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ABSTRACT 

This paper presents a model for determining 
throughput of SPC switching systems under heavy 
load conditions. The model includes three impor
tant components: subscriber behavior, switching 
network and control unit. The model is developed 
by analyzing the call processing procedure. Math
ematical relationships between various character
istic traffic values are derived. The equations 
form a system of nonlinear equations. These non
linear equations can be solved iteratively by the 
method of substitution. As an application of the 
model proposed we consider a microprocessor
controlled decentralized PABX unit. The results 
of the numerical method are compared with those 
of a time-true simulation. 

1. INTRODUCTION 

The overall system throughput of a SPC ex
change is influenced not only by the control 
structure of the system, but also by the traffic 
performance of the switching network and the 
subscriber behavior. The usual approach is to 
assume that the switching network and the sub
scriber behavior have no influence on the overall 
system throughput. Most of the studies on SPC 
switching systems are carried out under these 
assumptions (1)-(2). The models developed under 
these assumptions can not be applied successfully 
to the overloaded SPC switching systems, as the 
system behavior under heavy load conditions is 
not properly considered in the model. For exam
ple, the operation response time of a control 
unit may differ depending on whether or not we 
take the blocking in the switching network into 
account, especially when the blocking probability 
is large under heavy load conditions. 

Several papers are published, which deal 
with system throughput, considering both the 
switching network and the control unit (3)-(4). 
For a successful study of system's capability 
under overload conditions it is necessary to 
describe the real system processing as realisti
cally as possible and to consider the entire 
exchange. Szybicki initially proposed a model for 
an overloaded local switching system which con
siders the switching network and the control unit 
as well as the subscriber behavior (5). In the 
model, the control units are approximately model
led by using an M/G/I-FIFO queueing system while 
the actual control units have usually a number of 
tasks of different priority classes. 

The purpose of this paper is to develop an 
analytical model of a SPC switching system which 
displays the major steady-state behavior of the 

system under heavy load conditions and which is 
computationally tractable. In the model, the 
switching network, the control unit and the sub
scriber behavior are taken into consideration. As 
speech connections are usually set up on a loss 
basis, internal and external blocking probabili
ties are considered. The control unit operates on 
a queueing basis and is modelled by an M/G/1 
queueing system with nonpreemptive priority dis
cipline. For the subscriber behavior, retrial of 
call attempts and giving up probabilities during 
call processing are considered. With this model 
we can calculate approximately the overall maxi
mum throughput of a switching system and gain 
insight into measures for overload control. 

This paper consists of 5 sections. Following 
the introduction in Section 1, a description of 
the model and basic definitions are given in 
Section 2. The model is developed by analyzing 
the call processing procedure. In Section 3, 
mathematical relationships between various char
acteristic traffic values, including overall 
system throughput, are derived. The derived equa
tions form a system of nonlinear equations. These 
nonlinear equations can be solved iteratively by 
the method of substitution. In Section 4, a mi
croprocessor-controlled decentralized PABX unit 
is considered as an application example of the 
proposed model. To test the numerical results, a 
time-true simulation was run. The results of 
numerical method and simulation are compared and 
discussed. The conclusion is given in Section 5. 

2. A MODEL OF OVERLOADED SPC SWITCHING SYSTEMS 

For a successful study of SPC switching 
system's call handling ability under overload 
conditions, it is necessary to describe call 
processing in the real system as truly as possi
ble and consider the entire exchange. The compo
nents considered in this paper are: 
a) subscriber behavior 

call type (internal, transit, incoming, 
outgoing) 

