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ABSTRACT

This paper deals with a gueuing problem in time divie
sion systems with multiple access (TDMA systems) in
which the subscribers are connected to a branched
network of TDM highways. In the nodes of the network
considered here, arriving information blocks which
can not be transmitted directly can be stored.

The topic of this paper is the calculation of the
loss probability in such TDMA systems, i.e. the prob=-
ability for an arbitrary information block to be lost
due to storage overflow,

For the calculation of the loss probability in a node
of such a system, an exact formula is derived here.
Furthermore, a simple approximation method for calcu=-
lating the loss probability is presented which is
well suited for practical applications. The results
according to this approximation method are compared
with exact values and simulation results,

1. INTRODUCTION

In most cases it is advantageous in integrated net-
works to use time division systems with multiple ac-
cess (TDMA systems). In such systems the subscribers
are connected tec a network of TDM highways which con-
sist of wideband transmission channels (e.g. optical

waveguides).

In this paper TDMA systems with branched networks
containing no closed loops (as shown in fig. 1) are
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Fig. 1t Branched TDMA network

investigated. Each branch consists of a pair of high-
ways (one highway for each transmitting direction).
The number of TDM channels on a highway (i.e. the
number of time slots in a frame) is in the order of
magnitude of about N = 10%,

In most of the usual TDM systems the receiver address
assigned to a transmitted inforwation is closely re~
lated to the position of the time slot used during
transmission. In the TDMA system considered here, the
receiver address is always transmitted together with
the corresponding information. I.e., each block trans-
mitted in a time slot consists of address bits and in=-
formation bits, so that every subscriber is able to
pick up the blocks containing his own address from
the highway. Therefore such a system represents a
decentralized switching systems.

As each subscriber may be connected to the network at
an arbitrary point, all blocks must be transmitted
through the whole network (unless special routing
facilities are provided). Therefore all blocks ar-
riving on an incoming highway of a node must be trans-
mitted to the outgoing highways of all other direc-
tions (as indicated in fig. 2). If two (or more)
blocks arrive in a node at the same time slot {(on
different highways), only one block can be trans~
mitted to the outgoing highway immediately whereas
the other(s) must be stored. For this purpose a
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Fig., 2: Transmission of arriving blocks in a node

finite number of block stores (waiting places) is
provided., When all waiting places are occupied a
storage overflow may occur and information blocks
get lost. In this case established connections are
disturbed.

The topic of this paper is the calculation of the
loss probability pp in nodes of such TDMA systems,
i.e. the probability that an arbitrary block arriving
at a node is lost because of storage overflow.

Iy -ection 2 an exact formula for the loss probabili-
tﬂ L is derived. The numerical evaluation of this
exact formula is, however, rather lengthy and time
consuming, even if a digital computer is used.

- Therefore in section 3 a simple approximation method
for calculating the loss probability is presented
which is well suited for practical applications. The
results according to this approximation method are
compared with exact values and with simulation re-
sults which are shortly referred to in section k.

These investigations are based on the condition that
not more than 3 pairs of highways meet at each node
of the network and that the bleocks arriving on the
incoming highways are distributed at random within
the frames.

2. EXACT CALCULATION OF THE LOSS PROBABILITY

2.1. WAY OF SOLUTION

Considering a node of such a transmitting network it
can be seen that the blocks of any two incoming high=
ways must be transmitted on an outgoing highway which
is not allocated to these incoming highways. Thus,
for reasons of symmetry, it is sufficient to consider
<« one outgoing trunk which transmits the blocks
frum two incoming trunks. Such a simplified system

is shown schematically in fig. 3. Here the blocks
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Fig. 3: Connecting element with a finite store

arriving on trunk No. 1 and on trunk No. 2 are com=-
monly transmitted on the outgoing trunk No. 3. For
storing blocks which can not be transmitted directly,
a store consisting of s waiting places 1s provided.

