nodem Many data services, such as ADSL are

desi gned to have downstream data rates that are higher than the 13 WO
01/ 95597 PCT/ US01/ 17557 upstream data rates. Consequently, -different
speed predi BRSUGAR dgfaraiesy 65%%%‘#% isiseret shredopradigt omsare eemuined dorspstream
Thus, there wepanat 0 I 0, ream a rates.
FIG 4 il uegtﬁfr%% es aélgatfags%?g r 5@%‘%? gle%éﬁ%% S%‘?agﬁg?%é%u%sgggﬁ ?%Pmaa“%g@é’msﬁﬁﬁﬁl
for a 5 paddtacaiésar pair of nodens. The nunber of nodem nodels required is

set by the operating.policies,of the te] ephone conpany relating to which
nodens are used 't‘ﬁé‘RlSF@ﬁeﬁﬁh‘i:?fFeSt‘é‘E?ﬁﬁﬁ tIRgIWRS dRchETchmoden modal dps ber s

are all og\Aedpérﬁcdl&?}alaipﬁ H@H@IHS.S"TB@%E& et 8P nﬁo?ieg-{) Al &ﬁ]ﬁgfg%’ 4§ es'étt gg%[%\y In

test unit 2. The illustrated nodel or the wnstrea ara
simlar tabéreraigspadiciesrofithe telephone avmpargt ehtingad whickdtibddins eepised ytibet he

ical |j del s _t hat ipe t index for the table. F
il oty IR, SufmnCind P mbdfel 3 suPeRbesche cloyrdhieal 1jhe daten

nmodel is shawiuir®400 BM@SEN™ canpdt&andhd i €S . |
with or without bridge taps.CAsl£ descrixgeld ag%g? ?&zﬂﬁ{s{r{gﬂéﬁgg@}éﬂfg%ﬁﬂg

i ncl ude mangownstieaB| @a 13tes. a Apsitibr ralle enistedforamsireareatatn titese Gobiein 461
represent ed I i gital .dat@a represent.i a particul ar yalye or, range 15
of rel e{\}antre{g/r;eﬁ ‘lg}gsblcé%eg .cgﬁg)“??gtlg}ﬁ H@d&ﬁeﬂ%gﬁmb&el fo%fm‘%ﬂ‘e%?ri ﬁ’é @ﬁ]&er Bst
usi ng WBaSsimﬁHEig,I of iffasteatioy, the SoddRiate I%Rie@erﬁé@%%mkmy. fﬂlatchi sl 3 sﬁ@%viélrtr@

e .. : S

402, one of t ata rows, such as 412 . 412 is selected. Row 4

the i'ndex iBPESUhaE lind with ssgmenis of yetieus gaehs emt Mjthawr withoutdnidg®2aps. As

correl ates i . i del, {combination of disturbin i gnal s).
by choos: ngeleteBMbLEElnd SR IR AndSERY BRRbRY. Fhe rdtribmebodnd os

414A. . . 414Bach $ins eloglel BcteprEbentabhsigd digRalafatBrepReRig £pAHIMadRlhdES5 a8

entry in the JSr;;fdemtabl e. The nunber of noise conditions that m ght exi st

i s di ctat ecPibif!'eePepRBRet onBanpaishes atie ngodtlobeliupbshe Bincawslsr tesi uting
1ty ¢ e Rk b 1045 IR SRS ERTEH B A o B A .
for the rows, such as 412A....412C, is selected.
Row 402 is the index into the column of the table. Each entry across row 402
correlates to a particular noise model (combination of disturbing signals). By choosing a
20  particular noise mode] one of the data columns, such as 414A...414B, is selected. The
selection of a row and column defines an entry in the modem table. The number of noise
conditions that might exist is dictated by telephone company operating procedures
because, in the illustrated embodiment, the noise model is determined by the use of the
lines in the cable bundle. This selection provides the predicted data rate for the
25  downstream transmissions on a particular line using particular modems. The process is
repeated to get a data rate for the upstream portion.
The upstream and downstream speeds selected for a particular canonical line, for
some noise model act as an upper bound to the speed assigned to the line under test.
Further evaluation, including comparing the attenuation associated with the selected
30 canonical line model to the predicted attenuation of the line under test (de-rated for the

given noise model), leads to a speed binning determination. This evaluation also takes
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25 downstream transm ssions on a particular line using particular nodens.
The process is repeated to get a data rate for the upstream portion. The
upst r eamveddi/gisonst r eam speeds sel ected for a particul ar panoRécEassq i ne,
for -some noise nodel act as an upper bound to the speed assigned to the

| ine under test. Further evaluation, including conparing the attenuation
associated with the selected 30 canonical line nodel to the predicted
attenuation, of the |ine under test qg_de-rat ed for the given noise nodel),
leads to a Hpeeepskiertiongnycraiirhen diffarengasbstwseal the selesiedeanonicaldine madel WO
01/95597 PCJY g:ii/n;glﬁggrtwto consi deration any construction differences
bet ween t he sel'ected canonical line nodel and the line under test. In a
preferred enbodi rempreférnel pniedimentothe pfedidtion of pieedpédd ippeserteeth imeay tgasy

to understand format. The results of the line testing may be separated by
categories B} er%a‘lﬁg%@&tmﬁ@é?whéégﬁ{l%é@%d%ﬁwgr@@f 88 sppAatgd diyr sasegomies or
condi ti on ofy; L aYe i ] . r iNng-. -
sof t war e5n" iélé’}sl‘{&gﬁhelg’@?’ o?a-E'? %a%b%z?ﬁé%rgé@tﬁ?%ﬁfﬁém@%ﬂ@q ﬁgffggfeng yéles%ar 8f the
test unit operfiengdstyardcahprier ssisg enftwhicc fesi@edi foe shidapapbsep whitie maye bt

