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Designing a Communication

Network Using Simulation

S.T. Akhavan Niaki® and Z. Besharati-Rad'

In this paper, a private telephone communication network of an electrical energy distribution

company has been studied analytically and through discrete event system simulation. Considering
the pitfalls and difficulties associated with the analytical approach in designing such a network

and the power and performance of a simulation methodology in this regard, a simulation model
was developed using GPSS/H simulation language. After data collection and analysis, model
development and validation, initial transient study and design of experimental phases, the model

was applied to determine the operating performance of the current system, as well as to evaluate
the performance of any newly designed network before the installation and implementation of

the new equipment.

INTRODUCTION

Oune of the essential roles of a communication net-
work is to satisfy the wsers’ needs, demands and
expectations. Higher system availability and adequate
systerm operation for the current users, simiple system
development and comprehensive communication ability
for the new users are the goals of the system manager.
Mounitoring the state and condition of the network
is quite important in evaluating system performance
and specifying user satisfaction. By monitoring the
systent, the manager is able to understand system
behavior and recognize system bottlenecks and critical
points. Besides, in order to satisfy new users’ needs
and improve system performances, especially at peak
times, network design is another task of the system
manager [1].

Determining the critical points and bottlenecks of
a communication network is possible only through ana-
lyeing system behavior. This analysis usually contains
measurements of system parameters such as through-
put, the probability of losing a connection, system
delays, the number of demands waiting for connections
and the utilization of system nodes and communication
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lines.  This analysis is wsually made through one of
the following four different general procedures: (1)
Analytical modeling, (2) Experts’ experience, historical
experiments and linear estimation, (3) Experinents
with the real system and (4) Simulation modeling.
The first and fourth approaches are fundamental
disciplines that engineers and researchers working in
this field must be familiar with, in order to evaluate
alternative concepts and designs.  Furthermore, they
are the two main methods for carrying out network
performance analysis and planning.  The analytical
method (i.e., queuing theory) is an exact but less
applicable method, because it requires many assunip-
tions regarding system behavior and functions that
may not be appropriate (impossible to formulate or
solve) and the user must be familiar with sophisticated
miathematical and statistical formulation. However,
in order to grasp a general overview of the system
and approximate the system parameters, analytical
modeling and mathematical methods are usually usetul
in the early stage of a communication network design.
The simulation approach, which provides a good rather
than exact solution, has many desirable properties. It
is simple to apply and understand; does not require
miany unrealistic assumptions) the user is not required
to have a good mathematical foundation and it is
pasy to explain to system users, as well as system
managers [2-8].  The use of a simulation approach
is justified in three cases: (1) When the analytical
modeling is extremely hard to apply, (2) The analytical
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modeling can be applied, but the solution to the
modeling is very difficult (if not impossible) to reach
and (3) Many different and unrealistic assumptions in
analytical modeling have to be made, such that the
modeling task become possible, but the solution is far
heyond reality and of no use.

The second approach is limited in application,
Since the relationship between the parameters of the
network, such as load, holding time per connection
or demand frequencies, are not linear in nature, one
should be very careful in applying the experts’ ex-
perience and using the linear estimation. The third
procedure, because of its highly expensive nature, is a
very unusual and uneconomical method [2,9-11].

The main objectives in applying a typical simula-
tion modeling in the design and analysis of communi-
cation networks are as follows [2,5,6,12]:

1. 1o understand network performance under specified
circumstances,
2. 1o compare several alternative designs,

3. o calculate the effect of variations in network
performances,

4. 'lo improve network performance,

3. 'loreduce the costs of system expansion and instal-
lation,

6. 'lo make sure that the network satisfies its planned
objectives,

To identify bottlenecks before installing the net-
work,

=1

8. 1o reduce the time required in expanding the
systenl.

Furthermore, one can only answer many specific
communication problems and questions through a sim-
ulation analysis. Some of these questions arer How
does the network deal with an increase in traffic load?
If a link in the network were to break, how would
the system respond?  How does one design a new
communication network? What is the probability of
a call not being counected? ete. [3,12,13].

A typical simulation analysis of a communication
network is undertaken through five main phases. Phase
one consists of system study and recognition. Neces-
sary data collection comes next in phase two, Demand
modeling is done in phase three. A response modeling
is undertaken in phase four and, finally, the output
analysis is the fifth phase of the analysis.

The demand for resources in a communication
network, which is sensitive to the type of network
application, has a random behavior and is modeled
by two types of random variables. One is for the
time between two consecubive calls and the other
is for the time used when holding the line.  Both
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of these random variables, usually, are analytically
modeled by an exponential distribution.  However,
in simulation modeling, the actual arrival traffic is
miesasured historically and, then, is deployed to the
model.  Response modeling in a simulation analysis
is the most important part of the study. In order
to develop a computerized model of the real system,
one should consider the relation between the level of
details, complexity of model and time required for
analysis.  'The more details the model contains, the
miore comiplexity and time will be involved. In the
output analysis of the simulation modeling, one should
note that since the input of the model is random in
nature, the output is also a random variable. Henee,
running the simulation model of the system only onee
and treating the output as being the true system
performance is more like tossing the dice just once
and concluding that the outcome will continuously
bhe the true result of the experiment. Therefore, to
increase the preciseness of the results and to reduce the
variance of the estimators, the following considerations
have to be mader How long should the model be
run?  How many independent times (replications)
should it be run? What should the length of the
transition (warm-up) period be before statistics are
collected?  ete.

