
• 

• 

• 

MANUAL SERVICE CRITERIA 

Goran Wikell 

Swedish Telecommunications Administration 

Farsta, Sweden 

ABSTRACT 

Two approaches for findin~ criteria on which to base 
recommendations for manual service quality have been 
presented. The first approach suggests a norm on 
the frequency of call attempts that are abandoned 
due to customer's lack of patience in waiting for 
service. The seoond approach su~~ests a simplified 
optimization of the operator ~roup size with regard 
to costs for the operators' servioe and costs for 
the oustomers' waitin~ times. The first approach 
seems to be more directly useful for practical 
purposes. 

134/1 

1. INTRODUCTION 

This paper is an attempt at putting some kind of 
reference framework around the problem of findin~ a 
norm or recommendation, to be applied in manual 
service, for customer's mean waiting time. It is 
proposed here to relate a recommended mean waitin~ 
time to either total system economy or to some 
measure of customer's inconvenience in waitin~ a 
certain time for an operator's answer. So, two 
different approaches, we may c8.ll them here first 
and second approach respectively, are made. 

First approach su~~ests relatin~ the mean waitin~ 
time for all calls to the expected frequenoy of call 
attempts abandoned due to customer's lack of 
patience in waiting too lon~ a time for an operator's 
answer. 

Second approach implies the search of a minimum of 
the sum of costs for the operators' servioe and 
costs for the customers' waitin~. 

Both approaches are based on, besides standard 
traffio theoretical assumptions, a su~~ested model 
for customer's behaviour in waitin~ for an answer. 
This model, the estimation of its parameters and 
some empirical data are presented in Annex I. 

A dimensionin~ approach shows that it is possible to 
formulate conditions, out~oin~ from the two 
mentioned approaches, to~ether with a further 
condition on an upper boundary on the mean relative 
utilization of operator's time; by means of which 
conditions it is possible to ~ive tables for a 
proper choice of the operator ~oup size at a 
certain service plant. 

For the sake of completeness the two solutions to 
the correspondin~ queue theoretioal problem that are 
known viz. Palm's and Stormer's are reviewed in 
Annex 11 • 

2. FIRST APPROACH 

We consider here the relationship that exists -
under equilibrium conditions - between (expeoted) 
mean waitin~ time; for all call attempts, wheather 
~ettin~ service or bein~ abandoned, and (expeoted) 
relative frequency h of call attempts abandoned due 
to customer's limited patience in waitin~. The 
theoretioal solutions reviewed in Annex 11 ~ive 
formulas for i respectively h as functions of the 
offered traffic A. A relationship (i, h) between i 
and h is therefore implioit in those formulas. A 
most important parameter function, which is solely 
responsible for the difference in the variation of 
(i, h) in the two theoretical oases, is F(t), the 
decreasing distribution funotion of customer's 
waitin~ time, dependin~ upon his patience, before he 
han~s up. If we wish to study the variatio~ of the 
relationship (i, h) under the assumption that F(t) 
is of a form observed in measurements, e.~. 

see Annex I, we can do this by means of simulations 
of a traffic model in a computer pro~am • 



The model whioh is adopted here is based on, besides 
standard traffio theoretioal assumptions, an 
assUmed 

with mean T - funotion of (y, A) taking realistio 
values in 60 s s; T s; 90 s for a "best" A =- 2. 
Simulations have made it evident that in the rela
tionship (i, h) the parameters n ~ group size 
(number of operators ~iving servioe). and s =- mean 
servioe time are important. The parameter n is, at 
least for n ~ 4 of little effect on the expeoted 
variation of (i, h). The effeot of small variations 
of s is also inoonsiderable. 

