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1. ABSTRACT 

One of the rougher problems for the Exploiting " Compa
nies of Telephone Service related to G.O.S. offered -
to the Subscribers is the adequate definition of the -
Service Criteria, since it is very difficult to speci
fie the parameters necessary to know the anomalous si
tuations in the network (bad G.O.S. or low Quality of 
Service). 

The service observation, at least by classical method, 
even being a good help, is not gOod enough to define -
the network situation. 

From other point of view, the lower levels of one hier 
archical Network, are not normally included in the se= 
vice observation (or partially), and consecuently, the 
got information is not enough to establish a global -
criteria. 

Taking into account only the purely statistical aspect, 
many times the sample size is not the adequate, due to, 
among other reasons, it remains fixed by large periods 
related to the frecuency of variations of parameter to 
be estimated. 

The modern devices employed in traffic quality control, 
even taking out partially the inconveniets above men-
tioned, can not reach the lower levels of the network, 
because the central offices of those levels can not -
support economically the marginal cost of aditional de 
vices, due to the economical criteria employed in its
dimensioning. 

Other wise, though the parameters got with traffic qua 
lity control, in spite of its own restrictions, stablish 
a good base for Traffic Administration, only can be ta 
ken as a reference (in a sense almost qualitative) in
order to solve the usual problem of Network Management 
or Traffic Engineering. 

Related to this kind of problems the int"ormatibn obtai 
ned from traffic measurements has both, "higher consis 
tence and efficiency, providing besides the fundamental 
support in order to solve the most difficult problem -
conected to telephone network, that is Planning. 

In the Planning of both, short and medium terms, the -
chronological series of traffic data is quite fundamen 
tal if minimum risk is wanted. 

But, in connection with planning and engineering pro-
blems, as well as management and administration ~e must 
emphasize the representativity of traffic data in the 
sense that they must reflect as exactly as possible the 
reality observed. 

But normally the traffics data are referred to time-con 
sistent busy hour, that itself implies that consistency 
is usual in the sucession of sample valves obtained as 
measurement results. 

It can be mathematically expressed by 
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Since traffic carried, A (in Erlangs) can be expressed 
as 

where 1~ means the random variable "holding time deman 
ded by each source over the device in which the measu= 
rements are carried out". 

However, as in traffic quality control happens, in small 
exchanges (normally in the lower levels of hierarchical 
networKs) this mean values are not representative as -
will be empirically seen, adn the usual theoretical me
thods employed in Administration and Management, provi
ce results not in accordance with reality. 

By other hand economical reasons also limit the grade -
of sophistication of the measurement equipments. 

Altogether it seems advisable to study other service 
criteria and consequently the specification of other 
kind of traffic data. 

2. THE PRIl3LEM 

In the Annex Ner 1 it can be observed a few cases out -
of many of them analised in the C.T.N.E. Network during 
last two years in small exchanges. 

Both, loss and delay Probabiliti;s as Erlang and empiri 
cal methods are compared. 

For instance, in the example Ner 1 taking into account 
Erlang model and with now days criteria of G.O.S., first 
ly it should have been interrupted the increase of new
subscribers in accordance with traffic data in Interna
tional trunks, and besides, the number of receivers -
should have been increased up to 5. 

In the example number two it should be necessary to ta
ke a similar decision due to the congestion level in re 
ceivers. The number of receivers should have been inc~ 
ased up to 6. 

In the third example the number of trunks in both rou-
tes R1 and R2 should be increased up to 7 and 6 respec
tively, in accordance with fixed criteria, to prevent -
high level overload. And so on. 

If the empirical data would have been employed it seems 
advisable not to take such decisions. 

Following one or other criteria, in a network like CTNE 
one the diference of investment amount can be really i~ 
portant. 

In order to analize the reftsons of this difference in -
the study is presented the Theory of Ordered Statisti-
cal (Spacing J. 
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3. PACELEM ANALYSIS 

3.1. Heuristic considerations 

The fact, is that, as mentioned above, for small exchan 
ges, in common organs, be of control or not, the estima 
tion of the loss or delay probabilities are significant 
ly different when they are estimated empirically from = 
when the Erlang model is used. 

