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Extreme Value Engineering of Small Switching 
Offices 
D.H. Barnes 
Bell Telephone Laboratories Incorporated, Holmdel , New Jersey, U.S.A . 

ABSTRACT 

In the closing session of the 7th ITC, A. Elldin 
and also the author of this paper suggested that 
problems with traffic variations, such as maxi
mum traffic peaks in a day, day-to-day ,variation~ 
seasonal variations and problems associated with 
network management when considered in the new 
environment of increased control capability and 
increased data availability will demand a re
formulation of service criteria. It was sug
gested that work in this area should be presented 
in future Congresses. 

This paper describes a series of traffic studies 
and a resulting plan to implement for small 
switching offices mechanized dial ' administration 
and traffic engineering using observations of 
extreme traffic values. The work is an extension 
of that discussed by E. Wolman at the 7th ITC(l) 
which concerned the application of extreme-value 
distribution theory to the provisioning of line 
concentrators. Small switching offices of 2000 
lines or less comprise more than half of Bell 
System buildings and there are many times more 
customer switching systems (PBXs). These offices 
cannot economically support conventional measure
ment systems, but still a way to collect and pro
cess data for accomplishing better service and 
cost control is needed. The use of peak values 
fills this need by greatly reducing both the 
equipment required and the amount of data to be 
collected and processed. It also makes possible 
engineering service criteria which better reflect 
the customer's experience in using the system. 

The complexity involved requires the use of a 
computer. Described is a fully mechanized data 
system, a simple design of pollable central of
fice hardware and a minicomputer central control 
which can communicate with a very large number 
of locations over a single data port by polling 
each office just once a day or once a week during 
low traffic periods. The computer has communi
cation programs, an operating system, calculation 
algorithms and report formats which should fur
nish in a fully mechanized manner the adminis
trative and engineering information needed for 
small offices. 

Improved average service over all offices is 
possible without an increase in cost by elimi
nating the allowances which have been made by 
judgment in the past to take care of traffic 
peaks which occur out of the busy hour and for 
usually inadequate data. 

INTRODUCTION 

A paper presented at this ITC Congress, "The 
Total Network Data System (TNDS)" by M. M. 
Buchner, Jr. and W. S. Hayward, Jr. describes a 
complete mechanized process of collecting, vali
dating, 'sorting and processing traffic data into 
a form and at a time most usable by people. 
With such capability, traffic and maintenance 
methods and also service criteria no longer need 
to incorporate restrictions and compromises which 
were re1ated to former manua1 data methods. 
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Fundamental revisions in traffic practices and 
concepts, even with the aid of a TNDS, are not 
easily changed. After testing and proving a new 
concept, one will need to modify parts of TNDS 
and, more importantly, to revise large amounts of 
training, engineering and operational documen
tation used by the many interacting organizations 
of people involved in a complex communications 
network. 

Traffic engineering and service criteria based on 
, the average time-consistent busy hour are examples 
of a concept which can profitably be changed. 
The time-consistent busy hour reduces the quan
tity of data to be collected and processed but in 
a TNDS environment this becomes less important 
than it previously was, and there are other ways 
as will be discussed in this paper to reduce data 
base and processing costs. 

Time-consistent busy hour engineering has worked 
in the manual data processing environment, but it 
utilizes simplifying assumptions. In particular, 
it assumes that provision of objective service in 
the busy hour provides adequate service in all 
hours. Average service is not the service seen 
by an individual customer who, according to the 
time at which he places calls, may see service 
considerably below average. We believe he is 
most concerned with those times when he is 
significantly delayed or repeatedly blocked. 

Peak load hours, regardless of when they occur, 
are the hours most likely to cause traffic 
related customer irritation. It has been demon
strated in [1], and in other unpublished work at 
BTL that daily and weekly peak loads, in general, 
follow the extreme value-distribution. With new 
data systems and technology, the measurement, 
collection and fitting of peak hour distributions 
is as simply done and costs no more than using 
the time consistent busy hour. 

