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Exhibit 2 

THE QWEST ARIZONA PERFORMANCE ASSURANCE 
PLAN 

1.0 Introduction 

In conjunction with its applications to the ,4rkoim C‘cqcx~tion&&~? Commissions for 
reconmiendation for approval under Section 271 of the Telecommw~ications Act of 1996 (the 
“Act”) to offer in-region long distance service, Qwest Corporation (“Qwest”) proposes the 
following Performance Assurance Plan (“PAP”). Qwest is committed to continued 
compliance with its Section 271 obligations. As proof of that commitment, Qwest is prepared 
to voluntarily enter into this post-271 approval monitoring and enforcement mechanism, as 
outlined below, as a demonstration of its commitment to continue to satisfy Section 271 of the 
Act. 

The Qwest PAP mirrors the performance assurance plan approved by the Federal 
Communications Commission ((‘FCC’’) for Southwest Bell Telephone Company-Texas. 
Qwest believes that controversy can be avoided and the resources of the %&e-Commissione 
and the Company c m ~ ~ - b  best beutilized by avoiding a drawn out process of creating a 
performance assurance plan from scratch. Therefore, Qwest kw-&k~+rrzok ..... ___.._ the extraordinary 
step of duplicating key elements of the approved Texas plan. 

The FCC has recognized that performance assurance plans may vary widely from state to 
state, but that the key elements of any plan should fall within a “zone of reasonableness” such 
that the plans rovide incentives sufficient to foster on-going satisfaction of 2.7 1 
requirements. Rather than “reinvent” key elements, the Qwest PAP adopts the Texas 
enforcement plan structure, including its statistical tables and payment schedules. 
Furthermore, the Qwest PAP puts at risk 36% of the Company’s “net revenues” derived from 
local exchange services. 

P 

2.0 Plan Structure 

The Qwest PAP is a two-tiered, self-executing remedy plan. The plan is developed to provide 
individual CLECs with Tier-1 payments if Qwest does not provide parity between the service 
it provides to the CLEC and that which it provides to its retail customers, or if Qwest fails to 
meet applicable benchmarks. In addition, the PAP provides Qwest with additional incentives 
to satis@ parity and benchmark standards by requiring Qwest to make Tier-2 payments-- 

Id., para. 423. 
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payments to State Funds established by the State Commissions--if Qwest fails to meet parity 
and benchmark standards on an aggregate CLEC basis. Tier-2 payments are over and above 
the Tier-1 payments made to individual CLECs. 

I) 

In the Qwest PAP, performance measurements are given different weightings to reflect 
relative importance by the designations of High, Medium. and Low. Payment is generally on 
a per occurrence basis, i.e., a set dollar payment times the number of non-conforming service 
events. For the performance measurements which do not lend themselves to per occurrence 
payment, payment is on a per measurement basis, ie., a set dollar payment. The level of 
payment also depends upon the number of consecutive months of non-conforming 
performance, i.e., an escalating payment the longer the duration of non-conforming 
performance. 

The parity standard is met when the service Qwest provides to CLECs is equivalent to that 
which it provides to its retail custoniers. Statistically, panty exists when performance results 
for the CLEC and for the Qwest retail analogue result in a Z-value that is no greater than the 
Critical Z-values listed in the Critical 2-Statistical Table in section 5.0.4 The Qwest PAP 
relies upon statistical scoring to determine whether any difference between CLEC and Qwest 
performance results is significant, that is, not attributable to simple random variation. 

For performance measurements that have no Qwest retail analogue, agreed upon benchmarks 
are used. Benchmarks are evaluated using a “stare and compare” method. For example, if the 
benchmark is 95% or better, Qwest perforniance results must be at least 95% to meet the 
benchmark. When sample sizes are less than 100, percentage benchmark values will be 
adjusted to round the allowable number of misses to the next higher integer. For example, in 
the event of a 95% benchmark, the number of misses is 5% times the sample size, rounded up 
to the nearest integer. 

3.0 Performance Measurements 

The Qwest PAP incorporates performance measurements that will ensure Qwest’s service 
performance to competitors can be measured and monitored so that any degradation of the 
agreed upon level of service is detected and corrected. CLECs operating in Qwest’s region 
offer services through several modes, including resale. interconnection, and the purchase of 
unbundled network elements. The performance measurements incorporated into the Qwest 
PAP are broad based enough to cover all the modes of entry. 

It is anticipated that each state fund will be established concurreiitly with the FCC’s approval of the respective 
State’s 271 application. 

The standard 2-test is based on normal statistical theory. I f  the sample size is large enough, the sample mean 
will follow a known normal distribution that is dependent on the variance of the data and on the sample size. A 
saniple size of 30 is generally considered sufficient, although the required minimum sample size is dependent on 
the statistical skewness of the data being sampled. The assumption of anormal distribution is what allows the Z- 
lest. When the sample size becomes too small, the distribution of the sample mean is no longer normal and the 
Z-test may not be reliable. In that event, other methods, as described below, may be appropriate. 

4 
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Perfoimance measurements have been developed in the 27 1 collaborative workshops. Each 
of the measurements have been given a precise definition, called a Performance Indicator 
Definition (“PID”), that includes specification of the unit of measure, the data to be utilized in 
the measurement, and the standard. The standard may be a parity comparison of CLEC 
service performance with the Qwest retail analogue. When no retail analogue exists, the 
standard is a benchark. The PIDs have been agreed to among Qwest, the CLECs, and 
participating State Coinmission staff members. 

The performance measurements incorporated into the Qwest PAP are shown in Attachment 1. 
Similar to the approved Texas plan, the measurements are designated as Tier-1 , Tier-2, or 
both Tier- 1 and Tier-2. The measurements are also given a High, Medium, or Low 
designation, reflective of relative importance. Of the g5-J- measurements that the parties have 
agreed to in the *W PID workshops, Qwest incorporates 3 3 -  of the measurements 
into the PAP? 

I 
4.0 Statistical Measurement 

Qwest proposes the use of a statistical test, namely the modified “Z-test,” for evaluating the 
difference between two means (i.e.> Qwest and CLEC service or repair intervals) or two 
percentages (e.g., Qwest and CLEC proportions), to determine whether a parity condition 
exists between the results for Qwest and the CLEC(s). The modified Z-tests are applicable if 
the number of data points are greater than 30 for a given measurement. For testing 
measurements for which the number of data points are 30 or less, Qwest may use a 
permutation test to determine the statistical significance of the difference between Qwest and 
CLEC(s). 

Qwest will be in conformance when the monthly performance results for parity measurements 
(whether in the form of means, percents. or proportions and at the equivalent level of 
disaggregation) are such that the calculated Z test statistics are not greater than the Critical Z- 
values. Critical 2-values are listed in Table 1, section 5.0. Qwest will be in conformance 
with benchmark measurements when the monthly performance result equals or exceeds the 
benchmark if a higher value means better performance, and when the monthly performance 
result equals or is less than the benchmark if a lower value means better performance. 

The following is the formula for determining parity using the Z test: 

Where: 
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MQN~EST = Qwest average or proportion 

MCLEC = CLEC average or proportion 

CF = Calculated variance for Qwest 

nwat = number of observations or samples used in Qwest measurenient 

nCLEC = number of observations or samples used in CLEC measurement 

The Z tests will be applied to reported parity measurements that contain more than 30 data 
points. 

In calculating the difference between Qwest and CLEC performance, the above formulae 
apply when a larger Qwest value indicates a better level of performance. In cases where a 
smaller Qwest value indicates a higher level of performance, the order is reversed, i.e., MCLEC 
- MQWEST. 

For parity measurements where the performance delivered to CLEC(s) is compared to Qwest 
performance and for which the number of data points is 30 or less, Qwest will apply a 
permutation test to test for statistical significance. Peiinutation analysis will be applied to 
calculate the z statistic using the following logic: 

Calculate the z statistic for the actual arrangement of the data 
Pool and mix the CLEC and Qwest data sets 
Perform the following 1000 times: 

Randomly subdivide the pooled data sets into two pools. one the same size as 
the original CLEC data set ( ~ E c )  and one reflecting the remaining data 
points, and one reflecting the remaining data points, (which is equal to the size 
of the original Qwest data set or nQwEsT). 
Compute and store the Z-test score (ZS) for this sample. 

Count the number of times the Z statistic for a permutation of the data is greater than 
the actual Z statistic 
Compute the fraction of permutations for which the statistic for the rearranged data is 
greater than the statistic for the actual samples 

If the fraction is greater than a, the significance level of the test, the hypothesis of no 
difference is not rejected, and the test is passed. 



5.0 Critical Z-value and K value 

The Critical Z-value and K value table seeks to account for statistical error arising from the 
natural variation in the performance results. Together, the Critical Z-value and K value result 
in an adjustment for these statistical errors. The following table will be used to determine the 
Critical Z-value and the K value that is referred to in section 6.0. In each instance, they are 
based on the total number of performance measurements that are applicable to a CLEC in a 
particular month. 

TABLE 1: CRITICAL &VALUE AND K VALUE 

Total Number of CLEC K Values Critical Z-Value 
Performance Measurements 
1 0 1.655 
2 0 1 .953  
3 0 2.122. 
4 0 2.235 
5 0 2.322 
6 0 2.38.79 
7 0 2.442 
8 1 1.6y29 
9 I 1  I 1.7394 
10-19 I 1  1 1.7974 

60-69 I s  I 1.74 
70-79 I 6  I l.?& 

120-139 ~ 110 
140-159 1 1 s  I 1.67'78 
160-1 79 I l 2 &  - I 1.6874 
180-199 14 1 .=3 
200-249 1 $7. 1 .=.7 
250-299 ...... 1 9% 1 A234 

1 .t>hg; 300-399 23% - 
400-499 _I 2 G G  1 .%1 
500-599 3 28 1.56(?2 
600-699 4j.c 1 .ax 
700-799 429 1 .wx 
800-899 5 3  1 .Gs.:* 
900-999 - 5xw 1 .Ma 
1000 and above Calculated for Type-1 Calculated for Type-1 

Error Probability of 5% Error Probability of 5% 
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6.0 Tier-1 Payments to CLECs 

Tier-1 payments to CL.ECs relate solely to the performance measurements designated as Tier- 
1 on Attachment 1. For purposes of calculating the amount of payments, the Tier-1 
performance measurements are categorized as High, Medium, and Low. The amount of 
payments for non-conforming service varies depending upon the High, Medium, and Low 
designations and upon the duration of the non-conforming condition, as described below. 
‘‘Non-confonni11g” service is defined in section 4.0. 

6.1 Determination of Noli-conforming Measurements: The number of performance 
measurements that are determined to be “non-conforming” and, therefore. eligible for Tier-1 
payments, are limited according to the K value and Critical Z-value shown in Table I ,  section 
5.0. The Critical Z-values becomes the statistical standard that determines for each CLEC 
performance measurement whether Qwest has met parity. The K value determines the 
nuniber of measurements that are excluded from the payment calculation described in section 
8.0. The K value and Critical 2-value are determined from Table 1 by totaling the number of 
performance measurements applicable to a CLEC during a month where the sample size is 10 
or greater. For instance, if the total number of measurements that capture the service provided 
by Qwest to a CLEC in a particular month was 100, the K value would be 8 and the Critical 
Z-value would be 1.68. 

6.2 Determination of the Amount of Payment: Tier-1 payments to CLECs, except as provided 
for in section 10.0, are calculated and paid monthly based on the number of performance 
measurements exceeding the Critical 2-value and the K value. Payments will be made on 
either a per occurrence or per measurement basis, depending upon the pedormance 
measurement, using the dollar amounts specified in Table 2 below. The dollar amounts vary 
depending upon whether the performance measurement is designated High, Medium, or Low 
and escalate depending upon the number of consecutive months for which Qwest has not met 
the standard for the particular measurement. 

