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CALL CONGESTION AND DISTRIBUTION OF NUMBER OF ENGAGED OUTLETS 
IN A GIVEN SPLIT OF GRADINGS WITH RANDOM ROUTING 

Magdalena M. Jung 
Philips Telecommunicatie Industrie 

Hilversum, Netherlands 

ABSTRACT 

A formula has been constructed to calculate the call 
cong&stion and the distribution of the number of 
engaged outlets in a given split in gradings with 
random routing. 
It ls an interpolation formula where, for given 
Talues of availability, number of outlets and traffic 
offered is interpolated with respect to the inter
connection number H between the following extremes: 

1) a grading with H- 00, which is approximated by 
the ideal grading of Erlang, 

2) a grading with H-1, which is disintegrated into 
a number of separate full availability groups • 
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1. INTRODUCTION 

The design of gradings with random routing (for 
instance for non-homing selectors), having Poisson 
traffic offered to them, requires an approximation 
formula which is precise enough for determining 
the call congestion (for a giTen traffic volume) 
or the permissible traffic volume (for a given call 
congestion) • 
It should moreover not be too expensive in terms 
of computer time to set up extensive tables, if 
necessary. 

»ecause gradings with random routing are also used 
at the outgoing side of link networks (e.g. in the 
P.R.X.-system), the formula must also be applica
ble to calculate the distribution of the number of 
engaged outlets of a given split. 
In the present report a formula i8 constructed 
(in part empirically), which meets the require
ments fairly well. 
It is an interpolation formula, with the ideal 
grading (Erlang's interconnection formula) at one 
extreme and a grading with interconnection number 
1, degenerated into a group of separate full
availability groups, at the other extreme. 

Notation 

N - number of outlets of the grading 
I - availablli ty 
H - average interconnection number 
A - traffic offered 
f(x) - probability that x outlets are engaged out 

of the I outlets of a given split. 
w df f(l) _ call congestion 
8 - number of splits. 

2. Existing formulas 

In the present section a survey is given of exis
ting formulas and methods for the design of gra
dings. This list is not complete. Of the methods 
which are used for gradings with homing position 
only those are listed which are also applicable, 
with or without some modification, to gradings 
with random routing • 

a. Formula of the modified O'dell type 
1/1 ~(1-w)l 

A(1-w)-~(1-W)+(N-I) f c.w + (1-c). -I-}' 

where ~ is to be obtained from w - EK(~). 

In this formula c is a constant c. (0; 1) which 
depends on the type of grading and must be 
found empirically. 
This formula is used by the Swedish Telecommuni
cations Administration [1] for gradings with 
homing position. 

b. Modified formula of Palm-Jacobeaus (MPJ-formula) 

The modification has been introduced by Lotze 
and W'agner [21. 
The formula is: 
w - EN(Af)/EN_~(Af)' 
where Af is to be obtained from 

A(1-w) - Af [1-EN(Af )}. 

This formula does not take account of the type 
of grading. , In order to consider also the type 
of grading Herrog [31 has ' introduced an empiri
cal formula for the correction value AA. 
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This value is to be added to the traffic volume A 
that may be permitted according to the MPJ-formula 
in order to obtain the correct value of the permis
sible traffic volume. 
For the correction formula we have 

IN J2 AA • F. i - 1 • (K-2)/(60 + 4 K), 

where F is a constant which depends on the type 
of grading and will have to be found empirically. 

F may be positive or negative; in practical gradings 
F is negative as a rule. 
In Herrog's report values are given for F, amongst 
other things for gradings with homing position of 
the Deutache Bundespost. 

c.Erlang's interconnection formula 

This formula is concerned with homogeneous gra
dings with (~)apli ts, so-called ideal gradings. 

In practical gradings the number of splits is 
mostly far smaller than(~). As a result the permis
sible traffic volume on such gradings will be 
much smaller for a given call congestion than on 
an ideal grading. 

~Methods of Elldin, Kruithof and 'alenzuela 

These methods [4J,[51,[6] are concerned with homo
geneous gradings with interconnection number 2. 

e.GRAPOI method 

This method [7] is concerned with homogeneous or 
almost homogeneous gradings with random routing 
and an arbitrary interconnection number. 
As a rule the call congestion values for a given 
traffic volume will be a little too high with this 
formula. 
The method is rather complicated and too expensive, 
therefore, to produce extensive tables. 

