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Abstract: The method discussed takes up the follo
wing position among the existing methods. 

On the one hand, there are approximation 
methods which use exclusively the number 
of outlets, availability and the traffio 
offered to the grading as input data (e.g. 
O'dell's formula, Palm-Jacobeaus's formula, 
Erlang's interconnection formula). The va
lidity of the formulae are subject, as a 
rule, to certain requirements regarding the 
average interconnection number or the num
ber of splits. 

On the other hand, there are calculating 
methods for gradings having a fixed inter
connection number 2 (e.g. Elldin, Kruithof, 
Valenzuela). 

The present method employs the number of 
splits as input information. The accuracy 
of the method has been investigated for a 
great number of cases with interoonnection 
number 2 (offering much comparative materi
al) and for a- so far-limited number of 
cases with interconnection numbers higher 
and lower than 2. 

The results of the calculation method ap
pear to be fairly good for gradings having 
a symmetrical load and a symmetrical struc
ture with respect to the splits. 
As a rule, the method produces values 
slightly too high for call congestion. 

With gradings having a symmetrical struo
ture and unequally loaded splits. the 
method has been investi gated for only one 
type of grading using one value of the . 
total traffic offered, viz. for various 
proportions into which this traffic is 
distributed over the splits. The method 
produces too high values for the call oon
gestion for all splits. As a rule the devi~ 
tions are greater than those found for gra
dings having equally loaded splits. 

The method is basioally applicable also 
to gradings whose splits are unequal with 
respeot to their interconnections with 
other splits, provided that the availabili
ty for all splits is equal. The accuracy 
of the mathod for this type of grading has 
not yet been investigated. 
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1. Field of application 

The method is suitable for applioation to gradings 
which fulfil the following requirements. 

1) All splits have equal availability K. 

2) The ~stgnment of a free aocessible outlet to a 
calling inlet is random or approximately random 
(e.g. with a non-homing seleotor). 

3) In the structure of the grading use is made 
of skipping in such a manner that the traffic 
flows of the splits are adequately mixed. 

4) If the K contacts of split i are oonnected to 
a total of Mi contacts of the other splits, 
each individual contact of split i is oonneo
ted to approximately MilK contacts. 

2. Notation 

The present report will employ the following nota
tions: 

N 

K 

1 

number of outlets of a grading. 

.. availability. 

~ number of ~ of splits. The type of a 
split is determined by the interconnections 
with the other splits and by the traffio 
offered to that split. 
The type is indicated by an index, viz~ 1, 
1=1,---,1. 

= number of splits of type 1. 
1 - r SI .. total number of splits. 

1=1 
set of all splits, except a given split i 
of type 1. 

CUi 11= set of those outlets that are available to 
, a given split i of type 1. 

(~11= set of those outlets that are not available 
to a given split i of type 1. 

~ the collective number of oontacts of 
spli~~(il] connected to outlets £ [ui,l] • 

a l traffic offered to a split of type 1. 

A df t a a = total traffic offered to the gra
- 1=1 1 1 dingo 
df 

Al== A-al .. traffio offered to the collective 
spli ts ~ [TIJ . 

fl (x) .. probability that x outlets E.[ui,l] are 
engaged. 

g(y) .. probability that a total of y outlets of 
the grading is engaged. 

Al(x) conditional probability that a call from 
a spHtECrlJ will seize an outlet~[ui,ll 
if x outlets~[ui,lJ are engaged. 

rl(x,y) .. conditional probability that a call from 
a splitECrlJseizes an outlet4[ui IJ 
if a total of y outlets is engag~d, this 
total including exactly X€[ui,J' 

Pl (x/y) • conditional probability that x o.u"tlets 
~ [ui , IJ are engaged if a to tal, of y out-

lets are engaged • 



WF1
df f 1 (K) - oall oongestion of a split of type 

1, as calculated from distribution 
flex). 

WG ~.f. PI (K/y) .g(y) - oa11 congestion of a 
1 yaK split of type 1, as calculated from 

distributions g(y) and Pl(K/y). 

