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ABSTRACT 

At the 8th ITC, D. H. Barnes [1] described a plan 
for mechanized dial administration and traftic 
engine~ring of small switching offices using ob
servat~ons of extreme traffic values. This plan 
h~s been developed in the Bell System's Sm&ll Of
f~ce Network Data System (SONDS). SONDS is a 
large scale implementation of Extreme Value En
gineering (EVE) principles applied to small step
by-step switching offices. 

EVE supplies or.der statistics to measured peak 
loads, ,e.g., the highest daily one hour loads,to 
determ~ne the parameters of an extreme value dis
tribution function. This estimated distribution 
function i~ used in the process of continuous 
load monitoring and in preparing timely admini
strative and engineering information. 

The implementation of EVE in SONDS required the 
derivation of a modified extreme value distribu
tion function and new service criteria and ser
vice measurement techniques. :,:n SONDS, daily 
peak measurements are analyzed to generate 
monthly load estimates. These daily peaks do not 
follow the Gurnbel [2] double exponential distri
bution function as the peaks are not selected 
from a large number of candidate values. However 
a modified extreme value distribution function 
the normal distribution raised to the sixth ' 
p~wer, was found to fit daily peak data. Equa
t~ons are derived for estimating the parameters 
of this distribution, both from a complete and 
from a censored sample via the moments method. 

Continuous monitoring of hourly traffic loads in 
the study phase of SONDS provided the data needed 
to compare monthly peak loads and time consistent 
b~sy hour . ~oads for many small step-by-step of
f~ces. Th~s data was used to derive monthly peak 
service criteria that satisfy the following ob
jectives: provide at least as good overall ser
vice as provided by using the current time con
sistent service criteria; provide better service 
during peak load periods than is providea by 
using the current time consfstent criteria; pro
vide service to customers that is independent of 
the size of the serving group; require the same 
o~ less total equipment than is in current use. 

The monthly average of daily peak service measur~ 
ments is selected from several candidates for 
monitoring and indexing service. Thisaverage 
can be very different for two groups that are 
each at their peak capacity. The concept of an 
Average Measured Peak Service Objective, that 
depends only on the peak load capacity and the 
measured load volatility of a group, is intro
duced to address this problem. 

1 . INTRODUCTION 

Traffic engineering in the Bell System has tra
ditionally been accomplished using measurements 
of average traffic loads during a time consistent 
busy hour. In small step-by-step offices only 
about one-fifth of the daily peak loads occur in 
the time cons i stent busy hour. Because of the 
volatil~ty of offered traffic and the steepness 
of load service curves, delays and blocking 
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during the peak hour can vary considerably. The 
loads during these peak hours, whenever they oc
cur, are most likely to cause traffic related 
customer irritation. Thus, service to the 
customer can be improved if peak loads rather 
than average time consistent loads are monitored. 

EVE uses order statistics of peak load measure
ments to monitor traffic data and to estimate the 
distribution of the peak loads. Using this dis
tribution with new peak service criteria, that 
better reflect the experience of a customer in 
using the system, there results an improved 
method of engineering and administering a 
central office. 

SONDS is a fully mechanized system for collect ing, 
processing (using EVE principles) and reporting 
component peak traffic data for small step-by
step central offices. A pollable data terminal 
wi th associated usage scanners is located in each 
centr~l office. The terminal monitors the hourly 
traff~c data throughout the day and retains the 
peak hour values. A centralized computer polls 
the data terminals over the DDD network once each 
night to collect the daily peak data and to zero 
the terminals. The peak data are subjected to a 
series of validation and st.atistical tests. 'Ihese 
tests determine whether all or part of the data 
are added to the SONDS data base and whether any 
exception (problem identification) reports are 
generated. The latest data base is used to gen
erate scheduled engineering and administrative 
reports which are automatically transmitted to a 
SONDS user's teletypewriter via the DDD network. 
Through this same interface the user can also in
teract with the central computer to request 
special reports or instructions and to modify 
the data base. 

The statistical tests use an extreme value dis
~ri~u~ion function model to identify and reject 
~nd~v~dual component outliers or complete sets 
of terminal data, and to identify a sequence of 
consistently high or low daily peak values. The 
distribution function model used in SONDS is dis
cussed in Section 2. Procedures for estimating 
the parameters of the model are presented in 
Section 3 along with an expression for the return 
period load that is used for engineering and ad
ministration in SONDS. A return period load is 
the load which will be exceeded once, on the 
average, during an interval of time (the return 
period). A one month (20 business day) return 
period load, x 20 , is used for engineering in ~S. 

