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Summary

There is a large number of approaches to
calculate time congestion and call conges-
tion of multistage link systems. An analysis
of the different papers revealed, that the
methods of calculation can be reduced to a
few basic principles. These basic principles
will be presented in this paper.

Introduction

The switching networks of modern tele-
phone arrangements are often built up as
multistage arrays which are controlled by
conjugated selection, i.e. links are only
occupied if they can reach a free outlet.

There is a large scale of procedures to
calculate time congestion or call congestion
of such "link systems". The accurate analy-
sis of these procedures reveals, that we can
distinguish a few basic principles of calcu-~
lation, which will be explained in this pa-
per, Of course it will be impossible to men-
tion all the valuable contributions in this
field. Instead of that some significant pa-
pers of each principle will be handled,

I, Exact Calculation

The exact calculation of link systems
leads to a linear homogeneous system of e-
quations for the probabilities of state,
From the mathematical point of view the
probabilities of state are the final proba-
bilities of a one- or multi- dimensional
Markoff-process with a finite number of
states, If we can get the numerical solu-
tion of the system of equations of state, we
find the probability of loss by linear com-
binations of certain probabilities of state,

Because of the immense number of possible
states of a link system there are enormous
difficulties to formulate the linear system
of equations and especially to do its numer-
ical evaluation. Even using relaxation meth-
ods for solving the systems of equations,
only very small two-stage systems, which ac-
tually are not of practical importance, can
be exactly calculated up to now,

There are three publicatlons known /8/,
/20/, /31/ concerning with the exact calcu-
lation of probability of loss.

Basharin /20/ calculates the pro-
bability of loss in two-stage link systems
for preselection if a pure
chance traffic (Poisson input) is offered to
the first switching stage (see fig. 1).
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Fig. 1

To describe the states of occupation

the system of link-lines is represented by
a matrix (fig. 2). One row of the matrix
represents a multiple of the first selector
stage and contains k¢ elements according to
the kg outlets of a multiple. There are all
together g¢ rows. The elements of the matrix
be "0" or "1" according to the corresponding
link being idle or busy. The matrix of a
certain state of occupation is denoted by
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Fig. 2

Further notatlons:

Cpyt Average number of calls offersd per u-
nit of time to the multiple No.i in the
first stage, 1£1i%gq .

h.: Mean holding time of a line being oc-

cupied by calls originating from mul-

tiple No.i in the first stage.

A,: Traffic offered to multiple No.i in the

first stage, A; = cai-hi o

v,: Number of free outlets in multiple No.i

of the first stage having internal
blocking.

¢ Number of occuplied outlets in multiple

No.i of the first stage.

For the probabilities of state p( syl )

Beitrag des instituts fur Nachrichten-
vermittiung und Datenverarbeitung der
Tachnischen Hochschule Stuttgart zum
8th international Teletraffic Congress
New York vom 14. - 20. Junl 1967




Basharin gets the following linear homogene-
ous system of equations:
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Explanation The first expression in equa-
tion (1) is the probability of transition
into the state |siji from any neighbouring
"lower" state if a new successful call oc-
curs, The second term of the sum expresses
the probability of transition into the state
isijlil from any neighbouring "higher" state by
ending of an occupation. The probability
that the state |s;| already exists and

there happens neither a successful call
(ZIcM ) nor the end of an occupation is Pep-
resented by the third term,

The system of equations (1) for the pro-
babilities of states p(|s;j ) contains
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linear homogeneous equations.

When the system of equations of state
has been solved, one gets the probability of
loss as a linear function of certain proba-
bilities of state,

The number of unknowns can be considerab-
ly reduced by introducing conditions of sym-
metry: symmetrical loading and random hunt-
ing of the free link-lines. Thereby all
states |sil , differing only in the trans-
position within rows or columns, become e-
qually probable.

El1ldin /8/ investigates two-stage
systems for g r o u p selection with Pois-
son- or Engset-input. His method contains
some slight approximations. Each state of
the system is fully described by four para-
meters u, X, X;, s and is denoted by
{u, x4, x,, s} , its probability by
[ﬁ, X1, X, §/. Figure 3 shows a "link-u-
nit" of the system,

u: Number of unusable connecting paths
from stage 1 and stage 2 to the consid-
ered outgoing trunk group.

Xt Number of occupied outgoing lines of
the multiple in the first stage.

: Number of occupied lines in the consid-

ered outgoing trunk group.

s: That part of X4 occupations which is

connected to the considered outgoing
trunk group.