it. Th t i further. b | or - coded t ke the test | t
casi |y di SUCREHREPENAT 25 ot OF i A lonst Yoy PEIoRg e Aoy
col or or otfel uARNNEle ftedddick nﬁdyclﬁirmefl fbegﬁleééic!aee&%@qn&l& ﬂhgqgﬁ'l%yul&h%

il
different categories of test results o ine testing. For exarrpSIe},’ red
woul d i ndi caisecrnaide. MWhild 4 particelansst of aplpur is desaibed pagtcdoressther mamen of

cannot (Cur PaifelgE sERoR SRRk Spdly i BUeiSy Fetkentifrof ook AehD cliib e was
renoved andtedHigy Fdrrwdag%ueesed RBuldhadiagt eat fei1g® &Bn&t%p%bx@jﬁiéhaépleecph@c%.és‘?g

the area of expertise the system 15 The gray characterization provides
two benefi t greeFindiqatesi the dink ®ag saprouinigh aped aceess.eysdiomy indindtns shatide chmtot t he

status of a_particular, Line is,unkn . condl. it ipcreases .th
Gependani | EPBHY SRR bielensit BRSO Rice BEGR B tfnesiingtf e 255 Rved omay he
testing. FRdicakd M chardcferistihast the Mitemll 9uRMe WLarBPb! GPIRILGS B PREh, of the
area of expertise of the system (and conprise 20 percent of the total

lines té&sted), tHhehs@yghawgtegrationmsavidesivg o, dfinst dcallavszabiuman Besir iy
predi cted w C [ [ t of the | Li.nes

Peot ed. o iy URAASRAE Hat MEHAACYE L HorcioP BE FE buloght Ol iR iees

t he syst em timkiependabilite dif dbiindy phetictonssthi@ishaddutan thy coheages of thel ksthignever

| i nes binne ra re_j.nclude
orgexa%{lp?e, ?f lmes bumne% gray are not counted as part of the area of expertise of the

system (and comprise 20 percent of the total lines tested), then a group of lines could be

20  characterized as being predicted with 95 percent accuracy for 80 percent of the total lines
tested . As used herein, “area of expertise” refers to scenarios in which the system makes
a prediction which is relied upon by the user. If however lines binned gray are included
as part of the area of expertise of the system, then the group of lines could be
characterized as being 85 percent accurate for 100 percent of the total lines tested. Thus,

25  rather than making a prediction of red, yellow or green when there is a high level of
uncertainty associated with the prediction, the line is reported as gray, or indeterminate.
This allows a user to rely with more confidence on the predictions that are red, yellow or
green. For lines binned gray, the telephone operating company might choose to perform
more extensive testing or might simply choose to use another line in the cable bundle.

30 The testing and binning of the lines is preferably performed at a variety of high
speed access rates, such as ADSL at 2 Mb/sec, ADSL at 4 Mb/sec, and ADSL at 8
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as part of the area of expertise of the system then the group of lines
could be characterized as being 85 percent accurate for 100 percent of the
total |imegot/essbed. Thus, 25 rather than naking a predictpPonusé/ryedf, yell ow
or green when there is a high level of wuncertainty associated with the
prediction, the line is reported as gray, or indetermnate. This allows a
user to rely with nore confidence on the predictions that are red, yell ow

. | i bi he tel eph ti : | ght
choose to PAPFBHrenBRe GRCERGES 80E ETBH AFRmEo; tisms tenBeacnet! ase
anot her | i n@phdhtddty aline. bunelaghpl3Q lSLnies 86110 Be 8RS B £ Rt fFort BEeil i ges

is preferably perfornmed at a variety of high speed access rates, suc
ADSL at 2 Wb)é@qonﬂk@saesatand auothse eustemer dipgtedes digferent (i§ghanDradd f@5663ving
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coul d be chiargetbyathtitélsphondlcémbady.r ecei ving 2Md/ second access, and anot her

custoner charged a different (higher) rate for receiving 4 M/ second
access. Thus, tH¥apningéhehpe model adetpepd essigrnment ép sSBHGE eategoay esrdgriment 5
of fered by t o PRI .ne | i nod d,speed

dafl%d ELRRIRLE 2 CRURAI rep NBPRL WIndilf dDBOHDI%he 309 RRE Y peny

assignnent to a service category assignne c
step in’t herbferublynproojdes did mBinedhrldsehaniions thiempapihg. PR leping dn@ahdes

the business ruyles that allows this _rrappggzg. The tel ephone company
provi des t HECYEes,ihe servieaisingrass Jtidegiess toedler.o Fer pxampleoi adglsphne comtpany

t el ephope : : r,m i ol . Al I.C
S12kbpe o 1 Retipid IARITGHEE ASSL dhrfle o SRS, Bt ok o R Bohec e
wi || be bi rsped gfrgzenterftban § HHlcbpsevillibedinrdet] grdea fbi 1hés eadcdeen assi gned a

speed bel ow 512 it.mght be assighed a.red or el l ow category. For

exanpl e, if the}}f?&l‘?eh | beeR @S HER aé@eéib@g’%ﬂ%%ﬂit AyeliohfirsEieand aghd of he
i ne, such i Wy rj Fsq @ i i Lhl.e
that " tho. | Poao® cRbly, Birioxadpht 1106 nd BRARN nSiea @Al aifelng BnBRAL Bhe
t el ephone dbariagsucioed al splitgairde britiped fap o ndest cnild &l is phasible tidit dat lbse bt her

the tel h i t t.t t i | . Atel ho
conpanymi RPN RESERIY 4 HeRHePprbat 6t IeROpaL AP, WRH M A
Wi thin 50%8d phiifesde®bdddihhe hilicatdd waeth& ﬁﬁh@%h&%re&ﬂgaxgl 80rek N1 Aahfpti N

the business nodel that it would repair a linewith a bri'dged tap or | oad
coi |, but wepditiordlinet Aatelaphpne campanyanightireppiriatlineainly iflthe predidtéchspeed aél

I ndi cat ed Wé ﬁrrlléj b \(?vri]thgnh%%toq’%heo Qeosﬁlr%d level. Or a telephone company might indicate in

the business model that it would repair a line with a bridged tap or a load coil, but would

20  not attempt to repair a split pair. If the line model indicated a condition that the phone

company would repair, the line would be binned yellow. Otherwise, a line would be
binned red.

