
• 
• 

• 
• 

DELAY AND LOSS SYSTEM WITH EARLY DEPARTURE CALLS 

Wolfgang Urmoneit 
Deutsche Bundespost 

Darmstadt, Federal Republic of Germany 

ABSTRACT 

This paper describes a delay and loss system with 
early departure calls in the queue and with fuli a
vailability. For this system PCT 1, i.e. Pure Chance 
Traffic of Type 1 (Poisson input, infinite number of 
sources, negative exponential holding time distribu
tion) and negative exponential departure time distri
bution of early departure calls are assumed. 

All traffic parameters are given as a function of the 
traffic offered A and of the ratio of the mean hold
ing time to the patience time (computational depar
ture time). 

The mentioned system has been implemented within the 
area of the Deutsche Bundespost (telephone enquiry 
and fault clearing centres). 
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INTRODUCTION 

The purpose of this report is to determine the traffic 
parameters of the enquiry centres and fault clearing 
centres, in particular the mean holding time tm, the 
mean waiting time tw and the loss of traffic offered 
Av due to departure calls in the call-storing panel. 
The basic mathematical description of delay systems 
with different birth and death processes are given in 
L2J which includes also a description of the "pure 
delay system with early departure calls in the queue" 
where negative exponential distributions were assumed 
for the probability densities of the birth process and 
of the two death pr ocesses (served calls - departure 
calls in the call-storing panel). 

The state equation system of the delay and loss sys
tem with early departure calls in the queue consid
ered in this paper is formally equal to that of the 
pure delay system with early departure calls in the 
queue~' if the same birth and death processes are as
sumed. Here, the detivation of the various traffic 
pa~ameters as f(A,~) is - in contrast to the pure 
delay system with de~arture calls - considerably more 
complicated since the loss B ~ 0 and the number of 
waiting positions are finite. In particular,with the 
occurring sums and products, the finite number of 
waiting positions does not yield such simple formulae 
as in the case s -- _ • As will be shown in section 
2.3, the patience time tg introduced in L2J is a 
purely computational quantity and thus cannot imme
diately be measured. It is only possible to measure 
the departure time of the actual departure calls. For 
this reason another parameter, the mean departure 
time tv, is introduced. It can be called "measuring 
patience time" in contrast to the "computational de
parture time" tg. Measurements are to reveal to what 
extent the assumption - negative exponential distri
bution of the departure time - is satisfied and which 
results for the various traffic parameters are ob
tained from the described model (section 7). In L-3J 
it is indicated how the traffic parameters of the 
system can be determined from data (Tgef , Nb' Nab) 

which do not present any difficulties from the view
point of measuring technique. 

1. FORM~LATION OF PROBLEM 

1 .1 
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Basic technical equipment of telephone enquiry 
and fault clearing centres L-3J. 

call finder 
call transmission unit 
number of call transmissions 
number of call finders 
number of storage locations 
storage location 
call finder of delay 

IlG 7 



A-Ue 

m 

AS server 

r-------- - ------, 
I WAS SP I 
I I 
I 

I 
I 

I 
I 

I I 
L_c~'~ -~~~! ~a~~ ___ J 

Fig. 1.1 Schematic diagram of a ' position group 

The basic technical design (the switching technique) 
is the same for telephone enquiry and telephone fault 
clearing centres and will in t he following be de
scribed by means of an enquiry centre. 

In Fig. 1.1 the preceding switching equipment has 
been omitted (see item 1.2). 

An incoming call first seizes a call transmission 
unit. Via a call finder assigned to the enquiry posi
tion, (one call finder being assigned to each posi
tion) the call is switched to a free enquiry position 
and served from this position (enquiry staff). If 
there is no free enquiry position, the call is via 
the delay call finder transferred to a waiting posi
tion (WP) where it mayor must wait until an enquiry 
position becomes free and then can be switched to the 
free position via the call finder. If all enQuiry po
sitions 8S well as all waiting positions are occupie~ 
all incoming calls are rejected during this state of 
blocking, i.e. they receive the busy tone. 

