





the physical one, the logical one and the decision one. Shortly said, the physical
subsystem contains the materially supported abilities, the logical subsystem contains the
communication abilities liable to the logic rules, and the decision subsystem contains
abilities for expressing the intended decisions. If a system § is being designed the
abilities of the decision subsystems of the variants of S can be more or less
independently introduced in the variants (e.g. in order to discover the optimal variant).
In the analysis (and in the simulation, too) of the variants, the separation of decision
subsystem from the logical one allows to separate the material base of S, which is often
supposed not to be modified, from the control of it. (Note that the optimal control is
often the main task of the analysis and simulation of a PLS.)

3.2 Simulation System QNOP

The viewing on the PLS mentioned in 3.1 was applied in several software products
(programming environments for analysis and modeling of PLS). A QNOP simulation
system is among them (Tanguy, 1993). It was implemented as a set of classes written in
Simula. Simula itself allows putting classes into another class (called main class) and
therefore the mentioned set was put into a main class called QNOP.

Although the classes contained in class QNOP may seem very rich and complex,
after a certain analysis one can discover that the global structure of them is rather
simple: they perform certain cycles composed of couples of one complex activity and
the following waiting; it corresponds to the discrete event interpretation of the real
world process (Kindler, 2001) and to the fact that all QNOP classes represent permanent
elements. The elaborated objects are not permanent elements but they have no life rules.
The permanent elements of PLS are investments (machines, conveyors, stores,
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signalizing tools, etc.) and their abilities. One can accept without any professional
analysis the idea that such an element has some working cycle. Let us present a short
example in Fig. 1. ;

A simple machine M works in the following way. It handles an object called served.
Its elaboration takes some time. After served has been elaborated it is sent to next, i.e. to
an investment (machine, store, transport etc.) performing its further elaboration and the
first object waiting in the queue is taken to be elaborated — therefore it becomes served
and the cycle is repeated. When the queue is empty M must wait. C represents the event
when an object is sent to M from another investment. In case M waits (i.e. if served does
not exist) it is activated to continue, if M works (i.e. if served exists) the coming object
must wait in the queue. The life rules of M can be described as an algorithm. We can see
that it contains only two waiting phases; they are marked by double-lined boundary in
Fig. 1.

Note that the simple global structure of the life rules cycles has an important role in
the solving of the problem, which the following section is dedicated to.

4  Psychological Problems of Reflective Simulation
4.1 Reflective Simulation

Computer simulation is a widely used tool for weak anticipation of the behavior of
systems whose states change in time that is considered as in Newtonian physics. By use
of simulation, it is possible to anticipate on a system that is designed (let us speak about
anticipation of the first type, shortly anticipation-1) or on a behavior of a system that
already exist (let us speak about anticipation of the second type, shortly anticipation-2).

Simulation applied in anticipation-1 could be called simulation-1, it tells the
designers what the designed system will do; simulation-1 is able to anticipate about the
behavior of different variants of the designed system (differing e.g. by some numerical
parameters, or by machine number and/or configurations, or by control rules and/or
algorithms, etc.). The anticipation can concern a design of a totally new thing or a thing
developed from an existing thing by some essential intervention (adding/removing/
changing machines or other investments, adding a new interface, changing the structure
of transport and/or the capacities of stores, changing control rules etc. The anticipatory
system is the designer team possessing and using the simulation model.

Simulation applied in anticipation-2 could be called simulation-2; it is applicable
when we would like to anticipate the consequences of a certain decision on the behavior
of a system that exists. It can be used e.g. for anticipating the results of a proposed
medical therapy or for anticipating consequences of decisions generated in production/
logistic systems by non-simulation methods of operation research, like shortest path
computing or heuristical algorithms for production planning. Another example can be to
anticipate financial flows after a certain decision of financial resource handling.

Nowadays, almost every system § designed by humans contains computers that help
it to run. Often the computers use models for simulation-2. Let us call them internal
models of S. When such a system is designed often simulation-1 is applied. It uses a
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simulation model that exists independently of the simulated system; let us call it
external model of S.

In (Kindler, 2000), it was shown that in such a case the internal simulation models
should be nested inside the external one (otherwise either the external model gives bad
data for anticipating on S, or the simulation-2 is not necessary for the anticipation-2 in §
— but the experience shows that the second variant is not realistic). As the external
model reflects the same thing as the internal one (and often both the models are
described with the same formal language) we speak about reflective simulation.

4.2 Psychological Problems of Reflective Simulation - Introduction

In the same paper (Kindler, 2000) and in (Kindler, 2001) the logical and
programming problems of nesting models and reflective simulation have been presented
as well as their solutions. Nevertheless there is another problem, and its nature is more
psychological than technical. Let us introduce it.

In 2.1.9 it was mentioned that quasi-parallel systems enable the modeling of a
parallel world at a monoprocessor computer. It is the only suitable way for that purpose.
In section 3.2 it was shown that in simulation programming the scheduling statements
of quasi-parallel systems have a form of interruption that could be expressed as
statements “interrupt the performing of the life rules until the simulated time accesses a
certain value” or “interrupt the performing of the life rules until a signal comes telling to
go on”. The first variant is called imperative (scheduling) statement and the other
variant is called interrogative (scheduling) statement (both the variants are illustrated
in Fig. 1).

Both the scheduling statements cause some complications when the internal model
should arise and run inside the external one. Let us outline them by means of an
illustration in Fig. 2.