For those performance measurements listed on Attachment 2 as “Performance Measurements 
Subject to Per Occurrence Payments With a Cap,” payment to a CLEC in a single month shall 
not exceed the amount listed in Table 2 below for the “Per Measurement” category. For those 
performance measurements listed on Attachment 2 as “Performance Measurements Subject to 
Per Measure Payments,” payment to a CLEC will be the amount set forth in Table 2 below 
under the section labeled “per measure.” 

6.3 The performance measurements listed below will not be excluded from the CLEC 
payment calculation in the application of k-values as provided in section 8.0, if Qwest 
performance results have been non-conforming in the previous two consecutive months. K- 
values will again apply when Qwest achieves tw70 consecutive months of conformance 
performance results. 
PO-5 fFOCs on time), unbundled loops 
OP-3 (Installation Coinnitinents Met), analog unbundled loops, LIS trunks 
OP-4 (Installation Interval), ADSL qualified loops 
OP-5 (New Service Installation Quality), UNE-P (POTS), analog unbundled loops 
MR-7 (Repair Repeat Report Rate), analog unbirndled loops 
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MR-8 (Trouble Rate), analog unbundled loops 
NI-1 (Trunk Blocking), LIS t runks 
CP-2A- 1 (Installation Commitments Met), virtual, physical caged, shared collocation 

TABLE 2: TIER-1 PAYMENTS TO CLECS 

7.0 Tier-2 Payments to State Funds 

Payments to State Funds established by the State Regulatory Commissions wider Tier-2 of the 
Qwest PAP provide additional incentive to correct on-going non-conformance. The payments 
are limited to the performance measurements desigmated as Tier-2 on Attachment 1 and which 
have at least 10 data points each month for the period payments are being calculated. Similar 
to the Tier-1 structure, Tier-2 measurements are categorized 
the amount of payments for non-conformance varies according to this categorization. 

High, Medium, and Low and 

7.1 Determination of Non-conforming Measurements: The determination of non- 
conformance will be based upon the aggregate of all CLEC data for each Tier-2 performance 
measurement. “Non-conforming” service is defined in section 4.0. The number of 
performance measurements determined to be “non-conforming” and, therefore, eligible for 
Tier-2 payments, is limited according to the Critical Z-value shown in Table 1, section 5.0. 
The Critical 2-value is determined fiom Table 1 by totaling the number of performance 
measurements applicable to any CLEC during a month where the sample size is 10 or greater. 
The Critical Z-value becomes the statistical standard that determines for each perforinance 
measurement whether Qwest has met parity. 

7.2 Determination of the Amount of Payment: Tier-2 payments are calculated and paid 
monthly based on the number of performance measurements exceeding the Critical 2-value 
for three consecutive months. Payment will be made on either a per occurrence or per 
measurement basis, whichever is applicable to the performance measurement, using the dollar 
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Measurement Group 
High 
Medium 
Low 

amounts specified in Table 3 below. The dollar amounts vary depending upon whether the 
performance measurement is designated High, Medium, or Low. 

$500 
$300 
$200 

For those Tier-2 measurements listed on Attachment 2 as “Performance Measurements 
Subject to Per Occurrence Payments With a Cap,” payment to a State Fund in a single month 
shall not exceed the amount listed in Table 3 for the “Per Measurement” category. 

Medium $30,000 
. Low $20,000 

For those Tier-2 measurements listed in Attachment 2 as “Performance Measuremeiits Subject 
to Per Measurement Payment,” payment to a State Fund will be the amount set forth in Table 
3 under the section labeled “per measure”. 

7.3 Use of the Funds: Qwest payments to the State Funds shall be used to reimburse 
customers’ share of fees to extend telephone service within Qwest’s service territory, to 
extend Qwest telephone service into adjacent, unassigned service territory, and for any other 
purposes that relates to the Qwest service territory that may be determined by the State 
Commission. 

TABLE 3: TIER-2 PAYMENTS TO STATE F’UNDS 

Per MeasurementKap 
Measurement Group I 
High I $75,000 

8.0 Step by Step Calculation of Tier-1 Payments to CLECs 

The following describes step-by-step the calculation of Tier- 1 payments. The calculation will 
be performed monthly for each CLEC. 

8.1 Application of the K Value Exclusions: 

For each CLEC, determine the total number of Tier-1 performance measurements6 that 
measure the service provided by Qwest for the month in question. From Table I in section 
5.0, determine for each CLEC the K value and Critical Z-value to be used below. 

For the purpose of determining the K value and Critical Z-values, each disaggregated category of a 
performance measurenienl wilh a minimum sample size of 10 counts as “one” measure. For instance, a 
perform‘ance measurenienl that is disaggregated into 10 products, each further disaggregated into two geographic 
areas would count as “20” measurements. 

6 
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For each CLEC, identify the Tier- 1 performance measurements with a minimum sample size 
of 10 that Qwest’s service performance is %on-conforming” for the month in question, using 
the Critical Z-value. 

For the performance measurements that are identified as non-conforming, group the 
measurements according to the High, Medium, and Low categories shown on Attachment 1. 

Within each High, Medium, and Low group, sort the performance measurements in ascending 
order based on the number of data points or transactions used to develop the performance 
measurement result (e.g., service orders, collocation requests, installations, trouble reports). 

Exclude the first “IS’ measurements designated as Low, starting with the performance 
measurement that has the fewest number of underlying data points. If the number of 
performance measurements in the Low category is less than “K,” repeat the process next with 
the Medium category and then the High category until a total of “K” perf‘ormance 
measurements have been excluded. If all Low, Medium and High measurements are excluded 
by this process, then those measurements with sample sizes less than 10 may be excluded 
until “K” measurements are reached. (For example, if the K value is 6 and there are 7 Low 
measurements, 1 Medium, and 1 High, the 6 Low measurements with the smallest sample 
sizes are excluded from the calculation of payments to the CLEC.) The remaining %on- 
conforming” performance measurements, if any, are used to calculate Tier-1 payments to each 
CLEC. 

The following qualifications apply to the general rule of excluding performance 
measurements as described above. A performance measurement, for which the payment is on 
a per measure basis, will not be excluded unless the amount of that measure’s payment is less 
than the payment that would result for each remaining measure. A performance 
measurement, whose payment is on a per occurrence basis subject to a cap, will be excluded 
whenever the cap is reached and the payments for the remaining measurements are greater 
than the amount of the cap. 

8.2 Performance Measurements for which Payment is Per Occurrence: 

The following describes the calculation of Tier-1 payments to CLECs in which payment is 
based upon a per occurrence dollar amount. 

8.2.1 Performance Measurements that are Averages or Means: 

Step 1: For each performance measurement, calculate the average or the mean that would 
yield the Critical Z-value. Use the same denominator as the one used in calculating the Z- 
statistic for the measure. (For benchmark measurements, use the benchmark value.) 
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Step 2: Calculate the percentage differences between the actual averages and the calculated 
averages. The calculation is % diff = (CLEC result - Calculated Value)/Calculated Value. 
The percent difference will be capped at a maximum of 

Step 3: For each performance measurement, multiply the total number of data points by the 
percentage calculated in the previous step and the per occurrence dollar amounts taken from 
the Tier-1 Payment Table to determine the payment to the CLEC for each non-conforming 
performance measurement. 

8.2.2 Performance Measurements that are Percentages: 

Step I: For each performance measurement, calculate the percentage that would yield the 
Critical Z-value. Use the same denominator as the one used in calculating the 2 statistic for 
the measure. (For benchmark measurements, use the benchmark value.) 

Step 2: Calculate the difference between the actual percentages for the CLEC and the 
calculated percentages. 

Step 3: For each performance measurement, multiply the total number of data points by the 
difference in percentage calculated in the previous step and the per occurrence dollar amount 
taken fiom the Tier-1 Payment Table to determine the payment to the CLEC for each non- 
conforming performance measurement. 

8.2.3 Performance Measurements that are Ratios or Proportions: 

Step 1: For each performance measurement, calculate the ratio that would yield the Critical 
Z-value. Use the same denominator as the one used in calculating the Z-statistic for the 
measure. (For benchmark measurements, use the benchmark value.) 

Step 2: Calculate the absolute difference between the actual rate for the CLEC and the 
calculated rate. 

Step 3: For each performance measurement, multiply the total number of data points by the 
difference calculated in the previous step and the per occurrence dollar amount taken from the 
Tier-1 Payment Table to determine the payment to the CLEC for each non-conforming 
performance measurement. 

8.3 Performance Measurements for which Payment is Per Measure: For each performance 
measiirenieiit that Qwest fails to meet the standard, the payment to the CLEC is the dollar 
amount shown on the “per measure” portion of the Tier-I Payment Table. 

9.0 Step by Step Calculation of Tier-2 Payments 

In all calculations of percent difyerences in sections 8.0 and 9.0, the calculated percent differences is capped at 
100%. 
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The following describes step by step the calculation of Tier-2 payments. The calculation will 
be performed monthly using the aggregate CLEC performance results. All Tier-2 payments 
will be made to a designated state fund. 

Determine the total number of Tier-2 performance measurements8 that measure the service 
provided by Qwest to all CLECs for the month in question. From Table 1 in section 5.0, 
determine the Critical Z value to be used below. 

Identify the Tier-2 performance measurement for which Qwest’s service performance is non- 
conforming for the month in question, using the Critical Z-values. 

For each performance measurement that is identified as noli-conforming, determine if the 
non-conformance has continued for three consecutive months and if there are at least 10 data 
points each month. If it has, a Tier-2 payment will be calculated as described below and will 
continue in each succeeding month until Qwest’s performance meets the applicable standard. 
For exaple ,  Tier-2 payments will continue on a “rolling three month” basis, one payment for 
the average number of occurrences for months 1-3, one payment for the average number of 
occurrences for months 2-4, one payment for the average number of occurrences for months 
3-5, and so forth, until satisfactory performance is established. 

9.1 Performance Measurements for which Payment is Per Occurrence: 

The followiiig describes the calculation of Tier-2 payments to the State Fund in which 
payment is based upon a per occurrence dollar amount. 

9.1.1 Performance Measurements that are Averages or Means: 

Step 1: Calculate the monthly average or the mean for each performance measurement that 
would yield the Critical 2-value for each month. Use the same denominator as the one used 
in calculating the Z-statistic for the measure. (For benchmark measurements, use the 
benclunark value.) 

Step 2: Calculate the percentage difference between the actual averages and the calculated 
averages for each month. The calculation for parity measurements is YO diff = (actual average 
- calculated average)/calculated average. The percent difference will be capped at a 
maximum of 100%. 

Step 3: For each performance measurement, multiply the total number of data points each 
month by the percentage calculated in the previous step. Calculate the average for three 
months (rounded to the nearest integer) and multiply the result by the per occurrence dollar 

’ For the purpose of determining the Critical Z-value, each disaggregated category of a performance 
measurement with a minimum sample size of 10 counts as “one” measure. For instance, a performance 
measurenient that is disaggregated into 10 products, each filrther disaggegated into two geographic areas would 
count as “20” measurements. 
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amount taken from the Tier-2 Payment Table to determine the payment to the State Fund for 
each non-conforming performance measurement. 

9.1.2 Performance Measurements that are Percentages: 

Step 1 : For each performance measurement, calculate the monthly percentage that would 
yield the Critical 2-value for each month, Use the same denominator as the one used in 
calculating the Z-statistic for the measure. (For benclunark measurements, use the benchmark 
value.) 

