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Abstract of JP 11261665 (A) 

PROBLEM TO BE SOLVED: To exchange the 
negotiation data and the user data, without affecting 
an existing communication environment and also to 
check the circuit characteristic to quickly decide a 
communication standard that is suitable for a 
communication circuit and a data communication 
procedure. SOLUTION: A central station system 2 
and a remote system 4 properly use the user data 
receiving parts 60 and 64, negotiation data receiving 
parts 52 and 56, user data transmitting parts 62 and 
58 and the negotiation data transmitting parts 54 
and 50 respectively and exchange the negotiation 
and user data in different bands so as to exchange 
the transmitting and receiving capabilities. Then a 
random noise generating part 74 and a random 
noise receiving part 76 use the base tone and 
optional tone signals in the higher bands to check 
the circuit characteristics.; With such a constitution, 
a communication standard and data communication 
procedures are decided. 
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Abstract of JP 11317723 (A) 

PROBLEM TO BE SOLVED: To optimize the power 
consumption of a discrete multi-toned(DMT) system 
by reducing power with respect to a not-using carrier 
among plural carriers assigned with bits. 
SOLUTION: Data transmitted to a remote terminal 
20 through a transmission medium 15 by a 
telephone station 30 is received by a 
transmitter/receiver 24 and given to a system 
controller 22 to process. In addition, an upstream 
signal from the terminal 20 is also processed by a 
system controller 34 through the transmitter/receiver 
32 of the station 30. Then, carriers, namely bins, are 
sorted in an order from a maximum capacity to a 
minimum capacity to advance from the carrier of the 
maximum capacity to that of the minimum capacity 
to assign a transmission data rate and a data 
capacity is assigned until a designated data rate is 
obtained.; Since a maximum data rate is assigned to 
a bin at first, the number of using carriers for 
transmitting data by a desired data rate is minimized 
to minimize power on an unused carrier. Thereby, 
an optimum power quantity can be dissipated. 
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A method determines a structure of a subscriber line. The method includes searching a reference set for a match between the 
subscriber line and a model line of the reference set and identifying that the subscriber line has a specific physical structure. The match is 
based on electrical properties of the lines. The act of identifying is responsive to finding a match with one of the model lines that has the 
specific physical structure. 
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WO 00/64130 PCT/US00/10301 

DETERMINING THE PHYSICAL STRUCTURE OF SUBSCRIBER LINES 

This is a continuation-in-part of Application No. 

U.S. Application No. 09/294,563, filed April 20, 1999. 

Backgrrnmd of the Invention 

This application relates generally to communications 

networks, and more particularly, to determining electrical 

properties of multi-wire communication lines. 

10 Recently, there has been an increased demand for the 

subscriber lines qf plain old telephone services (POTS's) 

to carry high-speed digital signals. The demand has been 

stimulated by home access to both the Internet and distant 

office computers. Both types of access typically employ a 

is POTS line as part of the path for carrying digital 

signals. 

POTS' s lines were built to carry voice signals at 

audible frequencies and can also carry digital signals as 

tone signals in the near audible frequency range. Modern 

20 digital services such as ISDN and ADSL transmit data at 

frequencies well above the audible range. At these higher 

frequencies, POTS's lines that transmit voice signals well 

may transmit digital signals poorly. Nevertheless, many 

telephone operating companies (TELCO's) would like to 

2s offer ISDN and/or ADSL data services to their subscribers. 

30 

Telephone lines between a TELCO switch and 

subscribers' premises are frequent sources of poor 

performance at the high frequencies characteristic of ISDN 

and ADSL transmissions. Nevertheless, high cost has made 

widespread replacement of these subscriber lines an 

undesirable solution for providing subscribers with lines 

capable of supporting ISDN and ADSL. A less expensive 
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alternative would be to repair or remove only those 

subscriber lines that are inadequate for transmitting 

high-speed digital data. 

To limit replacement or repair to inadequate lines, 

s TELCO' s have placed some emphasis on developing methods 

for predicting which subscriber lines will support data 

services, such as ISDN and ADSL. Some emphasis has been 

also placed on predicting frequency ranges at which such 

data services will be supported. Some methods have also 

io been developed for finding faults in subscriber lines 

already supporting data services so that such faults can 

be repaired. 

Current methods for predicting the ability of 

subscriber lines to support high-speed digital 

is transmissions are typically not automated, labor 

intensive, and entail test access at multiple points. 

Often, these methods entail using skilled interpretations 

of high frequency measurements of line parameters to 

determine data transmission abilities. At a network 

20 scale, such tests are very expensive to implement. 

25 

30 

The present invention is directed to . overcoming or, 

at least, reducing the affects of one or more of the 

problems set forth above. 

Summary of the Invention 

In a first aspect, the invention provides a method of 

determining a physical structure of a subscriber line. 

The method includes searching a reference set for a match 

between the subscriber line and a model line of the 

reference set and identifying that the subscriber line has 

a specific physical structure. The match is based on 

electrical properties of the lines. The act of 

identifying is responsive to finding a match with one of 

- 2 -
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the model lines that has the specific physical structure. 

In a second aspect, the invention provides a method 

of qualifying a subscriber line for a data service. The 

method includes searching a reference set of model lines 

5 for a best match to a subscriber line by comparihg sets 

of electrical properties and determining that the 

subscriber line has a specific physical structure. The 

act of determining is responsive to the best matching 

model line having the specific physical structure. The 

10 method also includes disqualifying the subscriber line 

for the data service, in part, in response to determining 

that the specific physical structure corresponds to a 

disqualified line. 

In a third aspect, the invention provides a method 

15 of providing a data service. The method includes 

searching for a match between electrical properties of a 

subscriber line and a model line of a reference set and 

determining whether the subscriber's line is qualified 

for the data service. The act of determining is based in 

20 part on whether the best matching model line has one of a 

bridged tap and a mixture of gauges. The method also 

includes performing a business action in response to 

determining that the subscriber's line is qualified. 

In a fourth aspect, the invention provides a data 

25 storage device that stores an executable program of 

instructions for causing a computer to perform one or more 

of the above-described methods. 

30 

Various embodiments use test 

data on low frequency electrical 

lines, to make predictions 

performance. 

- 3 -
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Brief Description of the Drawings 

Other features and advantages of the invention will 

be apparent from the following description taken together 

with the drawings in which: 

s FIG. 1 shows a portion of a POTS network having a 

10 

system for detecting faults in subscriber telephone lines; 

FIG. 2A shows a first measuring setup for making one­

ended electrical measurements on a subscriber telephone 

line; 

FIG. 2B is an equivalent circuit for. the measuring 

setup of FIG. 2A; 

FIG. 2C shows a second measuring setup, for making 

one-ended electrical measurements on a subscriber 

telephone line; 

1s FIG. 3 illustrates signal distortions produced by the 

20 

25 

test bus and standard voice test access; 

FIG. 

FIG. 

4 shows a split pair fault in a subscriber line; 

5 shows how a splice error can produce a split 

pair fault; 

FIG. 6A shows a phase measurement signature of a 

resistive imbalance on a subscriber line; 

FIG. 6B shows a phase measurement signature of a 
split pair fault on a subscriber line; 

FIG. 7 is a flow chart illustrating a method of 

detecting faults on subscriber lines with the system of 
FIGs. 1, 4, and 5; 

FIG. 8 is a flow chart illustrating a method of 

qualifying subscriber lines with the method of FIG. 7; 

FIG. 9 shows a method of providing high speed data 

30 services using the methods of FIGs. 7 and 8; 

FIG. lOA-lOE show exemplary subscriber lines having 

different gauge mixes; 

FIG. 11 shows a subscriber line with a bridged tap; 

- 4 -
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FIG. 12A-12E shows exemplary structures of subscriber 

lines having one bridged tap; 

FIG. 13 is a flow chart for a method of determining 

the specific physical structure of a subscriber line from 

s a reference set; 

10 

FIG. 14 is a flow chart for a method of finding a 

best match between a subscriber and model lines; 

FIG. 15 is a flow chart for a method of qualifying 

subscriber lines; and 

FIG. 16 is a flow chart for a business method of 

providing high-speed data services to subscribers. 

FIG. 17 is a flow chart for a stacked method of 

detecting bridged taps using auxiliary variables; 

FIG. 18A shows predicted and actual signal 

1s attenuations of nominal subscriber lines; 

FIG. 18B shows predicted and actual signal 

attenuations of non-nominal subscriber lines; 

FIG. 18C shows predicted, shifted predicted, and 

actual signal attenuations for an exemplary nominal 

20 subscriber line; 

FIG. 

FIG. 

19 shows an exemplary decision tree; 

20 illustrates the action of the rules of the 

decision tree of FIG. 19 on a set of subscriber lines; 

FIG. 21 is a flow chart illustrating a method of 

2s creating the decision trees with machine learning methods; 

and 

30 

FIG. 22 is a flow chart for a method of determining 

the branching rules of the decision tree illustrated in 

FIGs. 19-20. 

Description of the Preferred Embodiments 

MEASUREMENT AND TEST APPARATUS 

FIG. 1 shows a portion of a POTS network 10 that has 

a system 11 for detecting faults in subscriber lines 12-

- 5 -

DISH 
Exhibit 1003 Part 2 Page 497

newsams
Sticky Note
None set by newsams

newsams
Sticky Note
MigrationNone set by newsams

newsams
Sticky Note
Unmarked set by newsams



W000/64130 PCT /USOO/l 0301 

14. The subscriber lines 12-14 connect subscriber units 

16-18, i.e., modems and/or telephones, to a telephony 

switch 15. The switch 15 connects the subscriber lines 

12-14 to the remainder of the telephone network 10. The 

s switch 15 may be a POTS switch or another device, e.g., a 

digital subscriber loop access multiplexer (DSLAM) 

Each subscriber line 12-14 consists of a 

twisted two-wire telephone line adapted 

standard 

to voice 

transmissions. The two wires are generally referred to as 

io the ring AR@ and tip AT@ wires. 