The Traffic Measurement group at Bell Labs is 
testing the application of extreme-value concepts 
for traffic engineering and administration in a 
Network Data System specifically designed for 
small offices. Small switching offices «2000 
lines) were selected because they comprise about 
one-half of all central office buildings in the 
Bell System. There are a much greater number of 
customer switching systems (PBXs), which may 
also be candidates. 

The remainder of this paper will describe the ex
perimental small-office Network Data System and 
some of the study results leading up to it. 

DATA 'SYSTEM OBJECTIVES 

In determining the requirements of a small office 
data system we consider the following list of 
desired features • 

Low Cost 
Service Measurements 
Compact Data Base 
No dedicated data links or manual reading 
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Minimal manual effort and an interactive 
machine interface with users for record 
base and validation control 

Remote maintenance alarm and control 
Reports 

Validation 
Out of Service Usage 
Administration Exceptions 
Central Office Equipment and Load Balance 
Total Originating Peg Count 

To meet small-office objectives, traffic studies 
were initiated to test a simple central office 
measurement to estimate dial tone delay, and also 
to verify our ability to use extreme value 
measurements as a substitute for present pro
visioning methods and to incorporate these con
cepts into a mechanized data system and test its 
implementation in the operating environment. 

SERVICE MEASUREMENT 

A service measurement, besides reflecting the 
customer's view of service, is also important as 
a cross check to verify the accuracy of other 
data and the proper functioning of the switching 
machine. It verifies also the adequacy of engi
neering tables to indicate equipment quantities 
which will, in fact, allow service objectives to 
be met. It is also frequently incorporated into 
an index of machine and administration efficiency. 

Dial tone delay is measured today in electro
mechanical switching systems by a Dial Tone Delay 
Recorder which places test calls to dedicated 
line equipments and measures delays over 3 sec
onds. The Dial Tone Delay Recorder is not satis
factory for small office use because of equipment 
and maintenance costs of both the recorder and 
line equipments, as well as the switch wear 
caused by large numbers of test calls. A better 
and much less expensive way in step-by-step type 
offices, which include most of the small offices 
of present interest, is to measure the proportion 
of time that all line finders are busy in each 
group. This is accomplished by a fast scan 
switch count of leads already provided for other 
purposes. The resulting occupancy of all finders 
busy is a direct measure of the probability of a 
delay >0. 

Measurement of delay greater than 0 instead of 3 
seconds is of little concern with conversation 
holding time circuits. With other measurements, 
which are taken in the Small Office System, it is 
easy to convert P(d>O) to P(d>3), but field tests 
have indicated that no significant improvement is 
realized. Historically the selection of a delay 
criterion of 3 seconds was partially based on the 
need for an interval which could be measured by 
stop watch. Figure 1 illustrates the comparison 
of an All Finders Busy measurement versus a Dial 
Tone Speed Recorder measurement. Figure 2 shows 
the mean and range of each group·s dial tone 
delay. As this office was operating at one-half 
of the 1-1/2 percent objective service level the 
poor service in some groups is of considerable 
interest. 

THE USE OF EXTREME VALUES 

The use of only extreme traffic values for engi
neering and administration of small office 
switching equipment is of great interest because 
it is felt that, particularly in small offices, 
the time-consistent busy hour is not truly con
sistent. Because of this and because adequate 
measurements are typically not available, it has 
been customery in these offices to deviate from 
time-consistent practices on the safe side by 
selecting group busy hour data. Modern elec
tronic design now has made available, however, 
simple and inexpensive means to measure and 
store peak v'alues and to monitor the office by 
off-busy-hour polling over switched network 
facilities. 
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THE EXTREME VALUE DISTRIBUTION 

By using data from a peak reading measurement 
device which senses only the peak hourly value 
between polling intervals, we have a data set 
which should follow the extreme-value distri
bution. Field study data appears to verify this 
assumption. E. J." Gumbel 12] showed that the 
probability distribution function for the largest 
value, x, from samples of size n can be expressed 
asymptotically as 

F(x) = expI-exp(-y)] (1) 

provided that the probability distribution func
tion of the underlying data converges with in
creasing x toward unity at least as quickly as an 
exponential function and x is unlimited and where 

y (the reduced variatei = a (.x-u) 
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where u is ·a location parameter (the mode) and a 
is a scale parameter or measure of dispersion • 
The mean and variance of this distribution are 