This system is now considered during a time interval
in which the total number of existing calls (and thus
the number of blocks in a frame) is constant. During
such a period the pattern of occupied time slots is
the same in all frames.
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The number of time slots per frame be denoted by N,
and the number of blocks (i.e. the number of occupied
time slots) per frame on trunk No. 1 and trunk No. 2
be denoted by x4 and Xy, respectively. As the x4
blocks on trunk No. 1 are supposed to be distributed
at random within the frame, the probability py of an
arbitrary time slot to be occupied or. trunk No. 1 is
obtained as

X1

,Dz) = N ’ (1)

Analogously the probability p, that an arbitrary time
slot is occupied on trunk No. 2 is obtained,

Py = v . (2)

For the probability p(2B) that 2 blocks arrive on an
arbitrary time slot it follows

p(2B) = Py py . (3)

Let p(s|2B) be the conditional probability that all s
waiting places are occupied when 2 blocks are arriving
on the same time slot. Then the overflow probability
Pov (i.e. the probability that a store overflow

occurs on an arbitrary time slot) is obtained as

Poy = P(2B) p(s|2B) L (k)

The expectation of the number of storage overflows
occuring in a frame (and thus the number of lost
blocks) is therefore N'p,,. As there are Xy + Xy
blocks in a frame in total, the loss probability pp,
(i.e. the probability that an arbitrary block is
lost) is obtained as

v

A

With equations (1), {(2), (3) and (4) follows

Xq:Xp (5)
P = Tt .p(si2B .
l N (X7 +X2) p( )

In eq. (5) the loss probability p; is expressed as a
function of the conditional probability p(s|2B). For
determining this probability p(s|2B) a time slot is
considered on which two blocks are arriving at the
node. {Subsequently two blocks which arrive on the
same time slot will be referred to as a '"double
block".) On the remaining N - 1 time slots of the
frame there are x, = 1 blocks on trunk No. 1 which
can be arranged in
= N-1 (6
g X7-1 )

possible patterns. For each of these patterns there
are
N-1
1'72 = X2~7 (7)

possible patterns of the blocks on trunk No. 2, Thus
the total number oy of possible patterns is

Poe = Dy _ (8)

Among these ngot patterns there is a number n,, of
patterns with a storage overflow at the considered
time slot. (Henceforth such patterns will be called
"overflow patterns'".) Thus for the probability
p(s]2ﬂ) holds

_ Doy (9)

Pioi ’
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p(s12B)



From egs. (5), (6), (7), (8) and (9) follows

X7 X 1
P = : * Noy
N (x5 + X (10a)
(x1+52). Xq- 7) (x; 7)
or
Poo= ! (10b)
where
X7+ X2
c Wlxexy) (7- ) o {10¢)
Xy-1 Xz -7

. In these equations the calculation of the loss prob-
ability Pp is reduced to the number of overflow pat-
terns ny, which will be determined in the following
sections.

2.2, THE LOSS PROBABILITY IN THE CASE s = 1

For reasons of simplicity, the number of overflow
patterns and the loss probability are first calcu-
slated for the special case that there is only s = 1

waiting place.

The general structure of a pattern with an overflow

on a considered time slot at time t, is shown in
fig. &. Such an overflow pattern consists mainly of
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Fig. &: General structure of an overflow
pattern in the case s = 1

two double blocks (at time t_ and at time t,) with a
series of single blocks in between. On the time slots
cutside the double blocks (i.e. at times t < t, and

t > tg} further blocks may be distributed arbitrarily.

In the upper diagram of fig., 4 the number i of
occupied waiting places is shown as a function of
time, Supposing that the waiting place has been free
at time tos it is occupied at the arrival of the
first double block at time L During the series of
single blocks the waiting place remains occupied.
Then the second double block arriving at time t4
causes a storage overflow which is indicated by an
arrow in fig. 4. (A storage overflow is also caused
by the second double block at time ty if the waiting
place is already occupied when the first double block
is arriving at time t,.)