A large portion of each subscriber line 12-14 is 

housed in one or more standard telephone cables 22. The 

cable 22 carries many subscriber lines 12-14, e.g., more 

than a dozen, in a closely packed configuration. The 

is close packing creates an electrical environment that 

changes transmission properties of the individual 

subscriber lines 12-14. 

Electrical measurements for detecting line faults are 

performed by a measurement unit 4 0. In various 

20 embodiments, the measurement unit 40 includes one or both 

devices 41 and 43. Each device 41, 43 performs one-ended 

electrical measurements on selected lines 12-14. In 

preferred embodiments, the electrical measurements are 

one-ended. The device 41 performs measurements on tip and 

2s ring wires of a selected subscriber line 12-14 in a common 

mode configuration and produces results useful for 

detecting split pairs. The device 43 can measure 

admittances of the tip and ring wires of a selected line 

12-14 either separately or together and produces data 

30 useful for determining the specific physical line 

structure. The measurement unit 40 may also house other 

devices (not shown) for performing other types of 

electrical measurements, i.e., one-ended or two-ended 

measurements. The measurement unit 40 couples to the 

- 6 -
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switch 15 via a test bus 42. 

The devices 41, 43 connect to the switch 15 through 

the test bus 42 and a standard voice test access 44. The 

voice test access 44 electrically connects either the 

s device 41 or device 43 to the subscriber lines 12-14 

selected for testing. The voice test access 44 generally 

transmits electrical signals with low frequencies between 

about 100 Hertz (Hz) and 20 kilo Hz (KHz). But, the test 

access 44 may transmit signals at higher frequencies, 

10 e.g., up to 100 to 300 KHz, in some switches 15. 

The measurement unit 40 is controlled by computer 46, 

which selects the types of measurements performed, the 

device 41, 43 used, and the subscriber lines 12-14 to 

test. The computer 46 sends control signals to the 

1s measurement unit 40 via a connection 48, e.g., a line, 

network, or dedicated wire, and receives measurement 

results from the measurement unit 40 via the same 

connection 48. 

20 

The computer 46 contains a software 

controlling line testing by the measurement 

program 

unit 40 

for 

and 

for detecting line conditions or faults with results from 

the measurement unit 40. The software program is stored, 

in executable form, in a data storage device 49, e.g., a 

hard drive or random access memory (RAM} . The program may 

2s also be encoded on a readable storage medium 50, such as 

an optical or magnetic disk, from which the program can be 

executed. 

To perform a test, the measurement unit 40 signals 

the voice test access 44 to connect the line 12-14 to be 

30 tested to wires of the bus 42 for connecting to internal 

devices 41, 43. Then, one or both of the internal devices 

41, 43 performs electrical measurements on the selected 

line 12-14. After the measurements are completed, the 

measurement unit 40 signals the switch 15 to disconnect 

- 7 -
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the line 12-14 from the wires of the bus 42. 

The computer 46 can classify selected subscriber 

lines 12-14 prior to fully connecting the lines 12-14 for 

data services. The range of possible classes to which a 

s line 12-14 can be assigned will depend on the business 

needs of a TELCO. A simple, but very useful set of 

classes is "qualified" and "disqualified" to provide data 

services. Qualification is based on 'determining, with 

high certainty, that a selected line 12-14 will support a 

10 specified data service. Disqualification is based on 

determining, with high certainty, that the selected line 

12-14 will not support the specified data service. 

FIG. 2A shows a first setup 52 for performing one 

type of one-ended electrical measurements with the device 

15 41. The measurements are used to detect faults such as 

split pairs in the subscriber lines 12-14 of FIG. 1. 

The device 41 has a variable frequency voltage source 

54 for driving the tip and ring wires T, R of the 

subscriber line 12-14 under test. The voltage source 

20 drives both wires together, i.e., in a common mode 

25 

configuration, at a frequency controlled by the 

measurement unit 40. The tip and ring wires T, R of the 

line 12-14 under test are connected to the device 41 via 

the voice test access 44. 

The voltage source 54 connects to one side of 

resistors R1 and Rz. The second side of resistors R1 and R2 

connect to the respective tip and ring wires T, R of the 

subscriber line 12-14 under test. Thus, the voltage 

source 54 drives the tip and ring wires T, R in common 

30 mode through the corresponding resistors R1 and R2 . 

The resistors Ri and Rz have equal resistances so that 

the voltage source 54 induces equal voltages V1, V2 between 

each resistor Ri, Rz and ground if the currents IT, IR 

therein are also equal. Differences in the inpu"t 

- 8 -

DISH 
Exhibit 1003 Part 2 Page 500

newsams
Sticky Note
None set by newsams

newsams
Sticky Note
MigrationNone set by newsams

newsams
Sticky Note
Unmarked set by newsams



WO 00/64130 PCT/US00/10301 

impedances ZT, ZR of the tip and ring wires T, R make the 

voltages 

example, 

differ in 

inductance 

amplitude and/or 

effects produced 

phase. 

by a 

pair can make the input impedances ZT, ZR unequal. 

For 

split 

5 Voltmeters VMi and VM2 measure amplitudes and phases 

10 

of voltages V1 and V2, respectively. From measurements of 

the voltmeters VM1 and VM2, the computer 46 can obtain the 

phase difference between V1 and V2. 

FIG. 2B shows an equivalent circuit 55 for the 

measurement setup 52 of FIG. 4. In the common mode 

configuration, the tip and ring wires T, R act as elements 

of independent circuits 56, 57 that connect the voltage 

source 54 to a common ground 58. The tip wire T is 

equivalent to an impedance ZT in the circuit 5 6, and the 

15 ring wire R is equivalent to an impedance ZR in the circuit 

57. 

The input impedances ZT and ZR may have different 

amplitudes and/or phases due to the presence of a fault on 

either the tip or ring wires T, R. Different values for ZT 

20 and ZR produce different currents IT and IR in the circuits 

56 and 57 and different measured voltages V1 and V2. The 

phase of the voltage difference V1 - V2 is proportional to 

the phase difference between the input impedances of the 

tip and ring wires T, R. In the phase of the difference V1 

25 V2, termination effects associated with the attached 

subscriber unit 16 can largely be ignored. 

FIG. 2C shows a measuring setup 60 for performing 

one-ended electrical measurements on a selected subscriber 

line 12-14 with the device 43 shown in FIG 1. The device 

30 43 measures electrical properties, which can be used to 

determine the specific physical structure of the lines 12-

14 and to determine line conditions and faults as is 

described below. Some methods for detecting line faults 

and conditions with the device 43 have been described in 

- 9 -
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U.S. 

1999. 

Application 

The '563 

No. 09/294,563 

application is 

reference, in its entirety. 

PCT/US00/10301 

( '563), filed April 

incorporated herein, 

20, 

by 

The device 43 is adapted to measure admittances 

s between the tip wire T, ring wire R, and ground G for a 

subscriber line 12-14 being tested. The· tip and ring 

wires T, R of the line 12-14 being tested couple to 

driving voltages V1' and V2' through known conductances Gt 

and Gr. The tip and ring wires T, R also connect to 

10 voltmeters Vt and Vr. The Vt and Vr voltmeters read the 

voltage between the tip wire T and ground G and between 

the ring wire R and ground G, respectively. The readings 

from the voltmeters Vt and Vr enable the computer 46 to 

determine three admittances Y tg 1 Ytr, and Yrg between the 

15 pairs tip-ground, tip-ring, and ring-ground, respectively. 

The device 43 can measure the admittances at preselected 

frequencies in the range supported by the voice test 

access 44. The '563 application has described methods for 

performing such measurements. 

20 Referring to FIG. 3, the computer 46 may compensate 

for signal distortions introduced by the test bus 42 

and/or the voice test access 44. To perform compensation, 

the computer 46 treats the two lines of the combined bus 

42 and test access 44 as a linear two port systems. Then, 

2s the currents and voltages IT', VT' and IR', VR' at the 

output terminals of the measurement device 40 are related 

to the currents and voltages IT, VT and IR, VR on the output 

terminals of the tip and ring wires T, R by the following 

30 

2x2 matrix equations: 

[IT, VT] = A(f) [IT', VT' Jt and [IT, VT] =A' (f) 

The frequency dependent matrices A{f) and A' (f) are 

determined experimentally for each bus 42 and voice test 

access 44. Then, the computer 4 6 calculates the 

impedances or admittances of the tip and ring wires T, R 

- 10 -
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with the currents and voltages IT, VT and IR, VR obtained 

from the above equations. 

The measurement unit 4 0 and computer 4 6 can detect 

faults such as split pairs, resistive imbalances, metallic 

s faults, load coils, bridged taps, gauge mixtures, and high 

signal attenuations. Co-pending U.S. Patent Application 

09/285,954 ('954), filed April 2, 1999, describes the 

detection of some of these faults and is incorporated 

herein by reference in its entirety. 

10 

SPLIT PAIRS 

Referring again to FIG. 1, close proximity can 

inductively produce cross talk between the subscriber 

lines 12-14. Cross talk is frequently caused by large 

1s noise or ringing signals on one of the lines 12-14. The 

large signal inductively produces signals on nearby lines 

12-14. To reduce cross talk, the tip and ring wires T, R 

of each subscriber line 12-14 are either tightly twisted 

together or kept in close proximity in the cable 22. In 

20 this way, stray signals affect both wires of a pair so 

that induced signals do not impact the difference signal 

between the tip and ring wires. 

Referring to FIG. 4, the tip and ring wires T', R' of 

a subscriber line 24 are separated spatially in a portion 

2s of cable 26. The portion of the subscriber line 24 in 

which the tip and ring wires T', R' are spatially 

separated is referred to as a split pair. A split pair 

T', R' has a high risk of picking up cross talk other 

lines 28-29 in the same cable 26 or external noise sources 

30 such as power lines (not shown). 

Split pairs also introduce impedance discontinuities 

into subscriber lines, because the split pair creates a 

localized and abrupt impedance variation. Impedance 

discontinuities can cause signal reflections and high 

- 11 -
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signal attenuations for high-speed digital transmissions. 