E(x) u + y/a (2) 

vex) (3) 

where y = 0.57721 •• is Euler's constant. u and 
a may be estimated using the Moments Method by 
replacing E(x) and Vex) with their sample values 
which, from a sample of N peaks xl' •• , ~ are 

1 ,N 
N I.. xi 

i=l 

and the variance 

s2 = 1 IN (x._x)2 
N-l i=l ~ 

and solving (2) and (3) respectively 

~ n ~ - ~ 

a = ~ and u = x - y/a 

ENGINEERING SERVICE CRITERIA 

(4) 

(5) 

(6) 

For establishing a service criterion we set a 
threshold value for the observed data such that 
on the average we would expect an observation to 
equal or exceed that value once every t periods 
(days, weeks, months •• l. This is defined as 
the return period on the assumption that the 
observations are statistically independent and 
identically distributed. 

T(x) = 

If we set 

F(Xt ) = 

or 

1 
1 - F(x) 

T(x) to some specific value t 

1 - 1 
t 

expI-exp(-Yt) ] 1 
1 - t 

Knowing Yt' ~ and u (or estimates ~ and u) we 
can solve for threshold xt ; 

(7 ) 

(8 ) 

(9) 

Yt 
x = - + u t a 

(l0) 

For implementation of this plan we have selected 
t=20 days or a return period using daily peaks, 
of once in four business weeks or approximately 
once per month. A 20-day peak load threshold 
becomes 

x = -lnI-ln(.95}J + u 
t a 

~ + u = x + 1.8658 S a 

The reporting of results based on a four-week 
interval is roughly equivalent to present 
practice of reporting monthly averages. Usual 
practice is to define a three-month busy season 
and to use three high month observations for 
forecasting purposes. This is also applicable 
using peak values, but other forecast approaches 
will be studied as well. 
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TESTING THE FIT OF THE EXTREME VALUE DISTRIBUTION 

The suitability of the extreme-value distribution 
to fit the distribution of daily peak values may 
be tested by plotting the order statistics on 
extreme-value probability paper where fitting 
data should fall closely on a straight line • 
Figure 3 (appended) illustrates such a plot and 
a lack of fit. Examination of outliers on the 
low side reveals holidays ~nd other days of 
expected low use. A strategy to overcome this 
difficulty in a .mechanized way is to drop values 
one at a time from the bottom which fall outside 
of some control limit and reconfigure the distri
bution. This results in Figure 4 (also appended) 
an adequate fit. Such a method is, we believe, 
justified because we expect customers to relate 
their experience to business days. Another 
approach is to use only weekly peak readings. 
Weekly peaks automatically reject daily peak low 
outliers and have been demonstrated to fit the 
extreme value distribution. We may use them for 
longer term forecasts. Daily peaks are still 
required for monthly estimates and for mainte
nance results. 

REJECTION TEST STATISTICS 

The asymptotic probability distribution function 
for the largest of the N peaks is given by 

L(x} = FN(x) = exp{-expI-~(x-u) + In N)} (11) 

This is the distribution of equation (1) with x 
shifted toward larger values by (In N)/~. The 
probability distribution function for the small
est of N peaks is 

sex) = 1 - II-F(x»)N = 

1 - (l-exp{-expI-~(x-u)J})N 
(12) 

II-LexU or Sex) can be treated as a test statis
tic to eliminate a new outlier data point on the 
high or low side respectively. Current imple
~entation uses I-FN(x)<0.02 for high side obser
vation corresponding to a rejection level of 
approximately 2.6 standard deviations. 
l-Il-Fex}JN<0.2 is used for low side rejection 
because low peak data points are not of much 
interest and are known to occur frequently 
because of holidays, etc. 

AS the Network Data System is required to handle 
a large number of offices in a small minicom~uter 
we desire a very compact data base. x and S 
used to estimate ~ and u are calculated in a way 
to require only two storage locations as follow~ 

Initially for a first month 

1. [ (i -1) X. 1 + .x. J 
l. ~- l. (13) 

l14} 

Thereafter an exponentially smoothed mean and 
variance are calculated; 

(15) 

S~ 
l. 

