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ABSTRACT 

A method is presented for the calculation of a highly 
loaded two-stage link system by the introduction of de
formed full availability distributions. The degree of de
formation increases with the congestion. The method is 
also extended to a special type of a three-stage link 
system. Numerical results are given for some simple cases. 
The method seems well motivated whenever the congestion 
exceeds the 10 % level. 

1. INTRODUCTION 

The classical assumption of independent traffic distribu
tions in the stages of a link system does not hold good 
for calculation of the traffic carried and of the con
gestion in highly loaded link systems. Therefore, a theo
retical approach has been made using deformed traffic 
distributions, where the degree of deformation depends on 
how highly loaded the system is. 

The possibility of applying deformed traffic distribu
tions in the calculation of link systems was first touch
ed upon by Lundkvist (1948). The dependence between the 
stages in link system was also considered by Jacobaeus 
(1950) who at that time introduced the term deformed dis
tributions.The present approach builds upon earlier stu
dies by the author (1957) and (1961). 

A single-sided deformation of the traffic distributions 
in a link system was used by Wallstrom (1961) and (1966) 
in his calculation method for link systems with alterna
tive routing. Wallstrom's approach gives very accurate 
results when there exists final routes with low losses. 

When no final route with low congestion exists, double
sided deformation of the distributions in a two-stage 
link system must be introduced. For a link system with 
more than two stages, all stage distributions will be 
deformed if the system is totally overloaded. 

This paper presents a method to estimate the traffic con
ditions in a highly loaded link system by applying de
f9rmed distributions in all stages. 

The derivation is made for a two-stage link system but 
can be extended to a defined type of a three-stage link 
system. The precision of the calculation method can be 
further improved if the size of the link system is taken 
into account. 

When dealing with systems with very high congestion the 
relationship between offered and carried traffic becomes 
somewhat dubious. It will follow that the offered traffic 
would rather be considered as a calculation value than a 
measure of what really is offered to - or rather demanded 
by - the system. This is of course also the case for 
highly loaded link systems. It would therefore seem to 
be more rational to refer time and call congestion to the 
traffic carried than to the traffic offered. This would 
improve the possibilities of comparing real traffic 
observations with theoretical values derived from cal
culations or simulations. 
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2. CALCULATION OF THE CONGESTION IN HEAVILY LOADED 
LINK SYSTEMS 

Consider a simple two-stage link system with k link 
columns and v outlet columns. Assume that each outlet 
column is an outgoing route, and that each route is 
offered the same traffic. No low loss overflow routes 
exist. 
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Fig. 1. Two-stage link system 
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The system is offered a high inlet load, specified by 
(~, n, m), where« is the offered traffic per inlet de
vice in stage A when the source is free. The number of 
inlets per column in A is limited so the offered traffic 
should be of the Bernouilli/Engset type. However, since 
the congestion is high the build-up of such a distribu
tion will be hindered by the congestion, i.e. the traffic 
carried by the B-columns will be deformed. 

The state probabilities[ pJL for an arbitrary B-column 
will then be determined by~he relations 

(r+l ) \} ~ ~8 Cm -p)o( } 1- 'i:l ... ..,.~(pJ8 (1) 

o ~ r <. Hi" (m.,tm.) 

where Hc(m-p) is the probability that all m-p outlets in 
the called route corresponding to free B-links all are 
occupied, so that a call offered at state (P)B cannot be 
set up. 

Then l-HC(m-p) is of course the probability that a call 
can be set up at state (P)B' The values of Hj(m-p) de
pend on the distribution in the C-column, (q C. 

In the same way the st~te probabilities [qJk can be cal
culated from the relat10ns 

l<i-+I)C1-tI]C= F(~)'{I-H6("""1)1[~]c (2) 

O~c:}6()yl 
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Here F(A) is the traffic offered to the one-column route 
and l-HB(m-q) is the probability that there is at least 
one free link corresponding to the free outlets in the 
route. The significance of F(A) will be discussed below. 