A line might be assigned to the gray, or indeterminate category, when the

measurements taken on the line do not readily map to any line model programmed into

25  the test system. Alternatively, many of the prediction techniques given above provide

confidence factors associated with the predictions. Where predictions are made with a

confidence below some threshold, the line would also be binned gray. The precise

confidence threshold is also a function of the telephone company’s business model. For

example, a phone company with many available lines would set a high confidence

30  threshold. Even though a high confidence threshold would result in many lines being

disqualified, it would be cheaper for the telephone company to simply use other lines.
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conpany would repair, the line would be binned yellow. Oherw se, a line
woul d be binned red. Aline mght be assigned to the gray, or

i ndet er mMw@be9I3s5at egory, when the neasurenents taken on tPReTAUSOIE768Y not
readily map to any line nodel programred into 25 the test system

Al ternatively, many of the prediction techniques given above provide
confidence factors associated with the predictions. \Were predictions are

made with a confidenpce beI ow sone thr ol t he e wou 0
bi nned gr ayPn Hiseoth ST Bl 3 B %Péﬁlﬂ?élyttﬁ’f‘tg%%ﬁ‘o‘"f ahqrgagswsf %?Sf‘ﬁwﬂf‘.ssﬁadPWFﬁe

tel ephone GRARARY' Ev%ﬁ’ ﬁio@%ﬁ SudP Q%Ettmg %oul@ﬁﬁféﬁéeethe%sﬂnﬁrheh&@%ﬁ??lé@b& ki Many

avai l able I'irnes would set "a high confidence 30 threshold. Even ough a
hi gh confi dervixe thitrrested th b@mpalrcégutﬁplacnd gty thiei telephdmei qegnpady sejght nkked,
it would be cheaper for

hon ny to sinply use other lines. -
16 WO 01/ 9@3’9 y#@?ﬂ@@ﬁiﬁlﬁ% Rrﬂgt%a[??wnge?vﬁ?nd a phone conpany that had
a shortage of llm%pwﬁl:%umkssqnbmr theREIgsdak @omgmnlstﬂrefé%bs edbded in

setting would increase the risk of | i ne being placed in service that
needed to beﬁwewanﬂﬁdﬁdanEplaced Iater ~t he tel ephone company m ght nake

nore by using |.ines_for.high rof|t dat a, servjces. T p

busi ness nodel CIRE RO ngﬁ gtég%%?ﬁﬁ}t ri'.pgarg];ugflgrs%%\f@ (ﬁét ‘E‘ghﬁllﬁahaéﬁ‘%mre
i n the testyouhdd souRed 8id nltdsuteiefiOclbingnt 3 ahd'e (REESKIH cldpRAr At Tssti wishawn.
Test unit 2 includes a voltage source and neasurenent el enent 3 and a

predi cti on ledatedebahing theestitchr{pr DEG)$ at esatielendligrohion PLith éa}%mﬁ’tt ches1ithe) 6
t tral off The 6. t
o A" gt 1tk 2 if SIS nd iy EYbCOe el BnGRIRERS I FRAGWY T |

test unit Znd @st@bt2 & Rktd plukdlity of hhémsﬂﬁafl;hd tystm'@hﬁa)t b@ﬂomgorrmy adpeedodie on

an as needed basis or may be done periodically Test unit 2 is connected to
the tip 7 awsisor mgydewopeperiofieatlgh switch 6. Voltage source and

measur enent el e I [ I ARR.H ENGrditapk r s,
15 and neasure rﬁ%\%‘#’%’é???gb ce}%e?g[gttgﬁn t?%’gnrng ?‘E[%ng t%%h partl cul ar g I ne
bei ng t est adurcdhad MastuearRNtismeny3 samly deowos ts@gd tbaketip 7(meiahn@t8dw1res,

i magi nary), current capaci t ance,

measur eifentasd FaSASHE & BeHEY O © f‘raﬁteﬁfftnﬁggggaacr} 6Fr€e§%‘?sl% ?’éﬁ‘f‘eag?@% Eﬁ%‘i'gghe ¥2§t
unit 2 utiljzes -t BAS UheBO W1EBI G R 1eli (ALCinSRHaEH, @ftent, capacitance,
impedance, resistance and the like. The measurements may be repeated at a plurality of
different frequencies. Test unit 2 utilizes the measurements made by voltage source and
measurement element 3 to estimate the characteristics of the line being tested. The
20  characteristics refer to properties of the line as well as to the presence of elements on the
line.

Once the characteristics have been estimated, the prediction element utilizes the
characteristics to predict the data rate the line can support. The prediction process may be
implemented in terms of an expert system. The expert system may utilize neural networks,

25  statistical models, decision tree models, other models or combinations of these types of
models.