Step 2: Calculate the difference between the actual percentages and the calculated 
percentages for each of the three non-conforming months. The calculation for parity 
measurement is diff = CLEC result - calculated percentage. This formula is applicable where 
a high value is indicative of poor performance. The formula is reversed where high 
performance is indicative of good performance. 

Step 3: For each performance measurement, multiply the total number of data points for each 
month by the difference in percentage calculated in the previous step. Calculate the average 
for three months (rounded to the nearest integer) and multiply the result by the per occurrence 
dollar amounts taken from the Tier-2 Payment Table to determine the payment to the State 
Fund for each non-conforming performance measurement. 

9.1.3 Performance Measurements that are Ratios or Proportions: 

Step 1: For each performance measurement, calculate the ratio that would yield the Critical 
Z-value for each month. Use the same denominator as the one used in calculating the Z- 
statistic for the measure. (For benchmark measurements, use the benchmark value.) 

Step 2: Calculate the difference between the actual rate for the CLEC and the calculated rate 
for each month of the non-conforming three-month period. The calculation is diff = (CLEC 
rate - calculated rate). This formula is applicable where a high value is indicative of poor 
performance. The formula is reversed where high performance is indicative of good 
performance. 

Step 3: For each performance measurement, multiply the total number of data points by the 
difference calculated in the previous step for each month. Calculate the average for three 
months (rounded to the nearest integer) and multiply the result by the per occurrence dollar 
amounts taken from the Tier-2 Payment Table to determine the payment to the State Fund for 
each non-conforming performance measurement. 

9.2 Performance Measurements that Payment is Per Measure: 

For each performance measurement that Qwest fails to meet the standard, the payment to the 
State Fund is the dollar amount shown on the “per measure’’ portion of the Tier-2 Payment 
Table. 



10.0 Low Volume, De~~elopin~ Markets 

In the event aggregate monthly volumes of CLECs participating in the PAP are more than 10, 
but less than 100, Qwest will make Tier-1 payments to CLECs if during a month Qwest fails 
to meet the parity or benchmark standard for the qualifying performance sub-measurements 
listed below. The qualiwing sub-measurements are the UNE-P (POTS), megabit resale, and 
ADSL qualified loop product disaggregation of OP-3,0P-4,0P-5, MR-3, MR-5, MR-7, and 
MR-8. 

The determination of whether Qwest has met the parity or benchmark standards will be made 
using aggregate volumes of CLECs participating in the PAP. In the event Qwest does not 
meet the applicable performance standards, a total payment to affected CLECs will be 
determined in accordance with the high, medium, low designation for each performance 
measurement (see Attachment 1) and as described in section 8.0, except that CLEC aggregate 
volumes will be used. In the event the calculated total payment amount to CLECs is less than 
$5,000, a minimum payment of $5,000 shall be made. The resulting total payment amount to 
CLECs will be apportioned to the individual affected CLECs based upon each CLEC’s 
relative share of the number of total service misses. 

At the &month reviews, Qwest will consider adding to the above list of performance sub- 
measurements new product disaggregation that represents new modes of CLEC entry into 
developing markets. 

K-value exclusions vr7ill not be applied to the performance sub-measurements covered by this 
section. However, the sub-measurements covered by this section will be included in the 
determination of the k-values and critical Z-values. 

If the aggregate monthly CLEC volume is greater than 100, the provisions of this section shall 
not apply to the qualifying performance sub-measurement. 

11.0 Payment 

Payments to CLECs or the State Fund shall be made one month following the due date of the 
performance measurement report for the month for which payment is being made. 

Payment to CLECs will be made via bill credits To the extent that a monthly payment owed 
to a CLEC under this PAP exceeds the nniount owed to Qwest by the CLEC on a monthly 
bill, Qwest will issue a check or wire transfer to the CLEC in the amount of the overage. 
Payment to the State Fund will be made via check or wire transfer. 
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12.0 Cap on Tier-1 and Tier-2 Payments 

There shall be a cap on the total payments by Qwest during a calendar year- 

-36% of the “net revenues” as defined in the FCC’s order approving the Bell 
Atlantic-New York 271 application and affirmed in the FCC order approving the Southwest 
Bell Telephone-Texas 271 applicatioi~.~ The ca,p shall be recalculated each war based upon 
the prior year’s Arizona AKMIS results. adiusted to reflect the most current deiweciation rates 
amx-cwed bv the Arizona Corporation Commission. Otvest shall submit to the Commission 
the calculation of each year’s cap no later thdn 30 days after submission of ARMIS results to 
the FC‘C:. CLEC acrees that this aniount constitutes a maxiinurn annual cap which wiI1 apply 
to the agmegate total of Tier -I Iiauidaled darnapes (inchding any such clamages paid 
pursuant to this Agreement, any other Arizona interconnection agreement. or any other 
payments made fix the same or analogous nerfixmance under any other contract. order or 
i-~lle) and Tier-2 assessments or payments made by Owcst for the same or analogous 
performance under another contract. order or IU le. 

,. , .. e 
%&e+. The cap amount fdr Arizona shall be c e s f 4 4 % e *  A 

. . .  

A monthly cap will be determined by dividing the amount of the annual cap by twelve. The 
monthly cap shall be calculated by applying all payments or credits made by Qwest under this 
PAP as well as all payments made or credits applied for wholesale service performance 
pursuant to interconnection agreements, state rules or orders. To the extent in any given 
month the monthly cap (i.e., the annual cap divided by 12) is not reached, the subsequent 
month’s cap will be increased by an amount equal to the unpaid portion of the previous 

r - r  . <  < -  . *- < c  
.” month’s d *  c a p p  .3PL - P 

r -.+ . C Y .  , .. 
* .  . .  . .  2; * . I 

. .. . .  - . .  

e a ~ ~ a E ~ . a t ~ ~ ~ ~ ~ ~ . ~ ~ . ~ ~ - ~ ~ ~ - ~ . . ~ ~ ~ . . ~ ~ ~ ~ - ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~  

In the event the annual cap is reached within a calendar yeas- and Qwest continues to deliver 
non-conforming performance during the same year to any CLEC or to all CLECs, the 

Federal Conmimications Commission, CC Docket No. 99404, Memorandum Opinion and Order, December 
22, 1999, Para. 436 and footnote 1332; Federal Communications Commission, CC Docket No. 00-65, 
Memorandum Opinion and Order, June 30,2000, Para 424. 
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Commission may recommend to the FCC that Qwest should cease offering in-region 
interLATA services to new customers. 

13.0 Limitations 

13.1 Qwest’s PAP shall not become available in a State iinless and until the FCC approves 
Qwest’s 271 application for that State. 

13.2 Qwest will not be liable for Tier-1 
approved state until the Commission has approved an interconnection agreement between the 
CLEC and Qwest that adopts the provisions of this PAP. 

13.3 Qwest shall not be obligated to make Tier- 1 or Tier-2 payments for any measurement if 
and to the extent that non-conformance for that measurement was the result of any of the 
following: a Force Majeure event. Deriods of emergency. catastovhe, natural disaster, severe 
storms, or other events bevond Owest’s control; an act or omission by a CLEC that is contrary 
to any of its obligations under its interconnection agreement with Qwest or under the Act or 
State law; an act or omission by a CLEC that is in bad faith”; or non-Qwest problems 
associated with third-party systems or equipment, which could not have been avoided by 
Qwest in the exercise of reasonable diligence, provided, however, that this third party 
exclusion will not be raised more than three times within a calendar year. Qwest will not be 
excused from Tier-1 or Tier-2 payments on any other grounds, except as described in 
paragraphs 13.6, 13.7, and 13.8. Qwest will have the burden to demonstrate that its non- 
conformance with the performance measurement was excused on one of the grounds 

- payments to a specific CLEC in an FCC I 

I 

described in this PAP. I 
13.4 Chvest’s agreement to iniplernenl these edorcernent terms, and swxificallv its 
agreement to pay anv ..liquidated damages’’ or “assessments” hereunder. will not be 
considered as ail admission against interest or an admission 01 1iabilit-v in any legal, 
re.ailatory. or other proceeding relating to the same perfoiinance. OWEST and CLEC aqee 
that C L K  may not use: 1) the existence of this enforcement plan; or 2) Owest’s Bayment of 
Tier -I “2iguidated danwes” or Tier-2 “assessments” as evidence that Owest has 
discriniinated in the provision of any facilities or serv7v’ices under Sections 25 1 or 252. or has 
violated any state or federal law or reKulation. Owest’s conduct underlying its perfonname 
mcasures, however are not made inadmissible by its terms. A n y  CLEC acceDting this 
perforniaiice remedv plan anees that Owest’s performance with respect to this remedy plan 
niav not be used as an admission of kiihiMv or culpability for a vkdation of any state or 
fcderd law or regulation. Further. any liauidated damages pavnent by Quwt under these 
provisions is not hereby made inadmissible ia any smceedinn relatttinff to the same conduct 
were Owcst seeks to offset the payment against any other damages a CLEC might recover. 

Examples of bad faith conduct include, but are not limited to: unreasonably holding service orders and/or 
applications, “dumping’- orders or applications in unreasonable large batches, “dumping” orders or applications 
at or near the close of a business day, on a Friday evening or prior to a holiday, and failing to provide timely 
forecasls to Qwest for services or facilities when such forecasts are required to reasonably provide services or 
facihties. 
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The terms ofthis paragraph do not applv to anv proceeding before {he Commission or the 
FCC to dctcrinine whetlier Owest l~as  met or continues to meet tlie requirements of section 
271 of the Act. 

13.5 By incorporating these liquidated damages terns into the PAP, Qwest and CLECs 
accepting this PAP agree that proof of damages from any non-conforming performance 
measurement would be difficult to ascertain and, therefore, liquidated damages are a 
reasonable approximation of any contractual damages that may result from a non-conforming 
performance measurement. Qwest and CLEC further agree that payments made pursuant to 
this PAP are not intended to be a penalty. The apdicalion of !he assessments and damages 
provided fix herein is not intended tu foreclose other noncontractual l e d  and non-contractual 
remlatory claims and remedies that may be available to a CLEC. 

13.6 CLEC is not entitIed to remedies under both the PAP and under rules, orders, or other 
contracts, includinr! interconnection ameernents, arising fiom the same or analogous 
wholesale yerforniance. ?Vhere alternative reniedies for @vest’s wholcsalc performance are 
available under rules, orders. or other contracts. including intercomectlon anreenieiits. CLEC 
will be limited to eithcr the PAP remedics or the remedics available under rules. orders, or 
otlier contracts. 

13.61 In the event that S a  CLEC agreeing to this PAP is awarded RX&W?+C 7 ompensation 
;for . .  
the same or analogous wholesale performance covered by this PAP, CLEC 
3, Owest mav offset the award with amounts 
paid under this PAP. 

. .  

13.33 Qwest shall not be liable for hoth myTier-2 payments and assessments or sanctions kf 
f m a d c  L. . .  . C  for the same or analogous performance 
pursuant to any Commission order or service quality rules. 

13.442 Whenever a Qwest Tier-1 payment to an individual CLEC exceeds $3 million in a 1 
month, or when all CLEC Tier- 1 payments in any given month exceed the monthly cap 
(section 1 1 .O), Qwest may commence a show cause proceeding. Upoii timely commencement 
of the show cause proceeding, Qwest must pay the balance of payments owed in excess of the 
threshold amount into escrow, to be held by a third-party pending the outcome of tlie show 
cause proceeding. To invoke these escrow provisions, Qwest must file with the Commission, 
not later than the due date of the Tier-1 payments, an application to show cause why it should 
not be required to pay any amount in excess of the procedural threshold. Qwest will have the 
burden of proof to demonstrate why, under the circumstances, it would be unjust to require it 
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to make the payments in excess of the applicable threshold amount. If Qwest reports non- 
conforming performance to a CLEC for three consecutive months on 20% or inore of the 
measurements reported to the CLEC and has incurred no more than $1 million in liability to 
the CLEC, the CLEC may commence a similar show cause proceeding. In any such 
proceeding the CLEC will have the burden of proof to demonstrate why, under the 
circumstances, justice requires Qwest to make payments in excess of the amount calculated 
pursuant to the terms of the PAP. 