In praotioe, however,s is_oharaoterized by a wide 
range of variation, from s ~ 15 to 30 seoonds for 
PBX-servioe, often 60 to 120 seoonds for order 
servioe (or e.~. telephone inquiry servioe) up to 
200 to 300 seoonds for telegram order servioe. This 
implies that we have to ohoose a few representative 
values of siT for a study of the relationship 
(i, h). Fi~. 1 shows the expeoted (i, h) in the 
three oases siT ~ 0.25, 1 or 4 for three different 
ohosen values of " T - 60, 75 or 20 seoonds 
(A - 2). In the mean waiting time w we have here 
inoluded, acoording to formula (1), an assumed mean 
of operator's answer reaotion time r of 2 seoonds. 

(1) w =- Wtotal - Wqueue + r 

hi. 
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5 
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5 

Fig. 1 
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(telegram order service) 
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4 

(PBX 's) 

10 w secs 

Relationship between relative frequency of 
abandoned oall attempts and mean waiting 
time. 

The idea now is that we have to ohoose a norm value 
for h, say of the order of 1 to 2 %. Fig. 1 will 
then give us, for chosen values of n , T and siT a 
oorresponding value of w to be recommended in the 
oonsidered chosen oase. 
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3. SECOND APPROACH 

3.1 General remarks 

We oonsider in this approach the ~oup size of n 
operators as an independent variable and seek a 
minimum of the sum of the essentia l oos ts per time 
unit to be taken into account i.e. oost s for the 
operators' servioe and oosts for the oustomers' 
waiting. It is obvious that the latter kind of oosts 
is a little bit more difficult to estimate than t he 
first one. To begin with we ~ive two notes. 

Note 1. Generally, it is possible to oonsider in oost 
oomparisons either current yearly oosts or 
to present-value oapitalized costs. Here we 
find it suffioient to restriot ourselves t o 
oonsidering essential costs per busy hour, 

Note 2. It is assumed that the number of (e.~. to 
the PBX) inooming lines is adequately 
dimensioned and so gives but a small 
frequenoy « 1 %) of oalls lost under l ines
busy condition. 

3.2 Costs for the operators' servioe 

These oosts are (i) salaries (with additions for 
e.~. administration) and (ii) rent oosts for 
(hypothetical) installation of further operator's 
desk equipment. The latter oosts are neglected 
oompared with the former costs, whioh we denote by 
k monetary units per operator and time unit (hour) • 

3.3 Costs for the oustomers' waitin~ times 

We shall make the assumptions here that the traffio 
to a PBX in general (the typioal oase we have to 
consider) is almost oompletely commeroial. This 
means that we assume that the primary oost for even 
a short time interval spent by a oustomer in 
waiting for a oall establishment may be put equal to 
the product of the length of the time interval and 
his salary per same time unit as used for the time 
interval. 

The problem now is how to estimate some kind of mean 
of oost per time unit for the whole population of 
potential oustomers. Suoh a mean value should be a 
mean, wei~hted with respeot to the frequenoy of 
oall ~eneration of eaoh individual oustomer. We have 
to oonsider, further, that extra costs may arise, 
espeoially for an abandoned oall attempt. To sum up, 
we postulate: 

(i) the customer's time is, on an avera~e, at 
least as much worth as the operator's time; 
if pk is the value of a unit of tl.e former 
and k that of the latter, then we should 

CH) 

have p ~ 1, 

the avera~e value of a oustomer's waitin~ 
time per time unit, in the oase of an 
abandoned ·oall attempt, denoted P2·k, is at 
least as high as that, denoted P1.k, whioh 
is to be put on an answered oall, or 
P2 ~ P1 

3.4 Determination of minimum of sum of costs 

We have now reviewed the prerequisits for making 
a study of the variation of the essential oosts in 
manual servioe. Let us use the notations: 

w answ mean waiting time in seoonds for answered 
calls 

waband ~ mean waiting time in seconds for abandoned 
oall attempts 

n - No. of operators of the ~oup 

N - No. of offered oalls per hour 

h Q relative frequenoy of abandoned call 
attempts 

k, P1.k and P2.k as above 

• 

• 

• 



• 

• 
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C - sum of oosts per hour 
Then we get (2) 

(2) -1 ( -C - kn + 3600 P1 kN 1-h)wansw + 

where wansw ~ Wqueue + r, waband and h are 
funotions, in our traffic model, of 11 and 

of the offered traffic A ~ 3600-1NS, 
where s = mean servioe time in seconds. 

