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ABSTRACT

This paper deals with the investigaticn of the traffic be-
havior of the common control of an experimental PCM switch~
ing system with stored program contrcl.

Bn outstanding characteristic feature of the switching
system is extensive preprocessing of control information by
peripheral control units.

-
The investigations are done by simulation and calculation,
resp. For simulation a model of the entire swi ching system
is developped which includes a submodel for the subscriber
behavior.

For calculation a simplified modsl of the common control is
developped and analyzed. This model consists of a single
server system with batch input (variable batch size) at equi-
distant instants and service times according to an Erlangian
probability distribution function. Bach arrival causes a
constant overhead phase in the server.

Numerical results (obtained by simulation) show the influ-
ence of the subscriber behavior and of the preprocessing
functions on the performance of the system. Furthermore,
interesting traffic values for the switching system are

© given.

1. INTRODUCTION

Electronic switching systems with stored program control
(8PC) have achieved worldwide acceptance /1/. Many telephone
organizations in the world install SPC switching systems or
plan to do it.

Stored program control leads to a new architecture and oper-
ational mode of switching systems (central control, prepro-
cessing of peripheral contrel information, ctc.). Besides
traffic dimensioning problems of the switching network /27,
a careful dimensioning of the central and peripheral control
devices with special regard to their traffic behavior is of
great importance /3,4/. This behavior is not only influenced
by the interworking of the system components but also by the
subscriber behavior.

To study ths ising prob s of 8PC switching systems, an
experimental PCM switching stem with extensive preprocess-
ing for telephone and data traffic is undexr developient at
the Institute of Switching and bata Techuics, University of
Stuttgart.The aims of this development are the investiga-
tion of:

-~ The influence of new technologies on the architecture of
tems (e.g. microprocessors for preprocessing

switching
control units
- The influcnce of the architecture on the opervational mode
cof the sysis witching programs)
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2. THE EXPERIMENTAL B{® SWITCHING SYSTEM

Fig. 1 shows the basic structure of the experimental switch-
ing system. The subscribers are connected with their exchange
via concentrators CT. ®ach concentrator is controlled by a
concentrator control € within the exchange. Concentrator

and concentrator control perform in cooperation many of the
functions for call establishment autonomously without the
central control (switching computer SC). Signalling to and
from other exchanges is done by the trunk control. Through-
out the switching system PCM transmission and switching is
performed.
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FIG. 1: STRUCTURE OF THE SWITCHING SYSTEM

The central processor supervises the peripheral devices

and establishes the comnections through the switching net-
work. Information to amd from the switching computer is
transferred at fixed apling instants (clock driven). In
the following only the function of the components which are
necessary for the medel will be briefly described.

2.1 The Concentrator {(T)

The concentrator comnnects the subscribers with the exchange.
It performs a traffic cmncentration of the subscriber lines
to the channels of the PCM transmission system and PCH cod-
ing and decoding. Furthermore, the concentrator provides

.digit receivers for muiti-frequency coded (MFC) digits.

The concentrator scans periodically all subscriber lines
for off-hook and on-hook events (change of the subscriber
state). After detecting a change of the subs iber state,
this new state is transferred to the concentrator control.
controlled by the CC, . concentrator links a calling sub-
scriber to a PCM cha and to a digit receiver. Dialled
digits received by @ ivers are sent to the CC.
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ed by the CC (off-hook and
The CC allocates PCM

- Massages which are preprocess
on~hook of a calling subscribe
channels and di
a successful call attempt (ce
to a PCM channel and to a digit recelver), a message is
generated for the SC. Otherwise, if this attempt was un-
successful, no message is sent to the 8C.

The following instructions from the SC are distinguished:

- Connect a PCM channel with a subscriber.

- Disconnect a subscriber from a PCM channel and/or from a
digit receiver.

- Connect or disconnect an audible tone.

2.3 The Switching Network and the Trunk Control

Path selection for the switching network is performed by
the SC. The necessary information for the switching network
to connect or to disconncct an incoming and an outgoing PCM
channel is received from the SC.

tion interchange be-
tween the switching computers of different exchanges over
common signalling channels of the PCM systems.

