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" ABSTRACT

In this paper the following three principles for
service protection in the final route of alter-

nate routing systems are discussed:
- the priority reservation system

~ the use of a
direct final

separate high usage route for the
traffic in the final route

- the use of a separate overflow route for the di-~
rect final traffic in the final route

These principles are compared with regard to the
resulting probabilities of loss for traffic with
overflow possibility or for direct final traffic,
resp., and with regard to the overload capability
in the case of cable breakdown or overload of a
high usage route.
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1. INTRODUCTION

In nierarchical direct distance dialling (DDD)
networks with alternate routing, the final routes
carry trafficv, overflow: from high usage routes
as well as "final traffic”, which can uce the fi-
nal route only (see Fig.1, final route "upwards
the hierarcay" .rom TS1 to TP1).

Thne overall probability of loss of those calls,
which can be alternately routed, may be consider-
ably smaller than the probability of loss of the
final traffic.

To final trunkgroups "downwards the hierarchy"
(see Fig.1 from TS2 to L2) usually traffic is of-
fered, which flows via high usage routes and fur-
thermore traffic, which uses the final route up
and down the hierarchy only. In this case the
simoothed traffic from a high usage route and the
traffic of the final route hunt the same Lrunk-
group from TS2 to L2 downwards the hiersrchy. “he

probability of loss for swoothed traffic is small-
er than for random traffic or for peaked traffic.
b Tﬁg
¥ L: LOCAL
AREA
o TS PRIMARY
T‘%Q TANDEM
1 EXCHANGE
s TP SECONDARY
TANDEM
EACHANGE

Fig.1 Example for a simple hierarchical network

with alternate routing

Therefore the difference of the overall probabili-
ty of loss between calls with or without overflow
possibility, resp., is further increased.

Moreover calls, which have to use the final route
exclusively are switched via a number of trunk-
groups in tandem, which is greater than that,
which calls, switched via high usage routes, have
to use.

The above mentioned facts can cause considerably
different values for the point-te-point probabili-
ty of loss in the network.

In the of overload or of a breakdo of a
Ligh in particular the probability of
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differences of the point-to-point probability of
s at engineered load throughout the network
. suggested in these puplications.

g

Hevertheless for complex network structures in
practice it will Le impossible to realize strict-
ly equal point-to-~point probabilities of loss.
Thus, dimensioning rules have to be applied, which
guarantee a certain prescrated minimum grade of
service for the final traffic, i.e. for this traf-
fic, which will have the greatest overall yro abi-
lity of loss. Methods for tne dimensicning of net-
works with alternate routing are deocr'ued in e.g.
/8,9,10 ,11,12,15/

In this paper basic investigations on the two pub-
lished principles for service protection /1,2,4,7/
and a third new principle are performed with re-
gard to the resulting probability of loss of

final traffic or of traffic with overflow possi-
bility, resp., as well as to the overload capabil-
ity of a DDD network in case of cable breakdown or
high usage route overload.

2. THE PRINCIPLES OF SERVICE PROTECTION

2.1 The priority reservation system (PRS) /U4,13/

Frnferential service to the final traffic is given
¥ lenying service requests from overflowing calls
when more than a specified number npq of trunks in
the final route are busy. Requests from calls of
the final traffic are served as long as there are
any idle trunks.

A‘Call, overflowing froﬂ a high usage route, ar-
riving in the state "X trunks busy" of the final

route with np trunke,gets lost, if npq £ xp € np.

The number of trunks np4q can te chosen such, that
the overall probability of loss for the considered
overflowing and final traffic is nearly equalized.

2.2 Service protection by the use of a separate
high usage route for the final traffic /1,2,7/
TSPH)

In Fig.2a an arrangement is shown, where the £i-
nal route upwards the hierarchy is split into a
separate high usage route for the final traffic
with npp trunks and a common final route for all
overflowing traffics with npq trunks. The n
trunks are only available for the final tra?g*c.
The traffic overflowing from the nq trunks is now
restricted to the' common npq trunks. Therefore the
probability of loss Bqy of the overflowing traffic
i~ reases and Bpy of the final traffic decreases -
¢ wared with the probability of loss of a systen
without service protection (Fig.3a).

2.3 Service protection by the use of a separate
overflow route for the final traffic /5,6/
T8pP0)

In Fig.2b an arrangement is shown, where the final
route now is split into a common final route with
npq trunks and a separate overflow route with noo
trunks. The overf{low route is reserved for final
calls only, which cannot be handled by the common
final route. As this overflow route is exclusivly
anllabVO for the overflowing calls of the {i-

al traffic, Bpy decreases and Bqy increage -
compared with the probabilities of loss Bo, and
Biy in a system without service protectici
(Fig.3a).