- call mix (completeness of call attempts) 
- holding time (dialing time, ringing time, 

conversation time) 
- call repetition ratio 

b) switching network 
- internal blocking probability 
- external blocking probability 

c) control unit 
- rejection probability due to time-out of 

dial-tone delay 
- rejection probability due to time-out of 

ringing-tone delay. 
If one analyze~ call processing procedure 
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under consideration of the above mentioned compo
nents, one can obtain the model of an overloaded 
SPC switching system shown in Fig. 1. To explain 
easily a call processing procedure, an intra
office call connection is considered as an exam
ple among four different call types. A calling 
subscriber lifts his handset off the hook at time 
to. The action of the calling subscriber is de
tected by scanning of peripheral equipments and 
delivered to the control unit as an input infor
mation to process. The control unit tries to find 
a free dial reception circuit (register). If the 
control unit finds a free register, the register 
is marked at time t1 and the control unit pro
ceeds to carry out path selection between the 
calling subscriber and the register. In the case 
of a successful selection of a path, the calling 
subscriber receives dial-tone at time t 2 • The 
register is ready to receive dialed diglts. Up to 
this time, there are three possibilities of bloc
king: 

a) there is no free register, 
b) at least there is a free register, but no 

free path, 
c) at least there is a free register and a free 

path, but the dial-tone delay exceeds some time 
limit. 

The blocking probabilities of a) and b) are 
decided by the traffic behavior of the switching 
network and denoted by B1 • c) describes the pro
bability B2 due to time-out of dial-tone delay 
and is determined by the behavior of the control 
unit. In these three cases the call attempt is 
not successful. 

Dialing begins at time t3 and ends at time 
tu. The ca~ling subscriber can give u~ dialing at 
the beginnlng and at the end of the dlal-tone 
with probabilities B3 and B4 respectively. If the 
calling subscriber selects all the necessary 
digits, the control unit evaluates the selected 
digits and checks the state of a called subscri
ber. If the called subscriber is free, the con
trol unit tries to find a free junctor for con
nection of an intra-office call. If the control 
unit finds a free junctor, it is marked at time 
ts and the control unit proceeds to carry out 
path selection between the junctor and the called 
subscriber. In the case of a successful selection 
of a free path the calling subscriber receives a 
ringing-tone. Up to this time there are further 
four possibilities of blocking: 

a) the called subscriber is not free, 
b) the called subscriber is free, but there is 

no free junctor, 
c) the called subscriber is free and at least 

there is a free junctor, but there is no free 
path, 

d) the called subscriber is free, at least 
there are a free junctor and a free path, but the 
ringing-tone delay exceeds some time limit. 

The blocking probabilities a)-c) are decided 
by the traffic behavior 9f the switching network 
and denoted by BS. The term d) describes the 
probability B due to time-out of the ringing
tone delay an~ is determined by the behavior of 
the control unit. 

If the called subscriber lifts his handset 
off the hook at time t 7 , then conversation begins 
at time t8. The probabllity that the called sub
scriber may not respond to the call is denoted by 
B7 • The calling subs~r~ber can give up co~versa
tlon with the probablllty B

8
. If the call1ng 

subscriber has dialed a wrong number, the conver
sation goes to end immediately and the call at-

SW..£I\CE OF E\i£NTS 

CALLINGSUB .OFF-HOOK to _ ._ . - . - . 

N B, 
A PATH SELECTED 

RECE I VE 01 AL-TONE t2 _ . _ . 

BEGIN 01 AL ING 

END OIALING 
N B 4 

JUNCTOR OCCUP I EO 

RECEIVERINGING-TONE t6 - . _ . 

CALLED SuB . OFF-HOOK t 7 _. _ . 

BEG I N CoNVERSAT ION t 8 

END CoNVERSATION tg 

RELEASE PATH 

F 1 A model for study of overloaded SPC ig. • 
switching systems. 

tempt is not successful with the probability B
9

• 
The conversation goes to end at time t9 and the 
control unit carries out disconnection process at 
time t 10 • Then the occupied speech path is ready 
for the further use. 

In the model the rate of offered calls A is 
determined by the rate of fresh calls AF and ~hat 
of the repeated calls \.n and the rate of blocked 
calls AR is divided by ~w and the rate of aban
doned calls AN. The throughput is denoted by Ay. 
The unsuccesstul call attempt makes retrials 
before it is given up. The retrial probability Pw can be obtained by the quotient of ~ and AR• 

The dial-tone delay is characterized by t -
t1 and the ringing-tone delay by t6-t~. The.total 
holding time of a register t