2.4 The Switching Computer (SC)

As main tasks the swiltching computer performs the interpre-
tation of d¥alled digits, path selection for the switching
network and initiates connections and disconnections.
Furthermore, metering, charging, maintenance and other ad-
ministrative functions are done. Besides these functions,
the switching computer supervises and coordinates all pe-
ripheral devices.

New service features (e.g. abbreviated dialling) are im-
plemented in the SC. Due to the preprocessing functions of
the €C, the flow of control information is considerably
reduced. Therefore the load of the switching computer is
diminished.

The informaticn interchangg between the peripheral devices
(CC, CT, switching network and trunk control) and the SC
is done over an I/0 bus cyclically at fixed sampling in-
stants. Only one information {(megsage or instruction) to
and from each of the peripheral devices can be transferred
at the sampling instant.

Each type of message is processed by an individual program
in the SC.

3. MODELLING OF THE SYSTEM
For the investigations of the central control a model

- of the real system and
- of the subscriber behavior

is developped and described in the following sections. This
model is analyzed by simulation and a simplified version by
calculation.

3.1 Model of the Subscriber Behavior

The actions of the subscribers (going off-hook, going on-
hook, dialling digits) denoted in the following as "HVENTS"
produce messages to the £C, which form an essential part
of the flow of control information. Therefore, the model of
the subscriber behavior should comprise these events. The
events can be subdivided into

- initial events (off-hook)

- dependent events after one initial event (digits, on-hook).

_ between two initial events are distributed
ien

The times Ta
according to a negative exponential distribution func

plo 2ef= oAt

with mean arrival rate A. The negative
bability distribution function) has been px
approximation for call attenpts /8,8/.

To produce prec traffic pesks in order to investi-
gate the transieut vicr of the contral control, the
mean rate \ can be altered as a funclion of time. (Fig.2).
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The mean rate kis chamged to A for the time t , and to )
for the time t . To afstain stagistically reliagle data on
the system behgvior, this process has to be repeated peri-
odically /10/.

A sequence of one initial event and all its dependent events
will be denoted in the following as a gervice request chain
SRC. The service regussst chains depend on:

- the "original" subscriber behavior (not influenced by the
switching system)

- the receipt of busy tone (sent by the switching system)
which terminates tle call establishment and leads to an
on-hook event.

According to differemt subscriber behavior four types of
so called "original” SRC's are distinguished:

- First type: Subscriber goes on-hook without dialling
- Second type: Uncompleted dialling

- Third type: Called subscriber doesn't answer

- Fourth type: Called subscriber answers

These types do not imelnde the reaction of the subscriber
to busy tone. Therefose, another type of SRC is introduced:

~-Fifth type: Subscriler goes on-hook after busy tone.

This type of SRC appeaws, 1f either the called subscriber
(B subscriber) is busy or if no idle channel is available.
for the probabilities of the dif-
ferent types of SRC's are given.
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Fig.3 shows all possifille SRC's with respect to the experi-
mental switching system., The individual SRC of a subscriber
is a sequence of evemts. This sequence is determined by bran-
ching probabilities p caused by the subscriber without an
influence of the switdhing system and by probabilities for
busy tone Pbg:pré+ ?@@2’ (pr1= probab%l%ty for busy ?one
because B subscriber bmsy; Pypo™ probability for busy tone
because no idle chanmel is avallable (trunk busy)). Values
for these probabilit and for the mean times between the
events are given in Table 1.

The subscribers are cmmnected with the switching system via
n concentrators. Therefore, the subscribers are divided up
into n groups, each gmoup belonging to one concentrator. The
behavior of such a gr
the behavior of all other groups. Therefore, the mean arrival
rate A is defined for one concentrator. Within each concen-
trator an event generator (EG) produces the SRC's individ-
vally for each subscriber which is off-hook (Fig.4). There-
fore, several SRC's can run in parallel. Initial events
(off~hook) are also produced by the EG according to the
mean arrival rate A ardd the negative exponential distribu-
tion function for initial events.

ween two consecutive dependent events
of one subscriber are distributed according to an Erlangian
pdf of k-th order. The mean time interval a, and the param-
eter k, of the pdf are dependent on the type of the next
event to be generated.

The SRC of a subscriber is terminated if busy tone is sent
to the subscriber by the 5C.
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The switching network is only modelled with respect to trunk
busy condition. Trunk busy means, that no idl CM channel
to the called subscriber is available. The detection of
trunk busy is based on lists, which are used in the model of
the concentrator and the switching computer. Therefore, the
model of the switching computer processes trunk busy condi-
tion.

