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ABSTRACT

In this papar, losz probabilities of switching
systems with full access groups for internal and
external traffic and with two types of traffic
gources are investigated.

The calculations are carried out for two traffic

models. In model No. 1, call attempts directed
to busy subscribers are interpreted as usual
calls, whereas in model No. 2 these call at-
tempts to buay subscribers are neglected.

For the loss probabilities according to model
No, 1 an exact, numarical solution is presented,
whorean for model No. 2 an exact, expliclt for-
mula is derived. Besldes these eoxact caloula=
tions, approximatlion methods are presented for

poth models. It is shown that the results accords

ing to these approximate calculations are in |
good accordance with the exact values. Results
are presented by means of examples and diagrams.

1. INTRODUCTION

In the calculation of loss probabilities in com=
munication networks, the offered random traffic
can in many cases be regarded to be of Poisson
type. This can e.g. be seen from the well-known
measurements by Hayward and Wilkinson [1]. In
various calculation methods for small switching
systems, the finite number of traffic sources is
taken into account. Usually these methods hold
true for systems in which all traffic sources
(subscribers) have the same calling rate.

In special cases, the traffic gsources of a
switching system may have different calling
rates. Calculation methods for such systems with
sources of different calling rates are also ex=-
isting [2,3]. In these methods [2,3], however,
internal traffic (i.e. traffic between sources
of the considered switching system) can not be
taken into account.

This paper deals with the calculation of loss
probabilities in switching systems with full
access groups for internal and external traffic
and with two different types of traffic sources.
The calculations have been carried out for two
different traffic models. In model No. 1, call
attempts directed to busy subscribers are inter-
preted as usual calls, whereas in model No. 2
these call attempts directed to busy subscribers
are neglected.

Section 2 deals with the structure of the
switching system investigated here. In section
3 the two considered traffic models are ex-
plained. For model No. 1 an exact, numerical
solution is presented in section 4, whereas for
model No. 2 an exact, explicit formula is de-
rived in section 5. Furthermore, approximation
formulae are derived in section 6. The results
according to these approximation formulae are
in good agreement with exact values. Finally the
results for various examples are compared with
the aid of diagrams in section 7.
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call in this case occupies one trunk, whe:

2. SYSTEM CONFIGURATION

In many switching networks or parts of awitohing
networks, as e.¢. in concentrators and in cer-
taln stages of link systems, internal and exter—
nal traffic are switched via the same group of
trunks {(or links, respectively). An externa

an internal call occupies two trunks. For such
systens &everal calculation methods are known
[4 - 9].

In some cases, switching systems with internal

and external traffic may have a different struc-
ture, as is indicuted in fig. 1. In such a ays-

internal ﬁunctors
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Fig. 1: Switching system with internal and y
external traffic and with two types of
sources (schematically):

q,, sources with higher calling rates
q, sources with lower calling rates

tem, external calls are switched via external
trunks whereas internal calls are switched via
internal junctors (as indicated in fig. 1). In
this case an internal call occupies two paths
through the switching network but only one inter-
nal junctor,

~ This paper deals with the calculation of full

access switching networks with a structure as
indicated in fig. 1 and with two types of
sources. It is assumed that there are ¢ sources
with higher calling rates ay and ¢. sou¥ces with
lower calling rates o The total “number of
sources gy + g is dekoted by q:

T 9, =9 . (13
For reasons of simplicity, sources with higher
calling rates will henceforth be denocted as H-

sources, and sources with lower calling rates
as L-sources.

3. TRAFFIC MODELS

In this paper two traffic models are considered.
These models are based on different assumptions
concerning call attempts which are directed to
busy subscribers. Usually, the mean holding time
of the ,calls directed to busy subscriber will be
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rather small as compared with the mean holding
time of calls directed to idle sources. In prine
ciple, this fact could be regarded explicitly in
the loss calculations. In order to reduce the

amount of numerical computations required, only

two special (limiting) cases are considered in
this paper:

Mode)l No. 1 is based on the assumption that the
mean holding time of call attempts directed to
busy subscribers equals the mean holding time of
calls directed to idle subscribers. {(I.e., call
attempts directed to busy subscribers are con=
sidered as "“usual calls".)