FIG. 5 illustrates one type of split pair, i.e., a 

split pair caused by a splice error. The splice error 

occurred when two portions of a subscriber line 32, which 

s are located in two different cables 33, 34, were joined. 

The splice 35 has joined tip and ring wires Ti, Rz from two 

different twisted pair lines 36, 37 in the cable 33 to tip 

and ring wires T3, R3 of a single twisted pair 38 in the 

adjacent cable 34. The tip and ring wires Ti, R2 of the 

10 portion of the subscriber line 32 are widely separated in 

a substantial portion of the cable 33. Thus, the tip and 

ring wires T1, Rz form a split pair. 

Detection of split pair faults is difficult for 

several reasons. First, split pairs do not· produce easily 

1s detected effects such as metallic faults, i.e., broken 

wires or shorted wires, or impedance imbalances. Second, 

split pairs produce cross talk that produce intermittent 

faults depending on the signals on nearby lines, e.g., 

intermittent ringing signals. The intermittency makes 

20 such faults difficult to recognize. 

25 

Conventional tests have not been very successful in 

detecting split pairs. Nevertheless, split pairs can 

degrade the quality of a subscriber line for high-speed 

data services. 

FIG. 6A and 6B provide graphs 68, 69 of the phase of 

the voltage difference V1 - V2 between resistors R1 and R2 

while testing two exemplary subscriber lines 12-14 with 

the measurement setup 52 of FIG. 4. The graphs 68, 69 

provide frequency sweeps of the phase difference, which 

30 show signatures of faults that can interfere with high­

speed data services, e.g., ISDN or ADSL. 

Referring to FIG. 6A, the graph 68 shows a signature 

for a resistive imbalance fault on the tested subscriber 

line 12-14. The signature for a resistive imbalance is a 

- 12 -
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pronounced peak in the phase of the voltage difference V1 -

V2 • The peak appears in the phase difference between 

impedances of the tip and ring wires. The peak has a 

narrow width that is typically not more than a few hundred 

5 to about 2 KHz. Typically, the phase has a height of 

greater than about 

Ref erring to 

for a split pair 

14. The signature 

50. 

FIG. 

fault 

is 

6B, the 

on the 

a flat 

graph 69 shows a signature 

tested subscriber line 12-

and substantially constant 

10 phase for V1 - V2, i.e., a substantially constant non-zero 

phase difference between the input impedances ZT, ZR of the 

wires T, R. TypicaI,ly, the phase has a value of between 

about . 5° and 1. 5°. The nonzero and flat phase extends 

over a region of frequencies having a width of at least 

15 5, 000 kilo Hz. The phase of ZT and ZR may remain flat, 

nonzero, and peakless from about 100 Hz to about 20,000 Hz 

if a split pair is present, i.e., over the frequency range 

measurable through the voice test access 44; shown in FIG. 

1. A nonzero and substantially frequency independent 

20 phase difference between the input impedances ZT, ZR of the 

tip and ring wires is a signature for a split pair on the 

subscriber line 12-14 being tested. 

25 

FIG. 7 is a flow chart illustrating a method 70 of 

detecting a fault in the subscriber lines 12-14 with the 

system 11 .of FIG. 1. The computer 46 selects the 

subscriber line 12-14 to test for faults (step 72) . The 

measurement unit 40 electrically connects to the selected 

line 12-14 via the voice test access 44 of the TELCO 

switch 15 (step 74). The connection produces the 

30 measurement setup 52 illustrated in FIGs. 4 and 5. 

The measurement unit 40 performs one-ended electrical 

measurements to determine a signal proportional to the 

phase difference of the input impedances ZT, ZR of the tip 

- 13 -
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and ring wires of the selected line 12-14 (step 76) The 

quantity actually measured is the phase of V1 - V2 , which 

is proportional to the phase of the difference of the 

input impedances ZT, ZR. The device 41 measures the phase 

s by driving the tip and ring wires in the common mode 

configuration shown in FIG. 4. The driving frequencies 

are between about 100 Hz to 20,000 kilo Hz· and accessible 

via the voice test access 44. Such frequencies are very 

low compared to transmission frequencies of high-speed 

10 data services such as ISON and ADSL. 

The computer 46 analyzes the measurements of the 

phase as a function of frequency to determine whether the 

phase has a signature for a line fault (step 78). The 

line faults that produce signatures in the phase include 

15 split pairs and resistance imbalances as described above 

in relation to FIGs. 6B and 6A, respectively. Other 

signatures are possible, e.g., for other types of faults. 

If a signature for a line fault is found, the computer 46 

identifies that a fault has been detected (step 80). The 

20 identification may entail making a reporting act. The 

reporting act may include making an entry in a file that 

lists the faults on the subscriber lines 12~14, displaying 

a warning on an operator's display screen 4 7 or on a 

screen of a service technician (not show), or informing a 

2s program that allocates subscriber lines 12-14. If no 

30 

signatures for line faults are found, the computer 46 

identifies the absence of the line faults associated with 

signatures for the selected line 12-14, e.g., by 

performing a reporting act (step 82). 

FIG. 8 is a flow chart illustrating a method 90 for a 

test that determines whether the subscriber lines 12-14 of 

FIG. 1 qualify or disqualify for a high-speed data 

service. To start a test, an operator or the computer 46 

selects a subscriber line 12-14 (step 92) . The operator 
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er computer 46 also selects the type of data service for 

which the selected subscriber line 12-14 is to be tested 

(step 94) . For example, the types of service may be ISON 

or ADSL. After selecting the line 12-14 and service type, 

s the measurement unit 40 performs one-ended electrical 

measurements to detect preselected types of faults in the 

selected line 12-14 (step 96) . The one-ended measurements 

include tests according to the method 7 0 of FIG. 7 to 

detect split pairs. 

10 The other types of line faults and conditions, which 

are selected for testing, depend on the types and speeds 

of data services, the properties of the switch 15, and the 

type of modem to be used. Frequently, tests check for 

high signal attenuations, resistive imbalances, and the 

15 presence of load coils, metallic faults, or bridged taps, 

because these conditions and faults can disqualify a line 

for high-speed data service. But, line qualification 

tests may also check for capacitive imbalances, and above­

threshold noise levels, because these conditions can also 

20 affect qualification results. Methods and apparatus for 

detecting some of these conditions and faults are 

described in co-pending patent applications. 

One such application is U. K. Patent Application No. 

9914702.7, titled "Qualifying Telephone Lines for Data 

25 Transmission", by Roger Faulkner, filed June 23, 1999, 

which is incorporated herein by reference, in its 

entirety. Other such co-pending applications include the 

above-mentioned '954 and '563 patent applications. 

If one of the preselected types of faults or line 

30 conditions is detected, the computer 46 reports that the 

selected subscriber line 12-14 is disqualified for the 

selected data transmissions {step 98) . Otherwise, the 

computer 46 reports that the selected line 12-14 qualifies 

for the selected data service (step 100). 
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To report the tested line's status, the computer 46 

makes an entry in a list stored in the storage device 49. 

The list identifies the line, data service, and 

qualification or disqualification status. The computer 46 

s may also report the line's status by displaying a 

disqualification or qualification signal on the display 

screen 47 visible to an operator. 

FIG. 9 is a flow chart for a method 101 used by a 

TELCO to provide a high-speed data service, e.g., ISDN or 

10 ADSL, to telephone subscribers. The TELCO programs the 

computer 4 6 of FIG. 1 to automatically select individual 

subscriber lines 12-14 connected to the local switch 15 

(step 102). In response to selecting the line 12-14, the 

15 

voice test access 44 connects the selected line 12-14 to 

the measurement unit 40 for testing (step 104). The 

measurement unit 40 connects the selected line 12-14 to 

the measurement device 41 and may also connect the 

selected line 12-14 to other internal measurement devices 

(not shown) . The computer 46 and measurement unit 40 

20 determine whether the selected line 12-14 has a split pair 

and qualifies for the data service according to the 

methods 70, 90 of FIGs. 7 and 8 (step 106). Next, the 

computer 4 6 updates a list ·recording the identities of 

lines 12-14 that qualify and of lines 12-14 having split 

2s pairs (step 108). The computer 46 waits a preselected 

time and restarts the testing for another of the lines 12-

14 at step 102. 

The TELCO regularly checks the list to determine 

whether any of the lines 12-14 have split pairs (step 

30 110). If a line has a split pair, the TELCO performs a 

business action based on the presence of the split pair 

fault (step 112) . The business action may include sending 

a worker to repair or replace the affected line 12-14, 

designating the affected line 12-14 as unable to transmit 
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data, or se~ting a lower billing rate based on the 

presence of the fault. 

The TELCO also regularly checks the list to determine 

whether any of the lines 12-14 qualify for the high-speed 

s data service (step 114). In response to finding that one 

or more of the lines 12-14 qualify, the TELCO performs a 

business action related to the line's qualification (step 

116) . For example, the TELCO may offer the high speed 

data service to subscribers who have the lines 12-14 

10 qualified for the data service and who do not presently 

subscribe to the data service. 

SPECIFIC PHYSICAL STRUCTURE OF SUBSCRIBER LINES 

Referring again to FIG. 1, the subscriber lines 12-14 

is may have widely different physical structures. A line's 

specific physical structure is described by properties 

such as line length, gauge or gauges, and content of 

bridge taps. Interpretations of electrical measurements to 

obtain line transmission properties such as the signal 

20 attenuation are dependent upon the specific physical line 

structure. Thus, knowing the specific physical structure 

of a subscriber line aids in predicting how well the line 

12-14 will support high speed digital data services, e.g., 

to predict maximum data speeds. 

25 FIGs. lOA-E illustrate parameters that describe gauge 

mix parameters through exemplary lines 121-125 in which 

drawing widths represent wire gauges. The lines 121, 122 

have uniform structures described by different wire 

gauges. The lines 124, 125 have segmented structures in 

30 which adjacent segments have different wire gauges, i.e., 

mixtures of gauges. The gauge composition of these lines 

124, 125 is described by segment lengths and segment 

gauges. The structures are also described by the serial 

layout of the segments. The line 123 has different tip 
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and ring wires T4, R4 and is described by the gauges of the 

T4 and R4 wires. 