Furthermore, the trunk control units are not modelled in the
basic model described below. That means, that only internal
traffic is considered in the model.

3.2.1 Medel of the Concentrator and Concentrator Control

The model of the concentrator and the goncentrator control
MCCC (Fig.4) consists of the peripheral processing unit PPU
and two gueues:

~ the queue for digits (DQ)
- the queue for on-hook and off-hook events (0Q).
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FIG. 4: SINULATION MODEL OF THE SWITCHING SYSTEM

Microprograms running in the concentrator control CC are
only modelled with respect to their function and not to
the run times. These run times are only a fraction of the
time between two sampling instants and cause no addition-
al delay on the processing of subscriber events in the
concentrator control.

The PPU performs the following tasks:
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The input to the concentrator is produced by the EG. Initial
subscriber events {call requests) which are not rejected are
filed into the 00 {queue for on-hook,off-hook). Digits are
filed into the DY {(qusue for digits) and have priority over
of f~hook, on-hook events.

The model of the periphery consists of n MCCC according to
the number of concentrator controls which work in parallel.

3.2.2 Model of the Switc¢hing Computer SC

The switching computer is only modelled with respect to its
switching functions. #ll other functions, such as mainte-
nance, error detectiom and administrative operations are
neglected. It consistsm of the server (CPU) and two waiting
queues,

-~ the processor input gueue PIQ and

- the processor output queue POQ.

The PIQ is for messages from the periphery and the POQ for
instructions to the periphery.

At fixed sampling instants the information interchange is
initiated by the clock pulse generator CPG. Only one
message from and one imstruction to each concentrator con-
trol (MCCC) and to the switching network can be inter-
changed. Therefore batches (groups) of messages from the
MCCC with a maximum batch size of n according to the number
of MCCC's arrive at the PIQ. This interchange causes a
constant processing time (overhead) in the CPU.

The switching programs are modelled with respect to the
instructions for the concentrator control (MCCC) and to

the run times. Bach type of message (e.g.digit) activates

a program of its own with individual run time . Dependent
on the type of message an instruction is generated and filed
into the POQ (measured values of the run times of switching
programs in the experimental switching system are given in
Chapter 4).

To be able to model 5C"s with different types of CPU a so-
called run time factor RTF is introduced. The RTF deter-
mines the processing speed of the CPU related to the pro-
cessing speed of the CPU of the experimental switching
system. For instance & RTF =25 means, that the CPU is 25
times slower than the reference CPU.

The occupation of the €PU and the PIQ will be shortly dis-
cussed by an example (Fig.5).
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3.3 Flow and Processing of Control Information

Different messages from the MCCC to the switching computer
sC and instructions from the SC to the MCCC are interchanged.
The interchange is driven by the different subscriber events,
The sequence of subscriber events and the resulting flow

of control information as well as the processing in the SC
are depicted in Fig.6.

At the left hand side of Fig.6 the SRC generated by an EG
is shown. In the midst of Fig.6 the processing of instruc-
tions and the generating of messages by the MCCC and, on the
right hand side the processing of messages and generating
of instructions by the SC are shown. In Fig.6 only one MCCC
and one EG is shown. In the model however, a variety of such
SRC's run in parallel in each MCCC. Messages and instruc-
tions are only interchanged at fixed sampling instants. As
an example the serving of a SRC will be briefly described.
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SUBSCRIBER EVENTS MESSAGE] ATI PB PROGRAMS
ABBR. sec ABBR. %] Py hig cy kj
A subscriber off-hock El - Pbl 10 1 ]0.55]0.14 51{-
1. digit B2 2.5 sz 2 2 10.4510.65 2
2, digit E3 0.7 pb3 2 2 10.4510.65 2
3. digit B4 0.7 Pia 2 2 {0.4510.65 2
4. digit E5 0.7 b5 2 2 10.45]0.65 2
5. digit E6 0.7 P 2 3 13.33]0.35 3
(complete dialling) Prnaq] 10
Acknovledgement E7 - 4 11.70 10,08 156
B off-hook E8 15 5 10.60 | 0.18 30
B on-hock after conn. E9 145 6 11.10]0.99 i
A on-hook after conn. Elo 1 7 12.98 10,32 g
A on-hook after free t. 40 7 12.98 0.32 a
A on hook after busy t. E11 4 £ 10.6310.49 4
A on hook during dial. 3.5 8 10.63 ]0.49 4
mean h,variance coefficient. ol 1,06 | 0.96
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VENT (X by
PB TY FOR BRA ;
hi MEAN RUN T OGRAMS
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After an off-hook event, the MCCC tries to allocate a PCM
channel and a digit receiver. If this is possible a message
E1 (A subs. off-hook} is sent to the SC, otherwise the call
is rejected withoul a message.