~ew pe~k service criteria are needed for engineer
~ng us~ng a monthly return period load. The 
selection of peak service engineering criteria 
are discussed in Section 4. An equitable and 
prac~ical service measurement for dial tone delay, 
and ~ts related objective, is presented in ~. 5. 

2. MODIFIED EXTREME VALUE DISTRIBUTION FUNCTION 

The first step in applying extreme value methods 
to peak data is to determine an extreme value 
distribution function that adequately describes 
the data. The Gumbel [2] double exponential dis
tribution has been used in the Bell System to 
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successfully describe weekly peak load. traffic 
measurements and to extreme value engineer the 
Subscriber Loop Multiplexer, SLMe 13J, and the 
Loop Switching System (LSS l. 14]. 

Recently extreme value engineering was' considered 
for small central office and trunk engineering. 
Because of seasonal variations and sustained 
periods of continuous growth, monthly reports of 
usage measurements are needed for ,engineering and 
administration. Since four weekly peak loads 
durin9 a month cannot provide accurate monthly 
reports, daily peak data wa,s considered. * 

Daily peak loads do not sat i sfy the large sample 
assumptions that lead to the double exponential 
distribution function. Instead of selecting a 
daily peak value from a large number of 
"candidate busy hours~ there are of the order · of 
only 5 or 10 candidate busy hours during a day. 

Daily peak data plotted on double exponential 
probability paper tend to exhibit a J-shape. 
Thus straight line fits to the data generally 
overestimate both the highest and lowest few 
data points. If the lowest few points are dis
carded, the remaining daily peak data points tend , 
to follow a straight line. However, this pro
cedure does not validate or provide adequate 
monitoring of the low data points (which is 
necessary for problem identification in SONDS} 
and the resulting estimates of the mean and 
variance of the daily peaks are biased on the 
high and low side, respectively. 

2.1 Candidate Busy Hour Model 

A search was made for an improved extreme value 
distr i bution function model i one that could avoid 
the above problems and provide a better fit to 
the larger peak values, and thus a better estliffite 
of the monthly return period load, 

As a first step, the distribution of equipment 
loads across days was examined for each of the 
busier hours in many step-by-step offices. The 
busy hour loads were found to satisfy the 
Lilliefors 15] version of the standard 
Kolmogorov-Smirnov probability distribution 
function test , for normality at the 5% signifi
cance level~ 

The second step was to determine whether round
the-clock hourly data can be adequately mode led 
by h equal candidate busy hours, even though the 

. individual hours may not be identical, for the 
purpose of selecting daily peak loads. If this 
is possible, and an optimal value of h is chosen, 
then the modified extreme value distribution 
function to use for daily peak usage data is the 
normal probability distribution function raised 
to the hth power. AS h increases from small 
values, the J-shape on double exponential prob
ability paper diminishes and for larger h a 
straight line (corresponding to the double ex
ponential distribution} is approached . 

2.2 Validation of Candidate Busy Hour Model 
and Selecti,on of Value for h 

Three tests were made to determine the validity 
of the normal-to-the-hth power model and to 
select a value for h. The first compares the 
distribution of daily peak loads among the hours 
during the day for an h-equal-candidate-busy
hour-model and for step-by-step central office 
and trunk equipment usage data. The second 
selects the value of h that provides the best 
validation and monitoring of the lower daily peak 
data points. The final test identifies the dis
tribution function that best estimates the 

* polling on a daily basis also allows for the 
collection of one hour of middle-of-the-night 
usage which has proven to be a useful tool for 
diagnosing maintenance problems in small 
step-by-step offices. 
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highest of the 20 daily peak values 'when it is 
fit to all 20 values. 

Table 1 summarizes the results of the tests for 
the best value of h. The ranges of h indicated 
by each of the tests is shown. Collectively a 
range of from 4 to 10 is indicated. The value 
h = 6 is chosen for the modified extreme value 
distribution function. It is the only value that 
falls in each of the three ranges and the normal 
distribution raised to the sixth power accom
plishes the following: it provides extreme 
value probability paper on which daily peak data 
tend to follow a straight linei it provides un
biased estimates of the mean and variance 
of the daily peak data as the lowest few 
data points are not automatically discardedi it 
successfully validates and monitors low side data; 
and it best estimates the monthly return period 
load~ 

