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Abstract:

This article deals with the level of detail and complexity of the model. The
aim of the article is to find out what are the objective options for
determining the optimal level of detail and complexity of the model. First,
the basic concepts of the model and modeling are explained.
Consequently, the concepts of complexity and level of detail are
examined. One of the solutions to this problem is a fictitious model and a
theory of model performance measurement.
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Introduction

The area of models and modeling is very broad. Models are used in
many fields like industry, science, humanitarian help, etc. One of many
model definitions (The Open University: OpenLearn, 2019) says that it is
an abstraction which allows the observer to concentrate on the essentials
of a (complex) problem by keeping out non-essential details. It also
postulates that models are built in order to help in activities such as the
development of large software systems. Models are less complicated
than reality since they are simplifications of reality. Only the properties of
the reality relevant to the modeler's main concern are represented. For
example, a road map is a model of a particular part of the earth's surface.
It does not show details such as vegetation or birds' nests as they are not
relevant to the map purpose. The map should only contain the aspects of
the real world that serve the purpose of planning journeys.
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Another author (Maria, 1997) defines a model as a representation of
the construction and working of some system of interest. A model is
similar to but simpler than the system it represents. One purpose of a
model is to enable the analyst to predict the effect of changes to the
system. A model should be, on the one hand, close to the real system.
On the other hand, it should not be so complex that it is impossible to
understand and experiment with it. In simple words, a good model is a
judicious tradeoff between realism and simplicity. Simulation practitioners
in general recommend increasing the complexity of a model iteratively. A
model intended for a simulation study is a mathematical model
developed with the help of simulation software. Mathematical model
classifications include deterministic (input and output variables are fixed
values) or stochastic (at least one of the input or output variables is
probabilistic); static (time is not taken into account) or dynamic (time-
varying interactions among variables are taken into account). Typically,
simulation models are stochastic and dynamic (Maria, 1997).

Processes of building models can vary as there are many types of
models. Its basic concept is usually similar, used by other authors as
well, for instance (Brunclik, 2017).

It consists of several steps (Dlouhy, 2007):

Identification of examined problem and goal setting;
Building of a conceptual model;

Data collection;

Building of a simulation model;

Verification and validation;

Experiments and result analyses;

Documentation of a model; and

Implementation.

N WN =

These steps are illustrated in Figure 1 bellow.
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Figure 1 — Steps of modeling and a simulation of a model (Law, 2015)
Puc. 1 — llasu 8 modenuposaHuu u cumynsyuu modenu (Law, 2015)
Cnuka 1 — Kopauu y modenupary u cumynayuju modena (Law, 2015)
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As it was indicated above, during the modeling process,a question of
model complexity/simplicity arises. Not even knowing the answer, the
modeler solves this question in the step of conceptual model building.
The goal of this step is to choose the best conceptual model which will
lead to the best result of a project.

The conceptual model can be defined as a system representation
created by the compositions of concepts that help people understand or
simulate the entity that the model represents. The most widespread is the
understanding of the model as something that in a certain sense
represents another entity that, in the context of the model, is considered
something to be imitated - modeled. There must be some kind of
similarity between the model and the original for which the model is
created. For example, by making it possible to consider from the results
of the experiment with the model, what would be the results of the
corresponding experiments performed on the original (Kfemen, 2007)?

Choosing the best model is often a problem of selecting an
appropriate level of detail or complexity, which is considered one of the
most difficult aspects of the modeling process (Brooks & Tobias, 1996). It
is important to realize that the aspect of model complexity can decide
about the project success. If a too high level of detail is chosen, the
results are on the one hand precise and accurate. On the other hand,
processing such a level of detail can be very expensive, so it takes much
longer time to consider and measure so many data and finally the model
also cannot be easily transformed for future use. The opposite situation
would be if the model is too vague. Such a model could be easily
transformed and used for a different situation. The problem is that the
result of the model is too general and does not represent the specific
reality to the desired extent.