2.1. Applicability of existing formulas to gradings 
with random routing. 

The formula at a) can be made applicable by 
determining constant c empirically for different 
values of interconnection number H. For method 
b) constant F must be found empirically or even 
another empirical correction formula for AA 
may have to be found, if necessary. 
These are not very attractive solutions, also 
because determination of constants empirically 
(i.e. by simulation) requires many observations. 
There is the extra difficulty that the "constants" 
are not true constants, but approximations for 
what (one hopes) are quantities showing little 
variation. 
Methods d) are limited to H.2 and are hard to 
generalise for arbitrary values of H. Method 
e) for arbitrary values of H does not offer any 
points from which to obtain a simplified formula. 
What can be done, however, is the following. 
As an approximation, the ideal grading of Erlang 
may be considered as an extreme case, i.e. 
wi th H- cP • Because the opposite extreme, H-1, 
cah also be calculated, an interpolation formula 
may be based on these two extremes. This is done 
in the next sections. 

3. Constrction of a formula for gradings with random 
routing. 

Gradings for random routing have a homogeneous or 
almost homogeneous structure, in which a rather 
extensive skipping is applied to mix the traffic. 
This means that, in addition to the number of out
lets N and availability K, these gradings are well 
determined by the average interconnection number H. 

This makes them altogether different from gradings 
with homing position, which for a given average 
interconnection number may show a great variety 
of structure. 

For gradings with random routing, therefore, it 
was tried to find an interpolation formula contai
ning the following extremes. 

1. H - 00 case. For this case the ideal grading of 
Erlang, for which the interconnection formula 
is true, was chosen as an approximation. 
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2. H.1 case. For this case the grading disintegra
tes into several separate full-availability 
groups, for which Erlang's formula is true. 
This extreme case is called disintegrated gra
ding. 

The distribution of the number of engaged outlets 
of a given split is represented for the extreme 
cases by fI (for the ideal grading) and fD (for 
the disintegrated grading). 
For formula fI we have: 

fI(x) _ N~::X g(y).(~) (~:!)/(;), (1) 

where g(y) may be determined from the recurrent 
relations 
g(y) - g(y-1). A/y (N K N ,y-1,---- K (2) 

g(y) .g(y-1). (A/y) .t1- N=Y+1)/(y_1)J,y_K+1 ,----N 
and the normalizing equation ~ g(y) • 1. 

y.O 
The formula for fD is 

f (x) • (AK/~)~ ~ (A~<N) i 
D x. it-o ~. 

An interpolation formula for the f(x) distribution 
for a grading with arbitrary interconnection num
ber will therefore be as follows: 

f(x) • Q{fI(x), fD(x), v(H, K, N)] , 

where the value of v is E (0;1). For Simplicity 
v is call~d the "weight factor". Obviously, this 
factor must first of all be a function of H. 
If a weight factor which depends on H only should 
not lead to satisfactory precision, then v may 
also be made to depend on X and/or ~~{~t14IiS the 
extreme limit for v; if v should also ependent 
on A and/or x, the "interpolation" character will 
be lost. In section 3.1. the choice for v will 
be discussed in more detail. 
First we have to choose a method of interpolation. 
The linear and logarithmic linear interpolation 
methods have been examined. For these cases the 
formulas for f(x) are as follows: 

linear: f(x) • v fI(x) + (1-v) fD(x), v 1-v 

logarithmic linear: f(x)-const.{fI(x) J.{~(x) J J (4) 
where ~const." is a normalizing constant such 

that 7 f(x)-1. x.;o 
Simulation tests have shown that the logarithmic 
linear interpolation gives far better call conges
tion results than the linear interpolation, for 
the same function for v. For this reason the 
logarithmic linear interpolation was chosen. 
A thing of minor importance is, that with the 
logarithmic linear interpolation, the f(x) distri
bution corresponds to simpler equations of state 
than with linear interpolation. See section A1 
of the appendix. 

3.1. Choice of function for v 

The v function must satisfy the following demands: 
1. for H-1 v must be equal to O. 
2. for H .. oo v must be equal to 1. 
3. v must increase monotonically with the rise ofK 

It is moreover thought undesirable for this func
tion to contain constants which must be determined 
empirically. 
Before trying to find possible functions for v, the 
GRAPOI calculation method was considered for 
possible starting points, but these were not found. 

Three functions for v have been considered, refer
red to as va' v1 and v2 hereafter. 

The first choice for v, was taken to be the follo
wing function: 

Vc - (H-1)/H. (5) 
The reason for this choice was the following. 
The outlets to which a given split gives access 
are connected to K contacts of this particular 
split and to K(H-1) contacts of the other splits 
together. The ratio of the numbers of both kinds 
of contacts, which have a direct effect on the 
state of the group of outlets concerned, therefore 
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is 1:(H-1). 