Referring now to FIG. 11, a subscriber line 127 has 

an extra twisted wire pair 128 spliced onto the line 127. 

s The spliced on wire pair 128 is ref erred to as a bridged 

tap. The existence or absence of bridged taps is a 

parameter that also influences how well the subscriber 

line 127 will support high-speed digital data services. 

In the United States, many subscriber lines have 

10 bridged taps because of the way in which telephone lines 

were laid out in housing subdivisions. Telephone lines 

were laid out prior to determining the exc:i-ct positioning 

of the houses of the subdivisions. The lines ran near 

planned positions of several houses. When the houses were 

1s later built, the builder connected the telephone units to 

the nearest point on one of the originally laid telephone 

lines. Unconnected portions of the original lines produced 

bridged taps. 

The bridged tap 128 reflects signals from termination 

20 129. The reflected signals then travel back to the 

subscriber line 127 and interfere with signals on the 

subscriber line 127. The most harmful interference occurs 

when the reflected signal is out of phase with the 

incoming signal. In such a case, the reflected signal 

2s destructively interferes with the incoming signal on the 

subscriber line 127. 

The length of the bridged tap 128 determines the 

phase difference between the original and reflected 

signals. For high-speed digital signals whose fr~quencies 

30 extend to about 1 mega Hertz (MHz), e.g., ADSL signals, a 

substantial cancellation can occur if the bridged tap 128 

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. 
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Thus, the ability to detect and remove the bridged tap 128 

is useful to TELCO's that want to offer high-speed digital 

data services to their subscribers. 

FIGs. 12A-12E illustrate structure parameters that 

s describe bridged taps 130, 134 through exemplary 

subscriber lines 135-139. The lines 135, 136 have bridged 

taps 130, 131 described by different physical lengths. 

The lines 137-138 have bridged taps 132, 133 described by 

different locations along the lines 137, 138. The line 

10 139 has a bridged tap 134, which is at least partially 

described by its location along a particular segment of 

the line 139. Finally, the lines 136, 139 have bridged 

taps 131, 134 described by different gauges: 

To determine the specific physical structures of 

1s unknown subscriber lines, a reference set of model lines 

may be employed. A reference set is an ensemble of model 

lines with different and known specific physical 

structures. To determine the specific physical structure 

of an unknown subscriber line, measured properties of the 

20 unknown line are compared to the same properties in model 

lines. If a match is found, the unknown line has the same 

specific physical structure as the matching model line. 

Reference data on the specific physical structures of 

the model lines may be compiled in either a reference data 

2s file or a set of reference equations. Both the reference 

data file and the set of reference equations index the 

individual model lines by values of a preselected set of 

measurable electrical properties. In some embodiments, 

the preselected electrical properties are the frequency-

30 dependent admittances measurable with the device 43 of 

FIG. 2C. 

The content of model lines in the reference set may 

be tailored to the expected structures of the unknown 

subscriber lines. For example, if the unknown lines do 
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not have bridged taps, the reference set might not have 

model lines with bridged taps. On the other hand, if the 

unknown lines may have bridged taps, the reference set 

includes some model lines with bridged taps. Knowledge of 

5 the practices used to lay out the subscriber lines under 

test can help to determine the best content of model lines 

for the reference set. For different subscriber line 

populations, reference sets can be selected empirically or 

based on human knowledge. 

10 Typically, the reference set includes model lines 

having uniformly varying values of the parameters 

described in relation to FIGs. lOA-lOE and 12ll.-12E. The 

model lines have a distribution of lengths and may include 

one, two, or three segments with zero, one, or two bridged 

15 taps, and a distribution of subscriber termination loads. 

The segments and bridged taps can have varying lengths, 

locations, and gauges. 

FIG. 13 is a flow chart for a method 140 of 

determining the specific physical line structure of the 

20 subscriber lines 12-14 of FIG. 1 from a reference set of 

model lines. To start, an operator or the computer 4 6 

selects a subscriber line (ssl) to test (step 142). The 

computer 46 directs the measuring unit 40 to perform 

preselected one-ended electrical measurements on the 

25 selected subscriber line over a range of frequencies (step 

144) . 

In one embodiment, the electrical measurements are 

one-ended and performed with the device 43, shown in FIG. 

2C. During the measurements, the voltage source 54 drives 

30 the tip and/or ring wires of the selected subscriber line 

12-14 with voltage sources V1', V2'. The driving frequency 

is swept over a range, e.g., from about 100· Hertz to about 

20,000 to 40,000 Hertz, and one or more of the admittances 

Ytg, Ytrr Yrg are measured for various driving frequencies. 
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The measurements provide complex input admittances, i.e., 

amplitudes and phases for a preselected set of frequencies 

"f". 

After perf arming the measurements, the computer 4 6 

s searches for a "best" match between model lines belonging 

to the reference set and the selected subscriber line 

10 

(step 146). 

preselected 

The search 

electrical 

for matches involves 

properties of the 

comparing 

selected 

subscriber line to the same properties for the model 

lines. For the 

the preselected 

selected subscriber line, 

electrical properties are 

the one-ended electrical measurements. 

the values of 

obtained from 

For the model 

lines, the values of the same electrical properties are 

either looked up from a file in the data storage device 49 

15 or calculated from a set of reference equations. The 

comparison determines which model line "best" matches the 

selected subscriber line. 

The computer 46 identifies a specific physical line 

structure for the selected subscriber line 12-14 has the 

20 same form as the specific physical line structure of the 

"best" matching model line (step 148) . Identifying the 

specific physical line structure may include reporting the 

structure, e.g. , displaying values of parameters for the 

specific physical structure to a operator, writing the 

25 values to a file, or providing the values to a software 

application. For example, the software application may 

use the match information to qualify or disqualify the 

selected line 12-14. The parameters may provide gauge 

mixtures and tap locations and positions. 

30 For the model lines, the specific physical structures 

are either stored in the same file listing the electrical 

properties of the model lines or determined from the 

reference equations. Actual values of the electrical 

properties and structure parameters of the model lines are 
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obtained prior to testing the subscriber line by analytic 

calculations or experimentation. 

In a preferred embodiment, the computer 46 finds the 

"best" matching model line by calculating an error 

s function for each model line (ml). The error function has 

one of two forms E or E' given by: 

E :Lt W ( f) I Mml ( f) Ms1(f) I and E' Lt W ( f) I Mrnl ( f) 

Ms1 ( f) 1
20

• 

Mrnl ( f) and Mssl ( f) are the values of the preselected 

10 frequency-dependent electrical properties · of the model 

line (ml) and the selected subscriber line (ssl), 

respectively. Q and W(f) define the form of the error 

functions, i.e., E or E'. Q is a fixed integer, e.g., 1 

or 2. W(f) is positive definite weight function, e.g., a 

15 function of frequency "f" or a constant. 

In some embodiments, the preselected electrical 

properties Mml ( f) , Mssl ( f) are the phases of one or more 

complex admittances of the lines ssl, ml. Various 

embodiments employ either the phase of the tip-to-ground 

20. admittance Ytgr the phase of the ring-to-ground admittance 

Yrg 1 and/or the phase of the tip-to-ring admittance Ytr· If 

the tip-to-ground or ring-to-ground admittances Ytg, Yrg are 

used, many termination effects due to the subscriber units 

16-18 of FIG. 1 are not seen. The phase of these 

25 

30 

admittances. is often 

approximately equals the 

small, 

ratio 

e.g., 

of the 

4° ·or less, 

imaginary to 

and 

real 

parts of the admittance. 

error function E' is: 

For such a case and Q = 1, the 

E' = Ld Im(admittance)mi/Re(admittance)mi -

Im (admittance) ssi/Re (admittance) ssl ] 2 • 

In another embodiment, the preselected electrical 

properties Mmi ( f) , Mssl ( f) are the full complex admittances 

of the lines ssl, ml, i.e., Y-cg, Yrg, and/or Ytr· Using the 
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complex admittances themselves can reduce computational 

times. 

Finally, in some embodiments, the best match to the 

selected subscriber line 12-14 may include a several 

s different model lines, e.g., model lines generating errors 

with a below threshold value. In these embodiments, the 

computer 46 identifies the selected subscriber line 12-14 

as having one or more common features of all of the "best 

matching" lines. For example, the computer 46 may 

10 identify the specific physical structure of the selected 

subscriber line 12-14 as having a bridged tap if all of 

the best matching model lines have a bridged tap. Then, 

the computer 46 may use the presence of a bridged tap in 

15 

20 

combination with other measurements to qualify 

disqualify the line 12-14. 

or 

FIG. 14 illustrates a method 150 of determining 

"best" matches by using the above-described phases. The 

computer 4 6 determines the length of the selected 

subscriber line using 

capacitance performed 

device 43 {step 152) . 

low frequency measurements for line 

by the measurement unit 40 and 

Next, the computer 4 6 selects a 

model line having the same length as 

subscriber line (step 154). 

the selected 

The computer 46 restricts comparisons to model lines 

25 with the same length as the subscriber line, because 

physical line length affects the values of the phases of 

admittances. Limiting comparisons to this subset of the 

reference set eliminates false matches with model lines 

whose lengths differ from the length of the selected 

30 subscriber line. 

The computer 4 6 calculates the error function E', 

based on the phase of preselected admittances, for the 

selected model line (step 155) . The computer 4 6 checks 

whether other model lines remain with the same length 
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(step 156). If other lines remain, the computer 46 

repeats the determination of E' for another selected model 

line (157) If no lines remain, the computer 46 reports 

the model line having the smallest value for the error 

s function E' as the "best" match to the selected subscriber 

line (step 158). 