The number of time slots between the double blocks
in fig. & be denoted by z. From these z time slots,
zy are supposed to be occupied by a block on trunk
Na. 1 gnd z, on trunk No. 23 thus

2442, = Z (11)

For the distribution of the z4 blocks on the z time
slots there are
( Zq)

possibilities (the remaining 2z, = 2z - 27 time slots
being occupied by blocks on trunk No. 2). On the

N -2z - 2 time slots outside the two double blocks
there are further x, - z, -2 blocks on trunk No., 1
which can be arranged in

vz 2)

possible patterns and Xp =z + 2, = 2 blocks on trunk
No. 2 which can be arranged in

N-z ~2)
Xp=2+24=-2

possible patterns.

Thus, for arbitrary values (z, zl) there are

v (2),(N—z~2>,(/v~z—2) (12)

nov - 27 X1—Z7 -2 X2-Z‘Z7“‘2
possible overflow patterns. The total number of over-
flow patterns is obtained by summing up n according

to eq. (12) for all possible values of z and zq

Xy 4Xp-4 Xy~2
z ‘/v—z-2)‘</v—z-2)
Z Z (21) X;~27-2 Xp-2+29=27 -
z2=0 27=0 )

Now the loss probability p; can be calculated accord-
ing to eq. (10a)

(13)

.

x,+x2-4 X7-2

Fe Z Z (27 /V . i) (xg/—'zfz;-i) ,

o ;=0
2= ! (14)
where ¢ is determined according to eq. (10c).

2.3. GENERAL FORMULA FOR THE LOSS PROBABILITY

In this section the loss probability pp is calculated
for the general case that s waiting places are pro=-
vided. For this case the general structure of an
overflow pattern is shown schematically in fig. 5.

rﬁfr I
. - 82
trunk No.1 ‘

Fig. 5: General structure of an overflow pattern

DN rer g

Between the two double blocks at time t, and time t,
there are s = 1 further double blocks, z single
blocks {from which z, are situated on trunk No. 1
and z, on trunk No. 2) and, furthermore, \> pairs
"doub%e block plus free time slot". (In such a pat-
tern an overflow occurs at time ty in any case, no’'
matter how many waiting places are occupied at time
tg.) In fig. 5 the single blocks are omitted for
reasons of simplicity, whereas free.time slots are
indicated by small circles.

In the upper diagram of fig. 5 the number i of occu-
pied waiting places is shown as a function of time
(for the case that i = 0 waiting places are occupied
at time to), It can be seen that this is a step func-
tion which may ascend and descend several times.
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For a fixed value of 3 there are, in general, several
possible types of step functions. The number of these
types be denoted by t (¥ ). For a eonvenlent calou=-
lation of t, (v) these step functione are considered
to consist of a (monotonously ascending) basic step
function on the individual steps of which there are
various humps., In fig. 6 the basic step function

s
S E . RS
(B f112

Fig. 61 Decomposition of a step function into a
basic step function and various humps

basic step function

= = humps on the level { = 1

------- humps on the level { w 2 -

corresponding to the upper diagram of fig. 5 is ine
dicated by a solid liney the ¥ humps which are
situated on the first step of this basic function
are indicated by dashed lines (in this example
vy = 3). In the new function obtained in this way
phe level i = 2 consists of 3 + 1 different sec~
ns, namely the second step of the basic function
‘a..u V5 humps. On these Y; + 1 sections of the level
i = 2 a number Y, of humps is situated which are in-
dicated by a dotted line in fig. 6, etc. ( V5 = & in
the example shown in fig. 6).