In this particular case, and due to the space ·limitation 
to prasent a larger volume of raw data, it can be argued 
that the number of sampled values is not large enough. -
to estimate empirically a loss or delay probability; -
but, in this sense, the author experience is that this 
circumstance shows up independently of the sample size, 
since, vhen automatic equipment measur~ments are carried 
out, using 3.6 sec. interval between scans, or even 1 -
sec, with the measured values in the time consistent bu 
sy hour, (measuring during 5 or 10 days) it has been -= 
elicited the same conclussion ": 

B (n, A) , El (Empirical loss) 

Under this circumstance, and taking into account, the -
great economical implications that the determination of 
inadequate Service Criteria can have for a Service Com
pany, the problem has been approached in this way: 

Either the theoretical model fails in the case of small 
exchanges, or the kind of empirical data used to test -
the theoretical model it is not the adequate. 

It seems logic, in scientific methodology, to test, -
first, the theoretical model by using some procedures -
differents from those ones typically used in the clas
sic Traffic Theory and, subsequently, to analyse the -
problem of the kind of data which must be used. 

3.2. Theoretical Model Critique 

As in well known, a Mathematical Model can be syntesized 
as follows: 

M~th~m~tic~1 
Axiom~tic 

D~v~lopm~nt 

Conc~ptu~lit~tion 
. or 
Abstroiction 

R~~lity 

M~th~m~ticoil 

Th~ory 

Disconc~p

tu~lit~tion 

Applicoitions 

As long as the Mathematical Theory application agrees -
with the reality, the model is good. Since the Erlang's 
Theory has been widely tested for values of n and A re
latively large; it is clear that there is no-doubt-about 
the Mathematical Developments phase; therefore, the con 
ceptualization processes are to be analysed for the ca= 
se of small values of n and after the disconceptualita
tion process (not incl~ded in this paper), in order to 
find out the origin of the discrepancy. 

For it, the Non-Parametric Test Theory will be employed. 
This Theory has been used in Reliability but previously, 
it can be justified the procedure. 

It is well known, also, that A = carried traffic in a -
group of common devices =~, where A~ arriving traffic 
rate andj4 is service rat~of the group. 

In engineering applications the parameterfL has been -
enough proved [1] to be constant and it could be only -
questioned when regarding the choice of the proper va-
lue of tariffs to curb usage of the conversation path -
organs, where in an increasing death rate distribution, 
or perhaps a mixture of decreasing and increasing death 
rate processes can be used in order to obtain a better 
fit for the distribution of conversation time (see ref~ 

" The Annex Ner 1 examples are transcribed because we con 
sider them descriptiver and they are original data got
by persons foreign to traffic problems. 

th - ] rence of 8 ITC Melbourne 1.966) (2 • In brief, in c~ 
mon control organs and in any other kind of organs (for 
engineering purposes only) we can assume;LL to be cons-
tanto 

n " number of sources 
A carried Traffic Intensity (or offered for small loss 

or delay probabilities). 

With such a hypothesis, if we can prove that A can be -
considered like a constant, we will have proved that A 
(carried traffic) can also be assumed to be a constant. 

Therefore, the Erlang statistical equilibrium equation 
will be satisfied 

P x Adt .. P x+ 1 (x+ 1) dt 

3.3. and Teletraffic Im li-
cations used in Reliabilit 
Theory 

In Reliability Theory [3], in Extreme Value Engineering 
[ 4], in Renewal Processes (5] etc, >. ( t) :. birth j rate -
1S defined as: death 

A(t)dt: Pr(t<.~ f t+dt/~>t] 

where"'t is the random variable "distance between two -
consecutive arriving events. 

If~ has negative Exponential distribution the so called 
"incoming traffic" is Poisson Traffic. 

f(t 1 }.. -At \ 
In this case).. (t) = -~ = ~ = /'\ ... cte,and we 

1 - F(t) e-
will consider the distance between two consecutive arr! 
val as the spacing between them. 

So, let~( t) be the arrival process, if~=(S;.J ~/ .:~) 
is a simple random sample ani ( t;1', ~L~ ..• • t;-' is the -
associated ordered sample ('i', ~ 'i:" ~ .. ' '4~, any sub-set 
(f"~, Vl('~ ··" · 'S~~ (1 ~ k1 ~ k ~~ ••• ~km~ n) has a di:! 
tr1but10n, given by its densfty function as follows: 