14.0 Reporting 

Upon FCC 27 1 approval for a state, Qwest will provide CLECs which have approved 
intercoiuiection agreements with Qwest a monthly report of Qwest’s performance for the 
measurements identified in the PAP by the &W day of the month following the month for 
which perfonnance results are being reported. Qwest will collect, analyze, and report 
performance data for the measurements listed on Attachment 1 in accordance with the most 
recent version of the Service Performance Indicator Definitions (PID). Upon a CLEC’s 
request, data files of the CLEC’s raw data, or any subset thereof, will be transmitted, without 
charge, to the CLEC in a mutually acceptable format, protocol, and transmission medium. 

I 

Qwest will also provide the Commission a monthly report of aggregate CLEC performance 
results pursuant to the PAP by the day of the month following the month for which 
performance results are being reported. Individual CLEC reports will also be available to the 
Coinmission upon request. Upon the Commission’s request, data files of the CLEC raw data, 
or any subject thereof, will be transmitted, without charge, to the Commission in a mutually 
acceptable format, protocol, and transmission form. By accepting this PAP, each CLEC 
consents to Qwest providing that CLEC’s report and raw data to State Commissions upon the 
Commission’s request. 

I < 
15.1 : Owest will create a separate financial system which will take performance results as 
inmjts and calculate payments according LO the terms ofthe PAP. An indemmlent audit ofthis 
financial systeni shnll be iiiit?dted one year after the effective date of the PAP and a sccond 
audit shall be started no later than 18 months thereafter. The auditor wil I be chosen and paid 
for bv Owcst. Alternativelv, the Arizona Commission stafTmay choose tc, conduct this audit 
itself, The necessity of anv subsequent audits of the financiail system shall be considered in 
the six-month P A P  reviews, based UTJOJI the experience of the first two audits. 

If as a result of the audit, it is determined that Owest undernaid. Owest will add bill credits to 
CLECs and/or make additional pwments lo the Stake to the extent that it unrfeqmid. In the 
event Owst ovemaid, futture bill credits to CLECs and/or future Daynieiits to the State will be 
offset bv  the ammiit of h e  overage. A11 under and over pawtents will be credited with 
interest at the one yew U. S. Treasury rate. 
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15.2: In the event of a disameement between Owest and the CLEC participating in this PAW 
as to any issue rei3arding the accmacv or inte-ty of data collected, generated, and retm%xl 
pursuant to the PAP, Owest and the CLEC shall first consult with one another and attempt in 
good faith to resolve the issue. If an issue is not rcsdved within 45 days after a request for 
coldtation, the CLEC and (:)west may upon a demonstration of good cause (e.g., evidence of 
material errors or discrepancies) request a11 independent audit to be conducted, at the initiat-lcins 
partv's expense. The scope of thc audit 147ill be liniited to pedonnance measurement data 
collection. data rei?orting grocesses, and calculation of perforniaiice results and t?aymeiits for 
il spccific perform;mce measurement. An audit may not 'ne commenced more thm 12 months 
followhrr. thc moiitli in whicli thc alleged inaccurate results were first reported. 

If an audit identifies a inaterial deficiency affectinn results, the responsible party shall 
reimburse the other party for the expense ofthe third partv auditor. assuming the responsj blz 
partv was not the partv iniriatttina the audit, In the event the CLEC is found to be responsible 
for the deficiency. m y  ovemavinent made to the CLEC as a result of the deficiency shall be 
refbnded to Owest with interest and any affected portion of future pavments will be 
susmmded until the CLEC corrects the deficiency. In the event that Owest is found to bc 
responsible for the deficiency, Owest will nay the CLEC the amount that woutd have been 
due under the PAP if not for the defiicicncv. including interest. 

Neither CLEC 1101- Owcst may request more than tu70 audits per caleiidar year for the entire 
Owest in-region states. Each audit reauest shall be limited to BO more than two txr€ommce 
measurements per audit. For gumoses of thesc provisions, a performance mcmmnient is a 
Perfomaxe Indicator Definition (PID}, e . ~ . .  OP-3, Installation Commitmcnts blct. CLEC 
agrees that Owest shall not be required to conduct more than 3 audits at one time for its 24 in- 
region states, nothtvithstanding who has initiated the audit, and notw<tkstanding &e 
provisions in this para grad^. This provision shall exclusivelv govern audits regarding 
performance measurements. Owest agrees to inform C:omrnission Staff and all CLECs of the 
results of an audit. 

15.3: Owest will investigate anv second consecutive Tier-2 miss to dctermine the cause of thz 
miss and to identifi. the action needed in order to meet the standard set forth in the 
performance rneasuremeats. To the extent an investigation determines that a CLEC was 
responsible in whole or in part for the Tier-2 misses. Owest shall receive credit against future 
I ier-2 Davments in an anlotint eaual to the Tier-2 Dajments that should not have been made. 
The relevant nortion of' subsequent Tier-2 oavments will not be owed until any resvonsible 
CLEC urobleins are coi-rected. For the p u ~ o s e s  of this su b-section, Tier-1 performance 
measurements that have not been designated as Tier-2 will be aggregated aiid the aggregate 
results will be investimtcd pursuant to thc terms of this AAgreerncnt. 

- 7 .  
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Every six (6) months, Qwest, CLECs, and the Commission shall review the performance 
measurements to determine whether measurements should be added, deleted, or modified; 
whether the applicable benchmark standards should be modified or replaced by parity 
standards; and whether to move a classification of a measure to High, Medium, or Low or 
Tier-1 to Tier-2. The criterion for reclassification of a measure shall be whether the actual 
volume of data points was less or greater than anticipated. Criteria for review of performance 
measurements, other than for possible reclassification, shall be whether there exists an 
omission or failure to capture intended perforinance, and whether there is duplication of 
another measurement. The first six-month period will begin upon the FCC’s approval of 
Qwest’s 271 application for that particular state. Any changes to existing performance 
measurements and this PAP shall be by mutual agreement of the parties. 

Qwest will make the PAP available for CLEC interconnection agreements until such time as 
Qwest eliminates its Section 272 affiliate. At that time, the Commission and Qwest shall 
review the appropriateness of the PAP and whether its continuation is necessary. However, in 
the event Qwest exits the interLATA market, that State PAP shall be rescinded immediately. 

124.0 Voluntary Performance Assurance Plan 

This plan represents Qwest’s voluntary offer to provide performance assurance. Nothing in 
this plan or in any conclusion of non-conformance of Qwest’s service performance with the 
standards defined in this plan shall be construed to be, of itself. non-conformance with the 
Act. 
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Attachment 2 

Performance Measurements Subject to Per Occurrence Payments With a Cap 

1 
he-Order/Orders 

Pre-Order/Order Response Time .-_ PO-1 ( WTier-2) 
LSR Rejection Notice lnterval- PO-3 (Tier-1) 

1 

Network Performance 
Trunk Blocking - NX-1 (Tier-1ITier-2) 

Ordering & Provisioning 
Calls Answered within Twenty Seconds .... OP-2 (Tier-2) 

Maintenance & Repair 
Calls Answered within Twenty Seconds - MR-2 (Tier-2) 

I 
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QWEST EXHIBIT 17 



Before the 
FEDERAL COMMUNICATIONS COMMISSION 

Washington, D.C. 20554 

1 
1 
1 

) 
1 
1 

In the Matter of 

Perfoqance Measurements and 
Reporting Requirements ) CC Docket No. 98-56 

Intercannection, and Operator 
Services and Directory 
Assistance 

for operations support Systems, ) RM 9101 

- Affidavit of Dr. C o l i n  L. Mallows 

Colin L. Mallows, being duly sworn, deposes and says: 

1. I am a Technology Consultant at AT&T Lzboratories. 

I make t h i s  affidavit in support of AThT's comments 

regarding the use of s t a t i s t i c a l  methods to determine 

whether incumbent local exchange carriers (nILECs") are 

providing nondiscriminatory, i - e . ,  parity, service to ' 

competing carders ('CLECs"). I understand this is a 

requirement of law under Section 251 of the 

Telecommunications A c t  of 1996 ( "Act" ) .  

, 

Qualifications 

2. I have been a professional statistician for n e a r l y  

I obtained a B-Sc. in Mathematics in 1951 and a 4 5  years. 

Ph-D. in Statistics i n  1953, both from University College, 

London. A f t e r  two years in the British Army I became a 

l ec turer  at Universi ty  College in the area of statistics. 

Since 1960, I have been employed at AT&T .(fOmk?rly Bell) 



, t 

Laboratories, becoming Head of the S t a t i s t i c a l  Models and 

Methods Research Department in 1969. I relinquished t h a t  

title in 1986. 

adjunct associate professor at Columbia University, teaching 

courses in statistical analysis. 

From 1960 through 1964, I was also an 

3.  I am a F e l l o w  of the American Statistical 

Association ("ASA"), and I: served as an associate e d i t o r  .of 

Journal of the American Stat i s t fca l  Association from 1966 to 

1971, and again from 1986-1989. 

Institute of Mathematical Statistics ("IMS") , and an elected 

member of the International  Statisticai Institute. 

twice elected to the Council of ZMS, and have served on 

various committees o f  the IMS and ASA. 

honored by being named Fisher Lecturer a t  the Jo in t  

S t a t i s t i c a l  Meetings held by the ASA, TMS, the International 

I am also a Fellow of the , 

1 was 

In 1997 I was 

Diametric society and t h e  statistical Society of Canada. 

I have published over 100 papers, w i t h  a large 4 .  

number of co-authors, in a variety of journals. 

attached to several well-known stat ist ical  techniques, 

including the Cp-plot f o r  selecting regression variables, 

the phi-model for analysis of ranking data, and a weighting 

scheme for robust l i nea r  regression. 

interests include foundations, data analysis, s t a t i s t i ca l  

graphics, time series, robustness, software reliability, 

My name is 

MY prnfessional 

2 

J 





presence of random error, to determine if an ILEC has 

complied with its statutory obligations when it reports 

results of numerous individual parity measuxemenzs,‘ some of 

which show “wor?e” results f o r  CLECs than f o r  the ILEC.’ 

7-  AT&T‘s Sta t i s t i ca l  Ex farte correct ly  recognized 

that each of the individual tes ts  of TI.EC perforrmnce 

contained s ta t i s t i ca l  T y p e  I error. 

to use a Type I error concept when reviewing‘the ILEC‘s 

parity t e s t s  in t h e  aggregate to determine whether t h e  ILEC 

has met its nondiscrimination obligations.  

Statistical Ex Parte thus described the use of a three-part 

analysis  to determine whether ILEC measurements and reported 

results, when viewed i n  the aggregate, represent 

Thus, it is appropriate 

- 
ATm’s  

nondiscriminatory performance. 3 

8. Since that time, I have been asked to review and 

comment upon AT&T‘s S t a t i s t i c a l  Ex Parte and provide 

addit ional  insight on the use of s t a t i s t i c a l  t e s t s  in this 

context. As described in Section I below, the more detailed 

2 

measurements of time, a “worse” result for a CLEC is usual ly  
a larger value, e.q., a 5-day installation interval for a 
CLEC is worse than a 3-day interval for the ILEC. 