“(x1 ¢ Probability density for the arrival
of a further call in the considered mul-
tiple, if x4 links of the unit are busy.

B(x,-s): Probability density for calls, o-
riginating from any of the remaining
other gi-1 multiples 1 a n @ occupie-
ing successfully the considered out-
going trunk group.
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To simplify the evaluation random hun-
ting and symmetrical offered traffic are
presumed.

Now we can calculate probabilities of
transition from the state {u, x4, X2, ﬂ
into neighbouring states and therewith a
general system of equations of state can be
set up. If statistical equilibrium is as-
suned, we get a linear system of equations
for the probabilities of state /[u, x¢, X;,8/

Blocking occurs for arriving calls if
u=g, , i.e. in the state {g,, %, x., si.
By summing up over all possible values x4,
X,, s we get an expression for the time
congestion E:

E=X ZZ[gz,x,,xz,sJ (4)

X1 X S

To describe 1link systems with more than
two selector stages further parameters are
needed. In consequence the theoretical and
numerical difficulties increase.

Therefore, as a rule, time congestion
and probability of loss must be calculated



using approximations. The numerical results
of such approximate solutions have to be
checked .by tests with artificial traffic.

I1. Approximations

II A, Functional Dependence and Statistical

Independence

First of all we investigate the methods
Wwithout using the "hypothe -
sis of independence", This
means the f unc t i onal dependence
must be taken into account between the prob-
ability distributions describ-
ing the number of simultaneously occupied
links in the individual intermediate stages
as well as in the outgoing trunk groups.

However, to avoid a too complicated proc-
ess of calculation it is assumed,.certain
states of occupation in the
different sections of the link system to be
statistically indepen -

d ent of each other.

This leads to a set of equations which
can be solved only by iteration. The results
are - as far as known - rather accurate up
to large values of loss,

But because statistical independence of
certain states of occupation is assumed, the
results will be somewhat too pessimistic,
i.e. the loss will be on the safe side.

E11din investigates in his paper
/24/ two-stage link systems for g r o up
selection. We denote by {x4 the state for x,
link-lines to be occupied in the considered
link-unit and by {x;} the state that x, lines
in the considered outgoing trunk group are
busy (cf, fig. 3). The corresponding proba-
bilities be /x,/ and /x,7. Consequently one
gets:

[X7J"7[[[Xz])i [X2.7=9([X7J) (5)

i.e. the probability distributions /%, / and
/%,/ are dependent of each other.

For the practical evaluation a set of
starting distributions /x,/, and /x,/, is
given, e.g. Erlang's-distribution or Er-
lang'‘'s~Bernoulli-distribution for full-ac-
cess trunk groups.

By means of /x,/ and a combinatorial
statement the blocking factor 6(x4) and the
"passage factor" M(x,) =1 - 6(xq) for the
state {x} can be calculated. M(x4) means the
probability that a call arriving in the
state {x4] can be connected. Similarly one
gets from /xq/ the values ¢(x,) and wm(x;),
where w{x,) means the probability that a
call arriving in the state {x,} will be suc~-
cessful,

Now the following process of iteration
must be done:

1. The set of starting distributions [RL%,
/% f, is assumed,

2. From /x,/, and a combinatorial statement
the values 6&(xq),, m(xq), can be calcu-
lated.

3. Statistical equilibrium using u(x),
leads to an improved distribution /Xj .

4, From /x,/4 and a combinatorial statement
the values 6 (%), m{x,); can be cal-
culated.

5. Statistical equilibrium using m(x, )
leads to an improved distribution /x;/ .

6. Therewith calculation of /x;/ according
to 2. and 3. and so on.

The process of iteration is continued until
a prescribed accuracy is reached. One de-
mands :

%0, ~lxqd, 1 < &

X1, =061 1 <& ()

/gx,[x,,]\,~/-"£xz[xz]¢/ =y, -Fyl <&

The traffics carried y4 and y, may differ
from each other by a constant factor F
which takes into account the relation bet-
ween the total traffic ys; per link-unit
and the traffic y, of the considered out-
going trunk group.

Employing now the evaluated distributions
/%,/ and [x,/ time congestion and call con-
gestlion can be calculated.

Bininda and Daisenber-
g er /39/ propose a similar method for
calculating link systems with an arbitrary
number S of selector stages. [hey investi-
gate the case that a certain subscriber
forming one inlet of the first selector
stage cannot be linked to a certain sub-
scriber connected with cne outlet of the
last selector stage ("Point to Point Loss").
Assuming appropriate configurations one can
also calculate with this method the loss of
an outgoing trunk group in a system with
S-1 selector stages.