TABLE 1 

SELECTION OF NUMBER OF CANDIDATE BUSY HOURS, h, 
IN (NORMAL}h MODEL 

Tests 

Distribution of daily peak loads 
among hours during the day 

Validation and monitoring ot 
lower daily peak loads 

Estimating highest of 20 daily peaks 

Collectively 

Selected 

Ranges of h 
indicated 

_by tests 

6 - 10 

4 - 6 

6 - 9 

4 - 10 

6 

3. ESTIMATION OF PARAMETERS OF MODIFIED 
DISTRIBUTION FUNCTION 

The modified extreme value distribution function 
selected in Section 2 for describing daily peak
hour usage data, x, is the normal distribution 
raised to the sixth power, 

F Cxl r 1 IX -~ j6 "-- e 20 dt 
Y2lT 0 

L ~ 

(1) 

where ~ and 0 are the mean and standard deviation 
of each of the equal "candidate busy hour" load 
distributions. 

3.1 Moments Method 

In SONDS, ~' and 0 are estimated by matching the 
first two moments of the distribution of 
Equation (1) to their unbiased sample estimates. 
The mean and variance of the distribution of 
Equation (1), for the reduced variate y = (x-~)/o, 
have been evaluated numerically by L. H. c. 
Tippett [6] and found to be 1.267 and 0.412, re
spectively. Thus, the mean and variance of the 
daily peak load distribution of ' Equation (1) are 

E(x) = ~ + 1.2670 (2) 

and 

VAR(x) = 0.4120 2 . (3) 

Replacing E(x) and VAR(x) by the unbiased
2

samp le 
estimates of the mean, rn, and variance, s , the 
moments method equations are obtained: 

and 
" 2 
s 

1 n ~ ~ 
m = L x. = ~ + 1.2670 

n i=l ~ 

1 n " 2 
- L (x.-m) 
n-l i=l ~ 

" 2 0.4120 • 
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Solving for the desired estimates gives 

a ~/0.642 (4) 

and 
'" '" 

j.l m-l.267a (5) 

Using these values in Equation (I) provides an 
estimate of the modified extreme value distribu
tion function. This distribution function is 
used in SONDS to monitor peak loads and to pro
vide a~inistrative and engineering information. 
The 95 percentile of this distribution provides 
~n estimate for the monthly return period load, 
x 20 , used for peak engineering, which can be 
expressed as 

m + 1.744~ = ~ + 2.3870 (6) 

This is the load that is exceeded once, on the 
average, every 20 business days. 

3.2 Moments Methods with Censored Sample 

In SONDS, at the end of an initial n-day startup 
period, it is desired to validate the daily peak 
data collected thus far. This is accomplished by 
ordering the data collected for each component 
and applying a low outlier test to the lowest 
values and a high outlier test to the highest 
values [1]. In order to perform these tests 
without undue influence from the possibly con
taminated data being tested, equations are de
rived for estimating the parameters of the 
normal-to-the-sixth distribution from a censored 
sample via the moments method. 

When the largest peak value from the startup 
period is subjected to a high outlier test, the 
moments method equations match the censored mean 
and variance of the distribution of Equation (I) 
to the sample mean, mn-l' and variance s~_l' of 
the lowest n-l of the n daily peaks, 

1 n-l 
m = L x 
n-l n=r i=l (i) 

(7) 

and 

(8) 

where x. is the ith smallest of the n daily 
peaks. (~) Taking the expectation of Equation (7), 
the censored mean is 

n 
n-l 

n 
n-l 

Using Equation (2) and transforming to the 
reduced variate, 

Ern =--( '" ) n 
n-l n-l 

(9) 

where E(y ) can be interpreted as the expected 
(n) 

value of the largest of 6n samples from an N{O,l) 
distribution. Values o£ E(Y(n») are shown in . 
Table 2 for values of n from 1 to 20. These are 
obtained from a table of the mean range (twice 
the mean) of samples of size 1 to 1000 from the 
normal population that was numerically evaluated 
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by Tippett [6]. Values for n :f 20 are shown because 
outliers identified by SONDS are discarded and 
the remaining daily peaks are treated as a com
plete sample. For example, if x 0 is rejected 
as a high outlier, then x(19) wilt )be subjected 
to the high outlier test. In this test 
E(Y{19») enters. 