Simulation tests have shown that function (5) 
will generally give too high values for w, parti
cularly for high values of K/N. 
The following function was tried, therefore as 
second choice: K 

v1 - (H-1)/(H- ji) (6) 

For K-N (full-availability group) and H > 1 we 
have v1~1; for K-N and H-1, v is undefined. 
This is acceptable, because for X-N the fI and 
f distributions are identical. 
TRis may be readily deduced from (1), (2) and 
(3). 
In fig.1 the lines for ~ - constant are shown 
in the (H, ~/N)-plane. 

The call congestion results of fUnction v1 are 
far better than those of function v • In certain 
areas, however, there are still dis~inct devia
tions. For small H(H<2) the function will give 
a too low call congestion value. For large X/N 
the call congestion will be too high. In order 
to offset this effect, the following function 
was tried: N/KE 

v2-(H-1)/{H-(~) J. (7) 
This function is shown in fig.2. 

K For ji H<1 this function yields higher values 
for K the call congestion than function v1 and 
for i.H ~ 1 it yields lower values. 

A comparison with the simulation results shows 
that v2 still has the same drawbacks as v j ' only 
less so. The largest deviations, especially, 
have become smaller. The results will be discus
sed and analysed more extensively in section 5. 

The interpolation formula with weight factor v2 is accepted as satisfactory precise for deter
mining the call congestion and the f(x) distri
bution. 
In the next section some comments are made with 
respect to the numerical calculation. 

4. Calculation of A as a function of N for high 
values of N and fixed values of K, Hand V. 

For N-OO, and constant offered traffic per outlet, 
~o df A/N, the distribution fI for the ideal 
grading changes into 

i~OQ fI(x) - (:)[~0(1-WI)Jx {1- ?0(1-W1r-x
, 

where wI is to be determined from 

w I - \ ~ 0 ( 1 -w I) J K • ( 8 ) 

How this has been derived, will be shown in 
section A2 of the appendix. 
For the disintegrated grading we have for every 

value of N: _ ~lx 1::... ([fo)i 
fD (x) x! i-O 1! 

For the weightfactor T2 we have 

lim v2 - (H-1)/H. 
N_co 

Hence, for a grading with arbitrary H this will 

provide ~ (H-1 )/H 
Hm (~) x X-x ] 
N __ c1(x)-const. x r~o( 1-wr ) J f 1-fo( 1-Wr )} • 

.[ (I!~)/ F.ii (~ro)1 rH. (9) 

where wI may be determined by means of (8). 

For tabulating A as a function of N for fixed 
values of K, H and V, the following method may be 
used: 
1. Calculate ~O from (9), (8) and formula w-f(I). 
2. Calculate A as a function of N by means of 

(4) and (7) to a certain value Ng of N. 
If Ag is the value of A corresponding to Ng, 
the following approximation is adopted for 
N ;> Ng: 

A-Ag- (N-Ng) ~O. 
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The value of Ng should be chosen on the basis of 
some accuracy criterion. 
For example, the following criterion is quite 
manageable: 

f Ag -m Ag,m - "ZoJ/[Ag -m Ag,m + "Z01~ b , 

where A represents the value of A for N-Ng-m. 
g,m 4 

For instance, we may choose m-10 and &-10- • 

5. Comparison of simulation and calculation results. 

The results for the call congestion will be discus
sed in section 5.1. and the results for the fex) 
distribution in section 5.2. 

5.1. Call congestion 

The results for the call congestion of different 
gradings are shown in table 1. 
The following results are given for each case. 

1. The estimated call congestion, W , 
according to a simulation test a~!mthe standard 
deviation of that test, 6 aim. 

2. The values of the call congestion according 
to different methods of calculation, w •• , 
and a measure for the deviation relative to 
the estimated value, E ••• 
This measure is defined as follows: 

E..df(W .• -Vsim)/Gsim· 

This choice will be explained later on. 
The following notation has been used for the 
individual methods: 

WGR ' t.GRI results of GRAPOI method, 
V1 ' ~1 I results of interpolation formula 

with weight factor v , 
V2 ' £2 results of interpolation formula 

with weight factor v2 • 

For simulations not carried out by P.T.I., the 
source of the simulation results is mentioned 
in the last column of the table. 