Since most of the measurements for these purposes are 

-I 

thresholds for: (1) the maximum number of “failures” on a 
monthly report that could reasonably represent mere 
randomness r e s u l t i n g  from the measurement process rather 

. than disparity of performance; (2 )  repeated failures on 
specific performance measurements in consecutive months; and 
(3) measurements showing extreme differences in average 
performance f o r  the ILEC and CLECs. 

AT&T‘s proposal recommended establishment of separate 

I&, p. 3. 

4 



s t a t i s t i c a l  methodology t h a t  is proposed here requires only 

a two-part analysis and provides the ILECs with more leeway 

than the original AThT proposal. Nevertheless, I believe 

that it provides a val id  s t a t i s t i c a l  comparison of the  

ILECs' actual perfonnance for itself and CLECs. 

of Testimeny 

9: Specifically, my testimony below shows that AT&T's 

proposed methodology satisfies the Commission's desire to 

assure that reported differences in ILEC performance are 

s t a t i s t i c a l l y  meaningful. 
- 

With respect to individual tests 

of ILEC performance, there are three key components i n  

developing an appropriate statistical methodology. 

the modified z-statistic proposed by LCUG provides an 

appropriate t e s t  s t a t i s t i c  to d e t e d n e  whether thcre are 

significant differences i n  the mean and the variance of an 

F i r s t ,  

ILEC's performance fo r  itself and for CLECs. Second, a one- 

tailed test w i t h  Type I e r ro r  held at t he  5% level s t r i k e s  a 

fair balance between the need to account fo r  b o t h  Type f and 

T y p e  TI errors. Third, the t-distribution provides a Useful 

basis for calculating t he  critical value for individual 

tests of ILEC performance, which is used to determine 

whether CLECs have been given equal treatment by the ILEC. 

Moreover, in those cases where the  sizes of the ILEC and 

CLEC samples are small, a pennutation distribution can be 

developed that will provide valid test results. 

5 



.' 
10. My testimony also demonstrates that it is 

appropriate to aggregate the results of individual t e s t s  to 

determine whether the ILEC is in compliance w i t h  its duty to 

provide nondiscriminatory treatment to CLECs. This should 

be done through the use of a two-part analysis t h a t  sets 

limits' on the number of individual tests that f a i l  to 

demonstrate parity in any given month and the number of . - 

individual tests that f a i l  i n  three consecutive months. 

These limits can be determined so that the overall T y p e  I 

error is held at 5 % .  
- 

11. I have also been asked to review the  BellSourh' 

statistical proposal referenced in the Notice,  which is 

based on- the  use of S t a t i s t i c a l  Process Control principles. 

As shown in-Section I1 below, such pr inc ip le s  were not . 

developed fo r  the purpose of determining parity of 

performance for two different populations. 

BellSouth's proposal is unsuited to the present purposes and 

should be rejected.  

I .  AT&T's Proposed StatAst ica l  M e t h O d O l O c T y  

Thus, 

12, The statistical tests described below are designed 

to t e s t  the "null hypothesis," i . e . ,  t h e  assumption t h a t  the 

TLEC's performance io the  s a c  fox itself and fol CLECs. 

This hypothesis refers to the populations of ILEC and CLEC 

measurements, from which t h e  observed measurements are 

assumed to be drawn. We cannot observe these  populations, 

6 



and must base our t e s t  procedures on the obsesved samples. 

If the nu13 hypothesis i s  accepted through the use of the 

chosen tests, then any differences in the ILEC's performance 

results for itself and the CLEC are deemed " s t a t i s t i c a l l y  

insignificant," and parity can be assumed. 

13. All such statistical tests have three  compnnents. 
- 
First,-the t e s t  designer must select a test s t a t i s t i c ,  which 

i s  a formula that produces a single number summarizing the 

observed ILEC and CLEC data. 

error probability must be adopted. 

Next, an acceptable T y p e  I 
- 

The error probability 

'represents the  test designer's tolerance for falsely 

rejecting pari ty  when it exists (Type  I error  i s  discussed 

in Secti'on 1.B below). 

derive,  f r o m  probability theory or known data, the 

probabil i ty  distribution of the test statistic, describing 

t h e  variability of performance under the null hypothesis. 

1 4 .  Once these components are established, the test 

designer can aetermine (usually from a statistical tab le )  a 

"crit$cal value" against which to compare t h e  computed value 

of the t e s t  statistic t h a t  is based on t h e  actual results. 

If t h e  test s t a t i s t i c  i s  less than the critical value, it 

can be inferred tbat the ILEC's performance has "passed" t h e  

test of parity. If,  however, t h e  computed t e s t  s t a t i s t i c  is  

greater than the  critical value, the  ILEC's performance is 

judged to be not at parity, and the ILEC has "failed" the 

Finally, the  test designer must 
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average results (or means) drawn from two separate 

perfomance samples (here the monthly ILEC performance data 

for itself  and CLECs) have population means that  are equal.’ 

Thus, the standard z-statistic formula can determine 

whether, based on the reported results, the ILEC‘s average 

performance for itself  and f o r  CLECs is  the same. 

16. However, it is not enough to t e s t  €or a difference 

i n  means alone. In order to obtain parity, CLECs are 

entitled t o  service from the ILEC that  produces both the 

same mean performance and also the  same variance in 

- 
.. 

The z-statistic, in ita standard form, is not  

designed to detect  d i f ferences  in variance between CLEC and 

ILEC performance. 

population means of t he  ILEC and CLEC measurements, assuming 
the population variances to be equal. I n  this case t h e  
standard choice f o r  S2 is 
5 2  = SZHd - (m -- - 1)s2w - + (n  - 1)s’- 

’ 
differences in proportions and rates. 

The Commission also recognizes that it would be 
discriminatory if t h e  ILEC has the same mean performance 
t h e  for itself and CLECs but the  variability o f ’ i t s  
performance f o r  CLECs i s  greater (see Notice, Appx. B, 91 4 
(“variability of response t imes . . . may afrect the  
competitiveness of a competing carrier but may not  be 
r e f l e c t e d  in a comparison of average response times”)). For 
example, CLECs w o u l d  be at a comercia1  disadvantage if ILEC 
retail customers could always rely on an installation period 
of 4 days while installation dates fo r  CLECs ranged from 2-6 
days or m o r e .  

m + n - 2  

Similar statistics can also be used to detect 

6 

- 
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.' 
17. In order to create a single  test  fhat can account 

for both of these factors, LCUG proposes a modification that 

will make the s t a t i s t i c a l  test have the power to detect 

whether the ILEC's variance in its performance for CLECs i s  

greater than the  variance i n  its performance for itself. 

Specifically, LCUG proposes to use the ILEC variance, rather 

than the "pooled" variance, in calculat ing the z-statistic. 7 

This  proposal is based on well-supported statistical testing 

principles  and combines the power of t e s t s  of means and 

t e s t s  of variance. 

used, there would be no need to develop J ~eparatc  test uf 

- 
Thus, if the test proposed-by LCUG i s  

the equality of variances. 8 

18.' Use of the LCUG modified z-statistic, rather than 

the more conventional form that uses a "pooled" variance, 

appropriate here because the problem here is different from 

is 

that addressed i n  the standard texts. I n  the standard 

development, it is assumed that if the  n u l l  hypothesis 

I The LCUG proposal is to use S z = S 2 ~ ~ ~ .  The resulting 
test s t a t i s t i c  has t h e  same distribution theory as the 
conventional one (using S2Falcd) except f o r  changing the 
"degrees of freedom" from m+n-2 to m-1. 
change w i l l  be small i f  the par i ty  hypothesis holds, since 
as the incumbent monopolist, the ILEC sample is likely to be 
much larger that the CLEC sample. 

The effect of this 

B 

the use of separate tests for differences in averages and 
differences in variance would reduce the power of each 
sepzrate test. Thus, it is  preferable to use a single test 
that is sensitive to cases where both the mean and variance 
can increase. 

See Notice, Appx. B, 3 4 .  It should also be noted that  - 
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8.  The Error P r o b a b i l i Q  Should Be Based On A h e -  
Tailed Test Uith Type I E2-r At No More Than The 
5% Level. 

In determining an appropriate 'l'ype I er ror  2 0 .  

probability for the s tat i s t ica l  t e s t ,  it i s  important to 

recognize that any probabi l i ty  rate above 0% means that  the 

s t a t i s t i c a l  test will produce err0rs.l' 

important to understand t h a t  there are two distinct t y p e s  o f  

testing errors.  

It is also 

"Type I" errors occur when a s t a t i s t i c a l  

tes t  shows t h a t  two sets of results (here f o r  the ILEC and 

CLEC) are inconsistent w i t h  the null hypothesis ( i - e . ,  are 
- 

not in parity) when in fact the null hypothesis is t r u e .  

"Type 11" errors are the opposite. 

statistical t e s t  indicates t ha t  the outcomes are in parity, 

but parity does not in fact exist. 

They occur  when a 

Both types of eiiwrs are 

possible. 

21. There are t w o  "tails" t o  Type I e r r o r s ,  but t h e  

Notice (Appx. B, n . 3 )  correctly notes that  only one is 

pert inent  here: errors re la t ing  to cases in which the  ILEC's 

performance f o r  CLECs is worse than i ts  performance f o r  

itself. 

performance that is "at least equal" to the performance the 

ILEC provides to itself. Those rules are not concerned with 

cases where, unintentionally, the ILEC provides CLECs with a 

Under the Commission's rules, CLECs are entitled to 

_. 

11 ATCT Statistical Ex Parte, p. B-1. 





. .  

-- 

23. For moderate or large sample sizes, it is 

appropriate to use the Student t (or "t") distribution to 

determine the critical value fo r  the test. Use of this 

distribution, which is readily available in table form, is 

simple and straightforward and will produce statistically 

r e l i e i e  results. 

24 .  The published tables of crit ical  values, using .the 

t-distribution, are based on the assumption that the t w o  

populations.(of ILEC and CLEC measurements) are exactly - 
Nonaal. In practice, we will not have Normal distributions, 

' and so these critical values are only approximations. There 

has been much debate as to the minimum sample sizes f o r  

which the tabulated values become acceptable approximations: 

numbers such as 10 or 30 have been suggested. But this must 

depend on t h e  shape of the probability density function'' of 

the populations, because there ex is t  populations for which 

the approximation w i l l  never be adequate, even for very 

large sample sizes. In advance o f  reviewing the actual  

data, .it is impossible to say for w h a t  site samples t he  

tabulated values will be acceptable. 

that very large values of t h e  observations do not occur and 

t he  populations have approximately symmetrical probability 

Nevertheless, assuming 

density functions, I would guess t h a t  t h e  tabulated values 

l4 

o f  i 
See the graph in 1 1 4  of these comments fnr =q example" - --- _-- -.. 

i probability density funct ion.  
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would be acceptable, provided t h a t  both the -ILEC and CLEC 

samples have at l east  10 members. 

size should not generally be a problem. 

Thus, the issue of sample 

25. There is an alternative method for developing the 

probabil i ty  distribution of the test s t a t i s t i c  that can be , 

used with smaller sample sizes ." Under this method, calleu 

the permutation distribution, the probability distribution 

is generated through use o f  the actual sample results, 

ra ther  than a preexisting table. Given two samples, X ' s  and 

Y ' s  from ILEC and CLEC respectively, we combine these i n t o  
- 

'one pool and then divide thi3 i n t o  t w o  sets X* and Y* in all 

For each way, we calculate the corresponding 

This gives us a d i s t r i b u t i o n  of z* values, 

possible ways. 

z-score,'say z*. 

each of which is equally l i k e l y  under the n u l l  hypothesis 

that the ILEC is treating customers impartially. .Given the 

desired Type I error rate, we can read off the appropriate 

critical value and compare t h i s  with  the observed value. 