In order to obtain a uniform distribution of the calls 
to the positions, the call finders are provided with 
a chain for the start. After a position has been ocou
pied, the starting line is switched on to the next 
call finder. Positions not being ready for operation 
(answering set is not plugged in) are left out. If 
all positions are busy, further calls are connected 
through to the stores via the delay call finders. 
The storage location is no external equipment but in
cluded in the delay call finder (holding circuit for 
the call). In the schematic diagram it is represented 
as an external unit only for better comprehension. 
After a posi tion has bec.ome free, the starting line 
at first is switched via the starting chain to the 
call finder of the free position. Subsequently the 
oldest oall in the oall-storing panel is oonnected 
through to the free position. 

1.2 Traffio model of the desoribed schematic dia
gram 

The telephone enquiry and fault olearing centres of 
the Deutsohe Bundespost, which are equipped with de
lay call finders, may be regarded as delay system 
with limited waiting possibility and first come, 
first served discipline for the service. 

In the following Fig. 1.2 the delay call finders 
correspond to the wating positions and the enquiry 
or fault positions to the servers. 

According to L-13-1 the input of the delay and loss 
system plotted in Fig. 1.2 is wired up in suoh a way 
that PCT 1 (Pure Chance Traffic of Type 1) can be 
assumed, i.e. call intensities and holding times with 
negative exponential distribution. The output of the 
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queue is ~o arranged that a waiting call can seize 
any free server, i.e. it reaches the servers with full 
availabili ty. 

waiting 
position 

servers (BEl 

Fig. 1.2 

The following possibilities exist for a cali waiting 
in the call-storing panel, The call waits until the 
next server is vacant or it gives up; in that case the 
waiting position occupied by it becomes free without 
having served the call, and the next incoming call can 
seize the waiting position. In order to bring this 
stochastic problem into a simple mathematical form, 
i.e. to obtain simple mathematical expressions for the 
various traffic parameters to be calculated, the _ 
following assumptions must be made according to L 2-1, 
The probability that the waiting subscriber gives up 
(becomes weary of waiting) be a simple exponential 
function of the time he has already been waiting, i.e. 
the "call-storing panel holding times" of the depar
ture calls in the call-storing panel also have a ne
gative exponential distribution just as the holding 
times of the calls served by the servers. This func
tion is called departure function or departure distri
bution. 

For an incoming call there are among others the foll~ 
ing possibilities: 
- At least one server is free, the call can be served 

immediately; 
- all servers are occupied, at least one waiting po

sition is free, the call can wait until one server 
becomes vacant or it becomes tired and gives up; 

- both all servers and all waiting positions are 
occupied, the call is rejected. 

2. r ~THEMATICAL DESCRIPTION OF THE RANDOM PROCESS 
DESCRIBED IN SECTION 1 

2.1 Structure parameters, method of operation 

The model described in item 1.2 is characterized by, 
- n: number of servers 
- SI number of waiting positions 
- full availability, i.e. any call may seize any ser-

ver still being free 

The discipline for the service is, first come, first 
served, i.e. handling of the calls in the order of 
their arrival. 

2.2 Assumptions for the birth and death processes 

According to Section the following assumptions 
are made for the random process, 

a) call in t erval a: negative exponentially distributed 
(equivalent to: call intensity with negative ex
ponential distribution) 

b) holding time b:negative exponentially distributed 
(equivalent to: terminating rate with negative ex
ponential distribution) 

c) departure time c: (holding times of the oalls coming 
into the call-storing panel and giving up after a 
time t) be negative exponentially distributed 
(equivalent to: terminating rate with negative ex
ponential distribution). 

• 
• 

• 
• 
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Conditions a) and b) indicate that PCT 1 is assumed. 

Mean values of the distributions under a) b) and c)s 

1 a) mean call interval am = ~ • 

where A - mean call intensity (number of calls 
which originate per time unit in the 
total number of sources and are offered 
to all servers) 

b) mean holding time tm = t. 
where E = mean terminating rate (number of calls 

which terminate per server and time unit~ 

c) mean departure time t =~. 
V 'IV 

where 'Tlv. mean terminating rate of the calls 
which come into the call-storing panel 
and there give up after a waiting peri
od t before they are served. 

