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ABSTRACT 

A study of the relationships between utilization, service 
and forecast uncertainty was undertaken to provide the 
methodology through which informed decisions concern
ing utilization and service quality of Central Office 
Equipment (CO E) could be made.The resultant engineer
ing procedure described in this paper provides for fore
cast uncertainty in a cost effective manner. 

1. INTRODUCTION 

It is important that relationships between utilization and 
service be taken into account. Otherwise efforts to 
improve either utilization or service can inadvertently 
degrade the other. This paper quantifies the relation
ships and shows both from a theoretical perspective 
and from analysis of specific data, how the relation
ships depend on forecast uncertainty. Such relation
ships provide a framework for understanding the effect 
of budget constraints on the level of service, or con
versely the cost of providing better service from a quali
tative and diagnostic perspective. An analogous study 
for direct trunk groups is given in [2]. 

The paper is organized as follows. In section 2, we 
provide a description of the basic definitions and 
assumptions needed to develop theoretical relation
ships between utilization and service for a single unit of 

demand. Section 3 contains a summary of the 
modifications to the theoretical model appropriate for 
implementation. These modifications were suggested 
by the determination of distributions of forecast errors 
from available data. In Section 4, we describe an 
extension of the single unit U / S theory. This extension 
accounts for both various cost components in a Central 
Office and for different types of demands experienced 
by these components. The Central Office is categor
ized according to the type of demand to which it is 
most sensitive:CCS, calls or lines. Total Office risk is 
apportioned over the categories in a cost effective way. 

SECTION 2 

In this section we present the basic definitions and 
assumptions used to develop a theoretical relationship 
between utilization and service. The theoretical model, 
used for generating U / S tradeoff curves accounting for 
forecast uncertainty, will be described. 

2.1 Definitions and Assumptions 

The single unit demand being offered a switch can be 
thought of as a stochastic process over an engineering 
interval [O,T]: 

D(t)=D(O) + J,LtS(t) + (jF(t) ,(2.1.1) 

where J,L = growth rate 
Set) = seasonal behaviour function defined S.t. S(T)-1 
(jF(t) = Brownian motion representing forecast uncertainty 

S.t. F(O) =- 0; E«(jF(t» - 0; var«(jF(t» - (j2t 

Assuming unbiased errors, expected end of 
period(EEOP) demand is 

D(T) .... D(O) + J,LTS(T). (2.1.2) 

In the planning process, a required EOP capacity level 
must be set so that the amount of equipment to be 
installed can be determined. We determine the capa
city as 

C == (jD(T) 

,where (j~ 1 1. 

The EEOP demand D(T) is the forecasted demand 
which leads to the capacity level set by deterministic 
provisioning practices. We explicitly introduce a provi
sioning factor {j which leads to an associated recom
mended capacity level, C. 

The service portion of the U / S tradeoff is quantified in 
terms of the number of service weakspots.An office is 
classified by the model as a weakspot when a certain 
proportion, a ~ 1, of the installed capacity is 
exceeded. This assumption is based on the recognition 
that associated with forecast uncertainty there is a risk 
of poor service produced whenever the demand 
exceeds a certain multiple, a of capacity. 
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D(t) > a{3D(T) (0+ <t ~T] 
Although a may vary with machine type, an average 
value a = 1.05 has been used throughout the present 
U / S studies as the proportionality factor which defines 
a weakspot. The probability that such service degrada
tion occurs at some pOint in time, t, is 

K(t) = Pr[D(t) > a{3D(T)] 

The EOP risk of bad service is called the weakspot 
probability , WS prob' where 

WSprob = K(T). (2.1.3) 

For any group of entities, the proportion of offices that 
are weakspots for a particular provisioning policy 
represent a measure for assessment of that policy. 