Also, in modeling communication networks, sys-
tem performances are usually measured in the steady-
state phase. Lo general and in short, the modeler should
have a good knowledge of simulation modeling and
classical, as well as non-classical, statistical analysis. A
combination of this knowledge and personal creativity
provides the managers with a reliable and useful un-
derstanding of the real system and answers to his/her
questions about the system [2,6].

In this research, the simulation modeling ap-
proach is applied to a communication network system
in the real world. The behavior of such a system is
so complicated that the analytical approach is either
very hard to apply or so many unrealistic assumptions
have to be made to model the system. 1t will be seen
that through a simulation analysis, one can recognize
system performance and bottlenecks such that he/she
can plan to prepare for extending the network to satisty
its demands in a reasonable and economical manner.

ln the remaining part of the paper, first the
existing telephone communication network under study
is described. Then, a brief description is given on the
analytical approach. 'The statement of the problen,
data collection procedurs and case representation come
next. Then, the simulation language is selected and
the simulation model of the telephone communica-
tion network is described.  Model verification and
validation comes next and the initial transient, run
length and number of independent replications of the
model are studied in the next section.  Then, the
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model undergoes experiment and, finally, the paper
is concluded with some recommendations for future
research.

EXISTING COMMUNICATION NETWORK

Optimum utilization of huge investments made on
production, transformation and distribution of electri-
cal energy depends upon the existence of a reliable
communication network. This communication network
usually covers power plants, high voltage stations,
operation centers, maintenance and repair stations,
control centers of the power network and different
offices. This communication network also provides dif-
ferent communication methods, such as voice transfer,
data transfer and control signals for power network
HIANAZEDS.

The private communication network of the Min-
istry of Energy is the second biggest communication
network in the Islamic Republic of lrany the first
being managed by the Ministry of Post, lelegram &
Telephone. This network covers the electrical energy
transfer division of the Ministry of Energy, which
consists of more than 150 switching centers, more
than 1000 communication channels on high-voltage
Power Line Carriers (PLC) and many macro-wave
corununication lines, The need for future developient,
and extensions of power transter lines and the electric
companies’ tendency to use communications in lower
voltage transters (i.e., 132 kilo volts and 63 kilo volts),
make an extension of the communication network
HBCESSAry.

Two of the most important engineering and
economical considerations in designing such a major
private network ares

1. The reliability of such systems, compared to the
one used in public communication networks, must
be very high;

2. The cost of establishing a private channel in this
network depends on different parameters, such as
the type of communication environment and the
length and number of channels in the communica-
tion route, ste. o most cases, it varies between
10 and 90 thousands dollars per channel. Hence,
the economical aspect of the expansion plan is as
important as the engineering aspect. ln the man-
agement of communication networks, maximum
utilization of the existing capacity is an important
way to minimize the number of new communication
channels in a sense that all of the present and future
corununication needs are satisfied, the required
reliability is achieved and, most importantly, a low
network blocking is guaranteed [14].

This research studies the telephone communica-
tion network of Yard Province Regional Electric Com-
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pany. This network satisfies the following demands:
(1) Telephoune communication among the operational,
technical and administrative centers, (2) Data and
control command transfers in 63 kilo volts dispatching
centers, (3) Maintenance command transfers and (4)
Direct data and telephone communication among 400,
230 and 132 kilo volts centers and dispatching centers.
Between the above, only numbers (1) and (3) will be
considersd in the simulation study. The others are not
random in nature and the number of required channels
in those cases is easily determined by elementary
mathematical methods.

ANALYTICAL APPROACH

A telephone communication network is one of the
most complicated queuing systems that is made up of
communication channels and switching centers. Today,
designing such a network is undertaken so that the
probability of connecting a call would be high during
peak hours. 'To design a public telephone communi-
cation network, a pre-specified probability distribution
(Poisson) for “number of demands per unit of time”
and a pre-specified probability distribution (exponen-
tial) for “duration of a call”, with the mean based
on standards and cultural behaviors, are assumed.
Then, for a pre-specified level of network blocking,
the required number of channels is determined using
Erlang distribution. It is assumed that the instanta-
neous number of demands is equal to practical infinity.
However, since the number of users is limited in private
networks, the number of demands per period of time
is not independent of the nwmber of demands that
are being served at that period, hence, tables based
on the Engset probability distribution are used. 1o
this case, for a known traffic, the number of required
channels is usually lower than that of public networks.
For a specific trunk group, having the value of three
parameters out of four possible parameters would be
enough to determine the value of the fourth parameter.
These parameters arer (1) Number of channels, (2)
Applied traffic intensity, (3) Level of instantaneous
demands and (4) Grade of service (system utilization
percentage) [13].