It is immediately obvious tha t n can be taken a s a 
disorete variable, while for the parameters P1 
(a reasonable range is 1 $ P1 $ 4), P2 

(a reasonable ohoice is p ~ 2P1)' N and s fixed 
values should be chosen. ilso .for the important 
F(t) with ~ defined above a ohoice -ha~ t o be made . 
A minimization of (2) should then rely on 
systematio simulations of the traffio model. 

3.5 Examples of results 

From a praotioal point of view the followin~ 
question is of interest: over what range of offered 
manual traffio A is a given group size of n 
operators eoonomioally optimal? 

We suggest for the study of this question the 
parameter values P1 - 2 and P2 - 4, the (extremal) 

values s/~ - 0.25 respeotively - 1, a "best" F(t) 
oharaoterized by a A - 2 and a ~ - 75 seoonds. We 
find, if we make these ohoioes, for eaoh n in the 
range 2 $ n ~ 10 aooording to Table 1 respeotively 
Table 2 the eoonomioally optimal intervals of the 
offered traffio A erlan~s or the equivalent number 
of offered calls per hour N; . 

A _ 3600-1 Na. The tables also give resulting 
intervals of a - mean proportion of operator's time 
used in direot servioe, ; - mean waitin~ time for 
all calls and h - relative frequenoy of abandoned 
call attempts. 

Table 1. Eoonomioally optimal group size, in the 
case a~ - 0.25, ~ - 75 seoonds 

n 

~ 
4 
5 
6 
7 
8 
9 

10 

A 

<1.1 . 
1.1-1.9 
1.9-2.7 
207-3.5 
3.5-4.2 
4.2-5.0 
5.0-5.8 
5.8-6.6 
6.6-7.4 

N 

< 200 
200- 340 
340- 480 
480- 630 
630- 750 
750- 900 
900-1040 

1040-1200 
1200-1330 

<0.55 
0.37-0.63 
0.48-0.68 
0.54-0.70 
0.58-0.70 
0.60-0.71 
0.63-0.73 
0.64-0.73 
0.64-0.74 

; s. 
<10.0 

4.0- 7.5 
4.0- 6.5 
3.5- 6.0 
3.5- 5.5 
3.0- 4.5 
3.0- 4.0 
3.0- 3.5 
3.0- 3.5 

Table 2. Eoonomioally optimal group size, in 
case s/~ - 1.0, T - 75 seoonds 

n A N 0( W s. 

2 <1.3 < 65 <0.65 <23.0 
3 1.3-2.1 65-100 0.43-0.70 7.5-18.0 
4 2.1-2.8 100-135 0.52-0.70 7.0-14.0 
5 2.8-3.6 135-170 0.56-0.72 6.0-11.0 
6 3.6-4.3 170-205 0.60-0.72 5.0- 8.5 
7 4.3-5.1 205-245 0.61-0.73 4.0- 7.5 
8 5.1-5.9 245-285 0.64-0.74 3.5- 7.0 
9 5.9-~07 285-320 0.66-0.74 3.5- 6.0 

10 6.7-7.5 320-360 0.67-0.75 3.5- 5.0 

h % 
<3.0 

0.3-1.8 
0.3-1.2 
0.3-1.0 
0.3-0.8 
0.2-0.6 
0.4-0.2 
0.2-0.3 
0.2-0.3 

the 

h% 

<14.0 
4.5- 9.5 
3.0- 6.5 
2.0- 5.0 
1.5- 3.5 
1.0- 2.5 
1.0- 2.0 
0.5- 1.5 
0.5- 1.0 

We make the observation from these tables that the 
value of a is most important for the "servioe 
outcome". So for a large value of s as that one 
used for Table 2 i and h take values, in the range 
n ~ (say) 5, that should be oonsidered prohibitive 
from a servioe point of view. Our oonolusion then 
is that this simple approach, for assumed modest 
values of P1 and P2' falls short for part of the 
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value spaoe (s,A,n). If we would like to rely o~ an 
economioal optimization of the group size n, we should 
have to supplement the approaoh in various respeots. 

