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ABSTRACT 

An exact method was developed for the calcul
ation of full availability single stage trunk 
groups with delay type and loss type traffic 
supposing random input, expone~ally distribut
ed holding times, finite number of traffic 
sources and a limited queue length. For both
way trunk groups a closed relation may be given 
for the state probabilities if the average hol
ding times of delay type calls and loss type 
calls are equal, and in this case the effect of 
the engaged called subscriber may also be taken 
into account. For one-way trunk groups, and for 
both-way trunk groups with different average 
holding times, in the lack of a closed relation 
the state probabilities should be determined 
numerically from the relevant linear equation 
system. The values of the system characteris
tics as the function of the ratio of the aver
age holding times approximate a limiting value, 
and the ' extent of the changes is the biggest in 
the vicinity of equal average holding times. 
The effect of the engaged called subscriber is 
the increase of the traffic handling capacity 
of the system, supposing, that in the same time 
repeated call attempts ~re excluded. 
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INTROPUCTION 

Several telephone switching systems exist where 
the same trunk group may be used by queueing 
and non queueing subscribers. For example, in 
PABX-s extensions can be authorized to different 
categories and as a consequence one group of 
extensions can make outgoing calls with queueing 
while the other one can make them with losses, 
or e.g. in one of two telephone exchanges con
nected to each other by a both-way trunk group 
there is a possibility of waiting in case of 
conges tion while in the other one this possi
bility is not given, etc. 

The common characteristic of these systems is 
that the trunk group is loaded by traffic from 
two groups of sources authorized to different 
service, and furthermore a certain number of 
waiting places are assigned for queueing type 
calls. The average holding time of the conver
sations may be uniform throughout the whole 
system, but it may also be different according 
to the origin of the call. 

For the case of one-way trunk group, Poisson 
input, and exponential holding time COHEN inves
tigated the system [1] supposing an unlimited 
number of waiting places and full availability. 
The calculations of THIERER [2] are related 
with an identical system but with limited avail
ability trunk group. A limited number of sources 
was examined by CAPPETTI [3] with combined 
delay type and loss type traffic per source. . 
/One possible variation of the system inves
tigated by COHEN for a limited number of 
sources/ The different average holding times of 
the types of calls make the calculations 
complicated as it was already mentioned in [1]. 
The characteristics of the loss type calls are 
exactly calculated by PRATT [4] and supposing 
a Poisson input he gives asymptotic solutions 
for extreme holding time conditions. 

Both-way trunk groups were dealt with by HERZOG 
[5] and RUBAS [6] • A limited numter of traffic 
sources, and loss type traffic were supposed. 
The calls were supposed to have identical 
average holding time with exponential distribu
tion and the effect of the engaged condition of 
the called · party was also taken into account. 

In the following we shall deal with both-way 
trunk groups serving loss type and delay type 
calls, and the effect of different average 
holding times will be examined both for one-way 
and both-way trunk groups. On the basis of the 
results information may be received about the 
influence of the different holding times on the 
system characteristics. 

1. TRAFFIC MODEL 

The Nl and N2 limited numbers of traffic 
sources which originate the delay type calls 
and the loss type calls, respectively, offer a 
qO called pure chance traffic of type 2 /PCT2/. 
The average call rates of the free traffic 
sources are Oll and ·0(2' respectively, the 
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traffic sources are independent from each oth
er, and the free traffic sources originate 
calls randomly. According to this the free time 
of the individual traffic sources has a nega-
t ive exponent ial d istril::ut ion l/cx i with 
i = 1,2 average time duration. 

Both types of calls have an exponential holding 
time districution where the average holding 
time tmi = l/....u~ and i = 1,2, that is the 
average terminating rate is ~~. The holding 
times of the calls are independent from each 
other and from the condition of the ' system. 

2. EXAMINED SYSTEm 

The offered traffic is handled cy fully avail
acle n trunks. It is supposed that Nl > n 
and N2 > n. The trunks are randomly occupied 
cy the arriving calls. 

