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ABSTRACT 

In the engineering of telecommunication 
networks it has become essential to be able to 
determine the capacity of the SPC exchanges 
involved. The capacity is dependent on the 
system structure including a possible ·overload 
control but also on GOS demands and the traffic 
pattern in the particular cases. In this paper 
the necessary steps to take care of all these 
conditions mathematically, in a resonably simple 
way, will be suggested. Thus in the analysis the 
study of e.g. particular feedback queueing 
models and variations of the call intensities 
over the year will be included. 

1. INTRODUCTION 

The determination of the CPU capacity of an 
SPC exchange is an important tool in the 
practical engineering of the network. The way we 
look at this procedure it must be divided into 
several steps. The first step which may have its 
equivalence in other books or papers e.g. [21, 
[3J and [4J, is to analyse the queueing model in 
a systp~ , where the CPU-queues are not trans
formed y any overload control. The model is 
related to the classical feedback model by 
Tak!cs, [lJ, but with certain essential 
modifications. One such modification is that the 
test process, which represents a particular type 
of service demand, may have different structure 
than the background process representing all the 
types of service demands offered to the CPU. 

Thus we have studied in secti on 2 the total 
time spent in the system (=system time) for a 
tagged customer whi ch .needs a fi xed number of 
CPU-visits in the feedback system where the 
background process is of the type in [lJ. 

Another modification is that a feedback 
call may be delayed in an RP before joining the 
CPU-queue again. To handle these complications 
we shall use approximations which however are 
sufficiently accurate for interesting cases and 
give results in a simple form. 

GOS demands are of the type: 
The probability of a certain type of 

service delay beeing more than a seconds should 
be less than p. For e.g. dial tone delay we have 
a = 1.0 and p = 0.03. In addition we must decide 
for how many hours a year we can accept this 
condition not to hold. To do that we must also 
analyse the variation of the call intensity over 
the year. This last problem will be taken care 
of in section 5. 

The GOS demands could now be handled with 
the methods in section 2 if there is no overload 
control in the system. However in most systems 
there is. 

Thus the second step which we shall discuss 
in section 3 is how such an overload control may 
influence on the engineering of the SPC station. 

To remind the reader of this problem we 
shall study the particular overload control we 
have in our case which roughly behaves like an 
M/D/1-queueing system and essentially will 
influence the dial tone delay. 

Once we, with or without overload control, 
have found a capacity with respect to the GOS in 
terms of the highest load, p, a third step is to 
find the corresponding call intensity. Such a 
relation can be given by a linear expression in 
terms of the call mixture as we shall show in 
section 4. 

Finally the fourth step is to find out 
where in the distribution of call intensities of 
the year the value obtained in section 4 can be 
identified so that the extended GOS demand is 
actually fulfilled. This study of the distribu
tion of call intensities will as we said before 
be given in section 5. 

2. THE OUEUEING MODEL OF THE SPC STATION 

Let us first consider an SPC station with
out overload control. The work of the CPU in the 
SPC station could be described by the following 
simplified model. 

AI 

(31 

I 
a 

queueing system 
~CPU q'=l-a ' -(31 

~ }---'----,~--

Fig 1 Model for the work of the CPU, where the 
overload control has been excluded. 

Incoming calls arrive according to a 
Poisson process with intensity AI. The customer 
joins the FIFO-queue with an infinite waiting 
room. The service time in the CPU is exponential 
with mean ~- • After service the customer either 
leaves the system with probability q'(=l-a ' -(3I) 
or is sent through the undelayed feedback loop 
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with probability a' and is placed in the tail of 
the CPU-queue or is sent to a regional processor 
(RP) with probability a'. Having been served by 
the RP the customer joins the CPU-queue again. 
Thus to pass the system above the customer has 
to circulate a random number of times through 
the unde1ayed and the delayed feedback loop 
respectively. 

The customers circulating in the system of 
fig 1 generate our background process, which 
describes the stationary situation of the 
queueing system. It is not hard to imagine that 
by a suitable choice of parameters in a model 
with just an unde1ayed feedback loop one can 
create-a-situation in the CPU-queue which, under 
stationary conditions, is equivalent to the one 
in fig 1 at least with respect to the situation 
for the CPU. In fi g 2 we have removed the 
delayed feedback loop from fig 1 and replaced 
(A ' , q ') by (A, q ). 

queueing system 
~ l-q 

A CPU q 
J.I 

Fig 2 Oueueing system with unde1ayed feedback 
giving an equivalent description of the 
stationary situation of the queueing 
system in fig 1. 