(16) 

where A is a smoothing constant. 

By letting A=~ it can be shown that both the 

average and variance of the estimate of the 
mean of data is the same for exponential smooth
ing as for a straight moving average of size N. 
The resulting slight lag in forecasts is not 



significant since engineering criteria are based 
on a year's collection of monthly reports. Ex
ponential smoothing is easier to control and 
saves a restart every month. 

EXTREME VALUE ENGINEERED CAPACITY 

One approach for defining engineered service 
criteria for peak values is to find that empiri
cal level for which the peak engineering service 
criterion provides approximately the same over
all system average service as the current average 
busy season busy hour service criterion. This 
fulfil Is a practical need that a new method 
should, on the average, require the same overall 
office investment over a broad base of offices. 

CAPACITY TABLES 

Engineered capacities are presently related to 
tables based on the Poisson formula or Erlang B 
formula modified for day to day variation. Erlang 
B without correction is more suitable for extreme 
value engineering because we are no longer con
cerned with any correction for day to day varia
tions. Erlang B, however, will not reflect the 
expected service to be observed by the customer 
experiencing a peak load because Erlang B re
flects the effects of random variations of a 
Poisson carried load which are significant for 
periods as short as one hour. The expected value 
of the service for an observed one-hour interval 
will be less than that predicted by Erlang B. 
Figure 5 illustrates very approximately the 
difference for a group of 9 trunks with exponen
tial holding time, Poisson traffic and one-hour 
measurements. The upper curve is the Erlang B. 
The lower curve is a one-hour, carried load, 
loss curve constructed numerically to generate 
the upper curve on the assumption that carried 
loads from a Poiq~9n source vary normally with a 
variance of 2ah l6}. A distribution of loads 
with this variInce and blocking will generate an 
average blocking corresponding to B(c,a). An 
analytical solution to this problem is not avail
able to the author's knowledge, and would be most 
useful for this application and for other traffic 
study purposes. 
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System hardware consists of central office 
terminal equipment, communication interfaces, 
and a minicomputer. 
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CENTRAL OFFICE EQUIPMENT 

A pollable data terminal, which has accumulating 
and output registers for 32 groups, is located in 
the central office. The terminal can operate in 
either of two modes. In one, the content of the 
accumulating register replaces the content of the 
output register periodically as the accumulating 
register is set to zero. In the other mode, the 
transfer is affected only if the content of the 
accumulating register becomes higher than that 
of the output register for any period. The out
put register may be reset after readout. These 
options may be controlled remotely. Using the 
hourly mode, time consistent hourly data is ob
tained for use in the initial installation and 
cut-over validation process. The peak mode is 
used in the routine process after system perform
ance has been validated. Exception or mainte
nance reports to be described may suggest revert
ing temporarily to the hourly mode for trouble 
shooting purposes. The data terminal accepts 
count inputs from central office circuits or an 
optional usage scanner. Other functional 
features of the data terminal are: a dial tone 
delay measurement option which scans all circuits 
busy indicating leads at 3.6 second intervals, 
divides the counts by the number of connected 
inputs and stores the output in one or more 
registers of the data terminal. A 24-hour count 
feature is provided by a register not controlled 
by the hourly or peak setting features. This 
register accumulates a total day office origina
ting call count. Thirty other miscellaneous 
registers collect peg count or usage data. 
Normal communication with the terminal is by 
polling from the computer over the switched 
network during night hours. 

THE COMPUTER SYSTEMS CONFIGURATION (FIGURE 10) 

A computer system is provided which operates in 
time share and scheduled modes. It polls and 
interfaces a large number of data terminals 
(maximum >500). It also responds to user 
requests over an interactive data port which 
allows a user to update office descriptions or 
to call for reports. A description of system 
reports is described at this point prior to 
further description of the Computer system . 

SYSTEM REPORTS 

The Small Office System routinely provides vari
ous reports under computer control without user 
intervention. These are an Exception Report, a 
Maintenance Report, Central Office Equipment and 
Trunking Reports and a 24-hour Total Originating 
Call Report. 

