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ABSTRACT. A use of base and fundamental model concepts for repre-
sentation of constructions from the languages for computer modeling
and simulation is proposed. These concepts are used for representa-
tion with the apparatus of the Generalized nets of widespread modeling
objects which are used in other known approaches to the conceptual
modeling of service systems. The results allow for a comparison of dif-
ferent languages and would make the use of the perspective method of
the Generalized nets easier.
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1. INTRODUCTION

In this section the base and fundamental model concepts are discussed
which are necessary for the definition and comparison of modeled objects
in the contemporary languages for computer modeling and simulation. The
Generalized Nets (GNs) (see [2]) are a perspective method for conceptual
modeling [11] of complex systems. For this reason in the present paper GNs
are used for representation of widespread modeling objects which are of-
ten used in other languages for computer modeling and simulation. These
objects are Generator, Terminator, Transportation (simple transition), De-
lay, Information gathering, Unifying Transition, Distributive Transition and
Queue.

1.1. A base for comparison of systems for modelling of service sys-
tems. The conceptual models of service systems are built of concepts on
several levels. The lowest level consists of elementary (basic) concepts for
which it is assumed that they do not contain other basic concepts. The
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defining of basic concepts is necessary in the process of comparison of dif-
ferent languages for informatical modeling, as well as for the design of new
such languages.

In the present paper, base and fundamental concepts are considered which
can be used for comparison of the various approaches to the construction
of conceptual models of service systems. A comparison of two approaches
is presented. On one hand, the GNs approach (see [2]) and, on the other
hand, the classical languages for computer modeling such as GPSS [5], SIM-
SCRIPT [6] and their successers SLX [8] and SIMSCRIPT III [12], as well
as and newer ones such as Ptolemy II [7].

1.2. Characteristic and state. For all model concepts used in the infor-
matical modeling there are specific characteristics which are used for rep-
resentation of the model concepts. Characteristics can be qualitative and
quantitative. In both cases the characteristics are represented in the lan-
guages for computer modeling through parameters. For instance, in a given
model concept the quality “volume” can have the values “exists” and “does
not exist”. The qualitative parameter “volume” (if it is pointed out as exist-
ing) can have as a value a single non-negative number. In this sense, every
characteristic in the general case can have qualitative and quantitative state
represented explicitly or not. All characteristics of a modeling object in one
moment of the modeling time we call object’s current state.

1.3. Base model concepts. We assume that the base model concepts for
modeling of dynamical service systems are generally devided into two types:
entities and changes.

Entities have roles, for example requests (call attempts, bids), device,
characteristic, condition, objective, command and many more.

Each change is a modification of a state of an entity and can be reduced
to two modifications (events) — generation and termination of an existing
object in the model. Changes are regarded as operations and processes
which are carried out at the time when a request for service enters a device.
Examples of such devices are generator, terminator and server.

Requests are the objects which are serviced in the devices and are usually
assumed movable in the process of simulation. The service is often inter-
action — the states of the requests and the characteristics of the devices
are modified. Requests can have names such as token, call attempt, call
[4], transaction (GPSS) etc. Requests can be point, local and distributed.
Point requests can occupy a single device during one moment of time while
the distributed requests usually occupy more than one device. Examples
of point requests are the postal letters, internet data packets etc. Exam-
ples of distributed requests are the telecommunication requests (in systems
with channel switching and messages), fluids (gases, liquids) considered as
requests etc.

The characteristics of the requests include: locality and quantity of the
occupied place by them (traffic, [4]) in the servicing devices; next objective
operation depending on the state of the request and the objective device.
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The difference between the objective and the occupied place by one re-
quest in one device is expressed through qualifiers of the term “traffic” de-
pending on the objective and the result of the occupation — “demand”,
“offered”, “carried”, “lost” and others [4]. The maximum size of the spase
used by the requests in a single device is called capacity of the device.

From the above it is evident that the notions “spase” and “time” are a
base for individual and common characteristics of the requests for the devices
and the changes, i.e. they are fundamental concepts in the modeling.

1.4. Fundamental modeling concepts. Fundamental modeling concepts
are those which are used for defining of modeled objects and which are
common for the modeled and the modeling system. Such concepts are spase,
time and order which are closely related.

The notions “path” and “direction” of requests belong to the character-
istics of the spase. They are usually represented graphically by lines and
arrows. The movement of the requests and the direction of the movement
can be changed by different devices of type “transition”.

In every computer model requests are ordered by various criteria — time
(of generating, arrival etc), priority, decision taken by the modeller, random
order etc. The order of the requests can be determined explicitly for the
devices of type queue.

Each change in the state is made in moments of time which are ordered
(before, after, simultaneously). Simulation systems differ from each other in
the models for representation of time [7].

In the present paper a comparison of modeling objects is made using the
mentioned above base and fundamental modeling concepts.