The CPU-load is A'/J.lq' in fig 1 and A/J.lq in 
fig 2. For the queueing system in fig 2 to be 
equivalent in the stationary situation with the 
one in fig 1 we must require the CPU-load of the 
two sys terns to be same i. e. 

A/q=A'jq' (1) 

We note that the system in fig 2 is created 
only for the purpose of giving an equivalent 
description of the stationary situation of the 
queueing system in fig 1. Later on we shall 
treat the system time of a tagged customer 
which, under stationary conditions for the 
system in fig 1, needs to go k1 times through 
the delayed and k2 times through the unde1ayed 
feedback loop. In this treatment we shall use 
the fact that the background process generating 
the CPU-queue in fig 1 can be described as the 
one in the simple system of fig 2 with respect 
to that problem even though the tagged customer 
later will be allowed to make RP visits. 

Now, let a tagged customer arrive to the 
system in fig 2. The tagged customer, in 
contradiction to the customers of the background 
process, has to pass through the CPU exactly 
k times (i.e. to pass through the feedback loop 
exactly k-l times). 

Let '" 
Ok = The system time of a tagged customer 

which has to pass the server in fig 2 
exactly k times, k = 1,2,.... (2) 

Our purpose is now to derive the mean and 
the variance of the variable (2). From Takacs 
[ lJ it follows that 

E{exp(-s8k)} = Uk(s,1), k = 1,2, ••• , (3) 

where Uk(s,l) is obtained by setting z = 1 in 

Uk(s,z) = ':¥(s+A-Az)Uk_1(s,(q+pzhds+A-Az», (4) 

where p = q-1 and Uo is given by 

( 5) 

and ':¥(s) is the L-P-transform of the density of 
the CPU-service time, i.e. 

':¥(s) = J.I/(J.I+s) . 

Let oi+juk(s,z) 
ijUk(s,z) = ----

oS iozj 

From (3) and (7) we get that 

(6) 

(7) 

",r r 
E (8 k) = (-1) r oU k (0,1), r = 0,1,.... (8) 

To derive the mean of (2) we set z = 1 in 
(4) and differentiate the so obtained expression 
with respect to s. This gives 

10Uk(s,1) = -Uk_1(s,':¥(s»J.I(J.I+s)-2 + 

+ J.I(J.I+s)-1{10Uk_1(s,':¥(s» -

- 01 Uk_1(S,':¥(s»J.I(J.I+s)-2}. 

By setting s = 0 in (9) we get that 

10Uk(0,1) = -J.l-1+10 Uk_1(0,1) -

- 01 Uk_1(0,1)J.I- 1 • 

(9) 

(10) 

To be able to solve for lOUk(O,1) in (10) 
we need an expression for 01U~_1(0,1). By 
setting s = 0 in (4) and by dlfferentiating the 
obtained expression with respect to z we get a 
difference equation, which when solved yields 

01 U k ( 0 , 1) = A / ( J.I q-A ) , k = 0, 1 , • .•• ( 11 ) 

For the details in the derivation of (11) 
we refer to [6J. Inserting (11) into (10) and 
solving for 10Uk(0,1) gives 

lOUk(O,1) = kq/(A-J.lq), k = 0,1,.... (12) 

By combining (8) and (12) we finally get 
the mean 

E(Gk) = kq/(J.lq-A) : = Mk, k = 1,2,.... (13) 

To der ive the vari ance of Gk we start by 
deriving its second moment according to (8). 
Oifferentiation of (9) with respect to s gives 
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an expression for 20Uk(s,1). By setting s = 0 in 
this expression ana by simplifying we have that 

2 (J-Iqk+A ) 
20Uk(0,1) = + 20Uk_1(0,1) -

J-I 2(J-Iq-A) 

2J-1-111 Uk_1(0,1) + J-I-202Uk_1(0,1). (14) 