It is worthy to note that the independent and
identically distributed random variables modeling the
traffic generating resources for a specific trunk group
are basic assumiptions and are fundamental in deriving
the tables in the Engset method. o cases where
customers are the only traflic generating resources,
these assumptions are usually true, while, in cases
where the traffic generating resources are a combina-
tion of customer and other trunk groups, they are
usually not. Moreover, there are some limitations in
applying the Engset tables, which make computation
very cotrplicated. These limitations are:
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1. 'lelephone traffic generators are not inherently iden-
tical;

2. Alternative routes for specific connections are not
considered;

3. Estimating the amount of excess traflic of a route
on other routes is not possible;

4. When specific priorities are considered, the Engset
miethod is not efficient to determine the number of
required channels;

3. Customer lmitation level to the entire network
cannot be considered.

The above limitations, plus the need to estimate
the general performance of the network through the
paramieters, such as the overall system grade of service
(the percentage of successtul connections out of the to-
tal requests), all justity the use of computer simulation.

STATEMENT OF THE PROBLEM

To design and analyze the required telephone com-
miunication network, a simulation approach is taken,
such that, before purchasing and installing expensive
equipment, the following objectives will help managers
make decisions. b is clear that this research is
general in nature and, by employing different data and
mwinor changes, the same objectives can be achieved
in different. telephone communication networks of the
samme kind:

1. Evaluating the performance and bottlenecks of the
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proposed telephone communication network,

2. Evaluating the performance of any extended tele-
phone communication network,

3. Offering a procedure to statistically optimize the
extension plan of the current network in terms of
miaximumn channel utilization, minimum number
of channel replacements, adding an economically
justified number of channels to the network, while
increasing (or at least maintaining) system reliabil-
ity.

DATA COLLECTION

Traftic generators in a telephone communication net-
work are an input to the simulation model and, onee the
necessary data is gathered, their statistical properties
could be derived by statistical procedures. Telephone
center metering devices (network-analyzing device in
digital systems) wsually perform the data collection
phase automatically, Many such devices can provide
the user with statistics on network traffic.

Since the telephone communication system under
study is relatively old and is an analogue (as opposed
to digital system), the data collection task could not
bhe made automatically.  Hence, the required data
was collected through a questionnaire and interviewing
miethod. The raw data was, then, processed and the
necessary information on the number of phone calls per
hour at different locations of the telephone communi-
cation network, as well as the average duration of a
phone call, was obtained. The results are summarized
in Table 1.

Table 1. Current number of phone calls per hour and duration.

No. Location (s)-Location(s) Number of Calls | Average Durati'un of
per Hour Phone Calls (Minute)
1 Super distribution dispatching center with:
1-1 | 200 kilo volts post 3 3
1-2 | Each of the 230 kilo volts posts 2 3
1-3 | Each of the other posts 1 3
1-4 | The management building 1 3
2 230 kilo volts posts with each other 2 3
3 Each of the feeder posts with the posts in 1 3
direct electrical connections
4 The management building with:
4-1 | The university post 2 3
4-2 | Each of the technical-administrative center 1 3
4-3 | The dispatching center 1 3
) Each of the technical-administrative center 1 3
with its neighbor post
6 The management building with the electric 2 3
distribution company
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Table 2. Posts and technical-administrative centers coding.

No. Station Name Code No. Station Name Code
1 Bafgh 1 (132 kv) B 21 South Yazd (63 kv) Y1C
2 Bafgh 2 BA 22 Fahraj (63 kv) Y1D
3 Kooshk (132 kv) BB 23 Nir Y1E
4 North Yazd (132 kv) N 24 Poshtkooh (63 kv) Y1F
5) Salian NA 25 Feiz Abad (63 kv) Y1G
6 Ghesmat 2 NB 26 Yard 2 (400 kv) Y2
7 East Yazd (63 kv) NC 27 Shahrake Sanati (63 kv) Y2A
8 Current building ND 28 ChadorOmlo (230 kv) C
9 Emamshahr 1(63 kv) E 29 New manag. building M
10 Shahid Rejaei 1,2 EA 30 Yazd University (63 kv) U
11 Ghesmat 1 EB 31 Safaieye UA
12 Emam Shahr 2 EC 32 Power dist. Co uB
13 West Yazd(63 kv) G 33 Darvazeh Ghoran (63 kv) D
14 Taft 1 GA 34 Ashkade DA
15 Taft 2 GB 35 Ardakan 2 (230 kv) A
16 Avadshahr GC 36 Meibod 2 AA
17 West Storage GD 37 Meibod 1 (63 kv) AB
18 Yard 1 (400 kv) Y1 3R Ardakan 1,3 AC
19 Mehriz 1 (63 kv) Y1A 39 Ardakan 1,2 (63 kv) AD
20 Mehriz 2 Y1B

CASE REPRESENTATION

Based on the existing communication network and
through the questionnaire and interviewing method,
the telephone network under study, which is suitable
for the corresponding high voltage network and the
technical-administrative locations, was designed, which
is given in Figure 1, along with the communication
demands. The location of the telephone centers, alloca-
tion of customers to these centers and communication
routes, are designed, based on some limitations on the
one hand and on the number of degrees of freedom on
the other. ln Figure 1, the telephone centers are located
at Yazd 2, Yaed 1, Ardakan 2, ChadorOmlo, North
Yarzd, Bafgh 2, Emam Shahr 1, Darvazeh Ghoran,
Yarzd University, West Yaed and the New Management
Building. Administrative offices, technical centers and
different. electrical posts, which do not have telephone
centers, become the customers of one of the above
telephone centers (internal custommers).
purposes, a code was assigned to each center and
to each customer in the network.