If all n trunks are occupied the arriving 
loss type call attempts are lost and they 
leave the system without aoy reaction. , The 
delay type calls can wait for a free trunk in 
case of congestion. There are altogether M 
waiting places in the system /M~ Nl/. If all 
the waiting places are occupied already, the 
delay type calls are also lost. They Will also 
leave the system without reacting to it, and 
their holding time is ~lso zero. 

The waiting calls are served in the order of 
their arrival /FCFS queueing discipline/. 

2.1. ONE-WAY TRUNKS /SYSTEMS lA AND lB/ 

The traffic sources Nl and N2 use the trunk 
group in the same direction Isee Fig. 1/. 

M 

9 00 0 0 9 
n 

Fig.l. One-way trunk group carrying delay-type 
and loss-type traffic 

The called party is located outside the system. 
The system is in state /j,k,m/ if j delay 
type calls and k loss type calls are handled 
at a time, and m numcer of delay type calls 
are waiting. In this state there are N~-/j+m/ 
free traffic sources in the first, and /N2-k/ 
in the second group. The des ignat ion of ,the 
system is lA if ~1 =.,.u~ , and lB if .,4t~ #:.;U2 • 

This is an other possicle variation of the 
proclem discussed cy OOHEN (1] for the case of 
POT2. 

2.2. BOTH-WAY TRUNKS /SYSTEMS 2A, 2B AND 20/ 

The traffic sources Nl and N2 use the trunk 
group in the opposite directIon /Fig. 2/. 
The two groups of the traffic sources set up 
conversations to each ~ther. The called party 
is located within the system, it should ce 
regarded cusy during the corversaion, and it 
does not originate calls. 

In state /j,k,m/ there are Nl-/j+k+m/ free 
traffic sources ln the first, and N2-/j+k/ in 
the second group. 

M 
bood 

(N1,0i..,jJJ • p 000009 .... ·----- (N2,0{,2,}J2) 
n 

Fig.2. Both-way trunk group carrying 'delay-type 
and loss-type traffic 

In coth-way trunk groups the unsuccessful calls 
caused cy the engaged condition of the called 
party may significantly influence the system. 
There are two possicilities if the called party 
is engaged: 

a. The call is connected up to the engaged called 
party in the ca lled exchange /awi tchcoard 
position/ 

c. The call is lost. 

In variant a. the effect of the engaged called 
party may ce disregarded, see [5] • However, the 
simplified calculation has an approximation 
character in this case, cecause until the re
lease of the called party there is a passive 
traffic source only on one side of the connec
tion as opposed to the above mentioned case. 

The calls forced to waiting join the queue 
independently from the con~ition of the called 
party. When their handling starts either the 
connect ion is established or ',one of the acove 
cases a. or b. is realized. 

The designation of the system is 2A for the case 
a. if ~. ="«2 , and 2B if )4. #)J.& ,and it 
is 20 for the case c. if ).44 =,.u.2, 

3. STATE SPACE, EQUATIONS OF STATE 

The common characteristic of the systems UDder 
examination is that the fate of the delay type 
calls and the loss type calls should ce followed 
individually • 

3.1. SYSTEMS lA, lB, 2A AND 2B 

The states and possicle transitions are showo as 
an example in Figure 3. The transitioD coeffi
cients are only marked io ' the Figure, they are 
shown in detail in Table 1. 

I 
I 

1~ I 

, (O,O,O)~(O,',O) =:(0,2.0) -=-5°,3.0) 
A!j t}l!!l,!JOOO II 11 //~ , 
. (1,O,O)'=:(1,1.0)~(1,2,O) -(0,3.1) 

I t J I /// I , A~~ I 
(2,0.0):=:(2,1;0) -(1,2,1) ~(O.3.2) 

,t /' /' , t 1 t P ... 

(3,O.O)~ (2,1.1) ---(1,2,2) 

l t 1 f 
(3,0,1) - ,(2. 1.2) 

l t 
(3,0,2) 

Fig.3. State space and transition coefficiects 
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A(1~ A(1) (1) (2) 
j,k,m j.i<, m jJj,k,m }J j,k, m 

1A 
[NrCj+m)] CC" (N~-k)«2 

jfJ k}J 
-
18 jjJ1 k}Jz. 