'\ - 1,---,1; numbers _ (-t;t) that by iteration 
are determined so that WFl - WG1 • 

W1 1" for formulae where the distinotion between 
WF1 and WG1 is irrelevant the oall oonges-
tion of a type 1 split is denoted by W1 • 

3. Summary of the oaloulation method 

The oalculation method is broadly as follows. 
1+1 sets of equations of state are set up for the 
case of statistical balance, a Poisson distribu
tion being assumed for the number of oalls per 
unit of time, namely. 

1) 1 sets of equations for probability distribu
tions fleX) of the' numbers of engaged outlets 
':[Ui ,11' 
1- 1,---, 1; x.O,---,k. 

2) a set of equations for probability dLstribution 
g(y), y=O,---,N, of the total number of engaged 
outlets of the grading. 

The sets of equations can be considered as ~inear 
systems with unknown coeffioients. The ooeffi
oients oan be ex~ressed in oondi tional probabili.ty 
distributions PI (x/y). . . 
The latter distributions are, as an approximation, 
taken to be modified binomial distributions whose 
modifioations are effected by numbers ~(-t;t). 
Values &1' 1-1,---,1, must be found by .iteration. 
The oriterion for the iteration procedure is 
that distribution fleX), on the hand, and distri
butions g(y) and PI (K/y), on the other hand, 
must result in the same value for the oall oonges
tion of a split of type 1. Therefore. 

By means of simultaneous i teratio.n values Dl must 
be calculated from (3.2). 

4. Derivation of the oaloulation method. 

The derivation oonsists in the following 5 steps 
whioh will be disoussed in greater detail in 
sections 4.1 to 4.4 and 5. 
1) formally solution of the sets of equations 

for flex), 1=1,---,1, and g(y). 

2) Disoussion of the relations to be met by funo
tions Al(x) and Pl(X/Y) on the strength of 
their definitions. 

3) approximation for the funotion rl(x,y). 

4) approximation for the funotion Pl(x/y), 

5) numerical determinati~~l' 1-1,---,1. 

4.1. Formally solving flex). 1:1.---,1 and g(y). 

For outletsECui lJthe following set of equations 
of state is tru~ in oase of statistical balance. 

xfl(x) "lal +J1 (x-1). Al }fl (x-1), for x-1,---,K. 

Funotions A1 (x) being known, this set can be 
numerically solved with the recurrent relation. 

m i ~+~1(x-1). AlJ f 1 (x-1), x=1,--K. 

K 
where fl(O) is such that~ fl(x)21. 

x -.o 
For the total set of N outlets the following 
set of equations of state is applicable in case 
of statistical balanoe. 
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1 
y g (y )~fL sl·al { 1-Pl (K/y-1 )jJ g(y-1), 

1-1 

for y-1,---,N. 

If funotions PI (K/y) are known, this set oan be 
numerically solved with the reourrent relation. 

g(y) .. 1[i: sl.a1 { 1-Pl (K/y-1)J] g(y-1), 
y 1-1 

N 
where g(o) is such that L g(y) - 1. 

y-o 
. In fact funotions Al (x) and PI (K/y) are not known. 

Hence, approximations are ohosen for these funo
tions so that formula (3.2) is fulfilled. 
In selecting suitable approximations for the un
known functions we shall partially base ourselves 
on the relations to be fulfilled by the funotions 
on account of their definitions. 
This will be discussed in seotion 4.2. 

4.2. Relations to be fulfilled b 
~1 x on account of their 

The definitions for Al(x) and 
the following relations. 

1)i: Pl(JI/Y)"1, for 1 .. 1,--,1, y-o,---,N. 
x=o 

to 

This relation is used in the oaloulation for 
normalizing the Pl(x/y) funotions to be selec
ted. 

2) -l:- Pl(x/y).g(y) .. flex), for 1 .. 1,---,1, 
y=o 

x .. o,--,K. 

In the oalculation 1 relations from this set of 
equations are used, viz. the relations for x-Ko 
These are the relations (3.2) given in section 3. 
The relations for x<K are left out of oonside
ration. 