Mode) No, 2 is based on the assumption that call
attempts directed to busy subscribers are rather
short and can therefore be neglected. (I.e.,
these call attempts are supposed to have zeroc
holding times.) This assumption is, however,
only applied to call attempts which are directed
to subscribers belonging to the considered
switching system (i.e. to internal calls and in-
coming external calls directed to busy sources).

The accuracy of these two models in describing
the traffic in real switching systems depends,
e.g., on the type of the considered switching
system, and especially on details of the proce-
dures applied in switching a call. In most
cases, however, it can be expected that model
No. 2 is more realistic than model No. 1.

F

4. . 55 PROBABILITIES ACCORDING TO MODEL NO. 1

4.1. SWITCHING SYSTEMS WITH TWO TYPES
OF TRAFFIC SOURCES (GENERAL CASE)

This section deals with the calculation of loss
probabilities in switching systems as shown in
fig. 1 according to model No. 1 (i.e., call
attempts directed to busy sources are considered
as usual calls). The number of internal junctors
be denoted by n, and the number of external
trunks by n_. The holding times are assumed to
be negativeeexponentially distributed with the
mean holding time h.

The calling rates of the H-sources are defined
as follows: :

%4 4K for calls to H-sources,
Y HL for calls to L-sources,
Ay for outgoing external calls.

The (total) internal calling rate Ay of
H-sources is obtained as:

%H = %ime * “iHL" (2)

The calling rates of the L-sources are definad
in/ @ following way:

SiLL for calls to L-sources,
ayTH for calls to H~sources,

for outgoing external calls.

The internal calling rate ayq of L=sources is

O = %rn * % 3
The products of these calling rates with the
mean holding time h are denoted by corxesponding
8 values:

giHH - ainH:;’ geH - 2eH:2'
iHL T Y4nn’l fel o Celn (4
£ "o <hy, By = a/hy
ALL o GLLLTp A Dl
so " S in " Yt

The offered incoming external traffic ia assumed
to be of Poisson type. The incomming external
traffic offered to the H-sources be denoted by

A and the incoming external traffic offered
tSC%Re L-sources by A . For the total offered
incoming external tra?f&g Aeco holds

A = A + Aec

eco = PecHo Lo * (5)
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The momentary number of external calls to or
from H-sources be denoted by x .., and the number
of internal calls amony H»gourcés by Ky Ana=
logously, the number of external calls to or
from L-sources be denoted by x_,, and the number
of internal calls among the L»ﬁgurces by Ry
The number of internal calls between two ’
different sources ("intermediate"” or "mixed"”
calls) be named Aim* The probability for a

{x X X * % .} be denoted by
state 1xgyr Xypr XM Xen’ ¥ew

p(xiH, Xipr Xime Xan’ xéL)‘ Accordingly, pi(xi)

denotes the probability that x, internal junc=-
tors are busy and p_(xe) the p%obability that
£ external trunks 4re busy.

For the number Zy of idle H-sources and the num-
ber z. of i1dle L®sources, the following equa-

tion Rold true:
(6)

(N

Zy = Ay T 2Xyy T Xy T e’

Zp = dp 72Xy T Xy T Xep:

With equations (6) and (7), the following egqua-
tions of state are obtained

POXyyr Xypr Xyyr Xoyr Xor) e

Dty Xy gt R e e cno Pecro

(Bt B i Ben) * 2t By tBintBer) 2L
= PO e Xype Xy Koge Xop) o (g+1)

PO e Xyp ¥l Xy Xopr Xop) (X 41)

PRy e Xype Xyptle Xoge Kop) o (Xt

POty ye Xype Xyyr Xggtle Xop) e (Kgy*1) (8a)
+P(Xyyr Xypr Xyye Xepe Xgpt1) (X +1)
P (Xg=Ts Xype Xyye Xopr Xop)®Bygy o (2+2)
(kg Xyp=r Xyys Xgpe Xgp)eBypp (2 +2)
P (Rygr Xype Xyymhe Xope XoplByyp (2+1)