In a link system the number of occupations are always the 
same in the B-stage and in the C-stage. Since it was 
assumed that all AB columns generate the same traffic to 
all outlet columns in C this can be used to obtain a re
lation between ( p.t and [ ql, viz 

,~ .. ) IM 

-k ~ p r~]S :% /1r 2, ~ ['l:lc 
p.~ '2~ 

or ,f211. :- 111-/-1 (3) __ 'IJ. c. 
The notation (n, m) for the upper summation value for p 
means that the summation is carried out for all possible 
values of p, i.e. 
from p 1 to p n if n: m 
from p = I to p = m if n et m 

It follows from (3) that the value of a( in (1) and the 
value of A in (2) are interrelated, otherwise (3) would 
not be true. 

For calculating(p~ and [qJk it now remains to define 
F(A), ~(m-p) and HC(m-q). 

2.1 TRAFFIC OFFERED TO THE ROUTE, F(A) 

The traffic offered to the route depends on the momentary 
number of free inlets, i.e. how many of the nk inlets 
that are free at the considered moment and want to call 
this particular route. If we assume that there are PI 
occupations in the first AB column, P2 in the second, •••• , 
Pk in k:th, the traffic offered to the considered outlet 
column would be 

(4) 

This call intensity appears with the prob.abilitv 

Cr" p&) p_,. 0 ••• ' p,1 (5) 

Assuming that the distributions rp~J in the AB columns 
are independent of each other the total number of occupa
tions (x) in the A stage could be calculated as 

for 

~2.JP~PJ" · [~J] 
~f., - >G 

<f1-/ 

(6) 

Next step would be to calculate the conditional probabi
lities, p(xlq) to obt~in an improved value for F(A) in 
(2) • 

This method would however not be fully correct since the 
rp~l will not be independent of each others since the 
AB-columns compete with each others to set up calls. 

Since (6) will lead to rather tedious numerical calcula
tions already for small k it has therefore been preferred 
to use 

F(A) A 

which means that for a given value of ~ the value for A 
has to be determined so that condition (3) is satisfied. 

The method outlined in (4), (5) and (6) would possibly 
lead to some improvement of the precision but will not 
be further considered in this paper. 

2.2 EXPRESSIONS FOR THE H-PROBABILITIES 

The expression HC(x) is the probability that all outlets 
in the considered C-column corresponding to the x free 
links in the considered B-column are all occupied. Here 
x was the number of free links in the considered B-column. 
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Analogeously ~(x) expresses the probability that all 
links in the considered B-column corresponding to x free 
outlets are all occupied. 

For the derivation of the probabilities ~(x) and Hc(x) 
it is generally assumed that all free dev1ces in a B- or 
C-column have the same probability of being seized, i.e. 
random occupation among pairs of free links and free out
lets. 

When k and v are limited it is however necessary to take 
into account whether an occupation of a B-link in the 
considered B-column goes to the considered outlet column 
or to another outlet column. Also to take into account 
whether an occupation of an outlet in the considered out
let column comes from the considered link column or not. 
This can be made in the following way. 
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Fig. 2. Detail of the link system shown in Fig. I 

Consider one B-column and one outlet column as shown in 
Fig. 2. Assume that there are p occupied links in B of 
which r are connected to this very C-column. Assume 
further that there are totally q occupations in the C
column (including the r ones). 

Evidently 

o ~ r ~ Min (p, q) 

A call from the B-column cannot be set up to this C
column if all m-p C-outlets, corresponding to the free 
outlets are occupied. 

Consequently, since r is included in q this happens when 

m-p-r ~ q ~ m 

The probability HC(m-p r) is then estimated as 

Mc (P-Il.) 
"\( ........ ,~ ) .. l ill. ':~: "e (7e) 

... t· .. __ ~1C (,- q ) 

~'l:: I. C,1 
l a /'t. 

The probability that r out of p occupations in a B-coluIDn 
goes to the considered outlet column can be expressed as 

(Bc) 

if all outlet columns are offered the same traffic. 