3) As a ·consequence of the definitions of A 1 (x) and 
r 1 (x,y), Al(x) is the mean of r 1 (x,y) 

weighted over y. This oan be expressed in the 
following formula: 

(4.2.1) 

In section 4.11 t" was already observed that approx:l.
mations must be chosen for the unknown~l(x) 
and Pl(x/y) functions in order to solve the 
sets of equations of state (4.1.1) and (4.1.2). 
In formula (4.2.1) the ' rel~tions given between 
these functions introduce a third group of un
known funotions rl(x,y). For this new group of 
functions, however, an approximation oan be 
derived whioh may be used for calculating these 
functions direct from the input data. 
The prooedure now is as fellovs. Approximations 
are chosen for funotions rl(x,y) and Pl(x/y), 
The approximation for funotion Al(x) is then 
fixed by formula (4.2.1). The approximations for 
rl(x,y) and Pl(x/y) will be derived in sections 
4.3 and 4.4. 

4.3. Approximation for function rl~' 
The following notation is used. 

0l(x) - the average number of outlets~[ui,l] 
aooessible to a splitf[jLl] if x 
outlets 6 [ui,J are engaged. _ 

dl(x,y)- the aV,erage number of outletsE.[ui lJ 
accessible to a split6["ii]if a ' 
total of y outlets is engaged, including 
exaotly x I; [Ui, i1 • 

• 

• 

• 



• 

• 

- the collective number of oontacts of 
spli ts E crI] which is connected to out
lets ~ [u. :u (as already defined in sec
tion 2).~' 

-1 eff.- the effective number of contacts of a 
, spli t 6 CT1], which is connected to out-

lets ~rui,lJ. 

~KS/N- average interconnection number. 

In th&S paragraph:::: ~ (: ~ j ,: the approximation for 
rl(x,y) will be derived in three steps. 
Before actually calculating rl' we shall first 
derive the relation between Ml and ml,eff. ' 
In the subsequent calculation of rl(x,y) it will 
initially be left unconsidered that the numbers 
of outlets E. CUi 11 accessible to a g1 ven split 
'[I'J can be whble figures only. 
Moreover, it is assumed as an approximation that 
these numbers are equal for all splits6Cill and 
are fixed (non-stochastic) functions of x and y. 
Next, with the aid of a correction a slightly 
better approach to the actual situation is ob
tained. 

To oalculate Ml,eff' the following assumption 
is made as an approximation. The traffic flows 
offered to the sets of outlets." (ui Jl, 1-1, ---,L, 
are proportional to MIA1' say cMIAi • 
The average traffic offered to the K outlets of 
'an arbitrary split by all the other splits 
equals 

K 1 ( A i A - S A - h-1) s · 
Henoe 0 is to be 'oaloulated from 
1 L A sF.; sl oMlAl - (h-1) s ' so 

L 
o - (h-1)A/~ sl MIA1 • 

7 1 .. 1 

The total traffic offered to the grading by the 
splitS!riJ equals Al , so a fraction oMlA1/Al -
cMl of this traffic is offered to the outlets 

E[ui,iI· 

We may explain this as if the number of contacts 
of a splitECIiJ, that are connected to an out-
let~[ui,vhas the effeotive value Ml,eff - cMIK 
and the remaining (K~ eff) contacts of this , -split are connec'ted to outletse.(ui 11• 
From substitution of the derived vaiue of c it 
follows that 

If L-1, A1 equals (S-1 )A/S, so that substitution 
in the formula leads toml,eff - (h-1)K/(S-1). 

~. 

For the case that all al are equal it is easy to 
show that the mean value of ml,eff over all S 
spli ts equals (h-1 )K/(S-1). , 

Note 3. 
For a grading whose struoture is as homogeneous 
as possible, but whose interconnection number h 
has a non-integral value, the values Ml , 
1.1,---,L, are equal or almost equal. 
From formula (4.3.1) it oan be derived that in 
this case~,eff~(h-1) K/(S-1) for all l's, 
irrespective whether the al's are equal or not 
equal for different l's. 

The calculation of rl~based upon the effec
tive value Ml,eff is derived as follows. 