3. THE CALCULATION OF THE PROBABILITIES OF LOSS

Explicit solutions for the probabilities of loss
for a given configuration nq, npy,npq and Tor
glven offered random traffics Aqy and Asy do not
exist for none of the three principles,
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In the case of SPH and SPO an explicit solution
could be achieved by solving a three-dimensional
difference equation with non-constant coefficients.

This problem has not yet been solved even in the
case with nq = 0, ihere the difference equation is
only two-dimensional.

For the PRS exists an explicite solution only for
the probabilities of loss if ny= O, in the cas
with nq # 0 a two dimensional difference equztlon
with non-constant coefficients has to be solved.
An explicit solution, if ever obtained, would be,
as usually,not suitable for practical computaticns,
To compare nevertheless the efficiency of the three
principles, the probabi]itics of loss have been
computed numerically by solving a set of linear
equations. The number of unknowns are

(ng 13 (npq +1){npp+ 1)
for the principles SPH and SPC and

(nqg+ 1) (npe 1)

for the principle PRS.
Systems wi ith trunkproups consisting of up to 30..
O trund can easilv be calculated on a medium

size

imensioning of the systems SPH and
SPO also appw 1mate calculation mu*houw, aspe~
ciallyv the : Randem Traffic" method
/3,14/ can be appliec .

in erder to compare the efficiencv of the
protection principles, exact cal-
ferrecd. As the characteritic
ues of the three nrinciples
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L, THE COMPARISON OF THE THREE PRINCIPLES

4.1 Application in the final route "upwards the
hierarchy

4.1.1 The comparison with regard to the maximum
carried load for given total number of
trunks

If overflowing traffic and final traffic hunt the

same final route in an alternate routins network,

the traffic with overflow possidility has a con-
siderably lower overall loss than the final traf-
fic, To balance the losses, service protection
principles may be applied.

Now the problem arises, which principle should be
preferred.

In Fig.4 an example is studied. The number of
trunks in the final route and the offered traffics
Aqys Aoy be fixed parameters (Aqy = 21, Apy =5,
nq =20, nyp, = 18). The trunkgroups are dimensioned
according to a probability of loss By, = 1% for the
final offered traffic.

The diagram shows the dependence of the probabili-~
ty of loss B4y as a function of Bp,, which is ob-

tained, when the number njp, of trunks in the final

route, onlv available for the final traffic, is
inereased trunk by trunk, beginning with npp = O.
In the same wav njq is reduced, thus npy =np1+ngoy
remaining constant (as the number of trunks are
integer values, onlv the marked points on the
curves mean realizable structures).

It is evident that the princinle, which results in

the lowest curve, will be the most efficient. For
a demanded loss By, of the offered final traffic
Apy,this principle vields the lowest total loss
B1u for the alternatelv routed traffic Aqy.

If, for example, we demand a probability of loss
Boy=0.4% for the final traffic, we can realize
this in the following wavy:

Principle Byy/% Boy/% nypq nyo
PRS 0.88 0.u43 17 1 A1y = 21
Apy =5
SPH 1.568 0.38 10 8 nqg =20
npy = 18
SPO 1.09 0.3¢6 1€ 2

It is plausikle that this principle provides the
lowest overall probabilityv of loss, where the
common trunkeroup with nyq trunks of the final
route has the maximum number of trunts. It can be
shown, that for a prescribed Boy generally holds:

np4 (SPH) £ny1(8P0) €nyq (PRS),

For this reason the PPS should be preferred, if a
nmaximum of carried traffic is prescribed. A cer-
tain disadvantage is the additional equipment to
count the momentarilv ectablished calls in the
final route and to control the acceptance of
overflowing calls. )

The SPO principle vields probabi
which are only slightlv higher ti
PRS. ' .

ities of loss,
an those of the

The probabilities of loss -of the SPH, however,
are noticeably hicher, But bLoth principles SPO
and SPI do not need additional equipments for
control.

These characteristic properties of the th

254

principles have been shown in many other
too, which are not presented hero.

4.1.2 The cemparison of the three princip)

with
regard to a saving of trunks in the final
route

In the diapram Fig.4 the common point of all
curves on the right represents the two values for
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Fig.U4 The probability of loss Byqy, as a function
of Bpy for the principles PRS, SPH and SPO.
Parameter is the number of trunks npz .
available for the [inal traffic only
(application upwards the hierarchy)

Bqy and Bp,, when no service protection is applied
The overall probability of loss By of the final
traffic is in this example about two times higher
than that of the alternately routed traffic Aq,.