TABLE 2 

Expected Values of the Lowest and Highest 
Reduced Order Statistics for a Sample of Size n 
from the Normal-to-the-Sixth Distribution 

n E(Y{l») E(y2 (l)l E(y (n») E(y2{n)] 

1 1. 267 ·2.02 1. 267 2.02 
2 0.905 1. 06 1. 629 2.98 
3 0.734 0.73 1.820 3.60 
4 0.626 0.55 1. 948 4.06 
5 0.548 0.44 2 .. 043 4.42 
6 0.489 0.37 2.118 4.72 
7 0.440 0.31 2.180 4.98 
8 0.400 0.27 2.233 5.20 
9 0.366 0.24 2.279 5.40 

10 0.336 0.21 2.319 5.58 
11 0.310 0.194 2.355 5.74 
12 0.286 0.176 2.388 5.90 
13 0.265 0.161 2.417 6.03 
14 0.245 0.149 2.445 6.16 
15 0.227 0.138 2.470 6.28 
16 0.211 0.129 2.493 6.40 
17 • 0.196 0.121 2.515 6.50 
18 0.182 0.114 2.535 6.60 
19 0.168 0.108 2.554 6.70 
20 0.156 0.102 2.572 6.79 

Taking the expectation of Equation (8) the 
censored variance is 

1 E \ {x -; + n=l (x{n) - m) 
n-2 i;l i ~

n '" }2 

= n:12 {VAR{X) -~ Er(X{n) - ;) ~}. 
n (n-l) L 

Transforming to the reduced variate, the 
censored variance is 

(
"'2 ], 'n-l 2 { . 2 ~ (2 } 

.E sn_l = n-2 a 0.412 - (n-:-l) 2 L y (n) J 

. - 2(1.2671 E[Y(nlJ + l1'2671~} 
(lD) 

Matching the censored mean and variance of 
Equations (~) and (10) to their sample estimates 
~ 1 and 5 1 and solving for j.l and a gives the 
cgnsored e~t~mates of these candidate busy hour 
parameters for the high outlier test, 

r- (n-2) 52 / (n-l) 1 
cr ~ [0.412 - (n_~)2 ~(Y7n);~:.S34 E(Y(n)l + 1.60~J (11) 
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(12) 

Values of E(y2( ») were simulated and are shown 
in Table 2. n 

When the smallest daily peak value from the 
startup period is subjected to a low outlier 
test, the desired censored estimates of the 
parameters ~ and 0 are obtained from Equations 
(11) and (12), with y(n) replaced by Y(l) and 
the sample estimates evaluated for the hi~hest 
n-l of the n daily peaks. Values of E(YCll} for 
sample sizes from 1 to 20 are shown in T~Dle 2. 
These are the expected values of the reduced 
variate for the lowest of n samples from the 
distribution function of Equation (1) or, the 
mean of the reduced variate for the distribution 
function 

G(x) = 1 - [l-F(X)]n . (13) 

The E(y ll) were evaluated by taking the ex
pected ~alue of the expansion of Equation (13) 
and applying Tippett's results to each term in 
the expansion. For larger values of n, where 
this procedure is inaccurate due to cancellation 
of terms of opposite si~n, the results were 
simulated. Values of Elytl») were simulated and 
are shown in Table .2. 

4. SELECTION OF PEAK ENGINEERING SERVICE 
CRITERIA 

A monthly return period load is used for peak 
engineering of small step-by-step offices. This 
load level better reflects the service viewpoint 
of a custoreer using the system than does an 
average busy season (ABS) time consistent busy 
hour (TCBH) load. The estimated monthly return 
period load is based on continuous monitoring of 
all hourly data and takes into account the 
variability of the loads. 

In order to use a return period load for en
gineering and administration, a new peak service 
criterion and corresponding load objective or 
capacity must be determined. For small step-by
step offices (less than 2000 customers) peak ser
vice criteria have been selected for line finders 
(line concentrators), connectors, trunks and 
selectors. These criteria and corresponding 
capacity tables are used in SONDS for engineer
ing and administration. 

Line finders are used for illustration through
out this section because their TCBH engineering 
is the most complex. They are currently en
gineered by loading division (discussed in 
Section 4.2) using multiple time consistent ser
vice criteria. The peak service criterion 
selected for line finders in small step-by-step 
offices is: the proportion of daily peak hour 
calls with dial tone delay greater than three 
seconds should not exceed 8 percent more often 
than once a month, on the average, during the 
busy season. 

Section 4.1 lists the desired objectives for 
peak service criteria. Section 4.2 selects the 
form of the monthly peak load needed to meet the 
objectives. Section 4.3 describes a method of 
relating time consistent and peak service cri
teria and Section 4.4 applies the method to line 
finders with the resultant selection of a peak 
service criterion that meets the stated 
objectives. 