The probability that a call from the considered B-column 
cannot be set up to the considered C-column can now be 
expressed as 

" rt.Co..-r) =L P(ltlp)l-f(,(M.-pll.) (9c) 

JL::C 

The probability that a call can be set up is then 
I-HC(m-p). 
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For v -00) 't = 0, the variable r can only take the value 
r - 0 in (7c) and (Bc). This gives 

., 
Hl .... ..,.)· ~~.,I.). L (lOc) 

'i 2 t11i-r 
which is the expression normally used for link system 
calculations. 

For k = "'C) f we have 

(lOb) 

In (7b) and (lOb) the summation of p goes to th e smallest 
of n and m, which is expressed as (n, m) in the formulas. 

2.3 CONGESTION 

The time congestion is expressed as 

C·,..J 

F =G [~].' ~l""-F') 
,,=0 

and the call congestion as 

B:: 2: Cp].·Uc(-..-,}tfte...,)f)(. 

~ CpJ/J'{'tt -p)O( 

2.4 CALCULATIONS WITH STEPWISE IMPROVED PRECISION 

(lIE) 

(llb) 

The use of deformed distributions for both stages in the 
link system improves the accuracy of the calculations. 
A further improvement is achieved if the actual size of 
the link system is taken into account in the expressions 
for.HB and HC' The degree of accuracy will consequently 
be 1mproved as follows: 

Step Distributions Probabilities 

[p~ and [ql HB and HC 

I Normal full availability (lOb) and (lOc) 
2 Deformed (lab) and (lac) 
3 Deformed (9b) and (9c) 

Here F(A) = A is used for the traffic offered to the out
let column in C where A is chosen so that (3) is satis
fied. 

It is obvious that Step 3 gives a more visible improve
ment when k and v are small. 
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2.5 CONVERGENCE PROBLEMS 

In order to fulfil condition 

(3) 

it follows that F(A) = A in (2) must be adjusted so it 
agrees with a givene( f or thatO( must be adjusted to 
agree with a given A. 

If O(is considered as given, the correct value for A 
cannot be found from the beginning since [p 1. anc(qJ 
respectively depends through the H-pro~abili¥ies forCthe 
other one. The calculation of[p=L andl~ therefore 
becomes a trial and error process, where~3) eventually 
will be satisfied if successively improved values for A 
are introduced. 

For a fixed set of Cl( and A, the calculation of [p 1. and 
(qJb need to be repeated a few times before the v~ues 
are stabilized. If then (3) is not satisfied, A is adjust
ed and a new calculation for i p1 and [q 1. is started. 
The procedure is repeated until ~3) is s~isfied with 
desired numerical accuracy. 

The process seems generally to converge without any arti
ficial aids. Various methods of speeding up the conver
gence process have been tried but have not so far given 
any essential improvements. The convergence is however 
fast enough for normal computer calculations. 
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Fig. 3. Three-stage link system 

3. THREE-STAGE LINK SYSTEM 

mXI"./~ )_,"~_,) 'f 
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Consider the link system given in Fig. 3. The inlets in 
A can be connected to the outlets in D over the links in 
Band C. The number of inlets per column in A is n (~m) 
and there are m B-links in each B-column. The links in C 
are arranged in diagonal groups of m. The outlets in D 
are ' assumed to be arranged as a number of routes with m 
trunks each. Each column in the A-stage are assumed to 
offer the same traffic to each outlet group of m devices. 
In that way the links in Band C as well as the indivi
dual outlets in D will- all have the same load. 

Fig. 4 shows the links and outlets that can be used for 
setting up a call from a particular A-column to a parti
cular outlet group in D. The total number of occupations 
in the shown parts of the B, C and D stages are called p, 
q and r. Assume further that there are~occupations in 
the part of C that corresponds to the m-p free B-links, 
where 
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A call arriving at the state (p, q, r) cannot be set up 
if all outlets in D corresponding to the remaining m-p-,. 
free C-links are occupied. 

The probability that there are no free way to the outlet 
column in D when there are p occupations in B can now be 
written 

(12) 

(13) 

and ~(m-p-~) is calculated from a formula analogeous 
to (ltic) and (lOb). 