The prediction element 4 may be co-located with the voltage source and
measurement element 3 in the CO ‘or DLC. Aliernatively, the prediction element may be
remotely located and communicate with the measurement element via a wire-line or

30  wireless transport medium.
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measurenent element 3 to estimate the characteristics of the |ine being
tested. The 20 characteristics refer to properties of the line as well as
to the pvegenes9nf el enents on the |ine. Once the characreriusewsshave
been estinmated, the prediction elenent utilizes the characteristics to
predict the data rate the line can support. The.prediction process may be
inplenmented in terns of an expert system The expert systemmay utilize

neural networks, 25 statistical npdels, decision tree nodels, other nodels
or conbi nat i ons Qufcetzhlise hey peen oteasurpdiethe limehis Cbﬁf@@m@ttﬁ:cbﬁmm deeiest BNiR) be

co-located w t Y e t or
e Cart or PR Yo Pahd AR tog S BE colfRRRH S TR Lo Snf R s sh i 5 00
comuni cat eghemdxh lihée Ot sl Redittiors I fen® plouy iod hﬁes/\hds&;ebh B&tifsted,30e Vistled eis s
transport nmedium - 17 WD 01/95597 PCT/ US01/ 17557 Once a line has been

nmeasur ed, thedine tagingsmaly bebinpedasclesqritsmin fetail belowunit 2 through switch 6
and ano% hey lin e%eq’ﬂpg%o% tfﬂxetsp??éeg?lrlﬁﬁo&ﬁ?' irh‘?ﬂpstts{%ﬁa&q%é gfbgesrsuﬂ) on

the next |ine. e pre t|on or a“group of "Tines

esti mat ed, chigrissiviting the lint.h@he iteve uhiesd tougladey eimléutaalnlmh mi idestrsigeds i n
detail below 5 Referring nowto Fig. 2 the process 1 is Qwn. The]f i rst
step of t héntpithsling while %ﬁ%mgs‘@gwyégmatefw the signal pghin él?thfl‘}rﬁnfl thesline

coupl ed 1 08P eIfE kRtdd O8mA o) B2 BlolRicd LORBNLSalic) BF Reddficicl Bt 1WIL! ©

measuring various paraie sl gnha I ne an e line
itsel f. The insekit ¢tk sleghadtep r?@y dimantewmde@fatheahpb ual estjanaiédffremuehﬁcl es

and |l evels. At the ne step racterjstics, of the e mated
fromtHe waﬁwa@ea@néw exg@plgnthsf #prtetisticn dnclyemaertion 55 aith fiod

insertion Ergﬁ?laﬁ’ée dfe | lhé]%\%ed? ?tg%f i AQGRe Rhe 31? el 'Alﬁltlc;ngﬁcﬂa%@grﬁué’é‘ the

line and t I ne gauge nal characteri st I ncl ude the presence
of gauge clilmmmsﬂlemreségmjoﬁ gange chamds,dwidgsd tapd, ot epilpand otkepahtetemetch as
splitters, within o the |ine

path. The ﬁ%?@t astiﬁg‘ﬁg %Eérggt%égfq%&%g?‘ﬂ &%ﬂ’ﬁféﬁ”flmoﬁ?)lf’%%ﬁ’fgl Ongiihs to use when

15 eval uati ng whajf H@:@tatv(f@ts?epg hatdolige e | hofAPRAML noiSt Rn#ktsS @) 86é Swhéte
next (first) nmodem nodel to use then step 21 selects the next (first)

noi se rdelevaliainmwihet datepatg Shaiting Wik suppopt oBlep<21t sslqstseilie arext sty anedepnt e
the line wi Ideﬂlop B2 tltlen step 21 selects the next (first) noise model.

The next step 25 utilizes a process to predict the data rate the line will support
based upon the measured and estimated characteristics. Additionally, the prediction
dependability and coverage may be part of the test results. The process may be realized

20  as an expert system.

Step 30 involves determining whether the line test results fall outside of the area
of applicability of the system. If the line characteristics do fall outside the area of
applicability of the system then step 35 is executed. At step 35 the results having this
criteria are color-coded. While any color could be used for any category, in a particular

25  embodiment gray is used to color code this category, thus making lines having this test
result easy to discern. If the line characteristics do not fall outside the area of
applicability of the system, then step 40 is executed.

Step 40 determines if the line test results from the test system indicate the line
will support high-speed access. If this is the case, then step 45 is executed. Step 45

30  color-codes this result green. For any lines that are indicated as not being able to support

high-speed access step 50 is executed.
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based upon the neasured and estimated characteristics. Additionally, the
predi ction dependability and coverage nmay be part of the test results. The
process ma@obesspral i zed 20 as an expert system Step 30 PaVOSWESsS7

determ ning whether the line test results fall outside of the area of
applicability of the system If the |ine characteristics do fall outside
the area of applicability of the systemthen step 35 is executed. At step
35 the results having this criteria are color-coded. Wile any cql or could

be used for anyStatylstgrmines ibthe line testaearltsdpne thedastsasiemgpdigate thaf dhedine,
| de thi t I I ng:. t.hi |
Co i scor ncagipt pfAtARn el WF, SR Mea (6% AR i bobid Saiport Bgh chedteY

appl i cabi | jdcsPiff adnhinpedbh@mwas henowide pAd inpalimeecisubbicorSprige Abadeddrarianes
if the line test results fromthe test system.indicate the |Iine \éyl;;
support hi bridgsddap fae exasaple| f thy|ine ¢auld pppeE dieh-3neen 26458 IR femoy d

Step 45, 30 - Of ~.C Wl n Ystld B€S 1 tm@r&m’[d\g&cai ed
as not bei gﬁegtl)rﬁémf 3’953‘8%5 téomﬁlé%aﬁas}%ggﬁ’ %Scégfea@a@tset%)ﬂ gg i st}fgxecut ed. - 18
WO 01/ 9559¢uppot/Hig dpekdbdess Ranfimpeditenewas mewmved thehstepitdes exesutedesul ts

fromthe test systemindicate_that the line canngt currently s ri.