For the details we again refer to [6J. To 
be abl e to solve for 20Uk(0,1) in (14) we need 
expressions for 11Uk_1(0,1) and 02Uk-l(0,1). By 
setting s = 0 in (4) and by differentlating 
twice with respect to z we get a difference 
equation, which when solved yields· 

02Uk(0,1) = 2A2/(lJq-A)2, k = 0,1,.... (15) 

Differentiation of (4) with respect to each 
of the two arguments (s,z) gives a difference 
equation for 1IUk(s,z). By setting (s ,z) = (0,1) 
and by solving we ge t 

,1lUk(0,l) 

= AIJQ(J-IQ-A)-3{(P+A/J-I)k + k(A/J-I-Q)-l} (16) 

Insertion of (15) and (16) into (14) gives 
a difference equation, which when solved yields 

( ) 
kq{q(k+1)(lJq-A)+2A} 

20U kO, 1 = -=--------=----
(lJq-A) 3 

2AlJq{1- (P+A/I.I) k} 

(IJQ-A )4 
(7) 

Combination of (8), (13) and (17) gives that 

~ kQ2(IJQ-A)2+2Akq(IJQ-A)-2AlJq{1-(1-q+A/IJ)k} 
V(ek) -=-------------=---- -..:.... 

(IJQ-A )4 

k = 1,2,.... (18) 

The exact variance in formula (18) is a bit 
complicated. We shall now derive an approxima
tion of it which is quite good for the applica
tions we are interested in. By defining the CPU
load 

P = A/J-IQ , (19) 

the expression for the mean in (13) becomes 

E(0k) = Mk = k/I.I(1-p) , k = 1,2, •••• 

Let 
\ B = q(1-p) . 

(20) 

(21) 

By using the definitions (19) - (21) the 
formula (18) can be written 

In the applications we shall study, the 
probability q (see fig 2) is much smaller than 1 
and the CPU-load is close to 1, i.e. 

B «1 • (23) 

Under (23) the following approximation is 
quite good 

(l-B)k ~ 1-Bk+02k(k-1)/2 • (24) 

Combination of (22) and (24) yields 

~ 2 1 V(ek) ~ Mk{p+(1-p )k- } • (25) 

With the knowledge that k (fee (2» in our 
applications is rather large (k- is of the same 
magnitude as q) we can take one further step in 
the approximation and finally get 

v(ek) .. M~ p (26) 

Now the system time (2) can be written 

~ k 
(27) ek = i~lXi ' 

where 

Xi = The time it takes for the tagged 
customer to pass the queueing system 
in fig 2 at the i:th passage, 
i = 1, .•• ,k • (28) 

In the sequel we shall need the covariances 
between the variables (28). We have that 

~ k-1 
V(ek) = kV(X1)+2i~1(k-i)Cov(X1'X1+i) (29) 

By equating (22) and (29) we find after 
some calculations that 

COV(X1,X1+i)=pM12(1-B)i-1, i=1, ••. ,k-1. (30) 

Note that under (23) the covariance (30) 
does not depend much on i. 

Let a tagged customer arrive to the 
original system in fig 1. The tagged customer 
needs exactly k CPU vi~its and k1 RP visits, 
i.e. his system time ek can be written 

* k1 k 
ek= l: D·+ l: z· (31) j=l J i=l l' 

where 

Dj = ~he 1 ength of the j: th RP del ay, 
J = 1, ••• , k 1 ' (32) 

Zi = The time it takes for the tagged 
customer to pass the queueing system 
in fig 1 at the i:th passage, 
i = 1, ••• , k • (33) 

Assume that 

Dj = d = constant, j = 1, ••• , k1 • (34) 
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As a matter of fact all the O·:s are known 
but their values variate somewhat ~n which case 
we let d be their mean. In accordance with the 
equivalence between the systems in fig 1 and 
fig 2 we get 

d 
Zi=X1 ,i=1, •.• ,k. (35) 

From (31) and (34) - (35) it follows that 

* For the variance of ek we know that 

* k-1 
V(ek)=kV(X1)+2 i~l(k-i)COV(Zl,Zl+i)' (37) 

where we have assumed that Cov(Z~,Z~+i) does not 
depend on ~. We shall now derive an approxima
tion for the covariance in (37). Let 

i 
W· = E Y· , j=l J ' 

where 
(38) 

Yj = The number of passages of the queueing 
system in fig 1 an undelayed customer 
could have made between 9ur tagged 
customer1s j:th and j+1:st passage. 