This derivation does not take into account the size of 
the link system, as was made by the variables k and v for 
the two stage link system. It is consequently assumed 
here that the link system has so many A-columns that the 
size can be neglected. It would however be possible to 
take into account the size of the link system by intro
ducing further variables defining how many of the occu
pations in B, C and D that are internal (as did the 
variable r for the two stage link system). 

This would of course further complicate the calculations, 
which already without this additional implication seem to 
be complicated enough. 

When HCD(m-P) is known the distribution for the B-links 
can now be calculated from 

(p+l>l:p+.]e" Ftf:l)·{ I - '1o( .... -p~rr"JS(m) 
where the call intensity F(A) may either be 

F(A) = (n-p)o( (14ba) 

for finite n, or 

F(A) = A (14bA) 

for infinite values of n. 

It follows that [p 1 depends on (q]c and r rJn as ~iven 
by (12). It is also obvious that bothr~ and [rJD de
pend on the other two distributions. Therefore (qJ:; and 
~r]D has to be calculated from 

where HBD(m-q) and HBC(m-r) are derived in the same way 
as given for HCD(m-PJ in (12) and (13). 

The call intensities in (14c) and (14d) are expressed as 

(m-q)~ and (m-r) ~ 

where ~ and y has to be numerically adjusted so that the 
traffic carried is the same in B, C and D, i.e. 

(15) 

The time congestion is calculated from 

E (16E) 
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and, if (14ba) is used, the call congestion from 

B= 
i(cr]8H,J~-')~~). 

~ 'rl " (4c-p) a( 

" 

(16B) 

This method takes into account that the traffic distribu
tion in each stage depends on the loading in the other 
stages. 

CALCULATION PROCEDURE 

The numerical calculation may start with setting HnD=O 
an~ ~C=O. Starting values ~an then be calculated ¥or 
[q~ and (rJb from which ~ and HCD can be calculated. 
This gives a first trial value for CP]B from which HB 
and ~D can be calculated which gives a new value for 
[qJb. This permits calc~lation of new values for HC 
giv1ng a new value for Lr]o' Now an improved vatue for 
~ and HCD can be used, wh1ch gives an improvedL P)B' 
and so on. The calculation is repeated until condit10n 
(15) is satisfied with desired numerical precision. 
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Fig. 4. Detail of three-stage link system shown in 
Fig. 3. There are p occupations in the B
column, q in the C-column and r in the D
column. 

4. NUMERICAL RESULTS 

In order to illustrate the improved precision arrived at 
in calculating the traffic capacity of highly loaded 
link systems by the methods presented in Chapters 2 and 
3 a few simple cases have been calculated. 

4.1 TWO-STAGE LINK SYSTEM 

Three calculation methods have been compared under the 
assumption 

(3) 

as described in Section 2.4. Therefore ~ means that 
the calculations are carried out for ordinary undeformed 
full availability di~tributions. Step 2 involves the use 
of deformed distributions arrived at by using (lOb) and 
(10c) for the calculation of (p]andlq] as given in (1) 
and (2). Here the size of the link system defined by the 
parameters k and v is not taken into account, which how
ever is made in~. This step uses namely (9b) and 
(9c) for the deternunation of [p] and (q] in (1) and (2). 

The numerical results follow from Table 1 where the nota
tions are as given in Fig. 1 and Fig. 2. This table also 
gives the calculated values for ~ - MC' A, E and B. 
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For one selected case the detailed state probabilities 
(p]and(q]and the probabilities ~(m-q) and Hc(m-p) are 
presented as calculated by the three methods, Step 1, 
2 and 3. 

A few cases have been simulated and the results of these 
simu1ations have also been included in Tables 1 and 2. 

It follows that the introduction of deformed distribu
tions means a real improvement as soon ~s Band E exceeds 
about 10 %. 