Level of detail and complexity

Unfortunately, there is not one accepted definition of level of detail or
complexity. However, in case we want to apply this term in the
environment of the model and modeling, the level of detail could be
understood as an extent of model’s particularity. For instance, the extent
of model elements, like the number of security scanners and guards in
case of a model of the airport security check-in or the amount of cars,
drivers, warehouses and customers in case of a distribution chain model.

Complexity, on the other hand, is used much more often in different
kinds of the fields of science. For example, there is the mathematical
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complexity describing the difficulty in computing, software complexity,
behavioral complexity, logical complexity and others.

Flood & Carson (1993) see the complexity as anything that is hard to
understand. Johnson (2001) says that complexity characterizes the
behavior of a system or model whose components interact in multiple
ways and follow local rules, meaning there is no reasonable higher
instruction to define the various possible interactions.

Usually, the simple model is considered as the opposite to the
complexity model.

As was mentioned above, the problem of choosing the best model or
the best level of detail and complexity can also be easily imagined as the
problem of selection the right one among many alternatives. Each of this
alternatives has different specifics and would produce different
performance in the project. Therefore, in order to select one alternative,
each of them would have to be examined in terms of performance and
compared.

Unfortunately, the research in this area is not sufficient. The
possibilities of model performance measuring is examined in the next
section.

Model performance

Brooks & Tobias (1996), in their article Choosing the Best Model:
Level of Detail, Complexity, and Model Performance postulate 11 steps,
needed for proper measurement of model performance, divide them in 4
areas according to their role in a specific project. The word specific is, in
this case, an important one. The model would provide different
performances when applied for two different projects.

Area of RESULTS

1. The scope in which the model output describes the behavior of the
examined object (adequacy of detail).
2. The accuracy of model results.
3. The simplicity with which the model and the results can be
understood.
4. The area of the FUTURE USE OF THE MODEL
5. The portability of the model and the ease with which it can be
combined with other models.
. The area of VERIFICATION AND VALIDATION
. The errors appearance probability (the created model does not
correspond to the conceptual one)

~N O
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8. The accuracy with which the model corresponds to the historical
data

9. The strength of the theoretical basis of the model including the
quality of the input data (credibility of the model).

10. The area of the REQUIRED RESOURCES

11. The time and cost to build the model (data collection, verification,
validation, etc.)

12. The time and cost to run the model

13. The time and cost to analyze the model results

14. The hardware requirements to run the model (pc memory,
processor, etc.)

Assessing these steps in a model project and its alternatives could
help to determine the level of detail and complexity appropriate to the
model.

These steps can now be closely described using the example of the
previously mentioned airport security check-in procedure.

Model example

Let the fictional check-in procedure be considered for a project of
building one medium-sized airport. The problem of this part of the project
is to buy a specific number of scanners, to hire a specific number of
guards and to decide, consequently, how big this airport area should be.
The goal of the model is therefore to determine the likely number of
customers going through the security scanners per day.

Step 1 can be described as a scope in which the results of a model
cover the experimental frame (Zeigler, 1976). It shows the level of detail
of the model results. The following step 2 can simply be described in the
following words: the more the results are accurate, the more the
decisions taken and the conclusions drawn are likely to be correct. In the
case of the airport project, it is desired that the result, the number of
customers per day, is accurate in order to determine the optimum
amount of all elements. However, it is not needed to know the exact
number of customers for each day per year as there are some occasions
like Christmas, New Year or Easter when the number would be much
higher. These specific days only need to be considered as a deviation
from the standard day.

If the project solver wants to be able to demonstrate the results of
the model and the model itself properly, he/she needs to keep the model
as simple as possible. This is how step 3 could be described. On the one
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hand, we want the model to be accurate; on the other hand, the more
complicated the model is, the more likely some mistake in processing it
can be made. Also, in many cases, the project owner is only the
contracting authority and the model builder must subsequently present
the results to them. It is not the part of their business to be able to
understand specific scientific terms. Therefore, the builder should know
to pay attention to this field as well.

Step 4 deals with the portability of the model. It means the possibility
to transfer the model into a different system. In the case of the airport
project, it means to take the model security check-in procedure and use it
with different data. It might be important for a case when the project
owner has two possible scenarios and is not sure about the concrete
location of the airport. So, the model should be complex enough to
enable the accurate results but also abstract enough to enable the
portability between more system scenarios.