(39) 
We have that the real valued random 

variable y ... 1. 
Note that Wi tells "how many X-variables 

(see (28» there is room for on a time axis 
between the occurence of Zl and Zl+i 11 (see 
( 33 )). We get 
Cov(Zl,Zl+i) = E{(Zl-M1)(Zl+i-M1)} 

EE{ (Zl-M1)(Zl+i-M1) I Wi } 

EE{(X1-M1)(X1+W.-M1)} , , (40) 

where we have extended the indices for the 
variables (28) to noninteger values. Combination 
of (30) and (40) yields approximately 

2 -1 Wi Cov(Zl,Zl+i) = pM1(1-B) E(l-B) (41) 

F or the mean ' 

f = E(Yj) 

we may get the approximation formula 

f ~ 1 + k1d/(k-1)M1 . 

In our applicati2ns f ~ 10. In (23) 
assuming that B < 10- , we have that 

fB «1 

(42) 

(43) 

(44) 

The expected value in (41) can be 
calculated in the following approximate way 

W· ·f . 
E(1-r.O 1 <:$ (1-13)1 <:$ O-fB)1 , (45) 

where the last step follows from (44). 

By combining (37), (41) and (45) and by 
simplifying we get 

V(e;)", 

"'M~{k-1+2(1-fB)(1-B)-lpk-2~fB)-2((1-fB)k_1+fBk)}. 
, (46) 

Under (44) the following approximation is 
quite good 

(l-fB)k '" 1-fBk+(fB)2k(k-1)/2 • (47) 

Insertion of (47) into (46) yields 

* 2 (l~~p) 
V(ek) '" MkP{~ + -k-} (48) 

where . -1 p 
~ = (l-fB)(l-B) (49) 

From (23) and (44) it follows that the 
factor ~ is close to 1. Moreover, since p is 
close to 1 and k is rather large (k - 10) we get 
that the whole bracket in (48) is close to 1, 
i.e. 

(50) 

Note that this variance expression is the 
same as the one we got in (26), which was valid 
for a customer who did never visit an RP. This 
somewhat surprising result relies mainly on the 
assumption (44). If (44) is not fulfilled we 
cannot use the variance approximation (50). 

As before we think of a customer arriving 
to the system in fig 1 who needs k CPU-visits 
and k1 RP-visits. The GOS for a particular type 
of service*(customer) can now be written in 
terms of ek 

* P(ek .. 0:) <: p , (51) 

where 0: and p are given constants. Primarily we 
look for the maximal CPU-load which satisfies 
(51). To ~e able to do so we need the distribu
tion of ek. Under the assumption that the RP
delays are constant (=d) we have shown that 

E(e;) = k1d + Mk} 
* 2 (52) 

V(ek) '" Mkp , 

where p and Mk are given by (19) and (20). The 
most appro~riate distribution to adapt to the 
variable ek-k 1d would be a gamma distribution. 

However, since the value of p in our case 
is believed to be above 0.95 we have that 

(53) 

i.e. the m~an and the standard deviation of the 
variable ek-k1d are approximately the same 
(=Mk). We then make the approximation that 
(e;-k 1d)Mk1 - Exp(l). 
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By doing so we get that (51) implies the 
requirement 

{a-k1d)Mk-1 > 3.5 ' . (54) 

if we in (51) use the value 

p = 0.03 (55) 

By inserting the expression for Mk (see 
(20» into (54) and by solving for p we get the 
requirement 

p < 1 - 3.5k~-l{a-k1d)-1 . (56) 

The maximal CPU-loa~ wh i ch under (55) ful
fills (51) is thus given by the right side of 
(56). For all types of delay e.g. dial tone 
delay (i.e. pre-dia1 tone delay) and post-dial 
tone delay there are standards of the type (51). 
What one needs to know to be able to · find the 
maximal CPU-load which fu1fi11s such a standard 
are {see (56»: the number of required CPU
visits (=k), the number of RP-yisits (=k1), the 

'meanlength of a CPU-visit (=~- ) and of an RP
visit (=d). 