If none of the outlets of the grading is engaged, 
a split4[riJhas access toml~eff outlets 
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E [ui ,l] and (K-ml,eff) outlets~[ ui,d. 
If all outlets are engaged, however, a , split 

'Cill has access to zero outlets of the first 
group and zero outlets of the second. For the 
sake of stmplicity we shall assume that the 
numbers of outlets of the two groups available 
to a split~rrll for given values of x and y, 
are proportional to the numbers of free outlets 
in these groups. Henoe 

cl(x) -Ml,eff. (K-x)/K, 

dl(x,y) - (K~l,eff)(N-K-y+x)/(N-K) 

The probability rl(x,y), therefore, that a call 
appearing in a split6C~11 will seize an outlet 

E fUi,il is equal to 

r1(x,y) - 01 (x)/ { Cl (x) + d1 (x;y) J ' 
if random selection of a free available outlet 
is presupposed. 

This formula, however, yields too high values 
for rl(x,y) in some cases, which, ~n turn, will 
give too high values for call congestion. 
The fact is that it all (N-K) outletsE[~lJ 
are engaged, dl(x,y) is zero, resulting iA 
rl(x,y) - 1 in the above formula. 
In other words, aocording to the formula it is 
oertain that a call 6 erll will engage an outlet 
E[Ui,J, provided x<K. This is at varianoe with 
the actual situation, beoause there is a possi
bili ty that the split where the' call appears 
has no acoess to an outlet~[ui,V for the given 
value of x. This possibility does certainly 
exist if the average number of outlets 
Ol(X)~rui,:il acoessible to a spl1t6.r~l.l is less 
than 1. For the sake of simplioity it is assumed 
that in this case there are 01(x)(S-1) splits 
~r1rl] which have access to exaotly 1 outlet 
,cui lJ and that the other splits oan reaoh no 
outietE[ui,:tl at all. 
The probability that a oall will appear in a 
split which does have aooess is then equal to 
cl(x). In other words, for C1(X).c::: 1 and y-N-K+x 
(i.e. all outlets~~ll are en~aged) it must 
be true that rl(x,N-K+x) .. Cl(x). 

Because, furthermore, reality diotates that 
rl(x,y) i~ a monotonioally non-desoending func
tion of y for a fixed value of x, the following 
final approximation for rl(x,y) is assumed. 

( ) _r 01 (x) ()J x-O,--,K-1 
r l x,y -minl.0l(x)+dl(x,y); Cl x , y-x,--,N-1 

(4.3.3) 

4.4. Approximation for function Pll!LZl. 

Funotion Pl(X/Y) depends on the average effioien
cies of outlets 6 [ui,ll and outlets~[~l]. 
Suppose that. ' 

lavr .. the average efficiency of all N outlets. 

'11" 11 11 11 11 outlets~[ui, 11 
v l 11 11 11 &[~lJ 

These efficiencies may be calculated from the 
funotions flex) as follows. 

= {N ~avr - K 'hJ/(N-K) 

The approximation for Pl(X/Y) is based upon the 
distribution of ~ under the condition Z' which 



would hold if ~he ~umbers of engaged outlets 
~ ECui, 11 and I.z::.!)& r Ui,il were independent of 
one another and if they had binomial distribu
tions, namely I 

or in another form: 

4.4·4) 
The illustrations below olearly show the range 
within whioh distribution p 1 (x/y) is not iden-

0, 
tioally equal to zero (white areas). 

For N <: 2k this iSI 

O~~y 
y-N+K':: xt:y 
y-N+K~x~K 

Example 

N - 6; k .. 4 

For N" 2k this is I 
O-,x~y 
O~x"K 
y-N+K~ xt:K 

Example I 

N - 10; K - 4 

3 

'f 

1 ; 
le l 

J 

If 
The distribution Pl(x/y) to be approximated is 
a modification of p l(x/y), The distribution 

0., 
is chesen in such a manner that it is identically 
equal to zero. for the same values of the argu
ment like p l(x/y), This is in accordance with 

0., 
the actual situaticn. Furthermere, the apprexima
tion must satisfy the requirement that 
K 
~c Pl(x/y) - 1, as ebserved in s~ctien 4.2. 

The modifications are as followSI 
For y-1 (ene outlet ef the grading engaged) and 
y = N-1 (one outlet free) Pl(x/y) is taken equal 
to' Po,l(x/y ), . 
In cther cases, where therefere the number of 
engaged outlets ~nd that of free outlets are 
greater then one, a modification of distributien 
Pe,l(x/y ) is chosen. This is done to' account fer 
the faot that, from point of view of traffic flow, 
the K outlets~rui,l] are in a special pesition 
relative to one anether, as compared with a ran
dom set of K outlets of the grading. 