2. GENERALIZED NET REPRESENTATIONS OF ELEMENTS OF SERVICE
SYSTEMS THEORY

The theory of GNs [2] and their applications [3] provide an alternative
approach to the conceptual modeling of telecommunication systems. Here,
for the first time, a more systematical study of GN representations of ele-
ments of the Service Systems Theory is presented. We consider the following
elements:

e Generator;
e Terminator;
e Transportation (simple transition);
e Delay;
e Server;
e Information gathering;
e Unifying Transition;
e Distributive Transition;
e Queue.
The following standard numerical characteristics and standard logical char-
acteristics of the devices:
e Number of call attempts;
e Coefficient of usage;
e Capacity;
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Volume and Intensity of the device traffic;

Intensity of the incoming flow into the device;

e Free or Occupied device (standard logical characteristic of the de-
vice);

e Offered traffic;

e Mean time of service of the call attempts;

are represented by characteristics of special tokens in the GN.

2.1. Generator.
Zy

I
2

O

Fig. 1. Generalized net representation of Generator.

The function of the Generator is to create requests, for instance call at-
tempts. Its execution does not increase the model time. The device has
characteristics: capacity and time interval between two consecutive requests
— usually a pseudo random variable. The requests generated belong to a
certain type.

In terms of GNs, the Generator can be represented by the transition in
Fig. 1. Its formal description is

b b
| Wa 1 Wap

Z1 = <{l2}5 {11712}7T1> ,Where ry = lg

and

o Wao = “true”;
o W5 1="A request must be generated at the current time step”.

In place Iy a token stays permanently. All characteristics of the Generator
described above must be kept in the token’s characteristics. When the truth
value of the predicate Wy is “true” the token in place [y splits into two
tokens one of which remains in place lo and the other enters place l; with
characteristic “Number of requests generated during the current step”.

In this way, the requests generated during a single time step are repre-
sented by one token. This includes the case of ordinary flow, when one
token represents one request. If we have more requests generated during a
single time step and we want different requests to be represented by different
tokens, we should add more output places like /; in Fig. 1 and the token
in place Iy splits into more tokens each of which corresponds to a different
request.
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2.2. Terminator. p

O

Fig. 2. Generalized net analogue of Terminator.

The Terminator removes the requests from the model. It has capacity. The
duration of its execution is 0, i.e. it does not change the model time.

A GN representation of the Terminator is shown in Fig. 2. The requests
that should be terminated are represented by tokens in place /;.

Z1 = {{ly,1s},{la}, 71, O1), where 71 =

and
o Wi = “The current request should be terminated”;
o Wao= “true”.
01 = /\(ll, lg).

There is a token which stays permanently in place lo. When the truth
value of the predicate W7 5 is “true” the token in place [ representing the
requests that should be removed from the model enters place Il and merges
with the token there. The new token does not obtain new characteristic.
The transition becomes active only if there is at least one token in each of
the places [1 and [s.

Another way to represent the Terminator in terms of GNs is by using an
output place of the net, i.e. place with no outgoing arc. When tokens enter
such places they leave the net.

2.3. Transportation.
Zy

Fig.3. Generalized net representation of Transportation.
The function of the Transportation is to represent the movement of ob-

jects from one part of the model to another. It reflects the dynamics of the
modeled process. A GN representation of Transportation is shown in Fig.
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3. The places of the transition represent two different parts of the modeled
system for which there is a flow of information in one direction — from the
input place I to the output place [s.

ly

Z1 = {l1},{l2},r1, O1),wh =
1= ({l}, {l2}, 71, O1), where ry Iy | Whp
and

o Wi =“The current token in place 1 must be moved to {».”

The transition’s type O is such that the transition becomes active if there
is at least one token in place I;. When the truth value of the predicate W1 o
is “true” the token in place I enter place ls. The new coordinates of the
object represented by the token are preserved in the characteristic obtained
by the token in ls.

2.4. Delay.

Z

I la

OO

I3

Fig. 4. Generalized net representation of Delay.

The Delay is used to represent situation in the modelled process when re-
quests must wait for a certain period of time until the condition for their
transfer is satisfied. The GN representation of the Delay is shown in Fig. 4.
The tokens in place [y representing requests that must wait enter place [3.
They stay there until the condition for transfer is satisfied. The evaluation
of the truth value of the predicate corresponding to the transfer of the to-
kens from input to output places does not change the model time, i.e. it is
performed outside of it.

) I3
Z1 = <{l1, l3}, {ZQ, 13}, 7"1> ,Where r = ll WLQ W1,3
I3 | W32 Wiss
and

o Wi = “The current token should not wait”;
o Wi 3= “The current token must wait for a certain number of steps”;
o W39="The current token can be transfered”;
o W33 =-Wsps.

When the truth value of the predicate W7 o is “true” the token from place I
enters l3. The characteristic which it obtains there depends on the modeled
process. When the truth value of Wi 3 is “true” the token from I; enters
l3 where it obtains the characteristic “condition for further transfer”. This



Generalized net representations of elements of service systems theory 185

characteristic can be the number of time steps that the token must wait or
another condition for transfer which should be checked on the next steps to
determine the waiting period for the current token. When the truth value of
the predicate W3 5 is “true” the current token in l3 enters I where it obtains
a characteristic that depends on the modeled process. When the truth value
of the predicate W33 is “true” the current token stays in place [3 and its
next characteristic is “condition for further transfer”.