(1) 
nl 

.------~~----------------

• [F(X1 )t1-
1 

• f(x 1) • LF(~) - F(x1 D k2-k1-1 • 

, f(x2 ) • ...... • [F(xm) - F(xm-1 D km -km-1-
1 

• f(xn) • • ••• [1 - F(Xm~ n-km 

and if we consider Xo = - 00; xm+1 = oP; km+1 = n+1 i 
kO = 0 and f(xm+1) = 1 

(2) 
m+1 k

i
-k

i
_1-1 

ftr!)= nlD1 [F(Xi ) - F(xi _1)) • f(xi )· 

In the particular and important case in which K1 = 1 
and m = n we will have 

Making now 0 i 
n 

= ::E 0i 
i=1 

'if i, 1, 2, 

1 

n I f(x
1

) f(x2)···· f(xn ); 
•••• x ) = m x1 ~ ~ ~ ••••• ~ xn 

o otherwise 

and i'''' = 01~ ~~ . ... 

n, ;IIJII = 1 and 

( 4) 'f 0 (01 ,02 .. ... On) = n I f ( d 1) • f ( d 1 +d2) • 

• f(d 1 + d2 + ••••• + dn ) = 



n 

- nl D f(x + d2 + d3 + ••••• + di ) ~ di > 0 

L1 ~ i~ n 

and the distribution of any sub-set of spacings (or re 
coverings) can be obtained versus concept of marginal
distributions. 

However~to obtain the distribution of a part~cular 0i 
is better to do: 

(5) 

(6) 

't=."'. X .5-.., 
~ .. X + 0i and apply directly (1) 

9(x,d
i

) = ,_n_I __ _ 

(i-2)1 (n-i)1 

i-2 
( F(x)] 

• [1 - F(X+di)jn-i • f(x) • f(x+di) 

g (di) "1 nl 
1 (i-2) I (n-i) I 

~)( n-i 
• [1 - F(x+di)l • f(x) • f(x+di) dx 

It can be seen that ~~ (1 ~ i ~ n) is a non-homoge
neus, discrete parameter, real-valued Markow process -
and (I think) due to the complexity of the above formu 
lae in the more general cases of distributions the Or: 
dered Statistics Theory has not been more widely used 
in Teletraffic, but, in the particular case of negati
ve 'Exponential distribution laws, those expressions are 
very simples. 

Since, in Traffic Theory the r.v.'s takes values normal 
ly in (0 ~ t ~oo) we will use in that follows the va-= 
riable time and if we put 

S .... f(t) -I ~ e-~t t:> 0 and we call 
t 0 otherwise 

1. : (T 1 T 2 •••• T n). with t 1 ~ t2 ~ ••••• {t n ' the ass£ 
ciated oroered statist'ic, is very easy to see, by ap
plying directly (4) that 

(7) fQ (d1 d2 ••••• dn) .. 1 nl xne-~d1 e-~(d1+d2) • 

-)( d1+d2+ ••• +d ) 
• •••• e n 

o otherwise 

Where Q - (01 O2 •• ~ ••• On) and 0i .. Ti - Ti~1 

The expression (7) can alSo be put: 

) "rr ) \ -},(n-i+1 )di 
fO (d1 d2 ••••• dn ·1=~ (n-i+1 /\e and) 

hence)it is evident that the density function of the -
joint distribution of (01 O2 •••• On) is the product -
of ~ marginal exponential densities; that is: 

IfS is a exponential r.v. with parameter~, 01, 
O2 •••• On' (the spacings or distances between consec~ 
tIve "dates", one time that distances has been ordered 
in increasing order) are r.v.'s independent with an e~ 
ponential distribution of parameters n X, (n-1)A, -
(n-2) ~ •••••••• A respectively". 

Consequently, ° " .. (n-i+1 )~D) 1 ~ i , n are indepe!! 
dent Exponential r.v.'s with ~ean 1. 

The sets (01" O2" 
zed Spacings. 

..... ° ") are known as Normalin 

3.4. THE TEST OF>lt~ CTE 

" In the theory of Non-parametric tests and ordered sta-
tistics the more general t~sts have the next form: 

(s) Where F is the distribution funS 
ticn o~x a r.v.~ and F is a spe
cified continuous distribution -
function 

" Also called Distribution-Free Tests. 

Normaly, in Teletraffic, if we except the very quick or 
gans (as selection conector, markers or something like
that) in which holding time is practically a constant _ 
and are not included in the object of the present stu
dy, the normal holding time distribution function are _ 
included in one of the three asintotic distribution of 
Gumbel and in such a case, the hazard rate 

q(t) = -!~- is a constant value independent of t 
1 - F(t) (case of negative Exponential distrI

bution) or a monotonic function of t, 
depending on the value of the parameter defining the =
distribution. 