For the three distribution functions thus in general 
holds t 

p(x>t) = e- xm (2.21) 

where xm - mean value of distribution and 
p(x > t) - the probability that the interval x is 
larger than any time interval. 

Furthermore, the following assumptions are mades 

1. The random process be homogeneous, i.e. the call 
intensi ties Ar as well as the terminating rates Er 
and'Tlrare independent of the time. 

2. After a sufficiently long time, the random process 
is in the state of statistical equilibrium. 

3. The random process be stationary, i.e. the state 
probabilities are independent of time. 

Here, r is the sum of the servers and waiting posi
tions which are instantaneously occupied. 

2.3 The computational mean departure time or the 
patience time tg 

As was shown in section 1.2,the condition - negative 
exponentially distributed departure times - has been 
satisfied with sufficient accuracy; that means, for 
the probability that precisely one of the early de
parture calls in the call-storing panel terminates 
within the time interval At holds 

pv(1/~t)= 'Tl;At 

mi t 'Tl y = t 
In the call-storing panel there are early departure 
calls as well as non-departure calls. The non-depar
ture calls are served by the servers and are allowed 
for in the terminating density (the terminating 
density E comprises the calls coming to the servers 
via the call-storing panel and the calls which reach 
the servers without having waited). The probability 
that within the time interval At precisely one call 
(any occupation in the call-storing panel) departs 
prematurely thus is 

p(1/6t) = p(AS)=p(S).~(A) (2.32) 

where the event A • precisely one call terminates 
wi thin the time interval At, 1. e. abbreviated 1/ Ilt 
and the event B - an early departure call. 

The probability P (A) is equal to the probability 
according to Eq. r2.31) • If the mean holding times 
of the early departure and non-departure ' calls in the 
call-storing panel are equal, the probability whether 
the considered call-storing panel occupation is an 
early departure call is obtained from the following 
expressions ., N 

p(S)= ---y-- (2.33) 
A'w·T 

with Nv .. number of early depa~ calls in the call
storing panel during the measuring dura
tion T and according to item 3.7 

A' w·T .. num'ber of calls waiting in the call-storing 
panel during the measuring duration T 

Sinoe it is obvious that the early departure calls 
have a smaller mean value than the non-departure 
oalls, it can be concludedl the probability p(B) must 
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be reduced ~y the factor tv/tw 
Nv t y 

p(S)= --'
A-w·T tw 

From Eqs. (2.31), (2.32) and (2.34) 

p(1IlIt) = 'Tl.6t 

we obtain 

with 

A·w·T·tw 
'Tl 

In Eq. (2.3b) the 
no longer appears. 

mean departure time tv explicitly 
However, from Eq. (3.96) follows 

Qy 
'Tl='Tl y' Q for 

i.e. the terminating density to be considered in the 
calculation is equal to the terminating density 'Tlv of 
the early departure calls in the call-storing panel, 
which was transformed with the ratio Qv/ Q • The result 
for p(1/6t) according to Eq.(2.35) may be assumed as 
derived from a negative exponential distribution acc~~ 
ing to Eq.(2.31); therefore, with the mean terminating 
density'Tl a negative exponential distribution can also 
be assumed for the departure time transformed to the 
total number of waiting calls. In L-2-1 the reciprocal 
value of the mean terminating density 'Tl is repeatedly 
also called patience time. 

Thus t = ....L ( 2 • 38 ) 
9 'Tl 

and is, in contrast to the mean departure time which 
is measurable, a pure computational quantity. 

2.4 The system of equations for the state probabili-
ties 

The following holdsl The probability density for the 
origination of {r} from {r-1} or {r+1} is equal to the 
probability density for the disappearance of {r} to 
{r-1} or to {r+1}. 
orl p..A +P"(E +'Tl )=P'(E ' +'Tl )+P'A (2.41) 

r-I ,- I r- I r. I ,.1 r r r r r 
with r:O,1,2 ••• n, n+1, •.• n+s-1, n+s 
where Pr .. probability that {r} exists. 