+Bypy (21

P (Xyye Kypr Xy Xey=Te Xop MBoy (2% 1) 48, 0]
P (Xyyr Ryps Xyyo Xege Xop 1VIBo(z #1048, o10)

with
xiHEO, xiLZO’ xiMzo,
erzO, xeLzo,

gt nt My Xert¥er e -
such an equation is obtained for each of the
states (X, 0 X 10 Xiyo Xy xeL}‘ It can be
shown that the system (8a) consists of

(n,+1) ¢ (n,+2) ¢ (n,+3) «(n_+1) «(n_+2)/12 equations.
Fo% margiﬁal vallies (e.§. for g {=O), individual
terms of equation (8a) may be v&%ishing. In
switching systems with qH<2ni+ne or qL<2ni+ne,
all state probabilities with 2x,.+x +X 1”9y or
2x1L4x1M+xeL>qL, respectively, ile 48y

o
Ce

Furthermore, with the abbrxeviation
\ e
P = p(x.iH' xiL' xiMI err XeL) (8b)

the normalizing condition

Ny R TRy My TXgpTXig Pe Pe™¥en
) ) ) ) P op'=
X =0 X0 xyy=0 Xon™0 X0

(8c)
i obtained (i.e. the sum of all probabilities
p'equals zero).

For the numerical solution of the set of equa-
tions (8a,c) the so-called method of successive
overrelaxation (SOR) is suitable [11]. When the
state probabilities p' have been calculated, the
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probabilities p (x,) and p (xe) can be obtained EXAMPLE NO. 1

by summations, }es ectivel?a .
n n -x' % X =% . As an example, a switching system with newﬁ ex=-
e e “eH i i TiH ternal trunks, n,=5 internal junctors, qlw15
(x,) = z . p" (9a) H=gources (with ﬁigher calling rates) and g, =25
Pyt X' =0 x_.=0 X..m0 x .=0 L-sources (with lower calling rates) be cons¥a-
el el iH iL ered., For the calling rates and for the offered
with external traffic values the following values
have been chosen:
" - -
p" = p(xiﬂe Ripe Xy=Xgpu=Xopr X XGL) (9b) gy = 0.2/h, 4L = 0.05/h ,
and ) - e
Ny Bty PTGt Xg S = O2/h “p T 00N
e} = 0,138272 /h, ] e 0.014286 /h,
b (x) =) y ) 5™ (10a) 1HH f iLL 14 /
e e o [+ = 0,061728 /h, 51 = 0,035714 v
xiH xiL-o xiM*O xQHﬁO iHL 1LH
where By = 0705882 Erlangs,
" -
PY = POXype Xype Xyye Xgge X "Xgp). (10b) Agopo = 0.294118 Erlangs,
For the traffic Y 6 carried by the internal junc- Ao =1 Erlang.
tors (i.e. the avérage number of busy internal
junctors) holds (As these a values are referred to a time inter=-
a val which is equal to the mean holding time h,
i . ‘ the results according to this example are valid
Y, = ) xi'Pi(xi)- (11) for arbitrary mean holding times h.)
X, =0 : '
i

In this example, a set of 1176 equations has to
Analogously, the traffic Ye carried by the exter=- be solved in the calculation of the state pro-

nal trunks is babilities p(xiH, Xypr Xypr Xogo xeL)' From

ng these probabilities one obtains the offered traf-
v, = ) xe'pe(xe)‘ (12) fic values
xe=0 A, = 2.959 Erlangs, A, = 3.959 Erlangs
The tékal carried traffic ¥ (i.e. the average and the loss probabilities
number of calls in progress) is obtained as Bi = 0.0795 , Be = 0,1866
Y = Yi + Ye . (13)

The offered internal traffic be denoted by A, " 4.2. SWITCHING SYSTEMS WITH ONE TYPE

?Edhgggsoffered outgoing external traffic by Aegf, OF TRAFFIC SOURCES (SPECIAL CASE)
i
A, = JUL(B, B, o )eg + (B, +B Yoz ]-p' (14) This section deals with the calculation of loss
i iHH TiHL H iLL TiLH L probabilities according to model No. 1 in the
and / special case that all sources have the same
= s . . Lot calling rates a, ,=a, .=« and a _=a__=a ., re=
Agg D' By 2y*Bay, 2r) P {15) spectively. 17 YL e %en 6L
The summations ]' in the equations (14) and {(15) With
comprise all combinations of the values iy Xg = Xyp ¥ Xy T Xim (22)
X100 ¥im ¥en and Ko, a8 in the multiple and X, = X+ Ko (23)
summation in eguation (8c¢). For the total N N ¢
offered incoming external traffic A o holds the equations (8a) can be simplified to the
A = A + A ec (16) following equations of state for the probabili-
ecO ecHO ecLo | ties p(xi’ xg) :

according to eguation (5).
The total offered external traffic A_ (incoming
and outgoing) is obtained as €