2A 
[N(Cj+k+m~cx, [Ni Cj+k)]oc2 

j,AJ k}J 
i-

28 jjJ1 kj-'2. 

Table I. Transition coefficients of Systems lA, 
lB, 2A and 2B. 

In the examined system only those states are 
possitle for which j:il 0, k~ 0, j+k~ n, 
o ~ m~ M, and further, if j+k < n then m = 0. 

The systems are examined in the state of 
statistical equilibrium. In this case the state 
protabiities are independent from the time. For 
stationary state probabilities the /forward/ 
Kolmogorov equation has the following form: 

L. q,(v,S) P(5) = L. q,(S,'\1) D(v) (10) 
v~s S~~ 

Where P/s/ is the stationary state probability 
of state /s/, and q/v,s/ is the transition 
coefficient belonging to the transition from 
state /s/ to state /v/. The above homogeneous 
linear equation system is. supported by the 

L. p(S) = 1 (1 b) 
5 

normalizing relation. 

In the following the stationary probability of 
the state /j,k,m/ is designated ty P/j,k,m/. 

According to Figure 3. equation system /l.a/ 
will take the following general form: 

a.) j+k~n 

{X;:k,O + Af.~,o + ,u(;~l<,o+~\~~,o} P(j,k,O) = 
=A(j~\k,OP(j-1,k,O) + ~ttt,O P{j,k-1,O) + 

+ ).\(~1,~O P(j+1,k,O) + 1~}~~i,O P(j,k +1,0) 
(2) 

with Aj,k,O=O) if j+k = n 
(2) 

b.) j+k=n) m~M 

{,A<j,'k,nJ + jU(j:k,m + .,.u~~,m } P{j,k,m) == 

= ~1~k,m.1P{i,k,m-1)+ ,.J1~klm+1 P(i.k,m+1) + 
+ (2) p( ) 

jU. j-1,'<+1,m+1 j-1,k+1,m+1 

. h '\ (i) 0 w,t .1\ ;,k,M-

The transition coefficients belonging to the 
impossible states are O. 

The closed ,form solution of the equation system 
/2/ is practically imposs1ble because of the 
change of the state transition characteristics 
along the line connecting states /j,k,O/, j+k=n. 
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However, the equation system may always be solved 
as the number of unknowns is limited. 

Practically useful closed relation may only be 
derived for the Systems 2A and 20 /see 3.2 and 
3.3/, because the state space may be simplified 
in these cases. For the determination of the 
state probabilities of systems lA, lB and 2B the 
method of successive overrelaxation may be used. 
The method has been used for the solution of 
state equation systems for a long time, for 
example [7) , its theory is well developed [8] • 

3.2. STATE PROBABILITIES OF SYSTEM 2A 

The state protabilities of system 2A may be 
expressed in closed form. In this case the state 
space of Figure 3. may be simplified, it is 
sufficient to take into account states /i,m/, 
i=j+k instead of states /j,k,m/. In this case: 

1~i,~n 

1 n-1 
P(n,m) = , IT{(Nt-S)~;+(Nl-S) ~2}. 

n. s-o r- ,-
1 m-1 

·nm TT(N1-n-v)~· P(O,O) ".0 r-

1~m~M 

p(oof= 1 + t D(i,O} + i: D(n,m) 
I . i.=1 P(O,O) m-1 Pto-O) 

3.3. STATE SPACE AND EQUATIONS OF STATE OF 
SYSTEM 20 

(3) 

The effect of the engaged condition of the 
called party is taken into account with the 
method employed in [5] and [6) • It is supposed 
that the arriving call may be directed with 
equal probability to the individual members of 
the opposite group, therefore, the probatility 
of arriving to an engaged called party is VN. , 
where s = 1 2 if i trunks are engaged. If free 
trunks exist the probability that the connection 
will be established in only (1-~/N$), and the 
probability that the call will be lost is i/Ns • 

If every trunk is engaged the delay type calls 
join the queue independently from the condition 
of the called party. The condition of the called 
party should be taken into account at the start 
of the call set-up process. Every waiting call 
has only a probability (1- (n-1Y .. ~of being estab-
lished. 2 

As a limiting case it could happen that every 
waiting call is directed to an engaged called 
party, and so the system changes from state 
/n,m/ directly to state /n-l,O/. The state space 
is shown in Figure 4. and the transition coeffi
cients are given in Table 11. 