hi gh- speed acceﬁ?}’ 4} gole e%?b@f?%ﬂh%?%m HmaypRe IFGSHFGHP%%%E tﬁgtgtggéges]f an
i npedi ment ABed ' d1$6a58nd RRALRYEdr RAmAPI

bri dged ta|%, 6%%%?%%?%&%%@5%%@%gi%f)rt hsigh-speeg e{ccgr}sl? eupon
renmoval of therlirfe rmagpeeliovdomg). this line is color coded yellow, as shown in

step 55. If the_line could ng suppor.t hi gh- ed cess, i.f .an 1 nmpedi ment
was remdved the_r:rh§tnéist %?P’!S?Péﬁemf’@gs.d%‘?éﬁgéﬁf E@PB?O?‘}(C?(f tstt%glertgg{ﬁ gh or
the remai nifig.tbd REichfnd nBAEGASdNY StERt70 tdrerhiite SwhétRdtNGEreSatBRAAle noise
hi gh- speed access. There coul d be several reasons for this (for exanple

t he tine mmodbls to oondiderddr a sadeckidenedsxn modelp, step 65, provides data rate

and col or code resu o the user for the selecgted e - NOi del .
Step 70 deterni S&P %\55121?{?8?1“?%@#18&5? Lbeﬁ%f‘“g ??8?%@08(?%&%‘?%%1%8 %%E#geﬁg}fl%}r) a
sel ect ed mpgem AGEehoreSheRnSRodsls evailabRspiobek hejontnesse Ay thispoie, e diesns
nodel s to consider. When there are no nore nodem nodel s avai |l abl e, ocess

1 conclifidesssigitedt trnsupsdieam, anche dommetreasm dats mtespugheloasodpder Baeh BeTE!
downstr eamcgr%%fana{igﬁ of g&csie S Bba&RARALR s ﬁﬁﬁ&aﬂ?g & Bk Service provider.

By way of the color-coded results, the users of lines that met the qualification
criteria to support high-speed access may be contacted to offer high-speed access to the
user. The 1binning may be done on a per service-grade basis. A line may be binned green

20 for G.lite (ADSL less than 1.5Mb/sec) but binned red for G.dmt (ADSL greater than 1.5
Mb/sec but less than or equal to 8 Mb/sec.). In this instance the red designation may be
because the line is too long to support G.dmt which is the type of problem the TELCO
cannot fix. While the above description discussed test results from a plurality of lines,
the method is also useful when test results from only a single line are provided.

25 Referring now to Fig. 3 the process 2 is shown. The first step 85, is to obtain the
line characteristics measured and/or predicted in process 1 as well as the upstream and
downstream data rate predictions for each modem model and noise model combination.
The following step 90, selects the next (first) service provider defined service category.
Information associated with this service category may include minimum and maximum

30 guaranteed upstream and downstream data rates, inclusion (or not) of voice-over-xDSL

service, availability of provider network bandwidth, and so on.
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conbi nati on of noi se and nodem nodel s of inportance to the service
provider. By way of the color-coded results, the users of |ines that net

t he qual iWoer93sen criteria to support high-speed access payUBe/U83Tt act ed
to offer high-speed access to the wuser. The binning may be done on a per
service-grade basis. Aline my be binned green 20 for Glite (ADSL |ess
than 1.5Md/sec) but binned red for Gdnt (ADSL greater than 1.5 Mo/ sec but

| ess than or equal to 8 Md/sec.).. .l hi s instance the red desi gpati may
be because the ﬁ}en%eﬁtWoﬁel?soﬁ%aqhéﬂﬁ?pH&dFm@‘@Po%iceﬂte?‘ts“' toriEey 5%8 g(ﬂ)’
problemth | ' 208 k@kd ecﬁe%tsﬁﬁggg gst
results fr%%%ﬁ%u?%?%boébmigg?&ﬁ?ﬁggmt h%IgStiglgngI) Igf)l%l}gg% ul when tgfsst
resul ts franodedl Yhanskingtep 120nesesr the peoidedetegzp iReimatiom glongvwithy the dine 3
the process 2 is shown., The first st 8 is to obtain the |i .

char act er | SURFRSTeRgtCS AGSPPHPALGR ﬁg E’_@’%b% SgViE&E ggrya%ssmengghqt i to
upst r eam angd. 5;0MEhh ARy Be Rk &0 RESIHIE He ARBviEOTor 4AS BivERdRsAID R ndlRe

noi se nodel” conbination. ~ The following step 90, selects the next (first)
servi ce proumbdir Adéitioneldy,stevprediction elgpendabilityfapd neoviernge amey dicapatl ofi thh

this service .cateqgor i ncl ude m.ni_mym and maxi num 30 guar ant eed
upst ream ar?&%ﬁ%ﬁ&?%ﬁ%et%mfﬁgﬁy bleﬁga}i’&gg%mt GIPHSY T By gvoi ce- over - xDSL
service, avai | abdikh 1y0 afvolie \eftphiniet whgtket B dvditible indtehation OMeaskfemed,

01/95597 PCT/ US01/°17557 The next two steps establish the nmpdem and noi se
cont ext s t cspascbpredictipn,150vice eappbititspredistipmyand spiong for the daealsqaitsideolithe and

then step 110 sel ects.the t jrst i el, T skep.

uses the séf¥ & a@B{i%a&blm ?ﬁ@gr%{e&dnﬁaﬁgﬁéﬁ W %ﬁoqit dges il?a;he%eé7 dgr{ggtaer%%%ﬁ cs
and speed i ppREdRRity ST KOsyt @lidh S€F 135 6 ealca@or it 3epi Pinbwtresulisadtave shist o 5
predict the capability of the line to support the service for the given
nmodem and rwiteda cotorrepdedadifbile gpmicpler copld P asrdc far sy easeII RO FWJQ%H

cover age . t . i :