4.1 Objectives for Peak Service Criteria 

The following four objectives were set for 
the determination of peak service criteria. The 
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peak ~ervice criteria should: 

~. provide for at least as good overall ser
vice as provided by using the current 
time consistent criteria; 

B. provide for better service during peak 
load periods than is provided by using the 
current time consistent criteria; 

C. provide for service to customers that is 
independent of the size of the serving 
group; 

D. require no more total equipment than is 
in current use. 

Line finders in small step-by-step offices in 
the Bell System tend to be overprovided because 
of the lack of sufficient traff~c data. SONDS 
provides affordable peak traffic data that al 
lows for the provision o .f fewer total line 
finders for these small offices while providing 
at least as good overall service as specified by 
current time consistent criteria. The combina
tion of peak load measurements and a peak ser
vice criterion allows for better equipment 
utilization and customer service during peak lead 
periods, Service to customers that is independ
ent of the size of the serving group is achieved 
by appropriately choosing the peak service 
criteria and the type of monthly peak load 
averaging used for the engineering. 

4.2 Selection of Type of Monthly peak 
Load Averaging 

In a step-by-step office up to about 192 custom
er lines are served by a single group of line 
finder~ . Line finder groups that have similar 
load characteristics are generally engineered 
collectively and are said to be part of the 
same loading division. In order to meet object
ive C it is desired to select a monthly peak 
load for the loading division that, for a given 
load distribution per line finder group and a 
given monthly peak service criterion, will pro
vide the same amount of equipment per group in
dependent of the size of the loading division. 

The candidates for the loading division monthly 
peak load are (1) the average across the loading 
divis~on of the individual line finder group 
monthly peak loads, and (2) the monthly peak 
load calculated from loads that are averaged 
across the loading division each hour. 

Using the 6-candidate-busy-hour model described 
in Section 2, where the distribution of loads in 
each hour are indipendent and identically dis
tributed as NC~,o ), the monthly peak load for a 
line finder group is given by Equation (6). 
Averagin9 this load across k line finder groups 
in a loading division gives the monthly peak 
load of the first type 

Jf the candidate busy hour loads are averaged 
across the loading division each hour, then the 
distribution of loading division hourly loads 
follows N (~, o2/k) and the estimate of the second 
type of monthly peak load is 

If k = 1 the above two estimates are the same. 
However, as k increases (2)X20 decreases, 

whereas (l)X20 remains unchanged. Thus, for a 
given monthly peak service criterion the first 
type of monthly peak load requires the same 
number of line fincers per group independent of 
the number of groups in a loading division 
wherea~ the second type of monthly peak load 
requires fewer line finders per group the 
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larger the loading division, and thus a non
uniform grade of service. 

The first type of monthly peak load meets ob
jective C and is used in the ' discussion below 
and in SONDS. 

4.3 Procedure for Calculating Monthly 
Peak Service Criteria 

Peak service criteria for trunks and switching 
equipment associated with step-by-step offices 
are determined by calculating the blocking or 
dial tone delay that would occur if the monthly 
peak load was offered to the amount of equipment 
required by time consistent service criteria.* 
The procedures used are described below for 
line finders.** 

Continuous monitoring of hourly traffic loads in 
the study phase of SONDS provided the data n~ 
for these calculations. For each hour the load
ing division load was determind by averaging the 
individual line finder group loads across the 
loading division. These loads were used to de
termine the amount of equipment required by time 
consistent service criteria. Also, for each day 
the daily peak hour load was selected for each 
line finder group. For each month the monthly 
peak load, calculated for each line finder group 
using equation (6), was averaged across the load
ing division. 

For line. finders there are three time consistent 
service criteria: 

1. 1.5% dial tone delay (DTD) greater than 
three seconds for the ABS TCBH loading 
division load; 

2. 5% DTD for the average 10 high day load
ing division load; 

3. 20% DTD for the highest of the 10 high 
day loading division loads. 

For each of the three time consistent line 
finder service criteria the appropriate loading 
division load was calculated and the number of 
line finders per group required to just meet the 
service criterion was determined. The largest 
of the three numbers of line finders per group, 
g, was selected (as in TCBH engineering) and the 
following steps were performed; 

a. calculate the average monthly peak load 
for the loading division for each of the 
three busy season months; 

b. average these three loads and calculate 
the corresponding offered load; 

c. calculate the DTD when this load is 
offered to g line finders per group. 