S
-t1 can be devlded 

by the useful holding time t 4-t which is the 
duration for digit reception an~ two useless 
holding times, t 3-t1 and t S-t4 , which are pro
duced by the reaction time of the control unit. 
The useless holding time which is usually known 
as blind holding time plays a very important role 
to the throughput degradation of overloaded SPC 
switching system. The detailed behavior in rela
tion to this will be discussed in section 4. The 
total holding time of a junctor t10-tS can be 
also devided by the useful holding time tq-ts and 
two useless holding times, ts-ts and t 10-t9 . 
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3. THROUGHPUT ANALYSIS 

From the model in the previous section, the 
basic relationship between various call flow 
rates can be obtained by 

PW'AR 
(1-PW) . AR 

AF+AW 

9 j 
AA l: B. l: (1-B . 1) with BO=O 

j=1 J i=1 l-

(1) 

(2) 

(3) 

(4) 

(5) 

The blocking probability of the system may be 
given by 9 

B = IT (1-B.) (6) 
i=1 l 

The probabilities B3 , B4, B7 , BS ' B9 and Pw describe the subscriber oehavior. As those values 
have no direct relationship with traffic offered, 
they can be determined by the call mix which is 
specified by measurement or experience. B1 and Bs 
are determined by traffic performance of the 
switching network, and B2 and B6 by the control 
unit. As those probabiliEies have close relation
ship with traffic offered, let us go into details 
in the following section. 

3.1. Blocking due to switching network 

The blocking probability of a switching 
network with n junctors consists of internal and 
external blocking probabilities, and the total 
blocking probability B

tot 
is given by 

(7) 

where Bext denotes the external probability and 
Bint the lnternal. For the pure chance traffic of 
flrst type, the Erlang's loss formula can be ap
proximately applied to the calculation of B

ext 

An/n! 

E AJ/j! 
j=O 

(S) . 

where A denotes traffic offered and n the number 
of junctors. For the pure chance traffic second 
type, the Engset's loss formula may be used. 

a n 
(m-I) (_) 

n }..l 

n (m-:I)(Q.)J 
.LO J l.l J= 

Bext = BEngset 
(9) 

where m denotes the number of traffic sources, a 
is the average call attempt rate of a traffic 
source and l.l represents the average holding time. 

The calculation of internal blocking proba
bility of a switching network is very complicat
ed. It depends on the traffic offered, network 
structure and operating strategy 

Bint = f(traffic,structure,strategy). (10) 

There are many methods for calculation of inter
nal blocking probability (6). The ways of various 
calculating methods are not reproduced in this 
paper, because the description of them are too 
extensive. 

3.2. Time-out due to control unit 

This section deals with the calculation of 
the probabilities of B2 and B6 ~nd ~ome cha~ac
teristic values of the model whlch lS descrlbed 
in Section 2. 

Generally, the programs in SPC switching 
systems are arranged by levels in such a way that 
each level contains several programs. In order to 
efficiently carry out the various program tasks 
of the levels, each level is assigned a certain 
priority so that one level may be interrupted .by 
another with higher priority. The real control 
unit is a very complicated queueing system with 
different priorities and feedback, and can hardly 
be solved analytically. 

For analytically tractable modelling of the 
control unit, it is assumed that tasks arrive 
according to a Poisson process, the number of 
waiting placei for tasks is not limited and the 
tasks are processed by the discipline of non
preemptive priority. Under these assumptions the 
control unit can be modelled by an M/G/l queueing 
system with non-preemptive priority discipline. 

A usual way for dividing the work of a 
processor consists of two parts: load-independent 
(p ) and load-dependent (p ) work time. Load
inMependent work time is tKe time spent by the 
central processor executing tasks which are not 
dependent on the amount of traffic carried by the 
office. Load-dependent work time is the time 
spent in performing all the tasks which are gene
rated by the call traffic load in the office. The 
number of load-dependent tasks which are required 
for the processing of a call attempt is shown in 
Tab. 1. The number of events is denoted by y and 
the kinds of tasks by x. Matrix element Z . . 
describes the frequency of i-th kind of tJ§k in 
the event j. If we consider the blocking prob
abilities between events, the arrival rate of i
th load-dependent task is obtained by 

y 

\,i = \ l: ZJ'i .QJ' (11) 
j=1 

with 
Qj = (I-B1)(I-B2)···(I-Bj _1) ,BO=O 

where AA denotes the call arrival rate. The total 
arrival rate of load-dependent tasks can then be 
given by 

A x x y Q 
v,t i:lAv,i=AAi:1 j:lZji' j 

(12) 

The total arrival rate of load-independent tasks 
is represented by 

z 
A l: A . 
u,t i=1 U,l 

(13) 

where z is the kind of load-independent tasks. 