Dialled digits are semt directly without preprocessing in
the MCCC to the SC (EZ-E6,digits 1-5). The length of the
subscriber numbers im the model is 5 digits. After the last
digit (complete diallimg) the SC determines (with probabil-
ity) if the B subscriber is busy. In this case the SC sends
the instruction It (comnect busy tone). In the other case

a free channel to the B subscriber is hunted. After success-
ful hunting, the instxmction I2 (connect channel) is pro-
duced. Otherwise the imstruction Il is generated.

The MCCC connects the channel to the B subscriber,discon-
nects the digit receiwer, and sends the message E7
{acknowledgement) . (Em rveality the message "internal block-
ing" in the concentrating network within the CC may be
generated. Because of the neglectable probability of
blocking this message is not modelled.)

If the B subscriber goes off-hook, free tone is disconnected
and the message E8 is sent. End of connection generates two
messages E9 and E10 for B on-hook and A on-hook. A on-hoock
causes the disconnection of the B subscriber and the B sub-
scriber from the chammel. Therefore the SC sends the in-
struction I3 (disconmect channel).

Other types of SRC are served in a similar way.

4, STIMULATION AND RESULTS

The model described im Chapter 3 has been investigated by
simulation. For this purpose a simulation program in ALGOL
has been written. The investigations have to be done due to
event by event simulation /11/. To obtain reliable results
the input parameters, which together with the structure and
the operational mode determine the flow of control infor-
mation,have to be realistic. Therefore, measured data from
the literature /10/ amdl measured data from the experimental
switching system have to be used (Table 1).

Results of the analysis are characteristic traffic values
for the performance of the system as

- mean load of the cemtral control (Yopy)
- mean waiting time im the PIQ (w)

~ mean length of the PIQ (1))

- maximum length of the PIQ ()

- waiting probability 4in the PIQ 4W).

Furthermore the time dependent behavior of the traffic
values is given.

4.1 Input Data

Table 1 shows the average length of the different time in-
tervals (ATI) between two successive "dependent" events,
measured in the telephone network of the German PTT. These
fime intervals are assumed to be negative exponentially dis-
tyibuted. The probabilities for branching (PB) for the SRC's
(¢.f. Fig.3) are also given in Table 1. These values are
derived from measured walues /10/. To obtain values for

the program run times ©of the experimental switching system
measurements on the real system had to be carried out.For
this purpose a sequemce of control informations (messages)
was generated, and the run times of the related programs
were measured by means of a time monitor. The mean values
for the different programs h, as well as the variance
coefficient ¢, are giwen in Table 1. The pdf for the run
times is assuiied to ke an Eriangian pdf of k~th oxder. The
values for k are deriwsed from the eguation k = (1/c)“ for
values k & 1.

The number of concentrators and concentrator controls is
n=16.

The mean run time of all different programs for a normal
mix of SRC's (p,_ .., 17%, other probabilities according to
Table 1) is also givewm in Table 1.

Parameters which were altered for simulation are depicted
in the diagrams.

4.2 Results

The results obtained by simulation are listed and discussed
in the following. The 95% confidence interval (E ) for all
measured values will ks given in the diagrams.
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As already mentioned, the subscriber behavior has a great
impact on the system behavior. The Diagrams 1-3 show the
influence of different subscriber behavicr on the mean batch
size, on the pdf of the program run times and on the load

of the CPU. Four different types of subscriber behavior

are distinguished:

~ Only type 1 (pp1=1.0)

- Only type 4 {pp;=0, bi=l..bn+l,ppri=0)

~ Only type 5 (ppp1=1.0) ’

- Normal mix.