Since the reference set may contain as many as 10,000 

to 100, 000 model lines, the method 150 may search the 

reference set hierarchically to reduce the total number of 

10 searches. In a hierarchical scheme, a first search 

divides the reference set into non-overlapping groups of 

model lines. Each group has a large number of lines with 

similar specific physical structures and defines one model 

line as a representative o-: the group. The first search 

15 uses the method 150 to determine a "best" match between 

the selected subscriber line and one of the representative 

model lines. A second search uses the method 150 on the 

model lines of the group associated with the best matching 

representative model line found from the first search. 

20 FIG. 15 is a flow chart illustrating a method 160 of 

qualifying subscriber lines, e.g., lines 12-14 of FIG. 1, 

for a high-speed data service, e.g., ISON or ADSL. After 

selecting a subscriber line to test, the computer 46 

searches a reference set of model lines for a "best" match 

2s to the selected subscriber line by using the methods 140, 

150 of FIGs. 13 and 14 (step 162}. The computer 46 

identifies the selected subscriber line as having a 

bridged tap or mixture of gauges in response to the "best" 

match model line having a bridged tap or mixture of 

30 gauges, respectively (step 163). The computer 46 

qualifies or disqualifies the selected subscriber line for 

the data service, at least in part, based upon whether the 

subscriber line has a bridged tap or mixture of gauges 

(step 164) . 
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In some 

attenuation 

embodiments, 

to qualify 

PCT/US00/10301 

the computer 46 uses the signal 

or disqualify the selected 

subscriber line according to a method described in co­

pending U.S. Application No. 08/294,563 ('563). In those 

s embodiments, the computer 4 6 calculates the signal 

attenuation by the methods described in the '563 

application. Then, the computer 46 adjusts· the calculated 

value of the signal attenuation up or down depending on a 

quality factor. The quality factor depends on the 

10 specific physical structure of the line, e.g., upon 

whether a bridged tap and/or a mixture of gauges is absent 

or present in the subscriber line. 

15 

According to the value of the quality factor, the 

computer 46 adjusts a calculated signal attenuation up or 

down by preselected amounts. For example, the attenuation 

may be decreased, unchanged, and increased in response to 

the quality factor being good, average, and poor, 

respectively. Then, the computer uses the adjusted signal 

attenuation to determine to qualify or disqualify the 

20 subscriber line for the data service according to methods 

described in the '563 application. 

In other embodiments, the computer 46 uses some 

specific physical line structures as disqualifiers. For 

example, if the above-described methods lead to the 

2s detection of a bridged tapr the computer 46 may disqualify 

the line for the data service. 

FIG. 16 is a flow chart illustrating a business 

method 165, which a TELCO uses to provide a high-speed 

data service to subscribers. The TELCO determines which 

30 subscriber lines 12-14 of FIG. 1 are qualified and/or 

disqualified for the data service according to the method 

160 of FIG. 15 (step 166) . 

Using the 

whether line 

method 160, 

structures, 

the computer 

e.g., bridged 

- 25 -
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selected mixtures of gauges, are present. The specific 

physical structure is then used to adjust predictions of 

electrical properties of the subscriber line, e.g., a 

signal attenuation. If the adjusted values of the 

s electrical properties are outside of thresholds for the 

data service the line is disqualified. 

Among subscribers with qualified lines 12-14, the 

TELCO determines which subscribers having qualified lines 

do not subscribe to the data service (step 167) . The 

io TELCO offers the data service to subscribers having 

qualified lines and not presently subsc.ribing to the 

service {step 168) . 

In response to finding subscribers with disqualified 

lines 12-14, the TELCO repairs or replaces those lines 12-

15 14 (step 169). 

STACKED BRIDGED TAP DETECTION 

Referring again to FIG. 1, tests for bridged taps 

preferably use one-ended electrical measurements that are 

20 performed on subscriber lines 12-14 via the "standard" 

voice test access 44. The voice test access 44 acts as a 

low pass filter, which screens out frequencies above 20 to 

100 KHz. Thus, electrical measurements are generally 

restricted to low frequencies between about 20 Hz and 100 

25 KHz. 

Bridged taps manifest their presence by peaks in the 

signal attenuation at high frequencies, e.g., between 

about 200 KHz and 1, 000 KHz. Predicting features of the 

high- frequency signal attenuation from the low-energy 

30 measurements, which are available through the voice test 

access 44, is difficult and error prone. Present methods 

falsely predict the presence or absence of bridged taps in 

about 40% of the cases. False predictions are costly to 

subscribers and TELCO's, because they can result in lost 
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opportunities for high-speed data services and can also 

result in investments in transmission equipment that lines 

do not support. 

The accuracy of tests for line conditions and faults, 

s e.g., bridged taps, can be improved with stacked 

generalization methods that use multiple layers of 

classifiers. The classifiers determine values of 

auxiliary variables, which are the labels they assign to 

classify subscriber lines 12-14. Auxiliary variables are 

10 generated as outputs of classifiers. The auxiliary 

variables are thus, related to electrical measurements on 

the lines 12-14 indirectly through probabilistic relations 

embodied in the classifiers. The classifiers of the stack 

15 

may be decision trees, neural networks, ·case-based 

reasoners, or statistically based classifiers. The old 

electrical properties and new auxiliary variables can be 

combined in classifiers that provide strong correlations 

between values of these quantities and the presence or 

absence of line faults and conditions, such as bridged 

20 taps and gauge mixtures. 

25 

FIG. 17 is a flow chart illustrating a method 170 for 

using stacked classifiers to detect selected line 

conditions or faults from electrical measurements made 

with the system 11 of FIG. 1. The system 11 preferably 

performs one-ended electrical measurements 

subscriber line 12-14 using either setup 52 

shown in FIGs. 2A-2C, 3 (step 172). 

on 

or 

a selected 

setup 60, 

To these 

measurements, the computer 46 applies a set of rules that 

define a preselected set of derived electrical properties 

30 for the selected line 12-14 (step 173). Algebraic 

relations relate the derived properties to the 

measurements. The measured and derived electrical 

properties are listed in Appendix A. 

The measured and derived properties together form the 
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input properties for the stack of classifiers. These 

input properties may include a preliminary value of the 

signal attenuation, the line length, line impedances, and 

ratios of line impedances. The selection of the input 

s line properties for the stack can be changed to 

accommodate different expected compositions of the 

subscriber lines 12-14 being tested. 

In each layer U, V of classifiers, shown in FIG. 17, 

the computer 46 determines values of one or more auxiliary 

10 variables for the selected line 12-14. The auxiliary 

variables may be logic-type variables indicating that the 

line 12-14 is labeled by a characteristic. The auxiliary 

variables may also be probability-type variables each 

indicating the likelihood that the line 12-14 is labeled 

is by one of a plurality of characteristics. 

In the first layer U of the stack, the computer 4 6 

applies a first classifier to input electrical 

measurements and properties to determine a first auxiliary 

variable (step 175). The first auxiliary variable 

20 characterizes the line 12-14 with a label "nominal" or a 

label "non-nominal". 

In a nominal line, low frequency properties provide a 

good prediction of the signal attenuation at the high 

frequencies where bridged taps strongly affect 

2s attenuation. Thus, knowing a value of an auxiliary 

variable that labels a line as nominal or non-nominal can 

improve the accuracy of predictions about the presence of 

line faults like bridged taps. 

Also in the first layer U, the computer 4 6 applies 

30 one or more second classifiers to the input electrical 

properties to determine one or more other auxiliary 

variables (step 176). These auxiliary variables provide a 

preliminary prediction of whether the selected line 12-14 

is qualified or disqualified for one or more high-speed 
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data services. In some embodiments, values of the 

auxiliary variables, 

the subscriber line 

found at step 176, indicate whether 

12-14 is qualified for ISDN or ADSL 

data services or neither. 

Disqualification for high-speed 

correlates with presence of a bridged 

bridged tap lowers a line's capability 

data service 

tap, because a 

to carry high-

frequency signals. Thus, knowing a value 0£ an auxiliary 

variable that preliminarily labels a line as qualified or 

10 disqualified for data transmissions can improve the 

accuracy of predictions about the presence or absence of 

bridged taps. 

Steps 175 and 17 6 may be performed in parallel or 

sequentially. If these steps 175 and 176 are sequential, 

15 the value of the auxiliary variable output by the earlier 

step may be used in the later step. If step 17 5 is 

earlier, the classifier of step 176 may use the auxiliary 

variable labeling the line 12-14 as nominal or non­

nominal, as an input. If step 176 is earlier, the 

20 classifier of step 175 may use the auxiliary variables 

providing a preliminary qualification or disqualification 

for data transmissions as inputs. 

At the second layer V of the stack, the computer 46 

applies a classifier to the auxiliary variables from steps 

2s 175 and 176 and the electrical measurements and properties 

from steps 172 and 173. This classifier determines 

whether the selected subscriber line 12-14 has a 

preselected type of line fault or condition {step 177). 

For example, the fault or condition may be existence of a 

30 bridged tap or a gauge mixture. 

The layered stack U, V can predict the presence or 

absence of bridged taps with a substantially increased 

accuracy. The two-layered stack of FIG. 17 can predict 

the presence of bridged taps with an accuracy of between 
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about 75% and 85% and the absence of bridged taps with an 

accuracy of greater than about 97%. 

In steps 175, 176, and 177, classifiers analyze input 

data to determine the values of output data. Henceforth, 

s the input data, which includes one-ended measurements, 

properties derived from one-ended measurements, and/or 

auxiliary variables, are referred to as line features. 

The output data, which are values of auxiliary variables, 

are referred to as classifying labels. 

10 Their line features and labels can describe the 

classifiers of steps 175, 176, and 177. The classifier in 

step 175 uses the selected measured and derived electrical 

properties of the selected line 12-14 as features to form 

classes with labels "nominal" and "non-nominal" . The 

is classifier of step 176 uses the same features to form 

classes with labels "ISDN qualified", "ADSL qualified", or 

"data service disqualified" in one embodiment. The 

classifier of step 177 uses the same features and values 

of the characterizing labels from steps 175, 176 to form 

20 classes with labels "bridged tap present" and "bridged tap 

absent". 