The DTD calculated in step c. is the monthly 
peak service that corresponds to time consistent 
engineering~ The results of repeating the 
above procedure for many step-by-step office/ 
loading division/busy season combinations are 
discussed in the next section. 

4.4 Peak Service Criterion Selection 
for Line Finders 

Figure 1 shows the monthly peak DTD (from step c) 
as a function of the ABS TCBH load offered to a 
loading division. Each point on the figure is 

* This is based on the assumption that time 
consistent criteria resulted in generally 
satisfactory average service. Redistribut
ing equipment using EVE eliminates the 
extreme variations in service. 

** For ease of description it is assumed that 
the nuMber of nain stations accessing a · 
loading division is constant throughout 
the busy season .. 
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the result for a particular busy season for a 
particular loading division. Different letters 
signify different step-by-step offices. 
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LOAD OfFERED TO LOADING DIVISION DURING TCBH (ERLAN8S) 

FIGURE 1, MONTHLY PEAK DIAL TONE DELAY AS A FUNCTION OF TC8H 
WADING DIVISION WAD 

If the procedure in Section 4.3 is followed 
using only the 1.5% ABS TCBH service criterion 
a monthly peak DTD of about 16% results for all 
size loading division loads. The smaller monthly 
peak DTDs for smaller loading division loads is 
primarily determined by the ten high day busy 
hour criterion. 

On the basis of the results shown in Figure 1 
the following peak service qriterion wassel~ 
for line finders in small step-by-step offices 
(less than 2000 customers): the proportion of 
daily peak hour calls with dial tone delay 
greater than three seconds should not exceed 
eight percent more often than once a month, on 
the average, during the busy season. This peak 
service criterion satisfies the four objectives 
discussed in Section 4.1. 

Using the same approach, peak service criteria 
were also calculated for connectors, trunks and 
selectors. These calculations are simpler in that 
only a single time consistent service criterion 
exists for each of these type of components. In 
addition, trunks and selectors are only engineer
ed on a group (and not on a loading division) 
basis. 

As an example, a five percent blocking criterion 
for monthly peak trunk loads corresponds to a 
one percent TCBH blocking service criterion. 

5. PEAK SERVICE MEASUREMENT AND OBJECTIVE 

The procedure for selecting monthly peak service 
criteria for use in SONDS was described in 
Section 4. In order to monitor equipment utili
zation and service, monthly peak load capacity 
tables corresponding to the peak criteria are 
needed. The monthly carried load entries that 
correspond to the monthly peak service criteria 
are obtained by inverting the theoretical ex
pression for blocking or delay. Equipment ~s 
in SONDS are engineered and administered using 
these capacity tables and monthly peak loads. 

It would be desirable to treat the daily peak 
dial tone service measured by SONDS in a similar 
way. That is, to calculate a monthly (20-day 
return period) dial tone service value based on 
daily peak measurements and compare it to an 
objective value for monitoring or indexing* the 
service provided to customers. 
Ji An index is a measure of quality of service. In 

step-by-step offices an index is assigned to 'le dial 
tone service by comparing the monthly average 
measured IJID to the objective service of 1.5% IJID • 
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The dial tone service measurement in SONDS is 
the proportion of time that All line Finders in 
a group are BUsy.* This AFB-measurement is the 
probability of dial tone delay greater than zero. 
Daily peak hour AFB measu~ements are made for 
each line finder group on SONDS. However, even 
a well-balanced loading division ·that is at 
capacity (over 8 percent DTD once a month on the 
average) will usually have many days when the 
peak AFB is zero or close to zero for most line 
finder groups. As a result, there are not enough. 
nonzero values of AFB during a month to calcu
late a monthly return period AFB accurately. 

5.1 Selection of Peak Service Measurement 
to be Reported Monthly 

Several candidates were considered for reporting 
service measurements monthly. 

1 - Largest daily peak AFB during the month. 

2 - The number of exceedances of the monthly 
peak service criterion. 

3 - The number of exceedances of the expected 
average daily peak APB at capacity 
(- 3 percent AFB}. 

4 - The average of the daily peak APB 
measurements. 

Any of these measurements could be available in 
SONDS for each line finder group. The peak ser
vice measurement reported monthly for a loading 
division would be the average across line 
finder groups of the candidate quantity selected. 
The office peak service measurement is obtained 
by weighting these loading division averages by 
the sum of the average daily peak line finder 
group loads in each loading division and 
averaging across the office. 