The necessary processes of iteration are
suitable to be programmed for a digital com-
puter,

II B, Functional and Statistical

Independence

The calculation of time congestion is es-
sentially simplified, if we don't postulate
the functional dependence according to sec-
tion II A,

Instead of this we set up the hypothesis

that the probability d4 i st ribdbu-
tions be independent from
each other (hypothesis of indepen -
d enc e). For example the probability
that x4 link-lines are busy is assumed to be
independent from the probability that x;
lines of the considered outgoing trunk
group are busy.

The probability distributions for each
stage are presumed to be well-known distri-
butions used for single-stage switching ar-
rays, such as Erlang's-distribution, Ber-



noulli-distribution, Erlang's-Bernoulli-
distribution etc. According to this choice
one will get rather different results.

A large number of publications is based
on this principle. The expressions for time
congestion in the case of two-stage link
systems can often be transformed into sim-
ple formulae which can be evaluated with
well-known function-tables, such as Palm's
Erlang-Tables etc.

It must be pointed out, that for this
reason Jacobaeus in his fundamental contri-
bution /1/ and many studies published later
by other authors use the further approxima-
tion: offered traffic A = carried traffic y.
Otherwise time congestion can only be eval-
uated by iteration carried out on a digital
computer,

Therefore all these methods yield suffi-
cient accurate values of loss only up to a-
bout 24. But the accuracy can be improved
significantly if the approximation for the
offered traffic, A=y, is replaced by a gen-
erating offered traffic Ag(y,N).

‘The same principle can also be applied
to link systems with an arbitrary number of
selector stages.

Now we follow the publication of J a =
cobaeus /1/ to explain the fundamen-
tal principle., For this purpose let us con-
sider the link-unit in figure 4,

1 2
[,ZE?’ Ka,?-‘7
Ny =9, Ko
{x3= 3
\ Fig.
{g-x}=4 (22) L/ v
+ 9

Notations:

/k27: probability that exactly in X, arbi-

trary multiples of the second selec-
tor stage all k,j outlets to the con-
sidered outgoing trunk group No. ]
are busy.

. Momentary loss factor, i.e. prob-
ability that at least (g;-x; )l cer-
tain links forming a certain pattern
are busy (namely these, which lead to
those multiples 2 still having free
outlets to the direction No. j in
consideration).

The states {x,}] and {g2 - %} corresponding
to /x,/ and /g,- X,/ are assumed to be in-
dependent. By means of presumed distribu-
tions, e.g. Erlang's-distribution, Bernoul-
1i-distribution etc., and of combinatorial
statements the momentary loss factor

/g, -x,/ can be derived,

[gz“x

A call arriving in multiple 1 of the
considered link-unit cannot be successful
if the states {x} and (g, -x,} exist. The
time congestion E is calculated from:

%
E = 3 IxJlg-x,1 ; (7)
xz 0

Let us consider two examples (already given
by Jacobaeus).

Example 1
a) Two-stage link system (cf. fig.4) with

112 =1, ki =1 and 1is =k

b) Bernoulli-distribution in the link-unit
between stage 1 and 2; Erlang-distribu-
tion on the considered outgoing trunk
group,

¢) Traffic offered to the considered out-
going trunk group A, eand traffic carried
per link p,.

Remark: Traffic offered and traffic carried
are denoted in this paper according to thelr
meaning. However, the approximation A=y is
always assumed.

From equation (7):

%
% Aoy /%, ! 9%
B R (8)

LR
X,20 ZA:/ Jv!
Y0

After a short transformation we get from
(8):

[ = 195 (Az)) (9)

EZ% (é%i)

El N(A) being Erlang's formula.
1

Example 2

a) The same as in example 1, but Erlang-
distribution both on the links and on the
considered outgoing trunk group,

b) Traffic offered per multiple in the
first stage A and to the outgoing trunk
group of direction No.j AZj'

From equation 7) we get:

9 X2
: Ay [x2!  E19,(A)
£ = :
g2 Ep, (A)
X,70 Z:A;/r/ "
vs0
E AEZQZ(A)—AZI 5119‘, (Alj) (70)

A— Azf



Similarly Jacobaeus deals with systems
having expansion, i4<ky, or concentration,
i37k4, in the first selector stage., To get
simple formulae which can be evaluated with
well-known function-tables as in the exam-
ples 1 and 2, we must introduce arithmetical
approximations if transformations starting
from (7) are made. In doing so the different
cases Bernoulli-distribution both on the
links and on the outgoing trunk group,
called "Bernoulli/Bernoulli", furthermore
"Bernoulli/Erlang" and "Erlang/Erlang" are
treated.