For future

Table 2 contains
these codes.  The communication demands of the
technical and administrative centers are summarized
in Figure 2. The alphabetical codes in Figure 2 come

from Table 2, while the number of plus and cross signs
in Figure 2 correspond to the number of operational
and administrative calls per hour. In addition, the
numiber of internal customers to each telephone center
is given in Figure 1, along with the external customers.
T'he objective of this research is to find the necessary
numiber of channels in each route such that the required
network conversations have a good chance of being
established on the first try. Table 3 sumimarizes the
results of the analytical method. The first column of
this table contains the route numbers given in Figure 1.
The next column contains the sum of the traffic on
each route, which is divided by 60 to get the Erlang
number in the 3rd column. Based on the traffic
intensity computed in column 2, one percent blocking
and infinite demand assumptions, the 4th column of
Table 3 is derived [5]. The infinite number of demands
on the sub-routes, originated from both telephone
centers on two sides of the main routes (the internal as
well as the external customers of the centers), are then
considered to compute the numbers in the 5th column
of Table 3. Using pre-calculated tables [13], the last
coluin of Table 3 is derived, based on the numbers
in column 5 and the allowed blocking percentages (less
than 1 percent).
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SIMULATION LANGUAGE SELECTION

Simulation modeling can be done in a few ways.
Firstly, one can write his or her own simulation
program using general programming languages such as
Y, FORTRAN, Pascal, ete. This approach is quite
applicable for small and simple networks, but, as
the network becomes larger and more complex, the
programiming task becomes more difficult. Secondly,
one can use a general-purpose simulation language such
as GPSS [8], SLAM [16], AWESIM [17], SIMAN [1§],
SIMULSR [19] or ARENA [13]. These languages handle
miost. of the simulation “internal” and the wser only
has to worry about the modeling task [6,7]. Lastly,
some simulation tools, such as GENESIS, TOPNET,
TOPSIM, COMNET, OPNET, ete.  are specifically
designed for simulation modeling of conununication
networks [10,20-22]. These tools have all the simulation

details built-in and, usually, provide the user with icons

for different types of networks, such as token ring,

Ethernet, FDDL, AT'M, ete. They may even have a

higher layer protocol, such as 'TCP/IP defined. Lo this

method, the user only has to build a network using
the icons. Of course, in order to use these tools, the
user must have a very good understanding of his or her
network and traffic pattern, ete., otherwise his or her
study may have misleading results.

Selecting a suitable simulation language depends
on many factors. These factors are:

1. The system to be simulated,

2. Cost (software and hardware purchasing, training
costs, software and hardware maintenance costs,
ete.) considerations,

3. User friendliness (ease of learning, developing, de-
bugging, ete.),
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Table 3. Analytical modeling results.

, No. of Channels
Total Traftic . .. . . .
) Erlang for Infinite No. of Blocking No. of
Route No. | (Minutes Per
Number Demand and Demands | Percentage | Channels
Hour) , .
1% Blocking
1 15 .25 3 a7 2.50 2
2 24 (.40 3 58 3.25 2
3 30 0.50 4 69 7.70 2
4 15 .25 3 47 2.50 2
> 24 (.40 3 66 5.40 2
6 18 0.30 3 51 3.36 2
7 24 (.40 3 67 5.40 2
8 531 0.8 4 93 4.47 3
9 60 1.00 > 46 5.99 3
10 24 (.50 > T4 5.01 3
11 36 .60 4 97 10.05 2
12 21 .35 3 67 4.37 2
13 18 0.30 3 39 3.18 2
14 66 1.10 > B8R 0.40 >

Network
p 5t
configuration Network

l traffic

P

v

A GPSS/H simulation  [APproximating
the initial

model of the network

Y

A GPSS/H simulation blocking
model of the network

Statistical optimization
Routes algorithm to obtain the
no. of channels in —
percentage routes

route capacity

1#

Infinite capacity for

routes (no blocking) i

Routes capacity

Figure 3. General simulation approach.

4. 'lechnical performance (model flexibility, maximum
model size, random number generators, data man-
agement, ability to design the experiments, statis-
tical and mathematical abilities, graphical perfor-
mianee, post provessor, model library, ete.),

5. User support (technical references, guaranties,
training methods, ete.) [1,5,23].

In this research, the GPSS/H (General Purpose Simu-
lation Systenn) simulation language is adopted because

of its availability, documentation, understandability
and ability to model the communication network.

SIMULATION MODEL OF THE
COMMUNICATION NETWORK

The general overview of the simulation modeling pro-
cess for the telephone communication network is de-
picted in Figure 3. Lo this figure, the first and second
GPSS/H models are identical, except that the first one



Designing a Communication Network

173

Conversation request of a

customer

h 4

Identifying the requested
customer

|

Identifying related main

routes

Identifying secondary

routes

Connection by the main

routes

Keeping connection on

the main routes

A

Disconnecting the main

routes

routes closed?