The largest daily peak AFB during a month was 
rejected as being too volatile a measurement to 
be compared directly with a service objective. 
This is due to the steepness of the load-service 
relationship when a loading division is near 
capacity. 

The number of exceedances of the monthly peak 
service criterion C8 percent DTD} was rejected 
as being also too volatile a measurement for 
small loading divisions and for providing little 
information (a value of zero most of the time} 
during office growth unless a loading division 
was approaching capacity or had a significant 
load imbalance. 

The last two measurements are more stable quanti
ties that reflect office growth and provide a 
meaningful report of the service in a loading 
division during a month. The average of the 
daily peak AFB measurements for a month was 
selected for service measurement reporting in 
SONDS for the following reasons. It is more 
stable of the two and reflects the effects of 
office growth sooner, particularly for small 
loading divisions. The average daily peak AFB 
measurement is also easily converted (discussed 
in 5.4) to an effective average TCBH DTD 
measurement which allows for a direct comparison 
with non-EVE offices and for indexing using the 
current time consistent index table. 

5.2 Average Measured Peak Service Objective 

The average of the, daily peak AFB measurements 
for a month are reported by SONDS for each line 
finder group, loading division and office. The 
problem with direct use of the loading division 
or office average peak AFB for indexing in a new 
peak index table can be seen from the following 
example. 

* This service measurement is used in SONDS as 
it is inexpensive and has been shown [1] to 
track DTD measurements closely. 

ITC-9 

Consider two loading divisions with the same 
number of line finders per group. Loading 
division A has relatively stable daily peakl~ 
(small coefficient of variation) and loading 
division B has more volatile loads (large coef
ficient of variation). Since the number of line 
finders per group is the same, each of the load
ing divisions would be extreme value loaded to 
the same monthly peak load. At capacity, load
ing division A would have a larger average daily 
p~ak load than B. Thus, A would have a larger 
average daily peak AFB measurement than B, and 
A would receive a lower (poorer) service index 
than B. The indexes can be significantly dif
ferent at capacity even though each loading 
division is correctly extreme value engineered. 

In order to address this problem the concept of 
a monthly Average Measured Peak Service (AMPS) 
objective is introduced for loading divisions. 
This objective is directly related to the peak 
seryice criterion and takes into account the 
measured volatility of loads in each loading 
division. 

The AMPS objective for a loading division is de
fined as follows. First, the distribution of 
daily peak loads at capacity (when the monthly 
peak service criterion is just met) is estimated 
for each line finder group in the loading 
division, assuming good load balance. Second, 
the expected value of an AFB measurement is cal
culated for this estimated distribution. This 
expected value, in percent, is the AMPS ob
jective for the loading division. As desired, 
the more stable the daily peak loads in a load
ing division, the larger the AMPS objective. 

5.3 Calculation of AMPS Objective for 
a Loading Division 

The AMPS objective for a loading division is de
termined by the number of line finders per group 
and the current sample estimates of the monthly 
average daily peak load and the monthly return 
period load. The procedure for calculating the 
objective in SONDS is to first estimate the co
efficient of variation of the daily peak loads 
(CV) at capacity for the loading division and 
to then do a table lookup of the AMPS objective 
as a function of CV and the number of line 
finders per group in the loading division. 

Using Equation (6), the current estimate of the 
coefficient of variation of a loading division 
is 

CVcurrent 
s x 20 - m 

1. 744 m 
(14 ) 

m 

where m and x 20 are loading division es.timates. 
As the loading division monthly peak carried 
load increases, the corresponding coefficient of 
variation decreases. A linear regression of the 
logarithm of CV on the logarithm of the monthly 
peak load using SONDS peak data resulted in the 
following relationship 

CV , 
capacl.ty 

CVcurrent [ l
O.432 

monthly peak loadcurrent 

monthly peak load ' t capacl. y 

where x~~, the monthly peak capacity, is de
terminea by the number of line finders per group. 
COmbining this relationship with Equation (14) 

cVcapacity 
x 20 - ~ [~20 jO.432 

CAP 1.744 m x 20 
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Using this estimate of the coefficient of varia
tion at cap~city.and th7 6-candidate-busy-hour 
~d71.descr~bed ~n Sect~on 2, a unique loading 
d~v~s~on AMPS objective can be calculated as 
follows. 