Pl(O/O) - Pl(K/H) - 1 
( N -K)( 1 - /uo , l) 

Pl(O/1) - K/U + (N-K)(1-IU 1) 
/ 0,1 I 0, 

Pl(1/1) - 1- Pl(0/1) 

K(1-rO,1) 
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for 2~ y" N-2, ""here ltoonst." is such that 

~ Pl(x/y)" 1. and p l(x/y) is given by (4.4.4 
x=e 0, 

Values 61 , 1=1,---,L, in this fermula are medi
ficatien:; figures which each have a value 
~(-0.5; 0,5). If $1-0, Pl(x/y) changes to 
Po,l(x/y ). 
It is easy to see that for inoreasing &l-values 
the averages ef oonditienal distributiens 
Pl(x/y)-y being fixed - will shift to' higher 
values of x. Fer Sl- -0.5, Pl(x/y) equals 1 
for the smallest possible value of x (at the 
given value y) anq equals zero for the other 
values of x. For ~1-0.5, Pl(x/y) equals 1 fcr 
the greatest pessible value ef x and equals zero 
fer the other values of x. 

5. Iteratien method £er the evaluatien of 51' 

1 -1,---,L. 

The SI'S have to .be oaloulated frem formula (3.1) 
or (3.2). As ebserved before, alIbI's are situa
ted in interval (-0,5; 0,5). For the numerical 
oalculation the following iteration method has • 
been worked out. 

For the iteration the following starting values 
will be used. 
Sl-e, 1=1,---,L and ~l. vl - A/N, 1_1,--_,L. 
Frem these values a first approximation for func
tions p~ (x/y) is caloulated with formula (4.4.5a and 
(4.4.5b). An appreximation for funotion g(y) may 
now be oalculated with (4.1.2.) and next one 
for funotions "l(X) with (4.2.1) and for functions 
fl(X) with (4.1.1). 
These results may be used , for approximatina oon
gestien probabilities WFl and WGt with the defini
tion tormulas of par. 2. 
If it appears that WFl + WGl fer one or more va1.ues 
of 1 (which will be the case as a rule) then ~n 
iteration with respect to the D1 's, l-1,---,~, is 
oarried out, the values of the f1's and vl'~ being 
kept constant, until WFI-WGl for all l's. The 
~6~ iteration is described beiow in more detail. 

When the iteration with respect to the ~l's is 
ready, further approximations for efficiencies "11 
and vl ' 1=1,---L, are calculated with (4.4.1) 
( 4 • 4 • 2) and (4. 4. 3 ) • 

New once more an iteration with respect to the $l's • 
is made, while the ~l's and VI'S are kept at the 
las't '-calcu1a ted values. 
This process of alternating iteration with respect 
t~ the dl's and calculating new values fer 'l's 
and v1's is continued until the 'l's .and vl's do 
not change any longer and WFl = WGl for all valUes 
of 1. 
The iteration with respeot to tha61 's with 'l's 
and vl's kept oonstant is done as follows. 
In one iteration step, the Jl-value of only ene 
value of 1 is altered, namely the value for whioh 
the value oflwFl-WGll is largest. The way ef altera
tion of $1 in suoh a step is based on the fact 
that WFl deoreases and WGl inoreases with increa-
sing efl • 
Starting frem dl-O, dl is augmented in,steps of 
+ 0, 1 when WFl "7 WGl or in steps of -0.1 when 
WFl<:WGl for dl-O. This is centinued until the 
inequality-sign changes. Fer the next -itera, 
tion steps an interpelation method is used. 

6. Numerio results. 
!he numerio results of the oaloulation methods 
given in this seotion are compared with those of 
oaloulations and simulation tests of other authors, • 



Table 1: Gr adings with 3 splits and interconnection nl~ber h • 2. 