For the states r ~ n holds. the terminating rate of 
the calls which reach the call-storing panel and give 

is up after a waiting time t before they are served 
equal to zero for this range 

Le. 'Tl
r
= 0 fOr r~ n. 

For r o one obtains with Eqs. (2.41) and 

~I ·A.I + p"EI = ~'Eo+ ~'Ao 

(2.42) 

(2.42) 

(2.43) 

Now there holds. Negative states do not exist. From 
this followss 

~,o. ~I = 0 
No call can terminate in the {a} • From this follows 
Eo.O. With Eq.(2.43) we thus obtain 

PI ' EI= ~.\ (2.44) 

When substituting Eq. (2.44) into Eq. (2.41) the 
system of equations for the state probabilities is 
obtained 

with r - 0, 1, 2 •• n, n+1, n+s 

The following is true for PeT 1, that is negative ex
ponentially distributed call intensities and holding 
timess Ar = A 
range 11 r ~ n 
range 21 r - n 

concerning range 2: the maximum terminating density 
for r ~ D is n·E , as onll n calls 
can terminate (n-servers). 

For the terminating rate of the calls which give up 
in the call-storing panel holdsl 

range 1s r • n 'Tlr = 0 
range 2: r ,. n 'Tlr = ( r - n) · 'Tl 

with'Tl according to Eq. (2.35) 
concerning range 2: the difference r - n is the number 

of occupied waiting positions. 

Introduction o£ an abbreviation, i.e. o£ a computa
tional quantity, the traffic offered AI 
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1:. = A 
e: 

or with e: _ 1- according to Section 2.2 
tm 

A = A·t m • (2.47) 

With Eqs. (2.47) and (2.45) we now obtain the follow
ing system of e'quations for the state probabilities: 

2 

ri 

n+z 

STATE PROBABI L1TI ES 

P = l..,p ·A 
1 1! 0 

~ = l..·P'~ 
2 : 2! 0 

: 1 i 
p=:-'jpA 
i : I, 0 

The state probability Po is determined with the aid 
of the boundary condition 

For convenience, Eq. (2.49) is split up into the 
following two termss 

n-l ~ 
= L~ + L~Z) 

,:0 z: 0 (2.410) 
Ir: n I 

If the general terms of the system of equations 
(2.48) are substituted into (2.410), one obtains: 

n-l A' An s A% = 1 
~ L 'iT + ~ , nT 'L -It, t", ,=0 . zao IJn+i.-) 

i=1 tg 

and thus 

R = o n-l If. An ~ A% 
LIT+ nr L -It t 

(2.412) 

,.0 zoo JI.l(n+i'~) 
i=1 tg 

As is generally known, there holds: 

from this follows: 

1 
~ Lrr 
':0 ' 

n-l If. If 1 )1---(--1 
f;d r! - n! El •n 

E1,n ' time congestion of the loss system for PCT 1 
and full availability, i.e. k - n. 

In addition, the following abbreviation is introduced: 

(2.415) 
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~.'hen introducing the produc t tI (n + i !m ) in Eq. (2.411), 
we have set for z .. 0 i=1 g 

nJ (n + i'~) = 
i = I t9 and thus 

~ (A. !: ) = 1 (2.416) 

By substituting Eqs. (2.415) and (2.414) into Eq. 
(2.412), we obtain 

3. 'rIlE RELATIONS BETWEEN THE VARIOUS TRAFFIC PARA
METERS AND THEIR CALCULATION FROM THE DISTRIBUTION 
OF THE STAT~ ~RO~A~I1ITI~S AND/OR THEIR CALCULA
TION WITHOUT KNOWLEDGE OF THE STATE-PROBABILITY 
DISTRIBUTION 

3.1 The traffic parameters 

Some traffic parameters have already been discussed 
in Section 2., i.e. the traffic offered A according to 
Eq. (2.46), the call intensity A and the terminating 
ra tes e: and 1) • The following figure shows the 
parameters which are in general applied and are char
acteristic of the system: 