So, the test (8) can be' expressed as follows 

1 
HO':; >'It) = cte I independent of t 

(9) 
H1= )J~r get) monotonic increasing (or dec~ 

sing) function of ~ 

As has been pointed out in 3.3., the r.v. Di" are inde
pendet and they has the same distribution, and mean 1, 
and clasical limit theorem may be applied to obtain the 
limiting distribution of Exponential spacings. 

Furthermore, as it is also well known, if'i is a r.Y. -
with continuous distribution function F, the transformed 
u = F(t) is a Uniform r.v. on (0, 1). " 

A. Renyi [6] sowed that if 0 1", O2", ••••• ° " are inde 
pendent Exponential r.v.'s like in 3.3., in nwhich case 

G(di ") c 1 - e-d for d> 0, the r.v.'s 
:t 0" 

~'=~ --j_. 1<i~ n 
I. j=1 n-j+1 ' 

may be also considered as ordered statist~. of ft Expone!! 
tial distribution and Ui C G(S~) = 1 - e- , may be cons!. 

dered as ordered statistic of ~ Uniform n-sample on (0,1). 

With this construction has been possible to obtain the -
limiting distribution of statistic of the form: 

n 

Gn = er gn (Di ) 

P,mong. this type of statistic, can be make an appoint
ment to the Greenwood, Kendall and Darling ones • 

We will apply the following Te~t. 

Defined the Statistic Y = ~ Yij [7J 
n (i=1 )<j 

The r.v. Yij takes the value 1 if Dt"~ Dj"; io( j and 

M " Yij 0 if Di <. Dj i<j where 

DiM are the Normaliced spacings defined in 3.3., and we 
wIll adopt the following decission rule: 

We will reject the null hypothesis (HO:' q( t) =).) at 
the ()( Level of significance if Y n ~ y nil(; where y no( is -
determined 50 that Pr[ Y n > y I1D(/HciJ = ~ 

3.5. DISTRI8UTIDN OF Yn WHEN HO IS ADMITTED 

When the sampled population is a r.v. negative Exponential 
with parameter).; Pr [Yij = 1J = Pr [Yi~ = DJ = 1/2. -

The number of R~~!~e comparisons is (2) and it is clear 
that: ElYn) = - a-

var· Y n C n (r!l . ~ + 1~ Sn_2 where Sn_2 =C~2) + 

+(~); 2+("~. 6.~n3~ 
Loewe [ 8 ] showed that Y is asymptotically normal in a 
clearer ~crm than kenda~h and 'Mann [9] and [10]' whi.ch 
are the true author of the test. 

M This transformation is called the "Basic Lemma of distr!. 
bution-free statistic". 



So, it can be said that i~ H is true 

3 2
0

) Y -..>. N (n .l!:!-.!l. zn + 3n - 5n n-------"- 1 - 4 - ,--~-

3.6. DISTRIBUTION OF Yn WHEN H1 IS ADMITTED 

The asymtotic distribution of Y (or statistic related 
with Yn ) when H1 is admitted isntoo complex and as far 
as the author know is not too usefull in practice, but 
it is not really complicated to study the most impor-
tant proporties for testing hypothesis. 

So, in references (7J, [101~[11J it can be seen that -
the handled test is umbsi'asedness I when Pr l D "> D "J 
is increasing with the difference j-i, like i~ our da
se, the pressent test is the most powerfull of all non 
parametric tests based on rank concepti it is equalled 
in efficiency (under normal-theory conditions) and ex
celled in speed of computation by Hotelling-Pabst's -
test based on Spearman's rank-order correlation coeffi 
cient. -

4. APPLICATION TO TELETRAFFIC 

As it has been repeatedly said in the present work, -
the fundamental purpose is to see if the Statistical 
Equilibrium Law is fulfilled in the case of small ex
changes and more precisely in these cases in which a 
very high level congestion can, at least theoretical
ly, condition the independence among sources and the
re it takes play a "streak" of repeated attempts, in 
which case it seems to be logical to doubt of the hl 
pothesis A ( t) .. constant. 