The Exception Report, Figure 6, is reported on a 
daily basis if needed. Each peak value obser
vation is compared to control limits which are 
functions of the extreme value distribution. Ex
ceptions are printed along with a code identify
ing the cause. Codes 1 and 2 identify obser
vations outside of low day and high day control 
limits respectively as previously discussed. The 
rejection of a high day is a critical decision 
and thus the high day control limit has been set 
at P(highest of N peaks >x) = I-FN(x)<.02. It 
is also desirable to have a high day control that 
can more quickly -identify developing problem 
situations not high enough to be rejected but 
which should be examined. Code 3 exceptions are 
in respons~ to a random walk procedure and counter 
in the computer memory. The counter is incre
mented once for each value either exceeding the 
20-day peak load threshold x + 1.8658S or the 
20-day peak usage capacity which is a function 
of the number of facilities provided and the 
service criteria. For any observation lower 
than these, the counter is decremented by one to 
a lower limit of zero. A count of 3 will trigger 

ITes 

• 
• 

• 

• 

• • 



• 
• 

• 

• 

• • 

an exception report. Code 4 report is made in 
response to any terminal alarm recognized by the 
computer. An example is the inability to poll 
a terminal. 

OPPICE 

DAILY EXCEPTION REPORT - (DATE) 

USAGE 
LINE PINDERS MEAS. CODE" 

Lal PR/CN X X 

LG2 PR/MR X X 

LG3 PR X 

LG4 PR X 

TOTAL 

CONNECTORS 
CG3 X 

TRUNK GROUPS 
CAMA X X 

" CODE - REASON FOR BEING ON EXCEPTION REPORT 

1 EXCEEDS LOW DAY CONTROL THRESHOLD 

EXCEEDS HIGH DAY CONTROL THRESHOLD 

EXCEEDS MULTIPLE HIGH LOAD ALARM 

TERXINAL ALARM 

FIGUD 6 

MEAS. 

X 

X 

X 

X 

DTS 

MAINTENANCE (WEEKLY) REPORT (FIGURE 7) 

CODE-

X 

X 

X 

X 

A nightly poll, an hour or more after reset of 
all registers, reveals in each group the numbers 
of equipments or trunks which are always busy. 
The weekly pattern of these printed in this 
report is most helpful for keeping equipment in 
service or revealing customer caused problems. 

2flli! 
IIAllrl'EllAlCI POLL REPOI\'l' (ccs) 

IIOV. 10 - 16 

11/10 11/11 11/12 li/13 11/1~ 11/15 11/16 
!!2!.:.... ~ ~ ~ ~ ~ m!!L 

-- ORIG-

U'Gl-CI 0 5.0 0 0 0 0 0.6 
n'G2-rR 0.1 0.3 5.2 35.9 n.8 109.9 35.9 

Related 8v1teb 
Train V .... ~.8 5.2 2.2 2 . 0 

-- TERM --

com. 29/99XX 35.9 35.9 36.0 36.0 36.3 36.2 36.5 
CO:1:1 23XX 0 0 . 3 0 0 0 0.2 0 
cen:1 22IX 0 0 1.1 0.1 0.1 0 0 
CO;::I 200X/20U 0 0 0 0 0 0 0 

Related Sv1 teb 35.9 35.9 37 .1 36.0 36.3 36.11 35.5 
Train U.ace 

FIGURE 7 

ORIGINATING TRAFFIC REPORT (20 WEEKDAYS OR 
WEEKENDS) (FIGURE 8) 

This report covers the originating traffic 
distribution covering line finders, outgoing 
trunks and local selectors. The columns 
identify group type and size, number of main 
stations and lines, the average of the peak 
values, the 20-day return period peak load 
picked from the extreme value distribution, the 
CCS per main station equivalent to this load, 
a 20-day peak usage capacity corresponding to 
5% dial tone delay for line finders and 5% 
blocking for other equipment, the percent 
capacity corresponding to the 20-day peak load 
and the main station spare capacity. The last 
column reports the daily peak average of dial 
tone delay and the high peak observed. 

IlCS 

LID 
OROOPS 

• BID 

CI/l3 

Mll/13 

111/13 
111/l3 

111 TO! 
n A1O. 

00 ftI: 
<mOUPS 
~ 

R!C COMPL/8 
, CAHA/12 

BIB rLS/9 
ICEUE/10 
WALP/8 

2-WAY 
TRX GRP 

..!...ill!. 