Are

channels of secondary

Connecting by the
secondary routes

|

Keeping connection on

the secondary routes

Disconnecting the

secondary routes

Collecting necessary

statistical information

Figure 4. General Hlowchart of the simulation program.

will run on a system with the routes considered to
contain infinite capacity. Lo this case, the maximum
contents from the GPSS/H standard storage report
will determine the initial route capacities. Part of the
output from the second GPSS/H model will determine
route, as well as network, utilization. The output of
the second model will be the input for the statistical
optimization algorithm, such that the optimal number
of channels for the routes will be determined. Lo this al-
gorithi, one can apply the Response Surface Method-
ology (RSM) to find a good solution that is statistically
optiun, in terms of the numiber of channels per route.
RS5M is a collection of mathematical and statistical
techniques that are useful for the modeling and analysis
of problems in which a response of interest is influenced
by several factors and the objective is to optimize
this response. ln RSM,| regression analysis is used,
along with the method of steepest ascent (descent),

repeatedly, to determine a region of the factor space in
which operating requirements are satisfied [24,25]. 1o
this research, the response could be network utilization
or blocking percentage and the factors affecting the
response are network configuration, input traffic and
channel capacities. Note that the objective of this
research is to determine the number of channels in
the network routes such that, with a given network
configuration, input traffic and channel capacities,
the desired routes and network utilization, as well
as the desired network blocking percentage, will be
obtained. Hence, the statistical optimization algorithim
is considered to be beyond the scope of this research.

The general flowchart of the simulation model
is given in Figure 4. 'This figure depicts how the
simulation model works for an entity. According to
Figure 1, each of the fourteen main routes in the
network is simulated via storages. The capacities of



174

these storages are given in the 7th column of 'Table 3.
The simulation model consists of two main parts. ln
the first part, the traffic units are simulated through
transactions with their own parameters. For each of
the traffic resources, which are the telephone centers,
posts and administration offices, one GENERATE
block is defined in the simulation model. Considering
conversational needs from Table 2, the time between
two conversational requests was modeled, according to
exponential distribution. In order to determine the
destination of the generated traffic request, the dis-
crete FUNCTIONs were applied, with an independent
random numiber strean. These functions were defined,
based on the information in Table 2 and Figure 3. For
exatmple, consider Bafgh 2 (B) post. This post needs to
contact the other posts twice an hour: One with North
Yazd (N) and the other with the regional dispatching
center in Yazd 2 (Y). Hence, once a traffic request is
generated through the GENERATE block of GPSS/H,
it goes to N and Y, with an equal probability of 0.5, by
the functional transfer block. lu this regard, one of the
two pre-determined routines is called BNP for Bafgh 2
to North Yazd, or BY 2P for Bafgh 2 to Yazd 2.

In the second part of the simulation modesl, the
way of connecting different centers is simulated. 1t
should be noted that in this specific network, there
are two ways to connect centers: the primary and
the secondary route. The initial and final destination
of each conversation are denoted with labels.  For
examiple, in the primary routes, BNP refers to a
conversation between the B and the N centers. If this
conversation is made through the secondary route, the
SR (Secondary Route) prefixes to the BNP as SRBNP.
Using the GATE block, the routes are first checked
for available capacity. Then, the conversational routes
are filled with requests through the ENTER block.
Note that the telephone communication network under
study works as a loss system, i.e., if the primary
and secondary routes were both busy, the customer
would hear a busy beesp. Hence, there would be
no walting line of customers requesting to use the
ENTER block. The second objective of using the
GATE block is that it a customer were to request
the use of a channel and, if the requested channel
in the primary route were busy, then, it would try a
channel on the secondary route. Lo general, the way
the centers are connected is simulated by a routine
consisting of some GATE and ENTER blocks. Also
the ADVANCE, LEAVE and TRANSFER blocks are
used in this routine to hold the transaction, leave the
corresponding resource and route to one of the two
TERMINATE blocks in the model, respectively. Each
transaction can be destroyed in two ways., The first
TERMINATE block (STORFF) is for main traffic and
the second TERMINATE block is for overflow traffic.
Also, for caleulating and collecting non-standard out-
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put, some amper-variables are used in the simulation
model.

Route and network utilization, amount of overflow
traffic and network blocking are defined as system
performance measures, which are obtained as follows:

a) Route utilization is the ratio between the total
amount. of time the demands are served by the
route to total simulation run time. This number
is a part of the standard storage output;

b) Network utilization is the ratio between the total
amount of time the network is busy serving de-
mands to total simulation run time. This number
is also a part of the standard storage output in
GPSS/H;

¢) Overflow traffic ratio is the ratio between the
nuniber of times the conversations have been made
through secondary routes to the total number of
times the conversational requests have been made.
This objective has been achieved using transaction
parameters and the number of times specific blocks
in the model have been executed;

d) Network blocking ratio is the ratio between the
total number of conversational requests that have
not been satisfied and the total number of times
conversational requests have been made.  This
number is obtained by using the transaction pa-
rameter and the number of times the TERMINATE
block has been executed.