The label "nominal" describes a type of signal 

attenuation over a range that includes both low 

measurement frequencies and high data service frequencies. 

2s For a nominal line, the difference between actual and 

predicted signal attenuations AA(f) and PA(f) has a simple 

dependence on frequency "f". The ·actual signal 

attenuation AA is the attenuation of the line determined 

from direct double-ended electrical measurements. The 

30 predicted signal attenuation PA is the attenuation 

obtained from one-ended electrical measurements, e.g., 

using the system 11 of FIG. 1. 

The predicted signal attenuation PA (f) 

obtained from a subscriber line's capacitance, 

- 30 -
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capacitance ctg30Hz between tip wire and ground measured at 

30 Hz. 

PA(f) is: 

One form for the predicted signal attenuation 

PA(f) = K(f)Ctg30Hz· 

s In this formula, K(f) -.1729, -.2074, -.2395, -.2627, 

10 

15 

and -.2881 dB/nano-Farads for respective frequencies f 

equal to 100, 200, 300, 400, and 500 KHz. 

Another form for the predicted attenuation PA (f) is 

described in co-pending U.K. Patent Application 9914702.7. 

the 

PA (f) 

1) 

2) 

or 

For a nominal line, the difference, DFF (f), between 

actual and the predicted signal attenuations AA(f), 

has one of the following forms: 

DFF(f) < 3.5 dB for 100 KHz < f < 500 KHz; 

3.5 dB 5 DFF(f) < 10.0 dB for 100 KHz < f < 500 KHz; 

3) DFF(f) ~ 10.0 dB for 100 KHz < f < 500 KHz. 

If the frequency dependent difference DFF{f), i.e., 

IAA(f)-PA(f) I, does not have form 1, 2, or 3, the line 12-

14 is classified as a non-nominal line. Thus, a direct 

20 determination of whether a particular line 12-14 is 

nominal requires both one-ended and two-ended measurements 

to obtain both PA(f) and AA(f). 

FIG. 18A shows predicted and actual attenuations of 

exemplary nominal lines A, B, and c. For the line A, 

2s predicted and actual attenuations PAA and AAA differ by 

less than 3. 5 dB for the entire frequency range between 

100 and 500 KHz. The line A has a DFF(f) of form 1. For 

the line B, predicted and actual attenuations PA8 , AA8 

differ by between 4 and 9 dB over the 100 KHz to 500 KHz 

30 frequency range. The line B has a DFF(f) of form 2. For 

the line C, predicted and actual attenuations PAc, AAc 

differ by between more than 10. 0 dB over the 100 KHz to 

500 KHz frequency range. The line C has a DFF(f) of form 

- 31 -
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3. 

FIG. 188 shows predicted and actual attenuations of 

exemplary non-nominal lines D and E. For the line D, 

predicted and actual signal attenuations PAo, AA0 differ by 

s about 8 dB at 200 and 400 KHz and are equal at 150 and 300 

KHz. This form for PAn and AAn does not correspond to a 

DFF{f) of form 1, 2, or 3. For the line E, predicted and 

actual signal attenuations PAE, AAE differ by less than 3.5 

dB at frequencies between 100 and 200 KHz and by more than 

10 8 dB at frequencies between 400 and 500 KHz. This form 

for PAE and AAE also does not correspond to a DFF (f) of 

form 1, 2, or 3. 

In the non-nominal lines D and E wide fluctuations 

occur in DFF(f). These fluctuations make a constant shift 

is of the predicted attenuation PA(f) a poor approximation to 

the actual attenuation AA ( f) over the whole range that 

includes both high and low frequencies. 

FIG. lBC shows predicted and actual signal 

attenuations PAF, AAF for another nominal subscriber line 

20 F. A shifted predicted attenuation SPAF, .which has been 

obtained by shifting the predicted 

constant, is also shown. For the 

shifted predicted attenuation SPAF 

attenuation PAF by a 

nominal line F, the 

provides a better 

approximation to the actual attenuation AAF that the 

2s predicted attenuation PAF over the entire range between 100 

KHz and 500 KHz. 

The actual and predicted signal attenuations AA(f), 

PA ( f) of nominal lines are approximately related by a 

constant shift over a wide frequency range. The wide 

30 frequency range includes both low measurement frequencies 

and high frequencies where effects of bridged taps are 

directly observable. 

In step 176 of FIG. 1 7, the labels ISDN qualified, 

ADSL qualified, and data service disqualified are defined 

- 32 -
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by the value of the actual signal attenuation at 100 KHz 

and 300 KHz. High-speed data qualified and disqualified 

lines satisfy: 

Class Label 

ADSL qualified 

ISDN qualified 

Disaualif ied 

100 KHz 300 KHz 

attenuation > -47dB attenuation > -40 

attenuation > -47dB attenuation ~ -40 

attenuation < -47dB attenuation < -40 

Thus, qualification or disqualification of a line 12-14 

10 for ADSL and ISDN are defined by the value of the actual 

signal attenuation at two high frequencies, i.e., 100 KHz 

and 300 KHz. 

15 

FIG. 19 illustrates a decision tree 180 that 

determines a classifying label, e • g •I an auxiliary 

variable, generated in steps 175-177 of FIG. 17. A 

separate classifier, e.g., a decision tree, is used to 

determine each such label. 

The decision tree 180 has a hierarchical arrangement 

of branching tests 1, 1.1-1.2; 1.1.1-2.2.2, ... , which are 

20 grouped into descending levels 1, 2, 3. . . . Each test 

assigns feature data received from a higher level to 

disjoint subsets in the next lower level. The subsets of 

the lower level are located at ends of arrows starting at 

the test. For example, test 1. 1 assigns feature data to 

25 subsets 1. 1 and 1. 2, which are located at the ends of 

arrows 6 and 7, see FIG. 20. At the lower level, another 

set of tests can act on the feature data. 

FIG. 20 illustrates how the tests 1, 1.1, 1.2, ... of 

the various levels of the decision tree 180 of FIG. 19 act 

30 on a set of feature data associated with the subscriber 

lines 12-14. Each successive test partitions the set, 

i.e., by using values of the selected features, into 

increasingly disjoint output subsets. For example, test 1 

- 33 -
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partitions the initial feature data into subset 1 and 

subset 2. The distal end of each path through the 

decision tree 180 assigns a subscriber line to a final 

subset in which the lines are primarily associated with 

5 one value of the classifying label of the tree 180. Some 

decision trees 180 determine a probability that thE:: 

subscriber line 12-14 has the value of the label of the 

final subset to which it is assigned. 

FIG. 21 is a flow chart for a method 190 of creating 

10 decision trees for use as the classifiers in steps 175, 

176, and 177 of FIG. 17. The method 190 uses machine 

learning methods. 

To employ machine. learning, a training set of 

subscriber line data is created {step 192). The content 

15 the training set includes model lines with different 

values of the labels used by the decision tree to classify 

lines. If the decision tree classifies lines with the 

label "bridged tap present" and "bridged tap absent", then 

some of the lines of the training sets will have bridged 

20 taps and some of the lines will not have bridged taps. 

Similarly, in a stack of trees that classifies lines with 

a particular label, each tree therein is constructed from 

a training set having lines with different values of the 

particular label. 

25 For each line of the training set, a computer and/or 

operator determines the values of a set of potential 

features and the classifying labels (194). 

The potential features include one-ended measured and 

derived electrical properties that may be used in the 

30 tests of the decision tree. The potential electrical 

properties of one embodiment are listed in Appendix A. 

The potential features also include values of any 

auxiliary variables that may be used in the tests of the 

decision tree. For example, a decision tree used in step 

- 34 -
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177 of FIG. 17 would also include, as potential features, 

auxiliary variables determining whether a line is nominal 

and preliminarily qualified for preselected data services. 

The classifying labels are 

auxiliary variables output by the 

the values of 

decision tree. 

values of these output auxiliary variables may, 

the 

The 
for· 

example, include a determination of whether a line is 

nominal, qualified, or has a bridged tap. 

io Determinations of values of the classifying labels 

for the lines of the training set may use both one-ended 

and two-ended electrical measurements. For . example, to 

classify a line of the training set as nominal or non­

nominal a two-ended measurement of the actual attenuation 

is and a one-ended measurement of the predicted attenuation 

are needed. Similarly, to determine the classifying label 

associated with qualification for data services, two-ended 

measurements of the actual attenuation are used. The two­

ended measurements are not, however, used as inputs in the 

20 construction of decision trees. 

From the values of the potential features and 

classifying labels of each line in the training set, the 

computer 46 recursively determines the branching tests of 

the decision tree (step 196). 

2s FIG. 22 is a flow chart for a method 200 of 

determining the branching tests of the decision tree 180 

shown in FIGs. 19-20. For each potential feature, the 

computer 46 constructs a test and partitions the training 

set into groups of disjoint subsets (step 202). The test 

30 associated with a feature assigns each line of the 

training set to subsets according to a value of that 

feature for the line. 

The computer 46 evaluates gain ratio criteria for the 

partitioning of the training set produced by each 

- 35 -
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potential feature (step 204) . The gain ratio criteria 

measures increases in consistency of line membership for 

different values of the classification label in each 

subset. The computer 4 6 uses the gain ratio criteria to 

s find a best test and def in es test 1 of the decision tree 

180 to be the best test (step 206). 

The computer loops back to perform s·teps 202, 204, 

and 206 for each subset produced by test 1 to determine 

the tests of level 2 of the decision tree 180 {loop 208). 

10 In these determinations, the subsets produced by the best 

test of level 1 become training sets for finding the tests 

of level 2. After performing steps 202, 204, and 206 for 

the subsets 1 and 2, the computer 4 6 has determined the 

tests 1.1 and 1.2 of the level 2 (loop 208). The computer 

1s 46 performs loop 208 either until further branches produce 

line classification errors below a preselected threshold 

or until no features remain. 

Several methods exist for defining the best branching 

tests at each level of the decision tree 180 of FIG. 19. 