2 6 .  For example, if the data are 

3 ILEC observations: X=l, X=2# X-4 
2 CLEC observations: Y=3 and Y=5 

then the pooled set  is (1,2,3,4,5) and there are 10 ways w e  

can assign these five observations to the XLEC and CLEC 

samples. We get 10 values of z :  

35 This method will provide reliable results for anv 
smnle s ize; -mk tbe use of the t-distribution and the 

sizes. 
Aassociat.ed table x's rirnBler for ail but very small sample 
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available program language cal led  S Plus in one-half hour. 

Thus, I believe that a suitable program could be developed 

promptly for use by t he  entire ILEC industry at minimal 

' 

cos t3' .. 

See, e.g., Cox and Hinkley, Theoretical S t a t i s t i c s  
(1974) (paperback edition Chapman and Hall, 19791, pp. 182- 
184; H. Scheffe, The Analysis of Variance (1959) John Wiley 
6( Sons, Section 9.3; P. Good, Pernutation Tests 
Springer. 

- 
(1994) 

I7 The C y t e l  Software Corporation of 675 Massachusetts 
Avenue, Cambridge, MA, markets a product called StatXact 
which has the capability of performing permutation t e s t s .  
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29. A resource issue relating to  the t?se of t h e  

permutation distribution is the time needed to generate 

results. Unless the sample s i z e s  are very small, the number 

of permutations to be generated is extremely large.l* 

order to deal w i t h  this problem, it would be reasonable to 

In 

use a random sample of possible pennutations to approximate 

the d i s t r ibu t ion .  For example, if the number of possible 

permutations in a part icular  case exceeds 1000, the program 

could be designed to approximate the permutation probabil i ty  

distribution by randomly selecting 1000 permutations and 
* 

’constructing the distribution f r o m  those data. Because 

computers can perform calculations such as this with  

. remarka5le speed, the distribution for any measurement 

category could be ascertained with5n.a few seconds.19 

le 

n-10, there are over 30 million. 

possibility for a s t a t i s t i c a l  analysis of individual 
performance measurements, i .e.,  comparing t h e  proportions of 
two samples that exceed some fixed value- 
a variation of this concept, in which t h e  fixed value is not  
specif ied in advance, but is determined from t h e  ILEC sample 
i t s e l f .  We use the upper 90% quantile of the ILEC sample to 
determine the level of service that  the ILEC is providing 
for 90% of its customers and then measure what percentage of 
CLEC customers receive at least that level of service. 
“parity” hypothesis is rejected if the f ract ion of CLEC 
customers receiving t h a t  level of service is much smaller 
than the percentage of I L E C  customers receiving such 
service. (Fox example, if the ILEC completes repairs on a 
specific service for 90% of its custQmers within 48 hours, 
p a r i t y  i s  not achieved if the ILEC complete repairs for much 
less t h a n  90% o f  CLEC customers within that amount of time.) 
T h i s  test procedure is non-parametric, i.e., 

If m-lO,’n-S, there arc 3003 permutations; if m=20, 

The Notice (Appx, E, n - 5 )  raises another interesting ’ l9 

AT&T is studying 

The 

it does not 
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overall,  or aggregate, T y p e  I error at 5%. 

also recommend that  any review of an ILEC's compliance with 

its nondiscriniination obligation should be based on t w o  

dimensions of statistical cornpaxisons, both of which must be 

satisfied. '* 

Furthennore, I - 

The two dimensions of s t a t i s t i c a l  comparisons 

are 
- 

(a) the number of t e s t s  that fail in any monthly period 

must not be too large, and 

(b} the number of tests that f a i l  for three consecutive 

months must not be too large. 
- 

'Here, "too large" must be determined by considerarlon of the 

t o t a l  number of individual tes ts  and the desired overall 

I e'rror rate. 

31, Tor the first dimension, w e  must detesmine how 

many of the individual measurements subjected to the above 

comparison t e s t s  need to demonstrate non-parity before an 

ILEC may be found to be in overall violation of its 

statutory duty. 

each having a 5% T y p e  I error rate, and have found that K1 

of them indicate non-compliance. 

times N, we have no conclusive evidence of overall non- 

Suppose we have made N individual t e s t s ,  

If K1 is approximately - 0 5  

2o The AT&T Statistical Ex Parte suggested that a t h i r d  
dimension also be considered, namely imposing a bound on t h e  
number of individual tes ts  that exhibit extreme violations. 
I now judge that imposing this additional constraint does 
not provide much additional power for detect ing extreme 
violations, and in fact reduces the chance of detecting some 
more moderate violations. 
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assuming compliance, is N/8000. Given that-the number of 

monthly tests w i l l  be well below 8000,  noncompliance should 

be found if K7 i s  not zero. 

number of three-time-failing t e s t s  is  kz-0. 

In other w o r d s ,  the allowed 

34. If we apply both of these overall procedures 

simultaneously, the actual overall T y p e  I error rate is a 

function of three things: the Type I error rates of t h e  

.individual tests, which f ca l l  al, the n-er k1 of allowed 

individual failures, and the number k2 of allowed three- t ime 

failures.  These three numbers can be determin-ed so that che 

‘ ~ y p e  I erxor rate of m e  overall procedure is e x a c t l y  5% (or 

- 

whatever other value is required). 

computation are given in Exhibit 1. 

Details of this 

XI. Bel lSouth’  5 P+op06ed MethodoL~gy IS Unsuited TO 
msuEe P a r i *  Aad Should Be Rejected. 

35. The’Notice (Appx. 3, ¶ 7) also solicits ~~mrneu~s 

on the methodology proposed by BellSouth, which‘is based on 

the use of s t a t i s t i c a l  process control. 

not suitable to measure parity between ILECs and CLECs and 

should be rejected. 

This approach is 

36. BellSouth has proposed three kinds of cont ro l  

In the first, described in t h e  Notice charts. 

¶ 6 ) ,  BellSouth maintains its own monthly results 

(presumably fo r  each type of measurement) 

(Appx. B, 

on a cont ro l  

chart. 

BellSouth’s h i s to r i ca l  record. 

Three-sigma limits are established by reference to 

Then, each month, results 
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for the CLEC are plotted on the same chart,'and par i ty  is 

claimed if these values do not fall outside the limits. 

37- A second proposal appears in Bel lsouth's  Tennessee 

Section 271 proceeding (see memo from David Laney to William - 
Stacy, attached to the r e b u t t a l  testimony of William N. 

Stacy, TRA DocKet 97-00309, Exhibit WNSPM-2). 

proposal is to plot values of t h e  variable DIFF=(CLEC value 

- ILEC value) on a control chart, with limits set a t  +/- 

2 . 6 6  times the average moving range of s i z e  t w o .  

Were the 

- 
38. A third proposal a l so  appears in the-same document 

'from BellSouth's Tennessee Section 271 proceeding. Here it 

is proposed to compute z-scores, but using the process 

standard- deviation in the denominator rather than the 

within-month TLEC sample variance as AT&T recommends. This 

process standard deviation is the average moving range 

(presumably of size two) divided by 1.128. 

39. Each of these proposals has serious deficiencies, 

the most serious being that statistical process c o n t r o l  is 

no t  designed to measure differences i n  parity. 

technique is used to measure s t a b i l i t y  in performance. 

S t a b i l i t y  of ILEC processes is of course an important 

concept, because tho overall rcliability of Lhe systems used 

to serve CLECs is essential to determining whether an ILEC 

Rather, this 

bas m e t  its dut ies  under Section 251 of the Act.  

it is  irrelevant in detennininq whether an ILEC's 

However, 
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performance for itself is at parity with the performance it 

provides t o  others,  i.e., CLECs. The ILEC's performance 

could be stable, with parity not provided, or  unstable with 

parity being provided. Stability and p a r i t y  are d i s t i n c t l y  

different concepts. 

40 .  Another shortcoming of each of the three BellSouth 
* 

proposals is that no allowance is made for the fact that .the 

number of observations that c m t r i b u t e  to each average may 

change f r o m  month to month. This makes the use of moving - 
ranges invalid measurements of variability. Also, the 

'number of observations in the CLEC sample is very u n l i k e l y  

to equal the number in the TLEC sample. Thus the ILEC and 

CLEC avekages will not have t he  same variances, even 

assuming parity, and SO should not be compared to the same 

control  limits, as the first proposal suggests. 

41. if control limits fo r  the quantity DIFF were to be 

set  using the process var iab i l i ty  Of t h i s  quantity, as in 

the second and th ird  proposals, some consistent violations 

of parity could completely avoid detection, Namely, if for 

any reason the CLEC measurements were consistently more 

variable than the ILEC measurements (which would imply t ha t  

many CLEC customers were getting poorer service), then this 

variability would be included i n  setting the cont ro l  limits, 

and lack of parity would not be detected. 

23 



- 
42. Further, use of separate con t ro l  charts for each 

of the many types of measurement leaves open the question of 

how an overall judgement of compliance should be arrived at. 

BellSouth has not addressed this issue. 

Conclusion 

43. In summary, m y  testimony shows that ATLT's 

proposed methodology satisfies the  Commission's desire to 

assure that reported differences in ILEC performance are 

statistically meaningful. - 
4 4 .  With respect to individual t e s t s  o f  TLEC 

performance, there are three key components in developing an 

appropriate statistical methodology. F i r s t ,  the modified z- 

statistic proposed by LCUG provides an appropriate rest 

statistic to determine whether there are significant 

differences in the mean and the var iance  of an ILEC's 

performance for itself and for CLECs. Second, a one-tailed 

test with Type -1 error at about the 5% level strikes a fair 

balance between the need to account for both Type I and T y p e  

I1 errors. Third, t h e  t-distribution provides a useful  

basis for  calculating the critical value for individual 

tests of ILEC performance. Moreover, in those few cases 
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where the s i ze  of the ILEC sample is smalI,-use of the 

permutation distribution will provide val id  results. 

45. It is also appropriate to aggregate the ras11.7.t~ of 

individual tests to determine whether the ILEC is in overall 

compliance with i t s  duty to provide nondiscriminatory 

treatment to CLECs. This should be done through t h e  use of 
- 

a two-part analysis that sets limits on the number of . 

individual  t e s t s  t h a t  fail to demonstrate parity fn any 

given month and on the number of individual tests that fail 

in three consecutive months. These limits can-be determined 
- 

'in such a way that the overall T y p e  Z error is held at 5 % .  

4 6 .  Finally,  the methodology suggested by BellSouth is 

not desi'gned to measure parity of performance between two 

different populations. Thus, it should not be used to 

dete-mine whether ILECs have met t h e i r  legal  duty.to provide 

CLECs w i t h  parity service. 

Sworn to before me this 
29th day o f  May, 1998 

Notary P u b l i c  

My Commission expires 

Colin L. M a l l o w s  
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Exhibit 1 

Statistical Definition of the Ccuupliance Rule for ILEC 
P-iQ 

The number kl of allowed individual vio la t ions ,  and the Type 
X error of each of the individual  testsz2, alr are 
determined so that the probabil i ty  of fa l se ly  claiming 
overall violation is controlled a t  a known levelz3, which we 
call a-. 

- Suppose we are aggregating N individual t e s t s .  L e t  K1 be 
the nuher  of these tests that indicate violations this ‘ 

month, and let K2 be t h e  number of tests that have shown 
violations in each of the past  three months. 
procedure is to claim overall v i o l a t i o n  i f  e i t h e r  (i) K1 
exceeds some number kl, or (ii) K2 exceeds zero.  W e  show 
how kl‘and the  type I error a1 .of each individual t e s t  can 
be determined so that the  Type I error of the dverall 
,procedure is held at some des ired level a. 