III!l'IIDS VAWI IIOIIDRlIQ lI)ftBLy UIQI'l' 

omCl 

OIIGUArIIQ RIII\1IIrII - PERIOD DDIIQ 7/23/75 

20-DU 20-DAl' . 
MEAN 0' RETIlIUI PERIOD PEAIC 

IQ. I14IJ DAILY PIWC PEAIC UBAGI 
S'l'A!101B PIWCB UlAD !DAD CAPAt. • • LIna (CCS) !ccsl !CC8~JI !ccs! CAPAC • 

202/152 20~.8 2~7.1 1.23 292 ~.8 

203/159 221.3 282.0 1.39 292 96.6 

221/166 231.3 301.3 1.36 292 103.2 

~2/~ 151.1 lli:.!. 1.~8 292 12.0 
3/27 

182/139 191.2 25'.7 1.111 

~9.11 65.7 163 ~0.3 
151.1 220.' 286 71.1 

~.5 86.1 193 114.6 
.9 1~9.9 2211 66.9 

59.3 80.1 163 49.1 

CHSTI/8 81.1 102.1 163 62.6 
• BASID OJ IlIBY 81A11C11 PIIO.TJI:TIOJ ncrc. 0' 1.11 

PIGURE 8 

MUJI S'l'ATIOI 
BPAD CAPACITY 

PIIOJ. 
BillY 

CURIIEIIT BIASO" 

36.1 12.5 

7.2 .-13.6 

-6.8 -28.0 

ti4 1ft 1 . 

BIllY BBA80J 
PJIOJ. • 'ACTOR CAPAt . 

1.13 45.5 
1.10 8 •• 8 
1.11 49.5 
1.12 75.0 
1.09 53.6 

1.11 69.5 

TERMINATING TRAFFIC REPORT (FIGURE 9) 

PERCEllT 
DIAL TCI!lt.: 

DELAY 
AVG/MAX 

0.14/~.1I 

0.19/2 . 1 

0.11513.8 
0/0 

The Terminating Traffic Report gives the termi
nating traffic distribution following closely 
the format of the Originating Traffic Report. 

EX'nIDII VALUE EIIOIIII!I!lIYlG II)II'l'HLY R!PORT 

OPFICI 

'I'!RMlIlATIIIG RESUL'!II - PERIOD EIIOIIIG 7/23/75 

20-DAY 
20-DAY MAIN STATIOr. 

MIAJI 0' 
RETURJ PERIOD 

PEAl( SPARE CAPACITY 
con DAILY PIWC PEAK USAGE PROJ. 

GROUPS 10. MAl. PEAKS !DAD !DAD CArAC J !lUST 
• SIZE S'l'ATIONS (cesl !CCS) (ccs/MAUI (ccsl CAPAC. CURRENT S::ASOII 

67XX CI/8 15 86.9 111 .3 1.56 163 72 . 0 29.2 18.8 

64xx 2R/8 74 63.3 90.5 1.22 163 55.5 59.3 L6 .1 

63lOC ROTII0 72 75.3 100.5 1.40 224 44.9 88.4 72.5 

60xx Ru/S 94 88 .3 111.3 1.18 163 68.3 43.6 30.0 
69XX Ru/8 81 106.6 140.1 1.73 163 86 . 0 13.2 3.9 
68xx Ru/8 94 90.S 113.8 1.21 163 69.8 1.0.7 27.3 
66xx Ru/8 92 98 .6 119 .6 1.30 163 73.4 33.3 20.9 
65xx Ru/8 95 109.1 146.2 1.54 163 89.7 10.9 0.4 
22XX !lu/8 

~ ...2L2. ill"l 1.:..lL 163 75.7 rlH -ll:l RU TOT 100.2 
RU AVG. 91.5 98 . 6 125.5 1.37 

IIe TRK BUSY SEASON 

Gl'JUPS PIIOJ • J 
~ 'ACTOR CAPAC . 
'I'OLL sw/16 1510 . 0 203.4 415 49.0 1.12 54.9 
BLB YLS/9 59.1 79.6 193 41.2 1.09 45.0 
KEDE/9 710.5 96.3 193 49.9 1.13 56.4 
WALP/8 53.5 78.3 163 48.0 1.10 52.8 

• BASED 01 IlIBY BIASOII PIIOJECTIOJ fACTOR 0' 1 .11. 