• call congestion 6 
N K A GRA POl conf. interval oaloulation GRAPOl 

sim. test ELLdin Elldin 

9 6 6. 033 .106 .097 -.105 .106 .108 
15 10 6. 003 .00261 .0014.-.0024 .0025 . 0946 
15 10 9 . 061 .0329 .0266-.0328 .0315 .0904 
30 20 18.105 .00481 .0032-.0050 .0047 .0764 

Table 2: Gradings with interconneotion number h • 2 and more than 3 splits. 

oall oongestion $ 
N K S A GRAPOI oonf. into sim. oaloulation GRAPOl 

test Valenzuela Kruithof 

10 4 5 1.5 .00172 .00127-.00173 .0015 .0849 
2.8 .0151 .0128 -.0154 .0130 .0782 
6.0 .128 .114 -.122 .118 .0853 

18.0 .548 .522 -.535 .535 .162 

21 6 7 5.6 .00205 .00134-.00326 .00158 .0972 
8.89 .0180 .0138 -.0172 .0157 .0851 

36 8 9 13.5 .00301 .00179-.00312 .00235 .103 
18.9 .0204 .0174 -.0212 .0177 .0895 

• Table 3: Gradings with interoonnection number h = 10. 

call congestion S 
N K S A GRAPOI ElF MPJ GRAPOI 

9 6 15 6.033 .1 02 .103 .111 .0422 
15 10 15 6.003 .00213 .0020 .00245 .0225 
15 10 1" 9.061 .0305 .00297 .0356 .0294 
30 20 15 18.105 .00435 .0041 .00548 . 0183 

21 6 35 5.6 .000~63 .000760 .00080 . 0225 
8.89 .0121 .0101 .0115 .0247 

36 8 45 13.5 . • 00117 . . 000866 .00090 .0239 
18.9 .0125 .0103 .0120 .0251 

Table 4: Gradings with interoonneotion number h = 20. 

call oongestion S 
N K S A , GRAPOl ElF MPJ GRAPOI 

10 4 50 1.5 .00104 . 00096 .00099 .0116 
2.8 . 011 2 .0102 .0 113 .0191 

• 6. 0 .11 9 .108 .123 . 0505 
18.0 .547 .530 .535 .15 2 

Table 5: Cal l congestion as a funotion of the mean interconneotion number. 

call congestion i 
A N K S h KS GRAPOI conf. into sim. GRAPOl If test P.T.I. 

18.0 32 8 4 1 .0483 Erlang formula 
E8 (4.5) 

6 1.5 . 0344 . 0303-. 0416 .113 
8 2 .0 294 .0245-.0325 .0871 

12 3 . 0252 .0257-. 0303 . 0615 
20 5 . 02 23 . 0171-. 0217 .0420 
32 8 . 0209 . 01 48-. 0222 .03 13 
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Tabel 6: Symmetrical grading with unequally loaded splits. 

3 
A~ L a i 

i=1 

9.09 

9.00 

9.05 

9.06 

9.08 

9.05 

9.06 

9.06 

\ 
\ 
~ 
~ 

2. 3 

N - 15, k ~ 10, s ~ 3, h = 2. 

a 1 !W1 a2 call congestions w2 
a

3 w3 

GRAPOI sim. test 
Elldin 

0 .0113 --
3.03 .0261 .0152 
6.06 .0761 .0729 

0.75 .0162 .0146 
3.00 .0278 .0214 
5.25 .0584 .0559 

1.51 .0220 .0182 
3.01 .0307 .0248 
4.53 .0481 .0457 

3.02 .0327 .0274 
3.02 .0327 .0295 
3.02 .0327 .0266 

0 .0151 --
4.54 .0470 .0343 
4.54 .0470 .OJ9' 

0.91 .0196 .0176 
4.07 .0414 .0364 
4.07 .0414 .0385 

1.81 .0246 .0199 
3.62 .0373 .0364 
3.62 .0313 .0341 

4.53 .0485 .0511 
2.26 .0260 .0204 
2.27 .0260 .0209 

............. --..., ~. 