. 
Our proposed 

To determine kl and a1 when w e  know N, ( the  number of tests 
t o  be aggregated), and a, w e  proceed a s  follows. 
Throughout this ca lcu la t ion ,  we are assuming that the ILEC 
is f u l l y  i n  compliance, so t h a t  for each individual test the 
probability of (falsely) indicating non-parity is al. 

a) Choose a tentative value fo r  at. We s tar t  with a1= ct. 
This value of a1 w i l l  be adjusted (downwards) later. 

b) Determine kl to be the largest number such that the 
probabi l i ty  that the  overall procedure indicates violat ionz4 
(is greater than a. 

c )  Decrease a1 unt i l  the probability of overall violation 
using .the value of kl that was determined in step b) , is 
exactly a. 

A l s o  referred to as the size of the individual test. 22 

23 Also referred to as the s i z e  o f  the overall aggregated 
test. 

24 This probability is: 1 - (1 - a13)’ * P(k ,  N, p) where 
P(,,) is the cumulative probability of the binomial 
distribution. That is, P(k, p3, p)  is the probability 
that the numbes of f a l s e  parity test fai lures  is <= k 
when the  probability of an individual false p a r i t y  test 
failure is p, and where p - {al-a13) /.(l - al3) . 



The resulting value of a1 (and the corresponding crrttical 
value on the z-score scale) i s  to be used in each of the 
individual tests. 
series fails the test in three successive months, or if more 
than kl f a i l  in any single month. 

Then non-compliance i s  indicated if any 

7 13.768 
8 7 . 4 0 % +  

The following table provides an example of how kl is 
determined for the values N = 100 and OL * 5%. As shown, 
the value of kl = 8 is the largest value of k that  
corresponds to a probability of no less than  5% of being 
exceeded. In this case, Lhe prubabiliLy of claiming an 
overall vio la t ion  is 7.40%. 

select t h i s  k 

Table 1 

9 
10 

Determination of kl for N-100, a= 5% 

for kl 
3.99% 
2.36% 

I bl L4.118 

. The next step i s  to iteratively,decrease a1 and,recompute 
the overall probability of violation, with kl held at 8 ,  
until we arrive at a value for a1 for which this probability 
is .Os. In this case, that value of a1 is .04601. 

Now we can use the't-tables (or permutation distribution 
calculations) to determine t h e  appropriate cr i t ica l  values 
for each individual test. 
kl, al, and critical values (assuming large sample s i z e s  for 
each t e s t )  for u = . 05  and a number of values of N. 

The following T a b l e  2 provides 



t 

T a b l e  2 

Determination of kl and a1 f o r  a range of N 
where kl satisfies 1 - (1 - ax3)’ * P(kl,  N, p)=-OS 

. 



QWEST EXHIBIT 18 



. .  . .  

I 

MCI Telecommunications, 
WorldCom Communications 

Local Service Non-Discrimination Compliance and 
Compliance Enforccrnent 

1 

I 



. 
'a .Executive Summary 

2 



.. . 

1 ntrbduatton 

Statlsticsrl Procedure far Determining Compliance 



, 

4 



S 



4 



7 



Daterrlng Non-Cornptienee 

8 



r 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 

Compliant?: 

b 
a 
m 

R 

I 

YC.9 

I * -. * t I 

Yes3 No I No YeC Yes No; 
I 
I I . . .  ' 1  .-J I 

9 

.. 



10 



. .  

. 

I 

I 1 11 I I 



... . . -  
,a . . 

12 



QWEST EXHIBIT 19 



' .- 
I 

+.t. .; JFF-5 

Local Competition Users Group 

Statistical Tests for Local Service Parity 

February 6, 1998 
Membership: ATBrT, S prinl, MCI, LCI, WorldConi 

Version 1.0 

EXECUTIVE SUMMARY .......................................................................... 2 

1NTKOUUCTION. ................................................................................... 3 

PURPOSE ...........-.... ..................._,... ................ ........ ... ............ ..-........ .......................... ............. 3 
SERVrCE Q u a m  MEASUREMENTS. .. . . . . . . . . . .. .. . . . _ _  . . . .. .. . . . . . . . . . . . . . . . . . .-. . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 3  
WHY WENEEDTO USE STATISTICAL TE~S..............................................,.....................,,..............~ 
BASIC CONCEPTS AND TERMS ............................................................... 4 

POPULATIONS AND SAMPLES ............................................--...--........,.................................-..-.-....4 
MEASURES OFCENTRAL"DENCY AND SPREAD ................................,.....-..........--......................... 6 
SAMPLING D~~TR~BUTION OF THE SAMPLE MEAN ..............................................-.-.-.......-.................4 
'Ttn; Z-rESr.. . .. . . . . . . . . -. . . . . . . . . . . -. . . . . . . -. . . -. . . . . . . __..._...____ _._._ ____.__._.__......_..._........................... 8 
"YPE 1 ERRORS AND TYPE2 ERRORS .........................-........................,......-...................................g 
TESTS OFPROPORTIONS AND RA~E~............................................................................................ 10 

PROPOSED TEST PROCEDURES ..............................................................XO 

A?PLYING m APPROPRIATE TEsT........,.................................-....-.............................................. 10 
TESTFOR PAR~TY IN MEANS ..... :.......,.............................,..........-............................................... 11 
TESTFOR PARITY IN PRWGRTIONS ............_._....._._......................_.....___.........._......_..................... 12 
TESTFOR PARITY W RA7ES......................................................................-.......-........................ 13 

1 

I 



JFF- 5 

Executive Summary 

The Local Coinpctition Users Group has dmftcd 27 Service Qudity Measurements (SQMs) 
that will be used to measure parity of service provided by incumbent local exchange carriers 
(ILECs) to competitive local exchange carriers (CL.ECs). This set of measures includes 
means, proportions, and rates of various indicators of service quality. This document 
proposes statistical tests that are appropriate for determining if pariq is being provided with 
respect to these measurements. 

Each month, a specified report of the 27 SQMs will be provided by the ILEC, broken down 
by the requested reporting dimensions. The SQMs are to be systematically developed and 
provided by the ILECs as specified. Test parameters will be calculated so that the overall 
probability of declaring the ILEC to be out of parity purely by chance is very small. For 
each SQM and reporting dimension reported, the difference between the ILEC and CLEC 
results is converted to a z-value. Non-parity is determined if a z-value exceeds a selected 
critical value. 
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I Estimate- 
IGE-f I Percent System Availability 

! i 
!General 
i 1 GE-2 I Mean Time to h e r  Calls 
t I GE-3 I Call Abandonment Rate 

Introduction 

Purpose 

Tlie: Local Competition Users Group (LCUG) is a cooperative effort of AT&T, MCI, Sprint, 
LCI and WorldCom for establishing standards for the entry of new companies (competitive 
local exchange carriers, or CLECs) into the local telecommunications market. A key initiative 
of the LCUG is to establish measures of parity for services provided by incumbent local 
exchange carriers (ILECs). In short, parity means that the support ILXs provide on behalf 
of the CLECs is no lesser in qudity than the service provided by the ILECs to their own 
customers. 

. 

The LCUG has drafted a document listing service quality measurements (SQMs) that must he 
reported by the ILECs to insure that CLECs are given parity of suppport. The SQM 
document has been submitted to the FCC and made available to PUCs in all 50 states and is 
pending approval by many of these regulatory agencies. This document has been drafted to 

describe statistical methodology for determining if parity exists based on the measurements 
defined in the SQM document. 

Service Quality Measuremenfs 

The LCUG has identified 27 service quality measurements for testing parity of service. These 
arc: 

~~ ~~ 

I 

*I’ 1 MR2 Repeat Trouble Rate 
/ MH-3 

-A”.--.- 
1 I rouble Hate 

I !MR4 i Percentage of Customer Troubles Resolved Within i 

3 



JFF-5 . .' , 

I614 Percent Usage Accuracy I 
Operator Services and Directory 'OSDA-1 

-Network Performance 
Interconnect / Unbundled ME-1 Function Availability 
Elements and Combos 

Mean Tme to Answer 

1 Network Performance Parity f NP-1 
Assistance I 

WE-2 Timeliness of Element Performance 

The Service Quality Measurements document describes the importance of each measure as an 
indicator of service parity. The SQM document also describes reporting dimensions that will 
be used to break each measure out by like factors (e.g., major service group). 

Why We Need to Use Statistical Tests 

The Telecommunications Act of 1996 requires that ILECs provide nondiscriminatory support 
regardiess of whether the CLEC elects to employ interconnection, services resale, o r  
unbundled network elements as the market entry mer.hod. It is essential that CLECs and 
regulators be able to determine whether ILECs are meeting these parity and 
nondiscriminatory obligations. In order to make such a determination. the ILEC's 
performance for itself must be compared to the ILEC's performance in support of CLEC 
operations; and the results of this comparison must demonstrate that the CLEC receives no  
less than equal treatment compared to that the n-EC provides to its own operations. Where a 
direct comparison to analogous ILEC performance is not possible, the comparative standard 
is the level of performance that offers an efficient CLEC a meaningful opportunity to 
compete. 

When making the comparison of ILEC results to CLEC results, it is necessary to employ 
comparativc procedures that are bawl  upon generally accepted smistical procedures. It is 
important to use statistical procedures because dl of the ILEC-CLEC processes that will be 
measured are processes that contain some degree of randomness. Statistical procedures 
recognize that there is measurement variability, and assist in translating results data into useful 
decision-making information. A statistical approach allows for measurement variability while 
controlling the risk of drawing an inappropriate conclusion (Le, a "type 1" or "type 2" error, 
discussed in the next section}. 

- Basic Concepts and Terms 

Populations and Samples 

Statistical procedures will perrnii a determination whether the support that the ILECs provide 
to CLECs is indistinguishable from the support provided by the ILECs to their own 
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customers. In statistical terms, we will determine whether two "samples", the lLEC sample and 
the CLEC sample, come from the same "population" of measurements. 

The procedures described in this paper are based on the following assumption: When parity is 
pro-ovided, the ILEC datu and CLEC data can both be regarded as samples from a common 
population of possible outcomes. In other words, if parity exists, the measured results for a 
CLEC should not be distinguishable from the measured results for the ILEC, once 
random variahiiity i~ taken into acconnt. 
of the figure are histograms of two samples. In this illustration, the ILEC sample contains 200 
observations (data values) and the CLEC sampie contains 50. Note that the two histograms are 
not exactly alike. This is due to sampling variation. The assumption that panty exists implies 
bat both samples were drawn from the same population of values. If It were possible to 
observe this population completely, the population histogram might appear as shown on the 
left of the Figure. If the samples were indeed taken from this population, histograms drawn 
for larger and larger samples would look more and more like the population histogram. 
Figure 1 shows that even when parity is being provided, there wi11 be differences between the 
samples due to sampling variability. Statistical tests quantify the differences between the two 
samples and make proper allowance for sampling variability. They assess the chance that the 
diffcrcnccs that 
are observed are due simply to sampling variability, if parity is being provided. 

Figure 1 ilhstrateo this concept. On the right side 

4.0 
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Measures of Centrai Tendency and Spread 

Often. distributions are summarized using "statistics." For the purpose of this paper, a 

"statistic" is simply a calculation performed on a sample set of data. Two common types of 
statistics are known as measures of "central tendency" and "spread." 