One of our applications, dial tone delay, 
cons ists of 14 CPU-visits and 6 RP-visits. The 
time it takes t~ satisfy this need ?f setvices 
is denoted by 014. For the system tlme 014 we 
have the requirement 

P(0t4 > 1 sec) ~ 0.03 • (57) 

For the mean of the CPU-visits and RP
visits we use 

~-.1 = 0.4 ms} • 
d = 34 ms 

(58 ) 

Insertion of the above figures into (56) gives 

p<1-3.5.14.0.4{103_6.34)-1~0. 975. (59) 

Regarding the requirement for the dial tone 
delay we might thus load the CPU up to 97.5 %. A 
corresponding investigation has to be done for 
every type of service which has a delay require
ment of the type above. The lowest p-value in 
the set of thus obtaine~ p-va1ues is the one 
which becomes dimensioning. 

3. THE OVERLOAD CONTROL 

In section 2 we have studied the behaviour 
of the feedback type of queuei ng station which 
was meant to represent our system in the case 
without overload control. However, many systems 
have different types of overload control with 
the purpose to protect the CPU or rather the 
calls it has already started to take care of 
from beeing delayed. The protections are 
constructed for systematic overload situations 
caused by e.g. some error in the network near 
this SPC-node. Such an error situation should of 
course not be included in the normal GOS demands 
(but perhaps in a more general QOS demand). 
However, the overload control {OlC} may also be 
put in action by a normal overload caused by the 
random character of the call process. In that 
sense the Ole may have influence on the 
engineering, with respect to the normal GOS 
demands. 

We shall here roughly describe how it works 
iri our specific case. 

The OlC is working with a certain load 
value e.g. p = 0.9 as a base. The load is 
measured every 10 seconds (say) and if that 
measure indicates a load above 0.9, then only a 
limited number of new calls will be allowed to 
join the CPU-queue in the next pe~iod and the 
rest has to wait in an external queue. If now 
the measured load in this period (10 s) is below 
0.9 the limited number of new calls in the 
following period can be allowed to increase and 
if this trend should go on we can eventually 
empty the external queue again. 

Now it appears that with a theoretical CPU
load, p, close to 0.9 the OlC wi 11 be on most of 
the time and it will approximately accept a 
limited number of calls corresponding to p = 0.9 
each period (10 s). The situation in the 
external queue is thus very similar to an M/O/1-
queueing system with service factor 

p = ;\/~OlC ' (60) 

From now on ;\ is the intensity of new calls 
and not as in section 2 the total intensity for 
all the services to all of the calls. 

Furthermore ~OlC is the average output 
intensity for the external queue during busy 
periods when the OlC is on. On these conditions 
we have approximately that 

p = p/0.9 , (61) 

where p is the theoretical CPU-load and 0.9 was 
the OlC-base level in our case. Now if we have 
that the external system under these circum
stances can be said to behave approximately like 
an M/O/I one with waiting time W we have 
approximately that 

E{W') = p2/{ {l-p)2;\} (62) 
and 

(63) 

Wi th the base 1 eve 1 for the OlC as lON as 
0.9 (i.e. essentially below 0.975 from section 
2) it appears that the IIdial tone delay" is the 
only critical point in the GOS-demands since all 
the other services will not be extra delayed by 
the OlC and their critical level is essentially 

' above 0.9. Our important GOS demand is then 

P(W+0; > 1000 ms) ~ 0.03 • (64) 

With~ < 0.9 we can note that the variance 
part of Ok in this case is unimportant i.e. the 
demand can be simplified to 

k 
P (W+-- + k 1 d :> 1000 ms) ~ 0.03 • (65) 

~(l-p ) 

NON with (65) and the same values of k, kl , 
d and ~ as in (59) we can obtain an approximate 
value of p. 