Feal i sod acriiain ey is e 8 3oloB DI Bkl ass A MAGS Mg (B resplt
avai | abl e i akptodisienn If drasuailsbie Mfsrmatmpelecop fadiuttidethe svexr of applicabplayidfi t y
prediction, and so on) for the line falls outside of the 10 area of

appl i cali | i thy syyem e §iep 440 15 9CfYed i nf or mati on does fall outside the area

of appl i cabi | ityg0f 146 i&¥shiaE {ffaﬁé‘av%hg(ge %v%\ﬁnﬁa%ioﬁ&%%@éﬂthe%e%ﬁ@uﬂp%}t ke

results have this “criteria color-cod I'1'e any col or could be ‘used for
t hi s cat egogiyen servizepfar tthe \given medtrodindemdisgymegel. Snuthésd cass, denoster ddé ishi s

category ases)gegl?tg&nétép tlggl Scofg?—l&g% t&]ﬂereglﬁ{s g%eten. For any lines that are indicates as not

being able to support the given service step 150 is executed.

20 Step 150 determines if the available information indicates that the line cannot
currently support the given service, but that the line could support the service if an
impediment was removed. An impediment could comprise a speed impediment (load
coil, bridged tap, and so on) or it could be a provider limitation (bandwidth, routing
capacity, business policy issues, and so on). If the line could supﬁort the given service

25  category upon removal (or otherwise addressing) the impediment, this line is color-coded
yellow, as shown in step 155. If the line could not support the given service if
impediments were removed then step 160 is executed.

Step 160 color-codes the results for the remaining lines red, indicating the lines
cannot support the given service category. There could be several reasons for this (for

30 example, no available DSLAM capacity exists). Lines color-coded yellow or red are

associated with an explanation of why.
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easy to discern. If the available information do not fall outside the area
of applicability of 15 the system then step 140 is executed. Step 140
det er m naw0O Df/935he avail abl e informati on i ndicates the |i npPCWURO/Is§Iport t he
gi ven service for the given nodem and noi se nodel. In this case, then step
145 is executed. Step 145 color-codes this result green. For any |lines
that are indicates as not being able to support the given service step 150

is executed. 20  Ste 50 d Lo if the avajl abl,e informtion indi.cates
that ‘the |ine canhho e)&é%lp r@fﬂ’?’@‘ﬁ%ﬁgﬁ% Ctoﬁee regglui;seﬁo rWEgo,rq%ﬁtleeﬁasterYlﬁ%
l'ine coul d qauppsr fortdaRcRaAMbden iahd aldiseimmRdi StEN1 70WistctAIHRY ShetldR thepegd ment
coul d conprise a speed inpedinent (load coil, bridged tag, and so on) or

it coul d benereprgisgsdaiodelspior gensisier (Iamasilentsd modemi mgdele next, stemsidfess
olicy issu Q f 1 i I Lt t LV ervice 25
Cat cgor v unbiePERS AR e g UPr il BRs B OBl WA AMRR o TR by

i s col ors- cafdedtm Yeldebwavailabiehibem the netteqiepl 350, ddteridifes! WwhetheotHetk A npwppor t
the given service if _inpedinents were renoved then step 160 is executed.
Step 160 cdeEpiceeriegoricndo canuifiers When thers are BaiTAITR FeTViGfeertegagios ith ¢PBHESTNg
the |ines r Ther d .
several re zfg g%gg);zocr%ﬂ'? ﬁ@ég (4 %@lsgg%lﬁg gﬁ}g’%{ée ?se%sgpgtélgg;gl %’%‘Fﬁ%%ﬁfxfﬂgg% pg@sﬁb&e

exi sts). Licoathirationrofcstede vatebony and neide ané makesp aiodtl dofiMniforaance io the

expl anation of why. 20 WD 01/95597 PCT/US01/ 17557 The next step 165,

provi des coFBiCCHIBYIFsul ts to the user for the given service category for

sel ect e nodem angiflose iRy Phefe?le Bb8dnlRtet RSy HREh NP will IRAF bl MOT @

noi ses nodel s to consi a sel ected nodem no e next step
det er mi nes aphathteto thbwer & admargpsiall i denarttdebthet embaimnients incoperatingdthese ar e

no nore 5 nmodem nodel s avail.abl.e then the ne step 190,. det er.m nes whet her
therd are rORCPUBRAY Bt UBHT PR el oS VB TTHtic g Sop Gomies

service catRgerdssited, Ge! HRS charRhOSERS add ABRCHEBEESs Duld Risd ROiMuddihe
line is assigned a col or code for each possible conbination of service

cat egory arsddidorsdlyathe sebeiers nstisled asatt ph et tonk may det dnaboddask ini & eoppaier der .
10, 1RO CSSERLPSORRELE SRR, Plrl SRR 18R Shrila RS
enbodi ment sohdpefdr RGAKIE inlellilth eS8 include a readable memory device, such as a hard drive
device, a CD-ROM, a DVD-ROM, or a computer diskette, having computer readable
program code segments stored thereon. The computer readable medium can also include
a communications link, either optical, wired, or wireless, having program code segments
20 carried thereon as digital or analog signals. Accordingly, it is submitted that that the
invention should not be limited to the described embodiments but rather should be
limited only by the spirit and scope of the appended claims.
Also, it should be appreciated that a two dimensional table structure was
described for the modem model, with columns in the table being defined by the length of
25  the line. It should be appreciated that the length of the line could be considered just
another variable that defines the line. In this way, the two dimensional table could be
visualized as a one-dimensional list.
Other data structures in computer memory are possible to store the modem model
without departing from the inventive concepts. For example, it was described that a
30  separate up stream and a down stream table were used to identify data rates. It should be