Fig. 3.11 

where 

A - traffic offered (according to Eq. (2.46) 
B - loss probability (call congestion) 
Av - loss of traffic offered 
y - traffic carried 
en - time congestion 

Moreover, for the call-storing panel (waiting room) 
holds: 

n - traffic carried by the waiting positions 
tw - mean waiting time of calls 
WI - probability of delay 

From the traffic balance in Fig. 3.11 we obtain the 
following equations 

A 
and thus 

A 

A'B + Ay+ Y 

Ay + Y 
1 - B 

(:~.11 ) 

(3.12) 

The formulae which in the following sections are de
rived for the traffic parameters with the given 

t parameters A and ~ are checked by means of numeri-

cal examples (state distribution given). 

3.2 The time congestion 

t = i: rP! = ~(A.[-) E l •n 

n zoo n Eln(~(A.-tm }-1) + 1 
• 9 

(3.21 ) 

3.3 The probability of loss 
B = pS) = El n . AS (3.31 ) 

n E,.[~(A.1m..}-11.1 1fT(n+i·im.) 
,n t9 i~~ tg 

• 
• 

• 
• 
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3.4 The traffic carried by the servers 

1 - EI,n E"nl~(A.tf)-l I 
Y=A · r=0I~(A.!m...)_l]+ l +n ° E,'[~(A lm)-l] +1 

"-1,n • tg ,n • tg 

(3.41 ) 

3.5 The traffic carried by the waiting positions 

El n .n·.!L 
El,J~(A. !: )-1] +1 tm 

,,:,1 
10 t} 

(n + I tm ) 
i= 1 . 9 

(3.51) 

3.6 The probability of delay 

3.1 The mean waiting time of the waiting calls 

with t =-1L-
YI w-'A 

follows 

~(A~)-1 
t YI 1 _ n • ts 
t;= TO ~(A.!m.) o (' - B) - B·(...L

E 
-1) 

tg I~ 

3.8 The loss of traffic offered 

Ay= A-(1- B) ° £n 
1 __ 1_ 

.l - 1 ~(A !m) -11 - El n _ .n.... ____ .t::.lll .... 

~(A.t:_)(~ -1) A 1 - B 

(3.81 ) 

For smaller losses the following holds approximately 

(3.82) 

for B - 0, there holds exactly 

A - A·~_k 
y - en t

g 

3.9 The relations between the mean waiting times 

~=~ 
tg Aow oT 

with 
= Sly T ty t =_Sl_ 

Ny YI 'A W 

there follows, 

!.! Sl 
= 

tv Sly 

Moreover, the mean waiting time of the non-departure 
calls is determined as follows: 

t - B..o.L..!... ny - 'AwT - Ny 

4. ,THE WAITING-TIME DISTRIBUTIONS OF THE ACTUALLY 
WAITING CALLS 

Definition of waiting-time distributions 

Fw(t)-P(O<a~t) is the waiting-time distribution of 
the actually waiting ca l ls. It thus excludes those 
calls, which are immediately served and which are re
jected (loss calls). The following relation holds 
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Let Fw v( t )-p( d ~ t) be the waiting-time distribution 
of the' early departure calls with the relation 

Fw,v(t) - 1 - ~(t) (4.2) 
Here, Fw,v(t) is ident~cal with the negative exponen
tial distribution of the early departure calls in the 
call-storing panel, which was introduced in Section 
2.2. 

Let Fw nv(t)=P(b~t) be the waiting-time distribution 
of the' non-departure calls waiting in the call-storing 
panel; they have the relation 

F ( t) - 1 - F
C 

( t) (4.3) w,nv w,nv 

The derivation of these waiting-time distributions is 
given in ~3-'. This report is confined to an indica
tion of the results. 

For Fw(t) we obtain 

~(t) = 1 _ ~ {p~Z\t [no£ + (Z~ 1)'T)I~t ~ _e-(n£.(z.lIo1pot} (4.4) 

z. o ~ . o ~ . 

with p~Z) according to Eq.(2.48). 