A very simple approximation of (65) would 
be to wri te it 

P(W+30+1S0 :> 1000) = P(W :> 820) (0.03 (66) 

and regard W as exponentially distributed since 
from (62) and (63) it follows that E(W) ~ O(W) 
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in this case. With that approach we get 
P = 0.867. Simulations show that this approach 
is accurate enough for the interesting cases 
near P = 0.9, e.g. in the case above we get 
P = 0.865. The big difference between the P
values obtained with and without OLC depends 
partly on the low OLC-level 0.9 we had to face 
in the first version. With the OLC-level at 0.94 
(say), which seems possible in later SPC
versions, our P would be just above 0.90 
instead. 

What we have described here is just one 
type of OLC. Another type based on the number of 
customers in the external queue is e.g. studied 
in [5J. 

4. CAPACITV IN TERMS OF CALL INTENSITV 

Once we have found the value of the highest 
acceptable load with respect to our particular 
GOS demands i.e. in our case P = 0.867 we must 
find a correspondence to that value in terms of 
the call intensity A. Of course the A-value 
connected with a certain p is also dependent on 
the call mixture. We have found that a linear 
expression can sufficiently well describe that 
relation i.e. it can be written 

4 
p = Po + Ai~lbiPi ' (67) 

where p. is the proportion of calls which are 
internai, outgoing, incoming and of transit-type 
and Po is the CPU-load without any traffic. In 
our case, for the original version of our type 
of SPC station we had a sufficiently accurate 
simulation program to help us decide the unknown 
coefficients by studying a number of call 
mixtures. Numerically we could have 

However it happens that new versions of 
this type of SPC station appears and it is not 
always possible to update the simulation program 
completely each time, but since the systems are 
similar it can be said that the essential 
changes are described by new values of Po and 
bi, i = 1. •.. 4. To determine those values we can 
use special measurements from e.g. the same 
station but at 5 different hours of the week 
with 5 different call mixtures. 

It should be told that from the simulations 
we have drawn the conclusions leading to a 
linear model including 5 (and not essentially 
more) coefficients. If however the system should 
include a number of more complicated extra types 
of services e.g. call diversion or completion of 
call to busy subscriber, which are used by an 
essential proportion of customers, then we have 
to add a number of terms in (68). With all these 
methods we should · be able to predict the 
capacity in terms of A also for a planned new 
SPC station of the same version as the one we 
have measured. 

5. GOS WITH RESPECT TO THE ·VARIATIONS 
IN CALL INTENSITY 

Now that we have determined this A-value we 
must go back to the GOS-demands and ask how many 
hours of the year we can accept a higher A-value 

with all its consequences e.g. essentially 
longer di al tone del ay. 

Suppose that we have the following traffic 
distribution over the hours of the year: We can 
find 20 hours a week (including 5 TCBH) for each 
station in a way that we Cin say that their 
offered traffic values could be a r.v. X which 
approximately belongs to a normal distribution 
with mean A and standard deviation kAo' It is 
understood ~hat all hours with very high call 
intensity are included in this set. Here Ao is 
the value used for the ordinary engineering of 
the station with respect to e.g. trunks. 

The value of k should be based on measure
ments from a number of different SPC stations 
but is supposed to be general in our model. When 
we test the model we should be particularly 
interested in checking the positive tail of the 
distrib~tion i.e. 

P(X/Ao - 1 > kx) '" 1 - <I?(x) (69) 

e.g. at x=1.64 and thus 1-<I?(x)=0.1. Even though 
the call intensity A can be said to be constant 
for a certain hour, we must regard it, when 
belonging to an arbitrary hour among the 20 a 
week we have chosen, as a random variable 

A = X/Z = XV • (70) 

Here Z is the random variable of the mean 
holding time for an arbitrary hour and V = l/Z. 

Measurements show that the variation of A 
is higher than that of X or V(Z) and that it 
doesn't seem too unrealistic to assume that X 
and V are independent. Furthermore we can assume 
that also V is normally distributed i.e. 