The number of humps on the level i be denoted as Y .
Then it can be shown that there are

/X[' = ()‘; + V{"4) . (15)
: V-1

possible‘arrnngements of these'ﬁ- humps on the Vo, + 1

sections of level i, With the aid of eq. (15) it is

possible to calculate the number 1 of types of step

functions for fixed values (¥,%,..,Y;_, ). Regarding

that By = 1, one obtains

Moo= My My My T Mt (16)
The total number ts( V) of possible types of step
functions with ¥ humps (i.e. Y pairs "double block
plus free time slot") is obtained by summing up u
according to eq. (16) for all possible values
Vi, Vo, -eey Vioo (\§_4 being determined by the con-
dition that the sum of all ¥, values (i = 1, 2, ...,
- 1) is equal to v ):

s =V, Y-V Ky
" I i i - < Lyt / 53,\
y) = . MM ot
st ;,2:7,\%2: ZT 27 /%2(’%—2 ’
70 V2=0 V3=0 %m0
s22 {17a)

where

7.='I,2,3 . (18)

$-2
5} =y - Zi e ;

The formula (17a) holds true for s ® 2. The follow=-
ing formula

Y%-%

) .
&(V)~ZZZ Z_ Zﬂzﬂj ---/*57(%-),
% =0 =0 %2=0 %

s 29, (17v)

which is a little more complicated is also valid for
the case s = 1 and thus for s 2 1,

ITC 7

For sach of these t, (V) types there exists a nusber
ky(¥) of possible step functions according to the
locntion of the 2z single blocks, It holds

ks(v) = (242:4,3—1) , (19)

For each of these t (¥ )eky( V) possible step funce
tions there are, in analogy to the case 8 = 1 {sce

section 2.2),
(%)

possible arrangements of the zq blocks between the
double blocks at time t, and time t4, and furthermore

(N- (§41) = 2 -2v>
Xp-(5+1) = 21 =Y

possible patterns for the blocks outside these double
blocks on trunk No. 1 and

(//- (s¢1)~2 -2v)
Xp = (§41)=2+24~ ¥

possible patterns on trunk No. 2. Thus, for arbitrary
values (Y, z, z1) there are

o Z\ V- (5+1)-2-29\ [N-(5+1)-2-29
Poy = Ls(¥): ks () (21) (x,-(w)-z,—v) (xz-(sn)-zq,-y (20)

possible overflow patterns. By summation of néy
according to eq. (20) for all values ¥, z and z4 the

total number n,, of overflow patterns is obtained

X-8-7 X7+X2~25 2y X4-5-1-¥

ST IP

Z2=0 43=0

The loss probability, i.e. the probability of an
arbitrary block to be lost because of storage overe
flow, can now be calculated according to eq. {10b).
One obtains

Xp=8-1  X3+X3-28-2° X3-§-1-y

) Z Z Z— n‘,‘, | (22)

Z =0 27=0

In eq. (22) the values ¢ and n’_ can be determined
according to the eqs. (10c) and” (20), respectzvely.

2.4, NUMERICAL EVALUATION AND EXAMPLE

The loss probability can be calculated exactly accord-
ing to the formulae derived in section 2.3. As, how=
ever, the numerical evaluation of these formulae is
rather lengthy, this exact calculation method can only
be applied to relatively small systems, even if a
digital computer is used. ,
As an example a system with s = 2 waiting places and
N = 100 time slots per frame is considered during a
time interval in which x4 = 40 blocks per frame arrive
at the node on trunk No. 1 and xj5 = LO blocks per’
frame on trunk No. 2. In this case the loss probabil=-
ity

p = 0.0208%4

L

is obtained.

As the numerical evaluation of the exact calculation
method derived here is rather complicated, a simple
approximate formula will be developed subsequently
in section 3.
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3. APPROXIMATE CALCULATION OF THE LOSS PROBABILITY

3.1. THE EQUATIONS OF STATE

In eq. (%) the loss probability p; is expressed as a
functiom of the conditional probability p(s|2B), i.e.
the probability that all s waiting places are occu-
pied whem a double block arrives at a node. For this
probability p{s|2B) an approximation formula is
derived mnder the condition that '

Xp,X »> S (23)
(or, as a limiting case, Xq1%Xp —> oa).