The GN representation can be used not only when requests must wait
a given number of steps but also when their further transfer depends on
some logical condition and the delay must be determined at any time step.
For example, the delay could be as a result of accumulation of many events
within the model.

2.5. Server.
7 Z>

OO0

Fig. 5. Generalized net representation of Server.

The Server represents control or comparison of results with their standard
or expected values. This includes checking of requests’ quality or quantity
parameters, control of the results of experiments, reading documents before
taking a decision etc. A GN representation of Server is shown in Fig. 5.
The change of the of the characteristics of the requests is modelled through
the characteristic function of the places of the GN. The two transitions can
be formally described in the following way:

21 = (i} A1}, ra) where 1y =
and
o Wi = “The current token can be handled by the server”;

When the truth value of the predicate W1 o is “true” the token enters place I3
where it obtains the characteristic “data related to the control of the process”.

I3
Zy = ({l2},{ls}, m2) , where ro =
o= ({lo} {ls}ir2) W 2= s
and
e Wy 3 = “A decision related to the control of the process is taken”.

When the truth value of the predicate Wy 3 is true the current token enters
place I3 where it obtains the characteristic “Decision taken about the current
token”.
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2.6. Information gathering.
Zy

I la

OO

I3
] O

Fig. 6. Generalized net representation of Information gathering.

The Information gathering denotes the accumulation and storage of data
obtained within the model. In particular it describes the passive storage
of data. The GN representation of the Information gathering is shown in
Fig. 6. The information that must be stored is preserved in the form of
characteristics of a token which stays permanently in place l3. Its initial
characteristic is “Description of the types of data which will be stored”.

ly I3
Z1 = <{l1, l3}, {ZQ, l3},7’1, O 1> ,where r1 = 1[4 WLQ W1)3
I3 | W32 Wsgs
and

o Wip = “true”;
e Wi 3= “The characteristics of the current token must be stored.”;
o W3 o="false”;
[ ] W3’3: “true”.

01 =A(l,13).

When the truth value of the predicate W 3 is “true” the current token in
place I1 splits into two identical tokens one of which enters place Iy without
obtaining new characteristic and the other one merges with the token in
place 3. The token in place I3 obtains together with its previous character-
istic those of the characteristics of the token coming from [y which must be
stored.

2.7. Unifying Transition.

Zy

Fig. 7. Generalized net representation of Unifying Transition.
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The Unifying Transition denotes two channels that merge to form a single
channel. Its GN representation is shown in Fig. 7.

Z1 = <{ll,l2}, {13},T1> ,Where T = ll W1 3
la | Was
and

o Wiz = “true”;
o Wy 3= “true”;

The tokens entering place I3 merge to form a single token which preserves
their characteristics.

2.8. Distributive Transition.

O

Fig. 8. Generalized net representation of Distributive Transition.

The Distributive Transition represents one channel that splits into two. Its
GN representation is shown in Fig. 8.

l l
Z1 = <{l1}, {lg,l3},’r1> ,Where r = ll I Wi2 W?S

and
o Wia=Wigs;
When the truth value of the predicate Wy is “true” the token in place

[ splits into two identical tokens one of which enters place ls and the other
one enters place l3. They do not obtain characteristics in the output places.

2.9. Queue.
Z Zs

I lo Ik

OO0

I3

lp—1

Fig. 9. Generalized net representation of Queue.
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The Queue represents waiting lines. It is important to know where the
information comes from and what is the management of the queue, i.e.
FIFO, LIFO or some other rule. A GN representation of a Queue is shown
in Fig. 9. The management of the Queue can be described in terms of
GNs in different ways. For example, through the priorities of the places and
the predicates of the transition’s condition. If l;,_; has the highest priority
among the output places of Z; and the input places of Z,, the capacity of
I, is one and the tokens in [ are transfered unconditionally to other places
of the net (not shown in Fig. 9) and the transfer of tokens from the input
places of Zy to [ is also unconditional, then we have a GN analogue of
FIFO. In a similar way a LIFO or some other management of the Queue
can be described. The formal description depends on the modeled process.

Other GN representations of queuing systems in service networks are stud-
ied in [10, 13]

3. CONCLUSION

The results presented here allow for comparison of various possible rep-
resentations of modeling objects in the languages for computer modeling
and simulation. The GNs representations of the base elements of Service
Systems Theory allow for an easier use of the promising method of the GNs.

The following problems for future research in this direction should be
stated explicitly.

(1) In the present paper only a part of the used modeling objects are
considered. It is necessary that the other used constructions be
analyzed and represented in terms of the GNs.

(2) The important methodological problem for determining of base and
fundamental model concepts is only pointed out here. A special and
profound study of this problem is required.

The present paper is the first step towards the solving of these important
problems.
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