The complete source of the simulation model is avail-
able upon request.

MODEL VERIFICATION AND
VALIDATION

Oune of the most difficult problems facing simulation
analysts is that of trying to determine whether a sin-
ulation model is verified, i.e., whether the simulation
miodel assumptions have been correctly translated into
a computer program and whether it is valid (accurate
enough to represent the actual system being studied).
There has been a considerable amount of research in
this subject so far. lmportant work on validation
includes Balei [9] and Banks et al. [3]. As Law and
Kelton [26] indicate, “there is no such thing as absolute
model validity.”  In other words, the more time and
money spent on model development, in general, the
more valid the model should be. 1t is also worth men-
tioning that one should always develop a simulation
miodel for a particular set of purposes. Lo fact, a valid
miodel for one purpose may not be valid for another.
There are many theorstical and practical points
of view to verify and to validate a simulation model.
Among those, the following have been adopted:
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a) Using the debugging capability of GPSS/H and
running a GPSS/H simulation model in “test”
miode, it was possible to trace the way a transaction
is generated, how it moves through different blocks
in the model and how it is terminated from the
model.  This work was performed in different
sibuations as well as for different transactions. lo
all of these cases, no logical fault was discovered;

b) The simulation results were compared with those
of the analytical approach. Table 4 shows the re-
sults of running the simulation model. Comparing
these results with the results from the analytical
approach, which is given in lable 3, leads one
to conclude that, although there is a difference
hetween them, the overall route utilizations are
almost the same for both cases. For example, in
hoth cases, the worst utilization corresponds to
route 11 and the best utilization refers to route 14.
In addition, in both cases, the amount of difference
in the utilization of different routes follows alimost
the same pattern.  Note that analytical route
utilization in every route is higher than simulation
route utilization. This is because of the simplifi-
cations and the usual assumptions in the analytical
approach, which are not necessary for consideration
in the simulation study;

¢) First, the system bottlenecks were recognized and,
then, the routes’ capacities altered to see whether
logical changes occur in the results and in the

Table 4. Comparison between the simulation and
analyvtical route utilization.

Route Analytical | Simulation Absolute
Number Ruute Ruute Difference
Utihization | Utilization
1 0.9750 0.9579 0.0171
2 (.9460 (.9200 0.0170
3 (.9230 (.8924 0.0306
4 0.9750 (.9340 0.0360
> (.9460 0.9170 0.0280
6 0.9660 0.9111 0.0549
7 (.9460 0.9315 0.0145
8 .9550 0.9261 (0.0289
9 (.9400 .9054 0.0346
10 0.9500 0.9044 0.0456
11 (.8990 (.8881 0.0109
12 .9560 0.9303 0.0257
13 .9680 0.9421 0.0259
14 (.9960 0.9791 0.0169

system performance. This process will be referred
to in the latter section of this paper.

INITIAL TRANSIENT, RUN LENGTH AND
NUMBER OF INDEPENDENT
REPLICATIONS

The simulation model at hand, since there is no
natural event to specify the length of a run, is a
non-terminating simulation. o this kind of simula-
tion, since the observations near the beginning of the
simulation may not accurately represent steady-state
hehavior, due to the choice of initial conditions, the
usual practice is to delete some number of observations
from the begiuning of a run [3,4,8,16,26-28]. 'This
practice is wsually called warming up the model or
initial-data deletion.

A measure of performance for such a simulation
is said to be a steady-state parameter if it is a
characteristic of the steady-state distribution of some
output stochastic process. ln order to estimate the
transient parameter, which is assumed to converge to
a steady-state paramester, one needs to run the model
long enough until it warms up. However, the question
is1 How long is enough and how does one choose the
deletion amount of data from the beginning of the run?
The simplest and the most generally used technigue is
a graphical procedure, according to Welch [29].

Lu this research, the model was run for 9 different
lengths (1,10, 100,125,150, 250,500, 1000, and 10000
hours), independently, and the respounse (the routes’
average utilizations) was obtained for each run. Then,
the graph of the response against these different run
lengths was obtained for each route. The amount of
data to be deleted from the beginning of each run
was obtained, such that, for the rest of the data,
the average utilization does not fluctuate much (at
most, 1% fluctuation was allowed). Figure 5 shows
6 of these graphs. From the graphs it was concluded
that 150 hours of initial data deletion is quite enough
in order to not to have more than 1% fluctuation in
the average utilization of all the routes. o order
to have an estimate of the run length, one should
be quite sure that the system has been working in a
situation such that all of the telephone traffic resources
have been activated for long enough, the telephone
traffic deployed in all of the routes and realization of
the average utilization is a good representative of the
steady-state behavior of the simulation. Running the
model in test mode and checking different sections of
the simulation model ensured that, atter 1000 hours
of running the model, a good estimate of the response
could be achieved. To make sure that a good estimate
of the average utilization is obtained, the method of
independent replications was applied to the simulation

model. Lo this case, the model was run n times,
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Figure 5. Warm-up periods for routes 1 to 6.

each with different streams of random numbers. To
determiine the number of replications (n), an estimate
of the variance of the average utilization is needed.
For this purpose, a pilot experiment was run with 10
different streams of random numbers. Table 5 contains
the results of this experiment. The worst standard
deviation in this table is 0.0107 for route number 11
and the average utilization for this route is estimmated
to be 0.884.