In our case, we begin analyzing the meassurement ca
rried out in a big exchange from the multi-exchage -
area of Madrid in which there was free important "com 
mon points" of strong congestion and we measured in : 
the subscriber groups (1.000 subscriber instaled and 
830 in service) in which the congestion Probability -
was higher. A lot of samples where taken during seve
ral critical days (Whitsuntide Tuesday and Mather's -
day) and for all the analized samples the value of Y , 
for different values of n (20, 30, 40), falls on then 
(CI(n-1.2 <T"" ( Ye. <: ~W\+1.2o-" ) interval. In the Annex 
Ner 2, tables nrs 1 and 2 can be observed values of -
two caracteristic samples. 

Afterwards, we elected a small exchange in which 
there was a higher Level congestion, and intervals 
between arrival were meassured during five days in a 
week, in the busiest period, during 5 hours every day, 
and more than 100 samples were analized. The sample -
size was elec~ed, like in the above case, for n ~ 20, 
30 and 40 and, in view of the high A.R.E., no greater 
value of ~ were consipered. 

The concrete caracteristics of the exchange at the me~ 
surement date were: 

Small exchange sitted in a small rural center near of 
an important military C~mp. 

Type: PC-32 (cross-barr system) 

Subscribers lines: 200 installed, 177 in service: 84 -
reside lines (11 coin box) + 80 business lines + 13 -
truncks. 

Traffic and Engineering usege data: 

er Ner of Reg.: 4 
Ner of Rec.: 3 

~er ~~ 5~~~.: 2~ 
Nsr of Inter-tall 
trunck: 15 

Traf. Int. (B.H.) 2,9B E. 
0,81 E. 
0,31 E. 

16,5 

(9,9 out + 
+ 3,2 inp) 

Empirical time congestion in Register: > 20 ojo in the 
B.H. 
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The maintenance state of the exchange was very good. 

Peg count data 

Register peg 
Register efficient 
Register defect 
Emitter peg 
Reciver peg 
Central mareker peg 

de-
feet 
Linck congo 

1.008 
652 

3 
425 
495 

1.822 

112 
448 

The above circumstances and data guarantee the most -
disadvantageous conditions for prooving the Erlang Mo 
del in the arrival traffic. 

Ever more, in such conditions, the worst value for Y , 
among all the samples, belongs to the interval ~ 1,6~n 

The analysis of this case is included in the Annex -
Ner 2. Also are included another example in which the 
data seems to be ideal (Original dats will be presse~ 
ted to the people interested in the problem). 

5. CONCLUSION 

We consider that the obtained results and the statis
tical theory ~mployed ratifie, practically without res 
triction,that the theoretycal model of Equilibrium of
A. K. Erlang can be employed, and that, in this sense, 
the Service Criteria can be fixed based on this clas
sical model. 

Our investigation works in this moments are focussed 
in the election of the adequate type of data for fit
ting and determining the best distribution of the Er
langs type. 

We are intending to obtain an authomatic meassurement 
device for determining the empirical distribution func 
tion F (x) and to study the peack distribution (of th~ 
J~rges~ sample-value F(x)) in order to fix the Service 
Criteria versus de probability to obtain, for usage, 
nigher values than F(XO)' where F (x) must perform -
the conditions of uniform converg~nce to F(x) secure
ly. 
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A~EX NfIr' 1 

EXAMPLE Ner 

Small exchange with 700 subscriber lines installed (655 
in service). 

Small urban center sited in a industrial zone •. 

M Devices: International trunks: Number of devices 4. 

row data: 

Time: 1Dh
OO' 10' 20' 3D' 40' 50' 

1st day 0 0 1 0 0 1 
2nd day 0 0 0 1 0 1 
3rd day 0 0 0 1 1 2 
4th day 0 1 0 2 1 
5
th day 0 1 0 0 2 

0 2 3 2 3 7 

Time: 11 h
OO' 10' 20' 30' 40' 50' 12hOO' 

1st day 0 .1 1 1 0 
2nd day 0 2 1 1 0 1 
3rd day 2 0 0 0 0 1 
4th day 1 1 1 2 1 1 
5th day 1 1 2 0 0 0 

4 5 5 4 2 3 

~ - 0,93 Er!. 

Estimation of 10s6 probability (Erlang) 0,8 x 10-2 

" "" 11 empirically 0 
M Common control devices: Receivers: Number of devices 4 

row data: 

Time: the same 

1st day 0 1 1 1 
2nd day 1 0 0 2 
3rd day 1 0 1 1 
4th day 1 1 2 1 
5th day 1 1 1 2 2 

4 3 5 7 5 6 

1st day 2 1 0 1 0 0 
2nd day 1 2 2 0 0 1 
rd 3th day 0 1 0 1 1 1 

4th day 2 2 1 0 0 1 
5 day 1 1 0 1 1 0 

6 7 3 3 2 4 

MI = 1,20 Er!. 