The stationary state pro~acilities of System 20 
may be presented in the following form: 

P ( l,D) = K (l,D) D(n,M) 

P(n,m)= K(n,m)P(n.M) 

and further 
-1 n-1 M 

P(n,M) - L K (i.,O) + L K (n,m) 
i=O m-O 

(4) 
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The factors Kli,OI and K/n,m! are given by the 
following recursions: 

where 0 -' m ~ M-2 

1 r. M (".1) 
(5) 

- K(n-1,O)-'l- l(~nO+I'l}A)K(n,O)- L..un.v K(",,) 
",n-t,O' \lc1 

1 M ( ) K (n-2,O)- =\" [(~n-\o + (n-1)}')K(n-W) - Lu:n,K(n,m) 
A~O m-O 

K( l,O) - A~,O [(~ltt,O+(l+1),Al)K(i+\O)-(i+2»)LK(i+2,0) 

where O~L~ n-3 

In relations 151 the following equation was 
employed: 

Fig.4. State space and transition coefficients 
of the System 20. 

Allo (N1- i)(1-~)0!1 +(N2- i)(1- ~1)0{2 Ol: i f n-1 

An,m [N1 - (n+m)]~J ~ ~ Ol:m l:M-1 

fi,o i,.., O~i"n 
jJ(v-r 

nom n)J(~rr(1- 7;;) Of 1rt:m-1 

jJCml 
n,m -n}J( n-1)m 

N, 
"., (v) 

k}Jn,m n}wC 

Table II. Transition coefficients of System 20. 

ITC 7 341/4 

4. DETERMINATION OF THE SYSTEM PARAMETERS 

In the posession of the stationary state proba
bilities P/j,k,m/ the delay and loss character
istics of the individual systems may be deter
mined. These are the following: 

a. Delay type calls 

Ai - offered traff ic, 
81 - call congestion, 

P(>O)- probability of walting, 
twhm1- average waiting time of the 

served calls as the ratio of 
the average holding time, 

P(>t)- the Icomplementl distribution 
of the waiting time of the calls 
not lost. 

The waiting time distribution was determined in 
the case .,4.4.4 =..M2 only. For the case 

,A.L.#).l2 the waiting time distribution may be 
calculated b~ a "direct" method Icf. SEGAL [9] 
and STORMER [11)/. In the lack of the general 
equation for the convolution of exponential 
distributions with different parameters, this 
method was successfully employed up to the value 
M=4-5 only. 

The waiting time distribution may also be 
determined by the SYSKI method Iwhich was used 
and further developed by KtlHN [10) , and which 
was also used by SEGAL (9) If if the eigen 
values of the matrix belonging to the differen
tial equation system of the waiting process are 
determined. 

b. Loss type calls 

A2 - offered traffic, 
B2 - call congestion. 

The equations of the characteristic values are 
given in simplified forms. The detailed equation 
may also be reproduced by-the use of the addi
tional values given b.elow. 

As a common characteristic, 

Bfot - total call congestion 

was also calculated. 