For F (t) we obtain w,nv 

F (t) = 1 _ ~{p(ZI.~ [n .£ 
W,nv ~ n L 

z.o ~ . 0 

with p~Z) according to Eq. (2.48). 

Furthermore, the following relation is true between 
the three waiting-time distributions 

F~(t) =~ . Et (t) + ~oEt (t) 
~ 'A0woT YI,V AowoT YI,nY 

5. THE MEAN VALUE~ OF THE WAITIN,G-TIME DISTRIB'l1TIONS 

The mean value of the distribution Fw(t) is calculated 
from 

By transforming this equation, we obtain also Eq. 
(3.11); therefore tw-t~. 

For the mean value of the distribution Fw,nv(t) we 
obtain 

tny = k.nJt) dt tm ~ (z\ Z + 1 = - 'Lp . 
t.o w z.o n n + z .~ 

tg 

with p~Z) according to Eq. (2.48). t 

The mean value of the distribution Fw,v(t):etv is tv. 

Between the above three mean values the following re
lation is valid, 

t = ty' Nv+ t4Ao w·T - Ny ) 

YI Aow.T 

It can be directly taken from Eq. (4.6). 

6. THE DATA MEASURED IN THE TELEPHONE ENQUIRY AND 
FAULT CLEARING CENTRES 

6.1 Number of occupied servers n. 

The number of occupied servers within an enquiry 
centre (or fault clearing centre) varies according 
to the curve of the daily traffic. It is recorded in 
a tabular form. 
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6.2 Number of assigned waiting positions 

Assignment: 

number of 
operated more 
servers n 2,3,4 5,6 7,8 9,10 than 

number of 
assigned 2 3 4 5 6 
waiting 
positions s 

The assignement of the waiting positions s to the 
servers n is performed automatically. Thus, with 
given n s is also known. 

10 

6.3 The measuring times and the measuring duration T 

The enquiry centre (or fault clearing centre) is 
operated according to the daily-traffic curve (number 
of servers being ready for operation). With respect 
to the total number of enquiry centres, the measuring 
times are so chosen, that the maximum utilization of 
the enquiry positions in operation is achieved. It is 
an operational problem to keep the number n of ser
vers constant during a longer duration. For this rea
son a value of T - 15 minutes was specified. 

6.4 The calls Nb of an enquiry ~entre (or fau~t 
clearing centre) served dur1ng the measur1ng du
ration T. 

The served calls within an enquiry centre are con
tinuously counted by means of a call counter (summa
tion counter for all servers). From the difference 

counter position a t the beginning of measuring 
period - counter position at the end of measur
ing period 

we thus obtain the number Nb of served calls. 

6 5 The danger time Tgef 

The danger time is that time of a given measuring du
ration T in which all servers as well as all waiting 
positions are occupied. It is measured digitally, i.e. 
if the condition - all servers and all waiting posi
tio'ns occupied - is satisfied, a metering pulse of 
1 Hz is applied to a call counter. The number of 
pulses within the duration T thus allows the danger 
time to be calculated. The number of pulses within 
the measuring duration T is determined from the dif
ference 

position of counter at the beginning of measur
ing period - position of counter at the end of 
measuring period. 

6.6 The number of busy conditions Nab during the 
measuring duration T 

The danger time according to Section 6.5 is the sum 
of all time intervals in which the condition - all 
servers and all waiting positions occupied - is ful
filled (see Fig. 6.61). 

i =1 i=2 

i • r 

n+s 

n 

Fig. 6.61 
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i =3 

+ 

T 
t 

sec 
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Thus we have 

(6.61) 

The number of busy condi tions N a-b during the measur
ing duration T now is the number of intervals in which 
the condition - all servers and all waiting positions 
occupied - is satisfied. The busy conditions are also 
counted by means of a ca~l counter. 

As can be seen in Fig. 6.61,the number of busy condi
tions is equal to the number of calls incoming in the 
sta t e n+s-1. 

6.7 Summary 

Within the area of the Deutsche Bundespost all enquir,y 
and fault clearing centres are provided with counting 
equipment which allows the data listed in Sections 
6.1 to 6.6 to be recorded. On the basis of these 
measured data the traffic parameters given in Section 
3 are calculated for the enquiry centre or fault 
clearing centre) concerned with the aid of a program 
L-3~ for the model described in Sections 1-3. 