P(xy, xe).@i+xe+(ai+ae)-h%q~2xi-xe)*Aeco]
=(xi+1)~p(xi+1, xe)

Ae = Aeg * Aeco. (17) + (xe+1)'p(xi, xe+1)
For the total offered traffic A (internal plus M 0‘i'h‘(“T.ZX-'L"X‘3+2)'p(xi“"' xe) (24a)
external offered traffic) one obtains 4-&e'h-(q"2xi-xe+1) +AecO]'p(xi' xe’1),
A=a +a . ‘ . (18) O s %, s ng,
The loss probability for internal calls (i.e. ' 0 s x, sn,.

the probability that an arbitrary internal call
can not be switched) be denoted by B,. This loss

probability for internal calls is dé&fined as The system (24a) consists of only (n +1).(n +1) *

equations in this case. The normalizing\co b

A, - Y ’
g o MY (19) dition (8¢) can be reduced to
i A, ‘ n, ng
Analogously, the definition of the loss probabi=~ ) ) plxg, x.) =1 (24b)
lity B, for external calls is x,=0 x_=0
A - Y
- e e , For the probabilities p, (x.,) and p_ (x_) one ob=
Be Ae (20) tains n 1 e *
Finally, the total loss probability B (i.e. the ¢ (25)
probability that an arbitrary internal or exter= pi(xi) BXXEO pOxy, Xe) s \
nal call can not be switched) is defined as
A-Y n
B = M . (21) i .
A ~ Polxg) = [ plxy, x). (263
Now all characteristic values of interest are X, =0

k . :
nown , In this special case, the offered internal traf=-
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fic A, and the offered outgoing external traffic
A___ cdn easily be determined according te the
£88mu lae
Ai o= ai‘(q - Ye - 2Y1)-h, (27)

Bog 7 Gt (@ ™ ¥
The (total) offered external traffic A , the to=
tal offered traffic A, the carried traffic val-
ues Y., Y_ and Y and the loss probabilities B,,
B_ and B®can now be calculated from the equa=
tSons (17),(18),(11),(12),(13),(19),(20) and
(21), respectively.

ZYi)'h. (28)

5. LOSS PROBABILITIES ACCORDING TO MODEL NO. 2

5.1. SWITCHING SYSTEMS WITH TWO TYPES OF TRAFFIC
SOURCES (GENERAL CASE)

The loss probabilities according to model No. 2
can be calculated in analogy to section 4.1. It
must, however, be regarded that in model No. 2
internal calls and incoming external calls are
taken into account only if the called subscriber
is idle. I.e., the probabilities that an
H-source (or L-source) is idle when called via
an external trunk (or by an H-source or L-source,
respectively) must be taken into account in this
case. Then the following equations of state
(corresponding to the equations (8a) in case of
model No. 1) are obtained:

Qypr Xype Xyye Xoyr Xop)
R TP AL TR ST U
B gy 2y (Fm D Q4B 2y 2 /9y
*Bypy, 2p(em /(@D *B e 2yt 2y /Ay

+8 ..z +A 'zL+A

et ZntPecho Zn/ W Per, ecro’ 21/ 9]

=Ry the Xype Xyyr Xoys ¥gp) e (xg+1)

P OX e Xy le Xyye Xoge Xop) e (kg 41)

+p(xiH, Xipe xiM+1, XoH' xeL)'(xiM+1) (29)

P (Xype Xype Xgye Xoptle X p) e (Xp+t)

(X Xype Xyye Xgyr Xgptl) e (g *1)

AR T Xype Xy Xogr Xgp)e
-BiHH'(2H+2%(2H+1)/(qa“1)

PO XypmTe Xy Xoye Xop)e

By pp (g +2) (2 +1) /(g =1)
P(Xy e Xipe XyyThe Xgge Xep)'
By (2t (2 41) /g
By (Bt ) (2 v 1) /gy
1L’ *im’ Fen en)”
UBoy (gt +A g (2t 1) /]
Py Xipr Xyme Xen' Xer™ V)
'[BeL'(zL+1)+AecL0'(zL*1)qu]’

+p (x X -1, X

iH'

xino, xiLzO; xiMzo,
erzo, xeLzo.
Xig ¥ Xyp t Xy 5 Py Xey * Xep S Det

Furthermore, equation (8c) holds true.