~. !wo-.. t.~ link system, eal£u1..a_ted values 

k - ., • 10 

- .' - ----.-
0( n m Step ~: MC A E B 

-
0,5 4 4 1 1.333 1.388 0.1199 0.0841 

2 l. 273 1.407 0951 0660 
3 1. 276 1.401 0885 0627 

SIM 1. 279 0.059 
: 0.05 + 0.006 

! ---- ----
0,5 8 4 1 2.417 3.078 0.5457 0.4990 

2 2.038 3.153 3536 3162 
3 2.055 3.142 3420 3061 

SIM 2.071 0.3034 
: 0.05 :!: 0.012 

~ _.- - --- -- --- - --
1,5 8 8 1 4.800 5.222 0.2950 0.2331 

2 4.479 5.565 1952 ] 521 
3 4.-'+99 5.506 1837 1433 

SIM 4.505 0.1343 
+ 0.12 + 0 . 008 

r--- . . - . -- - - .-- - - -.- -- ----- --1-- - - - - ------- - -- - ---
1,5 16 8 1 7.205 14.92 0.9272 0.9171 

2 6.047 15.86 6188 5')49 
3 6.099 15.80 6135 5892 

1-- - t---- - - --- --
1,0 12 12 1 6.000 6.074 0.0599 0.0482 

2 5.895 6.166 0438 0343 
3 5.905 6.141 0395 0313 

--- '-- ' ~- -- ---
2,0 12 12 1 8.000 8.599 0.2982 0.2457 

2 7.548 9.297 1881 1523 
3 7.580 9.191 1762 1424 

SUI 7.619 0.134 
+ 0.09 + 0_009 

---r--
1,0 20 12 1 9.447 11. 51 0.6243 0.5903 

2 8.261 12.16 3208 2962 
3 8.324 12.09 3117 2871 

srn 

2,0 20 12 1 11.00 20.49 0.9241 0.9136 
2 9.43 22.36 5781 5536 

---

SIM = Simulated values ~iven wjth 95 % confidence limits 
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Table 2. State prooabi1ities and H-probabi1ities 

et = 2.0 n" 12 m = 12 k = v = 10 

Step 1 Step 2 Step 3 SIM 

~aMc 8.000 7.548 7.580 7.619 

A 8.599 9.298 9.191 

d; 2.667 2.406 2.436 

(j~ 5.605 4.368 4.491 4.463 

E 0.2982 0.1880 0.1762 

B 0.2457 0.1522 0.1424 0.134 
.. ,- _ .. 

Step 1 Step 2 Step 3 Step 1 Step 2 Step 3 SIM 
[p] [p] [p] p/q (q] Jq] [q1 (qJ 
2-06 3-06 1-05 0 2-04 2-04 2-04 2-04 5-5 1-Q4 1-04 1 0.002 0.002 0.002 0.002 0.001 0.001 0.001 2 008 7 7 006 

003 005 005 3 022 22 22 020 015 022 022 4 047 49 50 050 048 068 066 5 080 90 90 084 111 147 145 6 115 136 134 131 191 229 226 7 141 170 167 172 238 250 249 8 151 180 177 179 212 181 184 9 145 159 158 157 127 079 083 10 124 112 114 114 046 017 019 11 097 057 062 064 008 001 001 12 070 017 019 020 

H(:(m-p}HC(m-p} He (m-p plq ~(m-q) ~(m-q) ~(m-q) SIM 
(calc. 

0.179 0.029 0.019 0 0.138 0.017 0.001 195 037 24 1 154 013 003 213 047 30 2 172 032 005 235 060 38 3 195 044 009 261 078 49 4 222 060 016 292 103 65 5 256 084 028 331 136 87 6 298 117 047 381 183 120 7 352 16-5 078 444 249 169 8 421 234 129 526 344 247 9 511 333 214 636 483 373 10 630 477 354 787 689 591 11 787 689 591 1.000 1.000 1.000 12 1.000 1.000 1.000 

Note 
The simulated values for(q] have all a standard 
deviati~n less than 0.007. 

from 
q ) 

0.020 
26 
33 
42 
55 
73 
99 

137 
193 
280 
416 
635 

1.000 
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4.2 THREE-STAGE LINK SYSTEM 

The three stage link system is defined in Fig. 3. 