Tab. 1. Number ot load-dependent tasks 

1\ Tasks 
1 2 3 sequence~ ... x 

of Events 

1 Zll Z12 Z13 ... Zlx 

2 Z21 Z22 Z23 ... ZZx 

3 Z31 Z32 Z33 ... Z3x 
... . .. ... 

y Zyl Zy2 Zy3 ... Z yx 
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With the aid of equations (12) and (13) we obtain 
the total arrival rate of tasks as 

x y z 
At=AV t+A t=AA E L Z . .. Q.+ LA. (14) 

, u, i=1 j=1 J1 J i=1 U,l 

This is the total arrival rate of tasks for a 
call type, e.g. an intra-office call. If we con
sider the four different types of call, we can 
get the total arrival rate of tasks 

At, f our ~ Av , t , io + AV , t , ou + ~ , t , in + Ay , t , tr + Au ,t (15) 

where 
io intra-office call, 
ou outgoing call, 
in incoming call, 
tr transit call. 

Equation (15) describes the generalized 
total arrival rate of tasks in a SPC switching 
system. For further study, however, one type of 
call is considered in order to represent equa
tions simply. 

Fig. 2 shows an M/G/l queueing system with 
non-preemptive priority discipline as a model of 
the control unit. In the model, each task is 
classified to a certain priority p with l~p~P. 
The priority of p is higher than that of p-l. In 
the same priority class the tasks are processed 
by the FIFO discipline. For the total arrival 
rate of tasks we can obtain the following equa
tion: 

P 
At L A (16) 

p=1 P 
where 

Ap L (A . +A . ) 
iEK U,l V,l (17) 

P 
and K is the collection of the priority class p. 
The vRlue A shows the total arrival rate of 
tasks of all priority classes. 

The average program execution time for all 
tasks may be given by 

P 
h = L A .h /A 

p=1 p p t 
(18) 

where ~ is the average program execution time of 
tasks of priority class p and obtained by 

- 1 h = I . L (A .• h .+A .. h .). (19) P P iEK U,l U,l V,l V,l 
P 

The occupancy of the control unit for the tasks 
of priority p can be represented by 

P = A ·h p p p (20) 

The total occupancy of the control unit can then 
be derived as 

P P 
P = L P = L A .h 

t p=1 p p=1 P P 

From (7) we may 
w for tasks of 

p 

obtain the average 
the priority class 

(21) 

waiting time 
p 

Wo 
. (22) w 

p 
p=1,2, ... ,P 

(l-Sp)(l-Sp+l) 
where 

and 

P 2 
L A .• h . /2 

i=l 1 1 

(23 ) 

\ A2 \.3 

t ! ! 

~~ 

Ap 

! 
• •• ~ 

P : HIGHEST CLASS 
OF PR IORITY 

u: LOAD-INDEPENDENT 

V: LOAD-DEPENDENT 

Fig. 2. An M/G/l queueing system with nonpreemp
tive priority discipline as a model of 
control unit. 

P 
(3 = Lp. (24) 
P i=p 1 

~ is the second moment of the program execution 
time of a priority class i and may be given by 

2 1 2 -2 
h. = -. L ( A .. h . + A . • h . ). ( 25 ) 

1 A . . K U,J U,J V,J V,J 
1 JE i 

If we consider a chain of k tasks which have 
different priority classes and are processed 
successively, then we obtain the total average 
waiting time of the chain as 

P 
L r .w 

p=l p P 
(26) 

where r is the frequency of the tasks of priori
ty clasE p in the chain of k tasks. Herein the 
following relation is valid 

P 
k = L r 

p=l p 
(27) 