VEN (l/so'c/so) • 

Now c can be determined from the inverse of 
the measurements of mean holding times from 
different stations. Again we have assumed that 
we could find a general C. Thus with 

VI = solZ = soYEN(1,c) 

and since XI and VI are both close to 1 it 
follows that 

d d 
X'Y'-1 '" 10g(X'Y') log X'+log VI '" 

~ X'-1+Y'-1 EN(0,/c2+k2i . (71 ) 

Now suppose that we decide to estimate e.g. 
the 98.5 percentile of each distribution 
separately in order to determine the highest 
acceptable A-value, A, according to a certain 
GOS, then we would have the following 
approximate relation. 

p C\ > A = Ao (1 +2 .18k )so -1 (1 +2 .1Sc» '" 

'" 1-<I?(2.18(k+c)/(k2+c2)~) • (72) 

If k and c are of the same magnitude which 
our measurements indicate, we have 

(73) 
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i.e. 
P(A > ,J "" 0.001 • (74) 

If our GOS-demand now says that at the most 
for one hour a year we can accept a call 
intensity higher than a certain value which is 
the one that implies the probability of a dial 
tone del ay above 1.0 second to be 1 ess than 
0.03, then this call intensity could correspond 
to the A in (72) and (74). 

What we have gained with these rather rough 
arguments is that if we can not find in each 
case the tail of the distribution of A, we could 
use our knowledge of the distributions of X and 
Z separately. If we can not measure the 98.5th 
percentil directly we can use Ao'so and the 
general values of k and c to determine 

A = (1+2.18k)(1+2.18c)Ao/so • (75) 

For practical purpose we prefer to choose a 
general factor f such as 

A = fAo = fAo/So 
i.e. 

(76) 

(77) 

Measurements show that in our cases we have 

0.06 < k, c ( 0.08 • 

Thus with k = c = 0.08 we obtain 

f = (1+0.08e2.18)2 "" 1.4 • (78) 

This factor f = 1.4 is what we use in 
practice to take care of the variation of the 
call intensity over the year, and the arguments 
above can be seen as a sort of explanation to 
that. The values of Ao and So are of course 
available from standard measurements. Other 
measurements we have referred to here are more 
special ones. 

6. A NUMERICAl EXAMPLE 

If we look at a particular SPC station we 
could find from section 2 that with our GOS for 
dial tone delay we could accept a load P = 0.975 
in a system without overload control. The GOS 
for some other service e.g. post dial tone delay 
could possibly (but not likely) decrease that 
value somewhat. With the OlC in action and with 
the base level for it at 0.9 we obtain from 
section 3 that we can only accept P = 0.867. 

Now suppose that our particular SPC station 
has the call mixture PI = 0.08, P2 = 0.27, 
P3 = 0.25 and P4 = 0.4. Then if it had been of 
the originally studied version (68), Po = 0.13 
and p = 0.867 would imply an acceptable call 
intensity of A = 66 calls/so However if it is 
not of that originally studied version but of a 
newer version (but with the old OlC-level) then 
special measurements from another SPC station of 
this new version could indirectly give us new 
values of Po and b1 - b4 e.g. PB = 0.20, 
b1 = 0.0120, b2 = 0.0140, b3 = .0090 and 
b4 = 0.0090 which would imply t,hat A = 63 
calls/so With such a A and with a mean holding 
time for the traffic of the particular station 

s = 150 s we find from (77) in section 5 that 
tRe highest acceptable standard measurement 
traffic value is 

Ao = Aso/1.4 = 6750 erlang , (79) 

where 1.4 is caused by the hour to hour varia
tions of the call intensities (see section 5). 

If we finally shall determine the 
acceptable number of subscribers in the SPC 
station, N, we have the relation 

Na = Ao(1-P4+P1) , (80) 

where a is the traffic per subscriber and Pl and 
P4 was the internal and transit call (trafflc) 
proportions respectively. (Here we have assumed 
that the call and the traffic mixture are the 
same which is not always true). Thus with e.g. 
a = 0.09 we obtain N = 51000 subscribers. 
Perhaps a figure of that type is of more 
interest to certain network planning people than 
just a capacity value of p. 

7. FINAL COMMENTS 

Of course we are fully aware of the fact 
that other types of SPC stations with other 
types of OlC in countries with different GOS 
demands and traffic profiles must cause changes 
in almost every step we have discussed here. 
However the main purpose of this paper is to 
show that a correspondence to each of these 
steps may be necessary for the practical 
engineering of an SPC station. We also wanted to 
suggest that all the steps can be handled with 
sufficient accuracy using rather simple 
expressions which are convenient for practical 
applications. Thus we still think that our 
experiences in this field may be of some 
interest to others. 
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