The full period weakspot risk, 'It, is defined by 

'It = Pr [0 <,mt8x<, rD(t) > a{3D(T)] 

The EEOP Utilization, U(T) satisfies 

U(T) = D(T) = .!. 
. C {3 

(2.1.4) 

Note therefore that (3-1 can be thought of as the EEOP 
utilization. Hence a graph of K(T) against (3-1 can be 
thought of as a U / S tradeoff curve. 

The general time dependent instantaneous utilization, 
U(t), is a measure of the proportion of installed equip
ment which is needed to meet current demand, i.e., 

U(t) = D~) ,tE [O,T] 

The assumptions underlying the theoretical model of 
the U / S relationship are: 

i. The U / S relationship is ergodic.[That is the U / S 
relationship ca1culated for a single entity over a 
sequence of years can be approximated by the 
U/S relationship of many offices in one year.] 

ii. Demand offered the Central Office Equipment is 
normally distributed about a time dependent mean 
with variance (J2t. 

2.2 Utilization/Service Model 

The mathematical model resulting from the assumptions 
and definitions of the preceeding section is 

[ 
D(T) 1 K(T) = 1 - <J? (a{3 - 1) (Jfl (2.2.1) 

where <J?(.) represents the standard normal distribution. 

The full period weakspot probability is affected by 
seasonality,[2]. 

Inverting the distribution (2.2.1), we can solve for the 
provisioning factor, (3 as 

2 

(3 = .!.(1 + ~fl <J?-1[1 - K(T)]. 
a D(T) 

(2.2.2) 

In this formulation ~ represents the relative fore-
D(T) • 

cast uncertainty of demand, (J . 

Alternatively the model can be phrased in terms of the 
utilization distribution to give 

- a - 1/{3 
Pr(U(T) > aIU(t) = 1/(3) .... 1 - <J?( ). 

(J 

If the Central Office Equipment is considered as a single 
unit being offered a specific type of demand, then the 
effect of cost is automatically accounted for by this 
model. However the methodology to extend this model 
to account for various cost components and different 
demand types experienced by these components will be 
described in Section 4. 

SECTION 3 

The basic relationship hypothesized by the U / S model 
is that service weakspots result from overloads caused 
by the variability in the demand (to which forecasting 
errors are a significant contributor). In order to assess 
the validity of this hypothesis it was necessary to com
pare the predicted utilization and weakspot levels with 
actual observations. This was done by constructing tra
deoff curves from the CCS forecasts and comparing 
actual values from COE data with those predicted by 
the tradeoff curves. That is, the question "if a provi
sioning factor of (3 had been used in a certain year, 
what would the weakspot level have been?" was asked 
and compared to the reported levels. Thus the weakspot 
level which would have resulted from a particular provi
sioning level could be determined. 

3.1 Data 

In this section we briefly describe the data used to test 
the theoretical model. The actual and forecasted 
values of CCS were constructed and the relative fore
cast errors were calculated using 

Forecast CCS - Actual CCS 
r.error = 

Forecast CCS 

Measured values of most limiting utilization2 and weak
spot levels were not exactly comparable to the EEOP 
utilization and weakspot measures of the model. 
Transformations were developed to relate these meas
urements to quantities predicted by the theory. 

3.2 Forecast Errors 

Different aggregation methods were considered to com
pute a measure of uncertainty in the forecast demand 
for each switching entity. The basic measure of uncer
tainty was 

1. It is not prudent to remove equipment below the engineered 2. % of working capacity 
level( with no forecast bias). 
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(J 

D(T) 

-J 2;(forecast - Actual)2 

n-1 
Forecast 

where the forecasts are two year ahead forecasts. 
Aggregation of these factors at the company level was 
found to be effective for this study. 

The underlying probabilistic assumption of the theoreti
cal model was that the forecasting errors were normally 
distributed and unbiased. An assessment of this 
assumption was made by looking at actual forecast 
errors. 