The calculations are made for the assumption 

(15) 

The calculation method given in Chapter 3 is compared 
with the ordinary way of calculating a three stage link 
system of this type. This method is called ~ while 
the method given in Chapter 3 is called Step 2. 

The ordinary method of calculating the time and call con
gestion is in fact given by (16E) and (16B) respectively, 
where HCD(m-p) is formally given by (12) and (13). For 
calculat10n of l p'J ,H (m-p) and C,..I p 1 however now , 
ordinary undeformed furY availability distributions are 
used for r p J ' l q1 and [r1 . Here (p] may either be a 
Bernouilli distribution (n<:m), an Engset distribution 
(n~m) or an Erlang distribution (n =(1:J). For (qJ general
ly a Bernouilli distribution is used, defined by 

(17) 
m 

For the outlet group either a Bernouilli or an Erlang 
distribution may be used. The former case will be termed 
Step lB, the latter Step lE. 

The following formulas will be used for Step lB: 

E 

B 

MI 2, (p). (Co Ud)--P -- pall 

) .... -r 
~ CpJ·(C Ud • c. ... -,,)eC 

--
~ CI'J ~ - p) 0( 

CUd .. c +d -cd 

(18E) 

(laB) 

where [p1 is different for n~m and n = OO,and of course 
B = E in the latter case. 

B ::: 
~ CpJ'HeoC"""'p)"(fM-P)'" 

1.. C pJee'" - f)-c 

where (p ] is defined by n .and D is determined so that 

(19M) 

The calculations are carried out as given in Chapter 3. 
When n is finite (l4ba) will be used for the calculation 
of ( p ], while (l4bA) wi 1 i be used when n is infini te. 
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Tables 

Table 3 presents the cases calculated as well as result
ing values for ~ == MC = ~,A, E, B and~=¥as given 
by Step lB, Step lE and Step 2. 

Table 4 gives detailed results as regardsC(),[q]=[r], 
and some H-probabilities. 

It should however be observed that the Step 2 calcula
tions give identical values for Lql and (r J. Therefore 
only HB, ~, ~C and HCD are given in the table. 

It follows from Table 3 that the method described in 
Chapter 3 (Step 2) gives the same principal results as 
for the two-stage link system. For the same call inten
sity per inlet source Step 2 gives less traffic carried 
and lower congestion than is arrived at when ordinary 
full availability distributions are used in the calcu
lations. Even here it seems motivated to apply deformed 
distributions when the congestion exceeds 10 7.. 

~. Three-stage link system. 

Calculated values k = 16 m = 4 

IX n Step M ~=~ 

G.S 4 IB 1 • 3'33 
lE 1 . D3 
2 1.204 0.5 

1.0 4 1B 2 . 000 
lE 2.000 
2 1.t'l 28 1.0 

0.15 16 IB 1. 925 
lE 1.925 
2 1. 503 0.~22 

0.25 16 IB 2.598 
lE 2.5~8 

2 1. 839 1. 489 

C. 03 64 113 1.723 
lE 1. 723 
2 1.384 0.677 

0 . 06 64 IB 2.669 
lE 2.669 
2 1.858 1.547 

A n Step M ~ = ~ 
1. 48 ()O lB 1.411 

lE 1.411 
2 1. 202 0.506 

2.00 C)O 113 1.810 
lE 1.810 
2 1. 427 0.727 

2.61 c,o lB 2 .186 
lE 2.186 
2 1. 617 1.001 

3.76 QC) IB 2.681 
lE 2.681 
2 1.859 1. 551 

E B 

0.2':'52 0.1936 
0.2613 0 . 2123 
0.1 768 0.1391 

0.5862 0.5024 
0.5965 0.5173 
0.3750 0.3139 

0 .. 5575 0.4736 
0.5695 0.5537 
0.3212 0.3086 

0.8409 0.7708 
0.8441 0.8346 
0.4940 (1.4805 

0.4559 0.3779 
0.4705 0.4667 
0.2660 0 . 2632 

0.8627 0.7965 
0.8653 0.8634 
0.5049 0.5017 

E = B --

0.2986 
0.3148 
0.1877 

0.5010 
0.5147 
0.2866 

0.6836 
0.6920 
0.3805 

0.8661 
0.8687 
0.5057 
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4.3 GENERAL COMMENT 