Moreover two-stage systems with a gra-
ding behind the last selector stage are in-
vestigated. That calculation method combines
the methods mentioned above with Q'Dell's
formula.

Using the principle of Jacobaeus, F o0 r -
tet /9/, /11/ and P r 6 h 1 /29/calcu-
late the most general case, i.e, the number
11z of links leading from one multiple in
stage 1 to a certain multiple in stage 2
being greater or equal unity, 1n 21; fur-
thermore the number k; of outlets in one
multiple of the second selector stage to the
desired outgoing group No.j being greater or
equal unity, k; 21, For the blocking factor
/éz—xz] a slightly more accurate expression
is used.

An extension of the calculation to sys-
tems with an arbitrary number of selector
stages - as already Jacobaeus has shown in
his paper for three- and four-stage link
systems - is contained in the contributions
of Lee/7/,Le Gall/10/, /12/ and
van Bosse /32/. However, they all use
the approximation A=y,

As already mentioned, the accuracy of the
results can be improved significantly if the
approximation for the traffic offered, A=y,
is replaced by a generating traffic offered
A, as proposed by J e nsemn /2/,/3/,
Lot ze /17/ in The Hague and later on by
Huber /35 at the fourth ITC in London.

Assuming Erlang-distribution (equation (ll))b

X
A, /x!
[x] = —— (1)
Y
ZAO I/
Y'r0
and starting with the actually carried traf-

fic y we look for a fictitious "generating"
offered traffic A, defined by:

_ y (12)
° e ln!
N
AN
Vg

Ihe effect of that modification is that es-
pecially for high loads the computed block-
ing probabilities will be reduced, thus bet-
ter fitting reality. The process of itera-

tion to find A, can easily be done by a dig-

ital computer,

Bininda/Daisenberger/
Didlaukis /38/ use this modified
principle to calculate blocking probabili-
ties of systems having an arbitrary number
of selector stages and arbitrary probabili-
ty distributions on each intermediate link
group as well as on the outgoing trunk
groups.

The solutions in the following sections
C - F compromise between the total depen-
dence and the total independence of the
probability distributions for each selector
stage.

II C, Partial Functional Dependence

For the outgoing trunk group a probabil-
ity distribution according to Erlang’s in-
terconnection formula or a corresponding
expression for the case of a limited number
of traffic sources is assumed. Therewith the
state distribution on the first intermediate

links 1s calculated. The blocking factor
needed for this distribution depends on the
carried traffic of the system and on the
distributions of the following link groups
and outgoing trunk groups., These distribu-
tions in their turn depend on the probabil-
ity distribution on the first link group.
Therefore, iterations are required

The results are sufficiently accurate
from very small up to large values of loss.

We will explain the fundamental ideas of
the principle - according to a paper of
Bretschnedider /23 - in calcu-
lating the probability of loss for a two-
stage link system with preselection to which
a pure chance traffic is offered (Poisson
input),

As already mentioned, we assume for the
outgoing trunk group the probability distri-
bution /%,/ to be the same as for an ideal
Erlang-grading (Erlang's interconnection
formula, EIF). The availability k of the
ideal grading has to be chosen such, that
with the same number of outgoing trunks it
handles the same traffic with the same loss
as the considered two-stage link system (cf.,
section 1I E). However, k can only be de-
termined if the probability of loss is al-
ready known. Therefore, we must start with

1 2




an estimated value K for k.

If %1 intermediate lines in the link-u-
nit are busy (see figure 5) an arriving call
is only lost if at least those (ki-x4)ks
outgoing trunks are busy which can be hunted
by the (ki+-x4) idle links. The loss factor
6(x1) or the passage factor m(xq)=1-6(x4)
can be calculated using the EIF-distribu-
tion assumed on the outgoing trunk group.

%) = Fx, K, [x,) (13)

The passage factor m{xs) is a function of
the number xi of busy links, of the estima-
ted availability k and of the distribution
/x,7 on the outgoing trunk group.

Furthermore, we apply the well-known re-
current formula (14) to the link group:

[x, 1% = ALx;=11m(x;71) (14

The quantity A means the traffic offered to
one multiple of the first selector stage.