Since the measure of service used in U / S model is 
inherently dependent on the tail of the demand distribu
tion, the tailweights of the relative forecast errors of 
CCS for various operating companies were inspected. 
It was found that the actual distribution of relatiVe CCS 
forecast errors was heavy tailed and , since the double 
exponential distribution afforded a good fit to the data. 
We decided therefore to use this distribution as the 
model distribution. The double exponential distribution 
has density function 

p(x) 

where 

1 -exp-Ix-m I/v 
v 

2v2 
- variance 

m - mean. 

(3.2.1) 

Replacing the normal distribution by the double 
exponential distribution in the model,equation (2.2.1) 
becomes 

K(T) = WSprob - 1-DE( (afj-~(T) )(3.3.2) 
(J T 

where DE (.) represents the double exponential distribu
tion. A consequence of this result is that in the region 
of interest, the level of service provided is less sensi
tive to changes in utilization than with the previous dis
tribution. 

3.3 U /S Tradeoff Curves 

The measure of service risk is the probability of being a 
weakspot, given by equation (2.2.1). For any stated 
value of {3 and a -= 1.05 the percent of entities which 
would become weakspots under that policy was com
puted. If the actual value recorded exceeded a times (3 
times [the forecast] ,then that entity was classified as a 
weakspot for that value of fj. The % of 
mainstations(MS) in entities which were weakspots 
could then be computed as 

MSWS = [# Weakspot Mainstations](fj) 
prob Total Mainstations 

for any company or group of entities. Since 
fj-1 = U(T),a graph of (3 versus MSWSprob can be 
thought of as a U / S tradeoff curve. These tradeoff 
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curves were constructed for 1978 through 1981. A ty'pi
cal curve is given in Figure 1. The solid line is a tra
deoff curve corresponding to the 4 year average fore
casting error. Although this tradeoff curve in most 
instances does not represent any individual year's data 
it can be be thought of as representing an unbiased 
expected tradeoff between switching utilization and per
cent weakspots. The dashed curves designate 
expected ranges of forecast errors. In order to con
struct smooth confidence intervals around the average 
curve, it was assumed that the major portion of the 
differences in the yearly curves was due to unpredict
able forecast bias3 . The confidence placed in the abil
ity of these bands to provide expected limits of 
tradeoffs between switching utilization and service is 
equivalent to the confidence that the forecast biases 
observed in the past four years provide bounds for 
future forecast biases. 

The data points in Figure 1, represent the transformed4 

data points for the same four years. 

SECfION 4 

An extension of the approach is to consider total office 
risk level and determine the best provisionina factors 
for the office components by incorporating differing 
equipment costs and forecast uncertainties for each unit 
of component demand. In this section we formulate an 
optimization model which determines the relevant com
ponent provisioning factors and corresponding com
ponent EOP weakspot probability values. 

4.1 Definitions & Assumptions 

The assumptions used are 

i. the Central Office Equipment can be categorized 
according to the type of demand to which it is 
most sensitive:CCS,calls or lines. The capacity of 
each category j of demand satisfies 

Cj ... fjjDj(T). 

ii. If the cost per unit of category j equipment is 7r'j' 
then the cost of provisioning the office is mode led 
as 

j-3 
COST = ~7r'jCj + Cjixed. (4.1.1) 

j-1 

where 7r'j is the cost per unit of category j, and 
where Cjixed includes the start up cost for the 
office5 . We define Wj to be the fractional cost 
factor, where 

Cj 7r'j 
C . 

3. The unpredictable nature of the forecast bias is due in part to 
the dependence of this term on factors such as weather and 
natural disasters which can have a major impact on the 
average forecast bias observed in a particular year. 