7. DETERMINATION OF THE TRAFFIC PARAMETERS OF AN EN
QUIRY CENTRE BY MEASURING THE BUSY CONDITIONS OF 
ALL SERVERS. 

7.1 Introduction 

The busy condition of the waiting positions and ser
vers was recorded by means of a Maihag multiple line 
recorder. The paper feed was 2nm ber sec. It iR AO 

large that the measuring error occurring in the case 
of manual measurement of the occupations is in any 
case considerably smaller than that arising from the 
idealiza t ion of the problem. 

From these recorded diagrams all traffic parameters 
mentioned in Section 3 were determined by manual eva
luation (measured traffic parameters). Moreover, the 
measurement values described in Section 6 were ob
tained manually also from these diagrams. From these 
manually determined measurement values the traffic 
parameters were then calculated by means of the model 
described in Sections 1 to 4 (calculated traffic para
meters). The calculated and measured traffic para
meters are compared in Section 7.3. 

A total of 20 occupation diagrams with a measuring 
durat i on of T = 15 min each was recorded. 

7 2 The measured distributi on function F (t) • w,v 

The following diagrams show the distribution of the 
departure times of the early departure calls within 
the measuring duration T = 5 h. In Fig. 7.21 all 
early departure calls are plotted independent of the 
departure time, while Fig. 7.2 does not include all 
early departure calls having a departure time below 
4 sec. The 1%-confidence limits according to the 
Kolmogorov-test are plotted in the diagrams. 

Fw•v It) 
I I I I I I I I I I 

o. 
I I IU ~ 1 ,,' 
I I 1 1 1 ~ I I 1<.' 1/ 

SI V ~ f----C --- - ----
IL ..... ./ 8 1'/. - confidence limits 

----, -- -- meCln depClrture L ;-

- t ime )( 

O. 

7 0, ."'" V 
/ ./ 

~ V -'IV 
/ .k L 

5 / ..... 0. 
, ,- ,-

f. .. V I .... 
...- ...-" 

,3 V 

i2 
V 

!f 

/ ./ o 
2 5 6 7 8 ! 10 20 30 40 50 6070 8090100 ...L 

sec 
Fig. 7.21 

• 
• 

• 
• 



• 
• 

• 
• 

Fw•v (t) 
I I I I I I I I I I 

I I I I " 
o. 9 I I I I -----i ---- 1/ 
8-' I',.-cont iden,e-limits / ~ 

, 

----meQn depQrture 
- time / " 7 

/ 
, 

o. 

o. 

,6 V / 

/ 
/ " / 

/ " 
J( o. 

/ " 
" 'l 

3 . ' / 
1/ "/ o. 

2 
/ , , 0, 

./ 

I " V , 1/ 
o. 

o V , / 
2 5 6 7 8 i 10 20 30 40 50 60 708090100 ~ 

Fig. 7.22 se, 

7.3 Table of calculated and measured traffic para
meters 

In L-3-1 all 20 measured values were evaluated indi
vidually and discussed. In the following only the 
traffic parameters for the total measuring duration 
T = 5 h are listed and discussed. 

The determination of the calculated parameters was 
based on the following values: 
Nb-959, Nab-508, Tgef-6667 sec, T-5 h. 

meas
ured 
values 

.,.. in Erlang ... . ;, ..... .. -. 4.69 
Nb ••••••••••••••••• 959 
tm in sec •••••••••• 88.0 
Nv ••••••••••••••••• 255 
Av in Erlang ••••••• 1.25 
.,.-+Ay·-in Erlang ••• -.. 5.94 
B "............... 37 
A in Erlang •••••••• 9.42 
n" • •• •• •• • 1.73 
nv" •••••••• 0.33 
nnv ••••.••• 1.40 
tm in sec •••••••••• 30.7 
tv " • • •. • ••• •• 23.3 
t nv " ••••.••••• 33.1 
tg " ••••••..•• 
Ain 1/sec •••..••••• 
w % ••••••••.•••••• 
Nw ••••••••••••••••• 1016 

calcu
lated 
values 

91.5 
236 

1.20 

31 
9.65 
1.82 
0.26 
L56 

31.7 
19.8 
35.2 

139.2 
0.105 

55 
1039 

abso
lute 
devia
tions 

-0;19 

3.5 
-19 
-0.05 

0.23 
0.09 

-0.01 
0-~16 
1.0 . 