A measure of central tendency is a summary calculation that describes the middle of the . 

distribution in some way. The most common measure of central tendency is called the 
''mean'' or "average" of the distribution. The mean of a sample is simply the sum of the data 
valucs divided by the sample size (number of observations). Algebraically, this calculation is 
expressed as 

where x denotes a value in the sample and n denotes the sample site. The mean describes the 
center of the distribution in the following way: If the histogram for u sample were d s e t  of 
weights stacked on top of a $at board placed on top of a fulcrum (a "see-saw"), the rnetan 
would be the position along the board at which the board would bulance. (See Figure 1 .) 
The mean in Figure 1 is indicated by the small triangle at approximately the value "4" on 
the horizontal axis. 

A measure of sprcad is a summary calculation that dtscribcs thc amount of variation in a 
sample. A common measure of spread is a called the "standard deviation" of the sample. The 
standard deviation is the typical size of a deviation of the observations in the sample from 
their mean value. The srandard deviation is calculated by submcting the mean value from 
each observation in the sample, squaring the resulting differences (so that negative and 
positive differences don't offset), summing the squared differences, dividing the sum by one 
less than the sample size, then taking the square root of the result. Algebraically, this 
calculation is expressed as 

While the notion of mean and standard deviation exists for populations as well as samples, the 
mathematical definition for the mean and standard deviation for populations is beyond the 
scope of this paper. However, their inrerpretacion is generally the same as for samples. In 
fact, for very large samples, the sample mean and sample standard deviation will be very close 
to the mean and standard deviation of the population from which the sample was taken. 

Sampling Distribution of the Sample Mean 

In Figure 1 we showed the positions of the means of the population and the two samples with 
triangular symbols beneath the distrihutions. If we sample over successive months, we will get 
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new ILEC samples and new CLEC samples each and every month. These sample< will nor he. 
exactly like the one for the first month; each will be influenced by sampling variability in a 
different way. In Figure 2, we show how sets of 100 successive LEC means and 100 
successive CLEC means might appear. The lLEC means can be thought of as being drown 
from a population of sample means; this population is called the "sampling distribution" of 
these ILEC means. This sampling distribution is completely determined by the basic 
population of measureinenis h i t  we star1 wilh, and thc: number of observations in each 
sample. The sampiing distribution has the same mean as the population. 

Figure 2 illustrates two important statistical concepts: 

1. The histogram of successive sample means resembles a bell-shaped curve known as the 
Normal Distribution. This is true even though the individual observations came from a 
skewed distribution. 

2. The standard deviation of the distribution of sample means is much smaller than the 
standard deviation of the observations themselves. In fact, statistical theory establishes the 
fact that the standard deviation on the population of means is smaller by a factor 6, where 
n is the sample size. This effect can be seen in our example: the distribution of the CLEC 
means is twice as broad as the distribution of the ILEC means, since the ILEC sample size 
(200) is four times as large as the CLEC sample size (50). 

' 

CI 
4 3  

1 4 2  

4.0 
10 

r' 
13.0 

3.8 
3.7 0 -? 

1 I I 
Mom 7 3 4 5 

ILEC Mmnr 

It is common to call the standard deviation of the sampling distribution of a statistic the 
"standard error" for the statistic. We shall adopt this convention to avoid confusion between 
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the standard deviation of the individual observations and the standard deviation (standard 
error) of the statistic. The latter is generaliy much smaller than the former. In the case of 
sample means, the standard error of the mean is smaller than the standard deviation of the 
individual observations by a factor of 6. 

The 2-test 

Our objective is to compare the mean of a sample of ILEC measurements with the mean of a 
sample of CLEC measurements. Suppose both samples were drawn from the same 
population; them the difference between these two sample means (Le., DIFF = xcLEc - x-) 
will have a sampling distribution which will 

- 

(i) have a mean of zero; and 
Cii) have a standard error that depends on the population standard deviation and the sizes of 

the two samples. 

Statisticians utilize an index for oomparing measurement results for different samples. The 
index employed is a ratio of the difference in the two sample means (being compared) and 
the standard deviation estimated for the overall population. This ratio is known as a z-score. 
Tlie z-~curc: curupares rhe two samples on a standard scale, making proper flowance for the 
sample sizes. 

l”he computation of the difference in the two sample means is straightforward. 

The standard deviation is less intuitive. Nevertheless, statistical theory establishes the fact that 

where (3 is the standard deviation of the population from which both samples are drawn. That 
is, the squared standard error of the difference is the sum of the squared standard errors of 
the two means being compared.’ 

We do not know the true value of the population (3, because the population cannot be fully 
ubstavcd. Huwevtx, we caii e~lirnatt: ci Eivcii tltc sLaedard deviatiuri or ihe LEC sample 
(oIEC).’ Hence, we may estimate the standard error of the difference with 

’ Winkler and Hays, Probability, injsrence. ond Decision. (Holt, Rineharl and Winston: New Yorlc), p. 
370. 

Winkler and Hays. Probabifiry. Inference. undDecision. (Holt, Rhehm and Winston: New York), p. 
338. 
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If we then divide the difference between the two sample means by thi 
standard deviation of this difference, we get what is called a "z-score". 

stimate of tk 

Because we assumed that both samples were in fact drawn from the same population, this z- 
score has a sampling distribution that is very nearly Standard Normal. i.e., having a mean of 
zero and a standard error of one. Thus, the z-score will lie between f 1 in about 68% of 
cases, will lie between f 2 in about 95% of cases, and will lie between f 3 in about 99.7% of 
cses, always assuming that both samples come from the same population. Therefore, one 
possible procedure for checking whether both samples come from the same population is to 
compare the z-score with some cut-off value, perhaps +3. For comparisons where the values 
bf z exceed the cutoff vaiue, you reject the assumption of parity as not proven by the . 
measured results. This is an example of a statistical test procedure. It is a formal rule of 
procedure, where we start with raw data (here two samples, ILEC measurements and CLEC 
measurements), and arrive at a decision, either "conformity" or" violation". 

Type 7 Errors and Type 2 Errors 

Each statistical test has two important properties. The first is the probability that the test will 
determine that a problem exists when in fact there is none. Such a mistaken conclusion is 
caIled a type one error. In the case of testing for parity, a type one error is the mistake of 
charging the ILEC with a parity violation when they may not be' acting in a discriminatory 
manner. The second property is the probability that the test procedure will not identify a 
parity violation when one does exist. The mistake of not identifying parity violation when the 
ILEC is providiiig Jisc;rLrrinatury service is called a type two eCKOr. A balanced test Li, 
therefore, required. 

From the ILEC perspective, the statistical test procedure will be unacceptable if it has a high 
probability of type one errors. From the CLEC perspective, the test procedure will be 
unacceptable if it has a high probability of type two errors. 

Very many test procedures are available, all having the same probability of type one error. 
However the probability of a type two error depends on the particular kind of violation that 
occurs. For small departures from parity, the probability of detecting the violation will be 
small. However, different test procedures will have different type two error probabilities. 
Some test procedures will have small type two error when the CLEC mean is larger than the 
ILEC mean, even if the CLEC standard deviation is the same as the LEC standard deviation, 
while otber procedures will be sensitive to differences in standard deviation, even if the means 
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are equal. Our proposals below are designed to have small type two error when the CLEC 
mean exceeds the ILEC mean, whether or not the two variances are equal. 

Tests of Proportions and Rates 

When our measurements are proportions (e-g. percent orders completed on time) rather than 
measurements on a scale, there are some simplifications. We can think of the ”population” as . 

being analogous to an urn filled with balls, each labeled either O(fai1ure) or l(success). In 
this population, the fraction of 1’s is some “population proportion”. Making an obscrvatiun 
corresponds to drawing a single ball from this urn. Each month, the LEC makes some 
number of observations, and reports the ratio of failures or successes to the total number of 
observations; the ILEC does the same does the same tor the CLEC. The situation is very 
similar to that discussed above; however, rather than a wide range of possible resuit values, we 
simply have 0’s (failures) and 1’s (successes). The ”sample mean” becomes the ”observed 
proportion”, and this will have a sampling distribution just as before. The novelty of the 
situation is that now the population standard deviation is a known function of the PO ulation 

,proportion’; if the population proportion is p .  the population standard deviation is J- pCI - p ) .  
with similar simplifications in ail the other formulas. 

There is a similar simplification when the observations are of rates, e.8.. number of troubles 
per 100 lines. The formulas appear below. 

Proposed Test Procedures 

Applying the Appropriate Test 

Three z-tests will k. described in this sectan: 
Parity in Rates”, and the “Test for Parity in Proportions”. For each LCUG Service Quality 
Measurement (SQM), one or more of these parity tests will apply. The following chart is a 
guide that matches each SQM with the appropriate test. 

the “Test .Jr Panty in Means”, the “Test for 

I I 
I I Percent Jeopardies Returned (OP-8) 1 Proportion 

Winkler and Hays, Probability, Inference. nnd Decision. (Holt, Rinehart and Winston: New York), p. 
212. 
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I Performance of Network Elements (TZJE-2) 1 Mean, Proportion 1 

Test for Parity in Means 

SeveraI of the rneasuremehts in the LCUG SQM document are averages (Le., means) of 
certain process results. 'Ihe statistical procedure for testing for parity in lLEC and CLEC 
means is described below: 

1. Calculate for each sample the number of measurements (nW and n-), the sample 
means (xrLEC and x ~ ) ,  and the sample standard deviations (a- and crcuc). 

2. Calculate the difference between the two sample means; if larger CLEC mean indicates 
possible violation of parity, use DIFF - x- - xIm, otherwise reverse the order of the 
CLEC mean and the ILEC mean. 

- - 

- - 

3. To determine a suitable scale on which to measure this difference, we use an estimate of 
the popuIation variance based on the ILEC sample, adjusted for the sized of the two 
samples: this gives the standard error of the difference between the means as 

4. Compute the test statistic 

5 .  Determine a critical value c so that the type one error is suitably small. 

1 1  
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ILEC CLEC I T e s t  
P Z I Violatior 

17.50Yd 6.Sd YES! 

6 .  l3eclarp. the meam tn he in vinlsltion of parity if z 3 0. 

Example 

Test for Parity in Proportions 

Several of the measurements in the LCUG SQM document are proportions derived from 
certain counts. The statistical procedure for testing for parity in ILEC and CLEC proportions 
is described below. It is the same as that for means, except that we do not need to estimate the 
TIXC variance separately. 

1 .  Calculate for each sample sample sizes (nILEC and n-1, and the sample proportions 
' @,,ad PCLEC)' 

2. Calculate the difference between the two sample means; if lurger CLEC proportion 
indicates worse performance, use DIFF = pcUc - pa=, otherwise reverse the order of the 
ILEC and CLEC proportions. 

3. Calculate an estimate of the standard error for the di'erence in the two proportions 
according to the formula 

4. Hence compute the test statistic 

DIFF z=- 
= O W  

5. Determine a critical value c so that the type one error is suitably small. 

6 .  Declare the means to be in violation of parity if z > c. 

Example 
I C: -Critical value for tho test 
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Test for Parity in Rates 

A rate is a ratio of two counts, nuddenom. An example of this is the trouble rate experience 
for POTS. The procedure foe analyzing measurements results that are rates is very similar to 
that for proportions. 

1. Calculate the numerator and the denominator counts for both lLEC and CLEC, and hence 
the two rates rILEc = n ~ " ~ L I i c / d e n o m ~  and rcLEc = numCLEC/denomCLEC. 

2. Calculate the difference between the two sample rates; if target CLEC rate indicates worse 
performance., use DJFF = rCm - rut, otherwise take the negative of this. 

3. Calculate an estimate of the standard errorfor rhe difference in the two rates according to 
' thc formula 

4. Compute the test statistic 

DIFF 
=,UT 

z=- 

5. Determine a critical value c so that the type one error is suitably small. 

6 .  Declare the means to be in violation of parity if I > c. 

Example 
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