The numerical results show that the use of deformed dis
tributions give less traffic carried (M) and less con
gestion (E and H) for the same offered traffic. It also 
follows that a deformed Erlang distribution and a de
formed Engset distribution becomes more similar to each 
others than the undeformed ones. They seem however not 
to converge into the same distribution. 

Another interesting result is that if the congestion E or 
H are plotted against the traffic carried, M, all methods 
used here seem to give about the same result. Or to ex
press it in an~ther way: Introduction of deformed distri
butions gives only a slight improvement in the precision 
of the description of the relationships: 

E = f(M) and H = f(M) 

Table 4. Three-stage link system. State probabilities 
and H-probabilities. 

0(. = 0.15 n = 16 m = 4 E = 0.8441 H = 0.8346 

St <:: p 1H Step lE Step 2 

_p-+-. ___ ._ [~ J------I--:=-(-:-:;:p J7:-"-t--;;-l-:-;-p J_ .. ~ 
o 0.1122 0.1122 0.1675 
1 2693 2693 3537 
2 3030 3029 3132 
3 :' 121 2120 1392 
4 J(:34 1034 ____ ..:.0;::2 __ 6_4 __ -1 

~._r_-t-_{-~l==- _~ '- --frT- ---. ~-:~=-2----t 
o 0.072 - 0.1225 
1 269 2660 3756 
2 374 2889 3588 
3 231 2091 1236 

_4..:.-._ ...... _0.054 1135 __ ~_ 

~--~--+--?-~::p) .-._- --.--?-~-::p) - -~~:~~~- - - -- -
0.111 0.166 0.041 

3 
4 

r 

o 
1 
2 
3 
4 

0.232 0.266 0.131 
0.481 ~ . .'.81 0.37t 
1~0 ______ __ _ ~--- __ __ .. ~~~?-----.-

H_B ~~~:.~ ______ . __ HB_(~:~ ___ _ . _____ Hp (.~I~:~ __ 
0.103 0.103 0.026 

156 156 0.061 
260 200 0.148 
481 481 0.376 

.000 1.000 1.000 

p __ ~~D_~m-p) _-+-_H~C~D~(~m-=-p_) __ +-_H~CD~(:-:m:-::;-:-p_)_--t 
o 0.285 0.317 0.120 
1 0.391 0.412 0.213 
2 0.534 0.544 0.365 
3 0.731 0.731 0.610 

l __ 4 __ t--' _ 0 __ 0_0 _____ --t...-.,---1-.-0-0_-0-:---- _ _ 1_._0_0_0 ___ -_-

_r_---4I---HRC.~ ~_-_r_) __ + __ H.B!!~C._( m._-_r._) ___ +-_H::..BC:<..-( m_-_r_) __ .., 
0.338 0.338 0.136 
0.426 0.426 0.225 
0.550 0.550 0.371 
0.731 0.731 0.610 
1.000 1.000 1.000 

o 
1 
2 
3 
4 

1--____ .-____ .......;'------..1--------
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5. CONCLUSIONS 

The study has shown that for a given traffic offered to 
a link system an improved mathematical description can 
be made if deformed full availability distributions arE 
used and that such a method is motivated when the 
congestion exceeds about 10 %. 

The use of deformed distributions requires however in
creased numerical calculation capacity, which however 
would not cause any problem for modern computers. 

The astonishing fact that the relation between the con
gestion and the traffic carried is rather insensitive 
to the calculation methods used here raises the question 
whether this relation would be preferred as soon as the 
con~estion is high. The obvious advantage is that both 
congestion and traffic carried are measurable quantities 
- meaning that theory and practice can be directly com
pared. 
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