It X were defined as the route utilization in each
replication and X and S as its sample mean and
sample standard deviation, respectively, then, using
the central limit theorem, a (1 — w)% approximate
confidence interval for the true average utilization ()

Table 5. 'I'he average utilization and the standard
deviation in 10 independent replications of the model.

Route Average Standard
Number Utilization Deviation
1 0.965 (.008430
2 0.92%8 (.00918Y
3 (0.892 (.0078RO
4 0.934 0.005164
> (.920 (.006670
6 0.907 (.004830
7 (.932 (.010300
8 (.931 0.005676
9 0.906 (.008430
10 0.907 0.009487
11 0.884 (.010700
12 0.935 (.009718
13 0.944 (.010600
14 0.979 (.003160
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in e replications would bes

— S — S
P (X _t%ﬂ'&—lﬁ<”<x +t%,u—1ﬁ) =1- .
(1)

Lu order for the width of the 99% confidence to be 0.02,
then, the required number of replications for the worst
case 181

S5
t%,u—lﬁ =001 = =~ \/E

Using student-t table and trial & error method =
n 12

Hence, in order to have gquite a good estimate of
the steady-state average ubilization, one needs to run
the simulation model 12 times, each time with 1150
hours, such that the first 150 hours of data from each
replication are deleted and the rest are used to obtain
the estimates.

EXPERIMENT WITH THE MODEL

Now that the number of independent replications,
length of each run and the warm-up period is known,
the simulation model can be tested to obtain reliable
statistical results. The results obtained from testing a
model with the number of channels given in Table 3
(the analytical results), are summarized in Table 6.
These results are obtained through 12 independent
replications of the model, each for 1130 hours and the
first 1500 hours of data were deleted in each. The
overall network utilization, route utilization sample
mean and sample standard deviations are given in
this table. In addition, a 99% confidence interval is
given for the true average utilization in each case.
The results show that, although route utilization is
lower than that of analytical computations, consid-
ering the overall utilization of the network, which
is very hard to obtain analytically, the proposed
network design is quite suitable and can be used
to satisfy customer demand in the regional power
telephone communication network. 'This conclusion
can be reached through the results obtained for network
blocking and overflow traffic percentages, which are
summarized in lable 7. Again, the nwmbers and
figures in Table 7 were obtained through 12 replications
of the simulation model, such that the length of
each replication was 11530 hours and the first 150
hours of data were deleted for the initial transient
case,

In order to improve network performance, first,
the bottlenecks were detected. Then, more experiments
were designed, ran and analyzed, involving increases
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Table 6. Average, standard deviation and confidence interval on utilivation of the analyvtically designed network.

=1

Route No. of Average St.'c'lllc'l'dl'd . 9?%
Number Channels Utilization Dev,llfltlufl of Confidence
Utihization Interval

1 2 0.9579 0.0027 (0.9555,0.9603)
2 2 (09280 0.0024 (0.9268,0.9311)
3 2 (.8924 0.0026 (0.8901,0.8947)
4 2 0.9340 0.0036 (0.9308,0.9372)
> 2 0.9170 0.0026 (0.9147,0.9193)
6 2 0.0111 (0.0021 (0.9268,0.9130)
7 2 0.9315 0.0031 (0.9287,0.9343)
8 3 0.9261 0.0026 (0.9238,0.9284)
9 3 0.9054 0.0022 (0.9034,0.9074)
10 3 (0.9044 0.0026 (0.9021,0.9067)
11 2 ().8RE1 0.0030 (0.8854,0.8911)
12 2 0.9303 0.0036 (0.9271,0.9335)
13 2 0.9421 0.0029 (0.9385,0.9447)
14 ) 0.9791 0.0011 (0.9781,0.9901)

Overall (.9654 0.0009 (0.9646,0.9662)

Table 7. Network blocking and traffic overfiow
percentages in 12 independent replications.

Replication NetWL')rk Network OverHow
Number Blocking Traffic Percentage
Percentage

1 3.43 5.92

2 3.47 6.09

3 3.63 6.22

4 3.66 6.08

> 3.42 6.05

6 3.36 5.94

7 3.45 6.00

8 3.42 6.17

9 3.46 6.00

10 3.34 6.09

11 3.42 6.11

12 3.46 6.00

in the capacity of the bottleneck channels. Table 8
In this case, 5
For each of

contains the summarized results.
different. alterations were considered.
the capacity changes, 12 independent replications of
the simulation model were considered, such that each
replication contained 1130 hours of simulated results,
in which the fiest 150 hours of data were deleted. The

numbers in Table B are average routes and network
utilization.