In analogy to a formula by Bazlen [8], an exact,
explicit solution of the equations (29, 8c) can
be derived in this case. In a first step, all
probabilities p(x,.,, X, . X, ¢ X_ .4 X _.) are
successively expregged ﬁ% théMproggbilQQy
p(0,0,0,0,0). Then this value p(0,0,0,0,0) can
be determined with the aid of the condition (8c).
This leads to the following exact, explicit for-

zul? for the probabilities p(xiﬂ, Xipr Xyyr Xopo
el

ITC-9

PUX e Rypr Xyyr Xopr Xop)
=r(% e Xypo Xge Xope X,00/8,  (30a)

where )
ngoRgTXgp W TXipTXip e PeT¥en
s =] ) ) ) ) r'
Xy=0 x>0 Xy u=0 Xgy=0 ¥oL=0
and (30b)
r'= Xy Xope Xy Xope ¥op)

S ¥ Parny an Pimn , Pinn *in

o (i

qH"l qL_1 qy, 9u
7 -3
Kl * X! %im! "¥ent Fer!
: {30c¢)
BocHo, Xe Aocro, *eL
R

. 9y 9L
Ay 2%y =Xy~ Kep) (A7 2% "X ™%,

)t

The fact, that the formulae: (30a-c) fulfil the
equation of state (29) can be easily proved by
inserting equations (30a~-¢) in equation (29).

Now the probabilities pi(x ) and p _(x_ ) can be
determined according to thé equatignse(9a,b)

and (10a,b), respectively. For the offered in-
ternal traffic A, and the offered external traf-
fice Ae one obta%ns then 5\

A = I R I PYACHS
+61Lvaﬁ(zL—1)/(qL—1)

*Biny Za %9
. . 1]
*Bi AL Fn/y 1P
and
? v I
Ay = I'[Byrmy + Boprayg
» 1]
*Agono fn/9y * Pecro® #L/9L) P (32)
where z and p' are given by the equations

) Z
6), (7? ana (8b), respectively. The summations
' in the equations (31) and (32) comprise all
possible states like in the equations (14) and
(15) .

The total offered traffic A, the carried traffic
values Y,, ¥ and Y and the loss probabilities
B,, B a%d B®can be determined according to the
eduatfons (18), (11}, (12), (13), (19), (20)
and (21), respectively.

EXAMPLE NO. 2

The switching system considered in example No.1
(section 4.1) is calculated again here, however
for model No. 2. In this case the following
offered traffic values (A,, A} and loss proba-
bilities (B,, B,) are abtained:

Ai = 2,306 Erlangs, Bi = 00,0248,
A, = 3.859 Erlangs, B, = 0.1761.

A comparison of these results with the corre-
sponding values of example No. 1 (section 4.1)
shows that the offered traffic values (and, as

a consequence, also the loss probabilities) in
example No. 2 are a little smaller than those

in example No. 1. This can be explained by the
different traffic models applied: That part of
the offered traffic which corresponds to call
attempts directed to busy subscribers is con-
tained in the offered traffic values in case of
model No. 1 but not in model 2. This effect con=-
cerns all of the internal traffic A,, but only

a part of the external traffic, namély the of~-
fered incoming external traffic A (oxr A
respectively). This explains the ®Cract
the difference between the offered external traf-
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"fic values A of example No. 1 and example No. 2
is smaller tRan the difference between the of=-
fered internal traffic values Ai'

A more comprehensive comparison of results is
made in section 7.

5.2, SWITCHING SYSTEMS WITH ONE TYPE
OF TRAFFIC SQURCES (SPECIAL CASE)

This section deals with the special case that
all sources have the same calling rates (ac~
cording to model No, 2).