{Branching probabilities according to Fig.3 and Table 1)

. Diagram ! shows the mean batch size by as a function of the
mean arrival rate A of calls. The curves for type 1 and 5
are nearly a linear fuuction of A. This is due to the fact,
that the number of rejected calls (because no channel or
digit receiver is idle) is neglectable. The curves for

type 4 and the mixcd type incre also monotonously with A
but not linear, because in the depic range of A the num-
ber of rejected calls increases remarkably with A. With in-
creasing A the mean batch size tends to a limiting value.
This limiting value is given by the fact, that the number
of accepted calls is given for higher values of A only by
the termination rate of calls. (Rejected calls produce no
messages) .
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Diagram 2 shows the load Yepy of the CPU of the
computer SC as a function of \ . The curves have
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BER BEHAVIOR

The traffic behavior is mot only influenced by the subscrib-
ers but also by the system architecture and the processing
speed of the CPU, This influence can be extracted from the
following diagrams 4-7.

piagram 4 shows the carried load per PCM channel and the
load Ynpy as a functiom of the mean arrival rate A. The
curve for g increases monotonously with A. This is due to

the fact,

that no call establishment is terminated by over-

load of the CPU, but omrly by trunk busy condition. The load
of the CPU Yoy is limited by the fact, that calls, rejected

by the concentra

tor reguire po CPU time.

Diagram 5 shows the meam walting t&me w of all messages

in the PIQ as a functiem of A for two types of CPU

(RTF =25,75) with arnd without overhead. The mean batch size
increases monotonously o an upper bound. Therefore the
mean waiting times increase with Abut are alsc limited, if
the processing speed of the CPU is sufficient. A CPU with

a RTF of 75 is totally overloaded for higher values of \.
To avoid overload with imcreasing A the RTF has to be

chosen carefully.
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Diagram 6 shows the maximum length of the PIQ as a function
of Yepy. This diagram gives an indication for the neces-
sary length of the PIQ if the load on the CPU is known

and the overflow probability of the PIQ should be neg-

lectable.

The above presented diagrams have shown mean values for
interesting parameters of the system, To study the time
dependent behavior of switching systems, these values

are not sufficient, Therefore, the characteristic values
(in Diagram 7 the mean queus length of the PIQ and the
mean batch size) have been plotted as a function of time.
The diagrams show curves for different values of A and RTF.

The parameters for the arrival process are according to
Fig.2. At time t=0 the system is empty (A _=0). At time
t=+0 the mean arrival rate increases to )\ . Curve 1 shows
for instance that a mean arrival rate of pk =2-.1/sec can
" be processed by the CPU (RTF=25) without 16Bs in the PIO,
if the length of the PIQ is not less than 250. With
growing time the number of processed service requests
(messages) becomes greater than the number of incoming
sexrvice requests. This is due to the fact, that the limi-
tation effect of the concentrator (rejected calls don't
require CPU time) limits the nunber of incoming service
requests. The length of the PIQ diminishes therefore.

The time until the PIQ has & ationary length (with
~ted from the diagram.

respect tc»kpé can also be extra
The rapid increase of curve 3 makes clear, that besides the
above mentioned limitation effect additional load control

procedures have to be implemented in the SC to avoid over-
load situations.

Furthermore the batch size by is plotted as a function of
time in Diagram 7.

5. CALCULATION AND NUMERICAL RESULTS

5.1 Model of the Switching Computer

The model of the switching computer used for mathematical

analysis is shown in Fig.7.

: 5 N <
batch input (batch size = n)

sampling switch (clock period T7)

queus

(infinite capacity)

sing unit
times,mean h)

ooe

for service

COMPUTER

"~ the random vay

TIMEfsec 60

PR

20 30 40 50

The model consists of a single server (CPU) with a queue
corresponding to the PIf in Fig.4 The input process from

the switching periphery is modelled by batch arrivals of
messages (in the following denoted as requests) at equidi-
stant sampling instants (periodT). The batch size is an inde~
pendent random variable G. The probabilities p{ G=i}=g(i)

with i=0,1...,n for the batch size are assumed to be inde-
pendent of the sequence of sampling instants and of the
service times of the reguests.

The service times of the reguests are distributed according
to an Erlangian pdf of the k-th order (Ey). The queue digci~
pline is service in order of arrival between batches and
first—in, first-out within the members of a batch. The serv-
ice process is accordimy to section 3.2.2 (Fig.5) but with
variable overhead tg, =0.