" S' 6 1 8 

• 

calculation 
Elldin 

--
.0193 
.0625 

.0177 

.0241 

.0492 

.0230 

.0288 

.0427 

.0316 

.0316 

.0316 

--
.o.} 
.040 3 

.0209 

.0359 

.0359 

.0250 

.0346 

.0346 

.0428 

.0254 

.0254 

°1 mean call congestion 62 1 3 a i wi &3 w.- ~ A =1 
GRAPOI conf. into GRAPOI 

sim. test 

.059 .050-.058 .063 
.194 
.194 

.045 .038-.044 .051 
.167 
.183 

.038 .031-.037 • 062 
.136 
.164 

.033 .025-.031 .115 
.115 
.115 

.047 .034-.040 -.00071 
.185 
.185 

.039 .032-.039 .023 
.166 
.166 

.035 .029-.035 .061 
.144 
.144 

.037 .033-.039 .163 
.100 
.100 

Fig. 1: The curve representing call congestion W of. 
a grading, as a function of the mean inter
connection number h. 

number of outlets : 32 
availability 8 
traffic offered : 18 Er 

I confidence intervals of the simulation tests. 
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viz. ElldinC1], V'alenzuela[2], Kruithof[3], Lotze 
(modified Palm-Jacobeaus fo.rmula) [4J and Erlang 
(interconnection formula), as well as with results 
obtained from P.T.I. simulation tests. The resu.lts 
of the method discussed in this paper are indica
ted in the following tables with program name 
GRAPOl (Grading with Poisson input). 
Not only the call congestion value but also the 
values of modification number~ are specified. 
The confidence intervals stated for the simulation 
tests are based on 2(5 • 

Table 1: Comparison with measurements and calcu
lations by Elldin for gradings having 3 
splits and an interconnection number 2, 
as calculated in ref. (11 by the AES me 
thod (AES= Approximate Equation of State) 

Table 2: Comparison with measurements by Valenzu
ela [2J and calculations by Kruitliof[31, 
for gradings having an interconnection 
number 2 and anarbitrary number of spli~. 

Tables J, and 4: 

Comparison of the GRAPOl results for 
gradings having a great interconnection 
number (h=10 and ha20) with the results 
obtained from the MPJ Lotze formula and 
the Erlang interconnection formula. 

Table 5 and Fig. 1: 

Comparison of the GRAPOI results for 
gradings having an interconnection num
ber h..j. 2 with PTI test results. 

Table 6: Comparison of the GRAPOl results for' 
symmetrical gradings having unequally 
loaded splits with measurements and cal-

culations by Elldin (see Ref . (11l 
Review of the results 

From tables 1 and 2 it can be seen that the method 
gives fairly good results as to call congestion 
for h=2. The GRAPOl values for call congestion 
are somewhat higher than those found with the aid 
of the Elldin and Kruithof calculation methods. 
In general, they are also rather high in compari
son with the confidence intervals of the simula
tion tests. 

Tables 3 and 4 show that fo'r high values of the 
average interconnection number the method results 
in call congestion values that fairly closely 
approach the corresponding values obtained with 
the aid of the ERLANG interconnection formula 
(ElF) and/or the modified Palm-Jacobaeus (MPJ) 
formula. 

Table 5 and Fig. 1 demonstrate that the method 
leads to reasonably good values for the range of 
h~1 to 8 of interconnection numbers investigated • 

Note 1: Generally the "traffic offered" values re-
sulting from simulation tests slightly 
deviate from the 18 Er input value. There
fore, the confidence intervals actually 
refer to traffic values offered which are 
randomly slightly higher or IO"Ter than 
18 Er. 

Note 2: The grading of table 5, having an average 
interconnection number of n=1.5 is non 
existent if L=1 . The calculation is done 
for L=1, where 
(h-1)K . . f ( S-1 1S subst1tuted or m1 ,eff see 

section 4.3, notes 2 and 3). 
The grading, chosen for the simulation test is as 
homogeneous as possible . The grading has 6 splits, 
four of which have 3 individual outlets and 5 

, outlets with interconnection number 2. The other 
two each have 2 individual outlets and 6 outlets 
with interconnection number 2 . 

Table 6 gives the results for a symmetrical gra
ding having 15 outlets, availability 10 and 3 
splits to which a total traffic of about 9 Er is 
offered. This traffic is distributed in various 
proportions over the splits • 
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The GRAPOl method gives too high values for the 
call congestion on all splits. As a rule, the 
deviations are greater than those found for gra
dings having equally loaded splits. 
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