Estimation of delay probability (Erlang) 1,5 x 10-2 

empirically 0 

Small exchange with 700 subscriber lines installed (607 
in service). 

Small urban centre sited in a industrial zone. 

Common control devices: Receivers. Number of devices 4 

row data: 

Time: the same 

st 
0 0 1 0 1 2 1nd day 

2rd day 1 0 0 1 2 1 
3th day 0 0 1 0 1 2 
4th day 1 0 1 2 1 2 
5 day 0 1 1 0 0 2 

~ 1 4 3 5 9 
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, 
2 
1 
o 
1 

5 

1 
1 
3 
1 
3 

9 

2 
1 
1 
2 
1 

7 

MI - 1,43 Er!. 

1 
2 
3 
1 
o 

7 

1 
o 
2 
1 
2 

6 

o 
1 
o 
o 
o 

Estimation of delay probability (Erlang) 7 x 10-
2 

empirically 1,6 x 10-2 

EXAMPLE Ner 3 

Small exchange with 300 subscriber lines installed (152 
in service). 

Small urban centre sited in a industrial zone. 

M Devices: Inter-Tall trunks (RI) number of devices 6. 

row data 

Time: 

1st day nd 2
rd 

day 
3th day 

4th day 
5 day 

2 
1 
2 
1 
1 

7 

11
h30' 

1
st 

day 3 
2nd day 2 
3rd day 3 
4th day 4 
5th day 3 

15 

40' 

3 
1 
3 
2 

10 

40' 

2 
1 
2 
2 
2 

9 

50' 

2 
4 
2 
4 
3 

15 

50' 

1 
2 
1 
1 
1 

6 

MI = 2,7 Er!. 

2 
3 
2 
2 
3 

1 
1 
2 
1 
2 

7 

10' 

2 
2 
4 
1 
5 

14 

10' 

2 
2 
1 
3 
1 

9 

20' 

2 
3 
4 
2 
4 

15 

20' 

2 
1 
1 
1 
2 

7 

Estimation of loss probability (Erlang) 2,2 x 10-2 
empirically 0 

M Devices: Inter-Tall Trunks (R2): Number of devices 5. 

Time: the same 

1st day 
2nd day 
3rd day 

2 
1 
2 

5 

2 
2 
2 

6 

2 
2 
3 

7 

2 
1 
3 

6 

2 
1 

4 

3 

Mr = 1,94 Er!. 

2 
1 
2 

5 

1 
2 
o 

3 

2 
3 
3 

8 

o 
1 
2 

3 

Estimation of loss probability (Erlang) 
empirically 

2 
1 
2 

5 

1 
1 
o 

2 
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ANNEX tfR 2 Small Exchange with a High Level Overload 

8~g Exchange with a High Level Overload TABLE 1 

TABLE 1 1, '7900 0,8300 0,8300 16,6000 19 
5,2300 0,8300 0,1kJOO 0,0000 1 

Spacing 2,0?00 1,3600 0,5300 9,5400 15 
~ Tni °ni °ni 

.. y 1,3600 1,4100 0,0500 0,8500 2 n 3,8100 1, ?900 0,3800 6,0800 13 
1,2500 0,0000 0,0000 0,0000 3 3,6800 2,0?00 0,2800 4,2000 10 
3,?5oo 0,0625 0,0625 1,18?5 ? 10,3?00 2,8400 O,??OO 10,'7800 12 
1,2500 0,0'780 0,0155 0,2790 5 9,8?00 3,6800 0,8400 10,9200 12 
0,1560 0,1560 0,0'780 1,3260 ? 4,2?Oo 3,?3oo 0,0500 0,6000 1 
1, ?180 0,2340 0,0'780 1,2480 6 0,8300 3,8100 0,0800 0,8800 1 
0,0?80 0,4680 0,2340 3,5100 12 13,O?OO 4,2?00 0,4600 4,6000 9 
2,5?80 0,8590 0,3910 5,4?40 13 3, ?300 4, ?500 0,4800 4,3200 8 
1,0150 1.,0150 0,1560 2,0280 8 5,2300 5,2300 0,5200 4,16QO ? 
0,0000 1,2500 0,2350 2,B200 10 6,0800 5,2300 0,0000 0,0000 ° 1,2500 1,2500 0,0000 0,0000 2 1,4100 5, '7900 0,5600 3,36CXl 5 
5,0000 1,2680 0,0180 0,1800 2 2,8400 6,0800 0,2900 1,4500 1 
0,2340 1,3280 0,0600 0,5400 3 5, '7900 6,8800 0,8000 3,2000 3 
0,0625 1,3280 0,0000 0,0000 1 6,8800 9,8?OO 0,9900 2,9700 2 
1, ?180 1, ?180 0,3900 2,?300 5 4, ?500 10,3'700 0,5000 1,0000 ° 1,3280 1, ?180 0,0000 0,0000 ° 0,8300 13,0?00 2,?OCD 2,?CXXl ° 0,4680 2,1?80 0,4600 2,3000 3 Y .121 4,?650 2,5?80 0,4000 1,6000 1 n 
1,3280 3,?500 1,1?20 3,5160 2 