In the table the cases are listed in the follo
wing order. They are first of all arranged 
according to ascending values of K/N, for con
stant K/N according to ascending values of Hand 
for constant H according to ascending values ofA. 

The measure for the deviation, ~ , is chosen for 
the following reasons. 

The confidence intervals of the simUlation tests 
are rather large in some cases, i.e. of the same 
order or larger than the preCision that may be 
reasonable demanded for a calculation method. 
For an individual caseJ the simulation test of 
course cannot provide more information than the 
estimated value and a confidence interval, e.g. 
the 26 -interval. For a number of cases which 
are spread over a wide range of input parameters, 
however, deviations situated within the confi
dence intervals give still a qualitative indica
tion of extent and trend of the difference 
between true and calculated values. Measure t , 
therefore, has been chosen as a compromise between 
the following possibilities: 

a. Consideration of the calculated value based 
on whether this value is or is not within the 
2 c5 confidence interval. If the confidence 
interval is large, the fact that the calcula
ted value is within it, gives little informa
tion on the precision. 

b. Determination of the ratiol difference between 
calculated and estimated value to estimate. 
If the confidence interval is large, this 
ratio is very unreliable as a substitute for 
the measure in which we are actually interes
ted, i.e. the ratio: difference between calcu
lated and true value to true value. 

In table 2 the frequency distributions of f for 
the three methods of calculation are given over 
the set of investigated cases. The table shows 
that the GRAPOI-method mainly produces positive, 
in some cases fairly large deviations. 
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Table 1: Comparison of simulation and calculation results for the call congestion. 

input value.$ simulation methods of calculation 1) 

11H-
K 

"'sim 6 sim 
GRAPOI lI,in terpol • vi th v1 interpol. wi th v2 , source 2) 

N I S ~ KS/N i· H 
A WGR £GR "'1 f.1 "'2 £2 of sim. 

10 2 10 .20 2 .40 .8777 .0084 .0020 .0107 1.15 .0101 .85 .0103 .95 

36 8 9 .22 2 .44 13.5 .00245 .00033 .00301 1. 70 .0023 -.45 .0026 .45 [61 
18.9 .0193 .00095 .0204 1.16 .0182 -1.16 .0196 .32 [61 

24 6 6 .25 1.5 .375110.0 .0225 .0010 .0198 -2.70 .0178 -4.70 .0191 -3.40 
32 8 6 .25 1.5 .375 18.0 .0373 .0056 .0344 -.52 .0323 -.89 .0344 _.52 
48 12 6 .25 1.51.375 29.0 .0219 .0070 .0186 -.47 .0178 -.59 .0195 -.34 

32 8 8 .25 2 .50 18.0 .0298 .0046 .0294 -.09 .0270 -.61 .0286 -.26 
.0 10 8 .25 2 .50 22.4 .0173 .0032 .0154 -.59 .0140 -1.03 .0152 -.66 
32 8 12 .25 3 .75 18.0 .0254 .0025 .0252 -.08 .0230 -.96 .0235 -.76 
40 10

1

16
, .25 • 1.00 22.4 .0087 .0016 .0110 1.44 .0100 .81 .0100 .81 

32 8 20 .25 5 1.25 18.0 .0190 .0017 .0223 1.94 .0203 .76 .0200 .59 
32 8 :32 .25 8 2.00 18.0 .0162 .00093 .0209 5.05 .0190 3.01 .0184 2.37 

21 6 7 .28 2 .56 5.6 .00230 .00048 .00205 -.52 .0016 -1.46 .0018 -1.04 [61 
8.89 .0155 .00085 .0180 2.94 .0160 .59 .0170 1.76 [6] 

10 4 5 .40 2 .80 1.5 .00150 .00011 .00172 2.00 .00147 -.27 '.00152 .18 t61 
2.8 ' .0141 .0065 .0151 1.54 .0135 -.92 .0138 -.46 r6J 
6.0 .118 .0020 .128 5.00 .119 .50 .120 1.00 r61 

18.0 .529 .0032 .548 5.94 .534 1.56 .535 1.88 [6] 

12 6 3 .50 1.5 .75 4.3 .0114 .0026 .0113 -.04 .0103 -.42 .010~ -.23 
24 12 3 .50 1.5 .75 13,0 .0134 .0035 .0102 -.91 .0104 -.86 .0110 -.69 
48 24 3 .50 1.5 .75 34.0 .0128 .0033 .0116 -.36 .0141 .39 .0148 .61 