For this purpose a time slot is considered on which
a double block is arriving. This time slot be denoted
by h. Om the remaining N - 1 time slots there are

x3 - 1 blocks on trunk No. 1. For the probability p}
that an arbitrary one of these N - 1 time slots is
occupied on trunk No. 1 follows

1 X§—7 .
P’l N-1 . (24)
Analogously one obtains for the probability pé of an
arbitrary time slot on trunk No. 2 to be occupied

# i . Xy~ 1
P = M1 B (25)

Because ©f the condition (23) the probabilities ac-
cording to egs. (24) and (25) are also valid if - in
additiom to the considered time slot h - further time
slots are supposed to be occupied or free.

The probability that there are @ blocks (X = 0, 1, 2)
on an arbitrary time slot (except the considered time
slot h) be denoted by qy + For these probabilities
one obtains the values

% = (1-p;)-(1-p;) (26)

G = pir(tpi) 4 pye(1-p;) (27)

% = PPz (28)
with .

Go+ Qs+ Gy, = 1 . (29)

Now it is assumed that i waiting places are occupied
st the beginning of a time slot a (at time t,). If no
block arrives on this time slot a, then at the end of
this time slet a (i.e. at the beginning of the fol-
lowing time slot b at time tb) i - 1 waiting places
are occupied, If one block arrives on time slot a,
the number i of occupied time slots remains unchanged,
and i inrcreases by 1 if two blocks arrive on time
slot a. This is shown schematically in fig. 7. The

ta 178
i |

g [+7]

2
<‘7{“
To~ (7]

Fig. 7s: Possible transitions between
succeeding time slots

probsbilities for these transitions are also indi=-
cated im fig. 7. Completing fig. 7 - by taking into
account all possible values of i (i = 0, 1, .,. ,s8) =
‘the state diagramm shown in fig. 8 is obtained.

s-1 ys—v
: />&_ :
41 :?Z‘*-~* (+1
C=—=11]
77 :32_____..

L )sg—=
T —— 0]
qo“’/,’”

Fig. 8: State diagram

If the probability that i waiting places are occcupied
at time t, (or ty, respectively) is denoted by pi(i)
(or pg(i), respectively), then the state diagram
shown in fig. 8 leads to the following linear equa-
tions of state

Ps(0) = G pg(0)  + Gy py(0) + Gypy() (302)
Py (0)

G Pal-7) + Gy Palf) + Gy pg(¢+7),  (300)

‘ = 4,2, 57
Po () = G2pals-7) * G pa(s)* g (S) . (30¢)

Under the conditions made here, the prohabiliiies
pi(i) and py(i) are identicalj thus

Pall) = po(d) = pii) . (31)

With the eqs. (29) and (31) and with the abbreviation

de = m (32)

the eqs. (30a, b, c) lead to the following set of
equations ’

m.ple) = pi1) (33a)
(2+m)-p'(¢) = m.pl(c-1) + p(+7) (33b)

C=4,2,..,,81

p'(s) = m-p'(s7) (33¢)

with the normalizing condition

p'() = 4 . (334)
=0
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The equations (33a, b, ¢) are not independent of each
other. If, however, one of these equations, e.g.

eq. (33c), is omitted and replaced by eq. (33d), an
inhomogeneous set of equations (33a, b, d) is ob=-
tained which will be solved in the following section.

3.2. THE APPROXIMATION FORMULA

By summing up eq. (33a) and the first i equations
(33b) one obtains (after rearranging terms)

m.p'(l') = pi(c+1) ,
(= 0,4,...,5-4

(34)

A multiplication of the first i equations (34) leads
to

pi) = mlpie)

. . (35)
(=0,7..,5 .
From eqgs. (33d) and (35) follows
4 .
) pio) = 5
> mf . (36)
(=0 .