appreciated that where the same noise model is used for up stream and down stream
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concepts may be used. Wiile a particular set of line characteristics and
line elements were described, other line characteristics and |line elenents
coul d al 30 bw9isarl uded. Additionally, the software inclupeduss/past of the
tool may be enbodied in a conputer 15 program product that includes a
conput er useabl e nmedium For exanple, such a conputer usable nedium can
i ncl ude. a readabl e nenory device, such as a hard drive device, a CO-ROM a
DVD-ROM or a conputer diskette, having conputer readable program code
segnent s stQp&s{iR, & g@treiﬁ%n&qmts@éaxﬁ QaRBPLSuIABE iobfiiedbyadinply 1ﬂ6ﬂud£ifg a
communi cations |1nk, either optical, wred, or wireless, having ram
code segnent gp 20eamaend edovvh@trm date rafk i eash sub resau Qfgh@ﬁ@ﬁ@nsnockg woihgl y,
is subngh% that that the invention should not be limted to the
descrlbed odi ments but rather should be Ilimted only by the spirit and

scope of the appggsled wisaldseribdd 8t table I661LE iHaseP s alteringd theadata raie0
di mensional table Structure was described for the nodem nodel, with

col ums5in assslcvelatedbwéh bemlgularenolmoégl trternasivglynthefdataxstermight brderived byhoul d
b ted t | engt th
e SEbr o) BAROuANAL  TE phSP Bl e Lafo LR BE SRRTARLER bR et he

could be viguHah A6ife BSioBpRB&tdi mensional |ist. Qrher data structures in
conput er menory are posmgl e to store the nodem nodel without departing
fromthe inventive concepts. For exanple, it was described that a 30
separate up streamand a down streamtable were used to identify data
rates. It should be appreciated that where the sane noise nodel is used for
up stream and down stream - 21 WD 01/95597 PCT/US01/ 17557 transm ssions,
up stream and down stream val ues coul d be obtained by sinply including an
up stream and a down streamdata rate in each sub record of the nodem nodel
table of FIG 4. Also, it was described that table | ook-up is used to
determ ne the data rate 5 associated with a particul ar noi se nodel .
Alternatively, the data rate m ght be derived by conputation. The noise
factor mght be used to de-rate the speed prediction on the Iine assum ng
noi se i s not present. 22 WD 01/95597 PCT/ US01/ 17557

- 22 -



CLAIMS What is clainmed is: 1 1. A nmethod of preparing results from
predicting the ability of an existing line to 2 support high-speed access
conpri si movhessst eps of . 3 receiving the results of |ine pepwsog 768 hi gh
speed access froma test system and 4 binning the test results into one of
at "least three categories, wherein a first of said 5 at |east three
categories indicates the selected |ine cannot support high speed access, 6
wherein a second of said at |east three categories indicates the sel ected
line can support 7 high speed accessCLANMSwWherein a third of said at |east
three categories . i.ndicates the 8 selected |ine cannot currently support
hi gh speed 5daified ¥ont ai ns an i npediment to 9 hi gh-speed access
service; 112. TRenRioAask BEpdindi @ukisVh&h §irétlisictthst Rt offinNekifthgt g st
results further 2 conprises a fourth category, wherein said fourth

cat egory i sufipostthegh-sreed @heasacoreprising the sisps o8 t he sel ected line fall outside

the area of coverage of the.s em .1 The net.hod agcording tp a of the
precedihg cl ai mEFUIM f?&%%f@?%‘&“ﬂ%’%%‘?&ﬁ Spefdcﬁfc%?sﬁrg -%l(t)e ?wﬁ%énac dot

sai d caj egori eshinthy Bk et ARNIE RECERHS Of I dSasBhE RSPRG0S viRhdh a flrstlof shite

met hod according to any of the preceding clainms wherein said step of

bi nni ng5  2at leestt thege easegaries ingieptes thessalestadhling) cepmodtsuppagt thighhsresd BsEes§or i es

woul d be able to_ su rt [ e [ i ment
on sai dgs el E]iegbalsF‘ﬁogla Ofsg% gﬁggﬁeﬁ?%o%tgﬁ)%gg gﬁ%&i&mﬁgggl}égéeg 2%’8%?%% [ (rilrfént

i's sel egt edighr ed et oo wheieht bullird ®fasaldarlleas threendatagdries dgdidatesthe 1 6.
The met hod according to any of the preceding claings further cgonptising the
step 28 of siiested ke cannct gpirently spped high gpogd aeeess but pntyas énﬁ@P%élgl‘}Bbg’r t ed
by said,selegt ' : 01/ 95597 PCT/ USO1/ 17557 1 7. The et hod of
any of %I a}’%gl s%-g%cl%éwlg?seﬁ%gwgéa{t\?d step of color-coding conprises 2 coding
said-first of said at |east three categories red, said second of said at

| east three 3 categories green and said.third qof .said at |east . thre
cat egor f es2yel | .’EdbPSTﬁgdﬂ%Qﬂp&%QF“hﬁ? d?qbpgﬂ%%ng7ﬁ$ﬁ@§éFﬂﬂ§aéﬁ§§ﬁep
of col of- Cg%?ﬂse% ARLitR %%%egtgﬂ/? Qilkreth $8d SHub@WatddofAnalary 1 araclerltics be

nmet hod acc ng to any o e preceding clains further conprising the
3 the selected line fall outside the area of coverage of the system.

1 3. The method according to any of the preceding claims further comprising the step

2 of color-coding each of said categories, wherein each category has a respective color.
1 4 The method according to any of the preceding claims wherein said step of binning
2 the test results wherein said third of at least three categories would be able to support

3 high speed access upon removal of an impediment on said selected line.