E step-1 o step-2 o step-3

Fig. 2: correspondence between the states of the mutually nested models

Suppose E is a life cycle of a component C (e.g. a machine or a conveyor etc.).
Suppose o; are scheduling statements and step-i are phases of the life rules without
interruption by a scheduling statement. Suppose a signal arises in the external model to
generate and use an internal model M. In that moment C obviously must be in some
interruption phase, i.e. performing the scheduling statement k. When M is generated it
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must have an image D of C. The image has similar life rules; in Fig. 2 they are
represented by J. When the internal model starts to work D must be prepared to start
from the phase step-k. That correspondence is represented by dotted lines in Fig. 2.

Suppose C started from phase step-I when the external model starts. It does not
imply D to start from step-1: M starts from o». Moreover, in one internal model the
value of & can differ from that existing in an internal model generated later. The
“starting index” k changes dynamically for different internal models, namely according
to the state of C in the external model.

The last phrase offers a solution: every component C of the external model, which is
liable to some life rules, must carry its proper attribute — called e.g. state — and before
any scheduling statement the life rules must cause to assign a certain value for it. Every

® Lo o}

Fig. 3: assignments for states in external model

scheduling statement must own its proper value of the state. (In our example the value
of state can be for instance the index i of the following scheduling statement.) It is
outlined in Fig. 3, where o;* represents unordered pair of computing activities:

<assign 7 for state, perform scheduling statement o>
The life rules (e.g. J) occurring in the internal model are a bit different from those (e.g.
E) occurring in the external model. They do not need to assign for state but they have a
jump to step-k according to the value of step of the corresponding element C of the
external model. The jump does not belong to the life cycle (see Fig. 4).

5 ; ’ |
switch according to C’s state
5 | 9 L

.............................

4

lo‘ |—-——>| step-1 o step-2 o step-3
A

Fig. 4: application of the state value

4.3 Psychological Problems of Reflective Simulation — Essence

Note that the life rules presented as examples at the preceding three figures are very
simple. A person who implements a reflective simulation model tends to describe life
rules with tens of phases separated by tens of scheduling statements. Moreover, he tends
to have the greatest use of the offered programming tools and thus he can apply calling
methods in the life rules and simultaneously he can include scheduling statement into
them. Let us present an example in Fig. 5.
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An element N is able to perform a method F. Among the steps of F there is sending a
message to an element O, demanding it to perform a method G. A part of this method is
to apply a scheduling statement to the element that functions as “current”, i.e. that is
performing its life rules. Suppose an element X sends a message to an element N,
demanding it to perform a method F (see an illustration in the first line of Fig. 5). Then

K: [ step-1 }>{ calling F }—>{ step-2 > o |>] step-3 |—>
Y

N, method F: step-4 >{ o || step-5 || calling G |—>{ step-6 )—l
]

Q, method G: I--)Fstep-? 1 oo | step-8

Fig.5: a more complicated interruption by a scheduling statement

N performs F (see the second line of Fig. 5) but it meets the calling of the method G,
performed by Q (see the third line of Fig. 5). There the computing meets the scheduling
statement og and it causes an interruption of performing the life rules of X (not of O,
because it could have been interrupted before and at another place than oy, inside G).

Assume K to be interrupted as it was just explained, and a necessity comes to
generate and let run an internal model. We see that the image of K in that model should
start its run from step-8 (i.e. from the inside of method G), then to continue by returning
from G into method F, there to continue by sfep-6 and finally to return to its own life
rules and continue by step-2. Therefore K should have not only one value of its state but
a stack (last-in-first-out list) of states, because it must make evidence in all its
hierarchical components it is using.

And in good programming of the manipulation of this stack, the psychological
problem lies. Every programmer may prepare external models with such a use of nested
calling methods, he does it with pleasure and then he must be enormously attentive to
reflect all the callings by the appropriate filling and emptying the stack of almost every
element. He must be so attentive that he does not follow it and repeats to make
programming errors: they are hardly identifiable (and so hardly reparable, t0o).

4.4 Solution — Enlarging QNOP

Theoretically, there are several ways to solve the described problem. One idea could
be to recommend avoiding the use of the object-oriented languages. But almost all
programmers and — especially the advanced ones — use them. (Note that people who
would like to implement reflective simulation models are advanced programmers.)
Another idea could recommend a rule prohibiting the calling of methods, even in case
the programming system admits it. The programmers would not be satisfied because
they feel it is illogical to prohibit the use of tools that are at disposal. Note that similar
problems are also caused by subblocks (Kindler, 2000).
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The solution of this problem is to offer the user something, which would be so rich
that he would not desire to use such sophisticated programming steps like the one
mentioned above. In this situation we appreciated QNOP as an excellent tool for a start
to develop a programming environment applicable at least in the array of reflective
simulation of production/logistic systems. QNOP offers to view such systems in a rather
natural manner (see section 3.2; for the conventional — i.e. non-reflective — simulation it
was applied in a lot of commercial cases) and instead of calling methods offers a
cooperation of processes with rather simple life rules. Moreover, QNOP is implemented
using Simula, i.e. on the base of a good o3-language, and therefore it can be well
enriched by tools for reflective simulation.

Thus an idea to develop a REFLECTIVE QNOP arose. After elaborating the first
roots (Kindler, Krivy, and Tanguy, 2001a; Kindler, Krivy, and Tanguy, 2001b) it
appeared that Simula and QNOP admit to implement a programming environment that
could enable an automatic generating of the internal model from the external one.

5 Conclusion

The authors are interested in the simulation of the production and/or logistic systems
that are anticipatory in a weak sense, using their own simulation models during their
existence. The simulation of such anticipatory systems introduces reflective simulation
and reflective anticipation. This subject comes not from a theory of modeling or from
software engineering but from industrial applications of computing technique and may
introduce new tasks into the science on anticipatory systems. Nevertheless, it makes
problems in the implementation of computer models. The authors are engaged to
prepare software that enables the wide community of engineers to implement and apply
the reflective simulation models of production/logistic systems.
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