Regarding that the sum in eq. (36) represents a geo-
metric series one obtains

A -m

pil) = PR . 37)

Inserting eq. (37) in eq. (35) yields

o 7-m :
P = A-mS*7 “m’ p) (38)

=Gty s o

With the aid of eq. (38) the probabilities p(i) can
be calculated. According to the definition,p%i) means
the probability that i waiting places are occupied
at the beginning of an arbitrary time slot, under the
condition that there are two blocks on the considered
time slot h. Consequently for the probability p(s|2B)
holds

( p(s128) = ps) ) (39)

Inserting eqgs. (38) and (39) into eq. (5), the loss
probability p; is easily obtained as

X7 X2 (7-m) mS
N (X7“X2) (4_,”.{'44) '

P= (%0)

where, according to egs. (24), (25), (26), (28) and
(32), .

(x;-1)+(Xa-1)

(/V—X;)‘(/V‘,Q) (41)

From eq. (40) follows

n m
N = (112)

p(si28) !
n (4-m * m‘P(SIQB) )

IT¢ 7 . 633/6

where, according to eq. (5),

p("l23> - _{fli_z_.)____ . /DL . (&'3)

X7 X2

With the aid of eq. (40) the loss probability p; cam
easily be calculated as a function of the number s of
waiting places provided:. In many cases of applicatien,
however, it is convenient that the required number =
of waiting places as a function of a prescribed loss
probability can also be calculated directly according
to the egs. (42) and (43).

3.3+, ACCURACY OF THE APPROXIMATION METHOD

The accuracy of the presented approximation method
has been investigated by comparing the results
according to the approximate formulae with exact
values. In fig. 9 the loss probability is shown as a

0 - 100

N~ 2@0

robability pp as a function
the number N of time slots per frame
approximate values

- ——~ exact values

function of the number N of time slots per frame for
systems with s = 1 and s = 2 waiting places, respec-
tively. There are xqy = x, = 0.4°N blocks on each of
the incoming trunks in tgis example; thus about 80 %
of all time slots are occupied on the outgoing trunk.
In fig. 9 approximate values according to eq. (40)

are indicated by a solid line and exact values accord-
ing to eq. (22) by a dashed line.

From the diagram shown in fig. 9 it can be seen that
the approximation method yields results which are a
bit too large, i.e. on the "safe side".

For very small systems {e.g. N < 50), which are of
theoretical interest only, the approximation method is
rather rough. Therefore in such cases the use of the
exact calculation method is recommended.



For larger systems, however, the approximation method
wields results of high accuracy. E.g., in the example
§¥lustrated in fig. 9 the relative deviation is less
than 5 % in case of s = 2 and less than 1 % in case
af s = 1 if there are at least N = 200 time slots in
& frame. ’

%s mentioned in section 1, the main scope for the
spplication of the approximation method derived is
represented by systems with rather large frames con=-
sisting e.g. of about N = 10 000 time slots. For
systems of this kind the approximation formulae yield
results of very high accuracy, as can be seen from
gomparisons with simulation results (see section L),

&. SIMULATION

For investigating the accuracy of the approximation
#ethod described in section 3 in the case of large
systems, a simulation program has been established.
For the example of a system with N = 10 000 time
slots per frame, s = 2 waiting places and
Xy o= Xy = L 000 blocks on each of the two incoming
$runks a simulation yields the loss probability

» Py = 0.02357 £ 0.00149 .
Xccording. to the approximation formula (40) the value

Py = 0,0240kL

#s obtained which is in good accordance with the
simulation result. :

5. RESULZS

In fig. 10 the loss probability py, (according to the
approximation formula derived in section 3) is shown
s a function of the number of blocks X1 + X5, with
the number s of waiting places as a parameter. This
diagram is valid for a system with N = 1 000 time

i ]
? N = 1000

Lo e ™
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Fig. 10: The loss probability p_ as a function
of the total number of blocks x, ¢ X,

slots and for the case x; = x, (which is the "worst
case" for the loss probability pp). The formulae (40)
and (42), of course, are also valid for the general
case x; ¥ Xp.