1 5. The method of claim 4 wherein said impediment is selected from the group

2 including a load coil and a bridged tap.

1 6. The method according to any of the preceding claims further comprising the step

2 of billing for said selected line based on the date rate supported by said selected line.
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2 initial step of testing a line. 1 10. The nethod of claim9 wherein said
step of testing a line conprises the steps of- 2 driving said line with a
signal; 3woeaswwing said |ine;, 4 estimating characteristiBeT/oRogass | i ne
fromthe results of said nmeasuring said line; 5 and 6 predicting a data
rate supportable by said line fromsaid line characteristics. 1 11. The
nmet hod of any of clains 1-10 wherein said step of receiving the results of
2 line testing conprises receiving the results of line testing for | SDN
access. 11 12. ThEhoreictind of amgnyf ofimd diGhwhdreihOsaid etepi of sdomEcwslitep cafiprises

[ The. t gt regdits kDBt Rfcbset Bt herirg Ut oS or iR bR e
step of 7t ec%gé/éroﬁgs gn (%’l?é%i& &iﬂcoﬂshﬂeatgﬁltthﬁ%cat% §s yelisly, access conpri ses

receiving t esu ne testing for ADSL a%cess. 1 14. The net hod of
claim 10 wherein said step of estimating characteristics of said line 2

i nclude at | east_one qof 3 estinatjn insertion | oss. of said |line; .4
estimatilg & phaSee MeHRdapicanyop Eféflgs ?i%n@’,ﬁeregl ¥ ismt?fnﬁl%r'?oggféq ROGPTISSS; ¢
line; 24 mdﬁg&%ﬁr@g{%ﬁ%g_%? 6 estimating a gauge of said line; 7

determning t presence o auge changes of said line; 8 determning the
presence of a bridged tap on said line; 9 determ ning the presence of a

| oad coil on said line, and 1Q determ ni t he .presence .of. ot t
el enent s! on’'sai d* 19 W&@aiﬁor‘gﬂ%%ﬂeﬁnﬁo‘ﬁl I}{F?{iﬁ}gl ab%sef‘él{ﬂ}?rscgl?r@rgﬁg&hgf
det erm nj ngingtﬁgs@f,%fggﬁﬁgghngt her 2 path elenments includes at | east one of

3 determning the presence of a splitter; 4 determning the presence of a
filter; and 5 determining the presence of a termnation. 1 16. The net hod

of clai " 141(5).r l?hcj I!il‘llé%hgg or SRR Whdlbin SR s?e&neo? te%{ingg Lk %ﬁlBﬂsets Bfe steps of:

2 driving said line with a signal;

3 measuring said line;

4 estimating characteristics of said line from the results 6f said measuring said line;
5 and

6 predicting a data rate supportable by said line from said line characteristics.

1 11, The method of any of claims 1-10 wherein said step of receiving the results of

2 line testing comprises receiving the results of line testing for ISDN access.

1 12.  The method of any of claims 1-10 wherein said step of receiving the results of

2 line testing comprises receiving the results of line testing for xDSL access.

1 13.  The method of claim 12 wherein said step of receiving the results of line testing

2 for xDSL access comprises receiving the results of line testing for ADSL access.

1 14.  The method of claim 10 wherein said step of estimating characteristics of said line
include at least one of:
estimating an insertion loss of said line;

estimating a phase imbalance of said line;

v R LN

estimating a length of said line;
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2 dependability of said line testing. 1 17. A nmethod of predicting the data
rate of a line under test within a cable bundle, 2 conprising: 3 a)

det er m nimgon9ssetel of noise on the line froma predicti orCDUSOMESsTUNDer 4
of disturbing signals that are carried within the cable bundle; and 5 b)

de-rating the performance of the line based on the noise nodel. 1 18. The
met hod of claim 17 wherein the step of de-rating conprises: 2 a) neasuring
i n advance performance of a plurality of nodel lines when a 3 plurality of

conbi nag i ons of eslinsdtimglei gaggs ofgaéd Bnear e present; 4 b) neasuring

characteristics of the |jne under .test and nmatchi the line 5 under test
to one bf the pAeiFENRRE ‘FPWB%FOif%‘gf;C%%ng?fo é?lgiiﬁ?’ng one of the

conbi nagi ons of d@tkﬁﬁi&ﬁr@tﬁgpﬁs&ﬁelosa@ﬁagﬁﬁgoh@aiaenne;? present in the cable
bundle; 8 d) predicting the data rate by selecting an advanced neasurenent
that 99 corr el atlesrminidg thtpresenceloé d loddroilmpdeid lingdarhe sel ect ed combi nati on

of . . )
, 10 1(():I sturbi ggte?r}u nnqgl fRe prze%ence of other path elements on said line.

ey

15.  The method of claim 14 wherein said step of determining the presence of other

2 path elements includes at least one of:

3 determining the presence of a splitter;
4 - determining the presence of a filter; and
5 determining the presence of a termination.

1 16. The method of claim 14 or 15 further comprising the step of predicting the
2 dependability of said line testing.

1 17. A method of predicting the data rate of a line under test within a cable bundle,

2 comprising:

3 a) determining a model of noise on the line from a prediction of the number

4 of disturbing signals that are carried within the cable bundle; and

5 b) de-rating the performance of the line based on the noise model.

1 18. The method of claim 17 wherein the step of de-rating comprises:

2 a) measuring in advance performance of a plurality of model lines when a

3 plurality of combinations of disturbing signals are present;

4 b) measuring characteristics of the line under test and matching the line

5 under test to one of the plurality of model lines;

6 c) selecting one of the combinations of disturbing sigfxals expected to be

7 present in the cable bundle;

8 d) predicting the data rate by selecting an advanced measurement that

9 correlates with the matched line model and the selected combination of
10 disturbing signals.
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