If we assume that the total waiting time of k 
tasks which are processed successively has an 
exponential density function, then we can obtain 
the probability that the total running-through 
time Td,k of k tasks exceeds a time limit tL as 

tL-(th k+t t) 
p{ T d k>t

L
} = exp{ - ! c! . } 

, tw,k 
(28) 

where th k is the average program execution time 
of a chain of k tasks and t the average task
independent time of the chain; e.g. counting of 
time. With the equation (28) we can obtain B2 and 
B6 , the probability due to time-out of dial-tone 
delay and that due to ringing-tone delay, as 
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where 

tL DT-(th k +t DT) 

exp{-
___ ' _______ '~D~T ___ c_' ___ } 

tw·kDT 
(29) 

tL RT-(th k +t RT) 
, 'RT c, } 

exp{- ----~~--
tw·kRT 

(30) 

t 
tL,DT 
tL,RT 

h,kDT 

tc,RT 

t w,k
WT 

time limit of dial-tone delay, 
time limit of ringing-tone delay, 
total program execution time from 
off-hook to switching-on of dial
tone, 
total program execution time from 
end of dialing to switching-on of 
ringing-tone, 
total task-independent time from 
off-hook to switching-on of dial
tone, 
total task-independent time from 
end of dialing to switching-on of 
ringing-tone, 
f otal average waiting time of tasks 
from off-hook to switching-on of 
dial-tone, 
total average waiting time of tasks 
from end of dialing to switching-on 
of ringing-tone. 

3.3. Solution of the equations 

In the last two sections, the model was 
given as a set of equations, (1) through (30). If 
we examine the equations exactly, it leads to the 
nonlinear equations 

(31) 

The equations can be solved by an iterative way. 
Given a set of B, a new set of B are calculated 
from the given parameters. If the new set and the 
old set are the same, a solution has been found. 

The first technique is to use a simple sub
stitution method to solve the equation (31). The 
advantage is simplicity, at the expense of being 
unable to prove convergence because of the com
plexity of the problem. 

Another solution technique for a set of 
nonlinear equations is Newton's method. The ad
vantage here is guaranteed convergence. The com
plexity, however, is far greater than for the 
method of substitution, since Newton's method 
requires the computation of the Jacobian matrix 
at each iteration, which must be evaluated by 
numerical differentiation. The method which we 
have used is the substitution method. 

4. APPLICATION 

In this section, the overload behavior of a 
periphery control unit with peripheral equipments 
is analyzed by using the above method. The con
trol unit considered here is the essential part 
of hierarcnically structured control unit of EMS
PABX which is developed by the company Siemens. 

4.1. Description of the system considered 

The family of EMS (~lektronisch, ~ikropro
zessorgesteuert, ~eicherprogrammiert) is hier-

KNE 

KN : SN 1 TCH 1 NG NEThCRK TS: SuBSCR 1 BER Cl RCU 1 T 

VS : PER 1 PHERAL 9<P : CoNTROL UN 1 T 

KNE : SN 1 TCH 1 NG NETWORK CoNTROLLER 

• • • 

Fig. 3. A microprocessor controlled PABX system 
unit. 

archically structured by microprocessor control 
units whose tasks are shared by load and func
tion. The family covers various size of system 
which can be built up from 10 to 12000 subscri
bers or more. The system considered is a part of 
the whole system and i s shown in Fig. 3. The 
switching network consists of two stages A and B. 
In the stage A, 100 subscriber circuits are con
nected. To guarantee the processing of time cri
tical tasks, the tasks are classified by various 
priority classes. One can obtain the detailed 
information about the organization of the control 
unit in (8). 

4.2. Numerical calculation 

For the study of the overload characteristic 
of the system, it is assumed that the system 
handles 100 % intra-office calls. It is further 
assumed that a subscriber number of four digits 
is selected by a rotary dialing. The number of 
junctors is supposed to be 38 and that of regis
ters to be 26. The internal blocking probability 
of the switching network is assumed to be zero. 
The parameters chosen are shown in tables 2, 3 
and 4. 

The calculation is carried out numerically 
according to the iterative substitution method. 
The number of iterations depends upon the system 
parameters, e.g. the rate of call attempts and 
the limit of the relative error. 