Theoretical Distribution N1 (95, 15,4) 0,8590 4,?650 0,9150 1,8300 1 
2,18?O 5,0000 0,2350 0,2350 ° . Empirical mean value 121. Included in : 1,?~ 

y -91 n 

Theoretical ~istribution N1 (95, 15,4) TABLE 2 

Empirical mean value 91 1,5'700 0,4400 0,4400 8,8000 1? 
1,2000 .1,0?00 0,6300 11,9?00 18 
4,9100 1,0?00 0,0000 0,0000 3 

TABLE 2 3,4100 1,0900 0,0200 0,3400 ? 
4,3900 1,0900 0,0000 0,0000 2 

3,0000 0,0000 0,0000 0,0000 2 0,4400 1,1500 0,0600 0,9000 8 
1,3281 0,2812 0,2812 8,1548 26 ?,4000 1,2000 0,0500 O,?OOO ? 
?,6562 0,3125 0,0313 0,8?64 8 4,3600 1,2000 0,0000 0,0000 1 
1,4062 0,3281 0,0156 0,4212 5 1,2500 1,2500 0,0500 0,6000 5 
?,8125 0,468? 0,1406 3.,6556 1? 3,4100 1,2?00 0,0200 0,2200 4 
0,3125 0,9?50 0,5063 12,65?5 24 1,2000 1,2800 0,0100 0,1000 2 
1,5625 1,0156 0,0406 0,9?44 9 1, ?500 1,5?00 0,3100 2,7900 6 
4,6406 1,0625 0,0469 1,0?8? 10 1,0900 1, ?300 0,16CXJ 1,2800 4 
2,343? 1,3281 0,2656 5,8432 19 1,2800 1, ?500 0,0200 0,1400 2 
0,3281 1,3906 0,0625 1,3125 11 1,0900 3,4100 1,6600 9,9600 5 
4,6?18 1,4062 0,0156 0,3120 3 1, ?3oo 3,4100 0,0000 0,0000 ° 5,8593 1,4062 0,0000 0,0000 1 1,O?OO 4,3600 0,9500 3,8000 3 
0,0000 0,0000 0,0000 0,0000 ° 1,2?OO 4,3900 0,0300 0,0900 ° 1,0625 1,5625 0,1563 2,8134 10 1,1500 4,9100 0,5200 1,0400 ° 1,4062 1,~5 0,0000 0,0000 ° 1,0'200 ?,4000 2,4900 2,4900 ° 1,0156 2,343? 0,?812 12,4992 15 

Y -94 1,3906 2,5?81 0,2354 3,5310 9 n 
3,2031 3.,0000 0,4219 5,9066 13 

Theoretical ~istribution N1 (95, 15,4) 3,2812 3,2031 0,2031 2,6403 8 
4,?500 3,2812 0,0?81 0,93?2 4 Empirical mean value 94 8,9843 3,?343 0,4531 4,9841 ? 
0,468? 3,8281 0,0938 0,9380 4 
3,8281 3,9218 0,093? 0,8433 3 
3,9218 4,6406 0,?188 5, ?504 6 
0,9?50 4,6?18 0,0312 0,2184 ° 1,5625 4,?500 0,0'782 0,4692 1 
2,5'781 5,8593 1,1093 5,5465 3 
?,3125 ?,3125 1,4532 5,8128 3 
0,2812 ?,6562 0,343? 1,0311 1 
3,?343 ?,8125 0,1563 0,3126 ° 1,0156 8,9843 1,1?18 1,1?18 ° Y =222 n 