5.2 Calculation

Characteristic traffic walues such as the mean waiting time
w and the probability of waiting W can be determined via the
probabilities of state. Therefore in Section 5.2.1 the proba-
bilities of state are derived and the characteristic traffic
values are determined im Section 5.2.2 and 5.2.3, resp.

5.2.1 Probabilities of State

The probabilities of state here are determined for the in-
stants just before the sampling instants by means of the Im-
bedded Markov Chain /12,13/.

is described by the random variable
the number of requests in the system
just before the sampling instant ty,

The|state of the system
X(t;), which represents
(waiting or in service}
where tj =t;-O.

In the literature /13,14/ it has been shown that the service
process in a GI|BExl! system (mean service time h) is
equivalent to the service process in a system, where instead
of single arrivals batches of fixed size k arrive. Each
member of a batch requires a negative exponentially distri-
buted service time with mean h' =h/k.

This equivalence is based on the fact, that in case of neg-
ative exponentially distributed service times, the total
time to serve a whole ~ch can be described by the By pdf.

For the calculation of the model according to Fig.7, a sub-
sidiary model (8M) is introduced, which is characterized by

- constant interarrival times between batches (c.f. 3.2.2)
'

- the random batch ¢ =k«G, which means that if in the
original model (08} a batch of size i arvives in the SM
a batch of size k-1 arrives

- negative erponentially distributed service times with
mean h' =h/k

tabl
of requests in the g

#7(r}), which represents the number
cem at the instant L{




The probabilities P(G' } (i) are incn by
g'(3) = g(i) j = k-i (1a)
g'(j) = © o+ ki (1b)

with maximum batch size m = n-k (1e)
Because of the overhead t _, the requests in the SM can
only be served during the Service period T, = T—tn“ The
number of requests which have been completeély served during
this period are gilven by the random variable R. Because of
the negative exponentially tributed scervice times, the
probabilities P{P~ } = r(s) are given by

s
e~a-§~ s =0
st ) .
r(s) J , e
L o s <0 with a = t.=—
s h
L -a s-1 a
rm(s) = é e = l-e ) T (2b)
i=g i=0

Equation (2a) holds, if the server remains busy during the
service period t_, and Equation (2b} holds, if the server
becomes idle during t~

The transition probability P{X (t'+1)=v [X‘(tf)ru}: p(u,v)
is independent of the sampling indtants t! (i%0,1,...). It
is given by *
V’m‘_’
) g (V) ex (udu-v) 0 < v E um
v=0 .
2u,v) ={ (3a)
o] - v > uhm
m
p(u,0) = é;@'g‘(v)‘rm(u+v) v =0 - (3b)

The steady state probabilities p'(j) = lim
now are determined by i~

p{x" (£]) = j}

p'(3) = L p' (1) -p(i,3) J o= 0,1,... (4a)

‘:o'-‘\
2p'(i) =1 (4b)
i=0

To solve this system of linecar eguations the generating
function

w0

Gx(z) = 5___4 p'(x) - (5)

=0

is introduced. Schwaertzel /15/ showed, that the generating
function Gx(z) is given by

o assy ©)

Gx(z) = iz
V=0 UV

Jhere 6v (v=1,...,m} are the m roots of the Equation:
m
) g’ (m-v) - 6

A—
V=0

s —L (1-v) 7

In /15/ formulas for the roots of Equation (7) are given.
The probabilities p'(J) are given by
93
pr(3) = T ex(a ®)
J- dz?
For practical computation, Schwaertzel has given recurrence
formulas for the probabilities p' ().

Now, the probabilities of state for the
can be calculated by the following consid

The arrival of one request in the OM caus the arxival of
one batch of size k in the SM. A reques the OM is ready
with service only if in the SM all k reguests of the same
batch are served.

Therefore e.g.the probability p(l) is given by

..
p(1) =Y " prd) (9a)

=T

In general, the probabilities p(j) for the OM are given by

Lt plO) = p'(0) (9%

EEa PTG aersxruesE  eacna rew exacespass .y

5,2.2 Mean Waiting Time w of a request

Po determine the mean waiting time w of a request in the OM
(with overhead), at first, the mean waiting time w* of a
request in a system without overhead is considered.