Regarding equations (22) and (23), the explicit
formula (30a,b,c) can be simplified to

cy Xy gy *e 1 (33a)
x T "% 1Tl =2%, =%
p(xi,xe) = ni ne z Z L <
Ei Ze cy i c, e 1
2,20 z_=0 zy Uz 1 (q~221-ze)1
with
C'i = aio h/(q*}) K (33b)
ce = ae'h+Aeco/q o (33¢)

From these values p(xi,x ) the probabilities
pi(xi) and p_(x_ ) and th& carried traffic values
Y., Y and Y ¢€an be determined according to
the eqlations (25), (26), (11), (12) and (13),
respectively. For the offered internal traffic
A, the following formula ‘is obtained

Pfxi,xe%(p~2xi-xe%(q-2xi-xe-1L
€ (34)

For the (actual) total offered external traffic
A_ holds ‘
€ AecO
Ae=(ae+**§—)t(q—Ye—2Yi). (35)

The total offered traffic A and the loss proba-
bilities Bi' B_ and B can be determined ac-

cording to the®equations (18),(19),(20) and (21).

6. APPROXIMATION METHOD

The exact calculation methods described in sec-
tions 4 and 5 may be rather time-consuming or
even impracticable in case of larger switching
systems. Therefore in this section an approxi=-
mation method is presented which can be applied
for model No. 1 as well as for model No. 2. °

The following calculations are based on the as-
sumption that, according to the different call-
ing rates, H-sources are called more frequently
than L-sources. This assumption can approximate-~
ly be taken into account by means of the con-
ditions :

Sigg_ Oy (1)

, . (36)
YL %119 :

Syrr %ypc(9p-) (37
a G, .0 q ‘

1t “3n" %
Recio_ “en’9n
Aecro “on'9L (38)

For the total calling rates of H-=sources and
L-sources (which are denoted by a mﬂoy re=-
spectively) the following equatiogs hold™true

% ¥ %y * Yey (39)

ap = ajp * agp (40)

L

The quotient of these calling rates GL/GH be

ITC-9

denoted by s - ,u
cL/aH g, (413

For this quotient the following condition holds
true ,
O <85 1, (42)

In the special cases s=0 and s=1 (in which all
sources are equal) the loss probabilities can be
calculated exactly according to sections 4 and
5. The approximation method derived in this sec~
tion represents an interpolation between these
two special cases s=0 and s=1,

Let us assume that, besides the values n,, n_,
9yr 9yr S and A)C , the carried traffic *valfies
v ank Y are g&vgn and that the lossg probabili=-

l%es Bi,OBe and B are to be calculated.

First, the special case s=0 (correspondending to
a,=0) is considered. In this fictiticus case the
1%55 probabilities (denoted as B,., B o and B.)
refer to a switching system havi%g q € equal
sources with the (unknown) calling rgtes a, and
a_. These calling rates a, and o are now ~iter=~
a%ively determined such that the®carried inter-
nal traffic and the carried external traffic
have the given values Y, and Y _, respectively.
Then the loss probabili%ies Bio' Beo andeo

can also be calculated.

In a second step, the special case s=1 (corres~
ponding to o, =a,) is considered which refers to

a switching E‘ys%em having 9y + g, equal sources.
The loss probabilities Bi , B kna B1 are deter=
mined in the same way astthe $dlues Bior Bag

and BO above. e

The approximation values for the given switching
system (with to types of sources) are now de-
termined by an interpolation. The investigation

of various examples has shown that a function

of second order is well suited for this purpose.
This leads to the approximation formula
s ¢ (qp+qy) 5

B = .. B -
B ( s a, g e

1 (43)

7 = Byl

Analogously, the loss probabilities B, and B
and the state probabilities pi(xi) and pe(xe

can be determined. For the offerd traffic val-
ues Ai, Ae and A the equations

A, =Y. /(1 =B (44)
Ae = Ye/(1 - Be) ’ (45)
A = (Y, +Y)/(1~B) (46)

hold true.