The coefficient of variation of the candidate- ' 
busy-hour load at capacity Gan be written as 

_~ 0 'ty CV. 
CV~~~~~ . = capac~ _ _ capa.c~ty 

capac~ty ~ . - 0.642-1.267 CV . 
capac~ty capac~ty 

using Equations (4) and (5). With Equation (6) 
evaluated at capacity, 

and 

xCAP 
20 

~capacity = 1 + 2.387 CVCBH . 
capac~ty 

~ CVCBH . -
capacity capac~ty 

(15) 

The AMPS objective, the expected AFB value for 
the estimated distribution function at exhaust 
is evaluated numerically using the distributio~ 
of Equation (1) with ~ and 0 estimated from 
Equations (15) and (16) and the unlimited source 
gener~lized blocking formula [7] with an average 
call holding time of 150 seconds and a j-factor 
of 5 (ratio of average call holding time to 
average time a call will wait for dial tone be
fore abandoning). 

Table 3 shows values of the AMPS objectives as a 
function of the number of line finders per group 
and the coefficient of varIation of daily peak 
loads at capacity. As expected, the AMPS ob
jective generally increases for decreasing coef
ficients of variation. 

TABLE 3 

VALUES OF AMPS OBJECTIVE (PERCENT) 

Number of Coefficient of Variation of Daily Peak Loads at Capacity 
Line Findere 
Per Grou~ 0.1 0.2 0.3 0.4 0.5 

5.82 4.02 3.13 2.65 2.37 

10 4.75 1.03 2.40 2.15 2.04 

15 4.25 2.70 2.27 2.15 2 . 14 

20 3.90 2.54 2.27 2.24 2.28 

5.4 De,termination of Index Using AMPS Objective 

The current time consistent index table assigns 
indices from 100 to 0 for an office for ranges 
of measured DTD between 0 and 100 percent. If 
these ranges of DTD are interpreted as ranges of 
percent of service capacity (1.5 percent DTD), 
and if the average peak AFB for a month (AMPS) 
divided by the AMPS objective tracks closely with 
the monthly average TCBH DTD divided by the ~ 
objective, then the quantity (AMPS/AMPS ob
jective) for each loading division could be used 
with the TC index table to obtain an index for 
AMPS. ' 

Using a month of SONDS hourly data for a loading 
division, a comparison can be made between the 
AMPS ratio defined above and the TC ratio. The 
agreement is very good for loading divisions 
near capacity. The AMPS ratio is smaller for 
overloaded divisions. The empirically deter
mined relationship is 
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measured] [ 'lCBHIYID = 85 AMPS 
'le 0l'D • AMPS 

objective objective [ ]

2 

+ 17 AMPS 
• AMPS 

objective 

SONDS uses this equation to convert an AMPS 
value for a loading division to an equivalent 
~easured TCBH.DTD value. The result of averag
~ng these equ~valent TC loading division values 
across the office is then used to enter the cur
rent time consistent index table to obtain an 
office index for measured peak service. This 
procedure provides indices for peak service 
m7asurements that treat loading divisions with 
d~fferent load volatilities on an equal basis. 

6. CONCLUSION 

~his paper presents some of the techniques used 
~n the large scale implementation (SONDS) of 
ext:e~e val~e principles to the engineering and 
adm~n~strat~on of small step-by-step switching 
offices. 

P:esently there are 27 small step-by-step of
f~ces on SONDS. The modified extreme value 
distribution function described in this paper, 
the normal distribution raised to the sixth 
power, is being used successfully in the valida
tion and monitoring of peak usage measurements 
collected in SONDS. Scheduled and specially 
requested reports, that provide information for 
engineering and administration, are generated 
using EVE principles and the latest data base. 

SONDS reports are currently being used as the 
primary source of traffic data for these step
by-step offices. Use of the reports has re
sulted in better equipment utilization and cus
tomer service particularly during peak load 
periods. In some offices, previously planned 
equipment and building additions were postponed 
while in others planned additions were ac
celerated. Middle-of-the-night usage has proven 
to be a useful tool for diagnosing maintenance 
problems in small step-by-step offices. 

The monthly average of daily peak AFB service 
measurements currently appears -on the SONDS re
ports. An Average Measured Peak Service ob
jective, that accounts for load volatility in 
order to provide indexing of peak service 
measurements on an equal basis, is being imple
mented in SONDS. When complete, a peak-~valent 
office TCBH dial tone delay value, that can be 
used with the current TC index tables, will also 
appear on the SONDS reports. 
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