From the traffic Aqy, about 0.2A4y is offered as
overflow to the final route. Neplecting the peak-
edness of this overflow and without service pro-
tection one would obtain By, = 0.2Bzy, e.g.
Bqy=0.2:0.01= 0.2%. Because of the peakedness
(variance to mean ratio) of the overflow one finds
Biy = 0.5% by exact calculation {(see Fig.u).

The final route be dimensioned such that the en-
gineered loss for Bpy= 1% 1s obtained without
service protection, It should be possible to re-
duce slightly the trunks in the final route by
means of service protection. This reduction is,
however, comparatively small, as will be shown in
the following example:

The total number np, of trunks in the final route
in the example of section 4%.1.1 is reduced by cne
trunk from 18 to 17.

From this reduced number ny, =17 one has now to
separate 21 trunks in order to make them acces-
sible for the final traffic Apy only. This has to
be performed such that By, remains =#1% and further-
more that the overall probability of loss Biy does
not exceed =1%,

We find the following results:

Principle Biu/% Boy/% noq Moy noy,
PRS 1.26 0.66 16 1 17
SPH 1.20 1.03 12 5 17
SPO 1.09 0.97 18k 1 17

Z C‘:?WWD r:‘;. 0.76 1.68 17 0 1:.7_4

go S . ;”Olp ;0052 ;ig; 18 0 18

Ay = 21, Apu =55 nq = 20,
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In the case of PRS with one trunk reserved for the

fimal traffie,in this example the probability of

I 5 By, is alreadv considerably greater than 1%,

§?e probability of loss By, obviously smaller than
.

The use of SPO yields in this example a good bal-
ance of the probabilities of loss Bqy and Boy,
which both hold moreover the demanded value of =1%.

SPH yields By, =1.2%, which
1%.

As for all three principles Bqy or Boy already
slightly exceed 1% in this example, a veduction of
one trunk only (reduction of abcut 5%) in the fi-
nal route is possible, But it will ke shown in the
next section that the more important advantase of
the use of service protection will be an enhanced
overload capability.

is already greater than

4.1.3 The comparison of the three principles with
regard to the overload capability

In the diagrams Fig. Sa,b the probabilities of
loss By, and Bp, are shown for the case of a fail-
ure of [ =1,2,...n7 trunks of the hieh usage route
that means, the number of trunks in the high us-
age route 1s reduced trunk by trunk. The number of
t 'nks, which are reserved for the final traffic

i the final route is fixed for each principle and
chosen according to the example in section 4.1.1.
The common npq trunks in this examp have heen
dimensioned such that the ensineered loss Bpy = 1
is obtained.

Le

%

The diagrams Fip.6a,b show the same example, but
now n4 is a fixed parameter, The probabilities of
loss are shown as function of the traffic Aqy
of fered to the high usage route with nq trunks.

a

These diagrams demonstrate the overload behaviour
for a system without service protection or with
one of the three protection principles, resp. The
typical behaviour of the probabilities of loss is
the same one in the case with failures of trunks
as in the case of overload.
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Fig.5b The probability of loss By, as a function
of the faulty trunks f in the high usage
route.
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The die v tnat none of the three
princiy can avoid the significant growth of the
of 1 I 211y of Loy, 3f Aqy
engineered value. If c.g. Apy in-
21 to 25 Brl (19 %) the provabilities
and F,, rice at 40O %!
In the case of heavy overload, however, the pro-
bability of less Boy, for the final traffic can be
remarkably by using service protection
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Fig.6b The probability of loss By, as a function
of the traffic Ay, offered to the high
usage route. :

(A, = 5, ng = 20, n, = 18)

principles, whereas the probability of loss Bqy
is only slightly influenced.

For example, if Aqy grows from 21 to 45 Lrl, the
application of PRS reduces By, from 40 to 10%,
whereas Pqy increases from 27 to 32% only.

As a criterion for the overlocad capabilitv the
boundary value of the probability of loss Boysos
By, (Aqwc0) can be chosen. For SPH and SPO we get
evidently

B?Upo: Ei’n22(A2),

because the common used final route is occupied
at any time by calls of the offered tralffic Aq,.
In our example in section 4.1.1 we get

Byy,eo(SPH) = Eq g(5) = 0.07 and
B2u,00(SPO) = Eq 2(5) = 0,67,

In the case of PRS we obtain according to /4/:

n -4
AduTE

hzu'(n2u~1) ca (ﬁ21+1)

Bpy.col(PRS) =

:> 2u
'Nﬂn2u~(n2u»1) cee (A1)

In our example with ngpy =18 and npq 217 we get
for the PRS:

Boy = 0.217.

