The simulator ts employed to determine a set of parameters defining a
telephone “intercept”’ system with appropriate characteristics.

The intercept system is automatic and involves standard data proces-
sing components—data exchange, disk files, and audio response units.

A general purpose digital simulator and
examples of its application

Part II — Simulation of a telephone intercept system
by C. R. Velasco

This part illustrates an application of the simulator to the design
of a system that automatically intercepts specific telephone calls.
The various components of this system interact in such a complex
manner that simulation was found to be more expedient than
mathematical analysis.

In a telephone network, some calls cannot be put through  ggyre 1 Intercept system
because new numbers have been assigned or units have been flow diagram
disconnected. Presently such calls are shunted to an operator who
informs the calling party about the operational status of the num- p——
ber being called. The operator obtains the necessary information B —
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reprinted monthly. The expense associated with the handling of

such intercept traffic is substantial, consisting mainly of the opera-
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tors’ wages and the cost of intercept directories.
We will now describe the work undertaken to design an auto-
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matic system for a particular network. The general design of the /
system that evolved is shown schematically in Figure 1. In a \\ /
semi-automatic alternative, which was also considered, the trunk - 1
line selector and line identifier unit was replaced by telephone exchance |
operators. The system consists of the following basic components:
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A trunk selector and line identifier unit (or operator positions
for the semi-automatic alternative) to relay intercepted calls

to the system.
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The functional relationship of the system components is shown
in Figure 1. The path of an intercepted call through the system is
indicated by a dotted line. For the semi-automatic alternative
system, calls are intercepted by operators, although the transac-
tion flow is the same as for the fully automatic system.
The design problem at hand was to determine appropriate design problem
combinations of systems parameters and corresponding perfor-
mance characteristics under specified environmental conditions.

The following system parameters had to be determined: Figure 3 Initicl part for semi-

avtomatic system
e Number of trunklines.
e Number of digital channels.
e Number of audio response lines.

The performance characteristics to be considered were:

Utilization of components: as high as possible.

Holding times of components: as low as possible.
Throughput rates of components: as high as possible.
Ratio of terminated to intercepted calls: as low as possible.

Specified and fixed were the following environmental conditions: L
e Anticipated volume of traffic: 3300 intercepted calls during a PR
busy hour. NBBj; NBA
Calls enter the intercept system in a completely random man-
ner (inter-arrival times are exponentially distributed). P
Maximum ratio of terminated (unanswered) to intercepted l
calls: 1/100. —
Distribution of changed numbers (80 percent) and disconnected NUMBER

numbers (20 percent). I

COUNT NON-
ADMITTED CALLS TRUNKS

Types of audio responses. Y
The arss 11 model used to simulate the transaction flow for the @
automatic system is shown by the block diagram given in Figure 2.
The model for the semi-automatic system is identical, with the
exception of the initial part which is modified as shown in Figure 3.
In these simulation models, the operator positions, trunklines, simulation
digital channels, and audio response lines were treated as storage models
devices labelled 40, 10, 20, and 30, respectively. The data exchange,
the two control lines (request and acknowledge), and the two
disk storage units were considered as facilities identified by the
numbers 4, 1, 3, 5, and 6, respectively.
The simulated operations are indicated in the blocks repre-
senting the operations. The holding time distribution of the
storage devices was determined by TABULATE blocks at appro-
priate points in the model. SAVEX blocks counted the number of
calls intercepted, terminated, force-disconnected, normally dis-
connected, or processed.
In constructing the simulation models, it was assumed that
an intercepted call that does not immediately find an available
trunkline would be terminated. This termination would be equiv-
alent to sending a ‘‘busy’’ signal to the calling party.
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To ensure accurate simulation of the automatic telephone
intercept system, great care was exercised in gathering the various
input traffic data and in checking out the simulation model. The
timing estimates for executing the various programs that were
required by the multiplexor to process an intercepted call were
provided by programming analysts. Information concerning the
operational characteristics of communication facilities was ob-
tained from telephone communications experts. The times re-
quired to transmit the various types of audio responses were
determined by actual experimentation.

Table 1 System performance

Run number

System performance 2 3 Average

Average utilization

in percent:
Trunklines
Channels
Audio response lines
Data exchange
Disk file

Average holding time
in seconds:
Trunklines
Channels
Audio response lines
Data exchange
Disk file

Throughput rate in

calls per minute:
Trunklines (system) 54.7
Channels 54.3
Audio response lines 54.7

Intercepted calls 1636
Terminated calls 9 6 0 1
Percent terminated calls 0.54 0.36 0.00 0.06

Table 2 Operator performance

Run number

Operator performance 2 3 Average

Average utilization
in percent 100 100 100 100 100

Average holding time
in seconds 11.907 11.907 11.907 11.907 11.907

Throughput rate in
calls per minute 60.1 60.1 60.1 60.1 60.1
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The system was simulated for the first 30 minutes of operation
during a busy hour. This period is considered most critical, since
the system must adjust to a sudden increase in the traffic volume
during this interval. The simulation detected potential bottlenecks
in the system. Consequently, different combinations of trunklines,
channels, and audio response lines were tried to determine a
combination which enables an intercepted call to go through the
system without undue delay.

After a series of test runs to determine appropriate combina-
tions of system parameters, the following line parameters were
found to meet the design objectives: 60 trunklines, 15 channels and
50 audio response lines. These values were consistent with the
fixed environmental conditions specified for the problem. The test
runs also determined that a minimum of 12 operators is required
for the semi-automatic intercept system in which operators rather
than automatic trunk-selector/line-identifier devices are used. It
was assumed that an operator can handle one call every 12 £ 2
seconds.

Behavior of the system defined by this set of values was measured

Figure 4 Calls intercepted during each three-minute interval
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Figure 5 Cumulative distribution of trunkline holding times
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by four separate simulation runs. Poisson distributions were used
as system input for the first three runs. (Empirical evidence sup-
ports the assumption that the pattern of incoming calls is approxi-
mately Poisson.) In the fourth run, a uniform distribution—defined
by the mean of the first distributions—was used.

Simulation results are given in Tables 1 and 2. Table 1 pertains
to both the automatic and semi-automatic systems. Operator
performance data for the semi-automatic system is given in
Table 2. The consistency of results between runs will be noted.

The nature of inputs is displayed indirectly by Figure 4, in
which the number of calls intercepted during each three minute
interval is graphed for each run. The distribution of trunkline
holding times (transit times through the system) varied only
slightly among the four runs. The graph corresponding to one of
the runs is given in Figure 5.

In an ideal telephone intercept system, 100 percent of the
intercepted calls would be served. However, such a system is not
practical from the system design point of view, since it would
require additional components which would be idle most of the
time, even during rush-hour traffic. Such overdesign could not
be justified for the elimination of an already very low percentage
of terminated calls.
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