Theoretical Distribution N1 (21?,5, 28,0) 

Empirical mean value 222 
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TABLE 3 TABLA 4 

Spacing 
M 

1,8900 0,7300 0,7300 29,200C 39 
~ Tni °ni °ni 

y 7,4700 0,7700 0,0400 1,5600 27 n 
7,2700 0,8000 0,0300 1,1400 26 

10,8600 0,7800 0,7800 23,4000 29 0,8000 0,8000 0,0000 0,0000 12 
2,6600 0,8800 0,1000 2,9000 24 2,4800 0,8000 0,0000 0,0000 11 
0,8800 0,9900 0,1100 3,0800 25 2,7600 0,8000 0,0000 0,0000 10 
1,1700 1,0500 0,0600 1,6200 19 1,8400 0,8300 0,0300 1,0200 22 
2,3000 1,0700 0,0200 0,5200 14 1,6000 0,9900 0,1600 5,2800 31 
1,1800 1,0900 0,0200 0,5000 13 1,1700 1,0100 0,0200 0,6400 21 
1,1000 1,1000 0,0100 0,2400 6 1,0900 1,0100 0,0000 0,0000 9 
1,6400 1,1200 0,0200 0,4600 11 1,0700 1,0700 0,0600 1,8000 21 
1,7500 1,1400 0,0200 0,4400 10 2,1300 1,0700 0,0000 0,0000 8 
4,8900 1,1700 0,0300 0,6300 11 1,4000 1,0900 0,0200 0,5600 18 
0,7800 1,1800 0,0100 0,2000 3 0,8000 1,1000 0,0100 0,2700 11 
1,1400 1,3400 0,1600 3,0400 16 1,1900 1,1000 0,0000 0,0000 7 
1,3700 1,3700 0,0300 0,5400 9 1,1100 1,1000 0,0000 0,0000 6 
1,4200 1,3900 0,0200 0,3400 8 1,0100 1,1000 0,0000 0,0000 5 
1,3400 1,3900 0;0000 0,0000 0 1,0100 1,1100 0,0100 0,2300 7 
1,0500 1,4000 0,0100 0,1500 0 5,4700 1,1100 0,0000 0,0000 4 
1,0900 1,4200 0,0200 0,2800 3 1,2300 1,1300 0,0200 0,4200 9 
1,,3900 1,4400 0,0200 0,2600 3 1,1500 1,1500 0,0200 0,4000 8 
1,4000 1,6400 0,2000 0,2400 2 3,5300 1,1500 0,0000 0,0000 3 
1,3900 1,7200 0,0800 0,8800 3 0,7300 1,1700 0,0200 0,3600 6 
1,7700 1,7500 0,0300 0,3000 2 1,1700 1,1700 0,0000 0,0000 2 
1,8000 1,7700 0,0200 0,1800 0 1,1700 1,1700 0,0000 0,0000 1 
1,9400. 1,8000 0,0300 0,2400 0 1,1700 1,1700 0,0000 0,0000 ° 1,4400 1,9400 0,1400 0,9800 0 1,0700 1,1900 0,0200 0,2800 2 
1,7200 2,3000 0,3600 2,1600 2 1,1000 1,2300 0,0400 0,5200 3 
0,9900 2,6600 0,3600 1,8000 0 1,1000 1,4000 0,1700 2,0400 5 
1,1200 4,8900 2,2300 8,9200 3 3,5700 1,6000 0,2000 2,8000 5 
7,1000 7,1000 2,2100 6,6300 2 0,7700 1,8400 0,2400 2,4000 5 
1,0700 8,0700 0,9700 1,9400 0 0,8000 1,8900 0,0500 0,4500 2 
8,0700 10,8600 2,7900 2,7900 0 0,8300 2,1300 0,2400 1,9200 3 

Y -218 
1,1500 2,4800 0,3500 2,4500 3 

n 1,1000 2,7600 0,2800 1,6800 2 

Theoretical Oistribution N1 (217,5, ?8,.0) 
1,1000 3,5300 0,7700 3,8500 3 
0,8000 3,5700 0,0400 0,1600 0 

Empirical mean value 218 1,1100 5,4700 1,9000 5,7000 2 
0,9900 7,2700 1,8000 3,6000 1 
1,1300 7,4700 0,2000 0,2000 0 

Y =360 n 

Theoretical Distribution N1 (390, 42,9) 

Empirical mean value 360 
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