40 20 4 .50 2 1.00 26.6 .0094 .0022 .0091 -.14 .0102 .36 .0102 .36 
40 20 8 .50 4 2.00 26.6 .0086 .0024 .0080 -.25 .0083 -.13 .0078 -.33 

3 2 3 .67 2 1.33 .25 .0096 .0015 
__ )3 -- .0100 .27 .0099 .20 

9 6 3 .67 2 1.33 6.033 .101 .0020 .106 2.50 .104 1.50 .103 1.00 t 4] 
15 10 3 .67 2 1. 33 6.003 .0019 .00025 .00261 2.84 .0026 2.80 .0025 2.40 [4] 
15 10 3 .67 2 1.33 9.061 .0297 .0015 .0329 2.13 .0329 2.13 .0323 1.73 (41 
30 20 3 .67 2 1.33 18.105 .0041 .00045 .00.81 1.58 .0053 2.67 .0051 2.22 r4J 
48 32 3 .67 2 1.33 31.5 .00215 .0017 .0022 .03 .00261 .27 .0025 .21 
48 32 3 .67 2 1.33 35.23 .0078 .0019 .0099 1 .11 .0110 1.68 .0107 1.53 
8 6 2 .75 1.5 1.13 2.7 .0103 .0024 .0100 -.13 .0094 -.38 .0093 -.42 

20 15 2 .75 1.5 1.13 12.0 .0178 .0040 .0139 -.98 .0146 -.80 .0145 -.83 
.0 30 2 .75 1.5 1.13' 28.0 .0076. .0026 .0084 .29 .0094 .68 .0093 .64 

1) the deviation relative to the simulation result' is expressed as Ea (wcalculated -wsim)/C;-sim. 
2) source of simulation result. 

3) the GRAPOI-method is not applicable for N ~ 3. 

Table 21 Frequency distribution of deviation £ of the calculated call congestion with respect to the measured 
call congestion, over the set of investigated cases. 

'Number of cases within interval for method 
of calculation, 

Interval of t. GRAPOI interpolation formula 
weight factor weight factor 

v1 v2 

-5 c!f.i < -4 0 1 0 
-4 ff:£ < -3 0 0 1 
-3 ~E.< -2 1 0 0 
-2.0 ~E.< -.1.5 0 0 0 
-1.5~e.< -1.0 0 3 1 
-1.0~f.< -0.3 5 7 5 
-0. 5 ~l.~ 0.5 10 10 12 
0.5 <E.. ~ 1.0 0 5 1 
1.0 <e~ 1.5 4 1 0 
1.5 <E..~ 2.0 5 2 4 
2 <f. ~ 3 4 3 3 
-3 <f. ~ 4 0 1 0 • <E.~ 5 1 0 0 
5 <£. ~ 6 2 0 0 
total number of 
cases: J* 32 33 33 

*) There is one case to which the GRAPOI-method does not apply; see note 3) of table 1. 
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The interpolation formula with weight factor v 
produces smaller positive deviations than GRAP61, 
but the negative deviations are markedly larger 
than for GRAPOI. 
The interpolation formula with weight factor v

2 is clearly better than GRAPOI as regards the 
positive deviations, and the negative deviations 
are only a little worse than for GRAPOI. 
Conclusion 1 

The interpolation formula with weight factor v
2 is quite suitable to design gradings with random 

routing. 

5.2. Distribution of the number of engaged outlets of 
a given split. 

The results for the distribution f(x) of the 
number of engaged outlets of a given split are 
shown in figs. 3-8 for a number of cases. For 
the calculation (full lines) use has been made 
of the interpolation formula with weight factor 
v2• The simulation results are represented by 
broken lines. The two distributions appear to 
agree quite well on the whole; the calculated 
distribution tends to have a somewhat lower peak 
than the simulated distribution. 

Conclusion 2 

The interpolation formula with weight factor v2 is quite suitable to calculate the distribution 
of the number of engaged outlets of a given split. 

As a final remark it is pointed out that the 
normalizing constant in the interpolation formu
la appears to be close to 1 as a rule. In most 
of the investigated cases it is between 1 and 
1.01, in the remaining cases between 1.01 and 
1.02. 

6. Graphs for design purposes 

Figs. 9-12 ahow N plotted as a function of A, 
for different values of K, Hand W. 

Appendix 

A.1. Interpolation type selected 

The investigation into interpolation types is 
confined to linear and logarithmic-linear inter-
polation. ' 
Simulation tests have shown that the latter 
method gives the most precise results. This has 
obviously been the main argument for the choice 
made. Apart from this, however, it is interes
ting to find out the "equations of state" 
corresponding to the approximations. 