4. DIMENSIONING APPROACH 

In prinoiple it would seem possible to use a purely 
eoonomical ap~roach for finding those parts of the 
value space (s,A,n) whioh should be recommended for 
practical application. The difficulties of making a 
complete economical calculus, in which we should have 
to pay a ttention to all relevant costs, seem to be 
considerable, however. 

It would seem much simpler to recur to, for small 
va lues of the group size n, the above First approaoh, 
if we could agree upon a norm value for h. Such a 
value should be comparable with generally applied 
recommended congestion loss figures, saY .h - 1 to 
2 'fo. 

It a lso seems neoessary to pay attention to any 
oondition that should be respected when the group 
size is oomparatively large. There is one suoh 
condition: from an ergonomical point of view the 
mean proportion a of operator's time used in direot 
servioe should not exceed a certain limit a lim• We 

arrive at the following condit.ions, given in order of 
importanoe for dimensioning, with as examples given 
norm values • 

1. The expected relative frequency of 
abandoned call attempts should not exoeed 
1.5 %. 

2. The mean proportion of operator's time 
used in direct service should not exceed 
0.75. 

3. If cond itions 1. and 2. nre satisfied, 
an economically opt imum choice of the group 
size n ~~ ould be made, f or "modest" cost 
f~>. c tOT'f: .1; ·;. nd D2 ··'.ccording to second 
approacH. 

Tables 3 and 4 below give for two different values 
of sIT examples of "dimensioning t ables" based on 
the three oonditions. 

Table 3. Dimensioning table for siT 0.25 
T - 75 seoonds 

n A N c: 

1 <0.3 < 50 <0.3 
2 0.3-0.8 50- 140 0.15-0.40 
3 0.8-1.7 140- 300 0.27-0.57 

~b) 4 1.7-2.7 300- 480 0.43-0 . 68 
5 2.7-3.5 480- 630 0.54-0 .70 
6 3.5-4.2 630- 750 0.58-0 .70 
7 4.2-5.0 750- 900 0.60-0.71 
8 5.0-5.8 900-1040 0.63-0.73 
9 5.8-6.6 1040-1200 0.64-0.73 

10 6.6-7.4 1200-1330 0.64-0.74 
n"> 10 -0.751" - 1351" -0.75 

w s. 

<5 .0 
2. 5-5.5 
3. 0-6.0 
3 . 5- 6 .5 
3 . 5- 6 .0 
3.5-5.5 
3.0-4.5 
3.0-4.0 
3.0-3.5 
3.0-3.5 

<3 .5 

h % 
<1.5 
-1.5 
-1.5 
-1.2 
-1.0 
-0.8 
-0.6 
-0.4 
-0.3 
-0.3 
<0 .3 

Table 4. Dimensioning t able for s = T 75 seconds 

n A 

2 <0.4 
3 0.4-1.0 
4 1.0-1.7 
5 1.7-2.6 
6 2.6-3.5 
7 3.5-4.5 
8 4.5-5.6 

~'-) 9 5.6-6.7 
10 6.7-7.5 

n">10 -0.7'71' 

N 

< 20 
20- 50 
50- 80 
80-125 

125-170 
170-215 
215-270 
270-320 
320-360 

- 36n" 

<0.2 
0 . 13-0. 33 
0.25-0.43 
0.34-0.52 
0.43-0.58 
0.50-(). r.:,1 
0 . 56-0.70 
0 . 66 - 0 .74 
0 . 67- 0 .75 

- 0 .75 

w s. 