20 The C4.5 method defines best tests as tests producing the 

highest values of the gain ratio criteria. The C4.5* 

method randomly picks the best tests from the tests whose 

values of the gain ratio criteria are within a preselected 

selection percentage of the highest value. 

2s The C4.s* algorithm predicts probabilities that a 

30 

line with features "d" will be partitioned into each final 

subset of the decision tree. The probability that the 

line will be in the majority final subset L is: 

PL(d) = 1 -

Here, Ni is the number of lines in subset "i". 

probability that the line will be in a subset "i" is: 

Pi (d) = (1 - PL(d)] (Ni/,E(j in L)Nj). 

The 

In embodiments using the C4.5* algorithm, the above-
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described probabilities are the auxiliary variables used 

as features in the steps 175-177 of FIG. 17. 

Various embodiments combine the methods of detecting 

line faults (70, 90), determining lines structures (140, 

s 160), and stacking fault detection (170), shown in FIGs. 

7, 8, 13, 15, 17. By combining the above-mentioned 

methods, these embodiments can better classify subscriber 

lines according to a variety of criteria. These criteria 

include presence of line conditions and faults, 

10 speed, and qualification status. 

line 

Other embodiments are within the 

following claims. 

What is claimed is: 

- 37 -
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3011: .Ra.w M-•"UZ-es: 
Y~rt30l - Adml.::a.nce c:.~-co-r.:..~g measureci ac JOHz 
~tq(30l - Admi.c:ance c:.~-co-grour.d measured ac 30Hz 
Yrql301 - Admi.c:ance r:.~g-co-qrow-.d. measured ac 30Hz 

JOllz oar=.ved Maaa~cs: 

PCT/US00/10301 

30Gtr - Canduccance c:.?-co-::.nq measured a: 30Hz = real(Ytrt30J) 
30Str - Swscepcance t.i?-co-ri~q ~e~ured ac 30Hz = i.maq(Yt~t30l) 
JOGtq - Conduccance cip-co-qrcur.C. ~easured at 30Hz = raal(YtqCJO' l 
lOStq - Suscapcance c:.p-c.o-q:ou:u:i :easured ac JOH: ~ i.maqtYt!30J 
30Ctr - Capaci:ance t.i•-c.o-rin~ ~ured ae lOHz = Strt30)/t2•p~·Jo1 
30Ctq Capacicanc:e ci~-co-qrowzd =eaaured at JOBz = St(JOJ/(2•p~·JQ) 
I.meas - ~enqcn i~ kf: ~easu:ed ac JOH: = 30Ctg1i7.47 

l5Daz-20iat: Raw M•aaurm11UU1.ea: 
n~rt:: l - Admic:ance c:.-;::-c.o-r.!..::g where t=1.50H:z:. 600Hz. l.CSOH:z:. :;;ooa: .... :9950Hz 
~tqtfl - Admicca-~ce c.1~-c.0-grour.d wnere ~~SOH:z:,600Rz.l050Hz.:!OO:!z .... :9950Hz 
~rq(fl - Admictance r:.=g-co-grouna where f:l50Hz.o00Hz.lOSOH%.:5~0Hz .... l9950Hz 

lSDll:-2Dlal: Da&-:.v.d MeaaurlUl!elics: 
lSOCtr - Conciuccance tip-co-rir.q =easured ac lSOHz = realCYt:{lSJll 
600Gtr - Conductance C!?-co-ri:q measured ac 600H:z: = real(Yt:(60JI) 

l9950Gtr - Conduc:.ance c:.?-co-rir.g measured at l9950Hz: real(Y':r{l9950ll 

lSOScr - S~cepcar.ce ~ip-co-r;_~q me~u:ed ac lSOHz 
600Str - Suscepcance C!p-co-ri:q measured at 600Hz 

ur.aq(Y':r:lSOJ l 
imag('!':r(500J l 

:9950Str - Susceptance ci?-co-rinq =easurcd at 19950Hz = imaq1Yt~tl99501l 
:SOGtq - Conductance c!~-to-qrour.~ measured at l50Hz = realCY':~tlSOll 
600Gtq - Conduccance ~:.p-co- qro~ci measured at 600Hz = real(Y':g(6Q0ll 

19950Gtg - Ccnduc:ance t~p-co- ground measured a~ l9950Hz = realCYtq(l9950)) 

lSOStg - Swsc~ca.nce cip-to- ground measured at lSOHz 
600Stq - Swscepcance :!p-co- ground ~easured at 600Hz 

imaqt'!::.c; Cl.SOI I 
i.:naq(Yt:c; (6001) 

l9950Stq - Su.scepcance t!?-co- ground measured at l9950Hz = ima~!Ytg(l9950)l 

lSOCtr - Capacitance ci~-cc-rinq measured at lSOHz = 
600C~r - Capaci:ance cip-cc-rinq eeasured at 600Hz 

LSOStr/(2•pi•l50> 
600Str/ [2•pi*600J 

L9950Ct: - Capaci:ance ::.;:-to-ring meast:red. at l9950Hz = l9950St.r/!2•pi•199SOJ 

lSOCtq - Capaci:ance ci~-co-ground. measured at lSOH% 
600Ctq - Capaci~ance cip-co-gro1.1.t1d meast:red at 600Hz 

lSOStgt11•pi•lSOl 
600Stg/(2·~~·600) 

l9950Ctq - Capacicance =:.~-co-ground measured at 19950H:z: 

38 
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lSOE:-201Cl: S•a-.ci.ary Cer::i.v.ci M-•ur-:s: 
CJO/C4K - ita.cio of ::.p-c.o-grour..d Cap4c1tar.ce at JOHz to 4200Hz 
C4K/ClOK - Rac.io of t:.j;l-to-grOU-'ld Capaci:ance at: 4:200HZ c.o lOOSOHz 
:~lope - Tip-co-ground Ca~ac:.:ance ratio siope = CC4K/C10K)/(CJO/C4KI 
C30-C'1K - :>ifference i.::. tip-to-ground Capa.cit:.ance ac. JOHz and. 42nOH:z 
CIX-C10K - Oifference i~ tip-to-ground Capacicanca ac 4200Hz and ~OOSOH: 
Cdelc.a - Tip-co-ground Capacicance cii.fference dalea = IC4K-C~OKJ/CCJO-C4KI 

G4X/GJO - R&t:i.o of ci~-c.o-qround Conduccance ac 4200Hz co 30Hz 
Gl01t/G4K - :tac:i.o of t:i;:i-co-qround. Conciuccance at lOOSOHz to 4200:tz 
Gslape - ~ip-co-qrcund Conductance rac:io slopa = (G10K/G4KJ/(G4XIG30l 
G4X-GJO - u~ffeJ:ence i~ eip-eo-qrounci Conductance ae JOH: and 42JOKz 
GlOK-G4K - Oifference ~~ tip-co-qround Ccru:iucta.nce ac. 4200Hz and lOOSOKz 
Gdal.ta - Tip-ec-qroun.cl Con~uccance difference delea = !G10K-G4Kl/CG4K-Gl0l 

C30/G30 - Ratio of Tip-co-ground Capaci:ance to Concuccance ac 3uHz 
Cl0/G4K - Racio of Tip-co-qrouna Capaci:ance ac 30Hz to Conducca~ce ac 4200Hz 
C4K/G4K - ~ation of T:~-c.o-grouna C3pacieance co Conducez:i.nce at 4200Hz 

Gtr_dmax - Maxi::um posicive slope of Gtrt:l ~ rnax'derivacivetGtr~fl/dfll 
G~_f::ax - ~requenc:y at wiuc!:. G::.:_d::ax occurs 
Gtr_dmiA Maximum neqacive slope of G::.rtfl ~ min<derivac~ve<Gtrtfl/dfll 
Gtr_fmin - Frequency at wh.i.ch. Gtr_C::tin occurs 
Gtr_fpk - Frequency of first peak <local maltimalin Gtr(f) 
Gtr_fval - Frequency of firsc valley(locni minimalin Gtr(f) 
Gtr_d_delta - Gtr ~..ax/Min Derivaeive difference : Gt:_dmax-Gtr_c:ir. 
Gtr~k_delta - Ctr peaxivalley frequency di.fference = Gtr_fval-G~=-f~k 
Ctr~~ - Value of Gtrtfl at:. frequency Gtr_fpk 
Gtr_val. - V'&l.ua of G::.rtfl at: frequency Gtr_fva.l 
Gtr_dalea - cer peak/valley difference = Gtr_pk-Ger_val 

Gtq_dmax - Maximum. positive slope of Gtq(f) = max<derivacivetGt;tfl/df)) 
Gcq_:max - Frequency ac which c::.q_cimax occurs 
Gtq_c:lmin - Maximum neqacive slope of Ctqlfl = m.inCderivacivelGtglfl/df)J 
Gtg_!mi.n - Freq1.1ency ac. wnic: G:q_dm.in occurs 
Gtq_d_delca - Gt.g Max/Min uerivacive d:i!!erence = Gtq_dmax-Gt:.q_c:::u.n 

Ctr_dmax MalUmum posic.~ve slope of CtrCfl = maxtderivat1vetCt.::fl/dfll 
Ctr_fmax - Frequency ac whic.tl Ct:r_cimax occurs 
Ctr_dmi.n - Maxi.mum neqacive slope of Ctrtfl = mintderivacive<Ctrtfl/dfll 
Ctr_fmin - Freq1.1ancy ac wh:ich Ct.r_dmin occ:ur::s 
Ctr_fpk - Frequency of fi.rsc peak <local maximal in Ctrtfl 
Ctr_fval - Frequency of f!.rsc valleytloc:al minima) in Ctrtfl 
Ctr d d•lta - Ctr MaxJMin Cerivacive difference = Ctr dmax-Ct: dmi.., 
Ctr~k_d•lta - Ctr peak/valley frequency difference =-Ct.r_tval::c.r_fpk 
Ctr_val - Value of Ct.r(f) ac. frequency Ctr_fval 