The PRS, which provides the lowest probabilities
of loss at engineered load (see Fie.l4), provides
also a good protection of the {inal traffic in
the case of overlcad.

On the other hand a dimensioning of the final
route could be presvibed, which vields uniform
p?obabilities £ loss By and By (or a proba-
bility of loss Byy siightly emaller than By,) not
only at engineered traffic loads hut also in the
case of overload. This aim could be achievad much
better with the SPO principle,

e

The SPH principle, however, leads in the case of
overload or faulty trunks within one of the sepa-
rate trunkgroups njy or njy, to the highest increase
of loss for that traffic, which causes the overload.

If the common final route has a breakdown, the

maximum probability of loss of both traffics A u
ipd A2y 1s restricted to their overflow probabi-
ity. ‘

Provided that there is no breakdcin of the final
route, the PRS and above all the SPO principle
(because of its simple realization) seem to be the
best means for service protection of the final
traffic in the final route upwards the hierarchv.

4.2 Application in the final route downwards the
hierarchy (Fig.3b)

To the final route downwards the hierarchv traf-
fic is offered from calls, which could use the
final route onlv, as well as traffic from calls,
which are switched via a hipgh usage route (see
Fie,1, e.g. traffic offered to the trunkeroup
from TS2 to L2). The traffic carried by a high
usace route is smoothed, whereas under engineerec
load conditions the traffic A,p offered to the
next section of the final rou%e is peaked. This
is the reason why the offered traffic Ayp has a
highey probabilitv of loss than the traffic Agy
cffered via the high usage route. :

Analogously to Tig.4 the probability of loss B4p
as a function of Byp is depicted in Tig.7. As
parameter on the curves for the service protec-
tion princirles PRS, SPO and SPiH one finds the
number of individual trunks npy for the final
traffic (Aq, =10, Agp=2, ng =11, nyp= ngptngpy =
15).

(S5
o<

Fig.7 The probability of loss BiD as a function
of Bpp for the principles PRS, SPH and 3PC,
Parameter is the number of trunks npp, '
available for the final traffic only
(spplication downwards the hierarchy)

A call of the traffic Aqy offered to the hioh
usage route must find an i1dle trunk as well in
the hieh usare route as in the sucgeéding final
route downwards hierarchv. 30 the number of
available trunks for the offered traffic Aqy can-
not be chosen smalier than niq.

On the other hand, in the final route onlv a max-
imum of n, trunks can be cccupied by calls of the
1o

offered t . Aqy. Therefore nop=-nq trunks in
the final route are dy "reserved" for calls

-
=
<)
=

of the offeread fic Agp without any service pro-

tection means.



‘g.7 shows that the probability of loss Bpp is
sout 2.3% whereas the traffic via the hich usage
route has only @1D =0.9%, when no service protec-
tion principle is applied. Bqp is the probability
for a call of Aqy to find an idle trunk in the
high usage route but none in the final route,

ndom tra“fic for simpler
Bypp will even be

Aop is assumed to be ra
calculation (if App is peaked,
higher),

The application of PRS or SPO could reduce Bpp.
But as Fig.7 demonstrates, the probakility of loss
Bip increases with npp in such a deeree that the
application of these principles seems to be not
useful,

The SPH principle reduces QZD only insignificantly.
Nevertheless Bip is increasising remarkably, when
noo is augmented.

This example shows (and others, which were investi-
gated but not discussed here) that service protec-
tion in the final route downwards the hierarchy
will be of no great importance (unless a special
network configuration is chosen, e.s./2/).

5. CONCLUSION

“.aree principles PRS, SPH and SPO for service
protection in the final route of an hierarchical
DDD network with alternate routing have been die-
cussed. It was shown that the application of these
principles upwards the hierarchy provides a better
equalization of the probabilities of loss for fi-
nal and alternately routed traffic as well as
service protection for the final traffic in the
case of overload of a high usage route.

The SPO principle with a separate overflow trunk-
group for the final traffic behind the common fi-
nal route provides the best equalization of the
probabilities of loss in the case of engineered
load and in the case of overlcad of a high usage
route.

An application downwards the hierarchv seems to
be less useful.
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