4.1. ONE-WAY TRUNKS, SYSTEMS lA AND lB 

Ai == ~~ (N~-v..-Yw) (6) 

B - (N4-M)P(n,M) - y',M (7) 
,,- N1-Yi-Yw 

("\I>O\- Ni (P(n)- Pen,M» -{v"n-Y,,~)-(Yw-yw. ... ) (8) 
t"\: ,- N1-Yi -Yw 

.k -~ Yw (Q) 
tm1- (X1 (N4- y.-Yw) - (N1P(n,M)- Y.,M -YW,M) 

f'- fo(Nr'j-m)D(j,n-j,m)( 1+t +." ~) eT Pt>t) Tea m. "I. (10) 
(N.-V. -Yw) -(N.P(n,M)-~,M- Y~M) 

onk;t if )At·)loa = p.., 't = n.,u t 

A2 .. ~ (Na- 'Yi) (H) 

B _ (Na- n) PCn) + 'y4.n 
2 N2-Ya 

• 
• 

• 
• 
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(fa) 

In the equations/3/-/l3/ the following designa
tions were used. 

The sums of state probabilities: 

n M 
P(n)==L L P(j,n-j,m) 

j-a m-O 

n 
p(nIM) == L P (j1n-j, M) 

j=O 

The served delay type and loss type traffic: 

n ~ ., M 

~ == ~ ~ j P(;,i-j,O) + ~ L j D(j,o-j,m) 
,,-0 ,-a )-0 ma:1 

n ~ n M 
~ = ~ ~(i-nD{j,i-j,O) + ~L.(n-j) P(j,n-j,m) 

,,=0 J-O J=O m=1 

The served delay type and loss type traffic, 
when all trunks are engaged: 

n M 

~n=?= L j P(j,n-),m) 
JaO m-o 
n M 

~,n= ~ L (n-j) PO,n-j,m) 
J=O m.O 

The served delay type traffic, if n=M: 

Total waiting traffic, and the waiting traffic 
if n=M: 

n M 

Yw- =L L m P(j,n-),Nl) 
j:O rn.1 

'(,1"" = M D(n,M) 
4.2. BOTH-WAY TRUNKS, SYSTEMS 2A AND 2B 

(14) 

(15) 

(16) 

(17) 

(18) 

only if ,u = ,.u. .. =)41. , r = n)4t, with state 
probabilities being valid for the simpler 
system 2A. 
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A2 -~(N2-Y) ( 19) 

B Na- n 
2 == Na-Y P(n) (20) 

B - A1Bt+AaBa 
tot- A .. +A2 

(21) 

The designations are the same as in Point 4.1. 
and further Y = Yl+Y2 designates the total 
served traffic. 

4.3. BOTH-WAY TRUNKS, SYSTEM 2C 

The characteristic value for the estimation of 
the traffic handling capacity of the system is 
- as before - the call congestion caused by the 
engaged condition of all trunks or that of all 
waiting places. The call congestion caused by 
the engaged condition of the called party influ
ences the handled and waiting traffics, and it 
effects the other characteristics through these. 

Because of this the offered traffics /AltA2/' 
the call congestions /Bl,B2/, the probab llty of 
wa it ing /P> 0/, and the tota 1 ca 11 congest ion 
/Btot/ may be calculated by equations /14/, 
/19/, /15/, /20/, /16/, and /21/, respectively. 

As, - according to our suppositions - to join 
the queue 1's independent of the condition of 
the called party, the waiting call will know 
the condition of the called ' subscriber only at 
the start of the call set-up. Therefore, the 
characteristics of every waiting call are the 
same. Equat ion /17/ is further valid for the 
relative average waiting time. 

The distribution of the waiting t'ime is influ
enced by the lost calls caused by the engaged 
condition of the called party. The call arriv
ing in state /n1m/ will wait until the release 
of the first cal~. From the n calls before it, 
s may be lost because of the engaged condition 
of the called subscriber. In this case the call 
should wait only for the release of m-s calls 
instead of m calls. For the waiting calls the 
probability of directing a call to an engaged 
party is(n··YNa. Taking into account the possible 
variations , the probability of the loss of s 
waiting calls is: 

According to the above the distribution of the 
waiting time is the following: 

M-1 
R>t) =L (N1-n-m)P(n.m). 

m:0 r- m\ln:!)'( tl::!ra-'( Till") -T (22) • @(sI\NJ1- N,} , 1+t'+ ... +(ift-i)f e 
(N1-Y-Yw ) -(N1-n- M)P(n.M) 

The designations are the same as before. 