According to /16,17/, the mean waiting time
*
LA A + W, (10)

is composed of two components

- the mean waiting time Wy of the first member of an
arriving batch

- the mean waiting time Wy of the residual members of the
batch

The mean walting time w, - in the OM corresponds to the mean

total time to serve all requests, which are in the OM (wait-

ing or in service) just before the sampling instant. This

time is identical with the mean total time to serve all re-

quests which are in the SM just before the sampling instant.

Therefore, w, is given by

1
.4 i .
W, = E[x] -n' = higo Gx(@)|, (11)
The mean walting time W, is given according to /16,17/ by
1 VARFG]
W, =5 { £13) + E[G]- 1] h (12)
n
where E[G] = > irg{i) and var[G] E (1~F‘[G])
1=0 i=0

The mean waiting time w in the OM with overhead can be de-
termined according to /18/ by means of the mean queue length.

Fig.8 shows as an example the queue length  (number of
requests waiting in the queue) during a sampling period.

0 batch of size 4

|
]

T

.
[ S PR

Bt

hmtof Z-ts

t, t,
. i+l

'

FIG. 8: NUMBER OF REQUESTS IN THE QUEUE

The sexvice process during the period L in a system with
overhead is equivalent to the service procesa in a system
without overhead but with the sampling period ™=t , be-
cause during the overhead period t no requests arg sexved.
Therefore, the mean queue length £ during the service period
in a system with overhead is equal”to the mean queue length
in a system without overhead but with the sampling period

T = ts' The mean queue length Qs is
o -FElE
s tS (13)

s * :
with w  according to Eguation (10).

The mean queue length & o during the overhead perlod t
corresponds to the sum of the mean number of reques Eg the
queue . Jjust before the sampling instant and of thc mean
number of arriving requests at the sampling instant.

Qof = Qb + E[G] (14)
Q. can be determined by means of Equation (9)

b
=3 ® LDk
q, = Y aep(ivt)

=) iy et (15)

i=1 i=1 " j=ik+l
with p'(j) according te Equation (8).

The mean queue length during the sampling period is

= tq tof
Q =0 QS + . Qof {16)

G .r9
w=St- V*’*[“T]Q","F e, (17
LG, of

with w* From Bquation (30) and Qb from Bguation (15).



5.2.3 Waiting Probability W

The waiting probability W here is de-
fined as the probability, that an arri-

H. Weisschuwh and M. Wizgall G/

I
Iw/msec 1

ving request has to wait longer than the t = O,t &
time t _, because the server is busy ov ©
OF ) s 20— RTF= 25
after the overhead period t __. .
of pkt1= 17%
ot

To determine the waiting probability W,
at first, the probahility 1-W that an
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arriving request has to wait the time 15
tof' is determined according /17/ by :
p(0) - (1-g(0))
- = 2L TS A
E[g] (18)
A . . 10
The probability W is then given by i;)x
1-g (0) 1"
W=t - T%@«TT (1 -6) (19
' =1 ===
where 6v are the m roots of Eq. (7).
5.3 Results 0
The Diagrams 8 and 9 show calculated 25 75

values for the mean waiting time w and

for the waiting probability W in com-
parison with values obtained by simu-

lation. For calculation the batch size

was assumed to be distributed accor
bution function with maximum batch
assumption was justified by simulation results). The differ-
ences between the calculated results and the results obtained
by simulation in Diagram 9 bases on the assumption of ince-

pendence of the batch sizes of consecutive sampling instants,
which in reality (simulation) doesn't exist. This dependence,

ze equal to 16. (This

however, has only an influence for small values of the
sampling period T (DiagramﬁB)a

6. CONCLUSION

The traffic behavior of an experimental switching system with
special regard to the central control has been investigated.

For this investigations a model of the real system was de-
velopped. To obtain characteristic traffic values of the
real system, the model was analyzed by simulation and a

simplified version of the model was analyzed by calculation.

The investigations have shown the influence of the architec-

ture of the systenm
the performance of

as well as of the subscriber behavior on
the system.

The preprocessing units of the switching system enhance re-
markably the performance of the central control (CPU) and
provide a good load limitation effect for the CPU,

Further studies will be carried out with respect to

- variable overhead

- load control mechanisme in the CPU

- external traffic
- data traffic.
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