Ctq_dmax - Maximum posicive slope of Ct~tfl = m.a.x(darivac~veCCtq(f)/dfll 
Ct.q_fmax - Frequency ac. which Ct.q_dmax occurs 
Ct.q_dmin - MaXimum neqacive slope of Ctq(f) = m.in(darivacive{Ctq(fl/dfJ) 
Ct.q_fmin - Frequency ac. which Ct.q_am:i.n occurs 
Ct.q_d_d.alta - ccq Max/Min Derivative difference = Ct.q_dmax-Ctq_dmin 

Ser_cimax - Ma.Ximwn positive slope of Str(f) = m.a.xtderivaciveCSt.r!fl/dfll 
St.r_fmax - Trequenc:y at which St.r_ci.-:iax occurs 
scr_d::U.n - Maximum neqacive slope of Strtf) = mintdar1vacive<Str!fl/df)) 
Str_f:nin - :requency ac. which Str_C::l.in occurs 
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Str_:.ik - Frequency of f.i:~c peak <local ma.lti.mal in St:.r(f) 
Str_fval - Frequency of f~:sc valleytlocai mjnjm•)in Str(f) 
Scr_d_dalta - Str Max/Min Derivacive difference • Str_dmax-St:_d:.in 
St:.r~k_delta - Str peak/valley f:equenc:y difference = Str_fval-Str_!~k 
Str~~ - Value of St:.rtf) at ::equency Str_fpk 
Scr_val - Valua of Strtfl at frequenc:v St:_fval 
Scr_delca - Str peak/valley di!ference ~ Str_pk-Str_val 

Scq_c:imax - ~positive slope of Stqtfl = maxtdarivaeive(Stq1fl/df)J 
scc;_f:::ax - Frequency at which Seq_dmax occurs 
Stq_dmin - ~ax.im.um neqative slo~e o: Stq(fl = m.i.n(darivativa(Stq1f)/df)J 
Stq_f~in - Frequency at whic: Stq_d:::ti.n occurs 
Stq_Epk - Frequency of first peak <local niax;ima)in seq(f) 
Stq_fval - ?'requency of fi:se va.l.J.eytlocal m.ini.ma)in Stq(fJ 
Stq_d_delta - Stq Max/Min Oeri.vaci•.te ci.i.f!erence "' Stq_dma.x-Stq_c:irU.n 
Stq_;ik_delta - Stq peak/valley frequency difference = St:.q_fval-St:q_:;:::Jc 

Gtg20k/Gtq8k - Ra.tic cf Gtq ac l99SOH% and S2SOH% 
Gtq20k/Gtq4k - RAcio of G~q ac L9950Hz and ~200Hz 
Cq~JO/Cq=20k - ~acio of c:g a~ JOH: and l9950Hz 
CqcJO/CqcSk - Rat:.~o of C~q ac JOH% and 8250Hz 
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What is claimed is: 

1. A method of determining a physical structure of 

a subscriber line, comprising: 

s searching a reference set for a match between the 

subscriber line and a model line of the reference set, 

the match being based on electrical properties of the 

lines; and 

identifying that the subscriber line has a specific 

10 physical structure in response to finding a match with 

one of the model lines that has the specific physical 

structure. 

15 

2. The method of claim 1, further comprising: 

performing electrical measurements to determine the 

electrical properties, the electrical measurements being 

one-ended measurements. 

3. The method of claim 2, wherein the act of 

20 searching comprises: 

25 

30 

evaluating an error function for each model line to 

determine quality of the match between values of the 

electrical properties of the model and subscriber lines. 

4 . The method of claim 2, wherein the one-ended 

measurements determine one of a tip-to-ring admittance, a 

tip-to-ground admittance, and a ring-to-ground 

admittance. 

5. The method of claim 4, wherein the electrical 

properties include a quantity representative of a phase 

of an impedance of the subscriber line. 

6. The method of claim 4, wherein the act of 
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performing includes transmitting a voltage signal to the 

subscriber line through a test access of a switch or a 

DSLAM device. 

7. The method of claim 2, wherein the act of 

identifying indicates that the subscriber line has one or 

more bridged taps in response to the matching model line 

having one or more bridged taps. 

10 8. The method of claim 2, wherein the act of 

15 

20 

25 

identifying indicates that the subscriber line has a 

mixture of gauges in response to the matching model 

having a mixture of gauges. 

9. The method of claim 2, wherein the act of 

searching for comprises: 

looking up values of the electrical properties of 

the model lines in a data storage device. 

10. The method of claim 2, wherein the act of 

searching comprises: 

computing values of a portion of the electrical 

properties of the model lines using a reference equation. 

11. The method of claim 2, wherein the one-ended 

measurements are performed at a plurality of frequencies. 

12. The method of claim 11, further comprising: 

calculating a value of signal attenuation for the 

30 subscriber line from the one-ended measurements; and 

increasing the calculated value in response to 

determining that the line has a bridged tap. 
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13. A method of qualifying a subscriber line for a 

data service, comprising: 

searching a reference set of model lines for a best 

match to a subscriber line by comparing sets of 

s electrical properties; 

determining that the subscriber line has a specific 

physical structure in response to the best matching model 

line having the specific physical structure; and 

disqualifying the subscriber line for the data 

10 service, in part, in response to determining that the 

specific physical structure corresponds to a disqualified 

line. 

14. The method of claim 13, wherein the electrical 

1s properties are obtained from one-ended measurements on 

the subscriber line. 

15. The method of claim 14, wherein the act of 

searching for a best match comprises: 

20 evaluating an error function for each model line to 

25 

determine quality of correspondence between the 

electrical properties of the model line and of the 

subscriber line. 

16. The method of claim 14, wherein the compared 

properties include a quantity indicative of the phase an 

impedance of the subscriber line. 

17. The method of claim 14, further comprising: 

30 making one-ended electrical measurements on the 

subscriber line at a plurality of frequencies to obtain 

the electrical properties. 
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18. The method of claim 17, further comprising: 

calculating a value of signal attenuation for the 

subscriber line from the one-ended measurements; and 

increasing the value in response to determining that 

5 the line has a bridged tap. 

19. The method of claim 18, wherein the act of 

disqualifying is responsive to the increased value being 

greater than a predetermined threshold value for the data 

10 service. 

20. The method of claim 17, wherein the one-ended 

measurements determine one of a tip-to-ring admittance, a 

tip-to-ground admittance, and a ring-to-ground 

is admittance. 

20 

21. The method of claim 17, wherein the making one­

ended measurements includes driving the subscriber line 

through a test access of a switch or DSLAM device. 

22. A method of providing a data service, 

comprising: 

searching a reference set of model lines for a best 

match to a subscriber's line by comparing measured 

25 electrical properties to properties of the model lines; 

determining whether the subscriber's line is 

qualified for the data service based in part on whether 

the best matching model line has a one of a bridged tap 

and a mixture of gauges; and 

30 performing a business action in response to 

determining that the subscriber's line is qualified. 

23. The method of claim 22, wherein the business 
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action includes offering one of the data service and a 

service quality-level agreement to the subscriber. 

24. The method of claim 22, wherein the act of 

s offering comprises: 

]_Q 

15 

performing one of a repair and a replacement of the 

subscriber line in response to determining that 

subscriber line is disqualified. 

25. The method of claim 22, further comprising: 

repeating the acts of searching, determining, and 

performing for a plurality of subscriber lines connected 

to one telephony switch or one DSLAM device. 

26. The method of claim 22, wherein the act of 

searching for a best match comprises: 

evaluating an error function for each model line to 

determine quality of a correspondence between the 

electrical properties of the model line and the 

20 subscriber line. 

25 

30 

27. The method of claim 22, wherein the compared 

properties include a quantity indicative of a phase of an 

impedance of the subscriber line. 

28. The method of claim 22, further comprising: 

performing one-ended electrical measurements at a 

plurality of frequencies to obtain the electrical 

properties. 

29. The method of claim 22, wherein the act of 

determining further comprises: 

calculating a value of a signal attenuation for the 
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subscriber line from the one-ended measurements; 

increasing the value in response to determining that 

the line has a bridged tap or a mixture of gauges; and 

wherein the act of qualifying is responsive to the 

s increased value being less than a predetermined threshold 

value for the data service. 

30. A data storage device storing an executable 

program of instructions for determining a structure of a 

10 subscriber line, the instructions to cause a computer to: 

15 

20 

25 

search a reference set for a match between the 

subscriber line and a model line of a reference set, the 

match being based on electrical properties of the lines; 

and 

identify that the subscriber line has a specific 

physical structure in response to finding a match with 

one of the model lines that has the specific physical 

structure. 

31. The device of claim 30, wherein the electrical 

properties are determined from one-ended measurements. 

32. The device of claim 30, wherein the 

instructions to search cause the computer to: 

evaluate an error function for each model line to 

determine quality of the match between values of the 

electrical properties of the model and subscriber lines. 

33. The device of claim 30, wherein the electrical 

30 properties include a quantity representative of a phase 

of an impedance of the subscriber line. 

34. The device of claim 31, wherein the 
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instructions to identify cause the computer to indicate 

that the subscriber line has one or more bridged taps in 

response to the matching model line having one or more 

bridged taps. 

35. The device of claim 31, wherein the 

instructions to identify cause the computer to indicate 

that the subscriber line has a mixture of gauges in 

response to the matching model having a mixture of 

10 gauges. 

36. The device of claim 31, wherein the electrical 

properties in a property at a plurality of frequencies. 

15 37. The device of claim 31, the instructions 

further causing the computer to: 

calculate a value of signal attenuation for the 

subscriber line from the one-ended measurements; and 

increase the calculated value in response to 

20 determining that the line has a bridged tap. 
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A high speed modem (26) that transmits and receives digital data on an ensemble of carrier frequencies spanning the 

usable band of a dial-up telephone line ( 48). The modem includes a system (30, 32, 34, 36, 40, 43, 44) for variably allocating 
data and power among the carriers to compensate for equivalent noise and to maximize the data rate. Additionally, sys­
tems for eliminating the need for an equalization network, for adaptively allocating control of a channel, and for tracking 
variations in line parameters are disclosed. 
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