P'IOUR! 9 

OTHER REPORTS 

Besides the routinely produced reports just de
scribed, other reports may be requested over the 
interactive port designed for user interface. 
These include the immediate printing of any of 
the routine reports summarized to date or a 
report of raw data. In addition, there is a: 

VALIDATION REPORT (DAILY OR WEEKLY) 

When an office is originally brought on line, it 
is important to collect time-consistent hourly 
data to verify switching performance, measuring 
equipment performance and wiring accuracy. With 
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time consistent data it is possible to check the 
traffic balance in the office between originating 
and terminating loads and detect errors. The 
computer can be asked over the user interface to 
switch to an hourly polling mode and print time 
consistent results daily or weekly. 

COMPUTER HARDWARE 

The computer system shown functionally in Figure 
10 is configured with DEC hardware and a Bell 
Telephone Laboratories UNIX operating system. 
UNIX allows time share and real time multiplex 
operations over 16 ports. The hardware con
figuration for the system includes the followin~ 

DEC PDP 11/45 w/48K 
Two RK05 Disks 
DH 16 Line MUX 
Auto Dial for 8 lines 
Magnetic Tape (for program backup) 

A system of this size may be able to handle as 
many as 700 offices performing the work described 
in this paper. For operational and support 
reasons, it is likely to be much smaller and 
will not need all 16 ports. 

COMPUTER SYSTEM DESCRIPTION (FIGURE 10) 

The interface with data terminals is through 
the switched network at 110 baud. At any 
given time communications with most terminals 
will be performed at night. Ten of the 16 multi
plex port~ may be assigned for polling. From one 
to ten may be equipped. From 60 to 70 terminals 
may be handled by a single port. Each port is 
provided with an auto call unit, a data set, and 
a converter. The converter is a hardware design 
which converts a string of 256 bits to an ASCII 
format. To cut costs in the data terminal, 
transmission is in blocks of 256 bits. The com
puter reads a block of 256 bits twice, makes a 
comparison and if there is a difference, repolls 
the terminal later. The remaining 6 multiplex 
ports are available to serve users of the system 
on an interactive basis for updating office 
parameters or requesting reports. 
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COMPUTER SYSTEM SOFTWARE (FIGURE 10) 

The' software has four major program sections 
interacting with five different file sections. 
The entire system is under control of a scheduler 
which invokes various programs or subprograms as 
needed to initiate polling operations, calcula
tions or report generation. Each program calls 
the Office Descriptor file for terminal lists, 
ID codes, telephone numbers, office parameters 
needed for reports, etc. 

The peak polling program 'calls each terminal, 
collects data, performs some error checking and 
stores the data in the Peak File. Extreme
value analysis is performed on each data item 
and the results are stored in another file 
section. 

After peak polling of a subset of terminals, the 
maintenance poll program is initiated which first 
clears each terminal's memory to zero. An hour 
later, a second poll collects maintenance data 
and stores it in the maintenance file. 

The Verification Program is initiated at user 
request to poll selected terminals for hourly 
data which will be organized by consecutive 
hours and days for each register. Each of the 
programs include a report generator which will 
be called as required by the scheduler to pre
pare reports from filed data as instructed from 
the Interactive Program File. 

A Demand Report may be called for at any time on 
a user port. These may be any of the formatted 
reports using data collected to date or any of 
the raw data from the last polled period. 

CONCLUSION 

A small office Network Data System has been de
signed and is operating with a number of small 
offices on a test basis. It is meeting the small 
office data system objectives well so that a 
standard Bell System implementation of the system 
and its traffic engineering methods is planned. 
Our experience will be the base for future 
studies of the use of extreme-value statistics 
for traffic engineering and administration of 
central office equipment in larger and more 
complicated offices. Ultimately, application to 
trunk networks, a much more complicated problem, 
will be studied. 
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