It can be seen from fig. 10 that about 5 to 15 waiting
places are sufficient for realizing a loss probability
PL of about 106 , if the number of blocks x4 + X,
per frame is in the range of about 0.5°N to 0.8*N.

6. REMARKS

1.) The exact and approximate formulae for the loss
probability py hold true for arbitrary, fixed
values x4 and Xxp, i.e., for a fixed number of
blocks on each of the incoming trunks. In many
cases of application, however, the expectation pi
of the loss probability is also required. For
this purpose, first of all the state probabilities
p(x1, x2) that x4 time slots are occupied on trunk
No. 1 and x, on trunk No. 2 are calculated accord-
ing to usua% methods, e.g. the Erlang Formula.
Then the expectation value p{, can be obtained as
a weighted mean by multiplying the loss probabil-
ities p; for the various pairs of values (x1, x3)
with the corresponding state probabilities
plxq, x3) and summing up all of these products.

2.) The formulae derived in section 2 and section 3
are based on the assumption that the blocks on the
incoming trunks are distributed at random within
the frames. Strictly speaking, this condition is
only fulfilled in nodes which are situated in
marginal districts of TDMA networks where the
arriving blocks have not yet passed any further
nodes (and, of course, in networks having only
one node).

If the blocks arriving at a node have, however,:
passed further nodes before, they are no more
distributed at random within the frames. This
results in a slightly increased loss probability.
For such nodes the formulae derived can also be
used as an approximation. In this case it is con-
venient that the approximation method presented
(for random distribution of the blocks on the
frames) slightly overestimates the loss proba-
bilitys

3.} The calculation methods presented can also be
applied to TDMA networks with routing facilities.

Lk.) The total loss probability for blocks which are
transmitted through the network on a route con=-
sisting of several highway sections can be calcu-
lated by summing up the loss probabilities of all
nodes which are passed by a considered block.
{This is feasible because the loss probabilities
of the individual nodes are small, e.g. pLskloﬂg.)

5.) In principle the calculation methods presented
here can also be extended to TDMA networks in
which more than 3 pairs of highways are intercon-
nected in a node. Such a generalization would,
however, lead to formulae which are more compli-
cated. ’

6.) The approximation method derived in section 3 can
easily be used in the limiting case N -» 00. There-
fore this approximation method can also be applied
for calculating the loss probability in certain
synchronized message switching systems with con-
stant holding times (i.e. constant message
lengths).

7. CONCLUSION

In this paper a queuing probleﬁ in TDMA systems is
investigated.

For the loss probability in nocdes of such TDMA net-
works an exact calculation method is derived. As the

633/17 ITC 7



numerical evaluation of this method is rather 8. BIBLIOGRAPHY
lengthy, an exact calculation is only feasible in

case of relatively small systems. (1] Brockmeyer, E., Halstrgm, H., Jensen , A.:

Therefore a simple approximation method for calcu=

lating the loss probability is also presented which

is well suited for application in practical engi-

neering. The accuracy of the results according to [2] Ohnsorge,
this approximation method is shown by comparison

with exact values and simulation results.

[3] schenkel,

The life and works of A.K.Erlang.
Acta Polytechnica Scandinavia

(1960), No. 287.

H.: Neue Moglichkeiten fiir Nach-
richtensysteme auf der Basis des
Glasfaserkanals.

NTZ-Report 1k (1972), p. 23-2k.

K.D.: Ubertragungsverfahren mit Zeit~-
multiplexvielfachzugriff fiir ein ver-
zweigtes Glasfasernetz.

NTZ-Report 14 (1972), p. 25-26.

IT¢c 7 633/8