Let f(x) be an approximation for the distribu
tion of the number of engaged outlets of a given 
split. If the quotient f(x)/f(x-1) is written 
in the form: 
~ • ..dl!::!) 
f(X-1T x 

then x represents the conqitional release in
tensity in state rX] and A(x-1) represents an 
approximation for the conditional build-up 
intensity in state [x-1] • 
In other words, the approximation f(x) for the 
distribution corresponds to the approximation 

~(x) - (x'+1). f(X+1 )/f(x). 

for the conditional build-up intensity in state 
[xJ. The exact expression for the build-up 
intensity of the ideal grading may be derived 
from (1) and (2). This is a rather complicated 
formula, which we shall not give here. 
The build~up intensity for the disintegrated 

AI: grading is If for all x<:: K. The build-up inhn-

sities for these extreme cases will further 
be represented by AI(x) and An(x), respectivel~ 

The approximations f(x) for a grading with 
interconnection number H, obtained by linear 
interpolation and logarithmic linear interpola
tion are represented by fL1N(x) and fLOG(x), 
respectively. 
In other wordsl 
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df 
fLIN(x) ~ v flex) + (1-v) fD(x). 

df J v fLOG(x) = const. [fI(X) • f fD(X) J 1-v 

If )LIN (x) and A LOG (x) are the corresponding 

approximations for the conditional build-up 
intensity in state [x], we then have 

v f l (x+1)+(1-v) f n (x+1) 

"'LIN(x)-(X+1) v fI{x) + (1-v) fD(X) 

and 

[ 
f I ( x+ 1) ~ v{ 

ALOG (X)-(x+1) flex) J 

1-v 

J 
{)I(x) J v. {An(x~-v. 
This leads to the following con91usiona 
Linear interpolation with weight factors v and 
(1-v) for the distributiqns f (x) and f (x) 
corresponds to linear interpolation of ~he build
up intensities Ar(X) and "'\n(x) with weight fac
tors which depend on x. 
Logarithmic linear interpolation of the distribu
tions with weight factors v and (1-v) corresponds 
to logarithmic linear interpolation of the build
up intensities with constant weight factors v and 
(1-v). 

A.2. ASymptotic behaviour of Erlang's interconnection 
formula. 

The .distribution f 1 (x) of the number of engaged 
outlets of a given split in an ideal grading is 
obtained fro~ (1) and (2). If wI is the call con
gestion and y the average total number of engaged 
outlets of the grading, then we have 

(A1) 

We shall now consider the limit condition where 
N-.oo and A_oo, ~ith a constant traffic offered 
per outlet, ~O d A/N. 
We shall first prove that under the limit condi
tion we also have y _ ~. 
When N and A are constant, the loss probability 
is greatest for a grading with K-1. 
In that case the grading disintegrates into N 
groups of 1 line , each having a traffic of A/N-~O 
offered to it. 
The call congestion of such a grading is 
~oI(1+ "lo)· 
In connection with (A1) we have for a grading with 
K ~ 1 : 
- ( 'l0) '10 
y'qA 1- -1-- - N. 1+ nO ' 

+ '10 ( 
which shows that for N.-oo and ?'la > a we have 1-00. 
We shall now consider the behavIour of the functkn 
g(y), i.e. the distribution of the total number 
of engaged outlets. 
In a non-blocking system, which has Pois80n traf
fic of intensity A offered to it, the ratio 
"standard deviation/average" is 1/ VI. In a loss 
system the value of this ratio is lower because 
the peaks are clipped by blocking. So for both 
systems the standard deviation to average ratio 
tends to zero for A~OO. 

For the grading we therefore ~ave g(y)~ a for 

values of y which satisfYI~I)E, where S is 
an arbitrary small positiveYnumber. 
Hence we have for (1): 

lim flex) _ lim (I:) (N;~)! • 
N'-OO N_oo x • 

y( 1+ S) 

) -zL (N-y)! ( ) 
• (y-x)! (N-y-K+x)!· g y 

y-Y«(1 ~)S) k )C i-x y( 1+ S ) 

- Um x (i) . G) (N-y) ~ g(y). 
N-~ S y-y(1- ) 

• (!J {~O(1-WI) J x f 1-ya(1-WI )j-X . 
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Since WI-fI(K) we have: 

lim W I - {1( 0 ( 1 -W I 'if . 
N.-co 
From this formula we may calculate the symptotic 
value of the traffic offered per line, ~O' for a 
given WI and K. 
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