The scope of the level of detail used within the model may also
correspond with the probability that the created model will not be the
same as the conceptual model or that some input data will not be valid.
The model must be trustworthy and all planned aspects in the conceptual
model should be therefore included in the created model and stand on
the true grounds. Also, is important that the model stays in the frame of
historical data. Last but not least, the quality of the input data is also a
very important factor. These points are considered in steps 5, 6 and 7. By
going through these steps, we can consider the extent of complexity of
the model and the level of its detail in order to ensure the accurate
results.

The last area of steps 8 to 11 estimates the resources needed to
build the model. These steps consider the adequacy between the time
and the costs spend for the model, the results it can bring and the level of
detail and complexity which is incorporated in the model.

Conclusion

This area is not fully mapped, so it is not possible to determine
unequivocally the optimal level of detail or complexity with which the
model, or its results, should be processed. One option is outlined in the
article along with a specific example of the model. There are 11 steps
that model makers could use to have an overview of the significant points
that should be particularly noticeable when designing and which can, at
least partially, contribute to selecting the appropriate level of detail and
complexity of the model.
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TEOPWA MOAENMUPOBAHWA N CNOXXHOCTW MOLENEW

Jlykaw Boran, Mupocnas MNeunHa
YHuBepcuTeT 060poHbI B I. BpHo, OTAEn norncTmkuy,
r. bpHo, Pecny6nuka Yexus

PYBPUKW: 81.88.00 MaTepuanbHo-TeXHUYECKoe cHabxeHue. Jlorncruka,
28.17.31 MopenupoBaHue nNpoLeccoB yrnpasneHus

BWO CTATbW: npodeccrnoHanbHasa ctaTbs

A3bIK CTATbW: aHrnuickuin

Pe3swome:

B 0daHHOU cmambe paccmampugaromcsi ypoeHU demanusayuu u
C/lIoXXHocmu  Moolerniell, € UeNbio  8biserieHUsi 0bbeKMmMUBHbIX
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gapuaHmos orpedesieHUsi onmuMalsibHO20 YpOoeHs Oemarnu3auyuu u
crnoxHocmu modlerned. B nepsgol yacmu cmambu ornucaHbl OCHOBHbIE
KoHuenuuu modenel u MmodenupogaHus, a 3amem  Obiniu
npedcmassnieHbl pe3yrbmams! UCMbimaHul KOHUenuuu CrioxXHocmu u
yposHsi demanu3ayuu. B peweHuu Hacmoswel npobnemb mMosym
rnomoub goobpaxkaemasi MoOesib U Mmeopusi OUEHKU 3ghchekmueHocmu
mooernu.

Knwouesble  crnosa:  modenuposaHue, CumMynauusi,  ypoBeHb
demarnu3auyuu, C/10XXHOCMb.

TEOPNJA MOOENOBAHA N HUBO CNOXEHOCTU MOAEJIA
Jlykaw Boean, Mupocnas lNeyuHa

YHuBepauteT ogdpaHe y bpHy, Kateapa noructuke,
BpHo, Yeluka Peny6nuka

OBJIACT: noructuka, MogenoBake
BPCTA YJ1IAHKA: cTpy4Hu pag
JE3MK YJTAHKA: eHrnecku

Caxemak:

Y 4naHKy ce pa3mampajy 0emarbu U CIIOXXeHOCcm Modena, C YUIbem
Oa ce ymepdu Koje cy objekmusHe ornyuje rpu odpefjusary HUX0802
onmumarHoe Hueoa. Objauwr-asajy ce OCHO8HU KOHuernmu modesna u
modesosarba, a 3amum ce Ucrnumyjy KOHUenmu crioxxeHocmu u Hugoa
Oemaspa. JedHo 00 pewera 0802 npobnema npedcmasiba
3amMuwIbeHU MoOesT, Kao U meopuja Mepera nepghopmaHcu modena.

KrbydHe peuu: moderiogar-e, cumynayuja, HUB0 demarba, CrIoOXXKeHoCm.
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