Using (x4 ) according to equation (13)
we can evaluate the probability distribution
/x:7 from equation (14), Therewith we get
the probabilities E and B for time conges-
tion respectively call congestion of the
link system.

£ = g; [X,]6(x;) (15)

According to the assumption made above
the probability E (or B) of the link system
should be the same as for the ideal refer-
ence grading, i.e. Begr (A,k,N). Because the
estimated availability k will not be fitting
we find:

KN) (76)

therefore, k has to be changed by iteration
until a prescribed accuracy is reached:

—

/€ - B,

//-'/

< £ (77)

II D,

The principle discussed in this section
also uses a recurrent formula corresponding
to Erlang's statistical equilibrium. On the
contrary to the principle investigated in
section II C, this formula is applied not
for the distribution /X;/ on the first link
group but for the distribution /xs/ on the
outgoing trunk group of stage No. S.

Passage Factor

First of all the passage factor m(xs) of
the whole link system (inlet -~ outgoing
group) has to be calculated. If random hun-
ting and equal loading of all link-lines and
outgoing trunks is assumed, m(xs) and the

blocking factor &(xg) respectively can be
given by an explicit combinatorial formula
depending only on the structural parameters
of the multistage system and on the number
xs of simultaneously occupied lines in the
outgoing route, Using this passage factor
#(xs) we can calculate the probability dis-
tribution /% / on the outgoing trunk group
according to the well-known recurrent for-
mula of statistical equilibrium, It is:

[xg+1](x;+1) & = (X )LX] palxs) (18)

€: Probability density for termination of
one occupation,
ol: Probability density for calls from a
free source, )
¢ Number of traffic sources,
f%&;): Passage factor if there are xs; lines
in the outgoing trunk group busy.

The probability distributions of the in-
termediate link groups don't have to be cal-
culated. Therefore no iteration is needed.

II E, Effective and Average Availability

A further way in calculating the grade of
service of link systems is to use the e f -
fective accessibility of
a multistage system, which was proposed by
Bininda/Wendt /18/ and indepen-
dently by Kharkevich/19/.

The link system is compared with a sin-
gle-stage switching array having the same
number of outgoing trunks and handling the
same traffic at the same rate of loss.

In each state of occupation {x4} (ef.fig.
6) a certain momentary availability k(x4)
exists from an inlet of the first stage with
regard to the considered outgoing trunk
group.

Fig. 6

It is:

Kix) = (Ky=xg)ky t$ (79)
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The letter s denotes the number of occu-
pations out of x4, which just in this moment
is connected to the direction No,j. The
quantity s in equation (19) should be added,
because an outlet of the considered outgoing
trunk group belongs to the avallable outlets
too, if it is occupled from the considered
multiple in the first selector stage. (Khar-
kevich omits s).

A momentary probability of loss B(xy) be-
longs to the momentary availability k(x;).
We presume B(x4) to be equal to the proba-
bility of loss of a single-stage switching
array with accessibility k(x,) having the
same number of outgoing lines and handling
the same traffic with the same loss. The
probability that the accessibility k(x4 ) ex-
ists if a new call occurs is denoted by
/k(x;)/. Therewith, we can calculate the
mathematical expectation B of the momentary
loss Bx4):

B = xZB(x,) [Kix,)] (20)
7
As already mentioned, the e f f e ¢ -

t 1 v e accessibility kef 1is the accessi-
bility of a single-stage reference comnnec-
ting array, which with the same number of
outgoing trunks handles the same traffic
with the same loss B. Consequently, we may
calculate the effective availability, if the
function B = f(A,N,k) is known (A: traffic
offered, N: number of outgoing trunks, k:
accessibility).

The effective accessibility keff can be
replaced by the a v e r a g e availability
km if we approximately assume a linear rela-
tion between B(xs) and k(x,). Furthermore,
we neglect the fact that there may exist
different values of k{(x4) for the same x,,
caused by statistical variations. Therefore
the momentary accessibility k(x4 ) is re-
placed by the a v e r a g e momentary ac-
cessibility k(x1)m:

K(X,)m = (IK1 'x1)K2/ * 7'72/")(, (21)

M denotes the fraction of the total traf-
fic to the considered direction No.j, i.e.
X1 means the average value of s,

/%47 be the probability for x4 lines in
the intermediate trunk group being busy.
Consequently we get for the average accessi-
bility k_:

X
L]

- XZ;K(x,)me,J

X
4

gk
[

(Re=y /Ky gy, (22)

Equation (22) is illustrated by figure 7.