Tab. 2 . Selected system parameters for calcula
tion of traffic behavior of the system. 

~ystem Parameters Concerning Subscriber Behavior 
m=100 PW=0.8 t =5s tOT=2s tRT=10s B3=B4=0 c 
B7=B8=B9=0 

System Parameters Concerning Switching Network 

n =26 n .=38 Bint=O r J 
::>ystem Parameters Concerning Control Unit 

x=16 y=10 Zji(see Tab.3) P=14 Kp(see Tab.4) 
h v,;,hu,i'lu,;(see Tab.4) t L,DT=3s t L,RT=3s 
kOT=5l KRT=59 t h,OT=4l.00lms t h,RT=45.032ms 

tc~OT=140ms t c ,RT=260ms 
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Tab. 3. FTequency of tasks in each event. ( *. time counting) 

I"- PROGRAM 1 2 3 4 5 6 7 8 
SEOUENCE or "" EVENTS 

KFEN I3SH NrR MEIN ZAV SAY EVA TZGL 

1 - - - - -

2 5 5 2 4 2 1 10 

3 - 5 6 5 

4 1 1 3 44 1 

5 - - - 1 

6 5 7 2 5 3 10 

7 - 11 6 9 

8 2 3 - - 1 4 

9 - - - - 1 

10 10 4 11 6 8 1 14 

SUM 20 18 35 16 29 48 53 

Tab. 4. Program execution time for load-dependent 
and load-independent tasks, arrival rate 
of load-independent tasks and priority 
classes. 

Tasks 
Pr; ority h . (ms) h . (ms) A . (l/ms) 
Class V,l U,l U,l 

1 14 1.0 0.1625 0.2 
2 12 0.278 0.019 O. 1 
3 8 0.218 0.034 O. 1 
4 13 0.8 0.019 0.2 
5 7 0.3 0.039 O. 1 
6 6 1. 35 0.039 O. 1 
7 5 1. 18 O. 1 O. 1 
8 4 O. 7 0.16 O. 1 
9 3 0.8 0.021 O. 1 

10 2 2.0 - O. 1 
11 10 O. 1 0.083 O. 1 
12 10 0.125 0.083 -
13 10 0.275 0.083 -

14 10 O. 1 0.083 -
15 11 - 1.3 O. 1 
16 9 0.5 0.5 O. 1 

4.3. Discussion of the results 

To test the numerical results, time-true 
simulation of the system was run. A detailed 
description of this simulation is given in (9). 
The results of simulation are plotted with the 
statistical confidence of 95 %. 

Fig. 4a shows throughput versus call arrival 
rate of the system considered. For low rate of 
call attempts the results of numerical method 
coincide well with that of simulation. From some 
level of call arrival rate, however, one may 
observe a little difference of the two results. 
With the increasing arrival rate of call at
tempts, the throughput may decrease from a · point 
of call arrival rate. This phenomina is called 
throughput degradation. The maximum throughput of 
the system amounts to 1.27 calls per second at 
1.4 call attempts per second. The bocking proba-

1 

-

-

-

-

-

1 

9 
MAUS 

1 

2 

-

1 

1 

2 

-

6 

13 

10 11 12 13 14 15 16 
AMV VZGLl VZGL2 VZGL3 VZGL4 VSC TSC SUM 

1 - - 1 4 

6 5 - 3 2 * ( 140) - - 47 

- 6 - 6 * (2000) - - 28 

5 5 42 2 3 * (300) - 108 

1 1 2 1 * 7 ( 100) 

7 4 4 3 * ( 160) - 52 

- 6 - - 6 * (10000) - 38 

1 - - 1 - - 12 

- - - - - 1 

8 11 - 8 8 * (2 560) - 95 

28 39 44 18 29 * - 392 ( 15260) 

2.0 .-__________________________________ (~a~) __ ~ 

Result of simulation ~Ilth statistical 

VI 1.6 con fi dence of 95 % 

----=-...., 1.2 
::0 
C. 

.<:: 

"" ::0 
0.8 

~ 
I- . 