5. RESULTS 

5.1. THE EFFECT OF THE HOLDING TIME DIFFERENCE 
ON THE SYSTEM CHARACTERISTICS 

If the holding times of the delay type calls 
and loss type calls are different the system 
characteristics change as compared to those 1n 
case of equivalent holding times coth in Systems 
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lB snd 2B. The change of the chsrscteristics may 
ce derived from the chsnge of the state procaci
lities. A simple example is given in Figure 5. 
/The charscter of the different holding times is 
identical for systems lB snd 2B. In the follow
ing we present the system ' /n=2, M=2, Nl=N2=15 
2B/ as sn example./ ' 

(0,0,0) .---......;::"'f":;;:::-"'<::::-.---~--~-~ 

(1, 0, O)r------tr--~~~""r__~--.l 

(2,0,0) 

(2,0,1 ) 

(2,0,2) r---+---+---+----:=-.J-4~---L.J 

(0,1, 0) ~~~==---+----+------4-----l 

(1. 1. 0)r--~t--'}--~--+---4-----J 

(1. 1. 2) k-. -~----+~--+-------+-----l 
'. 

(0,2, O)~-+---+-'------+-------I-----J 
'/ 

(O,2,1)tt---+---+---+---l-----l 
i 

(O,2,2)"-'~ _--'-_-----1 __ ...l...--_-L-_---1 

005 0,10 0,15 0,20 0,25 
-- PCj,k,m) 

Fig.5. State procal::il1ties asa function of 
t ml/tm2. 

The parameter for the curves is the holding 
time rstio t ml/tm2. On the l::asis of Figure 6. 
showing the change of the two characteristics 
it may ce seen, that the curves with parameters 
50 and 0,02 may ce regarded as asymptotic limit
ing values. 

p(>o) 
Q6 o~ 

O,~ / 0 .., 
/ 

PhO) 
0,56 

4 

0.5 2 

0 

0,4 8 

-~ 

-------- ~I 

0,4 6 

// 

/~---7---

~ J a: 

I \ 
~ 

" t------
~~ 

0,26 

0.25 

q24 

0.23 

0.22 

0,2. 

0,20 

50 10 5 2 1 0,5 0.'2 0,1 Q02 

Fig.6. The dependence of Bl and PI I from 
t ml/tm2 

I 

On the horizontal axis of Figure 6. such a 
scale was employed which emphasizes the symmet
rical character of the results. The change of 
the characteristics is very definitive in the 
range lo~ tml/tm2~ 0.1, out of this range the 
curves horizontally approximate the limiting 
value. The character of the curves is identical 
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for every characteristic value. The curves are 
less steep on the right hand side. The position 
of the point belonging to the value tml/tm2=l 
is shifted downwards cetween the two limiting 
values ' especially in case of small EL, and small 
tw/tml· 

To demonstrate the extent of the changes the twc 
limiting values together with the value celong
ing to tml = tm2 are given in Tal::les ' III, IV, 
and V. 

tml/tm2 Bl B2 Btot P/>O/ t./tm1 

50 0,203 0,811 0,405 0,598 0,440 

1 0,232 0,782 , 0,416 0,536 0,520 

0,02 0,273 0,750 0,432 0,459 0,597 

Tacle Ill. Extreme values of system characteris
tics, Al=2 erl, A2=1 erl 

tml/tm2 Bl B2 Btot P/>O / tw"tm1 

50 0,00278 0,155 0,0536 0,151 ~0499 

1 0,00499 0,156 0,0554 0,149 o,c676 

0,02 0,01780 0,158 0,0648 0,136 0,1715 

Tacle IV. Extreme values of system characteris
tics, Al=0,5 erl, A2=O,25 erl 

tml/tm2 Bl B2 Btot P/>O / tw/tml 

50 0,000403 0,0535 0,0137 0,0528 0,0183 

1 0,000651 0,0538 0,0139 0,0525 0,0291 

0,02 0,003000 0,0550 0,0160 0,0509 0,0576 

Tecle V. Extreme values of system characteris
tics, Al=0,3 erl, A2=0,1 erl 

If Bl is little B2 increases with the decrease 
of t ml/tm2 as it was determined by PRATT for the 
unlimrtea-queue l41 , If Bl in not negllg1cle 
the decrease of tml/tm2 results in the increase 
of Bl and the decrease of B2. The extent of the 
change of the characteristic values is different 
as compared to the case tml/tm2=l, the changes 
of Bl and tw/tml are the l::iggest. 