Having evaluated the the numerical val-
ues of key or k, we can use loss tables for

single-stage switching arrays, the EIF-

table or the MPJ-table.

e.g.

1 2
I 3 Kaj

Zpuunitt

I I (K1'Y1)kz;‘

Fig., 7

II1 ¥,

Method CIRB

A further development of the principle
described in section II E is the calcula-
tion with the method of the combined inlet-
route blocking, C I R B, by L ot z e /30/.

The approximate method CIRE permits to
calculate time congestion and call conges-
tion for link systems with an arbitrary
number of selector stages and with preselec-
tion or group selection. The traffic offered
may be pure chance trafific with Poisson in-
put or traffic originating from a finite
number of sources (kngset input). Gradings
are allowed between the selector stages and
behind the last stage.

The evaluation starts from the actually
carried traffic of the system and thus
yields results which are sufficiently close
to reality from very small up to extremely
large values of probability of loss. It is
assumed, that the carried traffic is spread
as evenly as possible among all multiples
of each selector stage.

The fundamental ideas of the method will
be explained now for a two-stage link system
with group selection. A link-unit of the
system is represented in figure 7,

The total time congestion & is divided

in two parts: i n 1l e t blocking and
outlet Dblocking.

a) Inlet blocking: Time congestion of

a multiple in the first stage occurs if el-
ther all k4 outlets of the multiple are bus-
y in the case i;» kqa or all i1 inlets of the

multiple are occupied in the case 1;¢ k..
These states of occupation will be denoted
by {ki or by i} , furthermore the corre-
sponding probabilities by /k,/ or by /i,/
respectively.

b) Outlet blocking: As long as (ki or
{144 doesn't occur, congestion can also oc~
cur if the idle (ky-x4) intermediate lines
have no access through the system to free



outgoing lines of the desired trunk group.
This "outlet blocking" probability is de-
noted by /p/ (Instead of calculating with
(kg -x4 ) the method makes use of the average
number (kq-yq) of free outlets of the con-
sidered multiple 1 - ¢f, fig.7).

If the events corresponding to /k,/ re-
spectively to /i,/ on the one side and to
/p/ on the other side are assumed to be in-
dependent, we get the following expressions
for time congestion E with regard to the
considered trunk group No.j.

E - [K1]+ {7 “[K1])[P] 111 >K1

E=lal*(1-0i1)tpl | (%K, (23)

The call congestion B will be calculated by
means of the time congestion E (Poisson ine
put: B=E if i;» k4, B<E if i,¢k,; Engset in-
put: B<E if i,3k4).

Calculation of Inlet Blocking: The car-
ried traffic y« on the outlets of a multi-
ple in the first selector stage be pre-
scribed. Using probability distributions
for full-access trunk groups, e.g. Erlang's
distribution in the case of an unlimited
number of sources and Erlang's-Bernoulli-
distribution in the case of a limited num-
ber of traffic sources, we can evaluate

(k7 or [i,]:

[R] = Eppe, (Ay)

§—= @t)
Ao - Yy
=Ly, (A)
{ K1
KE)“’«w
(k] =
t), Y
Z:(v}%m
Vo ?# oo (25)

K1
Ryp Sch that 2 vIvl=y, is fulfilled
Vel .

The iterations to find the fitting values
A; or o4 for prescribed load y; can easily
be done by a digital computer.

Calculation of Outlet Blocking: As an
example we consider the most simple case
that from one multiple in the first stage
at most one link leads to one multiple 2, i.
e. 1l =1; furthermore there may exist no
grading.

Analogously to the average accessibility
km defined in section II E we now introduce
an average "hunting number" p such, that p
equals to the average number of lines in the
considered outgoing trunk group which can
be hunted free or busy by the inlets of one
multiple 1

Anslogously we get for & system with 5 >2
selector stages:

p= Ky Ky, ) ‘(%4"3’54)"(5»"*75/% @)

If p»Nsj , we st D = Dupay = Nsj o

The time congestion /p/ means the probe
ablility for at least those p lines in the
considered outgoing trunk group to be busy,
We get its value for example from the "mod-
ified Palm-Jacobaeus-Formula" (MPJ) setting
p = k in the tables:

_ b (Ag)
E’;Ngj‘ﬁp (Aaj)
(26}

%y = Ay (1 Enny ()

Bemark: The termme; ¥ in (27) can often be
neglected ( as a rule if ﬁﬁ”ﬁ*“ P}
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