0. 4 
Re s ul t of numeric a l method 

Xl go 0 L-___ .a..... ___ ""-___ .....-. ___ ......... ____ ~ 

0.0 
1 

.~ 1 
~ Xl0-2 
o 
~ 1 
~ )(10-3 

~ 1 
~ Xl0-4 

...., 
c: 0.8 
::0 

~ 0.6 

8 
~ 0. 4 

I 0. 2 

0 0.0 

0.0 

Fig. 4. 

0.5 1.0 1. 5. 2.0 ( b ) 2.5 

0.5 1.0 1.5 2.0 Cc ) 2.5 

Res ult of si mul ation with s t a t i s t i cal 
conf idence or 95 % 

Result of numer i ca l method 

O. 5 1. 0 1. 5 2. 0 2. 5 

Ar r i val r ate of c a ll a ttempts AA (l / s ) 

Characteristical traffic values versus 
call arrival rate: a) throughput, 
b) blocking probability, c)average 
occupancy of control unit. 
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bility is shown in Fig. 4b. As the case of throu
ghput, there is a little difference between the 
results of the numerical method and those of the 
simulation. Fig. 4c shows average occupancy of 
the control unit versus call attempt rate. From 
some level of call arrival rate, one can observe 
a little difference of the results of the numeri
cal method and simulation. With the increasing 
arrival rate of call attempts, the average occu
pancy of the control unit increases to the level 
of 1 Erlang. 

Fig. 5 shows the various traffic flows ver
sus the call arrival rate. The results are ob
tained by the numerical method with the aid of 
equations (1)-(5). For the calculation, the pro
bability of retrials Pw is assumed to b~ 0.8: 
With the results we can catch the relatlonshlp 
between the various traffic flows. 
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Fig. 5. Various traffic flows: 
~ flow rate of fresh calls, 
Ay flow rate of successful calls 
~ flow rate of blocked calls, 
~ flow rate of retrial calls, 
~ flow rate of abandoned calls, 
AA arrival rate of call attempts. 

Fig . 6a shows the average dial-tone delay 
versus the call arrival rate. In this case we can 
observe a little more difference between the 
results of numerical method and those of simula
tion. With the increasing arrival rate of call 
attempts, the average dial-tone delay increases, 
too. The reason for this is that the waiting time 
of a task increases with the increasing call 
arrival rate. The average ringing-tone delay is 
shown in Fig. 6b. We can observe the similar 
results as the case of dial-tone delay. 

Fig. 7a shows the average total holding 
time, the average useful holding time, and the 
average useless holding time of a register before 
and after dialing versus the arrival rate of call 
attempts. The useless holding time A (blind A) is 
the occupied duration of a register before dial
ing, while the useless holding time B (blind-B) 
describes the occupied duration after dialing. 
There is a little difference between the results 
of numerical method and those of simulation. The 
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Average delay time versus call arrival 
rate: a) dial-tone, b) ringing-tone. 
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Fig. 7. Average holding time versus call arrival 
rate: a) register, b) junctor. 

average useful holding time is independent of the 
call arrival rate. The total average holding time 
increases with the increasing of the call arrival 
rate. It amounts to 7.7 seconds at 0.5 call at
tempts per second, while it amounts to 10 seconds 
at 2 call attempts per second. The control unit 
causes the enhancement of the useless time which 
plays an important role for throughput degrada
tion. Fig. 7b shows the average total holding 
time, the average useful holding time and the 
average useless holding time of a junctor before 
(blind-A) and after (blind-B) conversation versus 
the arrival rate of call attempts. We can observe 
the similar results as the case of register. 

5. CONCLUSION 

The analysis has shown that the throughput 
behavior and some characteristic traffic values 
can be numerically calculated with the proposed 
model with a small error. Considering the cost of 
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developing of the simulation programs, we can ac
cept this negligible error. With the proposed 
model we can observe the conditions when through
put degradation of an overloaded SPC switching 
system appears. Besides being used to predict 
steady-state system operation in the presence of 
overload, such a model should help to gain in
sight into SPC switching system operation. In 
addition, the availability of an analytical model 
allows automatic load control mechanisms to be 
brought to bear on various overload problems in 
SPC switching system management. 
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