Lo the first alternative, the analytically caleulated
number of channels, were considered, detecting routes 3
and 11 as the bottlenecks with an 89% Grade Of
Services (G.O.S) in both routes (the numbers are
highlighted in the table). The network grade of service
in this case is 96.54%. In the second experiment,
the number of channels in routes 3 and 11 were
increased from 2 to 3 (the corresponding numbers are
highlighted) and the grade of services for routes 3
and 11 were increased to 96% and 97%, respectively.
However, routes 6 and 9 were considered as bottlenecks,
in this case, with a 91% grade of services in both routes.
Note that, in this experiment, the overall network
grade of service is increased from 96.34% to 96.96%.
In the third experiment, the number of channels for
routes 6 and 9 were increased to 3 and 4, respectively,
but, the results show that route 5> has the lowest
grade of service at 91%. The overall network grade of
service was inereased to 98.09%. 'The fourth and fifth
experiments were undertaken in the same manner and,
in both cases, by inereasing the number of channels in
bottleneck routes, the grade of service, as well as the
overall grade of service, were improved. 1t is obvious
that when the numiber of channels in the network is
increased, the route and network performance will both
be improved. Here, 3 different scenarios were presented
along with their performance. Considering the cost and
the time taken for efforts associated with each scenario,
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Table 8. Experimental results obtained from different network alternatives.
Alternative 1 Alternative 2 | Alternative 3 | Alternative 4 Alternative 5
Rll\JIl:te Cl::;u::ls G058 Cl\ll::l.mt:[el G058 Cl\ll:;.n::[el G058 Cl\ll:;.n::[el G058 Cl::l.u::ls G058
1 2 06% 2 07% 2 07% 2 07% 2 07%
2 2 03% 2 04% 2 04% 2 04% 2 04%
3 2 89% 3 06% 3 OR% 3 ORY% 3 ORY%
4 2 03% 2 03% 2 04% 2 06% 2 06%
> 2 02% 2 02% 2 91% 3 07% 3 09%
6 2 1% 2 91% 3 OR% 3 ORY% 3 ORY%
7 2 03% 2 03% 2 03% 2 04% 2 07%
8 3 03% 3 03% 3 03% 3 93% 4 ORY%
9 3 1% 3 91% 4 06% 4 06% 4 07%
10 3 0% 3 02% 3 03% 3 93% 4 07%
11 2 89% 3 07% 3 07% 3 07% 3 ORY%
12 2 03% 2 03% 2 03% 2 93% 3 09%
13 2 04% 2 04% 2 04% 2 04% 2 06%
14 > OR% > OR% > 09% > 09% > 09%
Overall
Network 06.54% 06.96% 08.00% O8.27% OR.83%
G.0.8

it is the network managers’ responsibility to choose
between different alternatives.

CONCLUSION AND RECOMMENDATION
FOR FUTURE RESEARCH

Ln this paper, the telephone communication network of
a regional electric company was studied both analyti-
cally and through simulation methodology. The short-
comings and difficulties associated with the analytical
approach in designing such a communication network is
mentioned and the power of a simulation methodology,
in this regard, was discussed. Counsidering the pros
and cons of the GPSS/H simulation language, it was
chosen for modeling the system. After data collection
and analysis, model development, model verification
and validation, initial transient study and design of
experimental phases, the simulation model was applied
to determine the operating performance of the ana-
lytically designed system, as well as to evaluate the
performance of any newly designed network, before
installation and the implementation of new equipment.

In the current research, only a valid simulation
model was developed and ways to experiment. with the
model were discussed, such that management could
perform different tests to evaluate different alterna-

tives, before actually purchasing and installing new
equipment in the system.  In general, this research
has provided network managers with a model, such
that he or she can test different changes in the actual
system and see the results,  Moreover, bottlenecks
of the analytically designed network were recognized
and it was concluded that, if the number of channels
were inereased in bottleneck routes, an improvemesnt in
the overall performance of the network and the routes
would be observed.

For future research in this area, the following
reconunendations are proposed:

1. There were some difficulties in this research and,
henee, some simple assumptions have been made
to make the model sasy to understand and apply.
Specifically, in the input data collection of this
research, it was observed that because of the exist-
ing analog telephone communication network, the
automatic method of accessing the time between
calls from different points of the system was not
possible. Therefore, the usual distribution fitting
to the input data could not be done. lon a digital
telephone communication network, this task can be
undertaken more easily and with higher precision,
such that the simulation model becomes closer to
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real one. In addition, service time distribution was
assumied to be an exponential distribution with the
mieans obtained by interviewing experts and current
system operators. Having a digital network enables
the analyst to fit a proper distribution to the data
at hand;

An extension module can be added to the sim-
ulation model, such that it can take the results
obtained from the experimental design as input
and come up with a statistical optimum solution of
the network by the response surface methodology.
The area of integrating simulation and optimiza-
tion has, recently, undergone remarkable changes.
New advances are making available applications of
simulation, which previously had been considersd
infeasible or beyond the scope of current techunology,
more applicable.  In this regard, some software
has been developed employing graphics to show
the performance of search mechanisms, This was
heyond the scope of this research and, certainly,
could be undertaken in future research;

In order to economically evaluate different alterna-
tives, such that it will help network managers in the
decision-making process, another economical study
needs to be made. Also, in this study, the cost and
benefits of increasing channels in bottleneck routes
need to be considered.
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