5.2. THE EFFECT OF THE Nill!ffiER OF WAITING PIACES 

In the examined systems Bl and Btot decrease, 
B2, /p> 0/ alnd tw/tml increase with the increase 
of M. The values of all characteristics gradu
ally approximate the value being valid for the 
unlimited queue. In Figures 7. and 8. the 
results are shown for the system /n=10, 
Nl=N2=l5, 2A/. 

5.3. THE EFFECT OF THE ENGAGED SUBSCRIBERS 

For equal offered traffic the handled traffic 
is less in system 2C than in s;ystem 2A. Name l;y, 

• 
• 

• 
• 



• 
• 

• 
• 

2 

10.3 

5 

/ 
V 

~;1 
V V 

v / ) 

/ ' f / 
7 / v 

/ 

/ Mj } 

/ v / 
11 / ~V 

I 
I / 

1 234 5 
-Ai 

Fig.? Call congestion of delay-type calls as a 
funotion of Al and M. 

10.1 

5 

B2 t 2 

10.2 

5 

2 

10-3 

5 

2 

10-4 

J 
31~f'-.. 

"-~ 
~ V 

1"\ 

;} V" "1 
~M·O 

~ V 

I 
if 

1 234 5 
---Ai 

Fig.B. Call oongestion of loss-type calls as a 
function of Al and M. 

the calls direoted to engaged sucscricers are 
lost and they leave the system. The congestion 
values oaused cy the occupation of all trunks, 
and the characteristic values of waiting are 
also more favouracle as it can ce seen in 
Figures 9. and 10. /n=lo, Nl=N2=5o, M=5, 2A and 
2C/. 

6. CONCLUSIONS 

An exact method was developed for the calcula
tion of full availacility single stage trunk 
groups with delay type and loss type traffic 
supposing random input, exponentia1J.y distriCuted 
holding times, finite numcer of traffio sources 
and limited queue length. For both-way trunk 
groups a closed relation may be given for the 
state procacilities if the average holding 
times of delay type calls and loss type calls 
are equal and in this case the effeot of the 
engaged called sucscricer may also be taken 
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into aooount. For one-way trunk groups, and for 
both-way trunk groups with different average 
holding times, in the laok of a olosed relation 
the state probabilities should ce determined 
directly from the relevant linear equation sys
tem. For solving the equation system the method 
of successive overrelaxation was employed which 
- by the use of computers - has good effect iv
ness in case of cig systems too. 
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Flg.9. Call congestion of loss-type calls in the 
Systems 2A and 2C. 
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Fig.lo. The distribution of the waiting time in 
the Systems 2A and 2C, Al=9 erl, 
A2=3 erl. 

The examinations revealed that the different 
average holding times for the two types of calls 
influence the call congestion and relative 
average waiting time of the delay type oalls 
mainly, first of all in case of little losses. 
At the same time the call congestion of the 
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loss type calls changes relatively slightly. 
The values of the system characteristics as the 
function of the ratio of the average holding 
times approximate a limiting value and the 
extent of the changes is the biggest in the 
vicinity of equal average holding times. There 
are further studies required in connection with 
the distribution of the waiting time. 

Because of the lost calls caused by the engaged 
condition of the called subscribers the handled 
traffic decreases in the examined both-way 
trunk group. Seemingly, this results in the 
increase of the traffic handling capacity of 
the system as compared to the system making 
possible the waiting for the called subscriber. 
However, because of the bigger ratio of the 
lost calls it could be a question whether we 
have a real picture of the system if at the 
same time we disregard the effect of the repeat
ed call attempts. 
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