-3.5 
2.1 

23 

rela
. tive 
devia
tions 

4 

4 
-1 
-4 

2 
5 

-21 
11 

3 
-15 

6 

2 

1.4 Discussion of the deviations and of the distri
bution F (t) W,v 

The distribution Fw v(t) of the departure times con
sidered for all 20 ~easured values is after t-9 sec 
within the 1r-confidence range according to the 
Kolmogorov test. Owing to the great number of short 
occupations with a departure time of less than 3 sec, 
the distribution Fw,v( t) in the range t < 9 sec runs 
above the plotted negative exponential distribution 
having the mean value tv. 23.3 sec which was deter
mined by measurement. The very high portion of short 
occupations is to be attributed to the fa'ct that the 
measurements were performed in an enquiry centre with 
waiting announcement. For this reason the departure 
times of the subscribers with short occupations were 
no longer distributed at random, but influenced by 
the preliminary knowledge of the waiting announce
ment (preliminary knowledge: enquiry centre is heavi
ly used). If the short occupations of the call-stormg 
panel are omitted, we obtain the distribution Fw v(t) 
of the departure times represented in the diagra~ of 
Fig. 7.2, whose measuring points are within the 50%
confidence range of the Kolmogorov-test. The measured 
distribution Fw,v(t) with short occupations and thus 
also that without short occupations runs in a some- . 
what flatter curve than the calculated distribution 
function,the mean value of which is t v.19.9 sec. 

As is shown by the combination of the individual 
quarter-hour values (measured values i.1 ••• 20), one 
obtains relatively small deviations between the calcu
lated and measured traffic parameters if the chosen 
measuring duration is sufficiently long. This measure
ment indicates that it is possible to calculate the 
characteristic traffic parameters from the measured 
values given in Section 6 with the aid of the model 
described in Sect.L Jns 1 to 4. 

8. CONCLUSION 

Before the described model is used for the planning 
and enlargement of enquiry centres, some further 
measurements described in Section 1 should still be 
made in order to clarify the following problems: 

- Subscriber behaviour in enquiry centres wi~h and 
without waiting announcement because it is likely 
that the short occupations mentioned in Section 1.4 
do not occur in enquiry centres without waiting 
announcement. 

- The load y(a)ct' the enquiry po~ition due to the calls 
waiting at the position during the measuring dura
tion T (enquiry opera t or has not yet accepted the 
call) is, in the measurement according to Section 1, 
10% in individual cases and 5% on the ~v~rage for 
all 20 measurements of the call load ylb) of the en
q¥i~y position. If there are larger mean values of 
ylb), a counter for the measurement of y(b) is to be 
provided in view of an economical operation of the 
enquiry centre (rest time of staff is too long). 

Parallel to the measurement of the quantities Tgef,Nb 
and Nab by means of the counters installed in the en
quiry centres (cf. Section 6), the traffic carried y, 
which is calculated from these data, should for check
ing purposes also sporadically be measured with the 
traffic load scanning device. 

In Section 3 the individual traffic parameters were 
expressed as function f (A, tm/tg). Supplementary to 
this report, it is intended to tabulate these func
tions with the aid of a digital computer and to re- ' 
present them in a graphical form. 

As regards the fault clearing centres, it is advisable 
to use the described model not until all centres with
in the area of the Deutsche Bundespost have undergone 
the planned re-organization. For only then, after the 
concentration of fault clearing centres, it is possib~ 
to obtain values per fault clearing centre which r~
quire a cons i derably shorter measuring duration TL 3-1 
and thus can be used for planning and enlargement pur
poses. 
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