<3 .5 
2.5-4.5 
3.0-5.0 
3.5-5.5 
3.5-5.5 
3.5-6.0 
3.0-6.0 
3.0-6.0 
3. 0-5.0 

<5 .0 

h % 
<1 .5 
-1.5 
-1.5 
-1.5 
-1.5 
-1.5 
-1.5 
-1.5 
-1.0 
-1.0 

Condition 1. represents the dimensioning require
ment for n < n', condition 2. correspondingly for 
n - n" > 10 and condition 3. in a. r ange n' $ n ~ 10. 



5. ANNEX I 

Model for customers' behaviour in waiting for an 
operator's answer 

A oustomer's patience in waiting for getting 
servioe should vary aocording to the actual situa
tion when he is making his call. Each customer 
might be assumed to have his individual distribution 
Find(t) of the (stocha stic) waiting time T before 

abandoning his call. It seems likely that this 
distribution is very steep i.e. it has a very small 
coefficient of variation. If we study a large 
population of calls offered by customers to a 
certain PBX we shall get a distribution F(t) of 
waiting times before abandonments that has a flatter 
shape than the individual distributions; this should 
be a well-known theoretical result. We will assume 
here that F(t), given in deoreasing form, can be 
described by a two-parameter model, viz. the 
generalized exponential distribution: 

(1) F(t) = e-
ytA 

where t D sample variable 
y,A m parameters 

This distribution has the mean value 

The special cases 

A = gives T = 1/y 

and A m 2 gives T = ~ 

Fig. 2 shows as an example the form obtained for 
A - 1, 2 or 3 for one and the same mean value T. 

1.0 

0.5 

Fig. 2 Distributions F(t) according to (1) for a 
few values of A, A ~ 1, 2 or 3 as shown 
above, and with mean E(T) :2 T 
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Estimation of parameters y and A 

We now consider the situation when we measure 
wai ting times w for ce.lls to a certain PBX. We find 
for a measurement period, during which we assume 
statistically stationary conditions to exist , for a 
sample of N calls the decreasing sample distribu
tions G(w) for all N calls and H(w) for the N b d 
calls abandoned before getting service. As a an 
an example of what these would look like we give 
Fig. 2. Our task is to estimate from G(w) and H(w) 
the underlying above-mentioned distribution F(t). 

By the scanning principle the stochastic variable w 
takes values in discrete classes. When we give the 
sample distributions, we have chosen a small 
multiple of the scanning interval (1, 2 or 4) as 
cla ss width ~w of the sampled data. The olasses will 
be 

Lw} = (v~w, v~w + ~w), 
v :2 0, 1, 2, ••• k, where k :2 

= integral part (wmax/~w) 

The following probabilistic approaoh is made. If we 
use the notations N, w, F(w) and G(w) with 
definitions given above and turn the problem round, 
we may ask: How many calls might be expeoted to give 
up waiting in the interval [v~w, (v + 1)~wJ :2 

a (w, w + ~w), both F(w) and G(w) assumed to be 
known and continuous? 

After a time w m v~w, NG(W)d~f NI(w) calls 

remain waiting. The intensity in abandonments in the 
considered small interval is 

where 
f(w)/F(w) 
few) :2 _FI(W) 

Therefore the number of calls ~NII(Y) abandoned in 
the interval is 

which relationship we rewrite as 

If we now form sums over the interval v - 0, 1, •• 
j ~ k for both sides of (2) we get 

waj~w v-j 
~ -[FI(w)/F(w)J~w:2 ~ ~NII(v~w)/NI(v~Y) 

w=o vmO 

The left-hand side sum may be approximated by the 
integral 

w=j~w 
.r -[FI(u)/F(u)Jdu .. -In;F(j~w) 

waG 

We may write F(w) a e~(w) and we then get 

Turning back to the original situation, where, 
besides G(w), H(w) is a known function instead of 
F(w), H(w) being expressible as a function of F(w) 
and G(w), we have obtained in (3) a formula that 
yields in a numerical integration the estimated 
logarithm of the distribution requested. 