4. The reported most limiting utilization had to be transformed into 
EEOP utilization. 
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Using this factor as the utilization weight, we 
define the total office cost weighted EOP utilization 
Uc as 

Uc = ~jwj~(T) 

or equivalently, 

Uc = ~jWj{3-1j(T) 

Hence ,Uc is a cost weighted utilization measure 
of total office utilization relative to the engineered 
capacity and EEOP demand. 

iii. category demand is normally distributed about a 
time dependent mean with variance U

2jt, as in 
Section 2. All results in this section can be 
adjusted to reflect specific data by using the two 
parameter DE distribution of equation(3.2. 1) 
instead of the model's assumed normal distribu
tion. 

iv. the cost weighted utilization measure is evaluated 
without the fixed start up cost .6 

v. the probability that the office, as a whole, does 
not suffer a service weakspot is equal to the pro
bability that no demand placed on any category 
exceeds that category's weakspot load level. 

vi. there is independence across categories, thus the 
foregoing condition can be expressed as 

1 - K(T) .. IIj (1 - Kj(T» . (4.1.2) 

where K(T) is a prescribed office risk level. 

4.2 Component Cost U /S Model 

Formally the mathematical model resulting from the 
assumptions and definitions of the preceeding section is 

p~n [ ~J1rj Cj + Cjixed] (4.2.1) 

subject to 

(4.2.2) 

where Kj(T) satisfies equation (2.2.1) with 
corresponding {3jS satisfying equation (2.2.2) for each 
category j. To determine the desired equipment 
configuration which realizes a minimal engineering cost, 
provisioning factors ({3j ~ 1) are computed for each 
category. For each category j,the EEOP demand 
(0(T), is multiplied by its provisioning factor({3j) to 
arrive at a desired capacity level. Total office risk is 

thus apportioned across each category in such a way 
that the category which assumes greatest engineering 
cost becomes most limiting . 

5. That is the cost of those components which are not under 
engineering control but are needed to place even a single call 
through the office. 

6. An important distinction arises depending on one's definition of 
total office cost . The decision or not to incorporate the start 
Up cost in the definition gives differing values of UC' the 
difference increasing with office size. 
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The dual approach, in which the roles of the cost func
tion and the constraint service function are reversed, 
has been used to predict the impact of budget cuts on 
customer service. 

4.3 Example 

Table 2 represents the solution of the component cost 
U / S model for input parameters contained in Table 1 
with an EOP office risk level of 15% and zero fixed cost. 
The effect of changing the office risk level for this sam
ple office is illustrated in Table 3. The optimization 
model tends to limit the office on the category with the 
largest expectef!. cost (i.e., the category with the larg
est value of 1rj Dj (T). this is illustrated in Table 4. In 
Table 4 the assumed values of EEOP demand and indi
vidual category costs / unit capacity are as in Table 1. 
Also, an office risk level of 15% is assumed. All 
categories are assigned identical forecast uncertain
ties, (/j . this removes the influence of different uncer
tainty on category risk levels, Kj(T). Table 4 shows 
that the most expensive category7 is in fact the most 
limiting (assumes the largest weakspot risk, Kj(T». 
This is consistent with good engineering practice and 
desirable in general. 

Summary & Conclusions 

In this paper we initially developed a theoretical model 
which quantified the relationships between utilization, 
service and forecast uncertainty for COE. Appropriate 
modifications to this single unit U / S model was recom
mended from study of actual data. This data study sug
gested that the level of service provided was less sen
sitive to changes in utilization than had been predicted 
by the theory. Finally we described a component cost 
U / S model which quantified relationships between total 
office cost and risk of poor service for various demand 
categories. 

Procedures for accounting for forecast uncertainty, 
based on the described quantification of relationships 
between COE utilization and desirable service level(s) 
have been recommended for use in the field. Such pro
cedures represent a way in which rational decisions can 
be made concerning changes in provisioning policy by 
taking account of its effect on service in a cost 
effective way. 
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FIGURE 1 UIS TRADEOFF CURVE 

.. 
CATEGORY EEOP DEMAND COST/UNIT CAPACITY REL. F'CST UNC. 