If the offered traffic values are given instead
of the carried traffic values, the same method
can be applied. In thils case the values Ai and
2 are regarded as constants {(instead of Y,
afid Y ). If, however, the loss probabilitied

g

are ?Ven, a further iteration is necessary.

A comparison shows that the approximation values
are in good accordance with exact results. This
can, e.g., be seen from the following example.

EXAMPLE NO. 5

In this example, a switching system with the

= =h = = -
values ng 5, n,=5, qH 20 and qp, 20 is calcu

lated according to model No. 2. Besides the
gquotient of the calling rates snuL/unO.S. the

traffic values Yizo.8761 Erlangs, Yewo.7893 Er-

lahgs and Ae w0.3334 Erlangs be given. (These

cO
traffic values are obtained with the calling
rates aiﬂ=0.033744/h, aeHaO‘O16872/h,

aiL=0.016872/h and OQL*O.008436/h).
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The exact loss probabilities (according to sec=
tion 5.2) are in this example

Biﬁ0.000482, Be=0.000866, B=0,000664.

For the special case g=0 (lower limit) one ob-
tains (with UL=O‘057250/h and aem0.028069/h) the
values

Bio$0.000097, EQO*O.OOO368, BO=O.000664.

For the case s=1 (upper limit) one obtains (for
aiﬂ0.024963/h and ae=0.012504/h) the values
=0,.000545, B

=0,000889, B,=0.000708.

Biq 1

The interpolation according to equation (43)

leads to the following results (the relative

deviations from the exact values are given in

parentheses) , _o 100495 (+2,74%),
BL=0.000864 (-0,23%),
B®=0.000670 (+0,94%) .

The investigation of further examples has shown
that the accuracy of the approximation formula
(43) increases with growing loss probabilities.
This can be explained by the fact that the dif-
ference between the upper and lower limits (e.g.
between B and B ) decreases with growing
loss. el 0

el

7. RESULTS

In this section results according to the ap-
proximation formula (43) for model No. 1 and No.
2 are presented. In the diagrams in fig. 2 to
fig. 9 the loss probability B is shown as a
function of the offered traffic A for several
values of the quotient a,/a,. All diagrams refer
to systems with n, =50 iKtelnal junctors and
ne=50.external trﬁnks. For reasons of simplicity,
AimAe=A/2 and Aec0=0 has been chosen in all dia=-

grams. The curves for the limiting cases aL/aH=O
and aL/a =1 are shown as dashed lines, the

other cugves as solid lines. As an upper limit,
the loss probabilities for offered Poisson traf-
fic (according to the Erlang formula) are shown
(=+=+=) for comparison.

From fig. 2 (qH=200, q£=200, model No. 1) it can

be seen that the los8 probability B increases
with growing aL/a and that the gquotient aL/aH
of the calling rages has only a slight in=-

fluence on the loss probabilities in this case.

In fig. 3 (g,=200, q =200, model No. 2) the loss
probabilitieg are smiller than those of fig. 2
because the smoothing effect in model No. 1 is
smaller than in model No. 2.

In fig. 4 (q,=200, g .=1000, model No. 1) the
lower curve 3for a,./d.,=0) is the same as in fig.
2. For a /aH>O the”loss probabilities shown in
fig. 4 a¥e higher (because of the higher num-
ber of sources) than those of fig. 2. Thus the
influence of different types of sources in fig.
4 is slightly increased as compared with fig.2.

In fig. 5 (g,=200, q.=1000, model No. 2) the
curves are s?milar t& those of fig.4. The loss
probabilities are, however, slightly smaller
than those of fig. 4. The lower limiting curve
in fig. 5 is didentical to that of fig. 3.

The diagrams in figs. 6 to 9 are similar to
thogse of figs. 2 to 5. The numbers of sources
are, however, larger by a factor 2.5(q,=500 and
q, =500 or 4, =2500, respectively). This leads to-
s&ightly eklarged loss probabilities in fig. 6
to fig. 9.

ITC-9

8. CONCLUSION

In this paper, loss probabilities of switching
systems with internal and external traffic and
with two types of sources are calculated exactly.
Furthermore, an approximation formula is pre-~
sented. The approximation values are in good
accordance with exact results.

The calculations are carried out for two dif-
ferent traffic models.

The results are shown for several:examples by
means of diagrams.
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