• 

• 

• 



• 

• 
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The approach (1) means that 

<pew) = ywA 

or if we take logarithms 

lo~ <pew) ... log y + A log w 

or log y + A log (j 6W ) ~ log 1 (j6w) 

Thus, this approach a llows the application of linear 
regression analysis (method of least squares) of y '" 
... log ~(j6w) on x = log (j ~w). 

Now, let us denote by Y = log L-InF(w)J the 
regression line which we wish should fit to the 
discrete set of measured point~ (y, x). We . then 
observe that if we go back to F(w), denoting the 
estima te of the function we are seeking, a 
devia tion t! Y corresponds to a deviation lIF( w) in 
'(w) accordL.g to 

6F D LY F(w)ln~(w) log 10 

We should therefore put on the points (y, x) the 
weights 

Instead of F(w) we may use, with very good approxi
mation, the function exp [ -~(w)J • 

Results obtained 

By means of a new equipment for measuring waiting 
times studies of F(t) have been made. The results as 
yet obtained indicate that A most often takes 
values close to A - 2 and that ordinarily (in 
"normal" cases of manual servioe) T takes values in 
the interval 60 < T < 90 seconds, with T a 

- 75 seconds as a good average. 

6. ANNEX II 

There have been given in literature solutions in 
closed form to two variants of that queue 
theoretical problem which is of interest in this 
paper. The assumptions made for these two problem 
variants differ in one respeot only, viz. for the 
distribution F(t) of customer's waiting time before 
hunging up due to lack of patience in waiting for 
servioe. The two solutions will be briefly reviewed 
here. 

6.1 Palm's problem variant 

Calls are offered in the form of a Poisson process, 
which means that the oall intervals are governed by 
the negative-exponential distribution, at a 
frequency of y calls/time unit to a group of n 
operators,' which serve the calls in order of their 
arrival. 

The service times follow the negative-exponential 
distribution and have the mean value S. 

The offered traffic is A ... ys. 

Waiting calls are abandoned after times t distri
buted aocording to F(t) ... exp(-t/T), where T is the 
mean value. 

All events are mutually independento Abandoned oalls 
do not return. 

The following results are of interest here • 
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A mean waiting time w for all oalls is ca lculated 
according to 

w '" 

where '%n 

w ... 

~T (1/W + A/n-1) ~ ~ 
WE 1,n 
1 +( W-1 ) E1 ,n 

a ccording to the Erlang loss formula 
calculated congestion 

a series sum expressed in n,s,y,T 

Palm gave in the form of a table oerta in values of W. 

The relat ive frequency h of a bandoned calls will be 

h ... * (1/W + A/n - 1)~n 

6 0 2 Stormer's problem variant 

The assumptions ma de are the same a s in Palm's case 
exoept for the following: calls remain waiting un~il, 
if they have not got service, after a fixed time T 
they are separated from their queueing places (and 
given busy tone). 

With the same notations as abo~e the mean waiting 
time w for all calls will be 

snh 
w .. --2 {expL (n-A)T/s J-1 j -hAT/(n-A) 

(n-A) 

where h is the relative frequency of abandoned calls 
and 

~ '" n ( 1 /n-A) + 1/ AE1 ,n-1 Jexp[ (n-A)T/; j 

- A/(n-A) 

Implicit in the formulas given above is, for each 
problem variant, a relationship "between; and h 
which we denote by (i, h). Figure 3 shows, for as 
examples chosen parameter values, the different 
character of this relationship in the two cases. For 
comparison a few points (i, h), representative for 
practical cases, have been plotted in the same 
figure. 



hY. 
100 

75 

50 

25 

o 

frequency of 
abandoned calls 

0.25T 

Model : F (t )= exp (-tiT ) 
( Palm 1937) 

0.50T 0.75T 1 Vi secs 

Fi~. 3 Relationship between mean waitin~ time; 
for all calls and frequenoy h of abandoned 
oalls (at varyin~ offered traffio). 
Cus tomers' mean patienoe time in waitin~ -
a ~, servers mean servioe time - 0.2 T. 
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