CCS 60,000 '15.5" .04 

CALLS 40,000 '''.eo .05 
LINES 20.000 '26.00 .02 

TABLE 1 SAMPLE COE PARAMETERS 
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CATEGORY CCS CALLS LINES 

EXPECTED EEOP 
60,000 40,000 20,000 DEMAND (D(T» 

PROVISIONING 
1.021 1.084 1.003 FACTOR (/31) 

CAPACITY (C) 61,288 43,351 20,055 

WEAKSPOT 64,350 45,518 21,058 LOAD 
WEAKSPOT 

.100 .026 .031 RISK (EOP) 

UTILlZA TION 
.569 .119 .312 WEIGHT (w,) 

EEOP COST WEIGHTED 
.978 

UTILlZA TION (Ut) 

OFFICE COST 
'1.67 ('108 ) 

TABLE 1 SOLUTION of COMPONENT COST UIS MODEL 

OFFICE RISK .-.10 • -.15 .-.20 
LEVEl 

CATEGORY 1 2 3 1 2 3 1 2 3 
PROVISIONING 1.028 1.105 1.015 1.021 1.08" 1.003 1.008 1.080 1.003 
FACTOR (/3/) 

CAPACITY 81,686 .... ,'99 20,299 61,286 "3,351 20,055 60,"93 "3,210 20,05" LEVEL (C,) 
WEAKSPOT 

8",770 "8,"09 21,31" 6",350 "5,518 21,058 63,517 "5,371 21.057 LOAD 
WEAKSPOT .080 .012 .010 .100 .028 .031 .150 .029 .031 

LEVEL e/eT) 
UTILIZATION .567 .120 .312 WEIGHT (w.) .589 .119 .312 .566 .120 .31" 

COST WEIGHTED 
.872 .878 .888 

UTllIZA T10N 
OPTIMAL COST '1.88 '1.87 '1.88 ('10') 

TABLE 3 EFFECT of OFFICE RISK LEVEL 

FORECAST '.J -.03 '-J -.04 ."' 
UNCERTAINTY ' ) -.05 

CATEGORY 1 2 3 1 2 3 1 2 3 
PROVISIONING 1.009 1.039 1.015 1.028 1.068 1.038 1.0<47 1.097 1.057 FACTOR (13,) 
ENGINEERED 

60,550 "1,558 20,298 61,688 42.713 20,71'- 62.821 "3.887 21,131 CAP ACITY ( C, ) 
WEAKSPOT 83,577 43,838 21,313 84,770 44.848 21,750 65,982 48,080 22,18e 

LOAD 
WEAK SPOT .080 .018 .081 .080 .018 .081 .080 .OH' .oS 1 LEVEL ( e 1 ( T ) ) 
UTILlZA TION .587 .115 .318 .~18 .585 .318 .. ,_ ........ - I . , JI;~A _118 .117 
EXPECTED 

COST WEIGHTED .8. .8S8 .847 
UTILIZATION 

OPTIMAl COST '1.88 'usa '1.73 (' 1ca) 

TABLE .. EFFECT of CATEGORY COSTS OD OFFICE RISK • 
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Summary of Questions/Answers 

Date: ' . 0.9 June 1983 . 

Session: 1.2 

Paper: 1 

Q.l (K. Basu) 

A.l 

The definition of the full period weakspot risk involves the 
distribution of the maximum demand over the engineering interval. 
What connection does this characterization of service have with 
Extreme Value Engineering (EVE)? 

(R.A. Coco, R.A. Farel, R.M. Potter, P.E. Wirth) 

The demand and service models presented in our paper are quite 
general in nature and are not directly connected with Extreme 
Value Engineering methods discussed, for example, in paper 
1.4.1 and in previous Congresses. In our paper demand is considered 
to be the current value (typically determined on "the basis at 
the previous month's data) of ·the load variable in question. 
This could equally .well be a busy hour average load or an extreme 
value load. Similarly, service design criteria being used, 
and occur when service is substantially worse than objectives . 


